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Executive Summary 
Question 1. Skin preparation prior to IVD insertion 

1. There is strong evidence that skin preparation with chlorhexidine gluconate based 
solution will reduce device colonisation. There is no clear evidence that this will 
affect IVD-related bloodstream infection or phlebitis incidence. Chlorhexidine has 
consistently been shown superior to other solutions, including povidone iodine, 70% 
alcohol, and sodium hypochlorite (ExSept™) in a wide range of devices. 

2. There is some evidence that a 2-step application of 0.5% alcoholic chlorhexidine, 
followed by 10% aqueous povidone iodine will reduce device colonisation rates, 
further than either solution used alone, in short-term central venous devices. 

3. There is some evidence that alcohol-based chlorhexidine and povidone iodine 
solutions can reduce device colonisation, in comparison to use of aqueous-based 
preparations of the same antiseptics, for short term central venous and peripheral 
arterial devices.  

4. If chlorhexidine is contra-indicated or unavailable, there is some evidence that 5% 
alcoholic povidone iodine is superior to 10% aqueous povidone iodine for 
prevention of both device colonisation and IVD-related bloodstream infection in 
short-term central venous devices. 

5. There is currently no direct evidence for the efficacy and safety of any product in 
low birthweight neonates who may be at risk of skin and/or systemic toxicity. 

Question 2. Barrier precautions on insertion 
1. There is some evidence that maximal sterile barrier precautions (inserter wears 

mask, cap, sterile gown, sterile gloves, uses large sterile drape; assistant wears cap 
and mask) can reduce immediate post-insertion skin colonisation in short-term 
central venous devices. There is some evidence that this will not reduce device 
colonisation or ongoing skin colonisation rates compared with more standard barrier 
precautions (inserter wears mask, cap, sterile gloves, and uses 2 small sterile 
drapes). 

2. There is some evidence that full barrier precautions for insertion of peripheral 
arterial devices will not reduce device colonisation or IVD-related bloodstream 
infection compared with standard care (inserter wears sterile gloves). 

Question 3. Device dressings 

Frequency of replacement 

1. There is some evidence that 8-day replacement of transparent dressings for 
tunnelled central venous devices significantly reduces skin toxicity, and does not 
change IVD-related BSI rates, compared with 4-day replacement. In conjunction 
with 8-day replacement, dressings must be vigilantly monitored and additional 
dressing changes performed whenever dressings are soiled or loose. 

2. There is strong evidence that scheduled 7-day replacement of transparent 
dressings (with or without chlorhexidine-impregnated sponges) is equally as 
effective in preventing device colonisation and IVD-related BSI, as scheduled 3-day 
replacement in short-term central venous and peripheral arterial devices. In 
conjunction with scheduled 7-day replacement, dressings must be vigilantly 
monitored and additional dressing changes performed whenever dressings are 
soiled or loose. 
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Antimicrobial ointments 

1. There is strong evidence that the use of an antimicrobial or antibiotic ointment 
(calcium mupirocin, Medihoney™ or Polysporin) on long-term tunnelled central 
venous devices used for haemodialysis access, significantly reduces IVD-
associated bloodstream infections and exit site infections. There is some evidence 
that the use of Medihoney is equally effective as mupirocin for this purpose. 

Dressing type 

1. There is strong evidence that the use of chlorhexidine-impregnated sponges 
significantly reduces IVD-related bloodstream infection rates for both short-term and 
long-term central venous devices, as well as peripheral arterial devices. The safety 
of these sponges has not been established in low-birthweight neonates who may be 
at risk of skin or systemic toxicity. 

2. There is some evidence that after 3 weeks in situ, tunnelled and cuffed central 
venous catheters in oncology patients will have equivalent infection rates when no 
dressing or a gauze dressing is used. 

3. There is some evidence that transparent dressings and gauze dressings are 
equivalent in long-term central venous devices used for haemodialysis. 

4. There is some evidence that gauze, transparent, or tape dressings have equivalent 
phlebitis incidence in peripheral intravenous devices. 

5. There is some evidence that gauze with tape, or transparent polyurethane 
dressings (including highly moisture permeable dressings) are equivalent in 
preventing infectious complications in short and long-term central venous devices 

Question 4. Device replacement 

1. There is reasonable evidence that routine replacement of peripheral intravenous 
devices compared with replacement on clinical indication has no effect on IVD-
related bloodstream infection, local infection, or phlebitis rates per patient. IVDs 
should be regularly assessed, and removed as soon as they are no longer required 
or if complications occur. 

2. There is some evidence that routine replacement of short-term central venous 
devices compared with replacement on clinical indication has no effect on IVD-
related bloodstream infection rates per patient. IVDs should be regularly assessed, 
and removed as soon as they are no longer required or if complications occur. 

Question 5. Administration set replacement 

1. There is some evidence that routine replacement of administration sets at day 4 or 
day 7 has no effect on IVD-related bloodstream infection or device colonisation 
rates in short-term central venous devices. 

Discussion 

IVD insertion is the most commonly performed invasive healthcare procedure with 
approximately 14 million IVDs used in Australia each year (Maki 1992; Australian Bureau 
of Statistics 2008). Despite their important role in diagnostic and therapeutic care, IVDs 
are a potential source of healthcare associated infection, the most severe form being IVD-
related bloodstream infection (IVD-BSI). About 250,000-500,000 IVD-related BSIs occur 
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each year in the United States alone, and 5,000 cases in Australia. (Collignon 1994; Maki, 
Kluger et al. 2006; Australian Bureau of Statistics 2008) IVD BSIs are associated with 
increased mortality, and substantially increase hospital stay and treatment costs by up to 
20 days, and US$56,000/episode.(Maki, Kluger et al. 2006) 
 
To attempt to prevent these complications, clinicians and researchers have built a 
significant body of literature and practices. Some of have been tested more or less 
thoroughly, in a variety of devices. Regular updates to guidelines on prevention of infection 
in intravascular devices have been published since the 1970s, with more recent years 
seeing a higher emphasis on evidence-based practice, with more careful assessment of 
the quality and level of evidence provided by research.  
 
There are myriad infection prevention strategies used or recommended in IVD care; it was 
impossible for this report to cover all of them. Instead, 5 of the major areas of concern to 
everyday practitioners in the most common line types have been reviewed; skin 
preparation prior to insertion, barrier precautions during insertion, type and frequency of 
site dressings, replacement intervals for IVDs, and duration of use for administration sets. 
For more extensive guidelines covering other interventions, the reader is referred to the 
2002 Centers for Disease Control and Prevention (CDC) Guidelines, the 2008 Society of 
Healthcare Epidemiology of America (SHEA), and the 2009 Infectious Diseases Society of 
American (IDSA) Guidelines. (O'Grady, Alexander et al. 2002; Marschall, Mermel et al. 
2008; Mermel, Allon et al. 2009) It is noted, that the CDC Guidelines are now 7 years old 
(a new version is expected imminently, but would be expected to be consistent with the 
IDSA Guidelines), and that the SHEA guidelines focus only on central venous devices. In 
addition, although these Guidelines cover a larger range of evidence and literature than 
this review, their inclusion and exclusion criteria after the initial literature search are often 
not explicit, and different methods of critiquing and attributing levels of evidence are used 
to that described here. 
 
This review is limited to literature published in the years 2002 to early 2009. Again, this 
was necessary given the size of literature that could feasibly be reviewed. There are also 
good methodological reasons to focus attention on more recent literature. Older trials were 
published in eras where the understanding of bias control in design and execution of trials 
was less rigorous than modern expectations. Statistical techniques were also often crude. 
Some trials reported many years ago in quality journals would have difficulty doing so 
today. There is also the issue of changes in IVD technologies, patients and care factors 
over time. Findings from trials predating significant changes in technology severely limit 
the usefulness of findings to their modern equivalent. For example, peripheral arterial 
devices pre and post the introduction of disposable transducers, or peripheral venous 
device trials in the era of steel needles. Despite these issues, it is recognised that there 
may be important literature prior to 2002 that should be considered in addition to the work 
presented here. The reader is directed towards the above mentioned Guidelines from 
expert bodies which do not have time limited reviews of the literature. 
 
This review is limited only to randomised controlled trials, or comparable designs, with 
additional consideration of systematic reviews of randomised controlled trials in the area. 
Although this approach does not include other literature which may be useful in guiding 
clinical practice, it does include what is generally accepted to be the highest quality 
evidence for decisions about cause and effect relationships. For further reading, we refer 
to the above-mentioned Guidelines. It is not disputed that some non-clinical or non-RCT 
data is of potential value in this area, nor that RCTs of some topics would be unethical or 
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unfeasible. However, we advise caution in extrapolating these findings to clinical practice, 
the history of science and medicine is characterised by numerous examples of striking 
results in the laboratory, or strong associations in observational research, that do not show 
any clinical benefit when ultimately tested under randomised controlled trial conditions. 
Our preferred approach in situations where there is no direct evidence form well designed 
clinical trials, is to note that this is an area requiring further research. 
 
There are a multitude of IVD types, and ideally, infection prevention strategies would be 
well tested in each of these individually, in a range of settings and countries. Unfortunately, 
this is rarely the case, with most interventions tested in no more than 2 device types, and 
often only a single study in one patient group. However, our experience in IVD research 
tells us that although the baseline infection risk is known to differ by device type, it is rare 
that an intervention shown effective in one IVD, is not also effective in other devices. For 
example, chlorhexidine as a skin preparation prior to IVD insertion has now been found 
beneficial across most device types. Similarly, ineffective interventions tend to, ultimately, 
be found ineffective in all devices. For example, routine replacement of IVDs at set time 
intervals was once common in all line types, but was at first ineffective in central venous, 
then peripheral arterial devices, with contemporary growing evidence that this is also 
unnecessary in peripheral devices.  
 
Thus, our recommendation is that interventions and evidence in one line type, can 
generally be recommended for others, particularly for example, between different types of 
central venous device. This does not obviate the need for further research to corroborate 
findings in other device types, but is a practical recommendation, until such time as direct 
evidence in all IVD types exists. We note that the CDC provides generic guidelines for 
many aspects of IVD care (e.g. hang time for IV fluids), with subsections by device type 
only where direct evidence exists that there is a need to have a special approach in this 
population. In addition, the recent SHEA Guidelines, note that their recommendations are 
made to the total central venous device population (not stratified by central device type), 
except where specific exceptions are made. Thus, although specialist clinicians who are 
familiar with using only IVD types in their areas, may be reluctant to accept evidence 
generated in other line types. Reassurance needs to be given that after due consideration 
of other important factors, that evidence in another line type, should be strongly 
considered for inclusion in their practice, given the absence of evidence to the contrary. 
For example, PICC usage has exploded in popularity in recent years, with a ‘lag’ in 
supporting research literature. Until such time as more direct evidence exists we 
recommend that evidence from other central devices should be considered reasonably 
generalisable to these devices. We also note the growing body of work that suggests 
peripheral arterial devices have an infection risk not dissimilar to central venous devices. 
Infections from arterial devices are currently under-reported in surveillance statistics, given 
that many patients with a central line also have an arterial line, and that a BSI in these 
patients will often be ascribed as CLABSI, which may in fact stem from the arterial device. 
We believe that many of the infection prevention strategies traditionally recommended for 
central venous devices should also be followed for arterial devices, particularly those that 
are inserted with the intention of ongoing monitoring (rather than post-operative 
observations, typically in situ 24 hours or less). 
 
Few of the findings and recommendations in this report will require significant changes to 
current Australian clinical practice. The exception to this is the use of chlorhexidine 
gluconate impregnated sponges (CGIS) to be used under semi-permeable dressings. 
Whilst evidence of the effectiveness for these sponges has been growing over the last 
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decade, recent definitive trials, support the use of the product as the standard of care 
across the central venous device and arterial device populations, with the exception of low 
birthweight neonates where safety has not been established. Despite the strong literature 
supporting CGIS technology, it is our experience that the product does not at this point 
have strong take-up in the Australian health system. Existing concerns are likely to be the 
cost of the product, potential for anaphylaxis, development of microbial resistance, and 
whether trial results were influenced by manufacturer funding. Based on current data, it is 
clear that the cost of CGIS will be retrieved in savings in the treatment costs for IVD-
related BSI; the evidence suggests these devices can reduce IVD-BSI by 50%. 
Furthermore, recent trials have had no funding from manufacturers, and are of large 
sample size and high methodological quality. Their findings also provide reassurance that 
the likelihood of systemic reaction and development of resistance are extremely low. We 
note there have been no direct trials of the CGIS in haemodialysis devices and this will 
provide a challenge for decision makers as to whether to advocate antimicrobial ointments, 
known to be effective in this population, or to alternatively implement the CGIS, which 
given strong results in other central venous device types, are more than likely effective in 
this population also. 
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Introduction 
Five separate areas of intravascular device management in the health care setting were 
reviewed: skin preparation prior to intravascular device insertion; practitioner practices 
(hand hygiene and barrier precautions) during intravascular device insertion; dressing 
regimes for intravascular device insertion sites; intravascular device dwell time; and, 
administration set hang time. 

Review methods 
Types of studies 
All randomised controlled trials, published in English, between January 2002 and March 
2009  

Types of participants 
Patients, of any age, in any healthcare setting, with intravascular device in situ 

Types of interventions 
Any of the five intervention groups of interest 

Outcomes 
Primary outcomes 

• IVD-related bloodstream infection. The preferred definition was isolate of the same 
organism from a semi-quantitative or quantitative culture of a catheter segment and 
from separate percutaneous blood cultures, with no other identifiable source of 
infection. 

• In a small number of studies, the definition was accepted for a positive skin culture 
instead of a device culture, or a blood culture drawn through the device instead of a 
percutaneous culture. These were typically studies with long-term central venous 
devices where in situ diagnostic methods are more commonly used. 

Secondary outcomes 
• Device colonisation: positive semi-quantitative or quantitative culture from a distal 

catheter segment 
• IVD-associated bloodstream infection 
• Exit-site infection 
• Phlebitis: symptoms including erythema, pain/tenderness, oedema, induration, 

purulent discharge, palpable vein 
• Skin toxicity: cutaneous lesions in the region of the IVD 

Search methods for identification of studies 
The search strategy was limited to: 

• English language 
• Human 
• Publication date Jan 2002 - Mar 2009 
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Keyword search 
See Appendix B. 

Electronic searches 
The following electronic databases were used to identify relevant literature: 

• Australasian Medical Index 
• Cumulative Index of Nursing and Allied Health Literature (CINAHL) 
• Clinical Evidence (BMJ, MJA) 
• The Cochrane Library 
• EMBASE 
• EBM Reviews (OVID) 
• PubMED 
• Medline 
• Medline in-process and other non-indexed citations 

Searching other resources 
Reference lists of all retrieved articles were searched for additional studies. Due to time 
constraints of this review, authors were unable to be contacted for further information than 
that already published. The following websites were targeted to source unpublished 
studies: 

• Centers for Disease Control and Prevention (CDC) 
• National Institute for Health and Clinical Excellence (NICE) 
• Caring for Australasians with Renal Impairment (CARI) guidelines 
• Cochrane Collaboration 
• UK Renal Association 
• National Kidney Foundation Disease Outcomes Quality Initiative (NKF KDOQI) 
• American College of Physicians (ACP) online 
• Agency of Healthcare Research and Quality 
• Google scholar 

Data collection and analysis 
Selection of studies 
Two review authors assessed the title and abstracts of references identified by the search 
strategy. Full reports of all potentially relevant trials were then retrieved for assessment of 
eligibility based on the inclusion criteria. Where differences of opinion regarding eligibility 
occurred they were resolved by discussion. 

Data extraction and management 
Two members of the review group independently extracted data from each study using a 
standard data extraction sheet. If differences of opinion arose, they were resolved by 
consensus. 
 
Data extraction included: 

• Country and setting where the study was performed 
• Inclusion and exclusion criteria 
• Details of intervention 
• Outcomes measured 
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• Duration of study 
• Numbers enrolled and completing in each group 
• Baseline characteristics of each group 
• Results per group. 

Assessment of methodological quality and risk of bias in included studies 
Each review author independently assessed information related to the quality of each trial.  
If differences of opinion arose, they were resolved by consensus. The following criteria 
were considered: 

1. Method of randomisation: (A) Adequate, (B) Unclear, (C) Inadequate 
2. Extent of allocation concealment: (A) Adequate, (B) Unclear, (C) Inadequate 
3. Blinding of intervention: (A) Double, (B) Single, (C) None, (D) Unclear 
4. Blinding of outcome assessment: (A) Yes, (B) Unclear, (C) No 
5. Intention to treat analysis: (A) Yes, (B) Unclear, (C) No 
6. Completeness of reporting ≥ 90%: (A) Yes, (B) Unclear, (C) No 
7. Control and treatment group compatible at baseline: (A) Yes, (B) Unclear, (C) No 
8. Control and treatment group treated equally: (A) Yes, (B) Unclear, (C) No 

 
A, B and C rankings are taken from the Cochrane Collaboration Systematic Review 
Guidelines and are NOT designed to be converted to a points based system to 
comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and 
blinding are generally considered of more importance when assigning overall risk of bias. 
Ultimately the designation of overall risk of bias is subjective, based on: the various 
criteria; the likelihood that any shortcomings influenced the study’s findings (after 
consideration of the specific study methods and other known data about the variables in 
question). For further explanation of these assessments see Appendix C. 
 
The criteria were then considered and an overall rating of low, moderate, or high bias (see 
Table 1) assigned after consideration of how criteria rated B or C may have influenced 
study results. In general, adequate (A) randomisation, allocation concealment, and 
blinding of both intervention and outcome assessments were considered most important in 
designating an overall rating of low risk of bias. Blinding of studies in this field is frequently 
impractical at best, or impossible. Lack of blinding was considered to introduce more risk 
of bias in studies measuring phlebitis, as this is a measure more open to subjective rating 
than studies with microbiological endpoints. For potential sources of bias, the likely 
magnitude and direction of bias was considered in light of the relevant clinical scenario. 
 
Risk of bias Interpretation 

Low  Any plausible bias unlikely to seriously alter the results 
Moderate Plausible bias that raises some doubt about the results 
High  Plausible bias that seriously weakens confidence in the results 

Table 1 – interpretation of risk of bias rankings 

Data synthesis 
Analyses were performed using the RevMan 5™ software. Relative risks and 95% 
confidence intervals (CI) were calculated. Results of comparable trials were pooled using 
the fixed-effect model and 95% CI. Heterogeneity was investigated by calculating the I2 

statistic (Higgins 2002). If evidence of significant heterogeneity was identified (a value 
>50%), potential sources of heterogeneity were explored and a random-effects approach 
to the analysis undertaken. A narrative review of eligible studies was conducted if 
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statistical synthesis from more than one study was not possible or considered 
inappropriate.  

Outcome of search and results 
Refer to Figures 1 and 2. 
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Figure 1 – Flow diagram of the included and excluded studies 
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Figure 2 – Flow diagram of included and excluded studies by review 
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1 Question 1 
1.1 Results of the search 

Eleven studies were screened for inclusion in the review, based on titles and abstracts. Of 
these, seven were eligible for inclusion in the review. Four studies were excluded because 
they were not randomised controlled trials, or were randomised trials testing interventions 
other than skin preparation for intravascular device insertion, or they did not report any of 
the outcome measures of interest. For further details of the included studies, excluded 
studies, and reasons for exclusion see Appendices F and G. 

1.2 Included studies 

• Astle CM, Jensen L. A trial of EXSEPT™ for hemodialysis central venous catheters. 
Nephrology Nursing Journal 2005;32(5):517-525. 

• Langgartner J, Linde H-J, Lehn N, Reng M, Schölmerich J, Glück T. Combined skin 
disinfection with chlorhexidine/propanol and aqueous povidone iodine reduces 
bacterial colonisation of central venous catheters. Intensive Care Medicine 
2004;30(6):1081-1088. 

• Mimoz O, Villeminey S, Ragot S, Dahyot-Fizelier C, Laksiri L, Petitpas F, Debaene 
B. Chlorhexidine-based antiseptic solution vs alcohol-based povidone iodine for 
central venous catheter care. Arch Intern Med 2007;167(19):2066-2072. 

• Parienti JJ, du Cheyron D, Ramakers M, Malbruny B, Leclercq R, Le Coutour X, 
Charbonneau P. Alcoholic povidone iodine to prevent central venous catheter 
colonization: A randomized unit-crossover study. Crit Care Med 2004;32(3):708-
713. 

• Small H, Adams D, Casey AL, Crosby CT, Lambert PA, Elliott T. Efficacy of adding 
2% (w/v) chlorhexidine gluconate to 70% (v/v) isopropyl alcohol for skin disinfection 
prior to peripheral venous cannulation. Infect Control Hosp Epidemiol 
2008;29(10):963-965. 

• Valles J, Fernandez I, Alcaraz D, Chacon E, Cazorla A, Canals M, Mariscal D, 
Fontanals D, Moron A. Prospective randomized trial of 3 antiseptic solutions for 
prevention of catheter colonization in an intensive care unit for adult patients. Infect 
Control Hosp Epidemiol 2008; 29(9):847-853. 

• van der Mee-Marquet N, The Bloodstream infection Study Group, Centre du Relais 
Regional d'Hygiene Hospitaliere. Efficacy and safety of a two-step method of skin 
preparation for peripheral intravenous catheter insertion: a prospective multi-centre 
randomised trial. BMC Anesthesiology 31 January 2007;7(1).  

1.3 Overall review of study populations, interventions and outcome measures 

• Populations studied 
In total, there were results from 1630 participants reported in the seven studies. 
Participants were all adults of 18 years or older. Three studies involved intensive care 
patients (Mimoz 2007; Parienti 2004; Valles 2008), one study enrolled haemodialysis 
patients (Astle 2005), another had elective cardiology patients (Small 2008), and the 
remaining 2 studies took place in the general medical/surgical wards (Langgartner 2004; 
van der Mee-Marquet 2007). 
 
IVD types studied were peripheral venous catheters (van der Mee-Marquet 2007; Small 
2008), central venous catheters (Langgartner 2004; Mimoz 2007; Parienti 2004; Valles 
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2008), peripheral arterial catheters (Valles 2008), and central venous haemodialysis 
catheters (Astle 2005). 
 
There were no Australian studies. Three studies were conducted in France (Parienti 2004; 
Mimoz 2007; van der Mee-Marquet 2007), and one study each was conducted in Canada 
(Astle 2005), Germany (Langgartner 2004), United Kingdom (Small 2008), and Spain 
(Valles 2008). 
 

• Interventions tested 
The seven studies reported results of interventions involving chlorhexidine, povidone 
iodine, alcohol, and sodium hypochlorite. No two studies compared identical interventions 
in terms of product strength, solution base (aqueous, alcohol or other). Five studies had 2 
arms, whilst two studies had 3 arms (Langgartner 2004; Valles 2008). No study had a true 
placebo control arm where the comparison group received no pre-insertion antiseptic 
solution.  
 
There was significant variation in intervention applications in terms of volume applied and 
method of application. All studies tested the intervention for site decontamination prior to 
insertion. Five of the studies also reported that the intervention solution was also used for 
site care during the catheterisation period (Astle 2005; Langgartner 2004; Mimoz 2007; 
Parienti 2004; Valles 2008). In most cases this was specified as pertaining to site 
decontamination at each dressing change. However, the regimes for frequency of site 
decontamination varied. A small number of studies also specified that the intervention 
solution was used to decontaminate administration set connections prior to access, but 
most studies did not report on this. 
 

• Outcome measures 
Primary outcome: only four studies reported the primary outcome of interest (IVD-related 
bloodstream infection) (Astle 2005; Mimoz 2007; Parienti 2004; Valles 2008). Definitions 
varied somewhat across studies; we limited the use of this term to studies whose definition 
included a matched positive device and blood culture, and the absence of any other 
obvious source of the infection. 
 
Secondary outcomes: all studies reported the secondary outcome of intravascular device 
colonisation, with the exception of two studies (Astle 2005; van der Mee-Marquet 2007). 
Two studies reported the secondary outcome of phlebitis (Valles 2008; van der Mee-
Marquet 2007). 

1.4 Levels of evidence 

Refer to Table 2. 
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Study Level* Risk of Bias Design 
Astle 2005 II High Randomised controlled trial 
Langgartner 2004 II Moderate Randomised controlled trial 
Mimoz 2007 II Low Randomised controlled trial 
Parienti 2004 II Low Randomised controlled trial 
Small 2008 II Moderate Randomised controlled trial 
Valles 2008 II Low Randomised controlled trial 
Van der Mee-Marquet II Moderate Randomised controlled trial 
*All studies were randomised controlled trials, which are rated as Level II evidence as per the NHMRC 
Evidence Hierarchy (see Appendix D). 

Table 2 – Levels of evidence 

1.5 Methodological quality assessment and risk of bias of included studies 

Comparative data on methodological quality assessment and risk of bias is displayed in 
Table 3. 
 

• Generation of random allocation sequence 
All studies stated that randomisation occurred, but the method used to generate the 
random allocation sequence was generally not reported. Two studies used block 
randomisation (Mimoz 2007; Valles 2008), but only one (Mimoz 2007) specified the size of 
the block (groups of 8) or the method of generation (computer-generated randomisation). 
Another study used cluster crossover randomisation whereby randomisation was carried 
out for each ICU by means of a random number table with crossover occurring each 3 
months (Parienti 2004). 
 

• Allocation concealment 
As with generation of the allocation sequence, concealment of allocation was often 
unreported. 
 

• Blinding of intervention 
No study reported blinding of the intervention to patients or care providers. Given the 
nature of the intervention (antiseptic solutions of varying smells and colours), it is noted 
that it would be extremely difficult to blind. 
 

• Blinding of outcome assessment 
Two studies explicitly reported that outcome assessments were undertaken by blinded 
staff (Mimoz 2007; Parienti 2004). In the remainder of studies this was unclear. Due to the 
nature of the outcome measures, it is more likely than not that device colonisation 
measures were performed by blinded laboratory staff, whereas phlebitis measures were 
undertaken by nonblinded clinical staff. The diagnosis of intravascular device bloodstream 
infection relies primarily on laboratory measures, which would more likely than not have 
been performed by blinded laboratory staff, however, there is also an element of subjective 
decision making that the blood and device cultures are unlikely to be related to another 
source. Most studies did not report whether this decision was made by a blinded rater. 
 

• Intention to treat analysis 
Three studies stated that they used an intention to treat analysis although no further 
information was given on the techniques used, or data on adherence rates to the allocated 
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intervention (Mimoz 2007; Valles 2008; Parienti 2004). In the remaining four studies it was 
unclear whether intention to treat analysis was the approach used. 
 

• Completeness of primary outcome reporting 
One study did not report the total number randomised into the trial or the number of drop-
outs/exclusions (van der Mee-Marquet 2007). No study provided a CONSORT flowchart. 
Many studies excluded from analysis any patient whose cultures were not taken, who died, 
were discharged from the study setting with the device in situ, or whose device was 
removed earlier, or remained in situ longer, than the study follow-up period. These are all 
factors that may have introduced bias. For example, patients may have died, or had their 
device removed early, due to intravascular device-related infection. In some studies, 
patients were excluded for these reasons in similar numbers between study groups, 
suggesting that bias was not introduced (Parienti 2004; Mimoz 2007; Valles 2008). In two 
studies, exclusion rates per randomisation group were not reported (Langgartner 2004; 
Small 2008). Only one study attempted to analyse the potential effect of missing follow-up 
data in the final analysis (Valles 2008). Reported rates of inclusion of randomised patients 
into the final analysis varied at 63% (Valles 2008), 70% (Langgartner 2004), 73% (Parienti 
2004), 74% (Small 2008), 89% (Mimoz 2007), 100% (Astle 2005). 
 

• Compatibility of control and treatment groups at baseline 
In one study, the alcoholic povidone iodine group was significantly (mean 7 years) 
younger, and had more organ failure, than the aqueous-based group (Parienti 2004). In 
another study, there were significantly more male patients in the povidone iodine group, 
although multivariate analysis suggested gender was not a factor on outcome (Mimoz 
2007). One study showed higher rates of immunosuppression and male gender in the 
chlorhexidine group; this was not statistically significant, likely due to the small sample size 
(Astle 2005). In another study, there were more trauma patients in the aqueous povidone 
iodine group, whereas the aqueous chlorhexidine group had both more gastrointestinal 
and less cardiovascular patients (Valles 2008). In other studies this appeared to be the 
case, although in one, minimal information was given to assure the reader of this (Small 
2008). 
 

• Equal treatment of control and treatment groups 
In one study, there were unequal drying times between groups (1 min cf 2 min) after 
application of antiseptic for two thirds of the trial, until a protocol amendment standardised 
this (Langgartner 2004). A subgroup analysis suggested that this did not introduce bias. In 
other studies this appeared to be the case, although in some, minimal information was 
given to assure the reader of this (Small 2008). 
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Study Randomi-
sation 

Allocation 
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 
equal at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Astle 2005 B B C B B A A A 
A-3 
B-4 
C-1 

High 

Langgartner 
2004 B A C B B C A B 

A-2 
B-4 
C-2 

Moderate 

Mimoz 2007 A A C A A A B A 
A-6 
B-1 
C-1 

Low 

Parienti 2004 A C C A A C A A 
A-5 
B-0 
C-3 

Low 

Small 2008 B B C B B C B B 
A-0 
B-6 
C-2 

Moderate 

Valles 2008 B A C A A A B A 
A-5 
B-2 
C-1 

Low 

Van der Mee-
Marquet 2007 B B C C B B A A 

A-2 
B-4 
C-2 

Moderate 

Notes. A = Adequate B = Unclear C = Inadequate. A, B and C rankings are taken from Cochrane Collaboration guidelines and are NOT designed to be converted 
to a points based system to comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and blinding are generally considered of more 
importance when assigning overall risk of bias. Ultimately the designation of overall risk of bias is subjective, based on: the various criteria; the likelihood that any 
shortcomings influenced the study’s findings (after consideration of the specific study methods and other known data about the variables in question). 

 
Table 3 –Methodological quality assessment and risk of bias of included studies 
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1.6 Results of included studies 

Astle CM, Jensen L. A trial of EXSEPT™ for hemodialysis central venous catheters. Nephrology 
Nursing Journal 2005;32(5):517-525. 
 
The study failed to detect any statistically significant difference in phlebitis, IVD-related BSI 
or skin colonisation between groups using ExSept™ (sodium hypochlorite) or 0.5% 
chlorhexidine in 70% alcohol. Sample size calculations were not reported but the study 
was likely underpowered (N=121). 
 
Langgartner J, et al. Combined skin disinfection with chlorhexidine/propanol and aqueous povidone 
iodine reduces bacterial colonisation of central venous catheters. Intensive Care Med 
2004;30(6):1081-1088. 
 
The study found a statistically lower device colonisation after skin preparation with a 
regime of 0.5% chlorhexidine in 70% alcohol followed by 10% aqueous povidone iodine, 
compared with either product used alone (p<0.01). On survival analysis, the results 
remained significant (p<0.01). Device colonisation rates per 1000 device days were 
3.5/1000 in the combined skin preparation group, versus 21.0/1000 in the povidone iodine 
group, and 18.4/1000 in the alcoholic chlorhexidine group. 
 
Mimoz O, et al. Chlorhexidine-based antiseptic solution vs alcohol-based povidone iodine for central 
venous catheter care. Arch Intern Med 2007;167(19):2066-2072. 
 
A statistically significant reduction (p=0.002) in device colonisation was observed with the 
use of Biseptine (Bayer Healthcare) (combined 0.25% chlorhexidine/0.25% benzalkonium 
chloride/4% benzylic acid solution), compared with Betadine Alcoolique (Viatris 
Pharmaceuticals) (5% povidone iodine in 70% ethanol). This equated to a reduction in 
colonisation from 18.3 to 9.7 per 1000 IVD days. IVD-related BSI was also lower in the 
chlorhexidine/benzalkonium/benzylic acid group (1.4 versus 3.4 per 1000 IVD days) but 
this was not statistically significant (p=0.09), possibly due to the sample size (N=481). 
 
Parienti JJ, et al. Alcoholic povidone iodine to prevent central venous catheter colonization: A 
randomized unit-crossover study. Crit Care Med 2004;32(3):708-713. 
 
The study reported a significantly (p<0.001) lower device colonisation rate in the 5% 
povidone iodine in 70% alcohol group (13% colonisation), compared with the 10% 
povidone iodine in aqueous solution group (35% colonisation). This remained significant 
on survival analysis (p=0.005). IVD-related BSI rates were also lower in the alcoholic 
povidone iodine group (0.9% versus 3.4%) however this was not statistically significant 
(p>0.05) possibly due to the sample size (N=223). A combined endpoint of IVD-related BSI 
and IVD-related clinical infection (clinically diagnosed IVD-BSI but with no device culture, 
similar to IVD-associated BSI) was significantly lower in the alcoholic povidone iodine 
group (5% versus 14%, p<0.04). 
 
Small H, et al. Efficacy of adding 2% (w/v) chlorhexidine gluconate to 70% (v/v) isopropyl alcohol for 
skin disinfection prior to peripheral venous cannulation. Infect Control Hosp Epidemiol 
2008;29(10):963-965. 
 
The study reported a significantly (p<0.001) lower device colonisation rate in the 2% 
chlorhexidine in 70% alcohol group (20% colonisation) compared with the 70% alcohol 
group (49% colonisation). 
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Valles J, et al. Prospective randomized trial of 3 antiseptic solutions for prevention of catheter 
colonization in an intensive care unit for adult patients. Infect Control Hosp Epidemiol 2008; 
29(9):847-853. 
 
This 3-arm study found device colonisation rates to be significantly lower in the alcoholic 
0.5% chlorhexidine group (14% colonisation) than the 10% aqueous povidone iodine 
group (25% colonisation, p<0.01). Device colonisation was also significantly lower in the 
2% aqueous chlorhexidine group (16%) compared with the 10% aqueous povidone iodine 
group (25% colonisation, p=0.03). There was no significant difference in device 
colonisation between the alcoholic chlorhexidine and the aqueous chlorhexidine groups 
(14% versus 16% colonisation). There was no difference in phlebitis or IVD-related BSI 
rates between the 3 groups (p=NS). 
 
van der Mee-Marquet N, et al. Efficacy and safety of a two-step method of skin preparation for 
peripheral intravenous catheter insertion: a prospective multi-centre randomised trial. BMC 
Anesthesiology 2007;7(1).  
 
The study found no difference in phlebitis rates between groups using 5% alcoholic 
povidone iodine (2-step application) and 10% alcoholic povidone iodine (4-step 
application) at any of the analysed time points (24, 48 and 72 hours, all p>0.12).  

1.7 Influence of setting or patient group comparisons 

All research to date has been undertaken in countries other than Australia. As health 
systems and practices are known to differ between countries, the studies reviewed here 
may not be directly generalisable to the Australian population despite being the best 
evidence available. 
 
Evidence in this area has been generated from significant numbers of peripheral and 
central venous catheters, and smaller numbers of peripheral arterial catheters and central 
venous haemodialysis catheters. See Table 4. Patients studied have been recruited from a 
range of acute and critical care settings. Whilst the evidence may not be directly 
generalisable to others of myriad IVD types in clinical use, the evidence does reflect a 
reasonable mix of populations with both low and high risk of infection.  
 
The weakest aspect of the current literature is the absence of any studies examining the 
topic of skin preparation prior to intravascular device insertion in children or neonates. 
Paediatric patients often respond differently to adults, and evidence from this review is 
only somewhat generalisable to this group. Research is urgently needed in this area. A 
particular caution is the theoretical potential for low birthweight (<1000g) neonates to 
experience toxicity from chlorhexidine or other substances. 
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 Comparison of study findings by device type 

Peripheral Devices Central Devices 

Venous Arterial Short-term  Haemodialysis access Long-term PICC 

2% CHG in alcohol 
significantly reduces device 

colonisation over 70% 
alcohol (Small) 

Either 0.5% CHG or 2% 
aqueous CHG significantly 
reduce device colonisation 
over 10% aqueous PI. No 

significant difference in 
device colonisation between 

the two CHG arms. No 
significant diff in phlebitis or 

IVD-BSI between the 3 
groups (Valles) 

Sequential 0.5% CHG in 70% 
alcohol plus 10% aqueous PI 
significantly reduces device 

colonisation over either product 
used alone (Langgartner) 

ExSept versus 0.5% CHG in 
70% alcohol causes no 
significant difference in 

phlebitis, IVD-BSI or skin 
colonisation (Astle) 

No studies No studies 

No significant difference in 
phlebitis with 2-step 5% 
alcohol PI vs 4-step 10% 

alcoholic PI (van der Mee-
Marquet) 

 

Biseptine significantly reduces 
device colonisation over 5%PI 
in 70% alcohol. No significant 

diff in IVD-BSI (Mimoz) 

Sequential 0.5% CHG in 70% 
alcohol plus 10% aqueous PI 

signif reduces device 
colonisation over either 

product alone (Langgartner) 

  

  

5% PI in 70% alcohol 
significantly reduces both 
device colonisation and 

combined confirmed or clinically 
diagnosed IVD–related BSI 

over 10% aqueous PI. (Parienti)

   

  

Either 0.5% CHG or 2% 
aqueous CHG signif reduce 

device colonisation over 10% 
aqueous PI. No signif difference 
in device colonisation between 
the two CHG arms. No signif 

diff in phlebitis or IVD-BSI 
between the 3 groups (Valles) 

   

1. ExSept - sodium hypochlorite, 2. CHG – Chlorhexidine gluconate, 3. PI – Povidone iodine, 4. Biseptine - combined 0.25% chlorhexidine/0.25% benzalkonium 
chloride/4% benzylic acid solution 

Table 4 – comparison of study findings by device type
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1.9 Meta-analysis of effects of interventions 

This review includes outcome data from seven randomised controlled trials with a total of 
1630 participants. No two studies compared exactly the same interventions regarding 
identical strength concentration, base solution, or patient/device population. Studies rated 
at high risk of bias were not included (Astle 2005). Four general comparisons were 
undertaken, where data was available from more than one study:  

• Chlorhexidine (any strength) versus any other solution (Analysis 01) (Langgartner 
2004; Mimoz 2007; Small 2008; Valles 2008) 

• Chlorhexidine (any strength) versus povidone iodine (any strength) (Analysis 02) 
(Langgartner 2004; Mimoz 2007; Valles 2008)  

• 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine (Analysis 03) 
(Langgartner 2004, Valles 2008) 

• Alcohol-based versus aqueous-based solutions (Analysis 04) (Langgartner 2004; 
Parienti 2004; Valles 2008).  

• Where a three-arm study contained the solution of interest in two arms, these were 
combined into one group for the purpose of the meta-analyses. A random-effect 
meta-analysis was used when significant heterogeneity was present (i.e. I2 >50%). 

1.9.1 Chlorhexidine compared with all other solutions 
This comparison includes four trials (Langgartner 2004; Mimoz 2007; Small 2008; Valles 
2008) of 1422 participants and includes 3 outcomes (device colonisation, IVD-related BSI, 
and phlebitis) although only device colonisation was reported for all four trials. The trials 
included peripheral venous, central venous, and peripheral arterial devices. The 
intervention was tested in intensive care, general medical/surgical and elective cardiology 
patients. All studies took place in Europe (Germany, France, Spain and United Kingdom). 
Chlorhexidine at any concentration and in any base solution was compared against any 
other solution that did not contain chlorhexidine.  

1.9.1.1 IVD-related bloodstream infection 
Two trials reported on this outcome (Mimoz 2007; Valles 2008) including a total of 1112 
participants. Significant heterogeneity was not detected and a fixed effects model was 
used. In the meta-analysis, when compared with any other solution, use of a chlorhexidine 
solution was associated with a non-statistically significant (p=0.21) reduction in IVD-related 
BSI (chlorhexidine 3%, other solution 4%); the odds ratio (OR) was 0.66 (95% confidence 
interval (CI) 0.34 to 1.26). 
 

 

 

 

 

Figure 3 – Forest plot of chlorhexidine versus other solutions to prevent IVD related BSI 
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1.9.1.2 Device colonisation 
Device colonisation was reported in four trials for a total of 1422 participants. Significant 
heterogeneity was not detected and a fixed effects model was used. In the meta-analysis, 
when compared with any other solution, use of a chlorhexidine solution was associated 
with a statistically significant (p<0.00001) reduction in IVD colonisation (chlorhexidine 
15%, other solution 28%); the odds ratio (OR) was 0.44 (95% confidence interval (CI) 0.33 
to 0.57).  
 

Study or Subgroup
Langgartner 2004
Mimoz 2007
Small 2008
Valles 2008

Total (95% CI)
Total events
Heterogeneity: Chi² = 3.61, df = 3 (P = 0.31); I² = 17%
Test for overall effect: Z = 5.98 (P < 0.00001)

Events
13
28
18
66

125

Total
88

242
91

437

858

Events
16
53
39
48

156

Total
52

239
79

194

564

Weight
11.1%
30.6%
21.7%
36.6%

100.0%

M-H, Fixed, 95% CI
0.39 [0.17, 0.90]
0.46 [0.28, 0.76]
0.25 [0.13, 0.50]
0.54 [0.36, 0.82]

0.44 [0.33, 0.57]

Chlorhexidine Other Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control  

 
Figure 4 – Forest plot of chlorhexidine versus other solutions to prevent device colonisation 

1.9.1.3 Phlebitis 
Two trials reported on this outcome (Astle 2005; Valles 2008) including a total of 752 
participants. Significant heterogeneity was not detected and a fixed effects model was 
used. In the meta-analysis, when compared with any other solution, use of a 
chlorhexidine-based solution was associated with a non-statistically significant (p=0.76) 
increase in IVD-related phlebitis (chlorhexidine 16%, other solution 14%); the odds ratio 
(OR) was 1.07 (95% confidence interval (CI) 0.69 to 1.65). 
 
 
 

 
 
 
 
 
 
 
 

Figure 5 – Forest plot of chlorhexidine versus other solutions to prevent phlebitis 

1.9.2 Comparison: Chlorhexidine versus Povidone-iodine 
This comparison includes three trials (Langgartner 2004; Mimoz 2007; Valles 2008) with a 
total of 1209 participants and includes two outcomes (device colonisation and IVD-related 
BSI), although only device colonisation was reported in all three trials. Chlorhexidine at 
any concentration and in any base solution was compared against povidone iodine at any 
concentration and in any base solution. 

1.9.2.1 IVD-related bloodstream infection 
Two trials reported on this outcome (Mimoz 2007; Valles 2008), with a total of 1112 
participants. In the meta-analysis, when compared with povidone iodine solution, use of a 
chlorhexidine-based solution was associated with a non-statistically significant (p=0.21) 
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reduction in IVD-related BSI (chlorhexidine 3%, povidone iodine 4%); the odds ratio (OR) 
was 0.66 (95% confidence interval (CI) 0.34 to 1.26). Significant heterogeneity was not 
detected. 

Study or Subgroup
Mimoz 2007
Valles 2008

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.30, df = 1 (P = 0.25); I² = 23%
Test for overall effect: Z = 1.27 (P = 0.21)

Events
4

18

22

Total
242
437

679

Events
10
9

19

Total
239
194

433

Weight
45.3%
54.7%

100.0%

M-H, Fixed, 95% CI
0.38 [0.12, 1.24]
0.88 [0.39, 2.00]

0.66 [0.34, 1.26]

Chlorhexidine Povidine-iodine Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control  

Figure 6 – Forest plot of comparison chlorhexidine versus povidone iodine to prevent IVD-Related BSI 

1.9.2.2 Device colonisation 
In the meta-analysis, when compared with povidone iodine solution, use of a 
chlorhexidine-based solution was associated with a statistically significant (p<0.0001) 
reduction in IVD colonisation (chlorhexidine 15%, povidone iodine 24%); the odds ratio 
(OR) was 0.53 (95% confidence interval (CI) 0.39 to 0.71). Significant heterogeneity was 
not detected. 
 

Study or Subgroup
Langgartner 2004
Mimoz 2007
Valles 2008

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.80, df = 2 (P = 0.67); I² = 0%
Test for overall effect: Z = 4.18 (P < 0.0001)

Events
11
28
66

105

Total
45

242
437

724

Events
16
53
48

117

Total
52

239
194

485

Weight
9.8%

41.1%
49.2%

100.0%

M-H, Fixed, 95% CI
0.73 [0.30, 1.79]
0.46 [0.28, 0.76]
0.54 [0.36, 0.82]

0.53 [0.39, 0.71]

Chlorhexidine Povidine-iodine Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 7 – Forest plot of chlorhexidine versus povidone iodine to prevent device colonisation 

1.9.3 Comparison: 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine 
This comparison includes two trials (Langgartner 2004; Valles 2008) with a total of 517 
participants and includes one outcome (device colonisation). 0.5% chlorhexidine in 70% 
alcohol was compared against 10% povidone iodine in aqueous solution. 

1.9.3.1 Device colonisation 
In the meta-analysis, when compared with 10% aqueous povidone iodine, use of 0.5% 
alcoholic chlorhexidine was associated with a statistically significant (p=0.007) reduction in 
IVD colonisation (16% versus 26%); the odds ratio (OR) was 0.55 (95% confidence 
interval (CI) 0.35 to 0.84). Significant heterogeneity was not detected. 
 

 
Figure 8 – Forest plot of 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine to prevent 

device colonisation 
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1.9.4 Comparison: Alcohol versus aqueous-based solutions 
This comparison includes two trials (Parienti 2004; Valles 2008) with a total of 854 
participants and includes two outcomes (IVD-related BSI device and colonisation). Any 
alcohol-based antiseptics at any concentration were compared against aqueous-based 
versions of the same antiseptic at any concentration. Antiseptics tested included 
chlorhexidine and povidone iodine. 

1.9.4.1 Device colonisation 
Both trials reported on this outcome for a total of 854 participants. In the meta-analysis, 
when compared with aqueous solutions, use of an alcohol-based solution was associated 
with a non-statistically significant (p=0.22) reduction in IVD colonisation (alcohol-based 
14%, aqueous-based 24%); the odds ratio (OR) was 0.45 (95% confidence interval (CI) 
0.20 to 1.01, p=0.05). Significant heterogeneity was detected (I2 75%, p=0.04) and a 
random effects model was used. Heterogeneity may have reflected the two studies testing 
different antiseptics or some other element of study design. 
 

 
Figure 9 – Forest plot of alcohol-based versus aqueous-based solutions to prevent device colonisation 

1.9.4.2 IVD-related bloodstream infection 
Both trials reported on this outcome with a total of 854 participants analysed. In the meta-
analysis, when compared with any other solution, use of a chlorhexidine-based solution 
was associated with a non-statistically significant (p=0.45) reduction in IVD-related BSI 
(alcohol-based 3%, aqueous-based 4%); the odds ratio (OR) was 0.75 (95% confidence 
interval (CI) 0.35 to 1.59). Significant heterogeneity was not detected. 

Study or Subgroup
Parienti 2004
Valles 2008

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.00, df = 1 (P = 0.32); I² = 0%
Test for overall effect: Z = 0.76 (P = 0.45)

Events
1
9

10

Total
106
226

332

Events
4

18

22

Total
117
405

522

Weight
23.3%
76.7%

100.0%

M-H, Fixed, 95% CI
0.27 [0.03, 2.45]
0.89 [0.39, 2.02]

0.75 [0.35, 1.59]

Alcohol base Aqueous base Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 10 – Forest plot of alcohol-based versus aqueous-based solutions to prevent IVD-related BSI 

1.10 Evidence matrices for Question 1 

Refer to Tables 5 to 8. 
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Comparison: Chlorhexidine versus any other solution 
Chlorhexidine at any strength, and in any base solution, was compared with any other tested solution that did not contain 
chlorhexidine. Comparators included povidone iodine, alcohol, and sodium chloride/hypochlorite (ExSept) solutions. 
 

Evidence table ref: 
1.10.1. 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Four studies reported on this comparison (Langgartner 2004; Mimoz 2007; Small 2008; Valles 
2008). All studies were Level II studies (randomised controlled trials) with a low (Mimoz 2007; 
Valles 2008) or moderate (Langgartner 2004; Small 2008) risk of bias. 
 
* Note. This should be upgraded to Level A evidence if the meta-analysis by Chaiyakunapruk N 
et al is included. See comments in “Other factors” below. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

All 4 studies found a statistically significant lower incidence of device colonisation in the 
chlorhexidine group, and this difference was also significant on meta-analysis (OR 0.44, 95%CI 
0.33-0.57).  
The 2 studies that reported IVD-related BSI both reported lower incidence in the chlorhexidine 
arm. Meta-analysis found this not to be statistically significant (OR 0.66, 95%CI 0.34-1.26) but 
sample sizes were inadequate to detect this endpoint. 
The 2 studies that reported phlebitis found no significant difference in rates with the use of 
chlorhexidine or other solutions. On meta-analysis, there remained no significant difference (OR 
1.07 95%CI 0.69-1.65). 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

In this meta-analysis, it was observed that use of chlorhexidine in any formulation halved the 
incidence of intravascular device colonisation (from 28% to 15%, OR 0.66, 95%CI 0.34-1.26) 
over the use of any other solution. The clinical impact of this intervention appears of significant 
benefit to patients. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population The intervention has been tested, and found effective, in peripheral and central venous 
catheters and in peripheral arterial catheters. There is no evidence to confirm the results in 
other IVD populations; neither is there any evidence to suggest that it is not generalisable to B Evidence directly generalisable to target population with some 

caveats 
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C Evidence not directly generalisable to the target population but could 
be sensible applied 

these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this 
intervention in children and neonates. Evidence of safety and efficacy is required in these 
groups; particular care should be taken in assessing the use of chlorhexidine, and other 
products, in low birth-weight neonates, where toxicity may be a potential risk. 

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

All evidence has been generated in Europe. It is possible that the evidence may not be directly 
generalisable to the Australian population; however, there is no evidence to suggest this, and it 
is unlikely that results would differ if studies were performed her. Chlorhexidine is readily 
available for use in Australia and many settings already use this as the preferred solution for 
skin preparation prior to IVD insertion, including paediatric units. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

This review was restricted to RCTs published between 2002 and 2009. We note also that the meta-analysis published in 2002 that covered earlier studies and a wide variety of 
device types found similar results to ours.1 That meta-analysis included 8 studies and 4143 IVDs, with a significant reduction shown in both IVD-related BSI, and device 
colonisation, by a magnitude of one half, with the use of chlorhexidine (any strength, any base solution) against povidone iodine (10%, any base solution). IVD-related BSI RR 
0.49 (95%CI 0.28-0.88); device colonisation OR 0.49 (95%CI 0.31-0.71). The results suggested that for every 1000 patients treated with chlorhexidine skin preparation rather 
than povidone-iodine, 71 episodes of device colonisation and 11 cases of IVD-related BSI will be prevented. 
1. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlorhexidine Compared with Povidone Iodine Solution for Vascular Catheter–Site Care: A Meta-Analysis. Ann Intern 
Med. 2002;136:792-801. 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
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RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 5 – Evidence Matrix for Question 1: Chlorhexidine versus any other solution
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Comparison: Chlorhexidine versus povidone iodine 
Evidence table ref: 

1.10.2. 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Three level II studies, 2 with a low risk of bias (Mimoz 2007; Valles 2008) and one with a 
moderate risk of bias (Langgartner 2004). 
 
* Note. This should be upgraded to Level A evidence if the meta-analysis by Chaiyakunapruk N 
et al is included. See comments in “Other factors” below. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Two studies found a significantly lower device colonisation rate with the use of chlorhexidine 
and the other found no significant difference, possibly due to inadequate sample size. Meta-
analysis of the 3 studies detected an overall significant reduction (OR 0.53 95%CI 0.39-0.71, 
p<0.0001) in device colonisation with the use of chlorhexidine.  
The two studies examining IVD-related BSI found no statistical difference in incidence with the 
use of chlorhexidine. Neither did this did reach statistical significance on meta-analysis, 
possibly due to inadequate sample size. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The overall impact was a reduction by approximately half in the device colonisation rate (OR 
0.53 95%CI 0.39-0.7). This is of significant clinical benefit. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some 
caveats 

C Evidence not directly generalisable to the target population but could 
be sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral arterial 
catheters. Patients studied were in both medical-surgical wards and an intensive care unit. 
There is no evidence to confirm the results in other IVD populations; neither is there any 
evidence to suggest that it is not generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this 
intervention in children and neonates. Evidence of safety and efficacy is required in these 
groups; particular care should be taken in assessing the use of chlorhexidine in low-birth weight 
neonates, where toxicity may be a potential risk. D Evidence not directly generalisable to target population and hard to 

judge whether it is sensible to apply 
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5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

All evidence has been generated in Europe. It is possible that the evidence may not be directly 
generalisable to the Australian population; however, there is no evidence to suggest this. 
Chlorhexidine is readily available in Australia and many settings already use this as the 
preferred solution for skin preparation prior to IVD insertion. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

This review was restricted to RCTs published between 2002 and 2009. We note also that the meta-analysis published in 2002 that covered earlier studies and a wide variety of 
device types found similar results to ours.1 That meta-analysis included 8 studies and 4143 IVDs, with a significant reduction shown in both IVD-related BSI, and device 
colonisation, by a magnitude of one half, with the use of chlorhexidine (any strength, any base solution) against povidone iodine (10%, any base solution). IVD-related BSI RR 
0.49 (95%CI 0.28-0.88); device colonisation OR 0.49 (95%CI 0.31-0.71). These results suggest that for every 1000 patients treated with chlorhexidine skin preparation rather 
than povidone-iodine, 71 episodes of device colonisation and 11 cases of IVD-related BSI will be prevented. 

1. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlorhexidine Compared with Povidone iodine Solution for Vascular Catheter–Site Care: A Meta-Analysis. Ann Intern 
Med. 2002;136:792-801. 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  

 30



Intravascular Device Systematic Review Griffith University 
 
 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 6 – Evidence Matrix for Question 1: Chlorhexidine versus povidone iodine 
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Comparison: 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine 
Evidence table ref: 

1.10.3. 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Two level II studies of low (Valles 2008) and moderate (Langgartner 2004) risk of bias. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Both studies showed a lower device colonisation rate with the use of 0.5% alcoholic 
chlorhexidine, although this did not reach statistical significance in one study, possibly due to 
inadequate sample size. Meta-analysis detected an overall significant reduction (OR 0.55, 95% 
CI 0.35-0.84, p=0.007) in device colonisation with the use of 0.5% alcoholic chlorhexidine. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The overall impact was a reduction by approximately half in the device colonisation rate (OR 
0.55, 95% CI 0.35-0.84). This is of significant clinical benefit. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some 
caveats 

C Evidence not directly generalisable to the target population but could 
be sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral arterial 
catheters. Patients studied were in both medical-surgical wards and an intensive care unit. 
There is no evidence to confirm the results in other IVD populations; neither is there any 
evidence to suggest that it is not generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this 
intervention in children and neonates. Evidence of safety and efficacy is required in these 
groups; particular care should be taken in assessing the use of chlorhexidine in low-birth weight 
neonates, where toxicity may be a potential risk. D Evidence not directly generalisable to target population and hard to 

judge whether it is sensible to apply 
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5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

0.5% chlorhexidine gluconate in 70% alcohol is readily available in Australia and many settings 
already use this as the preferred solution for skin preparation prior to IVD insertion. All evidence 
has been generated in Europe. It is possible that the evidence may not be directly generalisable 
to the Australian population; however, there is no evidence to suggest this. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base B  

2. Consistency B  

3. Clinical impact A  

4. Generalisability B  

5. Applicability B  

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  
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IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 7 – Evidence Matrix for Question 1: 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine 
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Comparison: Alcohol versus aqueous-based solutions 
Evidence table ref: 

1.10.4. 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

There are two level II studies, both RCTS with a low risk of bias (Parienti 2004; Valles 
2008). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

One study (Parienti 2004) found a significant reduction in device colonisation with the use of 
alcoholic 5% PI versus aqueous 10% PI (OR 0.28, 95%CI 0.14-0.56). The other study 
(Valles 2008) found a reduction that was not quite statistically significant with the use of 
alcoholic over aqueous chlorhexidine (OR 0.65, 95%CI 0.42-1.01). On meta-analysis, a 
reduction in device colonisation associated with alcoholic based solution approached, but 
was not statistically significant (OR 0.45 95%CI 0.20-1.01, p=0.05). Neither study found a 
significant difference in IVD-related BSI rates. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

There is some evidence that use of alcohol-based solutions can reduce intravascular device 
colonisation over the use of aqueous-based solutions, possibly by about 50% (OR 0.45 
95%CI 0.20-1.01). However, as this did not quite reach statistical significance on meta-
analysis, care must be taken not to overstate the potential impact. 
 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral 
arterial catheters. Patients studied were in both medical-surgical wards and an intensive 
care unit. There is no evidence to confirm the results in other IVD populations; neither is 
there any evidence to suggest that it is not generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against, 
this intervention in children and neonates. Evidence of safety and efficacy is required in 
these groups; particular care should be taken in assessing the use of chlorhexidine in low-
birth weight neonates, where toxicity may be a potential risk. 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 
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A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

Alcohol based formulations of both chlorhexidine and povidone-iodine are readily available 
in Australia. All evidence has been generated in Europe. It is possible that the evidence may 
not be directly generalisable to the Australian population; however, there is no evidence to 
suggest this. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use 
action statements where possible. 

GRADE OF RECOMMENDATION  

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
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implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 8 – Evidence Matrix for Question 1: Alcohol versus aqueous-based solutions 
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2 Question 2 
2.1 Results of the search 

Two studies were screened for inclusion in the review, based on titles and abstracts. 
Of these, both were eligible for inclusion in the review. For further detail on included 
studies see Appendix F. 

2.2 Included studies   

• Carrer S, Bocchi A, Bortolotti, M, Braga N, Gilli G, Candini M, Tartari S. Effect 
of different sterile barrier precautions and central venous catheter dressing on 
the skin colonization around the insertion site. Minerva Anestesiol. 
2005;71(5):197-206 

• Rijnders BJ, Van Wijngaerden E, Wilmer A, Peetermans WE. Use of full sterile 
barrier precautions during insertion of arterial catheters: a randomized trial. 
Clin Infect Dis. 2003 Mar 15;36(6):743-8.  

2.3 Overall review of study populations, interventions and outcome 
measures 

• Populations studied 
In total, there were results from 379 participants reported in the two studies. Although 
not specified in the studies, all participants appear to have been adults, given the 
mean ages of 72(+/-12) (Carrer 2005) and 60 (Rijnders 2003) years.  
 
Both studies involved intensive care patients: one medical ICU (Rijnders 2003) and 
one medical-surgical ICU (Carrer 2005). IVD types studied were central venous 
catheters (Carrer 2005), and peripheral arterial catheters (Rijnders 2003). There 
were no Australian studies. One study occurred in Italy (Carrer 2005) and the other in 
Belgium (Rijnders 2003). 
 

• Interventions tested 
Both studies tested a maximal barrier insertion technique against standard care. The 
maximal barrier technique was the same in both studies, with the inserter wearing 
sterile gloves, sterile gown, mask, and cap, and draping the site in a large sterile 
sheet in both groups. Standard care in one study involved the inserter wearing sterile 
gloves, mask, and cap, plus the use of 2 small sterile drapes for the site (Carrer 
2005). In the other study it was simply the inserter wearing sterile gloves. One study 
was a simple 2-arm randomised controlled trial (Rijnders 2003). The other was a 4-
arm trial with an additional nested comparison of 2 dressing types (Carrer 2005). 
That is, there were 2 maximal barrier groups, one of which received a gauze dressing 
and one a polyurethane semi-permeable dressing. There were also 2 standard care 
insertion groups, with one each receiving the two tested dressings. 
 

• Outcome measures 
Primary outcome: only one study reported the primary outcome of interest (IVD-
related bloodstream infection) (Rijnders 2003). 
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Secondary outcomes: both studies reported the secondary outcome of intravascular 
device colonisation. One study reported the secondary outcome of skin colonisation 
(Carrer 2005). 

2.4 Levels of evidence  

Refer to Table 9. 
 

Study Level* Risk of Bias Design 
Carrer 2005 II Moderate Randomised controlled trial 
Rijnders 2003 II Low Randomised controlled trial 
*Both studies were randomised controlled trials, which are rated as Level II evidence as per the 
NHMRC Evidence Hierarchy (see Appendix D). 

Table 9 – Levels of evidence 

2.5 Methodological quality assessment of included studies 

An overview is presented in Table 10. 
 

• Generation of random allocation sequence 
Both studies stated that randomisation occurred, but did not report the method used 
to generate the random allocation sequence. One study used block randomisation in 
blocks of 16-24 (Rijnders 2003) but did not specify the method of generation or if 
block sizes were randomly varied. 
 

• Allocation concealment 
Only one study reported this adequately (Rijnders 2003) with the use of opaque, 
sealed and numbered envelopes. 
 

• Blinding of intervention 
No study reported blinding of the intervention to patients or care providers. Given the 
nature of the intervention (different insertion technique), it is noted that it would be 
impossible to blind. 
 

• Blinding of outcome assessment 
Neither study reported whether outcome assessments were undertaken by blinded 
staff. Due to the nature of the outcome measures, it is more likely than not that 
blinded laboratory staff performed device and skin colonisation measures. The 
diagnosis of intravascular device bloodstream infection relies primarily on laboratory 
measures, which would more likely than not have been performed by blinded 
laboratory staff; however, the decision to take blood cultures was undertaken by 
nonblinded clinical staff, and there is an element of subjective decision making to rate 
whether positive blood and device cultures are likely to be related to another source. 
Thus the IVD-related BSI ratings may have allowed bias to enter the results. 
 

• Intention to treat analysis 
One study stated that they used an intention to treat analysis (Rijnders 2003). 
 

• Completeness of primary outcome reporting 
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One study provided a CONSORT flowchart (Rijnders 2003). One study excluded 
from analysis any patient whose cultures were not taken (Rijnders 2003), and the 
other excluded any catheters removed before 72 hours (Carrer 2005). These are 
both factors that may have introduced bias. For example, patients may have died, or 
had their device removed early, due to intravascular device-related infection. It was 
unclear from one study whether patients were excluded for these reasons in similar 
numbers between study groups, suggesting that bias was not introduced (Rijnders 
2003). In the other study, exclusion numbers per group differed (Carrer 2005). One 
study attempted to analyse the potential effect of missing follow-up data in the final 
analysis (Rijnders 2003). Reported rates of inclusion of randomised patients into the 
final analysis were 73% (Rijnders 2003) and 89% (Carrer 2005). 
 

• Compatibility of control and treatment groups at baseline 
One study reported significantly more women in the maximal sterile barrier 
precaution group (Rijnders 2003). Gender has been reported in epidemiological 
studies of IVD infection risk to be a significant predictor of risk. The other study 
reported that there were no differences in baseline risk between groups, but there 
was almost no data or statistics to support this claim (Carrer 2005). 
 

• Equal treatment of control and treatment groups 
Patients in both groups appear to have been treated equally during one trial (Rijnders 
2003). In the other trial, due to the 4–arm design, patients in each group received 
one of 2 dressings (Carrer 2005). The distribution of gauze dressings appears to 
have been 9% lower in the maximal barrier group, however, as the use of gauze and 
transparent dressings have not been shown to have differing risk, this should not 
have introduced bias.
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Study Randomi-
sation 

Allocation 
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 

equal  at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Carrer 2005 B B C B B C B B 
A-0 
B-6 
C-2 

Moderate 

Rijnders 2003 B A C B A C B A 
A-3 
B-3 
C-2 

Low 

Notes. A = Adequate B = Unclear C = Inadequate. A, B and C rankings are taken from Cochrane Collaboration guidelines and are NOT designed to be 
converted to a points based system to comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and blinding are generally considered 
of more importance when assigning overall risk of bias. Ultimately the designation of overall risk of bias is subjective, based on: the various criteria; the 
likelihood that any shortcomings influenced the study’s findings (after consideration of the specific study methods and other known data about the variables in 
question). 

Table 10 – Methodological quality assessment and risk of bias of included studies 
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2.6 Results of included studies 

Carrer S et al. Effect of different sterile barrier precautions & central venous catheter dressing 
on the skin colonization around the insertion site. Minerva Anestesiol. 2005;71:197-206. 

The study found a significantly (p=0.01) lower skin colonisation rate at the IVD 
insertion site to be associated with use of maximal sterile barrier insertion (39% 
colonised immediately after insertion) compared with standard care (69% colonised 
immediately after insertion). However, this reduction was not sustained over time, 
with equivalent skin colonisation between groups at 48 hours and 5 days after 
insertion. Device colonisation was lower in the maximal barrier group (54% versus 
69%), although this did not reach statistical significance (p=0.10). 

Rijnders BJ et al. Use of full sterile barrier precautions during insertion of arterial catheters: a 
randomized trial. Clin Infect Dis. 2003 Mar 15;36(6):743-8.  

The study found no significant difference (p>0.1) in IVD-related bloodstream infection 
or device colonisation between devices inserted using maximal barrier technique 
(1.6% IVD-BSI, 18% colonisation) or standard precautions (1.4% IVD-BSI, 13% 
colonisation). 

2.7 Influence of setting or patient group comparisons 

Both central and arterial lines are frequently used in Australia, and the maximal 
barrier insertion technique is widely understood and available. Both studies were 
undertaken in countries other than Australia. Although it is the best evidence 
available, the studies reviewed here may not be directly generalisable to the 
Australian population. 
 
Evidence in this area has been generated from central venous and peripheral arterial 
catheters in the intensive care environment. See Table 11 for a comparison of results 
by IVD type. The evidence may not be directly generalisable to others of the myriad 
IVD types in clinical use, or in acute or community settings.  
 
The reviewed literature reflects only adult populations and does not provide direct 
guidance for care of children and neonates. 
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2.8 Comparison of study findings by device type 

Peripheral Devices Central Devices 

Venous Arterial Short-term  Haemodialysis access Long-term PICC 

No studies 

No significant difference in 
IVD-related bloodstream 

infection or device 
colonisation between AC 
inserted using maximal 

barrier technique or standard 
precautions. 

(Rjinders) 

Significant lower skin 
colonisation rate at CVC 

insertion site immediately after 
line insertion in group with 

maximal barrier precautions 
compared with standard 

precautions. However, this 
reduction was not sustained over 

time, with equivalent skin 
colonisation at 48 hrs and 5 days 

after insertion. (Carrer) 

No studies No studies No studies 

AC – Arterial catheter; CVC – central venous catheter 
 

Table 11 – Comparison of study findings by device type 
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2.9 Meta-analysis of effects of interventions   

The two studies compared similar interventions with intensive care unit patients, 
although one was performed in arterial catheters (Rijnders 2003) and the other in 
central venous catheters (Carrer 2005). A comparison of the pooled data from these 
studies was undertaken, for the only outcome reported by both: device colonisation. 
To allow this analysis, data from the two maximal sterile barrier groups of the 4-arm 
study (Carrer 2005) were combined into one group, with the same process performed 
for the two standard care arms. 

2.9.1.1 Device colonisation 
A random-effect meta-analysis was used as heterogeneity was present (I2 >50%), 
although this did not reach statistical significance. In the meta-analysis, when 
compared with standard care, use of a maximal sterile barrier technique was 
associated with a non-statistically significant (p=0.92) increase in IVD colonisation 
(maximal barrier 30%, standard care 28%); the odds ratio (OR) was 0.96 (95% 
confidence interval (CI) 0.42 to 2.18). See Figure 11. 

Study or Subgroup
Carrer
Rijnders

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.22; Chi² = 2.56, df = 1 (P = 0.11); I² = 61%
Test for overall effect: Z = 0.10 (P = 0.92)

Events
32
23

55

Total
56

129

185

Events
35
19

54

Total
51

143

194

Weight
46.5%
53.5%

100.0%

M-H, Random, 95% CI
0.61 [0.28, 1.35]
1.42 [0.73, 2.74]

0.96 [0.42, 2.18]

Maximal barrier Standard care Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control  

Figure 11 – Forest plot of maximal barrier versus standard care to prevent device colonisation 

2.10 Evidence matrix for Question 2 

Refer to Table 12. 
 
 

 44



Intravascular Device Systematic Review Griffith University 
 

Comparison: Maximal sterile barrier insertion precautions versus less stringent technique 
Evidence table ref: 

2.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Both studies were Level II studies (randomised controlled trials). The risks of bias were low 
(Rijnders 2003) and moderate (Carrer 2005). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

The central venous device study (Carrer 2005) reported maximal barrier technique to be 
associated with a significantly lower skin colonisation rate immediately after insertion (39% 
vs 69%, p=0.01), but this was not sustained at 48 hours or 5 days. Neither study found 
maximal barrier insertion to significantly influence device colonisation, and this was 
confirmed on meta-analysis (OR 0.96 95% CI 0.42-2.18). One study (Rijnders 2003) 
reported IVD-related BSI and found no difference in rates when the maximal barrier 
technique was used. Inadequate sample sizes were present in both studies to test the 
hypotheses. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

In the study of central venous devices, there was evidence that maximal sterile barrier 
precautions significantly reduced immediate skin colonisation, which may indicate some 
benefit. There was no evidence that this effect was sustained over time, or that it reduced 
device colonisation or IVD-related bloodstream infection rates. The arterial catheter study 
found no benefit in the sterile barrier technique over sterile gloves. On meta-analysis, there 
was no evidence of a benefit of maximal sterile barrier insertion technique for reducing 
device colonisation.  D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

Although there was only 1 study in each population, the results should be fairly 
generalisable to other central venous and peripheral arterial catheter populations. The effect 
in other IVD types is unknown.  
All evidence has been gathered in adult populations; there is no evidence for, or against this 
intervention in children and neonates.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 
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5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

Both central and arterial lines are frequently used in Australia. The maximal barrier insertion 
technique is readily available and is currently heavily promoted by local and international 
initiatives for reducing infection in central venous devices. All evidence has been generated 
in Europe. It is possible that the evidence may not be directly generalisable to the Australian 
population; however, there is no evidence to suggest this. Note. The standard care groups 
tested in both of these studies used sterile gloves as a minimum (Rijnders 2003), or sterile 
gloves, 2 small sterile drapes, mask and cap (Carrer 2005). 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

The terms of this review were restricted to RCTs published from 2002-2009. We also note the systematic review published in 20041 which could only find one RCT (1994) on 
the topic. That study, of 343 ambulatory cancer patients, found a significantly reduced central venous device colonisation (RR 0.32, 95%CI 0.10-0.96, p=0.04) and no difference 
in IVD-related BSI (RR 0.16, 95%CI 0.02-1.30, p=0.06) with maximal barrier insertion.2 When analysed by incidence per 1000 device days, both colonisation and IVD-related 
BSI were significantly lower in the maximal barrier group (colonisation 0.3 vs 1/1000 device days, p=0.007, and IVD-related BSI 0.08 vs 0.5 per 1000 device days, p=0.02,).  

Despite the limited evidence, we note that maximal barrier technique has been an element of many “bundle of care” studies that have observed positive effects in reducing 
central venous catheter infection, although this does not assess the effectiveness of maximal sterile barrier insertion per se, and it may be that the benefits observed reflect 
other aspects of the bundle or a combination effect of the bundle and campaign focus. 

Hu KK, Lipsky BA, Veenstra DL, Saint S. Using maximal sterile barriers to prevent central venous catheter-related infection: a systematic evidence-based review. Am J Infect 
Control 2004; 32:142-146. 

Raad II, Hohn DC, Gilbreath BJ, Suleiman N, Hill LA, Bruso PA, et al. Prevention of central venous catheter-related infections by using maximal sterile barrier precautions 
during insertion. Infect Control Hosp Epidemiol 1994;15(Pt 1):231-8. 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   
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Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use 
action statements where possible. 

GRADE OF RECOMMENDATION  

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 12 – Evidence Matrix for Question 2: Maximal sterile barrier insertion precautions versus less stringent technique 
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3 Question 3 
3.1 Results of the search   

Fourteen studies were screened for inclusion in the review, based on titles and abstracts. 
Of these, 11 were eligible for inclusion in the review. 3 studies were excluded because 
they were not randomised controlled trials, or were randomised trials testing interventions 
other than dressings for intravascular devices, or they did not report any of the outcome 
measures of interest. For further details of the included studies, the excluded studies, and 
reasons for exclusion see Appendices F and G.  

3.2 Included studies  

• Benhamou E, Fessard E, Com-Nougue C, Beaussier PS, Nitenberg G, Tancrede C, 
et al. Less frequent catheter dressing changes decrease local cutaneous toxicity of 
high-dose chemotherapy in children, without increasing the rate of catheter-related 
infections: results of a randomised trial. Bone Marrow Transplant. 2002;29(8):653-
658. 

• Chambers ST, Sanders J, Patton WN, Ganly P, Birch M, Crump JA, et al. 
Reduction of exit-site infections of tunnelled intravascular catheters among 
neutropenic patients by sustained-release chlorhexidine dressings: results from a 
prospective randomized controlled trial. J Hosp Infect. 2005;61(1):53-61. 

• Johnson DW, MacGinley R, Kay TD, Hawley CM, Campbell SB, Isbel NM, et al. A 
randomized controlled trial of topical exit site mupirocin application in patients with 
tunnelled, cuffed haemodialysis catheters. Nephrol Dial Transplant. 2002:1802-
1807. 

• Johnson DW, van Eps C, Mudge DW, Wiggins KJ, Armstrong K, Hawley CM, et al. 
Randomized controlled trial of topical exit-site application of honey (Medihoney™) 
versus Mupirocin for the prevention of catheter-associated infections in 
hemodialysis patients. J Am Soc Nephrol. 2005;16(5):1456-1462. 

• Le Corre I, Delorme M, Cournoyer S. A prospective, randomized trial comparing a 
transparent dressing and a dry gauze on the exit site of long term central venous 
catheters of hemodialysis patients. J Vasc Access. 2003;4(2):56-61. 

• Levy I, Katz J, Solter E, Samra Z, Vidne B, Birk E, et al. Chlorhexidine-impregnated 
dressing for prevention of colonization of central venous catheters in infants and 
children: a randomized controlled study. Pediatr Infect Dis J. 2005;24(8):676-679. 

• Lok CE, Stanley KE, Hux JE, Richardson R, Tobe SW, Conly J. Hemodialysis 
Infection Prevention with Polysporin Ointment. J Am Soc Nephrol. 2003;13(1):169-
179. 

• Machado AF, Pedreira MLG, Chaud MN. Adverse events related to the use of 
peripheral intravenous catheters in children according to dressing regimens. 
Revista Latino-Americana de Enfermagem (RLAE). 2008;16(3):362-367. 

• Olson K, Rennie RP, Hanson J, Ryan M, Gilpin J, Falsetti M, et al. Evaluation of a 
no-dressing intervention for tunneled central venous catheter exit sites. J Infus 
Nurs. 2004;27(1):37-44. 

• Ruschulte H, Franke M, Gastmeier P, Zenz S, Mahr KH, Buchholz S, et al. 
Prevention of central venous catheter related infections with chlorhexidine 
gluconate impregnated wound dressings: a randomized controlled trial. Ann 
Hematol. 2009;88(3):267-272. 
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• Timsit J-F, Schwebel C, Bouadma L et al. Chlorhexidine-impregnated sponges and 
less frequent dressing changes for prevention of catheter-related infections in 
critically ill patients. A randomized controlled trial. JAMA. 2009;301(12):1231-1241. 

3.3 Overall review of study populations, interventions and outcome measures 

•  Populations studied 
In total, there were results from 3188 participants reported in the 11 studies. There were 
three paediatric studies (Benhamou 2002; Levy 2005; Machado 2008), and the remainder 
performed in adults. 
 
There were 4 studies in oncology patients (Benhamou 2002; Chambers 2005; Olson 2004; 
Ruschulte 2009). There were also 4 studies in patients with end-stage renal failure 
(Johnson 2002; Johnson 2005; Le Corre 2003; Lok 2003). Two studies were performed in 
intensive care (Levy 2005, Timsit 2009) and one in general ward (Machado 2008) patients. 
 
Only one study examined dressings in peripheral venous IVDs (Machado 2008), with the 
remainder studying central venous devices or central venous and arterial devices (Timsit 
2009).  
 
Two studies were Australian, by the same principal investigator (Johnson 2002; Johnson 
2005). Three studies occurred in Canada (Le Corre 2003; Lok 2003; Olson 2004). There 
were two studies from France (Benhamou 2002, Timsit 2009), and one each from New 
Zealand (Chambers 2005), Israel (Levy 2005), Brazil (Machado 2008), and Germany 
(Ruschulte 2009). 
 

•  Interventions tested 
All studies tested variations in IVD site dressing regimes. All studies had a standard 2-
group RCT design, with the exception of Machado (2008) who had 3 groups, and Timsit 
(2009) who had 4 (factorial design). 
 
Three studies tested antibacterial ointments on dialysis catheters, one against a placebo 
(Lok 2003), one against no ointment (Johnson 2002), and one compared an antibiotic with 
another antimicrobial (Johnson 2005). 
 
Four studies tested chlorhexidine-impregnated dressings: three versus polyurethane (Levy 
2005; Ruschulte 2009, Timsit 2009), and one against no dressing (Chambers 2005). 
  
Three studies compared gauze dressings against other dressings (Le Corre 2003; 
Machado 2008), tape (Machado 2008), or no dressing (Olson 2004). 
 
Two studies compared difference in frequency of dressings (Benhamou 2002, Timsit 
2009). 
 

• Outcome measures 
Primary outcome: all studies reported the primary outcome of interest (IVD-related 
bloodstream infection), with the exception of Johnson (2005) and Machado (2008). 
 
Secondary outcomes: three studies reported the secondary outcome of phlebitis (Le Corre 
2003; Levy 2005; Machado 2008). One study reported the secondary outcome of skin 
toxicity (Benhamou 2002). One study reported the secondary outcome of IVD-associated 

 49



Intravascular Device Systematic Review  Griffith University 
 

bloodstream infection (Johnson 2002). Two studies reported the secondary outcome of 
exit site infection (Johnson 2002, Lok, 2003). One study reported the secondary outcome 
of IVD-related infection (a combination of IVD-related BSI or IVD-related clinical sepsis [no 
confirmed blood culture]) (Timsit 2009). 

3.4 Levels of evidence  

Refer to Table 13. 
 

Study Level* Risk of bias Design 
Benhamou 2002 II Moderate Randomised controlled trial 
Chambers 2005 II Moderate Randomised controlled trial 
Johnson 2002 II Low Randomised controlled trial 
Johnson 2005 II Low Randomised controlled trial 
Le Corre 2003 II High Randomised controlled trial 
Levy 2005 II Moderate Randomised controlled trial 
Lok 2003 II Low Randomised controlled trial 
Machado 2008 II High Randomised controlled trial 
Olson 2004 II High Randomised controlled trial 
Ruschulte 2009 II Moderate Randomised controlled trial 
Timsit 2009 II Low Randomised controlled trial 
*All studies were randomised controlled trials, which are rated as Level II evidence as per the NHMRC 
Evidence Hierarchy (see Appendix D). 

Table 13 – Levels of evidence 

3.5 Methodological quality assessment of included studies 

Table 14 displays an overview of the methodological quality assessment and risk of bias of 
included studies. 
 

• Generation of random allocation sequence 
All studies stated that randomisation occurred, but the method used to generate the 
random allocation sequence was often not reported. Of those that did explain their method 
all were stated, or appear to have been using a computerised random number generator. 
Three studies used block randomisation in blocks of 4 to 10 (Johnson 2005, Lok 2003, 
Timsit 2009). However, none stated that the block sizes varied, so it is possible that clinical 
staff could anticipate the final allocations in the block. 
 

• Allocation concealment 
As with generation of the allocation sequence, concealment of allocation was often 
unreported. Only three studies confirmed that allocations were concealed prior to 
randomisation (Johnson 2002, Johnson 2003, Lok 2003). 
 

• Blinding of intervention 
Only one study (Lok 2003) reported blinding of the intervention to patients or care 
providers by use of a placebo. Given the nature of the interventions it is noted that it would 
be extremely difficult to blind these. 
 

• Blinding of outcome assessment 
Five studies explicitly reported that outcome assessments were undertaken by blinded 
staff (Johnson 2002, Johnson 2003, Levy 2005, Lok 2003, Timsit 2009). The remainder of 
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studies used unblinded assessors. Due to the nature of the outcome measures, some 
were more amenable to the use of blinded assessors. For example device colonisation 
measures were often performed by blinded laboratory staff, whereas phlebitis measures 
were undertaken by nonblinded clinical staff. The diagnosis of intravascular device 
bloodstream infection relies primarily on laboratory measures, which were generally 
performed by blinded laboratory staff. However, decisions about whether blood and device 
cultures were more likely to be related to the IVD or another source were undertaken by 
independent reviewers only in some studies (Lok 2003, Timsit 2009). 
 

• Intention to treat analysis 
The majority of studies stated that they used an intention to treat analysis, or this appeared 
to have been performed. Despite this, only two studies provided further information on the 
techniques used, or data on adherence rates to the allocated intervention (Benhamou 
2002, Timsit 2009). 
 

• Completeness of primary outcome reporting 
Several studies were unclear as to how many patients were screened for eligibility 
(Benhamou 2002, Machado 2008, Olson 2004, Ruschulte 2009). Some studies excluded 
from analysis any patient whose cultures were not taken, who died, were discharged from 
the study setting with the device in situ, or whose device was removed earlier, or remained 
in situ longer, than the study follow-up period (Levy 2005, Le Corre 2003). These are all 
factors that may have introduced bias. For example, patients may have died, or had their 
device removed early, due to intravascular device-related infection. 
 

• Compatibility of control and treatment groups at baseline 
In one study, one group was statistically 6 years older than the other; this was unlikely to 
have influenced the outcome (Johnson 2005). Another study provided no data on whether 
groups were equal at baseline for risk (Olson 2004). 
 

• Equal treatment of control and treatment groups 
In one study outcome measures appear to have been performed more frequently in one 
study group than the other, which may have influenced the outcomes (Benhamou 2002). 
In another, the drying time for antiseptic prior to dressing application differed between 
study groups (Le Corre 2003). In one study there was no control or analysis of the effect of 
two different types of tape used to secure the devices in addition to the dressings tested 
(Olson 2004).  
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Study Randomi-
sation 

Allocation
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 

equal  at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Benhamou 
2002 A B C C A A A B 

A-4 
B-2 
C-2 

Moderate 

Chambers 2005 B B C C A A A A 
A-4 
B-2 
C-2 

Moderate 

Johnson 2002 A A C A A A A A 
A-7 
B-0 
C-1 

Low 

Johnson 2005 A A C A A A A A 
A-7 
B-0 
C-1 

Low 

Le Corre 2003 A B C C B A A C 
A-3 
B-2 
C-3 

High 

Levy 2005 A B C A B B A A 
A-4 
B-3 
C-1 

Moderate 

Lok 2003 A A A A A A A A 
A-8 
B-0 
C-0 

Low 

Machado 2008 B B C C B B A A 
A-2 
B-4 
C-2 

High 

Olson 2004 B B C C B B B B 
A-0 
B-5 
C-2 

High 

Ruschulte 2009 A B C C B A A A 
A-4 
B-2 
C-2 

Moderate 
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Study Randomi-
sation 

Allocation
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 

equal  at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Timsit 2009 A B C A A A A A 
A-6 
B-1 
C-1 

Low 

Notes. A = Adequate B = Unclear C = Inadequate. A, B and C rankings are taken from Cochrane Collaboration guidelines and are NOT designed to be converted 
to a points based system to comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and blinding are generally considered of more 
importance when assigning overall risk of bias. Ultimately the designation of overall risk of bias is subjective, based on: the various criteria; the likelihood that any 
shortcomings influenced the study’s findings (after consideration of the specific study methods and other known data about the variables in question). 

 
Table 14 – Methodological quality assessment and risk of bias of included studies 
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3.6 Results of included studies 

3.6.1 Frequency of dressing replacement 
Benhamou E, et al. Less frequent catheter dressing changes decrease local cutaneous toxicity of 
high-dose chemotherapy in children, without increasing the rate of catheter-related infections: 
results of a randomised trial. Bone Marrow Transplant. 2002;29(8):653-658. 
 
Survival analysis revealed significantly reduced skin toxicity with the use of less frequent 
dressings (43% toxicity, 4-day group versus 14% toxicity 15-day group, p=0.001). The 
achieved frequency of dressing change was a mean 8 days in the 15-day group, thus the 
14% incidence should be taken to reflect 8 days use, not 15. There was no difference in 
IVD-related BSI rates. All catheters were single-lumen silastic central lines inserted via 
subclavian vein and in situ for duration of hospitalisation [mean 48 days (sd 13) in the 15-
day group and mean 47 days (sd 19) in the 4-day group]. 
 
Timsit J-F et al. Chlorhexidine-impregnated sponges and less frequent dressing changes for 
prevention of catheter-related infections in critically ill patients. A randomized controlled trial. JAMA. 
2009;301(12):1231-1241. 

The study (N=1636 patients, 3778 IVDs) reported no significant difference in either device 
colonisation (10.4 vs 11.0 per 1000 IVD days, p=0.95), and IV-related BSI (0.7 vs 0.9 per 
1000 IVD days, p=0.65) with the scheduled 3-day replacement of semipermeable 
transparent dressings (either with or without a chlorhexidine-impregnated sponge) 
compared with scheduled 7-day replacement. The study included both central venous 
(54% of sample) and peripheral arterial (46%) plain (non-antimicrobial) devices. Many 
(40%) devices required earlier than scheduled dressing replacement due to a soiled/loose 
dressing.  

3.6.2 Antimicrobial ointments for haemodialysis devices 
Johnson DW, et al. A randomized controlled trial of topical exit site mupirocin application in patients 
with tunnelled, cuffed haemodialysis catheters. Nephrol Dial Transplant. 2002:1802-1807. 
 
The study observed a significant reduction in both IVD-associated BSI (7% versus 35%, 
p<0.01) and exit site infections (0% versus 22%, p<0.05) with the use of 2% calcium 
mupirocin ointment on tunnelled, cuffed central venous devices used for haemodialysis, 
compared with no ointment. Significantly fewer patients in the mupirocin group had their 
device removed prematurely (19% versus 57%, p<0.01). No resistance was detected and 
significant cost savings were estimated with the use of mupirocin. 
 
Johnson DW, et al. Randomized controlled trial of topical exit-site application of honey 
(Medihoney™) versus Mupirocin for the prevention of catheter-associated Infections in hemodialysis 
patients. J Am Soc Nephrol. 2005;16(5):1456-1462. 
 
No significant difference (p=0.92) was observed in IVD-associated BSI (12% 
Medihoney™, 10% mupirocin) or exit site infection rates (0% both groups) when 
Medihoney™ or mupirocin were used on tunnelled, cuffed, central venous devices used 
for haemodialysis access. 
 
Lok CE, et al. Hemodialysis infection prevention with polysporin ointment. J Am Soc Nephrol. 
2003;13(1):169-179. 
 
The study observed a significant (p=0.001) reduction in the composite measure of exit 
site/tunnel/IVD-related BSI infection with the use of polysporin ointment (12% infections) 
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compared with placebo (34%). Devices were permanent tunnelled jugular central venous 
devices used for HD. 

3.6.3 Chlorhexidine impregnated dressings versus other dressings 
Chambers ST, et al. Reduction of exit-site infections of tunnelled intravascular catheters among 
neutropenic patients by sustained-release chlorhexidine dressings: results from a prospective 
randomized controlled trial. J Hosp Infect. 2005;61(1):53-61. 
 
A significant reduction in the incidence of combined exit-site/tunnel infection (9% vs 43%, 
p<0.001) and non significant reduction in IVD-related BSI (3% vs 13%, p=0.09) was found 
with the use of sustained-release chlorhexidine dressings compared with no dressing. 
Devices were 114 antimicrobial-cuffed, tunnelled intravascular catheters used for 
chemotherapy in adults. 

Levy I, et al. Chlorhexidine-impregnated dressing for prevention of colonization of central venous 
catheters in infants & children: a randomized controlled study. Pediatr Infect Dis J. 2005;24:676-679. 

The study (N=145) observed a significant reduction (15% vs 30%, p=0.045) in device 
colonisation but not IVD-associated BSI (5% vs 4%, p=1.0) with the use of chlorhexidine-
impregnated sponge dressing compared with transparent polyurethane dressing alone, for 
short-term central venous devices in paediatric cardiac patients.  

Ruschulte H, et al. Prevention of central venous catheter related infections with chlorhexidine 
gluconate impregnated wound dressings: a randomized controlled trial. Ann Hematol. 
2009;88(3):267-272. 

The study (N=601) observed a significant reduction (6% vs 11%, p=0.016) in IVD-related 
BSI with the use of a chlorhexidine-impregnated sponge dressing compared with 
transparent polyurethane dressing alone. All CVCs were chlorhexidine and silver-
sulfadiazine-impregnated triple lumen central venous catheters used for chemotherapy in 
adults and in situ for approx 16 days. 

Timsit J-F et al. Chlorhexidine-impregnated sponges and less frequent dressing changes for 
prevention of catheter-related infections in critically ill patients. A randomized controlled trial. JAMA. 
2009;301(12):1231-1241. 

The study (N=1636 patients, 3778 IVDs) reported a significant reduction in both device 
colonisation (6.3 vs 15.8 per 1000 IVD days, p<0.001) and IV-related BSI (0.4 vs 1.3 per 
1000 IVD days, p=0.005) with the use of the chlorhexidine-impregnated sponge compared 
with semipermeable transparent dressings alone. The study included both central venous 
(54% of sample) and peripheral arterial devices (46% of sample) (no antimicrobial devices) 
and secondary analysis confirmed that the intervention was significant for both of these 
devices. Severe contact dermatitis requiring Biopatch™ removal occurred in 10.4 per 1000 
patients. No systemic adverse reactions occurred. 

3.6.4 Gauze dressings versus other or no dressings 

Le Corre I, et al. A prospective, randomized trial comparing a transparent dressing and a dry gauze 
on the exit site of long term central venous catheters of hemodialysis patients. J Vasc Access. 
2003;4(2):56-61. 

With 58 patients, no significant difference in IVD-related BSI could be detected when 
comparing a transparent dressing with sterile gauze dressing (0 vs 0.23 per 1000 IVD 
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days, p=0.43). However, the average combined equipment and nursing costs (2003) were 
lower for the transparent dressing due to less frequent dressing changes required 
(CAN$4.72 vs 7.60 per week). All catheters were long-term, double-lumen, tunnelled 
catheters inserted via jugular vein and used for haemodialysis. 

Machado AF, et al. Adverse events related to the use of peripheral intravenous catheters in children 
according to dressing regimens. Revista Latino-Americana de Enfermagem. 2008;16(3):362-367. 

In 68 children (150 peripheral venous IVDs) a significant difference (p=0.02) was observed 
in adverse events necessitating removal (combined phlebitis, infiltration, blocked, 
accidental removal, kinking, other) between IVDs dressed with non-sterile tape (76%), 
sterile gauze (60%), or semipermeable polyurethane film (90%). No analysis was 
undertaken to determine where the significance occurred between the three groups (i.e. if 
all 3 were different to each other or just two of the groups). No significant difference was 
observed (p=0.09) in phlebitis rates. 

Olson K, et al. Evaluation of a no-dressing intervention for tunneled central venous catheter exit 
sites. J Infus Nurs. 2004;27(1):37-44. 

The study (N=78) reported a significant difference (survival analysis, p=0.02) in “IVD-
related sepsis” (definition was unclear) in patients with no dressing (23%) compared with 
gauze dressing (34%), as used from Day 21 onwards, once the site had healed. Devices 
were double/triple-lumen, tunnelled cuffed central venous catheters in oncology patients.  

3.7 Influence of setting or patient group comparisons 

Studies were undertaken in 1st world countries in Australia, New Zealand, Asia, Europe 
and North America. Overall, the studies reviewed here should be generalisable to the 
Australian population. 
 
Evidence in this area has been generated from short and long term central venous devices 
(including pulmonary artery), peripheral arterial and peripheral venous catheters in the 
intensive care, oncology, haemodialysis and general ward environment. The evidence may 
not be directly generalisable to other IVD types in clinical use, or in other acute or 
community settings. Table 15 displays the findings by IVD type. 
 
The reviewed literature predominantly reflects adult populations, with three paediatric 
studies (range 1-22 years, Benhamou 2002; range 0-18 years, Levy 2005; range 0-12 
years, Machado 2008).  
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 Comparison of study findings by device type 

Refer to Table 15. 
 

Peripheral Devices Central Devices 

Venous Arterial Short-term  Long-term tunnelled: 
haemodialysis (HD) access 

Long-term tunnelled: 
oncology and haematology PICC 

Significant reduction in 
device colonisation, 
skin colonisation and 
IVD-related BSI with 

use of CHGIS vs 
transparent dressing 
alone (Timsit 2009) 

Significant reduction in 
device colonisation with use 

of CHGIS compared with 
transparent polyurethane 

dressing in paediatric 
cardiac patients. (Levy 

2005) 

Significant reduction in IVD-
assoc BSI and exit-site 
infections with use of 

mupirocin ointment vs no 
ointment. (Johnson 2002) 

Significant reduced skin 
toxicity and no difference in 

IVD-related BSI with 
scheduled 15 (actually 8) day 

vs 4-day dressings. 
Subclavian lines in paediatric 
patients. (Benhamou 2002) 

No 
studies Significant difference 

in adverse events 
requiring removal 

between non-sterile 
tape, sterile gauze and 

transparent film. No 
difference in phlebitis 

rates. (Machado 2008) 

No significant difference in 
IVD-assoc BSI or exit-site 

infections with use of 
mupirocin ointment vs 

Medihoney™ (Johnson 2005) 

Significant reduction in exit-
site/tunnel infection and no 
significant diff in IVD-related 

BSI with use of CHGIS 
compared to no dressing on 

antimicrobial-cuffed IVDs 
(Chambers 2005) 

 

 

No significant 
difference in device 
colonisation or IVD-
related BSI between 

transparent dressings 
(+/-CHGIS) scheduled 
for change at 3 vs 7 
days (Timsit 2009) 

Significant reduction in IVD-
related BSI rate with use of 

a CHGIS compared to 
polyurethane in adult 

oncology patients with 
chlorhexidine and silver 

sulfadiazine impregnated 
CVCs (Ruschulte 2009) 

Significant reduction in 
combined exit-site/tunnel 

infection/IVD-related BSI with 
Polysporin vs placebo on 

jugular devices (Lok 2003) 

Significant reduction in IVD-
related sepsis with no 

dressing instead of gauze 
dressing from Day 21. (Olson 

2004) 

 

  

Significant reduction in 
device colonisation, skin 

colonisation and IVD-
related BSI with use of 
CHGIS compared to 

transparent dressing alone 
(Timsit 2009) 

No significant difference in 
IVD-related BSI with weekly 
transparent dressing vs 3 X 
week sterile gauze dressing 

for tunnelled jugular HD 
devices (Le Corre 2003) 
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Peripheral Devices Central Devices 

Venous Arterial Short-term  Long-term tunnelled: 
haemodialysis (HD) access 

Long-term tunnelled: 
oncology and haematology PICC 

  

No significant difference in 
device colonisation or IVD-

related BSI between 
transparent dressings (+/-

CHGIS) scheduled for 
change at 3 vs 7 days 

(Timsit 2009) 

   

CHGIS- Chlorhexidine gluconate impregnated sponge (i.e. Biopatch™) 
 

Table 15 – comparison of study findings by device type 
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3.9 Meta-analysis of effects of interventions   

3.9.1 Comparison: Chlorhexidine-impregnated versus other dressing for CVCs 
This comparison includes outcome data from 4 randomised controlled trials with a total of 
2494 participants. The studies compared use of the chlorhexidine–impregnated sponge 
(CHGIS i.e. Biopatch™) versus no dressing in long term tunnelled CVCs (Chambers 
2005), or versus a polyurethane dressing alone in short term plain (Levy 2005, Timsit 
2009) and antimicrobial CVCs (Ruschulte 2009), and peripheral arterial devices (Timsit 
2009). Two studies recruited oncology patients (Chambers 2005; Ruschulte 2009) and one 
in paediatric ICU (Levy 2005). 
 
A comparison of the pooled data from these studies was undertaken for the infection 
outcomes reported in more than one study: IVD-related BSI and device colonisation. The 
study by Levy (2005) only reported IVD-associated BSI (did not require a positive tip 
culture), and the study by Timsit (2009) only reported events per device as a combined 
IVD-related BSI or IVD-related clinical sepsis (blood culture not confirmed) however, these 
were included with IVD-related BSI for the meta-analysis. 

3.9.1.1 IVD-related BSI 
Four trials reported on this endpoint with for a total of N=4607. A fixed-effect meta-analysis 
was used as heterogeneity was not present. In the meta-analysis, when compared with 
other dressings, use of the chlorhexidine-impregnated dressing was associated with a 
significant reduction in IVD-related or associated BSI; the odds ratio (OR) was 0.52 (95% 
confidence interval (CI) 0.34-0.79). A sensitivity analysis was performed by excluding data 
from the largest study (Timsit 2009) and results remained significant with almost identical 
estimate of effect (OR 0.54, 95% CI 0.32-0.89). See Figure 12. 
 
 

 
 
 
 

 
 
 
 
 

Figure 12 – Forest plot of chlorhexidine impregnated sponge versus other dressing 
to prevent IVD-related BSI 

3.9.1.2 Device colonisation 
Two trials reported on this endpoint with a total N= 3923. A fixed-effect meta-analysis was 
used as heterogeneity was not present. In the meta-analysis, when compared with other 
dressings, use of the chlorhexidine-impregnated dressing was associated with a significant 
reduction in device colonisation; the odds ratio (OR) was 0.40 (95% confidence interval 
(CI) 0.31-0.50). See Figure 13. 
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Figure 133 – Forest plot of chlorhexidine impregnated sponge versus other dressing  
to prevent device colonisation 

3.9.2 Comparison: Antimicrobial/antibiotic ointment versus no ointment for haemodialysis 
catheters 

This comparison includes outcome data from 2 randomised controlled trials with a total of 
212 participants. The studies compared use of antimicrobial (2% calcium mupirocin, 
Bactroban™) or antibiotic (Polysporin) ointment versus no ointment. In one study a blinded 
placebo was used in the no ointment group (Lok 2003). Both studies involved patients with 
haemodialysis venous access devices. 
 
A comparison of the pooled data from these studies was undertaken, for infection 
outcomes reported in more than one study: exit-site infection and IVD-related BSI. The 
definition of IVD-related BSI used by Johnson (2002) included IVD-associated BSI (did not 
require a positive tip culture), however, this was included with IVD-related BSI for the 
meta-analysis. 

3.9.2.1 Exit-site infection 
A fixed-effect meta-analysis was used as heterogeneity was present. In the meta-analysis, 
when compared with no ointment, use of an antimicrobial/antibiotic ointment was 
associated with a significant reduction in exit-site infection; the odds ratio (OR) was 0.19 
(95% confidence interval (CI) 0.07-0.50). See Figure 14. 
 

Figure 14 – Forest plot of antimicrobial/antiseptic ointment versus no ointment to prevent exit-site infection 

3.9.2.2 IVD-related BSI 
A fixed-effect meta-analysis was used as heterogeneity was not present. In the meta-
analysis, when compared with no ointment, use of an antimicrobial/antibiotic ointment was 
associated with a significant reduction in IVD-related or associated BSI; the odds ratio 
(OR) was 0.20 (95% confidence interval (CI) 0.09-0.43). See Figure 15. 
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Figure 15 – Forest plot of antimicrobial/antiseptic ointment versus no ointment to prevent IVD-related BSI 

3.10 Evidence matrices for question 3 

Refer to Tables 16-20. 
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Comparison: 4-day vs 15-day replacement of long-term central venous device 
dressings 

Evidence table ref: 
3.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

One study (N=112) reported on this comparison (Benhamou 2002). It was of moderate risk of 
bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Not applicable 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The study found extending dressing use did not significantly change IVD-related BSI rates, but 
was associated with a significantly reduced skin toxicity from 43% to 14% of patients (p=0.001) 
Extending dressing use appears to improve patient comfort and reduce nursing workload. 
N.B. The achieved frequency of dressing change was 4 days in the control group but mean 8 
days in the 15-day group, thus the 14% incidence should be taken to reflect 8 days use, not 15. 
Recommendations need to also reflect this timeframe. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some 
caveats 

Evidence was gathered in paediatric oncology patients with central venous devices in situ for 
mean 48 days. The evidence that IVD-BSI rates are unaffected is somewhat generalisable to 
other central devices. Skin toxicity is a problem more commonly found in the oncology group 
and therefore reductions in this may not be relevant to other patient groups. The effect in non-
central devices is unknown.  

C Evidence not directly generalisable to the target population but could 
be sensible applied 
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D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

The study was undertaken in France but should be applicable to Australian patients. The 
dressings used in the study (Tegaderm™ (semi-permeable film), Mefix™ (polyacrylate fixation 
sheet) and sterile gauze with tape are widely available in Australia.  

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 
 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  
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IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 16 - Evidence matrix for replacement of long-term central venous device dressings at 15 versus 4 days 
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Comparison: Replacement of transparent dressings in short term central venous 
and peripheral arterial device dressings at 3 versus 7 days 

Evidence table ref: 
3.10.2 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

One study (N=1636 patients, 3778 IVDs) reported on this comparison (Timsit 2009). It was of 
low risk of bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Not applicable 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The study found extending scheduled dressing replacement associated with no significant 
difference in either device colonisation (10.4 vs 11.0 per 1000 IVD days, HR 0.99, 95%CI 0.77-
1.28, p=0.95) or IV-related BSI (0.7 vs 0.9 per 1000 IVD days, HR 1.26 (95%CI 0.47-3.34, 
p=0.65). Median dressing changes per catheter were reduced from 4 to 3 (p<0.001). Extending 
dressing would likely improve patient comfort, reduce nursing workload and reduce costs. 
N.B. The proviso in this study was that sites were closely monitored and that additional dressing 
replacement occurred if dressings were soiled or not intact. Many (45%) of dressings occurred 
for this reason before the scheduled timeframe. Recommendations need to also reflect this 
additional proviso. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence was gathered in adult intensive care patients with sort–term central venous or 
peripheral arterial devices in situ for median 6 days (IQR 4-10 days). The evidence is somewhat 
generalisable to other device types.  B Evidence directly generalisable to target population with some 

caveats 
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C Evidence not directly generalisable to the target population but could 
be sensible applied 

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

The study was undertaken in France but should be applicable to Australian patients. Similar 
dressings including those used in the study (Tegaderm semi-permeable film) are widely 
available and commonly used in Australia. The study was undertaken in intensive care units, 
where nursing ratios are higher than the general wards, and a high level of nursing monitoring 
and assessment for soiled/loosened dressings was possible. Application of findings to general 
wards and other settings will require emphasis of the need for regular assessment of dressing 
status with timely replacement if soiling or loosening of the dressing occurs. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 
 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 

GRADE OF RECOMMENDATION  
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statements where possible. 

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 17 – Evidence matrix for replacement of transparent dressings in short-term central venous and peripheral arterial device dressings at 3 versus 7 days 
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Comparison: Chlorhexidine-impregnated sponge dressings (BioPatch™) versus other dressings for 
short and long term central venous devices, and peripheral arterial devices 

Evidence table ref: 
3.10.3 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Four studies reported on this comparison. All were Level II studies (randomised controlled 
trials), one of low risk of bias (Timsit 2009) and three of moderate risk of bias. (Levy 2005 
Ruschulte 2009, Chambers 2005). 
N.B. If the meta-analysis described below (see ‘Other Factors’) is included then the evidence 
level should be upgraded to Level A. 
 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

All four studies found chlorhexidine sponges to be of benefit in central venous catheters (both 
short and long term devices), and in peripheral arterial devices. Timsit (2009) found a significant 
reduction in device colonisation (p<0.001), IVD-related BSI (p=0.005) and skin colonisation 
(p<0.01) for both peripheral arterial and central venous devices with the use of chlorhexidine-
impregnated sponge dressing vs transparent dressing alone. Chambers (2005) found a 
significant (p<0.001) reduction in combined exit site/tunnel site infection. Levy (2005) found a 
significant (p=0.045) reduction in device colonisation. Ruschulte (2009) reported a significant 
(p=0.02) reduction in IVD-related BSI. Meta-analysis of the studies found a significant (p=0.02) 
reduction in IVD-related BSI with (OR 0.54, 95%CI 0.32-0.89) and a significant (p<0.00001) 
reduction in device colonisation (OR 0.40, 95%CI 0.31-0.50) with the use of the chlorhexidine 
impregnated sponge. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

There is evidence that use of a chlorhexidine-impregnated sponge dressing can significantly 
reduce IVD-related BSI and device colonisation by approximately a factor of half (IVD-BSI OR 
0.54, 95%CI 0.32-0.89, device colonisation OR 0.40, 95%CI 0.31-0.50) for both peripheral 
arterial devices, short-term and long-term central venous devices. This is a very large clinical 
benefit in the most important endpoint relating to IVD infection. Whilst chlorhexidine dressings 
will of themselves increase costs, the potential to save costs in IVD-related BSI treatment would 
likely negate this. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence has been gathered in a variety of adult, paediatric, ICU and oncology settings using 
short-term and long term CVCs, and peripheral arterial devices including both plain and 
antimicrobial-coated CVCs. Evidence is generalisable to short and long term central venous B Evidence directly generalisable to target population with some 

caveats 
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C Evidence not directly generalisable to the target population but could 
be sensible applied 

and peripheral arterial devices. The effect in other catheter types is unknown.  
 

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

All studies were undertaken overseas but in comparable healthcare systems, including one in 
New Zealand using the BioPatch™ brand dressing which is available in Australia and already in 
use in some units. This has been the only brand on the market and all research to date has 
been done using this product, However, a competitor product from 3M is likely to be launched 
into the Australian market in 2009/2010. Research will be needed to confirm that this product is 
as effective as the BioPatch™, as it has a different design and composition. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

A meta-analysis undertaken in Australia and published in 2006, reviewed six RCTs (N=2396) comparing Biopatch™ to either placebo or povidone iodine dressings. Three of 
the studies declared funding from the product manufacturer. Evidence of significant publication bias was not present. The meta-analysis found a significant (p<0.00001) 
reduction in combined device or exit-site bacterial colonisation (6 studies, 15% versus 27%, OR 0.47, 95% CI: 0.34–0.65), but no difference (p=0.19) in IVD-related BSI (4 
studies, OR 0.61 95% CI 0.30-1.26). However after excluding one study (N=705) which compared different dressing timeframes as well as products (once weekly Biopatch™ 
dressing with a twice-weekly povidone-iodine dressing), the reduction in IVD-related BSI was significant (p=0.004) in the Biopatch™ group (OR 0.40 95%CI 0.21-0.75). Noted 
local reactions to the Biopatch™ product were rare and mainly occurred in neonates. The meta-analysis included two of the studies reviewed here (Chambers 2005, Levy 
2005) and overall included neonatal, paediatric and adult patients with central and arterial devices in wards, oncology and intensive care unit settings. The number needed to 
prevent one episode of intravascular catheter-related bloodstream infection was 142 for an average period of catheter in situ of 10 days and a change of dressing every 5 days. 
The cost of preventing one vascular catheter-related bloodstream infection was estimated to be £298.1 
1. Ho K, and Litton E. Use of a chlorhexidine-impregnated dressing to prevent vascular and epidural catheter colonisation and infection: a meta-analysis. J Antimicrob 
Chemother (2006);58:281-287 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   
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Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 18 - Evidence matrix for chlorhexidine-impregnated sponge dressings versus other dressings for central venous devices 
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Comparison: Antimicrobial/antibiotic ointment versus no ointment for haemodialysis 
catheters 

Evidence table ref:  
3.10.4 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Two level II studies were included (total N=212), both had low risk of bias (Johnson 2002, Lok 
2003). One studied mupirocin (Johnson 2002); the other Polysporin (Lok 2003). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Both studies found a statistically significant reduction in infection rates associated with use of 
an antimicrobial/antibiotic ointment. Johnson 2002 showed significant reductions in both IVD-
related BSI (p<0.01) and exit-site infections (p<0.05). Lok 2003 showed a significant (p=0.001) 
reduction in the combined endpoint of exit site/tunnel/IVD-related BSI. Meta-analysis found 
significant reductions in both IVD-related BSI (p<0.0001) and exit site infections (p<0.001) via 
the use of antimicrobial/antibiotic ointment. Johnson reported no observation of the 
development of resistant organisms. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Odds ratio estimates show a reduction in both IVD-related BSI (OR 0.20 95%CI 0.09-0.43) and 
exit site infections (OR 0.19 95%CI 0.07-0.50) by a factor of 5. This is a very large clinical effect 
and includes the primary endpoint of interest (IVD-related BSI). 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some 
caveats 

C Evidence not directly generalisable to the target population but could 
be sensible applied 

Evidence has been gathered in tunnelled haemodialysis central venous catheters, and is 
generalisable to this population. No trials in CVCs used for other purposes, or in other 
patient/catheter subtypes. 

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

 71



Intravascular Device Systematic Review  Griffith University 
 
5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

One trial in Australia and one overseas, which should be comparable. Products readily 
available in Australia. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 
 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  
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IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 19 - Evidence matrix for comparison of antimicrobial/antibiotic ointment versus no ointment for haemodialysis catheters 
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Comparison: Sterile gauze versus other dressings 
Evidence table ref:  

3.10.5 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Three level II studies were included (total N=286), all had a high risk of bias (Le Corre 2003, 
Machado 2008, Olson 2004). 
Note if the systematic review described below in “Other factors:” were to be included, then the 
evidence base would be upgraded to B. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

One study showed no significant difference (p=0.43) in IVD-related BSI between sterile gauze 
and semi-permeable transparent film, although costs were lower with the film, due to less 
frequent replacement (LeCorre 2003). This was in long term CVCs used for haemodialysis. 
One study found significantly different rates of adverse events requiring IVD removal between 
non-sterile tape, sterile gauze (lowest absolute rate) and semi-permeable transparent film 
(highest absolute rate) (p=0.02) (Machado 2008). However, it was unclear which of the groups 
were significantly different to the others. This was in peripheral venous IVDs in paediatrics. 
The other study reported a significant reduction (survival analysis p=0.02) in IVD-related sepsis 
(definition unclear) when no dressing compared to sterile gauze dressing was used after IVD 
Day 21. This was in long term central venous devices in oncology patients. 
A Cochrane review (see below) found no significant difference in use of gauze and tape or 
transparent polyurethane dressings for central venous catheters. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

At present there is insufficient evidence to recommend any of the dressing types over gauze 
and tape. Patient preference, clinician preference and costs are currently acceptable factors 
when choosing between sterile gauze and transparent polyurethane dressings. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence has been gathered in tunnelled central venous catheters used for haemodialysis and 
oncology, as well as peripheral IVDs. The high potential risk for bias in these studies severely 
limits generalisablility.  B Evidence directly generalisable to target population with some 

caveats 
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C Evidence not directly generalisable to the target population but could 
be sensible applied 

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

All trials undertaken overseas. Unclear reporting of methods and results makes applicability 
limited. All methods tested are commonly used in Australia with the exception of non-sterile 
tape for peripheral devices. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

The Cochrane Collaboration published a systematic review and meta-analysis of gauze and tape versus transparent polyurethane dressings for central venous catheters in 
2003 and this was last updated in March 2008.1 The 3 studies in this current review were not included in the Cochrane review. Due to differing inclusion criteria  The Cochrane 
review includes six studies and concluded that there was no difference in the incidence of infectious complications between any of the dressing types included in the review: 
gauze and tape, highly permeable transparent polyurethane dressings (e.g. Opsite IV3000); or transparent polyurethane dressings (e.g. Tegaderm, Opsite). It was noted that 
each comparison for the meta-analysis were performed on no more than 2 studies and all studies reported data fro ma small patient sample. Therefore it was concluded that is 
uncertain whether there is any difference between dressing types, due to a lack of data. Specific findings of the met-analyses were: 
Gauze and tape versus highly permeable transparent polyurethane dressing 
- IVD-related sepsis OR 1.72, 95%CI 0.43-6.85, exit-site infection OR 2.32 (95%CI 0.40-13.27, tunnel infection OR 0.64 95%CI 0.14-2.83 
Transparent polyurethane dressing versus highly permeable transparent polyurethane dressing 
-  IVD-related sepsis OR 0.31 95%CI 0.03-3.12, site colonisation OR inestimable (zero incidence both groups) 
Gauze and tape vs transparent polyurethane dressings 
- IVD-related sepsis OR 2.82 95%CI 0.11-70.98, exit-site infection OR 1.88 95%CI 0.16-21.41 
Transparaent polyurethane dressing (Opsite) versus other (Tegaderm) transparent polyurethane dressings 
- Exit-site infection OR 0.75, 95%CI 0.12-4.66) 
1. Gillies D et al. Gauze and tape and transparent polyurethane dressings for central venous catheters. Cochrane Database of Systematic Reviews. 2003, issue 1. Art. No. 
CD003827. DOI: 10.1002/14651858.CD003827 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   
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3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 20 - Evidence matrix for comparison of sterile gauze versus other dressings
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4 Question 4 
4.1 Results of the search   

Fourteen studies were screened for inclusion in the review, based on titles and abstracts. 
Of these, 5 were eligible for inclusion in the review. 9 studies were excluded because they 
were not randomised controlled trials, or were randomised trials testing interventions other 
than practitioner practices for intravascular device insertion, or they did not report any of 
the outcome measures of interest. For further details of the included studies see Appendix. 
For further details of the excluded studies, and reasons for exclusion see Appendix. 

4.2  Included studies   

• Barker P, Anderson AD, MacFie J. Randomised clinical trial of elective re-siting of 
intravenous cannulae. Ann R Coll Surg Engl. 2004;86(4):281-283. 

• Butler-O'Hara M, Buzzard CJ, Reubens L, McDermott MP, DiGrazio W, D'Angio CT. 
A randomized trial comparing long-term and short-term use of umbilical venous 
catheters in premature infants with birth weights of less than 1251 grams. 
Pediatrics. 2006;118(1):e25-35. 

• Chen YY, Yen DH, Yang YG, Liu CY, Wang FD, Chou P. Comparison between 
replacement at 4 days and 7 days of the infection rate for pulmonary artery 
catheters in an intensive care unit. Crit Care Med. 2003;31(5):1353-1358. 

• Webster J, Lloyd S, Hopkins T, Osborne S, Yaxley M. Developing a Research base 
for Intravenous Peripheral cannula re-sites (DRIP trial). A randomised controlled 
trial of hospital in-patients. Int J Nurs Studies. 2007;44(5):664-671. 

• Webster J, Clarke S, Paterson D, Hutton A, Dyk Sv, Gale C, et al. Routine care of 
peripheral intravenous catheters versus clinically indicated replacement: 
randomised controlled trial. BMJ. 2008;337:a339.  
http://bmj.com/cgi/content/full/337/jul08_1/a339 

4.3 Overall review of study populations, interventions and outcome measures 

• Populations studied 
In total, there were results from 1476 participants reported in the five studies. With the 
exception of one study in low birth weight neonatal intensive care patients (Butler-O’Hara 
2006), all study participants were adults. 
 
Two studies occurred in the intensive care setting (Butler-O’Hara 2006; Chen 2003). The 
remaining 3 studies occurred in general medical/surgical wards. IVD types studied 
included central venous devices (umbilical vein, Butler-O’Hara 2006; pulmonary artery, 
Chen 2003), with the remaining 3 studies examining peripheral IVDs. 
 
Two studies were Australian, by the same principal investigator (Webster 2007; Webster 
2008). There was one study each from the United Kingdom (Barker 2004), United States 
(Butler-O’Hara 2006), and Taiwan (Chen 2003). 
 

• Interventions tested 
All studies tested routine IVD removal and resite at set time intervals, in a standard 2-
group RCT design. Three studies were effectively placebo controlled, testing routine 

 77



Intravascular Device Systematic Review  Griffith University 
 

replacement versus replacement only on clinical indication (Barker 2004; Webster 2007; 
Webster 2008). The remaining studies compared 2 different time frames for routine resite. 
 
Peripheral IVDs were tested for routine resite at 48-hour or 3 day intervals, versus 
replacement only on clinical indication (Barker 2004; Webster 2007; Webster 2008). 
Central venous devices were tested for routine replacement at 4 days versus 7 days 
(Chen 2003), and at 7 days versus 28 days (Butler-O’Hara 2006). 
 

• Outcome measures 
Primary outcome: three studies reported the primary outcome of interest (IVD-related 
bloodstream infection) (Chen 2003; Webster 2007; Webster 2008). 
 
Secondary outcomes: all studies except Butler-O’Hara (2006) reported the secondary 
outcome of phlebitis. One study reported the secondary outcome of skin colonisation 
(Carrer 2005). One study reported the secondary outcome of IVD-associated bloodstream 
infection (Butler-O’Hara 2006). Three studies reported the secondary outcome of adverse 
events, with varying items monitored (Butler-O’Hara 2006; Webster 2007; Webster 2008). 
Two studies reported the secondary outcome of cost (Webster 2007; Webster 2008).  

4.4 Levels of evidence 

Refer to Table 21. 
 

Study Level* Risk of bias Design 
Barker 2004 II High Randomised controlled trial 
Butler-O’Hara 2006 II Low Randomised controlled trial 
Chen 2003 II Moderate Randomised controlled trial 
Webster 2007 II Low Randomised controlled trial 
Webster 2008 II Low Randomised controlled trial 
*All studies were randomised controlled trials, which are rated as Level II evidence as per the NHMRC 
Evidence Hierarchy (see Appendix D). 

Table 21 – Levels of evidence 

4.5 Methodological quality assessment of included studies 

See Table 22 for an overview of study quality. 
 

• Generation of random allocation sequence 
Two studies stated that randomisation occurred, but did not report the method used to 
generate the random allocation sequence (Butler 2004; Chen 2003). One study used a 
random numbers table (Butler-O’Hara 2006), and two a computer-generated 
randomisation (Webster 2007; Webster 2008). 
 

• Allocation concealment 
Only two studies reported this adequately with allocation concealment, with a telephone 
call made to a person independent of recruitment or clinical treatment (Webster 2007; 
Webster 2008). One study reported using opaque envelopes, but it was not reported 
whether these were numbered or sealed (Butler-O’Hara 2006). Another reported use of 
sealed envelopes, but did not state whether these were opaque or numbered (Barker 
2004). One study did not explain whether or not concealment occurred (Chen 2003). 
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• Blinding of intervention 
No study reported blinding of the intervention to patients or care providers. Given the 
nature of the intervention (IVD replacement intervals), it is noted that it would be 
impossible to blind. 
 

• Blinding of outcome assessment 
Most studies reported outcome assessments were undertaken by non-blinded staff. In one 
study this was unclear (Chen 2003). Due to the nature of the outcome measures, it is more 
likely than not that blinded laboratory staff performed device and skin colonisation 
measures. The diagnosis of intravascular device bloodstream infection relies primarily on 
laboratory measures, which would more likely than not have been performed by blinded 
laboratory staff; however, the decision to take blood cultures was undertaken by 
nonblinded clinical staff, and there is an element of subjective decision making to rate 
whether positive blood and device cultures are likely to be related to another source. Thus 
the IVD-related BSI ratings may have allowed bias to enter the results. It is noted that it 
would be difficult to blind the outcome assessments in this type of research. 
 

• Intention to treat analysis 
All studies used ITT analysis, with the exception of Barker (2004) where this was unclear. 
 

• Completeness of primary outcome reporting 
All studies reported 100% of patients included in the final analysis for the primary endpoint. 
 

• Compatibility of control and treatment groups at baseline 
All studies reported equivalence of groups at baseline and in support of this, provided data 
on relevant patient and catheter factors that may have influenced the outcome. 
 

• Equal treatment of control and treatment groups 
All studies reported that care was standardised other than the randomised intervention.
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Study Randomi-
sation 

Allocation 
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 
equal at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Barker 2004 B B C C B A A A 
A-3 
B-3 
C-2 

High 

Butler-O’Hara 
2006 A B C C A A A A 

A-5 
B-1 
C-2 

Low 

Chen 2003 B B C B A A A A 
A-4 
B-3 
C-1 

Moderate 

Webster 2007 A A C C A A A A 
A-6 
B-0 
C-2 

Low 

Webster 2008 A A C C A A A A 
A-6 
B-0 
C-2 

Low 

Notes. A = Adequate B = Unclear C = Inadequate. A, B and C rankings are taken from Cochrane Collaboration guidelines and are NOT designed to be converted 
to a points based system to comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and blinding are generally considered of more 
importance when assigning overall risk of bias. Ultimately the designation of overall risk of bias is subjective, based on: the various criteria; the likelihood that any 
shortcomings influenced the study’s findings (after consideration of the specific study methods and other known data about the variables in question). 
 

Table 22 – Methodological quality assessment and risk of bias of included studies 
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4.6 Results of included studies 

Barker P, Anderson AD, MacFie J. Randomised clinical trial of elective re-siting of intravenous 
cannulae. Ann R Coll Surg Engl. 2004;86(4):281-283. 
 
The study (N=47 patients, 84 IVDs) reported a significantly (p=0.03) lower incidence of 
phlebitis in peripheral venous catheters that were routinely resited at 48 hours (5%) vs 
those replaced on clinical indication (42%). The average treatment time per patient was 
short, at 3.8 days. 
 
Butler-O'Hara M, Buzzard CJ, Reubens L, McDermott MP, DiGrazio W, D'Angio CT. A randomized trial 
comparing long-term and short-term use of umbilical venous catheters in premature infants with 
birth weights of less than 1251 grams. Pediatrics. 2006;118(1):e25-35. 
 
The study (N=210) found no significant difference in IVD-associated infection (13% vs 
20%, OR 1.66 95%CI 0.79-3.48, p=0.17) or thrombus formation (9% vs 13%, p=0.36), 
between umbilical vein catheters routinely replaced on Day 7-10 with a central venous 
device, and those left in situ for up to 28 days, unless clinically indicated for removal. 
There were significantly less IVDs placed in total, for patients in the clinically indicated 
replacement UVC group (mean 1.74 vs 1.98, p=0.01). 
 
Chen YY, Yen DH, Yang YG, Liu CY, Wang FD, Chou P. Comparison between replacement at 4 days 
and 7 days of the infection rate for pulmonary artery catheters in an intensive care unit. Crit Care 
Med. 2003;31(5):1353-1358. 
 
The study (N=258 patients) found no significant difference in IVD-related BSI (0% vs 0.8%, 
p=NS), device colonisation (7.0 vs 12.2/1000 IVD days, OR 2.25, 95%CI 0.75-6.98), 
bacteraemia (10.5 vs 12.0/1000 IVD days, 1.46, 95%CI 0.55-3.94) or site inflammation 
(2.2% vs 1.6%, OR 0.7, 95%CI 0.08-5.28) in patients whose pulmonary artery catheters 
were routinely resited at 4 or 7 days. The average overall pulmonary artery catheter 
treatment time was approximately 9 days. 
 
Webster J, Lloyd S, Hopkins T, Osborne S, Yaxley M. Developing a Research base for Intravenous 
Peripheral cannula re-sites (DRIP trial). A randomised controlled trial of hospital in-patients. Int J 
Nurs Studies. 2007;44(5):664-671. 
 
This study (N=206 patients, 368 IVDs) found no significant difference (p=0.3) in 
complications causing unplanned removal between patients whose IVDs were replaced 
every 3 days 40%) or those replaced only on clinical indication (45%). Phlebitis rates were 
also not significantly different in routinely resited (2%) or clinically resited (1%) patients. 
There were no cases of local infection or IVD-related bloodstream infection in either group. 
Replacement on clinical indication was associated with significantly lower costs (p=0.006) 
and number of resites per patient (p=0.02). IVDs were peripheral venous cannulae with 
the overall treatment time per patient averaging 5 days in both groups. All cannulae were 
inserted by a specialist IVD team. 
 
Webster J, Clarke S, Paterson D, Hutton A, Dyk Sv, Gale C, et al. Routine care of peripheral 
intravenous catheters versus clinically indicated replacement: randomised controlled trial. BMJ. 
2008;337:a339.  http://bmj.com/cgi/content/full/337/jul08_1/a339 
 
The trial (N=755 patients) reported no significant difference in the combined rate of 
phlebitis/infiltration in patients randomised to have IVDs routinely replaced every 3 days 
(33%) versus those resited only on clinical indication (38%) (RR1.15 95%CI 0.95-1.40). 
When incidence per 1000 device days was considered, there remained no difference 

 81

http://bmj.com/cgi/content/full/337/jul08_1/a339


Intravascular Device Systematic Review  Griffith University 
 

 82

between groups (RR0.98 95%CI 0.78-1.24). Phlebitis rates also did not vary between 
groups (routine resite 3%, clinically indicated resite 4%). IVD-related BSI was identical 
(0.3%) between study groups, and local infection did not differ (0% routine resite, 1% 
clinical indication). Costs were significantly higher, and overall treatment time significantly 
lower (mean 1 day, p=0.007) in the routine resite group. IVDs were peripheral venous 
cannulae with the overall treatment time per patient averaging 5-6 days. 74% of all 
cannulae were inserted by a specialist IVD team (26% by other hospital general medical or 
nursing staff). 

4.7 Influence of setting or patient group comparisons 

Studies were undertaken in 1st world countries in Australia, Asia, Europe and North 
America. Overall, the studies reviewed here should be generalisable to the Australian 
population. The reviewed literature predominantly reflects adult populations, with only one 
study involving neonates, and no paediatric studies.  
 
Evidence in this area has been generated from central venous (including pulmonary 
artery) and peripheral venous catheters in the intensive care and general ward 
environment. The evidence may not be directly generalisable to others of the myriad IVD 
types in clinical use, or in acute or community settings. See Table 23 for an overview of 
findings by device type. 

4.8 Comparison of study findings by device type 

Refer to Table 23. 
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Peripheral Devices Central Venous Devices 

Arterial Venous  
Short term CVC: 
Pulmonary artery 

catheter 
Umbilical catheter PICC 

Long term: 
Haemodialysis 

access 

Long-term: 
central 
venous 

No studies 

Significantly lower phlebitis with 
routine 48hr replacement versus 
clinically indicated replacement 

(Barker 2004)  

No significant 
difference in IVD-

related BSI, device 
colonisation, 

bacteraemia, or site 
inflammation when 

resited every 4 versus 
7 days (Chen 2003). 

No significant 
difference in IVD-
associated BSI or 

thrombi when UVCs 
are routinely removed 

on Day 7-10 (and 
replaced with a CVC), 
compared with use for 
up to 28 days. (Butler-

O’Hara 2006) 

No studies No studies No studies 

 

No significant difference in 
complications causing unplanned 

removal, local infection or IVD-
related BSI with routine 3 day vs 
clinically indicated replacement 

(Webster 2007) 

     

 

No significant difference in phlebitis, 
infiltration, local infection or IVD-
related BSI with routine 3 day vs 
clinically indicated replacement 

(Webster 2008) 

     

 
Table 23 - Comparison of study findings by device type 
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4.9 Meta-analysis of effects of interventions   

4.9.1 Comparison: More frequent versus less frequent IVD replacement for peripheral 
venous devices 

This comparison includes outcome data from three randomised controlled trials with a total 
of 1008 participants. The studies compared 2-day or 3-day routine replacement of 
peripheral venous IVDs versus removal only on clinical indication in ward patients (Barker 
2004; Webster 2007; Webster 2008). A comparison of the pooled data from these studies 
was undertaken for infection outcomes reported in more than one study: phlebitis, local 
infection, and IVD-related BSI. 

4.9.1.1 Phlebitis 
A random-effect meta-analysis was used as heterogeneity >50% was present. 
Heterogeneity may have been because Barker tested 48-hour replacement as compared 
to 3-day replacement in the other two trials, or that Barker had a high risk of bias with the 
other trials of low risk. In the meta-analysis, when compared with less frequent 
replacement, more frequent routine replacement was associated with a non-statistically 
significant reduction in phlebitis (3% versus 5.5%); the odds ratio (OR) was (0.49 (95% 
confidence interval (CI) 0.10-2.53, p=0.4). See Figure 16. A sensitivity analysis was 
performed excluding Barker, and this removed the heterogeneity with adjusted values 
2.9% vs 3.5% (OR 0.82 95%CI 0.40- 1.69, p=0.6). 
 

Study or Subgroup
Barker 2004
Webster 2007
Webster 2008

Total (95% CI)
Total events
Heterogeneity: Tau² = 1.31; Chi² = 5.35, df = 2 (P = 0.07); I² = 63%
Test for overall effect: Z = 0.85 (P = 0.40)

Events
1
2

12

15

Total
21

103
376

500

Events
11
1

16

28

Total
26

103
379

508

Weight
27.7%
24.6%
47.7%

100.0%

M-H, Random, 95% CI
0.07 [0.01, 0.59]

2.02 [0.18, 22.63]
0.75 [0.35, 1.60]

0.49 [0.10, 2.53]

More frequent Less frequent Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

 
Figure 16 – Forest plot: more frequent versus less frequent peripheral IVD replacement to prevent 

phlebitis 

4.9.1.2 IVD-related BSI 
Two studies reported on this outcome, however, the rate was 0% in one study, thus the 
overall estimate of effect was reliant on the other trial (Webster 2008). In the meta-
analysis, when compared with less frequent replacement, more frequent routine 
replacement was associated with a non-statistically difference in IVD-related BSI (0.209% 
vs 0.207%); the odds ratio (OR) was 1.01 (95% confidence interval (CI) 0.06-16.17). See 
Figure 17. 
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Study or Subgroup
Webster 2007
Webster 2008

Total (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 1.00)

Events
0
1

1

Total
103
376

479

Events
0
1

1

Total
103
379

482

Weight

100.0%

100.0%

M-H, Fixed, 95% CI
Not estimable

1.01 [0.06, 16.17]

1.01 [0.06, 16.17]

More frequent Less frequent Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

  
Figure 17 – Forest plot: more frequent versus less frequent peripheral IVD replacement  Figure 17 – Forest plot: more frequent versus less frequent peripheral IVD replacement  

to prevent IVD-related BSI to prevent IVD-related BSI 

4.9.1.3 Local infection 4.9.1.3 Local infection 
A fixed-effect meta-analysis was used as heterogeneity was not present. In the meta-
analysis, when compared with less frequent replacement, more frequent routine 
replacement was associated with a non-statistically significant reduction in local infection 
(0% versus 0.4%); the odds ratio (OR) was 0.20 (95% confidence interval (CI) 0.01-4.19). 
See Figure 18. 

A fixed-effect meta-analysis was used as heterogeneity was not present. In the meta-
analysis, when compared with less frequent replacement, more frequent routine 
replacement was associated with a non-statistically significant reduction in local infection 
(0% versus 0.4%); the odds ratio (OR) was 0.20 (95% confidence interval (CI) 0.01-4.19). 
See Figure 18. 
  

Study or Subgroup
Webster 2007
Webster 2008

Total (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)

Events
0
0

0

Total
103
376

479

Events
0
2

2

Total
103
379

482

Weight

100.0%

100.0%

M-H, Fixed, 95% CI
Not estimable

0.20 [0.01, 4.19]

0.20 [0.01, 4.19]

More frequent Less frequent Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours experimental Favours control

 
Figure 18 – Forest plot more frequent versus less frequent peripheral IVD replacement  

to prevent local infection 

4.9.2 Comparison: More frequent versus less frequent IVD replacement for central 
venous devices 

This comparison includes outcome data from two randomised controlled trials with a total 
of 468 participants. The studies compared 4-day with 7-day replacement (Chen 2003), or 
7-day with 28-day replacement (Butler-O’Hara 2006) of central venous devices in intensive 
care patients. A comparison of the pooled data from these studies was undertaken for 
infection outcomes reported in more than one study: IVD-related BSI. The study by Butler-
O’Hara (2006) only reported IVD-associated BSI (did not require a positive tip culture); 
however, this was included with IVD-related BSI for the meta-analysis. See Figure 19. 
 

 
 
 
 
 
 
 
 

Figure 19 - Forest plot more frequent versus less frequent central venous IVD replacement  
to prevent IVD-BSI 
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 Evidence matrices for Question 4 

Refer to Tables 24-25. 
 

Comparison: More frequent versus less frequent peripheral IVD replacement 
Evidence table ref: 

4.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Three studies (total N=1008) reported on this comparison. All were Level II studies (randomised 
controlled trials), two with low (Webster 2007, Webster 2008), and one with high risk of bias 
(Barker 2004).  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Two studies found no difference in IVD-related bloodstream infection, local infection, or phlebitis 
when IVDs were routinely resited every 3 days versus on clinical indication only (Webster 2007, 
Wester 2008). One study found a significant reduction in phlebitis with routine 48-hour 
replacement (Barker 2004).  
Meta-analysis comparing more frequent with less frequent replacement found no statistically 
significant differences in: 

- IVD-related bloodstream infection OR 1.01 (95% CI 0.06-16.17) 
- local infection 0.20 (95% confidence interval (CI) 0.01-4.19) 
- phlebitis OR 0.49 (95% confidence interval (CI) 0.10-2.53, p=0.4) 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

IVD infection and phlebitis are important outcomes and sample sizes have not been adequate to 
rule out any benefit of routine replacement. However, studies to date can rule out a large effect. 
Routine replacement is time consuming and costly for staff, and unpleasant for patients.  
Siting of central catheters, in particular, also predisposes to other non-infective adverse events, 
e.g. lung puncture. Extending dwell-times would have significant clinical impact on these factors. 

D Restricted 

4. Generalisability 

Evidence has been gathered in a variety of clinical cohorts. This includes 2 reasonably sized A Evidence directly generalisable to target population 
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B Evidence directly generalisable to target population with some 
caveats 

C Evidence not directly generalisable to the target population but could 
be sensible applied 

studies in Australia.  

D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

Two recent studies from Australia. Other study was undertaken overseas (UK) but in well 
developed healthcare systems. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

A Cochrane Review is registered and in draft on this topic in regards to peripheral venous devices. This is anticipated for publication in 2009 and is anticipated to provide Level 
1 evidence that routine replacement has no benefit in reducing infectious risk compared to replacement on clinical indication. 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 

GRADE OF RECOMMENDATION  
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statements where possible. 

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 24 – Evidence matrix for comparison of more frequent versus less frequent IVD replacement of peripheral venous devices 
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Comparison: More frequent versus less frequent central IVD replacement 
Evidence table ref: 

4.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level 
III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with 
moderate risk of bias 

Two studies (total N=468) reported on this comparison. Both were Level II studies (randomised 
controlled trials), one with low (Butler-O’Hara 2006) and one with moderate (Chen 2003) risk of 
bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Neither study found a significant difference in patient rates of IVD-related bloodstream infection 
when IVDs were replaced at different time intervals. 
One study found no difference in thrombus rates, but a significant reduction in the total number 
of IVDs placed per patient in the non-routine replacement group (Butler-O’Hara 2006). The other 
study found no significant difference in device colonisation or site colonisation between study 
groups (Chen 2003) 
Meta-analysis of the two trials to compare less frequent with more frequent replacement found 
no statistically significant difference in IVD-related bloodstream infection OR 1.73 (95% CI 0.84-
3.54) 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact 
of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Sample sizes have not been adequate to rule out any benefit of routine replacement in short-
term central venous devices. However, studies to date can rule out a large effect. Routine 
replacement is time consuming and costly for staff, and unpleasant for patients. Re-siting of 
central catheters, in particular, also predisposes to other non-infective adverse events, e.g. lung 
puncture. Extending dwell-times would have significantly reduce the number of catheterisations 
and therefore risk of mechanical complications. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some 
caveats 

Evidence has been gathered in ICU cohorts including adult patients with pulmonary artery 
devices and neonates with umbilical and central venous devices. One study was in This includes 
2 reasonably sized studies in Australia.  

C Evidence not directly generalisable to the target population but could 
be sensible applied 
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D Evidence not directly generalisable to target population and hard to 
judge whether it is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some 
caveats 

C Evidence probably applicable to Australian healthcare context with 
some caveats 

Both studies are from overseas, but from comparable healthcare systems. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade 
or upgrade the recommendation) 

 
 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  

 90



Intravascular Device Systematic Review  Griffith University 
 

 91

 

IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 25 – Evidence matrix for comparison of more frequent versus less frequent IVD replacement of short-term central venous devices 



Intravascular Device Systematic Review  Griffith University 
 

5 Question 5 
5.1 Results of the search   

One study was screened for inclusion in the review, based on titles and abstracts. This 
was eligible for inclusion in the review. For a detailed description of the study, see 
Appendix F. 

5.2 Included studies   

• Rickard CM, Lipman J, Courtney M, Siversen R, Daley P. Routine changing of 
intravenous administration sets does not reduce colonization or infection in central 
venous catheters. Infection Control and Hospital Epidemiology. 2004;25(8):650-
655. 

5.3 Overall review of study population, intervention and outcome measures  

• Population studied 
The study recruited a total of 251 adult ICU patients with 404 chlorhexidine gluconate and 
silver sulfadiazine-coated multi-lumen central venous catheters. The study was undertaken 
in an 18-bed intensive care unit of a tertiary-referral teaching hospital in Australia. 
 

• Intervention tested 
The study randomised IVDs to have administration sets routinely replaced at 96 (+/-12 
hours), or replaced only on clinical indication. All devices were routinely removed on Day 
7. The administration set included all connections between the CVC and the fluid container 
(i.e. tubing, burettes, extension tubing, and pressure transducers). Fluid containers (i.e. 
bags, bottles, and syringes) were replaced at the set change and every 24 hours. Blood 
product administration sets were discarded after transfusion. Administration sets used for 
crystalloids, drug infusions, parenteral nutrition, lipids and propofol infusions were all 
included in the study intervention. 
 

• Outcome measures 
Primary outcome: the primary outcome was device colonisation. 
 
Secondary outcomes: the secondary outcome was IVD-related bloodstream infection.  

5.4 Level of evidence 

Refer to Table 26. 
 

Study Level* Risk Design 
Rickard 2004 II Low Randomised controlled trial 
*Study was a randomised controlled trial, rated as Level II evidence as per the NHMRC Evidence Hierarchy 
(see Appendix D). 

Table 26 – Level of evidence 

5.5 Methodological quality assessment of included study 

Table 27 provides an overview of the study quality. 
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• Generation of random allocation sequence 
The study reports that a computerised random-number generator randomised each CVC 
to receive either a routine set change at approximately 72 hours after insertion or have the 
original administration set left intact for the duration of the catheterisation (7 days). 
Individual patients could have multiple catheters. 
 

• Allocation concealment 
The study does not report how this was achieved. 
 

• Blinding of intervention 
The study reports that medical staff were blinded to the study group so that their decision 
to order catheter removal or blood or other cultures was not biased. It was not possible to 
blind nursing staff, as they were responsible for changing the administration sets. 
 

• Blinding of outcome assessment 
Laboratory staff were blinded to the study group. In addition, the intensivist who reviewed 
the microbiological results (i.e. cultures of catheter tip, blood, and other sites) and cases of 
systemic inflammatory response syndrome was also blinded to study group. 
 

• Intention to treat analysis 
This was done, with a confirmatory per protocol analysis, in addition to the ITT analysis. 
 

• Completeness of primary outcome reporting 
100% of patients were included in the final analysis. 
 

• Compatibility of control and treatment groups at baseline 
There was a mean difference of 6 years and 6 injections into the administration set 
between the groups. These were statistically significant but unlikely to alter outcome. 
 

• Equal treatment of control and treatment groups 
The study reports that care was standardised other than the randomised intervention. Due 
to the design of the study, patients in one group had more administration set changes than 
the patients in the other group.  
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Study Randomi-
sation 

Allocation 
conceal-

ment 

Blinding 
of inter-
vention 

Blinding 
of 

outcome 
assess-

ment 

Intention 
to treat 
analysis 

Complete-
ness of 

reporting 

Study 
groups 
equal at 
baseline 

Study 
groups 
treated 
equally 

Ratings 
Overall 
risk of 
bias 

Rickard 2004 A B B A A A A A 
A-6 
B-2 
C-0 

Low 

Notes. A = Adequate B = Unclear C = Inadequate. A, B and C rankings are taken from Cochrane Collaboration guidelines and are NOT designed to be converted 
to a points based system to comparatively ‘rank’ studies. The criteria regarding randomisation, concealment and blinding are generally considered of more 
importance when assigning overall risk of bias. Ultimately the designation of overall risk of bias is subjective, based on: the various criteria; the likelihood that any 
shortcomings influenced the study’s findings (after consideration of the specific study methods and other known data about the variables in question). 

 
Table 27 – Methodological quality assessment and risk of bias of included studies 

 
 
 
 

Peripheral Devices Central Venous Devices 

Venous Arterial Short-term  Long-term Haemodialysis 
access PICC 

No studies No studies 

No statistically significant difference in 
rates of colonisation or IVD-related 
bacteraemia between CVCs when 

administration sets were replaced at 4 
days or 7 days. (Rickard 2004) 

No studies No studies No studies 

 
Table 28 – Comparison of study findings by device type 
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5.6 Results of included study 

Rickard CM, Lipman J, Courtney M, Siversen R, Daley P. Routine changing of intravenous 
administration sets does not reduce colonization or infection in central venous catheters. Infection 
Control and Hospital Epidemiology. 2004;25(8):650-655. 
 
The study (N=251 patients, 404 IVDs) found no statistically significant difference in rates of 
device colonisation (OR 0.51, 95%CI 0.24-1.09, p=0.34) or catheter-related bloodstream 
infection (1.5% of patients in both groups, p=0.86) between CVCs when administration 
sets were replaced at 4 days or 7 days. Devices were short term, chlorhexidine gluconate 
and silver-sulfadiazine-coated multi-lumen central venous devices. 

5.7 Influence of setting or patient group comparisons 

The reviewed study was undertaken in Australia. Therefore, the results should be 
generalisable to the Australian population.  
 
Evidence in this area relates to antimicrobial central venous catheters in the intensive care 
environment. See Table 28. The evidence may not be directly generalisable to others of 
the myriad IVD types in clinical use, or in acute or community settings. The study was 
undertaken in the adult population. 

5.8 Comparison of study findings by device type 

Refer to Table 28. 

5.9 Meta-analysis of effects of interventions 

Meta-analysis was unable to be performed due to only one study in existence. 

5.10 Evidence matrix for Question 5 

Refer to Table 29. 
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Comparison: Routine replacement of administration sets versus replacement on 
clinical indication only 

Evidence table ref:  
5.9.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Only one study investigated this topic (Rickard 2004). It was a Level II RCT with a low risk of 
bias. 
Note. If the Cochrane Collaboration systematic review (see ‘Other Factors’ below) is included 
the level of evidence would remain B. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Not applicable 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

This single study found no evidence of reduced device colonisation or IVD-related BSI with 
routine replacement of administration sets on Day 4 versus weekly use (OR 0.51, 95%CI 
0.24-1.09, p=0.34). However, there was a trend to reduced device colonisation with 
routine replacement on Day 4 and it may be that a larger study would detect this statistically. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The study was undertaken in an adult ICU population with antiseptic (chlorhexidine) central 
venous catheters. The results are only directly generalisable to similar populations. The effect in 
other IVD and patient types is unknown.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 
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5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

The study was undertaken in an Australian ICU in a tertiary hospital and should be applicable to 
other units of this type. There is no evidence from other patient settings. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or 
upgrade the recommendation) 

This review was limited to RCTs published between 2002 and 2009. We also note the high quality Cochrane Review on this topic1 published in 2005, which reviewed 13 studies 
(including Rickard 2004) with a total of 4783 participants. Included studies examined routine replacement at 24, 48, 72, 96 hour, and longer intervals, in a range of catheter and 
patient populations, including paediatric and neonatal patients. The results found no effect of frequent, versus less frequent, set replacement on device colonisation (RR 1.13 96%CI 
0.99-1.28) or IVD-related BSI (RR1.06 95%CI 0.66-1.68). Sensitivity analyses confirmed these results in both peripheral and central devices, paediatric and adult patients, and in 
those receiving or not receiving parenteral nutrition. The authors concluded that there was no evidence that set replacement was necessary more often than every 96 hours, and 
inadequate studies to test the effect after this time.  
1. Gillies D, O’Riordan L, Wallen M, Morrison A, Rankin K, Nagy S. Optimal timing for intravenous administration set replacement. Cochrane Database of Systematic reviews. 2005 
Issue 4. Art. No. CD003588. DOI: 10.1002/14651858.CD003588.pub2. 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action 
statements where possible. 

GRADE OF RECOMMENDATION  
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IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the 
implementation plan for the guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 

NO 
 

Table 29 - Evidence matrix for routine replacement of administration sets versus replacement on clinical indication only 
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Conclusion 
This report has systematically searched and critiqued the literature on prevention of 
infection in intravascular devices. Results from recent randomised controlled, or 
comparable designed trials have been synthesized with additional meta-analysis where 
feasible, and due consideration of other systematic reviews published over the period. 
Care has been taken to assess the methodological quality and risk of bias in the included 
studies. The quality of research was generally acceptable with few trials seen as having a 
high risk of bias. Nevertheless, there were several areas where literature in this area could 
be strengthened by more appropriate design and reporting. Random sequence generation 
techniques were often poorly described, and the nature of concealment of allocation prior 
to randomisation was often unreported. Few trials adhered to via the CONSORT statement 
recommended for clinical trial reporting. The nature of interventions in IVD care means that 
few trials were blinded to care givers, patients or researchers. In addition, outcome 
measures were only performed by blinded raters in a minority of trials, or a mixture of 
blinded and unblended assessments was used. Whilst not ignoring the difficult feasibility 
and costs of blinding both interventions and assessors in IVD clinical research, it does 
seem that this issue could be considered more strongly by researchers in the area, and 
more attempts made at least to blind outcome assessors.  
 
Adherence to the basic principles of intention to treat analysis appear to have been 
followed in most trials, however, much greater attempts could be made in the reporting 
and analytic techniques around this topic. Many researchers did not report adherence to 
study protocols in the treatment and control groups. There is still a tendency for 
researchers to simply omit from analysis, and devices that have missing outcome data 
(e.g. tips that were not cultured). Whilst in most trials this was only a small percentage of 
the actual sample, this is a significant potential cause of bias. In the worst case scenario, 
the tip may not be cultured because the patient died, and the death may be related to the 
intervention; exclusion of the patient from analysis ensures that this will not be detected. 
Greater statistical sophistication in dealing with missing data is sorely needed in this area. 
Other methodological/design issues apparent during this review included a lack of 
standard approach to the unit of randomisation and measurement. Some studies treat the 
patient as the unit, others the device. Dealing with multiple devices per patient, and 
multiple outcome events per patient was only done well in a minority of studies.  
 
Sample sizes were often small and inadequate to test the study hypothesis. In most, but 
not all, a priori sample size calculations were reported, but these were often grossly 
inaccurate in predicting the actual observed incidence of the primary endpoint. Whilst most 
recent trials consider the important aspect of time in situ (e.g. incidence per 1,000 device 
days), in others, simple presentation of results as a proportion of patients/devices was 
used. This does not adequately describe the sample, control for exposure time as a risk, 
and makes comparison with other studies difficult. 
 
Whilst there are doubtlessly opportunities for researchers in this area to improve the 
quality of study design, we note that many of the observed omissions may reflect 
inadequate reporting, rather than what truly occurred. Due to time constraints we have not 
attempted to contact study authors to clarify their methods used. 
 
In conclusion, this report provides a snapshot of recent international research evidence for 
the prevention of infection in patients with intravascular devices. The quality and findings 
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of research have been critiqued and synthesized. Where possible, meta-analyses of 
multiple studies have been performed. 
 
Whilst recognizing that knowledge in this area is ever-evolving, a series of statements has 
been provided which summarizes the evidence at this point in time. Findings have been 
provided by IVD type, and where reasonable to do so, IVD-specific recommendations have 
been made. General summaries and recommendations have also been provided. It is 
hoped that this work will provide a platform for development and implementation of 
evidence-based guidelines into practice, and ultimately for improved patient outcomes in 
this area. 
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Appendix A. PICO tables 

Question 1: What are the effects of skin preparation prior to intravascular device insertion in health 
care settings on the prevention of complications? 
P = health care setting, SF = skin preparation practices O = complications 
Question type: Causation 

Question part Question term Synonyms 

Population/setting 
 

Health care setting 
 

Health setting, hospital, acute care, clinic, 
aged care, community care 

Study factor 
 

Skin preparation  skin antisepsis, skin cleansing, skin 
disinfection, decolonisation, 
decontamination 

Outcome Primary: Device-related 
bloodstream infection 
 
Secondary: device-
associated BSI, infusate-
related BSI, BSI-all cause, 
phlebitis, skin toxicity, 
device colonisation, infusate 
colonisation, skin 
colonisation, cost, adverse 
events, mortality-all cause 

Blood stream infection, bacteraemia, sepsis, 
septicaemia 

Ideal Study design Randomised controlled trial Randomised clinical trial, quasi randomised 
controlled trial, experimental study with 
concurrent control group 

 
Question 2: What are the effects of practitioner practices (hand hygiene and barrier precautions) 
during intravascular device insertion in a health care setting on the prevention of complications? 
P = health care setting, SF device insertion practices O = complications 
Question type: Causation 

Question part Question term Synonyms 

Population/setting 
 

Health care setting 
 

Health setting, hospital, acute care, clinic, 
aged care, community care 

Study factor 
 

Device insertion technique 
 

barrier precautions, hand hygiene, hand 
wash, protective equipment, aseptic 
technique 

Outcome Primary: Device-related 
bloodstream infection 
 
Secondary: device-
associated BSI, infusate-
related BSI, BSI-all cause, 
phlebitis, device 
colonisation, infusate 
colonisation, skin 
colonisation, cost, adverse 
events, mortality-all cause 

Blood stream infection, bacteraemia, sepsis, 
septicaemia 

Ideal Study design Randomised controlled trial Randomised clinical trial, quasi randomised 
controlled trial, experimental study with 
concurrent control group 
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Question 3: What are the effects of dressing regimes (type and frequency) for intravascular device 
insertion sites on the prevention of complications in health care settings? 
P = humans SF = dressing regimes O = complications 
Question type: Causation 

Question part Question term Synonyms 

Population/setting Health care setting Health setting, hospital, acute care, clinic, 
aged care, community care 

Study factor Dressing regime (type and 
frequency) 

Site care, wound care 

Outcome Primary: Device-related 
bloodstream infection 
 
Secondary: device-
associated BSI, infusate-
related BSI, BSI-all cause, 
phlebitis, skin toxicity, 
device colonisation, infusate 
colonisation, skin 
colonisation, cost, adverse 
events, mortality-all cause 

Blood stream infection, bacteraemia, sepsis, 
septicaemia 

Ideal Study design Randomised controlled trial Randomised clinical trial, quasi randomised 
controlled trial, experimental study with 
concurrent control group 

 
Question 4: What are the effects of routine intravascular device replacement on prevention of 
complications in health care settings? 
P = humans SF = intravascular device dwell time O = complications 
Question type: Causation 

Question part Question term Synonyms 

Population/setting Health care setting Health setting, hospital, acute care, clinic, 
aged care, community care 

Study factor 
 

Routine replacement of 
intravascular devices at 
defined time points 

Device days, time in situ, dwell time, line 
change 
 

Outcome 
 

Primary: Device-related 
bloodstream infection 
 
Secondary: device-
associated BSI, infusate-
related BSI, BSI-all cause, 
phlebitis, device 
colonisation, infusate 
colonisation, skin 
colonisation, cost, adverse 
events, mortality-all cause 

Blood stream infection, bacteraemia, sepsis, 
septicaemia 

Ideal Study design Randomised controlled trial Randomised clinical trial, quasi randomised 
controlled trial, experimental study with 
concurrent control group 
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Question 5: What are the effects of administration set hang time on the infection risk of 
intravascular devices in healthcare settings? 
P = humans SF = intravascular catheter and infusion sets O = complications 
Question type: Causation 

Question part Question term Synonyms 

Population/setting Health care setting Health setting, hospital, acute care, clinic, 
aged care, community care 

Study factor Routine replacement of 
administration sets at 
defined time points 

Hang time, IV tubing, infusion set, line 
change, intravenous fluid, burette, giving set 

Outcome Primary: Device-related 
bloodstream infection 
 
Secondary: device-
associated BSI, infusate-
related BSI, BSI-all cause, 
phlebitis, device 
colonisation, infusate 
colonisation, skin 
colonisation, cost, adverse 
events, mortality-all cause 

Blood stream infection, bacteraemia, sepsis, 
septicaemia 

Ideal Study design Randomised controlled trial Randomised clinical trial, quasi randomised 
controlled trial, experimental study with 
concurrent control group 
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Appendix B. Search strategy 
Search terms  

1. skin preparation 2. skin antisepsis 
3. skin disinfection 4. skin cleaning 
5. decolonisation 6. decolonization 
7. decontamination 8. sepsis 
9. chlorhexidine 10. iodine 
11. alcohol 12. septicaemia 
13. technique 14. septicemia 
15. infection 16. phlebitis 
17. nosocomial 18. risk factors 
19. CRBSI 20. catheter-related bloodstream infection 
21. infection risk 22. bacteraemia 
23. bacteremia 24. blood stream infection 
25. intravascular 26. device 
27. insertion 28. site 
29. catheter* 30. line 
31. cannula* 32. indwelling 
33. central venous 34. arterial 
35. umbilical 36. haemodialysis 
37. hemodialysis 38. peripheral 
39. PICC  40. peripherally-inserted central catheter 
41. adult 42. child 
43. neonate 44. pediatric 
45. health setting 46. health care 
47. hospital 48. clinic 
49. surgery 50. acute care 
51. aged care 52. long term care 
53. paediatric 54. community 
55. intravenous 56. IV 
57. drip 58. skin 
59. colonis* 60. coloniz* 
61. preparation 62. antisepsis 
63. disinfection 64. handwash 
65. gloves 66. mask 
67. gown 68. apron 
69. drape 70. hand hygiene 
71. aseptic technique 72. sterile field 
73. precaution 74. barrier 
75. dressing 76. occlusive 
77. transparent film 78. gauze 
79. antibiotic 80. antimicrobial ointment 
81. Bio-patch 82. hang time  
83. dwell time 84. time 
85. change 86. frequency 
87. infusion 88. set 
89. resite 90. tubing 
91. fluids 92. parenteral nutrition 
93. lipids 94. crystalloids 
95. colloids 96. burette 
97. replacement  
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Appendix C. Methodological quality assessment criteria 
Generation of random allocation sequence  
A = Adequate (if the method used was described and the resulting sequences were 
unpredictable);  
B = Unclear (if the method was not described);  
C = Inadequate (for sequences such as alternative allocation).  
 
Allocation concealment  
A = Adequate (if participants and the investigators enrolling participants could not foresee 
assignment);  
B = Unclear (method not described);  
C = Inadequate (if investigators enrolling participants could foresee next assignment).  
 
Blinding of intervention  
A = Double blind (neither the participant nor the person providing the intervention knew 
which treatment was given);  
B = Single blind (the participant or person providing the intervention knew which treatment 
was given);  
C = No blinding (all parties were aware of treatment);  
D = Unclear (method not described).  
 
Blinding of outcome assessment  
A = Outcome assessment was blinded (person performing assessment did not know which 
treatment had been given);  
B = Unclear (method not described); 
C = Outcome assessment was not blinded (person performing assessment was aware of 
treatment given).  
 
Intention to treat analysis (analysed according to allocated treatment group, 
irrespective of adherence to treatment)  
A = Yes, intention to treat analysis performed;  
B = Unclear (not described);  
C = No, intention to treat analysis not performed.  
 
Completeness of primary outcome reporting  
A = Adequate (more than 90% of all participants randomised were included in the 
analysis);  
B = Unclear (not clear how many participants were originally randomised);  
C = Inadequate (less than 90% of those randomised were included in the analysis).  
 
Compatibility of control and treatment groups at baseline  
A = Yes, control and treatment groups compatible at baseline;  
B = Unclear (not described);  
C = No, control and treatment groups not compatible at baseline.  
 
Equal treatment of control and treatment groups  
A = Yes, control and treatment groups treated equally;  
B = Unclear (not described);  
C = No, control and treatment groups not treated equally.  
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Appendix D. NHMRC Evidence Hierarchy 
 

Level Intervention 
I A systematic review of level II studies 
II A randomised control trial.  This study has a very low risk of bias 
III-1 A pseudo-randomised control trial (i.e. alternate allocation or some other method).  

This study has a low risk of bias. 
III-2 A comparative study with concurrent controls:  

• Non-randomised experimental trial 
• Cohort study 
• Case-control study 
• Interrupted time series with a control group 
• This study has a high risk of bias 

III-3 A comparative study without concurrent controls:  
• Historical control study 
• Two or more single arm study 
• Interrupted time series without a parallel control group 
• This study has a high risk of bias 

IV Case series with either post-test or pre-test/post-test outcomes.  This study has a high 
risk of bias. 
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Appendix E. Body of evidence matrix 
 

A B C D Component 
Excellent Good Satisfactory Poor 

Evidence base1 
several level I or II 

studies with low risk of 
bias 

one or two level II studies 
with low risk of bias or a 

SR/multiple 
level III studies with low 

risk of bias 

level III studies with low 
risk of bias, or level I or II 
studies with moderate risk 

of bias 

level IV studies, or level 
I to III studies with high 

risk of bias 

Consistency2 all studies consistent 
most studies consistent 

and inconsistency may be 
explained 

some inconsistency 
reflecting genuine 

uncertainty around clinical 
question 

evidence is inconsistent 

Clinical impact very large substantial moderate slight or restricted 

Generalisability 

population/s studied in 
body of evidence are 

the same as the target 
population for the 

guideline 

population/s studied in the 
body of evidence are 
similar to the target 
population for the 

guideline 

population/s studied in 
body of evidence differ to 

target population for 
guideline but it is clinically 

sensible to apply this 
evidence to target 

population
3
 

population/s studied in 
body of evidence differ 
to target population and 
hard to judge whether it 
is sensible to generalise 

to target population 

Applicability 
directly applicable to 
Australian healthcare 

context 

applicable to Australian 
healthcare context with 

few caveats 

probably applicable to 
Australian healthcare 

context with some caveats 

not applicable to 
Australian healthcare 

context 
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Appendix F. Table of included studies 

Key question 1: What are the effects of skin preparation prior to intravascular device insertion in health care settings on the 
prevention of complications? 

Citation 
NHMRC Level 
of Evidence 

Study Quality 

Study 
type/location N Population Intervention Comparator Outcomes presented 

Astle et al 
(2005) 
Level II 

 

RCT 
Open-label 
3 months 
Canada 

121 
Adult haemodialysis patients 

for new haemodialysis 
catheter placement 

Catheter insertion skin prep and 
site care with electrolyte 

chloroxidiser, chlorine-based 
solution 

Catheter insertion skin prep and 
site care with 0.5% chlorhexidine 

with 70% alcohol 

CRBSI 
Skin colonisation 
Exit-site infection 

 

Langgartner et 
al (2004) 
Level II 

 

RCT 
Open-label 
39 months 
Germany 

140 Adult in-patients for CVC 
placement 

Catheter insertion skin prep and 
site care with 0.5% chlorhexidine 

with 70% alcohol, AND 10% 
povidone iodine 

Catheter insertion skin prep and 
site care with 10% povidone iodine 

OR 
Catheter insertion skin prep and 
site care with 0.5% chlorhexidine 

with 70% alcohol 

Device colonisation 
Skin colonisation 

Mimoz et al 
(2007) 
Level II 

 

RCT 
Open-label 

2 years 
France 

399 Adult ICU patients for CVC 
placement 

Catheter insertion skin prep and 
site care with 0.25% chlorhexidine 
gluconate, 0.025% benzalkonium 

chloride, 4% benzylic acid 

Catheter insertion skin prep and 
site care with 5% povidone iodine 

in 70% ethanol 

CRBSI 
Device colonisation 

Phlebitis 

Parienti et al 
(2004) 
Level II 

 

Cross-over 
RCT 

Open-label 
12 months 

France 

223 Adult ICU patients for CVC 
placement 

Catheter insertion skin prep and 
site care with 5% povidone iodine 

in 70% ethanol 

Catheter insertion skin prep and 
site care with 10% povidone iodine 

CRBSI 
Device colonisation 

 

Small et al 
(2008) 
Level II 

 

RCT 
Open-label 
(length not 

stated) 
UK 

170 
Elective cardiology patients 

for peripheral venous 
catheter insertion 

Catheter insertion skin prep with 
2% chlorhexidine with 70% alcohol 

Catheter insertion skin prep with 
70% isopropyl alcohol wipes Device colonisation 
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Valles et al 
(2008) 
Level II 

 

RCT 
Open-label 
18 months 

Spain 

329 
Adult ICU patients for CVC 

or arterial catheter 
placement 

Catheter insertion skin prep and 
site care with 0.5% chlorhexidine 

with 70% alcohol 

Catheter insertion skin prep and 
site care with 2% aqueous 

chlorhexidine 
OR 

Catheter insertion skin prep and 
site care with 10% povidone iodine 

CRBSI 
Device colonisation 

Phlebitis 
Mortality 

van der Mee-
Marquet et al 

(2007) 
Level II 

RCT 
Open-label 
7 months 
France 

248 
Adult inpatients for 

peripheral venous cannula 
insertion 

Catheter insertion skin prep 2-step 
procedure: 

5% povidone iodine in 70% 
ethanol; skin dry 30 sec; repeat 5% 

povidone iodine in 70% ethanol; 
skin left to dry 30 sec before 

insertion of PVC. 

Catheter insertion skin prep 4-step 
procedure: 

10% povidone iodine; rinse with 
sterile water; 10% povidone iodine 
in alcohol; repeat rinse with sterile 
water; repeat 10% povidone iodine 

in alcohol; skin left to dry 1 min 
before insertion of PVC. 

Phlebitis (24hr, 48hr, 72hr) 
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Key question 2: What are the effects of practitioner practices (hand hygiene and barrier precautions) during intravascular 
device insertion in a health care setting on the prevention of complications? 

Citation 
NHMRC Level 
of Evidence 

Study Quality 

Study 
type/location N Population Intervention Comparator Outcomes presented 

Carrer et al 
(2005) 
Level II 

RCT 
Open-label 
12 months 

Italy 
 

107 Adult ICU patients with CVC 
> 72 hrs 

Maximum sterile barrier 
precautions (sterile gloves, sterile 
gown, cap and mask, large sterile 

drape) and gauze dressing 
OR 

Maximum sterile barrier 
precautions (sterile gloves, sterile 
gown, cap and mask, large sterile 
drape) and polyurethane dressing 

Low sterile barrier precautions 
(sterile gloves, cap, mask, 2 small 
sterile drapes) and gauze dressing 

OR 
Low sterile barrier precautions 

(sterile gloves, cap, mask, 2 small 
sterile drapes) and polyurethane 

dressing 

Skin colonisation (0 hrs, 48 
hrs, 5 days) 

Device colonisation 
 

Rjinders et al 
(2003) 
Level II 

RCT 
Open-label 
14 months 
Belgium 

373 
Adult ICU patients who 

required an arterial catheter 
placement 

Maximum sterile barrier 
precautions (sterile gloves, sterile 
gown, cap and mask, large sterile 

drape) 

Standard of care (handwashing 
and sterile gloves) 

CRBSI 
Device colonisation 

Phlebitis 
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Key question 3: What are the effects of dressing regimes (type and frequency) for intravascular device insertion sites on the 
prevention of complications in health care settings? 

Citation 
NHMRC Level 
of Evidence 

Study Quality 

Study 
type/location N Population Intervention Comparator Outcomes presented 

Benhamou et al 
(2002) 
Level II 

 

RCT 
Open-label 
33 months 

France 

112 

Children with malignancy 
who were eligible for high-
dose chemotherapy and 
bone marrow transplant, 
single lumen silastic CVC 

inserted 

15-day dressing change 4-day dressing change 

CRBSI 
BSI 

Skin toxicity 
Skin colonisation 

Chambers et al 
(2005) 
Level II 

RCT 
Open-label 
39 months 

New Zealand 

95 

Adult patients undergoing 
chemotherapy via 

tunnelled intravascular 
catheter 

Sustained-release chlorhexidine 
dressing (Biopatch™) once site 

was dry and free from ooze 

No dressing once site was dry and 
free from ooze 

CRBSI 
BSI 

Exit-site infection 
Mortality 

Johnson et al 
(2002) 
Level II 

RCT 
Open-label 
22 months 
Australia 

50 

Adult patients with acute 
or chronic renal failure 
who required a newly 

inserted tunnelled, cuffed, 
CVC for haemodialysis 

2% calcium mupirocin ointment 
(Bactroban) applied to exit site at 

each dressing change (3 
times/week) 

No ointment applied to exit site. 
CRBSI 

Catheter-associated BSI 
Exit-site infection 

Johnson et al 
(2005) 
Level II 

RCT 
Open-label 
44 months 
Australia 

101 

Adult patients with acute 
or chronic renal failure 
who required a newly 

inserted tunnelled, cuffed, 
CVC for haemodialysis 

Medihoney™ applied to exit site at 
each dressing change (3 

times/week) 

2% calcium mupirocin ointment 
(Bactroban™) applied to exit site at 

each dressing change (3 
times/week) 

Catheter-associated BSI 
Exit-site infection 

Transient local skin reaction 
Cost 

Le Corre et al 
(2003) 
Level II 

RCT 
Open-label 
6 months 
Canada 

58 

Adults with chronic renal 
insufficiency requiring 

haemodialysis via 
tunnelled CVC 

Polyurethane dressing changed 
every 7 days 

Sterile gauze dressing changed 3 
times/week 

CRBSI 
Phlebitis 

Pruritus/erythema 
Cost 

Levy et al 
(2005) 
Level II 

RCT 
Open-label 
14 months 

Israel 

145 Paediatric ICU patients 
with a CVC > 48 hrs 

Sustained-release chlorhexidine 
dressing (Biopatch™) changed if 

needed (mechanical complications 
or bleeding, oozing, redness, or 

purulent discharge) 

Polyurethane dressing changed if 
needed (mechanical complications 

or bleeding, oozing, redness, or 
purulent discharge) 

CRBSI 
Catheter-associated BSI 

Phlebitis 
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Lok et al (2003) 
Level II 

 

RCT 
Double-blind 
12 months 

2 sites, 
Canada 

162 

Adults with end-stage 
renal failure requiring 
haemodialysis via a 

permanent tunnelled CVC 

Polysporin Triple ointment applied 
at end of each dialysis session for 
2 consecutive weeks (6 sessions), 
then with weekly dressing change 
and whenever dressing change 

required. 

Placebo ointment applied at end of 
each dialysis session for 2 

consecutive weeks (6 sessions), 
then with weekly dressing change 
and whenever dressing change 

required. 

CRBSI 
Exit-site infection 

Machado et al 
(2008) 
Level II 

RCT 
Open-label 
4 months 

Brazil 

150 
Paediatric patients with 

peripheral venous Teflon 
catheter 

PVC covered with sterile gauze 
dressing, secured by 

hypoallergenic adhesive tape 
OR 

PVC covered with transparent 
semipermeable film dressing 

PVC secured by hypoallergenic 
adhesive tape. 

Phlebitis 
Other adverse events, 

including: Infiltration, blood 
flow block, accidental 

removal, kinking, other. 

Olson et al 
(2004) 
Level II 

RCT 
Open-label 
(length not 

stated) 
Canada 

78 Adult cancer patients 
requiring CVC 

After day 21, exit site left 
uncovered 

Exit-site dressing with sterile 
gauze, secured with adhesive, 

changed daily if neutropenic, 2nd 
daily if not neutropenic. 

CRBSI 

Ruschulte et al 
(2009) 
Level II 

RCT 
Open-label 
24 months 
Germany 

601 

Adult patients undergoing 
chemotherapy for 
haematological of 

oncological malignancies, 
requiring CVC > 5 days 

Sustained-release chlorhexidine 
dressing (Biopatch™) changed 

weekly. 

Sterile transparent dressing 
changed weekly 

CRBSI 
Phlebitis 

Timsit et al 
(2009) 
Level II 

RCT 
Open-label 
19 months 

France 

1636 
Adult intensive care 

patients requiring CVC or 
peripheral arterial line 

Sustained-release chlorhexidine 
dressing (Biopatch™) changed 

every 3 days 
OR  

Sustained-release chlorhexidine 
dressing (Biopatch™) changed 

every 7 days 

Sterile transparent dressing 
changed every 3 days 

OR 
Sterile transparent dressing 

changed every 7 days 

CRBSI 
Device colonisation 

 116



Intravascular Device Systematic Review  Griffith University 
 
 

Key question 4: What are the effects of routine intravascular device replacement on prevention of complications in health care 
settings? 

Citation 
NHMRC Level 
of Evidence 

Study Quality 

Study 
type/location N Population Intervention Comparator Outcomes presented 

Barker et al 
(2004) 
Level II 

RCT 
Open label 

(study length 
unclear) 

UK 

47 Adult medical & surgical 
patients requiring a 

peripheral intravenous 
cannula 

Elective resiting of cannula every 
48 hours 

Change cannula only if site 
became painful, the cannula 

dislodged, or if there were signs 
of peripheral venous 

thrombophlebitis 

Phlebitis 

Butler-O’Hara et 
al (2006) 
Level II 

Good study 

RCT 
Open label 
6.5 years 

USA 

210 Infants ≤ 1250g with 
umbilical vein catheters 

for > 7 days 

Long-term (up to 28 days) 
umbilical vein catheter 

Short-term (7-10 days) umbilical 
vein catheter, followed by 

percutaneous central venous 
catheter 

Catheter-related infection 

Chen et al 
(2003) 
Level II 

RCT 
Open label 
12 months 

Taiwan 

258 Surgical and medical 
ICU patients requiring 

pulmonary artery 
catheter 

Replacement of pulmonary artery 
catheter at 7 days 

Replacement of pulmonary artery 
catheter at 4 days 

Catheter-related infection 

Webster et al 
(2007) 
Level II 

 

RCT 
Open label 
6 months 
Australia 

205 Adult surgical, medical 
and orthopaedic 

inpatients requiring a 
peripheral venous 

cannula for > 4 days 

Replacement of peripheral 
venous cannula only if clinically 

indicated 

Replacement of peripheral 
venous cannula every 3 days 

Unplanned cannula removal 
Cost 

Bacteraemia 

Webster et al 
(2008) 
Level II 

 

RCT 
Open label 
16 months 
Australia 

755 Adult inpatients 
requiring a peripheral 

venous cannula for > 4 
days 

Replacement of peripheral 
venous cannula only if clinically 

indicated 

Replacement of peripheral 
venous cannula every 3 days 

Phlebitis 
Infiltration 

Catheter blockage 
Local infection 
Bacteraemia 

Cost 
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Key question 5: What are the effects of administration set hang time on the infection risk of intravascular devices in healthcare 
settings? 

Citation 
NHMRC Level 
of Evidence 

Study Quality 

Study 
type/location N Population Intervention Comparator Outcomes presented 

Rickard et al 
(2004) 
Level II 

RCT 
Open label 
12 months 
Australia 

251 Adult ICU patients with 
chlorhexidine gluconate 
and silver sulfadiazine-

coated multi-lumen 
central venous 

catheters 

IV administration set change 
every 4 days 

IV administration set left intact for 
the duration of catheterisation 

Catheter colonisation 
Catheter-related bacteraemia 
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Appendix G. Tables of excluded studies 
 

 Author, Year Reason for exclusion 
Question 1 4 excluded studies 

 Calfee 2002 Skin preparation for drawing blood cultures, not indwelling intravascular 
devices. 

 Hibbard 2002 Preoperative skin preparation for reducing microbial counts, not for 
intravascular device insertion. 

 Hall 2005 
Study looked at whether injecting saline into sterile packaging prior to 
opening it affected bacterial contamination of CVCs. This intervention was 
not included in our interventions for review. 

 Xiao 2007 
Study looked at an education program designed to improve medical 
resident compliance during CVC insertion. Did not evaluate infection 
outcomes. 

Question 2 Nil excluded 
Question 3 3 excluded studies 

 Yamamoto 
2002 

Study examined the efficacy of a sutureless securement device compared 
to tape for peripherally inserted central catheters. Did not evaluate 
dressing type or frequency. 

 Eyberg 2008 
Study evaluated ease of use of a transparent chlorhexidine gluconate gel 
dressing vs chlorhexidine gluconate disk in health volunteers. Outcome 
reporting was not infection control related. 

 Olson 2008 
Study evaluated ease of use and performance characteristics of 
transparent dressing with chlorhexidine gluconate vs standard transparent 
dressing, Outcome reporting was not infection control related. 

Question 4 9 excluded studies 

 Rjinders 2004 
Study evaluated an algorithm of watchful waiting vs immediate catheter 
removal in ICU patients with suspected catheter-related infection. 
Evaluated response to suspected sepsis rather than routine replacement. 

 Schwengel 
2004 

Study compared patient satisfaction, number of venipunctures and cost of 
peripherally inserted central catheters vs peripheral venous catheters in 
paediatrics. Did not look at routine replacement. 

 Young 2005 Study compared incidence of exit site infections in dual lumen vs triple 
lumen haemodialysis catheters. Did not look at routine replacement. 

 Barria 2007 
Study compared sepsis rates between peripherally inserted central 
catheters and peripheral venous catheters in neonates. Did not look at 
routine replacement. 

 Wilson 2007 
Study compared occurrence of systemic infection or death in neonates 
with percutaneous central catheters vs peripheral venous catheters. Did 
not look at effect of routine replacement. 

 Parienti 2004 
Study examined risk of nosocomial infection in femoral vs jugular venous 
catheters in adult ICU patients requiring acute renal replacement therapy. 
Did not look at routine replacement. 

 Periard 2008 

Study examined incidence of complications, efficacy of catheters, patient 
satisfaction and cost-effectiveness of peripherally inserted central 
catheters and peripheral venous catheters. Did not look at routine 
replacement. 

 Tripathi 2008 
Study examined the effect of heparin flushes and splints on the 
occurrence of complications and patency in peripheral venous catheters in 
paediatrics. Did not look at routine replacement. 

 Mer 2009 
Study compared duration of use of standard vs antimicrobial impregnated 
central venous catheters. Antimicrobial catheters were not in the scope of 
this review. 

Question 5 Nil excluded 
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Appendix H. Data extraction and methodological quality review 
tables 
Ref No: 001 Author(s): Astle CM, and Jensen L. 

Year: 2005 Journal: Nephrology Nursing Journal 

Reviewer:     GRB                        CR             

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Canadian haemodialysis service (University of Alberta Hospital) with multiple 
satellite units. 

Participants: Adult end stage renal disease patients requiring new central venous catheter 
placement for haemodialysis use 3 times/week 

 Group A (ExSept™) Group B (Alcoholic chlorhexidine) 

Number of 
Participants 

57 64 

Mean Age (SD) 
(Range) 

All 
participants  

63.1 (16) 63.3 (15) 

Sex (F/M)   31/26 25/39 

Number: NIL Number: NIL 

Reason: Reason: 

Participants 
excluded from 
the study  

Before randomisation: 136 patients approached, 121 consented. Primary 
reason for refusal to participate was the length of the study. Other exclusions 
were patients preparing for peritoneal dialysis or renal transplant, or could not 
commit for 3 months. 

Following randomisation: 18 of the 121 randomised did not complete the study. 
This data was not provided per study group. 2 of the 18 withdrew because the 
smell of the ExSept™ made them nauseous. Another ExSept™ patient 
withdrew due to skin irritation from the product (patient had skin cancer and 
was immunosuppressed). The other 15 patients did not complete the study for 
a variety of reasons that were unlikely to be related to the skin prep solution. 
All 121 randomised patients were included in the final analysis so it appears 
that the last known measure was used for patients who completed the study 
early. There is no mention of missing data. 
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Interventions:  

Group A (ExSept™) Group B (Alcoholic chlorhexidine) 

ExSept™ (electrolyte chloroxidiser, chlorine 
based solution). Used for skin preparation prior 
to insertion and for site and hub care. 

Dressings 3 X week, Polysporin ointment used 
on exit sites 

50% ExSept used on hub 

0.5% chlorhexidine in 70% alcohol. Used for 
skin preparation prior to insertion and for site 
and hub care. 

Dressings 3 X week, Polysporin ointment used 
on exit sites 

 

Outcome Measures: Followed up for 3 months or until CVC removed 

Outcome Description: Scale/Measure (Definition of how was it measured) 
 Device-related BSI One or more +ve BC with no other apparent source; or, 1 +ve BC and 

+ve device tip; or, 1 +ve BC and +ve site discharge swab with same 
organism.  

If clinical signs of sepsis then site swab and blood culture taken 

CVCs cultured on removal 

 Phlebitis “Exit-site 
infection” 

Pus/tenderness, & erythema with induration ≥2cm, & +ve discharge 
culture, & +ve skin swab.  

 Skin toxicity “Irritation” Considered 3 X per week. Defined as red area approx 5cm X 5cm 

 Device colonisation >15cfu on roll plate from intraluminal brush or device tip. Brushings 
done only on a sub sample of patients (11%), unclear how many per 
group. Note this data was not reported in the paper although 
described in the methods 

 Skin colonisation >15cfu on roll plate from skin swab taken monthly for 3 months or for 
suspected infection.  

The authors recorded device and skin cultures and intraluminal brushings, and appear to have 
planned to use these as a combined endpoint, which they variously call “device colonisation” or 
“skin colonisation”. However, it was unclear which of these cultures were taken for what 
proportion of patients. It was also impossible to distinguish the respective results for these 
cultures. 

Results: 

Dichotomous Data Table: No sample size calculations provided 

Outcome Group 
(ExSept™) 
Number/Total 
number (%) 

Group (Chlorhex 
in alc) 
Number/Total 
number (%) 

P value supplied by authors 
Odds ratio (OR) and 95% 
confidence intervals (CI) computed 
(Revman) using extracted data 

IVD-related BSI 1/57 (1.8%) 1/64 (1.6%) P=not provided 
OR 1.13 (95%CI 0.07-18.41) 

Phlebitis  5/57 (8.8%) 5/64 (7.8%) P=0.553 
OR 1.13 (95%CI 0.31-4.14) 

Skin colonisation 55/57 (96%) 56/64 (88%) P=0.069 

Use odds ratio statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Infection rates were low in this cohort and ExSept™ and chlorhexidine 
had comparable efficacy 
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Author: Astle & Jensen                                                                    Year: 2005 

Title: A trial of ExSept™ for hemodialysis central venous catheters 

Design: RCT 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Authors stated that pre-prepared packages were 
“randomly organised” but it is unclear how the 
random sequence was generated, or whether the 
order was maintained. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Authors stated that pre-prepared packages were 
used, but unclear if these were numbered, sealed 
and opaque. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Distinctive odours of solutions made this 
impossible.  

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Not stated. Lab cultures may have been blinded. 
Phlebitis and overall IVD-related BSI status 
involved subjective decision-making. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Not stated. Authors noted difficulty in monitoring 
protocol due to involvement of multiple satellite 
units, but no information given on protocol 
adherence or ITT analysis. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% of randomised patients included in analysis. 
18 patients “did not finish study” No report that any 
patient was missing outcome data, this is unusual 
in this type of research. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Some clinical and demographic data provided with 
no significant differences between groups. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. 

Summation: No a priori sample size calculations are reported. Small sample size. 
Study was sponsored and one of the authors works for the company 
producing ExSept™ solution. High risk of bias. 
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Ref No: 02 Author(s): Langgartner 

Year: 2004 Journal: Intensive Care Med 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Germany. University Medical Centre, University of Regensburg 

Participants: Adult in-patients requiring central venous catheter (CVC) placement. Wards 
and ICU included. Patients could be included more than once if they had 
multiple CVCs. Mostly triple lumen, 50% used for dialysis. Total 1910 device 
days. 

 Group A (0.5% 
chlorhexidine in 70% 
alcohol, followed by 10% 
povidone iodine) 

Group B (10% 
povidone iodine) 

Group C (0.5% 
chlorhexidine in 70% 
alcohol) 

Number of 
Participants 

43 52 45 

Mean Age (SD) 
(Range) 

All 
participants  

51 (17) 53 (17) 57 (15) 

Sex (F/M)   21/22 17/35 17/28 

Number:  Number:  Number: 

Reason: Reason: Reason: 

Participants 
excluded from 
the study  

60 catheters were excluded after randomisation from the analysis: 5 patients 
died, 38 were not cultured, 17 were lost to follow up when patient transferred to 
another facility. Exclusions were not reported per study group so it is unclear 
whether they were equally distributed. 

Interventions:  

Group A (0.5% chlorhexidine 
in 70% alcohol, followed by 
10% povidone iodine) 

Group B (10% povidone 
iodine) 

Group C (0.5% chlorhexidine 
in 70% alcohol) 

0.5% chlorhexidine in 70% 
alcohol followed by 10% 

10% povidone iodine used to 
decontaminate skin prior to 

0.5% chlorhexidine in 70% 
alcohol used to decontaminate 
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povidone iodine used to 
decontaminate skin prior to 
insertion 

Drying time was 1 min after 
each product (total 2 min) 

Ongoing daily site care with 
alcoholic chlorhexidine and 
daily dressing change 
(Cutiplast™) 

insertion 

Drying time was 1 min at 
commencement then 
extended to 2 mins after 
protocol amendment 

Ongoing daily site care with 
alcoholic chlorhexidine and 
daily dressing change 
(Cutiplast™) 

skin prior to insertion 

Drying time was 1 min at 
commencement then extended 
to 2 mins after protocol 
amendment 

Ongoing daily site care with 
alcoholic chlorhexidine and 
daily dressing change 
(Cutiplast™) 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device colonisation ≥15 cfu using roll-plate technique (positive cultures were also 
compared using PFGE against skin swabs taken PRIOR to 
decontamination) 

Results: 

Dichotomous Data Table: Sample size calculations calculated to detect a 30% difference 
between groups with 80% power determined 140 CVCs were required. Unclear why this is not 
divisible by 3, given there were 3 study groups. A total of 200 were randomised and 140 included 
in the analysis. An unblinded interim analysis appears to have been performed. 

Outcome Group A (0.5% 
chlorhexidine in 
70% alcohol, 
followed by 10% 
povidone iodine) 
Number/Total 
number (%) 

Group B (10% 
aqueous povidone 
iodine) 
Number/Total 
number (%) 

Group C (0.5% 
chlorhexidine in 
70% alcohol) 
Number/Total 
number (%) 

P value supplied 
by author 
ORs computed 
for systematic 
review 
(Revman) using 
extracted data 

Device 
colonisation 

2/43 (4.7%) 
 

3.5/1000 IVD days 

16/52 (30.8%) 
 

21.0/1000 IVD days

11/45 (24.4%) 
 

18.4/1000 IVD 
days 

p=0.006 
 
KM + log rank 
p=0.005 
 

Device 
colonisation 

2/43 (4.7%) 16/52 (30.8%) - P=0.001 
OR 0.08 (95%CI 
0.02-0.37) 

Device 
colonisation 

2/43 (4.7%) - 11/45 (24.4%) P=0.009OR 
0.15 (95%CI 
0.03-0.73) 

Device 
colonisation 

 16/52 (30.8%) 11/45 (24.4%) P=0.32 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Skin disinfection with alcoholic chlorhexidine followed by PVP-iodine 
was superior in the prevention of microbial CVC colonisation compared 
to either of the regimens alone 
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Author: Langgartner et al                                                                Year: 2004 

Title: Combined skin disinfection with chlorhexidine/propanol and aqueous 
povidone-iodine reduces bacterial colonisation of central venous catheters 

Design: RCT 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Unclear how randomisation numbers were 
generated.  

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Sealed and numbered envelopes 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Different solutions and regimens made this 
impossible to blind personnel. However, the 
outcome (device colonisation) is not likely to be 
influenced by lack of blinding. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Unclear, but unlikely that lab staff were informed of 
study groups. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

No mention of this 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

60 catheters were excluded from final analysis, but 
exclusion rates per randomisation group were not 
reported. ITT not mentioned. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Although neither was statistically significant, the 
combined disinfectant group had fewer femoral 
lines and more immunocompromised patients, 
particularly in comparison to the povidone iodine 
group. These factors may have reduced and 
increased their infection risk, respectively. 
Multivariate analysis was not performed on these 
items. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

Randomisation at CVC level, not patient (i.e. 
patients had multiple catheters in study). Unequal 
drying times between groups (1 min cf 2 min) after 
application of antiseptic for two thirds of the trial, 
until a protocol amendment standardised this. The 
authors undertook additional analysis which 
suggests that this did not introduce bias into the 
results. 

Summation: Moderate risk of bias 
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Ref No: 03 Author(s): Mimoz 

Year: 2007 Journal: Archives of Internal Medicine 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: Poitiers, France. Surgical ICU in uni-affiliated hospital 

Participants: Adult intensive care patients requiring a plain central venous catheter (CVC). 
CVC in jugular or subclavian vein, not tunnelled and expected in situ 3 days 
or more. 

 Group A (0.25% chlorhexidine 
gluconate, 0.25% benzalkonium 
chloride, 4% benzylic acid) 

Group B (5% povidone iodine in 
70% alcohol) 

Number of 
Participants 

195 patients with 242 CVCs 204 patients with 239 CVCs 

Mean Age (SD) 
(Range) 

All participants  

57 (18) 58 (19) 

Sex (M)  163 (67%) 181 (75%) 

Number:  Number:  

Reason: Reason: 

 

Participants 
excluded from 
the study  

 

Interventions: Both groups: 2 consecutive applications prior to insertion, then a single 
application every 72 hours with dressing change or prn. Gauze dressing 
used. 

Group A (Biseptine: 0.25% chlorhexidine 
gluconate, 0.25% benzalkonium chloride, 4% 
benzylic acid) 

Group B (5% povidone iodine  in 70% 
alcohol) 

0.25% chlorhexidine gluconate, 0.25% 
benzalkonium chloride, 4% benzylic acid used 
for skin preparation prior to insertion and for site 
care. 

 

5% povidone iodine in 70% alcohol used for 
skin preparation prior to insertion and for site 
care. 
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Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Isolation of the same organism from the colonized catheter and from at 
least 1 peripheral blood sample, drawn 48 hrs before or after catheter 
removal in a patient with clinical manifestations of infection and no 
other apparent source except the catheter. When a patient had 
coagulase-negative staphylococci bacteremia, at least 2 cultures with 
positive results obtained from separate blood samples were mandatory. 

 “Skin inflammation” Presumably a subjective assessment by the RN 

 Device colonisation Quantitative culture of catheter tip showing at least 1 microorganism at 
a concentration of ≥103 cfu/ml. 

Results: 

Dichotomous Data Table: Power calc a priori on 8% vs 16% required 260/group for 80% power 
(alpha 5%) 

Outcome Group A (0.25% 
chlorhexidine gluconate, 
0.25% benzalkonium 
chloride, 4% benzylic 
acid) 
Number/Total number of 
catheters (%) 

Group B (5% povidone 
iodine) 
Number/Total number of 
catheters (%) 

Stats 
P value from article 

Device 
colonisation 

28/242 (11.6%) 

9.7/1000 IVD days 

53/239 (22.2%) 

18.3/1000 IVD days 

P=0.002 confirmed 
on survival analysis 
(log rank) 

IVD-related BSI 4/242 (1.7%) 

1.4/1000 IVD days 

10/239 (4.2%) 

3.4/1000 IVD days 

 

P=0.09 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Chlorhexidine-based solution should be considered as a replacement 
for povidone iodine (including alcohol-based) solution. 
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Author: Mimoz et al Year: 2007 
Title: Chlorhexidine-based antiseptic solution vs alcohol-based povidone-iodine 
for central venous catheter care 
Design: Prospective randomised trial 

Quality Criteria Assessment Comments 
Generation of 
random allocation 
sequence 

A  Adequate 

B  Unclear 

C  Inadequate 

Randomisation stratified according to catheter 
insertion site and equilibrated in blocks of 8. 
Computer-generated randomisation sequences.  

Allocation 
concealment A  Adequate 

B  Unclear 

C  Inadequate 

Sealed, numbered envelopes. As block size did not 
vary, it is possible the staff could have worked out 
the allocation towards the end of each block. This 
is unlikely to have influenced the outcomes. 

Blinding of 
Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention due to different colours 
of solutions. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Microbiology staff and research team who 
reviewed the outcomes were unaware of type of 
solution used. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Authors state intention to treat analysis was 
conducted, although no further information given. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

89% of randomised patients were included in the 
final analysis. The other patients had unevaluable 
catheters (missing cultures). Authors state that 
these had similar patient and catheter 
characteristics. 

Control and 
treatment group 
compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

More male patients in the povidone iodine group (p 
0.04), but multivariate analysis found sex was not 
an independent factor for catheter colonisation or 
infection. However, gender has been shown to be 
a factor in man y other studies. 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. Multiple catheters 
were included per patient, They also report a 1st 
catheter per patient analysis with consistent results 
to the main analysis. 

Summation: Well conducted study. Low risk of bias. 
The study was sponsored by two pharmaceutical companies that 
manufacture the solutions used, and Mimoz is a consultant for both 
companies. The authors state that the funding sources had no input into 
the design or conduct of the study. 
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Ref No: 04 Author(s):  Parienti 

Year: 2004 Journal: Critical Care Medicine 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: France. Medical ICU (11 bed).  

Participants: 223 adult intensive care patients requiring plain central venous catheter 
placement. CVCs are unit of measurement, not patients. 

 Group A (Alcoholic povidone 
iodine) 

Group B (Aqueous povidone 
iodine) 

Number of 
Participants 

106 CVC 117 CVC 

Mean Age (SD) 
(Range) 

All participants  

54.4 (range not stated) 61.5 (range not stated) 

Sex (F/M)   Not stated Not stated 

Number: 40 after randomisation Number: 43 after randomisation 

Reason: 19/40 guidewire exchange 
21/40 in situ <3 days 

Reason: 22/43 guidewire insertion
21/43 in situ < 3 days 

 

Participants 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 

 

Interventions: Both groups: insertion sites scrubbed with aqueous 4% pov-iodone, then 
rinsed with sterile water, dried with gauze and then the protocol solution 
was applied twice. 72 hourly dressing changes. Study solution soaked 
gauze wrapped around hubs for any manipulations. 

Group A (Alcoholic povidone iodine) Group B (Aqueous povidone iodine) 

5% povidone iodine in 70% alcohol for skin 
preparation prior to insertion and for site care 

10% aqueous povidone iodine for skin 
preparation prior to insertion and for site care 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
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 Device-related BSI Catheter tip colonisation, plus a) peripheral and central blood culture 
yielding the same species as catheter tip within 48 hrs of CVC 
removal with no other apparent source of sepsis; 

 Device-related clinical 
infection 

Catheter tip colonisation, plus b) clinical signs of infection (fever 
>38°C, hypotension, or septic shock at the time of CVC removal) that 
resolved 24 hrs after removal of the catheter. 

 IVD-related Infection Combination of “IVD-related BSI” and “IVD-related clinical infection” 

 Device colonisation Quantitative catheter tip culture of ≥ 103 cfu/ml from the distal 4-5cm 
was considered positive. 

Results: 

Dichotomous Data Table:  

Outcome Group (Alcoholic 
5% PI) 
Number/Total 
number (%) 

Group (Aqueous 
10% Pl) 
Number/Total 
number (%) 

P values from paper 
OR (95% CI) computed from data 
extracted using Revman software 

Device 
colonisation 14/106 (13.2%) 41/117 (35%) P<0.001 

Survival analysis (log rank) p=0.005 
OR 0.28 (95%CI 0.14-0.56) 

IVD-related 
infection 

- IVD-related 
BSI 

- IVD-related 
clinical 

infection 

5/106 (4.7%) 

1/106 

4/106 

16/117 (13.7%) 

4/117 

12/117 

P<0.01, OR 0.31 (95% CI 0.11-
0.89) 
 
P=NS 
 
P=NS 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Alcoholic povidone iodine reduced the incidence of catheter 
colonisation and catheter-related bloodstream infection, compared to 
aqueous povidone iodine. 
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Author: Parienti et al Year: 2004 

Title: Alcoholic povidone-iodine to prevent central venous catheter colonization: A 
randomized unit-crossover study 

Design: Prospective randomised multi-unit crossover trial 

Quality Criteria Assessment Comments 
Generation of 
random allocation 
sequence 

A  Adequate 

B  Unclear 

C  Inadequate 

Random number table to assign the new protocol to 
one of the two units. Individual patients were not 
randomised. 3 monthly crossover of units.  

Allocation 
concealment A  Adequate 

B  Unclear 

C  Inadequate 

Impossible to do. Unlikely to have large effect on 
results 

Blinding of 
Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Not possible due to different colour of solutions. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Microbiology staff were unaware of solution used for 
each catheter 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

States this was done, but no further information 
given on protocol adherence. The unit crossover 
(every 3 months) design could have led to error, as 
the antiseptic solution was left at the bedside for 
patients remaining in the unit after crossover. 

Completeness of 
reporting 
≥ 90% 

A  Yes 

B  Unclear 

C  No 

73% of randomised patients were included in the 
final analysis. CVCs inserted over guidewire or 
removed before 3 days were excluded. Equal 
numbers excluded between groups. 

Control and 
treatment group 
compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

The alcoholic povidone iodine group was 
significantly (mean 7 years) younger, and had more 
organ failure, than the aqueous-based group. 
Multivariate analysis found these factors did not 
confound the results. 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done  

Summation:  Low risk of bias 
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Ref No: 05 Author(s): Small 

Year: 2008 Journal: Infection Control and Hospital Epidemiology 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Birmingham, United Kingdom. University hospital 

Participants: Elective cardiology patients (ablation or pacemaker insertion) with peripheral 
venous catheter 

 Group A (2% chlorhexidine in 70% 
alcohol) 

Group B (70% alcohol) 

Number of 
Participants 

91 79 

Mean Age (SD) 
(Range) 

All 
participants  

Overall 21–96 (61.3) 

NOT specified per group 

Sex (F/M)   31/60 32/47 

Number:  Number:  

Reason: Reason: 

Participants 
excluded from 
the study  

60/230 randomised excluded from study, does not say which group they were 
in. Reasons: discharged n=1, not cultured n=23, in situ <24 hours n=10, 
different type of cannula n=1, cannula contaminated on removal n=25. 

Interventions: Both groups: semipermeable dressing. Inserter wore clean nonsterile 
gloves and no mask. Study solutions used on site prior to removal of 
catheter. 

Group A (2% chlorhexidine in 70% 
alcohol) 

Group B (70% alcohol) 

2% chlorhexidine in 70% alcohol in 0.67ml 
applicator applied for 30 sec in back and forth 
motion and allowed to dry for 2 min 

70% alcohol (isopropyl alcohol 0.6ml wipes) 
applied for 70 sec in circular motion and allowed 
to dry for 2 min 

Outcome Measures: 
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Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device colonisation Quantitative tip culture of PVC tips. The distal 3cm of each PVC tip 
was vortexed in 1ml of saline solution for 60 seconds, then 100μl of 
the liquid was inoculated onto a blood agar plate that was incubated 
in air at 37°C for 48 hours. Number of colony-forming units was 
determined. 

Results: 

Dichotomous Data Table:  

Outcome Group A (2% 
chlorhexidine in 70% 
alcohol) 
Number/Total number 
(%) 

Group B (70% 
alcohol) 
Number/Total 
number (%) 

P value from paper 
OR computed using 
Revman from extracted 
data 

Device 
colonisation 

18/91 (20%) 39/79 (49%) P<0.001 
OR 0.25 (95%CI 0.13-
0.50) 

Chlorhexidine 
hypersensitivity 

Nil observed -  

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors 
Conclusions: 

The use of 2% chlorhexidine gluconate may reduce the risk of peripheral 
IVC contamination or colonisation compared with the use of 70% alcohol 
alone. 
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Author: Small et al Year: 2008 

Title: Efficacy of adding 2% (w/v) chlorhexidine gluconate to 70% (v/v) isopropyl 
alcohol for skin disinfection prior to peripheral venous cannulation 

Design: Prospective randomised trial 

Quality Criteria Assessment Comments 
Generation of 
random allocation 
sequence 

A  Adequate 

B  Unclear 

C  Inadequate 

Method of randomisation not stated. 

Allocation 
concealment A  Adequate 

B  Unclear 

C  Inadequate 

Not reported 

Blinding of 
Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Different techniques, therefore not able to be blinded 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Likely that lab staff were blinded, but not specified. 
Unlikely to influence outcome greatly. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Unclear whether this was done 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

74% of randomised patients were included in the final 
analysis. No data on which groups the dropouts came 
from. 

Control and 
treatment group 
compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Minimal information given 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

Minimal information given 

Summation: Moderate risk of bias. Insufficient information given to assess the data with 
confidence. Findings support chlorhexidine; however study was sponsored 
by a grant from Enturia (company who manufactures the chlorhexidine 
solution), and one of the authors is an employee of Enturia. 
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Ref No: 06 Author(s): Valles 

Year: 2008 Journal: Infection Control and Hospital Epidemiology 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Sabadell, Spain. 16-bed adult med-surg ICU in university affiliated hospital 

Participants: Adult intensive care patients requiring plain central venous catheter or arterial 
catheter placement.  

 Group A (0.5% 
chlorhexidine in 70% 

alcohol) 

Group B (2% 
chlorhexidine in 

aqueous solution) 

Group C (10% 
povidone iodine in 
aqueous solution) 

Number of 
Participants 

116 107 106 

Mean Age (SD) 
(Range) 

All 
participants  

61 (17) 60 (16) 61 (17) 

Sex (F/M)   Not stated Not stated Not stated 

Number: 29 Number: 32 Number:27 

Reason: Reason: Reason: 

Participants 
excluded from 
the study  

Originally 420 patients with 998 IVDs randomised. Excluded if removed <24 
hours of insertion, or >72 hours after ICU discharge, inserted pre-ICU, 
guidewire insertion, used for haemodialysis/PN/chemo, pulmonary artery 
catheters, age <18 years. 

Total number of IVDs in final analysis = 631 IVDs in 329 patients 

Interventions: All groups: maximal barrier precautions, sterile gauze dressing schanged 
q 3 days or prn, study solution used for site care q 3 days and prn. 

Group A (0.5% chlorhexidine 
gluconate in 70% alcohol) 

Group B (2% chlorhexidine 
gluconate in aqueous 
solution) 

Group C (10% povidone 
iodine in aqueous solution) 

0.5% chlorhexidine in 70% 
alcohol used for skin 

2% chlorhexidine in aqueous 
solution used for skin 

10% aqueous povidone iodine 
used for skin preparation prior 
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preparation prior to insertion 
and for site care 

preparation prior to insertion 
and for site care 

to insertion and for site care 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI same microorganism recovered from catheter-tip culture and blood 
culture 

 Phlebitis Pus, extensive erythema, or tenderness at catheter insertion site. 
Inspected every 72 hours 

 Device colonisation ≥ 15 cfu grew in a semi-quantitative culture of the catheter tip by use 
of the roll-plate technique 

Results: 

Dichotomous Data Table: Sample size calculations required 200 catheters per group 

Outcome Group (0.5% 
chlorhex in 
alcohol) 
Number/Total 
number (%) 

Group (2% 
chlorhex in 
aqueous) 
Number/Total 
number (%) 

Group C (10% 
povidone iodine 
in aqueous) 
Number/Total 
number (%) 

P values from paper 
OR computed using 
Revman from 
extracted data 

Device 
colonisation 

32/226 (14.2%) - 48/194 (24.7%) P<0.01 
OR 0.5 (95% CI 0.3-

0.8) 
Device 

colonisation 
 34/211 (16.1%) 48/194 (24.7%) P=0.03 

OR 0.6 (95% CI 0.4-
0.9) 

IVD-related 
BSI 9/226 (4.0%) 9/211 (4.3%) 9/194 (4.6%) P=NS 

Phlebitis 38/226 (17%) 35/211 (16.8%) 30/194 (15.6%) P=NS 

Mortality 22 (19%) 29 (27.1%) 25 (23.6%)  

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Alcoholic chlorhexidine gluconate solution is as effective as aqueous 
chlorhexidine solution, and both were more effective than aqueous 
povidone iodine solution, in preventing short-term CVC and AC 
colonisation. 
 

 

 136



Intravascular Device Systematic Review  Griffith University 
 

 
Author: Valles et al Year: 2008 

Title: Prospective randomized trial of 3 antiseptic solutions for prevention of 
catheter colonization in an intensive care unit for adult patients 

Design: Prospective randomised controlled trial 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Block randomisation but no information on size of 
block or how this was generated 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

“Blinded block randomisation”. No info on size of 
block or whether this randomly varied 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Not reported. Given the nature of the intervention, 
blinding is unlikely to have occurred. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Microbiologists performing device and blood 
cultures were reported to be blinded (primary 
endpoints). Phlebitis measures seem to have been 
undertaken by unblinded clinical staff but this is not 
specified. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Per protocol analysis was used as the main 
analysis. An intention to treat analysis was also 
performed using sensitivity analysis (replacement 
of missing values with worst case scenario), with 
similar results. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

Only 63% of randomised patients were included in 
the per protocol analysis. Exclusion rates were 
comparable between groups. An ITT analysis 
included all randomised patients and found 
consistent results with the per protocol analysis 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Significantly more trauma patients in the povidone 
iodine group. More gastrointestinal disease 
patients and less cardiovascular patients in the 
aqueous 2% chlorhexidine group. This may have 
introduced bias into the study but how much is 
unclear. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to be the case 

Summation: Generally, a well conducted and reported trial. Low risk of bias. 
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Ref No: 07 Author(s): van der Mee-Marquet 

Year: 2007 Journal: BMC Anesthesiology 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: 11 hospitals/clinics and 1 long-term care facility in France. 

Participants: 248 adult in-patients requiring peripheral venous catheter insertion for more 
than 48 hours 

 Group A (Two-step procedure) Group B (Standard four-step 
procedure) 

Number of 
Participants 

130 118 

Mean Age (SD) 
(Range) 

All 
participants  

>70 years 46/84 > 70 years 46/118 

Sex (F/M)   46/84 47/71 

Number:  Number:  

Reason: Reason: 

Participants 
excluded from 
the study  

 
No data given 

Interventions: Both groups: IVs inserted by nurses 

Group A (2 step procedure using 5% 
povidone iodine in 70% alcohol) 

Group B (4 step procedure using 10% 
povidone iodine in alcohol) 

Step 1. 5% povidone iodine in 70% alcohol, 
extensive application with sterile wipes 

Allow to dry for 30 seconds 

Step 2. 5% povidone iodine in 70% alcohol 
applied with fresh wipe  

Allow to dry for 30 seconds 

Step 1. 10% povidone iodine 

Step 2. Rinse with sterile compresses & sterile 
water 

Step 3. Dry with sterile compress 

Step 4. 10% povidone iodine in alcohol 

Allow to dry for 1 minute 

Outcome Measures: 
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Outcome Description: Scale/Measure (Definition of how was it measured) 

 Phlebitis  Maddox Scale. 0-5 rating for: sensitivity, redness, swelling, 
palpable venous cord, purulence) were taken daily for 72 hours. 
Any score over 0 considered as a complication. Score of 3 or 4 
considered “severe” and 5 “major”. Monitored by nurses daily 
until 72 hours or removal of IV 

Results: 

Dichotomous Data Table: This sample size was significantly lower than the stated sample 
planned via power calculations (462) with no explanation as to why the smaller sample (248) was 
used. 

Outcome Group (2 step 
5% povidone 
iodine) 
Number/Total 
number (%) 

Group (4 step 
10% povidone 
iodine) 
Number/Total 
number (%) 

OR and CI computed from 
extracted data using Revman 
software 

Phlebitis at 24 
hours 

18/130 (14%) 9/116 (8%) P=0.13 

Phlebitis at 48 
hours 

28/109 (26%) 22/94 (23%) P=0.71 

Phlebitis at 72 
hours 

19/63 (30%) 15/56 (27%) P=0.68 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: The frequency of complications (phlebitis) was not affected by the skin 
preparation procedure. 
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Author: van der Mee-Marquet et al Year: 2007 

Title: Efficacy and safety of a two-step method of skin preparation for peripheral 
intravenous catheter insertion: a prospective multi-centre randomised trial 

Design: Multi-centre randomised trial, equivalence study 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Not stated how randomisation sequence was 
generated. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Unclear. Stratified by centre. Centralised 
randomisation list 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Not reported, however it would be impossible to blind 
due to different procedures. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Appears that the nurses who assessed for phlebitis 
were aware of the study group. This is a largely 
subjective measure. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

No data given on protocol compliance at the multiple 
centres. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

Did not report the total number randomised into the 
trial or the number of dropouts/exclusions. Actual 
incidence of phlebitis overall is unclear (only rates for 
those in situ at 24, 48 and 72 hours provided). 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Groups appear to have been compatible in 
demographics and other variables. Multiple cannulae 
enrolled per patient, no attempt to analyse for effect of 
this. 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. 

Summation: Limited data analysis and presentation makes it difficult to assess results. 
Moderate risk of bias. 
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Ref No: 08 Author(s): Carrer S et al. 

Year: 2005 Journal: Minerva Anestesiol 

Reviewer:     GRB                        CR             

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: 4-bed medical-surgical ICU in Italy 

Participants: 107 central venous devices in 82 patients. All jugular, electively inserted, non-
tunneled  lines. Total 750 device days, mean dwell 6.9 +/-4.7 days 

 Group A (Maximal 
sterile barrier plus 
gauze dressing) 

Group B 
(Standard care 
plus gauze 
dressing) 

Group C 
(Maximal 
insertion plus 
transparent 
dressing) 

Group D 
(Standard care 
plus 
transparent 
dressing) 

Number of 
Participants 
(CVC not 
patient) 

26 28 30 23 

Mean Age (SD) 
(Range) 

All participants  

68 (21) 69 (13) 73 (10) 73 (11) 

Sex (F/M)   8/18 (70% m) 11/17 (61% m) 14/16 (53% m) 12/11 (47% m) 

Number: 4 Number: 2 Number: NIL Number: 7 Participants 
excluded from 
the study:  

13 CVCs 
following 
randomisation 

Reason: in situ 
<72hr 

Reason: in situ 
<72hr 

Reason: Reason: in situ 
<72hr 

Interventions:  

Group A (MS) Group B (LS) Group C (MP)  Group D (LP) 
Maximal sterile barrier 
insertion technique. 
Operator wears: 
- Mask 
- Cap  

Standard care.  
Inserter wears 
- Mask 
- Cap 
- Sterile gloves 

Maximal sterile barrier 
insertion technique. 
Operator wears: 
- Mask 
- Cap  

Standard care. 
Inserter wears 
- Mask 
- Cap 
- Sterile gloves 
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- Sterile gloves 
- Sterile gown 
Large sterile drape 
used 
Nurse also wears cap 
and mask 
PLUS 
Gauze dressing 
changed q48hr 

- 2 small sterile drapes 
PLUS 
Gauze dressing 
changed q48hr 

- Sterile gloves 
- Sterile gown 
Large sterile drape 
used  
Nurse also wears cap 
and mask 
PLUS 
Transparent dressing 
changed q5 days 

- 2 small sterile 
drapes 
PLUS 
Transparent dressing 
changed q5 days 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Matched organism in BC and tip, plus symptoms and no other apparent 
source for the infection. – Note results not given for this per group 

 Device colonisation “Qualitative culture” no definition given of cut-off for positive diagnosis 

 Skin colonisation Quantitative culture plated. Greater than or equal to 103 cfu.  

Skin cultured immediately after insertion (T0), and again at 48 hours 
(T1) and 5 days (T2). Positive culture is 103cfu or greater 

Results: 

Dichotomous Data Table: Note: Results for skin colonisation only given in percentages per group. 
Data has been computed assuming that the denominator is the total number reported per group. 
No mention of power calculations. Inadequate sample size to test the hypotheses, particularly given 
the 4-arm nested design. Time in situ appears to have been about 2 days longer on average in the 
maximal barrier group. Time was not adequately investigated as a factor in this study 

Outcome Group (MS & MP 
merged – 
Maximal barrier) 
Number/Total 
number (%) 

Group (LS& LP 
merged – 
Standard care) 
Number/Total 
number (%) 

P values from paper 
Odds Ratio (OR) with 95% 
confidence intervals (CI). Note 
these are imputed from data 
extracted using Revman 

Skin colonisation 
(primary 
endpoint) 
baseline 22/56 (39%) 35/51 (69%) 

P=0.01 type of sterile barrier  
P=0.39 dressing type  
(unclear which T skin colonisation 
this was done on or ? composite 
measure) 
OR 0.30 (95% CI 0.13 to 0.66) 

- at 48 hours 32/56 (58%) 35/51 (61%) OR 0.86 (95% CI 0.44 to 1.86) 
- at 5 days 35/56 (63%) 35/51 (68%) OR 0.76 (95% CI 0.34 to 1.70) 
Device 
colonisation 32/56 (54%) 35/51 (69%) 

P=0.10  maximal barrier 
P=0.19 dressing type 
OR 0.53 (95% CI 0.24 to 1.16) 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Dichotomous Data Table:  

Outcome Group A (MS) 
Maximal barrier 

+ gauze dressing

Group B (LS) 
Standard care + 
gauze dressing 

Group C (MP) 
Maximal barrier 
+ PU dressing 

Group D (LP) 
Standard care 
+ PU dressing

Skin colonisation 
at baseline 

41% 60% 39% 79% 
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- at 48 hours 60% 47% 58% 76% 
- at 5 days 63% 69% 64% 67% 

Device 
colonisation 

14/26 (54%) 18/28 (64%) 18/30 (61%) 17/23 (74%) 

Authors 
Conclusions: 

Maximal sterile barrier proved to be an effective and recommended practice. 
However, surveillance screening identified increased colonisation over time. 
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Author: Carrer et al Year: 2005 
Title: Effect of different sterile barrier precautions and central venous dressing on 
the skin colonization around the insertion site 
Design: Prospective randomised controlled trial 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Not reported. 4-arm study with patients randomised 
to two dressing types in addition to two insertion 
techniques.  

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Not reported 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Not reported whether care staff or patients were 
blinded. Given the nature of the intervention, 
blinding would be impossible. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

It was not reported whether microbiologists 
performing device and skin cultures were blinded. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Not reported 

Completeness of 
reporting 
≥ 90% 

A  Yes 

B  Unclear 

C  No 

107/120 (89%) follow up. Drop outs unevenly 
distributed between groups. Results only given in 
%, rather than actual observations 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Groups were reportedly equal, although statistical 
tests were not reported to assess the significance 
of this. Patient acuity appears to have been lower 
in the standard care group. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

The two insertion technique groups had roughly 
half each receiving either type of tested dressing. 
Mean catheter dwell time appears to have been 2 
days longer in the maximal sterile barrier group. 
Authors did not adjust for this in analysis. This may 
reflect lower acuity at baseline or may reflect an 
outcome of the intervention. Apart from this, care 
appears to have been standardised. 

Summation Difficult to extract information from this paper. Most data given in 
percentages, not original data, unclear what denominators were. Unclear 
whether randomisation/analysis performed per patient or per IVD. No 
definition of positive tip culture given, merely states “qualitative culture” 
method. Moderate risk of bias. 
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Ref No: 009 Author(s): Rijnders et al. 

Year: 2003 Journal: Clinical Infectious Diseases 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, skin 
toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Medical-surgical ICU in Belgium 
 

Participants: 373 adult intensive care unit patients with radial or dorsalis pedis peripheral 
arterial catheters 

 Group A (Maximal sterile 
barrier) 

Group B (Standard 
care) 

P value reported 

Number of 
Participants 
(analysed) 

129 143  

Mean Age (SD) 
(Range) 

All 
participants  

60.7 60.1 >0.1 

Sex (F/M)   74/55 (F 43%) 99/44 (F 31%) 0.04 

Participants 
excluded from 
the study  

Number: 101 of 373 patients excluded following randomisation if device 
not cultured. Exclusion rate per study group not reported. 
 

Interventions: Both groups inserted after decontamination with 0.5% chlorhexidine in 
70% alcohol, gauze dressing changed only when soiled/loose. 

Group A (Maximal sterile barrier insertion) Group B (Standard care) 

Operator wears: 

- sterile gloves 

- mask 

- cap 

- gown 

Large sterile drape 

Operator wears: 

- Sterile gloves 
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Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI “Definite” +ve tip and same organism on +ve BC from peripheral vein, 
plus defervescence of symptoms within 48 hours of removal 

“Probable” Same as Definite, but BC can be taken through device, 
OR, as for Definite, but tip culture -ve and patient received antibiotics 
with appropriate cover  

 Device colonisation Vortex sonication. +ve culture >1000 cfu OR >100 cfu (this was 
inconsistently referred to in the paper) 

Results: 

Dichotomous Data Table: Power calcs done on 20 versus 10 colonisations per 1000 IVD days 
and required 1825 IVD days per group. Recruited sample too small to test hypotheses adequately 
so study stopped early on interim analysis.  

Outcome Group (Maximal 
barrier) 
129 patients 
1141 IVD days  

Group (Standard 
Care) 
143 patients 
1202 IVD days 

P value from paper 
OR and CI values computed from 
extracted data using Revman 
software 

Device 
colonisation 

23/129 (18%) 
26 / 1000 IVD 

days 

19/143 (13%) 
23 / 1000 IVD 

days 

p>0.1 
OR 1.42 (95%CI 0.73, 2.74) 

IVD-related BSI 2/129 (1.6%) 
1.8 / 1000 IVD 

days 

2/143 (1.4%) 
1.7 / 1000 IVD 

days 

p>0.1 

     

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors 
Conclusions: 

Use of full sterile barrier precautions did not prevent arterial catheter 
colonisation or infection 
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Author: Rjinders et al Year: 2003 

Title: Use of full sterile barrier precautions during insertion of arterial catheters: a 
randomized trial 

Design: Prospective randomized trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Method of generating sequence not reported.  

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Opaque, numbered and sealed envelopes. Stated a 
1:1 ratio in blocks of 16-24. Method for varying 
blocks not explained but seems unlikely to have 
revealed allocation. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Not reported whether care staff or patients were 
blinded. Given the nature of the intervention, blinding 
would be impossible. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

It was not reported whether microbiologists 
performing device and skin cultures were blinded. 
Use of definite and 2 probable definitions for IVD-
related BSI diagnosis allowed more subjectivity. Cut-
off for positive tip culture was reported inconsistently 
in the paper. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Authors state this was performed. Authors state that 
in 25/373 lines, physicians were unable to wear 
gloves throughout the procedure but this was said to 
be non significant diff by group (p>0.1) 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

73% of randomised patients included in final 
analysis. 101/373 excluded for lack of culture results. 
Not reported per treatment group. Reported that 
excluded patients had similar age & acuity to 
included pts. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Significantly more women in maximal sterile barrier 
group (43% vs 31%, p=0.04) but unclear if this had 
an effect. Gender has been linked in several studies 
as a predictor of IVD infection risk. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

Care appears to have been standardised. 

Summation Overall, a well designed study, although with some risk of bias. Unclear 
whether patient or device was the unit of randomisation & analysis. Large 
drop out rate is a concern. 
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Ref No: 010 Author(s): Benhamou et al 

Year: 2002 Journal: Bone Marrow Transplantation 

Reviewer:     GRB                        CR       

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, skin 
toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Paediatric bone marrow transplant unit in France, July 1990-April 1993 

Participants: Paediatric oncology patients requiring high dose chemo and BMT 

 Group A (15-day dressing change) Group B (4-day dressing 
change) 

Number of 
Participants 

56 56 

Mean Age (SD) 
(Range) 

All 
participants  

5 (1-22) 7 (2-19) 

Sex (M/F)   33/23 25/31 

Number:  1 after randomisation Number:  

Reason: Patient relapsed after randomisation 
and did not receive high dose chemo. 

Reason: 

Participants 
excluded from 
the study  

Patients excluded prior to randomisation if had busulfan–thiopeta regime or had 
grade 2 toxicity at site. Patients also had to have a negative or staph epi only 
positive skin culture to be eligible. 

Interventions: Both groups: 0.5% chlorhexidine used for skin care and insertion. IVs inserted in 
OT with maximal barrier, tunnelled 10 cm max. Single lumen Silastic in 
subclavian. Three types of dressing were used according to skin toxicity: 

Adhesive transparent oxygen-permeable type (Tegaderm) for Grade 0 and 1 
skin condition; Mefix dressing for Grade 2 and 3 skin; Sterile gauze and tape for 
Grade 4 skin. Dressings observed daily 

Group A (15-day dressing change) Group B (4-day dressing change) 

Dressing changed every 15 days, unless 
required earlier for soiled or loosened dressing. 

Dressing changed every 4 days, unless required 
earlier for soiled or loosened dressing.  

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
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 Device-related BSI Blood cultures and catheter entry site culture were taken if fever > 38.5C 
and/or signs of local infection. Considered CRBSI if same microorganism 
found in both. Device tip cultures not mentioned. 

 Skin toxicity Grade 0: healthy skin 
Grade 1: slightly inflamed skin 
Grade 2: minor cutaneous lesions, dressing difficult to remove 
Grade 3: lesions reaching the periphery of the dressing 
Grade 4: cutaneous lesions to such an extent that the usual dressing 
could no longer be used 
Skin toxicity of 2 or more was considered as treatment failure 

 Pain None, moderate or severe during the dressing change, and between 
dressing changes 

 Skin colonisation Qualitative culture of catheter entry point taken at dressing change 
(therefore more samples were taken in the 4 day group and the authors 
did not use this as an endpoint) 

Results:  

Dichotomous Data Table: Power calcs advised 55 per group required to detect 30% reduction 
from baseline of 30% toxicity 

Outcome Group (15-day 
dressing change) 

n = 56 

Group (4-day 
dressing change) 

n = 56 

 

Skin toxicity 

- grade 0 

- grade 1 

- grade 2 

- grade 3 

-     grade 4 

 

21 (37%) 

27 (48%) 

6 (11%) 

1 (2%) 

1 (2%) 

 

10 (18%) 

22 (39%) 

19 (34%) 

4 (7%) 

1 (2%) 

 
 
 
 
 
 

≥ 2 skin toxicity 8/56 (14%) 24/56 (43%) P=0.001 KM + log rank. 
Adjusted for busulfan 
p<0.001 

Skin colonisation 15 (27%) 13 (23%) 

Bacteraemia 6 (11%) 7 (13%) 

CRBSI matched skin 
(not tip) and blood 
culture plus clinical 
signs 

1 (1.78%) 1 (1.78%) 

 
Not analysed 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Continuous Data (Scale): 

Outcome Group (15-day dressing change) 
n = 56 

Group (4-day dressing change) 
n = 56 

Number of dressings 7 (s.d. 3) 12 (s.d. 5) 
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Authors Conclusions: Decreasing the dressing change frequency proved efficient in reducing 
cutaneous toxicity without increasing the risk of local or systemic 
infection. The main result is a 70% relative reduction in skin toxicity with 
less frequent dressing changes. There is also a worthwhile benefit in 
decreasing nursing workload. We propose a mean frequency of 8 days 
for dressing changes (because this was the mean actual frequency 
achieved in the 15 day group) 
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Author: Benhamou et al Year: 2002 
Title: Less frequent catheter dressing changes decrease local cutaneous toxicity of 
high-dose chemotherapy in children, without increasing the rate of catheter-related 
infections: results of a randomised trial 
Design: RCT 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer-generated list; randomisation stratified by 
type of high dose chemo (busulfan known to increase 
skin toxicity) 

Allocation 
concealment A  Adequate 

B  Unclear 

C  Inadequate 

Not reported 

Blinding of 
Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Intervention made this impossible 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Skin toxicity assessments undertaken by staff nurses 
and is a relatively subjective measure 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

They state ITT was used and provide information on 
compliance. Dressings were changed an average of 
every 8 days in the 15-day group, primarily due to 
loosened or soiled dressings. Dressings in the 4-day 
group were changed on average every 4 days, as per 
protocol, or when required.  

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

112 of 113 randomised included in final analysis. No 
mention of missing data. Not clear how many 
participants were originally assessed for eligibility. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Demographic and clinical variables not significantly 
different between groups 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

Skin toxicity assessments (primary endpoint) were 
performed at dressing changes, so it appears that the 
15-day group had fewer measures done, which may 
have contributed to the lower rate. Different dressings 
and antiseptics were used depending on skin toxicity 
assessments. However, the regime was the same for 
both groups and all patients with skin toxicity of 0 or 1 
received the same dressing thus this would not 
influence progression to grade 2 differently between 
groups. 

Summation: Outcome measure was unblinded, subjective and appears to have been 
performed more frequently in one group than the other. Moderate risk of 
bias. 
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Ref No: 011 Author(s): Chambers et al 

Year: 2005 Journal: Journal of Hospital Infection 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: New Zealand 

Participants: Adult haematology patients undergoing chemotherapy via tunnelled 
intravascular catheters. 

 Group A (control – no dressing) Group B (intervention – Biopatch™ 
sustained-release chlorhexidine 
dressing) 

1.1 Number of 
Participants 

1.2 Number of 
catheters 

43 
 

54 

52 
 

58 

Mean Age (SD) 
(Range) 

All participants  

49 (16-70) 50 (15-68) 

Sex (M/F)   19/24 16/36 

Number: 1 Number: 1 Participants 
excluded from 
the study  Reason: left hospital and 

continued treatment elsewhere 
Reason: left hospital and continued 
treatment elsewhere 

Interventions:  

Group A (control - no dressing) Group B (intervention - Biopatch™) 

Once the insertion site was dry and free from 
ooze, catheter site received standard exit-site 
treatment of no dressing, according to British 
Committee for Standards in Haematology 
(BCHS) guidelines. 

 

Once the insertion site was dry and free from 
ooze, catheter site received chlorhexidine 
sustained-release dressing, consisting of a 2.5 
cm hydrophilic polyurethane foam disk 
containing chlorhexidine gluconate in a 
sustained-release formulation (Biopatch™). 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
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 Device-related BSI Evidence of bacteraemia in the presence of fever but no recognised 
focus of infection, with the same organism recovered from the 
catheter tip culture (>15 cfu) after removal as from the blood 
cultures and/or the exit site.  

 Device-associated BSI Suspected intravascular catheter infection defined as positive blood 
cultures (both from peripheral veins, or one from a peripheral vein 
and one from the central venous catheter, or two cultures from the 
catheter) drawn in the presence of fever (single measure >38.5ºC 
or two measures >38ºC), with no other recognised focus of 
infection, causing the catheter to be removed prematurely. 

 BSI – All cause Presence of one or more species of organism in two sets of blood 
cultures within 24 hrs (both from peripheral veins or one from a 
peripheral vein and one from the central venous catheter) 

 Phlebitis Exit site infection defined as redness, pain and tenderness at the 
exit site <2cm from the skin along the intravascular catheter of 
sufficient degree to warrant antimicrobial therapy as judged by the 
attending medical team. 

Tunnel infection defined as pain, tenderness and swelling over the 
subcutaneous tunnel >2cm from the exit site. 

 Mortality – All cause  

Results: 

Dichotomous Data Table:  

Outcome Group A (control – no 
dressing) 
Number/Total number (%) 

Group B (intervention – 
Biopatch™) 
Number/Total number 
(%) 

  

Phlebitis 14/54 (26%) 3/58 (5%)  
CRBSI 7/54 (13%) 2/58 (3%)  
Death 7/54 (13%) 10/58 (17%)   
Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

 

Authors 
Conclusions: 

Some lack of consistency in application of definitions. Supports SR 
chlorhexidine dressing. 
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Author: Chambers et al Year: 2005 

Title: Reduction of exit-site infections of tunnelled intravascular catheters among 
neutropenic patients by sustained-release chlorhexidine dressings: results from a 
prospective randomized controlled trial 

Design: Randomised controlled trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Randomisation method not stated 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Unreported 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to be blinded due to nature of intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Subjective symptoms (redness, tenderness etc) 
assigned by the investigators 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

unreported 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

2/114 unreported 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Moderate risk of bias 
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Ref No: 012  Author(s): Johnson et al 

Year: 2002 Journal: Nephrology Dialysis Transplantation 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Tertiary referral hospital in Brisbane, Australia 

Participants: Adult patients with acute or chronic renal failure and required haemodialysis 
via a newly inserted tunnelled, cuffed central venous catheter. 

 Group A (control – no ointment) Group B (Intervention – Mupirocin 
ointment) 

Number of 
Participants 

23 27 

Mean Age (SD) 
(Range) 

All 
participants  

56.6 ± 2.9 53.8 ± 3.6 

Sex (M/F)   9/14 (39% M) 15/12 (56% M) 

Number: nil Number: nil 

Reason: Reason: 

Participants 
excluded from 
the study  

 
50 patients eligible, all consented and none lost to follow up 

Interventions: Both groups: Ultrasound guided placement of tunnelled internal jugular line by 
a vascular access surgeon. Inserted with 10% povidone iodine disinfection, 
and site cleaned 3 times per week. . Primapore dressings used and changed 3 
times per week. CVCs were used for HD only. 

Group A (control – no ointment) Group B (Intervention – Mupirocin ointment) 

No ointment applied to exit site. 

 

10mm of mupirocin ointment was squeezed directly 
onto the exit site from a 15g tube with an outlet of 
5mm at each dressing change. 

 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
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 Device-associated BSI Either (i) Single positive blood culture plus positive catheter tip 
culture (>15 cfu roll-plate) or exit site with an identical organism, OR 

(ii) 2 or more positive blood cultures (or a single positive blood 
culture for S. aureus) with no evidence of infection source other 
than the device. 

Patients with suspected bacteraemia (fever >38°C, rigors, 
leukocytosis, or clinically unwell) were investigated with exit-site 
swabs and at least 2 sets of blood cultures (20ml). Staphylococcal 
isolates were screened routinely for mupirocin resistance by agar 
dilution in which samples were streaked onto plates containing 
1mg/ml mupirocin. 

 Exit site infection Purulent exit site discharge or 2 out of 3 of erythema, tenderness 
and induration plus a +ve culture 

Exit site swabs were obtained using sterile, premoistened calcium 
alginate swabs in all suspected cases of catheter-associated 
infection (erythema, tenderness, induration, or discharge). Swabs 
were streaked onto plates that contained blood agar, colistin-
nalidixic acid, McConkey’s media, and mannitol-salt agar. All 
cultures were incubated at 35°C for 48 hrs and examined daily for 
growth. 

Results: 

Dichotomous Data Table: Power calculations advised 23 patients per group to detect a 
doubling in CVC survival time from 50 days baseline. 

Outcome Group A (no 
ointment) 
Number/Total 
number (%) 

Group B 
(Mupirocin) 
Number/Total 
number (%) 

 
P value and OR from paper 

Catheter-
associated BSI 

8/23 (35%) 
10.5/1000 IVD days

2/27 (7%) 
1.6/1000 IVD days 

P<0.01 survival analysis 
OR 0.15 (95%CI 0.03-0.8) 

Exit site infection 5/23 (22%) 0/27 (0%) P<0.05 survival analysis 
 

Premature IVD 
removal 

13/23 (57%) 5/27 (19%) P<0.01 OR 0.18 (95% CI 0.05-
0.63) 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Thrice weekly application of 2% calcium mupirocin to tunnelled, cuffed 
HD catheter exit sites is associated with a marked reduction in line-
related sepsis and a prolongation of catheter survival. No mupirocin 
resistant staphylococcal isolates were detected. Cost savings are 
estimated to be large. NNT = 3.1 for CABSI 
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Author: Johnson et al Year: 2002 

Title: A randomized controlled trial of topical exit site mupirocin application in 
patients with tunnelled, cuffed haemodialysis catheters 

Design: Prospective, open-label, randomised controlled trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer-generated random number list. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Sequentially numbered, opaque sealed envelopes. 
 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Lab staff were blinded to patient allocation group. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Not clearly defined but appears to have been done 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% follow up 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

No significant diff in clinical or demographic data 
presented 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

Appears to have been the case 

Summation: Well conducted and reported study. Low risk of bias. 
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Ref No: 013 Author(s): Johnson et al 

Year: 2005 Journal: Journal of the American Society of Nephrology 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Tertiary referral hospital in Brisbane, Australia 

Participants: Adult patients with acute or chronic renal failure and required haemodialysis 
via a newly inserted tunnelled, cuffed central venous catheter. 

 Group A (Medihoney™) Group B (Mupirocin) 

Number of 
Participants 

51 50 

Mean Age (SD) 
(Range) 

All 
participants  

54.2 ± 16.8 60.9 ± 12.6 

Sex (M/F)   29/22 32/18 

Number:  NIL Number:  NIL Participants 
excluded from 
the study  

 

Reason: Reason: 

Interventions:  

Group A (Medihoney™) Group B (Mupirocin) 

Topical γ-irradiated, commercially available, 
pooled antibacterial honeys including 
Leptospermum sp honey (Medihoney™). 

3ml of Medihoney™ was applied to the exit site 
with each dressing change. 

Standard 2% calcium mupirocin ointment 
(Bactroban™) 

10mm of mupirocin ointment was squeezed 
directly onto the exit site from a 15g tube with 
an outlet of 5mm at each dressing change. 

 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-associated BSI Single positive blood culture plus positive catheter tip culture or exit 
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site with an identical organism, OR 2 or more positive blood 
cultures (or a single positive blood culture for S. aureus) with no 
evidence of infection source other than the device. 

Patients with suspected bacteraemia (fever >38°C, rigors, 
leukocytosis, or clinically unwell) were investigated with exit-site 
swabs and at least 2 sets of blood cultures (20ml). Staphylococcal 
isolates were screened routinely for mupirocin resistance by the 
disk susceptibility method. 

 Exit site infection Exit site infection: purulent exit-site discharge or 2 of the following: 
exit-site erythema, tenderness, and induration with a positive 
culture. 

Exit site swabs were obtained using sterile, premoistened calcium 
alginate swabs in all suspected cases of catheter-associated 
infection. Swabs were streaked onto plates that contained blood 
agar, colistin-nalidixic acid, McConkey’s media, and mannitol-salt 
agar. All cultures were incubated at 35°C for 48 hrs and examined 
daily for growth. 

 Cost Comparison of costs done for exit-site application for the life of a 
catheter 

Results: 

Dichotomous Data Table:  

Outcome Group A (Medihoney™) 
Number/Total number 
(%) 

Group B (Mupirocin) 
Number/Total number 
(%) 

 

Catheter-associated BSI 6/51 (12%) 5/50 (10%) P=0.92 
survival 
analysis 

Exit site infection 0 0  

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Continuous Data (Scale):  

Outcome Group A (Medihoney™) 
Mean and SD 

Group B (Mupirocin) 
Mean and SD 

  

Cost $13.00 AUD $11.10 AUD   

Authors Conclusions: The effectiveness of honey against antibiotic-resistant 
microorganisms and its low likelihood of selecting for further 
resistant strains suggest that this agent may represent a 
satisfactory alternative means of chemoprophylaxis in patients with 
central venous catheters. 

 



Intravascular Device Systematic Review  Griffith University 
 

 160

 
Author: Johnson et al Year: 2005 

Title: Randomized controlled trial of topical exit-site application of honey 
(Medihoney) versus Mupirocin for the prevention of catheter-associated infections 
in hemodialysis patients 

Design: Prospective, open-label, randomised controlled trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer-generated random number list with 
randomisation blocks of 10. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Sequentially numbered, opaque sealed envelopes. 
Blocks did not vary in size. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Lab staff were blinded to patient allocation group. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% follow up 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

Mupirocin group had a higher mean age (6 years) 
and a trend toward a greater frequency of 
ischaemic heart disease. Unlikely to affect findings. 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Well conducted and reported study. Low risk of bias. 
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Ref No: 014 Author(s): Le Corre 

Year: 2003 Journal: The Journal of Vascular Access 

Reviewer:     GRB                        CR           

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: Canada 

Participants: Adults with end stage renal failure requiring haemodialysis. Long-term 
tunnelled double-lumen CVC in jugular vein inserted by vascular radiologist 

 Group A (Polyurethan transparent 
film - Tegaderm™) 

Group B (Sterile gauze) 

Number of 
Participants 

29 29 

Mean Age (SD) 
(Range) 

All participants  

74 71 

Sex (F/M)   13/16 14/15 

Number: 8 Number: 10 

Reason: pruritis and erythema Reason: removal of IVD 

Participants 
excluded from 
the study  

 
62 randomised - 4 patients excluded following randomisation but before first 
day of study; 2 withdrew, 1 died, 1 catheter removed 

Interventions: Both groups initially had gauze (on catheter insertion) until the next 
dressing change. No ointments used.  
Group A (Tegaderm™) Group B (Gauze + Tape) 

Tegaderm changed weekly 4 x 4 sterile gauze attached with stretch 
bandage (Mefix) changed q2-3 daily (3 X week) 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Not defined. “Bacteraemia related to the catheter” 

 Skin condition Scale of 0-5 (0=none, 5= severe) for each of: moisture, pruritis, pain, 
erythema, exudate. Assessed by HD nurse 3 x week. 

 Device colonisation Tips cultured (Maki) only on clinical suspicion of infection 

 Cost Cost of dressing change for 4 weeks on a subset of 10 pts 
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 Quality of Life SF-36 at study commencement, at 3 months and at study end (6 
months) 

Results: 

Dichotomous Data Table:  

Outcome Group (Tegaderm™) 
Number/Total number 
(%) 

Group (Gauze) 
Number/Total number 
(%) 

P values & OR  
from paper 

Local infection 
(this was undefind 
but appears to be 
device 
colonisation) 

0/29 
0/1000 IVD days 

1/29 
0.23/1000 IVD days 

 
P= 0.43 

IVD-related BSI 1/29 
0.3 per 1000 IVD Days 

2/29 
0.47 per 1000 IVD days 

 
P = 0.44, OR 0.64 

Skin condition 
changes 

13/29 7/29 No stats done 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Continuous Data (Scale):  

Outcome Group A 
(Tegaderm™) 
Mean and SD 

Group B (Gauze) 
Mean and SD 

Note minimal stats and 
data given in paper 

Cost (Canadian $) $4.72/week $7.60/week No stats done 
Skin condition (0-5) 

Moisture 
Pruritis 

Pain 
Erythema 

Exudate 

Approx mean 

0.4 
1.2 
0.1 
0.8 
0.2 

 

Approx mean 

0 
0.6 
0 

0.1 
0.1 

 
P<0.05 for moisture  
No stats reported 
No stats reported 
P<0.05 for erythema 
No stats reported 

Authors Conclusions:  
Incidence of bacteraemia was not different between transparent 
dressing and sterile gauze. Cost was reduced with transparent 
dressing due to fewer dressing changes required. Acknowledge it 
was underpowered. 
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Author: Le Corre Year: 2003 

Title: A prospective randomized trial comparing a transparent dressing and a dry 
gauze on the exit site of long term central venous catheters of hemodialysis 
patients 

Design: RCT 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer generated 1:1 ratio 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Unreported 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

IVD-related BSI poorly defined and unclear who 
was assessing this. HD RNs assessed site for skin 
condition. Tips cultured (and presumably blood) if 
clinical staff suspected infection only 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

No mention 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

4/62 excluded post randomisation 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to be the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. 
8 subjects in the Tegaderm™ group had pruritis and 
erythema “this occurred at the beginning of the 
study” (exact data unreported) and it was 
discovered that the chlorhexidine skin prep had not 
been allowed to dry fully prior to dressing 
application. Unclear what drying time was in the 
gauze group. Only 1 case was observed after 
appropriate drying time was implemented. 

Summation: Study endpoints inadequately and inconsistently described. Incomplete 
reporting of all data. Small sample size (underpowered). Funding 
received from dressing manufacturers. High risk of bias. 
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Data Extraction Table  

Ref No: 015 Author(s): Levy et al 

Year: 2005 Journal: Pediatric Infectious Diseases Journal 

Reviewer:     GRB                        CR             

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: Israel 

Participants: Paediatric cardiac ICU patients requiring a central venous catheter  

 Group A (control – polyurethane 
dressing) 

Group B (intervention – 
chlorhexidine dressing) 

Number of 
Participants 

71 74 

Mean Age (SD) 
(Range) 

All participants  

31 ± 43 months 21 ± 37 (months) 

Sex (M/F)   28/43 25/49 

Number:  Number:  

Reason: Reason: 

Participants 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 

251 met inclusion criteria -> 106 were excluded (refusal N=95, technical 
reasons (inadvertent or nonaseptic removal of the IVD N=21 – these appear 
possibly to have occurred after randomisation). NB 95 + 21 This does not 
add up to 106? 

 

Interventions:  
 

Group A (control – polyurethane 
dressing) 

Group B (intervention – chlorhexidine dressing)

A transparent polyurethane dressing was 
placed over the CVC insertion site. 

The dressing was not changed unless 
mechanical complications, bleeding, 
oozing, or signs of exit site infection 
(redness or pus discharge) occurred. 

A chlorhexidine-impregnated sponge, 2.5 cm in 
diameter (Biopatch™), was placed over the CVC 
insertion site and covered with transparent 
polyurethane.  

The dressing was not changed unless mechanical 
complications, bleeding, oozing, or signs of exit site 
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infection (redness or pus discharge) occurred. 

 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-associated BSI Bacteraemia without isolation of the same organism from the CVC 
tip culture and the blood cultures. 

 Phlebitis Exit-site infection: erythema, induration and tenderness around the 
exit site, with or without BSI. 

 Device colonisation On removal a 3 cm segment of the CVC tip (distal) and the first 
subcutaneous part (proximal) were cultured semiquantitatively 
using the roll-plate method as per Maki. All samples were 
inoculated within 4 hrs of catheter removal. CVC colonisation 
defined as >15 cfu in the absence of local or systemic signs of 
infection. 

Results: 

Dichotomous Data Table:  

Outcome Group A (control – 
polyurethane 
dressing) 
Number/Total number 
(%) 

Group B 
(intervention – 
chlorhexidine 
dressing) 
Number/Total 
number (%) 

P and RR from 
paper 

Device colonisation 21/71 (29.5%) 11/74 (14.8%) P=0.045 RR 0.62 
(845% CI 0.37-

1.02) 
Device associated BSI 3/71 (4.2%) 4/74 (5.4%)  
Phlebitis (local redness 
only) 

1/71 (1.5%) 4/71 (5.4%)  

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

  

Authors Conclusions: Chlorhexidine gluconate-impregnated sponge dressing is safe and 
reduces the rate of CVC colonisation in infants and children after 
cardiac surgery.  
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Author: Levy Year: 2005 

Title: Chlorhexidine-impregnated dressing for prevention of colonization of central 
venous catheters in infants and children.  

Design: Double blind, placebo-controlled, randomised clinical trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Random number generator 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Unreported 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unblinded 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Micro lab blinded and performed primary outcome 
measure 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

About 21 of 251 appear to have been excluded as 
the culture was not done 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to be the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Low risk of bias. Phlebitis measure appears to be reported as redness 
only, inconsistent with definition in methods 
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Ref No: 016 Author(s): Lok et al 

Year: 2003 Journal: Journal of the American Society of Nephrology 

Reviewer:     GRB                        CR            

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: 2 hemodialysis units in Canada 

Participants: Adult patients with end-stage renal disease who required hemodialysis and 
used a permanent tunnelled catheter in the internal jugular vein for dialysis 
access. 

 Group A (Polysporin Triple ointment) Group B (Placebo) 

Number of 
Participants 

83 79 

Mean Age (SD) 
(Range) 

64 (25-87) 68 (24-89) 

Sex (M/F)   52/31 53/26 

Number: 1 Number: 1 

Reason: recovered kidney function not 
requiring dialysis 

Reason: recovered kidney function 
not requiring dialysis 

Number: 1 Number: 1  

Reason: Received renal transplant Reason: changed mind shortly after 
randomisation 

Number: 1 Number: 2 

Participants 
excluded from 
the study  

7 excluded 
following 
randomisation 

Reason: required long-term antibiotics 
for non-dialysis-related medical reasons 

Reason: required long-term 
antibiotics for non-dialysis-related 
medical reasons 

Interventions:  

Group A (Polysporin Triple ointment) Group B (Placebo) 

Polysporin Triple antibiotic ointment composed 
of 500 U/g bacitracin, 0.25mg/g gramicidin, and 
10,000 U/g polymyxin B.  

Study ointments were contained in brown 
opaque glass jars marked with patient’s name 
and study number. 

Placebo ointment matched the Polysporin 
Triple ointment in appearance and consistency. 

Study ointments were contained in brown 
opaque glass jars marked with patient’s name 
and study number. 
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Outcome Measures: 

Outcome 
Description: 

Scale/Measure (Definition of how was it measured) 

 Device-related 
BSI 

Definite CRBSI: Confirmation of septic thrombophlebitis with single 
positive blood culture, OR single positive blood culture and positive 
culture of catheter with identical organism, OR ≥ 10-fold colony count 
difference in blood cultures drawn from device and peripheral blood, OR 
single positive blood culture and positive culture from discharge or 
aspirate from exit site, tunnel or pocket, with identical organism.  

Probable CRBSI: 2 or more positive blood cultures with no evidence for 
source other than the device, OR single positive culture for S. aureus or 
Candida with no evidence for source other than the device, OR single 
positive blood culture for coagulase negative staphylococci, Bacillus, 
Corynebacterium jeikeium, Enterococcus, Trichophyton, or Malassezia in 
immunocompromised or neutropenic host or in patient receiving total 
parenteral nutrition with no evidence for source other than a centrally 
placed device. 

 Device-associated 
BSI 

Definite tunnel infection: purulent discharge or aspirate from a tunnel or 
pocket site not contiguous with exit site, OR erythema, tenderness, 
induration (2 of 3) at a tunnel or pocket site not contiguous with exit site 
with a positive culture of serous discharge or aspirate from that site. 

Probable tunnel infection: erythema, tenderness, induration (2 of 3) at a 
tunnel or pocket site not contiguous with exit site and serous discharge or 
aspirate from that site without a positive culture, OR erythema, 
tenderness, induration (2 of 3) at a tunnel or pocket site not contiguous 
with exit site without discharge but lack of alternative explanation. 

 Exit site infection Definite exit-site infection: purulent discharge at exit site OR erythema, 
tenderness, induration (2 of 3) at exit site with a positive culture of serous 
discharge. 

Probable exit-site infection: erythema, tenderness, induration (2 of 3) at 
exit site without a positive culture of serous discharge, OR erythema, 
tenderness, induration (2 of 3) at exit site without discharge but lack of 
alternative explanation. 

Results - Dichotomous Data Table:  

Outcome Group A (Polysporin 
Triple) 
Number/Total number 
(%) 

Group B (Placebo) 
Number/Total number 
(%) 

P and RR from 
paper 

Composite of exit 
site/tunnel/IVD-BSI 
infection 

12% 34% P=0.001 
RR 0.40 (95%CI 
0.19-0.86, NNT 7 

CRBSI - definite 3/83 14/79  
- definite or probable 8/83 (9.6%) 26/79 (32.9%)  
Exit-site infection  
- definite 

4/83 14/79  

- definite or probable 5/83 (6.0%) 17/79 (21.5%)   

Authors Conclusions: The prophylactic application of topical Polysporin triple antibiotic 
ointment to the CVC insertion site reduced the rate of infections and 
was associated with improved survival in HD patients. 
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Author: Lok et al Year: 2003 

Title: Hemodialysis Infection Prevention with Polysporin Ointment 

Design: Double blind, placebo-controlled, randomised clinical trial 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer-generated random number list, using 
block randomisation with a block size of 4. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Although block size did not vary, this was a multi-
centre trial with a centralised telephone 
randomisation service therefore concealment was 
likely maintained 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Use of placebo of same colour and consistency 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Nurses prepared info which was then given to a 
blinded investigator to designate infection 
outcomes. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Stated 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

7 patients excluded 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to be the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Well designed and conducted study. Low risk of bias 
 



Intravascular Device Systematic Review  Griffith University 
 

 170

 
Ref No: 017 Author(s): Machado et al 

Year: 2008 Journal: Revista Latino-Americana de Enfermagem  

Reviewer:     GRB                        CR            

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream 
infection (BSI), device-associated BSI, infusate-related BSI, BSI-all cause, 
phlebitis, skin toxicity, device colonisation, infusate colonisation, skin 
colonisation, cost, adverse events, mortality-all cause. 

Setting: 9-bed paediatric surgical unit of a university hospital in Sao Paulo, Brazil. 

Participants: Paediatric surgical patients aged 0 – 12 years with peripheral venous 
Teflon catheter. 

 Group A (Control) 
Adhesive Tape 

Group B 
(Experimental group 
1) Sterile Gauze 

Group C 
(Experimental group 
2) Transparent Film 

Number of 
Catheters 

50 (37 patients) 50 (40 patients) 50 (32 patients) 

Mean Age (SD) 
(Range) 

All participants  

Not reported by group. 

Median age 5 years old (p=0.523) 

Sex (M/F) Not reported by group. 

41 males, 27 females 

Number:   Number:   Number:    

Reason: Reason: Reason: 

Catheters 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 

* No information provided in paper  

Interventions: All had Teflon IVs. All Groups: 10 X 2 cm hypoallergenic tape strip placed 
under IVD and then crossed over to form V shape when pressed against 
skin, distant to insertion site 

Group A (Control) 
Non-sterile Adhesive Tape 

Group B (Experimental 
group 1) Sterile Gauze 

Group C (Experimental 
group 2) Transparent Film 

Peripheral venous catheter 
secured by hypoallergenic 
adhesive tape (5cm x 2.5cm), 
designated as conventional 
dressing at that institution. 

Peripheral venous catheters 
covered with 2cm x 2cm sterile 
gauze dressing, secured with 
adhesive hypoallergenic tape 
(5cm x 2.5cm). 

Peripheral venous catheters 
covered with 5cm x 4cm 
sterile transparent semi-
permeable polyurethane film 
dressing 
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One adhesive strip was placed 
over the catheter insertion site, 
the other strip was used to 
secure the catheter line. 

 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Phlebitis Infusion Nurses Society Phlebitis Rating Scale 

Grade 0: no clinical symptoms 

Grade 1: erythema at access site with or without pain 

Grade 2: pain at access site with erythema and/or oedema 

Grade 3: pain at access site with erythema and/or oedema, streak 
formation, palpable venous cord 

Grade 4: pain at access site with erythema and/or oedema, streak 
formation, palpable venous cord > 1 inch in length, purulent drainage 
observed 

 Adverse events Infiltration, Blood flow block, Accidental removal, Kinking 

Infusion Nurses Society Infiltration Grading Scale 

Grade 0: no symptoms 

Grade 1: skin blanched, oedema < 1 inch in any direction, cool to 
touch, with or without pain 

Grade 2: skin blanched, oedema 1-6 inches in any direction, cool to 
touch, with or without pain 

Grade 3: skin blanched, translucent, gross oedema > 6 inches in any 
direction, cool to touch, mild-moderate pain, possible numbness 

Grade 4: skin blanched, translucent, tight, leaking, discoloured, 
bruised, swollen, gross oedema > 6 inches in any direction, deep 
pitting tissue oedema, circulatory impairment, moderate-severe pain, 
infiltration of any amount of blood product, irritant, or vesicant. 

 Reason for removal Release of treatment or adverse events such as phlebitis, infiltration, 
blood flow block, kinking, accidental removal 

Results: 

Dichotomous Data Table:  

Outcome Group A 
(Control) 
Non-sterile 
Adhesive Tape 

N (%) 

Group B 
(Experimental 
group 1) Sterile 
Gauze 

N (%) 

Group C 
(Experimental 
group 2) 
Transparent 
Film N (%) 

 
P from 
paper (NB 
no 
analyses 
to 
determine 
where the 
difference 
lay in the 
3 groups) 

Removed for release 
(completion?) of 

12 (24%) 20 (40%) 37 (25%) 0.002 
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treatment 

Phlebitis - total 
- grade 1 
- grade 2 

5/50 (10%) 
3/5 (60%) 
2/5 (40%) 

1/50 (2%) 
0 

1/1 (100%) 

1/50 (2%) 
1/1 (100%) 

0 

0.09 
 
NA 
NA 

Infiltration – total 
Infiltration grade 1 
Infiltration grade 2 
Infiltration grade 3 

25/50 (50%) 
20/25 (80%) 
5/25 (20%) 

0 

19/50 (38%) 
14/19 (73.7%) 
5/19 (26.3%) 

0 

39/50 (78%) 
33/39 (84.6%) 
5/39 (12.8%) 
1/39 (2.6%) 

<0.001 
NA 
NA 

Adverse events 
necessitating 
removal of catheter  
 
-Blood flow block 
-Accidental removal 
-Kinking 
-Other occurrences 

38/50 (76%) 
 
 

 
5/38 (13.2%) 
2/38 (5.2%) 

0 
1/38 (2.6%) 

30/50 (60%) 
 

 
 

5/30 (16.7%) 
3/30 (10%) 
1/30 (3.3%) 
1/30 (3.3%) 

45/50 (90%) 
 

 
 

3/45 (6.7%) 
1/45 (2.2%) 
1/45 (2.2%) 

0 

P=0.015 
 
 
 
NA 
NA 
NA 
NA 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 
 

Authors Conclusions: Dressing regime influenced the occurrence of adverse events, 
particularly infiltration, and reasons for catheter removal. The 
sterile gauze had the best performance. Dressing regime was not 
shown to have a significant effect on the outcome of phlebitis. 
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Author: Machado et al  Year: 2008 

Title: Adverse events related to the use of peripheral intravenous catheters in 
children according to dressing regimens 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

“Table of pseudo-random numbers” 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

No mention of this or of adherence to protocol 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

No data on numbers screened, excluded, drop outs 
etc. Multiple IVs included per patient. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to be the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Very basic statistical approach. Applied chi square to 3 group results 
but no further analysis to see where differences occurred (i.e. which if 
the 3 groups were different to each other). Minimal reporting of 
recruitment and follow up procedures.  
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Ref No: 018 Author(s): Olson et al 

Year: 2004 Journal: Journal of Infusion Nursing  

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: Large oncology hospital in Western Canada 

Participants: Adult cancer patients requiring their first central venous catheter (double or 
triple lumen tunnelled cuffed CVC) in jugular, cephalic or subclavian vein 

 Group A (Control - dressing) Group B (Intervention – no 
dressing) 

Number of 
Participants 

35 43 

Mean Age (SD) 
(Range) 

All participants  

46.4 

Sex (M/F)   37/41 

Number:  Number:  

Reason: Reason: 

 

Participants 
excluded from 
the study  

 
 

Interventions: All patients had gauze dressing until site healed, then randomised on Day 21. 
All devices secured with tape or Secutape (K-Lok) at 6 cm from exit site and 
secured to skin at 4cm from exit site. 
 

Group A (dressing) Group B (no dressing) 

Gauze dressing until site healed, then: 

CVC exit sites remained covered with a sterile 
gauze dressing, changed daily if neutropenic or 
2nd daily if not neutropenic, cleaned with 4% 
chlorhexidine in 70% alcohol at time of 
dressing change. 

Catheters were secured with a secure adhesive 
device or tape, wrapped around the catheter 
approx 6 cm from the exit site, and then 

Gauze dressing until site healed, then: 

After day 21, exit site left uncovered. 
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secured to the skin about 4 cm from the exit 
site to prevent any tugging on the site or 
trauma to the catheter. 

Outcome Measures: A priori sample size calculations determined 116 required (58/group) 
however study closed early due to non-study factors. 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 “CVC-related 
sepsis” 

Not clearly defined. 

All patients assessed for “sepsis” (temp >38.5, tenderness or erythema 
> 3cm, purulent drainage) by study nurse on Days 21, 44 and 74 
Patients also noted these symptoms each day (neutropaenic) or 
second day (non-neutropaenic). Additional assessments performed if 
patient contacted study nurse to report symptoms. Skin swabs obtained 
by study nurse at Days 21, 44 and 74 and if any purulent drainage. 

Blood cultures taken if febrile from both the CVC and a peripheral line 
when possible.All catheter tips sent for culture by Maki method. Positive 
culture >15 cfu. 

 

Results: 

Dichotomous Data Table:  

Outcome Group A (dressing) 
Number/Total number 
(%) 
 
N=35 

Group B (no 
dressing) 
Number/Total 
number (%) 
N=43 

P values from article 

CVC-related 
sepsis 

12/35 (34%) 10/43 (23%) P=0.28 chi square 
P=0.02 kaplan meier 
survival (favours no 

dressing) 
 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 
 

Authors Conclusions: Provided the cuff adheres well (usually within 3 weeks of insertion) 
nurses should stress the importance of leaving the exit-site uncovered 
and securing the catheter well using tape or other devise, particularly 
for patients whose CVCs are expected to be in situ for more than 90 
days 
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Author: Olson et al Year: 2004 

Title: Evaluation of a no-dressing intervention for tunneled central venous catheter 
exit sites 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Not specified 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Not specified 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Study nurse performed assessments. Lab work 
undertaken by one of the investigators. 
Primary outcome not clearly defined 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

No mention of this or discussion of compliance with 
protocol 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

No data given on number screened, approached or 
excluded. No comment on any loss to follow up or 
missing assessments. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

No analysis reported to test for homogeneity at 
baseline 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

CVCs also secured with one of 2 tape-like devices, 
data not provided per group or controlled for in 
analysis. 

Summation: Inadequately reported study including unclear outcome definition. Some 
errors in tables where numbers in groups/sample do not consistently 
add up. High risk of bias. 
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Ref No: 019 Author(s): Ruschulte et al. 

Year: 2009 Journal: Annals of Hematology 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: Germany 

Participants: Adult patients undergoing chemotherapy requiring silver sulfadiazine 
chlorhexidine coated CVCs for 5 days or more 

 Group A (Transparent polyurethane 
(PU) only) 

Group B (Biopatch plus PU) 

Number of 
Participants 

301 300 

Mean Age (SD) 
(Range) 

All participants  

47 47 

Sex (F/M)   178/123 155/145 

Number:  Number:  

Reason: Reason: 

Participants 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 

No information on how many screened for eligibility.  

One patient refused to further participate in the study (appears to be post 
randomisation, and appears he was included in the control group) 

Interventions:  

Group A (name intervention/control) Group B (name intervention/control) 

Transparent polyurethane dressing 

 

Biopatch dressing with transparent polyurethane 
on top 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Time to positivity comparison of peripheral and CVC drawn BCs 
plus clinical symptoms with no other apparent cause. 
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 Phlebitis Daily assessment for swelling, pain, redness 

Results: 

Dichotomous Data Table:  

Outcome Group A (PU) 
Number/Total 
number (%) 

Group B (Biopatch 
plus PU) 
Number/Total 
number (%) 

P value and RR (CIs) from 
paper 

IVD-related BSI 34/301 (11%) 19/300 (6%) P 0.016,  
RR 0.54 95%CI 0.31-0.94 

Phlebitis Not reported Not reported  

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

  

Authors Conclusions: The use of chlorhexidine impregnated wound dressings significantly 
reduced the incidence of CVC related infections in patients receiving 
chemotherapy 
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Author: Ruschulte Year: 2009 

Title: Prevention of central venous catheter related infections with chlorhexidine 
gluconate impregnated wound dressings: a randomized controlled trial 

Design: RCT 

Quality Criteria Assessment Comments 
Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer generated 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Unreported 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to be blinded 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Some attempts made to reduce potential for bias 
e.g. Microbiologists blinded but unblinded 
clinicians diagnosed IVD-related BSI 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Not mentioned 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

Apparently 100% 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Moderate risk of bias. 
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Ref No: 020 Author(s): Timsit et al 

Year: 2009 Journal: Journal of the American Medical Association 

Reviewer:     GRB                        CR             

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream 
infection (BSI), device-associated BSI, infusate-related BSI, BSI-all cause, 
phlebitis, skin toxicity, device colonisation, infusate colonisation, skin 
colonisation, cost, adverse events, mortality-all cause. 

Setting: 7 ICUs in France (2 medical, 2 surgical, 3 medical-surgical) in 3 university 
and 2 general hospitals 

Participants: Patients >18 years who required an arterial catheter or central venous 
catheter, or both, inserted for ≥48 hours 

 Group A 
(Standard 

dressing every 3 
days) 

Group B 
(CHGIS dressing 

every 3 days) 

Group C 
(Standard 

dressing every 7 
days) 

Group D 
(CHGIS 

dressing 
every 7 
days) 

Number of 
Participants 

Number of 
catheters 

410 

 

863 

408 

 

952 

409 

 

962 

409 

 

1001 

 Group A and C 
Standard 
Dressing 

Groups B and D 
Chlorhex 
Dressing 

Groups A and B 
3 day replacement 

Groups C 
and D 
7 day 

replacemen
t 

Median Age 
(IQR) years 

All participants 
62 (50-74) 

63 (50-74) 62 (50-73) 62 (50-74) 62 (50-73) 

Sex (M/F) All 
participants 
1054 (64.3%) 

518 (63.2%) 534 (65.4%) 542 (66.3%) 510 (62.3%)

 Group A 
(Standard 

dressing every 3 
days) 

Group B 
(CHGIS dressing 

every 3 days) 

Group C 
(Standard 

dressing every 7 
days) 

Group D 
(CHGIS 

dressing 
every 7 
days) 

Participants Number: 6 Number: 4 Number: 3 Number: 4 
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Reason: 
Withdrew consent

Reason: 
Withdrew consent

Reason: Withdrew 
consent 

Reason: 
Withdrew 
consent 

Before randomisation: 2095 eligible patients. 442 of these excluded (293 
met exclusion criteria, 141 investigator did not include, 8 refused consent) 

excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? After randopmisation: Only those who withdrew consent were excluded 

from the primary ITT analysis. For the per protocol analysis 246/3778 
(6.5%) of IVDs excluded as they were not cultured. Numbers and reasons 

for not culturing were similar between groups. 

Interventions: All groups: Radial artery and subclavian vein were preferred sites. 
Maximal barrier precautions for insertion. No antiseptic or antibiotic 
impregnated catheters. Tegaderm applied to all sites on insertion and 
then changed after 24 hours then as per randomised group. Leakage or 
soiling prompted additional dressing changes at any time. Alcoholic 
povidine iodine used for all site care. All arterial and CVCs inserted in 
the same patient were managed in the same way. PACs, HD devices 
and PICCs were not included. 

Group A (Standard 
dressing every 3 

days) 

Group B 
(CHGIS dressing 

every 3 days) 

Group C 
(Standard dressing 

every 7 days) 

Group D 
(CHGIS dressing 

every 7 days) 

Transparent dressing 
(Tegaderm) 

 

 

Replaced every 3 
days 

CHGIS applied to 
entire skin surface at 
and around insertion 
site. The tegaderm 
was then applied. 

Replaced every 3 
days 

Transparent dressing 
(Tegaderm) 

 

 

Replaced every 7 
days 

CHGIS applied to 
entire skin surface at 
and around insertion 
site. The tegaderm 
was then applied. 

Replaced every 7 
days 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
 Device-related BSI 1 or more positive peripheral blood cultures sampled 

immediately before or within 48 hours of IVD removal, AND 

Tip culture positive for same microorganism (same species or 
susceptibility pattern), OR a differential time to positivity of blood 
cultures of greater than or equal to 2 hours, AND 

No other infectious focus explaining the bacteraemia 

(If a blood culture tested positive for coag neg staph, the same 
pulsotype from the strains recovered from the catheter and 
blood culture was required for a diagnosis of IVD-related BSI 

 IVD-related clinical sepsis 
without bloodstream 
infection 

Fever ( ≥38.5 deg) or hypothermia (≤36.5 deg) AND 

Catheter tip culture ≥ 103 cfu/ml AND 

Pus at insertion site OR resolution of clinical sepsis after IVD 
removal AND 

Absence of any other infectious focus 

 Major Catheter-related 
infection (CRI) PRIMARY 
ENDPOINT FOR 
COMPARISON OF 
DRESSING TYPES 

Either IVD-related BSI OR IVD-related clinical sepsis without 
bloodstream infection. Blood cultures taken on suspicion of CRI. 
If the tip or blood was positive, a blinded investigator reviewed 
the case report form and medical chart to prepare an 
independent blinded review 
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For the ITT, diagnosis in patients with uncultured devices was 
done by independent blinded reviewers who considered sepsis 
or BSI to be IVD-related when there was no other detectable 
source of sepsis with or without BSI 

 Contact dermatitis/skin 
allergy 

If suspected, confirmed by a dermatologist and photos taken.  

Skin condition assessed at each dressing change and at device 
removal by the nurse caring for pt using International Contact 
Dermatitis Research Group system (0=normal skin, 1=mild 
redness only, 2=red and slightly thickened skin, 3=intense 
redness and swelling with coalesced large blisters or spreading 
reaction) 

 Device colonisation 
PRIMARY ENDPOINT FOR 
COMPARISON OF 
DRESSING FREQUENCY 

Quantitative tip culture of at least 1000 cfu/ml (simplified quant 
broth dilution) 

 

For the ITT analysis, uncultured devices were classed as not 
colonised 

 Skin colonisation Semi-quant insertion site skin culture at device removal 

A nutritive trypticase-soy agar plate was pressed on the skin 
d=for 5 seconds, centering plate on the insertion site/ Plate then 
cultured for 48 hours. Number of microorgs recovered from 
surface area corresponding to the CHGIS was counted. 
Random sample of 25 microorgs recovered from skin in each 
study group was processed for identification and determination 
of minimal bactericidal concentration (MBC) 

Results: 

Dichotomous Data Table:  

Outcome 
 
All from ITT 
analysis 

Group A and C 
Standard 
Dressing 

N=819 patients 
N=1825 IVDs 

Groups B and D 
Chlorhex 
Dressing 

N=817 patients 
N=1953 IVDs 

P values, HR (95%CI) and  
NNT (95%CI) from paper 

Major CRI per 
1000 IVD days 

1.4 0.6 HR 0.39 (0.17-0.93) p=0.03 
NNT 117 (86-1020) 

Device 
colonisation per 
1000 IVD days 

15.8 
 

(213/1825 IVDs) 

6.3 
 

(97/1953 IVDs) 

HR 0.36 (0.28-0.46) p<0.001 

Device related 
BSI 

1.3 0.4 0.24 (0.09-0.65) p=0.005 

Skin colonisation  
n(%)         - sterile 

- 1-9 cfu 
- 10-99 cfu 
- ≥ 100 cfu 

 
786 (57.8%) 
148 (10.9%) 
261 (19.2%) 
163 (12%) 

 
1101 (71.3%) 
178 (11.5%) 
201 (13%) 
65 (4.2%) 

 
P<0.01 

Contact 
dermatitis n(%) 

63/5875 (1.02%) 100/6720 (1.49%) P=0.02 

Skin allergy to 
Tegaderm 

1 1 - 
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Systemic adverse 
reaction to 
chlorhexidine 

- 0 - 

 Note. Results were similar to the overall analysis when arterial lines 
and central venous catheters were analysed separately 

 Groups A and B 
3 day 

replacement 

Groups C and D 
7 day 

replacement 

  

Major CRI per 
1000 IVD days 

0.9 1.1 HR 1.16 (0.50-2.69) p=0.74 

Device 
colonisation per 
1000 IVD days 

10.4 11.0 HR 0.99 (0.77-1.28) p=0.95 

Device related 
BSI 

0.7 0.9 HR 1.26 (0.47-3.34) p=0.65 

Skin colonisation  
n(%)         - sterile 

- 1-9 cfu 
- 10-99 cfu 
- ≥ 100 cfu 

 
935 (67.5%) 
168 (12.1%) 
183 (13.2%) 
100 (7.2%) 

 
952 (62.7%) 
158 (10.4%) 
279 (18.4%) 
128 (8.4%) 

 
P<0.01 

 

  

Authors Conclusions:  

The interval between dressing changes can be safely extended to more than 3 days but not 
exceeding 7 days, providing dressings are closely monitored and changed immediately should 
soiling or separation of the dressing from the skin be detected. Furthermore, use of CHGIS 
dressing decreases the rate of major CRI even when the baseline rate is lower than 2 per 1000 
IVD days. 
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Author: Timsit Year: 2009 

Title: Chlorhexidine-impregnated sponges and less frequent dressing changes 
for prevention of catheter-related infections in critically ill adults: a randomised 
controlled trial 

Design: randomised controlled trial 
Quality Criteria Assessment Comments 

Generation of 
random allocation 
sequence 

A  Adequate 

B  Unclear 

C  Inadequate 

Random-number generator, blocks of 8, stratified for 
each ICU 

Allocation 
concealment A  Adequate 

B  Unclear 

C  Inadequate 

Allocation method is not stated. 

Blinding of 
Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Unable to blind intervention as nurses were 
responsible for changing dressings. Authors state 
there was no alternative sponge dressing available 
for use as placebo. 

Blinding of 
outcome 
assessment 

A  Yes 

B  Cannot tell 

C  No 

Microbiology staff were blinded to study arm. 
Independent blinded outcome assessors were 
responsible for examining all CRBSI results. 

Intention to treat 
analysis A  Yes 

B  Cannot tell 

C  No 

Yes, this was done. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Cannot tell 

C  No 

 

Control and 
treatment group 
compatible at 
baseline? 

A  Yes 

B  Cannot tell 

C  No 

This appears to be the case 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Cannot tell 

C  No 

It appears this was done. 

Summation: Well conducted study with low risk of bias 
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Ref No: 021 Author(s): Barker et al 

Year: 2004 Journal: Annals of the Royal College of Surgeons, 
England 

Reviewer:     GRB                        CR            

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream 
infection (BSI), device-associated BSI, infusate-related BSI, BSI-all cause, 
phlebitis, skin toxicity, device colonisation, infusate colonisation, skin 
colonisation, cost, adverse events, mortality-all cause. 

Setting: Scarborough Hospital, UK. General medical and surgical ward. 

Participants: General adult medical and surgical patients requiring peripheral 
intravenous therapy (Teflon cannulae).  Average overall cannulation time 
3.8 days per patient 

 Group A (Control: change if 
needed) 

Group B (Study: elective 
resiting) 

Number of 
Participants 

Number of 
Cannulae 

26 

 

43 

21 

 

41 

Mean Age (SD) 
(Range) 

All participants  

60.5 (15.5) 62.7 (18.2) 

Sex (M/F)   15/11 14/7 

Number: nil reported Number: nil reported 

Reason: Reason: 

Participants 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 

Number screened or approached for consent not reported. 

Interventions:  

Group A (Control: change if needed) Group B (Study: elective resiting) 

Cannulae were only changed if the insertion 
site became painful, the cannula dislodged, or 
there were signs of peripheral venous 
thrombophlebitis. 

Cannulae were changed electively every 48 
hours. 
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Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Phlebitis All patients were reviewed daily by the principal investigator and 
examined for signs of peripheral venous thrombophlebitis (PVT) at 
the current and all previous infusion sites. PVT was defined as the 
development at an infusion site of two or more of the following signs: 
pain, erythema, swelling, excessive warmth, or a palpable venous 
cord. 

Phlebitis was recorded as mild (erythema < 2 cm), moderate 
(erythema > 2 cm) or severe (erythema > 2 cm with pain) 

Results: 

Dichotomous Data Table:  

Outcome Group A (Clinical 
indication) 
Number/Total 
number (%) 

Group B (q48hr 
resite) 
Number/Total 
number (%) 

P value from paper 
Odds Ratio (OR) with 95% 
confidence intervals (CI) 
calculated using Revman 
from data extracted 

Incidence of phlebitis
 
- mild 
- moderate 
- severe 

11/26 patients 
(42.3%) 

2 
5 
4 

1/21 patients 
(4.8%) 

0 
0 
1 

P=0.003 
 

OR 14.7 (95%CI 1.7-126.4) 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Study recommends elective resiting of peripheral intravenous 
cannulae every 48 hours. 
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Author: Barker et al Year: 2004 

Title: Randomised clinical trial of elective re-siting of intravenous cannulae 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Just says “randomised” 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

“Sealed envelopes”. Not explained if these were 
opaque or numbered. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

“Unblinded study” 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

All outcome measures performed by the chief 
investigator who was unblinded. Phlebitis 
measure is subjective. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Not reported. 2 patients in 48 hr resite group 
were not resited (breach of protocol), at least one 
of these appears to have been analysed as per 
randomised group. 

Completeness of 
reporting 
≥ 90% 

A  Yes 

B  Unclear 

C  No 

No mention of drop outs or exclusions. 
Bloodstream infections not reported 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: No mention of sample size calculations. Very small study with 
extreme results. Results reported using criteria of mild-mod-severe 
phlebitis, which required erythema for all phlebitis cases; this was not 
consistent with methods section, which did not designate erythema as 
a necessary requirement for phlebitis diagnosis. Principal investigator 
performed all of recruitment, randomisation and outcome measures 
himself. High risk of bias. 
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Ref No: 022 Author(s): Butler-O’Hara 

Year: 2006 Journal: Pediatrics 

Reviewer:     GRB                        CR             

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: 52-bed tertiary referral neonatal intensive care unit in Rochester, New York 

Participants: Infants with birth weight ≤ 1250 g who had an umbilical vein catheter (UVC) 
placed on admission 

 Group A (short-term UVC) Group B (long-term UVC) 

Number of 
Participants 

106 104 

Mean Age (SD) 
(Range) 
(gestational 
age at birth, 
weeks)  

27.8 ± 2.0 27.7 ± 2.2 

Sex (M/F)   54/50 58/46 

Number: Nil after randomisation Number: Nil after randomisation 

Reason: Reason: 

Participants 
excluded from 
the study  

 
In total, 537 screened for eligibility ->327 excluded (didn’t meet inclusion 
criteria (n=104), refused (n=150), other (n=70). 210 Randomised. 

Interventions:  

Group A (short-term UVC) Group B (long-term UVC) 

The UVC remained in situ up to 7-10 days. 

If central access was necessary beyond day 10, 
percutaneous central venous catheter (PCVC) 
was placed. Attempts to place PCVC began on 
day 7 so that all short-term UVCs would be 
removed by day 10. If PCVC was removed for 
any reason and central access was still required, 
another PCVC was placed. Complications were 
recorded until the removal of the final central 
catheter. 

The UVC remained in situ up to 28 days. 

At 28 days, if the infant still required central 
access, a PCVC was placed. If PCVC was 
removed for any reason and central access 
was still required, another PCVC was 
placed. Complications were recorded until 
the removal of the final central catheter. 

 

Outcome Measures: 
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Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-associated 
infection PRIMARY 

Definition included: 

1. symptomatology (e.g. temperature instability, increased 
ventilator settings, increased apnoea, bradycardia or 
desaturations, feeding intolerance, lethargy or blood pressure 
instability), and  

2. either a single positive blood culture for prospectively defined 
definite pathogens, or  

multiple positive cultures (≥ 2 within 48 hours) for other organisms 
from usually sterile site(s) (blood, catheter tip, urine, cerebrospinal 
fluid, plus at least one positive culture from the blood), and 

3. While an IVD was in situ 

Simultaneous quantitative peripheral and catheter blood cultures 
performed on clinical suspicion of infection. 

 Adverse events 

All infants were monitored 
for emboli, thrombosis, 
haemorrhage, arrhythmia, 
pericardial effusion, pleural 
effusion, necrotising 
enterocolitis, catheter 
rupture, feeding 
intolerance. 

 

Echocardiogram in the short-term group was performed at study 
entry, before removal of the UVC at 7-10 days, on placement of 
the PCVC, at 7 and 21 days after PCVC placement (± 1 day), and 
1-2 weeks after the PCVC was discontinued. Echocardiogram in 
the long-term group was performed at study entry, 7, 14, 28 days 
of age (± 1 day), before removal of the UVC, and 1-2 weeks after 
the UVC was discontinued. For those requiring a PCVC, 
echocardiogram was performed at catheter placement, at 7 and 
21 days after PCVC placement (± 1 day), and 1-2 weeks after the 
PCVC was discontinued. Echocardiogram at 5-year follow up for 
all subjects. (not reported in this paper). A study cardiologist 
reviewed all echocardiograms. All findings were recorded, but 
only significant findings were reported to the clinical team. 
Clinically significant findings were defined as any 
haemodynamically significant thrombi (threatened occlusion of 
any major vessel, crossing or blocking heart valve) or any other 
finding the cardiologist felt was a potential threat to the subject. 
Thrombi were grouped by size as small (longest linear dimension 
≤ 5 mm), moderate (5.1-10 mm) or large (>10 mm). 

 Mortality – All cause  

Results: 

Dichotomous Data Table: A priori power calculations performed (required 210) and planned 
sample size achieved, although different absolute observed rates meant study was 
underpowered. 

Outcome Group A (short-term 
UVC) 
Number/Total number 
(%) 

Group B (long-term 
UVC) 
Number/Total number 
(%) 

P value from paper  
Odds Ratio (OR) 
and 95% CI 
calculated using 
Revman 

IVD-associated BSI  14/106 (13%) 
 

7.4 per 1000 IVD days 

21/104 (20%) 
 

11.5 per 1000 IVD 
days 

P=0.17 
 

OR 1.66 (95%CI 
0.79-3.48) 

Thrombi 10/106 (9%) 14/104 (13%) P=0.36 
Pericardial effusions 11/106 (10%) 10/104 (10%) P=0.85 



Intravascular Device Systematic Review  Griffith University 
 

 190

Necrotising 
enterocolitis 

7/106 (7%) 11/104 (11%) P=0.30 

Death 8/106 (8%) 7/104 (7%) P=0.82 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 
Continuous Data Table 

Outcome Group A (short-
term UVC) 
Mean (+/SD) 

Group B (long-term 
UVC) 
Mean (+/SD) 

P value from paper 

Days to IVD-
associated BSI 

11.5 (5-25) 14 (5-28) P=0.19 kaplan meier 

Total number of IVDs 
by Day 28 

113 UVC 
97 CVC 

147 UVC 
34 CVC 

 

Mean number of 
IVDs 

1.98 (0.63) 1.74 (0.75) 0.01 

 
Authors Conclusions: Long-term use of UVCs did not result in fewer catheter-related 

infections or thrombosis compared with short term use of UVC 
followed by CVC. Long-term use of UVC did result in fewer catheters 
being placed. Our data supports UVC being used for up to 14 days, 
and even to 28 days may be reasonable. Additional studies are 
required to study prolonged placement. 
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Author: Butler-O’Hara et al Year: 2006 

Title: A randomized trial comparing long-term and short-term use of umbilical 
venous catheters in premature infants with birth weights of less than 1251 grams 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Randomisation prepared by one of the 
investigators using a random-number table. 
Stratified by birth weight (> or equal/less than 
1000g) 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Opaque envelopes, but no mention of numbering 
or sealing. Block randomised in blocks of 10 (not 
varied) so possible to detect, although not explicitly 
told to clinical staff. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Lab staff analysing blood cultures may have been 
blinded (not reported), however diagnosis also 
required clinical symptoms assessed by unblinded 
clinicians and these were not clearly defined e.g. 
lethargy. Authors note there may have been bias 
towards increased detection of infection in the 28-
day group due to greater ease in sampling for 
blood cultures with the umbilical catheters. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Reports 100% adherence to designated group and 
states ITT performed. Patient was unit of 
measurement. 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% of randomised patients included in final 
analysis 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. It was noted that 
blood cultures were less likely to be taken in the 
short-term group due to the CVCs being more 
difficult to aspirate, this may have underestimated 
infection in this group, however, this would only 
strengthen findings of no difference. 

Summation: Well-conducted study.  



Intravascular Device Systematic Review  Griffith University 
 

 192

 
Ref No: 023 Author(s): Chen et al 

Year: 2003 Journal: Critical Care Medicine 

Reviewer:     GRB                        CR            

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: 42-bed surgical and medical intensive care units at a 2,700 bed medical centre 
in Taiwan (Taipei Veterans General Hospital) 

Participants: 258 adult intensive care patients with 331 pulmonary artery catheters (PAC) 
inserted in internal jugular vein. Resites always at new site. Mean duration of 
PA treatment approx 8.8 days. 

 Group A (PAC replacement at 4 
days) 

Group B (PAC replacement at 7 
days) 

Number of 
Participants 

133 patients 125 patients 

Mean Age (SD) 
(Range) 

All 
participants  

68.0 ± 16.1 66.7 ± 15.4 

Sex (M/F)   103/30 95/30 

Number:             35 Number:          40 

Reason: Reason: 

Participants 
excluded from 
the study  

Following randomisation, 75 patients were excluded from the per protocol 
analysis if they had stable haemodynamic data and their catheter was 
removed earlier than planned (condition improved, 9 cases; transferred to 
ward, 21 cases; discharged against advice, 9 cases; died before completion of 
the study, 36 cases). These constituted 26% of 4-day group and 32% of 7 day 
group. No signif diff in clinical factors between excluded and included patients 
(p>0.05, data not provided).  An ITT analysis was also performed which 
included all randomised patients (no adjustment for missing data). 

Interventions: Both groups: all infusion sets replaced on resite and also every 72 hours. 

Group A (PAC replacement at 4 days) Group B (PAC replacement at 7 days) 

PAC replaced every 4 days PAC replaced every 7 days 

Outcome Measures:  
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Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Blood from PAC was collected at the time of catheter insertion and 
before removal of the catheter. 

Defined as the isolation of microorganisms from both peripheral blood 
and from a catheter-tip culture growing ≥ 15 cfu that were the same 
species and with the same antibiogram when there was no other 
overt source for the bacteraemia except the PAC. 

 Infusate-related BSI After removal of the catheter, a sample of the infusate (1-2 ml) was 
obtained from each tube connecting to the catheter and transferred to 
a culture plate for incubation. Automated culture system (MicroScan 
WalkAway-96).  

Infusate-related bacteraemia defined as the isolation of the same 
microorganisms cultured from both the infusate and the peripheral 
blood, with no other identifiable source of infection. NB Results not 
clearly reported. 

 Bacteraemia Peripheral blood obtained for culture whenever fever ≥ 38.5°C. 
Bacteraemia was defined as microorganisms isolated from blood at a 
peripheral site without another obvious infection source. 

 Site inflammation Inflammation at the catheter site was defined as the presence of at 
least two of the following signs: erythema, tenderness, increased 
warmth, and induration. 

 Local infection Purulence within 2 cm of the skin at the catheter insertion site. (NB 
Not reported) 

 Device colonisation Upon removal of the PAC, a 5-cm segment from the most distal tip of 
the catheter was cut off, placed in a sterile container and sent to lab. 
Roll-plate semi-quantitative method was used for culture of all tips; 
colonies were counted after 48 hrs and identified. Tip colonisation 
defined as ≥ 15 cfu. 

 Skin colonisation Skin samples were taken for culture at least every 2-3 days. 
Automated culture system (MicroScan WalkAway-96). NB results for 
this not reported separately. 

Results: 

Dichotomous Data Table:  

Outcome Group (PAC 4 days) 
Number/Total 
number (%) 

Group (PAC 7 days) 
Number/Total 
number (%) 

Odds ratio OR (95% 
confidence intervals) 

IVD-related BSI 0/133 (0%) 1/125 (0.8%) NS 
Device 
colonisation 

6/133 (4.5%) 
 

7.0/1000 IVD days 

12/125 (9.6%) 
 

12.2/1000 IVD days 

OR 2.25 (0.75-6.98) 

Bacteraemia  9/133 (6.7%) 
 

10.5/1000 IVD days 

12/125 (9.6%) 
 

12.0/1000 IVD days 

1.46 (0.55-3.94) 

Site inflammation 3/133 (2.2%) 2/125 (1.6%) 0.7 (0.08-5.28) 
Total infection or 
colonisation 
(unclear exactly 
what this 
includes) 

21/133 (15.8%) 
 

24.6/1000 IVD days 

27/125 (21.6%) 
 

27.2/1000 IVD days 

OR 1.47 (0.75-2.90) 
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Major mechanical 
complications 
(e.g. 
pneumothorax, 
haemothorax) 

0 0 - 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 
Continuous Data Table: 

Outcome Group (PAC 4 days) 
Number/Total number 
(%) 

Group (PAC 7 days) 
Number/Total number 
(%) 

P value from paper 
Odds ratio OR (95% 

confidence 
intervals) 

Mean dwell time per 
PAC 

4.8 days 6.5 days P<0.001 

Mean overall PAC 
duration of therapy 

7.8 days 9.7 days P=0.002 

Mean no PAC 
inserted 

1.3 1.2 NS 

 
Authors Conclusions: The time until PAC replacement can be extended to 7 days if 

there is no evidence of catheter-related infection. 
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Author: Chen et al Year: 2003 

Title: Comparison between replacement at 4 days and 7 days of the infection rate 
for pulmonary artery catheters in an intensive care unit 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Not specified 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Not specified 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Impossible to blind 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Likely that microbiological measures were 
performed by blinded lab staff, but this is not 
stated. Primary endpoint unclear but appears to be 
a composite of objective and subjective measures. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Yes, also a per-protocol analysis which had similar 
results 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% in ITT analysis. Some endpoints described in 
methods were not clearly reported in results. 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: A priori sample size calculations performed. Moderate risk of bias. 
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Ref No:024 Author(s): Webster et al 

Year: 2007 Journal: International Journal of Nursing Studies 

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, cost, 
adverse events, mortality-all cause. 

Setting: Tertiary referral hospital in Brisbane, Australia, over 6 months 

Participants: Adult inpatients from surgical, medical and orthopaedic wards who were 
expected to require peripheral venous cannula for at least 4 days. Average 
overall IVD treatment time (both groups) 5 days. 

 Group A (Intervention - change 
only if clinically indicated) 

Group B (control - 3 day change) 

Number of 
Participants 

103 Patients 103 patients 

Mean Age (SD) 
(Range) 

All 
participants  

60.22 (16.2) 63.06 (17.3) 

Sex (M/F)   50/53 49/54 

Number:                0 Number:           0 

Reason:  Reason:  

Existing bloodstream infection or receiving immunosuppressive therapy were 
exclusion criteria. Before randomisation: 1240 potentially eligible. 533 did not 
meet inclusion criteria, 501 had exclusion criteria, 206 randomised. Nil 
excluded post randomisation.  

Participants 
excluded from 
the study  

 

Protocol compliance: 4 patients in clinical indication resite group had cannula 
routinely changed. 34 patients in control group did not have cannula resited 
every 3 days. All were included in ITT analysis. 

Interventions:  

Group A (intervention - change only if 
clinically indicated) 

Group B (control - 3 day change) 

Intervention group had their peripheral 
venous cannula resited if clinically indicated. 

Control group had a new peripheral venous 
cannula relocated to different site every 3 days 
(or when clinically indicated if less than 3 days). 
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Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 

 Device-related BSI Isolation of a phenotypically identical organism from a catheter segment 
and a blood culture. 

 Phlebitis During the course of the infusion and up to 48 hours after cannula 
removal. 

Defined as the presence of two or more of the following: pain, 
tenderness, warmth, erythema, swelling, and a palpable cord 

 Local infection Erythema with cellulitis at the site or pus 

 Cost Calculated in two ways: 

1. cost associated with cannula inserted for intermittent IV 
medication, estimated to be $14.26 per insertion for nursing 
time and supplies (cannula, 3-way tap, basic dressing pack, 
syringe, transparent adhesive dressing, skin disinfection and 
local anaesthetic for insertion) 

2. cost associated with cannula inserted for continuous IV infusion, 
estimated to be $21.26 per insertion for nursing time and 
supplies (cannula, 3-way tap, basic dressing pack, syringe, 
transparent adhesive dressing, skin disinfection and local 
anaesthetic for insertion, all associated lines, intravenous 
solutions and additives) 

 Any unplanned 
removal (PRIMARY 
ENDPOINT) 

Composite of any reason causing unplanned cannula removal, 
including: leaking around the cannula; infiltration (defined as 
permeation on non-vesicant IV fluid into the interstitial compartment, 
causing swelling of the tissue around the site of the catheter; erythema; 
occlusion/blockage; pain; accidental removal; local infection at the site 
of the catheter (defined as erythema with cellulitis at the site or pus)  

Results: 

Dichotomous Data Table:  

Outcome Group A (change only if 
clinically indicated) 
Number/Total number (%) 

Group B (3-day change) 
Number/Total number (%) 

P & RR (95%CI) 
values from paper

Unplanned 
catheter removal 

46/103 (44.6%) 41/103 (39.8%) RR 1.12 (0.81-
1.55) p=0.29 

Phlebitis 1/103 (0.9%) 2/103 (1.9%) OR 0.33 (0.03-
3.19) 

IVD-related BSI 0 0 N/A 
Local infection 0 0 N/A 

Continuous Data (Scale):  

Outcome Group A (change only 
if clinically indicated) 
Mean and SD 

Group B (3-day 
change) 
Mean and SD 

P values from paper 

Total Cost AUD$3183.62 AUD$3837.56 P=0.006 
Number of resites 167 202 P=0.02 
Duration of IVD 123.3 (SD88.9) 125.9 (SD73.0) P=0.82 
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therapy/pt (mean) 

Authors Conclusions: Resiting peripheral venous cannulas when clinically indicated 
compared with changing them routinely every 3 days does not lead to 
more complications and reduces costs. 
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Author: Webster et al Year: 2007 

Title: Developing a Research base for Intravenous Peripheral cannula re-sites 
(DRIP trial). A randomised controlled trial of hospital in-patients 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computer-generated random number list, stratified 
by oncology status.  

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

Allocation concealed until telephone call to a person 
who was independent of the recruitment process 
and blind to baseline clinical data. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Intervention unable to be blinded 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

The person assessing the outcome (unplanned 
removal) was not blinded to the study group, but 
was not associated with the study. Presumably lab 
staff were blinded for micro outcomes for IVD-
related BSI 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Stated as used 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

All randomised patients included in analysis  

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: A priori sample size calculations performed.  
Well conducted and reported study. Low risk of bias. 
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Ref No: 025 Author(s): Webster et al 

Year: 2008 Journal: BMJ online  

Reviewer:     GRB                        CR  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream 
infection (BSI), device-associated BSI, infusate-related BSI, BSI-all cause, 
phlebitis, skin toxicity, device colonisation, infusate colonisation, skin 
colonisation, cost, adverse events, mortality-all cause. 

Setting: Tertiary hospital in Brisbane, Australia 

Participants: Adult medical and surgical inpatients requiring peripheral venous cannula 
for > 4 days 

 Group A (intervention – clinical 
indication) 

Group B (control – routine 
replacement) 

Number of 
Participants 

379 376 

Mean Age (SD) 
(Range) 

All participants  

60.1 (17.1) 58.8 (18.8) 

Sex (M/F)   248/131 233/143 

Number:   0 Number:           0 

Reason:  Reason:  

1620 potentially eligible: 865 exclusions before randomisation; 755 
randomised. Reasons for exclusion: 159 did not want to participate; 393 
altered mental state; 190 too ill; 123 language barrier 

Participants 
excluded from 
the study  

Before 
randomisation/ 
Following 
randomisation? 22 patients in the intervention group had their catheters changed routinely, 

but were still included in intention to treat. 

Interventions:   

Group A (clinical indication) Group B (routine replacement) 

Peripheral venous cannula changed only 
when clinically indicated. 

Peripheral venous cannula changed routinely 
every 3 days. 

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
 Catheter failure 

(phlebitis or infiltration) 
Phlebitis: two or more of: pain, tenderness, warmth, erythema, 
swelling, or a palpable cord 

 200
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PRIMARY ENDPOINT Infiltration defined as permeation on IV fluid into the interstitial 
compartment, causing swelling of the tissue around the site of the 
catheter 

 IVD-related BSI 
(secondary endpoint) 

Isolation of a phenotypically identical organism from a catheter 
segment and a blood culture. Note this was reported as 
“Suspected BSI” 

 Phlebitis (secondary 
endpoint) 

Two or more of: pain, tenderness, warmth, erythema, swelling, 
and a palpable cord 

 Cost (secondary 
endpoint) 

Calculated in two ways: 

1. cost associated with cannula inserted for intermittent IV 
medication, estimated to be $16.40 per insertion for nursing time 
and supplies (cannula, 3-way tap, basic dressing pack, syringe, 
transparent adhesive dressing, skin disinfection and local 
anaesthetic for insertion) 

2. cost associated with cannula inserted for continuous IV 
infusion, estimated to be $28.84 per insertion for nursing time 
and supplies (cannula, 3-way tap, basic dressing pack, syringe, 
transparent adhesive dressing, skin disinfection and local 
anaesthetic for insertion, all associated lines, intravenous 
solutions and additives) 

 Catheter occlusion or 
blockage (secondary 
outcome) 

 

Catheter occlusion or blockage 

 

 Local infection at 
insertion site  (secondary 
outcome) 

Erythema with cellulitis or pus at the site 

Results: 

Dichotomous Data Table:  

Outcome Group A (clinical 
indication) 
Number/Total number 
(%) 

Group B (routine 
replacement) 
Number/Total number 
(%) 

RR (95%CI) from 
paper 

Unplanned 
removal 
(Phlebitis or 
infiltration) 

143/379 (38%) 
 

59.8/1000 IVD days 

123/376 (33%) 
 

60.9/1000 IVD days 

RR 1.15 (0.95-1.4) 
 

RR 0.98 (0.78-1.24) 
 

Phlebitis 16/379 (4%) 12/376 (3%) RR 1.32 (0.63-2.76) 
Infiltration 135/379 (36%) 120/376 (32%) RR 1.12 (0.91-1.36) 
Blockage 30/379 (8%) 20/376 (5%) RR 0.49 (0.86-2.57) 
Local infection 2/379 (1%) 0/376 (0%) RR 4.96 (0.24-102.98) 
Suspected BSI 1/379 (0.3%) 1/376 (0.3%) RR 0.99 (0.06-15.80) 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Continuous Data (Scale):  

Outcome Group A (clinical Group B (routine  
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indication) 
Mean and SD 

replacement) 
Mean and SD 

Cost per episode 
of care (Mean) 

AUD$36.40 AUD$41.02  

Costs per IVD 41.05 46.22 Mean difference -5.16 (-9.12 to -
1.21) 

IVDs placed per 
grp 

679 749  

Mean duration of 
IV therapy 

6.3 (SD5.1) 5.4 (SD3.8) P=0.007 

Total IVD 
days/grp 

2393 2020  

 

Authors Conclusions: Replacing peripheral intravenous catheters when clinically indicated 
has no effect on the incidence of failure (phlebitis or infiltration). 
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Author: Webster et al Year: 2008 

Title: Routine care of peripheral intravenous catheters versus clinically indicated 
replacement: randomised controlled trial 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Block randomisation by computer-generated 
random number list prepared by an investigator 
with no clinical involvement in the trial. Stratified 
for admission for oncology-related procedure. 

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

After the research nurse obtained the patient’s 
consent, she telephoned a contact who was 
independent of the recruitment process. 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Intervention unable to be blinded 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Primary endpoint assessed by unblinded clinical 
staff as per routine. Investigators and research 
staff had no involvement in nominating the reason 
for catheter change or removal, or in diagnosing 
phlebitis. Microbiological lab staff were blinded. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

Stated in paper 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

100% follow up 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

This appears to have been the case 

Were control and 
treatment group treated 
equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done 

Summation: Well conducted and reported study. Low risk of bias. 
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Ref No: 026 Author(s): Rickard et al 

Year: 2004 Journal: Infection Control and Hospital Epidemiology 

Reviewer:     GRB  only  

Eligibility of Study for Review (All must be check for inclusion in study) 

Study Type: 

Participants: 

Intervention: 

Outcome: 

 Randomised controlled trial or  Quasi randomised controlled trial 

 Patients with intravascular device 

 The study evaluates the use of one of the following: pre-insertion skin 
preparation; insertion practice (hand hygiene/barrier precautions); dressing 
(type/frequency); routine replacement of devices or administration sets 

 Study evaluates one of the following: device-related bloodstream infection 
(BSI), device-associated BSI, infusate-related BSI, BSI-all cause, phlebitis, 
skin toxicity, device colonisation, infusate colonisation, skin colonisation, 
cost, adverse events, mortality-all cause. 

Setting: 18-bed intensive care unit in a large metropolitan hospital in Brisbane, 
Australia, over 12 months 

Participants: Adult ICU patients with chlorhexidine gluconate and silver sulfadiazine-
coated multi-lumen central venous catheters (CVCs), non-tunnelled, short-
term (7-10 days) 

 Group A (IV administration set 
change every 4 days) 

Group B (IV administration set 
changed only on clinical 
indication) 

Number of 
Participants 

203 201 

Mean Age (SD) 
(Range) 

All 
participants  

55.06 ± 18.66 49.78 ± 19.79 

Sex (M/F)   120/83 133/68 

Number:              14 Number:              15 Participants 
excluded from 
the study  

 

Reason: not cultured due to autopsy 
or lost or contaminated specimens 

Reason: not cultured due to 
autopsy or lost or contaminated 
specimens 

Interventions:  

Group A (IV administration set change 
every 4 days) 

Group B (IV administration set left intact 
for the duration of catheterisation) 

Set changes were performed on catheter-day 4 
at approximately 72 hours (± 12 hours) after 
insertion.  

Administration sets were changed only on 
clinical indication or on day 7-10 when 
catheters were routinely removed and resited.

Outcome Measures: 

Outcome Description: Scale/Measure (Definition of how was it measured) 
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 Device-related BSI Defined as definite, probable (type I and II), possible or absent. 

Definite and possible categories used in this study combine to 
equate with the CDC definition of catheter-related BSI.   

Positive catheter tip culture plus positive blood culture 

 Device colonisation Distal portion of tip was cultured by semiquantitative technique. 
Colonisation defined as growth ≥ 15 cfu 

Results: 

Dichotomous Data Table:  

Outcome Group A (IV 
administration set 
change every 4 days)
Number/Total 
number (%) 

Group B (IV 
administration set left 
intact for the duration 
of catheterisation) 
Number/Total number 
(%) 

Odds Ratio (OR) and 95% 
confidence intervals (CIs) 
computed (Revman) using 
extracted data. 

IVD-related BSI 3/203 (1.48%) 3/201 (1.49%) OR 0.99 (95%CI 0.20-
4.96) 

Device 
colonisation 

10/203 (4.93%) 19/201 (9.45%) OR 0.5 (95%CI 0.22-1.10) 

Use odds ratios statistic, line of no effect = 1, >1 = more effect, < 1 + less effect 

Authors Conclusions: Sample size calculations performed. The unit of measurement for 
randomisation and analysis was the IVD. A per patient analysis was 
also performed, with no difference in the outcome measures, 
compared to the main analysis. 
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Author: Rickard et al Year: 2004 

Title: Routine changing of intravenous administration sets does not reduce 
colonization or infection in central venous catheters 

Design: RCT 
Quality Criteria Assessment Comments 

Generation of random 
allocation sequence A  Adequate 

B  Unclear 

C  Inadequate 

Computerised random-number generator  

Allocation concealment A  Adequate 

B  Unclear 

C  Inadequate 

 

Blinding of Intervention A  Double 

B  Single 

C  None 

D  Unclear 

Medical staff were blinded to the study group.  
Registered nurses were not blinded, as they 
changed the lines. 

Blinding of outcome 
assessment A  Yes 

B  Unclear 

C  No 

Laboratory staff were blinded to the study group. A 
blinded intensivist reviewed microbiological results 
(i.e. cultures of catheter tip, blood, and other sites) 
and cases of systemic inflammatory response 
syndrome. 

Intention to treat 
analysis A  Yes 

B  Unclear 

C  No 

 

Completeness of 
reporting ≥ 90% A  Yes 

B  Unclear 

C  No 

 

Control and treatment 
group compatible at 
baseline? 

A  Yes 

B  Unclear 

C  No 

There was a mean difference of 6 years and 6 
injections into the set, between the groups. These 
were statistically significant but unlikely to alter 
outcome. 

Were control and 
treatment group 
treated equally? 

A  Yes 

B  Unclear 

C  No 

This appears to have been done. 

Summation: Well-conducted trial with moderate risk of bias. Sample size calculations 
performed. The unit of measurement for randomisation and analysis 
was the IVD. A per patient analysis was also performed, with no 
difference in the outcome measures compared to the main analysis. 
N.B. Reviewed by Ray-Barruel only. Rickard did not review this trial due 
to conflict of interest as author. Ray-Barruel had no part in undertaking 
the published study. 
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1. Project plan and search strategy 
 

1.1. Introduction  
 

The World Health Organization (WHO) with its headquarters in Geneva, Switzerland, has 
initiated and is spearheading a Global Patient Safety Initiative under the Title “Clean Care is 
Safer Care” that is targeted at healthcare settings worldwide (http://www.who.int/ 
patientsafety/en). As part of this initiative, the WHO has published a large set of 
recommendations, the WHO Guidelines on Hand Hygiene in Health Care [107]. These guidelines 
were written by a panel of over 50 international experts from various countries; an advanced 
draft was released in 2006, and the final document in May 2009. One key element of the 
guidelines is the recommendation of alcohol-based hand antisepsis as a new worldwide 
standard of care in healthcare settings. In Australia, the Australian Commission on Safety and 
Quality in Health Care (http://www.safetyandquality.gov.au) has made the promotion of hand 
hygiene in healthcare settings one of the top priorities in the nationwide efforts to protect 
patients from healthcare-associated infections [36]. As a result of these efforts, the Australian 
Hand Hygiene Initiative (Hand Hygiene Australia, HHA) was formed, with its headquarters 
based at the Austin Hospital in Melbourne (http://www.hha.org.au). Again, as in the WHO 
initiative, the promotion of alcohol-based hand rubs (ABHRs) is a key component of the 
national Australian initiative. The principle of action of alcohols in hand hygiene differs from 
that of handwashing with soap or other detergents. While handwashing aims at the mechanical 
removal of dirt and microorganisms, the use of alcohols aims at the rapid killing of 
microorganisms on hands, in order to interrupt the chains of hand-borne pathogen 
transmission. The alcohol is rubbed on hands that are otherwise dry, subsequently dries by 
evaporation, and there is no requirement for running water. The entire process of alcohol-
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based hand antisepsis typically requires about 20-30 seconds, whereas handwashing typically 
requires about 40-60 seconds. Since microbial killing or inactivation is a key element of the 
action of alcohols, the purpose of this review is to assess the alcohol concentrations and 
preparations that are most effective against various microorganisms on hands, and what the 
most effective hand hygiene protocols are against pathogens that are known to pose 
difficulties for typical hand hygiene protocols.  
 

1.2. Specific questions  
 

The following questions were provided by the Australian National Health and Medical Research 
Council (NHMRC): 
 

(1) What concentrations of which alcohols are adequate for hand hygiene to decon-
taminate specific organisms? (Designated Question 1, Q1) 

 

(2) What is the efficacy of alcohol based products compared to non-alcohol based, e.g. 
soap and water and other hand hygiene products, in reducing the risk of 
transmission of  
- Clostridium difficile? (Designated Question 2a, Q2a) 
- non-enveloped viruses? (Designated Question 2b, Q2b) 

 

1.3. Search strategy  
 

A systematic search was conducted, incorporating the following components:  
 

- Studying a set of well-known national and international major guidelines and review articles, 
such as the WHO Guidelines [107], the US Centers for Disease Control hand hygiene 
guidelines [17], a prominent book chapter by ML Rotter in the leading infection control 
textbook edited by CG Mayhall [82], and a recent extensive review article in Clinical 
Microbiology Reviews [46].  

 

- Performing Medline/PubMed searches to find relevant articles on hand hygiene in the 
medical literature.  

 

- Interrogating the Cochrane Library, which is available on a subscription basis from the 
Northern Territory Department of Health and Families eLibrary website.  

 

- Consulting with two international experts in hand hygiene. One is Professor Andreas Widmer 
from the University of Basel in Switzerland, the other Professor Manfred Rotter from the 
University of Vienna in Austria. Both are part of the panel of authors that assembled the 
WHO Guidelines [107]. Professor Rotter, in addition, was instrumental in setting up 
standardised hand hygiene testing protocols that are now part of the European Union 
requirements for testing and registering hand hygiene agents (EN series of standards).  

 

1.4. Search terms and procedures  
 

Databases were interrogated with the search terms given below (or variations thereof). The 
two experts were consulted by telephone or e-mail.  
 

Proposed initial search terms for question 1 were:  
 

- “alcohol AND (hand hygiene OR hand washing OR handwashing OR hand antisepsis OR hand 
disinfection)”.  

 

- “ethanol AND (hand hygiene OR hand washing OR handwashing OR hand antisepsis OR hand 
disinfection)”.  

 

- “(isopropanol OR isopropyl OR 2-propanol) AND (hand hygiene OR hand washing OR 
handwashing OR hand antisepsis OR hand disinfection)”.  

 

- “(n-propanol OR 1-propanol) AND (hand hygiene OR hand washing OR handwashing OR hand 
antisepsis OR hand disinfection)”.  
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Proposed search terms for question 2 were:  
 

- “Clostridium difficile AND (hand hygiene OR hand washing OR handwashing OR hand 
antisepsis OR hand disinfection)”. 

 

- “Clostridium difficile AND (alcohol OR ethanol OR isopropanol OR isopropyl OR propanol)”. 
 

- “(norovirus OR Norwalk virus OR rotavirus OR enterovirus OR virucidal) AND (hand hygiene 
OR hand washing OR handwashing OR hand antisepsis OR hand disinfection)”. 

 

- “(norovirus OR Norwalk virus OR rotavirus OR enterovirus OR virucidal) AND (alcohol OR 
ethanol OR isopropanol OR isopropyl OR propanol)”. 

 

The searches were expected to yield a very large number of literature references that were to 
be narrowed down by visual searching. The search terms would then be further modified 
according to initial results obtained, and if results obtained from searches for one question 
were suitable for the other question, they were assessed for that question, and vice versa. The 
searches were to include articles in English and German language. Articles in German were 
considered relevant, because available guidelines and review articles [82, 107] indicate that 
the topic of these questions has been a target for intense research in Germany, Austria, and 
Switzerland since the 1960s, and a small number of original articles have been published in the 
German language. Secondary citations from retrieved articles were also to be included in the 
assessment, if they matched the inclusion criteria.  
 

Preliminary assessment of review articles and guidelines [17, 36, 46, 82, 107] indicated that 
there were four possible categories of articles that might provide information:  
 

(a) Systematic reviews or evidence-based guidelines that include assessment of the efficacy 
of different hand hygiene products, including alcohols. Preliminary assessment of the 
literature indicated that there would be relatively few articles in this category, some may 
not focus on products, and thus this category may provide only limited evidence.  

(b) Randomised, controlled clinical trials of different alcohol preparations (or alcohol versus 
soap) with nosocomial infection rates of patients as the outcome. Such studies would 
constitute Level II evidence according to NHMRC criteria. However, there may be either 
none or very few such studies published, and thus this category may not provide a suitable 
source of evidence at all.  

(c) Randomised controlled clinical trials involving alcohol-based hand hygiene agents (or 
alcohol versus soap) with microbial counts on hands as the outcome. This would be Level II 
evidence, although not directly linked to clinical outcomes. Preliminary assessment of the 
literature indicated that there would be very few such studies. Thus, there may be little 
evidence to be derived from this category.  

(d) Experimental studies of different alcohol preparations (or alcohol versus soap) on hands of 
healthcare workers or volunteers, some artificially contaminated with microorganisms, 
some with normal hand flora as targets, and microbial counts before and after the 
procedure as the outcome. Such articles would constitute Level III-1, III-2 or III-3 evidence 
according to NHMRC criteria. Preliminary assessment of the literature indicated that there 
are many published articles in this category. In addition, many of these studies have been 
performed using experimental protocols that have been standardised (e.g. European Union 
or US standards) and thus provide objective, numerical outcomes. While the evidence 
levels of such experimental studies are lower, this category of articles was therefore 
expected to provide a more prolific source of evidence. In addition, experimental studies 
were expected to be able to address both questions well, i.e. whether hands can be 
decontaminated from certain microorganisms by certain hand hygiene preparations.  

 

The plan was to do full initial literature searches for questions 1, 2a and 2b, and evaluate all 
articles belonging to categories (a), (b) and (c), regardless of date published. However, it was 
expected that articles from category (d) would become too prolific for thorough assessment. In 
this case, the plan was to limit articles from category (d) to those published from 2002 
onwards.  
 



 - 4 - 

There was a possibility that specific aspects contained within questions 1 and 2 may not have 
been addressed in articles published from 2002 onwards. Such aspects could have concerned 
particular types of alcohol preparations or particular types of microorganisms. If such a case 
arose, the published articles from the broad, unlimited initial search would be inspected for 
articles that answered the specific sub-question. Alternatively, new searches would be 
performed, addressing the additional aspects.  
 

1.5. Inclusion and exclusion criteria  
 

Criteria for inclusion (see also Appendix 2): 
- Different alcohol types or hand hygiene products analysed as the only variable with regard to 

outcome in terms of either resulting infection rates or surviving microorganisms.  
- If there were more factors analysed with regard to outcome, then the study would have to 

have analysed and listed the outcomes that were exactly attributable to the hand hygiene 
products and not to other variables.  

- Hand hygiene for general use in patient care.  
 

Criteria for exclusion (see also Appendix 3):  
- Multimodal hand hygiene programs including interventions other than just a change of 

products (where change of product may be a part, but the outcome is not attributable to 
this).  

- Any other infection control interventions (including hand hygiene interventions) where the 
outcome is not attributable to the hand hygiene product.  

- Surgical hand hygiene (i.e. surgical hand antisepsis, surgical scrubbing).  
 

1.6. Review of evidence 
 

The titles, abstracts and keywords of every record retrieved by the initial search were read, 
and articles where duplicates were retrieved only counted and reviewed once. These records 
were assessed as to whether they contained information related to questions 1 and 2. When 
records indicated that they would contain relevant information, full articles were retrieved for 
further assessment. Each article retrieved was incorporated into an EndNote database.  
 

1.7. Assessment of methodological quality  
 

Studies included in the review were appraised for methodological quality according to the 
NHMRC checklist for aetiology and risk factors [70]. Each criterion was graded as met, unmet, 
unclear or not applicable to the question. However, it was recognised that the criteria in the 
checklist were not fully applicable to experimental studies (category d), despite having an 
appropriate design to answer the review questions. Each included article received NHMRC 
Evidence Levels according to study design [69, 71, 72] (Appendix 4). A brief description of 
methodological quality of each article was subsequently assembled in an Evidence Table.  
 

1.8. Data collection and extraction  
 

Data were extracted from the included studies using Evidence Tables for each article 
(Appendices 12-14) and assembled into Evidence Summary Tables (Appendices 15-18) for each 
question (Q1, Q2a, Q2b). The results were subsequently summarised into Body of Evidence 
Matrices (Appendix 5) in order to assess the clinical question [72].  
 

1.9. Formulation of recommendations  
 

Where evidence existed to answer the clinical questions, the evidence was synthesised in a 
Body of Evidence Matrix (Appendices 5 and 19), outlining the volume, quality, clinical impact, 
applicability and generalisability of the evidence available to answer the clinical question. This 
information is to be used by the NHMRC Infection Control Guideline Steering Committee for 
drafting recommendations for the NHMRC Infection Control Guideline.  
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2. Literature search results 
 

2.1. References found 
 

Pubmed/Medline searches revealed the following:  
 

Question 1:  
 

- “(alcohol OR ethanol OR isopropanol OR isopropyl OR 2-propanol OR n-propanol OR 1-
propanol) AND (hand hygiene OR hand washing OR handwashing OR hand antisepsis OR hand 
disinfection)” revealed 803 references; the abstracts were visually searched for articles 
that met the inclusion criteria.  

 

Question 2a:  
 

- “Clostridium difficile AND (alcohol OR ethanol OR isopropanol OR isopropyl OR 2-propanol OR 
propanol OR 1-propanol OR hand hygiene OR hand washing OR handwashing OR hand 
antisepsis OR hand disinfection)” revealed 178 references; the abstracts were visually 
searched for articles that met the inclusion criteria.  

 

Question 2b:  
 

- “(norovirus OR Norwalk virus OR rotavirus OR enterovirus OR virucidal) AND (alcohol OR 
ethanol OR isopropanol OR isopropyl OR 2-propanol OR propanol OR 1-propanol OR hand 
hygiene OR hand washing OR handwashing OR hand antisepsis OR hand disinfection)” 
revealed 515 references; the abstracts were visually searched for articles that met the 
inclusion criteria.  

 

Cochrane Database searches revealed the following:  
 

Question 1:  
 

ID Search Hits 

#1 MeSH descriptor Hand explode all trees 

1547 

#2 Handwash* OR "skin care" OR steriliz* OR sterilis* OR antisepsis OR wash* OR clean* OR 
disinfect* 

19592 

#3 Alcohol OR ethyl OR ethanol OR isopropanol OR isopropyl OR chlorhexidine OR 1-Propanol OR 
2-Propanol 

13007 

#4 (#1 AND #2 AND #3) 

41 
 

and 
 

ID Search Hits 

#1 (hand) 

11888 

#2 Handwash* OR "skin care" OR steriliz* OR sterilis* OR antisepsis OR wash* OR clean* OR 
disinfect* 

18905 

#3 Alcohol OR ethyl OR ethanol OR isopropanol OR isopropyl OR chlorhexidine OR 1-Propanol OR 
2-Propanol 

13053 

#4 (#1 AND #2 AND #3) 

218 
 
 

Questions 2a and 2b:  
 

#1 clostridium difficile OR norovirus OR "norwalk virus" OR rotavirus OR virucidal  

581 

#2 enterovirus 

52 

#3 MeSH descriptor Enterovirus explode all trees 

81 

#4 (#1 OR #2 OR #3) 

682 

#5 hand 

11888 

#6 Handwash* OR "skin care" OR steriliz* OR sterilis* OR antisepsis OR wash* OR clean* OR 
disinfect* 

18905 

#7 Alcohol OR ethyl OR ethanol OR isopropanol OR isopropyl OR chlorhexidine OR 1-Propanol OR 
2-Propanol 

13053 

#8 (#4 AND #5 AND #6 AND #7) 

7 
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The Cochrane database searches were kindly performed by Trudi Maly, Librarian at Northern 
Territory Health.  
 

2.2. References included 
 

Titles and abstracts of all articles from the literature searches were carefully inspected as to 
whether the articles pertained to the questions and met the inclusion criteria. Where 
uncertain from title and abstract, the full articles were always retrieved and inspected. 
Articles from secondary or tertiary citations, or when on cited websites, were also retrieved 
and included when they met the criteria. For category (a), only systematic reviews and 
evidence-based practice guidelines were included, no purely narrative reviews (although some 
could have been very informative for the questions, e.g. the review by Kampf and Kramer 
[46]).  
 

Finally selected for analysis were the following numbers of articles (see also Appendix 6): 
 

Question 1, category (a): 7 articles.  
 

Question 1, category (b): 0 articles.  
 

Question 1, category (c): 12 articles.  
 

Question 1, category (d): 39 articles.  
 

Question 2a, category (a): 7 articles.  
 

Question 2a, category (b): 0 articles.  
 

Question 2a, category (c): 0 articles.  
 

Question 2a, category (d): 2 articles.  
 

Question 2a, subquestion C. difficile association with ABHRs: 7 articles.  
 

Question 2b, category (a): 5 articles.  
 

Question 2b, category (b): 0 articles.  
 

Question 2b, category (c): 0 articles.  
 

Question 2b, category (d): 14 articles.  
 

A list of articles that were considered for inclusion, but were excluded after retrieval and 
review, is provided in Appendix 7, with a brief explanation of why the articles were excluded.  
 

It was interesting to see that there were no articles belonging to category (b) that could be 
included and analysed. Several articles from the search looked like they might fit into this 
category, because the only intervention implemented was a change from handwashing with 
soap and water to providing alcohol-based handrubs, and the outcome was measured in terms 
of clinically relevant nosocomial infection rates. However, it is inherent to this type of study 
that there are at least two parameters that can be influenced by providing different hand 
hygiene agents: the amount of microorganisms remaining on hands after performing hand 
hygiene, and the compliance with hand hygiene protocols, in terms of healthcare workers 
preferring one agent over the other and then performing hand hygiene more or less frequently. 
Both parameters would have influenced the resulting nosocomial infection rates. Some of the 
clinical hand hygiene trials with infection rate as the outcome were complex, multifactorial 
studies in which hand hygiene was promoted as part of multifaceted hand hygiene 
improvement campaigns. These types of study design would have inevitably had other factors 
than just the hand hygiene agent influencing nosocomial infection rates. Since these types of 
studies would not have answered the review questions concerning the efficacy of different 
hand hygiene agents against different microorganisms, they had to be excluded from the 
review.  
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It became obvious that the topic of hand hygiene and the efficacy of different hand hygiene 
agents against various microorganisms on hands has been a topic of intense research for 
several decades, by far preceding the exclusion date of 2002 that was set for category (d) 
articles. The number of articles that were revealed by the literature searches and would fit 
the inclusion criteria for category (d), but were published before 2002, were: 91 for Question 1 
(reaching back to 1955), 4 for Question 2a, and 39 for Question 2b. It appears very likely that 
there are many more articles comparing the efficacy of different hand hygiene agents against 
different microorganisms, but they may have been either published before Medline/Pubmed, in 
journals that are not listed in these databases, or in languages other than English or German. 
The oldest reference found for alcohol as a hand hygiene agent, through secondary and 
tertiary citations, was from 1888 (Fürbringer: Untersuchungen und Vorschriften über die 
Desinfection der Hände des Arzts. Wiesbaden, 1888; cited in: Harrington C, Walker H. The 
germicidal action of alcohol. Boston Medical and Surgical Journal 148: 548-52; 1903).  
 

The number of articles retrieved for Question 1, category (d), was relatively large, with 39 
articles matching the inclusion criteria for that question and category. Since the formal 
assessment of articles is very time-consuming, it was decided to retrieve all articles in full, 
read the abstracts, incorporate the articles into Endnote, but reserve full, formal assessment 
for later. All other articles from Questions 1, 2a and 2b, including those matching category (d) 
for Questions 2a and 2b, were subjected to full assessment.  
 

While reading the literature on C. difficile and hand hygiene, it became clear that there is not 
much published formal evidence for what is an established scientific fact in microbiology, that 
C. difficile spores are not killed by alcohol or any other hand hygiene agents, while C. difficile 
vegetative forms are readily killed by alcohols, like any other vegetative bacteria. This has led 
to ongoing discussions, especially in healthcare settings where alcohol-based hand hygiene has 
been introduced only recently, as to whether the use of ABHRs is associated with an increased 
incidence of C. difficile infections. This is in the setting of an apparently worldwide increase 
of the incidence of C. difficile infections since the mid-1990s, and the emergence of new 
hypervirulent strains with increased toxin production. There have even been calls for 
abandoning alcohol-based hand antisepsis in healthcare facilities and returning to handwashing 
with soap and water as the standard of care. The literature search retrieved several articles 
investigating a possible association of ABHRs with the incidence of C. difficile infections, and 
consequently, it was decided to perform a separate evidence analysis investigating that 
question, although it was not part of the original questions provided. The rationale for 
performing this sub-analysis was: (a) that this question is part of an ongoing debate and the 
abandonment of ABHRs would be a step of major significance, and (b) that the articles for this 
sub-analysis were fully covered and retrieved by the literature search strategy and search 
terms, although they did not meet the original inclusion criteria.  
 

3. Results of literature assessments 
 

3.1. Assessment of articles for Question 1, category (a): systematic 
reviews and evidence-based guidelines 
 

All included systematic reviews and evidence-based guidelines [17, 18, 57, 74, 79, 80, 107] and 
other available review articles [73, 77, 82] were clear in that ABHRs are more effective against 
the majority of common pathogens on hands than handwashing with plain or antiseptic soap. 
Several of the articles in category (a) analysed the antimicrobial spectrum of alcohols and 
other hand hygiene agents [17, 74, 107]. Three different alcohol compounds (alcohol species) 
are in use for hand and skin antisepsis: ethanol (EtOH), isopropanol (IPA, 2-propanol) and n-
propanol (1-propanol). The useful range of antimicrobial activity of alcohols is from 
approximately 60% to 95% v/v [17]. For most of the susceptible pathogens (except non-
enveloped viruses), the order of activity is n-propanol greater than isopropanol greater than 
ethanol, with the effect that a 60% v/v n-propanol solution, a 70% v/v isopropanol solution and 
an 80% v/v ethanol solution have a similar amount of antimicrobial activity [107]. Alcohols 
have excellent antimicrobial activity against Gram-positive and Gram-negative vegetative 
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bacteria, Mycobacterium tuberculosis and a wide range of fungi [17, 107]. They have generally 
good antimicrobial activity against enveloped viruses. They have lesser and/or variable 
antimicrobial activity against non-enveloped viruses, and no activity against protozoan oocysts 
and bacterial spores, although they are active against vegetative forms of spore-forming 
bacteria [17, 107]. The excellent activity of ABHRs includes organisms with multiple antibiotic 
resistance, such as methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-
resistant enterococci (VRE) [74]. A published statement that Acinetobacter spp. would be 
resistant to ABHRs [22] was subsequently addressed as being clearly in error [78] (both articles 
are not included in the formal analysis). Plain soaps have no antimicrobial activity and only act 
by mechanical removal of pathogens, and the common ingredients to antimicrobial soaps, 
chlorhexidine (CHG), triclosan and povidone-iodine (PVP-I), generally have a less rapid speed 
of action and a somewhat narrower antimicrobial spectrum [17, 107].  
 

In the New Zealand guidelines [57], 12 studies met the inclusion criteria, and they contained 
35 comparisons of ABHR to medicated or plain soap. Twenty-four demonstrated significant 
positive results for ABHRs, while 11 demonstrated no significant differences. The authors 
conclude that there are consistent findings in greater than two-thirds of moderate quality 
studies that ABHR is superior to plain or antimicrobial soap, constituting level 2 (moderate) 
evidence, according to the grading scheme used. Among the individual results presented, all 
ABHRs that had 70% alcohol content or above, produced significant positive results compared 
to plain or antiseptic soaps, with the only exceptions being three instances where 70% ethanol 
(EtOH) performed equal to 10% povidone iodine (PVP-I). The only ABHRs that produced non-
significant results against chlorhexidine-containing and other antiseptic or plain soaps were 
two ABHRs with unspecified alcohol content, one with 61% EtOH, and one with 62% EtOH. The 
authors noted that ABHRs with ≥70% alcohol or with ≥70% alcohol plus CHG demonstrated 
greater efficacy than those containing less alcohol. Within the same 12 studies, there were 
also 22 comparisons between plain soap and medicated soaps; of these, 10 were significantly 
positive for antimicrobial soaps, 11 showed no significant differences, and one study showed 
superiority of plain soap over CHG-soap in removing MRSA [57]. The authors noted that the 
significant-positive results for antimicrobial soaps were demonstrated in studies of higher 
methodological quality than the neutral results and concluded that there is level 4 (conflicting) 
evidence that medicated soaps are superior to plain soaps. The authors concluded that ABHRs 
containing 70% alcohol are the preferred products for hand hygiene; they must contain an 
emollient, and preferably contain 0.5% CHG. They also conclude that hands must be washed 
with soap and water when visibly soiled, and that due to a lack of data, it is not possible to 
make recommendations on the use of either plain or medicated soaps. As a point of criticism, 
the preference for CHG in ABHRs by Larmer et al. [57] would not hold up to reassessment of 
evidence, since only one measuring point showed superiority of CHG-ABHR over plain ABHR, 
while two others showed equal performance.  
 

The systematic review by Picheansathian [74] addressed the performance of ABHRs versus plain 
and antimicrobial soaps, and the performance of ABHRs with different alcohol contents and 
compositions against each other. All of the analysed studies comparing ABHRs with plain soap 
demonstrated that ABHRs reduced bacteria significantly more effectively than non-medicated 
soap and water. All but one study (among analysed studies under conditions for ward-based, 
not surgical hand hygiene) comparing ABHRs with medicated soaps showed superiority of 
ABHRs. The single study where the ABHR performed equal to medicated soap (2% CHG) used an 
ABHR with only 61% EtOH. In another set of 5 studies examining ABHRs versus medicated soaps 
against multiresistant organisms (MRSA, VRE), 4 found ABHRs significantly more effective, one 
found PVP-I to be more effective. One cited study examined 70% ethanol versus 62% ethanol 
ABHR and found 70% more effective against bacteria (although it was not stated whether the 
difference was significant). Several cited studies compared the reference standard of 60% v/v 
isopropanol of the European standard EN 1500 against various other formulations. Several 
liquid hand rubs with a total alcohol content of 70% or above, or blends of different alcohol 
species (total 70% or above) satisfied the EN 1500 standard’s requirements within 30 sec, 
whereas several gels with 70% alcohol or below were significantly less effective. This finding 
demonstrates that preparations that pass EN 1500 in 30 sec are more efficacious within a 
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shorter amount of time than those that do not The review concludes by stating that the results 
appear to support the use of ABHRs for routine hand hygiene. They remove bacteria, viruses, 
fungi and multiple-drug-resistant bacteria more effectively from hands than plain or 
antimicrobial soaps. The author points out differences in activity between ethanol, isopropanol 
and n-propanol, and recommends that ethanol-based formulations should contain at least 70% 
v/v ethanol.  
 

The CDC guideline [17] provides a background section on US and European standardised testing 
requirements for evaluating the antimicrobial efficacy of hand hygiene agents. It cites data 
that handwashing with plain soap for 15 sec reduces bacteria on hands by about 0.6-1.1 logs, 
for 30 sec by about 1.8-2.8 logs, and that some studies even have found failure of plain soaps 
to significantly reduce pathogens. The guideline provides tables summarising data from the 
literature, concerning (a) virucidal activity against enveloped viruses, (b) against non-
enveloped viruses, (c) efficacy of plain soap versus antiseptic soap versus alcohol against 
bacteria, and (d) tables for surgical hand antisepsis. In the table on enveloped viruses, all (HIV, 
HBV, HSV, RSV, Influenza, Vaccinia) were inactivated rapidly by all alcohols in concentrations 
that are common in ABHRs, and also inactivated by common ingredients of medicated soaps 
(PVP-I, CHG). In another table, alcohols were compared with medicated soaps and plain soaps 
against bacterial counts on hands, compiling 22 references from the literature. Consistently, 
alcohols performed better than medicated soaps and these better than plain soaps in all table 
entries when tested side by side. While being clear in that ABHRs are generally more effective 
for routine hand hygiene than soaps or antimicrobial soaps, the CDC guideline contains no 
information on the desirable concentration of alcohols in ABHRs within the broad range of 60-
95%, and no information on minimum testing standards required to be fulfilled, although by 
being a US-based guideline it is indirectly implied that products for the US market should fulfil 
the US FDA testing requirements. The guideline recommends to use plain or antimicrobial soap 
when hands are visibly dirty (category IA recommendation, i.e. the highest level in the grading 
system used), to use an ABHR for routinely decontaminating hands when they are not visibly 
soiled (category IA), or alternatively use an antimicrobial handwash (category IB).  
 

The WHO guideline [107], too, contains a background section on US and European standardised 
antimicrobial testing requirements for general-purpose as well as surgical (the latter not 
relevant for the purpose of this review) handwash and handrub preparations and touches 
briefly also on virucidal testing standards. Briefly, the US employs a series of testing standards 
published by the American Society for Testing and Materials (ASTM) and regulated by the Food 
and Drug Administration (FDA), while Europe employs a series of EN standards published by the 
European Committee for Standardization (CEN). Similarly to the CDC guideline, the WHO 
guideline provides a set of tables comparing (a) activity of hand hygiene agents against 
enveloped viruses, (b) against non-enveloped viruses, (c) efficacy of plain soap versus 
antiseptic soap versus alcohol against common bacteria, and (d) agents for surgical hand 
antisepsis. The overall results are similar to those of the CDC guideline, but updated to reflect 
the status in 2009. In the table comparing ABHRs with other agents, they were superior against 
bacteria compared with plain or antiseptic soaps at every single point where they were tested 
against each other. The guideline concludes that ABHRs are more efficacious for most 
pathogens than medicated or unmedicated soaps, and that ABHRs should be the standard of 
care (when hands are not visibly soiled) in healthcare facilities. The WHO guideline, too, 
contains no explicit recommendation on the desirable concentration of alcohols in ABHRs and 
on a dedicated testing standard that is preferable. However, it contains a large table with data 
compiled from a book chapter by Rotter [82], indicating that optimum efficacy against 
bacteria is achieved at concentrations of about 60% v/v n-propanol, 70% v/v isopropanol and 
80% v/v ethanol. The guideline also provides the compositions of two WHO-recommended, 
standardised handrub formulations; these have either 80% v/v ethanol or 75% v/v isopropanol. 
Both can be used for general-purpose and for surgical hand antisepsis, and both meet the 
stringent European EN 1500 standard for hygienic handrubs (and the European EN 12791 
standard for surgical hand antisepsis). The final evidence-based recommendations state (in 
extracts): (A) “Wash hands with soap and water when visibly dirty or visibly soiled with blood 
or other body fluids (category IB) or after using the toilet (category II)”. (B) “Use an ABHR as 
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the preferred means for routine hand antisepsis in all other clinical situations described (. . .), 
if hands are not visibly soiled (category IA)”. (C) “Provide HCWs with efficacious hand hygiene 
products that have low irritancy potential (category IB)”.  
 

The two Canadian guidelines [18, 80] make clear statements that ABHRs are more effective 
than washing hands (even with an antibacterial soap) for decontaminating hands in healthcare 
settings, that they should be the preferred method of hand hygiene unless hands are visibly 
soiled, and that they should be adopted as the gold standard. The guidelines state that ABHRs 
in healthcare settings range in concentration between 60% and 90% alcohol content, cite 
recent evidence that norovirus can be inactivated by 70-90% alcohol and thus recommend that 
ABHRs should contain a minimum of 70% alcohol in healthcare settings. The final 
recommendations in the larger guideline [80] are (in extracts): (A) “The use of 70-90% ABHR is 
preferred for hand hygiene if hands are not visibly soiled (category IB)”. (B) “Wash hands with 
soap and water if there is visible soiling (category IA)”.  
 

The British epic2 guidelines [79] identified 19 studies comparing different hand hygiene 
preparations. That included 5 randomised clinical trials (RCTs) in clinical settings, comparing 
ABHRs with other agents. Four demonstrated ABHRs to be more effective than non-medicated 
and medicated soaps, a fifth found no statistical difference. One crossover trial between 
handwashing and handrubbing demonstrated no significant differences in clinical infection 
rates. Three clinically-based, quasi-experimental studies and 9 controlled laboratory 
experiments demonstrated an association between reductions in microbial flora and the use of 
ABHRs. One cited laboratory study showed that alcohol gels are not as effective as liquid 
rinses, and another cited study [88] with only 10 sec application time (that was later heavily 
criticised by letters to the editor) showed that some ABHRs may lose efficacy after 10 
consecutive uses. The epic2 guidelines conclude that overall, there is no compelling evidence 
to favour the general use of antiseptic handwashing agents over soap, or one antiseptic agent 
over another (and cites 2 references). One of the two references cited to support that 
statement was the authors’ own prior edition of the epic project, the other the CDC guideline 
[17]. However, the CDC guideline is misquoted. The CDC guideline clearly favours ABHRs for 
routinely decontaminating hands when they are not visibly soiled. The epic2 guideline makes 
the following recommendations (in extracts): (A) “Hands that are visibly soiled (. . .) must be 
washed with liquid soap and water (class A recommendation)”. (B) “Hands should be 
decontaminated between caring for different patients of between different care activities for 
the same patient. For convenience and efficacy and ABHR is preferable unless hands are visibly 
soiled (class A)”. (C) “Hands should be washed with soap and water after several consecutive 
applications of ABHRs (class D)”. (D) “When decontaminating hands with ABHR, hands should 
be free of dirt and organic material (class D)”. (E) “Near-patient ABHRs should be made 
available in all healthcare facilities (class D)”. Overall, the epic2 guidelines appear to have a 
serious problem with bias. The summarising statement that there is no compelling evidence to 
favour one hand hygiene agent over another is clearly contradicted by the authors’ own 
literature analysis, and the authors make an attempt to support their statement by misquoting 
a reference. The epic2 guidelines make no reference to desired alcohol contents in ABHRs or 
testing standards that they should pass.  
 

Taken together, all analysed systematic reviews and evidence-based guidelines (category (a) 
articles) and other available major review articles, except with reservations the British epic2 
guidelines, are clearly in favour of ABHRs for routine hand hygiene in most clinical situations 
when hands are not visibly soiled. It is clear that ABHRs are superior to medicated and non-
medicated soaps for most common pathogens. There is a tendency for medicated soaps to be 
more effective than plain soaps, although it is unclear whether the level of evidence that this 
finding reaches is sufficient for making a clinical practice recommendation (as the New 
Zealand guideline points out). When looking at the tables and individual cited results in all 
category (a) articles, it becomes clear that ABHRs that possess 70% or greater total alcohol 
content within the published useful range of 60-95% have significantly greater antimicrobial 
activity against common pathogens than those below 70% (although this cutoff is somewhat 
arbitrary). This is reflected by dedicated recommendations in the New Zealand and Canadian 
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guidelines and the Picheansathian review that ABHRs should contain a minimum of 70% total 
alcohol. However, this matter is complicated by the fact that different alcohol species 
(ethanol, isopropanol, n-propanol) have different levels of activity against common pathogens 
and that commercial ABHRs often contain blends of the different alcohol species. The 
requirement for sufficient antimicrobial efficacy can not only be addressed by a dedicated 
total alcohol concentration (e.g. 70%), but also in a different way, by antimicrobial testing 
standards that ABHRs should fulfil. Among the testing standards for ABHRs, the European EN 
1500 appears to be the most stringent [107], ensuring a high level of antimicrobial 
performance, and has been adopted by the WHO as a standard that their two standardised 
handrub solutions pass. The overall findings presented in the Picheansathian systematic review 
[74] clearly support the requirement for passing the EN 1500 standard within 30 sec.  
 

3.2. Background information (not formally assessed as evidence) on 
alcohol species and alcohol percentages 
 

Three alcohol species are the main ones used for hand and skin antisepsis: ethanol, isopropanol 
and n-propanol [107]. For most of the susceptible pathogens, the order of activity is n-
propanol greater than isopropanol greater than ethanol, with the exception of non-enveloped 
viruses, where ethanol at high concentrations is generally (but not always) most active [107]. 
There are also three possibilities to express alcohol concentrations, percentage by volume 
(ml/100 ml; % v/v), percentage by weight (g/100 g; % w/w or % m/m) and percentage by 
weight/volume (g/100 ml; % w/v or % m/v). For example 70% w/w ethanol is equivalent to 
76.9% v/v ethanol. The difference between % w/w and % v/v is greatest around 50% and 
becomes smaller towards 0% and 100%. For the conversion between the different percentages, 
it is necessary to use conversion tables (that are different for ethanol, isopropanol and n-
propanol) that are commonly found in pharmacopoeias. The most commonly used percentage is 
% v/v, and that is also the measurement used for the reference alcohols (e.g. 60% v/v 
isopropanol) of the European EN testing standards [81], and % v/v is commonly assumed when 
a designation is missing. However, there is also a lack of consistency in the literature on ABHRs 
to specify which one of the percentages is being used.  
 

3.3. Background information (not formally assessed as evidence) on 
antimicrobial testing standards for hand hygiene agents 
 

There are two major series of standardised antimicrobial testing requirements for hand 
hygiene agents, the US and the European ones [107]. Australia does not have its own dedicated 
testing standards. The US employs a series of testing standards published by the American 
Society for Testing and Materials (ASTM) and regulated by the Food and Drug Administration 
(FDA), while Europe employs a series of EN (European Norm) standards published by the 
European Committee for Standardization (CEN). There are two types of tests, those in vitro in 
suspension (i.e. microorganisms are exposed to disinfectants in reagent tubes), and tests in 
vivo on hands of volunteers. Tests in vivo on hands can be done on whole hands (e.g. bag-broth 
technique or glove technique), or by rubbing and testing of fingertips in Petri dishes with 
broth, or by testing fingerpads sampled with fingerpad-sized reagent tubes. Tests in suspension 
are usually done as a means of first orientation as to whether disinfectants or antiseptics are 
active against a standardised set of test organisms (step 1 tests). Tests in vivo on hands are 
usually done as a second step (step 2 tests) after formulations have passed the requirements of 
suspension tests. There are separate standards for general-purpose (hygienic) hand antisepsis 
and surgical hand antisepsis (“surgical scrubbing”). In vivo tests for general-purpose hand 
antisepsis are usually done after artificial contamination of hands or fingerpads with test 
organisms, while tests for surgical hand antisepsis are usually done on clean hands with only 
resident flora. The European EN standards have different requirements for antiseptic hand 
washes and for antiseptic (alcohol-based) hand disinfectants. Apart from the usual 
antibacterial testing, there are also separate testing standards for virucidal activity of hand 
antiseptics.  
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The US in vivo standard for antiseptic handwash or handrub agents is ASTM-E 1174 [7]. After 
artificial contamination with Serratia marcescens, the requirements are to reach a 2-log 
reduction of test organisms within 5 min after the first application of the hand hygiene agent, 
and a 3-log reduction after the 10th use of the hand hygiene agent in a series. The European 
standard for suspension is prEN 13727 (formerly prEN 12054) [29, 81]. It tests Staphylococcus 
aureus, Pseudomonas aeruginosa, Escherichia coli K12 and Enterococcus hirae and requires a 
5-log reduction for ABHRs and a 3-log reduction for antiseptic handwashes within 1 min. The 
European in vivo standard for antiseptic handwashes is EN 1499 [25]. After artificial 
contamination of hands with E. coli K12, it requires that an antiseptic (medicated) handwash 
produces a log reduction that is significantly greater than a standard non-antiseptic soap. The 
European in vivo standard for general-purpose (non-surgical) antiseptic handrubs is EN 1500 
[26]. After artificial contamination of hands with E. coli K12, it requires that an antiseptic 
handrub produces a log reduction that is not significantly inferior to that of a reference 
alcohol, 60% v/v isopropanol. Both EN 1499 and EN 1500 test the log reduction (or surviving 
microorganisms) immediately after hand hygiene, not after an interval of 5 min as in the ASTM-
E 1174 method. The EN standards do not provide dedicated log reductions that are required to 
fulfil the standards, and instead, the log reduction provided by the reference substance (for EN 
1500: 60% v/v isopropanol) within the same test series is the standard against which the test 
formulations are compared. Under the standardised conditions of EN 1500, the reduction by 
the reference isopropanol commonly lies in the range of 4-5 log [47, 48, 55]. While the 
reference alcohol in EN 1500 is applied for a total of 60 sec in two 30-sec rubs, there are two 
sub-categories for the tested formulations: those that pass EN 1500 in 60 sec like the reference 
alcohol, and those that pass EN 1500 (the same reduction as the reference in 60 sec) already in 
30 sec. Obviously, passing EN 1500 in 30 sec is a more stringent requirement. While the EN and 
ASTM standards are not directly comparable, it appears that EN 1500 is much more stringent 
and much more relevant to clinical practice than its ASTM-E 1174 counterpart. The 2-log 
reduction required by ASTM is much lower than the 4-5 log reduction usually achieved in EN 
1500, and the requirement to wait for 5 min after hand hygiene is unrealistic for any patient 
care environments.  
 

There are gaps in Australia concerning the availability of efficient hand hygiene formulations 
that have passed standardised tests. At present, only a few commercial alcohol-based hand-
hygiene products in Australia reach the levels of antimicrobial efficacy that would satisfy the 
stringent EN 1500 standard, and it is even more difficult to fulfil this standard within the 
shorter 30 sec. By contrast, Europe has a large range of commercial products that fulfil EN 
1500 within 30 sec [4]. In addition, Australian product approval by the Therapeutic Goods 
Administration (TGA) has no current requirement for independent, non-manufacturer-based 
antimicrobial testing, which is considered a prerequisite for objective product assessment in 
Europe (M. Rotter, University of Vienna, personal communication).  
 

3.4. Background information (not formally assessed as evidence) on 
other important aspects of hand hygiene agents  
 

Two other important but less objective features of hand hygiene agents are (i) user 
acceptability and (ii) skin tolerability. Generally, alcohol-based hand antiseptics cause 
significantly less skin damage than handwashing with plain or antiseptic soaps [77]. 
Commercial ABHRs (with only very few exceptions) have added emollients, which are skin-
moisturising, re-fatting additives. In the case of the WHO standardised ABHRs, this is simple 
glycerol, but commercial ABHRs often have complex, elaborate additives, sometimes added 
fragrances. Several studies, including blind crossover trials, showed that user acceptability and 
skin tolerability are indeed mainly determined by the overall hand-rub composition (e.g. 
consistency as gel or rub, texture, fragrance) and by emollient additives, but both are largely 
independent of a formulation’s antimicrobial activity [32, 53, 83, 107]. This is highly relevant, 
because manufacturers of ABHRs with substandard antimicrobial efficacy commonly advertise 
their products by stating that they are much better accepted by users than a competitor’s 
product, and the resulting improvement in compliance allegedly outweighs the disadvantage in 
efficacy (M. Rotter, University of Vienna, personal communication). However, it is clear that 
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these properties are not mutually exclusive, and the most suitable formulations for healthcare 
settings should combine excellent user acceptability and skin tolerability with excellent 
antimicrobial efficacy.  
 

One major distinguishing feature of hand-rub composition is the consistency as either gel or 
liquid. Different healthcare workers and healthcare settings have different preferences, and 
the need for a gel or liquid needs to be evaluated on an individual basis [66] [76]. In some 
healthcare facilities, it may be useful to provide both, liquid and gel alongside each other, in 
order to provide a choice that suits a wide range of healthcare workers [76, 97]. It is worth 
noting that gel formulations have generally significantly less antimicrobial activity than liquid 
ABHR formulations, even if the total alcohol content is similar [55, 74, 75].  
 

3.5. Background information (not formally assessed as evidence) on 
other important aspects of hand hygiene in healthcare  
 

Other important aspects of hand hygiene in healthcare are compliance and appropriate 
technique in performing hand hygiene. Lack of compliance by healthcare workers when hand 
hygiene is indicated is a major concern worldwide. The reasons for non-compliance with hand 
hygiene are highly complex and multifactorial, and include factors such as lack of knowledge 
and education, lack of hand hygiene facilities, understaffing and high work loads, status in the 
workplace hierarchy, role models or the lack thereof, among many other factors [77]. 
Achieving increase in compliance is a major goal of hand hygiene campaigns worldwide [17, 
107] and also of the Australian Hand Hygiene Initiative [36]. Inappropriate technique may lead 
to failure of hand hygiene measures to appropriately remove or kill microorganisms on hands, 
despite the superficial appearance of having complied with hand hygiene requirements. 
Important for both, handwashing with soap and hand rubbing with alcohol is appropriate hand 
surface coverage [105]. For alcohol hand rubbing, this is influenced by using an appropriate 
amount of alcohol (approximately 3 mL) and by covering all hand and finger surfaces during 
the rubbing process. Although the necessity for appropriate amount and technique is 
undisputed, there are indications that ABHRs with higher antimicrobial efficacy may be 
somewhat less susceptible to failure due to inadequate amounts used [43], in other words, 
they may be somewhat less susceptible to user mistakes.  
 

3.6. Background information (not formally assessed as evidence) on 
alcohol-based hand rubs and visibly soiled hands  
 

All included systematic reviews and evidence-based guidelines (category (a) articles) 
recommend to use ABHRs only when hands are not visibly soiled. However, upon a closer look, 
none of these articles provide dedicated evidence to support this statement. The assessment is 
based on the fact that ABHRs do not remove dirt or soiling. Indeed, thick soiling provides a 
mechanical impediment and also dilution factor to ABHRs, as demonstrated by one article on 
the removal of bacterial and virus contamination embedded in thick crusts of dirt under 
fingernails [62]. However, while there is insufficient published information to formally address 
and evaluate the issue, ABHRs might indeed work well in the presence of thin layers of organic 
contamination, as described in one article testing ABHRs in the presence of blood on hands 
[59]. According to expert recommendation (M. Rotter, University of Vienna, personal 
communication), an acceptable alternative method to treat hands with visible soiling is to 
wipe off dirt with a paper towel until only a thin layer is left, perform an alcohol hand rub 
with a liberal amount of alcohol and with an aim to kill microorganisms, and after the 
recommended contact time of about 30 sec, to wash off the dirt with soap and water. 
However, such a recommendation would clearly fail the criterion of applicability in the 
Australian healthcare context, since all major guidelines recommend against ABHRs when 
hands are visibly soiled.  
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3.7. Assessment of articles for Question 1, category (c): clinical trials in 
healthcare settings with microbial counts on hands as the outcome  
 

Twelve articles were included in the assessment for category (c) of Question 1 [11, 20, 33, 41, 
50, 60, 63, 68, 98, 100, 106, 109]. All of these studies except one [11] (that compared 
different ABHRs against each other) compared various alcohol liquid hand rubs or alcohol gels 
against various plain or antimicrobial soaps. All but two articles described real-life clinical 
practice scenarios in healthcare settings (hospital wards, intensive care units, long-term care 
facilities) where HCWs were assigned to alternative hand hygiene methods and samples for 
microbiological testing were taken (mostly) before and (always) directly after performing the 
alternative methods. Two articles described practice scenarios for animal handlers [20] and 
veterinary students [98]. Among the 11 articles describing comparisons between ABHRs and 
either plain or antimicrobial soaps, 9 described better performance by ABHRs than either plain 
or antiseptic soaps, two articles [20, 60] described no significant difference between the two 
regimens. Of the 9 articles describing that ABHRs performed better than soaps, 7 described the 
difference as being significant, for one article [100] it was not clear whether the difference 
was significant, and another article [63] described that both ABHR and antiseptic soap 
performed significantly better than plain soap, and ABHR performed better than antiseptic 
soap, but not significantly so. Both articles [20, 60] that described no significant difference 
between the two regimens used ABHRs with quite low alcohol content; the study by Davis et 
al. [20] compared a 62% EtOH hand gel with plain soap and measured only coliform bacteria on 
hands (which is not entirely representative of nosocomial pathogens in human healthcare 
settings), the other study [60] compared a 60% isopropanol hand rub with chlorhexidine 
antiseptic soap.  
 

A subset of 7 studies [20, 41, 63, 68, 100, 106, 109] compared ABHRs versus plain soaps, and of 
these, 5 reported that the ABHR performed significantly better than plain soap, one [20] (using 
a 62% EtOH gel) reported no significant difference, and one [100] reported that the ABHR 
performed better, but the article did not state whether this was significant. Another subset of 
5 studies [33, 50, 60, 63, 98] examined ABHRs versus antimicrobial soaps, and of these, 3 
reported that ABHRS performed significantly better than antimicrobial soaps, while one [60] 
reported no significant difference, and another [63] reported that ABHR performed better than 
antimicrobial soap, but not significantly so. A comparison between plain and antimicrobial 
soap was only presented in one article [63] among the ones formally assessed in category (c), 
and in this article, both ABHR and medicated soap performed significantly better than plain 
soap. However, while there is a paucity of evidence concerning plain versus antiseptic soap 
coming through the articles formally assessed in category (c), the evidence contained in tables 
and individual articles cited in the WHO and CDC guidelines suggests that one would find a 
significantly better performance of antiseptic versus plain soap, if one would subject these 
tables and articles to formal assessment.  
 

From category (a), the two Canadian guidelines [18] [80], the New Zealand guideline [57] and 
the systematic review by Picheansathian [74] all conclude that within the active range of 
approximately 60-95% of alcohols, ABHRs for healthcare settings should contain 70% or more 
total alcohol content. Among the articles assessed in category (c), there is a range of ABHRs 
with different concentrations that were studied. The study by Barbut et al. [11] directly 
compared three different ABHRs, one rinse with 45% isopropanol, 30% n-propanol and 0.2% 
mecetronium ethyl sulphate (termed AHRR; total 75% alcohol), one gel with 85% ethanol 
(AHRG-1; total 85%), and another gel with 53% ethanol and 17% isopropanol (AHRG-2; total 
70%). Tested in a clinical practice setting, both AHRR and AHRG-1, with higher total alcohol 
content, caused significantly greater reduction of microorganisms on hands than AHRG-2. Both 
AHRR and AHRG-1 pass EN 1500 within already 30 sec; AHRG-2 passes EN 1500, but it is not 
specified whether it does so in 60 sec or in 30 sec (the authors have been contacted for 
clarification, but have not replied). Both articles that described no significant difference 
between ABHRs and either plain or antiseptic soap used ABHRs with alcohol content 
significantly below 70%; one compared a 62% EtOH gel against plain soap [20] and the other 
compared a 60% isopropanol rub against antiseptic soap [60]. One article using a 61% EtOH gel 
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described significantly better performance than plain soap [68], and another article using 
either 62% EtOH gel or 61% EtOH plus 1% CHG rub described significantly better performance of 
both against a weak (0.3% triclosan) antiseptic soap [98]. In 7 articles (with 8 comparisons) 
using ABHRs with equal or greater than 70% alcohol, all except two comparisons showed 
significantly better results of ABHRs against either plain or antimicrobial soaps. For one of 
these comparisons [100], ABHR was superior, but it was left unclear whether this was a 
significant difference or not, and for the other [63], ABHR was superior, but at a non-
significant level, to antiseptic soaps. The latter article [63] used two relatively strong 
antiseptic soaps (4% CHG and 10% PVP-I) as comparators for the 75% (total) alcohol product 
tested.  
 

In addition to articles from category (c), two systematic reviews from category (a) were found 
to have the appropriate structure and information to be incorporated into the formal 
assessment for Question 1: the systematic reviews by Larmer et al. [57] and by Picheansathian 
[74]; because they mostly assessed level III studies, they were themselves rated as article 
providing level III evidence, but with low risk of bias. NHMRC Evidence Statements (the results 
of which are presented in Appendix 19) were constructed for the following questions:  
 

- Are alcohol-based hand rubs (ABHRs) more effective than medicated or plain soaps against 
common pathogens in healthcare environments?  

 

- Are antimicrobial soaps more effective than plain soaps against common pathogens in 
healthcare environments? 

 

- If we take 70% v/v as a cutoff in the range of alcohol activity from 60 to 90%, are the ones 
with greater than 70% more effective against common pathogens than those with less?  

 

3.8. Assessment of articles for Question 2a, category (a): systematic 
reviews and evidence-based guidelines 
 

All included systematic reviews and evidence-based guidelines [17, 18, 38, 79, 80, 103, 107] 
were clear in the fact or stated it as assumed knowledge that C. difficile spores are not killed 
by alcohols. The Canadian guideline [80] did not state this explicitly, but formulated it in a 
way that implied it was assumed knowledge. It is also clear that vegetative forms of C. 
difficile are readily and effectively killed by alcohols, just as any other vegetative bacteria 
[18, 107]. In fact, the inability of alcohol to kill bacterial spores has been known since the late 
19th century (e.g. Harrington C, Walker H. The germicidal action of alcohol. Boston Medical 
and Surgical Journal 148: 548-52; 1903 and Epstein F. Zur Frage der Alkoholdesinfection. 
Zeitschrift für Hygiene 24: 1-21; 1986). It is also clear that none of the ingredients in any of 
the other available handwash or hand antisepsis preparations is reliably sporicidal against C. 
difficile [17, 103, 107]. The WHO guideline [107] states that mechanical friction while washing 
hands with soap and water may help physically remove spores from contaminated hands, but 
this effect is not enhanced when using medicated soap.  
 

The two Canadian guidelines [18, 80] recommend handwashing as the preferred method when 
C. difficile infection is diagnosed or suspected. The larger Canadian guideline [80] makes a set 
of statements and recommendations: “(A) Observe meticulous hand hygiene with either 
alcohol-based hand rub or soap and water. (B) Soap and water is more effective in removing 
spores than alcohol-based hand rub. (C) When a hand washing sink is immediately available, 
hands should be washed with soap and water after glove removal. (D) When a hand washing 
sink is not immediately available, hands should be cleaned using an alcohol-based hand rub, 
after glove removal. (E) Hand hygiene should not be performed at a client/patient/resident's 
sink, as this may recontaminate the health care provider's hands.” The other guideline [18] 
states that when handwashing facilities are not immediately available, hands should be 
decontaminated with ABHR which is effective against the vegetative forms of the bacteria and 
then hands washed as soon as possible.  
 

The CDC guideline [17] points out that washing hands with non-antimicrobial or antimicrobial 
soap may help to physically remove spores from contaminated hands. It is recommended to 
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wear gloves when specifically caring for patients with C. difficile-associated diarrhoea. One 
study (prospective, controlled trial) is cited [39] that showed a beneficial effect of glove use 
on the incidence of C. difficile infection. After gloves are removed, the CDC guideline 
recommends to wash hands with a non-antimicrobial or an antimicrobial soap and water, or 
disinfect hands with an ABHR. It is further stated that during outbreaks of C. difficile 
infections, handwashing after removing gloves is prudent.  
 

The WHO guideline [107] contains two sections on hand hygiene in connection with C. difficile, 
one in a section on activity of antiseptic agents, and another in an appendix presenting 
practical recommendations. The guideline highly recommends contact precautions during C. 
difficile-associated outbreaks, and in particular, the use of gloves, followed by handwashing 
with soap and water after glove removal when caring for patients with diarrhoea. ABHRs 
should be continued to be used in all other instances at the same facilities. The guideline 
makes a strong statement that discouraging the use of ABHRs because of the response to 
diarrhoeal infections attributable to C. difficile will only jeopardise patient safety. Four 
studies are cited (all are also included in the extra assessment in this review, point 3.10) that 
ABHRs have not been shown to trigger the rise of C. difficile-associated disease. In fact, 
extensive use of ABHRs in hospitals has not been associated with an increase of C. difficile 
disease. Evidence is cited that in the USA, C. difficile began to rise long before the wide use of 
ABHRs. One outbreak was apparently successfully managed while introducing ABHR for all 
patients other than those with C. difficile disease. The guideline concludes that HCWs should 
wear gloves and gowns and wash hands (instead of use ABHRs) if exposure to potential spore-
forming pathogens is strongly suspected or proven, including during C. difficile outbreaks.  
 

Of the two British guidelines, the epic2 guideline [79] provides only little information apart 
from the fact that ABHRs are not effective against C. difficile. The other guideline [38] was 
designed specifically for the management and prevention of C. difficile infection, and contains 
sections on treatment and management, antibiotic prescribing practice, isolation, 
environmental cleaning and hand hygiene. Among a set of 5 overall key recommendations are: 
“(G) Gloves and aprons must be used for all contacts with the patient and their environment. 
(H) Hand washing with soap and water should be carried out before and after each contact 
with the patient and the patient’s environment.” Specific hand hygiene recommendations are 
(in extracts): “All HCWs should wash their hands with soap and water before and after contact 
with patients with suspected or proven C. difficile infection or any other infective diarrhoea 
(Grade A). All HCWs must use disposable gloves and aprons for physical contact with such 
patients (Grade B). ABHRs must not be used as an alternative to soap and water; it can be 
applied after washing to rid hands of non-clostridial organisms (Grade B)”. The guideline, 
however, states that there are no definitive trials on the issue. It is further stated that the 
Healthcare Commission recommends hand washing, rather than ABHRs, for all cases of 
infective diarrhoea. Even though it is stated that this is in line with the WHO guideline, the 
recommendation to use handwashing (rather than ABHRs) for any case of infective diarrhoea 
(not just C. difficile infection) clearly goes beyond the recommendations in all other 
guidelines. In addition, a reference is cited [96] to support that statement, but this reference 
does not even touch on the issue for which it is cited (i.e. a clear misquotation). Another 
misquotation is the CDC guideline [17] for the alleged fact that ABHRs do not remove 
norovirus.  
 

The article by Vonberg et al. [103] is a systematic review on infection control measures to 
limit the spread of C. difficile, with one section dedicated to hand hygiene. It is stated that 
the introduction of ABHRs (two studies are cited) has not been associated with an increase in 
C. difficile disease. Concerning hand hygiene agents, one cited study found that 4% PVP-I soap 
was significantly better than chlorhexidine or non-medicated soap, another study found no 
difference in the removal of spores between plain and chlorhexidine soap, while a third found 
that chlorhexidine soap significantly improved the removal of spores. A published abstract 
found that chlohexidine soap removed C. difficile spores (2.5 log) significantly better than 
alcohol gel (1.7 log), although the performance of the alcohol gel was better than expected. 
This systematic review recommends the use of gloves (and gowns) followed by meticulous 
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handwashing with soap and water when caring for patients with known C. difficile disease. 
There is no recommendation for the use of soap with antiseptic substances (unresolved issue). 
Furthermore, ABHRs should not be used as the only hand hygiene measure when caring for 
suspected or proven C. difficile positive patients.  
 

3.9. Assessment of articles for Question 2a, category (d): experimental 
studies of hand hygiene agents  
 

Two experimental studies concerning the susceptibility of C. difficile to hand hygiene agents 
met the inclusion criteria and were assessed. The study by Wullt et al. [108] assessed the 
susceptibility of C. difficile spores against 4 different disinfectants. Isopropanol (70%), the only 
agent among the tested disinfectants that can be used as a hand hygiene agent, was actually 
used as a control that was not expected to reduce the number of viable C. difficile spores. As 
expected, isopropanol caused no significant reduction, while the other disinfectants caused 
reduction to various degrees. This finding confirms the known resistance of C. difficile spores 
to alcohol. The other study [45] assessed the bactericidal activity of a new 85% EtOH hand gel 
within 15 sec in a suspension test against a range of different bacteria. Among these was a 
pure culture of C. difficile vegetative cells. The alcohol gel caused a significant reduction of 
viable C. difficile vegetative cells by more than 5 log within 15 sec, which was in a similar 
range as all the other vegetative Gram-positive and Gram-negative bacteria that were tested. 
Thus, this article confirms the susceptibility of C. difficile vegetative forms to ABHRs.  
 

For the purpose of formal assessment and for the NHMRC Evidence Statements (Appendix 19), 
the following question was raised:  
 

- What method or substance for hand hygiene, if any, is effective at reducing the risk of 
Clostridium difficile transmission?  

 

3.10. Assessment of articles for Question 2a, subquestion of whether 
incidence of Clostridium difficile infections is associated with ABHRs 
 

Seven studies were included in the extra question of whether there is an association between 
ABHRs and the incidence of C. difficile infections [16, 34, 35, 42, 52, 84, 102]. The studies 
analysed either an increasing use of ABHRs over an observation period in a healthcare facility 
[16, 42, 102], or a comparison of the situation before and after the introduction of an ABHR 
[34, 35, 52], or a cross-over design whereby handwash agents or ABHRs were available in an 
alternating fashion [84]. The ward size or hospital size analysed ranged from 24 beds [84] to 
2200 beds [102] and the total observation periods ranged from 15 months (1 year without 
ABHR, 3 months with) [52] to 7 years [102]. In the three studies with increasing ABHR use, the 
rates of increase over the observation periods were from 13 to 20 L [102], from 38 to 74 L [42] 
and from 3 to greater than 30 L per 1000 patient-days [16], respectively. All but one study 
reported that there was clearly no association between the incidence of C. difficile infections 
and the use of ABHRs. The single study that reported such an association [52] was clearly also 
the single study with the lowest methodological quality in terms of being able to answer the 
question. The single ward that was observed had only 28 beds, and there was no C. difficile 
infection in the pre-ABHR period of one year, while there were only 5 infections in a 3-month 
period when ABHR was used. Almost all of the other studies had significantly larger patient 
cohorts and observation times. Two large studies [42, 102], with the aid of mathematical 
modelling, reported that there was a positive association of antibiotic use with the incidence 
of C. difficile and MRSA infections, a negative association between ABHR use and MRSA 
infections, but no association between ABHRs and C. difficile infections, which adds further 
biological plausibility to the findings. Concomitant reductions in MRSA incidence (and in one 
study VRE incidence) were also reported in three other studies [34, 35, 52]. Taken together, 
this sub-analysis offers no evidence that the overall incidence of C. difficile infections is 
associated with the use of ABHRs, and the single inconsistent study can be explained by low 
methodological quality and a potential incidental finding.  
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For the purpose of formal assessment and for the NHMRC Evidence Statements (Appendix 19), 
the following question was raised:  
 

- Is the use of ABHRs associated with an increased incidence of Clostridium difficile 
infections?  

 

3.11. Background information (not formally assessed as evidence) on 
other important aspects of Clostridium difficile infections  
 

There are several other important aspects and open questions pertaining to the hand-borne 
transmission of C. difficile in the healthcare environment. One is whether vegetative forms or 
spores, or both, and in what proportion, are involved in transmitting infections. There is a 
common notion that spores might be the main agent involved in transmission, however, there 
is recent evidence from multiple studies that treatment with proton pump inhibitors (gastric 
acid suppressants) is a risk factor for developing C. difficile disease [1, 3, 21, 30]. C. difficile 
spores survive gastric acid easily while vegetative forms are killed by it; one study [40] showed 
a 6-log reduction of viable vegetative forms within 1 hour in gastric acid. This suggests that 
vegetative forms are indeed involved in transmission, although the extent and ratio compared 
with spores is not known. Furthermore, it has been shown that vegetative C. difficile cells, 
although they die rapidly within about 15 min on dry surfaces, survive well for up to 6 hours on 
moist surfaces outside the human body [40]. This again suggests that transmission of 
vegetative cells through hands and hospital surfaces is possible. The same article [40] 
determined the ratio between vegetative forms and spores in stool samples from 26 untreated 
patients with C. difficile diarrhoea and found it to be approximately 10:1 (vegetative:spores). 
Handwashing with soap and water typically achieves log reductions of microorganisms on hands 
between 0.5 and 2.5 through mechanical removal, while ABHRs typically achieve log reductions 
between 3 and 5 (of susceptible vegetative bacteria) through microbial killing [17, 107]. One 
published abstract [61] compared alcohol hand gels with a chlorhexidine-containing handwash 
and found that the alcohol gels reduced C. difficile spores by 1.68-1.94 log, whereas the CHG 
handwash reduced spores by 2.46 log, which was significantly greater. The authors commented 
that the reduction by alcohol was higher than expected.  
 

Expert opinion on C. difficile and hand hygiene was obtained from Professor Thomas Riley 
(University of Western Australia, an expert on C. difficile) and from Professor Manfred Rotter 
(University of Vienna, an expert in hand hygiene). Independent of the question of whether 
gloves should be used when caring for C. difficile-infected patients, both experts recommend 
in cases of potential contamination of bare hands with C. difficile to use a sequence of both, 
an ABHR followed by handwashing with soap and water. The alcohol would kill the vegetative 
forms rapidly and effectively, while soap and water would aid in mechanical removal of spores.  
 

3.12. Assessment of articles for Question 2b, category (a): systematic 
reviews and evidence-based guidelines 
 

Five systematic reviews and evidence-based guidelines [17, 18, 74, 80, 107] were included in 
the analysis for Question 2b. The two Canadian guidelines [18, 80] are relatively brief in terms 
of non-enveloped viruses. Both cite one recent study [31] that noroviruses are inactivated by 
alcohol concentrations ranging from 70 to 90% and conclude that it is preferable that a 
minimum concentration of 70% alcohol is chosen for ABHRs in healthcare settings. Similarly, 
the systematic review of Picheansathian [74] is relatively brief on non-enveloped viruses. It 
cites two studies that showed that adeno-, rhino- and rotaviruses (all non-enveloped) were 
reduced by 3-4 logs by ABHRs. The review concludes that ethanol-based ABHR formulations 
should contain at least 70% v/v ethanol, but without referring this statement back to the one 
on non-enveloped viruses.  
 

The CDC guideline [17] states that alcohols generally have poor activity against certain non-
enveloped viruses. However, despite generally lesser activity than against enveloped viruses, 
ABHRs have in vivo activity against several non-enveloped viruses. A large table is provided 
concerning the activity of hand hygiene agents against non-enveloped viruses. This table 
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provides a mixed picture, with some non-enveloped viruses effectively being inactivated by 
alcohols, while others are more resistant. For example, rotavirus is easily inactivated by ABHRs 
in standard concentrations; in four cited references where either 70% EtOH and/or 70% IPA 
were compared with medicated and/or non-medicated soaps, the alcohols were significantly 
more effective than the soaps. Adenovirus and rhinovirus were also readily inactivated by 
ABHRs at standard concentrations. ECHO virus and Coxsackie virus took intermediate positions. 
ECHO virus was readily inactivated (>3 log) by 95% EtOH, while 75% EtOH, 95% IPA and 70% IPA 
caused only little inactivation. Coxsackie virus was reduced to an extent between 1.1 log (hand 
test) and 2.9 log (finger test) by 95% EtOH. Most difficult to inactivate according to the table 
were poliovirus and hepatitis A virus (HAV). HAV was reduced by only 1 log by 70% EtOH, 62% 
EtOH, plain soap, 4% CHG and 0.3% triclosan (although the contact time for each was only 10 
sec). The reduction of poliovirus by alcohols ranged between 0.2 and 2.5 log in three studies, 
and EtOH performed better than IPA. One study in the table gave a reduction of 2.1 log of 
poliovirus by plain soap. The CDC guideline further states that ethanol has greater activity 
against non-enveloped viruses than isopropanol.  
 

The WHO guideline [107] provides an overview of the standardised methods to test the efficacy 
of hand hygiene agents and includes a short description of the ASTM E-1838 fingerpad method 
for viruses [8] and the ASTM E-2011 whole-hand method for viruses [6]. The WHO guideline, 
too, indicates that ABHRs have activity against certain non-enveloped viruses, and that some 
(e.g. rotavirus) are eliminated more effectively by ABHRs than by medicated or non-medicated 
soaps. However, it also provides an overall mixed picture of inactivation of different non-
enveloped viruses by alcohols and/or elimination by soaps. Again, HAV and poliovirus were 
difficult to eliminate by alcohols. The WHO guideline also provides a large table on elimination 
of non-enveloped viruses by various hand hygiene agents that essentially shows the same 
picture as the table in the CDC guideline [17].  
 

3.13. Background information (not formally assessed as evidence) on 
standardised virucidal testing of hand hygiene agents  
 

There are essentially four major sets of standards that can be used to test the virucidal 
activity of hand hygiene agents: those by the US ASTM, those by the European CEN, those by 
the German DVV (Deutsche Vereinigung zur Bekämpfung der Viruskrankheiten, i.e. German 
Society for the Control of Virus Diseases) and those by the French AFNOR (Association Française 
de Normalisation, i.e. French Association for Standardisation). An overview of these standards 
is provided in Appendix 8. The European standard EN 14476 [27] and the DVV [2] and AFNOR [5] 
standards contain protocols for tests in vitro in suspension. There is one ASTM standard for 
testing in vitro in suspension, ASTM E-1052 [9], and there are two ASTM standards for in vivo 
testing, ASTM E-2011 [6] for tests on whole hands and ASTM E-1838 [8] for tests on fingerpads. 
Common practice in the testing of hand hygiene agents is to use a suspension test as a step 1 
test to gather information on basic activity of a formulation against microorganisms and then 
to perform in vivo testing as a step 2 test to gather further information from real hands or 
fingers [13, 65, 86, 90, 93]. Since there is no dedicated standard for in vivo virucidal testing in 
European countries, some European authors use domestic in vitro tests as step 1, followed by 
one of the US ASTM in vivo tests as step 2 [31]. Virus inactivation (or survival) is determined in 
all standards by inoculation of suitable cell cultures and determination of infectious titres in 
serial dilutions. The European tests have standardised sets of viruses to be tested; the EN 
14476 tests poliovirus and adenovirus (both non-enveloped), the AFNOR standard tests 
poliovirus, adenovirus and vaccinia virus (the latter enveloped), and the DVV standard tests 
poliovirus, adenovirus, polyomavirus SV40 (all non-enveloped), as well as bovine viral diarrhoea 
virus (BVDV, a surrogate for hepatitis C virus) and vaccinia virus (both enveloped). While the 
methodology of the European standards can be adapted to other viruses, such testing is not 
part of the official standards. The US ASTM standards provide suggestions for viruses to be 
tested, but are also meant to be adapted to other suitable viruses. The EN 14476 and AFNOR 
standards require no organic load to be incorporated in the tests, while the DVV standard 
requires tests to be done in parallel with and without 10% foetal bovine serum as organic 
challenge. The US ASTM standards provide optional protocols for testing with foetal bovine 
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serum (ASTM E-1052), with 5% foetal bovine serum or a standardised tripartite soil load (ASTM 
E-1838) as well as 5% foetal bovine serum or 2% peptone (ASTM E-2011), respectively. The DVV 
standard provides two sub-categories: when a disinfectant only inactivates vaccinia virus and 
BVDV (both enveloped) effectively, it can receive a label claim as a “limited virucidal” agent, 
and if it inactivates all five test viruses effectively, including poliovirus, adenovirus and 
polyomavirus SV40 (all non-enveloped), it can receive a label as “fully virucidal” agent. For the 
EN 14476, DVV and AFNOR standards, a reduction of 4 log is required to claim efficacy, and for 
the three ASTM standards, there is no specified log reduction, however, the US literature 
commonly acts on the basis of a 3-log reduction (J. Steinmann, Mikrolab, Bremen, Germany, 
personal communication). However, it has been argued that these levels of reduction are 
unrealistically high for hand hygiene agents, and instead, a hand hygiene agent may be 
regarded as effective when it reduces virus levels on hands no less than 1 log above that 
achieved by mechanical removal by water [86]. Internationally, there is no single agreed set of 
standards or procedures for virucidal testing of hand hygiene agents, so that recommendations 
in different countries and procedures used by different researchers may differ significantly 
from each other. One industry association in Germany (IHO, Industrieverband Hygiene und 
Oberflächenschutz) maintains a website dedicated to tested and approved virucidal antiseptics 
and disinfectants, including a section on approved virucidal hand hygiene agents 
(http://www.iho-viruzidie-liste.de). There are indeed several tested and approved ABHRs with 
full virucidal label claims on the market.  
 

Several important viruses cause human disease and require antisepsis or disinfection as part of 
preventative measures, but cannot be propagated on cell cultures in the laboratory. Some 
other viruses may pose a risk when working in the laboratory. This necessitates the use of 
surrogate viruses when the efficacy of antiseptics and disinfectants needs to be tested. Several 
surrogate viruses are in use in laboratories throughout the world [87, 91, 93, 94]. The duck 
hepatitis B virus belongs to the family Hepadnaviridae (enveloped) and is being used as a 
surrogate for human hepatitis B virus. It can be propagated in ducklings or in primary duck 
embryonic hepatocytes. The bovine viral diarrhoea virus (BVDV) is a member of the family 
Flaviriridae (enveloped) and is being used as a surrogate for hepatitis C virus (HCV) because of 
their similarity in genome structure and mode of replication. BVDV is part of the official 
testing requirements for the DVV standard [2]. Another virus that requires a surrogate for 
testing is human norovirus. It is a frequent cause of acute gastroenteritis, is highly 
transmissible in healthcare settings and belongs to the genus Norovirus within the family 
Caliciviridae (non-enveloped). As a non-enveloped virus, it is much more resistant against 
disinfectants than enveloped viruses. Since 1998, a feline calicivirus (FCV) has been commonly 
used as a human norovirus surrogate [91]. This virus is structurally similar to human norovirus, 
but belongs to a different genus (Vesivirus) within the same family [92, 94]. It has been noted 
that FCV has a different pattern of susceptibility towards different alcohols and alcohol 
concentrations than some of the other non-enveloped viruses; while ethanol at high 
concentrations (e.g. 90-95%) is generally most active against most other non-enveloped 
viruses, FCV is best inactivated by alcohols at slightly lower concentrations (e.g. 60-70%) [31]. 
Since 2003, a murine norovirus (MNV; genus Norovirus) is increasingly being used as a human 
norovirus surrogate because it is biologically more simular to human norovirus than FCV. While 
FCV causes respiratory disease in cats and is therefore not exposed to gastric acid on its 
natural infection route, MNV has an enteric mode of acquisition and causes systemic disease in 
immune deficient mice. It is non-pathogenic for humans (i.e. can be tested on fingerpads) and 
can be propagated on a murine macrophage cell line [92, 94]. Results so far from two groups of 
authors indicate that MNV is readily inactivated by 60% ethanol (suspension test, 30 sec, >4 log 
reduction) [14] and by 70% ethanol (suspension test, 30 sec, 6 log reduction) [93].  
 

3.14. Assessment of articles for Question 2b, category (d): 
experimental studies of hand hygiene agents  
 

Fourteen articles were subjected to formal assessment in category (d) for Question 2b [14, 15, 
23, 28, 31, 44, 49, 54, 56, 64, 67, 85, 93, 101]. For the purpose of this review, it was 
interesting to see (i) if standard ABHRs in concentrations already on the Australian market 
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would be superior or inferior to handwashing with plain or antimicrobial soaps against non-
enveloped viruses, and (ii) if ABHRs, when specially formulated and tested, would be superior 
to soaps or standard ABHRs against non-enveloped viruses. The rationale for asking these two 
questions was that there are several standard ABHRs available on the Australian market, while 
ABHRs that have been specially formulated to be virucidal are only available in a few other 
countries, not in Australia.  
 

For the first type of analysis, two types of information were extracted: (i) whether either plain 
alcohols were tested in concentrations that would occur in standard ABHRs (e.g. 60-80% total) 
or whether ABHRs were used that were general-purpose ABHRs and not specially formulated to 
be virucidal against non-enveloped viruses, and (ii) whether such standard rubs were either 
directly compared with soaps or whether they were within a range of log reductions commonly 
seen with soaps. A range of 0.5-1.5 log reduction was set as the range similar to the reduction 
by soaps, because all medicated and non-medicated soaps (except a single value for triclosan 
soap with 0.42 log) were within that range. Thirteen articles contained information on 27 
different tests with individual viruses pertaining to the question. The results of this analysis 
are presented in Appendix 9. Four different tests were done with soaps and standard ABHRs in 
direct comparison, the remainder was derived from the log reduction factors, as described. 
Overall, a mixed picture was observed, similar to that in the tables of the CDC and WHO 
guidelines [17, 107]. There were 15 alcohol-virus combinations in favour of ABHRs in standard 
concentrations, 9 were equal or undecided, and 3 were in favour of soaps. As described in one 
of the included articles, which is a review article that also contains some original data [93], 
there are different levels of sensitivity or resistance between different non-enveloped viruses. 
For example, all individual test results for rotavirus were in favour of ABHRs in standard 
concentrations. According to the review article by Steinmann et al. [93], hepatitis A virus and 
poliovirus are among the most resistant ones. This is reflected by the fact that in the table in 
Appendix 9, both take two of three spots among those tests where soaps were superior to 
standard ABHRs. Interestingly, the two tests in the soap-superior column (Appendix 9) with 
HAV and poliovirus from the article by Macinga et al. [64] used a standard ABHR with only 62% 
v/v ethanol, whereas the two tests for HAV and poliovirus in the column of the table showing 
superiority of ABHRs were done by using standard ABHRs with ethanol concentration at the 
higher end of the range (75% v/v for HAV [85] and 80% w/w for poliovirus [54]). By contrast, 
one of these two articles [85] tested 75% v/v EtOH in parallel with 60% v/v EtOH against HAV, 
and the 60% ABHR gave a result (0.91 log) that would just be in the range of soaps. This is 
consistent with the assessment expressed in the review article by Kampf and Kramer [46] 
(which could not be included in the formal assessment) that ethanol at high concentrations 
(e.g. 95%) is generally (but not always) most effective against non-enveloped viruses, more 
than ethanol at lower concentrations and more than the other alcohol species (n-propanol and 
isopropanol). As a consequence, a commercial virucidal ABHR has been formulated with 95% 
ethanol [44]. A number of viruses appeared to occupy an intermediate position between the 
relatively sensitive rotavirus and the resistant HAV and poliovirus. For example, adenovirus and 
murine norovirus (MNV, the contemporary surrogate virus for human norovirus that largely 
replaced FCV, the earlier one) occupied positions in both, the ABHR superior and the similar 
column. Feline calicivirus, the earlier norovirus surrogate, occupied positions in all three 
columns (Appendix 9). It has been noted that FCV has an unusual inactivation profile compared 
to other non-enveloped viruses, being most susceptible to alcohols at slightly lower than the 
very high concentrations (e.g. 60-70%) [31, 93].  
 

Four articles were identified that tested ABHRs that had been specially formulated to be 
virucidal, including against non-enveloped viruses [44, 54, 64, 101]. One was an ABHR that 
contained 70% v/v ethanol and had a quaternium polymer and citric acid as synergistic 
additives [64]. The second had a synergistic combination of 55% w/w ethanol, 10% w/w n-
propanol, 5.9% w/w propan-1,2-diol, 5.7% w/w butan-1,3-diol and 0.7% phosphoric acid [54]. 
The third had 95% w/w straight ethanol and was marketed as a virucidal hand rub [44]. The 
fourth had a composition of 80% ethanol and 5% isopropanol [101]. Three other articles 
described tests with alcohols that had not been specifically formulated to be virucidal, but 
with alcohol concentrations that exceeded the usual concentrations of ABHRs and were typical 
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of high-ethanol ABHRs that are made to be virucidal [31, 49, 56]. One consisted of 99.5% 
straight ethanol, used in a series of other agents against feline calicivirus [56]. The second 
consisted of straight 90% ethanol in another series of experiments with FCV [31]. The third 
consisted of a commercial 85% w/w (89.5% v/v) ethanol hand gel that was formulated with 
high ethanol content to overcome the common limitation of generally lower antimicrobial 
efficacy of gels compared with similar liquid ABHRs [49]. The results of this analysis are 
presented in Appendix 10. It becomes clear that generally the specially formulated ABHRs 
inactivate most of the non-enveloped viruses to a significant extent, as most of the reduction 
levels seen in the table are ≥3 log. The two hand rubs with synergistic combinations [54, 64] 
performed best; they inactivated a wide range of non-enveloped viruses, including both 
norovirus surrogates FCV and MNV, by ≥3 log. There were also viruses and hand rubs that 
performed less well. HAV is known to be difficult to inactivate, and it was inactivated only by 
<2 log by two of the formulations. Parvovirus (CPV) and polyomavirus SV40 were also not 
inactivated well, but members of both virus families are of little concern for nosocomial 
infections. Finally, 99.5% ethanol [56] did not inactivate FCV well, but this is not a formulation 
that would be used as an ABHR, and this finding is consistent with the observation that FCV has 
a lower optimum alcohol concentration for inactivation than other non-enveloped viruses [93].  
 

A large summary table, detailing the results from all included articles in this category in an 
abbreviated fashion, is provided in Appendix 11. Taken together, there is inconsistent, low-
level evidence as to whether soaps or ABHRs in standard concentrations are superior in 
eliminating non-enveloped viruses in general. The results are slightly in favour of standard 
ABHRs, but overall there is a lack of consistency and there are also differences between 
different non-enveloped viruses, with some being very difficult to eliminate. Rotavirus stands 
out in being easy to eliminate by standard ABHRs; every single measuring point obtained for 
rotavirus indicates that it is inactivated very efficiently by standard ABHRs. Although there is 
also relatively low-level evidence (mostly due to limitations to study design), there is much 
greater consistency that ABHRs that have been specially formulated and tested to be virucidal 
are indeed very effective against non-enveloped viruses. Most of the non-enveloped viruses are 
readily inactivated by ≥3 log by these special formulations, with only few outliers, most of 
which can be explained. The two ABHRs with synergistic combinations of ingredients appear to 
perform particularly well [54, 64].  
 

For the purpose of formal assessment and for the NHMRC Evidence Statements (Appendix 19), 
the following two questions were raised:  
 

- What is more effective against non-enveloped viruses? Hand washing with plain or 
antimicrobial soaps, or alcohol-based hand rubs in standard concentrations and 
compositions?  

 

- Can hand hygiene agents, through special formulations and virucidal testing, achieve greater 
efficacy against non-enveloped viruses than standard hand hygiene agents?  

 

3.15. Background information (not formally assessed as evidence) on 
other important aspects of non-enveloped viruses  
 

The two non-enveloped viruses with the greatest relative impact on infection control in 
healthcare settings in developed countries like Australia are rotavirus and norovirus [12, 19]; 
both are significant causes of healthcare-acquired gastroenteritis. The numbers of viruses 
excreted in the stool of infected patients are large; published figures are in the range of 108 or 
more virus particles per gram of stool for both viruses [99, 104]. The infectious dose is thought 
to be small [12]. One unknown factor in the prevention of these viruses is the question of how 
much viral reduction on hands is necessary to prevent cross-transmission; this question has 
been raised in one letter to the editor to one of the included articles [24]. Even if an effective 
virucidal ABHR achieves a 3-log reduction, which is far beyond what any soap-based regimen 
can achieve, it may not be enough to prevent cross-transmission. However, there is at least 
one anecdotal report from a norovirus outbreak in a hospital in Switzerland that switching from 
a standard ABHR to a virucidal ABHR with 95% EtOH was (among other measures) associated 
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with control of the outbreak [51]. Contact precautions, including the wearing of gloves and 
gowns appear indicated when caring directly for patients with known or suspected norovirus or 
rotavirus infections [89]. This leaves the role of hand hygiene for three situations with regard 
to these infections: (i) after glove removal, (ii) in case of accidental contact with an infected 
patient without wearing gloves, and (iii) during other daily routine work in an outbreak 
situation. The current evidence suggests that there is not a clear benefit from either soaps or 
standard ABHRs in these situations, but the availability of virucidal ABHRs may provide a 
benefit.  
 

4. Conclusions 
 

Gathering and assessing formal evidence for the effectiveness of hand hygiene measures in 
healthcare in the format of clinical trials is generally regarded as a very difficult task [10, 58, 
95]. One of the reasons is the long history of hand hygiene practices in healthcare. The 
pioneering work of Semmelweis, showing that hand antisepsis with chlorinated lime (calcium 
hypochlorite) effectively prevented puerperal sepsis, was done more than 160 years ago [37]. 
Since Semmelweis, there has been a huge accumulation of compound knowledge surrounding 
hand hygiene, derived from empirical observations, anecdotal reports, microbiological 
experiments, epidemiological and microbiological knowledge of pathogen transmission and 
disease causation, and to a much lesser extent since very recently, clinical trials. Larson [58], 
in a comprehensive review of the evidence for hand hygiene, stated that by the end of the 
19th century, handwashing and antiseptic practices received such universal acceptance that 
(clinical) experiments were considered unnecessary of unethical. Similar problems were 
encountered in another review [10]; the authors found it difficult to find high-level evidence 
linking hand hygiene interventions with the incidence of nosocomial infections and concluded 
that there is a lack of rigorous evidence linking specific hand hygiene interventions with the 
prevention of infections. Another systematic review [95] looked at the effectiveness of 
alcohol-based products in increasing compliance and reducing infections, and found it difficult 
to gather unequivocal, high-level evidence, mainly because most comparisons of the 
availability versus non-availability of ABHRs were embedded in multi-component interventions 
where it was difficult to attribute effects solely to ABHRs. The failure in the current review to 
find any clinical trials with infection rate as the outcome (category (b) articles), where the 
infection rate could be unanimously attributed to the hand hygiene agents used, reflects these 
problems well. For the present review, it was attempted to account for some of these 
difficulties by (i) categorising evidence into the four different categories that were expected 
to provide evidence at different levels, (ii) by analysing these categories separately, and (iii) 
by effectively utilising lower level evidence when there was a lack of higher level evidence. In 
addition, there are a number of important aspects of hand hygiene that could not be assessed 
as formal evidence; an attempt was made to provide information on these aspects in the 
format of background information outside the formal assessment.  
 

This review found clear, consistent evidence that alcohol-based hand antisepsis is superior to 
handwashing with either plain or antimicrobial soaps for the majority of common pathogens in 
healthcare settings. There was also evidence, albeit inconsistent and at a lower level, that 
antimicrobial soaps are more effective than plain ones. There was also clear and largely 
consistent evidence, albeit at a lower level than that for the question of ABHRs in general, 
that ABHRs with a total alcohol content of 70% v/v or more perform significantly better against 
the majority of common pathogens than those with lesser alcohol content. Although this was 
not formally assessed, it appears that the passing of stringent antimicrobial testing standards is 
an even more objective, measurable criterion than the total alcohol content, especially since 
some ABHRs are formulated with other alcohol species than ethanol, or with blends of alcohols 
and other additives. The most stringent and most suitable standard for general ABHRs 
according to the state of the literature is the European EN 1500, pending any potential 
development of more suitable ways to measure antimicrobial efficacy. Within EN 1500, there 
are two sub-criteria; these are whether an ABHR passes the standard in 60 or in 30 sec, of 
which the 30-sec criterion is the more stringent one and would ensure greater antimicrobial 
efficacy. Of the included and assessed articles, the systematic review by Picheansathian [74] 
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compiled evidence from level III experimental studies that ABHRs that pass EN 1500 in 30 sec 
possess greater antmicrobial efficacy than those that do not meet this criterion. Testing 
standards, including the comparison of ABHRs whether they meet or do not meet EN 1500, was 
also a frequent topic in the 39 articles that were included for Question 1, category (d), but 
were not formally assessed due to time constraints. From reading the abstracts (but obviously 
not from formal assessment), it became clear that the evidence contained in these 39 articles 
would support EN 1500 within 30 sec as the preferable standard. Also from reading the 
abstracts of these 39 articles, it became clear that alcohol gels often have significantly less 
antimicrobial efficacy than liquid hand rubs, as already evident from the analysis presented in 
the systematic review by Picheansathian [74]. As a medium- to long-term goal, the 
implementation of consistent, objective testing standards for ABHRs in Australia would be 
desirable, including a transparent listing of antiseptics and disinfectants that pass appropriate 
standards, and this would require a few changes to be made to the current national approval 
system. For the C. difficile question, it is clear that no ABHR and also no other antimicrobial 
ingredient in hand hygiene agents kills spores, whereas vegetative forms of this bacterium are 
readily killed by ABHRs. However, although this is clear on microbiological grounds, it rates as 
low-level evidence on formal assessment grounds. Due to an ongoing discussion in the infection 
control community whether ABHRs are associated with an increased incidence of C. difficile 
infections, a sub-analysis was performed that was not part of the original review questions. 
This sub-analysis revealed that there no evidence that increasing use of ABHRs is associated 
with an increasing incidence of C. difficile infections, essentially making the use of ABHRs safe 
and effective in all clinical situations other than during a C. difficile outbreak or when caring 
specifically for a C. difficile-infected patient. For the non-enveloped viruses question, it was 
found that there is no consistent evidence whether standard ABHRs or soaps are superior, 
although some individual findings were in favour of standard ABHRs. The implication of this is 
that aside from contact precautions (gloves, gowns), there is no clear evidence favouring one 
over the other. Rotavirus stood out, as it was very susceptible to ABHRs at standard 
concentrations. Several articles were included, describing ABHRs that were specially 
formulated to be virucidal. The assessment showed that such virucidal ABHRs are indeed more 
effective than any other hand hygiene agents against most, but not all, non-enveloped viruses. 
However, there are no virucidal ABHRs currently on the Australian market, and pathways for 
assessment and approval are lacking, so that this would be an area for either adoption from 
countries where such agents exist, or for further research and development.  
 

5. Potential recommendations 
 

Pending the review and assessment by the NHMRC Infection Control Guideline Committee and 
the final formulation of recommendations, there is the potential for several recommendations 
coming from this review:  
 

(i) ABHRs should be the standard of care and routine method for hand hygiene in healthcare 
settings in most situations when hands are not visibly soiled (as per WHO guidelines).  

 

(ii) Handwashing with plain or antimicrobial soaps should be used when hands are visibly 
soiled and in several other clinical situations (as specified in the WHO guidelines).  

 

(iii) There is no clear preference for plain or antimicrobial soaps, but antimicrobial soaps may 
be considered in high-risk clinical areas (e.g. intensive care) or when there is visible 
soiling with an expected high level of microbial contamination.  

 

(iv) ABHRs for use in healthcare settings should contain at least 70% v/v or more total alcohol 
content.  

 

(v) ABHRs that pass stringent antimicrobial testing standards, in particular EN 1500, are 
preferable. It is also desirable that it is specified whether they do so in 30 or in 60 sec.  

 

(vi) As a medium- to long-term goal, the approval systems for hand hygiene agents in 
Australia should be improved and made more objective and transparent.  
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(vii) Contact precautions, including the wearing of gloves and gowns, are indicated when 
caring for patients with suspected or proven C. difficile infection.  

 

(viii) Handwashing with plain or antimicrobial soaps and water, or sequential ABHR followed by 
handwashing, should be done after glove removal after caring for such a patient, or after 
accidental contamination while not wearing gloves.  

 

(ix) In situations of C. difficile outbreaks, even when not directly in contact with infected 
patients, healthcare institutions may consider encouraging staff to use plain or 
antimicrobial soaps instead of ABHRs. However, ABHRs should remain the standard of 
care in other epidemic or other routine situations.  

 

(x) Contact precautions, including the wearing of gloves and gowns, appear indicated when 
caring for patients with suspected or proven infection with enteric non-enveloped viruses 
while having diarrhoea or loose stools (e.g. rotavirus, norovirus). 

 

(xi) There is no clear preference for either handwashing with plain or antimicrobial soaps or 
standard ABHRs after glove removal after caring for such a patient, or after accidental 
contamination while not wearing gloves.  

 

(xii) In situations with enteric non-enveloped virus outbreaks, healthcare institutions may 
continue to use ABHRs as the standard of care, and plain or antimicrobial soaps as an 
alternative.  

 

(viii) As a medium- to long-term goal, the Australian healthcare sector should look at the 
potential introduction of special virucidal ABHRs, and at ways for objective and 
transparent product assessment and approval.  
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Appendix 1: Acronyms and abbreviations used.  
 

ABHR: alcohol-based hand rub 
AFNOR: Association Française de Normalisation, i.e. French Association for Standardisation 
ASTM: American Society for Testing and Materials 
BVDV: bovine viral diarrhoea virus (a surrogate for hepatitis C virus) 
CDC: (US) Centers for Disease Control 
CEN: European Committee for Standardization 
CHG: chlorhexidine gluconate 
DVV: Deutsche Vereinigung zur Bekämpfung der Viruskrankheiten, i.e. German Society for the 

Control of Virus Diseases 
EN: European Norm 
EtOH: ethanol 
FDA: (US) Food and Drug Administration 
HBV: hepatitis B virus 
HCV: hepatitis C virus 
HCW: healthcare worker 
HH: hand hygiene 
HHA: Hand Hygiene Australia 
HIV: human immunodeficiency virus 
HSV: herpes simplex virus 
IPA: isopropanol (isopropyl alcohol) 
LR: log reduction 
MES: mecetronium ethyl sulfate 
MNV: murine norovirus 
MRSA: methicillin-resistant Staphylococcus aureus 
NHMRC: (Australian) National Health and Medical Research Council 
PVP-I: Povidone iodine (also polyvinylpyrrolidone iodine) 
RCT: randomised clinical trial 
RSV: respiratory syncytial virus 
TGA: Therapeutic Goods Administration 
VRE: vancomycin-resistant enterococcus 
v/v: (Percentage) by volume (ml/100 ml; % v/v) 
WHO: World Health Organization 
w/v: (Percentage) by weight/volume (g/100 ml; % w/v or % m/v) 
w/w: (Percentage) by weight (g/100 g; % w/w or % m/m) 
 
 



 - 32 - 

Appendix 2: Formal inclusion and exclusion criteria for Question 1.  
 

Question 1 

 Population Study factor Outcome  

In
cl

us
io

n 
cr

ite
ria

 

Healthcare 
workers 

Volunteers 
participating in 
experimental 
studies of hand 
decontamination 

Studies comparing the 
efficacy of alcohols 
concentrations  

Studies comparing different 
concentrations of alcohols 
and different alcohols, e.g. 
ethanol, isopropanol, n-
propanol 

Studies comparing washing 
with water and soap, 
detergent or chlorhexidine 
with various alcohols for 
hand antisepsis 

Decontamination of hands 

Killing/inactivation of 
pathogens either on hands or 
by products that are suitable 
to be used on hands 

Reduction of healthcare-
acquired infection rates 
through hand 
decontamination 

E
xc

lu
si

on
 c

rit
er

ia
 

Patient skin 
preparation 

Surgical hand/arm 
antisepsis 
(“scrubbing”) 

Patient skin antisepsis before 
injections or venipuncture 

Patient skin antisepsis before 
invasive procedures or 
operations (presurgical) 

Hand hygiene for surgical 
purposes (“scrubbing”) 

Infection control interventions 
where the outcome is not 
attributable to hand hygiene 

Hand hygiene trials or 
studies where the outcome is 
not clearly attributable to the 
hand hygiene agent(s) used 
(e.g. multimodal or 
multifactorial studies where 
the outcome may be 
attributable to compliance 
increase or hand hygiene 
education and not just to 
different products) 

Hand hygiene compliance 
increase 

Hand surface coverage 
increase 
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Appendix 3: Formal inclusion and exclusion criteria for Questions 2a and 2b.  
 

Questions 2a and 2b 

 Population Study factor Outcome 

In
cl

us
io

n 
cr

ite
ria

 

Healthcare Workers 

Volunteers 
participating in 
experimental 
studies of hand 
decontamination 

Studies measuring the 
efficacy of hand hygiene 
strategies against C. difficile 
and non-enveloped viruses 

Studies comparing different 
non-alcohol-based products 
against each other 

Studies comparing different 
concentrations of alcohols 
and different alcohols, e.g. 
ethanol, isopropanol, n-
propanol 

Studies comparing washing 
with water and soap, 
detergent or chlorhexidine 
with various alcohols for 
hand antisepsis 

Decontamination of hands 
from non-enveloped viruses, 
e.g. norovirus, rotavirus, 
enterovirus 

Decontamination of hands 
from C. difficile 

Killing/inactivation of non-
enveloped viruses either on 
hands or by products that are 
suitable to be used on hands 

Killing/inactivation of C. 
difficile either on hands or by 
products that are suitable to 
be used on hands 

Reduction of healthcare-
acquired infection rates with 
non-enveloped viruses 
through hand 
decontamination 

Reduction of healthcare-
acquired infection rates with 
C. difficile through hand 
decontamination 

E
xc

lu
si

on
 c

rit
er

ia
 

Patient skin 
preparation 

Surgical hand/arm 
antisepsis 
(“scrubbing”) 

Patient skin antisepsis before 
injections or venipuncture 

Patient skin antisepsis before 
invasive procedures or 
operations (presurgical) 

Hand hygiene for surgical 
purposes (“scrubbing”) 

Infection control interventions 
where the outcome is not 
attributable to hand hygiene  

Hand hygiene trials or 
studies where the outcome is 
not clearly attributable to the 
hand hygiene agent(s) used 
(e.g. multimodal or 
multifactorial studies where 
the outcome may be 
attributable to compliance 
increase or hand hygiene 
education and not just to 
different products) 

Hand hygiene compliance 
increase 

Hand surface coverage 
increase 
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Appendix 4: NHMRC evidence hierarchy; designation of ‘levels of evidence’.  
 

Level Intervention 
I A systematic review of level II studies 
II A randomised control trial.  This study has a very low risk of bias 
III-1 A pseudo-randomised control trial (i.e. alternate allocation or some other 

method).  This study has a low risk of bias. 
III-2 A comparative study with concurrent controls:  

• Non-randomised experimental trial 
• Cohort study 
• Case-control study 
• Interrupted time series with a control group 
• This study has a high risk of bias 

III-3 A comparative study without concurrent controls:  
• Historical control study 
• Two or more single arm study 
• Interrupted time series without a parallel control group 
• This study has a high risk of bias 

IV Case series with either post-test or pre-test/post-test outcomes.  This study 
has a high risk of bias. 
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Appendix 5: Body of evidence matrix.  
 

A  B  C  D  Component  
Excellent  Good  Satisfactory  Poor  

Evidence base1 several level I or II 
studies with low risk of 
bias  

one or two level II studies 
with low risk of bias or a 
SR/multiple  
level III studies with low 
risk of bias  

level III studies with low 
risk of bias, or level I or II 
studies with moderate risk 
of bias  

level IV studies, or level 
I to III studies with high 
risk of bias  

Consistency2 all studies consistent  most studies consistent 
and inconsistency may be 
explained  

some inconsistency 
reflecting genuine 
uncertainty around clinical 
question  

evidence is inconsistent  

Clinical impact  very large  substantial  moderate  slight or restricted  

Generalisability  population/s studied in 
body of evidence are 
the same as the target 
population for the 
guideline  

population/s studied in the 
body of evidence are 
similar to the target 
population for the 
guideline  

population/s studied in 
body of evidence differ to 
target population for 
guideline but it is clinically 
sensible to apply this 
evidence to target 
population

3
 

population/s studied in 
body of evidence differ 
to target population and 
hard to judgewhether it 
is sensible to generalise 
to target population  

Applicability  directly applicable to 
Australian healthcare 
context  

applicable to Australian 
healthcare context with 
few caveats  

probably applicable to 
Australian healthcare 
context with some caveats  

not applicable to 
Australian healthcare 
context  
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Appendix 6: Included references.  
 

Question 1, Category (a): 7 references 
 

Boyce JM, Pittet D, et al. (2002) Guideline for Hand Hygiene in Health-Care Settings. MMWR Recomm Rep 51: 1-45.  
Canada Standards and Guideline Core Committee (CHICA) (2008) Hand hygiene. Can J Infect Control 23: 114, 116-7. 
Larmer PJ, Tillson TM, Scown FM, Grant PM, Exton J (2008) Evidence-based recommendations for hand hygiene for 

health care workers in New Zealand. N Z Med J 121: 69-81. 
Picheansathian W (2004) A systematic review on the effectiveness of alcohol-based solutions for hand hygiene. Int J 

Nurs Pract 10: 3-9. 
Pratt RJ, Pellowe CM, Wilson JA, Loveday HP, Harper PJ, Jones SR, McDougall C, Wilcox MH (2007) epic2: National 

evidence-based guidelines for preventing healthcare-associated infections in NHS hospitals in England. J Hosp 
Infect 65 Suppl 1: S1-64. 

Provincial Infectious Diseases Advisory Committee (PIDAC) (2008) Best practices for hand hygiene in all health care 
settings. Ontario Ministry of Health and Long-Term Care, Toronto. 

World Health Organization (2009) WHO Guidelines on hand hygiene in health care. World Health Organization, 
Geneva. 

 

Question 1, Category (c): 12 references 
 

Barbut F, Maury E, Goldwirt L, Boelle PY, Neyme D, Aman R, Rossi B, Offenstadt G (2007) Comparison of the 
antibacterial efficacy and acceptability of an alcohol-based hand rinse with two alcohol-based hand gels during 
routine patient care. J Hosp Infect 66: 167-73. 

Davis MA, Sheng H, Newman J, Hancock DD, Hovde CJ (2006) Comparison of a waterless hand-hygiene preparation 
and soap-and-water hand washing to reduce coliforms on hands in animal exhibit settings. Epidemiol Infect 
134: 1024-8. 

Girou E, Loyeau S, Legrand P, Oppein F, Brun-Buisson C (2002) Efficacy of handrubbing with alcohol based solution 
versus standard handwashing with antiseptic soap: randomised clinical trial. BMJ 325: 362. 

Kac G, Podglajen I, Gueneret M, Vaupre S, Bissery A, Meyer G (2005) Microbiological evaluation of two hand hygiene 
procedures achieved by healthcare workers during routine patient care: a randomized study. J Hosp Infect 60: 
32-9. 

Karabay O, Sencan I, Sahin I, Alpteker H, Ozcan A, Oksuz S (2005) Compliance and efficacy of hand rubbing during 
in-hospital practice. Med Princ Pract 14: 313-7. 

Larson E, Silberger M, Jakob K, Whittier S, Lai L, Della Latta P, Saiman L (2000) Assessment of alternative hand 
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Appendix 7: References considered for inclusion, but excluded after review.  
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McDonald LC (2003) Hand hygiene in the new millennium: drawing the distinction between efficacy and 

effectiveness. Infect Control Hosp Epidemiol 24: 157-9 
- Q1, cat. (a): Short review article. But not systematic or evidence-based. 
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Winston LG, Felt SC, Huang WH, Chambers HF, 3rd (2004) Introduction of a waterless hand gel was associated with a 

reduced rate of ventilator-associated pneumonia in a surgical intensive care unit. Infect Control Hosp Epidemiol 



 - 44 - 

25: 1015-6 
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infections among surgical patients: variability and associations in a multicenter pediatric setting. Pediatrics 115: 
e387-92 
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Appendix 8: Overview of major testing standards for virucidal activity of hand hygiene agents.  
 

Standard EN 14476 DVV AFNOR ASTM E-1052 ASTM E-1838 ASTM E-2011 

Type of test In vitro In vitro In vitro In vitro In vivo In vivo 

Nature of test In suspension In suspension In suspension In suspension On fingerpads On whole hands 

Suggested viruses Poliovirus type 1 
Adenovirus type 5 
(firmly required) 

Poliovirus type 1 
Adenovirus type 5 
Polyomavirus SV40 
Vaccinia virus 
Elstree 
Bovine viral 
diarrhoea virus 
(BVDV) 
(firmly required) 

Poliovirus type 1 
Adenovirus type 5 
Vaccinia virus 
(firmly required) 

Poliovirus type 1 
Hepatitis A virus 
Herpes simplex 1 
Cytomegalovirus 
Adenovirus type 5 
Influenza A virus 
Respiratory 
syncytial virus 
Vaccinia virus 
Rhinovirus type 37 
Human rotavirus Wa

Adenovirus type 4 
Hepatitis A virus 
Human rotavirus Wa
Rhinovirus type 37 

Human rotavirus Wa 
Rhinovirus type 37 

Organic load None Without and with 
10% foetal calf 
serum 

None Optional foetal calf 
serum (no specified 
concentration) 

Without and with 5% 
foetal calf serum or 
tripartite soil load 

Without and with 5% 
foetal calf serum or 
2% peptone 

Viral reduction 
required 

4 log 4 log 4 log None specified 
(3 log unofficially) 

None specified 
(3 log unofficially) 

None specified 
(3 log unofficially) 

Specifics  Allows distinction 
between “limited” 
and “full” virucidal 
activity 

    

 

Abbreviations: EN, European Norm; DVV, Deutsche Vereinigung zur Bekämpfung der Viruskrankheiten; AFNOR, Association Française de 
Normalisation; ASTM, American Society for Testing and Materials.  
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Appendix 9: Overview of the results of whether ABHRs in standard concentrations or soaps would be more effective against non-enveloped viruses.  
 

Standard ABHR superior to soap Standard ABHR similar to soap Standard ABHR inferior to soap 

Adeno, Kampf et al. [49], III-3, med 

Adeno, Steinmann et al. [93], III-3 or IV, med-high 

Coxs, Fendler et al. [28], III-3, med-high 

FCV, Kampf et al. [44], III-2 or -3, med 

FCV, Gehrke et al. [31], III-2 or -3, med 

FCV, Malik et al. [67], III-3, med 

HAV, Sattar & Ansari [85], III-2 or -3, med (dir) 

MNV, Belliot et al. [14], III-3, med 

MNV, Steinmann et al. [93], III-3 or IV, med-high 

Polio, Kramer et al. 2006 [54], III-2 or -3, med 

Polio, Kampf et al. [49], III-3, med 

Rhino, Fendler et al. [28], III-3, med-high 

Rota, Macinga et al. [64], III-2, low-med 

Rota, Sattar & Ansari [85], III-2 or -3, med (dir) 

Rota, Kampf et al. [49], III-3, med 

Adeno, Macinga et al. [64], III-2, low-med 

Adeno, Fendler et al. [28], III-3, med-high 

FCV, Macinga et al. [64], III-2, low-med 

FCV, Lages et al. [56], III-2 or -3, med (dir) 

FCV, Kramer et al. 2006 [54], III-2 or -3, med 

FCV, Duizer et al. [23], III-3 or IV, med 

HAV, Fendler et al. [28], III-3, med-high 

MNV, Macinga et al. [64], III-2, low-med 

SV40, Kampf et al. [49], III-3, med 

FCV, Bidawid et al. [15], III-2 or -3, med (dir) 

HAV, Macinga et al. [64], III-2, low-med 

Polio, Macinga et al. [64], III-2, low-med 

Abbreviations: FCV, feline calicivirus; MNV, murine norovirus; Adeno, adenovirus; HAV, hepatitis A virus; Polio, poliovirus; Rota, rotavirus; Rhino, rhinovirus, SV40, polyoma virus 
SV40; CPV, canine parvovirus; Reo-3, reovirus type 3; Coxs, coxsackie virus.  
The Roman numerals describe the evidence level assigned to the article cited. This is followed by the assigned risk of bias (med, medium) and (dir) in parentheses when the results 
come from a direct comparison between soaps and alcohols.  
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Appendix 10. Reduction factors of special virucidal ABHRs.  
 
Reference <2.0 log ≥2.0 log ≥2.5 log ≥3 log 

  Adeno  
   FCV 
HAV    
   MNV 
   Polio 

Macinga et al. [64], III-2, low-med, 70% 
v/v EtOH & synergistic additives 

   Rota 
   Adeno 
   FCV 
   HAV 
   Polio 
   Rhino 
   Rota 

Kramer et al. [54], III-2 or -3, med, 55% 
w/w ethanol & 10% w/w n-propanol & 
5.9% w/w propan-1,2-diol & 5.7% w/w 
butan-1,3-diol & 0.7% phosphoric acid 

   SV40 
Kampf et al. [44], III-2 or -3, med, 95% 
EtOH 

 FCV(f)   

CPV    
HAV    

van Engelenburg et al. [101], III-3, med, 
80% EtOH & 5% IPA 

 Reo-3   
Lages et al. [56], III-2 or -3, med, 99.5% 
EtOH 

FCV    

Gehrke et al. [31], III-2 or -3, med, 90% 
EtOH 

  FCV  

   Rota 
   Adeno 
   Polio 

Kampf et al. [49], III-3, med, 85% EtOH 

SV40(?)    
 
Explanations and abbreviations: 
The positions of the viruses in the table indicate the level of log reduction achieved with the formulation against the 
virus listed. The letter (f) in parentheses indicates that the test was done with faecal organic load challenge. The 
question mark (?) for SV40 indicates that the level of reduction within a time suitable for hand hygiene is not known, 
since SV40 was reduced by >5.12 log within the unrealistic time of 15 minutes.  
The Roman numerals describe the evidence level assigned to the article cited. This is followed by the assigned risk of 
bias (med, medium) and the alcohol content of the formulation used.  
FCV, feline calicivirus; MNV, murine norovirus; Adeno, adenovirus; HAV, hepatitis A virus; Polio, poliovirus; Rota, 
rotavirus; Rhino, rhinovirus, SV40, polyoma virus SV40; CPV, canine parvovirus; Reo-3, reovirus type 3; EtOH, 
ethanol.  
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Appendix 11: Summary table: reduction factors of various non-enveloped viruses with various hand hygiene agents.  
 

 Water 
alone 

Soap Tricl. 
soap 

CHG 
soap 

PVP-I EtOH  
60-69 

EtOH  
70-79 

EtOH  
80-89 

EtOH  
≥90 

IPA  
60-69 

IPA  
70-79 

IPA  
≥80 

n-P  
≤69 

n-P  
70-79 

n-P  
≥80 

Special 

FCV F0.33/30[56] 
F1.39/30[54] 
F1.06/10[15] 

F1.25/20[15] F0.42/30[56]  F2.67/30[56] S1/30[64] 
F0.5/30[56] 
F0.86/20[15] 
C1.72/60[67] 

F0.68/30[54] 
F2.66/30[44] 
F1.07/30f[44] 
F1.45/30f[44] 
F0.95/10[15] 
S3.55/30[31] 
F3.78/30[31] 
C2.09/60[67] 
S0.8/30[23] 

F1.25/30f[44] 
S2.19/30[31] 
C1.8/60[67] 

F1.0/30[56] 
F2.17/30f[44] 
F2.84/30[31] 
C2.18/60[67] 

C2.8/60[67] F0.67/30[56] 
S2.35/30[31] 
F2.15/30[31] 
C1.61/60[67] 

F0.0/30[56] 
S1.35/30[31] 
F0.76/30[31] 
C1.58/60[67] 

S≥4.13/30[31] F0.74/30[54] 
F1.53/30[44] 
F0.95/30f[44] 
S≥4.06/30[31]
F3.58/30[31] 

S1.9/30[31] 
F1.38/30[31] 

S≥4.75/30[64] 
S>4/30[54] 
F2.38/30[54] 

MNV     S>4/30[14] S1.16/30[64] 
S>4/30[14] 
S1.85/30[14] 

F0.91/30[64] 
S>6.0/30[93] 

S>4/30[14] 
S>4/30[14] 

 S3.86/30[14] S3.6/30[93]   S4.8/30[93]  S≥3.68/30[64] 
F2.48/30[64] 

Adeno      S0.5/30[64] 
S1.32/30[28] 

S3.8/30[93] S>6.62/120[49]   S0.5/30[93]   S4.0/30[93]  S2.75/30[64] 
F≥3.12/30[64] 
S>4/120[54] 

HAV F0.95/20[85] F1.33/20[85]    S0/30[64] 
F0.91/20[85] 
S1.25/30[28] 

F3.0/20[85] S0.47/60[101]        S1.75/30[64] 
F1.32/30[64] 
S>4/30[54] 

Polio      S0/30[64]  S3.8/60[54] 
S4.2/60[54] 
S3.3/60[54] 
S4.37/180[49]  

 F1.32/30[54]      S3.5/30[64] 
F2.98/30[64] 
S>4/30[54] 
F3.04/30[54] 

Rota F0.57/20[85] F0.61/20[85]  F0.53/20[85] F0.85/20[85] S≥5.75/30[64] F2.0/20[85] S>5.25/30[49]   F2.0/20[85]     S≥4.75/30[64] 
F≥3.84/30[64] 
S>4/30[54] 

Rhino      S3.05  /3 8]    /30[54]0[2       S>4  

SV40        S>5.12/900[49]        S>4/60[54] 

CPV        S0.0/6  0[1 ]    01      

Reo-3        S>2.1/6  0 1]    [10      

Coxs      S2.75  /3 8]    0[2        

 
Explanations and abbreviations: 
Abbreviations: FCV, feline calicivirus; MNV, murine norovirus; Adeno, adenovirus; HAV, hepatitis A virus; Polio, poliovirus; Rota, rotavirus; Rhino, rhinovirus, SV40, polyoma virus SV40; CPV, 
canine parvovirus; Reo-3, reovirus type 3; Coxs, coxsackie virus; Tricl., triclosane; CHG, chlorhexidine (gluconate), EtOH, ethanol; IPA, isopropanol, n-P, n-propanol; Special, hand hygiene 
agent specially formulated to be virucidal; numbers after the alcohols, concentration in percent (v/v if known).  
Reduction factors in the table: S, in suspension; F, on fingerpads; C, on carriers; f, with faecal suspension as organic load.  
The reduction factors were expressed in the following way: first the test type, e.g. suspension, then the log reduction determined, then the seconds of contact or exposure to the disinfectant, 
then (optional) whether it was with faecal challenge, then the literature reference.  
A value of: F1.45/30f[20] would mean fingerpad test, 1.45 log reduction in 30 seconds with faecal load published in reference [20].  
The literature database comprises all accessible published journal articles (conference abstracts excluded) from 2002 up to June 2009 and all published tests that were done with non-
enveloped viruses. If a 30-second value was available, this was chosen; if not, the next closest contact time.  
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Appendix 12: Evidence tables for Question 1.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: Short 3-page summary of Canadian evidence-based recommendation without details. 

Study Citation  Canada Standards and Guideline Core Committee (CHICA). Hand Hygiene. Can J Infect Control 
2008 Summer; 23 (2) 114, 116-7. PMID: 18811106 

Level of evidence Level III. Evidence-based review, but not of level II studies.  
Study Design  N (total) n.a.  
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Recommendation that ABHRs should contain 70-90% alcohol.  
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Recommendation summary only 
Study participants well defined n.a. Recommendation summary only 
Outcomes measured appropriately n.a. Recommendation summary only 
Confounders identified n.a. Recommendation summary only 
Risk of Bias High No search strategy provided, few references 
Results of study: That ABHRs should contain 70-90% alcohol, based on cited references, and that Norovirus (i.e. its surrogate) 
is inactivated by 70-90% alcohol.  
Efficacy of alcohol preparations against pathogens: Good against most pathogens, including Norovirus, but not active 
against C. difficile.  
Notes: This study comes up in Medline as Systematic Review, but it is not systematic. Contains national Canadian practice 
recommendations. In line with WHO Guideline. Unclear if it should be included or excluded.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Larmer PJ et al. Evidence-based recommendations for hand hygiene for health care workers in 
New Zealand. N Z Med J. 2008 Apr 18;121(1272):69-81. PMID: 18425156 

Level of evidence Level III. Systematic review, but not of level II studies 
Study Design  N (total) Systematic review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Majority of studies (and the better designed ones) find alcohol superior to plain or antimicrobial 

soap, minority find alcohol equal, none find alcohol inferior. Level 2 Evidence for “ABHR containing 
70% alcohol are the preferred products for hand hygiene. They must contain an emollient, and 
preferably contain 0.5% CHG”. There was level 4 and/or conflicting evidence whether medicated 
soap (i.e. with antiseptics) is more efficacious than plain soap.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Concerning literature inclusion/exclusion 
Study participants well defined n.a.  n.a. 
Outcomes measured appropriately Yes Outcome is literature analysis 
Confounders identified No  
Risk of Bias Very low Systematic review 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Weakness: No sufficient evidence has been analysed and/or provided to arrive at the conclusion that chlorhexidine should 
be a component of ABHRs. Evidence levels are different from those used by the NHMRC.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Picheasathian W. A systematic review on the effectiveness of alcohol-based solutions for hand 
hygiene. Int J Nurs Pract. 2004 Feb;10(1):3-9. PMID: 14764017. 

Evidence level Level III. Systematic review, but not of level II studies 
Study Design  N (total) Systematic review 
Setting  n.a. 
Participants  n.a.  
Study Factor n.a. 
Outcomes Concludes that multiple studies have demonstrated that ABHRs remove microorganisms including 

bacteria, viruses, fungi and organisms with multiple drug resistance from hands more effectively 
than hand washing with non-medicated soaps, medicated soaps, or other antiseptic agents and 
water. Ethanol-based formulations should contain at least 70% v/v ethanol. Among different 



 - 50 - 

alcohol preparations, those that passed standard EN1500 within 30 sec had significantly greater 
antimicrobial activity than those that did not.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Systematic review 
Study participants well defined n.a. n.a. 
Outcomes measured appropriately Yes Outcome is literature analysis 
Confounders identified No  
Risk of Bias Very low Systematic review 
Results of study: 
Efficacy of alcohol preparations against pathogens: Good against most bacteria, viruses and fungi. Generally more 
effective than soaps or medicated soaps. Ethanol preparations should contain at least 70% ethanol. It is an advantage if 
preparations pass EN 1500 in 30 sec.  
Notes. Systematic review. But no evidence levels provided. Also relevant for Q2b (non-enveloped viruses). Outcome is clearly in 
favour of alcohol, and there are differences between alcohol preparations.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Provincial Infectious Diseases Advisory Committee (PIDAC). Best practices for hand hygiene in all 
health care settings. Ontario Ministry of Health and Long-Term Care. Toronto, Canada, 2008. 
ISBN: 978-1-4249-5767-5. 

Evidence level Level III. Evidence-based set of recommendations.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a.  
Outcomes Using ABHR is more effective than washing hands, even with an antibacterial soap, when hands 

are not visibly soiled. Recommendation: The use of 70-90% alcohol-based hand rub is preferred 
for hand hygiene if hands are not visibly soiled (level IB). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based set of recommendations 
Study participants well defined n.a. n.a. 
Outcomes measured appropriately Yes Evidence-based set of recommendations 
Confounders identified No  
Risk of Bias Low to 

medium 
Evidence-based set of recommendations, but no systematic 
search strategy provided 

Results of study: 
Efficacy of alcohol preparations against pathogens: Very good against many pathogens, including Noroviruses 
Notes Large, evidence-based practice guidelines. 58 pages. Lots of references. But no systematic search strategy provided. 
Categories for strength of recommendations and evidence levels provided, but evidence levels differ from NHMRC ones.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Boyce JM et al. Guideline for Hand Hygiene in Health-Care Settings. MMWR Recomm Rep. 2002 
Oct 25;51(RR-16):1-45. PMID: 12418624. 

Evidence level Level II or III. Large, evidence-based review with evidence levels provided.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Concludes that alcohol-based products are more effective than handwashing with plain or 

antimicrobial soap. Recommends to use ABHR when hands are not visibly soiled, and plain or 
antimicrobial soap and water when hands are soiled (evidence level IA).  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based review, but not systematic 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
Large proportion of world literature up to 2002 reviewed, but not 
systematic 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Large, evidence-based practice guidelines. 45 pages. Also provides a background section on antimicrobial testing 
standards (TFM versus EN). Large number of references analysed, evidence levels provided, but no systematic search strategy. 
Examines evidence for bactericidal and virucidal (incl. non-enveloped viruses) activities of hand hygiene agents. Note: evidence 
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levels differ from NHMRC ones. Note that although it recommends using alcohol for non-soiled and soaps for soiled hands, there 
are no sources of evidence provided for the distinction between soiled and non-soiled and how the agents perform under these 
two different conditions. This article is also relevant for Q2a and Q2b, as it has sections on C. difficile and non-enveloped viruses. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  World Health Organization. WHO Guidelines on hand hygiene in health. World Health 
Organization. Geneva, 2009. No ISBN or PMID. 

Evidence level Level II or III. Large, systematic, multi-author, evidence-based review with evidence levels 
provided. 

Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a.  
Study Factor n.a. 
Outcomes Provides information on European and US standards for antibacterial and virucidal product testing. 

Compiles and summarises that ABHRs are more efficacious for most pathogens than unmedicated 
or medicated soaps. Concludes that ABHRs should be standard of care (for non-soiled hands). 
Provides extensive set of tables, summarising antimicrobial activity of hand hygiene agents. In 
terms of relative efficacy, alcohol preparations are generally more efficacious than antiseptic soaps 
and these are more effective than plain soaps. Alcohol activity includes Mycobacterium 
tuberculosis and fungi. Not active against bacterial spores and protozoan oocysts. Active against 
enveloped viruses. Problems with non-enveloped viruses, but generally more active than soap or 
medicated soap. WHO-recommended, standardised handrub formulations have either 80% v/v 
ethanol or 75% isopropanol. Both meet the EN 1500 standard (thereby indirectly endorsing the EN 
1500 standard). However, no dedicated recommendation has been made for what exact standards 
ABHRs should fulfil, or what concentration they should have. The evidence-based 
recommendation says: "Provide HCWs with efficacious hand hygiene products that have low 
irritancy potential" (IB). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Systematic literature search 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Very low World literature up to 2009 systematically reviewed 
Results of study: 
Efficacy of alcohol preparations against pathogens:  
Notes Supersedes Draft Guideline 2006. Large, evidence-based practice guidelines. 264 pages. Based on systematic search 
strategy. Written by a team of over 50 international experts in hand hygiene. Provides evidence-based practice recommendations 
and contains expert consensus, where necessary. Provides evidence levels. However, they differ from NHMRC ones. Examines 
evidence for bactericidal, fungicidal and virucidal (incl. non-enveloped viruses) activities of hand hygiene agents. Also relevant for 
Q2a (C. difficile) and Q2b (non-enveloped viruses). 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Pratt RJ et al. epic2: National evidence-based guidelines for preventing healthcare-associated 
infections in NHS hospitals in England. J Hosp Infect. 2007 Feb;65 Suppl 1:S1-64. PMID: 
17307562. 

Evidence level Level III 
Study Design  N (total) Systematic, evidence-based review.  
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes The overall conclusion from the hand hygiene sections of both epic1 and epic2 state that there is 

no compelling evidence to favour the general use of antiseptic handwashing agents over soap, or 
one antiseptic agent over another. The overall recommendations are to use soap and water in 
most clinical situations. However, it is also stated that alcohol-based handrubs are more effective 
in destroying transient microorganisms than antimicrobial handwashing agents or soap and water, 
and give a greater initial reduction in hand flora. The same picture emerges when looking at the 
individual references cited in the review. The majority of analysed articles clearly show that 
alcohol-based hand hygiene agents are superior to antimicrobial soaps and these to plain soaps. 
Thus, the conclusion of this review contradicts its own data that were analysed, as well as most of 
the other major guidelines, e.g. WHO and CDC. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Pertains to included/excluded articles 
Study participants well defined n.a. Literature review 
Outcomes measured appropriately Yes  
Confounders identified No  
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Risk of Bias Very high Conclusions contradict article’s included literature 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes British evidence-based guidelines for infection prevention in general, with section on hand hygiene. Provides evidence 
levels (different from Australian ones) and systematic review strategy in appendices. This is the epic2 project that together with 
epic1 from 2004 presents a series of documents of evidence-based guidelines from the UK. However, despite the systematic 
review strategy, there appears to be a significant problem with bias in this review, because the conclusions contradict the own 
data analysed, as well as other major guidelines. This represents a very serious problem that questions the overall validity of the 
article.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: Category (c) 

Study Citation  Barbut F et al. Comparison of the antibacterial efficacy and acceptability of an alcohol-based hand 
rinse with two alcohol-based hand gels during routine patient care. J Hosp Infect. 2007 
Jun;66(2):167-73. PMID: 17513011. 

Evidence level II or III-1 
Study Design  N (total) Prospective alternating time-series trial 
Setting  Medical ICU; HCWs in a 14-bed ICU, random assignment to one of three products.  
Participants  Healthcare workers 
Study Factor Comparison of one alcohol rinse (product 1; 45% isoprop, 30% n-prop, 0.2% mecetronium et-sulf) 

with two gels, 1 (product 2; 85% EtOH) and 2 (product 3; 53% etoh, 17% isoprop) in terms of 
antimicrobial activity and user acceptability in a routine patient care situation. 

Outcomes Microbiological study of 242 handrubbing opportunities (81, 81, 80) with the 3 products. Results: 
Products 1 and 2 caused significantly higher microbial reductions on hands than product 3. 
Products 1 and 2 had higher total alcohol contents as ingredients. The two products with higher 
total alcohol content (75% liquid, 85% gel) performed significantly better than one with 
lower alcohol content (70% gel). The higher alcohol content of the 85% gel was apparently 
useful to compensate for the known loss of activity due to gel formulation. Gel 2 (product 2) 
passes EN1500 standard in 30 sec. Product 3 passes EN 1500, but unclear if it does so in 30 sec 
or in 60 sec. Author has been contacted by e-mail to clarify the status of product 3. No response.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes HCWs 
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low Numerical, exact measurements.  
Results of study: 
Efficacy of alcohol preparations against pathogens: Two products with higher total alcohol content (75% liquid, 85% 
gel) performed significantly better than one with lower alcohol content (70% gel).  
Notes Large number of measured HH opportunities (242) in a real patient care situation. Numerical endpoints. Low risk of bias. 
Demonstrates that gels or liquid ABHRs with higher total alcohol content cause greater reduction of microbes on hands. Also that 
product 2, a gel that passes EN1500 standard in 30 sec causes greater reduction than product 3, a gel with lower alcohol 
content, although it is unknown whether product 3 passes EN 1500 in 30 sec or 60 sec.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Davis MA et al. Comparison of a waterless hand-hygiene preparation and soap-and-water hand 
washing to reduce coliforms on hands in animal exhibit settings. Epidemiol Infect. 2006 
Oct;134(5):1024-8. PMID: 16492319. 

Evidence level II or III-1 
Study Design  N (total) Randomised, non-blinded clinical trial with 110 animal handlers in livestock exhibit setting. 

Hand hygiene opportunities after handling various animals, e.g. horses, sheep, steer, swine.  
Setting  Animal exhibit (livestock show) setting as a real-life event 
Participants  110 animal handlers 
Study Factor To compare alcohol hand gel (62% ethanol) with soap-based handwashing in real-life setting. 

Measured 58 people using hand gel, 52 using soap and water. 
Outcomes Microbiological studies (bag-broth technique) of hands before and after alcohol hand gel or soap 

and water, during hand hygiene opportunities after animal handling. Only coliform bacteria 
assessed. No significant difference detected between the two methods.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Animal handlers 
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified Yes  
Risk of Bias Low Study well designed within the inherent limits 
Results of study: 
Efficacy of alcohol preparations against pathogens: No significant difference between alcohol gel (62% ethanol) and 
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soap-based handwashing in terms of coliform bacteria.  
Notes Randomisation done, but no blinding possible (that is generally the case when comparing alcohol to soap washing). Large 
number of sampling points. Low risk of bias. Problems: only coliform bacteria detected, hand gel has only 62% ethanol, which in 
other studies has been found to be significantly less effective than higher % gels or rinses.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Traub-Dargatz JL et al. Pilot study to evaluate 3 hygiene protocols on the reduction of bacterial 
load on the hands of veterinary staff performing routine equine physical examinations. Can Vet J. 
2006 Jul;47(7):671-6. PMID: 16898109. 

Evidence level III-1 or III-2 
Study Design  N (total) Pseudo-randomised trial or comparative study (?).  
Setting  Veterinary students at Ontario Veterinary College and Colorado State University after standardised 

examination of horses. 24 students in Colorado, 8 in Ontario, total 32. The Colorado ones were 
split equally between the three protocols, i.e. 8 students for each HH agent, the Ontario ones each 
did between 1 and 7 different repeat experiments.  

Participants  Verterinary students at two Universities/Colleges 
Study Factor To compare handwashing with soap (antiseptic, 0.3% triclosan) and water with an ethanol hand 

gel (62% EtOH) and with a chlorhexidine-ethanol (61% EtOH, 1% CHG) hand rub in veterinary 
practice after standardised physical examination of horses. Microbiological studies with a 100 ml 
bag-PBS procedure. 

Outcomes Both alcohol products (gel and rub) produced significantly greater microbial reduction on hands 
than soap-based handwashing.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Veterinary students after standardised examination 
Study participants well defined No Number of participants not given in paper; requested and 

obtained by e-mail from corresponding author 
Outcomes measured appropriately Yes Experimental technique was appropriate 
Confounders identified No I am not sure if there are any (?) 
Risk of Bias Medium Number of participants now known 
Results of study: Both alcohol products (gel and rub) produced significantly greater microbial reduction on hands than soap-
based handwashing.  
Efficacy of alcohol preparations against pathogens: two alcohol products (gel and rub) produced significantly greater 
microbial reduction on hands than soap-based handwashing.  
Notes Author contacted by e-mail for clarification on the number of study participants, since not provided in paper. Number 
obtained. Randomisation not done. Blinding is not possible due to different consistency of products. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kac G et al. Microbiological evaluation of two hand hygiene procedures achieved by healthcare 
workers during routine patient care: a randomized study. J Hosp Infect. 2005 May;60(1):32-9. 
PMID: 15823654.  

Evidence level II 
Study Design  N (total) Randomised, non-blinded controlled trial 
Setting  Hospital 
Participants  Ten HCWs from each of 5 hospital wards (50 HCWs). Randomly assigned to the two protocols by 

sealed envelope. HCWs had performed routine activities before testing. 
Study Factor To compare handwashing with soap and water with hand antisepsis using an ABHR (45% isoprop, 

30% n-prop, 0.2% mecetr. ethyl sulf) in a real-life situation in healthcare workers from different 
wards in a clinical study.  

Outcomes Microbiological studies by imprints of palms and fingertips on agar before and after hand hygiene. 
Colonies counted. Alcohol produced significantly greater reduction of hand microorganisms than 
soap and water. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low Study well designed 
Results of study: 
Efficacy of alcohol preparations against pathogens: Significantly more effective than soap and water.  
Notes ). Low risk of bias. Disadvantage is the plating technique, which is not a very exact technique. But despite this, the 
differences in colony counts are highly significant. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 
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Characteristics of study: 

Study Citation  Karabay O et al. Compliance and efficacy of hand rubbing during in-hospital practice. Med Princ 
Pract. 2005 Sep-Oct;14(5):313-7. PMID: 16103696. 

Evidence level III-2 
Study Design  N (total) Comparative study between two regimens. No randomisation protocol described. 
Setting  Real hospital setting with real HCWs from ICU, medical, surgical wards.  
Participants  Total 32 nurses from ICU, medical and surgical ward in a hospital in Turkey.  
Study Factor To compare alcohol-based hand rubbing (70% EtOH, 10% isoprop, 1% butanol) with hand 

washing using antimicrobial soap (2% CHG, 1% isoprop) regarding antimicrobial efficacy and 
compliance in a hospital setting. 

Outcomes Microbiological studies by imprints of palms and fingertips on agar before and after hand hygiene. 
Colonies counted. Alcohol product produced significantly greater reduction of hand 
microorganisms than antimicrobial soap and water. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
Plating technique not very exact.  

Results of study: Alcohol hand rub is more effective than antimicrobial soap 
Efficacy of alcohol preparations against pathogens: 
Notes Low to medium risk of bias. Plating technique not very exact, see above. Slight inconsistency is that methods describe 
plating technique, results “cfu/ml”, as if broth technique had been used. Colony counts in alcohol group about half (100 cfu/ml) of 
those in soap group (200 cfu/ml). 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Tvedt C, Bukholm G. Alcohol-based hand disinfection: a more robust hand-hygiene method in an 
intensive care unit. J Hosp Infect. 2005 Mar;59(3):229-34. PMID: 15694980. 

Evidence level III-1 
Study Design  N (total) Comparative cross-over study of 2 hand hygiene regimens 
Setting  ICU in a Norwegian University hospital with total 450 beds 
Participants  Total of 50 HCWs, mostly nurses, from an ICU in a Norwegian hospital. Total of 80 HH 

opportunities were sampled, including 60 without standardisation (instruction) of HH procedures 
and 20 with standardisation. No randomisation, every HCW was sampled with both methods 
consecutively. 

Study Factor To study hand hygiene behaviour (compliance) and hand hygiene agent performance in a clinical 
ICU setting, comparing the antimicrobial performance of ABHR (70% isoprop) with that of plain 
liquid soap. 

Outcomes Microbiological studies using bag-broth technique. Colonies counted. Alcohol product produced 
greater reduction (79% vs. 60% reduction; will have to check if significant) of microorganisms than 
soap. Interestingly, when method was not standardised, hand washing fared significantly worse 
than non-standardised alcohol rubbing. That means that microbial reduction with alcohol is less 
susceptible to user mistakes than handwashing.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: Greater than non-antimicrobial soap 
Notes Medium risk of bias. Problem is that both techniques were done consecutively on each HCW within two hours, meaning 
that the microbial reduction of the first-performed method could have affected the colony counts of the second.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Mody L et al. Introduction of a waterless alcohol-based hand rub in a long-term-care facility. Infect 
Control Hosp Epidemiol. 2003 Mar;24(3):165-71. PMID: 12683506. 

Evidence level III-2 
Study Design  N (total) 
Setting  Two 36-bed long-term care facilities in a 162-bed facility in Michigan. 
Participants  Total of 44 HCWs enrolled (22 each ward) in two 36-bed long-term care facilities in a 162-bed 

facility in Michigan. Wards were randomised to A and B with coin toss. Each HCW was sampled 
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on 3 occasions, before and after HH with agent for their respective ward. . 
Study Factor To study HCWs’ HH knowledge, practices, compliance and incidence of HCAIs with and without 

introduction of an ABHR (61% ethanol gel, Prevacare, J&J). One ward (A) was the intervention 
ward with introduction of ABHR, the other (B) the control with soap and water. Randomisation of 
the wards into the protocols was done with coin toss. 

Outcomes Microbiological studies using bag-broth technique. Broth was used for enrichment, not for colony 
counting. Microbes were categorised into GNBs, S. aureus, VRE and yeasts. ABHR produced 
significantly greater reduction in percentage of HCWs’ hands colonised with GNBs and S. aureus, 
yeasts not significantly different, VRE not assessed.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes Measurements could have been better; only categories of 

microorganisms determined, no colony counts 
Confounders identified No  
Risk of Bias Medium  
Results of study:  
Efficacy of alcohol preparations against pathogens: Alcohol rub was significantly more effective than plain soap 
Notes Medium risk of bias. Problem is culture technique. Broth from hands was not plated immediately after sampling. Instead, it 
was preincubated as enrichment broth and full growth subcultured on the next day. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Girou E et al. Efficacy of handrubbing with alcohol based solution versus standard handwashing 
with antiseptic soap: randomised clinical trial. BMJ. 2002 Aug 17;325(7360):362. PMID: 12183307. 

Evidence level II 
Study Design  N (total) Randomised controlled trial 
Setting  Three ICUs at a French University hospital 
Participants  Total of 23 HCW included and analysed, 12 HCWs handrubbing and 11 HCWs handwashing. 59 

patient care activities (PCAs) sampled in the alcohol group, 55 in the soap group (total 114 PCAs). 
Randomisation by sealed envelopes. Setting: Three intensive care units in a French university 
hospital. 

Study Factor To compare the efficacy of handrubbing with an alcohol based solution versus conventional 
handwashing with antiseptic soap in reducing hand contamination during routine patient care. 
ABHR (45% isoprop, 30% n-prop, 0.2% mecetr. ethyl sulf) vs. antiseptic soap (4% CHG). 

Outcomes Microbiological studies by imprints of palms and fingertips on agar before and after hand hygiene. 
Colonies counted. Alcohol product produced significantly greater reduction (83%) of hand 
microorganisms than antimicrobial soap and water (58% reduction). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low  
Results of study: 
Efficacy of alcohol preparations against pathogens: Significantly greater than antiseptic soap 
Notes Low risk of bias. Plate sampling technique not very precise, but convenient during routine patient care activities. Provides 
clear, numerical endpoints. Prospective randomised clinical trial with blinded evaluation of microbiological results. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Lucet JC et al. Hand contamination before and after different hand hygiene techniques: a 
randomized clinical trial. J Hosp Infect. 2002 Apr;50(4):276-80. PMID: 12014900. 

Evidence level III-1 
Study Design  N (total) Randomised study of different HH techniques 
Setting  Hospital in France in a real patient care environment 
Participants  Total of 43 HCW. 5-7 HCW from each of 7 wards of a hospital in France. All were sampled on 6 

occasions each: unmedicated soap for 10 and 30 sec, antiseptic soap for 10, 30 and 60 sec, and 
ABHR (until dry). Random order of HH procedures spread over one week for each volunteer. Total 
of 616 specimens obtained, 258 before and 258 after HH. 

Study Factor To assess the antimicrobial performance of liquid non-antiseptic soap, antiseptic soap (either 4% 
CHG or 10% PVP-I) and ABHR (45% isoprop, 30% n-prop, 0.2% mecetr. ethyl sulf) in a real-life 
situation with HCWs in patient care. 

Outcomes Microbiological studies of finger imprints of all 5 finger tips on agar plates. Colonies counted. 
ABHR and antiseptic soap created a significantly greater decrease in microbial counts after HH 
than washing with unmedicated soap. ABHR created greater decrease than antiseptic soap, but 
not statistically significant. 
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Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes But finger printing technique not very precise 
Confounders identified No  
Risk of Bias Low  
Results of study: 
Efficacy of alcohol preparations against pathogens: Significantly greater than non-antimicrobial soap; greater but not 
significantly so than antimicrobial soap 
Notes Low risk of bias. Finger printing technique not very precise. But provides clear, numerical endpoints. Randomisation 
method not described, but each person underwent all 6 HH techniques with a reasonable interval in between, over the duration of 
one week.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Larson E et al. Assessment of alternative hand hygiene regimens to improve skin health among 
neonatal intensive care unit nurses. Heart Lung. 2000 Mar-Apr;29(2):136-42. PMID: 10739490. 

Evidence level III-1 
Study Design  N (total) Prospective, quasi-experimental study with random assignment 
Setting  One NICU (neonatal intensive care unit) with 47 beds in a New York hospital 
Participants  16 full-time nurses in a 47-bed NICU (neonatal ICU) in a Ney York Children’s hospital. Total 92 

hand cultures performed, 4 per subject. Randomisation to regimen A or B by coin toss.  
Study Factor To compare 2 hand care regimens (traditional antiseptic wash with chlorhexidine-containing 

detergent versus mild soap wash with subsequent alcohol-based rinse for degerming as 
necessary) in a neonatal intensive care unit (NICU) in a real-life patient care situation. Wash 
(regimen A) was either 4% CHG or 2% CHG, the other regimen (B) was non-antiseptic soap wash 
followed by 60% isopropanol rub. 

Outcomes Microbiological studies using bag-broth technique. Assessing both, the number of isolates 
belonging to different categories (coag-neg staph, diphtheroids, GNB, Candida, enterococci, S. 
aureus) and the absolute colony counts. Neither the number of isolates belonging to different 
categories nor the absolute number of colonies differed significantly between the two regimens. 
Skin condition was significantly better with regimen B.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Low to medium risk for bias. Author contacted for clarification on sampling schedule, and responded. Table IV describes 6 
sampling points per participant and pre- and postwash data. Pre-HH samples started with a very low colony count, thus not much 
difference can be seen. 
 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Winnefeld M et al. Skin tolerance and effectiveness of two hand decontamination procedures in 
everyday hospital use. Br J Dermatol. 2000 Sep;143(3):546-50. PMID: 10971327. 

Evidence level II or III-1 
Study Design  N (total) Randomised comparison of two hand hygiene products 
Setting  Hospital in France 
Participants  51 volunteers consisting of nurses and nursing assistants in medical and surgical departments. 

Randomised to use only one of the 2 HH procedures for an 8-day period. Four samples taken per 
subject: 1, before, and 2, after HH on day one, 3, before, and 4, after HH on day eight. Method of 
randomisation not described. 

Study Factor To assess skin tolerance and antimicrobial effects of two widely accepted hand hygiene measures 
under in-use conditions. Setting: Hospital in France. Products: non-antiseptic liquid soap and 
ABHR (45% isoprop, 30% n-prop, 0.2% mecetr. ethyl sulf). 

Outcomes Microbiological studies using bag-broth technique. Colonies counted. Alcohol was significantly 
more effective in reducing microbial counts on hands than soap. After 8 days, hand condition had 
worsened significantly more in the soap group, and this was associated in higher baseline 
microbial counts in the soap group. 

Quality of study: 
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Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
 

Results of study: 
Efficacy of alcohol preparations against pathogens: Significantly more than soap 
Notes Low to medium risk of bias. It was interesting that in some cases, there was an increase in detected microorganisms after 
soap washing, but not after alcohol antisepsis. Authors noted that overall, both regimens reduced microorganisms on hands less 
than previous studies, possible reasons include a real-life health care situation, in which rubbing or washing technique may be 
suboptimal. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Zaragoza M et al. Handwashing with soap or alcoholic solutions? A randomized clinical trial of its 
effectiveness. Am J Infect Control. 1999 Jun;27(3):258-61. PMID: 10358229. 

Evidence level II or III-1 
Study Design  N (total) Randomised clinical trial with crossover design 
Setting  University Hospital in Barcelona, Spain: 4 randomly selected normal wards, 3 randomly selected 

ICUs 
Participants  43 HCWs, randomly selected from normal wards and an ICU. Prospective, randomized clinical trial 

with crossover design, paired data, and blind evaluation. Three samples taken per HCW per 
regimen: T1, before HH, T2, immediately after HH, T3, about 10-30 min after T2 during regular 
activities. 

Study Factor To assess the effectiveness of an alcoholic solution compared with standard hygienic 
handwashing during regular work in clinical wards and intensive care units of a large university 
hospital in Barcelona. Handwash was nonantimicrobial liquid soap, ABHR was 45% isoprop, 30% 
n-prop, 0.2% mecetr. ethyl sulf. 

Outcomes Microbiological studies by total hand imprints of both hands on blood agar plates. Not clear 
whether the plates were bigger than standard size to fit whole hands. Mean reduction of 
microorganisms on hands was significantly greater (88%) from alcohol than from soap (50%). At 
T3, counts were almost back to pre-values for both techniques. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low  
Results of study: 
Efficacy of alcohol preparations against pathogens: Significantly better than soap 
Notes Low risk of bias. Hand plating technique not very precise. But provides clear, numerical endpoints. HCWs were instructed 
in ABHR technique before study; soap seemed to receive no instruction because it may have been standard at the institution.  
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Appendix 13: Evidence tables for Question 2a (Clostridium difficile).  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: Short 3-page summary of Canadian evidence-based recommendation without details. 

Study Citation  Canada Standards and Guideline Core Committee (CHICA). Hand Hygiene. Can J Infect Control 
2008 Summer; 23 (2) 114, 116-7. PMID: 18811106 

Level of evidence Level III. Evidence-based review, but not of level II studies.  
Study Design  N (total) n.a.  
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes ABHRs are not active against C. difficile spores, but against vegetative forms.  
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Recommendation summary only 
Study participants well defined n.a. Recommendation summary only 
Outcomes measured appropriately n.a. Recommendation summary only 
Confounders identified n.a. Recommendation summary only 
Risk of Bias High No search strategy provided, few references 
Results of study: That ABHRs should contain 70-90% alcohol, based on cited references, and that Norovirus (i.e. its surrogate) 
is inactivated by 70-90% alcohol.  
Efficacy of alcohol preparations against pathogens: Good against most pathogens, including Norovirus, but not active 
against C. difficile.  
Notes: This study comes up in Medline as Systematic Review, but it is not systematic. Contains national Canadian practice 
recommendations. In line with WHO Guideline. Unclear if it should be included or excluded.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Provincial Infectious Diseases Advisory Committee (PIDAC). Best practices for hand hygiene in all 
health care settings. Ontario Ministry of Health and Long-Term Care. Toronto, Canada, 2008. 
ISBN: 978-1-4249-5767-5. 

Evidence level Level III. Evidence-based set of recommendations.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a.  
Outcomes Contains section on hand hygiene and C. difficile. Does not contain a dedicated statement on 

whether C. difficile is suspectible or not to ABHRs, thereby assuming readers' knowledge that 
spores are not. Contains a set of recommendations, see Evidence Summary.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based set of recommendations 
Study participants well defined n.a. n.a. 
Outcomes measured appropriately Yes Evidence-based set of recommendations 
Confounders identified No  
Risk of Bias Low to 

medium 
Evidence-based set of recommendations, but no systematic 
search strategy provided 

Results of study: 
Efficacy of alcohol preparations against pathogens: Very good against many pathogens, including Noroviruses 
Notes Large, evidence-based practice guidelines. 58 pages. Lots of references. But no systematic search strategy provided. 
Categories for strength of recommendations and evidence levels provided, but evidence levels differ from NHMRC ones.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Boyce JM et al. Guideline for Hand Hygiene in Health-Care Settings. MMWR Recomm Rep. 2002 
Oct 25;51(RR-16):1-45. PMID: 12418624. 

Evidence level Level II or III. Large, evidence-based review with evidence levels provided.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Concludes that none of the antiseptic products for hand hygiene has any relevant activity against 

C. difficile spores, but ABHRs have activity against vegetative forms.  
Quality of study: 
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Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based review, but not systematic 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
Large proportion of world literature up to 2002 reviewed, but not 
systematic 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Large, evidence-based practice guidelines. 45 pages. This article is also relevant for Q2a and Q2b, as it has sections on 
C. difficile and non-enveloped viruses.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  World Health Organization. WHO Guidelines on hand hygiene in health. World Health 
Organization. Geneva, 2009. No ISBN or PMID. 

Evidence level Level II or III. Large, systematic, multi-author, evidence-based review with evidence levels 
provided. 

Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a.  
Study Factor n.a. 
Outcomes Concludes that none of the antiseptic products for hand hygiene has any relevant activity against 

C. difficile spores, but ABHRs have activity against vegetative forms. Concludes that gloves should 
be used when caring for patients with C. difficile disease, but ABHRs should not be discontinued at 
the same institutions. Concludes that there is no association between increased use of ABHRs 
and C. difficile disease.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Systematic literature search 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Very low World literature up to 2009 systematically reviewed 
Results of study: 
Efficacy of alcohol preparations against pathogens:  
Notes Supersedes Draft Guideline 2006. Large, evidence-based practice guidelines. 264 pages. Based on systematic search 
strategy. Written by a team of over 50 international experts in hand hygiene. Provides evidence-based practice recommendations 
and contains expert consensus, where necessary. Provides evidence levels. However, they differ from NHMRC ones. Also 
relevant for Q2a (C. difficile) and Q2b (non-enveloped viruses). 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Pratt RJ et al. epic2: National evidence-based guidelines for preventing healthcare-associated 
infections in NHS hospitals in England. J Hosp Infect. 2007 Feb;65 Suppl 1:S1-64. PMID: 
17307562. 

Evidence level Level III.  
Study Design  N (total) Systematic, evidence-based review.  
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Little information on C. difficile.  
Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Pertains to included/excluded articles 
Study participants well defined n.a. Literature review 
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Very high Conclusions contradict article’s included literature 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes British evidence-based guidelines for infection prevention in general, with section on hand hygiene. Provides evidence 
levels (different from Australian ones) and systematic review strategy in appendices. This is the epic2 project that together with 
epic1 from 2004 presents a series of documents of evidence-based guidelines from the UK.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 
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Characteristics of study: 

Study Citation  Vonberg RP et al. Infection control measures to limit the spread of Clostridium difficile. Clin 
Microbiol Infect. 2008 May;14 Suppl 5:2-20. PMID: 18412710. 

Evidence level Level III.  
Study Design  N (total) Systematic review.  
Setting  n.a. 
Participants  n.a. 
Study Factor To study a variety of infection control interventions (not just hand hygiene) against C. difficile.  
Outcomes Bacterial spores are not killed by alcohols. None of the other agents used in antiseptic handwash 

or handrub preparations is reliably effective against C. difficile spores. The introduction of ABHR 
(two studies cited) was not associated with an increase in C. difficile disease. One study found no 
difference in the removal of spores between plain and chlorhexidine soap, while another found that 
chlorhexidine soap significantly improved the removal of spores. Another study found that 
chlohexidine soap removed C. difficile spores (2.5 log) significantly better than alcohol gel (1.7 
log), although the performance of the alcohol gel was better than expected. This systematic review 
recommends use of gloves followed by meticulous handwashing with soap and water when caring 
for patients with known C. difficile disease. No recommendation for the use of soap with antiseptic 
substances. ABHRs should not be used as the only hand hygiene measure when caring for 
suspected or proven C. difficile positive patients. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes For literature 
Study participants well defined Yes Literature 
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low  
Results of study: 
Efficacy of alcohol preparations against pathogens: Not active against spores, but vegetative forms.  
Notes Low risk of bias. Evidence-based recommendations on infection control measures against C. difficile. Follows systematic 
literature search strategy. Formal article assessment and grading. Provides evidence grades, but they are different from the 
NHMRC ones. No special focus on hand hygiene, but HH included.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Health Protection Agency and Department of Health. Clostridium difficile infection: how to deal with 
the problem. Department of Health, London, UK, 2008. No ISBN or PMID. http://www.hpa.org.uk  

Evidence level Level III.  
Study Design  N (total) Evidence-based set of guidelines 
Setting  n.a. 
Participants  n.a. 
Study Factor To establish best-practice guidelines against C. difficile infections.  
Outcomes Among a set of 5 key recommendations are: (G) Gloves and aprons must be used for all contacts 

with the patient and their environment. (H) Hand washing with soap and water should be carried 
out before and after each contact with the patient and the patient’s environment.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  No  
Study participants well defined No Literature study 
Outcomes measured appropriately No Some inconsistencies in literature assessment, including 

misquotations.  
Confounders identified Yes Misquotations 
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: Not active against C. difficile spores 
Notes Medium risk of bias. Evidence-based recommendations, but no systematic search strategy. Areas where this guideline is 
potentially biased are: (a) the recommendation to replace ABHRs with soap and water for infective diarrhoea (not just C. difficile 
infection) and (b) the statement that ABHRs are ineffective against Norovirus. Both are inconsistent with the major other 
guidelines (e.g. WHO, CDC). There is also at least one incident of misquotation of the literature (Teare et al. 2001), where the 
article does not state what it is quoted for.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Wullt M et al. Activity of three disinfectants and acidified nitrite against Clostridium difficile spores. 
Infect Control Hosp Epidemiol. 2003 Oct;24(10):765-8. PMID: 14587940. 

Evidence level III-2 
Study Design  N (total) Laboratory experiments with numerical outcomes.  
Setting  Laboratory 
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Participants  n.a.  
Study Factor To test 3 disinfectants and isopropanol against C. difficile spores.  
Outcomes All three other substances reduced C. difficile spores, although at different rates, while 70% 

isopropanol caused no significant reduction in viable spores. 
Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a.  
Study participants well defined Yes Disinfectants 
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low Despite high theoretical risk, it is in fact low, due to exact 

laboratory experiments. 
Results of study: 
Efficacy of alcohol preparations against pathogens: Bot active against C. difficile spores.  
Notes Category (d). Level III-2. Theoretically, this should be classified as Level III evidence, with high risk of bias. However, it is 
a well-known biological fact that C. difficile spores are not killed by alcohols (while vegetative forms are). 
 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kampf G, Hollingsworth A. Comprehensive bactericidal activity of an ethanol-based hand gel in 15 
seconds. Ann Clin Microbiol Antimicrob. 2008 Jan 22;7:2. PMID: 18211682. 

Evidence level III-2 or III-3 
Study Design  N (total) Laboratory experiments 
Setting  Laboratory 
Participants  n.a. 
Study Factor To determine the spectrum of activity against a variety of different pathogens (11 Gram-pos, 16 

Gram-neg) of a new 85% w/w EtOH hand gel within 15 sec application time.  
Outcomes Suspension test with colony count. The new ethanol gel reduced all test bacteria by 5 log or more 

within a 15 sec application time. This included vegetative forms of Clostridium difficile. 
Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a.  
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low Laboratory experiments with exact numerical outcome.  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Results are based on laboratory experiments, but they have objective, measurable, numerical 
outcomes. No other hand hygiene agent used for comparison. Comparison only between different test bacteria. The rapid killing 
of C. difficile vegetative forms (but not spores) is relevant.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Vernaz N et al. Temporal effects of antibiotic use and hand rub consumption on the incidence of 
MRSA and Clostridium difficile. J Antimicrob Chemother. 2008 Sep;62(3):601-7. PMID: 18468995.  

Evidence level III-3 
Study Design  N (total) Interventional time-series analysis (comparative study?)  
Setting  2200-bed university hospital in Geneva from 2000 to 2006 
Participants  All patients 
Study Factor To study the effects of antibiotic use and ABHR consumption on the incidence of MRSA infection 

and C. difficile infection.  
Outcomes During the observation period from 2000 to 2006, hand hygiene promotion campaigns were 

undertaken and the ABHR consumption rose from 1.3 L per 100 patient-days to 2.0 L. During the 
same period, the incidence of C. difficile infections was 0.027 isolates per 100 patient-days, with 
no upwards or downwards trend. The authors conclude that there was no association detected of 
increased ABHR use and C. difficile infection.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: n.a.  
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Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. The number of patients and the observation period are large. There is one 
inconsistency, i.e. that the paper talks about "isolates", however isolation by culture is not the best or most common method to 
diagnose the disease (stool toxin testing is). It is unclear whether the authors actually meant toxin testing or isolation. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kaier K et al. Two time-series analyses of the impact of antibiotic consumption and alcohol-based 
hand disinfection on the incidences of nosocomial methicillin-resistant Staphylococcus aureus 
infection and Clostridium difficile infection. Infect Control Hosp Epidemiol. 2009 Apr;30(4):346-53. 
PMID: 19236282. 

Evidence level III-3 
Study Design  N (total) Multivariate time-series analysis 
Setting  1600-bed university hospital from 2003 to 2007 
Participants  All hospital patients 
Study Factor To study the association between antibiotic consumption and ABHR consumption on the incidence 

of MRSA infections and C. difficile infections.  
Outcomes During the observation period, there was a significant increase in the use of some antibiotics and 

in ABHR (38 to 74 L per 1000 patient-days). Mathematical modelling found a strong temporal 
association between trends in antibiotic use and incidence of C. difficile infections, while no 
association with ABHR use was found. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. The number of patients and the observation period are large. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Boyce JM et al. Lack of association between the increased incidence of Clostridium difficile-
associated disease and the increasing use of alcohol-based hand rubs. Infect Control Hosp 
Epidemiol. 2006 May;27(5):479-83. PMID: 16671029.  

Evidence level III-3 
Study Design  N (total) Not clear to me. Could be Historical control study.  
Setting  500-bed university-affiliated community teaching hospital from 2000 to 2003. 
Participants  All patients.  
Study Factor To determine whether there is an association between the increasing use of alcohol-based hand 

rubs (ABHRs) and the increased incidence of Clostridium difficile–associated disease (CDAD). 
Outcomes From 2000 to 2003, the use of ABHR increased 10-fold, from 3 to greater than 30 L per 1000 

patient-days. The incidence of C. difficile had a slight, but non-significant downwards trend from 
1.74 to 1.18 cases per 1000 patient-days.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. The number of patients and the observation period are large. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Gopal Rao G et al. Marketing hand hygiene in hospitals--a case study. J Hosp Infect. 2002 
Jan;50(1):42-7. PMID: 11825051. 

Evidence level III-2 
Study Design  N (total) Case-control study (?) 
Setting  600-bed teaching hospital in Lewisham, UK, in two periods, from 1999-2000 (before ABHR 
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introduction) and 2000-2001 (after ABHR introduction).  
Participants  All patients in the hospital. 
Study Factor To determine whether the introduction and hospital-wide promotion of an ABHR (in this case 70% 

EtOH gel) had an impact on the incidence of MRSA infection and C. difficile disease.  
Outcomes No ABHR was available in the first year. In the second year, ABHR was introduced and promoted, 

and firmly placed at the ends of beds (not specified if all beds in the hospital). 2200 bottles of 
ABHR were consumed during the 2nd year. The incidence of C. difficile showed a slight, but non-
significant downwards trend from 11.5 to 9.5 cases per 1000 admissions (17% reduction). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: n.a.  
Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. The number of patients and the observation period are sizeable. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  King S. Provision of alcohol hand rub at the hospital bedside: a case study. J Hosp Infect. 2004 
Apr;56 Suppl 2:S10-2. PMID: 15110116. 

Evidence level III-3 
Study Design  N (total) Historical control study 
Setting  28-bed acute-care general surgical ward a district hospital in the UK. Two observation periods. A 

12-month pre-implementation period compared with a 3-month post-implementation period.  
Participants  All patients on this 28-bed ward in a 15-month period.  
Study Factor To study the impact of introduction of a new ABHR at the bedside on the incidence of MRSA 

infections and C. difficile infections. 
Outcomes During the 12-month pre-intervention period, there was no case of C. difficile infection. In the 3-

month post-intervention period, there were 5 cases. 
Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes But unclear if differences in diagnostic test frequency 
Confounders identified No  
Risk of Bias High Ward very small, observation period very short.  
Results of study: 
Efficacy of alcohol preparations against pathogens: n.a.  
Notes High risk of bias. Ward very small, observation period very short. Observation is only based on a total of 5 cases in a small 
ward. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are associated with increased C. 
difficile incidence. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Rupp ME et al. Prospective, controlled, cross-over trial of alcohol-based hand gel in critical care 
units. Infect Control Hosp Epidemiol. 2008 Jan;29(1):8-15. PMID: 18171181. 

Evidence level III-1 or III-2 
Study Design  N (total) Prospective, controlled, cross-over trial.  
Setting  2 medical-surgical ICUs for adults, each with 12 beds, within a 2-year period at a University 

hospital in Nebraska, USA. Each ICU had a 12-month period with, and a 12-month period without 
ABHR. 

Participants  All ICU patients 
Study Factor To study the impact of the introduction of an alcohol hand gel (62% EtOH, 0.3% triclosan) on the 

adherence (compliance) to hand hygiene and the incidence of nosocomial infections, including C. 
difficile infections in a prospective cross-over design.  

Outcomes In Unit A, the rate of C. difficile infections was 1.39 infections per 1000 patient-days in the soap 
period, and 0.31 in the ABHR period. The opposite occurred in Unit B, where the rate was 2.52 
with ABHR and 1.26 without. The authors concluded that there was no substantial difference in C. 
difficile infections between the two hand hygiene methods. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
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Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium Potentially small sample size 
Results of study: 
Efficacy of alcohol preparations against pathogens: n.a.  
Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. It is unclear how many patients or patient-days occurred during the observation 
periods in these relatively small ICUs, and how many infections in total were observed. 
 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Gordin FM et al. Reduction in nosocomial transmission of drug-resistant bacteria after introduction 
of an alcohol-based handrub. Infect Control Hosp Epidemiol. 2005 Jul;26(7):650-3. PMID: 
16092747.  

Evidence level III-3 
Study Design  N (total) Observational survey of two 3-year periods.  
Setting  Tertiary care medical centre with 287 beds in Washington, DC, USA during a 6-year period, 

including 3 years before, 3 years after introduction of ABHR. 
Participants  All patients in the hospital 
Study Factor To study the impact of the introduction of an alcohol hand rub (62.5% EtOH) on the incidence of 

infections with drug-resistant bacteria, including MRSA, VRE and C. difficile, in an observational 
survey. 

Outcomes Data on ABHR consumption are not provided, however, there was none available in the pre-
intervention period, while it was available in all inpatient and outpatient room in the 
postintervention period. While there was a significant decrease in the incidence of VRE and MRSA 
infections, the rate of C. difficile infections remained essentially unchanged, at 3.24 and 3.38 
infections per 10,000 patient-days (33 and 31 total positive tests per year, respectively). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: n.a.  
Notes Medium risk of bias. This paper is NOT part of the main review, but instead of a sub-question whether ABHRs are 
associated with increased C. difficile incidence. The number of patients and the observation period appear to be of a sufficient 
size. 
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Appendix 14: Evidence tables for Question 2b (non-enveloped viruses).  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: Short 3-page summary of Canadian evidence-based recommendation without details. 

Study Citation  Canada Standards and Guideline Core Committee (CHICA). Hand Hygiene. Can J Infect Control 
2008 Summer; 23 (2) 114, 116-7. PMID: 18811106 

Level of evidence Level III. Evidence-based review, but not of level II studies.  
Study Design  N (total) n.a.  
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Recommendation that ABHRs should contain 70-90% alcohol.  
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Recommendation summary only 
Study participants well defined n.a. Recommendation summary only 
Outcomes measured appropriately n.a. Recommendation summary only 
Confounders identified n.a. Recommendation summary only 
Risk of Bias High No search strategy provided, few references 
Results of study: That ABHRs should contain 70-90% alcohol, based on cited references, and that Norovirus (i.e. its surrogate) 
is inactivated by 70-90% alcohol.  
Efficacy of alcohol preparations against pathogens: Good against most pathogens, including Norovirus, but not active 
against C. difficile.  
Notes: This study comes up in Medline as Systematic Review, but it is not systematic. Contains national Canadian practice 
recommendations. In line with WHO Guideline. Unclear if it should be included or excluded.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Picheasathian W. A systematic review on the effectiveness of alcohol-based solutions for hand 
hygiene. Int J Nurs Pract. 2004 Feb;10(1):3-9. PMID: 14764017. 

Evidence level Level III. Systematic review, but not of level II studies 
Study Design  N (total) Systematic review 
Setting  n.a. 
Participants  n.a.  
Study Factor n.a. 
Outcomes Concludes that multiple studies have demonstrated that ABHRs remove microorganisms including 

bacteria, viruses, fungi and organisms with multiple drug resistance from hands more effectively 
than hand washing with non-medicated soaps, medicated soaps, or other antiseptic agents and 
water. Ethanol-based formulations should contain at least 70% v/v ethanol. Cites two studies that 
showed that Adeno-, Rhino- and Rotaviruses (all non-enveloped) were reduced by 3-4 logs by 
ABHRs.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Systematic review 
Study participants well defined n.a. n.a. 
Outcomes measured appropriately Yes Outcome is literature analysis 
Confounders identified No  
Risk of Bias Very low Systematic review 
Results of study: 
Efficacy of alcohol preparations against pathogens: Good against most bacteria, viruses and fungi. Generally more 
effective than soaps or medicated soaps. Ethanol preparations should contain at least 70% ethanol. It is an advantage if 
preparations pass EN 1500 in 30 sec.  
Notes. Systematic review. But no evidence levels provided. Also relevant for non-enveloped viruses. Outcome is clearly in favour 
of alcohol, and there are differences between alcohol preparations.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Provincial Infectious Diseases Advisory Committee (PIDAC). Best practices for hand hygiene in all 
health care settings. Ontario Ministry of Health and Long-Term Care. Toronto, Canada, 2008. 
ISBN: 978-1-4249-5767-5. 

Evidence level Level III. Evidence-based set of recommendations.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a.  
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Outcomes Recommendation: The use of 70-90% alcohol-based hand rub is preferred for hand hygiene if 
hands are not visibly soiled (level IB). Because a recent study suggests that Norovirus can be 
inactivated by 70-90%, it is recommended that ABHRs should contain a minimum of 70%.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based set of recommendations 
Study participants well defined n.a. n.a. 
Outcomes measured appropriately Yes Evidence-based set of recommendations 
Confounders identified No  
Risk of Bias Low to 

medium 
Evidence-based set of recommendations, but no systematic 
search strategy provided 

Results of study: 
Efficacy of alcohol preparations against pathogens: Very good against many pathogens, including Noroviruses 
Notes Large, evidence-based practice guidelines. 58 pages. Lots of references. But no systematic search strategy provided. 
Categories for strength of recommendations and evidence levels provided, but evidence levels differ from NHMRC ones.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Boyce JM et al. Guideline for Hand Hygiene in Health-Care Settings. MMWR Recomm Rep. 2002 
Oct 25;51(RR-16):1-45. PMID: 12418624. 

Evidence level Level II or III. Large, evidence-based review with evidence levels provided.  
Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a. 
Study Factor n.a. 
Outcomes Despite generally lesser activity than against enveloped viruses, ABHRs have in vivo activity 

against several non-enveloped viruses, e.g. 70% EtOH or 70% IPA are more effective than 
medicated and non-medicated soaps against Rotavirus. Provides tables summarising data from 
the literature, including one table concerning non-enveloped viruses. In the table on non-
enveloped viruses, there was a mixed picture. The best log reduction rates were reached for high-
percent (e.g. 95%) ethanol, but not across all viruses. It worked well against Rotavirus, 
Adenovirus, Echo virus and Rhinovirus. Poliovirus and HAV were more difficult to inactivate. PVP-I 
did well in one Rotavirus test, plain soap or CHG-soap generally did less well, except one test in 
which plain soap (log reduction [LR] 2.1) did better than 80% EtOH (LR 0.4). Ethanol generally has 
greater activity against non-enveloped viruses than isopropanol (which is a reversal of the usual 
picture, whereby n-propanol and isopropanol have greater activity than ethanol against other 
organisms).  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  n.a. Evidence-based review, but not systematic 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
Large proportion of world literature up to 2002 reviewed, but not 
systematic 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Large evidence-based review, with ranking system for evidence-based recommendations, but no systematic search 
strategy. However, cites the most relevant articles (i.e. no obvious omission). Low to medium risk of bias; reference list is 
representative and fairly exhaustive, but no systematic strategy provided. The findings are largely in line with the WHO 
Guidelines that appeared a few years later.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  World Health Organization. WHO Guidelines on hand hygiene in health. World Health 
Organization. Geneva, 2009. No ISBN or PMID. 

Evidence level Level II or III. Large, systematic, multi-author, evidence-based review with evidence levels 
provided. 

Study Design  N (total) Evidence-based review 
Setting  n.a. 
Participants  n.a.  
Study Factor n.a. 
Outcomes Provides extensive information on European and US standards for antibacterial and virucidal 

product testing. Provides a table summarising antimicrobial activity of hand hygiene agents against 
non-enveloped viruses. Non-enveloped viruses are generally less susceptible to alcohols (than 
enveloped ones), although concentrations in usual ABHRs are active against a number of non-
enveloped viruses. ABHRs are generally more active than soap or medicated soap against non-
enveloped viruses. One cited study found 70% IPA and 70% EtOH more active against rotavirus 
than medicated or non-medicated soap. Another found 62% and 70% EtOH more active than plain 



 - 67 - 

soap, but equivalent to 4% CHG soap against hepatitis A viruses, but both alcohols were superior 
to the soaps against hepatitis A virus. Another found that 60% EtOH reduced Rota-, Adeno- and 
Rhinovirus by 3-4 logs.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes Systematic literature search 
Study participants well defined n.a.  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Very low World literature up to 2009 systematically reviewed 
Results of study: 
Efficacy of alcohol preparations against pathogens:  
Notes Very low risk of bias. Supersedes WHO Draft Guideline 2006. Large, evidence-based practice guidelines. 262 pages. 
Based on systematic search strategy. Examines evidence for bactericidal, fungicidal and virucidal (incl. non-enveloped viruses) 
activities of hand hygiene agents.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Macinga DR et al. Improved inactivation of nonenveloped enteric viruses and their surrogates by a 
novel alcohol-based hand sanitizer. Appl Environ Microbiol. 2008 Aug;74(16):5047-52. PMID: 
18586970. 

Evidence level III-2 
Study Design  N (total) Comparative laboratory experiments in suspension (test tubes) and on human fingerpads 
Setting  Laboratory and 2-12 (depending on test) human volunteers 
Participants  1-12 volunteers 
Study Factor To test the performance of a newly-formulated ABHR with 70% EtOH and a synergistic 

combination of poly-quaternium polymer and citric acid against standard ABHRs against several 
relevant non-enveloped in suspension and with the fingerpad method. 

Outcomes First, the synergistic combination of additives to EtOH was found and optimised using suspension 
tests with non-enveloped bacteriophage MS2. Then, the new ABHR was tested in suspension and 
on fingerpads. The new product was significantly better than the 62% EtOH standard ABHR, 
reaching the following log reductions in suspension: feline calicivirus (FCV) >4.75, murine 
norovirus (MNV) >3.68, adenovirus 2.75, hepatitis A virus 1.75, poliovirus 3.5, rotavirus >4.75, and 
on fingerpads: adenovirus >3.12, hepatitis A virus 1.32, poliovirus 2.98, rotavirus >3.84, all within a 
30-sec contact time. The results demonstrate that specially formulated ABHRs can have greater 
virucidal activity against non-enveloped viruses than standard ABHRs.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes Not in paper, but through published standards 
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Low to 

medium 
 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Low to medium level of bias. The experiments were performed using standardised methods according to ASTM (American 
Society for Testing and Materials) standards E-1052 in suspension and E-1838-02 on fingerpads. These methods create 
objective, defined, numerical endpoints.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Lages SL et al. In-vivo efficacy of hand sanitisers against feline calicivirus: a surrogate for 
norovirus. J Hosp Infect. 2008 Feb;68(2):159-63. PMID: 18207605. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with fingerpads of 3 human volunteers. 
Participants  3 human volunteers 
Study Factor To test the in vivo efficacy (i.e. on fingerpads) of several ABHRs against feline calicivirus (FCV), a 

surrogate for Norovirus. Formulations tested were: Ethanol 99.5%, EtOH gel 62%, isopropanol 
91%, isopropanol 70%, benzalkonium chloride 0.13% antiseptic wash, PVP-I 10%, triclosan 0.6% 
soap, triclosan 0.115 soap, rinse with tap water. 

Outcomes Results were for 30 sec/2 min in log reduction: ethanol 99.5%: 1.0/1.3, EtOH gel 62%: 0.5/0.55, 
isopropanol 91%: 0.0/0.43, isopropanol 70%: 0.67/0.55, benzalkonium chloride 0.13% antiseptic 
wash: 0.0/0.22, PVP-I 10%: 2.67/2.39, triclosan 0.6% soap: 0.25/0.5, triclosan 0.115 soap: 
0.42/0.17, tap water rinse: 0.33/0.42. The results demonstrate that among the alcohol products, 
99.5% ethanol is most active, followed by 62% ethanol and 70% isopropanol. The most active 
substance was PVP-I. Antiseptic soaps caused only small reduction. Ethanol 99.5% performed 
best among all alcohols, and better than soaps. However, it was stated that even the reduction by 
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99.5% EtOH was smaller than the approximately 2-3 logs that would be needed for effective 
prevention of Norovirus transmission. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium Laboratory study with numerical endpoints 
Results of study: 
Efficacy of alcohol preparations against pathogens:  
Notes Medium risk of bias. Experiments were performed using a modified protocol of a published fingerpad method for testing 
virucidal activity. Even though this is not the standardised ASTM method, it is very similar and reaches numerical endpoints. 
Ethanol in the concentration range of 80-95% was not tested, even though it is known from other work that (a) ethanol in this 
range performs better than other alcohols, and (b) that ethanol performs better than isopropanol against non-enveloped viruses. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kramer A et al. Virucidal activity of a new hand disinfectant with reduced ethanol content: 
comparison with other alcohol-based formulations. J Hosp Infect. 2006 Jan;62(1):98-106. PMID: 
16307826. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with tests in suspension & on fingerpads of 7 human volunteers. Laboratory 

experiments in suspension and on fingerpads of seven volunteers. Tests in suspension were 
performed according to German DVV Guidelines, tests on fingerpads according to US ASTM E-
1838-96 and ASTM E-1838-02 standards. 

Participants  7 volunteers 
Study Factor To test a newly formulated virucidal hand antiseptic with reduced total ethanol content (55% w/w 

ethanol, 10% propan-1-ol, 5.7% butan-1.3-diol and 0.7% phosphoric acid) against a range of 
enveloped and non-enveloped viruses. 

Outcomes In suspension tests, the new formulation reduced all enveloped viruses and of the non-enveloped 
ones, hepatitis A, poliovirus, rotavirus and feline calicivirus (a Norovirus surrogate) by >3 log within 
30 sec; SV 40 and adenovirus were more resistant, they required 2 and 3 min, respectively. In the 
fingerpad test, the new product produced a reduction of >3 log in 30 sec against poliovirus and 
2.38 log in 30 sec against feline calicivirus.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium Laboratory study with numerical endpoints 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using standardised protocols, both in suspension and on fingerpads, 
reaching numerical endpoints. The authors made a comment that of the pure alcohols, only 95% shows similarly high activity 
against non-enveloped viruses in comparative testing. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kampf G et al. Efficacy of three ethanol-based hand rubs against feline calicivirus, a surrogate 
virus for norovirus. J Hosp Infect. 2005 Jun;60(2):144-9. PMID: 15866013. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory experiments on fingerpads of four volunteers. Tests were performed according to US 

ASTM E-1838-02 standards.  
Participants  Four volunteers 
Study Factor To test three different commercial ABHRs with ethanol (95% w/w, 80% w/w, 75% w/w) against 

feline calicivirus, a Norovirus surrogate. 
Outcomes On fingerpads, the 95% EtOH ABHR performed best (2.17 log against reference EtOH, 1.63 

against n-propanol), followed by the one with 80% EtOH (1.25, 1.43) and 75% EtOH (1.07, 0.78). 
The reference 70% EtOH performed better than the reference 70% n-propanol). 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
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Outcomes measured appropriately Yes  
Confounders identified No  
Risk of Bias Medium Laboratory study with numerical endpoints 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using standardised protocols on fingerpads, reaching numerical 
endpoints. The authors comment that they saw unexplained variability between the test persons and recommend 12 volunteers, 
such as with the EN 1500 antibacterial testing standard. The overall reduction of Norovirus surrogate with 2.17 log is rather 
modest, given the usually high load of Norovirus excreted in stool of infected persons. Note that this article was criticised in a 
letter to the editor (Duizer and Koopmans, 2005) that postulated a level of 3-4 log reduction before hand hygiene agents should 
be considered as virucidal. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Bidawid S et al. Norovirus cross-contamination during food handling and interruption of virus 
transfer by hand antisepsis: experiments with feline calicivirus as a surrogate. J Food Prot. 2004 
Jan;67(1):103-9. PMID: 14717359. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory.  
Setting  Laboratory setting with 6 adult volunteers. Fingerpad experiments with standardised surfaces of 

(a) ham, (b) lettuce, and (c) metal. Establishing virus transfer by virus culture, using a modified 
standardised ASTM 1838 protocol to test for virus viability on surfaces and fingerpads. 

Participants  6 adult volunteers, fingerpads 
Study Factor To establish the amount of cross-contamination that can occur from fingers to food by Norovirus 

and the amount of reduction by hand hygiene measures, using feline calicivirus (FCV) as a 
surrogate. 

Outcomes After using inoculated fingerpads as the donor surface (touching the other standardised surfaces), 
the recovery of live virus was 46% from ham, 18% from lettuce and 13% from metal (of the original 
virus amount). Water alone treatment of fingerpads reduced the amount of virus to 0.9, 0.6 and 
0.5%, soap washing to 0.6, 0.4 and 0.5%, EtOH 62% to 3.4, 2.1 and 1.2%, and EtOH 75% to 2.3, 
1.2 and 0.7% (all from ham, lettuce and metal, respectively). Reductions by any of the four hand 
hygiene methods compared with before hand hygiene were calculated as significant, and the 
significance level between washing and alcohols was given as p <0.05. On fingerpads without 
touching standardised surfaces, the recovered virus without treatment was 71%, and was 8.6%, 
5.6%, 13.8% and 11.2% after treatment with water alone, soap and water, EtOH 62% and EtOH 
75%, respectively. The authors conclude that virus transfer was significantly reduced by water and 
by water and soap, and ABHRs were someahwt less effective, but still significantly reduced the 
amount of virus. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes Relatively complicated measurements 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using a variation of known standardised protocols on fingerpads, 
reaching numerical endpoints. One aspect of the paper is that it is written and the results presented in a rather complicated 
fashion, which makes the paper tedious to read. The complicated design with organic surfaces as donor and acceptor surfaces 
makes this paper slightly more prone to bias than a straight study of pathogens on hands. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Gehrke C et al. Inactivation of feline calicivirus, a surrogate of norovirus (formerly Norwalk-like 
viruses), by different types of alcohol in vitro and in vivo. J Hosp Infect. 2004 Jan;56(1):49-55. 
PMID: 14706271. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory. 
Setting  Laboratory setting with (a) suspension tests, i.e. tests in reagent tubes, and (b) tests on fingerpads 

of volunteers.  
Participants  Number of volunteers not specified, but number of fingerpads ranged from 8 to 36 per experiment.  
Study Factor To assess the activity of the three alcohol species, n-propanol, isopropanol and ethanol in various 

concentrations against feline calicivirus (FCV), a Norovirus surrogate. 
Outcomes In the suspension tests, 50% and 70% n-propanol were most effective, achieving a >4 log 

reduction in 30 sec, followed b 70% ethanol (3.55 in 30 sec). Higher concentrations (80%) of 
ethanol and n-propanol were less effective. Isopropanol was least effective at all concentrations. In 
the fingerpad tests, ethanol 70% and n-propanol 70% were most effective (3.78 and 3.58 log in 30 
sec, respectively). Higher concentrations (90%) were less effective.  
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Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined No Only number of fingerpads, not of volunteers 
Outcomes measured appropriately Yes Standardised procedures 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using standardised protocols by the German Society for Combatting 
Virus Diseases (DVV) and by the ASTM (fingerpad method). These experiments have numerical endpoints. The authors write in 
their discussion that they found this behaviour of inactivation of FCV relatively atypical of non-enveloped viruses, where ethanol 
at high concentrations is generally more active than the other alcohol species. They conclude that the more active preparations in 
their test series were able to produce a significant reduction of these viruses (3 log and 4 log, respectively) in only 30 seconds. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Sattar SA, Ansari SA. The fingerpad protocol to assess hygienic hand antiseptics against viruses. 
J Virol Methods. 2002 May 16;103(2):171-81. PMID: 12008011. 

Evidence level III-2 or III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with 4-12 human volunteers per measuring point. Testing of real human 

fingerpads. 
Participants  4-12 human volunteers per measuring point 
Study Factor To provide an overview of the fingerpad method to test hand antiseptics against viruses, and to 

provide a few original test results against the non-enveloped Rotavirus and Hepatitis A Virus. The 
fingerpad method described here has become part of an ASTM standardised method. 

Outcomes For Rotavirus, the loss of infectivity after hand treatment was: 99.0% for 70% EtOH, 99.0% for 
70% IPA, 92.5% for 1.5% CHG plus 15% cetrimide in 70% EtOH, 45.2% for 1.5% CHG plus 15% 
cetrimide in water, 86% for 10% PVP-I, 75.8% for liquid soap, 73.3% for tap water. For Hepatitis A, 
the loss of infectivity was: 99.9% for 75% EtOH, 87.9 for 60% EtOH, 95.3% for liquid soap, 89.0% 
for water. That means that the alcohols from 70-75% performed by at least 1 log (10-fold) better 
than any antiseptic or plain soaps. Only ethanol 60% performed in the range of antiseptic or plain 
soaps. The results show that for Rotavirus and Hepatitis A virus, ABHRs in standard composition 
and strengths of 70-75% outperform plain and antiseptic soaps. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes  
Outcomes measured appropriately Yes Standardised fingerpad method (ASTM) 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using standardised protocols according to ASTM (fingerpad method). 
These experiments have numerical endpoints. The main focus of this paper is to provide a review type of article about the (now 
standardised) fingerpad method, but this review article also contains some original data in Table 2. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Malik YS et al. Comparative efficacy of ethanol and isopropanol against feline calicivirus, a 
norovirus surrogate. Am J Infect Control. 2006 Feb;34(1):31-5. PMID: 16443090. 

Evidence level III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with stainless steel surfaces as testing material 
Participants  None; 3 replicates per test on stainless steel surfaces 
Study Factor To assess the efficacy of ethanol and isopropanol against FCV, a Norovirus surrogate, for 

disinfection of surfaces (but under conditions very similar to hand hygiene). Ethanol was used in 
concentrations from 10% to 100% and isopropanol from 10% to 100% (both in 10% steps).  

Outcomes Ethanol at concentrations from 70% to 90% and isopropanol from 40% to 60% performed best, 
reaching over 99% virus reduction (but less than 99.9%, i.e. 3 log) in 1 minute. The authors 
conclude that isopropanol directly followed by ethanol at the concentrations specified are most 
effective at inactivating FCV. They also conclude that more research is needed to develop such 
formulations commercially and test their effectiveness against Norovirus.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
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Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes But according to non-standardised protocol 
Confounders identified No  
Risk of Bias Medium But results do only indirectly pertain to hand hygiene 
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using non-standardised protocols, but nevertheless the results have 
numerical endpoints. The authors cite one previous study wrongly (Gehrke et al. 2004) in that Gehrke et al. actually found that 1-
propanol (i.e. n-propanol) is most active, but they attribute this to isopropanol (apparently confusing 1-propanol with 2-propanol). 
The experiments described in the Malik et al. study do not directly pertain to hand hygiene, because they are meant for surface 
disinfection, but the conditions (1 min versus 30 sec) are very similar to hand hygiene.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Belliot G et al. Use of murine norovirus as a surrogate to evaluate resistance of human norovirus 
to disinfectants. Appl Environ Microbiol. 2008 May;74(10):3315-8. PMID: 18378650.  

Evidence level III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests 
Participants  None, 3 replicates per test 
Study Factor To study the resistance or susceptibility of murine Norovirus (MNV), a new surrogate for human 

Norovirus, against a range of disinfectants, including ethanol, isopropanol, PVP-I and three 
commercial ABHRs. Tested were ethanol at 60, 30 and 10%, isopropanol at 60, 30 and 10%, 
aqueous PVP-I at 10%, Sterillium gel (85% EtOH), Aniosgel 85NPC (concentration not certain, but 
85% is implied), and Purell (concentration not certain, but 62% is assumed).  

Outcomes Virus reduction of >4 logs within 30 sec was achieved by ethanol 60%, PVP-I 10%, Sterillum Gel 
and Aniosgel 85NVP. Isopropanol 60% came very close, achieving 3.86 log in 30 sec and >4 log 
in 1 min. Purell ABHR, whose concentration is not specified in this paper, but can be assumed to 
be 62% EtOH based on other papers, fared significantly worse, with only 1.85 log in 30 sec. The 
authors conclude that two of the tested commercial ABHRs significantly reduce MNV by >4 logs.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes But not using standardised protocol 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using non-standardised protocols, but nevertheless the results have 
numerical endpoints. The tests are in suspension, not on human hands. Note that although plain or antimicrobial soap was not 
tested, the reduction of 4 log achieved in 30 sec by most alcohols is far more than what soaps can typically achieve. Also note 
that the paper did not specify whether alcohol concentrations were % v/v, w/w or w/v (although v/v is assumed). The authors 
point out that MNV is structurally and by its infection route (oral, intestinal infection) more similar to human Norovirus than FCV 
(respiratory infection). 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Duizer E et al. Inactivation of caliciviruses. Appl Environ Microbiol. 2004 Aug;70(8):4538-43. PMID: 
15294783.  

Evidence level III-3 or IV 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests, i.e. tests in reagent tubes. Determination of the titres of 

infectious virus in cell cultures. Not clear how many replicates per test and per substance. Cell 
culture for FeCV and CaCV, quantitative real-time reverse transcriptase PCR for all three viruses 
(note: PCR not relevant for true virus inactivation).  

Participants  No human participants 
Study Factor To study inactivation of feline calicivirus (FeCV), canine calicivirus (CaCV) and human Norovirus 

by various conditions and disinfectants (heat stress, pH influence, sodium hypochlorite and 
ethanol). Relevant for this review is only the influence of 70% v/v ethanol (the only concentration 
tested).  

Outcomes 70% ethanol reduced viable FeCV and CaCV by slightly less than 1 log (exact amount not 
specified in paper) within 30 sec, and by slightly more than 1 log in 1 min. The authors conclude 
that the inactivation of both viruses by 70% EtOH is incomplete, and this is a concern for infection 
control. 

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes But no human participants 
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Outcomes measured appropriately Yes But not using standardised protocol  
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using non-standardised protocols, but nevertheless the results have 
numerical endpoints. The tests are in suspension, not on human hands. PCR detection of viral RNA, as done in parallel 
experiments, is not useful for determining viral infectiousness. This paper is of limited value, since only 70% EtOH included.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  van Engelenburg FA et al. The virucidal spectrum of a high concentration alcohol mixture. J Hosp 
Infect. 2002 Jun;51(2):121-5. PMID: 12090799.  

Evidence level III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests, i.e. tests in reagent tubes. Determination of the titres of 

infectious virus in cell cultures. Tests consisted of 8 replicates each.  
Participants  No human participants  
Study Factor To test the virucidal activity of an alcohol mixture of 80% ethanol plus 5% isopropanol in the 

suspension test against several enveloped and non-enveloped viruses. The enveloped ones were: 
bovine viral diarrhoea virus (BVDV), human immunodeficiency virus (HIV), pseudorabies virus 
(PRV) and vaccinia virus. The non-enveloped ones were: canine parvovirus (CPV), hepatitis A 
virus (HAV) and reovirus type 3 (Reo-3).  

Outcomes All enveloped viruses were rapidly inactivated by >4 log in 1 min. For the non-enveloped ones, 
there was no change for CPV, a 0.47 log reduction for HAV and a >2.1 log reduction for Reo-3. 
The results show that there was variable inactivation of non-enveloped viruses, ranging from no 
reduction to >2.1 log in 1 min.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes But not using standardised protocol 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using non-standardised protocols, but nevertheless the results have 
numerical endpoints. The tests are in suspension, not on human hands. The information coming from this paper is limited, since 
only one concentration was tested.  
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Fendler E, Groziak P. Efficacy of alcohol-based hand sanitizers against fungi and viruses. Infect 
Control Hosp Epidemiol. 2002 Feb;23(2):61-2. PMID: 11893148. 

Evidence level III-3 or IV 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests, i.e. tests in reagent tubes. Determination of the titres of 

infectious virus, presumably in cell cultures. No number of test replicates specified.  
Participants  No human participants 
Study Factor To test a commercial ABHR (Purell, 62% EtOH) for its effectiveness against various fungi and 

viruses, including non-enveloped viruses.  
Outcomes All enveloped viruses were rapidly inactivated by >4 log in 30 sec. The log reduction values for the 

non-enveloped ones in 30 sec were as follows: adenovirus type 2: 1.32; hepatitis A virus: 1.25; 
rhinovirus type 16: >4.25; rhinovirus type 14: 2.25; rhinovirus type 37: 2.75; coxsackie virus B3: 
2.75. This confirms that enveloped viruses are usually rapidly inactivated by alcohols, while there 
is variability among the non-enveloped ones.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes But unclear, because very little detail 
Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes But not using standardised protocol 
Confounders identified No  
Risk of Bias Medium to 

high 
Very little detail 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium to high risk of bias. Experiments were performed using non-standardised protocols, but nevertheless the results 
have numerical endpoints. The tests are in suspension, not on human hands. This paper was published as a letter to the editor 
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(although it contains original data), and therefore, the experimental design is described in too little detail to be judged. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Kampf G et al. Spectrum of antimicrobial activity and user acceptability of the hand disinfectant 
agent Sterillium Gel. J Hosp Infect. 2002 Oct;52(2):141-7. PMID: 12392906.  

Evidence level III-3 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests, i.e. tests in reagent tubes. Determination of the titres of 

infectious virus by cell cultures. Standardised methods (DVV). 
Participants  No human participants 
Study Factor To test the antimicrobial spectrum and user acceptability of a new hand gel with 85% EtOH. Tests 

were done for bacteria in suspension and on hands, for fungi in suspension, and for viruses in 
suspension according to standardised methods (for viruses, the DVV standards).  

Outcomes Enveloped viruses (herpes simplex, orthopox, HIV) were readily inactivated (>4 log) within 15-30 
sec. Inactivation levels (>4 log) and times for enveloped viruses were: rotavirus 30 sec >5.25; 
adenovirus 2 min >6.62; poliovirus 3 min 4.37; papovavirus 15 min >5.12. The paper did not 
specify whether the threshold of 4 log for adenovirus, poliovirus and papovavirus was reached 
earlier than the specified times.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes Standardised methods 
Confounders identified No  
Risk of Bias Medium  
Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium risk of bias. Experiments were performed using standardised protocols according to DVV (in suspension). These 
experiments have numerical endpoints. This paper again shows a mixed picture for non-enveloped viruses, with rotavirus being 
inactivated very easily. The time of 15 min for papovavirus is not feasible for hand hygiene. 
 
EVIDENCE TABLE: Efficacy of alcohol products for hand hygiene 

Characteristics of study: 

Study Citation  Steinmann J et al. Alte und neue Erkenntnisse zur Virus-Wirksamkeit der hygienischen 
Haendedesinfektion. Hyg Med. 2009; 34 (1/2): 32-40. No PMID. 

Evidence level III-3 or IV 
Study Design  N (total) Comparative study in the laboratory 
Setting  Laboratory setting with suspension tests, i.e. tests in reagent tubes. Determination of the titres of 

infectious virus by cell cultures. Standardised methods (DVV).  
Participants  No human participants 
Study Factor To provide an extensive review article about the efficacy of hand antiseptics against various 

viruses. Also to provide a few otherwise unpublished results on the efficacy of various alcohols 
against adenovirus type 5 and against murine norovirus (MNV), a surrogate for human norovirus. 
Three alcohol specieswere tested, ethanol 70%, isopropanol 70%, n-propanol 70%.  

Outcomes For adenovirus type 5, ethanol 70% and n-propanol 70% produced a slightly less than 4 log 
reduction in 30 sec, and a slightly greater than 5 log reduction in 1 min; isopropanol was much less 
active. For MNV, n-propanol 70% produced a slightly less than 5 log reduction in 30 sec, and a 
slightly less than 6 log reduction in 1 min; ; ethanol 70% produced a greater than 6 log reduction at 
30 sec; isopropanol was less active, producing a 3.7 log reduction at 30 sec and 4.8 log reduction 
at 1 min. The results show that both, adenovirus type 5 and MNV, are effectively inactivated by 
ethanol and n-propanol at 70%, and that ethanol perfomrs better than the other alcohols.  

Quality of study: 

Quality Criteria:  Met? Comments 
Specified inclusion/ exclusion criteria  Yes  
Study participants well defined Yes But no human participants 
Outcomes measured appropriately Yes Standardised methods 
Confounders identified No  
Risk of Bias Medium to 

high 
 

Results of study: 
Efficacy of alcohol preparations against pathogens: 
Notes Medium to high risk of bias. Experiments were performed using standardised protocols according to DVV (in suspension). 
These experiments have numerical endpoints. This is an extremely comprehensive, state of the art review article about virucidal 
action of hand hygiene agents. This is a narrative review article, and although it summarises the topic very well, it could not be 
included under category (a) articles, because it is narrative (not systematic) and not evidence-based. The reason for inclusion is 
that the article also shows some original results (otherwise unpublished) by the authors on inactivation of adenovirus type 5 and 
murine norovirus.  
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Appendix 15: Evidence Summary Question 1: What concentrations of which alcohols are adequate for hand hygiene to decontaminate 
specific organisms? Summary of evidence-based guidelines and systematic reviews.  
 
Reference Relevance to 

study question 
Key 
recommendations  

Evidence supporting recommendations Quality of guideline Comments NHMRC Level of 
Evidence and 
Study Design 

World Health 
Organization. 
WHO Guidelines 
on hand hygiene in 
health. World 
Health 
Organization. 
Geneva, 2009. No 
ISBN or PMID. 
 

WHO Guideline 
on hand hygiene 
in healthcare 
settings. To 
provide an 
evidence-based 
analysis of the 
literature and a 
set of 
recommendations 
co-authored and 
approved by a 
panel of over 50 
experts from 
around the world. 
To provide WHO 
standardised 
handrub 
formulations that 
are 
antimicrobially 
effective and can 
be made cheaply 
from standard 
chemicals, e.g. 
for resource-
limited healthcare 
settings.  

The final evidence-
based 
recommendation 
says: "Provide HCWs 
with efficacious hand 
hygiene products that 
have low irritancy 
potential" (IB). 
 
No dedicated 
recommendation was 
made for what exact 
standards ABHRs 
should fulfil, or what 
concentration they 
should have.  
 
The guideline 
provided 
compositions of 
WHO-recommended, 
standardised handrub 
formulations; these 
have either 80% v/v 
ethanol or 75% 
isopropanol. 
 

Examines evidence for bactericidal, fungicidal 
and virucidal (incl. non-enveloped viruses) 
activities of hand hygiene agents. Compiles and 
summarises that ABHRs are more efficacious for 
most pathogens than unmedicated or medicated 
soaps. In terms of relative efficacy, alcohol 
preparations are generally more efficacious than 
antiseptic soaps and these are more effective than 
plain soaps. Alcohols have excellent germicidal 
activity against Gram-pos. and Gram-neg. 
bacteria. Alcohol activity includes 
Mycobacterium tuberculosis and fungi. Not 
active against bacterial spores and protozoan 
oocysts (although active against vegetative forms 
of spore-forming bacteria). Active against 
enveloped viruses. Non-enveloped viruses are 
generally less susceptible to alcohols, although 
concentrations in usual ABHRs are active 
against a number of non-enveloped viruses, but 
generally more active than soap or medicated 
soap. One cited study found 70% IPA and 70% 
EtOH more active against rotavirus than 
medicated or non-medicated soap. Another 
found 62% and 70% EtOH more active than 
plain soap, but equivalent to 4% CHG soap 
against hepatitis A viruses, but both alcohols 
were superior to the soaps against hepatitis A 
virus. Another found that 60% EtOH reduced 
rota-, adeno- and rhinovirus by 3-4 logs. The 
WHO guideline further cited and analysed 
several clinical studies with counts on hands of 
HCWs obtained before and after HH, and 
concluded that the majority of those found 
alcohols more active than plain or medicated 
soaps. One study was an exception where there 
was equivalence; it used an ABHR with only 
61% EtOH and the CHG of the antimicrobial 
soap may not have been neutralised sufficiently 
for the microbial count determination. A set of 
tables was presented, summarising the results.  

Very low risk of bias.  
 
Systematic literature 
search, evidence-based 
evaluation and grading, 
extensive listing of 
individual literature results 
in tables, consensus from 
experts where needed, set 
of evidence-based 
recommendations. 
Supersedes WHO Draft 
Guideline 2006. Large, 
evidence-based practice 
guidelines. Total 262 
pages, 1168 references. 
Concludes that ABHRs 
should be standard of care 
(for non-soiled hands). 
Written by a team of over 
50 international experts in 
hand hygiene. Provides 
evidence-based practice 
recommendations and 
contains expert consensus, 
where necessary. Provides 
evidence levels. However, 
they differ from NHMRC 
ones. 
 
Provides extensive set of 
tables, summarising 
antimicrobial activity of 
hand hygiene agents, e.g. 
for enveloped viruses, 
non-enveloped viruses and 
bacteria. Tables were very 
similar to those in the 
CDC guideline, and the 
overall results essentially 
the same. 

Also relevant for Q2a 
and Q2b. Provides 
separate sections on C. 
difficile (to be 
reanalysed there). Same 
issue as in CDC 
guideline, i.e. that 
recommendation for 
visibly soiled hands 
does not follow from 
cited literature.  
Provides extensive 
information on 
European and US 
standards for 
antibacterial and 
virucidal product 
testing.  
The guideline provided 
compositions of WHO-
recommended, 
standardised handrub 
formulations; these 
have either 80% v/v 
ethanol or 75% 
isopropanol. Both meet 
the EN 1500 standard. 
But the fact that the 
WHO standardised 
solutions fulfil the more 
stringent EN 1500 
standard is an indirect 
endorsement for that 
standard, which could 
not have been made in a 
direct fashion, because 
there were US members 
on the WHO expert 
panel. 
 

Level II or III. 
Systematic Review 
with evidence-
based 
recommendations 
and expert 
consensus, where 
needed.  
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Boyce JM et al. 
Guideline for Hand 
Hygiene in Health-
Care Settings. 
MMWR Recomm 
Rep. 2002 Oct 
25;51(RR-16):1-
45. PMID: 
12418624. 

CDC Guideline 
for hand hygiene. 
Evidence-based 
recommendations 
and guidelines for 
hand hygiene in 
the healthcare 
setting. Provide 
ranking system 
for evidence-
based 
recommendations 
(different from 
NHMRC), but no 
systematic search 
strategy.  

The evidence-based 
recommendations 
were to use plain or 
antimicrobial soap 
when hands are 
visibly dirty (grade 
IA), and to use an 
ABHR when hands 
are not visibly soiled 
(grade IA). Note that 
IA is the highest 
grade of evidence in 
these 
recommendations.  
 
It was emphasised 
that none of the 
agents used in 
ABHRs or medicated 
or unmedicated soaps 
are active against 
spore-forming 
bacteria (Clostridium, 
Bacillus) and it was 
recommended to 
wear gloves when 
specifically caring for 
patients with C. 
difficile disease. 

Handwashing with plain soap for 15 sec reduces 
bacteria on hands by about 0.6-1.1 logs, for 30 
sec by about 1.8-2.8 logs. Some studies have 
found failure of plain soaps to significantly 
reduce pathogens. Alcohol solutions of 60-95% 
are most effective, and higher concentrations 
(than 95%) are less potent. Alcohols have 
excellent activity against Gram-pos. and Gram-
neg. vegetative bacteria, mycobacteria and 
various fungi. They have generally good activity 
against enveloped viruses. They have poor 
activity against bacterial spores, protozoan 
oocysts and certain non-enveloped viruses. 
Stated that alcohols are not appropriate when 
hands are visibly dirty, but the only reference 
cited in the context (Larson & Bobo, 1992) 
demonstrated that alcohol works well when 
small amounts of organic material (blood) are 
present. 
Despite generally lesser activity than against 
enveloped viruses, ABHRs have in vivo activity 
against several non-enveloped viruses, e.g. 70% 
EtOH or 70% IPA are more effective than 
medicated and non-medicated soaps against 
Rotavirus. Provides tables summarising data 
from the literature concerning: (1) virucidal 
activity against enveloped viruses, (2) dto, non-
enveloped viruses, (3) efficacy of plain soap vs. 
antiseptic soap vs. alcohol against bacteria, and 
(4, 5) tables for surgical hand antisepsis. In the 
table on enveloped viruses, all (HIV, HBV, 
HSV, RSV, influenza, vaccinia) were inactivated 
rapidly by all alcohols in concentrations that are 
common in ABHRs and inactivated by common 
ingredients of medicated soaps (PVP-I, CHG). In 
the table on non-enveloped viruses, there was a 
mixed picture. The best log reduction rates were 
reached for high-percent (e.g. 95%) ethanol, but 
not across all viruses. It worked well against 
Rotavirus, Adenovirus, Echo virus and 
Rhinovirus. Poliovirus and HAV were more 
difficult to inactivate. PVP-I did well in one 
rotavirus test, plain soap or CHG-soap generally 
did less well, except one test in which plain soap 
(log reduction [LR] 2.1) did better than 80% 
EtOH (LR 0.4). In another table, alcohols were 
compared with medicated soaps and plain soaps 

Low to medium risk of 
bias.  
 
Important literature 
sources are cited, but no 
systematic search strategy 
provided. Reference list is 
representative and fairly 
exhaustive. However, cites 
the most relevant articles 
(i.e. no obvious omission). 

The findings in the 
tables on the efficacy of 
different agents are 
largely in line with the 
WHO Guidelines that 
appeared a few years 
later.  
No recommendation 
was made for the level 
of alcohol in ABHRs, 
but being a US CDC 
guideline and having a 
section on US TFM 
(ASTM) testing 
requirements (also 
briefly on EN 1500), it 
is indirectly implied 
that products for the US 
market should fulfil the 
ASTM requirements for 
efficacy testing. 

Large evidence-
based guidelines 
with ranking 
system, but no 
systematic search 
strategy. Evidence 
level II or III-1. 
Large evidence-
based review, with 
ranking system for 
evidence-based 
recommendations. 
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against bacterial counts on hands, compiling 22 
references from the literature. Consistently, 
alcohols performed better than medicated soaps 
and these better than plain soaps in all table 
entries when tested side by side. In one 
comparison of 70% EtOH and 95% EtOH, 95% 
performed better. 

Provincial 
Infectious Diseases 
Advisory 
Committee 
(PIDAC). Best 
practices for hand 
hygiene in all 
health care settings. 
Ontario Ministry of 
Health and Long-
Term Care. 
Toronto, Canada, 
2008. ISBN: 978-
1-4249-5767-5. 

Evidence-based 
practice 
guidelines for 
Canadian 
healthcare 
settings in the 
province of 
Ontario. They 
have a ranking 
system for 
recommendations 
(Appendix A) 
that lists 
categories of 
strengths for each 
recommendation 
as well as grades 
of quality of 
evidence. 

Recommendations: 
The use of 70-90% 
ABHR is preferred 
for HH if hands are 
not visibly soiled 
(IB). Wash hands 
with soap and water 
if there is visible 
soiling (IA).  
 
 

Important literature sources (i.e. major evidence-
based reviews and guidelines, e.g. WHO, CDC, 
and other important work) are cited, recent study 
suggests that Norovirus can be inactivated by 70-
90%. Concludes that ABHRs are the preferred 
method when hands are not visibly soiled. 
Concludes that ABHRs are more effective than 
washing hands (even with an antibacterial soap) 
when hands are not visibly soiled. When visible 
soil is present and running water is not available, 
use moist towelettes followed by ABHR.  
Recommended that ABHRs should contain a 
minimum of 70%.  
ABHRs in healthcare settings range in 
concentration from 60 to 90% and contain 
different alcohol species (mainly EtOH and IPA) 
or blends of these. 

Medium risk of bias.  
 
Evidence-based review 
and literature analysis 
with attribution of 
categories of strengths of 
recommendations and 
grades (i.e. levels) of 
evidence, but no 
systematic search strategy 
provided. However, cites 
the most relevant articles 
(i.e. no obvious omission). 

Like in the other major 
review articles and 
guidelines, there is not 
cited article with 
evidence supporting the 
statement concerning 
visible soiling. Also 
contains information 
about C. difficile and 
Norovirus. Reevaluate 
there. 

Narrative literature 
review. Evidence-
based guidelines. 
Evidence level III-
1. 

Pratt RJ et al. 
epic2: National 
evidence-based 
guidelines for 
preventing 
healthcare-
associated 
infections in NHS 
hospitals in 
England. J Hosp 
Infect. 2007 Feb;65 
Suppl 1:S1-64. 
PMID: 17307562. 

Systematic 
literature review 
and formulation 
of evidence-based 
recommendations 
on various 
infection control 
topics. Of 
relevance are the 
hand hygiene 
sections from 
epic1 and epic2. 

The following 
recommendations 
were made: Hands 
that are visibly soiled 
must be washed with 
liquid soap and 
water. Hands should 
be washed with soap 
and water after 
several consecutive 
applications of 
ABHRs. When 
decontaminating 
hands with ABHR, 
hands should be free 
of dirt and organic 
material. Near-patient 
ABHRs should be 
made available in all 
healthcare facilities. 

Identified 19 studies comparing different HH 
preparations. That included 5 RCTs in clinical 
settings, comparing ABHRs with other agents. 
Four demonstrated ABHRs to be more effective 
than non-medicated and medicated soaps, a fifth 
found no statistical difference. One crossover 
trial between handwashing and handrubbing 
demonstrated no significant differences in 
clinical infection rates. Three clinically-based, 
quasi-experimental studies and 9 controlled 
laboratory experiments demonstrated an 
association between reductions in microbial flora 
and the use of ABHRs. One cited laboratory 
study showed that alcohol gels are not as 
effective as liquid rinses, and another cited study 
with only 10 sec application time (that was later 
criticised by letters to the editor) showed that 
some ABHRs may lose efficacy after 10 
consecutive uses. The epic2 guidelines conclude 
that overall, there is no compelling evidence to 
favour the general use of antiseptic handwashing 

Theoretically, this review 
and guideline 
development process has a 
low risk of bias. However, 
this particular review is 
heavily biased in its 
outcome. Despite its 
systematic review 
strategy, the conclusions 
contradict the own data 
analysed, as well as other 
major guidelines (WHO, 
CDC). At one point, the 
CDC guideline is 
misquoted to say that there 
is (in general) no single 
preferred HH agent, 
despite the CDC guideline 
favouring ABHRs for 
routine use. This 
represents a very serious 

British evidence-based 
guidelines for infection 
prevention in general, 
with section on hand 
hygiene. This is the 
epic2 project that 
together with epic1 
from 2004 presents a 
series of documents of 
evidence-based 
guidelines from the UK. 
Of the articles listed in 
the tables, all of those 
where ABHRs were 
compared with plain or 
medicated soaps, except 
one, found ABHRs 
superior. Like in the 
other reviews, there is 
also no evidence 
provided backing up the 

Level III. 
Systematic 
Review. With 
evidence-based 
recommendations.  
Systematic 
literature search, 
evidence-based 
evaluation and 
grading, 
formulation of 
evidence-based 
recommendations. 
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agents over soap, or one antiseptic agent over 
another (cites 2 references). One of the 
references cited for that was the authors’ own 
prior edition of the epic project, the other the 
CDC guidelines. However, the CDC guidelines 
are misquoted. They indeed favour ABHRs for 
routinely decontaminating hands when they are 
not visibly soiled.  

problem that questions the 
overall validity of the epic 
guidelines. 
 
Provides evidence levels 
(different from Australian 
ones) and systematic 
review strategy in 
appendices, and also has 
article appraisal strategies 
in place for formulating 
recommendations. The 
epic1 document also lists 
in table format the 
appraised articles.  

statement that ABHRs 
should not be used on 
visibly soiled hands.  

Canada Standards 
and Guideline Core 
Committee 
(CHICA). Hand 
Hygiene. Can J 
Infect Control 2008 
Summer; 23 (2) 
114, 116-7. PMID: 
18811106 

Guidelines for 
healthcare 
workers in 
Canada.  

Alcohol-based hand 
rubs with a minimum 
concentration of 
70%.  
 
Medicated soaps or 
plain soaps, alcohols 
with lower 
concentrations.  
 
Recommends that 
ABHRs contain a 
minimum 
concentration of 
70%.  
 
States that when 
dealing with spore-
forming bacteria, e.g. 
C. difficile, 
handwashing is 
preferred. 

States that recent evidence has demonstrated that 
alcohol-based hand rubs (ABHRs) are superior 
(to soap and water) for decontaminating hands in 
healthcare settings and that they should be the 
preferred method of hand hygiene unless hands 
are visibly soiled. States that ABHRs in 
healthcare settings range from 60-90% alcohol 
content. Cites a recent study that Norovirus is 
inactivated by 70-90% alcohol. 

High risk of bias, since it 
is a very short review. 
 
Seems to be an extract 
only of a larger evidence-
based guideline. 
In its current form, it is a 
narrative review, although 
Medline lists it as 
Systematic Review. 
 
Grades and levels of 
evidence assigned? 
 
Supports appraised 
evidence? 
 
 

There are different 
alcohols, ethanol, 
isopropanol, n-
propanol, and it does 
not state which ones are 
meant, although other 
articles state that their 
activity differs. Also, it 
does not state whether 
the percentages are v/v, 
w/w or w/v, although 
these percentages differ, 
and they can be 
converted with 
conversion tables. Most 
common percentage in 
the literature is v/v, and 
it can be assumed that 
this is what they mean.  
 
ABHRs have limited 
effectiveness in killing 
spores, although they 
are effective against 
vegetative forms. 

Narrative literature 
review. Evidence-
based guidelines. 
Evidence level 
unclear to me, 
although it could 
be III-1 or so.  
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Appendix 16: Evidence Summary Question 1: What concentrations of which alcohols are adequate for hand hygiene to decontaminate specific 
organisms? Summary of two systematic reviews presenting original data [57, 74] and included original articles.  
 

Reference Aim Population or Setting What alcohol or 
product 

What comparator 
product 

Results Comments, Risk of Bias NHMRC 
Level of 
Evidence and 
Study Design 

Larmer PJ et al. 
Evidence-based 
recommendations for 
hand hygiene for 
health care workers in 
New Zealand. N Z 
Med J. 2008 Apr 
18;121(1272):69-81. 
PMID: 18425156 

Systematic review 
of effectiveness of 
ABHRs to other 
products 
 

12 studies of ABHR 
activity versus soap 
(medicated and/or 
plain) activity against 
microorganisms. 4 
were studies in 
clinical settings with 
healthcare workers 
(HCWs) and 
microbial counts on 
hands, 8 were studies 
with other human 
volunteers in a 
laboratory setting 
with microbial counts 
on hands before and 
after.  

Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps.  

If alcohols, either 
plain or 
antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps.  

In 12 studies that met the inclusion 
criteria, there were 35 comparisons 
of ABHR to medicated or plain 
soap. 24 demonstrated significant 
positive results for ABHRs, while 
11 demonstrated no significant 
differences. The NZ guideline 
concludes that there are consistent 
findings in greater than two-thirds 
of moderate quality studies that 
ABHR is superior to plain or 
antimicrobial soap, constituting 
level 2 (moderate) evidence. When 
looking at the individual results in 
the table of the NZ guideline, all 
ABHR that are known (from other 
papers) to pass EN 1500 and all 
ABHR that have 70% or above 
produced significant positive 
results. Among the ones that 
produced non-significant results 
were two ABHRs with unspecified 
alcohol content, one with 61% 
EtOH, and one with 62% EtOH. 
There were 22 individual 
comparisons of medicated soaps to 
plain soaps, 10 were positive, 11 no 
significant differences, 1 had plain 
superior to medicated. All 
significant-positive ones were of 
higher methodological quality than 
the neutral ones. That was given as 
level 4 (conflicting) evidence that 
medicated ones are superior to 
plain.  

The review concludes with 
the following 
recommendations: Level 2, 
ABHR containing 70% 
alcohol are the preferred 
products for hand hygiene. 
They must contain an 
emollient, and preferably 
contain 0.5% chlorhexidine 
(CHG). Level 3, Hands must 
be washed with soap and 
water when visibly soiled. 
Level 4, due to the lack of 
data, it is not possible to 
make recommendations on 
the use of either medicated 
or plain soap. This study has 
a low risk of bias. However, 
two parts of the 
recommendations are not 
supported by information 
from the cited references. 
Apart from one single 
measuring point, there is no 
other evidence that ABHRs 
should contain CHG. The 
other is that one cited 
reference (Larson and Bobo 
1992) shows that ABHRs are 
indeed active in the presence 
of small amounts of organic 
material (blood) on hands. 
Otherwise, there is no 
evidence in any of the cited 
articles that ABHRs should 
not be used when hands are 
visibly soiled or 
contaminated with organic 
material.  

Level III 
Systematic 
Review of 
Level III 
studies.  
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Picheasathian W. A 
systematic review on 
the effectiveness of 
alcohol-based 
solutions for hand 
hygiene. Int J Nurs 
Pract. 2004 
Feb;10(1):3-9. PMID: 
14764017. 

Systematic Review 
of effectiveness of 
ABHRs for hand 
hygiene. 

Studies published 
between January 1992 
and April 2002 in English 
and Thai related to the 
effectiveness of alcohol-
based solutions for hand 
hygiene in healthcare 
settings. Systematic 
Literature search and 
evaluation strategy, using 
Medline, Dare, Cinahl 
and Dissertation Abstracts 
International. 41 articles 
met inclusion criteria: 26 
related to effectiveness in 
reducing microorganisms, 
7 to compliance, 14 to 
skin tolerability, 3 to time 
required for hand 
hygiene.  

Various alcohol 
products and 
concentrations, various 
plain and antimicrobial 
soaps. Some of the cited 
and analysed studies 
pertain to surgical hand 
antisepsis, not hand 
hygiene in general 
patient care.  

If alcohols, 
either plain or 
antimicrobial 
soaps, 
sometimes 
other alcohols. 
If 
antimicrobial 
soaps, plain 
soaps.  

One cited study examined 70% 
ethanol vs. 62% ethanol ABHR and 
found 70% more effective (must 
have been significantly, but this is 
not stated). Several cited studies 
compared the reference standard 
60% v/v IPA of the European 
standard EN 1500 against various 
other formulations. Several liquid 
hand rubs with a total alcohol 
content of 70% or above, or blends 
of different alcohol species (total 
70% or above) satisfied the 
standard’s requirements within 30 
sec, whereas several gels with 70% 
or below did not. Several studies 
analysed ABHRs vs. medicated or 
non-medicated soaps. Four studies 
demonstrated that ABHRs are more 
efficiently than non-medicated 
soap. A meta-analysis of two 
studies showed that microbial 
reductions with ABHRs were 
significantly greater than with 
medicated soap. Two studies (one 
surgical HH] found no significant 
difference between ABHR and 
medicated soap. The alcohol 
content of the surgical one was not 
specified, but the other was 61% 
only. Of 5 studies examining 
ABHRs vs. medicated soaps against 
multiresistant organisms (MRSA, 
VRE), 4 found ABHRs 
significantly more effective, one 
found PVP-I to be more effective. 
Two studies were cited that ABHRs 
were effective (4 log or more 
reduction) against non-enveloped 
viruses (Adeno-, Rhino, Rota-), and 
one study was cited that found 
ABHR to be effective against fungi. 
The review concludes by saying 
that it supports the use of ABHRs 
for routine HH. They remove 
bacteria, viruses, fungi and 
multiple-drug-resistant bacteria 

Also relevant for Q2b (non-
enveloped viruses). Low 
risk of bias. Largely 
consistent with other major 
guidelines and reviews, e.g. 
CDC and WHO. Small 
problem is that this review 
mixes ward-based hand 
hygiene with surgical hand 
hygiene (scrubbing), which 
has different requirements 
for microbial reduction and 
follows different testing 
standards.  

Level III 
Systematic 
Review 
 
Systematic 
review with 
search 
strategy 
provided. 
However, no 
evidence 
levels 
provided. 
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more effectively from hands than 
plain or antimicrobial soaps. It 
points out differences in activity 
between ethanol, isopropanol and n-
propanol. Ethanol-based 
formulations should contain at least 
70% v/v ethanol. The conclusions 
also point again at the fact that most 
rinses fulfilled EN 1500 in 30 sec, 
whereas most gels did not, outlining 
that preparations that pass EN 1500 
in 30 sec are more efficacious than 
those that do not.  
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Barbut F et al. 
Comparison of the 
antibacterial efficacy 
and acceptability of 
an alcohol-based hand 
rinse with two 
alcohol-based hand 
gels during routine 
patient care. J Hosp 
Infect. 2007 
Jun;66(2):167-73. 
PMID: 17513011. 

To compare three different 
ABHRs (one rinse, two 
gels) in terms of 
antimicrobial activity and 
user acceptability in a 
routine patient care 
situation. 

Setting: HCWs in a 
14-bed ICU, random 
assignment of HCWs 
to one of three 
products. 

One alcohol rinse 
(45% isopropanol, 
30% n-propanol, 
0.2% 
mecetronium 
ethyl sulfate; 
MES), two gels, 1 
(85% EtOH) and 
2 (53% EtOH, 
17% isopropanol) 
against each 
other.  

The three products 
between each other.  

Microbiological study of 242 
handrubbing opportunities 
(81, 81, 80) with the 3 
products. Results: Products 1 
and 2 caused significantly 
higher microbial reductions 
on hands than product 3. 
Products 1 and 2 had higher 
total alcohol contents as 
ingredients. Product 2 (gel 2) 
passes EN1500 standard in 
30 sec. Unclear if product 3 
passes EN 1500 in 30 or in 
60 sec.  

Large number of measured 
HH opportunities (242) in a 
real patient care situation. 
Numerical endpoints. Low 
risk of bias. Demonstrates 
that gels or liquid ABHRs 
with higher total alcohol 
content cause greater 
reduction of microbes on 
hands. Also that product 2, a 
gel that passes EN1500 
standard in 30 sec causes 
greater reduction than 
product 3, a gel with lower 
alcohol content, although it 
is unknown whether product 
3 passes EN 1500, and if it 
does so in 30 sec or 60 sec.  

Level II or III-1. 
Category (c) 
according to 
Search Strategy.  

Davis MA et al. 
Comparison of a 
waterless hand-
hygiene preparation 
and soap-and-water 
hand washing to 
reduce coliforms on 
hands in animal 
exhibit settings. 
Epidemiol Infect. 
2006 
Oct;134(5):1024-8. 
PMID: 16492319. 

To compare alcohol hand 
gel with soap-based 
handwashing in an animal 
exhibit (livestock show) 
setting as a real-life event.  

Animal handlers in a 
livestock show. Hand 
hygiene opportunities 
after handling various 
animals, e.g. horses, 
sheep, steer, swine. 
Measured 58 people 
using hand gel, 52 
using soap and water.  

62% ethanol hand 
gel.  

Soap and water.  Microbiological studies (bag-
broth technique) of hands 
before and after alcohol hand 
gel or soap and water, during 
hand hygiene opportunities 
after animal handling. Only 
coliform bacteria assessed. 
No significant difference 
detected between the two 
methods. 

Randomisation done, but no 
blinding possible (that is 
generally the case when 
comparing hand rubbing 
versus washing). Large 
number of sampling points. 
Low risk of bias. Problems: 
only coliform bacteria 
(instead of all counts) 
detected, hand gel has only 
62% ethanol, which in other 
studies has been found to be 
less effective than higher % 
gels or rinses.  

Level II or III-1. 
Category (c).  

Traub-Dargatz JL et 
al. Pilot study to 
evaluate 3 hygiene 
protocols on the 
reduction of bacterial 
load on the hands of 
veterinary staff 
performing routine 
equine physical 
examinations. Can 
Vet J. 2006 
Jul;47(7):671-6. 
PMID: 16898109. 

To compare handwashing 
with soap (antiseptic, 0.3% 
triclosan) and water with an 
ethanol hand gel (62% 
EtOH) and with a 
chlorhexidine-ethanol (61% 
EtOH, 1% CHG) hand rub 
in veterinary practice after 
standardised physical 
examination of horses. 

Veterinary students at 
Ontario Veterinary 
College and Colorado 
State University after 
standardised 
examination of 
horses. Number of 
participants not 
specified. Checked by 
e-mail with authors: 
24 students in 
Colorado, 8 in 
Ontario, total 32. The 
Colorado ones were 
split equally between 

Ethanol hand gel 
(62%) and 
chlorhexidine-
ethanol (61% 
EtOH, 1% CHG) 
hand rub. 

Antiseptic soap 
(with 0.3% 
triclosan) and water 
handwashing.  

Microbiological studies with 
a 100 ml bag-PBS procedure. 
Both alcohol products (gel 
and rub) produced 
significantly greater 
microbial reduction on hands 
than soap-based 
handwashing. 

Medium risk of bias. Author 
contacted by e-mail for 
clarification on the number 
of study participants, since 
not provided in paper. 
Number obtained. 
Randomisation not done. 
Blinding is not possible due 
to different consistency of 
products.  

Level III-1 or 
III-2. Category 
(c).  
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the three protocols, 
i.e. 8 students for each 
HH agent, the Ontario 
ones each did between 
1 and 7 different 
repeat experiments. 
There was apparently 
no randomisation. 

Kac G et al. 
Microbiological 
evaluation of two 
hand hygiene 
procedures achieved 
by healthcare workers 
during routine patient 
care: a randomized 
study. J Hosp Infect. 
2005 May;60(1):32-9. 
PMID: 15823654. 

To compare handwashing 
with soap and water with 
hand antisepsis using an 
ABHR (45% isoprop, 30% 
n-prop, 0.2% MES) in a 
real-life situation in 
healthcare workers from 
different wards in a clinical 
study.  

Ten HCWs from each 
of 5 hospital wards 
(50 HCWs). 
Randomly assigned to 
the two protocols by 
sealed envelope. 
HCWs had performed 
routine activities 
before testing.  

ABHR (45% 
isopropanol, 30% 
n-propanol, 0.2% 
MES). 

Soap and water.  Microbiological studies by 
imprints of palms and 
fingertips on agar before and 
after hand hygiene. Colonies 
counted. Alcohol produced 
significantly greater 
reduction of hand 
microorganisms than soap 
and water. 

Low risk of bias. 
Disadvantage is the plating 
technique, which is not a 
very exact technique. But 
despite this, the differences 
in colony counts are highly 
significant. 

Level II. 
Category (c).  

Karabay O et al. 
Compliance and 
efficacy of hand 
rubbing during in-
hospital practice. Med 
Princ Pract. 2005 Sep-
Oct;14(5):313-7. 
PMID: 16103696.  

To compare alcohol-based 
hand rubbing (70% EtOH, 
10% isoprop, 1% butanol) 
with hand washing using 
antimicrobial soap (2% 
CHG, 1% isoprop) 
regarding antimicrobial 
efficacy and compliance in 
a hospital setting.  

Total 32 nurses from 
ICU, medical and 
surgical ward in a 
hospital in Turkey. 
No randomisation 
protocol described.  

ABHR (70% 
EtOH, 10% 
isopropanol, 1% 
butanol).  

Hand washing using 
antimicrobial soap 
(2% CHG, 1% 
isopropanol) and 
water.  

Microbiological studies by 
imprints of palms and 
fingertips on agar before and 
after hand hygiene. Colonies 
counted. Alcohol product 
produced significantly 
greater reduction of hand 
microorganisms than 
antimicrobial soap and water. 

Low to medium risk of bias. 
Plating technique not very 
exact, see above. Slight 
inconsistency is that 
methods describe plating 
technique, results “cfu/ml”, 
as if broth technique had 
been used. Colony counts in 
alcohol group about half 
(100 cfu/ml) of those in 
soap group (200 cfu/ml).  

Level III-2. 
Category (c). 

Tvedt C, Bukholm G. 
Alcohol-based hand 
disinfection: a more 
robust hand-hygiene 
method in an 
intensive care unit. J 
Hosp Infect. 2005 
Mar;59(3):229-34. 
PMID: 15694980. 

To study hand hygiene 
behaviour (compliance) and 
hand hygiene agent 
performance in a clinical 
ICU setting, comparing the 
antimicrobial performance 
of ABHR (70% isoprop) 
with that of plain liquid 
soap.  

Total of 50 HCWs, 
mostly nurses, from 
an ICU in a 
Norwegian hospital. 
Total of 80 HH 
opportunities were 
sampled, including 60 
without 
standardisation 
(instruction) of HH 
procedures and 20 
with standardisation. 
No randomisation, 
every HCW was 
sampled with both 
methods 
consecutively.  

ABHR (70% 
isopropanol). 

Plain liquid soap 
and water. 

Microbiological studies using 
bag-broth technique. 
Colonies counted. Alcohol 
product produced greater 
reduction (79% vs. 60% 
reduction; will have to check 
if significant) of 
microorganisms than soap. 
Interestingly, when method 
was not standardised, hand 
washing fared significantly 
worse than non-standardised 
alcohol rubbing. That means 
that microbial reduction with 
alcohol is less susceptible to 
user mistakes than 
handwashing. 

Medium risk of bias. 
Problem is that both 
techniques were done 
consecutively on each HCW 
within two hours, meaning 
that the microbial reduction 
of the first-performed 
method could have affected 
the colony counts of the 
second.  

Level III-1 or 
III-2. Category 
(c).  
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Mody L et al. 
Introduction of a 
waterless alcohol-
based hand rub in a 
long-term-care 
facility. Infect Control 
Hosp Epidemiol. 2003 
Mar;24(3):165-71. 
PMID: 12683506. 

To study HCWs’ HH 
knowledge, practices, 
compliance and incidence 
of HCAIs with and without 
introduction of an ABHR 
(61% ethanol gel, 
Prevacare, J&J). One ward 
(A) was the intervention 
ward with introduction of 
ABHR, the other (B) the 
control with soap and water. 
Randomisation of the wards 
into the protocols was done 
with coin toss. 

Total of 44 HCWs 
enrolled (22 each 
ward) in two 36-bed 
long-term care 
facilities in a 162-bed 
facility in Michigan. 
Wards were 
randomised to A and 
B with coin toss. Each 
HCW was sampled on 
3 occasions, before 
and after HH with 
agent for their 
respective ward. 

ABHR (61% 
ethanol gel).  

Soap and water.  Microbiological studies using 
bag-broth technique. Broth 
was used for enrichment, not 
for colony counting. 
Microbes were categorised 
into GNBs, S. aureus, VRE 
and yeasts. ABHR produced 
significantly greater 
reduction in percentage of 
HCWs’ hands colonised with 
GNBs and S. aureus, yeasts 
not significantly different, 
VRE not assessed.  

Medium risk of bias. 
Problem is culture 
technique. Broth from hands 
was not plated immediately 
after sampling. Instead, it 
was preincubated as 
enrichment broth and full 
growth subcultured on the 
next day.  

Level III-2. 
Category (c).  

Girou E et al. Efficacy 
of handrubbing with 
alcohol based solution 
versus standard 
handwashing with 
antiseptic soap: 
randomised clinical 
trial. BMJ. 2002 Aug 
17;325(7360):362. 
PMID: 12183307. 

To compare the efficacy of 
handrubbing with an 
alcohol based solution 
versus conventional 
handwashing with antiseptic 
soap in reducing hand 
contamination during 
routine patient care. ABHR 
(45% isoprop, 30% n-prop, 
0.2% MES) vs. antiseptic 
soap (4% CHG).  

Total of 23 HCW 
included and 
analysed, 12 HCWs 
handrubbing and 11 
HCWs handwashing. 
59 patient care 
activities (PCAs) 
sampled in the alcohol 
group, 55 in the soap 
group (total 114 
PCAs). 
Randomisation by 
sealed envelopes. 
Setting: Three 
intensive care units in 
a French university 
hospital.  

ABHR (45% 
isoprop, 30% n-
prop, 0.2% MES). 

Antiseptic soap (4% 
CHG) and water.  

Microbiological studies by 
imprints of palms and 
fingertips on agar before and 
after hand hygiene. Colonies 
counted. Alcohol product 
produced significantly 
greater reduction (83%) of 
hand microorganisms than 
antimicrobial soap and water 
(58% reduction).  

Low risk of bias. Plate 
sampling technique not very 
precise, but convenient 
during routine patient care 
activities. Provides clear, 
numerical endpoints. 
Prospective randomised 
clinical trial with blinded 
evaluation of 
microbiological results. 

Level II. 
Category (c). 

Lucet JC et al. Hand 
contamination before 
and after different 
hand hygiene 
techniques: a 
randomized clinical 
trial. J Hosp Infect. 
2002 Apr;50(4):276-
80. PMID: 12014900. 

To assess the antimicrobial 
performance of liquid non-
antiseptic soap, antiseptic 
soap (either 4% CHG or 
10% PVP-I) and ABHR 
(45% isoprop, 30% n-prop, 
0.2% MES) in a real-life 
situation with HCWs in 
patient care. 

Total of 43 HCW. 5-7 
HCW from each of 7 
wards of a hospital in 
France. All were 
sampled on 6 
occasions each: 
unmedicated soap for 
10 and 30 sec, 
antiseptic soap for 10, 
30 and 60 sec, and 
ABHR (until dry). 
Random order of HH 
procedures spread 
over one week for 
each volunteer. Total 
of 616 specimens 

ABHR (45% 
isoprop, 30% n-
prop, 0.2% MES). 

Liquid non-
antiseptic soap, 
antiseptic soap 
(either 4% CHG or 
10% PVP-I).  

Microbiological studies of 
finger imprints of all 5 finger 
tips on agar plates. Colonies 
counted. ABHR and 
antiseptic soap created a 
significantly greater decrease 
in microbial counts after HH 
than washing with 
unmedicated soap. ABHR 
created greater decrease than 
antiseptic soap, but not 
statistically significant.  

Low risk of bias. Finger 
printing technique not very 
precise. But provides clear, 
numerical endpoints. 
Randomisation method not 
described, but each person 
underwent all 6 HH 
techniques with a 
reasonable interval in 
between, over the duration 
of one week.  

Level III-1. 
Category (c). 
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obtained, 258 before 
and 258 after HH.  

Larson E et al. 
Assessment of 
alternative hand 
hygiene regimens to 
improve skin health 
among neonatal 
intensive care unit 
nurses. Heart Lung. 
2000 Mar-
Apr;29(2):136-42. 
PMID: 10739490.  

To compare 2 hand care 
regimens (traditional 
antiseptic wash with 
chlorhexidine-containing 
detergent versus mild soap 
wash with subsequent 
alcohol-based rinse for 
degerming as necessary) in 
a neonatal intensive care 
unit (NICU) in a real-life 
patient care situation. Wash 
(regimen A) was either 4% 
CHG or 2% CHG, the other 
regimen (B) was non-
antiseptic soap wash 
followed by 60% 
isopropanol rub.  

16 full-time nurses in 
a 47-bed NICU 
(neonatal ICU) in a 
Ney York Children’s 
hospital. Total 92 
hand cultures 
performed, 6 per 
subject. 
Randomisation to 
regimen A or B by 
coin toss.  

Mild soap 
handwash 
followed by 60% 
isopropanol 
preparation (not 
clear whether 
liquid rub or gel). 
Designated 
Regimen B.  

Antiseptic 
handwash with 
chlorhexidine-
containing 
detergent. 
Designated 
Regimen A.  

Microbiological studies using 
bag-broth technique. 
Assessing both, the number 
of isolates belonging to 
different categories (coag-
neg staph, diphtheroids, 
GNB, Candida, enterococci, 
S. aureus) and the absolute 
colony counts. Neither the 
number of isolates belonging 
to different categories nor the 
absolute number of colonies 
differed significantly 
between the two regimens. 
Skin condition was 
significantly better with 
regimen B. 

Low to medium risk for 
bias. Author contacted for 
clarification on sampling 
schedule, and responded. 
Table IV describes 6 
sampling points per 
participant and pre- and 
postwash data. Pre-HH 
samples started with a very 
low colony count, thus not 
much difference can be 
seen. This paper revealing 
no significant difference has 
been done with a low-
content ABHR with only 
60% isopropanol.  

Level III-1. 
Category (c). 

Winnefeld M et al. 
Skin tolerance and 
effectiveness of two 
hand decontamination 
procedures in 
everyday hospital use. 
Br J Dermatol. 2000 
Sep;143(3):546-50. 
PMID: 10971327.  

To assess skin tolerance and 
antimicrobial effects of two 
widely accepted hand 
hygiene measures under in-
use conditions. Setting: 
Hospital in France. 
Products: non-antiseptic 
liquid soap and ABHR 
(45% isoprop, 30% n-prop, 
0.2% MES).  

51 volunteers 
consisting of nurses 
and nursing assistants. 
Randomised to use 
only one of the 2 HH 
procedures for an 8-
day period. Four 
samples taken per 
subject: 1, before, and 
2, after HH on day 
one, 3, before, and 4, 
after HH on day eight. 
Method of 
randomisation not 
described.  

ABHR (45% 
isoprop, 30% n-
prop, 0.2% MES). 

Non-antiseptic 
liquid soap and 
water.  

Microbiological studies using 
bag-broth technique. 
Colonies counted. Alcohol 
was significantly more 
effective in reducing 
microbial counts on hands 
than soap. After 8 days, hand 
condition had worsened 
significantly more in the soap 
group, and this was 
associated in higher baseline 
microbial counts in the soap 
group.  

Low to medium risk of bias. 
It was interesting that in 
some cases, there was an 
increase in detected 
microorganisms after soap 
washing, but not after 
alcohol antisepsis. Authors 
noted that overall, both 
regimens reduced 
microorganisms on hands 
less than previous studies, 
possible reasons include a 
real-life health care 
situation, in which rubbing 
or washing technique may 
be suboptimal.  

Level II or III-1. 
Category (c).  

Zaragoza M et al. 
Handwashing with 
soap or alcoholic 
solutions? A 
randomized clinical 
trial of its 
effectiveness. Am J 
Infect Control. 1999 
Jun;27(3):258-61. 
PMID: 10358229.  

To assess the effectiveness 
of an alcoholic solution 
compared with standard 
hygienic handwashing 
during regular work in 
clinical wards and intensive 
care units of a large 
university hospital in 
Barcelona. Handwash was 
nonantimicrobial liquid 
soap, ABHR was 45% 
isoprop, 30% n-prop, 0.2% 

43 HCWs, randomly 
selected from normal 
wards and an ICU. 
Prospective, 
randomized clinical 
trial with crossover 
design, paired data, 
and blind evaluation. 
Three samples taken 
per HCW per 
regimen: T1, before 
HH, T2, immediately 

ABHR (45% 
isopropanol, 30% 
n-propanol, 0.2% 
MES).  

Handwash with 
nonantimicrobial 
liquid soap.  

Microbiological studies by 
total hand imprints of both 
hands on blood agar plates. 
Not clear whether the plates 
were bigger than standard 
size to fit whole hands. Mean 
reduction of microorganisms 
on hands was significantly 
greater (88%) from alcohol 
than from soap (50%). At T3, 
counts were almost back to 
pre-values for both 

Low risk of bias. Hand 
plating technique not very 
precise. But provides clear, 
numerical endpoints. HCWs 
were instructed in ABHR 
technique before study; soap 
seemed to receive no 
instruction because it may 
have been standard at the 
institution.  

Level II or III-1. 
Category (c).  
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MES.  after HH, T3, about 
10-30 min after T2 
during regular 
activities. 

techniques.  
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Appendix 17: Evidence Summary Question 2a. What is the efficacy of alcohol-based products compared to non-alcohol-based ones, e.g. soap and water, 
and other hand hygiene products, in reducing the risk of transmission of Clostridium difficile?  
 

Reference Aim Population or Setting What alcohol or 
product 

What comparator 
product 

Results Comments, Risk of 
Bias 

NHMRC Level of 
Evidence and Study 
Design 

Canada Standards and 
Guideline Core 
Committee (CHICA). 
Hand Hygiene. Can J 
Infect Control 2008 
Summer; 23 (2) 114, 116-
7. PMID: 18811106 

Guidelines for 
healthcare workers in 
Canada.  

N.A. Literature 
analysis only.  

Alcohol-based hand 
rubs with a 
minimum 
concentration of 
70%.  

Medicated soaps or 
plain soaps, alcohols 
with lower 
concentrations.  

States that when dealing 
with spore-forming 
bacteria, e.g. C. difficile, 
handwashing is preferred, 
as ABHRs have limited 
effectiveness in killing 
spores (although they are 
effective against vegetative 
forms); therefore physical 
removal of spores by 
handwashing is required. 
However, when 
handwashing facilities are 
not immediately available, 
hands should be 
decontaminated with 
ABHR which is effective 
against the vegetative 
forms of the bacteria and 
then hands washed as soon 
as possible.  

High risk of bias, 
since it is a very short 
review. Seems to be 
an extract only of a 
larger evidence-based 
guideline. In its 
current form, it is a 
narrative review, 
although Medline lists 
it as Systematic 
Review. Although it 
is well-known and 
obvious that ABHRs 
do not kill spores but 
do kill vegetative 
forms, the statement 
under Results is not 
backed up by a cited 
reference in this 
review.  

Narrative review. 
Evidence-based 
guidelines. Evidence 
level III-1.  

Larmer PJ et al. Evidence-
based recommendations 
for hand hygiene for 
health care workers in 
New Zealand. N Z Med J. 
2008 Apr 
18;121(1272):69-81. 
PMID: 18425156 

To provide evidence-
based 
recommendations for 
healthcare workers in 
New Zealand.  

12 studies of ABHR 
activity versus soap 
(medicated and/or 
plain) activity against 
microorganisms.  

Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps.  

If alcohols, either 
plain or 
antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps.  

N.A. (for C. difficile).  No information 
pertaining to C. 
difficile. Therefore 
EXCLUDED from 
this part of the 
review, but remains 
included for Question 
1.  

Level III. Systematic 
Review. Now 
EXCLUDED from 
this question.  

Picheasathian W. A 
systematic review on the 
effectiveness of alcohol-
based solutions for hand 
hygiene. Int J Nurs Pract. 
2004 Feb;10(1):3-9. 
PMID: 14764017. 

To provide a 
Systematic Review of 
effectiveness of 
ABHRs for hand 
hygiene. 

Studies published 
between January 1992 
and April 2002 in 
English and Thai 
related to the 
effectiveness of 
alcohol-based 
solutions for hand 
hygiene in healthcare 
settings. Systematic 
Literature search and 
evaluation strategy, 

Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Some of the cited 
and analysed studies 
pertain to surgical 
hand antisepsis, not 
hand hygiene in 
general patient care.  

If alcohols, either 
plain or 
antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps.  

N.A. (for C. difficile).  No information 
pertaining to C. 
difficile. Therefore 
EXCLUDED from 
this part of the 
review, but remains 
included for Question 
1 and Question 2b. 

Level III. Systematic 
Review. Now 
EXCLUDED from 
this question. 



 - 87 - 

using Medline, Dare, 
Cinahl and 
Dissertation Abstracts 
International.  

Provincial Infectious 
Diseases Advisory 
Committee (PIDAC). Best 
practices for hand hygiene 
in all health care settings. 
Ontario Ministry of Health 
and Long-Term Care. 
Toronto, Canada, 2008. 
ISBN: 978-1-4249-5767-
5. 

Evidence-based 
practice guidelines 
for Canadian 
healthcare settings in 
the province of 
Ontario. They have a 
ranking system for 
recommendations 
(Appendix A) that 
lists categories of 
strengths for each 
recommendation as 
well as grades of 
quality of evidence.  

Literature analysis 
with attribution of 
categories of strengths 
of recommendations 
and grades (i.e. 
levels) of evidence. 
Important literature 
sources (i.e. major 
evidence-based 
reviews and 
guidelines, e.g. WHO, 
CDC, and other 
important work) are 
cited, but no 
systematic search 
strategy provided.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 

Literature review. If 
alcohols, either plain 
or antimicrobial 
soaps, sometimes 
other alcohols. If 
antimicrobial soaps, 
plain soaps. 

Contains section on hand 
hygiene and C. difficile. 
Does not contain a 
dedicated statement on 
whether C. difficile is 
suspectible or not to 
ABHRs, thereby assuming 
readers' knowledge that 
spores are not. Concludes: 
(a) Observe meticulous 
hand hygiene with either 
alcohol-based hand rub or 
soap and water. (b) Soap 
and water is more effective 
in removing spores than 
alcohol-based hand rub. (c) 
When a hand washing sink 
is immediately available, 
hands should be washed 
with soap and water after 
glove removal. (d) When a 
hand washing sink is not 
immediately available, 
hands should be cleaned 
using an alcohol-based 
hand rub, after glove 
removal. (e) Hand hygiene 
should not be performed at 
a client/patient/resident's 
sink, as this may 
recontaminate the health 
care provider's hands.  

Evidence-based 
review, with evidence 
grades provided, but 
no systematic search 
strategy. However, 
cites the most relevant 
articles (i.e. no 
obvious omission). 
Medium risk of bias. 
Also contains 
information about C. 
difficile and 
Norovirus.  

Narrative review. 
Evidence-based 
guidelines. Evidence 
level III.  

Boyce JM et al. Guideline 
for Hand Hygiene in 
Health-Care Settings. 
MMWR Recomm Rep. 
2002 Oct 25;51(RR-16):1-
45. PMID: 12418624. 

CDC Guideline for 
hand hygiene. 
Evidence-based 
recommendations and 
guidelines for hand 
hygiene in the 
healthcare setting. 
Provide ranking 
system for evidence-
based 
recommendations 

Literature analysis 
with attribution of 
categories of ranks of 
recommendations. 
Important literature 
sources are cited, but 
no systematic search 
strategy provided.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Various categories 
of pathogens.  

Literature review. If 
alcohols, either plain 
or antimicrobial 
soaps, sometimes 
other alcohols. If 
antimicrobial soaps, 
plain soaps.  

Alcohols have no activity 
against bacterial spores. In 
fact, it is emphasised that 
none of the agents used in 
ABHRs or medicated or 
unmedicated soaps are 
active against spore-
forming bacteria 
(Clostridium, Bacillus). 
Washing hands with non-
antimicrobial or 

Large evidence-based 
review, with ranking 
system for evidence-
based 
recommendations, but 
no systematic search 
strategy. However, 
cites the most relevant 
articles (i.e. no 
obvious omission). 
Low to medium risk 

Large evidence-based 
guidelines with 
ranking system, but 
no systematic search 
strategy. Evidence 
level II or III-1. 
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(different from 
NHMRC), but no 
systematic search 
strategy.  

antimicrobial soap may 
help to physically remove 
spores from contaminated 
hands. It is recommended 
to wear gloves when 
specifically caring for 
patients with C. difficile 
disease. One study 
(prospective, controlled 
trial) on glove use to 
interrupt C. difficile 
transmission is cited 
(Johnson S et al. 1990).  

of bias; reference list 
is representative and 
fairly exhaustive, but 
no systematic strategy 
provided.  

World Health 
Organization. WHO 
Guidelines on hand 
hygiene in health. World 
Health Organization. 
Geneva, 2009. No ISBN 
or PMID. 

WHO Guideline on 
hand hygiene in 
healthcare settings. 
To provide an 
evidence-based 
analysis of the 
literature and a set of 
recommendations co-
authored and 
approved by a panel 
of over 50 experts 
from around the 
world.  

Systematic literature 
search, evidence-
based evaluation and 
grading, extensive 
listing of individual 
literature results in 
tables, consensus 
from experts where 
needed, set of 
evidence-based 
recommendations. 
Total 262 pages, 1168 
references.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Various categories 
of pathogens. 

Literature review. If 
alcohols, either plain 
or antimicrobial 
soaps, sometimes 
other alcohols. If 
antimicrobial soaps, 
plain soaps.  

Alcohols are not active 
against bacterial spores 
(although active against 
vegetative forms of spore-
forming bacteria). In fact, 
none of the agents that can 
be used in antiseptic 
handwashes or hand rubs 
have reliable activity 
against C. difficile spores. 
Mechanical friction while 
washing hands with soap 
and water may help 
remove spores. During C. 
difficile-associated 
outbreaks, contact 
precautions are 
recommended, in 
particular, glove use, and 
handwashing with soap and 
water after glove removal. 
ABHRs should be 
continued to be used in all 
other instances at the same 
facilities. ABHRs have not 
been shown to trigger the 
rise of C. difficile-
associated disease (4 
references cited). Extensive 
use of ABHRs in hospitals 
has not been associated 
with an increase of C. 
difficile disease. In the 
USA, C. difficile began to 

Very low risk of bias. 
Supersedes WHO 
Draft Guideline 2006. 
Large, evidence-based 
practice guidelines. 
262 pages. Based on 
systematic search 
strategy. Written by a 
team of over 50 
international experts 
in hand hygiene. 
Provides evidence-
based practice 
recommendations and 
contains expert 
consensus, where 
necessary. Provides 
evidence levels. 
However, they differ 
from NHMRC ones. 
Provides separate 
small section on C. 
difficile.  

Level II or III. 
Systematic Review 
with evidence-based 
recommendations and 
expert consensus, 
where needed.  
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rise long before the wide 
use of ABHRs. One 
outbreak was successfully 
managed while introducing 
ABHR for all patients 
other than those with C. 
difficile disease. HCWs 
should wear gloves and 
aprons when caring for 
patients with C. difficile 
and perform hand hygiene 
after removing gloves.  

Pratt RJ et al. epic2: 
National evidence-based 
guidelines for preventing 
healthcare-associated 
infections in NHS 
hospitals in England. J 
Hosp Infect. 2007 Feb;65 
Suppl 1:S1-64. PMID: 
17307562. 

To do a systematic 
literature review and 
formulate evidence-
based 
recommendations on 
various infection 
control topics. Of 
relevance are the 
hand hygiene sections 
from epic1 and epic2. 

Systematic literature 
search, evidence-
based evaluation and 
grading, formulation 
of evidence-based 
recommendations.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Various categories 
of pathogens. 

Literature review. If 
alcohols, either plain 
or antimicrobial 
soaps, sometimes 
other alcohols. If 
antimicrobial soaps, 
plain soaps. 

Provides little additional 
information on C. difficile 
on top of the other 
guidelines. Writes that 
alcohol is not effective 
against some 
microorganisms such as C. 
difficile (while it should 
have differentiated 
between spores and 
vegetative forms as the 
other articles).  

British evidence-
based guidelines for 
infection prevention 
in general, with 
section on hand 
hygiene. This is the 
epic2 project that 
together with epic1 
from 2004 presents a 
series of documents 
of evidence-based 
guidelines from the 
UK. Despite low risk 
for bias, this review is 
actually heavily 
biased.  

Level III. Systematic 
Review. With 
evidence-based 
recommendations.  

Vonberg RP et al. 
Infection control measures 
to limit the spread of 
Clostridium difficile. Clin 
Microbiol Infect. 2008 
May;14 Suppl 5:2-20. 
PMID: 18412710. 

To provide evidence-
based 
recommendations on 
infection control 
measures against C. 
difficile. 

Systematic literature 
search, evidence-
based evaluation and 
grading, formulation 
of evidence-based 
recommendations. 

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Glove use or not.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Glove use or not. 

Bacterial spores are not 
killed by alcohols. None of 
the other agents used in 
antiseptic handwash or 
handrub preparations is 
reliably effective against C. 
difficile spores. The 
introduction of ABHR (two 
studies cited) was not 
associated with an increase 
in C. difficile disease. One 
study found no difference 
in the removal of spores 
between plain and 
chlorhexidine soap, while 
another found that 
chlorhexidine soap 
significantly improved the 
removal of spores. Another 

Low risk of bias. 
Evidence-based 
recommendations on 
infection control 
measures against C. 
difficile. Follows 
systematic literature 
search strategy. 
Formal article 
assessment and 
grading. Provides 
evidence grades, but 
they are different 
from the NHMRC 
ones. No special focus 
on hand hygiene, but 
HH included.  

Level III. Systematic 
Review. With 
evidence-based 
recommendations.  
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study found that 
chlohexidine soap removed 
C. difficile spores (2.5 log) 
significantly better than 
alcohol gel (1.7 log), 
although the performance 
of the alcohol gel was 
better than expected. This 
systematic review 
recommends use of gloves 
followed by meticulous 
handwashing with soap and 
water when caring for 
patients with known C. 
difficile disease. No 
recommendation for the 
use of soap with antiseptic 
substances. ABHRs should 
not be used as the only 
hand hygiene measure 
when caring for suspected 
or proven C. difficile 
positive patients.  

Health Protection Agency 
and Department of Health. 
Clostridium difficile 
infection: how to deal 
with the problem. 
Department of Health, 
London, UK, 2008. No 
ISBN or PMID. 
http://www.hpa.org.uk 

To provide an 
evidence-based 
practice guideline on 
how to deal with the 
problem of C. 
difficile infections.  

Evidence-based 
practice guidelines, 
based on evaluation 
and grading of 
literature. 
Formulation of 
evidence-based 
recommendations, but 
no systematic search. 

Various hand 
hygiene measures.  

Various hand 
hygiene measures.  

Among a set of 5 key 
recommendations are: (G) 
Gloves and aprons must be 
used for all contacts with 
the patient and their 
environment. (H) Hand 
washing with soap and 
water should be carried out 
before and after each 
contact with the patient and 
the patient’s environment. 
Specific hand hygiene 
recommendations are: All 
HCWs should wash their 
hands with soap and water 
before and after contact 
with patients with 
suspected or proven C. 
difficile infection (Grade 
A). All HCWs must use 
disposable gloves and 
aprons for physical contact 
with such patients (Grade 
B). ABHRs must not be 

Medium risk of bias. 
Evidence-based 
recommendations, but 
no systematic search 
strategy. Interestingly, 
the introduction 
writes: "It did not 
warrant the extra time 
and resources needed 
for a full systematic 
review using the tools 
now available to 
appraise quasi-
experimental and 
epidemiological 
studies. Therefore a 
simple grading system 
for the 
recommendations is 
provided." The 
grading of 
recommendations is: 
(A) Strongly 
recommended and 

Level III. Evidence-
based review, but not 
systematic.  
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used as an alternative to 
soap; it can be used after 
washing to rid hands of 
non-clostridial organisms 
(Grade B). It states that 
there are no definitive trials 
on the issue. The 
Healthcare Commission 
recommends hand 
washing, rather than 
ABHRs, for all cases of 
infective diarrhoea. It 
states that this is in line 
with the WHO guideline 
(while it is not completely 
so and the WHO guideline 
is actually misquoted on 
that aspect).  

supported by 
systematic review of 
randomised controlled 
trials (RCTs) or 
individual RCTs. (B) 
Strongly 
recommended and 
supported by non-
RCT studies and/or 
by clinical 
governance reports 
and/or the Code. (C) 
Recommended and 
supported by group 
consensus and/or 
strong theoretical 
rationale. Areas 
where this guideline 
is potentially biased 
are: (a) the 
recommendation to 
replace ABHRs with 
soap and water for 
infective diarrhoea 
(not just C. difficile 
infection) and (b) the 
statement that ABHRs 
are ineffective against 
norovirus. Both are 
inconsistent with the 
major other guidelines 
(e.g. WHO, CDC). 
According to WHO 
and CDC, while 
ABHRs have less 
activity against 
norovirus than against 
most other pathogens, 
they are still more 
effective than soap 
(according to cited 
references). The 
recommendation to 
use handwashing for 
any type of diarrhoea 
may be an 
overreaction to the 
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recent C. difficile 
scandals that rocked 
the British healthcare 
scene. In addition, the 
recommendation to do 
this for any type of 
diarrhoea is supported 
by a reference (Teare 
et al. 2001), but this 
reference does not 
even touch on this 
particular question.  

Wullt M et al. Activity of 
three disinfectants and 
acidified nitrite against 
Clostridium difficile 
spores. Infect Control 
Hosp Epidemiol. 2003 
Oct;24(10):765-8. PMID: 
14587940. 

To evaluate three 
common disinfectants 
and acidified nitrite 
as disinfectants in 
relation to their 
activity against C. 
difficile spores.  

Laboratory setting 
with preparation of C. 
difficile spores from 
cultures and exposure 
to the disinfectants.  

70% isopropanol.  Three other 
substances: peracetyl 
ions, glutaraldehyde, 
acidified nitrite.  

All three other substances 
reduced C. difficile spores, 
although at different rates, 
while isopropanol caused 
no significant reduction in 
viable spores. In fact, it is 
well known that alcohols 
have no sporicidal activity, 
and isopropanol was only 
included as a negative 
control.  

Theoretically, this 
should be classified as 
Level III evidence, 
with high risk of bias. 
However, it is a well-
known biological fact 
that C. difficile spores 
are not killed by 
alcohols (while 
vegetative forms are).  

Category (d). Level 
III-2.  

Kampf G, Hollingsworth 
A. Comprehensive 
bactericidal activity of an 
ethanol-based hand gel in 
15 seconds. Ann Clin 
Microbiol Antimicrob. 
2008 Jan 22;7:2. PMID: 
18211682. 

To determine the 
spectrum of activity 
against a variety of 
different pathogens 
(11 Gram-pos, 16 
Gram-neg) of a new 
85% w/w EtOH hand 
gel within 15 sec 
application time. 

Laboratory setting, 
experimental test in 
reagent tubes (in 
suspension) with 4 
replicates per test 
condition. 

85% w/w ethanol 
hand gel.  

None (log reduction 
caused by the gel of 
various different 
bacteria was 
measured.  

Suspension test with 
colony count. The new 
ethanol gel reduced all test 
bacteria by 5 log or more 
within a 15 sec application 
time. This included 
vegetative forms of 
Clostridium difficile. 

Low risk of bias, 
despite study design 
normally suggesting 
high risk of bias. 
Results are based on 
laboratory 
experiments, but they 
have objective, 
measurable, 
numerical outcomes. 
No other hand 
hygiene agent used 
for comparison. 
Comparison only 
between different test 
bacteria. The rapid 
killing of C. difficile 
vegetative forms (but 
not spores) is relevant 
for Q2a. 

Category (d). Level 
III-2 or III-3.  

Vernaz N et al. Temporal 
effects of antibiotic use 
and hand rub consumption 
on the incidence of MRSA 

Interventional time-
series analysis 
(comparative study?) 
to study the effects of 

2200-bed university 
hospital in Geneva 
from 2000 to 2006. 
All patients.  

ABHR (70% 
isopropanol plus 
0.5% 
chlorhexidine?) 

No comparator 
product, outcome is 
the incidence of C. 
difficile infections.  

During the observation 
period from 2000 to 2006, 
hand hygiene promotion 
campaigns were 

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 

Level III-3.  
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and Clostridium difficile. J 
Antimicrob Chemother. 
2008 Sep;62(3):601-7. 
PMID: 18468995.  

antibiotic use and 
ABHR consumption 
on the incidence of 
MRSA infection and 
C. difficile infection.  

consumption.  undertaken and the ABHR 
consumption rose from 1.3 
L per 100 patient-days to 
2.0 L. During the same 
period, the incidence of C. 
difficile infections was 
0.027 isolates per 100 
patient-days, with no 
upwards or downwards 
trend. The authors 
conclude that there was no 
association detected of 
increased ABHR use and 
C. difficile infection.  

a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. The 
number of patients 
and the observation 
period are large. 
There is one 
inconsistency, i.e. that 
the paper talks about 
"isolates", however 
isolation by culture is 
not the best or most 
common method to 
diagnose the disease 
(stool toxin testing is). 
It is unclear whether 
the authors actually 
meant toxin testing or 
isolation.  

Kaier K et al. Two time-
series analyses of the 
impact of antibiotic 
consumption and alcohol-
based hand disinfection on 
the incidences of 
nosocomial methicillin-
resistant Staphylococcus 
aureus infection and 
Clostridium difficile 
infection. Infect Control 
Hosp Epidemiol. 2009 
Apr;30(4):346-53. PMID: 
19236282. 

To study the 
association between 
antibiotic 
consumption and 
ABHR consumption 
on the incidence of 
MRSA infections and 
C. difficile infections.  

1600-bed university 
hospital in Freiburg, 
Germany, from 2003 
to 2007.  

ABHR 
(concentration not 
specified) 
consumption.  

No comparator 
product, outcome is 
the incidence of C. 
difficile infections. 

During the observation 
period, there was a 
significant increase in the 
use of some antibiotics and 
in ABHR (38 to 74 L per 
1000 patient-days). 
Mathematical modelling 
found a strong temporal 
association between trends 
in antibiotic use and 
incidence of C. difficile 
infections, while no 
association with ABHR use 
was found.  

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. The 
number of patients 
and the observation 
period are large. 

Level III-3.  

Boyce JM et al. Lack of 
association between the 
increased incidence of 
Clostridium difficile-
associated disease and the 
increasing use of alcohol-
based hand rubs. Infect 
Control Hosp Epidemiol. 
2006 May;27(5):479-83. 
PMID: 16671029. 

To determine whether 
there is an association 
between the 
increasing use of 
alcohol-based hand 
rubs (ABHRs) and 
the increased 
incidence of 
Clostridium difficile–
associated disease 
(CDAD).  

500-bed university-
affiliated community 
teaching hospital in 
New Haven, USA, 
from 2000 to 2003. 
All patients.  

ABHR 
(concentration not 
specified) 
consumption.  

No comparator 
product, outcome is 
the incidence of C. 
difficile infections. 

From 2000 to 2003, the use 
of ABHR increased 10-
fold, from 3 to greater than 
30 L per 1000 patient-days. 
The incidence of C. 
difficile had a slight, but 
non-significant downwards 
trend from 1.74 to 1.18 
cases per 1000 patient-
days. 

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. The 
number of patients 
and the observation 
period are large. 

Level III-3.  
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Gopal Rao G et al. 
Marketing hand hygiene 
in hospitals--a case study. 
J Hosp Infect. 2002 
Jan;50(1):42-7. PMID: 
11825051. 

To determine whether 
the introduction and 
hospital-wide 
promotion of an 
ABHR (in this case 
70% EtOH gel) had 
an impact on the 
incidence of MRSA 
infection and C. 
difficile disease.  

600-bed teaching 
hospital in Lewisham, 
UK, in two periods, 
from 1999-2000 
(before ABHR 
introduction) and 
2000-2001 (after 
ABHR introduction). 
All patients in the 
hospital.  

After introduction 
and hospital-wide 
promotion of the 
ABHR in 2000-
2001.  

Before introduction 
of the ABHR in 
1999-2000.  

No ABHR was available in 
the first year. In the second 
year, ABHR was 
introduced and promoted, 
and firmly placed at the 
ends of beds (not specified 
if all beds in the hospital). 
2200 bottles of ABHR 
were consumed during the 
2nd year. The incidence of 
C. difficile showed a slight, 
but non-significant 
downwards trend from 
11.5 to 9.5 cases per 1000 
admissions (17% 
reduction).  

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. The 
number of patients 
and the observation 
period are sizeable.  

Level III-2.  

King S. Provision of 
alcohol hand rub at the 
hospital bedside: a case 
study. J Hosp Infect. 2004 
Apr;56 Suppl 2:S10-2. 
PMID: 15110116. 

To study the impact 
of introduction of a 
new ABHR (45% 
isopropanol, 30% n-
propanol, 0.2% 
mecetronium ethyl-
sulfate) at the bedside 
on the incidence of 
MRSA infections and 
C. difficile infections.  

28-bed acute-care 
general surgical ward 
a district hospital in 
the UK. Two 
observation periods. 
A 12-month pre-
implementation 
period compared with 
a 3-month post-
implementation 
period. 

3-month period after 
introduction and 
end-of-bed 
placement of ABHR. 

12-month period 
before introduction 
of ABHR.  

During the 12-month pre-
intervention period, there 
was no case of C. difficile 
infection. In the 3-month 
post-intervention period, 
there were 5 cases.  

High risk of bias. 
Ward very small, 
observation period 
very short. 
Observation is only 
based on a total of 5 
cases in a small ward. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. 

Level III-3.  

Rupp ME et al. 
Prospective, controlled, 
cross-over trial of alcohol-
based hand gel in critical 
care units. Infect Control 
Hosp Epidemiol. 2008 
Jan;29(1):8-15. PMID: 
18171181. 

To study the impact 
of the introduction of 
an alcohol hand gel 
(62% EtOH, 0.3% 
triclosan) on the 
adherence 
(compliance) to hand 
hygiene and the 
incidence of 
nosocomial 
infections, including 
C. difficile infections 
in a prospective 
cross-over design.  

2 medical-surgical 
ICUs for adults, each 
with 12 beds, within a 
2-year period at a 
University hospital in 
Nebraska, USA. Each 
ICU had a 12-month 
period with, and a 12-
month period without 
ABHR.  

12-month period 
with ABHR.  

12-month period 
without ABHR.  

In Unit A, the rate of C. 
difficile infections was 1.39 
infections per 1000 patient-
days in the soap period, 
and 0.31 in the ABHR 
period. The opposite 
occurred in Unit B, where 
the rate was 2.52 with 
ABHR and 1.26 without. 
The authors concluded that 
there was no substantial 
difference in C. difficile 
infections between the two 
hand hygiene methods.  

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. It is 
unclear how many 
patients or patient-
days occurred during 
the observation 
periods in these 
relatively small ICUs, 
and how many 

Level III-1 or III-2.  
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infections in total 
were observed.  

Gordin FM et al. 
Reduction in nosocomial 
transmission of drug-
resistant bacteria after 
introduction of an alcohol-
based handrub. Infect 
Control Hosp Epidemiol. 
2005 Jul;26(7):650-3. 
PMID: 16092747.  

To study the impact 
of the introduction of 
an alcohol hand rub 
(62.5% EtOH) on the 
incidence of 
infections with drug-
resistant bacteria, 
including MRSA, 
VRE and C. difficile, 
in an observational 
survey. 

Tertiary care medical 
centre with 287 beds 
in Washington, DC, 
USA during a 6-year 
period, including 3 
years before, 3 years 
after introduction of 
ABHR.  

3-year period with 
ABHR. 

3-year period 
without ABHR. 

Data on ABHR 
consumption are not 
provided, however, there 
was none available in the 
pre-intervention period, 
while it was available in all 
inpatient and outpatient 
room in the 
postintervention period. 
While there was a 
significant decrease in the 
incidence of VRE and 
MRSA infections, the rate 
of C. difficile infections 
remained essentially 
unchanged, at 3.24 and 
3.38 infections per 10,000 
patient-days (33 and 31 
total positive tests per year, 
respectively).  

Medium risk of bias. 
This paper is NOT 
part of the main 
review, but instead of 
a sub-question 
whether ABHRs are 
associated with 
increased C. difficile 
incidence. The 
number of patients 
and the observation 
period appear to be of 
a sufficient size. 

Level III-3.  
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Appendix 18: Evidence Summary Question 2b. What is the efficacy of alcohol-based products compared to non-alcohol-based ones, e.g. soap and 
water, and other hand hygiene products, in reducing the risk of transmission of non-enveloped viruses? 
 

Reference Aim Population or Setting What alcohol or 
product 

What comparator 
product 

Results Comments, Risk of 
Bias 

NHMRC Level of 
Evidence and Study 
Design 

Canada Standards and 
Guideline Core 
Committee (CHICA). 
Hand Hygiene. Can J 
Infect Control 2008 
Summer; 23 (2) 114, 
116-7. PMID: 
18811106 

Guidelines for 
healthcare workers in 
Canada.  

Literature analysis 
only.  

Alcohol-based hand 
rubs with a minimum 
concentration of 70%.  

Medicated soaps or 
plain soaps, alcohols 
with lower 
concentrations.  

Cites a recent study 
(Gehrke et al. 2004) 
that norovirus is 
inactivated by 70-90% 
alcohol. Recommends 
that ABHRs contain a 
minimum 
concentration of 70%.  

High risk of bias, since 
it is a very short 
review. Seems to be an 
extract only of a larger 
evidence-based 
guideline. In its current 
form, it is a narrative 
review, although 
Medline lists it as 
Systematic Review. 
Strictly speaking, the 
statement about 
norovirus activity 
applies to feline 
calicivirus (FCV), 
which is the Norovirus 
surrogate that was 
tested in the cited 
reference.  

Narrative review. 
Evidence-based 
guidelines. Evidence 
level III.  

Larmer PJ et al. 
Evidence-based 
recommendations for 
hand hygiene for 
health care workers in 
New Zealand. N Z 
Med J. 2008 Apr 
18;121(1272):69-81. 
PMID: 18425156 

To provide evidence-
based 
recommendations for 
healthcare workers in 
New Zealand.  

12 studies of ABHR 
activity versus soap 
(medicated and/or 
plain) activity against 
microorganisms. 4 
were studies in clinical 
settings with 
healthcare workers 
(HCWs) and microbial 
counts on hands, 8 
were studies with other 
human volunteers in a 
laboratory setting with 
microbial counts on 
hands before and after.  

Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps.  

If alcohols, either 
plain or antimicrobial 
soaps, sometimes 
other alcohols. If 
antimicrobial soaps, 
plain soaps.  

This review contains 
no statement or 
findings that 
specifically pertain to 
non-enveloped viruses. 
Therefore now 
EXCLUDED.  

The review concludes 
with the following 
recommendations: 
Level 2, ABHR 
containing 70% 
alcohol ones are the 
preferred products for 
hand hygiene. They 
must contain an 
emollient, and 
preferably contain 
0.5% chlorhexidine 
(CHG). Note that there 
is no sufficient 
evidence presented in 
the review to support 
the statement on 
chlorhexidine.  

Level III. Systematic 
Review. Now 
EXCLUDED.  

Picheansathian W. A 
systematic review on 
the effectiveness of 
alcohol-based solutions 

To provide a 
Systematic Review of 
effectiveness of 
ABHRs for hand 

Studies published 
between January 1992 
and April 2002 in 
English and Thai 

Various alcohol 
products and 
concentrations, 
various plain and 

If alcohols, either 
plain or antimicrobial 
soaps, sometimes 
other alcohols. If 

Ethanol-based 
formulations should 
contain at least 70% 
v/v ethanol. Cites two 

Systematic review 
with search strategy 
provided. However, no 
evidence levels 

Level III. Systematic 
Review.  
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for hand hygiene. Int J 
Nurs Pract. 2004 
Feb;10(1):3-9. PMID: 
14764017. 

hygiene. related to the 
effectiveness of 
alcohol-based 
solutions for hand 
hygiene in healthcare 
settings. Systematic 
Literature search and 
evaluation strategy, 
using Medline, Dare, 
Cinahl and 
Dissertation Abstracts 
International.  

antimicrobial soaps. 
Some of the cited and 
analysed studies 
pertain to surgical 
hand antisepsis, not 
hand hygiene in 
general patient care.  

antimicrobial soaps, 
plain soaps.  

studies that showed 
that adeno-, rhino- and 
rotaviruses (all non-
enveloped) were 
reduced by 3-4 logs by 
ABHRs. The review 
concludes by saying 
that it supports the use 
of ABHRs for routine 
HH. They remove 
bacteria, viruses, fungi 
and multiple-drug-
resistant bacteria more 
effectively from hands 
than hand washing 
with plain or 
antimicrobial soaps.   

provided. Low risk of 
bias. Largely 
consistent with other 
major guidelines and 
reviews, e.g. CDC and 
WHO.  

Provincial Infectious 
Diseases Advisory 
Committee (PIDAC). 
Best practices for hand 
hygiene in all health 
care settings. Ontario 
Ministry of Health and 
Long-Term Care. 
Toronto, Canada, 
2008. ISBN: 978-1-
4249-5767-5. 

Evidence-based 
practice guidelines for 
Canadian healthcare 
settings in the province 
of Ontario. They have 
a ranking system for 
recommendations 
(Appendix A) that lists 
categories of strengths 
for each 
recommendation as 
well as grades of 
quality of evidence.  

Literature analysis 
with attribution of 
categories of strengths 
of recommendations 
and grades (i.e. levels) 
of evidence. Important 
literature sources (i.e. 
major evidence-based 
reviews and 
guidelines, e.g. WHO, 
CDC, and other 
important work) are 
cited, but no 
systematic search 
strategy provided.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 

Literature review. If 
alcohols, either plain 
or antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps. 

Concludes that 
ABHRs are more 
effective than washing 
hands (even with an 
antibacterial soap) 
when hands are not 
visibly soiled. ABHRs 
in healthcare settings 
range in concentration 
from 60 to 90% and 
contain different 
alcohol species 
(mainly EtOH and 
IPA) or blends of 
these. Because a recent 
study suggests that 
Norovirus can be 
inactivated by 70-90%, 
it is recommended that 
ABHRs should contain 
a minimum of 70%. 
Recommendations: 
The use of 70-90% 
ABHR is preferred.  

Evidence-based 
review, with evidence 
grades provided, but 
no systematic search 
strategy. However, 
cites the most relevant 
articles (i.e. no obvious 
omission). Medium 
risk of bias. Also 
contains information 
about C. difficile and 
Norovirus.  

Narrative review. 
Evidence-based 
guidelines. Evidence 
level III.  

Boyce JM et al. 
Guideline for Hand 
Hygiene in Health-
Care Settings. MMWR 
Recomm Rep. 2002 
Oct 25;51(RR-16):1-

CDC Guideline for 
hand hygiene. 
Evidence-based 
recommendations and 
guidelines for hand 
hygiene in the 

Literature analysis 
with attribution of 
categories of ranks of 
recommendations. 
Important literature 
sources are cited, but 

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 

Literature review. If 
alcohols, either plain 
or antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 

Alcohol solutions of 
60-95% are most 
effective, and higher 
concentrations (than 
95%) are less potent. 
Alcohols have poor 

Large evidence-based 
review, with ranking 
system for evidence-
based 
recommendations, but 
no systematic search 

Large evidence-based 
guidelines with 
ranking system, but no 
systematic search 
strategy. Evidence 
level II or III-1. 
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45. PMID: 12418624. healthcare setting. 
Provide ranking 
system for evidence-
based 
recommendations 
(different from 
NHMRC), but no 
systematic search 
strategy.  

no systematic search 
strategy provided.  

Various categories of 
pathogens.  

plain soaps.  activity against 
bacterial spores, 
protozoan oocysts and 
certain non-enveloped 
viruses. Despite 
generally lesser 
activity than against 
enveloped viruses, 
ABHRs have in vivo 
activity against several 
non-enveloped viruses, 
e.g. 70% EtOH or 70% 
IPA are more effective 
than medicated and 
non-medicated soaps 
against Rotavirus. 
Provides tables 
summarising data from 
the literature, including 
one table concerning 
non-enveloped viruses. 
In the table on non-
enveloped viruses, 
there was a mixed 
picture. The best log 
reduction rates were 
reached for high-
percent (e.g. 95%) 
ethanol, but not across 
all viruses. It worked 
well against Rotavirus, 
Adenovirus, Echo 
virus and Rhinovirus. 
Poliovirus and HAV 
were more difficult to 
inactivate. PVP-I did 
well in one Rotavirus 
test, plain soap or 
CHG-soap generally 
did less well, except 
one test in which plain 
soap (log reduction 
[LR] 2.1) did better 
than 80% EtOH (LR 
0.4). Ethanol generally 
has greater activity 
against non-enveloped 

strategy. However, 
cites the most relevant 
articles (i.e. no obvious 
omission). Low to 
medium risk of bias; 
reference list is 
representative and 
fairly exhaustive, but 
no systematic strategy 
provided. The findings 
are largely in line with 
the WHO Guidelines 
that appeared a few 
years later.  
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viruses than 
isopropanol (which is a 
reversal of the usual 
picture, whereby n-
propanol and 
isopropanol have 
greater activity than 
ethanol against other 
organisms).  

World Health 
Organization. WHO 
Guidelines on hand 
hygiene in health. 
World Health 
Organization. Geneva, 
2009. No ISBN or 
PMID. 

WHO Guideline on 
hand hygiene in 
healthcare settings. To 
provide an evidence-
based analysis of the 
literature and a set of 
recommendations co-
authored and approved 
by a panel of over 50 
experts from around 
the world. To provide 
WHO standardised 
handrub formulations 
that are antimicrobially 
effective and can be 
made cheaply from 
standard chemicals, 
e.g. for resource-
limited healthcare 
settings.  

Systematic literature 
search, evidence-based 
evaluation and 
grading, extensive 
listing of individual 
literature results in 
tables, consensus from 
experts where needed, 
set of evidence-based 
recommendations. 
Total 262 pages, 1168 
references.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Various categories of 
pathogens. 

Literature review. If 
alcohols, either plain 
or antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps.  

Provides extensive 
information on 
European and US 
standards for 
antibacterial and 
virucidal product 
testing. Provides a 
table summarising 
antimicrobial activity 
of hand hygiene agents 
against non-enveloped 
viruses. Non-
enveloped viruses are 
generally less 
susceptible to alcohols 
(than enveloped ones), 
although 
concentrations in usual 
ABHRs are active 
against a number of 
non-enveloped viruses. 
ABHRs are generally 
more active than soap 
or medicated soap 
against non-enveloped 
viruses. One cited 
study found 70% IPA 
and 70% EtOH more 
active against rotavirus 
than medicated or non-
medicated soap. 
Another found 62% 
and 70% EtOH more 
active than plain soap, 
but equivalent to 4% 
CHG soap against 
hepatitis A viruses, but 
both alcohols were 

Very low risk of bias. 
Supersedes WHO 
Draft Guideline 2006. 
Large, evidence-based 
practice guidelines. 
262 pages. Based on 
systematic search 
strategy. Examines 
evidence for 
bactericidal, fungicidal 
and virucidal (incl. 
non-enveloped viruses) 
activities of hand 
hygiene agents.  

Level IIor III. 
Systematic Review 
with evidence-based 
recommendations and 
expert consensus, 
where needed.  
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superior to the soaps 
against hepatitis A 
virus. Another found 
that 60% EtOH 
reduced Rota-, Adeno- 
and Rhinovirus by 3-4 
logs.  

Pratt RJ et al. epic2: 
National evidence-
based guidelines for 
preventing healthcare-
associated infections in 
NHS hospitals in 
England. J Hosp Infect. 
2007 Feb;65 Suppl 
1:S1-64. PMID: 
17307562. 

To do a systematic 
literature review and 
formulate evidence-
based 
recommendations on 
various infection 
control topics. Of 
relevance are the hand 
hygiene sections from 
epic1 and epic2. 

Systematic literature 
search, evidence-based 
evaluation and 
grading, formulation of 
evidence-based 
recommendations.  

Literature review. 
Various alcohol 
products and 
concentrations, 
various plain and 
antimicrobial soaps. 
Various categories of 
pathogens. 

Literature review. If 
alcohols, either plain 
or antimicrobial soaps, 
sometimes other 
alcohols. If 
antimicrobial soaps, 
plain soaps. 

Identified 19 studies 
comparing different 
HH preparations. That 
included 5 RCTs in 
clinical settings, 
comparing ABHRs 
with other agents. No 
analysis made and no 
data provided 
pertaining to non-
enveloped viruses. 
Therefore now 
EXCLUDED.  

British evidence-based 
guidelines for infection 
prevention in general, 
with section on hand 
hygiene. This is the 
epic2 project that 
presents a series of 
documents of 
evidence-based 
guidelines from the 
UK. No information 
provided pertaining to 
non-enveloped viruses. 
Therefore, this paper 
should be excluded 
from Question 2b 
while remaining to be 
included for Question 
1. This review has 
serious problems with 
bias, as described in 
the Evidence Summary 
to Question 1.  

Level III. Systematic 
Review. With 
evidence-based 
recommendations. 
Now EXCLUDED.  

Macinga DR et al. 
Improved inactivation 
of nonenveloped 
enteric viruses and 
their surrogates by a 
novel alcohol-based 
hand sanitizer. Appl 
Environ Microbiol. 
2008 
Aug;74(16):5047-52. 
PMID: 18586970. 

To test the 
performance of a 
newly-formulated 
ABHR with 70% 
EtOH and a synergistic 
combination of poly-
quaternium polymer 
and citric acid against 
standard ABHRs 
against several 
relevant non-
enveloped in 
suspension and with 
the fingerpad method.  

Two types of tests: (a) 
in suspension, i.e. in 
reagent tubes, and (b) 
on fingerpads of 2-12 
volunteers.  

Newly-formulated 
ABHR with 70% 
EtOH and a 
synergistic 
combination of poly-
quaternium polymer 
and citric acid.  

Several standard 
ABHRs, including a 
62% EtOH hand rub, a 
plain 75% EtOH 
solution and several 
commercial ABHRs.  

First, the synergistic 
combination of 
additives to EtOH was 
found and optimised 
using suspension tests 
with non-enveloped 
bacteriophage MS2. 
Then, the new ABHR 
was tested in 
suspension and on 
fingerpads. The new 
product was 
significantly better 
than the 62% EtOH 
standard ABHR, 
reaching the following 
log reductions in 

Low to medium level 
of bias. The 
experiments were 
performed using 
standardised methods 
according to ASTM 
(American Society for 
Testing and Materials) 
standards E-1052 in 
suspension and E-
1838-02 on fingerpads. 
These methods create 
objective, defined, 
numerical endpoints.  

Category (d). Level 
III-2.  
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suspension: feline 
calicivirus (FCV) 
>4.75, murine 
norovirus (MNV) 
>3.68, adenovirus 
2.75, hepatitis A virus 
1.75, poliovirus 3.5, 
rotavirus >4.75, and on 
fingerpads: adenovirus 
>3.12, hepatitis A 
virus 1.32, poliovirus 
2.98, rotavirus >3.84, 
all within a 30-sec 
contact time. The 
results demonstrate 
that specially 
formulated ABHRs 
can have greater 
virucidal activity 
against non-enveloped 
viruses than standard 
ABHRs.  

Lages SL et al. In-vivo 
efficacy of hand 
sanitisers against feline 
calicivirus: a surrogate 
for norovirus. J Hosp 
Infect. 2008 
Feb;68(2):159-63. 
PMID: 18207605. 

To test the in vivo 
efficacy (i.e. on 
fingerpads) of several 
ABHRs against feline 
calicivirus (FCV), a 
surrogate for 
Norovirus.  

Laboratory setting 
with fingerpads of 3 
human volunteers.  

Ethanol 99.5%, EtOH 
gel 62%, isopropanol 
91%, isopropanol 
70%, benzalkonium 
chloride 0.13% 
antiseptic wash, PVP-I 
10%, triclosan 0.6% 
soap, triclosan 0.115 
soap, rinse with tap 
water.  

All products against 
each other, i.e. 
numerical values of 
absolute log reduction 
for each product.  

Results were for 30 
sec/2 min in log 
reduction: ethanol 
99.5%: 1.0/1.3, EtOH 
gel 62%: 0.5/0.55, 
isopropanol 91%: 
0.0/0.43, isopropanol 
70%: 0.67/0.55, 
benzalkonium chloride 
0.13% antiseptic wash: 
0.0/0.22, PVP-I 10%: 
2.67/2.39, triclosan 
0.6% soap: 0.25/0.5, 
triclosan 0.115 soap: 
0.42/0.17, tap water 
rinse: 0.33/0.42. The 
results demonstrate 
that among the alcohol 
products, 99.5% 
ethanol is most active, 
followed by 62% 
ethanol and 70% 
isopropanol. The most 
active substance was 
PVP-I. Antiseptic 

Medium risk of bias. 
Experiments were 
performed using a 
modified protocol of a 
published fingerpad 
method for testing 
virucidal activity. Even 
though this is not the 
standardised ASTM 
method, it is very 
similar and reaches 
numerical endpoints. 
Ethanol in the 
concentration range of 
80-95% was not tested, 
even though it is 
known from other 
work that (a) ethanol 
in this range performs 
better than other 
alcohols, and (b) that 
ethanol performs better 
than isopropanol 
against non-enveloped 
viruses.  

Category (d). Level 
III-2 or III-3. 
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soaps caused only 
small reduction. 
Ethanol 99.5% 
performed best among 
all alcohols, and better 
than soaps. However, 
it was stated that even 
the reduction by 99.5% 
EtOH was smaller than 
the approximately 2-3 
logs that would be 
needed for effective 
prevention of 
Norovirus 
transmission.  

Kramer A et al. 
Virucidal activity of a 
new hand disinfectant 
with reduced ethanol 
content: comparison 
with other alcohol-
based formulations. J 
Hosp Infect. 2006 
Jan;62(1):98-106. 
PMID: 16307826. 

To test a newly 
formulated virucidal 
hand antiseptic with 
reduced total ethanol 
content against a range 
of enveloped and non-
enveloped viruses.  

Laboratory 
experiments in 
suspension and on 
fingerpads of seven 
volunteers. Tests in 
suspension were 
performed according 
to German DVV 
Guidelines, tests on 
fingerpads according 
to US ASTM E-1838-
96 and ASTM E-1838-
02 standards.  

New formulation with 
55% w/w ethanol, 
10% propan-1-ol, 
5.7% butan-1.3-diol 
and 0.7% phosphoric 
acid.  

Several other standard 
ABHRs; also absolute 
reduction factors in 
log reduction 
measured.  

In suspension tests, the 
new formulation 
reduced all enveloped 
viruses and of the non-
enveloped ones, 
hepatitis A, poliovirus, 
rotavirus and feline 
calicivirus (a 
Norovirus surrogate) 
by >3 log within 30 
sec; SV 40 and 
adenovirus were more 
resistant, they required 
2 and 3 min, 
respectively. In the 
fingerpad test, the new 
product produced a 
reduction of >3 log in 
30 sec against 
poliovirus and 2.38 log 
in 30 sec against feline 
calicivirus.  

Medium risk of bias. 
Experiments were 
performed using 
standardised protocols, 
both in suspension and 
on fingerpads, 
reaching numerical 
endpoints. The authors 
made a comment that 
of the pure alcohols, 
only 95% shows 
similarly high activity 
against non-enveloped 
viruses in comparative 
testing.  

Category (d). Level 
III-2 or III-3.  

Kampf G et al. 
Efficacy of three 
ethanol-based hand 
rubs against feline 
calicivirus, a surrogate 
virus for norovirus. J 
Hosp Infect. 2005 
Jun;60(2):144-9. 
PMID: 15866013. 

To test three different 
commercial ABHRs 
with ethanol (95% 
w/w, 80% w/w, 75% 
w/w) against feline 
calicivirus, a 
Norovirus surrogate.  

Laboratory 
experiments on 
fingerpads of four 
volunteers. Tests were 
performed according 
to US ASTM E-1838-
02 standards. 

Three different 
commercial ABHRs 
with ethanol (95% 
w/w, 80% w/w, 75% 
w/w).  

One of two reference 
alcohols (70% w/w 
ethanol, 70% w/w n-
propanol) were run in 
comparison in each 
test alongside the test 
ABHR.  

On fingerpads, the 
95% EtOH ABHR 
performed best (2.17 
log against reference 
EtOH, 1.63 against n-
propanol), followed by 
the one with 80% 
EtOH (1.25, 1.43) and 
75% EtOH (1.07, 
0.78). The reference 

Medium risk of bias. 
Experiments were 
performed using 
standardised protocols 
on fingerpads, 
reaching numerical 
endpoints. The authors 
comment that they saw 
unexplained variability 
between the test 

Category (d). Level 
III-2 or III-3. 
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70% EtOH performed 
better than the 
reference 70% n-
propanol).  

persons and 
recommend 12 
volunteers, such as 
with the EN 1500 
antibacterial testing 
standard. The overall 
reduction of Norovirus 
surrogate with 2.17 log 
is rather modest, given 
the usually high load 
of Norovirus excreted 
in stool of infected 
persons. This was also 
criticised in a letter to 
the editor (Duizer and 
Koopmans, 2005) that 
postulated a level of 3-
4 log reduction before 
hand hygiene agents 
should be considered 
as virucidal.  

Bidawid S et al. 
Norovirus cross-
contamination during 
food handling and 
interruption of virus 
transfer by hand 
antisepsis: experiments 
with feline calicivirus 
as a surrogate. J Food 
Prot. 2004 
Jan;67(1):103-9. 
PMID: 14717359. 

To establish the 
amount of cross-
contamination that can 
occur from fingers to 
food by Norovirus and 
the amount of 
reduction by hand 
hygiene measures, 
using feline calicivirus 
(FCV) as a surrogate.  

Laboratory setting 
with 6 adult 
volunteers. Fingerpad 
experiments with 
standardised surfaces 
of (a) ham, (b) lettuce, 
and (c) metal. 
Establishing virus 
transfer by virus 
culture, using a 
modified standardised 
ASTM 1838 protocol 
to test for virus 
viability on surfaces 
and fingerpads. The 
primary target group 
for this paper is food 
handlers, not 
healthcare workers.  

One commercial 62% 
w/v ethanol gel and a 
75% v/v ethanol 
solution.  

Rinse with water of 
standardised hardness 
or non-medicated 
liquid soap handwash.  

After using inoculated 
fingerpads as the donor 
surface (touching the 
other standardised 
surfaces), the recovery 
of live virus was 46% 
from ham, 18% from 
lettuce and 13% from 
metal (of the original 
virus amount). Water 
alone treatment of 
fingerpads reduced the 
amount of virus to 0.9, 
0.6 and 0.5%, soap 
washing to 0.6, 0.4 and 
0.5%, EtOH 62% to 
3.4, 2.1 and 1.2%, and 
EtOH 75% to 2.3, 1.2 
and 0.7% (all from 
ham, lettuce and metal, 
respectively). 
Reductions by any of 
the four hand hygiene 
methods compared 
with before hand 
hygiene were 

Medium risk of bias. 
Experiments were 
performed using a 
variation of known 
standardised protocols 
on fingerpads, 
reaching numerical 
endpoints. One aspect 
of the paper is that it is 
written and the results 
presented in a rather 
complicated fashion, 
which makes the paper 
tedious to read. The 
complicated design 
with organic surfaces 
as donor and acceptor 
surfaces makes this 
paper slightly more 
prone to bias than a 
straight study of 
pathogens on hands.  

Category (d). Level 
III-2 or III-3. 
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calculated as 
significant, and the 
significance level 
between washing and 
alcohols was given as 
p <0.05. On fingerpads 
without touching 
standardised surfaces, 
the recovered virus 
without treatment was 
71%, and was 8.6%, 
5.6%, 13.8% and 
11.2% after treatment 
with water alone, soap 
and water, EtOH 62% 
and EtOH 75%, 
respectively. The 
authors conclude that 
virus transfer was 
significantly reduced 
by water and by water 
and soap, and ABHRs 
were someahwt less 
effective, but still 
significantly reduced 
the amount of virus.  

Gehrke C et al. 
Inactivation of feline 
calicivirus, a surrogate 
of norovirus (formerly 
Norwalk-like viruses), 
by different types of 
alcohol in vitro and in 
vivo. J Hosp Infect. 
2004 Jan;56(1):49-55. 
PMID: 14706271. 

To assess the activity 
of the three alcohol 
species, n-propanol, 
isopropanol and 
ethanol in various 
concentrations against 
feline calicivirus 
(FCV), a Norovirus 
surrogate.  

Laboratory setting 
with (a) suspension 
tests, i.e. tests in 
reagent tubes, and (b) 
tests on fingerpads of 
volunteers. Number of 
volunteers not 
specified, but number 
of fingerpads ranged 
from 8 to 36 per 
experiment.  

Ethanol (50, 70, 80, 
90%), isopropanol (50, 
70, 80, 90%), n-
propanol (50, 70, 80, 
90%). However, not 
specified whether 
percent v/v, w/w or 
w/v, although v/v is 
assumed.  

Water of standardised 
hardness.  

In the suspension tests, 
50% and 70% n-
propanol were most 
effective, achieving a 
>4 log reduction in 30 
sec, followed b 70% 
ethanol (3.55 in 30 
sec). Higher 
concentrations (80%) 
of ethanol and n-
propanol were less 
effective. Isopropanol 
was least effective at 
all concentrations. In 
the fingerpad tests, 
ethanol 70% and n-
propanol 70% were 
most effective (3.78 
and 3.58 log in 30 sec, 
respectively). Higher 
concentrations (90%) 

Medium risk of bias. 
Experiments were 
performed using 
standardised protocols 
by the German Society 
for Combatting Virus 
Diseases (DVV) and 
by the ASTM 
(fingerpad method). 
These experiments 
have numerical 
endpoints. The authors 
write in their 
discussion that they 
found this behaviour of 
inactivation of FCV 
relatively atypical of 
non-enveloped viruses, 
where ethanol at high 
concentrations is 
generally more active 

Category (d). Level 
III-2 or III-3. 
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were less effective.  than the other alcohol 
species. They conclude 
that the more active 
preparations in their 
test series were able to 
produce a significant 
reduction of these 
viruses (3 log and 4 
log, respectively) in 
only 30 seconds.  

Sattar SA, Ansari SA. 
The fingerpad protocol 
to assess hygienic hand 
antiseptics against 
viruses. J Virol 
Methods. 2002 May 
16;103(2):171-81. 
PMID: 12008011. 

To provide an 
overview of the 
fingerpad method to 
test hand antiseptics 
against viruses, and to 
provide a few original 
test results against the 
non-enveloped 
Rotavirus and 
Hepatitis A Virus. The 
fingerpad method 
described here has 
become part of an 
ASTM standardised 
method.  

Laboratory setting 
with 4-12 human 
volunteers per 
measuring point. 
Testing of real human 
fingerpads.  

Ethanol 60%, 70% or 
75% v/v, isopropanol 
70% v/v.  

Various unmedicated 
soaps and medicated 
soaps with 
chlorhexidine or PVP-
I.  

For Rotavirus, the loss 
of infectivity after 
hand treatment was: 
99.0% for 70% EtOH, 
99.0% for 70% IPA, 
92.5% for 1.5% CHG 
plus 15% cetrimide in 
70% EtOH, 45.2% for 
1.5% CHG plus 15% 
cetrimide in water, 
86% for 10% PVP-I, 
75.8% for liquid soap, 
73.3% for tap water. 
For Hepatitis A, the 
loss of infectivity was: 
99.9% for 75% EtOH, 
87.9 for 60% EtOH, 
95.3% for liquid soap, 
89.0% for water. That 
means that the alcohols 
from 70-75% 
performed by at least 1 
log (10-fold) better 
than any antiseptic or 
plain soaps. Only 
ethanol 60% 
performed in the range 
of antiseptic or plain 
soaps. The results 
show that for 
Rotavirus and 
Hepatitis A virus, 
ABHRs in standard 
composition and 
strengths of 70-75% 
outperform plain and 
antiseptic soaps.  

Medium risk of bias. 
Experiments were 
performed using 
standardised protocols 
according to ASTM 
(fingerpad method). 
These experiments 
have numerical 
endpoints. The main 
focus of this paper is to 
provide a review type 
of article about the 
(now standardised) 
fingerpad method, but 
this review article also 
contains some original 
data in Table 2.  

Category (d). Level 
III-2 or III-3. 
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Malik YS et al. 
Comparative efficacy 
of ethanol and 
isopropanol against 
feline calicivirus, a 
norovirus surrogate. 
Am J Infect Control. 
2006 Feb;34(1):31-5. 
PMID: 16443090. 

To assess the efficacy 
of ethanol and 
isopropanol against 
FCV, a Norovirus 
surrogate, for 
disinfection of surfaces 
(but under conditions 
very similar to hand 
hygiene).  

Laboratory study with 
virus dried and 
antiseptic applied on 
standardised stainless 
steel surfaces. Each 
alcohol concentration 
was tested in triplicate. 

Ethanol in 
concentrations from 
10% to 100% and 
isopropanol from 10% 
to 100% (both in 10% 
steps).  

No comparator 
substance, numeric 
value of all the 
different 
concentrations 
assessed.  

Ethanol at 
concentrations from 
70% to 90% and 
isopropanol from 40% 
to 60% performed 
best, reaching over 
99% virus reduction 
(but less than 99.9%, 
i.e. 3 log) in 1 minute. 
The authors conclude 
that isopropanol 
directly followed by 
ethanol at the 
concentrations 
specified are most 
effective at 
inactivating FCV. 
They also conclude 
that more research is 
needed to develop such 
formulations 
commercially and test 
their effectiveness 
against Norovirus.  

Medium risk of bias. 
Experiments were 
performed using non-
standardised protocols, 
but nevertheless the 
results have numerical 
endpoints. The authors 
cite one previous study 
wrongly (Gehrke et al. 
2004) in that Gehrke et 
al. actually found that 
1-propanol (i.e. n-
propanol) is most 
active, but they 
attribute this to 
isopropanol 
(apparently confusing 
1-propanol with 2-
propanol). The 
experiments described 
in the Malik et al. 
study do not directly 
pertain to hand 
hygiene, because they 
are meant for surface 
disinfection, but the 
conditions (1 min 
versus 30 sec) are very 
similar to hand 
hygiene.  

Category (d). Level 
III-3.  

Belliot G et al. Use of 
murine norovirus as a 
surrogate to evaluate 
resistance of human 
norovirus to 
disinfectants. Appl 
Environ Microbiol. 
2008 
May;74(10):3315-8. 
PMID: 18378650. 

To study the resistance 
or susceptibility of 
murine Norovirus 
(MNV), a new 
surrogate for human 
Norovirus, against a 
range of disinfectants, 
including ethanol, 
isopropanol, PVP-I 
and three commercial 
ABHRs.  

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes and triplicate 
testing per substance 
and disinfectant 
concentration.  

Ethanol at 60, 30 and 
10%, isopropanol at 
60, 30 and 10%, 
aqueous PVP-I at 
10%, Sterillium gel 
(85% EtOH), Aniosgel 
85NPC (concentration 
not certain, but 85% is 
implied), and Purell 
(concentration not 
certain, but 62% is 
assumed).  

No comparator 
substance, numeric 
value of all the 
different 
concentrations 
assessed.  

Virus reduction of >4 
logs within 30 sec was 
achieved by ethanol 
60%, PVP-I 10%, 
Sterillum Gel and 
Aniosgel 85NVP. 
Isopropanol 60% came 
very close, achieving 
3.86 log in 30 sec and 
>4 log in 1 min. Purell 
ABHR, whose 
concentration is not 
specified in this paper, 
but can be assumed to 
be 62% EtOH based 
on other papers, fared 
significantly worse, 

Medium risk of bias. 
Experiments were 
performed using non-
standardised protocols, 
but nevertheless the 
results have numerical 
endpoints. The tests 
are in suspension, not 
on human hands. Note 
that although plain or 
antimicrobial soap was 
not tested, the 
reduction of 4 log 
achieved in 30 sec by 
most alcohols is far 
more than what soaps 
can typically achieve. 

Category (d). Level 
III-3.  
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with only 1.85 log in 
30 sec. The authors 
conclude that two of 
the tested commercial 
ABHRs significantly 
reduce MNV by >4 
logs. The authors also 
did PCR experiments 
for RNA of the virus, 
and consistent with 
known virus 
behaviour, the 
amplifiable RNA did 
not significantly 
diminish during 
alcohol treatment, 
whereas infectivity 
did.  

Also note that the 
paper did not specify 
whether alcohol 
concentrations were % 
v/v, w/w or w/v 
(although v/v is 
assumed). The authors 
point out that MNV is 
structurally and by its 
infection route (oral, 
intestinal infection) 
more similar to human 
Norovirus than FCV 
(respiratory infection).  

Duizer E et al. 
Inactivation of 
caliciviruses. Appl 
Environ Microbiol. 
2004 Aug;70(8):4538-
43. PMID: 15294783. 

To study inactivation 
of feline calicivirus 
(FeCV), canine 
calicivirus (CaCV) and 
human Norovirus by 
various conditions and 
disinfectants (heat 
stress, pH influence, 
sodium hypochlorite 
and ethanol). Relevant 
for this review is only 
the influence of 70% 
ethanol (the only 
concentration tested).  

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes. Determination 
of the titres of 
infectious virus in cell 
cultures. Not clear how 
many replicates per 
test and per substance. 
Cell culture for FeCV 
and CaCV, 
quantitative real-time 
reverse transcriptase 
PCR for all three 
viruses (note: PCR not 
relevant for true virus 
inactivation).  

70% v/v ethanol.  No comparator 
product; log decrease 
was measured in 
absolute terms.  

70% ethanol reduced 
viable FeCV and 
CaCV by slightly less 
than 1 log (exact 
amount not specified 
in paper) within 30 
sec, and by slightly 
more than 1 log in 1 
min. The authors 
conclude that the 
inactivation of both 
viruses by 70% EtOH 
is incomplete, and this 
is a concern for 
infection control.  

Medium risk of bias. 
Experiments were 
performed using non-
standardised protocols, 
but nevertheless the 
results have numerical 
endpoints. The tests 
are in suspension, not 
on human hands. PCR 
detection of viral 
RNA, as done in 
parallel experiments, is 
not useful for 
determining viral 
infectiousness. This 
paper is of limited 
value, since only 70% 
EtOH included.  

Category (d). Level 
III-3 or IV.  

van Engelenburg FA et 
al. The virucidal 
spectrum of a high 
concentration alcohol 
mixture. J Hosp Infect. 
2002 Jun;51(2):121-5. 
PMID: 12090799.  

To test the virucidal 
activity of an alcohol 
mixture of 80% 
ethanol plus 5% 
isopropanol in the 
suspension test against 
several enveloped and 
non-enveloped viruses. 
The enveloped ones 
were: bovine viral 
diarrhoea virus 

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes. Determination 
of the titres of 
infectious virus in cell 
cultures. Tests 
consisted of 8 
replicates each.  

Mixture of 80% 
ethanol plus 5% 
isopropanol 
(commercial product).  

No comparator 
product; log decrease 
was measured in 
absolute terms.  

All enveloped viruses 
were rapidly 
inactivated by >4 log 
in 1 min. For the non-
enveloped ones, there 
was no change for 
CPV, a 0.47 log 
reduction for HAV and 
a >2.1 log reduction 
for Reo-3. The results 
show that there was 

Medium risk of bias. 
Experiments were 
performed using non-
standardised protocols, 
but nevertheless the 
results have numerical 
endpoints. The tests 
are in suspension, not 
on human hands. The 
information coming 
from this paper is 

Category (d). Level 
III-3.  
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(BVDV), human 
immunodeficiency 
virus (HIV), 
pseudorabies virus 
(PRV) and vaccinia 
virus. The non-
enveloped ones were: 
canine parvovirus 
(CPV), hepatitis A 
virus (HAV) and 
reovirus type 3 (Reo-
3).  

variable inactivation of 
non-enveloped viruses, 
ranging from no 
reduction to >2.1 log 
in 1 min.  

limited, since only one 
concentration was 
tested.  

Fendler E, Groziak P. 
Efficacy of alcohol-
based hand sanitizers 
against fungi and 
viruses. Infect Control 
Hosp Epidemiol. 2002 
Feb;23(2):61-2. PMID: 
11893148. 

To test a commercial 
ABHR (Purell, 62% 
EtOH) for its 
effectiveness against 
various fungi and 
viruses, including non-
enveloped viruses.  

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes. Determination 
of the titres of 
infectious virus, 
presumably in cell 
cultures. No number of 
test replicates 
specified.  

ABHR (not clear 
whether gel or liquid, 
but gel not stated, so 
assumed it is liquid) 
with 62% EtOH.  

No comparator 
product; log decrease 
was measured in 
absolute terms.  

All enveloped viruses 
were rapidly 
inactivated by >4 log 
in 30 sec. The log 
reduction values for 
the non-enveloped 
ones in 30 sec were as 
follows: adenovirus 
type 2: 1.32; hepatitis 
A virus: 1.25; 
rhinovirus type 16: 
>4.25; rhinovirus type 
14: 2.25; rhinovirus 
type 37: 2.75; 
coxsackie virus B3: 
2.75. This confirms 
that enveloped viruses 
are usually rapidly 
inactivated by 
alcohols, while there is 
variability among the 
non-enveloped ones.  

Medium to high risk of 
bias. Experiments were 
performed using non-
standardised protocols, 
but nevertheless the 
results have numerical 
endpoints. The tests 
are in suspension, not 
on human hands. This 
paper was published as 
a letter to the editor 
(although it contains 
original data), and 
therefore, the 
experimental design is 
described in too little 
detail to be judged.  

Category (d). Level 
III-3 or IV.  

Kampf G et al. 
Spectrum of 
antimicrobial activity 
and user acceptability 
of the hand disinfectant 
agent Sterillium Gel. J 
Hosp Infect. 2002 
Oct;52(2):141-7. 
PMID: 12392906.  

To test the 
antimicrobial spectrum 
and user acceptability 
of a new hand gel with 
85% EtOH. Tests were 
done for bacteria in 
suspension and on 
hands, for fungi in 
suspension, and for 
viruses in suspension 
according to 
standardised methods 
(for viruses, the DVV 

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes. Determination 
of the titres of 
infectious virus 
according to 
standardised methods 
(DVV). No number of 
test replicates 
specified, but these 
would be specified by 
the standard. Tests also 

Sterillium hand gel 
with 85% w/w 
ethanol.  

No comparator 
product; log decrease 
was measured in 
absolute terms.  

Enveloped viruses 
(herpes simplex, 
orthopox, HIV) were 
readily inactivated (>4 
log) within 15-30 sec. 
Inactivation levels (>4 
log) and times for non-
enveloped viruses 
were: rotavirus 30 sec 
>5.25; adenovirus 2 
min >6.62; poliovirus 
3 min 4.37; 
papovavirus 15 min 

Medium risk of bias. 
Experiments were 
performed using 
standardised protocols 
according to DVV (in 
suspension). These 
experiments have 
numerical endpoints. 
This paper again 
shows a mixed picture 
for non-enveloped 
viruses, with rotavirus 
being inactivated very 

Category (d). Level 
III-3.  
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standards).  included conditions 
with organic load. A 
log reduction of 4 was 
considered sufficient 
inactivation of a virus.  

>5.12. The paper did 
not specify whether the 
threshold of 4 log for 
adenovirus, poliovirus 
and papovavirus was 
reached earlier than the 
specified times.  

easily. The time of 15 
min for papovavirus is 
not feasible for hand 
hygiene. 

Steinmann J et al. Alte 
und neue Erkenntnisse 
zur Virus-Wirksamkeit 
der hygienischen 
Haendedesinfektion. 
Hyg Med. 2009; 34 
(1/2): 32-40. No 
PMID. 

To provide an 
extensive review 
article about the 
efficacy of hand 
antiseptics against 
various viruses. Also 
to provide a few 
otherwise unpublished 
results on the efficacy 
of various alcohols 
against adenovirus 
type 5 and against 
murine norovirus 
(MNV), a surrogate for 
human norovirus.  

Laboratory setting 
with suspension tests, 
i.e. tests in reagent 
tubes. Determination 
of the titres of 
infectious virus 
according to 
standardised methods 
(DVV).  

Three alcohol species: 
ethanol 70%, 
isopropanol 70%, n-
propanol 70%.  

No comparator 
product; log decrease 
was measured in 
absolute terms. 

For adenovirus type 5, 
ethanol 70% and n-
propanol 70% 
produced a slightly 
less than 4 log 
reduction in 30 sec, 
and a slightly greater 
than 5 log reduction in 
1 min; isopropanol was 
much less active. For 
MNV, n-propanol 70% 
produced a slightly 
less than 5 log 
reduction in 30 sec, 
and a slightly less than 
6 log reduction in 1 
min; ; ethanol 70% 
produced a greater 
than 6 log reduction at 
30 sec; isopropanol 
was less active, 
producing a 3.7 log 
reduction at 30 sec and 
4.8 log reduction at 1 
min. The results show 
that both, adenovirus 
type 5 and MNV, are 
effectively inactivated 
by ethanol and n-
propanol at 70%, and 
that ethanol perfomrs 
better than the other 
alcohols.  

Medium to high risk of 
bias. Experiments were 
performed using 
standardised protocols 
according to DVV (in 
suspension). These 
experiments have 
numerical endpoints. 
This is an extremely 
comprehensive, state 
of the art review article 
about virucidal action 
of hand hygiene 
agents. This is a 
narrative review 
article, and although it 
summarises the topic 
very well, it could not 
be included under 
category (a) articles, 
because it is narrative 
(not systematic) and 
not evidence-based. 
The reason for 
inclusion is that the 
article also shows 
some original results 
(otherwise 
unpublished) by the 
authors on inactivation 
of adenovirus type 5 
and murine norovirus.  

Category (d) Level III-
3 or IV.  
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Appendix 19: NHMRC Evidence Statements.  
 

Key question(s): Are alcohol-based hand rubs (ABHRs) more effective than medicated or plain soaps against common pathogens in healthcare environments?  Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

4 Level II studies with low (or low to medium) risk of bias showing that ABHRs are more effective than plain or 
antimicrobial soaps 
1 Level II study with low risk of bias showing that ABHRs are more effective than even antimicrobial soaps 
4 Level III studies that ABHRs are more effective than plain or antimicrobial soaps 
2 Level III studies with low risk of bias showing that ABHRs are more effective than even antimicrobial soaps 
1 Level II study that ABHR is not more effective than antimicrobial soap (but using 60% IPA ABHR) 
1 Level III study that ABHR is not more effective than plain soap (but using 62% EtOH ABHR) 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

Most studies are consistent. Two inconsistent ones (where soap and alcohol had no significant 
difference) may be explained by the fact that these studies used ABHRs with low alcohol 
content of 60 and 62%.  

D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Clinical impact is very large, because the evidence suggests that ABHRs should be used as the 
routine hand hygiene method for most (but not all; see generalisability and applicability) 
situations in patient care.  

D Restricted 
4. Generalisability   

A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

The evidence can be generalised, with a few exceptions:  
(1) When hands are visibly dirty or soiled.  
(2) When caring for patients with known Clostridium difficile disease.  
(3) When ABHRs cause a sticky buildup of residual substance after several applications.  
(4) When there are open wounds on hands.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 

C Evidence probably applicable to Australian healthcare context with some caveats 

The evidence is directly applicable to the Australian healthcare context, with largely the same 
caveats as specified under Generalisability. In addition, there is a relatively limited number of 
ABHRs available on the Australian market with sufficiently high alcohol content and 
antimicrobial activity (see background information in the text).  

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is actually much larger than it appears from the limited number of studies that have been analysed for this evidence statement. There are multiple (in the range of 50) level 
III and/or experimental studies, cited in the WHO, CDC, etc. guidelines that ABHRs are more effective than plain or antimicrobial soaps. Due to time constraints, a large number of articles belonging to 
category (d) published from 2002 onwards were not analysed, and there is also a large number of articles that are consistent with this, published before 2002. In addition, the articles cited in the major 
guidelines and systematic reviews (e.g. WHO, CDC, etc.) are largely consistent with this. All this applies to the vast majority of pathogens encountered in the Australian healthcare context, with a few 
exceptions. Information on individual types/species of pathogens susceptible to ABHRs comes from the extensive sets of references and tables in the major guidelines. This includes Gram-positive 
and Gram-negative vegetative bacteria, vegetative forms of spore-forming bacteria (but not spores), Mycobacterium tuberculosis, enveloped viruses and fungi. Less susceptible (but still reduced to a 
greater extent than with soap) are non-enveloped viruses. Non-susceptible are spores of spore-forming bacteria and protozoan oocysts.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 
1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): Are antimicrobial soaps more effective than plain soaps against common pathogens in healthcare environments? Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 
C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias  

1 Level III-1 study (Lucet et al. 2002) with low risk of bias demonstrating that antiseptic soap 
(either with 4% CHG or 10% PVP-I) reduces microorganisms on hands significantly more than 
non-antiseptic soap.  
1 Level III systematic review (Larmer et al. 2008) that antiseptic soaps are more effective than 
plain ones, but rated as low-level, conflicting evidence.  D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

The two studies are largely consistent, but the systematic review by Larmer et al. (2008) found 
some conflicting data. Therefore rated as B.  

D Evidence is inconsistent 

N.A.  NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 
B Moderate 

C Slight 

Clinical impact is moderate. None of the Evidence-Based Guidelines specifically recommends 
medicated over plain soap for situations where ABHRs are not indicated (but soap is). The main 
indications for antiseptic soaps lie outside routine patient contacts, e.g. in surgical scrubbing, 
where the WHO Guideline now recommends ABHRs or antiseptic detergents.  

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Antiseptic soaps could be sensibly applied in situations where ABHRs are not indicated (e.g. 
when hands are visibly soiled), but there is a likelihood of a higher than usual contamination on 
hands.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
 5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 

C Evidence probably applicable to Australian healthcare context with some caveats 

This is applicable to the Australian healthcare context. There are a number of established 
products on the Australian market, and antiseptic soaps can be sensibly used for the above 
indications. The caveats relate to the fact that the evidence level is not very high.  

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is probably much better than it appears from the small number of studies that were included in the formal analysis. Many studies of level III that are cited and listed in the tables of the guidelines 
(WHO, CDC), but were not included in the main Evidence Statement show the same results. There are many level III and/or experimental studies that indicate that antimicrobial soaps reduce microorganisms to a greater 
extent than plain soaps. It is also a requirement for European standard EN 1499 that before an antiseptic soap can be approved according to the standard, it must be documented that its antimicrobial efficacy is significantly 
greater than plain soap. All individual studies that were included in the tables in the WHO (Table I.11.6) and CDC (Table 3) guidelines show that in all instances where plain and antimicrobial soaps were compared, the 
antimicrobial ones fared better. The New Zealand Guideline (Larmer et al. 2008) calls it Level 4 (conflicting) evidence whether medicated soap is more efficacious than plain soap. However, the antimicrobial spectrum (in 
terms of different categories of microorganisms) of typical ingredients of antiseptic soaps (chlorhexidine, PVP-iodine) is more limited than that of alcohols (e.g. Table I.11.7 in the WHO Guideline). Some guidelines 
recommend antimicrobial rather than plain soaps in intensive care situations with a higher than usual risk of infection or when visible soiling is present with an expected high level of contamination.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): If we take 70% v/v as a cutoff in the range of alcohol activity from 60 to 90%, are the ones with greater than 70% more effective against 

common pathogens than those with less?   
Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One Level II study (Barbut et al. 2007) that shows that two ABHRs (one liquid, one gel) with greater than 70% total 
alcohol perform significantly better than an ABHR (gel) with just 70%.  
Two level III systematic reviews with low risk of bias that ABHRs with ≥70% alcohol perform significantly better.  
1 Level II study that ABHR is not more effective than antimicrobial soap (when using only 60% IPA ABHR) 
1 Level III study that ABHR is not more effective than plain soap (when using only 62% EtOH ABHR) D Level IV studies or Level I to III studies with high risk of bias 
2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 
B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

One study in the main analysis answered the question and two systematic reviews provided the 
same evidence. Two studies answered the question indirectly by comparing 60-62% ABHR with 
soap and finding that while ABHRs with ≥70% generally outperform soaps, these two did not. 
The only small inconsistency is that the third ABHR in the Barbut et al. (2007) paper had exactly 
70% instead of below 70%, where the cutoff for the question was set.  D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 
C Slight 

The clinical impact is potentially very large, because the established advantage of ABHRs over plain and 
antimicrobial soaps (see the other Evidence Statement) would be diminished or abolished when using 
ABHRs with insufficient antimicrobial activity. Also, healthcare workers might be under the impression that 
they have complied with hand hygiene when the substance that they used is not very effective.  

D Restricted 
4. Generalisability   

A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

There is one caveat with generalising this finding. Antimicrobial activity is not the only desirable feature of 
ABHRs in healthcare settings. The others are user acceptability (related to subjective perception of liking 
the product) and skin tolerability (i.e. lack of skin damage) of a product. There are several published 
studies indicating that antimicrobial activity and user acceptability/skin tolerability are largely independent. 
Thus, the optimal formulation should combine good antimicrobial activity with good user acceptability/skin 
tolerability.  D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

There are some caveats in the Australian healthcare context. The main one is that there is currently a 
significant lack of ABHRs on the Australian market that have both, significant antimicrobial activity and a 
high level of user acceptability/skin tolerability. There are also significant deficiencies with the current TGA 
approval processes for antiseptics and disinfectants, especially a lack of transparent, standardised and 
stringent testing processes that lead to approval. By contrast, there is an abundance of good products on 
the European market. As an example, in Germany alone, there are over 80 ABHRs from 50 different 
manufacturers that all fulfil the stringent EN 1500 standards, and some fulfil very stringent virucidal testing 
standards. 

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is probably much better than it appears from the small number of studies that were included in the formal analysis. Many studies of level III that are cited and listed in the tables of the guidelines 
(WHO, CDC), but were not included in the main Evidence Statement show essentially the same results. There are many level III and/or experimental studies that indicate that within the active range of about 60-90%, 
ABHRs with higher concentrations fare better than those with lower concentrations. There are multiple entries in the tables and references of the WHO and CDC Guidelines that document this. The passing of stringent 
antimicrobial testing standards is probably an even better criterion than the total alcohol content. This is derived from the fact that different alcohol species have different levels of activity (60% v/v n-propanol is 
approximately equivalent to 70% v/v isopropanol and to 80% v/v ethanol) and that many commercial ABHR formulations consist of blends of different alcohol species. One caveat when judging alcohol content is that 
percent v/v, w/v and w/w are different, although v/v is most commonly used. A suitable standard to be adopted would be the European EN 1500 standard, which is more stringent (i.e. has a greater safety margin in 
healthcare) than its US counterpart. The EN 1500 standard has two sub-categories, formulations that pass the standard in a contact time of 60 seconds (such as the reference alcohol), and another where ABHRs already 
achieve the sufficient level of microbial reduction in 30 sec. Of the two, the 30-sec category is more stringent and requires greater antimicrobial activity. The systematic review by Picheansathian (2004) that is included in 
the assessment provides evidence that supports the passing of such standards. In addition, this would be further supported if the 39 articles from Question 1, category (d), could be fully assessed (see Conclusions). The 
consequences of a relative paucity of good products on the Australian market is that the Australian infection control community should (a) look for more products with both, good antimicrobial activity and user 
acceptability/skin tolerability to enter the local market and (b) work with the TGA to promote more stringent and transparent testing and approval processes.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): What method or substance for hand hygiene, if any, is effective at reducing the risk of Clostridium difficile transmission?  Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias  

One level III-2 study (Wullt et al. 2003) that C. difficile spores are not killed by 70% 
isopropanol.  
One level III-2 study (Kampf et al. 2008) that C. difficile vegetative forms are rapidly killed by 
an 85% ethanol hand gel.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

All studies are consistent that C. difficile spores cannot be killed by hand hygiene 
agents, while vegetative forms are. There is, however, genuine uncertainty as to what 
hand hygiene procedures are suitable in cases of C. difficile infection.  

D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 
C Slight 

The clinical impact of this is potentially very large, because there is genuine uncertainty 
surrounding this question, and there is a need to protect staff and other patients from 
cross-infection, although some literature sources indicate that the disease is not very 
contagious. In the absence of a real optimum solution to this clinical problem, the 
clinical impact should be rated as slight.  D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Evidence is from laboratory studies, but can be inferred to patient populations.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
 5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

The applicability to the Australian healthcare context is limited because of the genuine 
limitations of what can be done in terms of hand hygiene against C. difficile.  

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

There are interesting aspects pertaining to this question. The scientific evidence that C. difficile spores cannot be reliably killed by any hand hygiene agent, including alcohols, while vegetative forms are readily killed, is hard 
and fast, and there is literally no doubt by anyone in the microbiology community. From a formal evidence grade assessment level, however, the same ranks as low-level evidence. Multiple references are cited within the 
major evidence-based reviews and guidelines (e.g. WHO, CDC) that are not formally assessed, and state that C. difficile spores are generally not killed by alcohols, whereas vegetative forms are. The major guidelines are 
also clear that none of the known ingredients of antiseptic handwashes or rubs have any relevant activity against C. difficile spores, and that soap-based handwashing contributes to mechanical removal. There is also one 
published abstract, which as an abstract cannot be included, that in one experimental series, C. difficile spores have been reduced on hands by an ABHR by 1.7 log, and by chlorhexidine handwash by 2.5 log. There is 
continuing genuine uncertainty as to what is the best hand hygiene practice in case of C. difficile infections. The WHO guideline, as well as several other guidelines, takes a composite approach to integrate scientific data 
with formally assessed evidence, and recommends that (a) gowns and gloves should be worn when caring for patients with suspected or proven C. difficile infection, (b) hands should be washed with antiseptic or plain soap 
and water when specifically caring for such patients, but (c) ABHRs should continue to be used as recommended in other clinical situations. The WHO guideline further points out that (a) extensive use of ABHRs has not 
led to an increase in C. difficile infections and (b) the non-spore form is readily killed by alcohol. There is one cited clinical trial on glove use to prevent C. difficile transmission (Johnson S et al. Prospective, controlled study 
of viny glove use to interrupt Clostridium difficile nosocomial transmission. Am. J. Med. 1990; 88: 137-40), but this has not been reviewed as a formal part of this Systematic Review. There are two expert recommendations 
for hand hygiene against C. difficile in cases of accidental contact while not wearing gloves. Both, Professor Rotter from Vienna in Austria (a hand hygiene expert) and Professor Thomas Riley from Perth (an expert for C. 
difficile) recommend ABHR followed by soap-based handwashing (i.e. 2 steps). This is based on the rationale that in natural populations, the ratio of vegetative bacteria to spores is about 10:1, and that vegetative forms 
(not just spores) appear to be involved in transmission, as shown by an increased risk for patients on gastric acid suppressants (gastric acid would kill vegetative forms).  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): Is the use of ABHRs associated with an increased incidence of C. difficile infections?   Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One level III-1 study with medium risk of bias that it is not.  
One level III-2 study with medium risk of bias that it is not.  
Four level III-3 studies with medium risk of bias that it is not.  
One level III-3 study with high risk of bias that it is.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

The single study suggesting that there is an association had a very short 
observation interval, one small single ward and a very small number of 
infections, suggesting that it might have been a chance incident rather than 
a systematic trend. All other studies had large patient numbers and much 
longer observation periods.  D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The clinical impact is large, because the findings suggest that ABHRs 
can continue to be used in other situations than when specifically 
caring for C. difficile-infected patients.  

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

The hospital patient populations analysed in the studies are very 
similar to the patient populations for which the recommendations are 
going to be made.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
 5. Applicability   

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

This finding has direct relevance for implementation of hand hygiene 
recommendations in Australia. ABHRs are actively being promoted as part of 
the Hand Hygiene Australia initiative, and the findings suggest that ABHRs 
have no negative impact by potentially increasing the increasing the 
incidence of C. difficile infections.  D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

This is a sub-analysis that is not part of the original review as commissioned by the NHMRC. The rationale for performing this sub-analysis was that (a) there is 
an ongoing discussion in some healthcare communities (not so much in Australia, but in the UK and the USA) whether ABHRs should be used less, due to a 
potential danger of increasing the incidence of C. difficile infections, and (b) that the articles for this sub-analysis were fully covered and retrieved by the 
literature search strategy and keywords (although they did not meet the inclusion criteria for the other questions). In fact, it appears that the evidence (i.e. 
that there is no association) is stronger than it appears, because (a) the assessed studies failing to show an association were concerning relatively large patient 
cohorts and observation periods, and (b) there is empirical knowledge that several countries in central Europe have used ABHRs extensively since the late 1960s 
or early 1970s, and there was no unusually high frequency of C. difficile infections.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability   

5. Applicability   

Indicate any dissenting opinions 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): What is more effective against non-enveloped viruses? Hand washing with plain or antimicrobial soaps, or alcohol-based 

hand rubs in standard concentrations and compositions?   
Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 
C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One level III-2 study with low to medium risk of bias that both are similar.  
Two level III-2 or III-3 studies with medium risk of bias that both are similar.  
One level III-3 study with medium-high risk of bias that both are similar.  
7 level III-2 or III-3 studies with medium risk of bias that standard ABHRs are superior.  
One level III-3 study with medium-high risk of bias that standard ABHRs are superior.  
One level III-2 study with medium risk of bias that handwashing is superior.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

The evidence as to which one is more efficient against non-enveloped viruses is 
inconsistent. Of the evaluated studies, some indicate that ABHRs are better, some 
indicate that handwashing is better, some indicate that both are similar. There is a 
greater number of studies in favour of alcohols; this is also reflected in the WHO and 
CDC Guidelines. It is also dependent on the virus species, with rotavirus being very 
effectively inactivated by standard ABHRs.  D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The clinical impact is slight, because the findings suggest that there is not 
much difference between standard ABHRs and handwashing. The evidence 
suggests that unless special virucidal formulations are used, gloves should be 
worn when in direct contact with infected patients, depending on the type 
of virus and its infection route (if contact transmission).  D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Due to the inability to conduct clinical trials with real patients and infection 
rates as the outcome, most of the results have been gathered by tests in 
vitro (in suspension) or in vivo (on hands) in the laboratory and with 
volunteers; some tests used surrogate viruses.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
 5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

This finding is applicable to the Australian healthcare context in the sense that as the 
analysis of evidence stands, there does not appear to be a clear, unequivocal 
superiority of one over the other in a general sense for non-enveloped viruses, 
pending further research. Where the evidence is more consistent is for rotavirus and 
using standard ABHRs (data in the individual articles).  D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

There is also a larger body of literature and knowledge than the articles that could be included in the formal analysis. There are a reasonably large number of 
published articles from the 1970s, 1980s and 1990s, concerning virucidal antiseptic testing and the activity of various antiseptics, disinfectants and handwashing 
agents against enveloped and non-enveloped viruses. In addition, there are international testing standards (European, North American) for virus removal by 
handwashes or hand antiseptics. The WHO and CDC guidelines appear to argue more in favour of ABHRs than handwashing against non-enveloped viruses, 
although there is a mixed picture as to which ones are inactivated (or not) by alcohols in standard concentrations (e.g. ethanol 70-80%). The picture is clearer 
for rotavirus, where the common rotavirus strain Wa is readily inactivated by standard alcohols. This scenario would suggest that gown and glove use should be 
recommended when specifically caring for patient with suspected or known infection with contact-transmissible non-enveloped viruses, and either ABHRs or 
handwashing should be recommended when not directly caring for such patients, even when there is an outbreak on the same ward. The use of gloves (for 
specific patient care) is further supported by the fact that some non-enveloped viruses (e.g. rotavirus, norovirus) are excreted in the stool in large numbers, 
and it is not known what level of log reduction on hands is necessary to prevent transmission.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

6. Evidence base   

7. Consistency   

8. Clinical impact   

9. Generalisability   

10. Applicability   

Indicate any dissenting opinions 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Key question(s): Can hand hygiene agents, through special formulations and virucidal testing, achieve greater efficacy against non-enveloped 

viruses than standard hand hygiene agents?   
Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 
C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One level III-2 study with low to medium risk of bias that it can be achieved (with ABHRs).  
4 level III-2 or III-3 studies with medium risk of bias that it can be achieved (with ABHRs).  
Two level III-2 or III-3 studies with medium risk of bias that special virucidal ABHRs may not 
perform significantly better than other hand hygiene agents.  D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

One of the 2 studies suggesting that special ABHs may not perform very well was 
done with feline calicivirus (FCV), an older surrogate virus for norovirus. FCV is 
known for its slightly atypical behaviour concerning inactivation by alcohols. The 
current state-of-the-art surrogate virus for human norovirus is murine norovirus 
(MNV). The other study tested viruses that are not highly relevant for nosocomial 
transmission and an ABHR that was more similar to standard ones in its composition.  

D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 
C Slight 

The clinical impact is large, because the findings suggest that when 
ABHRs can be specifically formulated and tested against non-
enveloped viruses, they can be very effective (in terms of log 
reductions) at inactivating non-enveloped viruses.  D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Due to the inability to conduct clinical trials with real patients and infection 
rates as the outcome, most of the results have been gathered by tests in 
vitro (in suspension) or in vivo (on hands) in the laboratory and with 
volunteers; some tests used surrogate viruses.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

The applicability of this finding to the Australian healthcare context is quite limited at present. 
Other countries (e.g. Germany) have extensive virucidal testing standards in place (against 
enveloped and non-enveloped viruses) before hand hygiene products can be claimed as having 
virucidal activity and can enter the market. There are also published lists of virucidal hand 
hygiene agents that have passed standardised testing (e.g. http://www.iho-viruzidie-liste.de). 
There is currently not a single hand hygiene agent on the Australian market that has been 
tested and approved using virucidal testing standards. The Australian Therapeutic Goods 
Administration (TGA) appears to lack suitable testing and approval mechanisms. Further 
research and implementation or adoption of standards will be necessary before such products 
can be used in the Australian healthcare setting.  

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

There is a much larger literature base about virucidal antiseptic and disinfectant testing than what can be incorporated into the formal assessment part of this Systematic 
Review. This includes articles from the 1970s, 1980s and 1990s, concerning virucidal antiseptic testing and the activity of various antiseptics, disinfectants and handwashing 
agents against enveloped and non-enveloped viruses. In addition, there are international testing standards (European, North American) for virus removal by handwashes or hand 
antiseptics. The applicability for the Australian healthcare scene is limited at present, and there is a need for more research, evaluation and implementation of standards before 
virucidal hand antiseptics can be used widely in Australia. If they become available, evidence suggests that they can be used for outbreak situations or high-risk situations 
involving contact-transmissible non-enveloped viruses. Current standard ABHRs are highly effective for rotavirus. At present, it appears that gown and glove use should be 
recommended when specifically caring for patient with suspected or known infection with contact-transmissible non-enveloped viruses, and either standard ABHRs or 
handwashing should be recommended when not directly caring for such patients, even when there is an outbreak on the same ward.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account.  
Component Rating Description 

11. Evidence base   

12. Consistency   

13. Clinical impact   

14. Generalisability   

15. Applicability   

Indicate any dissenting opinions 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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Executive Summary 

The Joanna Briggs Institute (JBI) was commissioned by the National Health and Medical 

Research Council (NHMRC) in December 2008 to conduct five (5) evidence reviews to 

provide the evidential base for the revision of national infection control guidelines for the 

prevention of transmission of infectious diseases in the healthcare setting. 

The project involved the conduct of a series of comprehensive systematic literature reviews 
to address questions related to two broad domains: 

• Environmental cleaning; and  

• Multi resistant organism (MRO). 

The project team developed protocols that identified rigorous and reliable methods to 
identify, retrieve, appraise and synthesise findings reported in the national and international 

literature related to five systematic review questions (one review for environmental cleaning 

and four reviews for multi resistant organisms). 

The five (5) review protocols (each including a preliminary background; search strategy; and 
methods of the review) were endorsed by the NHMRC and the following five reviews were 

conducted in early 2009: 

1. The effectiveness of environmental cleaning procedures in the prevention of 
transmission of infectious disease in the healthcare setting  

2. Effectiveness of demonstrating decolonisation of multi-resistant organisms 

3. Patient screening for multi-resistant organisms 

4. The effectiveness of isolation measures of patients infected with Vancomycin 
Resistant Enterococcus (VRE) or Multi-resistant gram negative bacteria (MRGN) in 

reducing the length of hospital stay and in reducing the spread of infection to other 

patients 

5. The effectiveness of personal protective equipment at reducing the transmission of 
methicillin-resistant1 Staphylococcus aureus (MRSA), and Vancomycin Resistant 

enterococci (VRE) 
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From each of these reviews, evidence statements were developed following the NHMRC 
guidance.  

This consultancy report comprises the evidence statements, evidence summaries and 

systematic review regarding the effectiveness of isolation measures of patients infected with 
Vancomycin Resistant Enterococcus (VRE) or Multi-resistant gram negative bacteria 

(MRGN) in reducing the length of hospital stay and in reducing the spread of infection to 

other patients. 
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Project Overview 

All of the systematic reviews followed the same structure and process and were based on 

international hierarchies of evidence, commencing with systematic reviews of randomised 

controlled trials, followed by randomised controlled trials and individual experimental studies 

of other designs. These additional designs included cohort and case control studies. 

Evaluation research, including outcomes research and findings of rigorous clinical audits 

were also be included when appropriate 

Searching Strategies 

Databases searched included MEDLINE, EMBASE, CINAHL and specialist database. For 

example, published and unpublished RCTs and controlled trials were searched for in 
specialist collections such as CCTR and research registers of ongoing trials such as Current 

Controlled Trials. The constraints of time and resources did not allow for hand searches of 

key journals.  

Following the search, each paper considered applicable to the objectives of the review was 
retrieved, and the citations entered into bibliographic software (EndNote), where duplicates 

were identified and removed.  

Assessment of Quality/Critical Appraisal 
All papers selected for inclusion were subjected to a rigorous, independent appraisal by two 
critical appraisers to identify and select papers of the highest quality, i.e. those that minimise 

bias, and have good validity and precision. The purpose of critical appraisal was to include 

only studies that were considered to be of a high standard, and to exclude those that were 

deemed to be of poor quality.  

Critical Appraisal Instruments 

The standardised critical appraisal instruments for randomised controlled trials, cohort 

studies and descriptive studies, as developed by JBI and based on a synthesis of 
instruments used by other systematic review agencies, were used (see Appendix 1). Blind 

appraisal was used by two reviewers who then conferred if any disagreement arose. 
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Data extraction and synthesis 
Data were extracted from the included studies using the standardised data extraction tool 

developed by the Joanna Briggs Institute (JBI) for different types of data.  

Statistical pooling was planned for appropriate data. Where this did occur (in only one 
review) comparability of studies was determined based on the specific study population, 

intervention and outcome measures. For dichotomous data, odds ratios and relative risks 

were used as the summary measure of effect. For continuous data that uses the same 

scale, the weighted mean difference was used as the summary measure of effect. For 

continuous data that used different scales, the standardised mean difference was the most 

appropriate summary of effect. The summary of effect was set at the 95% confidence 

interval for each comparison. Homogenous data were meta-analysed using the Cochrane 
Collaboration software Review Manager (RevMan). Where statistical pooling was not 

appropriate or possible, the findings were summarised in narrative and tabular form. 

Synthesis of evidence into evidence statements 
A narrative synthesis of the evidence was developed on completion of each review using 

the NHMRC Evidence Statement Form.  
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Evidence Statements 

Key question: Is isolating patients with VRE/MRGN in acute care settings (VRE 
and MRGN) and aged care settings (MRGN) effective in reducing the spread of 
infection to other patients? 

Findings of the Review 
There is level III-2 evidence that multifaceted infection control policy including isolation of 
patients colonised/infected with VRE can reduce nosocomial infection spreading to other 
patients in acute care settings. 
There is level III-3 evidence that genotyping target infection control strategies including 
isolation of patients with epidemic VRE is effective in controlling nosocomial infection in 
acute care settings. 
There is some evidence to suggest that a multifaceted infection control policy including 
isolation of patients colonised/infected with MRGN can reduce nosocomial infection in both 
acute and aged care settings. (Level III-3) 
Evidence table ref: Table 1 and 3 
1. Evidence base VRE: 2 cohort studies and 10 interrupted time series, MRGN: 2 cohort 
studies and 5 interrupted time series. C 
2. Consistency Most studies supported the use of patient isolation in reducing the 
nosocomial infection. B 
3. Clinical impact All studies utilised patient isolation together with other infection control 
measures. The impact of patient isolation alone on the control of transmission to other 
patients is still not clear. B 
4. Generalisability Due to the low level of identified evidence (cohort and interrupted time 
series studies) together with multiple confounding factors, generalisability is not high from a 
methodological perspective. C 

5. Applicability Resource management could be an issue in different health care 
institutions in terms of securing isolation rooms and staffing. C 
 
EVIDENCE STATEMENT MATRIX  
Component Rating Description 
Evidence base C Level III studies with low risk of bias or Level I or II studies with moderate risk of 

bias 
Consistency B Most studies consistent and inconsistency can be explained 
Clinical impact B Moderate 
Generalisability C Evidence not directly generalisable to the target population but could be sensibly 

applied 
Applicability C Evidence probably applicable to Australian healthcare context with some caveats 
No dissenting opinions. 
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Key question: Is isolating patients with VRE effective in reducing the spread of 
infection to other patients in aged care settings? 

Findings of the Review 
There is level II evidence to show that the routine use of gloves for all anticipated residents 
and environmental contacts is as effective as applying isolation precautions to VRE positive 
residents in aged care settings.  
Evidence table ref: Table 1 
1. Evidence base One RCT compared the patient isolation group and the routine use of 
glove group in reducing transmission of VRE to non-infected/colonised patients.C 

2. Consistency Not applicable (only one study). NA 
3. Clinical impact The study did not use active surveillance cultures; large portion of VRE 
positive residents may have been undetected. 
The patients in the isolation group were not confined to their room. 
Adherence to hand hygiene was significantly higher in the routine use of gloves group than 
the patient isolation group. B 

4. Generalisability Small sample size. Lack of other studies. C 

5. Applicability Adherence rate to hand hygiene needs to be high. C 
Other factors The development and implementation of educational and motivational 
strategies to enhance adherence to infection control precautions in aged care settings has a 
positive effect on reducing the spread of infection. 
 
EVIDENCE STATEMENT MATRIX.  
Component Rating Description 
Evidence base C Level III studies with low risk of bias or Level I or II studies with moderate risk of 

bias 
Consistency N/A Not applicable (one study only) 
Clinical impact B Moderate 
Generalisability C Evidence not directly generalisable to the target population but could be sensibly 

applied 
Applicability C Evidence probably applicable to Australian healthcare context with some caveats 
No dissenting opinions 
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Key question: Is the effectiveness of isolation for VRE/MRGN be differentiated 
again to high risk areas to low risk? 

Findings of the Review 
For VRE no studies were identified that compared the effectiveness of patient isolation on 
high risk areas to low risk areas. Considering the heterogeneity of included studies, 
comparison between the findings from included studies was not possible. 
For MRGN There is Level III-2 evidence to show that a multifaceted infection control 
program with patient isolation may be less effective in ICU than in other acute care settings 
and long-term care settings in preventing the spread of E. pneumonia. 
Evidence table ref: Table 2 
1. Evidence base 1 cohort study. C 
2. Consistency Not applicable (one study only). N/A 
3. Clinical impact The adherence rate to any infection control measures including isolation 
of patients is not clear. B 
4. Generalisability Only one cohort study was identified. C 
5. Applicability Only one study from France was identified. C 
 
EVIDENCE STATEMENT MATRIX  
Component Rating Description 
Evidence base C Level III studies with low risk of bias or Level I or II studies with moderate risk of 

bias 
Consistency N/A Not applicable (one study only) 
Clinical impact B Moderate 
Generalisability C Evidence not directly generalisable to the target population but could be sensibly 

applied 
Applicability C Evidence probably applicable to Australian healthcare context with some caveats 
No dissenting opinions 
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Key question: Is isolating patients with VRE (selective isolation policy for 
epidemic VRE) effective in reducing the spread of infection to other patients? 

Findings of the Review 
There is level III-3 evidence to suggest that the use of selective isolation for patients 
colonised/infected with VRE is effective in controlling nosocomial infection in acute care 
settings. 
Evidence table ref: Table 1 
1. Evidence base 1 interrupted time series study. C 
2. Consistency Not applicable (one study only) N/A 
3. Clinical impact The study used patient isolation together with other infection control 
measures. The impact of patient isolation alone on the control of transmission to other 
patients is still not clear. This intervention may have an impact on cost management in 
outbreak settings if sufficient laboratory resources are secured. B 

4. Generalisability As only one low level study was identified, generalisability is not very 
high.  D 
5. Applicability Only one study from the Netherland was identified. C 

 

EVIDENCE STATEMENT MATRIX  
Component Rating Description 
Evidence base C Level III studies with low risk of bias or Level I or II studies with moderate risk of 

bias 
Consistency N/A Not applicable (one study only) 
Clinical impact B Moderate 
Generalisability D Evidence not directly generalisable to target population and hard to judge whether 

it is sensible to apply 
Applicability C Evidence probably applicable to Australian healthcare context with some caveats 
No dissenting opinions 
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Evidence Summary Table 

 Strength of Evidence Size of effect Relevance of Evidence 

 Study 
a) Level of 
Evidence 

b) Quality of 
Evidence 

c) Statistical 
precision   

a) 
Appropriatenes
s of Outcomes 

b) Relevance of 
Study Question 

Trick et al, (2004) Trick WE, Weinstein RA, DeMarais PL, Tomaska W, 
Nathan C, McAllister SK, Hageman JC, Rice TW, Westbrook G, William RJ. 
Comparison of routine glove use and contact-isolation precautions to 
prevent transmission of multidrug-resistant bacteria in a long-term care 
facility. J Amer Geriatr Soc 2003;52(12):2003-9. II Moderate P=0.6 n/a 1 

1: MI (multiple 
interventions) 

Shaikh ZHA, Osting CA, Hanna HA, Arbuckle RB, Tarrand JJ, Raad II. 
Effectiveness of a multifaceted infection control policy in reducing 
vancomycin usage and vancomycin-resistant enterococci at a tertiary care 
cancer centre. J Hosp Infec 2002;51(1):52-58. III-2 Moderate P=0.008 n/a 1 1: MI 

Yoonchang SW, Peck KR, Kim OS, Lee JH, Lee NY, Oh WS, Song JH. 
Efficacy of infection control strategies to reduce transmission of 
vancomycin-resistant enterococci in a tertiary care hospital in Korea: a 4-
year follow-up study. Infect Control Hospit Epidemiol 2007;28(4):493-495. III-2 Moderate 

The incidence rate 
for VRE in Period 

B: P=0.003  
Period C: P=0.009 n/a 1 1: MI 

Winston LG, Bangsberg DR, Chambers HF 3rd, Felt SC, Rosen JI, 
Charlebois ED, Wong M, Steele L, Gerberding JL, Perdreau-Remington F. 
Epidemiology of vancomycin-resistant Enterococcus faecium under a 
selective isolation policy at an urban county hospital. AJIC 2002;30(7):400-
6. III-3 Moderate P=0.85 n/a 1 1: MI 

Calfee DP, Giannetta ET, Durbin LJ, Germanson TP, Farr BM. Control of 
endemic vancomycin-resistant Enterococcus among inpatients at a 
university hospital. Clin Infec Dis 2003;37(3):326-32. III-3 Moderate P=0.0321 n/a 1 1: MI 

Christiansen KJ, Tibbett PA, Beresford W, Pearman JW, Lee RC, Coombs 
GW, et al. Eradication of a large outbreak of a single strain of vanB 
vancomycin-resistant Enterococcus faecium at a major Australian teaching 
hospital. Infec Contro Hosp Epidemiol 2004;25(5):384-390. III-3 Poor n/a n/a 1 1: MI 
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Kurup A, Chlebicki MP, Ling ML, Koh TH, Tan KY, Lee LC, Howe KBM. 
Control of a hospital-wide vancomycin-resistant Enterococci outbreak. AJIC 
2008;36(3):206-211. III-3 Poor n/a n/a 1 1: MI 

Lucet J, Armand-Lefevre L, Laurichesse J, Macrez A, Papy E, Ruimy R, 
Deblangy C, Lozach A, Lolom I, Jarier V, Andremont A, Leport C. Rapid 
control of an outbreak of vancomycin-resistant enterococci in a French 
university hospital. J Hosp Infec 2007;67(1):42-48. III-3 Poor n/a n/a 1 1: MI 

Mascini EM, Troelstra A, Beitsma M, Blok HE, Jalink KP, Hopmans TE, Fluit 
AC, Hene RJ, Willems RJL, Verhoef J, Bonten MJM. Genotyping and pre-
emptive isolation to control an outbreak of vancomycin-resistant 
Enterococcus faecium. Clil Infec Dis 2006;42(6):739-46. III-3 Moderate 

Intervention period 
II:  

RR 0.67 (95% CI: 
0.41-1.10)  

Intervention period 
III:  

RR 0.02 (95% CI: 
0.002-0.6) 1 1 1: MI 

Pearman JW. 2004 Lowbury Lecture: the Western Australian experience 
with vancomycin-resistant enterococci -- from disaster to ongoing control. J 
Hosp Infec 2006;63(1):14-26. III-3 Poor n/a n/a 1 1: MI 

Sample ML, Gravel D, Oxley C, Toye B, Garber G, Ramotar K. An outbreak 
of vancomycin-resistant enterococci in a hematology-oncology unit: control 
by patient cohorting and terminal cleaning of the environment. Infec Control 
Hosp Epidemiol 2002;23(8):468-70. III-3 Moderate 

P<0.001 2 months 
after the 

implementation of 
enhanced 

infection control 
program n/a 1 1: MI 

Wang J, Chen Y, Chang S, Chen M, Pan H, Chang Y, Sun CC, Wang LH, 
Wang SH, Lin HC, Chien SF, Tseng MS. Control of vancomycin-resistant 
enterococci in a hospital: a five-year experience in a Taiwanese teaching 
hospital. J Hosp Infec 2004;58(2):97-103. III-3 Moderate n/a n/a 1 1: MI 

Wright M, Hebden JN, Harris AD, Shanholtz CB, Standiford HC, Furuno JP, 
Perencevich EN. Aggressive control measures for resistant Acinetobacter 
baumannii and the impact on acquisition of methicillin-resistant 
Staphylococcus aureus and vancomycin-resistant Enterococcus in a 
medical intensive care unit. Infec Control Hosp Epidemiol 2004;25(2):167-
168. III-3 Moderate 

P=0.005 (6 
month) n/a 1 1: MI 

Carbonne A, Albertini MT, Benoit C, Berardi L, Berrouane Y, Boisivon A, 
Cahen P, Cattoen C, Costa Y, Darchis P, DelieÁre E, Demontrond D, Eb F, 
Golliot F, Grise G, Harel A, Koeck JL, Lepennec MP, Malbrunot C, Marcollin III-2 Moderate n/a n/a 1 1: MI 
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M, Maugat S, Nouvellon M,  Pangon B, Ricouart S, Roussel-Delvallez M, 
VacheÂe A. Surveillance of methicillin-resistant Staphylococcus aureus 
(MRSA) and Enterobacteriaceae producing extended-spectrum beta-
lactamase (ESBLE) in Northern France: a five-year multicentre incidence 
study. J Hos Infec 2002;52(2):107-13. 

Conterno LO, Shymanski J, Ramotar K, Toye B, Zvonar R, Roth V. Impact 
and cost of infection control measures to reduce nosocomial transmission of 
extended-spectrum ÃŸ-lactamase-producing organisms in a non-outbreak 
setting. Journal of Hospital Infection 2007;65(4):354-360. III-2 Moderate 

Incident rate 
increased 

(P<0.001) but 
regional ESBL 
also increased 

(P<0.001) n/a 1 1: MI 

Gbanguide-Haore H, Legast S, Bertand X, Talon D. Ecological study of the 
effectiveness of isolation precautions in the management of hospitalised 
patients colonised or infected with Acinetobacter baumannii. Infec Control 
Hosp Epidemiol 2008;29:1118-1123. III-3 Moderate 

P<0.001 RR 0.5: 
95%CI 0.40-0.64 1 1 1: MI 

Kola A, Holst M, Chaberny IF, Ziesing S, Suerbaum S, Gastmeier P. 
Surveillance of extended-spectrum beta-lactamase-producing bacteria and 
routine use of contact isolation: experience from a three-year period. J Hosp 
Infec 2007;66(1):46-51. III-3 Moderate n/a n/a 1 1: MI 

Laurent C, Rodriguez-Villalobos H, Rost F, Strale H, Vincent J, Deplano A, 
Struelens MJ, Byl B. Intensive Care Unit outbreak of extended-spectrum 
beta-Lactamase-producing Klebsiella Pneumoniae controlled by cohorting 
patients and reinforcing infection control measures. Infec Control  Hosp 
Epidemiol 2008;29(6):517-524. III-3 Moderate P=0.01 1 1 1: MI 

Stephens C, Francis SJ, Abell V, DiPersio JR, Wells P. Emergence of 
resistant Acinetobacter baumannii in critically ill patients within an acute 
care teaching hospital and a long-term acute care hospital. AJIC 
2007;35(4):212-5. III-3 Poor n/a n/a 1 1: MI 

Wybo I, Blommaert L, De Beer T, Soetens O, De Regt J, Lacor P, Pie´rard 
D, Lauwers S. Outbreak of multidrug-resistant Acinetobacter baumannii in a 
Belgian university hospital after transfer of patients from Greece. J  Hosp 
Infec 2007;67(4):374-80 III-3 Poor n/a n/a 1 1: MI 

Quality of evidence (risk of bias): The methodological quality of each included study is critically appraised. Each study is assessed according to the likelihood that 

bias, confounding and/or chance may have influenced its results using the JBI Critical Appraisal tools (Moderate ≥ 4, Poor≤ 3). 
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Size of the effect: Size of the effect refers to the distance of the point estimate from its null value for each outcome (or result) and the values included in the 

corresponding 95% confidence interval. 

Appropriateness of the outcomes: Are the outcomes measured in the study relevant to patients? This question focuses on the patient-centredness of the study. 

(1: Appropriate, 2: Unclear, 3: Inappropriate) 

Relevance of study question: How closely do the elements of the research question match those of the clinical question being considered? This is important in 

determining the extent to which the study results are relevant (generalisable) for the population who will be the recipients of the clinical guideline. (1: Relevant, 2: 

Unclear, 3: Irrelevant).  
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Systematic Review Report 

The effectiveness of isolation measures of patients infected with 
Vancomycin Resistant Enterococcus (VRE) or Multi-resistant gram 
negative bacteria (MRGN) in reducing the length of hospital stay 
and in reducing the spread of infection to other patients 

Dr Rie Konno, RN BNurs MNurs PhD 

Dr Yifan Xue, MBBS MPH 

Abstract 
This systematic review summarise the best available evidence on the impact of patient 

isolation on reducing the spread of VRE or MRGN. Twenty studies met the inclusion criteria 
including one randomised controlled trial, 4 cohort studies and 15 interrupted time series 

studies. Some evidence was found to support the placement of patients colonised or 

infected with VRE or MRGN in single rooms and in cohort rooms in acute care settings. 

There is also evidence to suggest that the routine use of gloves is equally as effective as 

isolating patients with contact precautions in aged care settings. However, due to the 

paucity of prospectively designed experimental studies, application to practice requires 

consideration and further research is necessary.  

Background - Isolation of infected patients is a commonly used strategy in minimising 
nosocomial infection. Along with the guidelines published in the US and the UK, the 

previous CDNA/NPHP/AHMAC guideline in 2004 recommends the use of a single room or 

cohort isolation for MRSA infected patients in preventing MRSA spreading to other patients. 

In contrast, no explicit recommendations have been produced regarding the use of isolation 

measures for patients infected with VRE or MRGN due to the limited evidence. The clinical 

effectiveness of isolation measures on such patient groups is to be confirmed. 

Objectives - The aim of this systematic review was to determine the effectiveness of 

isolating patients infected with VRE or MRGN in reducing the spread of infection to other 

patients and in reducing the patient’s length of stay in hospital. 

Search strategy - A three-step search strategy was utilised during this review.  Major 
databases searched included: MEDLINE, CINAHL, psycINFO, Health source, Web of 

science, EMBASE, the Cochrane library and Database of abstracts of reviews of effects 
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(DARE) as well as PubMed.  The search included published and unpublished studies and 

papers in English from 1990-2008. 

Selection criteria - This review considered research papers utilising randomised controlled 

trials, pseudo-randomised controlled trials, cohort studies, time series studies that examined 
the effectiveness of isolation of patient colonised or infected with VRE or MRGN in the 

transmission to other patients.  

Assessment of methodological quality - critical appraisal - Each included study was 

assessed by two independent reviewers using the appropriate appraisal checklist developed 

by the Joanna Briggs Institute (Appendix 1).   

Data collection and analysis - Data were extracted from the papers included in this review 

using the standardised data extraction tools from the Joanna Briggs Institute Meta Analysis 

of Statistics: Assessment and Review Instrument (JBI-MAStARI) package (Appendix 2). All 

studies included in this review were not suitable for meta-analysis due to heterogeneity and 
the results are presented in narrative form.  

Results - A total of 20 studies were included in the review (Appendix 3): 1 randomised 

control trial (RCT), 4 cohort studies and 15 interrupted time series studies.  The hierarchy of 

evidence considered most relevant for answering the review question for specific types of 

organisms was defined. The level of evidence generated was assigned to the NHMRC level 
of evidence. Despite the limited number of high level studies, some evidence was found to 

support the use of patient isolation as a component of a multifaceted infection control 

program in preventing the spread of VRE in acute care settings and MRGN in both acute 

and aged care settings. There is also evidence to show that use of routine gloves is equally 

as effective as isolating patients with contact precautions in aged care settings. The use of a 

selective isolation policy for patients with epidemic VRE was also found to be effective in 

controlling nosocomial infection in acute care settings.  

The evidence indicates that the effectiveness of patient isolation in controlling E. 
pneumoniae in ICU is less clear than in other acute care settings and long term care 

settings.  

Conclusion - Due to the paucity of high level studies, no unequivocal conclusions can be 
drawn concerning the isolation of patients infected or colonised with VRE or MRGN in 

reducing nosocomial infection. However, some evidence was found that placing carriers in 

single rooms or cohort rooms or cohort areas as a component of a multifaceted infection 

control policy can reduce acquisition rate and nosocomial infection with VRE in acute care 

settings and MRGN in both acute care and aged care settings. In aged care settings, the 
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routine use of gloves for all anticipated residents and environmental contact is preferred 

over the isolation of residents in single or cohort rooms to prevent nosocomial infection with 

VRE. The use of a selective isolation policy for patients with epidemic VRE can be 

introduced in controlling nosocomial infection in acute care settings. No evidence was found 

concerning the impact of patient isolation on the length of hospital stay. ICU was found to be 

a more challenging area in controlling A. baumannii than other units in acute care hospitals.   

Key words - Key words: Infection control, isolation, Vancomycin resistant enterococcus, 
VRE, multi-resistant gram negative bacteria, MRGN 

Background 
Resistant and multi-resistant bacterial infections are a cause of increasing concern in the 

health care service.1 While incidence of nosocomial Methicillin-resistant Staphylococcus 
aureus (MRSA) continues to be a significant problem for health care professionals and 

patients,2 multi-resistant gram-negative bacteria (MRGN) and Vancomycin Resistant 

enterococcus (VRE) are also emerging, which require appropriate control strategies in 

health care. 

Outbreaks of MRGN and VRE infections have been reported in intensive care, neonatal and 
other units where broad spectrum antibiotics are routinely used and where patients may 

have compromised immunity.3 4 Infection by these multi-resistant bacteria is often 

associated with increased morbidity and mortality, prolonged hospitalisation and increased 

health care costs,1 due to the limitation of effective antibiotics and other therapeutic options. 
5 

Isolation of infected patients is a commonly used strategy in minimising nosocomial 
infection. Along with the guidelines published in the US5 and the UK,6 the previous 

CDNA/NPHP/AHMAC guideline7 in 2004 recommends the use of single room or cohort 

isolation for MRSA infected patients in preventing MRSA spreading to other patients. In 

contrast, no explicit recommendations have been produced regarding the use of isolation 

measures for patients infected with VRE or MRGN due to the limited evidence. The clinical 

effectiveness of isolation measures on such patient groups is yet to be confirmed. 

Review Methods 

Objectives 

Specifically, the aim of this systematic review was to determine the effectiveness of isolating 
patients infected with VRE or MRGN on reducing the spread of infection to other patients 

and in reducing the patient’s length of stay in hospital. 
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Review questions 
• What is the effectiveness of isolating patients infected with VRE or MRGN in reducing 

the spread of infection to other patients? 

• What is the effectiveness of isolating patients infected with VRE or MRGN in reducing 
the length of stay in hospital? 

• Is the effectiveness of isolation for VRE/MRGN differentiated from high risk areas to low 

risk? 

Selection criteria 

Types of studies 

This review considered research papers utilising the following study types: 

• Randomised controlled trials; 

• Pseudo-randomised controlled trials; 

• Cohort studies; 

• Time series studies 

Types of Participants 

This review considered studies that involved patients who were colonised or infected with 

VRE or MRGN in health care settings including hospitals and community health care 

settings. Specifically, this review aimed to find studies that compare isolated and non-

isolated infected patients. 

Types of Intervention(s) 

The intervention of interest was the isolation of infected or colonised patients. 

Types of isolation included: 

• Isolation wards designated for the treatment of known or suspected carriers of MRGN or 

VRE 

• Nurse cohort (the physical segregation of the patients in one part of a ward with 
designated nursing staff) 

• Cohort of the patients in a general ward without designated nursing staff 

• Single bedded rooms 

• Any other methods to physically isolate infected patients 
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Type of Outcomes 

This review considered studies that included the following outcome measures: 

• Number of infected patients in hospital or residential aged care facility 
• Length of stay (days) in hospital/aged care facility 
• Nosocomial infection and nosocomial acquisition rates 

Criteria for exclusion of studies for this review 

In addition to excluding studies that were not reported in English this review also excluded 

studies that only reported outcomes related to non-clinical effectiveness of isolation 

measures (e.g. compliance of isolation measures). Epidemic evaluation was firstly planned 

to be excluded. However, due to a paucity of identified non-epidemic reports, inclusion 
criteria were extended to studies conducted under outbreak conditions. 

Search strategy 

The search strategy aimed to find both published and unpublished studies. Studies 

conducted between January 2002 and December 2008 were targeted. A three-step search 

strategy was utilised in each component of this review. An initial limited search of MEDLINE 

and CINAHL was undertaken followed by analysis of the text words contained in the title 

and abstract, and of the index terms used to describe the article. A second search using all 

identified keywords and index terms was then undertaken across all included databases. 
Thirdly, the reference list of all identified reports and articles was searched for additional 

studies. The search was limited to papers published in the English language.  

The databases to searched included:  

• CINAHL (January 2002 - December 2008); 

• Medline (January 2002 - December 2008); 

• Cochrane Library - including Cochrane Central register of controlled trial (CENTRAL) 

(January2002 - December 2008); 

• Embase (January2002 - December 2008); 

• ACP online (January2002 - December 2008); 

• Bandolier – Evidence Based Health Care (January2002 - December 2008); 

• BioMed Central (January2002 - December 2008); 

• Health Technology Assessment database (January2002 - December 2008); 

• Current controlled trials (January2002 - December 2008); 

• CORDIS (Community research and information service) (January2002 - December 
2008); 
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• CRISP  (for scientific concepts, emerging trends and techniques, and to identify specific 
projects and/or investigators) (January2002 - December 2008); 

• DARE (Database of Abstracts of Reviews of Effectiveness) (January2002 - December 

2008); 

• TRIP (Turning Research Into Practice) (January2002 - December 2008); 

• Web of Science (January2002 - December 2008). 

• The search for unpublished studies or grey literature included: 

• Dissertation Abstracts International (January 2002 - December 2008)  

• Grey Literature Report: The New York Academy of Medicine Library (January 2002 - 
December 2008) 

• Google Scholar (January 2002 - December 2008) 

• The Networked Digital Library of Theses and Dissertations (NDLTD) (January 2002 - 
December 2008) 

• Agency of Healthcare Research and Quality (AHRQ) (January 2002 - December 2008) 

• DIVA Academic Archive Online (January 2002 - December 2008) 

• Conference Proceedings (January 2002 - December 2008) 

• Netting the Evidence (January 2002 - December 2008) 

Initial keywords used were: 

• patient isolation 

• isolation 

• VRE 

• Vancomycin Resistant enterococcus 

• MRGN 

• Multi-resistant gram negative bacteria 

• MDRGN 

• Multi-resistant organisms 

• MROs/MDROs 

• extended spectrum beta-lactamases 

• ESBLs 

• Nosocomial infection/ hospital acquired infection 

• Clinical risk assessment 

• Infection control practices  
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• Transmission rate 

• Prevalence/ epidemiological data 

Assessment of methodological quality/critical appraisal 

Two reviewers independently assessed identified studies of relevance to the review based 
on the title and abstract. The assessment was performed and inclusion was based on the 

types of studies, participants, interventions and outcome measures of the studies. If a study 

was considered relevant and eligible for inclusion into the review, its full text was retrieved. If 

the title or abstract of a study was inconclusive, the full text was also retrieved for further 

assessment.  

The methodological quality of eligible studies was assessed independently by two reviewers 
using the Joanna Briggs Institute (JBI) critical appraisal checklists for experimental studies, 

cohort/case control studies and descriptive/case series studies (Appendix 1). 

Data extraction 

Data was extracted using the JBI Data Extraction Tools (Appendix 2) and, where statistical 

meta-analysis was possible, the RevMan 5 (Review Manager version 5)4 developed by the 

Cochrane Collaboration was planned to be used. The data extracted included specific 

details about intervention, population, study method and outcomes of significance to the 
review question and specific objectives. Data regarding the level of evidence, quality of 

evidence, statistical precision, size of effect and relevance of evidence for each paper was 

extracted and recorded under the Reviewers Notes section of the JBI tools. 

Where there was disagreement between the reviewers, a third reviewer was consulted.  A 

meta-analysis for this review could not be undertaken, as there was considerable variation 
in the measured outcomes in the trials identified, therefore data is presented in narrative 

summary. 

Results 
In total, 653 studies were identified from the database search after removing duplicates. 

(Appendix 4)  Hand searching provided an additional 30 studies. Of 683 titles and abstracts, 

39 studies were included in the critical appraisal. Finally, 20 papers were selected for the 

review (Appendix 3) and 19 studies were excluded. (Appendix 5)   
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Figure 1 - Flow diagram of the included and excluded studies  

 

Due to the extremely limited number of high quality studies, studies of lower quality were 

included such as interrupted time series based on epidemic evaluation, if information on the 

utilised patient isolation measures (e.g., single room or cohorting) was provided. Studies 
that reported multifaceted infection control programs were also included if some forms of 

patient segregation were practised to anticipate the reduction of nosocomial infection.  

Thirteen studies reported on VRE,8-19 27 and 7 studies on MRGN.20-26  The study designs 

utilized were: 1 RCT,27 4 cohort studies8 9 20 21 and 15 time series studies. The follow up 

period varied from 3 months19 to 6 years.21 Nine studies8-11 20-23 27 were conducted on non-
outbreak settings while 11 studies reported on outbreak settings.  

The study settings included: 2 oncology settings,8,17 2 ICU (intensive care unit19,24, 1 trauma 

centre,10 1 haematology unit,17 1 aged care setting27 and 2 acute care and long-term aged 

care settings.20,25 The remaining 11 studies all reported on acute hospital settings. The 
geographical settings were: 8 in North America,8,10,11,17,19,21,25,27 7 Europe,14,15,20,22-24,26 3 

Asia9,13,18 and 2 Australia.12,16  
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Methodological quality 

The methodological quality of included studies was poor to moderate (Quality score 3-5 out 

of 9-10). . One included RCT27 and 4 cohort studies8,9,20,21 were rated to be moderate 

(Quality score 4-5 out of 9-10) in quality. The remaining 15 studies were interrupted time 

series with quality score of 3-5 out of 9: 11 outbreak settings and 4 non-outbreak 

settings.10,11,22,23 The objectives of the time series studies in outbreak conditions were 

largely based on reporting: laboratory test, investigation of transmission route and infection 

control program implemented to control outbreaks. In such reports, the data provided were 

often insufficient in terms of statistical outcomes in various time points, detailed information 
on utilised isolation measures (e.g., whether dedicated nursing staff was provided or not for 

cohorted patients), exact timing of introduction of isolation measures and timing of outcome 

measurement. Many included time series studies were descriptive with no attempt to 

examine the significance of interventions over control or comparison groups. This was 

because outbreak reports were inevitably retrospective by nature and well-planned 

prospective time series were often impossible to conduct under outbreak conditions.  

There were few studies specifically addressing the effectiveness of patient isolation in 
controlling the spread of VRE or MRGN. In most studies, patient isolation was implemented 

together with other infection control measures (e.g., hand washing, alcohol disinfection, 

barrier precautions, environmental cleaning, supervised use of antibiotics, surveillance 

cultures or educational sessions). As a result, to what degree the practice of patient isolation 

contributed to the reduction or increase of outcomes related to infection control was difficult 

to determine.  

VRE 

Thirteen studies reported on the impact of patient isolation in reducing transmission of VRE 

to non-infected/colonised patients.  One RCT,27 2 cohort studies8,9 and 10 time series10-19 

were reviewed.  

Types of patient isolation  

Placement of VRE positive patients in a single room or cohort room was practised in 9 

studies.8-11,15,17-19,27 An isolation ward was used in 3 studies12,14,16 and placement of positive 

patients in a cohort area was used in 1 study.13 Stratification of patients by their perceived 

risk of spreading VRE (e.g., high dispersers group, low dispersers group and other patients) 

was employed in 2 studies.12,13 
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Patient criteria 

A general trend among the included studies was that all VRE positive (colonised and 

infected) patients were physically separated from non-carriers. Some studies utilised other 

criteria for isolation. Winston10 applied isolation policy (single room or cohort) only for 
selected high risk cases such as VRE with uncontrolled diarrhoea, incontinence or draining 

wounds. Two studies12,13 utilised patient cohort for VRE positive patients and patients who 

had contact with a positive patient. 

Use of dedicated nursing staff 

Seven studies8,10,15-18,27reported the use of dedicated nursing staff for patients under 
isolation practice. Wright utilised dedicated nursing staff only if necessary.19 Other studies 

did not indicate the use of dedicated nursing staff for isolated patients.  

Effectiveness of isolating patients with VRE in reducing the spread of 
infection to other patients 

Acute care settings 

Two cohort studies and 10 interrupted time series studies provided some evidence to 

support the use of isolation of VRE positive patients in acute care settings, combined with 

other infection control measures. No strong evidence was found to support the withdrawal of 

patient isolation in acute care settings.  

A cohort study of patients admitted to a university hospital with 1,250 beds,9 evaluated the 
impact of 3 infection control programs on the incidence rate of VRE. In Period A (2 months), 

the program included restriction of antibiotic prescription, education sessions, surveillance 

culture, and environmental cleaning. Placement of patients with VRE positive results in a 

single room was implemented in Period B (following 6 months), and regular culture from 

VRE positive patients was included in Period C. The incidence rate of VRE was 1.75 per 

10,000 patients-days prior to the study. The results showed that the incidence rate dropped 

slightly to 1.45 in Period A, and dropped to a greater extent to 0.75 in Period B and 0.88 in 
Period C.  The introduction of isolation of patients with VRE demonstrated significant 

reduction in the transmission of VRE.  

Another cohort study was conducted in a university cancer care centre8 with 417 beds, to 

examine the impact on the infection control program in preventing nosocomial infection. 

Utilised isolation measures were cohorting of patients with dedicated nursing personnel and 
respiratory technicians with the use of contact isolation and other control measures (i.e. 

hand washing, use of disposable or dedicated equipment, thorough cleaning, environmental 
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cleaning, restricted use of Vancomycin, and surveillance cultures).  The results indicated a 

decline in VRE acquisition rate from 0.437 per 1000 patient-days in 1996 to 97 to 0.229 in 

1998-00 (P=0.008).  

Ten interrupted time series studies generally provided some evidence to support the use of 
isolation of VRE positive patients in acute care settings, combined with other infection 

control measures. No strong evidence was found to support the withdrawal of patient 

isolation in acute care setting. 

An interrupted time series study by Mascini15 reported an outbreak and utilised infection 

control strategies in a 1042 bed university hospital in the Netherlands. The data were 
collected over a 3-year period. On the basis of genotyping, infection control measures were 

applied only for patients with epidemic VRE. In period I (the first 4 months), patients with 

epidemic VRE received active surveillance, isolation in single rooms with dedicated nursing 

staff and other contact isolation measures.  Room mates of epidemic VRE patients were 

treated with contact isolation measures in a cohort or single room until 3 negative culture 

results were obtained.  In period II (8 months), preemptive isolation of high-risk patients for 

VRE colonisation was implemented. In period III, all cohorting was stopped except for 

epidemic VRE patients in single rooms with contact precautions.  

It was shown that the relative risk of an epidemic VRE being detected in period II and III, in 
comparison with period I, was 0.67 (95% CI: 0.41-1.10) for period II and 0.02 (95% CI: 0.02-

0.6) for period III. The authors concluded that genotyping target infection control strategies 

including isolation of patients with epidemic VRE and other infection control measures 

controlled the spread of epidemic VRE to other patients.  

Calfee et al11 reported a retrospectively designed-interrupted time-series study at a 600-bed 

cancer care centre to compare the impact of newly implemented infection control policy 

including active surveillance and placement of VRE positive patients in a single or cohort 

room.  Results showed that detection of colonised patients and isolation of patients was 

associated with reduction from a peak VRE incidence rate of 2.07% to a rate of 1.25%. The 
VRE acquisition rate decreased from 2.07 in early 1998 to 0.12 cases per 1000 patient care-

days during the 5-year observational period.  

Another interrupted time series by Winston et al10 introduced a selective isolation policy for 

VRE positive patients. Cohorting all VRE positive patients in single rooms or in a cohort was 
stopped and isolation was only applied to VRE carriers who were unable to comply with 

body substance precautions or who had uncontrolled diarrhoea, incontinence or draining 
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wounds. It was reported that the number of VRE infections remained low despite the 

modification of isolation measures.  

Seven remaining interrupted time series studies12-14,16-19 utilised patient isolation as a part of 

multifaceted infection control programs. (see table 1 Included studies: VRE) Due to 
extensive involvement of diverse co-interventions in this study group and insufficient data 

reported, it was not possible to determine the specific contribution of patient isolation on the 

reduction of spreading VRE.  However, by and large, all 8 studies reported termination of 

outbreak or decreased acquisition rate.  

There is level III-2 evidence that multifaceted infection control policy including isolation of 
patients colonised/infected with VRE can reduce nosocomial infection spreading to other 

patients in acute care settings. 

There is level III-3 evidence that genotyping target infection control strategies including 

isolation of patients with epidemic VRE is effective in controlling nosocomial infection in 
acute care settings.  

Aged care settings 

One study27 reported the impact of isolation precautions in reducing the spread of VRE and 

MRSA. Trick27 conducted a RCT to compare routine use of gloves by healthcare workers 

with contact-isolation precaution for patients with VRE (and MRSA) in reducing the 
acquisition rate in a skilled-care unit. Residents were randomly assigned to either a contact 

isolation group (n=82) or a routine use of gloves group (n=74). In the contact isolation 

group, known VRE or MRSA positive residents were placed on contact-isolation precautions 

including placement in a single room or cohort room with the use of gloves and gowns, while 

the routine use of gloves group did not receive patient isolation. Gloves were used for all 

anticipated resident or environmental contacts in the routine use of gloves group.  

Results indicated no difference in the acquisition rate of VRE and MRSA in the isolation-
precautions group of 38 cases (1.5 cases per 1,000 resident-days) and the routine use of 

gloves group of 31 cases (1.6 per 1,000 resident-days). Incident of VRE acquisition was 4 

cases of 59 residents in the routine use of gloves group while the isolation group showed 6 

cases of 74 residents. (P=0.77) 

The authors concluded that the routine use of gloves for health care workers that decreases 
social isolation and health care cost, appears to be more appropriate for aged care 

populations than placement in a single room or in a cohort room. 
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There is level II evidence to show that the routine use of gloves for all anticipated residents 
and environmental contacts are equally as effective as applying isolation precautions to 

VRE positive residents in aged care settings.  

Length of hospital stay 

No studies were identified that reported an impact of patient isolation policy with VRE 

positive patients on length of hospital stay.  

Comparison between high risk areas and low risk areas 

No studies were identified that compared the effectiveness of patient isolation on high risk 

areas to low risk areas. Considering the heterogeneity of included studies, comparison 
between the findings from included studies was not possible.  
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Table 1 - Included Studies: VRE  
Study Study 

design 
 

Setting Populati
on 

Interventions Comparison Outcome Author’s 
conclusion 

Quality score Level of 
evidence 

Trick WE, 
Weinstein RA, 
DeMarais PL, 
Tomaska W, 
Nathan C, 
McAllister SK, 

Hageman JC, 

Rice TW, 

Westbrook G, 

William RJ. 
Comparison of 
routine glove use 
and contact-
isolation 
precautions to 
prevent 
transmission of 
multidrug-resistant 
bacteria in a long-
term care facility. 
J Amer Geriatr 
Soc 
2003;52(12):2003-
9. 

RCT 

 

 

122 bed 
skilled aged 
care unit of a 
667-bed 
acute and 
long term 
care facility   

 

US  

Not epidemic 

 

n=259 
residents 
in total 

Routine glove use for all 
anticipated resident or 
environmental contact 

Single or 
cohort room 
(with 
residents 
colonised 
with the same 
antimicrobial 
resistant 
bacteria)  

Gowns and 
gloves at the 
room 
entrance 

 

Acquisition of four 
antimicrobial-resistant 
organisms (MRSA, VRE, ESBL 
producing-Klebsiella 
pneumoniae or Escherichia 
coli)  

Routine glove group: 31 cases 
(1.5 per 1,000 resident days) 

Isolation group: 38 cases (1.6 
per 1,000 resident days)  

Relative risk (95%CI) 

VRE: 1.2 (0.4-4.0) (P=0.77) 

ESBL-producing Klebsiella 
pneumoniae  

1.7 (0.7-4.2) (P=0.27), ESBL-
producing Klebsiella 
pneumoniae predominant 
strains: 3.8 (0.8-1.7) (P=0.06) 

ESBL-producing Escherichia 
coli: 0.7 (0.3-1.7) (P=0.41) 

 

A similar 
frequency of 
transmission of 
multi-drug 
resistant bacteria 
were found in 
two groups.  

Routine glove 
use may be 
preferable in 
many long-term 
care facilities as 
it can minimise 
social isolation.  

 

1. Allocation 
sequence-
unmet 

2. Concealment-
unmet 

3. Blinding-
unmet. 

4. Follow up-18 
months 

5. ITT analysis-
unmet. 

Quality score 

5/10 

 

II 

Shaikh ZHA, 
Osting CA, Hanna 
HA, Arbuckle RB, 
Tarrand JJ, Raad 
II. Effectiveness of 
a multifaceted 
infection control 
policy in reducing 
vancomycin 
usage and 
vancomycin-

Cohort 
study with 
2 year 
follow up 

 

Non-
epidemic 
report 

 

417 bed 
tertiary care 
cancer centre 

 

USA 

 

Not 
provided 

Cohorting of patients with VRE 
with nursing 
personnel/respiratory technicians 

Contact isolation of patients with 
VRE 

 

Hand washing 

Disposable, dedicated equipment 

Before and 
after the 
program 
implementati
on 

The total incidence of VRE 
acquisition declined from 0.437 
per 1000 patient days in 1996-
97 to 0.229 per 1000 patient 
days in 1998-00 (p=0.008).  

The VRE bloodstream 
infections declined from 0.338 
per 1000 patient days in 1996-
97 to 0.181 per 1000 patient 
days in 1998-99 (P=0.027) 

A multifaceted 
infection control 
policy with the 
use of a 
Vancomycin 
order form 
decrease the use 
of empirical 
Vancomycin and 
can play a role in 
stopping the 

1. Bias 
minimisation-not 
met 

2. Description of 
drop out rate-
not met 

3. No control 
group 

4. Confounders-

III-2 
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resistant 
enterococci at a 
tertiary care 
cancer centre. J 
Hosp Infe 
2002;51(1):52-58. 

 

Thorough cleaning 

Discontinue isolation after three 
consecutive negative results 

Environmental cleaning after 
discharge 

Restricted use of Vancomycin 
(use of order form) 

Surveillance cultures 

Empiric Vancomycin use 
decreased from 416g per 1000 
patient days in 1996-97 to 
208g per 1000 patient days in 
1998-99 (P=0.001) 

spread of VRE in 
an endemic 
setting.  

unmet 

Quality score 

4/9 

Yoonchang SW, 
Peck KR, Kim OS, 
Lee JH, Lee NY, 
Oh WS, Song JH. 
Efficacy of 
infection control 
strategies to 
reduce 
transmission of 
vancomycin-
resistant 
enterococci in a 
tertiary care 
hospital in Korea: 
a 4-year follow-up 
study. Infect 
Control Hospit 
Epidemiol 
2007;28(4):493-
495. 

 

 

Cohort 
study 

 

3 years 
and 9 
month 
follow up 

 

Non-
epidemic 
report 

University 
hospital 1,250 
beds 

 

Korea 

 

 

 

Not 
provided 

Period A, the contact precaution 
period (from March 2000 to May 
2000) 

Prompt reporting to physicians 
within 8 hours after isolation of 
VRE 

Restriction of antibiotic 
prescription by infectious disease 
physicians 

Education of healthcare workers 
concerning hand hygiene and 
contact precautions 

Surveillance culture from 
colonised or infected patients 
and patients in the same room. 

Environmental cleaning 

Period B (from June 2000 
through December 2000)  

Strict isolation in private rooms 
for patients with VRE positive 
result. 

Period C (from January 2001 to 
December 2003) 

Rectal culture from VRE positive 
patients. 

3 periods with 
each different 
intervention 
program 

Incidence rate for VRE 

Before study: 1.75 cases per 
10,000 patient-days 

Period A: 1.45 

Period B: 0.75 

Period C: 0.88 

 

  

Contact 
precautions 
alone were not 
effective in 
reducing 
transmission of 
VRE. 

Strict isolation of 
affected patients 
in single rooms 
alone with other 
infection control 
measures 
demonstrated 
significant 
reduction in the 
transmission of 
VRE. 

1. Bias 
minimisation-
not met 

2. Desc
ription of drop 
out-not met. 

3. No 
control group 

Quality score 
5/9 

III-2 
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Winston LG, 
Bangsberg DR, 
Chambers HF 3rd, 
Felt SC, Rosen JI, 
Charlebois 
ED,Wong M, 
Steele L, 
Gerberding JL, 
Perdreau-
Remington F. 
Epidemiology of 
vancomycin-
resistant 
Enterococcus 
faecium under a 
selective isolation 
policy at an urban 
county hospital. 
AJIC 
2002;30(7):400-6. 

Time 
series  

 

September 
1995 to 
December 
1999 

 

Non-
epidemic 
report 

300-bed 
trauma centre 
affiliated with 
a university 
hospital 

USA 

 

 

Inpatient 
admissio
1995-
1999 
n=181 

1995-1997 

The Centres for Disease Control 
and Prevention’s guideline was 
followed but VRE became 
endemic. All patients with VRE 
positive results were placed in 
single rooms or cohorted.  

Current infection control 
measures (January 1997-) 

If VRE positive patient could not 
comply with body substance 
precautions or had uncontrolled 
diarrhoea, incontinence or 
draining wounds, single room 
was used. 

Gown and gloves 

Computer notification 

Annual data 

(Before and 
after the 
program 
implementati
on) 

Prevalence of VRE infection 

During  May 1997 to December 
1999: 

12/127 (9.4%) patients with 
complete data had VRE 
infection.   

 

 

The number of 
VRE infections 
was low despite 
the use of 
selective 
isolation 
measures.  

 

1. Bias 
minimisation-
unmet 

2. Desc
ription of drop 
out date-unmet 

3. No 
control group 

4. No 
control of 
confounding 
factors 

Quality score 
5/9 

III-3 

Calfee DP, 
Giannetta ET, 
Durbin LJ, 
Germanson TP, 
Farr BM. Control 
of endemic 
vancomycin-
resistant 
Enterococcus 
among inpatients 
at a university 
hospital. Clin Infec 
Dis 
2003;37(3):326-
32. 

Time 
series 

November 
1994 to 
October 
1999 

 

 

 

600-bed 
university 
hospital 

USA 

 

Non-epidemic 
report 

128,266 
admissio
ns 

Single or cohort room 

Active surveillance culture 

Contact precautions until the 
results of 2 serial cultures were 
clear 

Hand washing 

Masks and gloves 

Gowns or aprons 

Before and 
after the 
program 
implementati
on 

VRE acquisition rate 
decreased from 2.07 cases per 
1000 patient care-days in early 
1998 to 0.12 cases during the 
5 year observational period.  

 

Identification of colonised 
patients was associated with 
reduction from a peak 
incidence rate of 2.07% to a 
rate of 1.25% and stabilisation 
at low level.  

 

The 
methodological 
quality is not very 
high but the main 
interventions 
included the use 
of active 
surveillance and 
isolation of 
patients. 

 

1. Bias 
minimisation-
unmet,  

2. no control 
group 

3. control of 
confounding 
variables-
unmet.  

Quality score 
4/9 

III-3 

Christiansen KJ, 
Tibbett PA, 
Beresford W, 
Pearman JW, Lee 
RC, Coombs GW, 
et al. Eradication 
of a large 
outbreak of a 

Time 
series 

 

July 2001-
Dec 2001 

 

University 
hospital with 
694 beds 

Perth, 
Australia 

 

19,658 
patients 
and 
24,396 
environm
ental 
swabs 

Cohorting of all positive and 
contact patients.   

Positive patients were placed in 
dedicated isolation wards  

Patients who had been in the 
same ward as positive patients 
were placed in designated 

Before and 
after the 
program 
implementati
on 

68 positive patients were 
identified prior to the 
establishment of the VRE 
executive group and 26 cases 
in the following week. 

After the introduction of 
hospital wide screening, 39 

Eradication of 
VRE was 
achievable by a 
well-resourced, 
coordinated, 
multifaceted 
program with 
good clinical 

1. Bias 
minimisation-
unmet, 

2. descr
iption of drop 
out-unmet 

3. no-

III-3 
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single strain of 
vanB vancomycin-
resistant 
Enterococcus 
faecium at a major 
Australian 
teaching hospital. 
Infec Contro Hosp 
Epidemiol 
2004;25(5):384-
390. 

 

Epidemic 
report 

 “contact wards”.  Standard 
precautions, dedicated nursing 
staff 

No transfer of positive patients 
within the hospital.  

Discharge of VRE positive 
geriatric patients to aged care 
facilities was suspended and a 
separate isolation facility was 
used and managed.  

Electronic tracking of contact 
patients 

 

Formation of a VRE Executive 
Group 

Rapid laboratory identification of 
VRE 

All patients screening  

Environmental screening 

Establishment of a dedicated 
cleaning team 

Restriction of antimicrobials 

new cases were identified.  

After isolating VRE positive 
patients to isolation wards, the 
outbreak was controlled.  

ICU, dialysis and nephrology 
units and hostel used by 
patients receiving dialysis 
played a central role in the 
spread of the VanB VRE (no 
actual data provided). 

governance.  control group, 
control of 
confounding 
factors-unmet.  

4. Appropriate 
statistical 
analysis-unmet  

Quality score 
3/9 

Kurup A, Chlebicki 
MP, Ling ML, Koh 
TH, Tan KY, Lee 
LC, Howe KBM. 
Control of a 
hospital-wide 
vancomycin-
resistant 
Enterococci 
outbreak. AJIC 
2008;36(3):206-
211. 

Time 
series 

 

Epidemic 
report 

 

March 
2005 to 
July 2005 

 

 

1600 bed 
hospital 

Singapore 

 

 

 

Hospitali
sed 
patients 

Isolation of carriers (Clean, 
contact and unknown groups) 

Physical segregation of contacts  

Formation of a VRE task force 

 

Hospital-wide screening 

Surveillance of high-risk groups 

Increased cleaning 

Electronic tagging of VRE status 

Education and audits 

Before and 
after the 
program 
implementati
on 

Before the task force (April 
2005), 43 carriers were 
identified. 

104 carriers were detected by 
the end of June 2005. 

VRE positive patients were 
likely to be found among the 
elderly diabetic, and female 
patients with recent prolonged 
hospitalisation. 

No association was found 
between VRE and any specific 
ward. 

A multipronged strategy helped 

A multipronged 
strategy curbed 
but could not 
eradicate VRE.  
Control 
measures were 
confounded by 
hospital 
infrastructure and 
high MRSA 
endemicity. 

1. No 
blinding 

2. no 
control of 
confounding 
factors, 

3. no 
control group.  

Quality score: 
3/9 

III-3 
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curb the outbreak but could not 
eradicate it. 

The strategy also resulted in 
the loss of revenue, interrupted 
bed management systems, 
and inconvenience to patients.  

Lucet J, Armand-
Lefevre L, 
Laurichesse J, 
Macrez A, Papy 
E, Ruimy R, 
Deblangy C, 
Lozach A, Lolom 
I, Jarier V, 
Andremont A, 
Leport C. Rapid 
control of an 
outbreak of 
vancomycin-
resistant 
enterococci in a 
French university 
hospital. J Hosp 
Infec 
2007;67(1):42-48. 

 

Time 
series 

 

From 
September 
2005 for 
14 weeks. 

 

Epidemic 
report 

950 bed 
university 
hospital  

France 

 

Hospitali
sed 
patients 

Cohorting of VRE carriers in a 
dedicated ward 

 

Creation of a VRE control 
committee 

Extensive screening of contact 
patients 

Use of a sensitive technique for 
detecting VRE in rectal samples 

Intervention of a dedicated team 
to reduce consumption of 
selected antibiotics 

Information for, and education of, 
all hospital staff 

Electronic tracking of in-hospital 
transfer and readmission of VRE 
carriers and contact patients 

Before and 
after the 
program 
implementati
on  (weekly) 

Prevalence of VRE 

 

In the first 4 weeks: 

37/446 

1st week: 7/19 

2nd week: 7/35 

3rd week: 18/96 

4th week: 5/305 

After 4 week: 

1 VRE positive contact was 
found at readmission. 

No other VRE carriers were 
identified. 

The outbreak of 
VRE was 
stopped within 4 
weeks after the 
implementation 
of aggressive 
and multimodal 
program. This 
aggressive, co-
ordinated, 
multifaceted 
strategy was 
successful in 
halting a 
widespread VRE 
outbreak in the 
hospital. 

1. Bias 
minimisation-
unmet 

2. descr
iption of drop 
out-unmet,  

3. no 
control of 
confounding 
factors, 

4. no 
control group  

5. Appr
opriate 
statistical 
analysis-unmet 

Quality score  

Quality score 
3/9 

III-3 

Mascini EM, 
Troelstra A, 
Beitsma M, Blok 
HE, Jalink KP, 
Hopmans TE, 
Fluit AC, Hene 
RJ, 

Willems RJL,  

Verhoef J,  

Bonten MJM. 
Genotyping and 
pre-emptive 
isolation to control 

Time 
series 

 

June 2000 
to January 
2003 

 

Epidemic 
report 

 

 

1042-bed 
university 
hospital 

The 
Netherlands 

 

Hospitali
sed 
patients 

On the basis of genotyping, 
infection control measures were 
applied toward epidemic VRE 
only.  

 

Period I (June 2000-Oct2000) 

4 Cohorts: epiVRE patients, 
room mates of epiVRE patients, 
ward mates of epiVRE patients 
and newly admitted patients 

Nursing staff were cohorted as 
much as possible into 4 cohorts; 

Before and 
after the 
program 
implementati
on 

The relative risk of detecting 
epiVRE in periods II and III, 
compared with period I, were 
0.67 (95% CI: 0.41-1.10) for 
period II and 0.02 (95%CI: 
0.002-0.6) for period III.  

Period I 

50/683 patients screened had 
VRE colonisation: 24 with non-
epidemic isolates and 35 with 
epidemic isolates.  

Of these 35 patients, 25 (71%) 
were in the NG ward, 4 (11%) 

Genotyping-
targeted infection 
control, isolation 
of VRE carriers, 
enhancement of 
hand-hygiene 
compliance, and 
pre-emptive 
isolation 
successfully 
controlled the 
spread of 
epidemic VRE.  

1. Bias 
minimisation-
unmet 

2. no 
control group 

3. insuff
icient control 
of 
confounding 
factors. 

Quality score 
4/9 

III-3 
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an outbreak of 
vancomycin-
resistant 
Enterococcus 
faecium. Clil Infec 
Dis 
2006;42(6):739-
46. 

 

for visiting staff, contact isolation 
of all patients 

Contact isolation in a single room 
for carriers. 

For room mates of epiVRE 
patients, contact isolation in a 
cohort or single room until 3 
negative culture results 

Disinfection of rooms after 
discharge 

3 times weekly swabs from non-
colonised and possible epiVRE 
patients 

 

Period II (November 2000-June 
2001) 

Use of 3 cohorts: epiVRE 
patients, possible epiVRE 
patients and newly admitted 
patients. 

 

Period III (July2001-January 
2003) 

No cohorts 

Contact isolation in single room 
for epiVRE patients 

were in the MICU, 3 (9%) were 
in the neurosurgery ward, and 
3 (9%) were in the other wards.  

Period II 

52 of 810 patients screened 
had VRE colonisation: 28with 
epi-isolates and 24 with non-
epi isolates. 

15 colonised patients were 
found in the cohort of newly 
admitted patients. 

13 acquisitions were in the 
possible epi VRE cohort with 
no evidence of cross-
transmission.  

Period III 

29 of 977 patients had VRE 
colonisation: 28 with non-
epidemic strains and 1 with 
epi-isolate.  

The patient with cluster I 
isolate was in the cohort of 
possibly epiVRE 

The RR for new acquisition of 
VRE in period III compared 
with period I was: 

0.02 (95% CI 0.003-0.15) for 
epi VRE 

0.82 (95% CI 0.48-1.39) for 
non-epidemic VRE 

Outbreak was successfully 
controlled. 

 

Pearman JW. 
2004 Lowbury 
Lecture: the 
Western 

Time 
series  

 

Acute care 
hospitals 

Australia 

Hospitalis
ed and 
discharge
d patients 

Index case in July 2001 

All patients in the ICU were 
screened. 

Before and 
after the 
program 
implementati

The first outbreak was 
terminated in December 2001.  

During January 2002 to June 

This program has 
prevented the 
further spread of 
VRE.  

1. Bias 
minimisation-
unmet 

III-3 
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Australian 
experience with 
vancomycin-
resistant 
enterococci -- 
from disaster to 
ongoing control. J 
Hosp Infec 
2006;63(1):14-26. 

July 2001 
to April 
2002  

 

Epidemic 
report 

 

Environmental cleaning 

First two months of outbreak 

Contact isolation of carriers (long 
sleeved impermeable gowns and 
gloves) 

Screening of contact patients 

Hand disinfection 

Intensified cleaning 

Enhanced program: Cohorting of 
all positive and contact patients  

Isolation wards for VRE carriers 
with dedicated nursing staff with 
gown and gloves 

Contact ward for ward contacts 
of positive patients or previous 
admissions to the hospital during 
the outbreak. Dedicated nursing 
staff with standard precautions. 

Clear ward 

Other interventions 

Hospital wide patient screening 

Dedicated VRE ward-cleaning 
service 

Environmental cultures 

Electronic flagging system 

Screening of ward contacts after 
discharge 

Geriatric VRE carriers and ward 
contacts discharged to residential 
care facilities were isolated in a 
rehabilitation hospital unit until 
four negative cultures. 

And other measures. 

on 2004, the same epi strain 
caused small outbreaks in two 
hospitals.  

 

Two month after the index 
case was identified, 4 patients 
were found to be infected and 
64 were colonised.  

 

After the implementation of 
control measures, in total, 
1977 ward contacts were 
screened after discharge and 
54 were carrying VRE.  

2. No 
control group 

3. Appr
opriate 
statistical 
analysis-
unmet 

Quality score 
3/9 

Sample ML, Time 32 bed adult Hospitalis Index case was admitted to the Before and VRE incident rate was 3.6 Despite 1. Mini III-3 
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Gravel D, Oxley 
C, Toye B, Garber 
G, Ramotar K. An 
outbreak of 
vancomycin-
resistant 
enterococci in a 
hematology-
oncology unit: 
control by patient 
cohorting and 
terminal cleaning 
of the 
environment. Infec 
Control Hosp 
Epidemiol 
2002;23(8):468-
70. 

 

series 

 

April 1998 
to 
February 
1999 

 

Epidemic 
report 

haematology-
oncology unit 
(5beds bone 
marrow 
transplant 
unit and a 
12-bed 
medical day 
care unit 

Canada 

ed 
patients 

unit in January 1998. 

VRE screening on admission of 
patients with high risk 

Contact precautions for known 
VRE-positive patients. 

Electronic alert system 

April 1998 (enhanced infection 
control program started) 

Weekly point-prevalence cultures 

VRE screening on admission to 
and discharge from the unit 

August 1998 (identification of 6th 
patient) 

Terminal environmental cleaning 

Environmental cultures 

September 1998 (identification of 
9th patient) 

Two patient cohorts on the unit 
(VRE positive and VRE negative) 
that were spatially separated.  

Assignment of staff cohorts 

Electronic alert system for 
discharged patients 

Consultation on antimicrobial use 

Information brochures for health 
workers, patients and families 

Closure of the ward to new 
admissions 

after the 
program 
implementati
on 

cases per 1,000 patient-days in 
the 2 months preceding the 
introduction of enhanced 
infection control measures. 

VRE incident rate was 0.8 case 
per 1,000 patient-days in the 
subsequent 2months 
(P<0.001) 

All of the isolates from the 
outbreak were related by 
pulsed-field gel electrophoresis 
(PFGE). 

After October 1998, no new 
VRE cases have been 
identified  

introduction of 
contact 
precautions for 
all VRE positive 
patients, 
additional 
measures such 
as cohorting 
patients and 
staff, temporary 
closure of the 
unit was 
necessary.  

 

misation of 
bias-unmet 

2. no 
control group, 

3. insuff
icient control 
of confounding 
factors. 

Quality score 
4/9 

Wang J, Chen Y, 
Chang S, Chen M, 
Pan H, Chang Y, 
Sun CC, Wang 
LH, Wang SH,  

Lin HC, Chien SF,  

Time 
series 

January 
1997 to 
June 2001 

 

University 
hospital with 
2000 beds 

Taiwan 

 Strict cohort and contact isolation 
for VRE positive patients 

Gloves, gowns and masks 

Washing hands before leaving 
the cohort room 

Before and 
after the 
program 
implementati
on 

The nosocomial VRE infection 
rate was about 0.03 to 0.09 per 
1000 discharges during the 
intervention period. 

After July 2000, the program 
became less strict. Then the 

Interventions for 
the control of 
VRE< based on 
the guidelines 
from the Hospital 
Infection Control 
Practice Advisory 

1. Mini
misation of 
bias-unmet 

2. no 
control of 
confounding 

III-3 
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Tseng MS. 
Control of 
vancomycin-
resistant 
enterococci in a 
hospital: a five-
year experience in 
a Taiwanese 
teaching hospital. 
J Hosp Infec 
2004;58(2):97-
103. 

Epidemic 
report 

Use of dedicated non-critical 
devices.  

 

Surveillance cultures of stool or 
rectal swabs 

Screening of patients in 
neighbouring rooms 

Environmental cleaning after 
discharge 

rate increased to 0.20 per 
1,000 discharges in 2001.  

 

Committee, are 
effective for 
control of VRE 
spread.  

factors, 

3. no 
control group.  

Quality score 
4/9 

Wright M, Hebden 
JN, Harris AD, 
Shanholtz CB, 
Standiford HC, 
Furuno JP, 
Perencevich EN. 
Aggressive control 
measures for 
resistant 
Acinetobacter 
baumannii and the 
impact on 
acquisition of 
methicillin-
resistant 
Staphylococcus 
aureus and 
vancomycin-
resistant 
Enterococcus in a 
medical intensive 
care unit. Infec 
Control Hosp 
Epidemiol 
2004;25(2):167-
168. 

 

Time 
series 

 

6 months 
from July 
2002  

 

 

Epidemic 
report 

Medical ICU 
unit 

University 
hospital with 
656 beds 

 

USA 

 

Hospitalis
ed 
patients 

Infection control measures (July 
2002) 

Surveillance cultures from all 
patients in the medical ICU when 
a new case was detected.  

Cohorting VRE positive patients 

Gowns and gloves required for 
room entry 

1:1 nurse to patient ratio if 
necessary 

New admission was limited to 
secure adequate staffing 

After a new case was detected 
(until October 2002) 

Contact isolation for all patients 
in the medical ICU 

Environmental cleaning 

Environmental surveillance 
cultures 

Education sessions 

Artificial finger nails were strongly 
discouraged. 

Before and 
after the 
program 
implementati
on 

During the 6 months preceding 
the outbreak, the acquisition 
rate of VRE was 20.9% (18 of 
86). 

It declined in the 6 month 
period during and following the 
outbreak to 8.9% (7 of 79) 
(P=0.05) when controlling for 
length of stay.  

Aggressive control measures 
including cohorting, enhanced 
contact isolation with thorough 
environmental decontamination 
and education can be used to 
reduce nosocomial infection 
rate.  

Aggressive 
control measures 
can reduce VRE, 
and perhaps 
MRSA 
transmission.  

1. Bias 
minimisation-
unmet 

2. No 
control group 

3. No 
control of 
confounding 
factors 

 

Quality score 
4/9 

III-3 
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MRGN 

Seven studies20-26 reported the impact of patient isolation on the spread of MRGN to non-

colonised/infected patients.  Two cohort studies,20,21 and 5 interrupted time series22-26 were 

included in the review. (Table 2 Includes studies: MRGN)  

Three studies22,25,26 were concerned with multi-drug resistant Acinetobacter baumannii (A. 
baumannii); 2 studies included more than 2 types of extended-spectrum B-lactamase 

(ESBL).21,23 Laurent24 reported on K. pneumoniae. Carbonne20 reported on the MRSA 

positive cases and the ESBL positive cases but only the data from the ESBL cases were 

extracted for this review. Four studies were conducted during non-epidemic periods 20-23 and 

another 3 studies were conducted including outbreak periods. 

No study specifically examined the impact of patient isolation on the spread of MRGN to 
other patients. All studies included patient isolation as a part of a multifaceted infection 

control program. Other included interventions in this study group were: surveillance cultures, 

education sessions, STOP signs at the door, contact precautions, gloves and gown, 

dedicated patient care equipment, environmental cleaning, alert codes, computer assisted 

tabbing system, screening of room mates, hand hygiene and compliance check, post-

discharge cleaning and disinfection, infection control team, restricted antimicrobial use, 
timely notification of readmission and transfer of positive patients (see table 2 included 

studies: MRGN).  

Types of patient isolation measures  

MRGN carriers were placed in single rooms or cohort rooms in 6 studies.20-23,25,26 The nurse 

cohort that placed MRGN carriers in one part of a unit was utilised in a ICU setting24. 

Patient criteria 

A general trend among the included studies was isolating all patients who were MRGN 

positive. In contrast to the issue of VRE discussed in the previous section, no studies except 

Kola23 reported screening of contact patients or room-mates.  

Use of dedicated nursing staff 

Use of dedicated nursing staff for isolated patients was reported in only one study.22 
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Effectiveness of isolating patients with MRGN in reducing the spread of 
infection to other patients 

Acute hospital settings 

A cohort study of 1200-bed university hospital patients examined the impact of a new 
infection control policy including placing all patients who were ESBL positive in a single 

room and contact precautions. 21 Compliance with contact precautions was reported to be 

88%. During the 6 years of the study period, 122 ESBL positive patients were detected and 

92 cases (75.4%) were nosocomial infections.  Two ESBL outbreaks were identified in the 

pre-intervention period in ICU. Overall nosocomial infection rate (ESBL) per 1000 patient-

days was 0.03 in 1999 and 0.05 in 2005 while it was 0.08 in 1999 and 0.12 in 2005 in ICU. 

Regional ESBL incidence cases increased from 1.32 per 100,000 populations in 1999 to 

9.28 in 2005 (P=0.001). The program controlled the outbreak but failed to decrease the 

nosocomial infection rate. The authors stated that possible factors responsible for this could 
be the non-restricted use of antibiotic drugs and low adherence rate of hand hygiene for 

patients not receiving contact precautions (47%). (Level III-2) 

The following five time series studies found some evidence to support the use of patient 

isolation as a component of multifaceted infection control program in acute care settings and 
long term care settings.  

Kola23 reported that the nosocomial infection rate with ESBL decreased from 29.6% of total 

cases to 18.0% in 2004 after the introduction of multifaceted infection control measures 

including a private or cohorted room for colonised or infected patients, use of gloves and 

gowns, screening of room-mates and computer assisted tagging system of carriers. (Level 
III-3) 

Gbanguide-Haore22 reported that implementation of isolation precautions (single room or 

cohort room for colonised or infected patients, hand hygiene, use of gloves and gown, 

mask, eye protection or face shield if necessary and other measures) was negatively 
associated with the incidence of patients colonised or infected with A. baumannii. (RR 0.5: 

95% CI 0.40 to 0.64) (P<0.001) (Level III-3) 

ICU 

In Laurent’s time series study24, original control measures were: isolation precautions, 

surveillance culture and hand hygiene, and compliance check. Nosocomial ESBL-producing 
K. pneumoniae cases in the ICU decreased significantly from (0.97: 95% CI: 0.39-1.56) to (-

0.26: 95% CI: -0.43 to -0.06) (P=0.05) after the implementation of additional control 

measures including cohorting carriers (colonised or infected patients) in a dedicated 6 beds 
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ICU with care from a designated nursing staff, post discharge cleaning and disinfection, 

involvement of an infection control team, and restricted use of antimicrobial drugs. 

Additional staff nurses were also provided to relieve staff members with the extra workload. 

(Level III-3) 

Acute and long term settings 

A multi-centred cohort study of 129 hospitals (36,771 acute care beds and 17,955 

rehabilitation and long-term care beds)20 examined the impact of infection control strategies 

introduced by The French Ministry of Health, on the acquisition rate of ESBL (and MRSA). 

The multifaceted program consisted of placement of ESBL positive patients in single rooms 

or cohorting, use of barrier precautions, systematic surveillance and detection of carriers, 

labeling of ESBLE positive patients in the unit and restricted antibiotic use. The guideline 

was distributed to the hospitals in northern region of France in 1998. 

Results showed that the proportion of ESBL acquired cases decreased from 81% to 69% 
over the period from 1997 to 2000. The incidence rate of ESBL-K. pneumoniae and E. 

aerogenes was 0.05 and 0.12 per 1000 hospital-days respectively while the incidence rate 

of MRSA was 0.84 per 1000 hospital days. (Level III-2) 

Remaining 2 time series did not provide statistical data concerning the impact of 
interventions and results were presented in narrative. Wybo 26 stated that the outbreak had 

been terminated or controlled in a university hospital.  Stephens 25 reported that eradication 

of A. baumannii had not been achieved in both acute care settings and long-term aged care 

settings but transmission of MDR-A. baumannii had been controlled in an acute care setting.  

There is some evidence to support multifaceted infection control policy including isolation of 
patients colonised/infected with MRGN can reduce nosocomial infection in both acute and 

aged care settings. (Level III-3) 

Length of hospital stay 

No study was identified that reported the impact of patient isolation policy with MRGN 

positive patients on length of hospital stay.  

High risk settings and low risk settings 

Carbonne et al20, in their multi-centre cohort study involving 129 acute and long-term care 

hospitals in North France reported the incidence rate of K. pneumoniae and E. aerogenes in 

ICU, medical unit, surgical unit, other acute care units, rehabilitation and long-term care 

facilities were reported.  
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Table 2 - Proportion and incidence of ESBL-producing K. pneumoniae and E. 

aerogenes by unit speciality by Carbonne et al20 

 K. pneumoniae (1996-2000) E. aerogenes (1999-2000) 
Setting ESBL (%) Incidence per 1,000 

HD 
ESBL (%)  Incidence per 1,000 

HD 
ACF 10.3 0.06 45.5 0.14 
ICU 22.6 0.40 47.8 0.58 
Medicine 9.4 0.04* 49.5 0.14 
Surgery 9.1 0.04* 43.1 0.11 
Other ACF 3.3 ------ 22.4 ------ 
RLTCF 16.8 0.04 56.5 0.10 
TOTAL 11.4 0.05 47.7 0.12 
*Calculated for 1999-2000.  
ACF: Acute care facilities, ICU: intensive care units, RLTCF: rehabilitation and long term care facilities. HD: 
hospital days 

The new infection control policy including isolation of patient in single room or cohort room 
was distributed to the hospitals in 1998. During 1999 to 2000, the incidence rate of E. 

aerogenes was 0.58 per 1,000 hospital days while it was 0.14, 0.14, 0.11 and 0.10 in acute 

care facilities, Medicine and rehabilitation and long-term care facilities respectively. Only the 

data during 1996-2000 were available for the incidence rate of K. pneumoniae in ICU.  

There is Level III-2 evidence to show that a multifaceted infection control program with 
patient isolation may be less effective in ICU than in other acute care settings and long-term 

care settings in preventing the spread of E. pneumonia.  
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Table 3 - Included Studies: MRGN 

Study Study 
design 

Setting Population Patient isolation 
measures 

Comparison Target 
MDRO 

Outcomes Author’s 
conclusion 

Quality score 
 

Level of 
evidence 

Carbonne A, 
Albertini MT, 
Benoit C, Berardi 
L, Berrouane Y, 
Boisivon A, Cahen 
P, Cattoen C, 
Costa Y, Darchis 
P, DelieÁre E, 
Demontrond D, Eb 
F, Golliot F, Grise 
G, Harel A, Koeck 
JL, Lepennec MP, 
Malbrunot C, 
Marcollin M, 
Maugat S, 
Nouvellon M,  
Pangon B, Ricouart 
S, Roussel-
Delvallez M, 
VacheÂe A.  
Surveillance of 
methicillin-resistant 
Staphylococcus 
aureus (MRSA) 
and 
Enterobacteriaceae 
producing 
extended-spectrum 
beta-lactamase 
(ESBLE) in 
Northern France: a 
five-year 
multicentre 
incidence study. J 
Hos Infec 
2002;52(2):107-13. 

Cohort 
study/ 
Multi-centre 
incident 
study 
1996-2000 
Non-
Epidemic 
report 
 

129 hospitals 
(36,771 acute 
care bed, 
17,955 
rehabilitation 
and long-term 
care beds) 
France 
 

Hospitalised 
patients 

Infection control 
measures by 
French Ministry of 
Health (1999-) 

Early detection 
and notification of 
the MDRO by the 
laboratory to the 
care unit 
Labelling of 
MDRO carriers in 
the unit 
Barrier 
precautions 
(antiseptic hand 
washing or 
alcohol-based 
hand disinfecting, 
gloves and gown 
for most patients 
care) 
Single room or 
cohorting if 
possible 
Systematic 
detection of 
carriers 
Control antibiotic 
use 

Annual 
prevalence 
data from 
various 
clinical 
settings 
during 1996-
2000. (The 
new infection 
control 
program was 
introduced in 
1998-1999).  

ESBL 
(MRSA) 
 

Over all acquisition 
rate of K. pneumoniae 
was 0.05 per 1,000 
hospital days, E. 
aerogenes was 0.12 
per 1,000 hospital 
days. 
Different settings 

The incidence of K. 
pneumoniae was ten-
fold higher in ICU than 
in medicine and 
surgery. 
The highest proportion 
of ESBLEnt in E. 
aerogenes was 
observed in 
rehabilitation and long-
term care facilities.  
The incidence of E. 
aerogenes was higher 
in ICU than in medicine 
and surgery.  
The highest proportion 
of ESBLEnt in E. 
aerogenes was found 
in rehabilitation and 
long-term care 
facilities. 
The proportion of ESB 
acquired cases 
decreased from 81% to 
69% over the period of 
1997 to 2000 while 
MRSA acquired cases 
increased. 

Over the year, 
the incidence 
of ESBL 
decreased with 
new isolation 
policy while 
MRSA was still 
poorly 
controlled.  
This study 
emphasise the 
need to 
maintain 
multifaceted 
control 
program 
including 
strengthened 
hand hygiene 
compliance, 
judicious 
screening, 
early 
communication 
and 
designated 
isolation unit 
with well-
trained staff  
and control of 
antibiotic use.  

1. Bias 
minimisation-
unmet 

2. No control 
group 

3. No strict 
control of 
confounding 
factors 

Quality score 
5/9 

III-2 
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Conterno LO, 
Shymanski J, 
Ramotar K, Toye 
B, Zvonar R, Roth 
V. Impact and cost 
of infection control 
measures to 
reduce nosocomial 
transmission of 
extended-spectrum 
ÃŸ-lactamase-
producing 
organisms in a 
non-outbreak 
setting. Journal of 
Hospital Infection 
2007;65(4):354-
360. 
 

Cohort 
1999-2005 
Non-
epidemic 
report 
 

University 
hospital with 
1200 beds 
Canada 
 
 

Hospitalised 
patients 
during the 
study period 

Before Dec 2001 

No consistent 
infection control 
program 
Dec 2001- 

All patients with 
an ESBL-
producing 
organism were 
placed in a single 
room during their 
hospital stay 
Contact isolation 
precautions were 
used for 
admission to an 
ICU, uncontained 
drainage from 
culture-positive 
site, diarrhoea or 
incontinent of 
urine or stool 
(gloves gown, 
hand hygiene, 
dedicated patient 
care equipment, 
environmental 
cleaning, alert 
code etc) 
Contact 
precautions were 
discontinued once 
the patient no 
longer met any of 
these criteria 

Before and 
after the 
intervention 

ESBL  
 
 

Two ESBL outbreaks 
were identified in the 
pre-intervention period 
in ICU. 
ESBL nosocomial 
infection rate per 1000 
patient-days was 0.03 
in 1999 and 0.05 in 
2005.  
ESBL nosocomial 
infection rate per 1000 
patient-days in ICU 
was 0.08 in 1999 and 
0.12 in 2005.  
Regional ESBL per 
100,000 population 
increased from 1.32 in 
1999 to 9.28 in 2005.  
No restriction of 
antibiotic use.  
Low adherence rate to 
hand hygiene (47%) for 
other patients 
No differences were 
found in length of stay 
or occupancy rate in 
the pre and post 
intervention periods 
(no data provided).  

A multifaceted 
infection 
control 
including 
active 
surveillance 
cultures, 
contact 
precautions for 
all colonised or 
infected 
patients and 
antimicrobial 
stewardship, 
can 
significantly 
reduce the 
incidence of 
ESBLs.  

1.Minimisation 
of bias-unmet 
2. No control 
group 
3. Insufficient 
control of 
confounding 
factors 
 
Quality score 
4/9 

III-2 
 
 

Gbanguide-Haore 
H, Legast S, 
Bertand X, Talon 
D. Ecological study 
of the effectiveness 
of isolation 
precautions in the 

Time series 
(ecological 
study) 
1999-2006 
Non-
epidemic 
report 

University 
hospital with 
1,200 beds, 
50,000 
admissions 
per year, total 
of 350,000 

Hospitalised 
patients 

Period 1 (1999-
2001) and Period 
3 (2005-2006) 

Single room or 
cohort with other 
patients who are 
also colonised or 

Comparison 
between 
before and 
after (period 1 
and 2) 
interventions 

A. 
baumannii 

Implementation of 
isolation precautions 
was negatively 
associated with the 
incidence of patients 
colonised or infected 
with A. Baumannii. 

The 
implementation 
of isolation 
precautions 
can prevent 
the spread of 
A. baumannii 

1. Minimisation 
of bias-unmet 

2. No control 
group 

3. insufficient 
control of 
confounding 

III-3 
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management of 
hospitalised 
patients colonised 
or infected with 
Acinetobacter 
baumannii. Infec 
Control Hosp 
Epidemiol 
2008;29:1118-
1123. 

patient-days 
France 

infected 
Hand hygiene 
(alchol based 
hand rub) 
Gloves, gown, 
mask, eye 
protection or face 
shield 
Safe infection 
practice 
Period 2 (2002-
2004) 

No isolation 
measures were 
used. 

(RR0.5: 95%CI 0.40-
0.64 P<.001) 
Removal of isolation 
precautions was 
associated with an 
increase in the 
incidence of 
colonisation or 
infection among 
patients.  

in a  hospital 
setting.  

factors 
Quality score 
4/9 

Kola A, Holst M, 
Chaberny IF, 
Ziesing S, 
Suerbaum S, 
Gastmeier P. 
Surveillance of 
extended-spectrum 
beta-lactamase-
producing bacteria 
and routine use of 
contact isolation: 
experience from a 
three-year period. J 
Hosp Infec 
2007;66(1):46-51. 
 

Time series/ 
Surveillance 
and infection 
control 
program 
January 
2002 to 
December 
2004 
Non-
epidemic 
report 

1400-bed 
university 
hospital 
Germany 
 

Hospitalised 
patients 
 
 

All newly admitted 
ESBL positive 
patients were 
tagged using a 
computer assisted 
hospital wide 
information 
system. 
Colonised or 
infected patients 
were placed in 
private rooms or 
cohorted 
Use of gloves and 
gowns 
Room-mates were 
also screened  
Control measures 
were removed 
once three 
consecutive 
clinical and peri-
rectal samples 
were negative.  

Comparison 
of annual data 
from 2002 to 
2004 

ESBL-K. 
pneumoniae, 
Proteus 
mirabilis or 
Escherichia 
coli 
 

During the study 
period, 147 cases of 
ESBL E. coli, K. 
pneumoniae and P. 
mirabilis from 123 
patients were 
identified, 0.12/1000 
patient-days (65% 
were nosocomial 
infections). 
Contact isolation 
precautions were used 
in 79.6% of the cases. 
Median duration of 
contact isolation 
precautions was 14 
days.  
Nosocomial infection 
rate decreased from 
29.6% of total cases in 
2002 to 18.0% in 2004. 

The 
effectiveness 
of the control 
measures still 
remains 
unclear.  
Considering 
the large 
number of 
immuno-
compromised 
patients in the 
hospital, 
continuous use 
of isolation 
precautions 
will be 
supported.  

1. Bias 
minimisation-
unmet 

2. No control 
group 

3. Not sufficient 
control of 
confounding 
factors 

 
Quality score 
4/9 

III-3 

Laurent C, 
Rodriguez-

Time series 
Oct 2000 to 

31 intensive 
care 

 Until Oct 2000 

Carriers were 
Comparison 
of monthly 

ESBL-K. 
pneumoniae 

Nosocomial ESBL-K. 
pneumoniae cases in 

Introduction of 
additional 

1. Bias 
minimisation-
unmet 

III-3  
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Villalobos H, Rost 
F, Strale H, Vincent 
J, Deplano A, 
Struelens MJ, Byl 
B. Intensive Care 
Unit outbreak of 
extended-spectrum 
beta-Lactamase-
producing 
Klebsiella 
Pneumoniae 
controlled by 
cohorting patients 
and reinforcing 
infection control 
measures. Infec 
Control  Hosp 
Epidemiol 
2008;29(6):517-
524. 

May 2006 
Epidemic 
report 

department 
(with 4 ICUs) 
in a university 
hospital  
Belgium 

placed under 
contact isolation 
precautions 
Surveillance 
cultures MDRGN 
Hand hygiene and 
compliance check 
After Nov 2005 
(outbreak) 

All colonised 
patients received 
cohorted care 
from a designated 
nursing staff in a 
dedicated 6 beds 
in ICU. 
Additional staff 
nurses were 
provided to relieve 
the staff members 
from the extra 
workload. 
Post-discharge 
cleaning and 
disinfection. 
Meeting with ICU 
members and 
infection control 
team. 
Limited use of 
broad-spectrum 
antibiotics. 
Monitoring of 
antimicrobial use 
by the 
computerised 
pharmacy 
database. 

prevalence 
data over the 
study period 

the ICU significantly 
decreased after the 
implementation of 
additional infection 
control measures (from 
Nov 2005). (0.97: 
95%CI: 0.39-1.56) to (-
0.26: 95%CI: -0.43 to -
0.06) (P=0.01)  
 

control 
measures 
prevented the 
further spread 
of ESBL 
producing K. 
pneumoniae.  

2. no control of 
confounding 
factors 

3. no control 
group.  

Quality score 
4/9 
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Stephens C, 
Francis SJ, Abell 
V, DiPersio JR, 
Wells P. 
Emergence of 
resistant 
Acinetobacter 
baumannii in 
critically ill patients 
within an acute 
care teaching 
hospital and a 
long-term acute 
care hospital. AJIC 
2007;35(4):212-5. 
 

Time series 
June 2003 to 
December 
2004 
Epidemic 
report 

ACH (acute 
care hospital) 
with 4 ICUs 
and LTAC 
(long term 
care facility) in 
the same 
hospital 
USA 

Hospitalised 
patients 

Original infection 
control measures 

Single room 
Contact 
precautions 
STOP signs at the 
door 
Additional 
measures from 
the first week of 
Jan 2004 

Timely notification 
of readmission 
and transfer of 
colonised patients 
to improve 
compliance with 
isolation 
measures 
Infection control 
staff 
Gloves for entire 
unit 

Comparison 
of monthly 
data  

A.baumannii  
 

Both ACH and LTAC, 
the team have not 
been able to totally 
eradicate MDR-A. 
baumannii.  
 
Problems in adherence 
at the LTAC 
Inadequate 
nurse/patient ratio 
High-risk observation 
rooms (multi-bed) 
Turn over in the 
infection control 
position 
 

The infection 
control 
strategies 
have kept 
transmission of 
MDR-
A.baumannii 
controlled in 
ACH. 

1. Bias 
minimisation-
unmet 

2. no control of 
confounding 
factors 

3. no control 
group 

4. no use of 
appropriate 
statistical 
analysis.  

Quality score 
3/9 
 

III-3 

Wybo I, Blommaert 
L, De Beer T, 
Soetens O, De 
Regt J, Lacor P, 
Pie´rard D, 
Lauwers S. 
Outbreak of 
multidrug-resistant 
Acinetobacter 
baumannii in a 
Belgian university 
hospital after 
transfer of patients 
from Greece. J  
Hosp Infec 
2007;67(4):374-80. 

Time series 
September 
2004 to July 
2005 
Epidemic 
report 

University 
hospital 
Belgium 

Hospitalised 
patients 
 

Initial infection 
control measures 

Gowns and gloves 
Surgical masks in 
ICU 
Isolation room if 
possible 
Infection control 
nurses 
Restricted use of 
broad-spectrum 
antibiotics 
March 2005 (2nd 
outbreak) 

Isolation rooms at 
ICU for every 
colonised or 

Weekly 
isolates from 
week 35 in 
2004 to week 
24 in 2005.  

A. 
baumannii 

No clear data were 
presented in relation to 
the pre and post 
interventions.    

The original 
infection 
control policy 
failed to 
prevent the 2nd 
outbreak of A. 
Baumannii.  
Outbreak was 
controlled 
soon after the 
introduction of 
the additional 
measures. 

1. Bias 
minimisation-
unmet 

2. no control of 
confounding 
factors 

3. no control 
group 

4. insufficient 
data provided 

Quality score 
2/9 

III-3 
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infected patient. 
Active 
surveillance 
cultures 
Environmental 
cleaning at 
discharge 
Disinfection 
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Discussion 
This systematic review summarises the best evidence concerning the effectiveness of 

isolation measures in reducing hospital acquisition of VEE and MRGN, its impact on the 

length of hospital stay, and differences in high risk areas in health care settings. The review 

identified 20 studies: 13 studies on VER and seven studies on MRGN.  

VRE 

Some evidence was identified to support the use of isolating patients infected/colonised with 

VEW in a single room or cohort room/area as one component of multifaceted infection 

control policy in acute care settings. Concerning the use of dedicated nursing staff for 

isolated patients, insufficient evidence was found either to facilitate or withdraw allocating 

dedicated staff.  The use of genotyping target infection control strategies including isolation 

of patients with epidemic VRE was found to be effective in controlling nosocomial infection 

in acute care settings.  

In aged care settings, level II evidence showed that the routine use of gloves for all 
anticipated residents and environmental contacts was found to be equally effective as 

isolating residents in single or cohort rooms. Interestingly, Trick27 also reported that health 

care workers in the routine glove use group indicated statistically significant adherence rate 

in hand hygiene and appropriate use of gloves, in comparison with the health care workers 

who were assigned to the isolation precaution group. Considering the limited availability of 

health care resources and the unique characteristics of aged care residents, the use of 
routine gloves could be of more benefit both to residents and to care providers than isolating 

residents. 

MRGN 

Some evidence was identified that isolating ESBL positive patients in a single room, cohort 

room or cohort area is effective in preventing the spread of ESBL to other patients in both 

acute and long term care settings. Concerning the effectiveness of patient isolation in high 

risk and low risk settings, some evidence was found to support the view that infection 

control programs with patient isolation in ICU settings is less effective than other hospital 

settings and long term care facilities in controlling E. aerogenes.  

Finally, no evidence was found to demonstrate the effect of patient isolation in reducing the 

length of hospital stay. All included studies were conducted in acute care settings or long 

term care settings. No study addressed the isolation of VRE or MRGN positive patients in 

community settings.  
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Implications for Practice 
Despite the lack of indisputable evidence, some existing evidence supports the use of 

patient isolation as a component of multifaceted infection control strategies such as active 

surveillance cultures, contact precautions, hand hygiene, environmental cleaning. Since no 

strong evidence was found to discourage the use of patient isolation, it is reasonable to 

continue isolating VRE or MRGN positive patients in acute care settings.  

In aged care settings, confinement of the resident in a single room may be challenging in 
some cases (i.e. residents with cognitive impairment). Furthermore, limited availability of 

finance and human resources may become issues in practising patient isolation in aged 

care settings. As the use of gloves for all anticipated residents and environmental contact, 

and isolating patients were shown to be equally effective in preventing the spread of VRE, 
the use of routine gloves could be more beneficial to both residents and care providers than 

isolating residents if adherence to hand hygiene can be maintained at a high level.  

Finally, the infection control including cohorting patients in ICU can be less effective than 

other settings. It appears to be necessary to develop specific isolation precautions in ICU 

settings. 

Limitations of Review 
As previously conducted systematic reviews28-30 also report, an inherent weakness of 

studies that attempt to evaluate infection control measures is the general use of multifaceted 

control programs with various co-interventions. The impact of patient isolation alone on the 

control of transmission to other patients was rarely examined. Therefore, it was difficult to 

assess the relative contribution of individual measures including patient isolation and other 
measures employed to control hospital acquisition. Ethical issues are also involved in 

conducting research on infection control measures in health care settings.  

The reviewers originally intended to exclude outbreak report since such studies do not 

provide information on the accurate impact of infection control interventions. 28 However, 

due to the extremely limited number of research based papers addressing the impact of 
isolating patients on reducing the spread of VRE or MRGN, such studies were also included 

if intervention included isolation of patients.  

Among the time series studies, insufficient information about the details of employed 

interventions, such as the timing of isolating patients, were big problems when attempting to 
derive some summary statement of the findings from this study group. The statistical 

outcomes among time series studies were often only provided in limited time points of the 

study period. Too many confounding factors and co-interventions were other inherent 
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obstacles in determining the degree of contribution that patient isolation had on the 

outcomes.29  

Use of retrospective studies is also problematic in terms of securing validity and rigour. 

Retrospective studies are vulnerable to performance bias, selection bias and detection bias. 
However, even when time series studies are prospectively planned, data collection before 

and after implementation of intervention introduces a significant risk of performance and 

selection bias. In other words, it is simply impossible to blind both participants and 

researchers. 

Recommendations for Practice 
• Isolating patients who are infected or colonised with VRE or MRGN should be 

recommended as a component of a multifaceted infection control policy in acute care 
settings (VRE and MRGN) and aged care settings (MRGN). 

• Use of selective isolation policy for patients with epidemic VRE can be introduced in 

controlling nosocomial infection in acute care settings.  

• In aged care settings, the routine use of gloves for all anticipated residents and 
environmental contacts is recommended over the isolation of VRE positive residents.  

• The development and implementation of ICU specific isolation precautions and other 
infection control strategies are recommended.  

• Strategies to enhance adherence to the infection control precautions in aged care 

settings, should be considered such as an adequate number of staff, education and 
infection control nurses.  

Implications for Research 
There is a need for more RCTs and other experimental studies that specifically examine the 

contribution of patient isolation on the incidence of nosocomial infection and length of 

hospital stay. Comparative studies that investigate outcomes related to the impact of patient 

isolation in various settings such as ICU and aged care facilities is also required. Finally, the 

effectiveness of the selective isolation policy for patients with epidemic VRE or MRGN 
should be researcher further.  

Conclusion 
Due to the paucity of high-level studies, no strong conclusion can be drawn concerning the 

isolation of patients infected or colonised with VRE or MRGN in reducing nosocomial 

infection. However, some evidence was found that placing carriers in single rooms or cohort 

rooms or cohort areas as a component of a multifaceted infection control policy can reduce 
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acquisition rate and nosocomial infection with VRE in acute care settings and MRGN in both 

acute care and aged care settings. In aged care settings, routine use of gloves for all 

anticipated residents and environmental contact is preferred over the isolation of residents 

in single or cohort rooms to prevent nosocomial infection with VRE. No evidence was found 

concerning the impact of patient isolation on the length of hospital stay. ICU was found to be 

a more challenging area in controlling A. baumannii than other units in acute care hospitals.   



 52 

 

References 
1. Sipahi DR. Economics of antibiotic resistance. Expert Review of Anti-Infective Therapy 

2008;6(4):523-39. 

2. Cooper BS, Stone SP. Systematic review of isolation policies in the hospital 
management of methicillin-resistant Staphylococcus aureus: a review of the literature 

with epidemiological and economic modelling." Health Technology Assessment 

(Winchester, England) 2003;7(39):1-194. 

3. Irfan S, Idrees F. Emergence of Carbapenem resistant Gram negative and vancomycin 

resistant Gram positive organisms in bacteremic isolates of febrile neutropenic 

patients: a descriptive study. BMC Infectious Disease 2008;8(30). 

4. Hospital Infection Control Practices Advisory Committee (HICPAC). Recommendations 

for preventing the spread of vancomycin resistance. Infection Control Hospital 

Epidemiology 1995;16(2):105-12. 

5. Siegel JD, Rhinehart E. Guideline for isolation precautions: preventing transmission of 

infectious agents in healthcare settings 2007: Department of Health and Human 

Services USA., 2007. 

6. National Institute for Health and Clinical Excellence. Infection control, prevention of 

healthcare-associated infection in primary and community London: NHS, 2003. 

7. Communicable Disease Network Australia the National Public Health Partnership and 

the Australian Health Ministers' Advisory Council. Infection control guidelines for the 

prevention of transmission of infectious diseases in the health care setting. Canberra: 
Department of Health and Ageing, Australian Government,, 2004. 

8. Shaikh ZHA, Osting CA, Hanna HA, Arbuckle RB, Tarrand JJ, Raad, II. Effectiveness 

of a multifaceted infection control policy in reducing vancomycin usage and 

vancomycin-resistant enterococci at a tertiary care cancer centre. Journal of Hospital 

Infection 2002;51(1):52-58. 

9. Yoonchang SW, Peck KR, Kim OS, Lee JH, Lee NY, Oh WS, et al. Efficacy of infection 

control strategies to reduce transmission of vancomycin-resistant enterococci in a 

tertiary care hospital in Korea: a 4-year follow-up study. Infection Control & Hospital 

Epidemiology 2007;28(4):493-495. 



 53 

10. Winston LG, Bangsberg DR, Chambers HF 3rd, Felt SC, Rosen JI, Charlebois ED, et 

al. Epidemiology of vancomycin-resistant Enterococcus faecium under a selective 

isolation policy at an urban county hospital. American Journal of Infection Control 

2002;30(7):400-6. 

11. Calfee DP, Giannetta ET, Durbin LJ, Germanson TP, Farr BM. Control of endemic 

vancomycin-resistant Enterococcus among inpatients at a university hospital. Clinical 

Infectious Diseases 2003;37(3):326-32. 

12. Christiansen KJ, Tibbett PA, Beresford W, Pearman JW, Lee RC, Coombs GW, et al. 

Eradication of a large outbreak of a single strain of vanB vancomycin-resistant 
Enterococcus faecium at a major Australian teaching hospital. Infection Control & 

Hospital Epidemiology 2004;25(5):384-390. 

13. Kurup A, Chlebicki MP, Ling ML, Koh TH, Tan KY, Lee LC, et al. Control of a hospital-

wide vancomycin-resistant Enterococci outbreak. American Journal of Infection Control 

2008;36(3):206-211. 

14. Lucet J, Armand-Lefevre L, Laurichesse J, Macrez A, Papy E, Ruimy R, et al. Rapid 

control of an outbreak of vancomycin-resistant enterococci in a French university 

hospital. Journal of Hospital Infection 2007;67(1):42-48. 

15. Mascini EM, Troelstra A, Beitsma M, Blok HE, Jalink KP, Hopmans TE, et al. 
Genotyping and preemptive isolation to control an outbreak of vancomycin-resistant 

Enterococcus faecium. Clinical Infectious Diseases 2006;42(6):739-46. 

16. Pearman JW. 2004 Lowbury Lecture: the Western Australian experience with 

vancomycin-resistant enterococci -- from disaster to ongoing control. Journal of 

Hospital Infection 2006;63(1):14-26. 

17. Sample ML, Gravel D, Oxley C, Toye B, Garber G, Ramotar K. An outbreak of 

vancomycin-resistant enterococci in a hematology-oncology unit: control by patient 

cohorting and terminal cleaning of the environment. Infection Control & Hospital 

Epidemiology 2002;23(8):468-70. 

18. Wang J, Chen Y, Chang S, Chen M, Pan H, Chang Y, et al. Control of vancomycin-

resistant enterococci in a hospital: a five-year experience in a Taiwanese teaching 

hospital. Journal of Hospital Infection 2004;58(2):97-103. 



 54 

19. Wright M, Hebden JN, Harris AD, Shanholtz CB, Standiford HC, Furuno JP, et al. 

Aggressive control measures for resistant Acinetobacter baumannii and the impact on 

acquisition of methicillin-resistant Staphylococcus aureus and vancomycin-resistant 

Enterococcus in a medical intensive care unit. Infection Control & Hospital 

Epidemiology 2004;25(2):167-168. 

20. Carbonne A, Albertini MT, Benoit C, Berardi L, Berrouane Y, Boisivon A, et al. 

Surveillance of methicillin-resistant Staphylococcus aureus (MRSA) and 

Enterobacteriaceae producing extended-spectrum beta-lactamase (ESBLE) in 

Northern France: a five-year multicentre incidence study. Journal of Hospital Infection 
2002;52(2):107-13. 

21. Conterno LO, Shymanski J, Ramotar K, Toye B, Zvonar R, Roth V. Impact and cost of 

infection control measures to reduce nosocomial transmission of extended-spectrum 

ÃŸ-lactamase-producing organisms in a non-outbreak setting. Journal of Hospital 

Infection 2007;65(4):354-360. 

22. Gbanguide-Haore H, Legast S, Bertand X, Talon D. Ecological study of the 

effectiveness of isolation precautions in the management of hospitalised patients 

colonised or infected with Acinetobacter baumannii. Infection Control and Hospital 

Epidemiology 2008;29:1118-1123. 

23. Kola A, Holst M, Chaberny IF, Ziesing S, Suerbaum S, Gastmeier P. Surveillance of 

extended-spectrum beta-lactamase-producing bacteria and routine use of contact 

isolation: experience from a three-year period. Journal of Hospital Infection 

2007;66(1):46-51. 

24. Laurent C, Rodriguez-Villalobos H, Rost F, Strale H, Vincent J, Deplano A, et al. 

Intensive Care Unit outbreak of extended-spectrum beta-Lactamase-producing 

Klebsiella Pneumoniae controlled by cohorting patients and reinforcing infection 

control measures. Infection Control & Hospital Epidemiology 2008;29(6):517-524. 

25. Stephens C, Francis SJ, Abell V, DiPersio JR, Wells P. Emergence of resistant 
Acinetobacter baumannii in critically ill patients within an acute care teaching hospital 

and a long-term acute care hospital. American Journal of Infection Control 

2007;35(4):212-5. 

26. Wybo I, Blommaert L, De Beer T, Soetens O, De Regt J, Lacor P, et al. Outbreak of 

multidrug-resistant Acinetobacter baumannii in a Belgian university hospital after 

transfer of patients from Greece. Journal of Hospital Infection 2007;67(4):374-80. 



 55 

27. Trick WE, Weinstein RA, DeMarais PL, Tomaska W, Nathan C, McAllister SK, et al. 

Comparison of routine glove use and contact-isolation precautions to prevent 

transmission of multidrug-resistant bacteria in a long-term care facility. Journal of the 

American Geriatrics Society 2003;52(12):2003-9. 

28. Aboelela SW, Saiman L, Stone P, Lowy FD, Quiros D, Larson E. Effectiveness of 

barrier precautions and surveillance cultures to control transmission of multidrug-

resistant organisms: a systematic review of the literature. American Journal of Infection 

Control 2006;34(8):484-94. 

29.  Cooper BS, Stone SP, Kibbler CC, Cookson BD, Roberts JA, Medley GF, et al. 
Isolation measures in the hospital management of methicillin resistant Staphylococcus 

aureus (MRSA): systematic review of the literature. British Medical Journal 

2004;329:533-540. 

30. Halcomb EJ, Griffiths R, Fernandez R. The role of patient isolation and compliance 

with isolation practices in the control of nosocomial MRSA in acute care. International 

Journal of Evidence Based Healthcare 2008;6:206-224. 

 



 56 

Appendices 

Appendix 1 - JBI Standardised Critical Appraisal Tools 

JBI Critical Appraisal Checklist for Experimental Studies 

Reviewer ___________________ Date __________ 
Author _____________________ Year __________ Record Number ______ 

  Yes No Unclear 

1. Was the assignment to treatment groups truly random?     
 

2. Were participants blinded to treatment allocation?     
 

3. Was allocation to treatment groups concealed from the     
 allocator?  
 

4. Were the outcomes of people who withdrew described     
 and included in the analysis?  
 

5. Were those assessing outcomes blind to the treatment     
 allocation?  
 

6. Were the control and treatment groups comparable at     
 entry?  
 

7. Were groups treated identically other than for the named    
 interventions?  
 

8. Were outcomes measured in the same way for all    
 groups?  
 

9. Were outcomes measured in a reliable way?     
 

10. Was appropriate statistical analysis used?      

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
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Critical Appraisal Checklist for Comparable Cohort/ Case Control 

Reviewer ___________________ Date __________ 
Author _____________________ Year __________ Record Number ______ 

  Yes No Unclear 

1. Is sample representative of patients in the population     
 as a whole? 
 

2. Are the patients at a similar point in the course     
 of their condition/illness? 
 

3. Has bias been minimised in relation to selection     
 of cases and of controls? 
 

4. Are confounding factors identified and strategies    
 to deal with them stated? 
 

5. Are outcomes assessed using objective criteria?     
 

6. Was follow up carried out over a sufficient time     
 period? 
 

7. Were the outcomes of people who withdrew     
 described and included in the analysis? 
 

8. Were outcomes measured in a reliable way?     
 

9. Was appropriate statistical analysis used?     
 

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
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Appendix 2 - JBI Standardised Data Extraction Tool 

Data Extraction Form (Quantitative Data) 
 
Author     Record Number   
 
Journal         
 
Year      
 
Reviewer        
 
 
Method  ___________________________________________ 
 
Setting  ___________________________________________ 
 
Participants ___________________________________________ 
 
  ___________________________________________ 
 
 
Number of Participants 
 
Group A   Group B    
 
 
Interventions 
 
Intervention A 
 ______________________________________________ 
 
 ______________________________________________ 
 
 ______________________________________________ 
 
 
Intervention B 
 _______________________________________________ 
 
 _______________________________________________ 
 
 _______________________________________________ 
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Outcome Measures 

Outcome Description 
 

Scale/Measure 

 
 

 

 
 

 

 
 

 

 
Results 
Dichotomous Data 

Outcome 
 

Treatment Group 
Number/total number 

Control Group 
Number/total number 

   
 

   
 

 
Continuous Data 

Outcome 
 

Treatment Group 
Mean & SD (number) 

Control Group 
Mean & SD (number) 

   
 

   
 

   
 

 
Authors Conclusion 
______________________________________________________________________  

______________________________________________________________________  

______________________________________________________________________  

______________________________________________________________________  
______________________________________________________________________  

 
Reviewers Conclusion 
______________________________________________________________________  
______________________________________________________________________  
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Appendix 4 - Results for search of databases 

Database 
 

Records 

CINAHL 90 
Medline 194 
Cochrane Library - including Cochrane Central register of controlled trial 
(CENTRAL)  

2 

Embase  176 
ACP online 19 
Bandolier – Evidence Based Health Care 0 
BioMed Central 92 
Health Technology Assessment database 1 
Current controlled trials 0 
CORDIS (Community research and information service) 2 
CRISP  (for scientific concepts, emerging trends and techniques, and to 
identify specific projects and/or investigators) 

50 

DARE (Database of Abstracts of Reviews of Effectiveness)  1 

TRIP (Turning Research Into Practice) 2 
Web of Science  53 
Dissertation Abstracts International  1 
The New York Academy of Medicine Library  1 
Google Scholar  3 
The Networked Digital Library of Theses and Dissertations (NDLTD)  1 
Agency of Healthcare Research and Quality (AHRQ) 45 
DIVA Academic Archive Online 5 
Conference Proceedings 5 
Netting the Evidence 50 
Total 793 
Duplicates 140 
Total (Duplicates Removed)                                                                      653 
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2004. 33: p. 937-41. 
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infection. 
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Epidemiology, 2003. 24(4): p. 257-263. 
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Appendix 6 - Critical appraisal tool and Data extraction tool 

Study 1 Shaikh et al. (2002) 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___ Shaikh et al._ Year ___2002_____Record Number ___8___ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection           

of cases and of controls? 

4. Are confounding factors identified and strategies            

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew           

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        
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Overall appraisal:  Include   Exclude     Seek further info   

Comments (Including reason for exclusion) 

This cohort study has investigated the effectiveness of a multifaceted 

infection control policy in reducing VRE and Vancomycin usage. Due to the 

study design, it is not possible to determine the effect of isolation alone.   

 

JBI Data Extraction Form 

 for Experimental/observational Studies 

 

Author     Shaikh ZHA et al.  

 

Journal    Effectiveness of a multifaceted infection control policy in 

reducing vancomycin usage and vancomycin-resistant enterococci at a 

tertiary care cancer centre. Journal of Hospital Infection 2002;51(1):52-58. 

 

Method  Prospective cohort 

Setting  417 bed tertiary care cancer centre USA 

Participants Patients admitted to the centre (1997-1999)   

Number of Participants      No exact number of patients was provided.  

Interventions        

• Cohorting of patients with VRE with nursing personnel/respiratory 
technicians 

• Contact isolation of patients with VRE 
• Hand washing 
• Disposable, dedicated equipment 
• Thorough cleaning 
• Discontinue isolation after three consecutive negative results 
• Environmental cleaning after discharge 
• Restricted use of Vancomycin (use of order form) 

• Surveillance cultures 
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 Outcome Measures 

Outcome Description Scale/Measure 

VRE acquisition  N (%)  

Results 

Dichotomous Data 

Outcome 

 

Number/total number 

(1996-97) 

Number/total number 

(1998-00) 

VRE acquisition rate per 

1000 patient days 

The VRE bloodstream 

infections per 1000 patient 

days 

 
0.437  
 
0.338  

 

 
0.229 (p=0.008) 

 

0.181 per 1000 patient 

days (P=0.027) 

Authors Conclusion 

A multifaceted infection control policy with the use of a Vancomycin order 

form decrease the use of empirical Vancomycin and can play a role in 

stopping the spread of VRE in an endemic setting. 

  

Reviewers Conclusion 

Interventions in this study have included multiple confounders and it cannot 

report the true effect of isolation measures on the control of VRE.  

However, due to the lack of high quality evidence, this should be included 

in the review.  
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Study 2. Yoonchang et al. Reference number 9 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ______ Yoonchang ______Year _2007____Record Number ____9__ 

 

         Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies            

to deal with them stated? 

5. Are outcomes assessed using objective criteria?           

6. Was follow up carried out over a sufficient time            

period? 

7. Were the outcomes of people who withdrew           

described and included in the analysis? 

 

8. Were outcomes measured in a reliable way?           

9. Was appropriate statistical analysis used?         
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Overall appraisal:  Include        Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

A prospective cohort study.  Three types of interventions were introduced 

within the same population in different year.  Minimisation of bias-unmet, no 

use of control group.  

 

JBI Data Extraction Form for 
Experimental/observational Studies 

 
Author  Yoonchang et al. Record Number 8 

 

Journal Efficacy of infection control strategies to reduce transmission 

of vancomycin-resistant enterococci in a tertiary care hospital in Korea: a 4-

year follow-up study. Infection Control & Hospital Epidemiology 

2007;28(4):493-495. 

 

Method  Prospective cohort 

Setting   University hospital 1,250 beds, Korea. Non-epidemic 

report 

Participants  Patients admitted to the hospital 
 

Number of Participants   No exact number of participants was provided.  

 

Interventions 

  
Period A, the contact precaution period (from March 2000 to May 2000) 
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• Prompt reporting to physicians within 8 hours after isolation of VRE 
• Restriction of antibiotic prescription by infectious disease physicians 
• Education of healthcare workers concerning hand hygiene and contact 

precautions 
• Surveillance culture from colonised or infected patients and patients in 

the same room. 
• Environmental cleaning 

   
Period B (from June 2000 through December 2000)  
• Strict isolation in private rooms for patients with VRE positive result. 

 
Intervention C 
Period C (from January 2001 to December 2003) 

• Rectal culture from VRE positive patients 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Incidence rate for VRE 
 

N (%) 

 

Results 

Outcome   

VRE incidence rate (cases 
per 10,000 patient-days) 
 
 

Before study: 1.75  
Period A: 1.45 
Period B: 0.75 
Period C: 0.88 

 

 

 

 

Authors Conclusion 

 Contact precautions alone were not effective in reducing 

transmission of VRE. Strict isolation of affected patients in single rooms 

alone with other infection control measures demonstrated significant 

reduction in the transmission of VRE. 
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Reviewers Conclusion 

A prospective cohort study.  Three types of interventions were introduced 

within the same population in different time frame.  This is one of the 

studies that have focused on the isolation measures rather than 

investigating a multifaceted interventions.  
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Study 3. Winston et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Winston et al.___Year ___2002____Record Number  10______ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies             

to deal with them stated? 

5. Are outcomes assessed using objective criteria?       

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        
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Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

Interrupted time series with 4 VRE point-prevalence surveys and rectal 

swabs. Bias minimisation-unmet, no control group, no sufficient control of 

confounding factors. 

 

JBI Data Extraction Form for 
Experimental/observational Studies 

 
Author  Winston et al. Record Number 10 

 

Journal      Epidemiology of vancomycin-resistant Enterococcus 

faecium under a selective isolation policy at an urban county hospital. 

American Journal of Infection Control 2002;30(7):400-6. 

 

Method  Interrupted time series  

Setting  300-bed trauma centre affiliated with a university hospital 

USA 

Participants  Patients admitted to the hospital 

 

Number of Participants 

Inpatient admissio1995-1999 n=181       

 

Interventions 

 

1995-1997 
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The Centres for Disease Control and Prevention’s guideline was followed 

but VRE became endemic. All patients with VRE positive results were 

placed in single rooms or cohorted.  

  

 Current infection control measures (January 1997-) 

If VRE positive patient could not comply with body substance precautions 

or had uncontrolled diarrhoea, incontinence or draining wounds, single 

room was used. Gown and gloves and computer notification 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

VRE infection N (%) 

 

Results 

Dichotomous Data 

Outcome 

 

Number/total number  

Prevalence of VRE 
infection during May 1997 
to December 1999: 
 

12/127 (9.4%) patients 
with complete data had 
VRE infection.   

 

 

 1997 2000 

ICU (colonised/non-
colonised)  3/18 (17%) 2/18 (11%) (P=.64) 

Non-ICU (colonised/non-
colonised) 5/30 (17%) 7/30 (23%) (P=.55) 

Total (colonised/non-
colonised) 
 

8/48 (17%) 9/48 (19%) (P=.85) 

 

Authors Conclusion 
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The number of VRE infections was low despite the use of selective isolation 

measures.  

  

Reviewers Conclusion 

This should be included as there are only two studies that have reported on 

a selective isolation policy.   
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Study 4. Calfee et al., reference number 11 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

 

Author ____Calfee et al.___Year ___2003______Record  11Number ______ 

 

 

Yes No Unclear 

 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

 

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

 

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

The study examined the ability of surveillance cultures and isolation of VRE 

colonised patients to control nosocomial infection. Due to the study design, 

it is not possible to determine the effect of isolating patients alone on the 

spread of VRE. Bias minimisation-unmet, no control group, control of 

confounding variables-unmet.  

 

JBI Data Extraction Form  

for Experimental/observational Studies 
 
• Author  Calfee DP et al. Record Number 11 

 

• Journal  Control of endemic vancomycin-resistant 

Enterococcus among inpatients at a university hospital. Clinical 

Infectious Diseases 2003;37(3):326-32. 

 

• Method Interrupted time series 

• Setting 600-bed university hospital USA Non-epidemic report 

• Participants hospitalised patient during the study period 

• Number of Participants   128,266 admissions  
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Interventions 

 

• Single or cohort room 

• Active surveillance culture 

• Contact precautions until the results of 2 serial cultures were clear 

• Hand washing 

• Masks and gloves 

• Gowns or aprons  

Outcome Measures 

Outcome Description 

 

 

VRE acquisition  

 

Prevalence rate  

N (%) 

Cases per 1000 patient care-days 

Results 

Dichotomous Data 

Outcome November 1994-October 1999  

 

January 1997-October 
1999 

VRE identified 1050/128,266 admission (0.82%) 768 new cases/69,672 
admissions (1.1%).  

 

VRE acquisition rate  

 
2.07 cases per 1000 patient care-days 

0.12 cases during the 5 year observational period. (90 cases 
during 743,956 days of patient care) 

 

Authors Conclusion 
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The use of surveillance cultures to identify and isolate patients with asymptomatic 
colonisation can provide sustained control of the spread of VRE in hospital settings.  

 

Reviewers Conclusion 

The study did not specifically examine the impact of patient isolation on the prevention of 

nosocomial infection.  The methodological quality is not very high but the  interventions 

included the use of active surveillance and isolation of patients.  Bias-minimisation-unmet, 

no control group, no control of confounding factors.  
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Study 5. Christiansen et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Christiansen et al.___Year __2004__Record Number ____12__ 

 

 

Yes No Unclear 

1. Is sample representative of patients in the                

population as a whole? 

2. Are the patients at a similar point in the course         

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        
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9. Was appropriate statistical analysis used?       

 

Overall appraisal:  Include   Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

Retrospective report of epidemic management.  The methodological quality 

is low.  Bias minimisation-unmet, description of drop out-unmet, no-control 

group, control of confounding factors-unmet, appropriate statistical 

analysis-unmet. 

 

JBI Data Extraction Form  

for Experimental/observational Studies 

 

Author  Christiansen et al. Record Number 12 

Journal Eradication of a large outbreak of a single strain of vanB 

vancomycin-resistant Enterococcus faecium at a major Australian teaching 

hospital. Infection Control & Hospital Epidemiology 2004;25(5):384-390. 

 

Method Time series  July 2001-Dec 2001. Epidemic report  
Setting University hospital with 694 beds. Perth, Australia 

 

Participants hospitalised patients during the study period 

 

Number of Participants 

19,658 patients and 24,396 environmental swabs  

 

Interventions 
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• Cohorting of all positive and contact patients.   
• Positive patients were placed in dedicated isolation wards  
• Patients who had been in the same ward as positive patients were 

placed in designated “contact wards”.  Standard precautions, dedicated 
nursing staff 

• No transfer of positive patients within the hospital.  
• Discharge of VRE positive geriatric patients to aged care facilities was 

suspended and a separate isolation facility was used and managed.  
• Electronic tracking of contact patients 

 
• Formation of a VRE Executive Group 
• Rapid laboratory identification of VRE 
• All patients screening  
• Environmental screening 
• Establishment of a dedicated cleaning team 

• Restriction of antimicrobials 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE 

 

N (%) 

 

Results 

Dichotomous Data 

Outcome 

 

Before the VRE executive 

group 

 

Prevalence of VRE 

 

68+26 39 previously unknown 

carriers 

After relocating the newly 

identified carriers, only 7 

more positive inpatients 
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were found in the next 2 

months. 

Prevalence of VRE 

 

 

In total, 169 patients in 23 
wards/19,658 patient and 
24,396 environmental 
specimens 
 

 

 

 

 

Authors Conclusion 

ICU, dialysis and nephrology units and hostel used by patients receiving 

dialysis played a central role in the spread of the VanB VRE.  

After isolating VRE positive patients to isolation wards, the outbreak was 

controlled. Eradication of VRE is achievable by a well-resourced, 

coordinated, multifaceted approach.  

 

Reviewers Conclusion 

This is a report of the management of epidemic condition in an acute care 

hospital.  The methodological quality is low since there was no planning of 

a rigorous study design in advance.  
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Study 6. Kurup et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Reviewer ___RK________________ Date __April 2009________ 

Author ____Kurup et al._ Year ___2008_     Record Number ___13___ 

 

Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

 

9. Was appropriate statistical analysis used?       
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Overall appraisal:  Include   Exclude     Seek further info   

Comments (Including reason for exclusion) 

This is a retrospective report of the management of epidemic condition in 

an acute care hospital without a rigorous study design in advance. The 

methodological quality is low and it should be included only in narrative 

form.  

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Kurup et al. Record Number 13 

 

Journal  Control of a hospital-wide vancomycin-resistant 

Enterococci outbreak. American Journal of Infection Control 

2008;36(3):206-211. 

 

Method Time series. Epidemic report, March 2005 to July 2005 
Setting 1600 bed hospital Singapore 

 

Participants  hospitalised patients during the study period  

Number of Participants   No exact number was stated.    

 

Interventions 

• Isolation of carriers (Clean, contact and unknown groups) 
• Physical segregation of contacts  
• Formation of a VRE task force 

 
• Hospital-wide screening 
• Surveillance of high-risk groups 
• Increased cleaning 
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• Electronic tagging of VRE status 

• Education and audits 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE 

 

N (%) 

Results 

Dichotomous Data 

Outcome 

 

Before the task force (April 
2005) 

 

From April to June 2005 

Prevalence of VRE 43 carriers 

 

104 carriers 

54 (52%( were detected in 

the first 2 weeks of 

hospital –wide screening. 

The positive patient rate 

declined from 11.4% to 

4.3% by the end of June 

2005. 

 

 

Authors Conclusion 

A multipronged strategy curbed but could not eradicate VRE.  Control 

measures were confounded by hospital infrastructure and high MRSA 

endemicity. 

 

Reviewers Conclusion 
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This is a retrospective report of the management of epidemic condition 

without a planning of a rigorous study design in advance. The 

methodological quality is low but it can be included in narrative format.  
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Study 7. Lucet et al., refine number 14. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

 

Author ___Lucet et al._______Year __2007________ Record Number 

___14___ 

 

 

Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

 

7. Were the outcomes of people who withdrew        
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described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?       

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report of the epidemic condition in an acute care hospital without  

a research designing in advance. The methodological quality is low but it 

can be included in narrative format.  Bias minimisation-unmet, appropriate 

statistical analysis-unmet, description of drop out-unmet, no control of 

confounding factors, no appropriate statistics used.  

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Lucet et al. Record Number 14 

 

Rapid control of an outbreak of vancomycin-resistant enterococci in a 

French university hospital. Journal of Hospital Infection 2007;67(1):42-48. 

 

Method Time series from September 2005 for 14 weeks Epidemic 
report  

 

Setting 950 bed university hospital France 

 

Participants  Hospitalised patients during the study period 

 

Number of Participants    Exact number of patients was not provided.   
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Interventions 

• Cohorting of VRE carriers in a dedicated ward 
 
• Creation of a VRE control committee 
• Extensive screening of contact patients 
• Use of a sensitive technique for detecting VRE in rectal samples 
• Intervention of a dedicated team to reduce consumption of selected 

antibiotics 
• Information for, and education of, all hospital staff 

• Electronic tracking of in-hospital transfer and readmission of VRE 

carriers and contact patients 

 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE 

 

N (%) 

Results 

Dichotomous Data 

Outcome 

 

Number/total number 

Newly identified VRE positive 

patients during first 4 weeks  

37/446  

1st week 7/19 

2nd week 7/35 

3rd week 18/96 

4th week 5/305 

After 4th week 1 VRE positive contact was found at readmission. 
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 No other VRE carriers were identified. 

Authors Conclusion 

The outbreak of VRE was stopped within 4 weeks after the implementation of aggressive 
and multimodal program. This aggressive, co-ordinated, multifaceted strategy was 

successful in halting a widespread VRE outbreak in the hospital.  

Reviewers Conclusion 

This is a report of the management of epidemic condition in an acute care hospital. The 

methodological quality is now high and it should be included only in narrative format. Bias 

minimisation-unmet, no control group, no control of confounding factor, no use of 

appropriate statistical analysis method.  



 94 

 

Study 8. Maschini et al., reference number 15. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Reviewer ___RK________________ Date __April 2009________ 

Author __Mascini et al. Year ____2006___ Record Number ___15__ 

 

 

 

Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This paper has reported the management of epidemic condition in a 

hospital setting without a rigorous study design in advance. The study 

included multiple interventions and the methodological quality is low but it 

can be included in narrative format. Bias minimisation-unmet, no control 

group, insufficient control of confounding factors. 

 

JBI Data Extraction Form for 

Experimental/observational Studies 

 

Reviewer RK         Data  April 2009 

Author  Mascini et al.     Record Number 15 

 

Genotyping and preemptive isolation to control an outbreak of vancomycin-

resistant Enterococcus faecium. Clinical Infectious Diseases 

2006;42(6):739-46. 

 

Method Time series from June 2000 to January 2003.  Epidemic 
report 

 

 

Setting   1042-bed university hospital The Netherlands 
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Participants  Patients admitted to the hospital 

Number of Participants   No exact number of patients was provided.  

 

Interventions 

   
• On the basis of genotyping, infection control measures were applied 

toward epidemic VRE only.  
 
Period I (June 2000-Oct2000) 
• 4 Cohorts: epiVRE patients, room mates of epiVRE patients, ward 

mates of epiVRE patients and newly admitted patients 
• Nursing staff were cohorted as much as possible into 4 cohorts; for 

visiting staff, contact isolation of all patients 
• Contact isolation in a single room for carriers. 
• For room mates of epiVRE patients, contact isolation in a cohort or 

single room until 3 negative culture results 
• Disinfection of rooms after discharge 
• 3 times weekly swabs from non-colonised and possible epiVRE patients 

 
Period II (November 2000-June 2001) 
Use of 3 cohorts: epiVRE patients, possible epiVRE patients and newly 
admitted patients. 
 
Period III (July2001-January 2003) 
No cohorts 

Contact isolation in single room for epiVRE patients 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE N (%) 

 

Results 

Dichotomous Data 

Outcome  Non–epidemic Cluster I epidemic 
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VRE isolated 

VRE carriers at the 

identification of the 

outbreak  

27 patients in 

6 wards/183 

 

 
 

 

VRE  carriers (period I) 

 

59/683  
 
24/683 

(3.5% [95% CI, 
2.2%-5.2%]) 

35/683 

(5.1% [95% CI, 
3.6%-7.1%]) 

VRE carriers (period II) 52/810 24/810 

(3.0% [95% CI, 

1.8%-4.1%]) 

 

28/810   

(3.5% [95% CI, 

2.2%-4.7%]) 

VRE carriers (period III) 29/977 28/977   

(2.9% [95% CI, 

1.9%-4.1%]) 

1/977   

(0.1% [95% CI, 

0.002%-0.6%]) 

 

Authors Conclusion 

Genotyping-targeted infection control, isolation of VRE carriers, 

enhancement of hand-hygiene compliance, and pre-emptive isolation 

successfully controlled the spread of epidemic VRE. 

 

Reviewers Conclusion 

This paper reported the management of epidemic condition in a hospital 

setting without a prospective study planning.   

However, this is one of few studies that specifically examined the effect of 

surveillance and isolation of carriers on the control of VRE spread and it 

should be included in the review.  Bias minimisation-unmet, no control 

group, insufficient control of confounding factors.  
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Study 9. Pearman 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author _____Pearman__  Year ___2006___ Record  16 Number __ 

 

Yes No Unclear 

 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This study report on the prevalence and control of epidemic condition in 

acute care settings and discharged patients without prospectively planned 

research design.  Bias minimisation-unmet, no control group, no use of 

appropriate statistical analysis, no sufficient data provided.  

 

JBI Data Extraction Form  

for Experimental/observational Studies 
 
Author  Pearman   Record Number  16 

 

2004 Lowbury Lecture: the Western Australian experience with 

vancomycin-resistant enterococci -- from disaster to ongoing control. 

Journal of Hospital Infection 2006;63(1):14-26. 

 

Method Time series  July 2001 to April 2002 Epidemic report 
Setting Acute care hospitals in Australia  

Participants  Admitted patients and discharged patients during the study 

period 

 

Number of Participants   No exact population size was reported. 

 

Interventions 
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Index case in July 2001 
• All patients in the ICU were screened. 
• Environmental cleaning 

 
First two months of outbreak 
• Contact isolation of carriers (long sleeved impermeable gowns and 

gloves) 
• Screening of contact patients 
• Hand disinfection 
• Intensified cleaning 

 
Enhanced program: Cohorting of all positive and contact patients  
• Isolation wards for VRE carriers with dedicated nursing staff with gown 

and gloves 
• Contact ward for ward contacts of positive patients or previous 

admissions to the hospital during the outbreak. Dedicated nursing staff 
with standard precautions. 

• Clear ward 
 
Other interventions 
• Hospital wide patient screening 
• Dedicated VRE ward-cleaning service 
• Environmental cultures 
• Electronic flagging system 
• Screening of ward contacts after discharge 
• Geriatric VRE carriers and ward contacts discharged to residential care 

facilities were isolated in a rehabilitation hospital unit until four negative 
cultures. 

• And other measures. 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE 

 

N  

 

Results 

Dichotomous Data 
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Outcome 

 

N  

VRE carriers (Two month 
after the index case was 
identified)  
 

After the implementation 

of control measures 

4 infected patients 
64 colonised patients 

 

54/1977 

 

 

 

Authors Conclusion 

This program has prevented the further spread of VRE. 

 

Reviewers Conclusion 

This study has reported on the epidemic condition in acute care settings 

(inpatients and discharged patients) without a planned research design in 

advance.  No sufficient statistical data were provided.   
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Study 10. Sample et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ____Sample et al._ Year ___2002_____Record Number __17 

 

Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?       

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        
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Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report of the control of epidemic condition in an acute care hospital.  No 

prospective study plan was used.  Minimisation of bias-unmet, no control group, insufficient 

control of confounding factors, insufficient data provided.  

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Sample et al.      Record Number 17 

An outbreak of vancomycin-resistant enterococci in a hematology-oncology 

unit: control by patient cohorting and terminal cleaning of the environment. 

Infection Control & Hospital Epidemiology 2002;23(8):468-70. 

 

Method Time series, April 1998 to February 1999 Epidemic report  
Setting 32 bed adult haematology-oncology unit (5beds bone marrow 
transplant unit and a 12-bed medical day care unit) Canada 

Participants   Patients in the haematology-oncology unit during the study 

period.   

Number of Participants     No exact population size was stated.   

Interventions 

  
Index case was admitted to the unit in January 1998. 
• VRE screening on admission of patients with high risk 
• Contact precautions for known VRE-positive patients. 
• Electronic alert system 
 

April 1998 (enhanced infection control program started) 
• Weekly point-prevalence cultures 
• VRE screening on admission to and discharge from the unit 
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• August 1998 (identification of 6th patient) 
• Terminal environmental cleaning 
• Environmental cultures 

 
September 1998 (identification of 9th patient) 
• Two patient cohorts on the unit (VRE positive and VRE negative) that 

were spatially separated.  
• Assignment of staff cohorts 
• Electronic alert system for discharged patients 
• Consultation on antimicrobial use 
• Information brochures for health workers, patients and families 

• Closure of the ward to new admissions 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE N  

 

Results 

Dichotomous Data 

Outcome 

 

Treatment Group Number/total number 

VRE (April-October 1998) 16 

VRE incidence rate 

(2month preceding the 

introduction of enhanced 

infection control measures 

vs. subsequent 2 months)  

3.6 vs. 0.8 (cases per 1,000 patient days) 

(P<0.001) 

 

Authors Conclusion 
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Despite introduction of contact precautions for all VRE positive patients, 

additional measures such as cohorting patients and staff, temporary 

closure of the unit was necessary.  

  

Reviewers Conclusion 

This is a report of the control of epidemic condition in an acute care 

hospital.  No prospective study plan was used.  Minimisation of bias-unmet, 

no control group, insufficient control of confounding factors, insufficient data 

provided.  
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Study 11 Wang et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Reviewer ___RK________ Date __April 2009________ 

Author ____Wang et al.____ Year _____2004__ Record 18Number  

 

 

Yes No Unclear 

1. Is sample representative of patients in the        

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        
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9. Was appropriate statistical analysis used?        

 

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report of the management of epidemic condition in an acute care 

hospital without a rigorous planning of research design to determine the 

effect of isolation policy  in advance.  

Bias minimisation-unmet, insufficient control of confounding factors, no 

control group.  

 

 

JBI Data Extraction Form  

for Experimental/observational Studies 
 
Author  Wang et al. Record Number 18 

 

Control of vancomycin-resistant enterococci in a hospital: a five-year 

experience in a Taiwanese teaching hospital. Journal of Hospital Infection 

2004;58(2):97-103. 

 

Method Time series, January 1997 to June 2001. Epidemic report  

 

Setting University hospital with 2000 beds. Taiwan  

Participants  hospitalised patients during the study period 

Number of Participants No exact population size was reported.   



 108 

 

Intervention  

• Strict cohort and contact isolation for VRE positive patients 

• Gloves, gowns and masks 

• Washing hands before leaving the cohort room 

• Use of dedicated non-critical devices.  

 

Outcome Measures 

Outcome Description Scale/Measure 

Prevalence of VRE 

 

N 

 

Results 

Dichotomous Data 

Outcome 

 

1997-2000 2001 

VRE identified during 
1997-2000 22 40 

The nosocomial VRE 
infection rate about during 
the intervention period 

 

0.03 to 0.09 per 1000 

discharges 

0.20 per 1,000 

discharges 

 

 

Authors Conclusion 

Interventions for the control of VRE< based on the guidelines from the 

Hospital Infection Control Practice Advisory Committee, are effective for 

control of VRE spread. 
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Reviewers Conclusion 

This is a report of the control of VRE spread in an acute care hospital.  No 

plan of rigorous research design in advance. Bias minimisation-unmet, no 

control group, no control of confounders.  

 



 110 

 

Study 12. Wright et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ____Wright et al._______Year _2004_________ Record Number 

__18 

 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection        

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        
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9. Was appropriate statistical analysis used?        

 

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Wright et al.    Record Number 19 

 

Aggressive control measures for resistant Acinetobacter baumannii and the 

impact on acquisition of methicillin-resistant Staphylococcus aureus and 

vancomycin-resistant Enterococcus in a medical intensive care unit. 

Infection Control & Hospital Epidemiology 2004;25(2):167-168. 

 

Method Time series, 6 months from July 2002. Epidemic report  
Setting  Medical ICU unit, University hospital with 656 beds, USA 

 

Participants  Hospitalised patients during the study period 

Number of Participants  No Exact number was provided.  

 

Interventions 

 

Infection control measures (July 2002) 
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• Surveillance cultures from all patients in the medical ICU when a new 

case was detected.  

• Cohorting VRE positive patients 

• Gowns and gloves required for room entry 

• 1:1 nurse to patient ratio if necessary 

• New admission was limited to secure adequate staffing 

• After a new case was detected (until October 2002) 

• Contact isolation for all patients in the medical ICU 

• Environmental cleaning 

• Environmental surveillance cultures 

• Education sessions 

• Artificial finger nails were strongly discouraged. 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of VRE, MRSA and 

A.baumannii 

 

%  

 

Results 

Dichotomous Data 

Outcome 

 

Treatment Group Number/total number 
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Acquisition rate of VRE in 
ICU during the 6 months 
preceding the outbreak, 

 

20.9% (18 of 86). 

 

Acquisition rate of VRE in 
ICU in the 6 month period 
during and following the 
outbreak when controlling for 
length of stay.  

8.9% (7 of 79) (P=0.05) 

Acquisition rate of A. 

baumannii  

No previously unknown case was 

identified. 

 

 

Authors Conclusion 

Aggressive control measures including cohorting, enhanced contact 

isolation with thorough environmental decontamination and education can 

be used to reduce nosocomial infection rate. 

  

Reviewers Conclusion 

This is a report of the control of epidemic condition. Though the data cannot 

be pooled, it should be included in narrative format.  
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Study 13. Carbonne et al., reference number 13. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

 

Author __Carbonne et al Year ______2002____ Record Number 

___20 

 

Yes No Unclear 

1. Is sample representative of patients in the       

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew            

described and included in the analysis? 

8. Were outcomes measured in a reliable way?         
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9. Was appropriate statistical analysis used?        

 

 

Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This paper has reported on the prevalence of MRSA and ESBLE, and 

evaluated the impact of the national guidelines for MDRB prevention in 

hospitals in France.  Because the aim of this project was not a specific 

examination of the effectiveness of a new infection control project in 

reducing nosocomial infection rate, a rigorous study design to minimise 

bias or to control confounding factors was not used.  

 

JBI Data Extraction Form  

for Experimental/observational Studies 

 

Author  Carbonnet, et al.   Record Number 20 

 

Surveillance of methicillin-resistant Staphylococcus aureus (MRSA) and 

Enterobacteriaceae producing extended-spectrum beta-lactamase (ESBLE) 

in Northern France: a five-year multicentre incidence study. Journal of 

Hospital Infection 2002;52(2):107-13. 

 

Method Cohort study/ Multi-centre incident study 1996-2000 Non-

Epidemic report 
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Setting  129 hospitals (36,771 acute care bed, 17,955 rehabilitation 

and long-term care beds) France 

 

Participants Hospitalised patients during the study period  

 

Interventions 

 

Infection control measures by French Ministry of Health (1999-) 

• Early detection and notification of the MDRO by the laboratory to the 

care unit 

• Labelling of MDRO carriers in the unit 

• Barrier precautions (antiseptic hand washing or alcohol-based hand 

disinfecting, gloves and gown for most patients care) 

• Single room or cohorting if possible 

• Systematic detection of carriers 

• Control antibiotic use 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Annual prevalence data from various 

clinical settings during 1996-2000. 

(The new infection control program was 

introduced in 1998-1999). 

N (%) 

Per 1,000 hospital days 

 

Results 

Dichotomous Data 



 117 

Over all acquisition rate of 

K. pneumoniae 

0.05 per 1,000 hospital 

days, 

 

 

Over all acquisition rate of 

E. aerogenes 

0.12 per 1,000 hospital 

days. 

 

 

The proportion of ESBL 

acquired cases  

89% (1997) 69% (2000) 

 

 K. pneumoniae (1996-2000) E. aerogenes (1999-2000) 

Setting ESBL (%) Incidence per 

1,000 HD 

ESBL (%)  Incidence per 

1,000 HD 

ACF 10.3 0.06 45.5 0.14 

ICU 22.6 0.40 47.8 0.58 

Medicine 9.4 0.04* 49.5 0.14 

Surgery 9.1 0.04* 43.1 0.11 

Other ACF 3.3 ------ 22.4 ------ 

RLTCF 16.8 0.04 56.5 0.10 

TOTAL 11.4 0.05 47.7 0.12 

 

Authors Conclusion 

Over the year, the incidence of ESBL decreased with new isolation policy 

while MRSA was still poorly controlled. This study emphasise the need to 

maintain multifaceted control program including strengthened hand hygiene 

compliance, judicious screening, early communication, designated isolation 

unit with well-trained staff and control of antibiotic use. 

 

Reviewers Conclusion 
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Though the evidence level is not high due to the study design, this is well-

reported study.  The finding also included prevalence data in various 

clinical settings.  
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Study 14. Conterno et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ____Conterno et al._ Year ___2007_______ Record Number 

___21___ 

 

Yes No Unclear 

 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course         

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies          

to deal with them stated? 

5. Are outcomes assessed using objective criteria?         

6. Was follow up carried out over a sufficient time          

period? 

7. Were the outcomes of people who withdrew          

described and included in the analysis? 

8. Were outcomes measured in a reliable way?         
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9. Was appropriate statistical analysis used?        

 

 

Overall appraisal:  Include     Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

Due to the study design, minimisation of bias and control of confounding 

factors were not possible. The impact of isolation was only examined as a 

part of multifaceted infection control program.  

 

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Conterno et al.  Record Number 21 

 

Impact and cost of infection control measures to reduce nosocomial 

transmission of extended-spectrum ÃŸ-lactamase-producing organisms in 

a non-outbreak setting. Journal of Hospital Infection 2007;65(4):354-360. 

 

Method Cohort 1999-2005 Non-epidemic report 
Setting University hospital with 1200 beds Canada 

Participants Hospitalised patients during the study period 

Number of Participants  No exact population size was provided.   

 

Interventions 

Before Dec 2001 
• No consistent infection control program 
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Dec 2001- 
• All patients with an ESBL-producing organism were placed in a single 

room during their hospital stay 
• Contact isolation precautions were used for admission to an ICU, 

uncontained drainage from culture-positive site, diarrhoea or incontinent 
of urine or stool 

• (gloves gown, hand hygiene, dedicated patient care equipment, 
environmental cleaning, alert code etc) 

• Contact precautions  

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of ESBL N 

Per 1000 patient days 

 

Results 

Dichotomous Data 

Outcome 

 

1999 2005 

 

 
 1999-2005 

122 new cases were 
identified. 

ESBL incidence  

(per 1000 admissions) 

0.28 

 

(regional ESBL incidence 
1.32) 

0.76 (P<.001) 

 

(regional ESBL incidence 
9.28  P<.0001) 

ESBL nosocomial infection 
rate  
(per 1000 patient-days)  

 

0.03 

 

0.05 

 

 
ESBL nosocomial infection 
rate per 1000 patient-days 
in ICU 

0.08  0.12  

 



 122 

 

Length of stay or 
occupancy rate in the pre 
and post intervention 
periods 

No differences were found 
(no data were provided). 

 

 

Authors Conclusion 

A multifaceted infection control including active surveillance cultures, 

contact precautions for all colonised or infected patients and antimicrobial 

stewardship, can significantly reduce the incidence of ESBLs. 

  

Reviewers Conclusion 

Due to the study design, minimisation of bias and control of confounding 

factors were not possible. The impact of isolation was only examined as a 

part of multifaceted infection control program.  
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Study 15. Gbanguide-Haore et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author __ Gbanguide-Haore et al._ Year _____2008___ Record Number 

____21__ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course       

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies          

to deal with them stated? 

5. Are outcomes assessed using objective criteria?         

6. Was follow up carried out over a sufficient time          

period? 

7. Were the outcomes of people who withdrew          

described and included in the analysis? 

8. Were outcomes measured in a reliable way?         

9. Was appropriate statistical analysis used?         
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Overall appraisal:  Include     Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

As this study examined the impact of multiple isolation precautions on the 

spread of A. baumannii in an acute care hospital, it is not possible to 

determine the effect of patient isolation alone.    

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Gbanguide-Haore et al. Record Number 21 

 

Ecological study of the effectiveness of isolation precautions in the 

management of hospitalised patients colonised or infected with 

Acinetobacter baumannii. Infection Control and Hospital Epidemiology 

2008;29:1118-1123. 

 

Method Time series 1999-2006 Non-epidemic report  

 

Setting   University hospital with 1,200 beds, 50,000 admissions per 
year, total of 350,000 patient-days France  
 

Participants  Hospitalised patients during the study period 

 

Number of Participants 

No exact population size was provided. 450,000 patient-days 

 

Interventions 
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Period 1 (1999-2001) and Period 3 (2005-2006) 
Single room or cohort with other patients who are also colonised or infected 
Hand hygiene (alchol based hand rub) 
Gloves, gown, mask, eye protection or face shield 
Safe infection practice 
 
Period 2 (2002-2004) 

No isolation measures were used 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Annual incidence of case patients 

 

N 

Cases per 1,000 patient-days 

 

Results 

Dichotomous Data 

Outcome 

 

Treatment Group Number/total number 

Patients colonised or 
infected with A. 
baumannii.  

(RR0.5: 95%CI 0.40-0.64 P<.001) 

Patients colonised or 

infected with A. baumannii  

(period 1) 

(RR, 0.17, 95%CI 0.14-0.19) 

 

Period 1 vs Period 2 (P<0.001) 

(period 2)  (RR, 0.35, 95% CI, 0.31-0.39)  

(period 3)  (RR, 0.27 CI, 0.23-0.31)  

Period 2 vs Period 3 (P=0.002) 
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Authors Conclusion 

The implementation of isolation precautions can prevent the spread of A. 

baumannii in a hospital setting. 

 

Reviewers Conclusion 

As this study examined the impact of multiple isolation precautions on the 

spread of A. baumannii in an acute care hospital, determination of the true 

effect of patient isolation alone was not possible. Same as other included 

studies, population in pre and post intervention periods were not identical. 

Minimisation of bias-unmet, no use of control group. 
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Study 16. Kola et al., reference number 23. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Reviewer ___RK________________ Date __April 2009________ 

Author ____Kola et al.____________Year _____2007_____ Record Number 

______ 

 

Yes No Unclear 

1. Is sample representative of patients in the                

population as a whole? 

2. Are the patients at a similar point in the course          

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies          

to deal with them stated? 

5. Are outcomes assessed using objective criteria?          

6. Was follow up carried out over a sufficient time           

period? 

 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

 

Overall appraisal:  Include      Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

 

 

JBI Data Extraction Form for 

Experimental/observational Studies 
 

Author  Kola et al. Record Number 23 

 

Surveillance of extended-spectrum beta-lactamase-producing bacteria and 

routine use of contact isolation: experience from a three-year period. 

Journal of Hospital Infection 2007;66(1):46-51. 

 

Method  Time series/Surveillance and infection control 
program. January 2002 to December 2004 Non-epidemic report  

 

Setting  1400-bed university, hospital. Germany 

Participants  Hospitalised patients  

Number of Participants No exact population size was not provided.  

 

Interventions 

• All newly admitted ESBL positive patients were tagged using a computer 
assisted hospital wide information system. 

• Colonised or infected patients were placed in private rooms or cohorted 
• Use of gloves and gowns 
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• Room-mates were also screened  

• Control measures were removed once three consecutive clinical and 

peri-rectal samples were negative.  

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

Prevalence of ESBL-K. pneumoniae, 

Proteus mirabilis or Escherichia coli 

 

N 

Per 1000 patient-days 

Nosocomial infection rate N % 

Use of contact isolation N % 

Median duration of contact isolation days 

 

Results 

Dichotomous Data 

Outcome 

 

Data 

Identified ESBL E. coli, K. 
pneumoniae and P. 
mirabilis during the study 
period 
 

 

143 cases from 123 patients 

 

0.12/1000 patient-days (65% were nosocomial 
infections) 

Nosocomial infection rate  
 

 

29.6% (in 2002) 

18.0% (in 2004) 

Use of contact isolation 
precautions  79.6% 
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Median duration of contact 
isolation precautions   14 days 

 

Authors Conclusion 

The effectiveness of the control measures still remains unclear.  

Considering the large number of immuno-compromised patients in the 

hospital, continuous use of isolation precautions will be supported. 

  

Reviewers Conclusion 

As this study examined the impact of multiple isolation precautions on the 

spread of ESBLs in an acute care hospital, determination of the true effect 

of patient isolation alone was not possible. Population in pre and post 

intervention periods were not identical. Minimisation of bias-unmet, no use 

of control group. 
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Study 17. Laurent et al., reference number 24. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

 

Author ____Laurent et al.Year __2008_____ Record Number ____24__ 

 

Yes No Unclear 

 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course          

of their condition/illness? 

3. Has bias been minimised in relation to selection           

of cases and of controls? 

4. Are confounding factors identified and strategies           

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew          

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?         

9. Was appropriate statistical analysis used?        

 

Overall appraisal:  Include     Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report of the management of epidemic condition in an acute care 

hospital without a rigorous planning of research design to examine the 

effect of infection control measures.  No blinding, no control of confounding 

factors, no control group. Population was not identical over the study 

period.  

 

 

JBI Data Extraction Form 

 for Experimental/observational Studies 
 
Author  Laurent et al.      Record Number 24 

 

Laurent C, Rodriguez-Villalobos H, Rost F, Strale H, Vincent J, Deplano A, 

et al. Intensive Care Unit outbreak of extended-spectrum beta-Lactamase-

producing Klebsiella Pneumoniae controlled by cohorting patients and 

reinforcing infection control measures. Infec Control  Hosp Epidemiol 

2008;29(6):517-524. 

 

Method Time series Oct 2000 to May 2006 Epidemic report 

 

Setting  31 bed intensive care department (with 4 ICUs) in a 
university hospital. Belgium 
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Participants Hospitalised patients during the study period 

Number of Participants No exact population size was provided.  

 

Interventions 

   
Until Oct 2000 
• Carriers were placed under contact isolation precautions 
• Surveillance cultures MDRGN 
• Hand hygiene and compliance check 

 
After Nov 2005 (outbreak) 
• All colonised patients received cohorted care from a designated nursing 

staff in a dedicated 6 beds in ICU. 
• Additional staff nurses were provided to relieve the staff members from 

the extra workload. 
• Post-discharge cleaning and disinfection. 
• Meeting with ICU members and infection control team. 

• Limited use of broad-spectrum antibiotics. Monitoring of antimicrobial 

use by the computerised pharmacy database. 
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Outcome Measures 

Outcome Description Scale/Measure 

Prevalence of B-Lactamase-producing 
Klebsiella. Pneumoniae  
 

N 
per 1,000 patient days 

 

Results 

Dichotomous Data 

Outcome Baseline Peak (October and 

November 2005) 

After the program 

implementation 

K. pneumoniae 
nosocomial transmission 
(cases per 1,000 patient 
days) 

0.44  11.57   
(Rate ratio for peak 
vs baseline 25.46) 
 

0.08 
 (rate ratio for after 
the outbreak vs 
during the outbreak 
was 0.11) 

 

Authors Conclusion 

Introduction of additional control measures prevented the further spread of 

ESBL producing K. pneumoniae. 

 

Reviewers Conclusion 

This is a report of the management of epidemic condition in an acute care 

hospital without a rigorous planning of research design in advance.  Bias-

minimisation-unmet, no control of confounding factors, no control group.  
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Study 18. Stephens et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ____Stephens____ Year __2007______Record Number ____25__ 

 

 

Yes No Unclear 

 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course           

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies          

to deal with them stated? 

5. Are outcomes assessed using objective criteria?         

6. Was follow up carried out over a sufficient time          

period? 

7. Were the outcomes of people who withdrew          

described and included in the analysis? 
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8. Were outcomes measured in a reliable way?         

9. Was appropriate statistical analysis used?        

Overall appraisal:  Include     Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report on the management of epidemic condition in an acute care 

hospital without a rigorous planning of research design in advance.  

No blinding, no control of confounding factors, no control group and no use 

of appropriate statistical analysis.  

 

JBI Data Extraction Form for 

Experimental/observational Studies 
 
Author  Stephens et al.  Record Number 25 

 

Emergence of resistant Acinetobacter baumannii in critically ill patients 

within an acute care teaching hospital and a long-term acute care hospital. 

American Journal of Infection Control 2007;35(4):212-5. 

 

Method Time series Oct 2000 to May 2006 Epidemic report  
Setting 31 intensive care department (with 4 ICUs) in a university hospital 
Belgium 

 

Participants Patients admitted to the intensive care department during 

the study period 

 

Number of Participants 

No exact population size was provided.  
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Interventions 

Original infection control measures 
• Single room 
• Contact precautions 
• STOP signs at the door 

 
Additional measures from the first week of Jan 2004 
• Timely notification of readmission and transfer of colonised patients to 

improve compliance with isolation measures 
• Infection control staff 

• Gloves for entire unit 

 

Outcome Measures 

Outcome Description Scale/Measure 

MDR-AB isolates every month from Jan 

2003 to December 2004 in ACH (acute 

care hospital) and LTAC (long-term acute 

care) 

N (%)  

 

Per 1000 patient days 

 

Dichotomous Data 

Outcome Number (%) 

Isolates in LTAC 70 (46.4%) 

Isolates in medical ICU  27 (17.9%) 

Isolates in surgical/trauma ICU 26 (17.2%) 

Isolates in other wards 28 (18.5%) 

Isolates from January 2003-

December 2004 

229 

151 (66%) colonised/infected  

Incidence rate for 2003-2004 in ACH 1.54 per 1000 patients-days  



 138 

Incidence rate for 2003-2004 in 

LTAC 

3.99 per 1000 patients-days 

Authors Conclusion 

Both ACH and LTAC, the team have not been able to totally eradicate 

MDR-A. baumannii. The infection control strategies have kept transmission 

of MDR-A. baumannii controlled in ACH. 

Reviewers Conclusion 

This is a report of the management of epidemic condition in an acute care 

hospital without a rigorous planning of research design in advance. No 

blinding, no control of confounding factors, no control group and no use of 

appropriate statistical analysis, insufficient data provided.  
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Study 19. Wybo et al. 
JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Wybo__________ Year ___2007_ Record Number __26____ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course           

of their condition/illness? 

3. Has bias been minimised in relation to selection           

of cases and of controls? 

4. Are confounding factors identified and strategies          

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew     

described and included in the analysis? 

8. Were outcomes measured in a reliable way?     

 

9. Was appropriate statistical analysis used?     
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Overall appraisal:  Include    Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

This is a report on the investigation and management of epidemic condition 

in an acute care hospital without a rigorous planning of research design in 

advance.  

No blinding, no control of confounding factors, no control group. Timing of 

the introduction of the program was not clear. However, it has been 

included in the review due to the limited number of studies reporting on 

MRGN.  

 

JBI Data Extraction Form for 
Experimental/observational Studies 

 
Author  Wybo et al.       Record Number 26 

 

Outbreak of multidrug-resistant Acinetobacter baumannii in a Belgian 

university hospital after transfer of patients from Greece. Journal of Hospital 

Infection 2007;67(4):374-80. 

 

Method Time series. September 2004 to July 2005. Epidemic report  
Setting University hospital Belgium 

 

Participants Hospitalised patients during the study period. 

Number of Participants 

No exact population size was provided.   

 

Interventions 
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Initial infection control measures 
Gowns and gloves 
Surgical masks in ICU 
Isolation room if possible 
Infection control nurses 
Restricted use of broad-spectrum antibiotics 
 
March 2005 (2nd outbreak) 
Isolation rooms at ICU for every colonised or infected patient. 
Active surveillance cultures 
Environmental cleaning at discharge 

Disinfection 

 

Outcome Measures 

Outcome Description 

 

Scale/Measure 

MRGN isolates (weekly) 

 

N 

 

Results 

Dichotomous Data 

Outcome 

 

Treatment Group 

Number/total number 

Control Group 

Number/total number 

 Not clearly stated in data.  

 

 

Authors Conclusion 

The original infection control policy failed to prevent the 2nd outbreak of A. 
Baumannii.  

Outbreak was controlled soon after the introduction of the additional 

measures 
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Reviewers Conclusion 

Epidemic investigation was the aim of the paper and the impact of the 

program on the reduction of MRGN spread was not clearly presented. 

However, it has been included in the review due to the limited number of 

studies reporting on MRGN.  
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Study 20. Trick et al., reference number 27.  

JBI Critical Appraisal Checklist for Experimental Studies 

 
Author ___Trick et al.______Year ____2004____Record Number ___27___ 

 

  Yes      No  Unclear 

 
1. Was the assignment to treatment groups  truly random?     

2. Were participants blinded to treatment allocation?     

3. Was allocation to treatment groups concealed from the     

allocator?  

4. Were the outcomes of people who withdrew described     

and included in the analysis?  

5. Were those assessing outcomes blind to the treatment     

allocation?  

6. Were the control and treatment groups comparable at      

entry?  

7. Were groups treated identically other than for the named     

interventions?  

8. Were outcomes measured in the same way for all     

groups?  

9. Were outcomes measured in a reliable way?     

10. Was appropriate statistical analysis used?      

 

Overall appraisal: Include  Exclude Seek further info.  
 
Comments (Including reasons for exclusion)  
 
This study has compared the routine use of gloves and placing patients in a separate 
room. Therefore, it is not clear in what extent the isolation of residents or routine use 
of gloves are truly effective in comparison with no interventions. Allocation sequence-
unmet, concealment-unmet, blinding-unmet, ITT analysis-unmet. This is only 
identified RCT, it should be included in the report.   
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JBI Data Extraction Form  

for Experimental/observational Studies 
 
Author   Trick et al.  Record Number 27 

Comparison of routine glove use and contact-isolation precautions to 

prevent transmission of multidrug-resistant bacteria in a long-term care 

facility. Journal of the American Geriatrics Society 2003;52(12):2003-9. 

Method RCT 

Setting  122 bed skilled aged care unit of a 667-bed acute 
and long term care          facility, US  Not epidemic 

Participants  n=259 residents  

Number of Participants 

Group A (Isolation)  136        Group B (Routine use of gloves) 123 

Interventions 

Intervention A Single or cohort room (with residents colonised with the 

same antimicrobial resistant bacteria) Gowns and gloves at the room 

entrance 

Intervention B Routine glove use for all anticipated resident or 

environmental contact  

Outcome Measures 

Outcome Description Scale/Measure 

Acquisition of four antimicrobial-resistant 
organisms (MRSA, VRE, ESBL 
producing-Klebsiella pneumoniae or 
Escherichia coli)  

N  
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Results 

Dichotomous Data 

Outcome 

 

Treatment Group 

Number/total number 

Control Group 

Number/total number 

VRE 4/59 (number at risk) 
 

6/74  

ESBL-[producing 

Klebsiella pneumoniae 

6/60 12/72 

ESBL-producing 

Escherichia coli 

8/52 8/76 

Authors Conclusion 

A similar frequency of transmission of multi-drug resistant bacteria were 
found in two groups.  

Routine glove use may be preferable in many long-term care facilities as it 

can minimise social isolation. 

Reviewers Conclusion 

The study did not examine the effect of patient isolation in comparison with 

no intervention. Therefore, both routine use of gloves and patient isolation 

can be ineffective.   
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Executive Summary 

The Joanna Briggs Institute (JBI) was commissioned by the National Health and Medical 

Research Council (NHMRC) in December 2008 to conduct five (5) evidence reviews to 

provide the evidential base for the revision of national infection control guidelines for the 

prevention of transmission of infectious diseases in the healthcare setting. 

The project involved the conduct of a series of comprehensive systematic literature reviews 
to address questions related to two broad domains: 

• Environmental cleaning; and  

• Multi resistant organism (MRO). 

The project team developed protocols that identified rigorous and reliable methods to 
identify, retrieve, appraise and synthesise findings reported in the national and international 

literature related to five systematic review questions (one review for environmental cleaning 

and four reviews for multi resistant organisms). 

The five (5) review protocols (each including a preliminary background; search strategy; and 
methods of the review) were endorsed by the NHMRC and the following five reviews were 

conducted in early 2009: 

1. The effectiveness of environmental cleaning procedures in the prevention of 
transmission of infectious disease in the healthcare setting  

2. Effectiveness of demonstrating decolonisation of multi-resistant organisms 

3. Patient screening for multi-resistant organisms 

4. The effectiveness of isolation measures of patients infected with Vancomycin 
Resistant Enterococcus (VRE) or Multi-resistant gram negative bacteria (MRGN) in 

reducing the length of hospital stay and in reducing the spread of infection to other 

patients 

5. The effectiveness of personal protective equipment at reducing the transmission of 
methicillin-resistant1 Staphylococcus aureus (MRSA), and Vancomycin Resistant 

enterococci (VRE) 
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From each of these reviews, evidence statements were developed following the NHMRC 
guidance.  

This consultancy report comprises the evidence statements, evidence summaries and 

systematic review regarding the effectiveness of environmental cleaning procedures in the 
prevention of transmission of infectious disease in the healthcare setting. 
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Project Overview 

All of the systematic reviews followed the same structure and process and were based on 

international hierarchies of evidence, commencing with systematic reviews of randomised 

controlled trials, followed by randomised controlled trials and individual experimental studies 

of other designs. These additional designs included cohort and case control studies. 

Evaluation research, including outcomes research and findings of rigorous clinical audits 

were also be included when appropriate 

Searching Strategies 

Databases searched included MEDLINE, EMBASE, CINAHL and specialist database. For 

example, published and unpublished RCTs and controlled trials were searched for in 
specialist collections such as CCTR and research registers of ongoing trials such as Current 

Controlled Trials. The constraints of time and resources did not allow for hand searches of 

key journals.  

Following the search, each paper considered applicable to the objectives of the review was 
retrieved, and the citations entered into bibliographic software (EndNote), where duplicates 

were identified and removed.  

Assessment of Quality/Critical Appraisal 
All papers selected for inclusion were subjected to a rigorous, independent appraisal by two 
critical appraisers to identify and select papers of the highest quality, i.e. those that minimise 

bias, and have good validity and precision. The purpose of critical appraisal was to include 

only studies that were considered to be of a high standard, and to exclude those that were 

deemed to be of poor quality.  

Critical Appraisal Instruments 

The standardised critical appraisal instruments for randomised controlled trials, cohort 

studies and descriptive studies, as developed by JBI and based on a synthesis of 
instruments used by other systematic review agencies, were used (see Appendix 1). Blind 

appraisal was used by two reviewers who then conferred if any disagreement arose. 
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Data extraction and synthesis 
Data were extracted from the included studies using the standardised data extraction tool 

developed by the Joanna Briggs Institute (JBI) for different types of data.  

Statistical pooling was planned for appropriate data. Where this did occur (in only one 
review) comparability of studies was determined based on the specific study population, 

intervention and outcome measures. For dichotomous data, odds ratios and relative risks 

were used as the summary measure of effect. For continuous data that uses the same 

scale, the weighted mean difference was used as the summary measure of effect. For 

continuous data that used different scales, the standardised mean difference was the most 

appropriate summary of effect. The summary of effect was set at the 95% confidence 

interval for each comparison. Homogenous data were meta-analysed using the Cochrane 
Collaboration software Review Manager (RevMan). Where statistical pooling was not 

appropriate or possible, the findings were summarised in narrative and tabular form. 

Synthesis of evidence into evidence statements 
A narrative synthesis of the evidence was developed on completion of each review using 

the NHMRC Evidence Statement Form.  
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Evidence Statements 

Key question: Does personal protective equipment reduce the transmission of 
MRSA or VRE? 

Findings from the Review 
Used appropriately, personal protective equipment is an effective intervention for reducing 
the transmission of MRSA and VRE. 
Gowns and gloves are to be used for the care of patients infected or colonised with VRE. 
For patients with MRSA or VRE, routine glove use - for all anticipated patient/client or 
environment contact - is an effective alternative to patient isolation precautions. 
Education programs must be in place to ensure health care workers use personal protective 
equipment appropriately. 
Evidence table ref: Table 2 
1. Evidence base  10 studies included (1 Level II, 9 Level III-3); moderate risk of bias. C 
2. Consistency Most studies consistent and inconsistency can be explained. B 
3. Clinical impact Restricted. D 
4. Generalisability Evidence directly generalisable to target population. A 
5. Applicability Evidence directly applicable to Australian healthcare context. A 
 
EVIDENCE STATEMENT MATRIX.  
Component Rating Description 
Evidence base C 1 Level II study and 9 Level III studies with moderate risk of bias 
Consistency B Most studies consistent and inconsistency can be explained 
Clinical impact D Restricted 
Generalisability B Evidence directly generalisable to target population with some caveats 
Applicability B Evidence applicable to Australian healthcare context with few caveats 
No dissenting opinions. 
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Evidence Summary Table 

 Strength of Evidence Size of effect Relevance of Evidence 

 Study 
a) Level of 
Evidence 

b) Quality 
of 
Evidence c) Statistical precision   

a) 
Appropriate-
ness of 
Outcomes 

b) Relevance 
of Study 
Question 

Trick WE, Weinstein RA, DeMarais PL, Tomaska W, Nathan C, McAllister 
SK, Hageman JC, Rice TW, Westbrook G, William RJ. Comparison of 
routine glove use and contact-isolation precautions to prevent 
transmission of multidrug-resistant bacteria in a long-term care facility. J 
Amer Geriatr Soc 2003;52(12):2003-9.54 II Moderate 

No significant difference 
between routine glove use and 
patient isolation/‘cohorting’ for 
MRSA (p  = 0.79) or VRE (p = 
0.77) 3 1 1 

Bearman GML, Marra AR, Sessler CN, Smith WR, Rosato A, Laplante JK, 
Wenzel RP, Edmond MB. A controlled trial of universal gloving versus 
contact precautions for preventing the transmission of multidrug-resistant 
organisms. American Journal of Infection Control 2007;35(10):650-655. 46 

 III-3 Moderate 

No significant difference 
between routine glove use and 
patient isolation/‘cohorting’ for 
MRSA (p  = 0.92) or VRE (p = 
0.19) 3 1 1 

Ng PC, Wong HL, Lyon DJ, So KW, Liu F, Lam RKY, Wong E, Cheng 
AFB, Fok TF. Combined use of alcohol hand rub and gloves reduces the 
incidence of late onset infection in very low birth weight infants. Archives 
of Disease in Childhood: Fetal and Neonatal Edition 2004; 89(4). 50 

 III-3 Good (P < 0.05)  2 1 1 

Lee SC, Chen KS, Tsai CJ, Lee CC, Chen HY, See LC, Kao YC, Chen 
SC, Wang CH. An outbreak of methicillin-resistant Staphylococcus aureus 
infections related to central venous catheters for hemodialysis. Infection 
Control & Hospital Epidemiology 2004; 25(8):678-84. 48 

 III-3 Good (P = .003) 2 1 1 

Mangini E, Segal-Maurer S, Burns J, Avicolli A, Urban C, Mariano N, 
Grenner L, Rosenberg C, Rahal JJ. Impact of Contact and Droplet 
Precautions on the Incidence of Hospital-Acquired Methicillin-Resistant 
Staphylococcus aureus Infection. Infection Control & Hospital III-3 Moderate (P = 0.03)  2 1 1 
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Epidemiology 2007; 28(11):1261-1266. 49 

Poutanen SM, Vearncombe M, McGeer AJ, Gardam M, Large G, Simor 
AE. Nosocomial acquisition of methicillin-resistant Staphylococcus aureus 
during an outbreak of severe acute respiratory syndrome. Infection 
Control & Hospital Epidemiology 2005;26(2):134-7. 51 

 III-3 Moderate 

No significant difference 
between pre SARS outbreak 
and outbreak period (when 
precautions were increased) (p 
= 0.30). However, rate of 
MRSA infection after the 
outbreak was significantly 
lower than that before the 
outbreak (p = 0.003). 3 1 1 

Yap FHY, Gomersall CD, Fung KSC, Ho PL, Ho OM, Lam PKN, Lam 
DTC, Lyon DJ, Joynt GM. Increase in methicillin-resistant Staphylococcus 
aureus acquisition rate and change in pathogen pattern associated with 
an outbreak of severe acute respiratory syndrome. Clinical Infectious 
Diseases 2004;39(4):511-516. 55 

 III-3 Moderate 

A significant increase in the 
rate of MRSA acquisition 
occurred during the SARS 
outbreak when PPE 
precautions were increased (p 
< 0.001) 

2 (the point estimate 
of effect was 

statistically significant 
and clinically 

important, but note: 
for a harmful effect) 1 1 

Puzniak LA, Leet T, Mayfield J, Kollef M, Mundy LM. To Gown or Not to 
Gown: The Effect on Acquisition of Vancomycin-Resistant Enterococci. 
Clinical Infectious Diseases 2002;35:18-25. 52 

 III-3 Moderate (P < 0.01)  2 1 1 

Srinivasan A, Song X, Ross T, Merz W, Brower R, Perl TM. A Prospective 
Study to Determine Whether Cover Gowns in Addition to Gloves 
Decrease Nosocomial Transmission of Vancomycin-Resistant Enterococci 
in an Intensive Care Unit. Infection Control & Hospital Epidemiology 
2002;23(8):424-428.53 

 III-3 Good (P = 0.4) 2 1 1 

Hayden MK, Blom DW, Lyle EA, Moore CG, Weinstein RA. Risk of Hand 
or Glove Contamination After Contact With Patients Colonized With 
Vancomycin-Resistant Enterococcus or the Colonized Patients' 
Environment. Infection Control & Hospital Epidemiology 2008; 29(2):149-
154. 47 

 III-3 Moderate (P < 0.001) 2 1 1 
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Quality of evidence (risk of bias): The methodological quality of each included study is critically appraised. Each study is assessed according to the likelihood that 

bias, confounding and/or chance may have influenced its results using the JBI Critical Appraisal tools (Moderate ≥ 4, Good ≥ 6). 

Size of the effect: Size of the effect refers to the distance of the point estimate from its null value for each outcome (or result) and the values included in the 

corresponding 95% confidence interval. 

Relevance of study question: How closely do the elements of the research question match those of the clinical question being considered? This is important in 

determining the extent to which the study results are relevant (generalisable) for the population who will be the recipients of the clinical guideline (1: Relevant, 2: 

Unclear, 3: Irrelevant).  

Appropriateness of the outcomes: Are the outcomes measured in the study relevant to patients? This question focuses on the patient-centredness of the study 

(1: Appropriate, 2: Unclear, 3: Inappropriate) 
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Matrix - Personal Protective Equipment and its effect on MRSA/VRE 
Personal Protective Equipment Intervention MRSA VRE Study 
Routine glove use Level B. As effective as patient isolation/‘cohorting’. Level B. As effective as patient isolation/‘cohorting’. Trick, W. E. et al. 200454 & 

Bearman, M. L. et al. 200746 
Gloves and alcohol rub hand washing protocol Level C. Intervention effective at reducing MRSA 

transmission  
(p < 0.03). 

NA Ng, P. C.  et al. 200350 

Maximal sterile barrier precautions Level C. Maximal sterile barrier precautions were effective 
at reducing MRSA transmission  
(p = 0.003). 

NA Lee, S. C. et al. 200448 

Contact and droplet precautions Level C. Effective for MICU and SICU  
(p = 0.03).  

NA Mangini, E. et al 200749 

Emphasis on hand hygiene and PPE during 
SARS outbreak 

Level C. Increased precautions during the SARS outbreak 
did not significantly reduce the nosocomial MRSA 
transmission rate. However, the nosocomial rate of MRSA 
infection after the outbreak was significantly lower than 
that before the outbreak  
(p = 0.003). 

NA Poutanen, S. M. et al 200551 

“Always gloving and always gowning” Level C. MRSA acquisition rate increased during the 
intervention  
(p = 0.001). 

NA Yap, F. H. Y. et al. 200455 

Gloves and gowns NA Level C. Gloves and gowns were effective at reducing 
VRE acquisition in 2 studies (p < 0.01) (Puzniak et al.) 
(p = 0.4) (Srinivasan et al.) 

Puzniak, L. A. et al. 200252 & 
Srinivasan, A. et al. 200253 

Gloves NA Level C. gloves were effective at protecting the hands of 
HCWs from VRE colonisation (p < 0.001) 

Hayden, M. K. et al. 200847 
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Systematic Review Report 

The effectiveness of personal protective equipment at reducing 
the transmission of meticillin-resistant Staphylococcus aureus 

(MRSA), and Vancomycin Resistant enterococci (VRE) 

Dr Nathan Manning, BA(Hons) PhD 

Dr Rie Konno, RN BNurs MNurs PhD 

Abstract 
For decades now, hospitals around the world have faced the problem of managing 

multidrug-resistant organisms. More specifically, methicillin-resistant staphylococcus 

aureus and vancomycin-resistant enterococci comprise two of the important multidrug-

resistant organisms commonly found in health care settings. This review set out to 

establish best practice in relation to personal protective equipment and the management 

of methicillin-resistant staphylococcus aureus and vancomycin-resistant enterococci 

infection in the health care setting. The objective of this systematic review was to 
establish best practice recommendations for the appropriate use of personal protective 

equipment to prevent the transmission of MRSA and VRE. 

A search of major databases was conducted using medical subject headings and 

keywords. The search returned 358 articles; 340 were excluded; 18 were retrieved from 
which 6 were included in the review in addition to 4 found through hand searching. A 

total of 10 studies were identified which met the inclusion criteria. Critical appraisal and 

data extraction were conducted. Meta-analysis was used to pool the results of 2 studies 

while the remainder have been subject to a narrative synthesis. 

The majority of studies were undertaken in intensive care units of tertiary-care hospitals. 
Most studies used before and after study designs with standard or recommended care 

used as a control. As such, most of the studies included in this review have 

methodological weaknesses; however, study results are generally consistent.   

A randomised controlled trial and a before and after study found routine glove use to be 
as effective as patient isolation for the control of methicillin-resistant staphylococcus 

aureus and vancomycin-resistant enterococci – reducing patient social isolation and 

costs. Two other studies demonstrated that personal protective equipment can be 
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employed in diverse clinical settings to reduce the transmission of methicillin-resistant 

staphylococcus aureus. Several studies highlighted the importance of correct (single) 

use of personal protective equipment and the risk of higher transmission rates if these 

precautions are not adhered to. Two studies found gloves and gowns to be more 

effective at preventing transmission of vancomycin-resistant enterococci than gloves 

alone. An observational study showed gloves were protective of health care workers 

hands during standard care of patients infected or colonised with vancomycin-resistant 

enterococci. 

While the results of included studies are generally consistent and in line with other 
anecdotal and theoretical evidence, the methodological weakness of the studies means 

the findings should be used with caution. Nonetheless, findings of the included studies 

are also generally consistent with recommended care. The field of research would 

benefit from more well-designed controlled trials.     

Background 
For decades now, hospitals around the world have faced the problem of managing 

multidrug-resistant organisms (MDROs). More specifically, meticillin-resistant 

staphylococcus aureus (MRSA) and Vancomycin-Resistant enterococci (VRE) comprise 

two of the important MDROs commonly found in health care settings. For much of the 

world, MRSA is the most commonly identified antibiotic resistant pathogen.1 

Furthermore, it is the most important cause of antibiotic resistant health care-associated 
infections.2 Its prevalence has steadily increased since its discovery in the middle of the 

20th century – although recent research has indicated stabilization and even decline in 

some countries.1 3 Similarly, the prevalence of VRE has increased rapidly.4 VRE’s ability 

to transfer its antibiotic resistance to other microorganisms, together with the threat of 

infection among susceptible patient groups makes prevention and control of VRE a key 

priority. Indeed, researchers recently have identified MRSA with high-level resistance to 

vancomycin.5-7 Both MRSA and VRE are more costly and have higher mortality rates 

than antibiotic-susceptible organisms, including meticillin-susceptible staphylococcus 

aureus and vancomycin-susceptible enterococci8-13 – highlighting the importance of 
sound evidence-based practices to prevent and control the transmission of MRSA and 

VRE. 

For both MRSA and VRE, interventions focussed primarily on infection control practices 

– rather than alteration of antimicrobial use – have successfully controlled outbreaks in 
hospital settings.14-18 In the case of MRSA this work underscores the fact that historically 
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transmission has come about through contact with healthcare19-21 – as  such, 

‘community acquired’ MRSA infection or colonisation has been limited.22 The 

epidemiology of VRE however, is more complicated. While in the United States, VRE 

have almost exclusively been isolated to patients exposed to health care settings,23 24 in 

Europe, the glycopeptide antibiotic avoparcin was used as a growth promoter by the 

livestock industry until it was banned in 1997. As a consequence, VRE has been 

identified in the gastrointestinal tract of healthy individuals and farm animals, along with 

processed meat products.25-28 

As noted above, effective infection control practices have been shown to reduce 
transmission of both MRSA and VRE. Personal protective equipment is a component of 

effective contact precautions and typically involves the use of gloves, gowns, and masks 

by healthcare workers.17 18 29-39  

While there have been reviews evaluating the effectiveness of various strategies for the 
control of MRSA and VRE40-42, the authors have only identified one systematic review of 

barrier precautions to control transmission of MDROs43. Moreover, this review provides 

an assessment of study quality and does not make recommendations for practice. 

Objectives 
This systematic review sets out to establish best practice in relation to personal 

protective equipment and the management of MRSA and VRE infection in the health 

care setting. The objective of this systematic review was to establish: 

• Best practice recommendations for the appropriate use of personal protective 
equipment to prevent the transmission of MRSA and VRE. 

Criteria for Considering Studies for this Review 
This review selected studies published from 2002-2008 as requested by NHMRC.  

Although there were studies as far back as 1985, the systematic review was conducted 

on more current research due to the increased attention on this topic in recent years and 

to reflect changes in MRSA and VRE strains and resistance to antibiotics. 

Types of studies 

This review considered any systematic review and RCT that evaluated the effectiveness 

of personal protective equipment in controlling the transmission of MRSA or VRE in a 

health care setting.  In the absence of systematic reviews and randomised controlled 
trials (RCT), other research designs such as pseudo-randomized controlled trials, 
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descriptive, observational and before and after studies were considered for inclusion. 

Furthermore, if existing systematic reviews did not address any evidence to support the 

intervention of interest, additional up to date studies were sought to identify current best 

available evidence. 

Types of participants 

Patients of either gender with no age limit, previously or recently colonised or infected 

with MRSA or VRE, in a variety of health care settings including hospital intensive care 

units, neonatal intensive care units, general wards, surgical, orthopaedic, haemodialysis 

units, geriatric, paediatric, community care and residential aged care were considered 

for inclusion in this review. 

Types of interventions 

Interventions considered for this review included the use of personal protective 

equipment (gloves, gowns, masks, and respirators). 

Types of outcome measures 

Primary outcomes: MRSA or VRE colonisation/infection/acquisition 

Exclusion criteria  

Studies that evaluated an entire infection control strategy which included the use of PPE 

in addition to a range of other interventions (patient isolation, screening) were excluded 
if they only described the combined effect of the strategy, rather than isolating the effect 

of PPE on acquisition rates.  

• Studies that were not reported in English  

• Studies published before 2002 

• Ongoing studies without data/outcome /results 

Search Strategy 
The aim of the search strategy was to retrieve all published and unpublished studies 

relating to PPE interventions and MRSA or VRE acquisition rates.  

This review utilised a three-step search strategy.  Before commencing the database 
searches, a preliminary search of CINAHL and MEDLINE databases was conducted to 

identify medical subject headings (MeSH) and keywords contained in the titles and 
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abstracts of papers.  The second stage of searching involved a search of the databases 

using MeSH terms and keywords.   

The databases searched included; MEDLINE, CINAHL, Web of Science, EMBASE, 

Scopus, Cochrane Central Register of Controlled Trials and Health Technology 
Assessment.  Table 1 details the results retrieved from each database.  The search 

strategy used for MEDLINE is included as Attachment I.  The search for unpublished 

studies also included grey literature; searching for grey literature involved a search of 

the Digital Dissertations database. 

In the final step of the search strategy, hand-searching was undertaken of the reference 
lists of included studies.  References were considered for inclusion based on title.  If the 

article appeared relevant the full text of the paper was then retrieved.  References 

identified from the search of electronic databases were entered into a bibliographic 

software package (EndNote). Results of the database searching is detailed below in 

Table 1. 

Table 1: Results for search of databases 

Database Records 

Ovid MEDLINE           
Ovid CINAHL   
Wed of Knowledge 
Ovid EMBASE   
SCOPUS  
Cochrane (Central Register of Clinical Trials and 
Health Technology Assessment)   
Digital Dissertations      

21 
8 
3 
52 
291 
19 
 
0 

Total       394 

Duplicates     36 

Total (Duplicates Removed)  358 

Methods of the Review 

Assessment of methodological quality/critical appraisal 

Retrieved papers were assessed by two independent reviewers for validity prior to 

inclusion in the review. Quantitative papers selected for retrieval were assessed using 

the standardised critical appraisal instruments from the Joanna Briggs Institute System 

for the Unified Management, Assessment and Review of Information package (Appendix 

1).   
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The quality of systematic reviews was appraised using the 10 item JBI appraisal tool for 
systematic reviews which assess reviews on transparency and clarity of study selection 

in terms of population, intervention, comparator and outcomes, data extraction, 

synthesis and quality assessment process. Cut-off score for inclusion of the systematic 

reviews after methodological appraisal was set at 8/10.  

Randomised controlled trials were assessed on whether generation of the allocation 
sequence, allocation concealment, blinding, follow up (at least 80%), and use of 

intention to treat analysis were met, not met or unclear. These criteria are incorporated 

into the JBI critical appraisal tool for Experimental studies, which consists of 10 items; 

each answered dichotomously, where ‘yes’ was allocated with one point and ‘no’ with 

zero. The cut-off score for inclusion of studies after methodological appraisal was set at 

5/10, indicating that at least 50% of the items were satisfied. Differences in opinion were 

resolved by discussion.   

For observational cohort/case control studies, the quality was assessed in terms of 

selection of control group; control of confounding factors; follow up period; and use of 

appropriate comparison statistics. These criteria were incorporated in the JBI critical 

appraisal tool for comparable cohort/case control studies, which consists of 9 items with 

the cut-off score set at 4/9.  

Quality of descriptive studies was assessed by the JBI critical appraisal tool for 

descriptive studies which appraises the use of well-defined inclusion criteria, control of 

confounding factors, duration of follow up and use of appropriate statistics.  The tool 

consists of 9 items, and studies with score 5/9 were considered to be included. 

Data extraction 

Data was extracted using the JBI Data Extraction Tools (Appendix 2) and, where 

statistical meta-analysis was possible, the RevMan 5 (Review Manager version 5)44 

developed by the Cochrane Collaboration was used. The data extracted included 
specific details about intervention, population, study method and outcomes of 

significance to the review question and specific objectives. Data regarding the level of 

evidence, quality of evidence, statistical precision, size of effect and relevance of 

evidence for each paper was extracted and recorded under the Reviewers Notes section 

of the JBI tools. 

Any disagreements that arose between the reviewers were resolved through discussion 
with a third reviewer.  The reviewers were not blinded to the authorship of the studies. 
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Data synthesis 

Where possible, study results were pooled and meta-analysis was conducted using 

Review Manager 5 (RevMan5)44. For the majority of papers meta-analysis of results was 

not possible so a narrative analysis has been undertaken. 

Results 

Description of studies 

Most of the studies were undertaken within tertiary care hospitals and 7 out of 10 

deployed before and after designs. While before and after study designs are not 

explicitly listed in the NHMRC Evidence Hierarchy45, it was deemed appropriate to rate 

these studies within the III-3 level. Details of included studies are summarised in Table 

2. The flow diagram below (Figure 1) represents the process from identified studies 
through to the final 10 included in the present review. (Appendix 3)  Thirteen studies 

were excluded from the review. (Appendix 4)   

Figure 1 - Characteristics of included studies 

 
358 identified 

 

 

 

18 retrieved     340 excluded 

    

 

 

 
 

Critical Appraisal           12 excluded  

6 included + 4  

hand searching 
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Table 1 Summary included studies 

Authors Study Type Setting Sample Intervention Comparison Outcome & Results Author’s conclusion Quality score Level of 
Evidence 

Bearman GML, Marra AR, 
Sessler CN, Smith WR, 
Rosato A, Laplante JK, 

Wenzel RP, Edmond MB. A 
controlled trial of universal 

gloving versus contact 
precautions for preventing 

the transmission of 
multidrug-resistant 

organisms. American 
Journal of Infection Control 

2007;35(10):650-655. 46 

 

 

 

Before and 
after study 

Medical 
ICU 

Medical ICU 
patients 
 
Phase 1:  
n=1220 Phase 
2:  n=1102 

Phase 1: 3-month 
period of standard 
practice (contact 
precautions per 
CDC) for patients 
positive for 
MRDO. Phase 2: 
3-month period of 
gloving for all 
patient care, no 
patients placed in 
contact 
precautions.   

Standard 
practice 
(contact 
precautions) 
vs universal 
gloving 

Patient VRE colonisation 
or infection  
Phase 1: 18% 
Phase 2: 14% (p = 
0.19). 
 Patient MRSA 
colonisation or infection  
Phase 1: 5.7% 
Phase 2: 5% (p = 0.92) 

No differences in VRE and 
MRSA colonisation were 
found between the 2 phases.  
Compliance with universal 
gloving was significantly 
higher than compliance with 
contract precautions while 
greater compliance with 
hand hygiene was found in 
the contact precautions 
phase.  Measures must be in 
place in both increase and 
sustain hand hygiene 
compliance before 
comparing contract 
precautions with universal 
gloving 

1.Bias 
minimisatio
n-unmet 

2.Allocation 
concealme
nt-unmet 

3.No control 
group only 
before and 
after 
comparison 

 
Quality score 
4/10  
 

III-3 

Hayden MK, Blom DW, Lyle 
EA, Moore CG, Weinstein 
RA. Risk of Hand or Glove 

Contamination After 
Contact With Patients 

Colonized With 
Vancomycin-Resistant 
Enterococcus or the 
Colonized Patients' 

Environment. Infection 
Control & Hospital 

Epidemiology 2008; 
29(2):149-154. 47 

 

 

 

Structured 
observational 
study  

Medical 
ICU 

VRE-colonised 
patients and 
their HCW  
N=22 colonised 
patients (256 
patient sites 
cultured, 1,572 
environmental 
sites cultured) 
Health care 
workers with 
VRE (-) hands 
n=103.  
• Touched 
environment 
only n=44 (with 
gloves n-29, 
no gloves n-
15)  

Observation 
 

Hand or glove 
contamination 
with VRE 
(before and 
after touching 
a patient 
colonised 
with VRE or 
the colonised 
patient’s 
environment 
during routine 
care 
 

HCW Hand 
contamination with VRE:  
Did not wear gloves 
37% (p = 0.117) 
Wore gloves 5%  
(p = 0.293) 

HCWs were nearly as likely 
to have contaminated their 
hands or gloves after 
touching the environment in 
a room occupied by a patient 
colonised by VRE as after 
touching the colonised 
patient and the patient’s 
environment.   

1.Small 
sample size 
2. Bias 
minimisation-
unmet 
3. Insufficient 
control of 
confounding 
factors. 
 
Quality score 
4/9 

III-3 
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• Touched 
patient and the 
environment 
n=59 (with 
gloves n-55, 
no gloves n=4) 

Lee SC, Chen KS, Tsai CJ, 
Lee CC, Chen HY, See LC, 
Kao YC, Chen SC, Wang 

CH. An outbreak of 
methicillin-resistant 

Staphylococcus aureus 
infections related to central 

venous catheters for 
hemodialysis. Infection 

Control & Hospital 
Epidemiology 2004; 

25(8):678-84. 48 

 

 

 

Before and 
after study 
(historical 
comparison) 

60-bed 
hemodial
ysis unit 

Patients 
receiving 
hemodialysis 
via central 
venous catheter 
 
n=50 case 
patients 
n=51 control 
patients 

maximal sterile 
barrier 
precautions 
(mask, cap, sterile 
gloves, gown, and 
large drape ) 

Submaximal 
sterile barrier 
precautions 
(sterile gloves 
and a large 
drape 
extending 
from the neck 
to the feet) vs 
maximal 
sterile barrier 
precautions 
(mask, cap, 
sterile gloves, 
gown, and 
large drape) 

Hemodialysis catheter-
related bloodstream 
infections (MRSA)  
Submaximal: 46.9% 
Maximal: 16.7%  
(p = 0.033)  

Use of maximal sterile 
barrier precautions during 
the insertation of CVCs 
reduced hemodialysis 
catheter-related bloodstream 
infections.  

1. Bias 
minimisatio
n-unmet 

2. Insufficient 
control of 
confoundin
g factors 

3. Allocation 
concealme
nt-unmet 

Quality score 
6/9 

III-3 

Mangini E, Segal-Maurer S, 
Burns J, Avicolli A, Urban 
C, Mariano N, Grenner L, 
Rosenberg C, Rahal JJ. 
Impact of Contact and 

Droplet Precautions on the 
Incidence of Hospital-
Acquired Methicillin-

Resistant Staphylococcus 
aureus Infection. Infection 

Control & Hospital 
Epidemiology 2007; 
28(11):1261-1266. 49 

Before and 
after study 

Medical 
ICU, 
Surgical 
ICU, 
other ICU 

ICU patients 
(493 beds) 

Baseline - 
Standard 
precautions (use 
of gloves 
whenever a HCW 
anticipates 
contact with a 
patient’s blood or 
body fluids or with 
any contaminated 
item. HCW to 
wear gown, 
surgical mask, 
and eye shield if 
there’s a 
likelihood of 
splashes of blood 
or body fluid).  
Phase 1: gloves 

Baseline 
(standard 
precautions) 
vs Phase 1 
(baseline plus 
gloves upon 
entering the 
patient’s 
room and 
droplet 
precautions) 
vs Phase 3 
(Only contact 
precautions) 

Hospital Acquired MRSA 
Infection  
Baseline: 10 per 1000 
patient days (MICU and 
SICU) 0.7 per 1000 
patient days (other ICU). 
Phase 1: 4.3 per 1000 
patient days (MICU & 
SICU) (p = 0.03).  
No significant change for 
other ICUs (p = .52) 
Phase 2: 2.5 per 1000 
patient days (MICU & 
SICU) (p = 0.43)  

The implementation of 
contact precautions 
significantly decreased the 
nosocomial infection rate of 
MRSA. Discontinuation of 
droplet precautions led to a 
further reduction. 

1. Bias 
minimisation-
unmet 
2. Allocation 
concealment-
unmet 
3. No control 
group 
4.  Insufficient 
control of 
confounding 
factors. 
 
Quality score 
4/9 

III-3 



Review of the Infection Control Literature 22 National Health and Medical Research Council 

upon entering the 
patient’s room 
and droplet 
precautions 
(surgical mask) if 
clinical isolate 
was obtained 
from a respiratory 
tract sample. 
Phase 2: Only 
contact 
precautions. 

Ng PC, Wong HL, Lyon DJ, 
So KW, Liu F, Lam RKY, 
Wong E, Cheng AFB, Fok 

TF Combined use of 
alcohol hand rub and 
gloves reduces the 

incidence of late onset 
infection in very low birth 

weight infants. Archives of 
Disease in Childhood: Fetal 
and Neonatal Edition 2004; 

89(4). 50 

 

Before and 
after study 

Neonatal 
ICU 

Very low birth 
weight infants 
admitted to the 
neonatal ICU 
Conventional 
hand wash 
group n=161 
Alcohol hand 
wash and 
gloves n=176  

Alcohol hand rub 
and gloves 
technique (alcohol 
rub applied to 
gloves as well as 
hands) 

Conventional 
hand washing  

Incidence of MRSA 
septicaemia:  
conventional hand 
washing – 14%  
Alcohol and gloves 
technique 3% (p = 0.05)  

The introduction of the 
alcohol hand rub and gloves 
technique was associated 
with: 
• a 2.8 fold reduction in the 
incidence of late onset 
systemic infection.  

• a significant decrease of 
MRSA septicaemia and 
necrotizing enterocolitis in 
very low birth weight 
infants.  

1. Bias 
minimisation-
unmet 
2. Allocation 
concealment-
unmet 
3. Insufficient 
control of 
confounding 
factors 
Quality score 
7/9  

III-3 

Poutanen SM, Vearncombe 
M, McGeer AJ, Gardam M, 

Large G, Simor AE. 
Nosocomial acquisition of 

methicillin-resistant 
Staphylococcus aureus 
during an outbreak of 

severe acute respiratory 
syndrome. Infection Control 

& Hospital Epidemiology 
2005;26(2):134-7. 51 

 

Before and 
after study 

3 tertiary-
care 
hospitals 
and a 
430 bed 
communi
ty 
hospital 

All admitted 
patients were 
included 

Contact and 
droplet 
precautions 
implemented 
during a SARS 
outbreak 

Standard 
control 
measures for 
MRSA 
(contact 
precautions 
for patients 
identified as 
colonised of 
infected with 
MRSA) 

Rate of nosocomial 
MRSA (all hospitals 
combined) 
Pre-Outbreak – 4.7 per 
10,000 patient days 
(p = 0.76) 
SARS Outbreak – 3.7 
per 10,000 patient days 
(p = 0.30) 
Post-Outbreak – 3.4 per 
10,000 patient days  
(p = 0.003) 

Low adherence to the 
contact precautions may 
have contributed to 
transmission of MRSA 
during the SARS outbreak.  

1. Bias 
minimisation-
unmet 
2. Allocation 
concealment-
unmet 
3. Control of 
confounding 
factors-unmet 
Quality score 
5/9 

III-3 

Puzniak LA, Leet T, 
Mayfield J, Kollef M, Mundy 

LM. To Gown or Not to 

Before and 
after study 

Medical 
ICU with 
19 beds 

All patients 
admitted to 
MICU from 1 

18 months of 
gown and glove 
use  

12 months of 
glove use 
only 

Enteric VRE colonisation  
First gown & glove 
period:  9 cases per 

Use of gowns was 
associated with decreased 
VRE acquisition in an MICU 

1. Bias 
minimisation-
unmet 

III-3 
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Gown: The Effect on 
Acquisition of Vancomycin-

Resistant Enterococci. 
Clinical Infectious Diseases 

2002;35:18-25. 52 

 

July 1997 
through 31 Dec 
1999 were 
eligible  

1000 MICU days 
No-gown period: 19.6 
cases per 1000 MICU 
days (p = < .01) 
Second gown & glove 
period: 9 cases per 
1000 MICU days 

with high VRE colonisation.  2. No control 
group 
3. Insufficient 
control of 
confounding 
factors 
Quality score 
5/9 

Srinivasan A, Song X, Ross 
T, Merz W, Brower R, Perl 
TM. A Prospective Study to 
Determine Whether Cover 

Gowns in Addition to 
Gloves Decrease 

Nosocomial Transmission 
of Vancomycin-Resistant 

Enterococci in an Intensive 
Care Unit. Infection Control 

& Hospital Epidemiology 
2002;23(8):424-428. 53 

 

 

Before and 
after study 

Medical 
ICU 

All patients who 
were at risk to 
acquire VRE, 
were admitted 
to the intensive 
care unit from 
August 1998 to 
January 1999, 
and had at least 
two perirectal 
cultures were 
included in the 
analysis of VRE 
acquisition 

Gowns and 
gloves  

Glove use 
alone 

Acquisition of VRE 
Gown and Gloves: 1.8 
cases per 100 days at 
risk 
Gloves only: 3.78 
cases per 100 days at 
risk  

The study has supported the 
use of cover gown to 
decrease nosocomial 
transmission of VRE.  

1. Blinding-
unmet 
2. Allocation 
concealment-
unmet 
3. No use of 
control group 
 
 
 
 
 
Quality score 
6/9 

III-3 

Trick WE, Weinstein RA, 
DeMarais PL, Tomaska W, 
Nathan C, McAllister SK, 
Hageman JC, Rice TW, 

Westbrook G, William RJ. 
Comparison of routine 
glove use and contact-
isolation precautions to 
prevent transmission of 

multidrug-resistant bacteria 
in a long-term care facility. J 

Amer Geriatr Soc.54 

RCT 
 
 

122 bed 
skilled 
aged 
care unit 
of a 667-
bed 
acute 
and long 
term care 
facility   
 
US  
Not 

epidemic 
 

All residents 
present or 
admitted to the 
facility during 
the study period 
n=259 residents 
in total 

Routine glove use 
for all anticipated 
resident or 
environmental 
contact 

Contact 
isolation 
precautions 

MRSA acquisition 
Contact-isolation 
precaution: 18% 
Routine glove use: 
13% 
VRE acquisition 
Contact-isolation 
precaution: 8.1% 
Routine glove use: 
6.8% 

There was a similar 
transmission rate was 
founding in two groups. 
Routine glove use may be 
preferable for the aged care 
residents.  

1. Bias 
minimisation-
unmet 
2. Allocation 
concealment-
unmet 
3. Identical 
treatments 
except for 
interventions-
unclear 
 
Quality score 
5/10 

II 

Yap FHY, Gomersall CD, 
Fung KSC, Ho PL, Ho OM, 
Lam PKN, Lam DTC, Lyon 

Before and 
after study 

22-bed 
ICU 

All patients 
admitted  to the 
ICU from 

Updated infection 
control 
precautions (N95 

Standard 
contact 
precautions 

MRSA acquisition rate 
 Pre-SARS period: 
3.53% 

The acquisition rate of 
MRSA in the ICU 
significantly increased 

1. Bias 
minimisation-
unmet 

III-3 



Review of the Infection Control Literature 24 National Health and Medical Research Council 

DJ, Joynt GM. Increase in 
methicillin-resistant 

Staphylococcus aureus 
acquisition rate and change 

in pathogen pattern 
associated with an outbreak 
of severe acute respiratory 

syndrome. Clinical 
Infectious Diseases 

2004;39(4):511-516. 55 

 

 

January 2001 
through 
November 2003 

respirators; face 
shields; caps; 
long sleeved, 
disposable 
gowns; and 
gloves – goggles 
were used for 
high risk) 
procedures.  

SARS period: 25.3% 
Post-SARS period: 
2.21% (p , 0.001) 

despite upgraded infection 
control precautions.  

2. Allocation 
concealment-
unmet 
3. Control of 
confounding 
factors-unmet 
Previous 
contact 
isolation 
precautions 
were not 
clear.  
4. Increased 
use of 
antibiotics 
 
Quality score 
5/9 
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Methodological quality 

As detailed in Table 2 above, 7 out of the 10 included studies used before and after study designs. 

The search also found one RCT and one structured observational study that met the inclusion 

criteria. Study quality varied from moderate (quality score 4-5 out of 9-10) to Good (quality score 6-7 

out of 9) –Performance and selection bias are key problems with before and after designs as blinding 

is usually impossible and control measurements are not collected concurrently with experimental 

measurements. Moreover, compliance with interventions was seldom monitored during such studies. 

Unfortunately, the RCT included in this review was not clear about the process of randomisation 

used for allocation to control and intervention groups.  

 

A recent review of study quality in the field of barrier precautions has noted that while descriptive and 
quasi-experimental designs have weaknesses “it is simply not possible to “mask” the interventions 

being studied in this body of literature.”43 The authors also note that insisting on RCTs be used as the 

standard of evidence for clinical practice may be “pedantic” as randomised and nonrandomised trials 

have been shown to be well correlated, “even though nonrandomised studies tend to show a greater 

treatment effect.” Finally, as detailed below, it is worthwhile noting the results of included studies are 

generally consistent. 

Results 
The results section addresses included studies in order of their level of evidence. 

Trick et al.54 conducted an RCT to compare routine glove use and contact-isolation within a long-term 
care facility. As noted above, the process of randomisation was unclear from the paper.2 The study 

compared standard care (private room or “cohort room” for patients infected or colonised with VRE or 

MRSA) with recommended glove use for all anticipated resident or environment contact; isolation 

precautions were not used. No significant difference was found between the contact-isolation 

precaution group (control) and the routine glove use group. The MRSA acquisition rate was 18% for 

contact-isolation precautions and 20 % (p = .79) for the routine glove use group. The VRE acquisition 

rate was 8.1% for contact-isolation precautions and 6.8% (p = .77) for the routine glove use group. 

(Level of Evidence: II) 

Bearman et al.46 conducted a similar trial comparing contact precautions per the Centre for Disease 
Control and Prevention guidelines with universal gloving for all patient care (no patients placed in 

contact precautions) for patients positive for MRDO. This before and after study took place over a 6 
                                                             
2 The reviewers did contact the corresponding author, but the process of randomisation was not 

clearer after this communication. 
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month period in a medical intensive care unit (ICU). Compliance with hand hygiene and infection 

control protocols was monitored by trained observers during both study phases. Consistent with Trick 

et al.54 their results found no differences in MRSA or VRE acquisition between the 2 study phases. 

The MRSA acquisition rate was 5.7% during contact precautions and 5% (p = .92) during the routine 

glove use phase. The VRE acquisition rate was 18% for contact precaution phase and 14% (p = .19) 

for routine glove use. (Level of Evidence: III-3) 

Ng et al. 200350 used a before and after study design to compare a standard hand washing protocol 
(based on the CDC 1985 guidelines) with an alcohol hand rub and glove protocol. The study took 

place in a neonatal intensive care unit and measured the incidence of late onset infection and 

necrotizing enterocolitis in very low birth weight infants over two 36 month periods. Subgroup 

analysis found that the incidence of MRSA septicaemia was significantly reduced during the alcohol 

hand rub and gloves study period. The incidence of MRSA septicaemia during the conventional hand 

washing period was14% and it decreased to 3% (p < 0.05) during the alcohol and gloves study 
period. (Level of Evidence: III-3) 

Lee et al. 200448 also deployed a before and after design, but to compare submaximal (sterile gloves 

and a large drape extending from the neck to the feet) and maximal (mask, cap, sterile gloves, gown, 

and large drape) sterile barrier precautions for the insertion of central venous catheters. The study 

took place in a hemodialysis unit of a tertiary-care medical centre and compared rates of 
hemodialysis catheter-related bloodstream infections (HCRBIs) under the two barrier precaution 

protocols. During the submaximal phase of the study HCRBIs for MRSA was 46.9% compared with 

16.7% (p = .003) during the maximal barrier precaution stage. (Level of Evidence: III-3) 

Mangini et al’s49 study took place across several intensive care units within a university affiliated 
hospital. The study used a before and after design to compare baseline standard precautions 

recommended by the CDC (use of gloves whenever a HCW anticipates contact with a patient’s body 

or body fluids or any contaminated item) with contact and droplet precautions for all patients with 

MRSA (gloves upon entering the patient’s room3 and droplet precautions (surgical mask) if clinical 

isolate was obtained from a respiratory tract sample. The third phase of the study discontinued 

droplet precautions, but maintained contact precautions. During the baseline period of standard 

precautions the combined medical and surgical ICU rate of hospital acquired MRSA infection was 10 

per 1000 patient days and 0.7 per 1000 patient days for other ICUs. During contact and droplet 

precautions the combined MICU and SICU rate decreased to 4.3 per 1000 patient days (p = 0.03), 
while there was no significant change for other ICUs (p = .52). Under contact precautions alone the 

combined medical and surgical ICU rate of hospital acquired MRSA infection decreased to 2.5 

infections per 1000 patient days (p = 0.43).  (Level of Evidence: III-3) 
                                                             
3 Where possible, private rooms were used for patients under droplet precautions. 
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Two studies51,55 used an outbreak of Severe Acute Respiratory Syndrome (SARS) and the 
subsequent upgrading of droplet and contact precautions to compare rates of MRSA acquisition 

before, during and after the outbreak. Poutanen et al’s51 study included 3 tertiary care hospitals and a 

430-bed community hospital. The study compared three time periods – pre-outbreak, SARS 

outbreak, post-outbreak. During the outbreak standard control measures for MRSA continued across 

the 4 hospitals – screening of high risk patients on admission, screening units with recent nosocomial 

MRSA transmission and “contact precautions for patients identified as colonised or infected with 

MRSA.”51 During the SARS outbreak, barrier precautions were routinely used for all patients and the 

following measures were implemented as set down by the Ontario Ministry of Health and Long-Term 
Care: “(1) reduced clinical services, with cancellation of elective procedures; (2) screening triage and 

individuals entering the facility to identify those with possible SARS or exposure; (3) admission of 

patients with suspected SARS to private rooms, preferentially with negative air pressure; and (4) 

emphasis on hand hygiene and personal protective equipment (PPE) consisting of gloves, gown, 

mask (N95 respirator or equivalent) and eye protection (eg, safety glasses, goggles, or face shield). 

One directive mandated the universal use of PPE for contact with all patients during April and part of 

May 2003. This directive explicitly stated that PPE should be removed and replaced between 

patients.”51 The third study period was post-outbreak during which the above contact and droplet 

precautions were discontinued. During the pre-outbreak period the rate of nosocomial MRSA 
acquisition was 4.7 per 10,000 patient days (p = 0.76). During the SARS outbreak the rate was 3.7 

per 10,000 patient days which was not significantly different from that before (4.7 per 10,000 patient-

days, p = 0.30) or after (3.4 per 10,000 patient-days) the outbreak. However, the nosocomial rate of 

MRSA infection after the outbreak was significantly lower than that before the outbreak (p = 0.003). 

(Level of Evidence: III-3) 

Yap et al.55 also used a before and after design to compare MRSA acquisition rates during an 
outbreak of SARS when barrier precautions were upgraded. The study took place in a 22-bed 

intensive care unit of a tertiary-care university teaching hospital. During the SARS outbreak, routinely 

used PPE included N95 respirators; face shields; caps; long sleeved, disposable gowns; and gloves. 

Goggles were also used for high risk procedures. The authors state they adopted a policy of always 

gloving and always gowning and hence, gowns and gloves were constantly worn in the ICU even 

when there was no direct patient contact. The MRSA acquisition rate during the Pre-SARS period 

was 3.53%; during the SARS period it was 25.3% and during the Post-SARS period it was 2.21%. 
The MRSA acquisition rate for the SARS period was significant (p = 0.001). (Level of Evidence: III-
3) 

Two studies52 53 used before and after designs to compare rates of VRE acquisition within MICUs. 

These studies sought to test the efficacy of current recommendations for controlling the spread of 
vancomycin resistance56 by comparing the use of gowns and gloves (recommended care) with 
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gloves alone. Puzniak et al.52 found that when gloves and gowns were used the VRE acquisition rate 

was 9.1 cases per 1000 MICU days compared with 19.6 cases per 1000 MICU days (p< .01) when 

gloves only were used. Similarly, Srinivasan et al53 found a VRE acquisition rate of 1.8 cases per 100 

days at risk when gowns and gloves were used compared with 3.78 cases per 100 days (p = 0.4) 

during gloves only period. A meta-analysis was conducted (figure 1 below), which clearly shows the 

control (gloves and gowns) is favoured. Srinivasan et al53 did not publish the number of patients 

colonised or infected with VRE, however, for the purposes of meta-analysis, these data were derived 

from the acquisition rate and duration of the study which are detailed in the paper.  (Level of 
Evidence: III-3) 

Figure 1 – Meta-analysis Gloves vs. Gloves and Gowns 

 

Hayden et al.47 conducted a structured observational study in a medical ICU of a 700-bed tertiary 

care teaching hospital. The study used observation and culture samples to estimate the level of hand 

or glove contamination with VRE among HCW who touch a patient colonised with VRE and/or the 

colonised patient’s environment during routine care. The study found that 37% of those who did not 
wear gloves contaminated their hands with VRE through touching the patient and/or the patient’s 

environment. For those who did wear gloves, hand contamination (sample taken after glove removal 

but before washing hands) from touching the patient and/or the patient’s environment was 5%. 

(Level of Evidence: III-3) 

Discussion 
The overall objective of this review was to determine the best available evidence on the effectiveness 

of PPE at reducing the transmission of MRSA and VRE. The database searching for this systematic 
review identified 358 articles; 4 articles were identified through hand searching. From these, 10 

studies meet the inclusion criteria and were included in the review. The search strategy only 

identified one RCT which meet the inclusion criteria. 8 studies used a before and after study design 

where recommended care acted as a baseline/control for comparisons with the intervention to be 

made. One study used quantitative structured observation to examine VRE contamination of hand 

and/or glove through routine care of patients colonised or infected with VRE. As such, the evidence 

level of included studies is generally low, with 9 out of 10 studies categorised as level III-3.  
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Generally, the studies support the use of PPE, in particular gloves and gowns, for preventing the 
transmission of MRSA and VRE. Trick et al.54 and Bearman et al’s46 studies comparing routine glove 

use with patient isolation had congruent results and found no difference in rate of transmission for 

MRSA or VRE. These findings are important because Bearman et al’s study supports the results of 

the only RCT identified by the review and suggests that routine glove use within medical intensive 

care units is as effective as patient isolation. As Trick et al. suggest, routine glove use instead of 

contact-isolation could have numerous benefits including cost savings and decreased 

patient/resident social isolation.  

The work of Ng et al.50 and Lee et al.48 demonstrates that PPE can be used in diverse clinical 
settings (a neonatal ICU and a hemodialysis unit) and with diverse patient groups and health care 

workers with different specialties to significantly reduce rates of MRSA infection.    

Several studies49 51 55 draw attention to the dangers associated with improper use of PPE and the 
potential for strict barrier precautions to not lead to a reduction in transmission of MRSA. Indeed, in 

one study, increased barrier precautions led to an increase in MRSA transmission55. The two studies 

which took place during a SARS outbreak51 55 argue that increased barrier precautions failed to 

reduce nosocomial acquisition of MRSA because HCW may have been more concerned about 

protecting themselves and, in addition, the demand to always wear gloves, long sleeved gowns and 

cleanse hands before and after each contact with a patient and between dirty body-site and clean 
body-site for the same patient, may have resulted in poor compliance and the reuse of PPE (between 

patients and between dirty body-site and clean body-site for the same patient). Yap et al.55 also 

speculate that the heavy use of antimicrobials could have contributed to an overgrowth of MRSA. 

When looking specifically at PPE and VRE Haydon et al.47 clearly showed that gloves were 
protective of health care workers’ hands when caring for patients colonised or infected with VRE. The 

work of Puzniak et al.52 and Srinivasan et al.53 is consistent and a meta-analysis plainly shows that 

gowns and gloves were more effective at preventing the transmission of VRE than gloves alone.  

Of course, as noted above, these kinds of study designs are open to a range of biases including 

performance, selection, and detection bias. Indeed, numerous confounding factors were identified for 
the included studies. Two studies49 50 used an education program in addition to changes in barrier 

precautions, making it impossible to isolate effects. The alcohol hand rub and gloves protocol used 

by Ng et al.50 required health care workers to apply the alcohol rub to their hands as well as the 

gloves, making it impossible to isolate the effect of each intervention. Neither paper investigating 

increased barrier precautions during an outbreak of SARS provided clear indication of the barrier 

precautions pre or post outbreak51 55. Finally, compliance with barrier precautions was either not 

monitored or not reported in numerous studies.48-53 55 This is particularly significant as studies have 

shown enhanced infection control strategies are associated with increased compliance57 58. Hence, 
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especially in the case of gowns, one cannot easily determine whether it is the direct, physical barrier 

of the gown that is reducing transmission rates or whether gowns provide an indirect effect by 

enhancing compliance with infection control measures. 

Nonetheless, it should be noted that researchers in this field undertake their investigations in the face 
of significant challenges, in particular, ethical obligations of care and the need to respond to 

outbreaks or situations which could rapidly escalate to an outbreak. Moreover, as Aboelela et al43 

have noted, ‘masking’ interventions in this field of inquiry is often impossible. Given these constraints, 

nonrandomised controlled trials like Bearman et al.46  – with thorough monitoring of the intervention – 

may, be a more suitable study design standard for this field than blinded randomised controlled trials.   

Conclusions 
The studies included in this review had a number of methodological weaknesses; however, in the 
absence of more rigorous designs they have been included to provide an evidence base for the use 

of personal protective equipment to reduce the transmission of MRSA and VRE. Routine glove use 

has been found to be as effective as patient isolation at containing MRSA and VRE in both a long 

term care facility and a medical ICU, with benefits for patients and cost savings. The use of personal 

protective equipment also led to significant reductions in MRSA infections in a neonatal intensive 

care unit and a hemodialysis unit. Other studies have highlighted the importance of correct (single) 

use of PPE and the potential for enhanced barrier precautions to lead to poor compliance, stasis or 

an increase in MRSA transmission. While study numbers were limited, horizontal transmission of 

VRE within a hospital setting seems best prevented by the use of gloves and a gown.    

Implications for Practice 
Personal protective equipment, in particular, gloves and gowns, should be used as part of an 

infection control strategy to prevent the transmission of MRSA and VRE. The evidence base for 

routine glove use in preference to patient isolation for MRSA and VRE is limited, but would provide 

benefits for patients and health care institutions. Again, the evidence base is limited, but gowns in 

addition to gloves seem effective in reducing the transmission of VRE. It is critical that health care 

workers are properly trained in the use of PPE and understand the serious implications of incorrect 
use.   

Implications for Research 
As suggested above, the research in this field is limited in its generalisability given its methodological 

weaknesses. The field requires more well conducted controlled trials and RCTs where appropriate to 

provide a stronger and broader base for recommendations. Moreover, to date, the research has 

primarily been undertaken in ICUs in tertiary-care hospitals. The field would benefit from more 

research conducted in a variety of health care settings including aged care and community care.    
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Appendices 

Appendix 1 - JBI Standardised Critical Appraisal Tools 

JBI Critical Appraisal Checklist for Experimental Studies 

Reviewer ___________________ Date __________ 
Author _____________________ Year __________ Record Number ______ 

  Yes No Unclear 

1. Was the assignment to treatment groups truly random?     
 

2. Were participants blinded to treatment allocation?     
 

3. Was allocation to treatment groups concealed from the     
 allocator?  
 

4. Were the outcomes of people who withdrew described     
 and included in the analysis?  
 

5. Were those assessing outcomes blind to the treatment     
 allocation?  
 

6. Were the control and treatment groups comparable at     
 entry?  
 

7. Were groups treated identically other than for the named    
 interventions?  
 

8. Were outcomes measured in the same way for all    
 groups?  
 

9. Were outcomes measured in a reliable way?     
 

10. Was appropriate statistical analysis used?      

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
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Critical Appraisal Checklist for Comparable Cohort/ Case Control 

Reviewer ___________________ Date __________ 
Author _____________________ Year __________ Record Number ______ 

  Yes No Unclear 

1. Is sample representative of patients in the population     
 as a whole? 
 

2. Are the patients at a similar point in the course     
 of their condition/illness? 
 

3. Has bias been minimised in relation to selection     
 of cases and of controls? 
 

4. Are confounding factors identified and strategies    
 to deal with them stated? 
 

5. Are outcomes assessed using objective criteria?     
 

6. Was follow up carried out over a sufficient time     
 period? 
 

7. Were the outcomes of people who withdrew     
 described and included in the analysis? 
 

8. Were outcomes measured in a reliable way?     
 

9. Was appropriate statistical analysis used?     
 

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
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JBI Critical Appraisal Checklist for Descriptive/ Case Series 

Reviewer ___________________ Date __________ 
Author _____________________ Year __________ Record Number ______ 

  Yes No Unclear 

1. Was study based on a random or pseudo-      
 random sample? 
 

2. Were the criteria for inclusion in the sample       
 clearly defined? 
 

3. Were confounding factors identified and strategies       
 to deal with them stated? 
 

4. Were outcomes assessed using objective criteria?      
 

5. If comparisons are being made, was there       
 sufficient descriptions of the groups? 
 

6. Was follow up carried out over a sufficient time       
 period? 
 

7. Were the outcomes of people who withdrew       
 described and included in the analysis? 
 

8. Were outcomes measured in a reliable way?      
 

9. Was appropriate statistical analysis used?      
 

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
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Appendix 2 - JBI Standardised Data Extraction Tool 

Data Extraction Form (Quantitative Data) 
 
Author     Record Number   
 
Journal         
 
Year      
 
Reviewer        
 
 
Method  ___________________________________________ 
 
Setting  ___________________________________________ 
 
Participants ___________________________________________ 
 
  ___________________________________________ 
 
 
Number of Participants 
 
Group A   Group B    
 
 
Interventions 
 
Intervention A  ______________________________________________ 
 
 ______________________________________________ 
 
 ______________________________________________ 
 
 
Intervention B  _______________________________________________ 
 
 _______________________________________________ 
 
 _______________________________________________ 
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Outcome Measures 

Outcome Description 
 

Scale/Measure 

 
 

 

 
 

 

 
 

 

 
Results 
Dichotomous Data 

Outcome 
 

Treatment Group Number/total 
number 

Control Group 
Number/total number 

   
 

   
 

 
Continuous Data 

Outcome 
 

Treatment Group 
Mean & SD (number) 

Control Group 
Mean & SD (number) 

   
 

   
 

   
 

 
Authors Conclusion 
______________________________________________________________________  

______________________________________________________________________  

______________________________________________________________________  

______________________________________________________________________  
______________________________________________________________________  

 
Reviewers Conclusion 
______________________________________________________________________  
______________________________________________________________________  
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Harvey JR, Benfield JEC. Preventing methicillin-resistant Staphylococcus aureus infection in joint 
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Reason for exclusion: PPE only 1 part of an infection control program. No way to isolate 
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intensive care unit surveillance cultures and resultant barrier precautions on hospital-wide 
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Official Publication Of The Infectious Diseases Society Of America 2006;43(8):971-978.64 

Reason for exclusion: PPE only 1 part of an infection control program. Data not shown for 

effectiveness of maximal sterile barrier precautions. No way to isolate effects of PPE on 
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Reason for exclusion: PPE only 1 part of an infection control program. No way to isolate 

effects of PPE on transmission rates. 

Pan A, Carnevale G, Catenazzi P, Colombini P, Crema L, Dolcetti L, et al. Trends in methicillin-
resistant Staphylococcus aureus (MRSA) bloodstream infections: Effect of the MRSA 

"search and isolate" strategy in a hospital in Italy with hyperendemic MRSA. Infection 

Control and Hospital Epidemiology 2005;26(2):127-133.66 

Reason for exclusion: PPE only 1 part of an infection control program. No way to isolate 

effects of PPE on transmission rates. 

Saiman L, Cronquist A, Wu F, Zhou J, Rubenstein D, Eisner W, et al. An outbreak of methicillin-

resistant Staphylococcus aureus in a neonatal intensive care unit. Infection Control and 

Hospital Epidemiology 2003;24(5):317-321.67 

Reason for exclusion: Does not evaluate effectiveness of PPE on infection rates. 

Trautmann M, Pollitt A, Loh U, Synowzik I, Reiter W, Stecher J, et al. Implementation of an 

intensified infection control program to reduce MRSA transmissions in a German tertiary 

care hospital. American Journal of Infection Control 2007;35(10):643-649.68 

Reason for exclusion: PPE only 1 part of an infection control program. No way to isolate 

effects of PPE on transmission rates. 

Van Trijp MJCA, Melles DC, Hendriks WDH, Parlevliet GA, Gommans M, Ott A. Successful control of 

widespread methicillin-resistant Staphylococcus aureus colonization and infection in a large 

teaching hospital in the Netherlands. Infection Control and Hospital Epidemiology 

2007;28(8):970-975.69 
Reason for exclusion: Evaluation of an infection control strategy which included multiple 

factors (PPE did not seem to feature). No way to isolate effects of PPE on transmission 

rates. 
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Appendix 5 - Critical Appraisal Tools and Extraction Tools 

Study 1.  Bearman et al.  

JBI Critical Appraisal Checklist for Experimental Studies 
Author __Bearman et al.__ Year _2000    Record Number46__ 

 
Yes   No    Unclear 

1. Was the assignment to treatment groups truly random?     

2. Were participants blinded to treatment allocation?     

3. Was allocation to treatment groups concealed from the     

allocator?  

4. Were the outcomes of people who withdrew described     

and included in the analysis?  

5. Were those assessing outcomes blind to the treatment     

allocation?  

6. Were the control and treatment groups comparable at     

entry?  

7. Were groups treated identically other than for the named    

interventions?  

8. Were outcomes measured in the same way for all    

groups?  

9. Were outcomes measured in a reliable way?     

10. Was appropriate statistical analysis used?      

 Overall appraisal:      Include    Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
Short follow up period (3 month each), small sample size, no use of control group, insufficient bias 
minimisation and allocation concealment unclear, no use of ITT analysis.   
 



Review of the Infection Control Literature 48 National Health and Medical Research Council 

JBI Data Extraction Form for Experimental/observational Studies 
 
Record Number 46 
 
Bearman GML, Marra AR, Sessler CN, Smith WR, Rosato A, Laplante JK, et al. A controlled trial of 

universal gloving versus contact precautions for preventing the transmission of multidrug-

resistant organisms. American Journal of Infection Control 2007;35(10):650-655. 

 

Method Before and after study  

Setting  Medical ICU 

Participants Medical ICU patients  

 

Number of Participants 

Phase 1 1220      Phase 2 1102 

Interventions 

Phase 1 3-month period of standard practice (contact precautions per CDC) for patients positive for 
MRDO. 

Phase 2 3-month period of gloving for all patient care, no patients placed in contact precautions.  

 
Outcome Measures 

Outcome Outcome measures 

VRE colonisation or infection  N (%) 

MRSA colonisation or infection N (%) 
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Results 

Dichotomous Data 

 

 

Phase 1 Phase 2 

Patient VRE colonisation or infection 35/192  
18% 

35/257 
14% (p = 0.19). 

Patient MRSA colonisation or infection  

 

13/228 
5.7% 

 

15/301  

5% (p = 0.92) 

Patients VRE positive on admission 
(ICU) 

 

1/192  

0.5% 

0/257  

0% (P=0.32)  

Patients MRSA positive on admission 
(ICU) 8/228 (3.5%)  10/301 (3.3%) (P=0.75) 

Hand hygiene compliance before 
patient care 

228/1220  

18.7%   

126/1102 

11.4%    (P<0.001) 

Hand hygiene compliance after patient 
care 

704/1220 

57.7% 

578/1102 

52.5%  (P=0.011) 

Compliance with contact precautions 
vs universal gloving 

75.7% 87.0%  (P<0.001) 

Authors Conclusion 

No differences in VRE and MRSA colonisation were found between the 2 phases.  Compliance with 

universal gloving was significantly higher than compliance with contract precautions while greater 

compliance with hand hygiene was found in the contact precautions phase.  Measures must be in 

place in both increase and sustain hand hygiene compliance before comparing contract precautions 

with universal gloving.  

Reviewers Conclusion 

No differences in VRE and MRSA colonisation were found between the 2 phases.   
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Study 2 Hayden et al.  

JBI Critical Appraisal Checklist for Descriptive/ Case Series 

 

Author ___Hayden et al. ___ Year _2008_ Record Number __47____ 

 

Yes No Unclear 

1. Was study based on a random or pseudo-         

random sample? 

2. Were the criteria for inclusion in the sample         

clearly defined? 

3. Were confounding factors identified and strategies        

to deal with them stated? 

4. Were outcomes assessed using objective criteria?       

5. If comparisons are being made, was there         

sufficient descriptions of the groups? 

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

Overall appraisal:  Include    Exclude     Seek further info   
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Comments (Including reason for exclusion) 

Sample size is not large enough to draw a strong conclusion. Bias  

minimisation-unmet, insufficient control of confounding factors. 

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 47 
 
Hayden MK, Blom DW, Lyle EA, Moore CG, Weinstein RA. Risk of Hand or Glove Contamination 

After Contact With Patients Colonized With Vancomycin-Resistant Enterococcus or the 

Colonized Patients' Environment. Infection Control & Hospital Epidemiology 2008;29(2):149-

154. 

Method Structured observational study 

Setting  Medical ICU 

Participants  VRE-colonised patients and their HCW  
 

Number of Participants:  Health care workers with VRE (-) hands n=103 

Touched environment only n=44 (with gloves n-29, no gloves n-15) 
Touched patient and the environment n=59 (with gloves n-55, no gloves n=4) 

Interventions A    Wearing gloves 

Intervention B       No gloves 

 

Outcome Measures 

Outcome Description Scale/Measure 

Hand contamination with VRE n (%) 

 

Results 

Dichotomous Data 

Outcome Wearing gloves No gloves 
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Hand contamination with VRE 5% (P=0.293) 37% (p = 0.117) 

Authors Conclusion 

Gloves were highly protective with respect to hand contamination.   

Reviewers Conclusion 

Due to a small sample size and non-experimental design, a strong conclusion cannot be drawn.   
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Study 3. Lee et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author _____LEE et al.______Year __2004___Record Number ___48___ 

 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?              

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        
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Overall appraisal:  Include    Exclude     Seek further info   

Comments (Including reason for exclusion) 

Sample size was not large enough to draw a strong conclusion.   Bias minimisation - unmet, 

insufficient control of confounding factors.  

 

JBI Data Extraction Form for Experimental/observational Studies 
 
Record Number 48 
 

Lee SC, Chen KS, Tsai CJ, Lee CC, Chen HY, See LC, et al. An outbreak of methicillin-resistant 
Staphylococcus aureus infections related to central venous catheters for hemodialysis. Infection 

Control & Hospital Epidemiology 2004;25(8):678-84. 

 

Method Before and after study (historical comparison) 

Setting   60-bed haemodialysis unit  

 

Participants  Patients receiving haemodialysis via central venous catheter  

Number of Participants 

Submaximal sterile barrier precautions 51 

Maximal sterile barrier precautions              50   

 

Interventions 

Intervention A  Submaximal sterile barrier precautions (sterile gloves and a large drape 

extending from the neck to the feet)  

Intervention B  Maximal sterile barrier precautions (mask, cap, sterile gloves, gown, and 
large drape) 
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Outcome Measures 

Outcome Description Scale/Measure 

Hemodialysis catheter related blood stream 
infection MRSA  

n (%) 

 

Results 

Dichotomous Data 

Outcome Submaximal sterile barrier 

precautions 

Maximal sterile barrier 

precautions 

Hemodialysis catheter related 
blood stream infection MRSA  

15/32 (46.9%) 3/18 (16.7%)  (P=0.033) 

Authors Conclusion 

Use of maximal sterile barrier precautions during the insertion of CVCs reduced hemodialysis 
catheter-related blood stream infections in dialysis patients.  

Reviewers Conclusion 

Maximal sterile barrier precautions (sterile gloves and large drape plus newly introduced mask, cap 
and gown) was associated with the reduced haemodialysis catheter-related blood stream infections 

in dialysis patients.  
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Study 4. Mangini et al.  

JBI Critical Appraisal Checklist for Experimental Studies 

 

Author ___Mangini  et al. ___Year ___2007_      Record Number _49_______ 

 
                                                                                                                         Yes      No       Unclear 

1. Was the assignment to treatment groups truly random?     

2. Were participants blinded to treatment allocation?     

3. Was allocation to treatment groups concealed from the     

allocator?  

4. Were the outcomes of people who withdrew described     

and included in the analysis?  

5. Were those assessing outcomes blind to the treatment     

allocation?  

6. Were the control and treatment groups comparable at     

entry?  

7. Were groups treated identically other than for the named    

interventions?  

8. Were outcomes measured in the same way for all    

groups?  

9. Were outcomes measured in a reliable way?     

10. Was appropriate statistical analysis used?      

 Overall appraisal: Include       Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
Before and after study (3 different intervention periods). Bias minimisation-unmet, allocation 
concealment-unmet, no control group, insufficient control of confounding factors.  
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JBI Data Extraction Form for Experimental/observational Studies 
Record Number 49 

Mangini E, Segal-Maurer S, Burns J, Avicolli A, Urban C, Mariano N, et al. Impact of Contact and 
Droplet Precautions on the Incidence of Hospital-Acquired Methicillin-Resistant Staphylococcus 

aureus Infection. Infection Control & Hospital Epidemiology 2007;28(11):1261-1266. 

Method  Before and after study  

Setting   Medical ICU, Surgical ICU, other ICU 

Participants  ICU patients  

Number of Participants 493 beds (no exact number of patients have been provided). 

 

Interventions 

Baseline - Standard precautions (use of gloves whenever a HCW anticipates contact with a patient’s 

blood or body fluids or with any contaminated item. HCW to wear gown, surgical mask, and eye 

shield if there’s a likelihood of splashes of blood or body fluid).  

 

Phase 1: gloves upon entering the patient’s room and droplet precautions (surgical mask) if clinical 
isolate was obtained from a respiratory tract sample.  

Phase 2: Only contact precautions. 

 

Outcome Measures 

Outcome Description Scale/Measure 

Hospital acquired MRSA infection Per 1,000 patient days 

 

Results 

Dichotomous Data 

Outcome 

(per 1000 patient days) 

Medical ICU + Surgical ICU Other ICU 
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Baseline 10 0.7 

Phase 1 (P=0.03) 

57% decrease 

--- 

No significant change 

Phase 2 2.5 (P=0.43)  

 

Authors Conclusion 

The implementation of contact precautions significantly decreased the nosocomial infection rate of 

MRSA. Discontinuation of droplet precautions led to a further reduction. 

Reviewers Conclusion 

Due to the study design (interrupted time series (before and after), allocation concealment and bias 
minimisation were not appropriately conducted.   
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Study 5. Ng et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ____Ng et al.___ Year _2003__ Record Number ___50___ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew        N/A 

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?            
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Overall appraisal:  Include  7/9  Exclude     Seek further info   

 

Comments (Including reason for exclusion) 

The randomisation method was not used.  

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 49 

Mangini E, Segal-Maurer S, Burns J, Avicolli A, Urban C, Mariano N, et al. Impact of Contact and 

Droplet Precautions on the Incidence of Hospital-Acquired Methicillin-Resistant Staphylococcus 

aureus Infection. Infection Control & Hospital Epidemiology 2007;28(11):1261-1266. 

Method  Before and after study  

Setting   Medical ICU, Surgical ICU, other ICU 

Participants  ICU patients  

Number of Participants 493 beds (no exact number of patients have been provided). 

Interventions 

Baseline - Standard precautions (use of gloves whenever a HCW anticipates contact with a patient’s 

blood or body fluids or with any contaminated item. HCW to wear gown, surgical mask, and eye 

shield if there’s a likelihood of splashes of blood or body fluid).  

Phase 1: gloves upon entering the patient’s room and droplet precautions (surgical mask) if clinical 
isolate was obtained from a respiratory tract sample.  

Phase 2: Only contact precautions. 

Outcome Measures 

Outcome Description Scale/Measure 

Hospital acquired MRSA infection Per 1,000 patient days 
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Results 

Dichotomous Data 

Outcome 

(per 1000 patient days) 

Medical ICU + Surgical ICU Other ICU 

Baseline 10 0.7 

Phase 1 (P=0.03) 

57% decrease 

--- 

No significant change 

Phase 2 2.5 (P=0.43)  

Authors Conclusion 

The implementation of contact precautions significantly decreased the nosocomial infection rate of 

MRSA. Discontinuation of droplet precautions led to a further reduction. 

Reviewers Conclusion 

Due to the study design (interrupted time series (before and after), allocation concealment and bias 
minimisation were not appropriate. 
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Study 6. Pautanen et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Pautanen et al.__ Year _2005___ Record Number ____51__ 

 

 

Yes No Unclear 

1. Is sample representative of patients in the          

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies        

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?         
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Overall appraisal:  Include    Exclude     Seek further info   

Comments (Including reason for exclusion) 

Due to the study design, allocation concealment-unmet and bias minimisation and control of 
confounding factors were not sufficiently conducted.  

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 51 

 

Poutanen SM, Vearncombe M, McGeer AJ, Gardam M, Large G, Simor AE. Nosocomial acquisition 
of methicillin-resistant Staphylococcus aureus during an outbreak of severe acute respiratory 

syndrome.[see comment]. Infection Control & Hospital Epidemiology 2005;26(2):134-7. 

Method  Before and after study  

Setting   3 tertiary-care hospitals and a 430 bed community hospital  

Participants  All admitted patients were included  

Number of Participants         No exact number of patients 

Interventions 

Intervention A  Contact and droplet precautions implemented during a SARS outbreak  

Intervention B  Standard control measures for MRSA (contact precautions for patients 

identified as colonised of infected with MRSA) 

 

Outcome Measures 

Outcome Description Scale/Measure 

Nosocomial infection rate MRSA Per 10.000 patient days 
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Results 

Dichotomous Data 

Outcome Before  During After 

Nosocomial MRSA rate 

(per 10,000 patient days) 

4.7 

 

3.7 3.4 

Before vs After 
(P=0003) 

Authors Conclusion 

The nosocomial infection rate with MRSA after the outbreak was significantly lower than that before 

the outbreak.  Low adherence to the contact precautions may have contributed to transmission of 

MRSA during the SARS outbreak. 

Reviewers Conclusion 

This is not a high quality study but the quality score met the inclusion criteria.  
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Study 7 Puzniak et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Puzniak et al.__ Year 2002__ Record Number ____52__ 

 

Yes No Unclear 

1. Is sample representative of patients in the          

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        

Overall appraisal:  Include    Exclude     Seek further info   
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Comments (Including reason for exclusion) 

Compliance was only mentioned periodically, not throughout the study period. Due to the study 
design, minimisation of bias, allocation concealment and control of confounding factors were not 

sufficiently conducted.  

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 52 

Puzniak LA, Leet T, Mayfield J, Kollef M, Mundy LM. To Gown or Not to Gown: The Effect on 
Acquisition of Vancomycin-Resistant Enterococci. Clinical Infectious Diseases 2002;35:18-25. 

Method  Before and after study  

Setting   Medical ICU  

Participants  All patients admitted to MICU from 1 July 1997 through 31 Dec 1999 were 
eligible  

Number of Participants   (19 beds) 

Interventions 

Intervention A  18 months of gown and glove use  

Intervention B  12 months of glove use only 

 
Outcome Measures 

Outcome Description 

 

Scale/Measure 

VRE colonisation rate 

 

Per 1000 MICU days 
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Results 

Outcome 

 

1stgown and gloves 
period  

No gown period 2nd gown and gloves 
period 

VRE colonisation rate (per 1000 
MICU days) 

9 19.6 

P<0.01 

9 

 

Authors Conclusion 

Use of gowns was associated with decreased VRE acquisition in an MICU with high VRE 

colonisation. 

Reviewers Conclusion 

This is not a control trial but the quality score met the inclusion criteria. 
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Study 8. Srinivasan et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author _ Srinivasan  et al.         Year  2002______ Record Number _____53_ 

 

Yes No Unclear 

1. Is sample representative of patients in the          

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection          

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

period? 

7. Were the outcomes of people who withdrew         

described and included in the analysis? 

8. Were outcomes measured in a reliable way?        

9. Was appropriate statistical analysis used?        
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Overall appraisal:  Include    Exclude     Seek further info   

Comments (Including reason for exclusion) 

The study was conducted in one hospital with 976 beds. Compliance with precautions was not 
stated. The result could be due to increased awareness of infection control practice rather than the 

use of a gown.  

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 53 

Srinivasan A, Song X, Ross T, Merz W, Brower R, Perl TM. A Prospective Study to Determine 

Whether Cover Gowns in Addition to Gloves Decrease Nosocomial Transmission of Vancomycin-

Resistant Enterococci in an Intensive Care Unit. Infection Control & Hospital Epidemiology 
2002;23(8):424-428. 

Method  Before and after study  

Setting  Medical ICU  

Participants All patients who were at risk to acquire VRE, were admitted to the intensive care 
unit from August 1998 to January 1999, and had at least two perirectal cultures were included in the 

analysis of VRE acquisition 

Number of Participants 

Group A period 141 admissions to the MICU 

Group B period 173 admissions to the MICU   

Interventions 

Intervention A  Gowns and gloves  

Intervention B  Glove use alone 

 
Outcome Measures 

Outcome Description Scale/Measure 

Acquisition of VRE Per 100 days at risk 
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Results  

Outcome Gown and gloves Gloves only  

Acquisition of VRE  

(per 100 days at risk) 

1.8 cases  3.78 cases  

Authors Conclusion 

The study has supported the use of cover gown to decrease nosocomial transmission of VRE. 

Reviewers Conclusion 

As the author stated in discussion, compliance with precautions was not stated. The result could be 

due to increased awareness of infection control practice rather than the use of a gown. 
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Study 9. Trick et al.  

JBI Critical Appraisal Checklist for Experimental Studies 
 

Author __Trick et al._Year __2004__ Record Number ___54___ 

 
                                                                                                                         Yes       No   Unclear 

1. Was the assignment to treatment groups truly random?     

2. Were participants blinded to treatment allocation?     

3. Was allocation to treatment groups concealed from the     

allocator?  

4. Were the outcomes of people who withdrew described     

and included in the analysis?  

5. Were those assessing outcomes blind to the treatment     

allocation?  

6. Were the control and treatment groups comparable at     

entry?  

7. Were groups treated identically other than for the named    

interventions?  

8. Were outcomes measured in the same way for all    

groups?  

9. Were outcomes measured in a reliable way?     

10. Was appropriate statistical analysis used?      

Overall appraisal: Include  Exclude  Seek further info.  
 
Comments (Including reasons for exclusion)  
 

None of two interventions could be truly effective due to the study design. No randomisation or 
allocation concealment methods were stated. Insufficient information was provided to judge if possible 

confounders had been controlled.  



Review of the Infection Control Literature 72 National Health and Medical Research Council 

 

JBI Data Extraction Form for Experimental/observational Studies 
 

Author  Trick et al. Record Number 54 
 

Trick WE, Weinstein RA, DeMarais PL, Tomaska W, Nathan C, McAllister SK, et al Comparison of 
routine glove use and contact-isolation precautions to prevent transmission of multidrug-resistant 

bacteria in a long-term care facility. Journal of the American Geriatrics Society 2004;52(12):2003-9. 

 

Method RCT 

 

Setting  122 bed skilled aged care unit of a 667-bed acute and long term care facility  US 
Not epidemic 

 

Participants All residents present or admitted to the facility during the study period 

Number of Participants    n=259 residents in total 

Routine glove use group   n=74  

Contact isolation precautions group n=82 

 

Interventions 

Intervention A  Routine glove use for all anticipated resident or environmental contact  

Intervention B  Contact isolation precautions  

 

Outcome Measures 

Outcome Description Scale/Measure 

Acquisition of MRSA n (%) 

Acquisition of VRE n (%) 
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Results 

Dichotomous Data 

Outcome Routine glove use Contact isolation precautions 

Acquisition of MRSA 13/64 (20%) 12/65 (18%) 

Acquisition of VRE 4/59 (6.8%) 6/74 (8.1%) 

(Acquisition of MRSA, VRE 
ESBL-K. pneumoniae or 

Escherichia coli) 

31 

(1.5 per 1,000 resident-days) 

38  

(1.6 per 1,000 resident-days) 

Authors Conclusion 

There was a similar transmission rate was founding in two groups. Routine glove use may be 

preferable for the aged care residents. 

Reviewers Conclusion 

None of two interventions could be truly effective due to the study design.  
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Study 10. Yap et al.  

JBI Critical Appraisal Checklist for Comparable Cohort/ Case Control 

 

Author ___Yap et al.  Year ___2004____ Record Number ____55_ 

 

Yes No Unclear 

1. Is sample representative of patients in the         

population as a whole? 

2. Are the patients at a similar point in the course        

of their condition/illness? 

3. Has bias been minimised in relation to selection         

of cases and of controls? 

4. Are confounding factors identified and strategies         

to deal with them stated? 

5. Are outcomes assessed using objective criteria?        

6. Was follow up carried out over a sufficient time         

Period? 

7. Were the outcomes of people who withdrew          

described and included in the analysis? 

8. Were outcomes measured in a reliable way?         

9. Was appropriate statistical analysis used?         
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Overall appraisal:  Include    Exclude     Seek further info   

Comments (Including reason for exclusion) 

Various confounders such as increased antibiotic use and increased practice of control precaution 
may have influenced the outcome. No adherence rate to the protocol was reported.  

 

JBI Data Extraction Form for Experimental/observational Studies 
Record Number 55 

 

Yap FHY, Gomersall CD, Fung KSC, Ho PL, Ho OM, Lam PKN, et al. Increase in methicillin-resistant 
Staphylococcus aureus acquisition rate and change in pathogen pattern associated with an outbreak 

of severe acute respiratory syndrome. Clinical Infectious Diseases 2004;39(4):511-516. 

Method Before and after study  

Setting  22-bed ICU  

Participants All patients admitted to the ICU from January 2001 through November 2003 

Number of Participants 

Intervention A period   not clear 

Intervention B period   83 admissions during the SARS period.   

Interventions 

Intervention A  Standard contact precautions 

Intervention B  Updated infection control precautions (N95 respirators; face shields; caps; long 

sleeved, disposable gowns; and gloves – goggles were used for high risk) procedures.  

 

Outcome Measures 

Outcome Description Scale/Measure 

MRSA acquisition rate  N (%) (per 100 admissions) 
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Results 

Outcome Pre SARS period SARS period Post SARS period 

MRSA Acquisition 3.53%  

3.53 cases per 100 
admissions 

25.3% 

25.3 cases per 100 
admissions 

2.2% 

2.2 cases per 100 
admissions 

Authors Conclusion 

He acquisition rate of MRSA in the ICU significantly increased despite upgraded infection control 

precautions. 

Reviewers Conclusion 

Though the quality score is 5/9, the methodological quality of this study is not very high due to the 

multiple confounding factors such as increased antibiotic use, unreported adherence to precautions.  
The study had not been prospectively designed to evaluate the effectiveness of the new intervention 

program.  
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Introduction 
 
What is the evidence supporting the length of time a health care worker can remain 
excluded from work post the resolution of symptoms of gastroenteritis? 
 
Outbreaks of gastroenteritis in health care settings have been typically identified to be caused 
by norovirus infection1. Infection control policies to manage norovirus specific outbreaks 
have focused on a number of factors such as environmental cleaning, hand hygiene, patient 
and staff movements and using personal protective equipment.  Infection control 
recommendations to manage norovirus in health care settings have most often been drawn 
from Chadwick’s 2000 article on the ‘Management of hospital outbreaks of gastroenteritis 
due to small round structured viruses.’2  Infection control recommendations regarding health 
care worker exclusion periods have been inconsistent in the literature and in practice in 
specifying how long to exclude infected staff after symptoms of gastroenteritis have been 
resolved.  
 
Exclusion policies have ranged from 24, 48 and 72 hrs and longer after the first solid stool 
has passed, signifying the recovery of acute symptoms of gastroenteritis. Within health care 
settings the predominant exclusion period is 48 hrs as recommended by Chadwick. It is 
unclear however, what evidence underlies this policy and whether viral shedding of those 
infected by norovirus should be considered within exclusion policies. The feasibility of 
implementing exclusion policies in health care settings can also be problematic due to the 
significant costs and burden on the institution from the absence of staff during an outbreak.  
 
This systematic review was commissioned to assess what evidence there was to support a 
specific length of time for a health care worker to remain absent from work in order to 
decrease the risk of transmission of norovirus infection.  

Approach to review  
 
We approached the evidence from two distinct themes to address the length of time a health 
care worker should be excluded from work post the resolution of symptoms for norovirus 
related gastroenteritis: 
 

a) whether viral load and duration of shedding had any implications for establishing an 
exclusion period for health care workers; or 

b) whether exclusion policies for staff had any influence on controlling an outbreak of 
norovirus. 

Methodology 
A search was conducted using the following databases: 

• Medline 
• EMBASE 

                                                 
1 Koopmans, M. (2008). "Progress in understanding norovirus epidemiology." Current Opinion in Infectious 
Diseases 21(5): 544-52. 
2 Chadwick P, Beards G, Brown D et al; Management of hospital outbreaks of gastroenteritis due to small 
round structured viruses; Journal of Hospital Infection(2000) 45:1-10. 
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• CINAHL 
• PubMED 

 
The limits that were applied to the searches included 
• English language 
• Human 
• Publication date 2002 – Dec 2008 
 
The date was set from the year 2002 onwards primarily because diagnostic techniques had 
improved and the nomenclature had officially changed to ‘norovirus’ in the year 2002.  
 
The following search terms were run via an Endnote program where combinations of search 
terms 1 to 6 were used in combination with search terms 7 to 46 and searched as keywords 
and in abstract. All references were extracted into an Endnote program for sorting. 

Search terms 
Search terms  

Keywords AND Abstract 
1. exp Norovirus 2. exp Norwalk virus 
3. Norwalk-like virus 4. NLV 
5. Small round virus 6. Small round structured virus 
7. Gastroenteritis 8. Gastro 
9. Gastric flu 10. Stomach flu 
11. Personnel 12. Adults 
13. Health care 14. Outbreak 
15. outbreak investigation 16. infection 
17. transmission 18. epidemic 
19. infectious disease 20. infectious disease transmission 
21. infection risk 22. hospital 
23. Health setting 24. clinic 
25. post-symptomatic 26. epidemiolog* 
27. virus 28. virol* 
29. nosocomial 30. risk factors 
31. surgery 32. acute care 
33. exposure 34. spread 
35. contributors 36. cause 
37. faeces 38. fec* 
39. aged care 40. long term care 
41. cleaning 42. decontamination 
43. residential care 44. long term care 
45. viral gastroenteritis 46. infectivity 

 
For searches relevant to viral load and shedding the following search string was used: 
 
Database: EMBASE <1996 to 2009 Week 05> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     Norovirus/ (805) 
2     norwalk$.mp. (712) 
3     nlv.mp. (146) 
4     HuCV.mp. (29) 
5     calicivirus/ (638) 
6     4 or 1 or 3 or 2 or 5 (1880) 
7     limit 6 to (human and english language and yr="2002 - 2008") (750) 
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8     exp Virus Shedding/ (1478) 
9     8 and 7 (17) 
10     from 9 keep 1,3-5,7,9,12,14-16 (10) 
11     virus load/ (16576) 
12     11 and 7 (12) 
13     virus transmission/ (21957) 
14     7 and 13 (105) 
15     virus excretion/ (327) 
16     from 14 keep 19,72 (2) 
17     7 and 15 (5) 
18     exp Virus Infection/ (242463) 
19     from 17 keep 2,4-5 (3) 
20     18 and 7 (334) 
21     virus infectivity/ (4397) 
22     21 and 7 (12) 
23     from 22 keep 1 (1) 
24     23 or 19 or 16 or 10 (12) 
25     from 24 keep 1-12 (12) 
 
Database: Ovid MEDLINE(R) <1996 to January Week 3 2009> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     norovirus/ or norwalk virus/ (1173) 
2     nlv.mp. (171) 
3     HuCV.mp. (38) 
4     Caliciviridae Infections/ or Caliciviridae/ (1318) 
5     4 or 1 or 3 or 2 (1718) 
6     limit 5 to (english language and humans and yr="2002 - 2008") (793) 
7     Virus Shedding/ (1071) 
8     6 and 7 (14) 
9     from 8 keep 2-4,6,10,12,14 (7) 
10     Viral Load/ (11533) 
11     6 and 10 (5) 
12     from 11 keep 1 (1) 
13     prolong$.mp. (102965) 
14     6 and 13 (17) 
15     from 14 keep 1-2,4,7,17 (5) 
16     9 or 12 or 15 (10) 
17     8 or 11 or 14 (31) 
18     6 not 17 (762) 
19     from 16 keep 1-10 (10) 
 
AMI  Search History 
Set Search Terms     Records 
#4 ((nlv) OR ("norwalk*") OR (norovirus))  50 
#3 nlv      3 
#2 "norwalk*"     8 
#1 norovirus     43 
#0 PY=2002-2008 
 
Articles were extracted into an Endnote database for sorting. 
 
The CDC website was searched which identified articles for full text retrieval but were 
excluded based on application of inclusion/exclusion criteria. No relevant articles were 
identified from the NICE website. 
 
Once all articles had been extracted into the Endnote database all duplicates were deleted. 
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Review of evidence 
Two researchers independently reviewed the articles for inclusion in the study using the 
Endnote database. Articles that did not have enough information or where there was 
contention were retrieved for further analysis.  
 
Articles that were excluded from the study based on irrelevance to the clinical question 
included those that: 

- did not relate to norovirus caused gastroenteritis 
- were not confirmed by laboratory diagnosis 
- only confirmed an outbreak 
- only genotyped a norovirus strain 
- only evaluated diagnostic techniques 
- confirmed outbreaks were not attributed to host to host transmission (food and water 

borne outbreaks) 
- primarily focussed on cleaning products 
- primarily focussed on immunity to norovirus 

 
Inclusion and exclusion criteria as specified in Table 1 were applied to title and abstract by 
two independent researchers. Articles that met these criteria for title and abstract or if it was 
inconclusive whether they met the criteria were retrieved for analysis. The inclusion and 
exclusion criteria were applied to the full text articles. An outline of the search and retrieval 
process is provided in Figure 1. A table of the included articles is provided in Appendix A 
and are organised according to their relevance to the question. A table of excluded articles is 
provided in Appendix B.  

 

Table 1. Inclusion and exclusion criteria 
Q  How long should HCW be excluded from performing their duties in the HCF post 

their infection with Norovirus 
 
 Population Study factor Outcome 

Adults 
Health care setting or 
closed environments  
 
 
Symptomatic and 
asymptomatic 
individuals  
 

Host to host transmission  
studies (inclusive of non-
nosocomial factors eg food 
handling) 
 
measurement of viral load 
and periods of viral 
shedding  
 

Measurement of viral load 
over a minimum 72hr 
period. 
 
Evaluation of period 
individuals shed NoV  
 
 
 
 

In
cl

us
io

n 
C

rit
er

ia
 

Outbreak confirmed to 
be Norovirus by 
laboratory diagnosis 
 

Epidemiological outbreak 
analysis which identify the 
source of outbreak 
 
Infection control measures 
that included an exclusion 
policy to control NoV 
outbreak  
 

Identification of risk for  
host to host direct and 
indirect transmission of 
norovirus to uninfected 
persons 
 
Use of staff exclusion from 
employment as an outbreak 
measure 
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Ex
cl

us
io

n 
C

rit
er

ia
 

Children 
 
Populations with 
multiple enteric 
viruses causing gastro 
 
Settings reporting 
outbreaks of NoV that 
have not been 
confirmed by lab 
assays  
 
Bacterial caused 
gastroenteritis 
 

Common source epidemics 
(food or water borne 
contamination) 
 
Genotyping studies, strain 
evolution/ diversity studies. 
 
No documented infection 
control measures 
 
 

Studies where factors 
influencing transmission of 
NoV is not discussed 
 
Studies measuring Nov 
excretion for less than 
72hrs 
 

 
 

28 studies were included in the analysis addressing two distinct topics: 
 

a) whether viral load and duration of shedding had any implications for establishing an 
exclusion period for health care workers;  

a. viral shedding over time 
b. viral load in symptomatic and asymptomatic populations 

b) whether exclusion policies for staff had any influence on controlling an outbreak of 
norovirus. 

a. Epidemic investigations that specified infection control measures inclusive of 
staff exclusion policies and whether they influenced the outbreak. 
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Figure 1. Outline of search results 

Articles retrieved from 
initial search of 

Pubmed 
Embase 
Medline 
Cinahl 

Removal of duplicates

Removal of articles  
- not norovirus (234)
- pre 2002 (463) 
- not Human (170) 
- not English  
 

1028 

1895 

596 

106 

28 

5738 

 
Application of 
inclusion/exclusion 
criteria to full text 
articles 

 
Application of 
inclusion/exclusion 
criteria to title and 
abstract 

Removal of articles 
related to genotyping, 
diagnosis, testing 
methods, immunity 
and surveillance 

 
Removal of articles 
not relevant to study 
question 

 
Removal of articles 
based on 
inclusion/exclusion 
criteria 

 
 
 
Viral load and shedding 

(12) 
Outbreak analysis with 

specified exclusion periods 
(16) 
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Data extraction 
Data from included articles were extracted into data tables (appendix C) as well as appraised 
for methodological quality based on NHMRC’s checklist for aetiology and risk factors.  
 
Levels of evidence and analysis of study design were based on NHMRC grading levels as 
outlined in ‘NHMRC additional levels of evidence and grades for recommendations for 
developers of guidelines: Stage 2 consultation.’ Appendix F outlines the levels of hierarchy 
used to assess the research studies. 
 

Data synthesis  
The results were summarised into two evidence summaries for each question as outlined in 
Appendix D. From this body of evidence an evidence statement (Appendix E) was prepared 
as per the ‘NHMRC additional levels of evidence and grades for recommendations for 
developers of guidelines: Stage 2 consultation,’ to assess the clinical question. Appendix G 
outlines the body of evidence matrix used to grade the evidence. 
 
The findings for exclusion policies and infection control recommendations have been 
tabulated for the epidemic investigations and compared with respect to other infection control 
methods outlined in the studies.  
 
A narrative synthesis has been presented for both questions.   
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Results 
28 studies were included in the analysis to provide the evidence to support the length of 
exclusion period of health care workers post the resolution of symptoms for norovirus related 
gastroenteritis. 
 
The studies were selected based on 

a) whether viral load and duration of shedding had any implications for establishing an 
exclusion period for health care workers; or 

b) whether exclusion policies for staff had any influence on controlling an outbreak of 
norovirus (epidemiological investigations of norovirus outbreaks). 

 

Table 1. Summary of included articles categorised by relevance to the 
question 
Viral load and shedding (12) Epidemic investigations (16) 

Atmar, R. L., A. R. Opekun, et al. (2008). 
"Norwalk virus shedding after experimental 
human infection." Emerging Infectious Diseases 
14(10): 1553-7.  
 
Gallimore, C. I., D. Cubitt, et al. (2004). 
"Asymptomatic and symptomatic excretion of 
noroviruses during a hospital outbreak of 
gastroenteritis." J Clin Microbiol 42 (5): 2271-4. 
 
Goller, J. L. (2004). "Long-term features of 
norovirus gastroenteritis in the elderly." Journal of 
Hospital Infection 58(4): 286-291.  
 
Goller, J. L., A. Dimitriadis, et al. (2004). 
"Norovirus excretion in a healthcare worker 
without major symptoms of gastroenteritis: 
infection control implications." Aust N Z J Public 
Health 28(1): 88-9. 
 
Lee, N., M. C. Chan, et al. (2007). "Fecal viral 
concentration and diarrhea in norovirus 
gastroenteritis." Emerging Infectious Diseases 
13(9): 1399-1401  
 
Marshall, J., A. Dimitriadis, et al. (2007). "High 
level excretion of norovirus RNA from 
gastroenteritis outbreak cases after the cessation 
of acute symptoms." Victorian Infectious 
Diseases Bulletin 10(3): 61-3. 
 
Marshall, J. A., M. E. Hellard, et al. (2004). 
"Failure to detect norovirus in a large group of 
asymptomatic individuals." Public Health 118(3): 
230-3. 
 
Okabayashi, T., S. Yokota, et al. (2008). 
"Occurrence of norovirus infections unrelated to 
norovirus outbreaks in an asymptomatic food 

Albers, M. K. (2004). "An unwanted visitor. 
Aggressive infection control strategies are needed to 
shorten the hospital visit of the easily spread 
norovirus." Can Nurse 100(9): 21-6. 
 
Billgren, M., B. Christenson, et al. (2002). 
"Epidemiology of Norwalk-like human caliciviruses in 
hospital outbreaks of acute gastroenteritis in the 
Stockholm area in 1996." J Infect 44(1): 26-32. 
 
Cooper, E. and S. Blamey (2005). "A norovirus 
gastroenteritis epidemic in a long-term-care facility." 
Infection Control & Hospital Epidemiology 26(3): 256-
8. 
 
Johnston, C. P., H. Qiu, et al. (2007). "Outbreak 
management and implications of a nosocomial 
norovirus outbreak." Clinical Infectious Diseases 
45(5): 534-40. 
 
Khanna, N., D. Goldenberger, et al. (2003). 
"Gastroenteritis outbreak with norovirus in a Swiss 
university hospital with a newly identified virus strain." 
J Hosp Infect 55(2): 131-6. 
 
Leuenberger, S., M. A. Widdowson, et al. (2007). 
"Norovirus outbreak in a district general hospital--new 
strain identified." Swiss Medical Weekly 137(3-4): 57-
81.  
 
Liu, B., P. Maywood, et al. (2003). "An outbreak of 
Norwalk-like virus gastroenteritis in an aged-care 
residential hostel." N S W Public Health Bull 14(6): 
105-9. 
 
Love, S. S., X. Jiang, et al. (2002). "A large hotel 
outbreak of Norwalk-like virus gastroenteritis among 
three groups of guests and hotel employees in 
Virginia." Epidemiol Infect 129(1): 127-32. 
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handler population." Journal of Clinical 
Microbiology 46(6): 1985-8.  
 
Ozawa, K., T. Oka, et al. (2007). "Norovirus 
infections in symptomatic and asymptomatic food 
handlers in Japan." Journal of Clinical 
Microbiology 45(12): 3996-4005. 
 
Rockx, B., M. De Wit, et al. (2002). "Natural 
history of human calicivirus infection: a 
prospective cohort study." Clinical Infectious 
Diseases 35(3): 246-253 
 
Siebenga, J. J., M. F. Beersma, et al. (2008). 
"High prevalence of prolonged norovirus 
shedding and illness among hospitalized patients: 
a model for in vivo molecular evolution.[erratum 
appears in J Infect Dis. 2008 Nov 
15;198(10):1575]." Journal of Infectious Diseases 
198(7): 994-1001. 
 
Tu, Bull, et al. (2008). "Norovirus excretion in an 
aged-care setting." Journal of Clinical 
Microbiology 46(6): 2119-21. 

 
Lynn, S., J. Toop, et al. (2004). "Norovirus outbreaks 
in a hospital setting: the role of infection control." N Z 
Med J 117(1189): U771. 
 
Mattner, F., L. Mattner, et al. (2005). "Evaluation of 
the impact of the source (patient versus staff) on 
nosocomial norovirus outbreak severity." Infection 
Control & Hospital Epidemiology 26(3): 268-72. 
 
McCall, J. and R. Smithson (2002). "Rapid response 
and strict control measures can contain a hospital 
outbreak of Norwalk-like virus." Commun Dis Public 
Health 5(3): 243-6. 
 
Miller, M., L. Carter, et al. (2002). "Norwalk-like virus 
outbreak in Canberra: implications for infection 
control in aged care facilities." Commun Dis Intell 
26(4): 555-61. 
 
Milazzo, A., I. G. Tribe, et al. (2002). "A large, 
prolonged outbreak of human calicivirus infection 
linked to an aged-care facility." Communicable 
Diseases Intelligence 26(2): 261-264 
 
Navarro, G., R. M. Sala, et al. (2005). "An outbreak of 
norovirus infection in a long-term-care unit in Spain." 
Infection Control & Hospital Epidemiology 26(3): 259-
62. 
 
Schmid, D., I. Lederer, et al. (2005). "An outbreak of 
Norovirus infection affecting an Austrian nursing 
home and a hospital." Wien Klin Wochenschr 117/23-
24: 802-808 
 
Vardy, J., A. J. Love, et al. (2007). "Outbreak of acute 
gastroenteritis among emergency department staff." 
Emergency Medicine Journal 24(10): 699-702. 
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Does viral load and duration of shedding have any implications for 
establishing an exclusion period for health care workers 

Viral load 
The studies included in this review report consist of 1 Level III-2 study, 2 Level III-3 studies 
and 4 level IV studies on viral load. The evidence is of low quality, inconsistent and has a 
high risk of bias due to small sample sizes and the heterogeneity of the study populations.  
 
1 study found similar viral loads for symptomatic and asymptomatic individuals during 
outbreak situations (Ozawa, K et.al 2007) though it is unclear what the implications were for 
infectivity. Gallimore (2004) suggested that the virus detected in asymptomatic individuals 
within their hospital outbreak was excreted at low levels only (detected by nested PCR), and 
not attributable to causing outbreaks within the specified time period. 
 
Viral loads measured were highly variable in the symptomatic, asymptomatic and post 
symptomatic phase (Ozawa, K et.al 2007, Okabayashi, T., et.al 2008; Gallimore, C. et.al, 
2004).  

Carriage rates 
In outbreak situations Ozawa et al (2007) detected norovirus in 19% of specimens submitted 
by asymptomatic individuals.  
 
Okabayashi (2008) tested a large group of asymptomatic food handlers and found 11.9% 
asymptomatic individuals tested positive for NV specific sequences in non outbreak 
conditions. This suggests that asymptomatic carriage of norovirus can occur in non outbreak 
situations. Marshall (2004), however, reported a NV carriage rate in the community of 
approximately 0.8% in asymptomatic individuals. It is inconclusive whether these individuals 
are an important reservoir for norovirus.  

Viral shedding 
The studies on viral shedding include 2 Level III-2, 2 Level III-3 studies and 6 Level IV 
studies. 
 
Viral shedding beyond resolution of symptoms was documented in 6 studies (Marshall, J. 
et.al, 2007; Atmar, R.L. et.al., 2008: Goller, J. et. Al, 2004: Rockx, B. et.al, 2002; Siebenga J. 
et.al, 2008: Tu, E. et.al, 2008), and viral shedding was also documented in individuals 
without overt or acknowledged symptoms (Marshall, J. et.al, 2007). 
 
The period of viral shedding was documented over a range of 2 days to 26 weeks (Marshall, 
J. et.al, 2007; Atmar, R.L. et.al., 2008: Goller, J. et. Al, 2004: Rockx, B. et.al, 2002; Siebenga 
J. et.al, 2008: Tu, E. et.al, 2008) and the findings were highly variable amongst the different 
population groups.  
 
The evidence suggests it would not be feasible to institute an exclusion policy based on viral 
shedding given the substantial length of time and high variability of shedding amongst 
individuals.  
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Do exclusion policies for staff have any influence on controlling an 
outbreak of norovirus  
 
Studies included in the review documented infection control procedures and factors 
influencing norovirus outbreaks. Billgren et al 2002 (Level III-3) tried to investigate the 
effect of control measures on norovirus outbreaks throughout 10 hospitals in Stockholm. 
They concluded it was not obvious if 48 hr exclusion periods influenced the outcome of an 
outbreak. Their study did conclude that emphasising hand hygiene routines and avoiding 
transfer of patients and staff could shorten and restrict the outbreak.  
 
Mattner et al 2005 investigated norovirus outbreak severity by index case and found that 
patient indexed outbreaks involve more individuals and more patients than do staff-indexed 
outbreaks (difference in means, 16.25; 95% confidence interval, 5.1 to 27). For patients 
exposed during patient-indexed outbreaks, the risk of acquiring a norovirus infection was 
approximately 4.8 times as high as the corresponding risk for patients exposed during staff 
indexed outbreaks (odds ratio [OR], 4.79; CI, 1.82 to 8.28). This was hypothesized to be due 
to patients having poorer hygiene practices, lower initial recognition of infection and a 
weaker immune response to the virus. Mattner 2005 suggested that compliance with a 48hr 
exclusion policy was an effective measure particularly for staff indexed outbreaks and for 
more severe patient indexed outbreaks ward closure could be necessary.  
 
The 14 studies outlined in Table 2 were epidemic investigations of norovirus outbreaks that 
outlined infection control policies inclusive of a staff exclusion policy. 4 of the 14 studies (3 
Level IV case series, 1 Level III-3 comparative study without concurrent controls) specified 
that compliance with a 48h exclusion policy was necessary in controlling the outbreak (Love 
2002, Lynn 2004, Milazzo 2002, Miller 2002). However Love 2002, Milazzo 2002 and 
Miller 2002 concurrently documented deficiencies in a range of infection control practices 
particularly hand hygiene, cleaning, food practices and a low level of awareness in staff. 
Lynn (2004) noted improvements in management of a norovirus outbreak in the 2nd outbreak 
in the institution was likely due to compliance with exclusion policies, but it was also noted 
improvements in other infection control practices occurred in the second outbreak.  
 
5 of the 14 studies did not evaluate or highlight exclusion policies as an essential outbreak 
control measure. Albers 2004, Schmid 2005, McCall 2002 and Liu 2003 and Johnston 2007 
highlighted other practices such as hand hygiene and patient cohorting as more effective 
measures. 
 
5 of the 14 studies (Cooper 2005, Khanna 2003, Leuenberger 2007, Navarro 2005 and Vardy 
2007 – all level IV case series) stated the 48hr exclusion policy was not feasible to implement 
due to staff shortages. Navarro 2005 gave no exclusion policy post resolution of symptoms 
and that staff could return to work after resolution of illness. They emphasised immediate 
application of infection control measures, strict personal hygiene measures and return to work 
after resolution of their illness as the most important measures given virus shedding could 
occur for a longer period of time and longer exclusion policies may not be warranted.



Table 2. Epidemic investigations that implemented infection control policies inclusive of a staff exclusion policy 
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policies 
Albers 2004 32 patients  

42 staff 
Staff 44% 14 days 48h     X    X    X X X  X Highlighted successful 

measures but did not 
mention if 48h was 
successful. 

Cooper 
2005 

52 patients  
11 staff 

 32 days 48h X  X X    X    X   Patients only cohorted in 
wards B and C 
(considered too disruptive 
for ward A). 
 
48hr policy was not 
feasible due to staff 
shortages 

Johnston, 
2007 

355 cases 
90 patients 
and 265 
HCW 
 

CCU Patients 
5.3% CCU 
Staff 29.9% 
Lab Staff 75% 
Psych patients 
16.7% Psych 
staff 38% 

CCU – 13 
days Lab – 
7 days 
Psych – 49 
days 

72h X X   X X  X   X    Longer exclusion policy. 
Did not mention its 
effectiveness. But 
incidence continued after 
policies implemented, 
resulting in ward closure 

Khanna 
2003 

27 patients  
36 staff 

 31 days 48h X X            X 48hr policy was not 
feasible due to staff 
shortages 
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Compliance with policies 
Leuenberger 
2007 

28 patients  
49 staff 

Building 1 – 37% 
patients 45% 
staff Building 2 – 
17% patients 
40% staff 

33 days 
Building 1 18 
days; 
Building 2 27 
days 

48
h 

X  X         X    48hr policy was not feasible 
due to staff shortages  
 
Not compliant with hand 
hygiene practices 

Liu 2003 28 residents  
5 staff 

42% 14 days 48
h 

  X  X       X   Highlighted successful 
measures but did not 
mention if 48h was 
successful. 

Love 2002 76 guests  
40 staff 

front desk staff 
78%; 
housekeeping 
staff 41%; food 
handlers 19%; 
dishwashers 17% 

14 days 24
h 

  X   X  X X X   X  Suggested that the 24hr 
exclusion period was too 
short and contributed to the 
poor management of the 
outbreak. 

Lynn, 2004 Postoperative 
ward - 41 
cases;  
 
Stroke rehab 
ward - 24 
cases 

Postoperative 
ward  
57.1% patients 
41% staff  
 
Stroke rehab 
ward patients 
56.5% 18% for 
staff 

Postoperativ
e ward 14 
days (Closed 
for 11 days) 
Stroke rehab 
ward 16 
days (Closed 
for 6 days) 

48
h 

X X X   X  X  X  X X X Outbreak 2 demonstrated 
more compliance with 
policies 
 
48hr policy was more 
strictly adhered to in 
second outbreak.  
 
Suggest that ward closure 
and staff exclusion were 
essential aspects of 
managing norovirus 
outbreaks 
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E Compliance with 

policies 
McCall 
2002 

20 patients 
38 staff  

64% patients 10 days 48h X   X X       X   48hr policy though no 
mention of its 
effectiveness. 
 
Success in managing 
attributed to ward closure, 
limiting staff movement, 
and strict hygiene 
measures 

Milazzo 
2002 

81 cases Hostel patients 
73% Nursing 
home patients 
42% Staff 19% 

21 days 48h     X     X     HCW returning to work 
prior to 48h cessation of 
symptoms thought to 
prolong outbreak.  
 
Infection control methods 
referred to Chadwick but 
not outlined. 

Miller, 2002 281 cases Inst A resid 
51.3% staff 
43%; Inst B 
resid  57.1% 
staff 48.6%; 
Inst C resid 
66.1% staff 
48.3% 

Inst A – 25 
days Inst B 
– 16 days 
Inst C – 15 
days 

48h X  X X     X      HCW returned to work 
earlier. Thought to 
prolong the outbreak. 
 
Lack of compliance with 
other infection control 
policies 
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policies 
Navarro, 
2005 

60 cases 25.4% patients 
41.3% staff 

21 days Reso
lutio
n of 
illnes
s  

  X   X         48h policy was not 
feasible to implement. 
Approved a policy on 
resolution of symptoms 
and emphasised hand 
hygiene and cleaning 

Schmid, 
2005 

53 cases Nursing home 
patients 73.9% 
staff 38.9%; 
Hospital 
patients 21.7% 
staff 30% 

10 days 
nursing 
home  
18 days 
hospital 

48h X X X X  X X  X   X  X IC methods implemented 
6 days after index case. 
Unsure whether they 
were effective.  
 
That incidence continued 
in staff 7 days after IC 
measures were  
implemented suggests 
that there was non 
compliance with some 
measures. 

Vardy 2007 37 staff Middle graders 
29%; 
Auxiliaries 
29%; House 
officers 58%; 
Sisters and 
charge nurses 
40%; Enrolled 
nurses 56% 

51 days 48h   X   X X        48h exclusion policy not 
feasible in an emergency 
department.  
 
Suggested that under 
staffing would lead to a 
breakdown in infection 
control measures too. 

* (incidence of 1st person ill documented to last person ill)



Conclusion  
 
There is inconclusive and inconsistent evidence to support an exclusion period for HCW 
infected with norovirus based on periods of viral shedding and viral load excretion. Similarly 
health care facilities that have instituted exclusion policies based on the potential infectivity 
of staff risk deemphasising more important infection control measures that should be 
implemented and monitored. 
 
Given that asymptomatic carriage occurs in outbreak and non outbreak settings suggests that 
health care facilities should be aware of the risk of an outbreak and that immediate 
recognition and implementation of an effective infection control program are the most 
important control measures. From the outbreak investigations compliance with hand hygiene 
measures and proper environmental cleaning seem to have more influence on whether an 
infection control program has been effective in controlling an outbreak than staff exclusion 
periods.  
 
Given the risk that symptomatic, asymptomatic and post symptomatic staff may still be 
shedding the virus, it is important that staff adhere to strict hygiene protocols and other 
infection control measures to prevent transmission.  
 
It is clear that further research is required to evaluate the effectiveness of specific infection 
control methods to prevent further transmission of norovirus in an outbreak situation. 
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of norovirus gastroenteritis involving multiple 
institutions." Jpn J Infect Dis 60(2-3): 146-7. 

Outbreak report highlighting capsid profiles.  
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"Widespread outbreak of norovirus 
gastroenteritis among evacuees of Hurricane 
Katrina residing in a large "megashelter" in 
Houston, Texas: lessons learned for 
prevention." Clinical Infectious Diseases 
44(8): 1032-9. 

Surveillance data on incidence during a disaster situation. 

Yu, C., S. Baker, et al. (2007). "Clinical and 
laboratory findings in individuals with acute 
norovirus disease." Arch Intern Med 167(17): 
1903-5. 

Not relevant - measuring leukocytes associated with 
norovirus infection 

Zingg, W., C. Colombo, et al. (2005). "Impact 
of an outbreak of norovirus infection on 
hospital resources." Infection Control & 
Hospital Epidemiology 26(3): 263-7. 

examination of hospital costs associated with Norovirus 



Appendix C. Data extraction tables 

Evidence tables for viral load and excretion in adults 
 
EVIDENCE TABLE: Atmar 2008 
Characteristics of study:  
Study Citation  Atmar, R. L., A. R. Opekun, et al. (2008). "Norwalk virus shedding after experimental human infection." Emerging Infectious 

Diseases 14(10): 1553-7. 
Study Design  Experimental cohort/challenge study 
Level of 
evidence 

Level III-3 

Setting  Medical centre 
Participants  16 persons (age 18-50) screened for health status and sero negative 
Study Factor To determine the magnitude and duration of virus shedding in feces by experimentally infecting people with Norwalk virus 
Outcomes 11 of 16 people showed signs of clinical gastroenteritis. 5 people had symptoms but not classical diarrheoa and vomiting diagnoses. 
Relevance  Viral load                                      
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Measures viral load over time 

Study participants at a 
similar point in the course of 
their illness 

Yes Yes, no previous/current infection 
Health status screened 4 weeks before study 

Study participants well 
defined 

Yes Yes, screened for secretor negative status (resistant to norovirus infection) and screened for range of 
conditions. Healthy adults – not immunocompromised. Age 18-50. 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Yes. Comments on its generalisability and the reasons for differences in disease progression from other 
studies due to testing and possibly participants. Not sure about participants behaviours, or possibility of 
other causes of symptoms post discharge from facility. 
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Outcomes measured in a 
standard, valid and reliable 
way 

Yes Stool samples taken each day. Measured consistently using same techniques and at intervals. 
 

How well does study 
minimise bias 

 Low risk - continued testing those not meeting clinical definition of gastroenteritis. Did not randomise 
groups or specify process of selection for people receiving different inoculum doses. Did the participants 
come into contact with each other? 

Relevant statistical data  Median day for peak virus titer was 4 days after inoculation. Highest fecal concentrations of virus were 
detection in 69% of participants after their clinical signs had resolved. Time of peak shedding was similar 
for participants who did and did not meet the definition of viral gastroenteritis.  

Comments 
Useful data following the progression of viral load in participants but viral shedding does not readily translate into potential risk of host to host 
transmission. Would have been interesting to see if the participants infected any other people.   
 

 
EVIDENCE TABLE: Chris I. Gallimore, David Cubitt, Nelita du Plessis,1 and Jim J. Gray 
 
Characteristics of study:  
Study Citation  Asymptomatic and Symptomatic Excretion of Noroviruses during a Hospital Outbreak of Gastroenteritis JOURNAL OF 

CLINICAL MICROBIOLOGY, May 2004, p. 2271–2274 
Study Design  Cohort allocation not randomised 
Level of 
evidence 

Level III-2  

Setting  Paediatric Hospital setting 
Participants  Staff and patients 
Study Factor Asymptomatic carriage of norovirus in adults or children and its implication in the transmission of noroviruses from these 

individuals  
Outcomes asymptomatic staff and patients were tested by nested PCR. GII-4 norovirus strain, was detected in 26 and 33% of 

asymptomatic staff and patients, respectively which was not the cause of the outbreak 
Relevance  Viral load                                      
Quality of study:  
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Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

no Voluntary provision of samples by staff during an outbreak but not sure of patients criteria for 
participation  

Study participants at a 
similar point in the course of 
their illness 

No 6 patients and 3 members of staff that were symptomatic and 87 members of staff and 12 patients who 
were asymptomatic.  
1 asymptomatic pt from 5/12 earlier 
5 symptomatic patients had other enteric viral pathogens present 

Study participants well 
defined 

no Difficult to understand the numbers tested, age and comorbidities ie immunocompromised 

Outbreak control methods 
well defined 

Kind of Not detailed but… 
Ward closure 
Voluntary testing of staff for infection  
Exclusion from work until symptom resolution but some HCW were at work while ill 

Settings comparable yes Only one setting 
Are confounding factors 
identified and strategies to 
deal with them stated 

partially Nested PCR used to detect low levels of virus  
Single round PCR detected strain responsible for outbreak 
Examined stool sample of previous o/b which was caused by GII/4. 
 
No mention of infection control measues and there inpact on transmission 

Outcomes measured in a 
standard, valid and reliable 
way 

 23 of 87 (26%) sequencing and 4 of 12 (33%) asymptomatic patients were positive for  GII-4 
noroviruses by polymerase region DNA  
 
GII/4 not responsible for the outbreak 

How well does study 
minimise bias 

 Use of Nested and single round PCR. 

Relevant statistical data  40 patients and 59 staff members 
 

Comments  
Excretion of NoV was not thought to be the cause of the current o/ b that people exposed to the virus had a preexisting immunity to these GII-4 
strains.  

Page 29 of 92 



This implies that excretion of virus does not necessarily cause an outbreak 
 
 
EVIDENCE TABLE:  Goller, Dimitriadis, A. Tan, H. Kelly, J.A. Marshalla,2004 
Characteristics of study:  
Study Citation  Long-term features of norovirus gastroenteritis in the elderly( 2004)  Journal of Hospital Infection 58, 286–291 
Study Design  Cohort - allocation not randomised 
Level of 
evidence 

Level III-2 

Setting  Aged care hostel 
Participants  Ten individuals aged 79–94 years were recruited  
Study Factor Is there a relationship between symptoms and levels of norovirus excretion?  Interested in whether asymptomatic carriage 

has a role in transmission but this is not clearly explored 
Outcomes No general relationship between the duration of norovirus excretion and the duration of either acute or non-specific 

symptoms.  
Relevance  Viral load                                   Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

 Outbreak is defined as three or more related cases of gastroenteritis from a single aged-care facility 
9 symptomatic patients on day 8 of outbreak + An asymptomatic who had been cohabited with one 
of the  recruited subject  

Study participants at a 
similar point in the course of 
their illness 

yes All developed symptoms post day 8 of outbreak.  

Study participants well 
defined 

yes  

Outbreak control methods 
well defined 

 Not described in this study 

Settings comparable yes Single setting 
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Are confounding factors 
identified and strategies to 
deal with them stated 

No There were no details on infection control measures implemented that could limit exposure to NoV 
and limit reinfection.   
Genotyping was not performed to ensure that it was the same strain 
infectivity of excreted NoV not proven 

Outcomes measured in a 
standard, valid and reliable 
way 

yes Symptoms defined through interview in first 24 hr and up to 5 subsequent interviews at two- to 
seven-day intervals following the first interview over a three-week study period. 
 
Faecal samples for PCR confirmation two- to seven-day intervals following the first interview over a 
three-week study period. 43 samples from 10 ppt  
NoV excretion time was calculated as the collection date of onset to the last norovirus-positive faecal 
sample. 
 
acute symptoms had largely abated after  three to four days of illness 

How well does study 
minimise bias 

marginally Faecal samples provided at residents’ disgression so stool formation could be biased towards 
formed stools 

Relevant statistical data  66 cases were reported; 61 in residents and five in staff (160 residents in total and 40 staff) 
The attack rate was 38.1% in residents and 12.5% in staff 
No significant difference in the proportion of formed stools with norovirus compared with loose and 
liquid stools with norovirus (relative risk 0.99, 95% confidence interval 0.53–1.82). 

Comments  
non-specific symptoms including thirst, anorexia, lethargy and vertigo could persist for up to 19 days with the possibility that recover is not 
complete. median norovirus excretion time of 8.6 days with a range of 2–15 days was found, indicating that long excretion times can occur in 
the elderly 
NoV was found in formed stools and excreted prodromally which raises questions on how this impacts on staff exclusion periods as they may 
still be excreting. 

The study recommended that Infection control guidelines should consider both long-term excretion and prodromal excretion of Norovirus.  Long 
term non specific symptoms post infection are considered to be related to NoV excretion.  I assume this means that Infection Control Guidelines 
should persist past resolution of actute symptoms to prevent continuation of the outbreak. 
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EVIDENCE TABLE: Goller 2004 letter 
 
Characteristics of study:  
Study Citation  Norovirus excretion in a healthcare worker without major symptoms of 

gastroenteritis: infection control implications AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH 2004 VOL. 
28 NO. 1 

Study Design  Single case study 
Level of 
evidence 

Level IV 

Setting  Aged care facility Melbourne Australia 
Participants  18 yo HCW 
Study Factor Symptom severity and relationship to NoV excretion  GII 
Outcomes HCW returning to work but excreting norovirus despite the stools being formed in appearance and the cessation of diarrhoea 

more than 48 hours before hand 
Relevance  Viral load                                      Transmission                            Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

N/A  Not defined 

Study participants at a 
similar point in the course of 
their illness 

yes Only one participant 

Study participants well 
defined 

yes HCW 

Outbreak control methods 
well defined 

no Nil details provided 

Settings comparable   
Are confounding factors 
identified and strategies to 
deal with them stated 

No  Not considered.   

Outcomes measured in a yes RT PCR  
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standard, valid and reliable 
way 

Three stool samples, obtained on days seven, eight and 10 of the illness.  excreting norovirus in 
formed stools up to four days after the cessation of diarrhoea and vomiting, although nausea and 
lethargy were still present 

How well does study 
minimise bias 

marginal Viral load in excretion not defined 

Relevant statistical data  Outbreak involved 36 cases of gastroenteritis, including nine cases in staff but no details provided on 
them. 

Comments  
The study demonstrates that major symptoms of diarrhoea and vomiting had abated in this case  by day five, symptoms of nausea and lethargy 
persisted until day 15., excretion of NoV cont till day 10 

 
 
 
EVIDENCE TABLE: Lee 2007 
Characteristics of study:  
Study Citation  Lee, N., M. C. Chan, et al. (2007). "Fecal viral concentration and diarrhea in norovirus gastroenteritis." Emerging Infectious 

Diseases 13(9): 1399-1401 
Study Design  Cross sectional study 
Level of 
evidence 

Level IV 

Setting  2 regional hospitals in Hong Kong  
Participants  40 adults of mean age 60yrs with a stool sample collected within 96 hrs from symptom onset. 
Study Factor To determine if higher viral concentration is associated with more severe or prolonged symptoms 
Outcomes Higher viral concentrations were associated with older age. Higher fecal viral concentration was significantly associated with 

prolonged diarrhea. 
Relevance  Viral load                                      Transmission                            Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Measures viral load over time 
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Study participants at a 
similar point in the course of 
their illness 

Not 
sure 

Unsure. One stool sample was taken from each participant but this varied within the 96hr time period. 

Study participants well 
defined 

Yes Mean age, pre-existing medical conditions and where they were recruited from are specified. They were 
all diagnosed with clinical viral gastroenteritis by a particular strain. Different medical conditions for 
different patients. 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Analysed by sampling day given only one stool sample was taken from each participant within a broad 
96hr time period. Minimised effect of viral concentration due to strain variation by only looking at 
norovirus GII.4 strain. 

Outcomes measured in a 
standard, valid and reliable 
way 

Yes Yes. RT-PCR assays. Phylogenetic studies were also performed. Statistical analysis was appropriate. 

How well does study 
minimise bias 

 Acknowledges small sample size. 

Relevant statistical data  Fecal viral concentration (OR 9.56, 95% confidence interval 1.18-77.57 per log10 copies, p+0.035) and 
age (OR 1.15,95% CI 1.03-1.28) per year; p = 0.013) were 2 independent factors associated with 
prolonged diarrhea caused by norovirus GII.4 

Comments 
Important study for implications in residential aged care and long term care facilities given age and fecal viral concentration are associated with 
prolonged symptoms. The relevance of patient age is a problem. Not necessarily generalizable to health care working population. Also 
implications with pre-existing conditions. 

 
 
EVIDENCE TABLE: Marshall 2004 
Characteristics of study:  
Study Citation  Marshall, J. A., M. E. Hellard, et al. (2004). "Failure to detect norovirus in a large group of asymptomatic individuals." Public 

Health 118(3): 230-3. 
Study Design  Interrupted time series without a parallel control 
Level of 
evidence 

Level III-3 
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Setting  Community 
Participants  399 asymptomatic people randomly selected from a collection of 1091 fecal specimens from previous study 
Study Factor To assess the carriage rate of norovirus in asymptomatic individuals 
Outcomes The carriage rate was 0.8% suggesting that asymptomatic individuals are not an important reservoir for infection 
Relevance  Viral load                                      
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Measures carriage rate of norovirus 

Study participants at a 
similar point in the course of 
their illness 

Yes Yes, no previous/current infection 
Health status screened 4 weeks before study 

Study participants well 
defined 

Yes Study participants were drawn from a previous study which selected participants based on their 
asymptomatic status in a previous survey. They also ascertained that the subjects posed no immunity to 
norovirus by 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes  

Outcomes measured in a 
standard, valid and reliable 
way 

Yes RT PCR and hemi nested RTPCR assay which was used in previous survey. Also tested 40 samples for 
inhibitors. Test was sensitive.  

How well does study 
minimise bias 

 Minimises by using the same test protocols, but the participants details are unknown 

Relevant statistical data  Carriage rate 0.8% upper bound so unlikely to be more 
 

Comments 
 

 
 
EVIDENCE TABLE: Marshall 2007 
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Characteristics of study:  
Study Citation  Marshall, J., A. Dimitriadis, et al. (2007). “High level excretion of norovirus RNA from gastroenteritis outbreak cases after the 

cessation of acute symptoms.” Victorian Infectious Diseases Bulletin 10(3): 61-3. 
Study Design  interrupted time series without a parallel control 
Level of 
evidence 

Level III-3 

Setting  Food handler in bakery setting 
 

Participants  4/57 subjects from foodborne outbreak in Tasmania 
Study Factor To examine the quantitative and qualitative aspects of Norovirus via the levels of secretion of RNA compare to degree of 

symptoms 
Outcomes RNA level varied between individuals regardless of no of days post symptom. Attempting to analyse excretion level and virus 

infectivity 
Relevance  Viral load                                      
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Norovirus can be excreted even once symptoms have abated at varying levels though the significance of 
this is unclear 

Study participants at a 
similar point in the course of 
their illness 

Not 
sure 

Small number of patients and at various stages along disease continuum though time frames of illness is 
short 

Study participants well 
defined 

Yes No details of participants age or co-morbidities which may affect their immune response 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Foodborne outbreak but quantities of substance not defined.  No evaluation of severity of symptoms. Not 
sure why only 4 were selected of 57. 

Outcomes measured in a 
standard, valid and reliable 
way 

Yes PCR technique does not identify if whole virus is present 

How well does study 
minimise bias 

 Why only 4 of 57?  Inconsistencies in number of days post recovery on onset samples were taken.  Why 
only one lot of samples?  Sampling error? 
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Relevant statistical data   
Comments 
 

 
EVIDENCE TABLE: Tamaki Okabayashi etal 
Characteristics of study:  
Study Citation  Occurrence of Norovirus Infections Unrelated to Norovirus Outbreaks in an Asymptomatic Food Handler Population. 

JOURNAL OF CLINICAL MICROBIOLOGY, June 2008, 1985–1988 
Study Design  Cross sectional study 
Level of 
evidence 

Level IV  
 

Setting  a food catering facility of a hotel without any reported cases of acute gastroenteritis in Japan 
Participants  Fecal samples (n 159) were collected from asymptomatic food handlers. At regular health check ups  February to March in 

2005 (89 samples) and January to February in 2006 (70 samples). 
Study Factor investigated the molecular epidemiology of NV isolates derived from asymptomatic food handlers working at a non outbreak 

food catering facility in Hokkaido, Japan 
Outcomes . 

Approximately 12% (20/159) of the samples were positive for genogroup II 
Relevance  Viral load                                      
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes All asymptomatic and informed consent 

Study participants at a 
similar point in the course of 
their illness 

yes  

Study participants well 
defined 

yes  

Are confounding factors 
identified and strategies to 
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deal with them stated 
Outcomes measured in a 
standard, valid and reliable 
way 

yes nested PCR using the primers (12.6%) were positive for NV, GII strains 
 
Nineteen specimens (11.9%) had NV specific sequences, and this proportion of NV-positive 
asymptomatic individuals  10.1% in 2005 and 14.2% in 2006  was similar in samples from the two years. 
Only one individual had positive tests for both years but different strains each year. 
 
Genotypes correspond to types of outbreaks experienced in that city over the year analysed 

How well does study 
minimise bias 

  

Relevant statistical data  12.6% of that population tested positive to NV 
Comments 
Several factors may contribute to this effect, such as (i) pathogenicity of the virus, (ii) the number of individuals infected and the amounts of 
virus excreted, (iii) protective  immune status of those exposed, and (iv) shutoff of infection routes. 

The first detection of asymptomatic human infection by NV in a food catering facility without reported NV outbreaks to see if the suggestion that 
asymptomatic infections are common and contribute to the spread of the infection in areas of outbreak 

Not conclusive but shows that asymptomatic individual don’t always contribute to the development of an outbreak 
 
EVIDENCE TABLE: Ozawa, K (2007) 
Characteristics of study:  
Study Citation  Ozawa, K., Oka, T., Takeda, N., and Hansman, G. Norovirus infections in symptomatic and asymptomatic food handlers in 

Japan. Journal of Clinical Microbiology, Dec 2007. p 3996-40005 
Study Design  Cross sectional study 
Level of 
evidence  

Level IV 

Setting  Nursing care centres, hospitals, school canteens, universities, kindergartens, hotels, restaurants across Japan across two 
winters Nov 2005 – Dec 2006. 

Participants  90 cases of NoV associated gastroenteritis in food handlers working at a variety of settings (including health care settings) 
were examined – divided into ‘outbreak’ and ‘sporadic’ depending on the number of food handlers infected, and the number 
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of infected stool samples. Symptomatic and asymptomatic employees were included in the study. 
Study Factor To investigate NoV associated gastroenteritis in food handlers 
Outcomes asymptomatic individuals can have a similar viral load to symptomatic individuals 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Closely defined groups for ‘outbreaks’ and ‘sporadic cases’ 

Study participants well 
defined 

yes a/a across range of settings involved with mass food handling– nursing care centres, fast food 
places, hospitals, school canteens, universities etc 

Study participants at a 
similar point in the course of 
their illness 

yes Samples collected from symptomatic and asymptomatic participants at the same time 

Outcomes measured in a 
standard, valid and reliable 
way  

yes PCR used to detect NoV on all samples collected a/a 

Are confounding factors 
identified and strategies to 
deal with them stated  

n/a  

How well does study 
minimise bias 

OK Looked at viral load between the different genotypes/genogroups, but realised it is difficult to 
comment due to different genotypes for symptomatic and asymptomatic participants 

Relevant statistical data  
NoV detected in 19% of all specimens 
GII/4 strains and their variants may account for the ‘silent’ transmission of gastroenteritis 
Assessed different viral loads of different genotypes (not relevant to this review) 
Comments 
Preventing health workers from returning to work may not be the only action required to prevent transmission, as there could be health workers 
who are NoV +ve, but without symptoms. 
Study doesn’t give clear quantitative data that differentiates the symptomatic from asymptomatic eg %asymptomatic c.f symptomatic – just 
describes the outcome, and differentiates between outbreak and sporadic cases (not as important for us in this review) 
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EVIDENCE TABLE: Rockx 2002 
Characteristics of study:  
Study Citation Rockx,B, de Wit,M., Vennema, H., Vinje,J., de Bruin, E>, van Duynhoven, Y., & Koopmans, M. “Natural history of 

Human Calicivirus infection: A Prospective Cohort Study” CID 2002:35 (1 August) 246 – 253 
Study Design  Community based cohort study - allocation not randomised 
Level of 
evidence 

Level III-2 

Setting  community 
Participants  99 subjects with Norwalk like viruses and 40 subjects with Sapporo-like viruses 
Study Factor To determine the natural course of NLV and SLV in the community 
Outcomes Duration of symptoms decreased with age, suggesting either a better immune system, or other better protective 

mechanisms in adults. 
Long term shedding did not correlate with severity or duration of symptoms, but rather indicated the potential 
infectivity of the virus. 

Relevance X Viral load                                      Transmission                            Outbreak analysis 
Quality of study:  
Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Provides symptom related definition of gastroenteritis to enable random selection of sample 
from GP register 
NLV and SLV objectively diagnosed with (RT)-PCR 

Study participants at a 
similar point in the course 
of their illness 

Yes Criteria for case definition of gastroenteritis closely matched to specific time periods for 
symptoms.  

Study participants well 
defined 

yes  

Are confounding factors 
identified and strategies to 
deal with them stated 

yes NLV and SLV tested via (RT)-PCR, and tests also run for other bacteria, viruses parasites etc.  
Dual infections excluded 
Medical diaries kept by caregivers or patients, starting on day of onset of symptoms and kept 
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for 4 weeks, prompted by standard questions about symptoms. 
Outcomes measured in a 
standard, valid and 
reliable way 

yes Uses a severity score based on that used for rotovirus, minus notes on treatment and 
dehydration (score 1-3 for numerous symptoms, all recorded in diary) 
Viral shedding detected using (RT)-PCR stool samples at days 1,8,15 & 22 

How well does study 
minimise bias 

well Participants matched for age, geographic location and time period of study 

Relevant statistical data  • NLV found across all age groups, SLV in children <5yrs 
• NLV detected in stool samples up to 3 wks after onset of symptoms >25% cases 
• SLV shedding stopped after 2 wks 
• (Nothing linking shedding quantitatively to infectivity) 

Comments 
In the community, those returning to normal activities within a median time period of 5 days, could still be carriers of the virus.  
(Postulation only)  

 
EVIDENCE TABLE: Siebenga, J (2008) 
Characteristics of study:  
Study Citation  Siebenga, J., Beersma, M., Vennema, H. , van Biezen, P. , Hartwig, N. & Koopmans, M. (2008). ‘High prevalence of 

prolonged norovirus shedding and illness among hospitalised patients: a model for in vivo molecular evolution’ Journal of 
Infectious Diseases 2008: 198 (October ) p 994 – 1001 

Study Design  Retrospective case studies from lab records 2005-2006 
Level of 
evidence 

Level IV 

Setting  Tertiary care hospital  
Participants  Those patients whose records tested +ve for NoV for > 3 weeks, and over > 2 stool samples.  

Very small sample size (8) over 2 years: 
5 < 3yrs 
3 – 37,67, 69 yrs. 
(ie only one person in the possible age range for a HCW) 

Study Factor To determine the role of NoV infections in a teriary care hospital (Part of a larger survey) 
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Outcomes Chronic shedders are possibly  a source of new NoV variants – need greater understanding of epidemiology. Until then it is 
important to ‘adequately’ confine outbreaks (no definition of ‘adequately’ provided) 
Need more research to determine if these viruses are infectious, though.  
Healthy individuals may be more of a health risk, with greater accumulation of NoV mutations 

Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Not real clear in the methodology, but apparent in the results. (medication, other infections, mixed 
strains of viruses) 

Study participants well 
defined 

yes Very small sample size – see ‘participants’ above 

Study participants at a 
similar point in the course of 
their illness 

no 4 admitted to hospital with gastro, 2 acquired NoV while hospitalised, 2 were outpatients 

Outcomes measured in a 
standard, valid and reliable 
way  

yes PCR, DNA sequencing 

Are confounding factors 
identified and strategies to 
deal with them stated  

? No – more that the results achieved did not answer the research question identified…..? 

How well does study 
minimise bias 

Not well  

Relevant statistical data 
8% of all NoV +ve patients showed prolonged illness and shedding (21-182 days) No mention of infectivity whilst shedding 
Comments 
Small sample size, need for further studies, need greater understanding of epidemiology of NoV 

 
 
EVIDENCE TABLE: Tu et al 2008 
Characteristics of study:  
Study Citation Norovirus Excretion in an Aged-Care Setting. JOURNAL OF CLINICAL MICROBIOLOGY, June 2008, 2119–2121 
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Study Design  Case series 
Level of 
evidence 

Level IV 

Setting  Aged-care facility in New South Wales, Australia 
Participants  28 (56%) of 50 patients and 43 (57%) of 75 staff members occurred in two out of three wards at an aged-care. 
Study Factor Investigated the duration of viral excretion and the viral load decay rate in infected patients  

 
Outcomes Viral shedding peaked in the acute stage of illness and continued for an average of 28.7 days. The viral decay rate was 

0.76 per day, which corresponds to a viral half-life of 2.5 days 
Relevance  Viral load                                     
Quality of study:  
Quality Criteria:  

Specified inclusion/ 
exclusion criteria  

Met? Comments 

Study participants at a 
similar point in the course of 
their illness 

 Not specified 

Study participants/setting 
well defined 

yes Samples collected from 14 volunteers (six males and eight females) every 3 to7 days from the onset of 
illness until the second consecutive NoV RNA negative specimen. 
 

Outbreak control methods 
well defined 

yes Of the 14 volunteers (median, 85 years), 13 were patients (aged 63 to 93 years) and one was a staff 
member (58 years old).  
 

Comparable study settings 
similar 

N/A  

Are confounding factors 
identified and strategies to 
deal with them stated 

n/a  

Methods used adequate   
Outcomes measured in a 
standard, valid and reliable 

yes  
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way 
How well does study 
minimise bias 

yes viral loads measured between days 0 and 7, 8 and 14, 15 and 21, and 22 and 28 with nested PCR 
testing for NoV mRNA 
 
The detection limit of the NoV GII amplification assay was 25 copies/reaction, equivalent to 8.93 x 103 

copies/g stool 
 
Duration of viral shedding was investigated in all 14 volunteers and determined as the midpoint 
between the last NoV GII RNA-positive specimen and subsequent NoV GII RNA-negative specimen 
 
rate of viral decay, viral load measurements were plotted against days after onset of illness for each 
volunteer and assumed to have a logarithmic decay rate 
 

Relevant statistical data   
  Length of outbreak 19 days   

Gastrointestinal symptoms lasted on average 2.6 days (range, 1 to 4 days; median, 3 days) 
The average viral load for days  
0 to 7 was 1.07x108  ±3.29 x108 copies/g stool (n =12 specimens, SEM of 9.51 x107 copies/g stool).  
days 8 and 14 viral load detected between was 1.32x 106 ± 4.07 x106 copies/g stool (n =10 specimens, 
SEM of 1.29 x106 copies/g stool). 
15 to 21 it was 1.20 x105 ± 2.00 x105 copies/g stool (n =14 specimens, SEM of 5.35 x104 copies/g 
stool),  
22 to 28 it was 4.02 x 104 ±  8.43 x104 copies/g stool (n = 14 specimens, SEM of 2.25 x104 copies/g 
stool).  
the viral decay rate was 0.76 per day, which corresponds to a viral half-life (t1/2) of 2.5 days. 

Comments 
Past studies have revealed in transplant and immunocompromised patients, NoV infection can lead to chronic diarrhoea and prolonged viral 
excretion from 120 days to 2 years but these studies failed to continuously document NoV RNA detection until the cessation of viral excretion. 
Thus the period of infectivity is currently not clearly defined. 
 
In this study, no correlation was observed between the following: initial viral load (i.e., viral load at t = 0) and duration of symptomatic illness, 
initial viral load and duration of NoV  excretion, age and duration of symptomatic illness, age and initial viral load, and age and duration of viral 
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excretion. 
 
Also prolonged (>4 weeks) asymptomatic shedding of NoV was detected in the elderly which may be useful for risk assessment models, 
implementing quarantine strategies, and preventing dissemination of the disease. 



Evidence tables for outbreaks discussing staff exclusion policies  
 
EVIDENCE TABLE: Albers 2004 
Characteristics of study:  
Study Citation  Albers, M. K. (2004). "An unwanted visitor. Aggressive infection control strategies are needed to shorten the hospital visit of the 

easily spread norovirus." Can Nurse 100(9): 21-6. 
Study Design  Case report 
Level of 
evidence 

Level IV 

Setting  Tertiary rehabilitation hospital in Canada 
Participants  Affected staff and patients in hospital 
Study Factor Outline of outbreak control strategy in tertiary hospital 
Outcomes No clear measurable outcomes – just length of outbreak and documented control strategy. 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Analysis of effect of control methods including 48hr staff exclusion periods 

Study participants at a 
similar point in the course of 
their illness 

No Not specified 

Study participants/setting 
well defined 

No No detail on what kinds of wards were affected, or what kind of patients. 

Outbreak control methods 
well defined 

 Yes. Detailed description of control methods 

Comparable study settings 
similar 

No One tertiary hospital in Alberta Canada 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Did not test staff samples. Did not indicate how many staff were exposed. 

Outcomes measured in a Yes Outbreak length was determined from the day the first patient became ill to the day that affected 
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standard, valid and reliable 
way 

patient care units were reopened to admissions. This is suggestive of incidence being low or 
negligible but not specified. 

How well does study 
minimise bias 

 Study outlines infection control methods but there is no analysis of affected people/units etc.  

Relevant statistical data  No of exposed - 73 
No of ill patients - 32 
No of ill staff - 42 
Length of outbreak – 14 days 
Attack rate staff – 44% 

Comments 
Detailed description on control methods only. No measurable analysis. Only comparable factor to other studies could be length of 
outbreak and attack rates though even then comparison would be limited and mostly speculative.  

 
 

 
EVIDENCE TABLE: Billgren 2002 
Characteristics of study:  
Study Citation  Billgren, M., B. Christenson, et al. (2002). "Epidemiology of Norwalk-like human caliciviruses in hospital outbreaks of acute 

gastroenteritis in the Stockholm area in 1996." J Infect 44(1): 26-32. 
Study Design  Historical control study – comparison of incidence over 1 yr period and compared to data over a nine year period. 
Level of evidence Level III-3 
Setting  Hospitals in Stockholm 
Participants  10 hospitals – 211 wards 
Study Factor Investigation of mode, magnitude and effect of control measures on outbreaks of norovirus gastro 
Outcomes Risk of being affected by outbreak was greater on wards that had reported outbreaks in the previous year. Unclear 

which measures helped to shorten outbreaks. 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Analysis of effect of control methods including 48hr staff exclusion periods 

Study participants at a 
similar point in the course of 

No  
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their illness 
Study participants well 
defined 

No No. retrospective data only. 

Outbreak control methods 
well defined 

Yes Outlined control methods common to hospitals but could not differentiate their effectiveness. 

Comparable study settings 
similar 

No Included different units housing different types of patients. Medical and geriatric. Ratio was 59 
medical and 57 geriatric wards. 

Are confounding factors 
identified and strategies to 
deal with them stated 

No Selected data over a set time period but no identification  

Outcomes measured in a 
standard, valid and reliable 
way 

Yes  

How well does study 
minimise bias 

 Many assumptive suggestions as to why some experienced shorter outbreaks but no analysis of 
other factors involved. 

Relevant statistical data  Attack rates significantly lower in wards experiencing outbreaks the previous year (p<0.0001) 
Comments 
Concluded it was not obvious if 48 hr exclusion periods influenced the outcome of an outbreak. Their study did conclude that emphasising 
hand hygiene routines and avoiding transfer of patients and staff could shorten and restrict the outbreak. 

 
 
 
 
EVIDENCE TABLE: Cooper 2008 
Characteristics of study:  
Study Citation  Cooper, E. and S. Blamey (2005). "A norovirus gastroenteritis epidemic in a long-term-care facility." Infection 

Control & Hospital Epidemiology 26(3): 256-8. 
Study Design  Case series 
Level of evidence Level IV 
Setting  3 wards within a long term care facility  
Participants  Patients and staff in a long term care facility  
Study Factor Epidemiological description of outbreak and control measures used to contain it 
Outcomes Outbreak controlled in 32 days with a primary focus on hand hygiene and cleaning 
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Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Assesses infection control methods including 48hr exclusion policy 

Study participants at a 
similar point in the course of 
their illness 

NA Not enough data but comparison of wards not participants 

Study participants/setting 
well defined 

No Unsure of what patients were housed in the wards except for the psychogeriatric ward A. no 
assessment of comorbidities etc but its outbreak analysis anyway 

Outbreak control methods 
well defined 

Yes Instituted Vic Dept of Human Service guideline: no transfers of patients between wards or other 
institutions, patients cohorted in wards B and C. hand hygiene emphasised, wards closedto 
new admissions, staff worked on single ward only. 48 hr exclusion policy. 

Comparable study settings 
similar 

Yes Ward is in same facility so assuming same infection control methods 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Only tested 2 for norovirus GII despite having stool specimens for all symptomatic patients. 
Rest were assumed norovirus.  

Outcomes measured in a 
standard, valid and reliable 
way 

Yes Do not have total numbers exposed outlined. Did not analyse any difference in infection control 
methods between wards. 

How well does study 
minimise bias 

 Don’t know how many were exposed to assess total picture of transmission.  

Relevant statistical data  Length of out break 
Ward A – 17 patients, 7 staff infected; 7 days – no new admissions for 10 days 
Incidence after IC methods: 13 
Ward B – 8 patients, 2 staff; 3 days – no new admissions for 5 days 
Incidence after IC methods: 4 – 3 px 1 staff 
Ward C – 24 patients, 4 staff; 7 days – no new admissions for 5 days 
Incidence after IC methods: 21 
Total 32 days 

Comments 
Index case not identified.  No hypothesis as to difference in Ward C much more affected than Ward B. Ward B seemed to be able to 
control the outbreak more adequately than the other wards – no assessment of reasons why. Transmission between wards was 
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suggested to be caused by staff but no analysis of why this occurred despite a long lag time in incidence.  
 
EVIDENCE TABLE: Johnston 2007 
Characteristics of study:  
Study Citation  Johnston, C. P., H. Qiu, et al. (2007). "Outbreak management and implications of a nosocomial norovirus outbreak." 

Clinical Infectious Diseases 45(5): 534-40. 
Study Design  Epidemic investigation – case series 
Level of 
evidence 

Level IV 

Setting  Hospital  
Participants  355 cases (90 patients and 265 HCW) 
Study Factor Description of norovirus outbreak and its control in a tertiary care hospital 
Outcomes HCW had higher attack rate due to rapid patient isolation, increased risk of exposure to pathogen through 

environmental contamination, patients and other HCWs 
Economic impact of outbreak - US$657,644 

Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Transmission and control of infection 

Study participants at a 
similar point in the course of 
their illness 

NA  

Study participants/setting 
well defined 

No Yes 946 bed tertiary hospital. Patients and HCW answered a questionnaire, median HCW age 
36.2yrs, patients median 45.5yrs.  

Outbreak control methods 
well defined 

Yes  Yes. Multiple infection control methods outlined.  Cohorting of patients, staff and visitors. 
visitors were not allowed to visit for 72hrs, shared food prohibited, aggressive cleaning, 72h 
exclusion policy. Closed CCU unit for 24hrs to clean extensively. Group therapy suspended in 
psych units. 

Comparable study settings 
similar 

Yes CCU and Psych units different settings. Thorough analysis of CCU but less of psych unit 
Assessed CCU unit and psych unit and echo lab 

Are confounding factors 
identified and strategies to 

Yes Case definition is very broad which could result in a higher attack rate. Identified that it relied 
on symptoms alone. Stool samples from patients only confirmed it was norovirus. No samples 
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deal with them stated taken from health care workers because of risk of infection to clinic. 
Methods used adequate  Yes. Applied case definition, distributed questionnaire and interviewed ill persons. Length of 

outbreaks difficult to ascertain because of the sporadic cases.  
Outcomes measured in a 
standard, valid and reliable 
way 

Yes Case definition was >2 loose stools in 24hr period. This seems to be lower than other studies – 
does say it was purposefully broad. 2 of 10 confirmed positive for norovirus. 

How well does study 
minimise bias 

 Screened all staff and patients and visitors for gastro illness by questionnaire. Also interviewed 
by HEIC to verify accuracy. Samples from health care workers identified as patients were not 
obtained. 

   
Relevant statistical data  Length – 17 weeks (this includes sporadic cases as well as clustered outbreaks in 3 units) 

Wk 1-6 – sporadic cases 
CCU 
Week 6 –Week 7 (13 days) in CCU 
Attack rate patients – 7 of 133: 5.3% 
Attack rate staff – 29 of 97: 29.9% 
Echo lab 
Attack rate staff  - 9 of 12 staff 75% met case definition 
Psych unit 
Length of outbreak – 7 weeks 
Attack rate patients – 39 of 233: 16.7% 
Attack rate staff – 39 of 233: 38% 
Psych patients sig higher attack rate than CCU patients (19% vs 5%) 
HCW had higher attack rate likely due to rapid patient isolation, increased risk of exposure to 
pathogen through environmental contamination, patients and other HCWs 
 

Comments 
Detailed description of outbreak control methods and investigation. Large number of ill patients but managed to control outbreaks in 
short amount of time in some units. Psych ward was more difficult to control due to more difficulty controlling person to person 
transmission. 
 

 
EVIDENCE TABLE:  Khanna 2003 
Characteristics of study:  
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Study Citation  Journal of Hospital Infection (2003) 55, 131–136 Gastroenteritis outbreak with norovirus in a Swiss 
university hospital with a newly identified virus strain  

Study Design  Case series 
Level of 
evidence 

Level IV 

Setting  Switzerland hospital 
Participants  Patients and healthcare workers (HCWs) at a university hospital in Switzerland 

 
Study Factor Origin of outbreak and implementation of infection control measures 
Outcomes New strain of NoV which was thought to have a greater effect on people due to nil immunity. Implementation of 

guidelines to limit transmission was difficult to achieve thus difficulties in limiting outbreak 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes HCW and staff with AGe from 28 February to  31 March 2001, were consecutively 
included in the analysis 

Study participants at a 
similar point in the course of 
their illness 

yes 27 patients (74% female, median age 73 years) and 36 HCWs met the case definition 

Study participants well 
defined 

no In 36 HCWs and 15 patients the diagnosis was based on clinical grounds alone.  No detail of 
wards 
 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Infection controls implemented but: 
- HCWs continued to work despite feeling ill, because of severe staff shortage during the 

outbreak 
- Isolation of patients or cohorting rapidly exceeded available resources of the hospital. 
- Availability of appropriate hand hygiene product not clear 
- Hypochlorite not used as surfaces were intolerant to them 

Outcomes measured in a 
standard, valid and reliable 
way 

Partially Environmental investigation- standard reported nothing.  Investigated water and kitchen 
areas with no result. 
 
PCR confirmation of NoV limited patients only and not all.  Also only 37% were tested 
positive for NoV, though patients were tested over the course of the analysis period. 
PCR testing indicating origin from one strain but not able to tell which wards affected 
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patients were on. 
How well does study 
minimise bias 

marginal HCW stools not PCR tested  
No details on staff or patient movement b/w wards 

Relevant statistical data  Epidemic curve indicates a point source with a secondary spread of pathogen 
Comments 
Handwashing was thought to be attributed to the spread.  Normal handwashing was suggested to be 00 times less effective than hand 
disinfection against enteroviruses. Hand disinfectants require more than 3 min of application against non-enveloped viruses to meet 
European Norm; 2 min suffice for products with a very high concentration of alcohol (DGHM). Therefore, even highly active 
compounds may not sufficiently kill enteroviruses due to short exposure time, which explains partly why epidemics usually respond 
slowly to interventions. 
 
Recommendations 
- rapid detection of NoV 
- Implementation of prepared plan with written instructions 
- the use of gowns, masks and gloves for care of patients with Norovirus 
- isolation of affected patients 
- exclusion of ill staff with the potential for staff shortages. 
- use of an alcoholic hand rub with .95% ethanol. In addition, cleaning patients rooms should be replaced by routine disinfection 

with a highly active compound such as an aldehyde or hypochlorite. 
- Increased frequency of cleaning 
 

 
 
EVIDENCE TABLE: Leuenberger 2007 
Characteristics of study:  
Study Citation  Leuenberger, S., M. A. Widdowson, et al. (2007). "Norovirus outbreak in a district general hospital--new strain 

identified." Swiss Medical Weekly 137(3-4): 57-81. 
Study Design  Epidemic investigation – case series 
Level of evidence Level IV 
Setting  Hospital in Switzerland 
Participants  Total of 77 persons affected by virus 
Study Factor Description and analysis of norovirus outbreak in hospital from Nov to Dec 
Outcomes New strain sequenced associated with GII.4  
Relevance  Outbreak analysis 
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Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Some HCW returned to work earlier than 48 hours because of severe staff shortage 

Study participants at a 
similar point in the course of 
their illness 

NA Staff and geriatric patients. Developed symptoms within the same period but no differentiation 
between healthy (assume staff) or patients. 

Study participants/setting 
well defined 

No No – it discusses what wards they are in but no other information on participants 
229 secondary care centre 

Outbreak control methods 
well defined 

Yes Clearly outlined control methods but staff returned to work before the 48hrs due to shortages. 
But there was no specification at want point and whether this prolonged the outbreak.  

Comparable study settings 
similar 

Yes One hospital though 2 different buildings. Building 1 included geriatric wards, oncology 
department and public restaurant. Building 2 internal medicine, ICU, surgery, orthopaedic and 
obstetrics and gynaecology 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes No. it would be expected the higher number of geriatric patients would have been more 
susceptible to infection. No idea whether patients were mobile. The high attack rates in staff 
suggested they probably were  

Outcomes measured in a 
standard, valid and reliable 
way 

Yes Samples in geriatric patients tested positive for norovirus from Building 1. No positive samples 
for building 2 though, only sample could not be sequenced suggesting false positive test. 
Difficult to identify 1st case incidence in building 2. Vomit specimens tested negative.  

How well does study 
minimise bias 

 Outbreak investigation only. No analysis. Assume people were diagnosed on a specified case 
definition, but don’t know how the reporting was done. 

Relevant statistical data  Length of outbreak 33 days with 2 peaks in incidence  
Number of affected persons 77 (28 patients and 49 HCW) 
Building 1 : Total 39 cases 18 of 49 patients – 37%; 20 of 45 HCW – 45%; 1 food employee – 
length of out break 18 days 
Building 2: Total 38 cases 10 of 60 patients – 17%; 28 of 70 HCW – 40% 
Incidence peak Day 5 
Incidence peak Day 15 
 
 

Comments 
Staff returned earlier to work than the 48hrs due to staff shortages but this was not analysed as to whether it contributed to disease 
transmission. It may have been useful if they outlined when HCW returned to work and if this was before the second spike and 
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whether this would have contributed to the second spike. When did the HCW go home and return?! Very high attack rates in staff – 
not sure how compliant they were with hygiene procedures 

 
EVIDENCE TABLE: Liu (2003) 
 
Characteristics of study:  
Study Citation  An outbreak of Norwalk like virus gastroenteritis in an aged care hostel, NSW health public health bulletin 14(6): 

105-109 
Study Design  Case control study to examine the relationship between experiencing gastro and exposure to two floors where the 

index case was ill 
Level of 
evidence 

Level III-3 

Setting  Aged care hostel NSW 
Participants  28 residents and 5 staff 
Study Factor Outbreak investigation to assess epidemiological characteristics of outbreak and its management   
Outcomes Transmission was thought to be through person to person contact or through contact with formites 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Development of symptoms within 10 days of index case (this seems quiet long) 
Controls were the remaining residents 

Study participants at a 
similar point in the course of 
their illness 
 

yes  

Study participants/setting 
well defined 

 Mean age of pt 82.9 and controls 82.5 

Outbreak control methods 
well defined 

 IC team notified and epidemiological assessment carried out 
Outbreak IC Recommendations: 
Minimise contact between residents 
Sick employees excluded for 48 Hrs 
Reinforced importance of hand hygiene (not with what though) 
Movement of staff between other facilities /wards minimised 
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Cooperation between management and IC ensure guideline implementation 
Comparable study settings  yes  
Are confounding factors 
identified and strategies to 
deal with them stated 

 Epidemic curve has a lag from index case to outbreak ?  indicates secondary transmission ? 
fomite? 
Foodbourne outbreak excluded 

Methods used adequate  Index case had no st6ool samples taken but clinically seems to be NoV  
 
Environmental swabs would have been helpful to assist in identifying transmission Epi curves 
indicate direct contact as well as secondary (fomite) transmission 

Outcomes measured in a 
standard, valid and reliable 
way 

Ok All residents interviewed on Hx of illness, food eaten 4/7 proceeding outbreak. and 
demographics.  Calculation of AR for residents according to their seating arrangements in the 
dinning room. 
 

How well does study 
minimise bias 

well Good completion rate for questionnaires. 
 
With attack rates per table there is limited info on how mobile residents were at each table.  
Was the variation due to contact with fomites? 

Relevant statistical data   
Length of outbreak  2 weeks 
Attack rate  AR: 42 % overall measurement.  Also calculated per seating arrangement No obvious pattern 

for developing gastro in relation to seating arrangement 
   
Comments 
Case control study only refers to identifying source of outbreak. It is regarded as level IV evidence when considering the relevance to 
the study question 
. 
 

 
 
EVIDENCE TABLE: Love 2002 
Characteristics of study:  
Study Citation  Love 2002, A large hotel outbreak of Norwalk-like virus gastroenteritis among three groups of guests and hotel 

employees in Virginia Epidemiol. Infect. (2002), 129, 127-132. 
Study Design  Epidemiologic investigation – case control study on first 2 groups + case study on third group 
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Level of 
evidence 

Level III-3 

Setting  Hotel in Virginia, USA 
Participants  Hotel's guests and hotel employees with acute gastroenteritis. 
Study Factor Epidemiological Outbreak analysis 
Outcomes Environmental contamination and person-to-person transmission suspected and describes procedures implemented 

to control the outbreak and makes recommendations for future outbreak control 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Symptom of gastro within a specified time frame and examination of characteristics of illness.  RT _PCR 
testing of a subset of faecal samples from staff and guests 

Study participants at a 
similar point in the 
course of their illness 

yes 2-week period in November 2000. At least 76 of the hotel's guests and 40 hotel employees had acute 
gastroenteritis during this period. 
3 separate social groups residing at the hotel 

Study participants well 
defined 

yes  

Are confounding factors 
identified and strategies 
to deal with them stated 

 Suggested that food may have been the primary cause but cleaning practice may also have 
contributed to the transmission of the virus.  No environmental swabs taken 

Outcomes measured in a 
standard, valid and 
reliable way 

 Survey of groups A and B to investigate outbreak, case study of Group C and interview of staff. 
 
Initially ill food handlers been excluded from food preparation or service until free of symptoms 
for 24 h. Thirteen hotel food handlers became ill in the 2-week period with vomiting or diarrhoea. 
Sub-clinical carriers also can shed virus. 
 
Infection control measures and education were introduced to help limit the outbreak 
ill employees not work if symptomatic. Personal hygiene was reinforced and food handlers were 
particularly instructed on the importance of not working while ill. 

How well does study 
minimise bias 

 Demographic data, food consumed plus characteristics of illness 
Not all food samples were able to be analysed through out outbreak 
Survey response will be biased towards those who were ill 

Relevant statistical data  Relative risks and confidence intervals were calculated 
Yates corrected Chi-square or Fisher exact test for statistical significance 
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Group A  
69 (63%) attendees of group A. Thirty-four met the case definition for illness for an attack rate of 
49%. (59% female) 
Relative risk 2±1, P 0±03; 95%CI 1±1, 4±0) if attended reception compared to the 7 of 24 who 
did not 
 
Group B  
Twenty-seven (28%) of the 95 attendees of group B completed the questionnaire and 11 (41%) 
satisfied the case definition. 
8 at the picnic became ill compared to 2 of the 10 (17%) who did not eat coleslaw (RR 3±6, P 
0±03; 95% CI 1±0, 13±6). 
 
group C 
Fifteen ill members of group C were interviewed. Because of the difficulties in recalling foods 
eaten, a food history was not obtained 
 
Staff 
highest attack rates in staff were the front desk 7/9, (78%) followed by housekeeping staff 9/22, 
(41%) 13 of 67 (19%) food handlers and 1/6 (17%) dishwashers were ill.  

Comments 
 
It was discovered that 13 food handlers had been ill during the time of the outbreak. They did not admit to illness either because they 
were asymptomatic at the time of interview or because they did not want to miss work. 
- not return to work until free of symptoms for 24 h.  
- personal hygiene, proper glove use, and food protection measures  
- The facility was closed for 8 h to permit thorough cleaning of all food service areas and guest rooms.  
- All cold food requiring hand preparation was excluded from the menu.  
- No open bowls of food such as chips or popcorn were served. 
 
However, wiping of surfaces without disinfectant and using the same rag elsewhere could actually help to spread the pathogen. food 
handlers to voluntarily remove themselves from work. This was not effective and finally when they were interviewed on 9 November. 
 

Food handlers should be excluded for 72 hrs and at the identification of an outbreak employees need to be informed of exclusion 
periods and reminded of hand hygiene practices 
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Case control rating only refers to identifying source of outbreak. It is regarded as level IV evidence when considering the relevance to 
the study question 

 
 
EVIDENCE TABLE: Lynn 2004 
Characteristics of study:  
Study Citation  Lynn, S., J. Toop, et al. (2004). "Norovirus outbreaks in a hospital setting: the role of infection control." N Z Med J 

117(1189): U771. 
Study Design  Comparative study without concurrent controls 
Level of 
Evidence 

Level III-3 
 

Setting  Rehabilitation wards for older people in a geriatric rehabilitation hospital 
Participants  Staff and patients in 2 different wards 
Study Factor Role of infection control in two outbreaks in a geriatric rehabilitation hospital 
Outcomes Suggested that from lessons learnt in outbreak 1, infection control methods were implemented sooner and more 

effectively in second outbreak resulting in shorter duration of ward closure and lower staff attack rate, despite 
similar outbreak duration and patient attack rates. 

Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Analysis of infection control methods in 2 different outbreaks 

Study participants at a 
similar point in the course of 
their illness 

NA  

Study participants/setting 
well defined 

Yes Patients identified in stroke rehabilitation ward and post operative ward. Average age of 
patients was 79.5yrs. mean duration 2.2 for patients and 1.2 for staff.  

Outbreak control methods 
well defined 

Yes  Staffing guidelines were instituted July 27 after 14 cases and ward closed. Commenced day 5 
of outbreak.  

Comparable study settings 
similar 

Yes  
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Are confounding factors 
identified and strategies to 
deal with them stated 

Yes 7 of 9 faeces positive for norovirus. 3 of the positive cases were positive for clostridium difficile. 

Methods used adequate  No fecal specimens tested after confirmed by laboratory. Case definition was broad and not 
specific and confined to environmental area. Defined by vomiting with or without diarrhea. 

Outcomes measured in a 
standard, valid and reliable 
way 

Yes  

How well does study 
minimise bias 

 Once diagnosed with norovirus no new samples were sent for virus identification. Further 
cases diagnosed on case definition and clinical history. Not sure about symptoms due to 
clostridium difficile infection. 

   
Relevant statistical data   
Length of outbreak  Outbreak 1 – post operative ward 

14 days 
Outbreak 2 – stroke 
16 days 

Ward closure length  11 days 
6 days  
Reopened when no new cases for 24hrs 

Attack rates  Total 
57.1% patients (16 
41% staff (25 
Postoperative ward 
28 patients 
Stroke rehab ward 
28 patients (13 of 28) 56.5% 
11 staff 18% for staff 
 

Comments 
Unsure about compliance with exclusion policy, particularly for casual staff where no paid leave was available.  

 
EVIDENCE TABLE: Mc Call (2007) 
Characteristics of study:  
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Study Citation  Rapid response and strict control measures can contain a hospital outbreak of Norwalk virus. Communicable 
Disease and Public Health 2002, 5(3): 243-6 

Study Design  Outbreak investigation – case series 
Level of 
evidence 

Level IV 

Setting  Acute elderly care ward in district hospital 
Participants  38 HCW and 20 patients 
Study Factor Factors implemented in response to and outbreak of gastro 
Outcomes Outbreak of NoV symptoms analysed and contained to one ward 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes  

Study participants at a 
similar point in the course of 
their illness 

yes  

Study participants/setting 
well defined 

yes  

Outbreak control methods 
well defined 

yes Measures 
1. isolate patients or provide care in cohort if not possible 
2. PPE: staff and visitors asked to glove and gown 
3. emphasis on hand hygiene (but not what product) 
4. cleaning:  prompt cleaning of spills, hourly cleaning of wards, 0.1% hypochlorite use on 

hard surfaces, terminal cleaning,  
5. ward closed for 72 hrs after last case contained 
6. staff: exclusion from work until 48hrs post symptom resolution, non essential staff to 

not enter ward, staff working across wards are required to visit affected wards last. 
7. affected patients are to be d/c to home only not to another facility while 

symptomatic 
 
Some wards closed to new admissions in line with Kaplan’s criteria but reopened when PCR 
test were –ve for NoV 

Comparable study settings n/a  
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similar 
Are confounding factors 
identified and strategies to 
deal with them stated 

 NoV was though to be present in the community as some staff and patients had acquired NoV 
with out contact with individuals or environment affected by outbreak. 
 
Foodbourne transmission eliminated.  Index case identified 

Methods used adequate yes Limited detail on strain type for people with NoV excluded 

Outcomes measured in a 
standard, valid and reliable 
way 

No Infection control measures implemented did not have inbuild measures to monitor their effect.  
Applied in a bundle so difficult to detect which was the most effective in limiting transmission. 

How well does study 
minimise bias 

well Originally overstated outbreak but examination of surveys in light of the revised case definition 
and lab testing refined the affected group affected by the outbreak 

Relevant statistical data   
Length of outbreak  10 days 
Attack rate  For patients 64% according to aplan’s criteria 
Comments 
Timely application of infection control measures before microbiological result returned were thought to assist in rapid elimination of 
outbreak.. Involvement of senior ward staff was thought to assist as well in ensuring compliance and aw awareness of program 

 
EVIDENCE TABLE: Mattner 2005 
Characteristics of study:  
Study Citation  EVALUATION OF THE IMPACT OF THE SOURCE (PATIENT VERSUS STAFF) ON NOSOCOMIAL 

NOROVIRUS OUTBREAK SEVERITY. INFECTION CONTROL AND HOSPITAL 
EPIDEMIOLOGY(2005) 268-272 

Study Design  Cross sectional study 
Level of evidence Level IV 
Setting  Various hospital settings 
Participants  Hospital outbreak data 
Study Factor To study the dependence of infection risk and outbreak size on the type of index case (ie, patient or staff). 
Outcomes Patient-indexed norovirus outbreaks generally affect more patients than do staff-indexed outbreaks. 
Relevance  Outbreak analysis 
Quality of study:  
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Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Published outbreak papers. Inclusion criteria for statistical analyses were outbreaks with 
epidemic curves for each ward and outbreaks for which the index case could be identified. 
 
infection risk analyses, outbreaks were included if attack rates were available separately  for 
each ward 

Study participants at a 
similar point in the course of 
their illness 

unknown Hospital outbreak data 
Person to person transmission cases not foodborne or waterbourne 

Study participants well 
defined 

unknown Thirty of these outbreaks (between 1991 and 2003) were included in our study. A total of 
1,033 individuals (670 patients and 363 staff members 

Are confounding factors 
identified and strategies to 
deal with them stated 

 Differing infection control practices and hospital procedures may influence outbreak size, 
length and severity.  Additionally complexity of patient population may skew results if greater 
numbers house elderly or quiet unwell patients.  Would be good to separate these groups 
into the level of care required from staff 

Outcomes measured in a 
standard, valid and reliable 
way 

yes Patient indexed outbreaks affect more people than do staff indexed outbreaks. 
 
Stats support closing of ward to new patients  
Recommend staff exclusion for 48 hrs 

How well does study 
minimise bias 

 Viral loads must have been low to require use of nested PCR 
 
Levels of staff contact not considered.  Complexity of care not addressed 

Relevant statistical data  Of the 30 nosocomial outbreaks of Norovirus with person-to-person transmission, 
• 20 (67%) involved patients as the index cases.  
• Patient-indexed outbreaks affected significantly more patients than did staff-

indexed outbreaks (difference in means, 16.25; 95% confidence interval 5.1 to 27.0. 
• For the numbers of affected staff, no dependence on the index case category was 

detectable (difference in means, -1.05; CI, -9.0 to 6.9). 
• For patients exposed during patient-indexed outbreaks, the risk of acquiring a 

norovirus infection was approximately 4.8 times as high as the corresponding risk 
for patients exposed during staff indexed outbreaks (odds ratio [OR], 4.79; CI, 1.82 
to 8.28).  

• The infection risk for exposed staff during patient-indexed outbreaks was 
approximately 1.5 times as high as the corresponding risk during staff-indexed 
outbreaks (OR, 1.51; CI 0.92 to 2.49). 
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Comments 
Patient-indexed norovirus outbreaks generally affect more patients than do staff-indexed outbreaks importance of obtaining complete 
outbreak data, including the index case classification as staff or patient, during norovirus outbreak investigations. Such information 
may be useful for further targeting prevention measures. 
Hypotheses 

• Patients have poorer hygiene 
• Weaker immunity and excrete great viral loads then younger staff 
• Greater difficulty in detecting onset of illness compared to staff 
 

As patients are transmitting the virus to other patients (by either aerosol or physical contact) Isolation procedures, immediate 
environmental decontamination of soiled areas, frequent handwashing or hand antisepsis with a virus active alcoholic disinfectant, or 
staff and patients wearing masks when contact with feces or vomitus is expected should be effective in stopping further spread 
between patients in patient-indexed outbreaks. 
 
Comments in counfounding should be noted too 

 
 
EVIDENCE TABLE: Milazzo 2002 
Characteristics of study:  
Study Citation  Milazzo, A., I. G. Tribe, et al. (2002). “A large, prolonged outbreak of human calicivirus infection linked to an aged-

care facility.” Communicable Diseases Intelligence 26(2): 261-264 
Study Design  Epidemic investigation – case series 
Level of 
evidence 

Level IV 

Setting  Aged care facility  
Participants  Staff and residents of aged care facility  
Study Factor Investigation of an outbreak of gastro in an aged care facility to determine a point source of infection 
Outcomes No point source of infection was identified but descriptive epidemiology suggested that staffing practices were 

important in prolonging the outbreak 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
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Specified inclusion/ 
exclusion criteria  

Yes Outbreak analysis and transmision 

Study participants at a 
similar point in the course of 
their illness 

NA Not sure. Was a protracted epidemic with the first 3 weeks showing sporadic cases.  

Study participants/setting 
well defined 

No Yes. Nursing home and hostel. Nursing staff worked between these two areas. Number of 
residents (17 males, 90 females) of whom 64 (60%) were resident in the hostel. Food prepared 
in central kitchen on site.  

Outbreak control methods 
well defined 

NA  Standard infection control methods were routine. Additional infection control instituted on 24 
August. 48hr exclusion policy 

Comparable study settings 
similar 

NA  

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes Case definition was acute diarrhoea or vomiting within a specified period. Very broad 
particularly if data was on interview. 

Methods used adequate  Data taken from ill register 
Outcomes measured in a 
standard, valid and reliable 
way 

Yes  

How well does study 
minimise bias 

 Unclear of compliance with staff. Environmental investigation only specified the kitchen and not 
other areas. Have not identified other factors in transmission. 

Relevant statistical data   
Length of outbreak  3 weeks 
Attack rate  Hostel 

47/64 – 73% 
Nursing home 
18 of 43 – 42% 
Staff 
14 of 75 (19%) 
Visitors 
2 (not sure how many) contact with an ill patient. 

   
Comments 
Exclusion policy was 48 hrs. 2 waves in transmission. Single room accommodation that reduces resident to resident contact did not 
prevent the spread of infection suggesting that ill staff had a major role in prolonging the outbreak. Recommends staff to remain 
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working in specific ward even before symptoms are discovered to reduce viral transmission.  
 
 
EVIDENCE TABLE: Miller 2002 
Characteristics of study:  
Study Citation  Miller, M., L. Carter, et al. (2002). “Norwalk-like virus outbreak in Canberra: implications for infection control in aged care 

facilities.” Commun Dis Intell 26(4): 555-61. 
Study Design  Case series investigation 
Level of 
evidence 

Level IV 

Setting  2 aged care settings and 1 hospital in Canberra 
Participants  Staff and patients 
Study Factor Epidemiological characteristics of the outbreak amongst the 3 institutions, to identify the causative agent and 

identify the likely mode of transmission 
Outcomes Likely that outbreaks were linked due to transfers of residents and infection control practices were inadequate to 

control further spread of the outbreak. Lack of compliance with 48hr exclusion policy 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Outbreak investigation and transmission 

Study participants at a 
similar point in the course of 
their illness 

NA No information on participants in the hospital.  

Study participants/setting 
well defined 

No Yes. Description of facilities and participants who were involved in the study. 

Outbreak control methods 
well defined 

NA  Not entirely clear but study audited infection control programs and recorded substandard 
infection control measures for facilities A and B (aged care). Outlined issues in aged care 
facilities. Unsure when increased infection control measures were put in place.  

Comparable study settings 
similar 

NA 2 aged care facilities and 1 hospital. Hospital had ‘its own’ hospital wide infection control 
program. Isolated wards immediately at the hospital. 

Are confounding factors 
identified and strategies to 

Yes  Case definition was identified by staff and patient records so smaller probability of residents or 
patients meeting self defined definition.  
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deal with them stated 
Methods used adequate  No measure of staff or residents that did not meet case definition. No control group 
Outcomes measured in a 
standard, valid and reliable 
way 

Yes Case definition vomiting or diarrhoea. Don’t know the numbers for total exposed to calculate 
attack rate. Don’t know how many exposed. 

How well does study 
minimise bias 

 Modified the case definition for staff because couldn’t trace staff members. Changed the dates 
to 25 June for staff rather than 1 June for patients. Questionnaire was completed by staff on 
behalf of sick residents. Reports verified by clinical case notes.  

Relevant statistical data   
Length of outbreak  Institution A – 25 days 

Institution B – 16 days 
Institution C – 15 days 

Attack rate  93 cases at Institute A (52 staff and 41 residents). 51.3% patients, 43% staff 
Institute B – 56 residents and 52 staff becoming ill. Attack rate residents 57.1% and 48.6% for 
staff 
Institute C – 37 patients 66.1%; 43 staff 48.3% 
Identified 14 staff who returned to work within the 48 period after cessation of symptoms. Lack 
of compliance with exclusion policy. 

Comments 
Compliance with exclusion policy was thought to prolong the outbreak but unsure in light of other substandard infection control 
procedures in these institutions. Exclusion policies were not adhered to in the aged care facilities but the standards and awareness 
were also low in these institutions. 

 
 
EVIDENCE TABLE: Navarro, 2005 
Characteristics of study:  
Study Citation  Navarro, G., R. M. Sala, et al. (2005). "An outbreak of norovirus infection in a long-term-care unit in Spain." 

Infection Control & Hospital Epidemiology 26(3): 259-62. 
Study Design  Epidemic investigation – case series 
Level of 
evidence 

Level IV 

Setting  Long term care hospital ward 
Participants  32 patients, 19 staff members, 8 relatives 
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Study Factor Description of outbreak on a long-term care hospital ward 
Outcomes Outbreak lasted 21 days, exclusion was based on resolution of illness but no specific time period. 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes Outbreak investigation documenting exclusion policies  

Study participants at a 
similar point in the course of 
their illness 

NA  

Study participants/setting 
well defined 

Yes Description of hospital adequate. Description of employee duties and units described.  

Outbreak control methods 
well defined 

Yes Hand hygiene, cleaning and disinfection of the unit were implemented on the same day as the 
outbreak was recognised. Well described. Exclusion policy was undefined – ill staff were 
excluded from work for the duration of their illness. Stricter control measures such as closing 
units and staff exclusion for one week were not adopted.  

Comparable study settings 
similar 

NA Looked at different units but no analysis of these units. 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes None were identified. Though the buildings were inspected for deficiencies that may have 
contributed to the outbreak. Food related questions were also asked within the questionnaire. 

Methods used adequate  Not sure how they distributed the questionnaire or whether it was staff that responded on 
behalf of the patients. Very little information on how they collected their data. 

Outcomes measured in a 
standard, valid and reliable 
way 

Yes Don’t know how they calculated their attack rates. Little information on data collection or how 
many were exposed. Attack rates not measured per unit only overall. 

How well does study 
minimise bias 

 Unsure how they calculated their results, how many were exposed, what the response rate 
was, did they follow up non respondents, did they check clinical notes. Large risk of bias. 

Relevant statistical data   
Length of outbreak  21 days 
Attack rate  25.4% patients 

41.3% staff 
Comments 
Control measures implemented same day outbreak was recognised. No specific date – assume it was December 7? Unclear whether 
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they instituted a strict 48hr policy but stated until resolution of symptoms. Emphasises strict personal hygiene is more effective. 
 
EVIDENCE TABLE: Schmid, 2005 
Characteristics of study:  
Study Citation  Schmid, D., I. Lederer, et al. (2005). "An outbreak of Norovirus infection affecting an Austrian nursing home and a 

hospital." Wien Klin Wochenschr 117/23-24: 802-808 
Study Design  Epidemic investigation – case series 
Level of 
evidence 

Level IV 

Setting  Hospital and nursing home 
Participants  Staff and patients 
Study Factor Assessment of the extent of the outbreak, the relationship between the two institutions, to identify the route of 

transmission and evaluate control measures undertaken. 
Outcomes Infection control measures should be implemented as soon as outbreak suspected particularly in closed 

environments 
Relevance  Outbreak analysis 
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes  

Study participants at a 
similar point in the course of 
their illness 

NA  

Study participants/setting 
well defined 

Yes States that data was collected on the ill persons but no data was specified in the study. 

Outbreak control methods 
well defined 

Yes Enforced hand hygiene, alcohol based hand sanitizer, PPE, surgical masks with affected 
patients, disinfection, staff exclusion 48hr,  

Comparable study settings 
similar 

NA Nursing home and hospitals had different infection control policies in place but they were 
analysed separately 

Are confounding factors 
identified and strategies to 
deal with them stated 

Yes  

Methods used adequate yes For outbreak investigation 
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Outcomes measured in a 
standard, valid and reliable 
way 

Yes Case definition was one of the two symptoms of diarrhoea or vomiting in specific time period. 
Attack rates calculated as proportion of affected individuals in the total population at risk of 
infection in the nursing home and the hospital including all residents and staff. 

How well does study 
minimise bias 

N/A  

Relevant statistical data   
Length of outbreak  18 days 
Attack rate  Nursing home 

17 of 23 residents – 73.9% 
7 of 18 staff – 38.9% 
Hospital 
10 of 46 patients – 21.7% 
18 of 60 staff – 30% 

Comments 
Infection control methods put in place in nursing home 6 days after index case. 

 
 
EVIDENCE TABLE: Vardy 2007 
Characteristics of study:  
Study Citation  Vardy, J., A. J. Love, et al. (2007). “Outbreak of acute gastroenteritis among emergency department staff.” 

Emergency Medicine Journal 24(10): 699-702. 
Study Design  Epidemic investigation/ case report 
Level of 
evidence 

Level IV 

Setting  Emergency department of Glasgow Royal Infirmary 
Participants  Staff 
Study Factor Examination of pattern of spread, estimated hours sick time and practicalities of infection control guidelines to 

control outbreak of norovirus in an emergency department. Assessed application of infection control guidelines to an 
emergency setting. 

Outcomes Most useful infection control methods included early identification and isolation of infectious patients, barrier 
nursing, escalation of cleaning of the department and early investment in replacement staff to allow ill staff members 
to remain isolated at home and prevent understaffing.  

Relevance  Outbreak analysis 
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Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

yes Analyses exclusion policy as an infection control method 

Study participants at a 
similar point in the course of 
their illness 

Yes All staff though the outbreak lasted 51 days with numerous introduced infections from the 
community. This would have impacted on partial immunity 

Study participants well 
defined 

No 82 eligible staff (24 doctors and 58 nurses), but no other information on staff or what 
‘eligible’ means. Is it because they just worked there? 

Outbreak control methods 
well defined 

Yes Used Chadwick’s infection control interventions but do not state at what point they were 
applied. 

Are confounding factors 
identified and strategies to 
deal with them stated 

No Identified some staff have higher rates of patient contact which facilitates transmission. 
Outbreak lasted 51 days with numerous introduced infections from the community. This 
would have impacted on partial immunity to some staff. Not considered. 

Outcomes measured in a 
standard, valid and reliable 
way 

yes Outcomes measured by questionnaire with a 100% response rate. Case definition was 
broad – any two signs of vomiting, diarrhoea, abdominal pain, fever, myalgia or fainting. No 
statistical analysis of risk factors from questionnaire. No documented confidence intervals 
for OR’s calculated for type of staff.  

How well does study 
minimise bias 

marginally Had a 100% response rate in emergency staff. 

Relevant statistical data  Length of outbreak – 51 days 
45% fulfilled case definition for gastroenteritis 
Consultants – 0 
2 of 7 middle graders (29%) 
7/12 senior house officers (SHOs) (58%)  
6/15 (40%) of sisters and charge nurses, 
20/36 (56%) staff and enrolled nurses, and 
2/7 (29%) of auxiliaries  
49% recalled contact with a symptomatic patient before becoming ill with gastro  
OR was 2.5 for senior house officers 

Comments 
Norovirus was confirmed on Kaplan’s criteria and one stool sample. Epidemic curve shows 3 waves of infection. Infection was 
probably introduced into the ED on several occasions from a concomitant community outbreak, and spread by secondary transmission 
through the staff. 
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Appendix D Evidence summaries 
 

Table 1. Evidence summary of articles measuring norovirus viral load and viral shedding 
Study Mean Viral 

Load 
(sympt) 

Mean Viral 
Load 
(asymp) 

Mean Viral 
Load (post 
sympt) 

Duration of shedding Period of 
symptoms 

Implications for 
transmission/Comments/ 
conclusions 

Levels of 
Evidence 

Atmar et al 
(patients) 
N = 16 

95 x 10(9) 
copies/g 
stool 

  28 days (median) 1- 2 days Shedding can occur after 
symptoms resolve. Infectivity 
of shedding virus needs 
more sensitive equipment.  

III – 3 
experiment
al cohort  

Gallimore 
etal 
N = 108 
(Patients 
and staff) 

N=9 
 
75% 
detected 
viral strains 

N = 99 
 
No levels, 
just 
measured 
detection 
of virus 
(26% staff 
& 33%pts) 

 Not reported Not reported Staff may be susceptible to 
carrying NV strains found in 
the community, but virus 
excreted at low levels only, 
and not attributable to 
causing 
infections/outbreaks. 
 
Hospital policy for asymp 
staff to have faecal 
screening during an 
outbreak. 

III-2 
cohort 
allocation 
not 
randomised  
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Study Mean Viral 

Load 
(sympt) 

Mean Viral 
Load 
(asymp) 

Mean Viral 
Load (post 
sympt) 

Duration of shedding Period of 
symptoms 

Implications for 
transmission/Comments/ 
conclusions 

Levels of 
Evidence 

Goller et.al 
(JHI 2004) 
Aged care 
pts  
N = 10 

N=9 
 
Just 
measured 
detection 
of NV, not 
the 
concentrati
on/load 

N=1  8.6 days (median) 
range 2-15 

Up to 19 days  
(D & V gone by 
days 3-4) 

Care of elderly perhaps 
needs to be considerate of 
non specific symptoms 
 
ICG should consider 
prodromal excretion and 
long term excretion of virus 

III-2 
cohort 
allocation 
not 
randomised 

Goller et.al 
(letter 04) 
HCW 
N = 1  

Not 
documente
d 

  Up to 9 days Up to 15 days 
(RTW after D&V 
stopped  - day 5) 

Individuals can excrete NV 
well after symptoms have 
stopped. 
Symptoms are more than 
just D&V 

IV 
Single case 
study 

Lee et.al 
(patients) 
 
N = 40 

8.93 log 
copies/g 
stool 

  Limited to study of 
symptoms ie 
shedding not 
scrutinised past 4 
days 

0 - > 4 days 
(not studied past 
this time) 

High viral conc assoc with 
prolonged symptoms.  (no 
mention of infectivity)  
 
?1st clinical study to show 
link between viral 
concentration & duration of 
illness 

IV  
cross 
sectional 
study 

Marshall et. 
Al 2004 
(community) 
N = ~400 

 Nil. 
 
Carriage 
rate ~ 0.8% 

   Asympt people unlikely to 
be an important reservoir for 
norovirus 

III-3 
interrupted 
time series 
without a 
parallel 
control 
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Study Mean Viral 

Load 
(sympt) 

Mean Viral 
Load 
(asymp) 

Mean Viral 
Load (post 
sympt) 

Duration of shedding Period of 
symptoms 

Implications for 
transmission/Comments/ 
conclusions 

Levels of 
Evidence 

Marshall et 
al 2007 
(food 
handling) 
 
N=4 only 

  ~11mill NV 
particles/ml 
faeces for 
those 
shedding 
post sympt 

2 shedding 5-6 days 
past cessation of 
symptoms, 2 
shedding in line with 
symptoms 

Up to 5 days  Individuals without overt 
symptoms may still be 
shedding NV 

III-3 
interrupted 
time series 
without a 
parallel 
control  

Okabayashi 
N = 159 
asympt food 
handlers 
during a 
gastro 
outbreak 

 12.6% NV 
+ve 

 Not reported N/a  
NV excretion a possible 
source of infection from 
asymptomatic individuals 

Level IV  
 
Cross 
sectional 
study 

Ozawa et al 
N= 90 
Food 
handlers in 
HCF & educ 
settings 

GII 
3.3 x 10 (8) 
Copies/g 
stool 
GI 
44 m 
copies/g 
stool 

GII  
5.3 x10(8) 
copies/g 
stool 
GI 
3.8 m 
copies/g 
stool 

 Not reported Not reported Asymptomatic individuals 
can carry the NV at viral 
loads similar to symptomatic 
individuals, and be 
potentially infectious. 
Preventing health workers 
from returning to work may 
not be the only action 
required to prevent 
transmission, as there could 
be health workers who are 
NoV +ve, but without 
symptoms. 
 

IV 
 
Cross 
sectional 
study 
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Study Mean Viral 

Load 
(sympt) 

Mean Viral 
Load 
(asymp) 

Mean Viral 
Load (post 
sympt) 

Duration of shedding Period of 
symptoms 

Implications for 
transmission/Comments/ 
conclusions 

Levels of 
Evidence 

Rockx et al 
(survey from 
GP data) 
N = 99 NV 
N = 40 SV 

Just 
measured 
detection 
of NV, not 
the 
concentrati
on/load 

  3 wks (26% NV pts) 
2 wks (SV) 

5days (NV) 
6 days (SV) 

duration of gastro and 
shedding of viruses is longer 
than previously recorded 
(<2002) 

III-2  
cohort 
allocation 
not 
randomised 

Siebenga et 
al  
(Patients) 
N= 8 

Just 
measured 
detection 
of NV, not 
the 
concentrati
on/load 

  3 – 26  weeks 
Tertiary care hospital 
– comorbidites, 
immuno suppressed 
pts etc) 

1-17 weeks Chronic shedders are 
possibly  a source of new 
NoV variants – need greater 
understanding of 
epidemiology.  
Until then it is important to 
‘adequately’ confine 
outbreaks (no definition of 
‘adequately’ provided) 
Need more research to 
determine if these viruses 
are infectious, though.  
Healthy individuals may be 
more of a health risk, with 
greater accumulation of 
NoV mutations 

IV 
Data from 
case series 

Tu et al 
(aged care 
facility) 
N = 14 
13 pts,  
1 HCW 

107 million 
copies/g 
stool  
(days 0-7) 
 

 1.32 million 
(days 8-14) 
 
120,000 c/g 
stool (days 
15-21) 

28.7 days 3 days 
 

Prolonged shedding in 
elderly pts – indicates need 
for longer quarantine 

IV  
Case series 
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Do exclusion policies for staff have any influence on controlling an outbreak of norovirus 

Table 2. Evidence summary of epidemic investigations that specified staff exclusion policies 
 Author, 

Year 
Study 
populatio
n  

Main outcomes Comments  Implication for 
exclusion policy 

Evidence 
level 

1 Albers, M. 
K. (2004) 

Tertiary 
care 
hospital in 
Alberta 
Canada.  
 
32/73 
patients 
affected 
and 42 
staff 
affected 

Length of outbreak 14 days. 
 
Successes included the cohorting of 
staff to affected units and 
redistribution of staff duties to 
decrease the increased workloads on 
staff from staff illness shortages. Also 
terminal cleaning of units was 
suggested to have avoided a 
resurgence.  
 
Detailed information on infection 
control measures. 

Useful info that they had to treat 
all asymptomatic patients as 
potentially infectious because the 
spread of infection was not 
arrested. 
 
No evaluation of infection control 
methods implemented or 
outbreak management. 
 
48hr staff exclusion period 
 

48hr policy 
 
No mention of 
effectiveness of 
exclusion policy 
though 
suggested that 
terminal 
cleaning and 
cohorting staff 
were most 
effective to 
avert the spread. 

Level IV  
case series  
 

2 Billgren, 
M., B. 
Christenso
n, et al. 
(2002).  

10 
hospitals 
in 
Stockholm 
including 
211 wards. 
18 wards 
were 
selected 
as 
controls.  

Greater risk of outbreak occurring on 
a ward that had experienced an 
outbreak in previous year.  
Attack rate significantly lower in staff 
on a ward with a previous outbreak.  
 
Hospitals limiting viral spread by 
avoiding transfer of patients and staff 
and emphasising hygiene routines 
could shorten the length of outbreaks. 
 
On 8 of 31 wards with outbreaks in 
1996 that experienced an outbreak 
the year before – none of the staff fell 
ill for NLV gastro despite a high attack 
rate amongst patients.  

That staff did not fall ill despite high 
patient attacks rates in wards with 
previous exposure suggests that 
improved awareness and hygiene 
routines influenced the outbreak.  
 
Concluded that emphasising 
hand hygiene routines and 
avoiding transfer of patients and 
staff could shorten and restrict the 
outbreak. 
 
Good study that used control 
wards to review whether certain 
control methods had any effect 
on the outbreak.  

Concluded it 
was not obvious 
if 48 hrs staff 
exclusion 
influenced 
outcome of 
outbreak 

Level III-3  
 
Historical 
control 
study 
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 Author, 

Year 
Study 
population  

Main outcomes Comments  Implication for 
exclusion policy 

Evidence 
level 

3 Cooper, 
E. and S. 
Blamey 
(2005). " 

LTCF facility 
Victoria 
Australia.  
 
52 patients, 11 
staff 

No evaluation of infection control 
measures.   
Length of outbreak 32 days 
affecting 3 different wards.  Index 
cases not identified. 
 
48 hour staff exclusion period 

Focus of control of o/b on 
hand hygiene and use of 
alcohol based hand hygiene 
products. 
 
No analysis of why the attack 
rates varied in different wards 

48hr policy was 
problematic 
due to staffing 
levels.  
 
Authors dubious 
about a 48 
period given 
the longer 
excretion rates 
of the virus. 

Level IV  
Case series 

4 Johnston, 
C. P., H. 
Qiu, et al. 
(2007). " 

Tertiary hospital 
Baltimore, 
Maryland  
 
355 cases 90 
patients and 
265 HCW 
 

Outbreak lasted for 17 weeks, 
community outbreak coincided.  
Index case HCW 

 
72 hr exclusion period for staff 
 
Detailed infection control methods 
but not evaluated.  
 
Economic analysis:  impact of 
outbreak - US$657,644 

Suggested that HCW had 
higher attack rate due to rapid 
patient isolation, and HCEW 
had an increased risk of 
exposure to pathogen through 
environmental contamination, 
patients and other HCWs. 
 
Emphasis on high frequency 
cleaning, isolation of ill patients 
and cleaning regime  
 
Psych ward was more difficult 
to control as isolation strategies 
are not consistent with group 
therapy techniques 
 
Case study included very 
thorough information 

Instituted a 72hr 
exclusion policy 
but additional 
cases still 
occurred 
resulting in ward 
closure and 
aggressive 
cleaning. No 
additional 
HCW’s ill after 
cleaning 

Level IV 
 
Case series 
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 Author, 

Year 
Study 
population  

Main outcomes Comments  Implication for 
exclusion policy 

Evidence 
level 

5 Khanna, 
N., D. 
Goldenbe
rger, et al. 
(2003).  

university 
hospital in 
Switzerland 
 
27 patients and 
36 HCWs 

Index case: patient 
Length of outbreak 23 days 
 
48hr staff exclusion period.  Staff 
reportedly worked while ill 
 
Infection control measures 
implemented late and only 
partially 
 
Hand hygiene compliance 
suggested to be low 

Difficulties in implementing 
infection control guidelines 
which is suggested to have 
impacted on controlling 
outbreak 
 
Second outbreak peak 
thought to be due to isolation 
measures not fully 
implemented uncertain cause 
 
15 patients the diagnosis was 
based on clinical grounds 
alone 

Specified a 48hr 
exclusion policy 
but stated it 
was not feasible 
to adhere to it.  
Unsure whether 
this measure 
prolonged the 
outbreak due to 
other non 
compliance 
with infection 
control 
practices.  

Level IV  
 
Case series 

6 Leuenber
ger, S., M. 
A. 
Widdows
on, et al. 
(2007). " 

Hospital in 
Switzerland 
 
Total of 77 
persons (28 
patients and 49 
HCW) 
 

New strain identified belonging to 
GII.4  
Length of outbreak 33 days with 2 
incidence peaks in 2 different 
buildings 
Index case: Unknown 
 
48 hour exclusion period 

Transmission to travel to 2nd 
building suspected to be due 
to staff from affected building 
residents 
 
High HCW AR, ? hand hygiene 
practices 
 
Non compliance occurred 
with hand hygiene practices 
too. 

HCW returned 
to work earlier 
than 48 hours 
because of 
severe staff 
shortage. 
 
Unsure whether 
this measure 
prolonged the 
outbreak due to 
other non 
compliance 
with infection 
control 
practices.  

Level IV 
 
Case series 
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 Author, 

Year 
Study 
population  

Main outcomes Comments  Implication for 
exclusion policy 

Evidence 
level 

7 Liu, B., P. 
Maywood
, et al. 
(2003).  

Aged care 
Hostel, NSW  
28 residents and 
5 staff,  

Length of outbreak: 2 weeks 
Index case: patient 
 
Sick employees excluded for 
48 Hrs 
 
Infection control measures not 
assessed. 
 
Determined to be person to 
person transmission or contact 
with fomites 

Outbreak limited to floors of where 
index case resided and where the 
index case vomited.  Implies 
cleaning and contact was mode 
of transmission 
 
Cleaning of affected areas 
suspected to be inadequate 

48hr policy 
instituted.  
 
No analysis of 
compliance or 
effect on 
outbreak 
 

Level III-3 
 
Case control 
study 

8 Love, S. S., 
X. Jiang, 
et al. 
(2002). " 

Hotel in Virginia 
USA 
 
76 guests and 
40 hotel 
employees 

Food probable source for 
guests. Person to person 
transmission suspected for 
staff. 
 
Source traced to 13 food 
handlers  
 
24hr exclusion policy 
 
Poor cleaning and hygiene 
practices had contributed to 
the outbreak 
 
Highest attack rates were with 
employees who had direct 
contact with guests (78%) 

Low response rate for the 
questionnaires. 
 
Food handlers had inconsistent 
responses when being 
interviewed. Initial interview 
revealed 3 staff were ill. 
Subsequent interviews revealed 13 
food handlers were ill but were 
asymptomatic at time of interview 
and didn’t want to miss work. 
 
Hygiene practices were evidently 
poor given the high attack rates of 
those in direct contract with ill. 
Authors attributed more emphasis 
on exclusion policy  as main factor 
in outbreak rather than hygiene 
issues. 

Suggested that 
the 24hr 
exclusion period 
was too short 
and 
contributed to 
the poor 
management 
of the outbreak. 
 
Suggested that 
it be changed 
to 72hrs 

Level III-3  
 
Case control 
study 
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 Author, Year Study population  Main outcomes Comments  Implication for 

exclusion policy 
Evidence 
level 

9 Lynn, S., J. 
Toop, et al. 
(2004). " 

Rehabilitation 
wards in a 
geriatric 
rehabilitation 
hospital 
 
41 cases in 
outbreak 1 
24 cases in 
outbreak 2 

Suggested that from lessons 
learnt in outbreak 1, infection 
control methods were 
implemented sooner and 
more effectively in second 
outbreak resulting in shorter 
duration of ward closure and 
lower staff attack rate, 
despite similar outbreak 
duration and patient attack 
rates.  

Comparison of infection 
control responses to two 
outbreaks in different wards in 
the same hospital. Due to staff 
reporting longer duration of 
illness it was suggested that 
staffing restrictions were more 
strictly adhered to in Outbreak 
2 which resulted in shorter 
duration of ward closure and 
lower staff attack rate.  
 
It offers no comparison 
between compliance with 
other infection control 
methods however, so unlikely it 
can be attributed solely to 
staff exclusions.  

48hr policy was 
more strictly 
adhered to in 
second 
outbreak.  
 
Suggest that 
ward closure and 
staff exclusion 
were essential 
aspects of 
managing 
norovirus 
outbreaks. 

Level III-3 
 
Comparative 
study without 
concurrent 
controls 

10 McCall, J. and 
R. Smithson 
(2002).  

Acute elderly care 
ward in district 
hospital, Ireland 
 
38 HCW and 20 
patients 

Length of outbreak 11 days 
 
Some wards closed to new 
admissions in line with 
Kaplan’s criteria but 
reopened when PCR test 
were –ve for NoV 
 
Staff exclusion period 48 hrs 
 
Bundling of infection control 
measures so key strategy 
can not be evaluated 

Timely application of infection 
control measures before 
microbiological result returned 
were thought to assist in rapid 
elimination of outbreak.  
 
Involvement of senior ward 
staff was thought to assist as 
well in ensuring compliance 
and aw awareness of program 

48hr policy 
though no 
mention of its 
effectiveness. 
 
Success in 
managing 
attributed to 
ward closure, 
limiting staff 
movement, and 
strict hygiene 
measures 

Level IV 
 
Case series 
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 Author, Year Study population  Main outcomes Comments  Implication 

for exclusion 
policy 

Evidence 
level 

11 Mattner, F., L. 
Mattner, et al. 
(2005). " 

Thirty outbreaks 
(between 1991 
and 2003) 
identified using the 
Outbreak 
Worldwide 
Database. A total 
of 1,033 individuals 
(670 patients and 
363 staff members 

Patient-indexed norovirus 
outbreaks involve more 
individuals and more 
patients than do staff-
indexed outbreaks.  
 
Patient index – mean 39.5 
individs 
Mean 27.75 patients 
Staff index – mean 24.3 
individs 
Mean 11.5 patients 
 
Staff affection was 
independent of the index 
case category. 

Suggests that higher patient 
means are because patients 
have poorer hygiene than staff, 
patient illness recognised less 
quickly than staff illness and 
patients have a weaker immune 
response to the virus. 
 
However study does not 
differentiate differing infection 
control practices and hospital 
procedures in the different 
institutions. Expect with elderly 
care units and nursing home 
more susceptibility and 
prolonged shedding with the 
virus. Different infection control 
standards from nursing homes to 
hospitals too.  
 

Suggests 
support of a 
48hr exclusion 
policy apply 
to staff 
indexed 
outbreaks (as 
a less 
extreme 
measure for 
less extreme 
outbreaks) 
and suggest 
ward closure 
for patient 
indexed 
outbreaks 
(more 
individuals). 

Level IV 
 
Cross 
sectional 
study 
 
(group of 
data 
assessed at 
one point in 
time to 
identify risk 
factor (index 
case) to 
outcome 
(individuals 
affected). 

12 Milazzo, A., I. 
G. Tribe, et al. 
(2002).  

aged care facility,  
South Australia 
 
Hostel 47/64 – 73%, 
Nursing home;18 of 
43 – 42%, Staff 
14 of 75 (19%), 
Visitors 
2 

Length of outbreak:3 weeks  
Index case: No point source 
of infection was identified 
but suggested that staffing 
practices were important in 
prolonging the outbreak 
 
Outbreak interventions not 
evaluated for efficacy in 
limiting outbreak 

The sudden increase of cases 
among residents of the hostel 
only after the first staff member 
became ill suggests that staff 
had a crucial role in amplifying 
the outbreak. 
 
Other source of outbreak 
besides kitchen not established 
 
Deficiencies in food handling 
practices noted 

48 hr staff 
exclusion 
policy 
 
HCW 
returning to 
work prior to 
48h cessation 
of symptoms 
thought to 
prolong 
outbreak.  

Level IV  
 
Case series 
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 Author, Year Study population  Main outcomes Comments  Implication for 

exclusion policy 
Evidence 
level 

13 Miller, M., L. 
Carter, et al. 
(2002).  

Staff and residents 
in 2 aged care 
facilities and 1 
hospital in 
Canberra 
 
Inst A – 93 cases 
Inst B – 108 cases 
Inst C – 80 cases 

Length of outbreak: 
Institution A – 25 days; 
52 staff AR 43%, 41 
residents AR 51.3% 
Institution B – 16 days; 
52 staff AR 48.6%; 56 
residents AR 57.1% 
Institution C – 15 days; 
43 staff AR 48.3%, 37 
patients AR 66.1% 
 
 

Substandard infection control 
measures identified in infection 
control audit, which would have 
more likely contributed to 
prolonging outbreak than staff 
exclusion periods.  
 
Given Inst B had higher attack 
rates but a shorter duration of 
outbreak suggests that an 
increased level of awareness and 
faster implementation of infection 
control measures could have 
helped shorten the outbreak.  
 
Unfortunately infection control 
practices are not specified for the 
hospital except for isolation of 
wards. 
 
Case definition modified for 
Institute C (hospital) because 
follow up was difficult. This may 
have affected the number of 
cases identified. 

Identified 14 
staff who 
returned to 
work within the 
48 period after 
cessation of 
symptoms.  
 
Lack of 
compliance 
with exclusion 
policy thought 
to have 
prolonged the 
outbreak. 
 
Though there 
were other 
deficiencies in 
infection control 
measures. 

Level IV  
 
Case series 
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 Author, Year Study population  Main outcomes Comments  Implication for 

exclusion policy 
Evidence 
level 

14 Navarro, G., R. 
M. Sala, et al. 
(2005). 

long-term care 
hospital ward in 
Spain 
 
32 patients, 19 
staff members, 8 
relatives  
 

Outbreak lasted 21 days 
Index case:patient 
AR: 25.4% patients, 41.3% 
staff 
 
 
Outbreak interventions not 
evaluated for efficacy in 
limiting outbreak 

Infection control strategies 
implemented on day 1 of 
outbreak identification 
 
Person to person and fomite 
transmission suspected due to 
outbreak pattern 
 
Closure of units, restriction of 
staff and visitor access to 
affected levels.  
 

Staff exclusion 
was based on 
resolution of illness 
but no specific 
time period.  
 
Concluded that 
stricter personal 
hygienic 
measures were 
more effective 
than 48hr 
exclusion periods. 
 

Level IV 
 Case series 

15 Schmid, D., I. 
Lederer, et al. 
(2005).  

Nursing Home  
17/23 residents 
7/18 staff 
affected 
 
Second cluster 
10/46 patient 
and 18/60 staff 

Outbreak lasted 18 days 
Index case (nursing home): 
visitor Index case (hospital 
): admitted nursing home 
residents  
 
Second outbreak 
attributed to affected 
patients transferred from 
nursing home to hospital.  
Genotype confirmation 
 
Staff exclusion period: 48 
hours 
 
Outbreak interventions not 
evaluated for efficacy in 
limiting outbreak 

Late implementation of 
infection control measures in 
nursing home and hospital. 
 
Affected nursing home 
residents not isolated from 
other patients or staff. 
Staff implied in transmission. 
 
Suggested that ward closures 
and terminal cleaning ceased 
nursing home outbreak  

48hr exclusion 
period 
 
IC methods 
implemented 6 
days after index 
case. Unsure 
whether they 
were effective.  
 
That incidence 
continued in staff 
7 days after IC 
measures were  
implemented 
suggests that 
there was non 
compliance with 
some measures.  

Level IV 
 
Case series 
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 Author, Year Study population  Main outcomes Comments  Implication for 
exclusion policy 

Evidence 
level 

16 Vardy, J., A. J. 
Love, et al. 
(2007). 

Emergency 
department 
Glasgow  
37/82  staff (45% 
of staff) 

Length of outbreak – 51 
days  
Epidemic curve shows 3 
waves of infection thought 
to be started from 
community contact in ED. 
 
49% of affected staff recall 
contact with symptomatic 
patient 48hrs prior to onset 
of symptoms 
 
Median no of hrs taken off 
sick from work was 12 h 
(range 0-48hrs) 
 
Those with greater patient 
contact were more likely to 
be infected. 
 

Practitioners with greatest 
patient contact most 
commonly affected. 
 
No formal evaluation of 
infection control measures 
occurred  
 
Suggest early identification 
and isolation of infectious 
patients, barrier nursing, 
escalation of cleaning of the 
department and early 
investment in replacement 
staff to allow ill staff members 
to remain isolated at home 
and prevent understaffing. 
 
Staff came to work unwell due 
to short staffing. 
 

48hr exclusion 
policy was not 
feasible in an 
emergency 
department.  
 
 
However they 
discussed that the 
alternative under 
staffing would 
lead to a 
breakdown in 
infection control 
measures too.  

Level IV  
 
Case series 
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Appendix E Evidence statements  
 

Key question(s): Does viral load and duration of shedding have any implications for establishing an exclusion period for health care workers Evidence table ref: 1 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

1 Level III-2 study on viral load 
2 Level III-3 studies on viral load 
4 level IV studies on viral load 
2 Level III-2 studies on shedding  
2 Level III-3 studies on shedding 
6 Level IV studies on shedding 
Small sample sizes, details of population weren’t explicit, varied population groups, 
numerous confounders  
 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

- Symptomatic and asymptomatic individuals have been shown to excrete 
Norovirus irrespective of the occurrence of an outbreak.  Viral loads measured 
were highly variable in symptomatic, asymptomatic and post symptomatic phase 
(Ozawa, K et.al 2007, Okabayashi, T., et.al 2008; Gallimore, C. et.al, 2004),  

- Period of viral shedding was documented to over a range of 2 days to 26 weeks 
(Marshall, J. et.al, 2007; Atmar, R.L. et.al., 2008: Goller, J. et. Al, 2004: Rockx, 
B. et.al, 2002; Siebenga J. et.al, 2008: Tu, E. et.al, 2008) 

- Different populations groups were studied with highly variable outcomes and 
therefore not directly comparable 

D Evidence is inconsistent 

3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be 
determined) 

A Very large 

B Moderate 

C Slight 

HCW viral load and period of shedding is influenced by an individual immunity, health 
statues and blood group.   
Infectivity of excreted virus has not been established 
Transmission of Norovirus can be limited from host to host by use of other measures 
such as strict hand hygiene, use of PPE and cleaning regimes 

D Restricted 

4. Generalisability   
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A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

Viral load and shedding studies have occurred in similar population groups to that of 
health care workers.  Some studies which demonstrated prolonged shedding included 
elderly and immunocompromised patients  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Evidence did not have samples exclusively from health care settings – included 
food handlers, child care and university food outlets, patients in aged care 
settings and those where patients had co morbidities.  Information, however, 
would apply to Aust health care settings D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

 

EVIDENCE STATEMENT MATRIX 
 
Component Rating Description 
1. Evidence base D Lower levels of evidence mainly level IV but low risk of bias 
2. Consistency D Negligible consistency of results in terms of period of shedding and viral load over time or through the course of illness. 

3. Clinical impact D  
4. Generalisability B Information about viral loads and shedding for symptomatic and asymptomatic individuals in the variety of studies’ settings is generalisable to 

individuals in HCF as it is information about the actual virus, not the HCF setting. 
5. Applicability B Evidence about viral load and shedding would apply to Aust HCF 

Indicate any dissenting opinions 
 
RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
 
 

 
 
 

 

There is inconclusive and inconsistent evidence to support an exclusion period for HCW infected with Norovirus based on periods of viral shedding and viral load 
excretion.  
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Key question: Do exclusion policies for staff have any influence on controlling an outbreak of norovirus gastroenteritis 
 

Evidence table ref: 2 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

2 Level III-3 case control studies 
1 level III-3 historical control study 
1 Level III-3 comparative study without concurrent controls 
11 Level IV case series studies 
1 Level IV cross sectional studies  
Studies had high risk of bias. Were observational studies trying to find 
causative factors for outbreak but consisted of no evaluation of the effect of 
control methods such as staff exclusion periods. Numerous confounders, 
particularly with respect to other infection control practices. Highly speculative. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Studies highly heterogenous. Evidence is inconsistent.  
5 studies suggested that 48hr exclusion policy was essential in controlling the 
outbreak 
6 studies were unsure or did not highlight it as a successful measure 
5 studies suggested 48hrs was unnecessary or not feasible 

D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 
C Slight 

Clinical impact could not be determined due to no studies being able to isolate 
and assess the impact of staff exclusion periods in comparison to other 
infection control measures. Studies that highlighted non compliance with a 
48hrs exclusion policy also highlighted non compliance with other infection 
control procedures or poor infection control practices. 

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population Evidence directly applicable since majority of studies applied to health care 

workers and staff in institutional settings. Studies outlining infection control 
methods focus on the target population implementing them. 

B Evidence directly generalisable to target population with some caveats 
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C Evidence not directly generalisable to the target population but could be sensibly applied 
D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Evidence included studies within Australia, US, Canada and Europe. 5 studies 
concluded a 48hr exclusion period was not feasible to maintain because of 
staffing shortages. This issue will vary according to different institutions and 
staffing levels, infection control procedures and resources.  D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

2 level III-3 case control studies (Love 2002; Liu 2003) were related to identification of odds ratios for food items to assess the source of the outbreak. For the 
relevance to the study question the case control study applied to the indexing of the outbreak – not the infection control methods. Suggest these are referred to as 
Level IV evidence case series studies with respect to the evaluation of infection control methods. 

EVIDENCE STATEMENT MATRIX (to be completed by ICG committee) 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base   
2. Consistency   
3. Clinical impact   
4. Generalisability   
5. Applicability   

Indicate any dissenting opinions 
 
 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
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IMPLEMENTATION OF RECOMMENDATION 
Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory information about this. This information will be used to develop the implementation plan for the 
guidelines. 

YES Will this recommendation result in changes in usual care? 

NO 

YES Are there any resource implications associated with implementing this recommendation? 

NO 

YES Will the implementation of this recommendation require changes in the way care is currently organised? 

NO 

YES Are the guideline development group aware of any barriers to the implementation of this recommendation? 
 

NO 
 



Appendix F. NHMRC levels of evidence 
 
NHMRC Evidence Hierarchy: designations of ‘levels of evidence’ 

Level Intervention 
I A systematic review of level II studies 
II A randomised control trial.  This study has a very low risk of bias 
III-1 A pseudo-randomised control trial (i.e. alternate allocation or some other 

method).  This study has a low risk of bias. 
III-2 A comparative study with concurrent controls:  

• Non-randomised experimental trial 
• Cohort study 
• Case-control study 
• Interrupted time series with a control group 
• This study has a high risk of bias 

III-3 A comparative study without concurrent controls:  
• Historical control study 
• Two or more single arm study 
• Interrupted time series without a parallel control group 
• This study has a high risk of bias 

IV Case series with either post-test or pre-test/post-test outcomes.  This study 
has a high risk of bias. 
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Appendix G. Body of evidence matrix 
 
Body of evidence matrix  

A  B  C  D  Component  
Excellent  Good  Satisfactory  Poor  

Evidence base1 several level I or II 
studies with low risk of 
bias  

one or two level II studies 
with low risk of bias or a 
SR/multiple  
level III studies with low 
risk of bias  

level III studies with low 
risk of bias, or level I or II 
studies with moderate risk 
of bias  

level IV studies, or level 
I to III studies with high 
risk of bias  

Consistency2 all studies consistent  most studies consistent 
and inconsistency may be 
explained  

some inconsistency 
reflecting genuine 
uncertainty around clinical 
question  

evidence is inconsistent  

Clinical impact  very large  substantial  moderate  slight or restricted  

Generalisability  population/s studied in 
body of evidence are 
the same as the target 
population for the 
guideline  

population/s studied in the 
body of evidence are 
similar to the target 
population for the 
guideline  

population/s studied in 
body of evidence differ to 
target population for 
guideline but it is clinically 
sensible to apply this 
evidence to target 
population

3
 

population/s studied in 
body of evidence differ 
to target population and 
hard to judgewhether it 
is sensible to generalise 
to target population  

Applicability  directly applicable to 
Australian healthcare 
context  

applicable to Australian 
healthcare context with 
few caveats  

probably applicable to 
Australian healthcare 
context with some caveats  

not applicable to 
Australian healthcare 
context  
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Introduction 
 
What is the evidence supporting the reduction in transmission of infection to 
immunocompromised patients using positive pressure rooms compared to 
standard rooms?   
 
Immunocompromised patients vary in their susceptibility to nosocomial infections, 
depending on the severity and duration of immunosuppression. They are generally at 
increased risk for bacterial, fungal, parasitic, and viral infections from both endogenous and 
exogenous sources.  Environmental infection control strategies and engineering controls are 
considered essential for preventing the transmission of infection within healthcare facilities.  
Ventilation control systems such as the use of positive pressure isolation rooms have been 
traditionally used to provide protection to immunocompromised patients from the risk of 
transmission of infection3,4.  This is highly critical given the susceptibility of these patients to 
further illness. 
 
The aim of this review is to examine the effectiveness of positive pressure rooms at reducing 
the transmission of infection to immunocompromised patients.  
 

Approach to the review 
The review included studies that assessed whether positive pressure rooms: 
• Reduced the level of fungal contamination in the room and therefore the potential risk of 

infection 
• reduced the incidence of infection in immunocompromised patients 

Methodology 
A search was conducted using the following databases: 
 

• Cochrane Library 
• MEDLINE (and associated PubMed) 
• EMBASE – clinical  
• CINAHL (Cumulative Index to Nursing and Allied Health Literature) 
• DARE 
• Web of Science 
• Engineering Collection 
• Australian Architecture database 

 
The search for grey literature or unpublished literature involved the following databases: 
 

• Dissertation Abstracts International 
•   Grey Literature Report: The New York Academy of Medicine Library 
•   Google Scholar 
•   The Networked Digital Library of Theses and Dissertations (NDLTD) 
•   Conference Proceedings 

 
The limits that were applied to the searches included 
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• English language 
• Human 
• Publication date Jan 1997 – Dec 2008  
 
The date was originally set from the year 2003 onwards to include most recent and up-to-date 
literature, however first review of the data revealed that the majority of publications that were 
relevant for our search was pre-2003.  
 
The following search terms were run via the Endnote program and all articles returned were 
extracted into the Endnote program for sorting. 

Search terms 
 

Period of Publication January 1997-December 2008 
Immunocompromised patients Fungal spores  
Immunocompromised host Mycoses  
Bone marrow transplant patients Parasitic/parasites 
Cancer therapy patients Viral 
Burns patients Nosocomial infections  
HIV/AIDS patients Environmental exposure 
Healthcare personnel Patient environment 
Infection control Patient isolation 
Transmission Patient isolators 
Airborne transmission Patient placement 
Aerosol transmission Isolation rooms 
Droplet transmission Positive pressure rooms 
Respiratory symptoms Normal pressure rooms 
Coughing Ventilation/methods 
Sneezing Airflow 
Inhalation HEPA filtered 
Cross infection Building 
Reduced infection transmission Hospital/design and/or construction 
Colonization Healthcare facilities 
Infective Pathogen Fomite(s) 
Airborne pathogens Anti-fungal prophylaxis 
Bacteria Cultures 
Viruses Environmental microbiology 
Fungi Air microbiology 
 
Once all articles had been extracted into the Endnote database all duplicates were deleted. 

Review of evidence 
Two researchers independently reviewed the articles for inclusion in the study using the 
Endnote database. Articles that did not have enough information or where there was 
contention were retrieved for further analysis.  
 
Inclusion and exclusion criteria as specified in Table 1 were applied to title and abstract by 
two independent researchers. Articles that met these criteria for title and abstract were 
included.  If it was inconclusive whether they met the criteria the papers were retrieved for 
analysis. The inclusion and exclusion criteria were applied to the full text articles. An outline 
of the search and retrieval process is provided in Figure 1. A table of the included articles is 
provided in Appendix A. A table of excluded articles is provided in Appendix B.  
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Table 1: Inclusion and exclusion criteria 
 
Q: Effectiveness of positive pressure rooms over normal pressure rooms in reducing the 
transmission of infection to immuno-compromised patients 
 Population Study Factor Outcome 

In
cl

us
io

n 
C

rit
er

ia
 

Immuno-
compromised 
patients of all 
ages within a 
health care 
facility 

Assessment of PPRs effectiveness at  
reducing transmission of infection to 
immunocompromised patients 

Relative risk reduction 
for immuno-
compromised patients 
in infection 
 
Hospital acquired 
infections with 
measurements of 
infection transmission 

Ex
cl

us
io

n 
C

rit
er

ia
 

• Non-immuno-
compromised 
patients 

• Animal studies 

No positive pressure rooms available within the 
healthcare facility 

Studies which do not 
have clear outcomes 
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Figure 1. Outline of search results for PPRs 

Articles retrieved from 
initial search of all 
databases 

 

Removal of duplicates

Removal of articles  
- not positive 

pressure rooms  
- pre 1997  
- not English  
 

1428 

1720 

32 

5425 

 
Application of 
inclusion/exclusion 
criteria to full text 
articles 

 
Application of 
inclusion/exclusion 
criteria to title and 
abstract 

 
Removal of articles 
not relevant to the 
study question, 
including computer 
modelling studies 

6 

 
Removal of articles 
based on 
inclusion/exclusion 
criteria 

Final articles used in 
 review 

n=6 
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Data extraction 
Data from included articles were extracted into data tables and appraised for methodological 
quality based on NHMRC’s checklist for aetiology and risk factors. These tables are outlined 
in Appendix C. 
 
Levels of evidence and analysis of study design were based on NHMRC grading levels as 
outlined in ‘NHMRC additional levels of evidence and grades for recommendations for 
developers of guidelines: Stage 2 consultation.’ Appendix F outlines the levels of hierarchy 
used to assess the research studies. 
 

Data synthesis  
The results were summarised into an evidence summary as outlined in Appendix D. From 
this body of evidence an evidence statement (Appendix E) was prepared as per the ‘NHMRC 
additional levels of evidence and grades for recommendations for developers of guidelines: 
Stage 2 consultation,’ to assess the clinical question. Appendix G outlines the body of 
evidence matrix used to grade the evidence. 
 
A narrative synthesis has been presented in response to the question.   
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Results 
Six studies that used positive pressure rooms to isolate immunocompromised patients were 
included in the analysis. These studies either measured or monitored the incidence of disease 
or the levels of fungal contamination with the use of positive pressure rooms. 
 
Summary of included articles  
 
ID Study Study summary 

1.  Alberti, C., Bouakline, A., Ribaud, P., Lacroix, C., 
Rousselot, P., Leblanc, T., et al. (2001). Relationship 
between environmental fungal contamination and the 
incidence of invasive aspergillosis in haematology 
patients. Journal of Hospital Infection, 48(3), 198–206 

Compared aspergillosis 
environmental levels and 
incidence of infection in 
immunocompromised patients that 
had been housed in HEPA-filtered 
rooms or non-filtered rooms over a 
4yr period 

2.  Benet, T., M. C. Nicolle, et al. (2007). "Reduction of 
invasive aspergillosis incidence among 
immunocompromised patients after control of 
environmental exposure." Clin Infect Dis 45(6): 682-6. 

Assessed the impact of relocation 
to different ventilation system on 
incidence of invasive aspergillosis 

3.  Dansby, W., G. Purdue, et al. (2008). "Aerosolization of 
methicillin-resistant Staphylococcus aureus during an 
epidemic in a burn intensive care unit.[see comment]." 
Journal of Burn Care & Research 29(2): 331-7. 

Assesses the incidence of MRSA 
infection in burns patients before 
and after renovation to better 
ventilation systems  

4.  Kruger, W. H., B. Zollner, et al. (2003). "Effective 
protection of allogeneic stem cell recipients against 
Aspergillosis by HEPA air filtration during a period of 
construction--a prospective survey." J Hematother Stem 
Cell Res 12(3): 301-7. 

Prospective monitoring of invasive 
aspergillosis incidence in SCT 
patients housed in HEPA rooms 
and fungal air contamination 
during construction 
 

5.  Nihtinen, A., V. J. Anttila, et al. (2007). "The utility of 
intensified environmental surveillance for pathogenic 
moulds in a stem cell transplantation ward during 
construction work to monitor the efficacy of HEPA 
filtration." Bone Marrow Transplant 40(5): 457-60. 

Monitored patients and rooms 
(HEPA filtrated) within the Stem 
cell transplant (SCT) ward over a 
12 week period during heavy 
construction work to assess 
effectiveness of HEPA filtration 

6.  Oren I, Haddad N, Finkelstein R, Rowe JM. Invasive 
pulmonary aspergillosis in neutropenic patients during 
hospital construction: before and after chemoprophylaxis 
and institution of HEPA filters.  Am J Hematol. 2001 
Apr;66(4):257-62. 

Measured incidence of 
aspergillosis in 
immunocompromised patients 
over three periods that assessed 
different interventions: regular 
ventilated ward, AB prophylaxis, 
and use of HEPA filtered ward 
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Conclusion  
 
Do positive pressure rooms reduce the incidence of infection transmission to 
immunocompromised patients? 
 
Included studies assessed whether positive pressure rooms: 
• Reduced the level of fungal contamination in the room and therefore the potential risk of 

infection 
• reduced the incidence of infection in immunocompromised patients 
 
Reduced level of fungal contamination 
During a renovation period or construction period 1 level III-2 study (Kruger 2003) and 1 
level III-3 study (Nihtinen 2001) demonstrated no increase in incidence during periods of 
construction when spore counts were significantly higher outside patient rooms (p<0.05). 
Kruger 2003 found that fungal load was extremely low in patient rooms and significantly 
lower than in corridors (p<0.05) during the construction period. Similarly Nihtinen 2001 
demonstrated that there were no increased amounts of fungi in the air of patient rooms.  
 
1 level III-2 study (Alberti 2001) demonstrated a significant relationship between the 
incidence of invasive nosocomial aspergillosis (INA) and the degree of fungal contamination 
of air and surfaces in conventional and common sites. No fungal contamination was recorded 
in air samples in HEPA filtrated rooms but surface samples that were recorded were thought 
to contribute to the incidence rate in the HEPA filtrated bone marrow transplantation ward.  
 
This evidence supports the effectiveness of HEPA filtration in maintaining a positive pressure 
environment that can reduce the level of fungal contamination in the rooms, thereby 
decreasing the potential risk of infection to patients. 
 
Incidence reduction 
1 level III-2 study (Dansby 2008) measured the mean case rate of MRSA colonisation pre 
(21.9±10.0 per 1000 patient days) and post (3.4±3.9 per 1000 patient days) renovation 
(corrected air exchanges to positive pressure), and attributed a statistically significant 
(p<0.0001) decrease in incidence of MRSA in burn patients with the introduction of positive 
pressure rooms.  
 
1 Level III-2 study (Oren 2001) demonstrated a reduction in incidence with the use of 
positive pressure rooms with HEPA filters (p=0.0003) where the control group had a 50% 
infection rate compared to a 0 infection rate in the same facility. 
 
1 Level III-3 study (Benet 2007) assessed the impact of relocation to a different ventilation 
system on the incidence of invasive aspergillosis. In the study group they found that the case 
rate decreased from 13.2% to 1.6% (p=0.018) when patients were transferred to positive 
pressure rooms with no change in incidence within the control group.  
 
All studies reported a significant reduction in incidence of infection amongst 
immunocompromised patients with the use of positive pressure rooms. 
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Appendix A. Included studies 
 

ID Study Study summary 

1.  Alberti, C., Bouakline, A., Ribaud, P., Lacroix, C., 
Rousselot, P., Leblanc, T., et al. (2001). Relationship 
between environmental fungal contamination and the 
incidence of invasive aspergillosis in haematology 
patients. Journal of Hospital Infection, 48(3), 198–206 

Compared aspergillosis 
environmental levels and 
incidence of infection in 
immunocompromised patients 
that had been housed in HEPA-
filtered rooms or non-filtered 
rooms over a 4yr period 

2.  Benet, T., M. C. Nicolle, et al. (2007). "Reduction of 
invasive aspergillosis incidence among 
immunocompromised patients after control of 
environmental exposure." Clin Infect Dis 45(6): 682-6. 

Assessed the impact of relocation 
to different ventilation system on 
incidence of invasive aspergillosis

3.  Dansby, W., G. Purdue, et al. (2008). "Aerosolization 
of methicillin-resistant Staphylococcus aureus during 
an epidemic in a burn intensive care unit.[see 
comment]." Journal of Burn Care & Research 29(2): 
331-7. 

Assesses the incidence of MRSA 
infection in burns patients before 
and after renovation to better 
ventilation systems  

4.  Kruger, W. H., B. Zollner, et al. (2003). "Effective 
protection of allogeneic stem cell recipients against 
Aspergillosis by HEPA air filtration during a period of 
construction--a prospective survey." J Hematother 
Stem Cell Res 12(3): 301-7. 

Prospective monitoring of 
invasive aspergillosis incidence in 
SCT patients housed in HEPA 
rooms and fungal air 
contamination during construction 
 

5.  Nihtinen, A., V. J. Anttila, et al. (2007). "The utility of 
intensified environmental surveillance for pathogenic 
moulds in a stem cell transplantation ward during 
construction work to monitor the efficacy of HEPA 
filtration." Bone Marrow Transplant 40(5): 457-60. 

Monitored patients and rooms 
(HEPA filtrated) within the Stem 
cell transplant (SCT) ward over a 
12 week period during heavy 
construction work to assess 
effectiveness of HEPA filtration 

6.  Oren I, Haddad N, Finkelstein R, Rowe JM. Invasive 
pulmonary aspergillosis in neutropenic patients during 
hospital construction: before and after 
chemoprophylaxis and institution of HEPA filters.  Am J 
Hematol. 2001 Apr;66(4):257-62. 

Measured incidence of 
aspergillosis in 
immunocompromised patients 
over three periods that assessed 
different interventions: regular 
ventilated ward, AB prophylaxis, 
and use of HEPA filtered ward 

 

 
 



Appendix B. Excluded studies 
 
 
Author, Title, Year Reason for exclusion  
American Institute of Architects (2006). Guidelines for 
Design and Construction of Hospital and Health Care 
Facilities. In: American Institute of Architects. 
Washington, DC: American Institute of Architects Press; 
2006. 
 

This guideline is only relevant 
if we need specific details on 
the layout of the room eg flow 
rates, types of walls and floors 
etc 
 

American Institute of Architects (2001). Guidelines for 
design and construction of hospitals and health care 
facilities.  In: American Institute of Architects, 
Washington DC:  American Institute of Architects Press; 
2001. 
 

Not relevant; no data 

Arlet, G., Gluckman, E., Gerber, F., Perol, Y., & Hirsch, 
A. (1989). Measurement of bacterial and fungal air counts 
in two bone marrow transplant units. Journal of Hospital 
Infection, 13(1), 63–69. 
 

Measurement of bacterial and 
fungal air counts in normal, 
LAF  and UC rooms.  Not 
really looking at reducing 
transmission. 

Beaujean, D., H. Blok, et al. (2001). "Five-year 
surveillance of patients with communicable diseases 
nursed in isolation." Journal of Hospital Infection 47(3): 
210-217. 
 

Looks at source isolation not 
protective and for the purpose 
of monitoring capacity needs 
 

Becker F and Parsons S (2007) "Hospital facilities and the 
role of evidence based design" Journal of facilities 
management. 5(4):263-274 
 

Not relevant to the clinical 
question 
 

Beggs, C. and K. Kerr (2006). "Virus diffusion in isolation 
rooms." Journal of Hospital Infection 64(1): 88-89. 
 

Not relevant to the clinical 
question 
 

Beggs, C. B., K. G. Kerr, et al. (2008). "The ventilation of 
multiple-bed hospital wards: Review and analysis." 
American Journal of Infection Control 36(4): 250-259. 

Performed an analytical 
computational fluid dynamics 
(CFD) study to examine the 
effectiveness of various 
ventilation strategies in 
removing airborne pathogens 
from ward spaces.  However, 
this analysis was not in a 
pressurised room.  Also did a 
literature review 

Belkin, N. L. (1998). "Laminar airflow and surgical wound 
infections." AORN 68(2): 273-275. 
 

Review article 
 

CDC. Guidelines for preventing opportunistic infections 
among hematopoietic stem cell transplant recipients. 

Guidelines only 
 

 11 of 38



Recommendations of CDC, the Infectious Disease Society 
of America, and the American Society of Blood and 
Marrow Transplantation. MMWR - Morbidity & Mortality 
Weekly Report 2000;49(RR-10):1-125. 
 
CDC. Guidelines for preventing the transmission of 
Mycobacterium tuberculosis in health-care settings, 2005. 
MMWR Recomm Rep 2005;54(17):1-141. 
 

TB for isolation rooms not 
PPRs - not relevant to the 
clinical Q 
 

Chow, T. T., A. Kwan, et al. (2006). "A computer 
evaluation of ventilation performance in a negative-
pressure operating theater." Anesth Analg 103(4): 913-8. 
 

This study looks at modelling 
methods to assess ventilation 
performance in the conversion 
of an operating theatre from 
PPR to NPIR.  Focus is on 
NPIR. 
 

Chow, T. T., A. Kwan, et al. (2006). "Conversion of 
operating theatre from positive to negative pressure 
environment." J Hosp Infect 64(4): 371-8. 
 

This study examines the 
conversion of a PP operating 
theatre into a NP one.  Not 
relevant. 

Clark, R. P., P. J. Reed, et al. (1985). "Ventilation 
conditions and air-borne bacteria and particles in operating 
theatres: proposed safe economies." J Hyg (Lond) 95(2): 
325-35. 
 

Operating rooms - not relevant 
 

Cornet M, Levy V, Fleury L, Lortholary J, Barquins S, 
Coureul MH et al., (1999).  Efficacy of prevention by 
high-efficiency particulate air filtration or laminar flow 
against Aspergillus airborne contamination during hospital 
renovation.  Infect Control Hosp Epidemiol 20:508-513. 
 

Sampling of air and surfaces for 
Asp without patient samples 
during the periods before and 
after renovation. 
 

Crimi, P., F. Argellati, et al. (2006). "Microbiological 
surveillance of hospital ventilation systems in departments 
at high risk of nosocomial infections." J Prev Med Hyg 
47(3): 105-9. 
 

Focused on sampling of air; not 
infection and transmission 
 

Cunney, R., H. Humphreys, et al. (2006). "Survey of acute 
hospital infection control resources and services in the 
Republic of Ireland." Journal of Hospital Infection 64(1): 
63-68. 
 

Describes the results from a 
survey.  Not relevant to the 
clinical question. 
 

Curtis, L., S. Cali, et al. (2005). "Aspergillus surveillance 
project at a large tertiary-care hospital." J Hosp Infect 
59(3): 188-96. 
 

Surveillance of fungi samples in 
hospital with extensive indoor 
reovation and extensive 
demolition; no patient samples. 

Dadd, G., P. McMinn, et al. (2003). "Protective isolation in 
hemopoietic stem cell transplants: a review of the literature 
and single institution experience." J Pediatr Oncol Nurs 
20(6): 293-300 

While this report is largely 
concerned with a review of the 
literature, based on their 
findings they then went about 
nursing allogenic (stem cells 
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donated) patients were nursed 
in HEPA-filtered rooms with 
+ve pressure.  Majority was 
review though. 

Doherty, T., T. Thomas, et al. (2007). "Isolation facilities 
for patients with meticillin-resistant Staphylococcus aureus 
(MRSA): how adequate are they?" Journal of Hospital 
Infection 65(3): 274-275. 
 

Isolation rooms and MRSA; not 
relevant to the clinical question. 
 

Garrett, D. O., E. Jochimsen, et al. (1999). "Invasive 
Aspergillus spp infections in rheumatology patients." J 
Rheumatol 26(1): 146-9. 
 

Brief mention of pressurised 
rooms but the main risk factor 
for Asp infection was 
glucocorticoid treatment 
 

Humphreys H. Positive-pressure isolation and the 
prevention of invasive aspergillosis. What is the evidence? 
J Hosp Infect 2004;56(2):93-100. 
 

Review of the literature - 
excellent for background 
information 
 

Iwen, P. C., E. C. Reed, et al. (1993). "Nosocomial 
invasive aspergillosis in lymphoma patients treated with 
bone marrow or peripheral stem cell transplants." Infect 
Control Hosp Epidemiol 14(3): 131-9. 
 

Retrospective study to 
determine the presence or 
absence of Asp in bone marrow 
or Stem cell transplant patients 
tat were housed in PPRs - no 
comparator though. 

Iwen, P. C., J. C. Davis, et al. (1994). "Airborne fungal 
spore monitoring in a protective environment during 
hospital construction, and correlation with an outbreak of 
invasive aspergillosis." Infect Control Hosp Epidemiol 
15(5): 303-6. 
 

Sampling method evaluation 
 

Johnson, D. L., R. A. Lynch, et al. "Containment 
effectiveness of expedient patient isolation units." 
American Journal of Infection Control In Press, Corrected 
Proof. 
 

NPIRs; not relevant to the 
clinical question. 
 

Jørgensen, R. B. (2007). "Sorption of VOCs on material 
surfaces as the deciding factor when choosing a ventilation 
strategy." Building and Environment 42(5): 1913-1920. 
 

Discusses ventilation in 
buildings, not healthcare 
facilities.  Not relevant to the 
clinical question. 
 

Joseph A, t. C. f. H. D. (2006). The impact of the 
environment on infections in healthcare facilities. Issue 
paper No. 1. 
 

This review is useful in that it 
gives detailed explanation on 
how the filters and ventilation 
systems work; more useful for 
background information 

Kalliokoski, P. (2003). "Risks Caused by Airborne 
Microbes in Hospitals - Source Control is Important." 
Indoor and Built Environment 12(1-2): 41-46. 
 

Includes narrative details on 
positive pressure rooms but no 
evidence. 
 

Kanemitsu, K. and M. Kaku (2006). "[Infection control Article was in Japanese. 
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measures in surgical wards and operating theaters]." 
Nippon Geka Gakkai Zasshi 107(5): 211-4. 
 

Kao, P. H. and R. J. Yang (2006). "Safe zone in isolation 
rooms." Journal of Hospital Infection 64(1): 89-90. 
 

Focus is on solation rooms and 
airflow for large particles; not 
relevant to the clinical question. 
 

Kao, P. H. and R. J. Yang (2006). "Virus diffusion in 
isolation rooms." Journal of Hospital Infection 62(3): 338-
345. 
 

Measuring virus diffusion using 
a cough model in isolation 
rooms; not relevant to the 
clinical question. 
 

Klein, R. C., C. King, et al. "Laboratory air quality and 
room ventilation rates." Journal of Chemical Health and 
Safety In Press, Uncorrected Proof. 
 

Discusses ventilation in labs, 
not healthcare facilities; not 
relevant to the clinical question. 
 

Lee, H. and H. B. Awbi (2004). "Effect of internal 
partitioning on indoor air quality of rooms with mixing 
ventilation--basic study." Building and Environment 39(2): 
127-141. 
 

Describes modelling methods to 
assess air quality in general 
buildings/rooms, not healthcare 
facilities.  Not relevant to the 
clinical question. 
 

Lee, L. D., M. Berkheiser, et al. (2007). "Risk of 
bioaerosol contamination with Aspergillus species before 
and after cleaning in rooms filtered with high-efficiency 
particulate air filters that house patients with hematologic 
malignancy." Infection Control & Hospital Epidemiology 
28(9): 1066-70. 
 

Examination of the impact of 
cleaning on dispursal of 
bacteria/fungi.  Not relevant to 
the clinical Q. 
 

Mahieu, L. M., J. J. De Dooy, et al. (2000). "A prospective 
study on factors influencing aspergillus spore load in the 
air during renovation works in a neonatal intensive care 
unit." Journal of Hospital Infection 45(3): 191-7. 
 

This article is about 
reconstruction of hospital and 
therefore not relevant to the 
question. Also does not refer to 
negative pressure. Has one 
mention of positive pressure.  

Members of the Working, P., G. A. J. Ayliffe, et al. 
(1992). "Principles of design of burn units: report of a 
working group of the British Burn Association and 
Hospital Infection Society." Burns 18(2): 137-138. 
 

Review article, no data 
 

Murray WA, Streifel AJ, O'Dea TJ, Rhame FS. Ventilation 
for protection of immune compromised patients. ASHRAE 
Transactions 1988;94:1185. 
 

Has background information 
but no data on the reduction of 
transmission  
 

Pavelchak, N., R. P. DePersis, et al. (2000). "Identification 
of factors that disrupt negative air pressurization of 
respiratory isolation rooms." Infection Control & Hospital 
Epidemiology 21(3): 191-5. 
 

Airflow characteristics in 
isolation rooms and evaluation 
of visible smoke as a 
monitoring tool.  No patient 
data. 
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Rice, N., A. Streifel, et al. (2001). "An evaluation of 
hospital special-ventilation-room pressures." Infect Control 
Hosp Epidemiol 22(1): 19-23. 
 

Quantitation of the magnitude 
and consistency of positive and 
negative hospital airflow – not 
relevant to the clinical question. 
 

Rui, Z., T. Guangbei, et al. (2008). "Study on biological 
contaminant control strategies under different ventilation 
models in hospital operating room." Building and 
Environment 43(5): 793-803. 
 

Describes airborne transmission 
of bacteria in operating rooms 
using HEPA filters but not a 
'true' PPR; not relevant to the 
clinical question. 
 

Rydock, J. P. and P. K. Eian (2004). "Containment testing 
of isolation rooms." Journal of Hospital Infection 57(3): 
228-232. 
 

Study related to negative 
pressure/isolation rooms; not 
relevant to the clinical question. 
 

Saravia, S. A., P. C. Raynor, et al. (2007). "A performance 
assessment of airborne infection isolation rooms." 
American Journal of Infection Control 35(5): 324-331. 
 

Examined the efficiency of 
negative pressure/isolation 
rooms; not relevant to the 
clinical question. 
 

Sehulster, L. and R. Y. Chinn (2003). "Guidelines for 
environmental infection control in health-care facilities. 
Recommendations of CDC and the Healthcare Infection 
Control Practices Advisory Committee (HICPAC)." 
MMWR Recomm Rep 52(RR-10): 1-42. 

Background information only 
but no data of relevance 
 

Sherertz, R., J., Belani, A., Kramer, B. S., Elfenbein, G. J., 
Weiner, R. S., Sullivan, M. L., et al. (1987). Impact of air 
filtration on nosocomial Aspergillus infections: Unique 
risk of bone marrow transplant recipients. American 
Journal of Medicine, 83(4), 709–718. 

Examined the incidence of Asp 
infection in 
immunocompromised patients 
that were housed in PPRs or not 
- excellent study but 1987! 
 

Shih, Y.-C., C.-C. Chiu, et al. (2007). "Dynamic airflow 
simulation within an isolation room." Building and 
Environment 42(9): 3194-3209. 
 

Airflow simulation 
(computational fluid dynamics) 
of an isolation room; not 
relevant to the clinical question. 
 

Siegel JD, R. E., Jackson M, Chiarello L and the 
Healthcare Infection Control Practices Advisory 
Committee (2007). Guideline for isolation precautions: 
preventing transmission of infectious agents in healthcare 
settings. 
 

Guideline only.  Not relevant to 
the clinical question. 

Sinuff, T. and D. J. Cook (2003). "Guidelines in the 
intensive care unit." Clinics in Chest Medicine 24(4): 739-
749. 
 

Not relevant to the clinical 
question. 

Standards Australia.  Hospital acquired infections-
Engineering down the risk (2003). 
 

This handbook has excellent 
information for the construction 
and use of these rooms; but not 
really relevant to the clinical 
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question. 
 

Swoboda, S. M., K. Earsing, et al. (2007). "Isolation status 
and voice prompts improve hand hygiene." American 
Journal of Infection Control 35(7): 470-476. 
 

Discusses hand hygiene in 
isolation rooms; not relevant to 
the clinical question. 
 

Tang, J. W., Y. Li, et al. (2006). "Factors involved in the 
aerosol transmission of infection and control of ventilation 
in healthcare premises." Journal of Hospital Infection 
64(2): 100-114. 
 

Examines NPIRs; not relevant 
to the clinical question. 
 

Tantawy, H. and J. Ehrenwerth (2006). "Pressure-support 
ventilation in the operating room: do we need it?" 
Anesthesiology 105(5): 872-3. 
 

Discusses pressure-controlled 
ventilation systems for patients, 
not room ventilation.  Not 
relevant to the clinical question. 
 

The Lancet Infectious, D. (2004). "Making our hospitals 
healthier places." The Lancet Infectious Diseases 4(6): 
315-315. 
 

Not relevant to the clinical 
question. 
 

Tung, Y.-C., Y.-C. Shih, et al. "Numerical study on the 
dispersion of airborne contaminants from an isolation 
room in the case of door opening." Applied Thermal 
Engineering In Press, Corrected Proof. 
 

This study examines 
computational fluid dynamics 
to assess dispersion of airborne 
contaminants in/out of isolation 
rooms; not relevant to the 
clinical question. 
 

Ullah, K., S. Raza, et al. (2008). "Post-transplant 
infections: single center experience from the developing 
world." Int J Infect Dis 12(2): 203-14. 
 

Not relevant to the clinical 
question. 

 



 

Appendix C. Evidence tables 
 

EVIDENCE TABLE: Alberti et al 2001 
Characteristics of study:  
Study Citation Alberti, C., Bouakline, A., Ribaud, P., Lacroix, C., Rousselot, P., Leblanc, T., et al. (2001). Relationship between 

environmental fungal contamination and the incidence of invasive aspergillosis in haematology patients. Journal of 
Hospital Infection, 48(3), 198–206. 

Study ID 1 
Study Design  A comparative study with concurrent controls 
Setting  Bone marrow transplant and haematology wards of Saint Louis Hospital, MO USA 
Participants 
(what 
disease) 

Patients who had received allogenic SCT or been treated for acute leukaemia – prophylaxis against Asp was not given.  
They were housed either in HEPA-filtered rooms or in haematology wards. 

Study Factor The relationship between INA and environmental fungal contamination  
Relationship between air and surface contamination by Aspergillus and other fungi in each unit. 
Intervention: Isolation of patients in HEPA-filtered rooms 
Comparator: Asp levels in common areas and in HEPA-filtered rooms 

Outcomes Degree of fungal contamination lower in the BMT unit than other 2 wards reflecting the efficacy of the PP 
ventilation system in this unit. 
HEPA filtration without LAF less protective 
Significant relationship between the incidence of invasive nosocomial Asp (INA) and the degree of fungal 
contamination of air and surfaces in conventional – non-PPR- rooms and common sites. 

Relevance  PPR with patients                             
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  Yes Compared Asp levels and incidence of infection in patients that had been housed in HEPA-

filtered rooms or non-filtered (PPR) room 
Study participants 
included Yes 79 cases of Asp Dx during the period: 34 were confirmed and 45 were probable 

Hospital acquired was 64 patients (81%) 
Study participants well Yes Asp Dx following Asp culture in lung biopsy, or BAL fluid or 2 consecutive sputum samples, in 
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defined (including the 
disease type) 

conjunction with a suggestive CT scan 
Hospital acquired if onset was >1 week after admission, no signs on admission and had 
remained within the hospital during that time.  Possible hospital acquired Asp if only first2 
criteria met.  Non-hospitable if the patient had a previous history of Asp 

Are confounding factors 
identified?  Yes Airflow characteristics of rooms not stated 

Different levels of immunocompromization? 
Airflow measured No  
Outcomes measured in a 
standard, valid and 
reliable way Yes 

Asp measured in air (n=3100) and surface (n=9800) samples bi-monthly 
Hospital-acquired character of the infections was difficult to assess because little known about 
the time lapse between fungal contamination and occurrence of invasive Asp in SCT patients 
as the strains were not genotyped. Calculated causal relationship by forward link of INA 
incidence and environmental contamination 2,4 and 6 wks after cases. 

Relevant statistical data 

 

Hospital acquired incidence was 64 patients (81%)  
79 cases of Asp diagnosed during the period:  
34 were confirmed  
45 were probable (1st 2 criteria of incidence measurement) 
 
BMT 
Incidence 0.99-2.58/1000 patient days 
Air: No fungal contamination in HEPA-LAF in flow 
1 positive sample for Asp in HEPA 
Mean contamination 1.5-2.3cfum3 (low). 
Surface: more frequently contaminated in common areas 
 
Haem A: 0.4-1.67/1000 patient days 
Heam B: 0-0.97/1000 patient day 
Air: never detected in HEPA-LAF rooms 
Surface: common rooms more frequently contaminated by Asp or other fungi 
 
AIR 

• BMT unit: HEPA-LAF = NS; other sites = 0.06 
• Haematology unit: HEPA-LAF = NS; other sites = 0.04 
 

SURFACES 
• BMT unit: HEPA-LAF = NS; other sites = NS 
• Haemotology unit: HEPA-LAF = NS; other sites = 0.008 
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Level of Evidence III-2 
Risk of Bias Low – measured air and surface at within different points in the rooms and areas outside the rooms.  
Comments/Results 
Analysis provided evidence of a significant relationship between environmental contamination and incidence of Asp infection (regression 
analysis) 

No statistical comparison of incidence between rooms was made 
 
 
 
 
 

EVIDENCE TABLE: Benet et al 2007 
Characteristics of study:  
Study Citation Benet, T., M. C. Nicolle, et al. (2007). "Reduction of invasive aspergillosis incidence among immunocompromised 

patients after control of environmental exposure." Clin Infect Dis 45(6): 682-6. 
Study ID 2 
Study Design  Case control study 
Setting  Haematological intensive care unit (pre and post relocation), France 
Participants 
(what 
disease) 

Patients with IA and control patients 

Study Factor Intervention: PPRs 
Comparator: simple isolation rooms 

Outcomes That environmental modification such as introduction of PPRs with HEPA filtration decreases the incidence of IA.  
Patients that developed hospital acquired IA did so in simple isolation rooms that did not have controlled ventilation (ie 
PPR) 

Relevance  PPR with patients                             
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  Yes This study had both non-PPRs and PPRs to compare the incidence of IA; also included 

patients that were immunocompromised (but to what degree was not stated…can it be?) 
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Study participants 
included 

Yes 

In total, 356 patients were included with 7027 patient days 
Study group relocated from 4 HEPA-LAF units to 14 PPI and HEPA units 
 
Controls:2 units with 8 HEPA-LAF 
. 

Study participants well 
defined (including the 
disease type) Yes 

Clinical and biological data was collected to identify IA.  All cases of IA were categorised as 
‘possible,’ ‘probable,’ or ‘proven’.  IA was considered to be hospital-acquired if the first clinical 
symptoms appeared 10 or more days after admission, prior to this is was classified as 
‘undetermined’ in origin  

Are confounding factors 
identified ? Yes 

Difficult to know origin of IA, patients affected were from variable origins and disease 
 
Differences  b/w FAF and PPI ventilated systems not assessed. 
 

Airflow measured No  
Outcomes measured in a 
standard, valid and 
reliable way 

Yes 
Pre- and post-test evaluations were performed however these were not on the same patients.  
Pre-test included patients that were admitted prior to relocation and those in the post-test 
group were those admitted after relocation. 

Relevant statistical data 

Yes 

Study group: Attack rate decreased from 13.2% to 1.6% (P=0.018). 
Incidence rate dropped from 7.3 to 0.9 
 
Pre-test: 8/9 that developed IA were housed in simple isolation (4 died) 
 
Post test : 1 case  PPI proven, died 
 
Control: no significant change in IA incidence or attack rates. 
 
Control (Pretest):  5 cases of IA, 1 proven, 3 housed in LAF 
 
Control (Post test): 6  
 

Level of Evidence III-3  Historical control study comparative study with concurrent controls 
Risk of Bias Low By including a control group and having a rigorous assessment of IA 
Comments/Results 
This study will be important for our analysis as it includes both control and ‘test’ groups and has a clearly defined simple isolation room 
and PPRs.   
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EVIDENCE TABLE: Dansby et al 2008 
Characteristics of study:  
Study Citation Dansby, W., G. Purdue, et al. (2008). "Aerosolization of methicillin-resistant Staphylococcus aureus during an epidemic 

in a burn intensive care unit. [see comment]." Journal of Burn Care & Research 29(2): 331-7. 
Study ID  3 
Study Design  Cohort observational study 

 
looks at the incidence of MRSA infection in burns patients before and after renovation which included better ventilation (controls 
were also included) Measurement of air exchange, flow rates and MRSA (cultures) in the BICU before and after 
renovation at 4 equidistant points from the patient and outside the room.  . 

Setting  Burn Intensive Care Unit, Parkland Memorial Hospital, USA 
Participants 
(what 
disease) 

Burns patients that did or did not have MRSA as identified by routine surveillance cultures on burn wounds, anterior 
nasal vestibules, axillae and traumatic injury sites.  Control patients were from MICU and coronary care units. 

Study Factor Did aerolisation of MRSA occur in burns unit? Were there air quality characteristics that enabled transmission to patients? 
Intervention:  Placement of patients in new PPR (post-renovation) 
Comparator:  PPR pre-renovation  

Outcomes Renovation resulted in closed ventilation circuits and appropriate air exchanges and air pressures. 
The decreased incidence of MRSA the renovated unit and change in MRSA genotype suggesting that the improved ventilation 
system had an effect 
Smoke plume tests revealed that while most of the rooms were under positive pressure, two were under negative 
pressure, thereby potentially allowing for airborne organisms to be vented into the room?  Some of the rooms were also 
stagnant with no actual air exchanges recorded. 

Relevance  PPR with patients                               
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  Yes Measured MRSA incidence before and after renovation which included better ventilation in 

patients that were immunocompromised due to their burns 
Study participants 
included Yes 

2 rooms housed Burns patients with MRSA. 10 Controls: 4 CCU and  MICU in which 2 patients 
were +ve and (2) -ve for MRSA. Plus 2 BICU beds that were MRSA –ve 
 

Study participants well 
defined (including the  No mention of the age or gender of the patients except that they were all housed in the burns 

unit.  Also no mention was made of the degree/severity of the burns? Controls were from the 
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disease type) MICU and coronary care unit 
Are confounding factors 
identified ? 

Yes 

They did not include analysis of the time period when patients were moved out of the BICU 
into different wards/units until renovation was complete  

.Confounding factors: 
Effects of overcrowding not considered.  Also post renovation there was improved cleaning practices,  
hand hygiene and clinical care practices 

Airflow measured Yes Smoke plume tests revealed that most rooms in the BICU were under positive pressure, but 2 
rooms were negatively ventilated (no actual data given) and 2 not ventilated 

Outcomes measured in a 
standard, valid and 
reliable way Yes 

Measurements of MRSA cultures were consistently taken at equidistant points from the 
patient thereby allowing for comparison before and after renovation when room sizes and 
dimensions changed 
No sampling performed after renovation in BIC during dressing changes 

Relevant statistical data 

Yes 
• Pre-renovation air cultures of MRSA for controls were always negative (0 of 70; 0%) 

whereas for burn patients were positive in 11/35 (31.4%), p<0.0005 
• Following renovation the mean case rate of MRSA appearance was 3.4±3.9 compared 

to 21.9±10.0 per 1000 patient days prior to renovation (p<0.0001). 
Level of Evidence III-2  
Risk of Bias 

Average 
 

• No variation in the technique when obtaining air samples and culturing cases and 
controls 

• Samples were taken in rooms of patients in the BICU who were culture positive and 
negative for MRSA 

• No changes in antibiotic usage, topical ointments or sterile supplies occurred during the 
study Repeated measurements were made and with pre-set criteria 

• Cases and controls were randomly picked but unclear on sample size 
Comments/Results: 
No of CFU detected on plates were of low numbers and it is difficult to say if they are sufficient to Important study as it produces results 
of the incidence of MRSA in a burn unit pre and post-renovation which included better ventilation systems. 

 
 
 

EVIDENCE TABLE: Kruger et al 2003 
Characteristics of study:  
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Study Citation Kruger, W. H., B. Zollner, et al. (2003). "Effective protection of allogeneic stem cell recipients against 
Aspergillosis by HEPA air filtration during a period of construction--a prospective survey." J Hematother Stem 
Cell Res 12(3): 301-7. 

Study ID 4 
Study Design Comparartive study without concurrent control 
Setting  Bone marrow transplant unit of the Hamburg University Hospital 
Participants 
(what 
disease) 

Patients undergoing stem cell transplant (SCT) during or outside the period of construction 

Study Factor 1. Monitoring of fungal air contamination during construction. 
 
2. Prospective monitoring of INA incidence in SCT patients housed in HEPA rooms  
 
Intervention: PPR 
Comparator: measurements of Asp outside the PPR 

Outcomes Nursing of patients undergoing SCT in HEPA-conditioned rooms is an effective protection against acquisition 
of Asp infection, even under environmental conditions with increased air contamination 

Relevance  PPR with patients                             
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  Yes Patients undergoing BMT were housed in PPRs  

Study participants 
included 

Yes 

Patients transplanted during construction = 28 
Patients transplanted outside the period of construction = 652 
Total patients = 680 

• 448 received an allograft 
• 232 were autografted  

Study participants well 
defined (including the 
disease type) Yes 

Data concerning transplantation and related infections was prospectively documented 
Data of patients admitted for other reasons than autologous and allogenic stem cell 
transplants were excluded from analysis 
Patient cohort was divided by the date of the stem cell infusion (day 0) into 2 groups: 

• Transplanted during construction 
• Transplanted outside period of construction 

Are confounding factors Yes Comparing two different groups of patients 
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identified ? 
Airflow measured No  
Outcomes measured in a 
standard, valid and 
reliable way 

Yes 

1. Fungal air contamination using GASP before, during and after construction 
 
2. During construction the incidence of Asp was 3.6% and outside was 2.2% (p=0.88) 
 
Prospective air sampling for moulds was done using the gravity air-setting plate (GASP) 
method 
Locations of sampling was diverse and consistent 
Two measurements carried out prior to construction, twice a week during construction 
Total of 1043 samples collected 

Relevant statistical data 

Yes 

• Mean fungal air contamination at the corridor was significantly higher than in 
patient rooms prior to and during construction (p<0.05) 

• fungal load in pt room significantly decreased post construction (p=6x10-5 ) 
• 1/232 autografted and 14/448 allografted patients acquired Asp (significantly 

higher in autotransplanted; p=0.016) 
• During construction the incidence of Asp was 3.6% and outside was 2.2% (NS) 

Level of Evidence  III-3 Comparative study without concurrent control 
Risk of Bias 

Average 
 

• Mentions that the GASP method of fungal air contamination  
• To exclude any bias from enhanced compliance from the staff, the general 

incidence of infections during and outside the construction period was 
compared….no significant differences were observed 

• Transfer of patients to other hospitals for other diagnostic measures did not 
increase incidence of Asp  

• Antimicrobial prophylaxis was carried out for all patients 
• Both groups of patients (transplanted during or outside period of construction) 

were compared 
 

Comments/Results 
HEPA filtration with lock rooms and PP between corridor and patient room is sufficient to protect patients against fungal spores liberated 
by construction  

 
 

EVIDENCE TABLE: Nihtinen et al 2007 
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Characteristics of study:  
Study Citation Nihtinen, A., V. J. Anttila, et al. (2007). "The utility of intensified environmental surveillance for pathogenic moulds in a 

stem cell transplantation ward during construction work to monitor the efficacy of HEPA filtration." Bone Marrow 
Transplant 40(5): 457-60. 

Study ID 5 
Study Design  Comparative study without concurrent controls – historical control study 
Setting  Stem cell transplantation ward 
Participants  55 Patients that had undergone stem cell transplants 
Study Factor Measurement of ventilation pressure, particle counts, air sampling and IA cultures from nasal cavities of the patients 

during and after construction  
Intervention:  PPR  
Comparator: construction site and entrance to hospital 

Outcomes HEPA filters were successful in keeping the patient rooms almost clear of fungal spores throughout the construction 
period 

Relevance  PPR with patients                               
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  

Yes PPR included, although ‘normal’ rooms were not used as a comparator 
Patients that were immunocompromised were the study group 

Study participants included Yes Although no specific mention of their age/gender etc was made n=55 
Study participants well 
defined (including the 
disease type) 

Yes 55 patients were treated during this period; only 24 had nose and mouth cultures 
This included a mix of allogenic and autologous SCTs and ‘others’, unclear whether some were 
more immunocompromised than others?? 

Are confounding factors 
identified and strategies to 
deal with them stated 

yes Ventilation pressure was checked and if there was a malfunction it would have been excluded from 
the analysis; no systemic fungal prophylaxis was used 

Airflow measured Yes Pressure of ventilation channels checked daily 
Particle counts for particles above 0.3um in diameter were measured in all patients rooms 5x a 
week 

Outcomes measured in a 
standard, valid and reliable 
way 

yes particle counts were assessed; air sampling for fungal spores were performed at the construction 
site, doorway to hospital and in 3 patient rooms – this was done weekly; fungal cultures were 
performed on surfaces in the patients rooms and from nasal and mouth of patients – but doesn’t 
state how often, likely weekly?; clinical data was reviewed of all patients during the construction 
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period. 
Relevant statistical data  • No changes in air pressure occurred 

• Median particle counts in patient rooms were between 63-420 particles/L (mean = 174); 
hospital entrance was between 110 806 and 292 624 particles/L (mean = 173 659);  

• 33 air samples from patients rooms, 31 were negative for fungi whereas all samples from 
the construction area and hospital entrance were positive (2-21, median 9 and 1-31, 
median 7, respectively) 

• Of 35 mouth samples, one was positive for A niger in a patient with a previously identified 
IA infection 

• During median follow-up of 214 days, no IA infections were diagnosed in the 55 patients 
treated during the construction 

Level of Evidence III-3  
Risk of Bias Low - Samples were taken from the construction site, hospital entrance and within the rooms and patient; 

regular patient sampling was not done because they felt that since the environmental samples were 
negative this justified the minimal patient sampling 

Comments/Results 
This paper highlights the effectiveness of keeping out IA during a period whereby levels increase such as during construction.  While 
there is no ‘non-pressurised’ room as a comparator this is still a good paper and warrants inclusion in this review 

 
 

EVIDENCE TABLE: Oren et al 2001 
Characteristics of study:  
Study Citation Oren I, Haddad N, Finkelstein R, Rowe JM. Invasive pulmonary aspergillosis in neutropenic patients during hospital 

construction: before and after chemoprophylaxis and institution of HEPA filters.  Am J Hematol. 2001 Apr;66(4):257-62. 
Study ID 6 
Study Design  Comparative study with concurrent controls: interrupted time series with a control group 
Setting  Bone marrow transplant ward with and without PPRs in Rambam Medical Centre, Haifa, Israel 
Participants 
(what 
disease) 

Adult acute leukaemia (AL) patients 

Study Factor Intervention: PPR 
Comparator: non-PPR on same ward 

Outcomes Attributes reduction of IPA solely to the HEPA-filtered rooms because there was no difference in the underlying 
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diagnosis, neutropenia length, or antifungal prophylaxis 
 

Relevance  PPR with patients                             
Quality of study:  

Quality Criteria:  Met? Comments 
Specified inclusion/ 
exclusion criteria  Yes Both PPR and non-PPR with same group of patients (adult acute leukaemia) studied 

Study participants 
included Yes Comparator group was 26 patients undergoing allogenic BMT in haematology ward and 168 

patients undergoing autologous BMT in haematology ward 
Study participants well 
defined (including the 
disease type) 

Yes 

Period 1: 4 months adult patients with Acute Leukaemia treated with chemo in reg ward with no 
prophylaxis 
Period 2: 18 months adult patients with AL treated with chemo in reg ward with low dose chemo 
prophylaxis 
Period 3: 36 months. Group 3a (45/71) adult patients with AL in reg ward; Group 3b (26/71) adult AL 
patients in haematological ward with HEPA; Group 3c BMT patients in HEPA ward 
71 acute leukaemia (AL) patients treated with 147 intensive chemotherapy courses while on AB 
chemoprophylaxis 

Are confounding factors 
identified and strategies to 
deal with them stated 

No 
Construction was going on in Period 1 and 2, possibly increasing the incidence of Asp 
Construction ceased during period 3 when they introduced the HEPA filtered room.  
Patients in group 3a had some intervals in the HEPA ward which could have decreased the incidence 
rate in this group 

Airflow measured No But the HEPA-filtered ward was new and it is assumed that it met the requirements 
Outcomes measured in a 
standard, valid and 
reliable way Yes 

Dx of IPA with sudden onset of shortness of breath, pleuritic chest pain, hemoptysis, pulmonary 
infiltrates and high-grade fever while on broad spectrum ABs along with CT scan 
“Definite” diagnosis of IPA difficult to establish as there is no single diagnostic test that is either 
universally applicable or sensitive and specific enough, however in this study they were 
consistent 

Relevant statistical data 

 

Incidence 
Period 1: 6/12 (50%) 
Period 2: 12/28 (43%) 
Period 3a: 13/45 (29%) 
Period 3b (HEPA): 0/26  
Period 3c (HEPA): no patients undergoing BMT developed Asp 
 
Air counts: 
Period 1: 15 spores/m3 
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Period 2: 15 spores/m3 
Period 3a: not specified in non HEPA wards 
Period 3b: 0.18 spores/m3 (HEPA filtered)  
 
Complete elimination of Asp in the HEMA ward was stat significant (p = 0.0003) comparing incidence 
between Group 1 and 3b.  
 
No significant difference in incidence found between Group 2 and 3a compared to Group 1 (control) 
 

Level of Evidence III-2 
Risk of Bias Low. Some patients visited HEPA wards but there was no significant difference in rates measured for 

Group 3a compared to group 1 anyway. If anything it would have supported the effectiveness of PPRs  
Comments/Results 
Unsure why there was no comparison between wards during the same time period. It would possibly have still been significant difference 
but there would be no confounder for the construction taking place. 

Chemoprophylaxis with a low dose antibiotic was not effective at reducing the incidence of IPA, whereas housing of patients in a PPR 
was 100% successful, even for allogenic BMT patients who are the most profoundly immunocompromised. 



Appendix D. Evidence summaries 
 

  
 Author, 

Year 
Setting/ Study 
population 

Study factor Measures Main outcomes Comments/Limitations Level of 
Evidence & 
study design 

1. Alberti et 
al. 
(2001).  
 

Positive pressure 
maintained: Bone 
marrow transplant 
(BMT) ward 
19 rooms 
16 – HEPA and 
LAF 
3 – HEPA 
 
Positive pressure 
not maintained: 
Haemotology ward 
A 
21 rooms: 
2 – HEPA and LAF 
2 
 
Haemotology B 
22 rooms: 
4 – HEPA and LAF 
18 – air filtered at 
85% efficiency 
 Haem A unit 
monitored in May 
1995 – Dec 1998. 
Haem B and BMT 
from Jan 1995 – 
Dec 1998) 
 
 

Compared Asp 
environmental levels 
and incidence of 
infection in 
immunocompromised 
patients that had 
been housed in 
HEPA-filtered rooms 
or non-filtered rooms 
over a 4yr period 
 
  

Bimonthly samples: 
 
Incidence: 
Hospital acquired 
infection was 
diagnosed if onset 
was >1 week after 
admission; no 
radiological signs of 
IA at entry and had 
been maintained 
within ward during 
hospital stay. 
Calculated bimonthly: 
no of cases per 
period/no of patient 
days at risk 
 
Links: 
Were assessed for 
INA incidence at time 
w and environmental 
contamination at 2, 4 
and 6 weeks after 
incidence 
 
Air Asp: 250L 
sampled at 100L/min 
Bio-Impactor 100-08 
N=3100 samples 

Hospital acquired 
incidence was 64 
patients (81%)  
79 cases of Asp 
diagnosed during the 
period:  
34 were confirmed  
45 were probable (1st 
2 criteria of 
incidence 
measurement) 
 
BMT 
Incidence 0.99-
2.58/1000 patient 
days 
Air: No fungal 
contamination in 
HEPA-LAF in flow 
1 positive sample for 
Asp in HEPA 
Mean contamination 
1.5-2.3cfum3 (low). 
Surface: more 
frequently 
contaminated in 
common areas 
 
Haem A: 0.4-
1.67/1000 patient 

HEPA filtration without 
LAF less protective 
 
Negative values of fungal 
contamination not 
included in analysis. Do 
not know if there were 
changes during these 
periods.  
 
Degree of fungal 
contamination lower in the 
BMT unit than other 2 
wards reflecting the 
efficacy of the PP 
ventilation system in this 
unit. 
 
No statistical examination 
of incidence between 
different rooms. Absolute 
values higher in the BMT 
ward – more severely 
immunocompromised? 
Environmental monitoring 
picked up low levels so 
route of transmission 
possibly not due to 
environmental 
contamination but other 

III-2 
 
 
A comparative 
study with 
concurrent 
controls  
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taken over 4 yrs 
 
Surface Asp: wiping 
moist cotton-tipped 
++-swabs over a 
surface of approx 
50cm2. 
N=9800 samples 
taken over 4 yrs 
 
Diagnosis 
Lung biopsy, or BAL 
fluid or 2 consecutive 
sputum samples with 
suggestive CT scan 

days 
Heam B: 0-
0.97/1000 patient 
day 
Air: never detected 
in HEPA-LAF rooms 
Surface: common 
rooms more 
frequently 
contamination by 
Asp or other fungi 
 
Significant 
relationship between 
the incidence of 
invasive nosocomial 
Asp (INA) -and the 
degree of fungal 
contamination of air 
and surfaces in 
conventional and 
common sites. 

infection control  
 
Follow up restricted to 
high risk of invasive Asp 
infection patients. No 
follow up in others. 
 
Indoor renovation 
prevented followup in BMT 
unit for 4 months of 
period.  

2. Benet et 
al. 
(2007). 

3 Haematological 
ICU wards 
 
Study group 
relocated from 4 
HEPA-LAF to 14 
PPI and HEPA 
 
Controls:2 units 
with 8 HEPA-LAF 
 

Impact of relocation 
on incidence of IA 
that is attributed to 
change in ventilation 
systems. 
 
 
Other characteristics 
constant 
 
 

Pre and post 
measures of IA 
incidence (no IA per 
1000 patient days) 

Study group: Attack 
rate decreased from 
13.2% to 1.6% 
(P=0.18). 
Incidence rate 
dropped from 7.3 to 
0.9 
 
Pre-test: 8/9 that 
developed IA were 
housed in simple 
isolation (4 died) 
 
Post test : 1 case  
PPI proven, died 
 
Control: no 

That environmental 
modification such as 
introduction of PPRs with 
HEPA filtration decreases 
the incidence of IA.  
Patients that developed 
hospital acquired IA did so 
in simple isolation rooms 
that did not have 
controlled ventilation (ie 
PPR) 
 
Control group: great no. of 
ALL and older in period 2 
 
Confounders : difficult to 
know origin of IA, patients 

III-2 
 
Case control 
study 
 
Same definition 
of INA as 4 
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significant change in 
IA incidence or 
attack rates. 
 
Control (Pretest):  5 
cases of IA, 1 
proven, 3 housed in 
LAF 
 
Control (Post test): 6 
cases nil proven  3 
housed in LAF  

affected were from 
variable origins and 
disease 
 
Diff b/w FAF and PPI not 
assessed. 

3. Dansby 
et al. 
(2008). 

Burns ICU  
2 Burns patients 
rooms housing 
MRSA +ve  
 
 
10 Controls: 4 CCU 
and  MICU in which 
2 patients were 
+ve and (2) -ve for 
MRSA. Plus 2 
BICU beds that 
were MRSA –ve 
 
American hospital 

Did aerolisation of 
MRSA occur in burns 
unit? Were there air 
quality characteristics 
that enabled 
transmission to 
patients? 
 
looks at the 
incidence of MRSA 
infection in burns 
patients before and 
after renovation 
which included better 
ventilation (controls 
were also included) 

MRSA rates of 
colonisation and /or 
disease associated 
with infection before 
and after renovation 
 
Surveillance for 
MRSA on admission 
and every 72 hrs 
 
Smoke plume tests 
used to measure air 
flow.  
Air cultures done with 
Burkhard air sampler 
during and after 
dressing changes 

Pre-renovation air 
cultures of MRSA for 
controls were always 
negative (0 of 70; 
0%) whereas for 
burn patients were 
positive in 11/35 
(31.4%), ?during 
dressing 
changes?p<0.0005 
 
Pre renovation rates: 
MRSA rates per 
1000 patient days 
21.9±10.0 per  
 
Post renovation 
3.4±3.9 compared to 
prior to renovation 
(p<0.0001). 
 
 
HCW excluded as 
carriers  
Environmental 
swabs= negative. 
 

Renovation resulted in 
closed ventilation circuits 
and appropriate air 
exchanges and air 
pressures. 

The decreased incidence 
of MRSA the renovated 
unit and change in MRSA 
genotype suggesting that 
the improved ventilation 
system had an effect. 

No sampling performed 
after renovation during 
dressing changes. 
Confounding factors: 
Overcrowding, 
Improved cleaning hand 
hygiene, Improved clinical 
care practices.   
 
Air pressure varied 
according to heating or 
cooling in the room.  
 
2 LAF rooms had no air  
exchange occurring 

III-2 
 
Observational 
cohort study 
 
Not clear if no 
of CFU was 
significant for 
MRSA 
infection. 
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2 rooms –ve vented 
 

4. Kruger, 
et al. 
(2003). 
 

Stem cell 
transplant ward 
(Hamburg) 
 
28 SCT patients 
during construction 
were compared to 
625 outside of 
construction 
 
Controls? 

1. Monitoring of 
fungal air 
contamination during 
construction. 
 
2. Prospective 
monitoring of INA 
incidence in SCT 
patients housed in 
HEPA rooms 
 

1. Fungal air 
contamination using 
GASP before, during 
and after construction 
 
2. During construction 
the incidence of Asp 
was 3.6% and 
outside was 2.2% 
(p=0.88) 
 
 

1. Mean fungal air 
contamination at the 
corridor was 
significantly higher 
than in patient rooms 
prior to and during 
construction 
(p<0.05) 
fungal load in pt 
room significantly 
decreased post 
construction 
(p=6x10-5 ) 
 
2. Total patients 
(n=680): 448 
received an allograft 
while 232 were 
autografted. 
 
1/232 autografted 
and 14/448 
allografted patients 
acquired Asp 
(significantly higher 
in autotransplanted; 
p=0.016) 

Even during peaks in 
spore counts in the 
corridor, patient room 
were significantly lower. 
 
Study suggests nursing of 
patients undergoing SCT 
in HEPA-conditioned 
rooms is an effective 
protection against 
acquisition of Asp 
infection, even under 
environmental conditions 
with increased air 
contamination. 
 
Confounders: 
Antibiotic prophylaxixs 
provided to all patients. 
 
PPE utilised for attending 
to patients and patients 
leaving ward. 
 
?diagnosis of ASP 
 
 
 
 

III-3 
 
 
Comparative 
study without 
concurrent 
control 

5. Nihtinen, 
et al. 
(2007). 
 

55 patients within a 
HEPA filtered 
ward. Allogenieic 
SCT was 
performed on 15 
and autologous 
transplantation on 

Patients and rooms 
(HEPA filtrated) 
within the Stem cell 
transplant (SCT) 
ward were monitored  
by patient and 
environmental 

Monitored infection 
rates 
 
Air sampling, dust 
analysis and fungal 
cultures from oral and 
nasal cavities of 

No invasive 
aspergillus infections 
diagnosed in 55 
patients (0/55) that 
had undergone stem 
cell transplants 
during construction 

HEPA filters were 
successful in keeping the 
patient rooms almost clear 
of fungal spores 
throughout the 
construction period 
 

III-3 
comparative 
study without 
concurrent 
controls – 
historical 
control study 

 32 of 38 



7 patients. 15 
allografts.  
HEPA fltrated 
rooms maintained 
at 12-18kPa 
positive air 
pressure 

sampling over a 12 
week period during 
heavy construction 
work 

patients 
 
Pressure of 
ventilation channels 
checked daily 
 
Particle counts for 
particles above 
0.3um in diameter 
were measured in all 
patients rooms 5x a 
week 

period. 
 
70 nasal samples 
negative 
1 of 35 mouth 
samples positive for 
A. niger 
 
Patient room air 
samples negative for 
Asp in 32 of 33 
cases 
And 31 of 33 were 
negative for fungi. 
 
Previous year 
showed incidence of 
IA at 1.5% 
Follow up (median 
214) identified no 
new infections of 
Asp 
 

Background count before 
construction was very low 
during previous 2yr 
surveillance period.  
 
Barriers were set up 
around construction and 
ventilation ducts.  
 
 

 

6. Oren et 
al 
(2001). 
 

Period 1: 4 months 
adult patients with 
AL treated with 
chemo in reg ward 
with no prophylaxis 
 
Period 2: 18 
months adult 
patients with AL 
treated with chemo 
in reg ward with 
low dose chemo 
prophylaxis 
 
Period 3: 36 
months. Group 3a 

Measured incidence 
of Asp in 
immunocompromised 
patients over three 
periods that 
assessed different 
interventions: regular 
ventilated ward, AB 
phrophylaxis, use of 
HEPA filtered ward 
 

Measures of 
incidence not 
specified. Assuming 
cases diagnosed 
within each period. 
 
Statistical 
significance was 
calculated against 
Group 1 as the 
control group. 
 
Air sampling with slit 
impactor in different 
areas for 1 and 5min. 
 

Incidence 
Period 1: 6/12 (50%) 
Period 2: 12/28 
(43%) 
Period 3a: 13/45 
(29%) 
Period 3b (HEPA): 0  
Period 3c (HEPA): 
no patients 
undergoing BMT 
developed Asp 
 
Air counts: 
Period 1: 15 
spores/m3 
Period 2: 15 

Construction was going on 
in Period 1 and 2, possibly 
increasing the incidence of 
Asp 
 
Construction ceased 
during period 3 when they 
introduced the HEPA 
filtered room.  
 
Patients in group 3a had 
some intervals in the 
HEPA ward which could 
have decreased the 
incidence rate in this 
group 

III-2 
 
Comparative 
study with 
concurrent 
controls: 
interrupted time 
series with a 
control group 
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adult patients with 
AL in reg ward; 
Group 3b adult AL 
patients in HEPA 
ward; Group 3c 
BMT patients in 
HEPA ward 

Diagnosis definite 
(Post mortem, biopsy, 
bronchoscopy) and 
probable 
(bronchoscopy, fine 
needle, biopsy, 
clinical and 
radiological 
characteristics) 

spores/m3 
Period 3a: not 
specified in non 
HEPA wards 
Period 3b: 0.18 
spores/m3 (HEPA 
filtered)  
 
Complete elimination 
of Asp in the HEPA 
ward was stat 
significant (p = 
0.0003) comparing 
incidence between 
Group 1 and 3b.  
 
No significant 
difference in 
incidence found 
between Group 2 
and 3a compared to 
Group 1 (control) 
 

 
 
No comparison of 
incidence occurred 
between Group 3a and 3b 
which would have been 
useful since no 
construction was going on 
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Appendix E. Evidence statements  
 
 

1. Key question(s): Is there evidence supporting the reduction in transmission of nosocomial infections to immuno-compromised 
patients using positive pressure rooms compared to normal pressure rooms?  This is inclusive of bacterial, fungal, parasitic and 
viral infections. 

Evidence table ref:  1 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

6 studies:  
4 Level III-2 studies 
2 Level III -3 studies 
Low level of bias, controlled populations and controlled environments 

 
D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

3 studies demonstrated significant reduction in environmental fungal 
contamination with the use of positive pressure rooms. 3 studies 
demonstrated a significant reduction in incidence with the use of positive 
pressure rooms with HEPA filters. 

 
D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Positive pressure rooms were demonstrated to have an effect on reducing 
transmission of infection to immunocompromised of patients. 

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population The studies examined the management of immunocompromised patients 

SCT,BMT, haematological patients in reducing Aspergillosis infection and 
li d MRSA i  b  i  G li bl   hi  l i  f 

B Evidence directly generalisable to target population with some caveats 
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C Evidence not directly generalisable to the target population but could be sensibly applied 
D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

apply 
5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Applicable to facilities that manage immunocompromised patients in positive 
pressure rooms 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

 

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 
1. Evidence base   
2. Consistency   
3. Clinical impact   
4. Generalisability   
5. Applicability   

Indicate any dissenting opinions 
 
 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where 
possible. 

GRADE OF RECOMMENDATION 
 
 

 
 
 



Appendix F. NHMRC levels of evidence 
 
NHMRC Evidence Hierarchy: designations of ‘levels of evidence’ 

Level Intervention 
I A systematic review of level II studies 
II A randomised control trial.  This study has a very low risk of bias 
III-1 A pseudo-randomised control trial (i.e. alternate allocation or some other 

method).  This study has a low risk of bias. 
III-2 A comparative study with concurrent controls:  

• Non-randomised experimental trial 
• Cohort study 
• Case-control study 
• Interrupted time series with a control group 
• This study has a high risk of bias 

III-3 A comparative study without concurrent controls:  
• Historical control study 
• Two or more single arm study 
• Interrupted time series without a parallel control group 
• This study has a high risk of bias 

IV Case series with either post-test or pre-test/post-test outcomes.  This study 
has a high risk of bias. 
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Appendix G. Body of evidence matrix 
 
Body of evidence matrix  

A  B  C  D  Component  
Excellent  Good  Satisfactory  Poor  

Evidence base1 several level I or II 
studies with low risk of 
bias  

one or two level II studies 
with low risk of bias or a 
SR/multiple  
level III studies with low 
risk of bias  

level III studies with low 
risk of bias, or level I or II 
studies with moderate risk 
of bias  

level IV studies, or level 
I to III studies with high 
risk of bias  

Consistency2 all studies consistent  most studies consistent 
and inconsistency may be 
explained  

some inconsistency 
reflecting genuine 
uncertainty around clinical 
question  

evidence is inconsistent  

Clinical impact  very large  substantial  moderate  slight or restricted  

Generalisability  population/s studied in 
body of evidence are 
the same as the target 
population for the 
guideline  

population/s studied in the 
body of evidence are 
similar to the target 
population for the 
guideline  

population/s studied in 
body of evidence differ to 
target population for 
guideline but it is clinically 
sensible to apply this 
evidence to target 
population

3
 

population/s studied in 
body of evidence differ 
to target population and 
hard to judgewhether it 
is sensible to generalise 
to target population  

Applicability  directly applicable to 
Australian healthcare 
context  

applicable to Australian 
healthcare context with 
few caveats  

probably applicable to 
Australian healthcare 
context with some caveats  

not applicable to 
Australian healthcare 
context  
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Background 

The development of national infection control guidelines in healthcare facilities is a component of a broad 
strategy to address health care associated infections (HCAI) funded by the Australian Commission on 
Quality and Safety in Healthcare. Changing the practice of healthcare workers to comply with guidelines 
and standards is often difficult to achieve and to sustain.  

Educational strategies are commonly applied interventions to bring about changes in the practice of health 
care workers. However, this broad term encompasses a wide range of activities that are sometimes 
described inadequately. There is little indication in the literature of a shared understanding of terms used 
and few reviews explicitly describe the interventions.  Table 1 has been drawn from a health technology 
assessment and is an example of where explicit definitions have been given.[1]  Definitions of different 
types of media are also given and are shown in Appendix A. It is not clear, however, that these are 
commonly accepted definitions. 

Table 1 Definitions of techniques/educational methods 

Technique/Educational 

method 

Definition 

Academic detailing Detailing provided by an institution or hospital 

Audience response systems Addresses knowledge objectives. Used in combination with live lectures or discussion 
groups, these are computerized feedback tools that allow the teacher/instructor to pose a 
question to a large group and receive immediate feedback from each learner, which is 
collated and presented on a screen. Instructor may choose to alter content based on 
audience response. 

Case-based learning Addresses higher order knowledge and skill objectives. Actual or authored clinical cases 
are created to highlight learning objectives; clinical material is presented and followed with 
questions usually determined by the instructor. 

Clinical experiences Addresses skill, knowledge and attitudinal objectives. Generally refers to a preceptorship 
or observership with an expert, as in attending a specialty clinic or operating room. 

Demonstration Addresses skill and or knowledge objectives; can be presented live, or with video or audio. 
Teacher determines amount and pace of content. 

Discussion group Addresses knowledge, especially application or higher order knowledge, or affective 
objectives; usually requires preparation with readings, or another experience, such as 
viewing a videotape, or a role-play. Can be facilitated by instructor, but group often 
determines content. 

Feedback The provision of information about an individual's performance to learners. 

Lecture Presentation of knowledge content; live, video, audio or slide presentation available online. 
Teacher/instructor determines amount and pace of content. 

Mentor/Preceptor Addresses higher order cognitive, skill and affective objectives. Learner is paired with a 
mentor who may observe, review documentation of performance, advise, coach, and 
facilitate learning. 

Problem-based learning or team-
based learning 

 

Addresses higher order knowledge objectives, metacognition and some skill (group work) 
objectives. A clinical scenario is presented to a team, who identify the learning objectives, 
assign information-seeking tasks, and return to share information and answer questions 
about the case. Can be facilitated or non-facilitated. 

Programmed learning Addresses knowledge objectives. Content is delivered in sequential steps, which are tested 
with the learner, before moving to the next, usually more complicated step. Pace is 
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Technique/Educational Definition 

method 
determined by the learner, but objectives are set by the program (teacher). Can be delivered 
in text or online.  

Readings Presentation of knowledge content or background for attitudinal objectives. Requires 
learner to complete; can be done at learner’s pace. Teacher/instructor directed or self 
directed (e.g., journals, newsletters, searching online). 

Role play Addresses skill, knowledge and affective objectives. Learners assume role of patients and/ 
or clinicians in practicing focused encounters around training problems, usually when 
standardized patients are unavailable. Encounter may be recorded and reviewed or 
followed with a discussion group. Rarely used as sole method of education. 

Writing/Authoring Addresses 
knowledge and affective 
objectives 

Can include authoring test items and participation in test development. Journaling is used 
frequently for affective objectives, and may be followed with discussion groups or review 
with a mentor. 

 

While there is a substantial body of literature on educational interventions, it remains unclear under what 
circumstances and in what combination, these strategies are most effective. Systematic reviews of the 
literature evaluate existing primary research by reviewing, and where appropriate, combining data to assess 
the effectiveness of an intervention. This review seeks to identify relevant systematic reviews of 
educational interventions in general health care settings and, more specifically, where education has been 
used to reduce health care associated infections and improve hand hygiene in the workplace.  

Question 

What is the effectiveness of educational interventions in changing health care worker behaviour in general, 
and particularly in relation to infection control or hand hygiene in health care facilities? 

Table 2 Population, intervention, comparison, outcome (PICO) 

PICO  Search terms 

Population Health care workers (any) 
All ages, all disciplines 

(("health personnel"[MeSH Terms] OR 
("health"[All Fields] AND 
"personnel"[All Fields]) OR "health 
personnel"[All Fields] OR ("health"[All 
Fields] AND "care"[All Fields] AND 
"providers"[All Fields]) OR "health care 
providers"[All Fields])  

Intervention Education programs, single educational 
interventions 

("education"[Subheading] OR 
"education"[All Fields] OR "educational 
status"[MeSH Terms] OR 
("educational"[All Fields] AND 
"status"[All Fields]) OR "educational 
status"[All Fields] OR "education"[All 
Fields] OR "education"[MeSH Terms]) 

Comparator None, other educational interventions  

Outcome Changes in clinician behaviour including 
knowledge, skills, practice 

("infection control"[MeSH  
(hand hygiene) 
behaviour change* 
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Methods 

Literature searches 

A search was conducted of The Cochrane Library (Issue 4, 2008), and PubMed (Clinical Queries) using the 
systematic review validated filter[2] on 7 January 2009.  Search terms are shown in Table 2.  

Data selection 

All abstracts were screened to ascertain whether they met relevant selection criteria.  

Inclusion Criteria: 

• Papers in the English language 

• Published between 7 January 1999 to 7 January 2009  

• Systematic reviews, meta-analyses, health technology assessments (HTAs) 

• The primary focus of the review was on educational strategies directed at health care workers to 
change practice behaviour in health care facilities specifically related to infection control and more 
generally. 

Exclusion Criteria: 

• Primary research, narrative reviews, editorials and letters  

• Reviews focused on consumer education strategies.   

A formal process of assessing the quality of included systematic reviews was not done.  Cochrane reviews 
have been identified in the text.  

The following information was extracted from each systematic review and included in Table 11 (see 
Appendix B): 

• Number of studies included 

• Study Type 

• Target Group 

• Intervention   

• Outcomes 

• Brief summary of the results 

The results presented in Table 11 are those reported in the papers, no re-analysis of data or meta analysis 
was done. 
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Results 

A total of 96 papers were found and all titles and abstracts scanned for eligibility by a single reviewer. 
Fourteen reviews initially met the inclusion criteria and full text versions were obtained and read. Two 
reviews were subsequently excluded. One was not a systematic review[3] the other not relevant to the 
topic[4] (see Appendix C). Of the remaining 12 reviews, five were specific to infection control[5-9] and 
seven reviews related to educational interventions used to change practice in general.[1, 10-15]  

Educational interventions specific to HCAI and hand hygiene 

Five systematic reviews were found that included studies on educational strategies that were specific to 
infection control.  

Naikoba (2007)[8] 

In a 2001 systematic review of 21 studies of interventions to improve hand washing in health care workers, 
five studies evaluated the effects of education-only strategies (see Table 3).  

Table 3 Summary of studies using educational interventions, Naikoba (2001)  

Author (Date) Study type Intervention Time/ 
duration 

Targeted 
behaviour 

Outcome 

Coignard (1998) Pre & post Group training, one-on-one 
demonstrations; hospital 
newsletter and posters 

2 weeks 
follow up  

Handwashing  4.2% before; 
18% after 

P<0.0001 

Baker (1998) Pre & post Educational video to train 6 
care staff 

6 month 
follow up 

Handwashing Improvement in 
frequency of 
handwashing 

Dubbert (1990) Pre & post 4 x 15 minute educational 
classes 

1 week Handwashing Compliance 
81% to 94% 
after 1 week; 
After 3 weeks 
returned to 
baseline levels 

Khatib (1999) Pre & post Formal lectures; practical 
demonstrations and written 
information 

Unclear Handwashing 78% 
compliance 
before and after, 
falling to 48%, 
27% and 29% 
over following 3 
weeks 

Gould (1997) RCT Educational sessions 
including theory and 
practical demonstrations on 
handwashing for 25 nurses. 

16 nurses in experimental 
group; 11 in control group 

Not specified Handwashing 13.7% in 
experimental 
group; 13.1% 
control 

Naikoba (2001) found that one–off educational interventions had only short-term effects on handwashing.  

The authors concluded that multifaceted interventions improved hand hygiene and that education with 
written information, reminders and continuous feedback on performance, were more effective than 
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education only strategies.[8]  The authors suggested that there was little robust evidence to inform the 
choice of interventions to improve hand hygiene.[8] 

Gould (2007)[6] 

In a systematic review of randomised controlled trials, controlled clinical trials, controlled before and after 
studies, and interrupted time series analyses, Gould (2007) found only two studies that met the inclusion 
criteria.  Both studies related to nurses only and featured a single educational intervention relating to 
universal precautions and hand hygiene (see Table 4).[6] 

Table 4 Summary of included studies, Gould (2007)  

Author 
(Date) 

Study type Intervention Time/ 
duration 

Targeted 
behaviour 

Outcome 

Huang 
(2002) 

RCT 

 

Formal teaching delivered 
by specially trained nurses 

Practical demonstration 

Discussion and written 
information 

2 hours 

 

 

1 hour 

 

30 minutes 

Universal 
precautions, hand 
hygiene 

Significant increase in 
compliance in experimental 
group at post-test for both 
before pt contact (p<.001) 

and after contact (p<.05) 
compared to control and 
baseline 

No confidence material 
reported 

Gould 
(1997) 

Controlled 
before and 
after study 

 

Education provided by a 
nurse teacher with special 
infection control expertise  

The educational package  

Practical demonstrations 
were included 

5 X 30 
minute 
sessions 

Infection control 
generally and 
specifically to 
universal 
precautions & hand 
hygiene 

No significant difference 
between experimental and 
control groups 

No confidence intervals 
reported 

 

One study reported statistically significant outcomes the other did not. The authors concluded that there 
was little robust evidence to inform the choice of interventions to improve hand hygiene.  

Gould (2007) noted that future interventions to increase hand hygiene should include a wider array of 
outcomes such as readmission rates, changes in levels of health care, patient length of stay, and effects on 
patients’ health status including the incidence of emergency surgery for sepsis arising from HCAI.[6] 

Akl (2008)[7] 
Akl (2008) reviewed studies on the effect of educational games on healthcare workers’ performance, 
knowledge, skills, attitude and satisfaction. Only one randomised controlled trial study met the selection 
criteria (see Table 5). 
Table 5 Summary of included study, Akl (2008)  

Author 
(Date) 

Study type Intervention Time/ 
duration 

Targeted 
behaviour 

Outcome 

Burke 
2001 

Factorial 
design RCT 

273 healthcare workers in a 
small community acute care 
hospital 
Game based on the TV 
show “Family Feud” and 
focused on infection control 

One month 

 

Improved 
knowledge of blood 
born pathogens, 
proper handwashing 
techniques and 
isolation 
precautions 

Significant difference in main 
effect of knowledge retention 
(delayed post-test score) in 
the gaming reinforcement 
group compared with the 
control group (p=0.02) 
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Author Study type Intervention Time/ Targeted Outcome 
(Date) duration behaviour 

Comparison of a self-
learning module to video 
tape as the initial training 
strategy and gaming 
intervention to no 
intervention as the 
reinforcement strategy  

 
There was significant 
interaction effect between 
gaming reinforcement & type 
of instruction.  
 
Participants exposed to the 
videotape & gaming 
reinforcement had a 
statistically higher score than 
the control group 
(mean = 16.6 vs mean = 15.5) 
whereas in patients exposed 
to the self-learning module, 
gaming reinforcement was 
not associated with a 
statistically higher score 
(mean = 17.0 versus 16.9) 

Akl (2008) found a statistically significant difference in knowledge retention in the gaming reinforcement 
group compared with the control group (p=0.02). The authors concluded, however, that there was 
insufficient evidence to “confirm or deny” the effectiveness of using games as an educational strategy.[7] 

Safdar (2008)[5] 

Safdar (2008) systematically reviewed 26 studies of educational interventions including lectures and 
classes, video presentations, fact sheets and practical demonstrations as well as self study modules and 
direct feedback.[5]  Seventy-seven per cent of the studies reported a statistically significant difference 
between baseline and post intervention but few of the educational interventions were implemented in 
isolation. Some were combined with other educational and non-educational interventions, making it 
difficult to attribute a direct causal relationship to any particular educational strategy. However, 69% 
(18/26) of the included studies claimed a direct relationship between the educational intervention and the 
desired behaviour change (handwashing recommendations or better adherence to evidence-based 
guidelines).  

Of the 26 studies, six related specifically to hand hygiene (see Table 6).  

Table 6 Summary of hand hygiene related studies, Safdar (2008)  

Author (Date) Study type Intervention Time/ 
duration 

Targeted 
behaviour 

Outcome 

Conly (1989) 

 

Interrupted 
time series 
with less than 
3 data points 
before and 
after each 
intervention 

Feedback on hand washing 
practices during in-service 
rounds. Posters, instruction 
modules 

Intervention 
carried out 
twice over 4 
years 

Compliance with 
handwashing 

RR (relative 
risk)  0.36 

95% CI 
(0.11-0.65) 

p=0.02 

Kellegan (1993) Pre & post 1 hour education on 
relationship between 
practice and infection  

1 hour Handwashing, 
sterile procedures 

RR 0.43 

95% CI (not 
reported) 

p<0.05 
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Author (Date) Study type Intervention Time/ Targeted Outcome 
duration behaviour 

Pittet (2000) 

 

Pre & post 
with sequential 
addition of 
new 
interventions 

Poster campaign, 
performance feedback plus 
promotion of alcohol rubs at 
every bedside 

Not specified Hand Hygiene RR 0.59 

95% CI (not 
reported) 

p=0.04 

Mody (2003) Non 
randomised 
trial with 
concurrent 
controls 

Educational campaign 
consisting of posters, in-
service examinations, 
completion of self-report 
questionnaire on current 
practice, knowledge and 
opinions and introduction of 
alcohol rubs 

3 week Increased 
compliance with 
hand hygiene 

Not reported 

Rosenthal (2004) 

 

Pre & post 
with sequential 
addition of 
new 
interventions 

CDC (Center for Disease 
Control) guidelines 
reviewed and compliance 
emphasized plus 
performance feedback 

Not specified Compliance with 
hand hygiene 
recommendations 

RR 0.58 

95% CI 
(0.17-0.36) 

p=0.006 

Won (2004) 

 

Pre & post Multimodal campaign with 
lectures, instructions for 
correct techniques of hand 
hygiene, posters, feedback; 
no control 

2 years Hand hygiene 
compliance 

RR  0.71 

95% CI (not 
reported) 

p=0.003 

Five of the six studies reported a statistically significant difference following the intervention. Four studies 
described educational only interventions and two studies described education in addition to the 
introduction of alcohol rubs. Posters and educational modules were the most frequently employed 
strategies.[5] 

The authors noted that differences between educational strategies and the lack of adequate content 
descriptions of each method made comparisons difficult and suggested that the generalisability of these 
results was therefore limited.[5]   

Safdar (2008) reported multiple methodological flaws in all included studies with no study having done 
power calculations, adequately determined optimal sample sizes or accounted for baseline differences. The 
reviewers were unable to determine from these studies which type of educational intervention was the most 
effective in reducing HCAI overall and concluded that while in general, educational interventions were 
effective, more studies were needed that used validated tools that were “clearly described, easily 
reproducible and widely generalisable”.[5] 

The authors concluded that across all studies in the review “educational interventions may reduce 
healthcare associated infection considerably” but that more rigorous research was required to definitively 
state which intervention was the most efficacious.[5] 

Backman (2008)[9] 

Backman (2008) sought to systematically review studies on the relationship between hand hygiene 
interventions and the incidence of HCAIs in acute care and long term care facilities. Thirty-five 
publications met the selection criteria, four of which were reviews and the balance primary studies.  
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Interventions were categorised into multimodal hand hygiene initiatives (7), introduction of a hand hygiene 
product (11), implementation or modification of infection control practices (8), implementation of infection 
control policies (2), and other (3).  The table of included studies did not specify the components of the 
multimodal, infection control policy or practice interventions. However, after referring to the abstracts of 
the included studies, eight were found to have included an educational component (see Table 7). Only two 
studies were specific about the type of educational activity undertaken. 

Table 7 Summary of studies with an educational component, Backman (2008)  

Author 
(Date) 

Study type Intervention Time/ 
duration 

Targeted 
behaviour 

Outcome 

Lam (2004) Pre  and 
post (no 
control 
group) 

Multimodal including:  

• problem-based and 
task-orientated hand 
hygiene education,  

• enhancement of 
minimal handling 
protocol and 
clustering of nursing 
care, 

• liberal provision of 
alcohol-based hand 
antiseptic,  

• improvement in hand 
hygiene facilities,  

• ongoing regular hand 
hygiene audit, and 

• implementation of 
health care-associated 
infection 
surveillance. 

Not 
specified 

Compliance with 
hand hygiene 

0.51% decrease in HCAI rate 

 

No significant reduction (P 
0.14) 

Won (2004) Pre and post 
(no control 
group) 

Multimodal including:  

• formal lectures,  

• written instructions,  

• posted reminders 
regarding hand 
hygiene and proper 
handwashing 
techniques,  

• covert observation, 

• financial incentives, 
and 

• regular group 
feedback on 
compliance. 

Not 
specified 

Compliance with 
hand hygiene 

Improved from 43% at 
baseline to 80%.  

The rate of nosocomial 
infections decreased from 
15.13 to 10.69 per 1,000 
patient-days (P = .003) with 
improved handwashing 
compliance  

Respiratory tract infections 
decreased from 3.35 to 1.06 
per 1,000 patient-days during 
the handwashing campaign (P 
= .002)  

Schelonka 
(2006) 

Before and 
after (no 
control 
group) 

• Increasing nursing 
and physician 
education and 
awareness of 
infection rates 

3 years Infection control 
practices 

Significant reduction in 
infection rates 

1st year  26% reduction (P = 
0.002) 
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Author Study type Intervention Time/ Targeted Outcome 
(Date) duration behaviour 

• establishing common 
improvement goals  

• training in hand and 
environment care  

• specialty nursing 
team for central 
venous and arterial 
catheter care 

2nd and 3rd  years  29% 
reduction (P<0.001) 

Unclear which intervention 
contributed to outcomes 

Schelenz 
(2005) 

Before and 
after (no 
control 
group) 

Intervention included: 

• recognition and 
responsibility of the 
problem by senior 
staff,  

• intensive support,  

• education and advice 
from the infection 
control team, 

• improved ward and 
theatre hygiene,  

• pre-admission, 
admission and 
weekly MRSA 
screening,  

• isolation and 
clearance treatment,  

• nursing care 
pathways for MRSA 
colonized patients, 
and  

• teicoplanin plus 
gentamicin surgical 
prophylaxis 

16 months 
before and 
after the 
introduction 
of the 
programme 

Infection control 
practices 

Unclear which intervention 
contributed to outcomes 

Aragon 
(2005) 

Before and 
after (no 
control 
group) 

Multimodal (Education 
not specified in initial 
intervention, but included 
“education” in second 
year 

1 year Adherence to hand 
hygiene policies 

6 months:17% decrease in 
methicillin- 
resistant Staphylococcus 
aureus (MRSA), 13% 
decrease in vancomycin- 
resistant Enterococcus (VRE) 

 
1 yr: increase trend for 
MRSA and VRE 

No P value 

Johnson 
(2005) 

Cohort 
study (no 
control 
group) 

Multimodal including 
comprehensive "culture 
change" package 

Not 
specified 

Compliance with 
hand hygiene 

57% decrease in MRSA 
bacteremia  Significant 
reduction (P 5.01) 

Multiple methodological 
flaws including confounding 
variables. High potential for 
bias 
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Author Study type Intervention Time/ Targeted Outcome 
(Date) duration behaviour 

Makris 
(2000) 

Before and 
after (with 
control 
group) 

• Infection control 
educational program  

• replacement of all 
currently used 
germicidal products 
with single-branded 
products  

12-month 
period 

Infection control 
practices 

0.24% decrease in overall 
infections. No P value 

Significant methodological 
flaws and some potential for 
bias 

Zafar 
(1998) 

Before and 
after (no 
control 
group) 

The interventions used 
were:  

• Isolation policy-
revision and 
enforcement, which 
included universal 
precautions policy,  

• educational program-
monthly to all health 
care workers,  

• phenolic disinfectant 
for environmental 
cleaning,  

• triclosan (0.03%) 
soap for 
handwashing,  

• centralization of 
sterilization 
department,  

• cart-washer 
installation, and 

• aggressive 
surveillance activity 

9 years Infection control 
practices 

Baseline: mean Clostridium 
difficile (CD) infections 155 
per year)  

After interventions mean 67 
per year  

Incidence of CD decreased by 
60% over six years 

Multiple methodological 
flaws and high potential for 
bias 

The reviewers found substantial methodological flaws such as the presence of confounding factors, 
inadequate statistical analysis and small sample sizes, which suggest that at least some of the findings may 
have been due to chance or bias. The authors concluded there was insufficient evidence to support a 
relationship between hand hygiene interventions and the reduction of HCAIs. Isolating the positive 
elements of these multifaceted interventions was difficult by the types of study design used. However, the 
authors suggested some key characteristics necessary for future research to address the shortcoming in 
current research.[9]  These were modified from Larson (2005)[16] and are shown in Appendix D. 

Summary of educational interventions specific to HCAI and hand hygiene 

Educational interventions appear to be effective in some instances and the conclusions of the five 
systematic reviews were generally consistent.  These are summarised in Table 8 Posters, interactive 
education modules, concurrent activities such as the promotion and provision of alcohol rubs strategically 
deployed and feedback on performance when combined have all been shown to achieve some improvement 
in hand hygiene. There is insufficient robust evidence to determine which educational intervention is the 
option of choice. The content of the educational components of the interventions were difficult to compare 
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because descriptions were often inadequate or incomplete. The sustainability of changes achieved by 
educational programs is less clear and the costs and benefits still need to be demonstrated. 

In discussion Gould (2007) noted that the intervention used in one study that did not meet the selection 
criteria, Pittet (2000)[17], had led to continued improvement in hand hygiene for nursing staff but not for 
medical staff.[6] The multifaceted intervention resulted in a statistically significant reduction in MRSA 
transmission, which was sustained over two years. Gould (2007) suggested the intervention had some key 
features that could usefully guide future research and the successful implementation of a quality 
improvement program. These included an ongoing organisational drive to change culture, support for the 
campaign by participating healthcare workers, support from senior managers and excellent communication 
between staff across all levels.[6]  

Naikoba (2001) and Safdar (2008), found the majority of included studies relating specifically to hand 
hygiene, used multifaceted interventions. Both of these reviews found multifaceted interventions were 
more effective than were single interventions.[5, 8] However, a health technology assessment has 
demonstrated that the number of interventions used had little effect on outcomes.[15]   

Table 8 Summary of studies by educational component specific to HCAI and handwashing 

Intervention Naikoba 
2001 

Gould et al 
2007* 

Sadfar (2008) Akl (2008)* Backman 
(2008) 

Posters   Insufficient 
evidence as a single 
intervention 

  

Multifaceted interventions Significant  Significant   

Feedback Limited 
evidence 

 Insufficient 
evidence as a single 
intervention 

 Limited evidence 

Reminders Limited 
evidence 

   Limited evidence 

Formal teaching Limited 
evidence 

Limited 
evidence 

Insufficient 
evidence as a single 
intervention 

 Limited evidence 

Education packages with 
written material 

Limited 

evidence 

Limited 
evidence 

Insufficient 
evidence as a single 
intervention 

 Limited evidence 

Educational 
outreach/academic detailing 

     

Lectures and classes  Limited 
evidence 

Little evidence Insufficient 
evidence as a single 
intervention 

 Limited evidence 

Video presentations   Insufficient 
evidence as a single 
intervention 

  

Fact sheets   Insufficient 
evidence as a single 
intervention 

  

Practical demonstrations  Limited Insufficient 
evidence as a single 
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Intervention Naikoba Gould et al Sadfar (2008) Akl (2008)* Backman 
2001 2007* (2008) 

evidence intervention 

Self study modules   Insufficient 
evidence as a single 
intervention 

  

Games    Limited 
evidence 

 

* Cochrane Reviews 

Educational interventions to change practice (general) 

Seven systematic reviews that included studies of educational interventions were found, these have been 
grouped by type of educational intervention. One review related to interdisciplinary education,[10] one to 
tailoring multiple interventions, including education, to address identified barriers,[14] and three compared 
different educational interventions.[11-13] A single review was found that looked at the effectiveness of 
continuing medical education in changing practice.[1]  The dissemination of educational materials, 
educational meetings, and single and multifaceted interventions were evaluated as part of a systematic 
review of guideline implementation strategies.[15]  

Five of the seven systematic reviews were Cochrane reviews,[10-14] one was a report from the Agency for 
Healthcare Research and Quality (AHRQ),[1] and one a health technology assessment report.[15]    

Educational meetings 

In a Cochrane review, O’Brien (2001) compared educational meetings with no intervention, and interactive 
workshops with lectures to determine the effectiveness of educational meetings on professional practice 
and health care outcomes. Educational meetings included meetings, conferences, lectures, workshops, 
seminars, and symposia.  Didactic sessions were defined as lectures or presentations, even where question 
and answer periods were included. Interactive workshops and seminars were defined as sessions that 
involved some type of interaction amongst participants in small to large groups. Interaction included role-
play, case discussion, or opportunity to practice skills. Mixed sessions included both didactic and 
interactive components. 

After looking at 24 studies that included 26 comparisons of educational meetings with no other 
intervention, O’Brien (2001) reported significant improvement in at least one major outcome measure of 
professional practice in the intervention groups. However, O’Brien also noted there was significant 
heterogeneity in the 12 comparisons that had sufficient data to calculate standardised effect sizes (Q = 38.1, 
df = 1, p<0.0001). Only one small RCT of 46 family doctors formally compared interactive workshops 
with lectures or didactic presentations. No significant differences between groups were detected, however, 
it was suggested this may have been due to insufficient data being collected.[12]  

O’Brien (2001) noted the potential for an overestimation of the effects of continuing education meetings 
because of bias in the included studies, and that most participants were volunteers.  Participants in studies 
may be more likely to adhere to regimes when they are volunteers.  It has been shown in other literature 

Draft  - Education interventions for the prevention of healthcare associated infections 7 Aug 2009 

 

12



 

that volunteers may differ significantly from non-volunteers in the conduct of research as they have sought 
to participate.[18]  The authors concluded, however, that interactive workshops were more effective in 
changing professional practice than were lectures.[12]  

Grimshaw (2004) noted in a HTA that results based on three RCTs comparing educational meetings with 
no intervention as the control arm may have been subject to unit of analysis error.  The authors concluded 
that the effect of educational meetings, if any, was likely to be small. [15]   

Educational materials 

Grimshaw (2004) undertook a health technology assessment and found the effects of just disseminating 
educational materials on improving the processes of care was modest, +8.1% change (range +3.6 to +17%) 
and probably short-lived. However, the author also noted that the evidence was not consistent and was 
generally of poor quality.[15]   

In sub-analyses, Grimshaw (2004) also concluded that: 

• combinations of educational materials and educational outreach may be ineffective; 

• educational materials, educational meetings and outreach may have modest effects;  

• when educational meetings and educational materials are combined with audit and feedback the 
effect is small; 

• when educational meetings and materials are combined with organisational interventions the effect 
is small; 

• multifaceted interventions that include educational outreach appear to be more effective than 
educational materials or audit and feedback alone; 

• educational materials and reminders are more effective than educational materials alone; and 

• educational meetings, materials and reminders are more effective than educational meetings and 
educational materials. 

Grimshaw (2004) also analysed multifaceted interventions by the number of interventions and found no 
evidence of a relationship between the number of interventions and effect size.[15]  

Printed educational materials 

In a Cochrane systematic review of randomised controlled trials (RCTs) on the benefits of printed 
educational materials (PEM), Farmer (2008) found that when compared to no intervention, PEM had a 
small to moderate beneficial effects on process outcomes.  One study compared educational workshops 
with PEM and two studies compared PEM with educational outreach. None were statistically significant. 
The review analysed PEM by setting, targeted behaviours, specific characteristics of PEM (effect 
modifiers), content, health care professions, source of the material, modes of delivery, timing and 
frequency. The authors concluded that while the overall benefit may be small, the relatively low cost and 
potential for wide coverage suggests PEM may be a worthwhile intervention in some instances.[13]  
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Educational outreach 
In a Cochrane systematic review of 69 studies of the effects of educational outreach visits (EOVs) on 
health care workers’ practice and patient outcomes. O’Brien (2007) found that EOVs alone or when 
combined with other interventions had effects that were relatively consistent and small, but potentially 
important. The median adjusted risk difference (RD) was 5.6%, (interquartile range 3% to 9%), however in 
10 out of 20 comparisons, when the health professional outcomes were continuous, there was at least a 
20% relative improvement. 

Eight trials (12 comparisons) compared any intervention such as audit and feedback, with interventions 
that included an EOV. Interventions that included EOVs were reported to be between 5% and 8% more 
effective than the comparator except in one trial, which included an organisational intervention in addition 
to the EOV (a prevention coordinator).  In this trial the RD was 39% (no p value cited), which may have 
been due to better documentation.[11]  

Continuing medical education 

A health technology report commissioned by the AHRQ on continuing medical education (CME) 
considered a number of questions including a question on the effectiveness of CME in changing 
professional practice and the sustainability of educational interventions to change practice.  

The two key questions relevant to this review were: 

• Is there evidence that particular methods of delivering CME are more effective in changing 
physician practice behaviour; and  

• do changes in practice behaviour produced by CME persist over time (greater than or equal to 30 
days)[1] 

One hundred and five studies assessed CME on physician practice behaviour change. Of these, 58% (61) 
reported statistically significant results in changing practice. Forty eight per cent (50) of studies 
demonstrated long-term CME effectiveness. The most effective strategies were the use of single live 
media, which had both a short- and long-term effect on practice behaviour objectives. Single print media 
was ineffective.[1] 

Of the studies that evaluated long- and short-term outcomes of different types of CME techniques on 
practice behaviour, most reported mixed results for a single technique, and overall effectiveness for use of 
multiple techniques.[1] 

The authors found the evidence was mostly of low quality, although they concluded that CME was 
effective in achieving and maintaining desired behaviour changes. Despite the variety of CME techniques, 
media, length of time allocated to each intervention, and the heterogeneity of the studies, the authors 
reported common themes, which were applicable across different objectives. The most effective strategies 
included multimedia activities, interactive techniques, and frequency and repetition of the CME activity. 
Less effective interventions included print media, single media, and one-off and non-interactive 
sessions.[1]  
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Defining strategies and specifying common understanding of terms was addressed by inclusion of 
definitions of interventions, strategies, and media in the report tables (see Appendix A). These have been 
modified and included for information. 

Tailored interventions to address barriers 

Cheater (2005) undertook a Cochrane systematic review of studies using interventions tailored to address 
identified barriers. Eleven of fifteen studies included educational strategies.[14] While the primary 
objective of this review was not the effectiveness of the educational strategies, the interventions included 
discussions, printed materials, educational outreach, academic detailing, workshops, learning groups, 
tutorials, continuing education, interactive courses, group discussions and formal seminars. All the 
educational strategies were delivered as part of broad-based, multifaceted interventions. Ten of the eleven 
studies reported statistically significant results, however only two of these studies were rated as high 
quality. The authors concluded that there was little evidence to support tailored interventions. While ten of 
the eleven studies with an educational component demonstrated statistically significant results, it is 
difficult to determine what aspect, educational or otherwise, contributed to this outcome.[14]   

Interprofessional education 

In an updated Cochrane review on comparisons between interprofessional education (IPE) interventions 
and no intervention, six studies met the selection criteria.  

The educational interventions included:  

• Communications skills training in two, four-hour workshops, which included didactic elements, 
role-play and interactive discussions.  No statistically significant differences were found between 
the intervention and control groups. 

• A two-day education plan involving role playing, team activities and some didactic teaching. 
Significant differences were found between the intervention group and the control group, but there 
was some possibility of unit of analysis errors. 

• An eight hour education course of lectures (delivered in a single day) which included discussion of 
behaviours, practical exercises, and discussion of video segments. There was a statistically 
significant improvement in the quality of observed team behaviours in the intervention group. 

• A four-hour seminar supplemented by videotapes, small-group discussion of cases, and role-play. 
No significant differences were detected. 

• A two half-day education sessions, a bimonthly newsletter, clinic educational rounds, system 
support (posters, cue cards, questionnaires), and feedback. No significant differences were 
detected.  

• Presentations, discussions, small groups, and role-playing techniques, as well as three or four full-
day detailing visits. The experimental group had significantly higher scores than the control 
group.[10] 
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Three studies reported statistically significant outcomes for educational interventions, however, 
heterogeneity and methodological issues and the small number of studies make generalisability difficult. 
[10]  

Table 9 Summary of the evidence by educational interventions (general) 

Intervention O’Brien 
(2001)* 

Grimshaw 
(2004) 

Cheater 
(2005)* 

Marinopoulos 
(2007) 

O’Brien 
(2007)* 

Farmer 
(2008)* 

Reeves 
(2008)* 

Posters       No evidence 
of 
effectiveness 

Multifaceted 
interventions 

 More 
effective 
when 
combined 
with 
outreach 

 Multiple 
techniques that 
include case-
based learning 
most effective 
Multiple 
techniques were 
shown to have 
an overall 
positive short- 
and/or long-
term effect on 
practice 
behavior 
objectives 

  Some 
evidence of 
effectiveness 

Feedback Unclear More 
effective 
when 
combined 
with audit 
and 
educational 
meetings 

     

Reminders  More 
effective 
when 
combined 
with 
education 
materials 

     

Formal teaching No evidence 
of 
effectiveness 

     Some 
evidence of 
effectiveness

Education packages 
with written 
material 

Evidence of 
effectiveness 
of interactive 
workshops 

Modest 
effects 
when 
combined 
with 
outreach  

Some 
evidence 

   Some 
evidence of 
effectiveness

Educational 
outreach/academic 
detailing 

 Outreach 
when 
combined 
with 
educational 
materials 
and 
educational 
meetings 
may have 
modest 

  Evidence 
of small to 
moderate 
effect 
especially 
on 
prescribing 
practices 
where 
complexity 
is 
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Intervention O’Brien Grimshaw Cheater Marinopoulos O’Brien Farmer Reeves 
(2001)* (2004) (2005)* (2007) (2007)* (2008)* (2008)* 

effects moderate 
Lectures and 
classes  

No evidence 
of 
effectiveness  

     Some 
evidence of 
effectiveness

Video presentations Unclear      Some 
evidence of 
effectiveness

Fact sheets    Single print 
media is not 
effective 

   

Practical 
demonstrations 

      Some 
evidence of 
effectiveness

Self study modules        
Games        
Notes 

  
 Multimedia, 

multiple 
techniques, and 
multiple 
exposures tend 
to produce 
improved 
attitudinal 
outcomes 

Effects 
over time 
remain 
uncertain 

Use of printed 
educational 
materials 
show small 
improvements 
in the 
process of 
care but not 
patient 
outcomes 
 

 

* Cochrane Reviews 

Summary of educational interventions to change practice (general) 

A wide range of educational interventions are described in each of the seven reviews, but few were 
implemented as a single intervention so it is difficult to determine which intervention was the most 
effective, in which setting and with which health care provider group.  The reviews did, however, identify 
some consistent trends suggesting that there may be small to moderate effects of some educational 
interventions, particularly multifaceted interventions, educational outreach and in some instances printed 
education materials, but the reviews were unable to determine what combination, if any, is optimal.   

Conclusion  

Despite the range of studies included in the reviews and the scope and diversity of interventions, the 
quality of studies and lack of generalisability makes it difficult to draw clear conclusions. Most educational 
strategies that were shown to be effective had only small to medium effects, which did not appear to be 
cumulative when combined in multifaceted interventions. This is consistent with the findings by Grimshaw 
and colleagues in their health technology assessment.[15]   Nor does there appear to be any apparent 
optimal combination of strategies for all or specific contexts or target groups. It has been suggested that in 
order to determine which strategies are the most appropriate, the choice needs to be determined within a 
theoretical framework.[15]     
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There are some findings and trends that may be usefully considered. There is evidence that multifaceted 
strategies, which consider the needs of the target group, potential barriers and facilitators and the context in 
which educational strategies are applied, are likely to be more effective than single strategies. However, 
increasing the number of included strategies for which there is some evidence of effectiveness has not been 
shown to be related to increasing the overall effectiveness of the intervention. The research currently does 
not identify which component of multifaceted interventions is likely to contribute most to the outcome of 
interest and findings from single intervention studies may not provide any reliable guidance. 

The current evidence does suggest that active educational interventions that are repeated with some 
frequency have a greater chance of changing behaviour than a single, didactic session. Repetition and 
interactivity have both been shown to be important factors in achieving behaviour change that is sustained.  

Currently there is insufficient evidence to support the use of lectures, classes, video presentations, self-
directed learning, fact sheets, practical demonstrations or games. The distribution of printed materials on 
their own was not found to be consistently effective, but may contribute when included in a multifaceted 
intervention.  There is some evidence that the use of multiple forms of media in the education intervention 
is more effective than the use of single media.  Educational outreach visits have been found to be an 
effective method, especially when combined with other strategies such as interactive education and printed 
materials, but are costly to implement and seem to be most effective when related to prescribing practices 
of moderate complexity. 

None of the reviews addressed the issue of impact or cost on the selection of interventions and none 
assessed the cost effectiveness of interventions applied.  

Key points on education strategies related to HCAI 

Strategies shown to be effective Strategies not shown to be effective 

Educational interventions appear to be effective in 
some instances and the conclusions of the five 
systematic reviews were generally consistent.   

There is insufficient robust evidence to determine 
which educational intervention is the option of 
choice. The content of the educational 
components of the interventions were difficult to 
compare because descriptions were often 
inadequate or incomplete. The sustainability of 
changes achieved by educational programs is less 
clear and the costs and benefits still need to be 
demonstrated. 

Concurrent activities such as the promotion and 
provision of alcohol rubs strategically deployed and 
feedback on performance when combined have all 
been shown to achieve some improvement in hand 
hygiene.  

A health technology assessment has 
demonstrated that the number of interventions 
used had little effect on outcomes.[15]   

 

Multifaceted interventions were more effective than 
were single interventions.[5, 8]. The multifaceted 
intervention resulted in a statistically significant 
reduction in MRSA transmission, which was sustained 
over two years.  
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Key points on education strategies 

Strategies shown to be effective Strategies not shown to be effective 

Three of 7 studies demonstrated that multifaceted 
strategies, which consider the needs of the target 
group, potential barriers and facilitators and the 
context in which educational strategies are applied, are 
likely to be more effective than single strategies.  

Increasing the number of included strategies for 
which there is some evidence of effectiveness has 
not been shown to be related to increasing the 
overall effectiveness of the intervention.  

 

Active educational interventions that are repeated with 
some frequency have a greater chance of changing 
behaviour than a single, didactic session. 

The research currently does not identify which 
component of multifaceted interventions is likely to 
contribute most to the outcome of interest and 
findings from single intervention studies may not 
provide any reliable guidance. 

The current evidence does suggest that repetition and 
interactivity have both been shown to be important 
factors in achieving behaviour change that is 
sustained.  

Currently there is insufficient evidence to support 
the use of lectures, classes, video presentations, 
self-directed learning, fact sheets, practical 
demonstrations or games. The distribution of 
printed materials on their own was not found to be 
consistently effective, but may contribute when 
included in a multifaceted intervention.   

There is some evidence that the use of multiple forms 
of media in the education intervention is more effective 
than the use of single media.   

 

Educational outreach visits have been found to be an 
effective method, especially when combined with other 
strategies such as interactive education and printed 
materials, but are costly to implement and seem to be 
most effective when related to prescribing practices of 
moderate complexity. 
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Appendix A 

Table 10 Definitions of media methods[1] 

Media method Definition 

Live Any CME activity that is conducted in-person 

Computer-based, offline Any CME activity that is conducted on the computer, but is not conveyed through the Internet 
(e.g., CD-ROM)  

Internet real-time (e.g. 
streaming) 

Any CME activity that is conducted real-time via the Internet 

Internet, not real-time Any CME activity that is conducted via the Internet, but is not conducted in real-time 

Video Any CME activity that uses a videotape to convey its message 

Audio Any CME activity that uses an audiotape to convey its message 

Handheld Any CME activity that involves handheld materials (e.g., laminated card) 

Print Any CME activity that is conducted via educational printed materials or readings 

 



 

APPENDIX B 

Table 11 Table of included reviews  

Citation Number of 
studies 

included 

Target group Study type and Interventions Outcomes Brief Summary of results 

Educational reviews specific to infection control 

Naikoba, S. and A. 
Hayward, 2001 

21 studies 
 

Health care workers – 
improving hand 
washing compliance 

2 RCTS, 17 uncontrolled trials, 1 observational 
study, 1 not described  
 
Educational (11) 

Posters 
One-on-one training 
Educational video4 x 15 minute 
educational classes 
Formal lectures 
Written material 
Educational sessions (theory & practice) 

 
Reminders (7) 
 
 
Performance feedback (9) 

 
 
Educational interventions not 
shown to be sustained after 4 
weeks.  No information 
provided on longer term follow 
up 
 
 
 
Up to 4 weeks 
 
 
When continuous can improve 
frequency of handwashing 

One-off education – only short 
term effects 
Reminders – modest but 
sustained effects 
Performance feedback needs to 
be regular and frequent to be 
sustained 
Multifaceted approaches which 
combined education, written 
material, reminders and 
feedback can lead to a marked 
and sustained improvement in 
compliance to hand hygiene 
regimes 

Gould D, et al., 2007 2 studies Nurses Single teaching session:(before & after 
study) 

(Five different sessions each thirty 
minutes, plus practical 
demonstrations) 

 
Education, RCT 

(Two hours of formal teaching an hour 
of practical demonstration, thirty 
minutes of discussion, and written 
information) 
 

 
 

No significant differences 
between experimental groups 
 
 
 
Significant differences between 
experimental groups and 
control in appropriate hand 
hygiene in pre patient contact 
(p<.001) and post patient 
contact (p<.05) 

Little robust evidence to 
inform the choice of 
interventions to improve 
hand hygiene 
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Citation Number of Target group Study type and Interventions Outcomes Brief Summary of results 
studies 

included 

Safdar, N. and C. Abad, 
2008  

26 studies Health care providers to 
reduce HCAI 

1 RCT 
1 non randomised trial with concurrent controls 
24 Pre and post studies 
Lectures or classes  
Video presentations,  
Posters,  
Questionnaires  
Fact sheets 
Practical demonstrations (3) 
10 page Self study modules (6) 
Direct feedback (17) 

21 studies found significant 
efficacy of educational 
interventions (range OR 0 – 
1.6)  

Not clear which educational 
intervention singly or in 
combination accounted for most 
of the observed improvement in 
HCAI rates  

Akl EA, et al., 2008 1study (doctoral 
dissertation) 

Qualified health 
professionals 

Factorial design RCT 
Game based intervention 

Greater knowledge retention in 
experimental group (p=0.02), 
but no information on changes 
in practice 

Inconclusive 

Backman, C., et al., 2008  35 including four 
reviews 

Health care workers in 
acute and long term 
care settings 

18 before and after studies without control groups 
4 before and after studies with a control group 
3cohort studies with no control group 
4 cohort studies with a control group, and  
2 randomized trials. 
 
Types of interventions were classified as: 
• multimodal (not described) (7) 
• introduction of hand hygiene product (8) 
• implementation of infection control 

policies (2) 
• other (3) 

Multimodal hand hygiene: 
2 of 7 studies reported 
reduction in HCAI rates (P 5 
.04 and P 5 .003; 2 reported no 
change in HCAI rates; studies 
reported a significant reduction 
(P 0.001 and P 5 .01, 
respectively) in MRSA rates, 
and 1 study17 reported a 
decrease in MRSA and VRE 
rates 
 
Introduction of hand hygiene 
product 
9 of 11 studies showed 
reduction in rates of MRSA, 
HCAI or VRE. Two studies 
showed no significant 
difference. 4 studies had 
significant methodological 
flaws 
 
Implementation of infection 

The authors concluded that the 
current studies had serious 
methodological shortcomings; 
It was not possible to say that 
there was a direct causal link 
between hand washing and 
reduced infection rates.  The 
authors recommended use of a 
more rigorous study model 
(Appendix C) 
 

Draft  - Education interventions for the prevention of healthcare associated infections 7 Aug 2009 24 
 



 

Citation Number of Target group Study type and Interventions Outcomes Brief Summary of results 
studies 

included 

control policies 
8 studies, six without controls. 
All showed significant 
reduction in rates of specified 
infections however half had 
significant methodological 
flaws, and in two studies the 
relationships between the 
intervention (handwashing) and 
the outcome was not able to be 
determined  
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Citation Number 
of studies 
included 

Target group Study type and Interventions  Outcomes Brief Summary of results 

General educational interventions to change practice  

O’Brien, M., et al., 2001 32 studies Health care professionals RCTs and non equivalent group 
designs (NEGD) 
 
Continuing education meetings 
including lectures workshops and 
courses. 

1. Education meetings versus 
control, 24 studies (26 
comparisons)  reported 
statistically significant 
improvement (not specified) 
 
For 12 comparisons with 
sufficient data to combine, there 
was substantial heterogeneity 
(Q = 38.1, df = 11, P < 
0.0001). 
 
2. Interactive versus lectures 
1 direct comparison – no 
significant differences were 
detected 

The authors noted that most 
included studies were poorly 
reported, with small sample 
sizes 
In sub group analysis didactic 
sessions were overall 
ineffective in altering 
performance while small group, 
interactive, skills training 
showed some change but results 
were inconsistent  

Grimshaw, J.M., et al., 2004 235 studies 
reporting 
309 
comparisons 
 

Guideline dissemination 
and implementation 

110 cluster randomised controlled 
Trial (C-RCTs); 
29 patient randomised controlled trial 
(P-RCTs); 
7 cluster allocated controlled clinical 
trials, (C-CCT);  
10 patient allocated controlled clinical 
trial (PCCT); 
40 controlled before and after 
(CBAs); and  
39 (16.6%) ITS designs 
 
Guideline dissemination and 
implementation strategies including 
educational strategies 
73% of comparisons evaluated 
multifaceted interventions. 

The median absolute 
improvement in performance 
across interventions was 
+14.1% (range –1.0 to +34.0%). 
in 14 cluster randomised 
comparisons of reminders,  
 
+8.1% (range +3.6 to 
+17%) in four cluster 
randomised comparisons of 
dissemination of educational 
materials 
 
6.0% in 13 cluster randomised 
comparisons of multifaceted 
interventions involving 
educational outreach. Across all 
studies the median effect 

The majority of interventions 
observed modest to moderate 
improvements in care. 
 
Multifaceted interventions 
based on assessment of 
potential barriers to change 
were more likely to be effective 
than were single interventions.  
 
The authors concluded 
effectiveness of multifaceted 
intervention was not related to 
number of components.   
 
The authors noted the quality of 
most studies was low and the 
reliability of results limited by 
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Citation Number Target group Study type and Interventions  Outcomes Brief Summary of results 
of studies 
included 

 
Single interventions were: 

• reminders (38 
comparisons),  

• dissemination of 
educational materials (18 
comparisons)  

• multifaceted interventions 
involving educational 
outreach (23 comparisons) 

 

was +7.3 (range –5.6 to + 
16.4%) absolute improvement 
in performance 
 

unit of analysis errors 
 

Cheater, F., et al., 2005  15 studies Health care professionals 
responsible for 
patient care.(Not students) 
 

RCTs  
At least one group received an 
intervention tailored to address 
explicitly specified barriers to change. 
 
An intervention was defined as 
tailored if it was chosen after the 
identification of barriers and in order 
to overcome those barriers 

Objectively measured 
professional performance 
(excluding self-report) 
or patient outcomes in a health 
care setting or both 

A classical meta-analysis of a 
subset of the included studies 
estimated a combined OR of 
2.18 (95% CI: 1.09, 4.34), p = 
0.026 in favour of tailored 
interventions. 
 
When a Bayesian approach 
was taken, meta-regression 
gave a combined OR of 2.27 
(95% CI: 0.92, 4.75), which 
was not statistically significant. 
 
The use of Bayesian methods 
enabled all parameter 
uncertainty, especially that 
regarding the between-study 
variation, to be fully accounted 
for in the final pooled effect 
estimate. 

Marinopoulos, S., et al., 2007 105 studies 
 

Medical practitioners All study designs – multiple 
interventions 

The use of single live media 
was more effective than passive 
media on both short- and long-
term practice behaviour change. 
Multiple techniques were 
generally more effective than 
were single strategies 

Most effective strategies 
included multimedia activities, 
interactive techniques, with 
frequency and repetition of the 
CME activity 
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Citation Number Target group Study type and Interventions  Outcomes Brief Summary of results 
of studies 
included 

O’Brien MA, et al., 2007 69 studies Health care workers Randomised controlled trials 
 
Educational out reach visits (EOV) 
compared to no intervention,  
EOVs as a component of a 
multifaceted intervention compared to 
any other intervention 
 

For any intervention in which 
EOVs are a component 
(including educational materials 
for all comparisons) 
compared to no intervention 
(including educational 
materials) the median adjusted 
risk difference (RD) was 5.6%, 
(interquartile range 3% to 9%) 
For EOVs alone compared to no 
intervention, the median 
adjusted RD varied from 1% to 
20% with a median of 5.0% 
(interquartile range 3.0% to 
6.2%) 
 

EOVs alone or when combined 
with other interventions have 
effects that were small but 
consistent and potentially 
important. 
 

Farmer AP, et al.,  2008  23 studies Health care professional 12 RCTs; 1 controlled before and 
after study and 10 interrupted time 
series (ITS). 
 
Effect of characteristics of printed 
educational materials (PEMs) 
including source, content, format, 
mode of delivery, timing/frequency, 
complexity of targeted behaviour 
change on process outcomes 
 
 

RCTs comparing PEMs with 
no intervention: Absolute risk 
difference median +4.3% on 
categorical process 
outcomes (e.g., x-ray 
requests, prescribing and 
smoking cessation activities) 
(range -8.0%to +9.6%, 6 
studies), and a relative risk 
difference +13.6% on 
continuous process 
outcomes (range -5.0% to 
+26.6%, 4 studies)  
 
ITS showed similar results 
but with a larger range of 
effect sizes 

Printed education materials 
showed small effects despite 
widespread use and the authors 
found little information about 
which characteristics of printed 
educational materials would  
optimise effects 

Reeves, S., et al., 2008 6 studies Interdisciplinary health 
care workers 

4 RCTs and 2 controlled before and 
after studies 
Interprofessional education compared 
to no intervention 

Four studies showed 
statistically significant effects 
of the intervention in 
comparison to the control 
group. All studies included 

Due to heterogeneity and small 
sample sizes, and that all 
studies compared the 
intervention with no 
intervention, the authors were 
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Citation Number 
of studies 
included 

Target group Study type and Interventions  Outcomes Brief Summary of results 

multifaceted interventions but 
the combinations of strategies 
used were different between 
studies 

unable to conclude that 
interprofessional educational 
strategies were more effective 
than education delivered to 
specific professional groups.  



 

 

 
 

APPENDIX C 
 

Excluded Reviews 

 

Reason for exclusion 

Zwarenstein M, Bryant W. Interventions to promote collaboration between 
nurses and doctors. Cochrane Database of Systematic Reviews. 2000;Issue 
2. Art. No.: CD000072. DOI: 10.1002/14651858.CD000072. 

Not relevant to question 

Hinkin J. Hand decontamination: what interventions improve compliance? 
EDTNA/ERCA Journal. 2002;28(3):134-7. 

Not a systematic review 
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Appendix D 
Characteristics of an optimal intervention for improving hand hygiene [9] modified from Larson (2005) 
[16].  

• Adequately powered sample size determined in advance to support conclusions; 

• Use of either:  

(1) a pre- and post-with-comparison control design, or  

(2) a cluster randomized controlled;  

• A detailed outline of the features of experimental settings and their control counterparts; 

• Baseline measurement of HCAIs rates with a minimum number of observations as dictated by 
proper sample size  calculation and at least 6 to 12 months of data; 

• Clear identification of possible confounding variables; 

• Identification of a consistent hand hygiene audit tool and observation method; 

• Clear statement of inclusion and exclusion criteria; 

• Blinded data collection; 

• Clear and detailed description of interventions; 

• Clearly listed operational definitions; 

• Appropriate and clearly identified statistical analysis; 

• Evidence that the intervention was actually implemented (i.e., quality control); 

• Common definition of outcomes (i.e., HCAIs rates); and 

• An explicit theoretic framework for the study that:  

(1) clearly articulates the evidence to date on the relationship between HHIs and HCAIs, and  

(2) links the assessment of the evidence with sound rationale for the intervention developed 
and the overall research design. 
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Recommendations developed from systematic reviews 
 
The systematic reviews provided evidence that were either incorporated into the text or were used 
to draft recommendations from.  
 
Section B1, B2 and B3 are the only sections for which graded recommendations are provided. 
Other recommendations that were developed have been absorbed into text or developed into 
clinical practice points (Section B4). 
 
Where there was a lack of evidence, international guidelines were also used to provide evidence for 
or to draft recommendations from.  
 
The systematic reviews provided were significantly different in methodology, approaches to the 
evidence and presentation of the evidence. The NHMRC has attempted to maintain a consistent and 
transparent approach to appraising the reviews and evidence by incorporating it into the following 
templates.  
 
 



Evidence tables: Hand hygiene products  
•  

Key question(s): Are alcohol-based hand rubs (ABHRs) more effective than medicated or plain soaps against common pathogens in healthcare environments?  Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias  

B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

4 Level II studies with low (or low to medium) risk of bias showing that ABHRs are more effective than plain or antimicrobial soaps 
1 Level II study with low risk of bias showing that ABHRs are more effective than even antimicrobial soaps 
4 Level III studies that ABHRs are more effective than plain or antimicrobial soaps 
2 Level III studies with low risk of bias showing that ABHRs are more effective than even antimicrobial soaps 
1 Level II study that ABHR is not more effective than antimicrobial soap (but using 60% IPA ABHR) 
1 Level III study that ABHR is not more effective than plain soap (but using 62% EtOH ABHR) D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’)
A All studies consistent 
B Most studies consistent and inconsistency can be explained  

C Some inconsistency, reflecting genuine uncertainty around question 

Most studies are consistent. Two inconsistent ones (where soap and alcohol had no significant difference) 
may be explained by the fact that these studies used ABHRs with low alcohol content of 60 and 62%.  

D Evidence is inconsistent 
 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large  

B Moderate 
C Slight 

Clinical impact is very large, because the evidence suggests that ABHRs should be used as the routine hand 
hygiene method for most (but not all; see generalisability and applicability) situations in patient care.  

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats  

C Evidence not directly generalisable to the target population but could be sensibly applied 

The evidence can be generalised, with a few exceptions:  
(1) When hands are visibly dirty or soiled.  
(2) When caring for patients with known Clostridium difficile disease.  
(3) When ABHRs cause a sticky buildup of residual substance after several applications.  
(4) When there are open wounds on hands.  D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

apply 
5. Applicability   

A Evidence directly applicable to Australian healthcare context The evidence is directly applicable to the Australian healthcare context, with largely the same caveats as 
specified under Generalisability. In addition, there is a relatively limited number of ABHRs available on the 
Australian market with sufficiently high alcohol content and antimicrobial activity (see background information 

B Evidence applicable to Australian healthcare context with few caveats  
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C Evidence probably applicable to Australian healthcare context with some caveats 
D Evidence not applicable to Australian healthcare context 

 Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is actually much larger than it appears from the limited number of studies that have been analysed for this evidence statement. There are multiple (in the range of 50) level III and/or 
experimental studies, cited in the WHO, CDC, etc. guidelines that ABHRs are more effective than plain or antimicrobial soaps. Due to time constraints, a large number of articles belonging to category (d) published 
from 2002 onwards were not analysed, and there is also a large number of articles that are consistent with this, published before 2002. In addition, the articles cited in the major guidelines and systematic reviews 
(e.g. WHO, CDC, etc.) are largely consistent with this. All this applies to the vast majority of pathogens encountered in the Australian healthcare context, with a few exceptions. Information on individual 
types/species of pathogens susceptible to ABHRs comes from the extensive sets of references and tables in the major guidelines. This includes Gram-positive and Gram-negative vegetative bacteria, vegetative 
forms of spore-forming bacteria (but not spores), Mycobacterium tuberculosis, enveloped viruses and fungi. Less susceptible (but still reduced to a greater extent than with soap) are non-enveloped viruses. Non-
susceptible are spores of spore-forming bacteria and protozoan oocysts.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 
1. Evidence base  B  More consistent with Level II and III studies 
2. Consistency  B  
3. Clinical impact  A  Population is easily defined and generalisable 
4. Generalisability  A  
5. Applicability  A  

Indicate any dissenting opinions 
 

Evidence statement 
For routine hand hygiene, alcohol-based hand rubs (ABHRs) are more effective than medicated or plain soaps in the healthcare 
environment. 

GRADE  
 
 

 
 B 

 
Key question(s): Are antimicrobial soaps more effective than plain soaps against common pathogens in healthcare environments? Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 
C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias  

1 Level III-1 study (Lucet et al. 2002) with low risk of bias demonstrating that antiseptic soap (either with 4% 
CHG or 10% PVP-I) reduces microorganisms on hands significantly more than non-antiseptic soap.  
1 Level III systematic review (Larmer et al. 2008) that antiseptic soaps are more effective than plain ones, 
but rated as low-level, conflicting evidence.  

D Level IV studies or Level I to III studies with high risk of bias 
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2. Consistency (if only one study was available, rank this component as ‘not applicable’)
A All studies consistent 
B Most studies consistent and inconsistency can be explained  

C Some inconsistency, reflecting genuine uncertainty around question 

The two studies are largely consistent, but the systematic review by Larmer et al. (2008) found some 
conflicting data. Therefore rated as B.  

D Evidence is inconsistent 
N.A.  NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate  

C Slight 

Clinical impact is moderate. None of the Evidence-Based Guidelines specifically recommends medicated over 
plain soap for situations where ABHRs are not indicated (but soap is). The main indications for antiseptic 
soaps lie outside routine patient contacts, e.g. in surgical scrubbing, where the WHO Guideline now 
recommends ABHRs or antiseptic detergents.  

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied  

Antiseptic soaps could be sensibly applied in situations where ABHRs are not indicated (e.g. when hands are 
visibly soiled), but there is a likelihood of a higher than usual contamination on hands.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats  

C Evidence probably applicable to Australian healthcare context with some caveats 

This is applicable to the Australian healthcare context. There are a number of established products on the 
Australian market, and antiseptic soaps can be sensibly used for the above indications. The caveats relate to 
the fact that the evidence level is not very high.  

D Evidence not applicable to Australian healthcare context 
 Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is probably much better than it appears from the small number of studies that were included in the formal analysis. Many studies of level III that are cited and listed in the tables of the guidelines (WHO, CDC), 
but were not included in the main Evidence Statement show the same results. There are many level III and/or experimental studies that indicate that antimicrobial soaps reduce microorganisms to a greater extent than plain soaps. It is 
also a requirement for European standard EN 1499 that before an antiseptic soap can be approved according to the standard, it must be documented that its antimicrobial efficacy is significantly greater than plain soap. All individual 
studies that were included in the tables in the WHO (Table I.11.6) and CDC (Table 3) guidelines show that in all instances where plain and antimicrobial soaps were compared, the antimicrobial ones fared better. The New Zealand 
Guideline (Larmer et al. 2008) calls it Level 4 (conflicting) evidence whether medicated soap is more efficacious than plain soap. However, the antimicrobial spectrum (in terms of different categories of microorganisms) of typical 
ingredients of antiseptic soaps (chlorhexidine, PVP-iodine) is more limited than that of alcohols (e.g. Table I.11.7 in the WHO Guideline). Some guidelines recommend antimicrobial rather than plain soaps in intensive care situations with a 
higher than usual risk of infection or when visible soiling is present with an expected high level of contamination.  
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EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base  C  
2. Consistency  C  
3. Clinical impact  C  
4. Generalisability  C  
5. Applicability  B  

Indicate any dissenting opinions 
 
Evidence statement 
There is inconsistent evidence that antimicrobial soaps are more effective than plain soaps for routine hand hygiene 
practices. 

GRADE  
 
 

 
 C 
 

Key question(s): If we take 70% v/v as a cutoff in the range of alcohol activity from 60 to 90%, are the ones with greater than 70% more effective against common 
pathogens than those with less?   

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias  

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One Level II study (Barbut et al. 2007) that shows that two ABHRs (one liquid, one gel) with greater than 70% total alcohol perform 
significantly better than an ABHR (gel) with just 70%.  
Two level III systematic reviews with low risk of bias that ABHRs with ≥70% alcohol perform significantly better.  
1 Level II study that ABHR is not more effective than antimicrobial soap (when using only 60% IPA ABHR) 
1 Level III study that ABHR is not more effective than plain soap (when using only 62% EtOH ABHR) D Level IV studies or Level I to III studies with high risk of bias
2. Consistency (if only one study was available, rank this component as ‘not applicable’)

A All studies consistent 
B Most studies consistent and inconsistency can be explained  

C Some inconsistency, reflecting genuine uncertainty around question 

One study in the main analysis answered the question and two systematic reviews provided the same 
evidence. Two studies answered the question indirectly by comparing 60-62% ABHR with soap and finding 
that while ABHRs with ≥70% generally outperform soaps, these two did not. The only small inconsistency is 
that the third ABHR in the Barbut et al. (2007) paper had exactly 70% instead of below 70%, where the cutoff 
for the question was set.  D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large  
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B Moderate 
The clinical impact is potentially very large, because the established advantage of ABHRs over plain and antimicrobial 
soaps (see the other Evidence Statement) would be diminished or abolished when using ABHRs with insufficient 
antimicrobial activity. Also, healthcare workers might be under the impression that they have complied with hand hygiene 
when the substance that they used is not very effective   C Slight 



D Restricted 
4. Generalisability   

A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats  

C Evidence not directly generalisable to the target population but could be sensibly applied 

There is one caveat with generalising this finding. Antimicrobial activity is not the only desirable feature of ABHRs in 
healthcare settings. The others are user acceptability (related to subjective perception of liking the product) and skin 
tolerability (i.e. lack of skin damage) of a product. There are several published studies indicating that antimicrobial activity 
and user acceptability/skin tolerability are largely independent. Thus, the optimal formulation should combine good 
antimicrobial activity with good user acceptability/skin tolerability.  D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats  

There are some caveats in the Australian healthcare context. The main one is that there is currently a significant lack of 
ABHRs on the Australian market that have both, significant antimicrobial activity and a high level of user acceptability/skin 
tolerability. There are also significant deficiencies with the current TGA approval processes for antiseptics and 
disinfectants, especially a lack of transparent, standardised and stringent testing processes that lead to approval. By 
contrast, there is an abundance of good products on the European market. As an example, in Germany alone, there are 
over 80 ABHRs from 50 different manufacturers that all fulfil the stringent EN 1500 standards, and some fulfil very 
stringent virucidal testing standards. 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

The evidence base for this is probably much better than it appears from the small number of studies that were included in the formal analysis. Many studies of level III that are cited and listed in the tables of the guidelines (WHO, CDC), 
but were not included in the main Evidence Statement show essentially the same results. There are many level III and/or experimental studies that indicate that within the active range of about 60-90%, ABHRs with higher concentrations 
fare better than those with lower concentrations. There are multiple entries in the tables and references of the WHO and CDC Guidelines that document this. The passing of stringent antimicrobial testing standards is probably an even 
better criterion than the total alcohol content. This is derived from the fact that different alcohol species have different levels of activity (60% v/v n-propanol is approximately equivalent to 70% v/v isopropanol and to 80% v/v ethanol) and 
that many commercial ABHR formulations consist of blends of different alcohol species. One caveat when judging alcohol content is that percent v/v, w/v and w/w are different, although v/v is most commonly used. A suitable standard to 
be adopted would be the European EN 1500 standard, which is more stringent (i.e. has a greater safety margin in healthcare) than its US counterpart. The EN 1500 standard has two sub-categories, formulations that pass the standard in 
a contact time of 60 seconds (such as the reference alcohol), and another where ABHRs already achieve the sufficient level of microbial reduction in 30 sec. Of the two, the 30-sec category is more stringent and requires greater 
antimicrobial activity. The systematic review by Picheansathian (2004) that is included in the assessment provides evidence that supports the passing of such standards. In addition, this would be further supported if the 39 articles from 
Question 1, category (d), could be fully assessed (see Conclusions). The consequences of a relative paucity of good products on the Australian market is that the Australian infection control community should (a) look for more products 
with both, good antimicrobial activity and user acceptability/skin tolerability to enter the local market and (b) work with the TGA to promote more stringent and transparent testing and approval processes.  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base  B  
2. Consistency  B  
3. Clinical impact  A  
4. Generalisability  B  
5. Applicability  B  
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Indicate any dissenting opinions 
 
Evidence statement 
Products with at least 70% v/v ethanol or equivalent alcohol concentration are more effective against common pathogens in the 
healthcare environment  than those with lower concentrations 

GRADE  
 
 

 
 B 
 

Recommendation: Grade B 
ABHR’s containing at least 70% v/v ethanol or equivalent should be used for all routine hand hygiene practices in the 
healthcare environment. 
 

GRADE  
 

 B 

GPP: If hands are visibly soiled they should be washed with plain or antimicrobial soap. 
 

  GPP 

 
Key question(s): What method or substance for hand hygiene, if any, is effective at reducing the risk of Clostridium difficile transmission?  Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias  

One level III-2 study (Wullt et al. 2003) that C. difficile spores are not killed by 70% isopropanol.  
One level III-2 study (Kampf et al. 2008) that C. difficile vegetative forms are rapidly killed by an 85% ethanol 
hand gel.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’)
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question  

All studies are consistent that C. difficile spores cannot be killed by hand hygiene agents, 
while vegetative forms are. There is, however, genuine uncertainty as to what hand hygiene 
procedures are suitable in cases of C. difficile infection.  

D Evidence is inconsistent 
 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight  
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The clinical impact of this is potentially very large, because there is genuine uncertainty 
surrounding this question, and there is a need to protect staff and other patients from cross-
infection, although some literature sources indicate that the disease is not very contagious. 
In the absence of a real optimum solution to this clinical problem, the clinical impact should 
be rated as slight.  

D Restricted 



4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied  

Evidence is from laboratory studies, but can be inferred to patient populations.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats  

The applicability to the Australian healthcare context is limited because of the genuine limitations of what can 
be done in terms of hand hygiene against C. difficile.  

D Evidence not applicable to Australian healthcare context 
 Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

There are interesting aspects pertaining to this question. The scientific evidence that C. difficile spores cannot be reliably killed by any hand hygiene agent, including alcohols, while vegetative forms are readily killed, is hard and fast, and 
there is literally no doubt by anyone in the microbiology community. From a formal evidence grade assessment level, however, the same ranks as low-level evidence. Multiple references are cited within the major evidence-based reviews 
and guidelines (e.g. WHO, CDC) that are not formally assessed, and state that C. difficile spores are generally not killed by alcohols, whereas vegetative forms are. The major guidelines are also clear that none of the known ingredients of 
antiseptic handwashes or rubs have any relevant activity against C. difficile spores, and that soap-based handwashing contributes to mechanical removal. There is also one published abstract, which as an abstract cannot be included, that 
in one experimental series, C. difficile spores have been reduced on hands by an ABHR by 1.7 log, and by chlorhexidine handwash by 2.5 log. There is continuing genuine uncertainty as to what is the best hand hygiene practice in case 
of C. difficile infections. The WHO guideline, as well as several other guidelines, takes a composite approach to integrate scientific data with formally assessed evidence, and recommends that (a) gowns and gloves should be worn when 
caring for patients with suspected or proven C. difficile infection, (b) hands should be washed with antiseptic or plain soap and water when specifically caring for such patients, but (c) ABHRs should continue to be used as recommended 
in other clinical situations. The WHO guideline further points out that (a) extensive use of ABHRs has not led to an increase in C. difficile infections and (b) the non-spore form is readily killed by alcohol. There is one cited clinical trial on 
glove use to prevent C. difficile transmission (Johnson S et al. Prospective, controlled study of viny glove use to interrupt Clostridium difficile nosocomial transmission. Am. J. Med. 1990; 88: 137-40), but this has not been reviewed as a 
formal part of this Systematic Review. There are two expert recommendations for hand hygiene against C. difficile in cases of accidental contact while not wearing gloves. Both, Professor Rotter from Vienna in Austria (a hand hygiene 
expert) and Professor Thomas Riley from Perth (an expert for C. difficile) recommend ABHR followed by soap-based handwashing (i.e. 2 steps). This is based on the rationale that in natural populations, the ratio of vegetative bacteria to 
spores is about 10:1, and that vegetative forms (not just spores) appear to be involved in transmission, as shown by an increased risk for patients on gastric acid suppressants (gastric acid would kill vegetative forms).  

EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base   
2. Consistency   
3. Clinical impact   
4. Generalisability   
5. Applicability   

Indicate any dissenting opinions 
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Evidence statement 
ABHR are ineffective against C difficile spores.  

 
 No grade 

 

 
 
 

 

Key question(s): What is more effective against non-enveloped viruses? Hand washing with plain or antimicrobial soaps, or alcohol-based 
hand rubs in standard concentrations and compositions?   

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 
C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One level III-2 study with low to medium risk of bias that both are similar.  
Two level III-2 or III-3 studies with medium risk of bias that both are similar.  
One level III-3 study with medium-high risk of bias that both are similar.  
7 level III-2 or III-3 studies with medium risk of bias that standard ABHRs are superior.  
One level III-3 study with medium-high risk of bias that standard ABHRs are superior.  
One level III-2 study with medium risk of bias that handwashing is superior.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’)
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

The evidence as to which one is more efficient against non-enveloped viruses is inconsistent. Of the evaluated 
studies, some indicate that ABHRs are better, some indicate that handwashing is better, some indicate that 
both are similar. There is a greater number of studies in favour of alcohols; this is also reflected in the WHO 
and CDC Guidelines. It is also dependent on the virus species, with rotavirus being very effectively 
inactivated by standard ABHRs.  

D Evidence is inconsistent  

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight  

The clinical impact is slight, because the findings suggest that there is not much difference between 
standard ABHRs and handwashing. The evidence suggests that unless special virucidal 
formulations are used, gloves should be worn when in direct contact with infected patients, 
depending on the type of virus and its infection route (if contact transmission).  

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied  

Page 10 of 54 

Due to the inability to conduct clinical trials with real patients and infection rates as the outcome, 
most of the results have been gathered by tests in vitro (in suspension) or in vivo (on hands) in the 
laboratory and with volunteers; some tests used surrogate viruses.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
5. Applicability   

This finding is applicable to the Australian healthcare context in the sense that as the analysis of evidence 
t d th d t t b l i l i it f th th i l f

A Evidence directly applicable to Australian healthcare context 



B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats  

D Evidence not applicable to Australian healthcare context 
 Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

There is also a larger body of literature and knowledge than the articles that could be included in the formal analysis. There are a reasonably large number of published articles from the 1970s, 
1980s and 1990s, concerning virucidal antiseptic testing and the activity of various antiseptics, disinfectants and handwashing agents against enveloped and non-enveloped viruses. In addition, 
there are international testing standards (European, North American) for virus removal by handwashes or hand antiseptics. The WHO and CDC guidelines appear to argue more in favour of 
ABHRs than handwashing against non-enveloped viruses, although there is a mixed picture as to which ones are inactivated (or not) by alcohols in standard concentrations (e.g. ethanol 70-
80%). The picture is clearer for rotavirus, where the common rotavirus strain Wa is readily inactivated by standard alcohols. This scenario would suggest that gown and glove use should be 
recommended when specifically caring for patient with suspected or known infection with contact-transmissible non-enveloped viruses, and either ABHRs or handwashing should be 
recommended when not directly caring for such patients, even when there is an outbreak on the same ward. The use of gloves (for specific patient care) is further supported by the fact that some 
non-enveloped viruses (e.g. rotavirus, norovirus) are excreted in the stool in large numbers, and it is not known what level of log reduction on hands is necessary to prevent transmission.  
EVIDENCE STATEMENT MATRIX 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base  D  
2. Consistency  D  
3. Clinical impact  C  
4. Generalisability  C  
5. Applicability  C  

Indicate any dissenting opinions 
 

Evidence Statement 
There is inconsistent evidence that handwashing with plain or antimicrobial soaps are more effective than ABHRs 
against non enveloped viruses

GRADE  
 
 

 D 
 
 

 

 GPP: 
 Meticulous handwashing and drying is recommended for an outbreak of C. difficile. This facilitates the mechanical removal of spores. 
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 Evidence table: Positive pressure rooms 
Key question(s): Is there evidence supporting the reduction in transmission of nosocomial infections to immunocompromised patients using 
positive pressure rooms compared to normal pressure rooms?  This is inclusive of bacterial, fungal, parasitic and viral infections. 

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

6 studies:  
4 Level III-2 studies 
2 Level III -3 studies 
Low level of bias, controlled populations and controlled environments 

 
D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

3 studies demonstrated significant reduction in environmental fungal 
contamination with the use of positive pressure rooms. 3 studies demonstrated 
a significant reduction in incidence with the use of positive pressure rooms with 
HEPA filters. D Evidence is inconsistent 

3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 
A Very large 
B Moderate 

C Slight 

Positive pressure rooms were demonstrated to have an effect on reducing 
transmission of infection to immunocompromised of patients. 

D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

The studies examined the management of immunocompromised patients 
SCT,BMT, haematological patients in reducing Aspergillosis infection and 
aerosolised MRSA in burns patients. Generalisable to this population of 
immunocompromised patients. D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Applicable to facilities that manage immunocompromised patients in positive 
pressure rooms 

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 
6. Evidence base  D  One member noted they thought it should be a C grade, evidence assigned according to NHMRC criteria. Unethical to do an RCT 
7. Consistency  B  Consistency can be explained 
8. Clinical impact  A  Profound clinical impact given the effect on mortality. Antibiotic prophylaxis can also provide clinical impact.  
9. Generalisability  A  
10. Applicability  A  

Indicate any dissenting opinions 
 
Points for future research – construction levels, what are the risks while construction periods are going on, is it just related to fungal infection, what impact does 
antibiotic phrophylaxis have now. 
 

 EVIDENCE STATEMENT  
There is evidence to support the use of positive pressure rooms in reducing the risk of fungal infection to 
immunocompromised patients. 

GRADE OF EVIDENCE 
STATEMENT 

 

 C 
 

 

RECOMMENDATION 
What recommendation(s) does the guideline development group draw from this evidence? Use action statements where possible. 
Profoundly neutropenic patients of less than 500 neutrophils should be cared for in a health facility in a single positive 
pressure room. 
This is especially relevant during renovation or a construction period where level of air contamination is significantly 
higher. 

GRADE OF 
RECOMMENDATION 

 
 

 

 C 
 

 

 
Evidence tables: Skin antisepsis  

 
Comparison 1: Chlorhexidine versus any other solution 
Chlorhexidine at any strength, and in any base solution, was compared with any other tested solution that did not contain chlorhexidine. 
Comparators included povidone iodine, alcohol, and sodium chloride/hypochlorite (ExSept) solutions. 

Evidence table ref: 
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1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Four studies reported on this comparison (Langgartner 2004, Mimoz 2007, Small 2008, Valles 2008). 
All studies were Level II studies (randomised controlled trials) with a low (Mimoz 2007, Valles 2008) or 
moderate (Langgartner 2004, Small 2008) risk of bias. 
 
* Note. This should be upgraded to Level A evidence if the meta-analysis by Chaiyakunapruk N et al is 
included. See comments in “Other factors” below. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

All 4 studies found a statistically significant lower incidence of device colonisation in the chlorhexidine 
groups, and this difference was also significant on meta-analysis (OR 0.44, 95%CI 0.33-0.57).  
The 2 studies that reported IVD-related BSI both reported lower incidence in the chlorhexidine arm. 
Meta-analysis found this not to be statistically significant (OR 0.66, 95%CI 0.34-1.26) but sample sizes 
were inadequate to detect this endpoint. 
The 2 studies that reported phlebitis found no significant difference in rates with the use of chlorhexidine 
or other solutions. On meta-analysis, there remained no significant difference (OR 1.07 95%CI 0.69-
1.65). 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

In this meta-analysis, it was observed that use of chlorhexidine in any formulation halved the incidence 
of intravascular device colonisation (from 28% to 15%, OR 0.66, 95%CI 0.34-1.26) over the use of any 
other solution. The clinical impact of this intervention appears of significant benefit to patients. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The intervention has been tested, and found effective, in peripheral and central venous catheters and in 
peripheral arterial catheters. There is no evidence to confirm the results in other IVD populations; neither 
is there any evidence to suggest that it is not generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this intervention 
in children and neonates. Evidence of safety and efficacy is required in these groups; particular care 
should be taken in assessing the use of chlorhexidine, and other products, in low birth-weight neonates, 
where toxicity may be a potential risk. D Evidence not directly generalisable to target population and hard to judge 

whether it is sensible to apply 

5. Applicability 
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A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

All evidence has been generated in Europe. It is possible that the evidence may not be directly 
generalisable to the Australian population; however, there is no evidence to suggest this, and it is 
unlikely that results would differ if studies were performed her. Chlorhexidine is readily available for 
use in Australia and many settings already use this as the preferred solution for skin preparation prior to 
IVD insertion. 
 D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 
This review was restricted to RCTs published between 2002 and 2009. We note also that the meta-analysis published in 2002 that covered earlier studies and a wide variety of device types 
found similar results to ours.1 That meta-analysis included 8 studies and 4143 IVDs, with a significant reduction shown in both IVD-related BSI, and device colonisation, by a magnitude of 
one half, with the use of chlorhexidine (any strength, any base solution) against povidone iodine (10%, any base solution). IVD-related BSI RR 0.49 (95%CI 0.28-0.88); device colonisation 
OR 0.49 (95%CI 0.31-0.71). The results suggested that for every 1000 patients treated with chlorhexidine skin preparation rather than povidone-iodine, 71 episodes of device colonisation 
and 11 cases of IVD-related BSI will be prevented. 
 
1. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlorhexidine Compared with Povidone Iodine Solution for Vascular Catheter–Site Care: A Meta-Analysis. Ann Intern Med. 
2002;136:792-801. 
EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee - Comparison 1: Chlorhexidine vs any other solution 

Component Rating Description 
1. Evidence 

base 
 A  

2. Consistency  A  

3. Clinical impact A  Large clinical impact  

4. Generalisabilit
y 

 B  Generalisable to an adult population 

5. Applicability  A Applicable to products, solutions and populations in Australia 

 EVIDENCE STATEMENT  
There is strong evidence to suggest that chlorhexidine is more effective at reducing device colonisation than povidine iodine, alcohol or 
sodium chloride/hypochlorite (ExSept) solutions. 

GRADE OF EVIDENCE 
STATEMENT 

 
A 
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Comparison 2. Chlorhexidine versus povidone iodine 
Evidence table ref: 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Three level II studies, 2 with a low risk of bias (Mimoz 2007, Valles 2008) and one with a moderate risk 
of bias (Langgartner 2004). 
 
* Note. This should be upgraded to Level A evidence if the meta-analysis by Chaiyakunapruk N et al is 
included. See comments in “Other factors” below. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Two studies found a significantly lower device colonisation rate with the use of chlorhexidine and the 
other found no significant difference, possibly due to inadequate sample size. Meta-analysis of the 3 
studies detected an overall significant reduction (OR 0.53 95%CI 0.39-0.71, p<0.0001) in device 
colonisation with the use of chlorhexidine. The two studies examining IVD-related BSI found no 
statistical difference in incidence with the use of chlorhexidine. Neither did this did reach statistical 
significance on meta-analysis, probably due to inadequate sample size. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The overall impact was a reduction by approximately half in the device colonisation rate (OR 0.53 
95%CI 0.39-0.7). This is of significant clinical benefit. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral arterial catheters. 
Patients studied were in both medical-surgical wards and an intensive care unit. There is no evidence to 
confirm the results in other IVD populations; neither is there any evidence to suggest that it is not 
generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this intervention 
in children and neonates. Evidence of safety and efficacy is required in these groups; particular care 
should be taken in assessing the use of chlorhexidine in low-birth weight neonates, where toxicity may 
be a potential risk. 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 
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5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

All evidence has been generated in Europe. It is possible that the evidence may not be directly 
generalisable to the Australian population; however, there is no evidence to suggest this. Chlorhexidine 
is readily available in Australia and many settings already use this as the preferred solution for skin 
preparation prior to IVD insertion. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 
This review was restricted to RCTs published between 2002 and 2009. We note also that the meta-analysis published in 2002 that covered earlier studies and a wide variety of device types 
found similar results to ours.1 That meta-analysis included 8 studies and 4143 IVDs, with a significant reduction shown in both IVD-related BSI, and device colonisation, by a magnitude of 
one half, with the use of chlorhexidine (any strength, any base solution) against povidone iodine (10%, any base solution). IVD-related BSI RR 0.49 (95%CI 0.28-0.88); device colonisation 
OR 0.49 (95%CI 0.31-0.71). These results suggest that for every 1000 patients treated with chlorhexidine skin preparation rather than povidone-iodine, 71 episodes of device colonisation and 
11 cases of IVD-related BSI will be prevented. 
1. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlorhexidine Compared with Povidone iodine Solution for Vascular Catheter–Site Care: A Meta-Analysis. Ann Intern Med. 
2002;136:792-801. 
EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee – Comparison 4: Chlorhexidine vs povidine iodine 

Component Rating Description 
1. Evidence 

base 
 A  

2. Consistency  A  

3. Clinical impact A  Large clinical impact  

4. Generalisabilit
y 

 B  Generalisable to an adult population 

5. Applicability  A Applicable to products, solutions and populations in Australia 

 EVIDENCE STATEMENT  
There is strong evidence to suggest that povidine-iodine is less effective at reducing device colonisation than chlorhexidine. 
 

GRADE OF EVIDENCE 
STATEMENT 

 
A 

 
 

 
 

Comparison 3. 0.5% alcoholic chlorhexidine versus 10% aqueous povidone iodine 
Evidence table ref: 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 
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A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Two level II studies of low (Valles 2008) and moderate (Langgartner 2004) risk of bias. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

Both studies showed a lower device colonisation rate with the use of 0.5% alcoholic chlorhexidine, 
although this did not reach statistical significance in one study, possibly due to inadequate sample size. 
Meta-analysis detected an overall significant reduction (OR 0.55, 95% CI 0.35-0.84, p=0.007) in device 
colonisation with the use of 0.5% alcoholic chlorhexidine. 

D Evidence is inconsistent 

  NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The overall impact was a reduction by approximately half in the device colonisation rate (OR 0.55, 95% 
CI 0.35-0.84). This is of significant clinical benefit. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral arterial catheters. 
Patients studied were in both medical-surgical wards and an intensive care unit. There is no evidence to 
confirm the results in other IVD populations; neither is there any evidence to suggest that it is not 
generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against this intervention 
in children and neonates. Evidence of safety and efficacy is required in these groups; particular care 
should be taken in assessing the use of chlorhexidine in low-birth weight neonates, where toxicity may 
be a potential risk. 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

0.5% chlorhexidine gluconate in 70% alcohol is readily available in Australia and many settings already A Evidence directly applicable to Australian healthcare context 
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B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

use this as the preferred solution for skin preparation prior to IVD insertion. All evidence has been 
generated in Europe. It is possible that the evidence may not be directly generalisable to the Australian 
population; however, there is no evidence to suggest this. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee - Comparison 3: 0.5% alcoholic chlorhexidine vs 10% aqueous povidine iodine  

Component Rating Description 
1. Evidence 

base 
 B  

2. Consistency  A  

3. Clinical impact A  Large clinical impact  

4. Generalisabilit
y 

 B  Generalisable to an adult population 

5. Applicability  A Applicable to products, solutions and populations in Australia 

 EVIDENCE STATEMENT  
There is strong evidence to suggest that a 0.5% alcoholic chlorhexidine solution is more effective at reducing device colonisation than 10% 
aqueous povidine iodine. 

GRADE OF EVIDENCE 
STATEMENT 

 
A 

 
 

 

Comparison 4. Alcohol versus aqueous-based solutions 
Evidence table ref: 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

There are two level II studies, both RCTS with a low risk of bias (Parienti 2004, Valles 2008). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

One study (Parienti 2004) found a significant reduction in device colonisation with the use of alcoholic A All studies consistent (device colonisation) 
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B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

5% PI versus aqueous 10% PI (OR 0.28, 95%CI 0.14-0.56). The other study (Valles 2008) found a 
reduction that was not quite statistically significant with the use of alcoholic over aqueous chlorhexidine 
(OR 0.65, 95%CI 0.42-1.01). On meta-analysis, a reduction in device colonisation associated with 
alcoholic based solution approached, but was not statistically significant (OR 0.45 95%CI 0.20-1.01, 
p=0.05). Neither study found a significant difference in IVD-related BSI rates. 

D Evidence is inconsistent 

  NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

There is some evidence that use of alcohol-based solutions can reduce intravascular device colonisation 
over the use of aqueous-based solutions, possibly by about 50% (OR 0.45 95%CI 0.20-1.01). However, 
as this did not quite reach statistical significance on meta-analysis, care must be taken not to overstate 
the potential impact. 
 D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

The intervention has been tested, and found effective, in central venous and peripheral arterial catheters. 
Patients studied were in both medical-surgical wards and an intensive care unit. There is no evidence to 
confirm the results in other IVD populations; neither is there any evidence to suggest that it is not 
generalisable to these groups.  
All evidence has been gathered in adult populations; there is no evidence for, or against, this intervention 
in children and neonates. Evidence of safety and efficacy is required in these groups; particular care 
should be taken in assessing the use of chlorhexidine in low-birth weight neonates, where toxicity may 
be a potential risk. 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

Alcohol based formulations of both chlorhexidine and povidone-iodine are readily available in Australia. 
All evidence has been generated in Europe. It is possible that the evidence may not be directly 
generalisable to the Australian population; however, there is no evidence to suggest this. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

 NO 
EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee – Comparison 5: Alcohol vs aqueous based solutions 
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Component Rating Description 
1. Evidence 

base 
 B  

2. Consistency  A  

3. Clinical impact A  High clinical impact with a 50% reduction in endpoints despite statistical significance 

4. Generalisabilit
y 

 B  Generalisable to an adult population 

5. Applicability  A Applicable to products, solutions and populations in Australia 

 EVIDENCE STATEMENT  
There is good evidence to suggest that alcohol based solutions is effective at reducing device colonisation than other aqueous based solutions

 

GRADE OF EVIDENCE 
STATEMENT 

 
A 

 
 

RECOMMENDATION 
A chlorhexidine alcohol solution must be used for skin preparation prior to the insertion of intravascular devices. 
The minimum concentration used should be 0.5% chlorhexidine and 70% isopropyl alcohol. This is the preferred solution.  
 
If there are specific allergies in patients, then other alternatives such as povidine iodine can be used. 

 

GRADE OF 
RECOMMENDATION 

 
 

 

A 
 

 

 
 

Evidence tables: Maximal sterile barrier precautions vs less stringent technique 
Comparison 6. Maximal sterile barrier insertion precautions versus less stringent 
technique 

Evidence table ref: 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of 
bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

Both studies were Level II studies (randomised controlled trials). The risks of bias were low (Rijnders 
2003) and moderate (Carrer 2005). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

The central venous device study (Carrer 2005) reported maximal barrier technique to be associated 
with a significantly lower skin colonisation rate immediately after insertion (39% vs 69%, p=0.01), 
but this was not sustained at 48 hours or 5 days. Neither study found maximal barrier insertion to 
significantly influence device colonisation, and this was confirmed on meta-analysis (OR 0.96 95% C Some inconsistency, reflecting genuine uncertainty around question 
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D Evidence is inconsistent CI 0.42-2.18). One study (Rijnders 2003) reported IVD-related BSI and found no difference in rates 
when the maximal barrier technique was used. Inadequate sample sizes were present in both studies to 
test the hypotheses. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the intervention could not be 
determined) 

A Very large 

B Moderate 

C Slight 

In the study of central venous devices, there was evidence that maximal sterile barrier precautions 
significantly reduced immediate skin colonisation, which may indicate some benefit. There was no 
evidence that this effect was sustained over time, or that it reduced device colonisation or IVD-related 
bloodstream infection rates. The arterial catheter study found no benefit in the sterile barrier 
technique over sterile gloves. On meta-analysis, there was no evidence of a benefit of maximal sterile 
barrier insertion technique for reducing device colonisation.  D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensible applied 

Although there was only 1 study in each population, the results should be fairly generalisable to other 
central venous and peripheral arterial catheter populations. The effect in other IVD types is unknown.  
All evidence has been gathered in adult populations; there is no evidence for, or against this 
intervention in children and neonates.  

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 
apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some caveats 

Both central and arterial lines are frequently used in Australia. The maximal barrier insertion 
technique is readily available and is currently heavily promoted by local and international initiatives 
for reducing infection in central venous devices. All evidence has been generated in Europe. It is 
possible that the evidence may not be directly generalisable to the Australian population; however, 
there is no evidence to suggest this. Note. The standard care groups tested in both of these studies 
used sterile gloves as a minimum (Rijnders 2003), or sterile gloves, 2 small sterile drapes, mask and 
cap (Carrer 2005). 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the recommendation) 
The terms of this review were restricted to RCTs published from 2002-2009. We also note the systematic review published in 20041 which could only find one RCT (1994) on the topic. That study, of 343 
ambulatory cancer patients, found a significantly reduced central venous device colonisation (RR 0.32, 95%CI 0.10-0.96, p=0.04) and no difference in IVD-related BSI (RR 0.16, 95%CI 0.02-1.30, p=0.06) with 
maximal barrier insertion.2 When analysed by incidence per 1000 device days, both colonisation and IVD-related BSI were significantly lower in the maximal barrier group (colonisation 0.3 vs 1/1000 device 
days, p=0.007, and IVD-related BSI 0.08 vs 0.5 per 1000 device days, p=0.02,).  
 
We also note that maximal barrier technique has been an element of many “bundle of care” studies that have observed positive effects in reducing central venous catheter infection, although this does not assess 
the effectiveness of maximal sterile barrier insertion per se, and it may be that the benefits observed reflect other aspects of the bundle or a combination effect of the bundle and campaign focus. 
 

1. Hu KK, Lipsky BA, Veenstra DL, Saint S. Using maximal sterile barriers to prevent central venous catheter-related infection: a systematic evidence-based review. Am J Infect Control 2004; 32:142-
146. 
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2. Raad II, Hohn DC, Gilbreath BJ, Suleiman N, Hill LA, Bruso PA, et al. Prevention of central venous catheter-related infections by using maximal sterile barrier precautions during insertion. Infect 
Control Hosp Epidemiol 1994;15(Pt 1):231-8. 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee - Comparison 6: Maximum sterile barrier insertion precautions vs less stringent technique 
Component Rating Description 

1. Evidence base  C evidence base and consistency are poor  
2. Consistency  D  
3. Clinical impact  A  difficult to determine with regards to bundle of care lines 
4. Generalisability  A  Generalisable to central venous catheters 
5. Applicability  A Barrier precautions should be specific to the same procedure as in theatre 

Dissenting opinions: Ann Koehler suggests biases used were not significant to the study. Would like to grade evidence as B. Notes there is other data that could 
be used to form recommendation. 
There is evidence that maximum barrier precautions for the insertion of central venous catheters reduces associated blood stream infections 
Suggest combine evidence statement from systematic review with Raad 1994 and Lipsky 2004, Mueller 1991 to make recommendations for: 
- central venous line (EPIC recommends full sterile precautions) 
- peripheral line, arterial line  

 EVIDENCE STATEMENT  
There is inconsistent evidence that maximal sterile barrier precautions reduced immediate skin colonisation, device 
colonisation or IVD related bloodstream infection rates. 

GRADE OF EVIDENCE 
STATEMENT 

 
 

C 
 

RECOMMENDATION 
Maximum barrier precautions should be used for the insertion of all central venous catheters, including peripheral 
inserted central venous catheters (PICC lines).  
 

GRADE OF 
RECOMMENDATION 

 
 

B 

When inserting peripheral lines ensure the insertion site is aseptic, equipment is sterile and the patient has sterile 
barriers.  It is important to have good technique, sterile gloves and comply with hand hygiene.  
 

 GPP 
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Evidence tables: Dressings/preparations  

 

Comparison: 4-day vs 15-day replacement of long-term central venous device dressings 
Evidence table ref: 

3.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

One study (N=112) reported on this comparison (Benhamou 2002). It was of moderate risk of bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Not applicable 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the intervention 
could not be determined) 

A Very large 

B Moderate 

C Slight 

The study found extending dressing use did not significantly change IVD-related BSI rates, but was 
associated with a significantly reduced skin toxicity from 43% to 14% of patients (p=0.001) Extending 
dressing use appears to improve patient comfort and reduce nursing workload. 
N.B. The achieved frequency of dressing change was 4 days in the control group but mean 8 days in the 
15-day group, thus the 14% incidence should be taken to reflect 8 days use, not 15. Recommendations 
need to also reflect this timeframe. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence was gathered in paediatric oncology patients with central venous devices in situ for mean 48 
days. The evidence that IVD-BSI rates are unaffected is somewhat generalisable to other central devices. B Evidence directly generalisable to target population with some caveats 
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C Evidence not directly generalisable to the target population but could be 
sensible applied 

Skin toxicity is a problem more commonly found in the oncology group and therefore reductions in this 
may not be relevant to other patient groups. The effect in non-central devices is unknown.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

The study was undertaken in France but should be applicable to Australian patients. The dressings used 
in the study (Tegaderm™ (semi-permeable film), Mefix™ (polyacrylate fixation sheet) and sterile gauze 
with tape are widely available in Australia.  

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

EVIDENCE STATEMENT MATRIX 
 

Component Rating Description 

1. Evidence base C Bias because of narrow group 

2. Consistency NA  

3. Clinical impact C  

4. Generalisability D Only applies to paediatric and oncology patients 

5. Applicability C  

Indicate any dissenting opinions-  
Suggest at least weekly change as consistent with CDC recommendations.  Multiple variations in periods for dressing changes for various catheters is not 
practical in the clinical setting. There is evidence to suggest that dressings for long term central venous catheters can be changed less frequently ie > 7/7 in 
children and not increase the risk of a CRBSI.  Decreased frequency of changes also assists in reducing skin toxicity. 
 

 EVIDENCE STATEMENT  
 

GRADE OF EVIDENCE 
STATEMENT 

 
 

  

  C 
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RECOMMENDATION 

Paediatric long term CVD dressings should be changed at least weekly.  Dressings should be 
changed earlier if they become soiled of loosened or the patients’ clinical presentation 
indicates a BSI.    

GRADE OF EVIDENCE 
STATEMENT 

 

C 
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Comparison: Replacement of transparent dressings in short term central venous and peripheral arterial device dressings at 3 versus 
7 days 

Evidence table ref: 
3.10.2 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

One study (N=1636 patients, 3778 IVDs) reported on this comparison (Timsit 2009). It was of low risk 
of bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Not applicable 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

The study found extending scheduled dressing replacement associated with no significant difference in 
either device colonisation (10.4 vs 11.0 per 1000 IVD days, HR 0.99, 95%CI 0.77-1.28, p=0.95) or IV-
related BSI (0.7 vs 0.9 per 1000 IVD days, HR 1.26 (95%CI 0.47-3.34, p=0.65). Median dressing 
changes per catheter were reduced from 4 to 3 (p<0.001). Extending dressing would likely improve 
patient comfort, reduce nursing workload and reduce costs. 
N.B. The proviso in this study was that sites were closely monitored and that additional dressing 
replacement occurred if dressings were soiled or not intact. Many (45%) of dressings occurred for this 
reason before the scheduled timeframe. Recommendations need to also reflect this additional proviso. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence was gathered in adult intensive care patients with sort–term central venous or peripheral 
arterial devices in situ for median 6 days (IQR 4-10 days). The evidence is somewhat generalisable to B Evidence directly generalisable to target population with some caveats 
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C Evidence not directly generalisable to the target population but could be 
sensible applied 

other device types.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

The study was undertaken in France but should be applicable to Australian patients. Similar dressings 
including those used in the study (Tegaderm semi-permeable film) are widely available and commonly 
used in Australia. The study was undertaken in intensive care units, where nursing ratios are higher than 
the general wards, and a high level of nursing monitoring and assessment for soiled/loosened dressings 
was possible. Application of findings to general wards and other settings will require emphasis of the 
need for regular assessment of dressing status with timely replacement if soiling or loosening of the 
dressing occurs. D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

EVIDENCE STATEMENT MATRIX 
 

Component Rating Description 

1. Evidence base B  

2. Consistency N/A  

3. Clinical impact C  

4. Generalisability B  

5. Applicability C Peripheral arterial lines need to be considered separate from central venous lines  

 EVIDENCE STATEMENT  
Short term vascular devices should have their dressing changed as indicated by daily inspection 
of the catheter site and dressing integrity.  There is limited evidence to suggest a set time frame 
for dressing changes  

GRADE OF EVIDENCE 
STATEMENT 

 
 

  

  B 
 

RECOMMENDATION 

Short term vascular catheters should be examined daily to assess whether dressings require 
changing.  Dressing change is indicated where the dressing is loose or soiled or the patient’s 
clinical signs and symptoms indicate a CRBSI 

GRADE OF EVIDENCE 
STATEMENT 

 

C 
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Comparison: Chlorhexidine-impregnated sponge dressings (BioPatch™) versus other dressings for short and long term central venous devices, 
and peripheral arterial devices 

Evidence table ref: 
3.10.3 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Four studies reported on this comparison. All were Level II studies (randomised controlled trials), one of 
low risk of bias (Timsit 2009) and three of moderate risk of bias. (Levy 2005 Ruschulte 2009, Chambers 
2005). 
N.B. If the meta-analysis described below (see ‘Other Factors’) is included then the evidence level 
should be upgraded to Level A. 
 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

All four studies found chlorhexidine sponges to be of benefit in central venous catheters (both short and 
long term devices), and in peripheral arterial devices. Timsit (2009) found a significant reduction in 
device colonisation (p<0.001), IVD-related BSI (p=0.005) and skin colonisation (p<0.01) for both 
peripheral arterial and central venous devices with the use of chlorhexidine-impregnated sponge dressing 
vs transparent dressing alone. Chambers (2005) found a significant (p<0.001) reduction in combined exit 
site/tunnel site infection. Levy (2005) found a significant (p=0.045) reduction in device colonisation. 
Ruschulte (2009) reported a significant (p=0.02) reduction in IVD-related BSI. Meta-analysis of the 
studies found a significant (p=0.02) reduction in IVD-related BSI with (OR 0.54, 95%CI 0.32-0.89) and 
a significant (p<0.00001) reduction in device colonisation (OR 0.40, 95%CI 0.31-0.50) with the use of 
the chlorhexidine impregnated sponge. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

There is evidence that use of a chlorhexidine-impregnated sponge dressing can significantly reduce IVD-
related BSI and device colonisation by approximately a factor of half (IVD-BSI OR 0.54, 95%CI 0.32-
0.89, device colonisation OR 0.40, 95%CI 0.31-0.50) for both peripheral arterial devices, short-term and 
long-term central venous devices. This is a very large clinical benefit in the most important endpoint 
relating to IVD infection. Whilst chlorhexidine dressings will of themselves increase costs, the potential 
to save costs in IVD-related BSI treatment would likely negate this. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population Evidence has been gathered in a variety of adult, paediatric, ICU and oncology settings using short-term 
and long term CVCs, and peripheral arterial devices including both plain and antimicrobial-coated B Evidence directly generalisable to target population with some caveats 
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C Evidence not directly generalisable to the target population but could be 
sensible applied 

CVCs. Evidence is generalisable to short and long term central venous and peripheral arterial devices. 
The effect in other catheter types is unknown.  
 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

All studies were undertaken overseas but in comparable healthcare systems, including one in New 
Zealand using the BioPatch™ brand dressing which is available in Australia and already in use in some 
units. This has been the only brand on the market and all research to date has been done using this 
product, However, a competitor product from 3M is likely to be launched into the Australian market in 
2009/2010. Research will be needed to confirm that this product is as effective as the BioPatch™, as it 
has a different design and composition. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

A meta-analysis undertaken in Australia and published in 2006, reviewed six RCTs (N=2396) comparing Biopatch™ to either placebo or povidone iodine dressings. Three of the studies 
declared funding from the product manufacturer. Evidence of significant publication bias was not present. The meta-analysis found a significant (p<0.00001) reduction in combined device or 
exit-site bacterial colonisation (6 studies, 15% versus 27%, OR 0.47, 95% CI: 0.34–0.65), but no difference (p=0.19) in IVD-related BSI (4 studies, OR 0.61 95% CI 0.30-1.26). However 
after excluding one study (N=705) which compared different dressing timeframes as well as products (once weekly Biopatch™ dressing with a twice-weekly povidone-iodine dressing), the 
reduction in IVD-related BSI was significant (p=0.004) in the Biopatch™ group (OR 0.40 95%CI 0.21-0.75). Noted local reactions to the Biopatch™ product were rare and mainly occurred 
in neonates. The meta-analysis included two of the studies reviewed here (Chambers 2005, Levy 2005) and overall included neonatal, paediatric and adult patients with central and arterial 
devices in wards, oncology and intensive care unit settings. The number needed to prevent one episode of intravascular catheter-related bloodstream infection was 142 for an average period 
of catheter in situ of 10 days and a change of dressing every 5 days. The cost of preventing one vascular catheter-related bloodstream infection was estimated to be £298.1 
1. Ho K, and Litton E. Use of a chlorhexidine-impregnated dressing to prevent vascular and epidural catheter colonisation and infection: a meta-analysis. J Antimicrob Chemother 
(2006);58:281-287 

EVIDENCE STATEMENT MATRIX 
 

Component Rating Description 

1. Evidence base B  

2. Consistency A  

3. Clinical impact A  

4. Generalisability A  

5. Applicability A  
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 EVIDENCE STATEMENT  
There is evidence to suggest that CHG impregnated sponge dressings significantly reduce CRBSI and 
colonisation 

GRADE OF EVIDENCE 
STATEMENT 

 
 

  

  B 
 

RECOMMENDATION 
Chlorhexidine impregnated sponges are recommended for both peripheral arterial devices, short-term and long-
term central venous devices at the catheter insertion site as they significantly reduce IVD-related BSI and 
device colonisation by approximately a factor of half.  

GRADE OF EVIDENCE 
STATEMENT 

 

B 

 
Comparison: Antimicrobial/antibiotic ointment versus no ointment for haemodialysis catheters 

Evidence table ref:  
3.10.4 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Two level II studies were included (total N=212), both had low risk of bias (Johnson 2002, Lok 2003). 
One studied mupirocin (Johnson 2002); the other Polysporin (Lok 2003). 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Both studies found a statistically significant reduction in infection rates associated with use of an 
antimicrobial/antibiotic ointment. Johnson 2002 showed significant reductions in both IVD-related BSI 
(p<0.01) and exit-site infections (p<0.05). Lok 2003 showed a significant (p=0.001) reduction in the 
combined endpoint of exit site/tunnel/IVD-related BSI. Meta-analysis found significant reductions in 
both IVD-related BSI (p<0.0001) and exit site infections (p<0.001) via the use of 
antimicrobial/antibiotic ointment. Johnson reported no observation of the development of resistant 
organisms. NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Odds ratio estimates show a reduction in both IVD-related BSI (OR 0.20 95%CI 0.09-0.43) and exit site 
infections (OR 0.19 95%CI 0.07-0.50) by a factor of 5. This is a very large clinical effect and includes 
the primary endpoint of interest (IVD-related BSI). 

D Restricted 
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4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

Evidence has been gathered in tunnelled haemodialysis central venous catheters, and is generalisable to 
this population. No trials in CVCs used for other purposes, or in other patient/catheter subtypes. 

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

One trial in Australia and one overseas, which should be comparable. Products readily available in 
Australia. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

EVIDENCE STATEMENT MATRIX 
 

Component Rating Description 

1. Evidence base B  

2. Consistency A  

3. Clinical impact A  

4. Generalisability A  

5. Applicability A  

Indicate any dissenting opinions 
Query in regards to issues of antibiotic resistance implications with the use of this approach 
The evidence surrounding Medihoney is not sufficiently strong to include for consideration or recommendation in clinical practice 
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 EVIDENCE STATEMENT  
Antibiotic or antimicrobial ointments (such as calcium mupirocin and polysporin) have a significant effect on 
reducing the IVD related BSI in tunnelled haemodialysis central venous catheters. 

GRADE OF EVIDENCE 
STATEMENT 

 
 

  

 B 
 

RECOMMENDATION 
Antibiotic or antimicrobial ointments (such as calcium mupirocin and polysporin) are strongly recommended 
for use in the management of tunnelled haemodialysis central venous catheters as they significantly reduce the 
number of IVD related BSI. 

GRADE OF EVIDENCE 
STATEMENT 

 

B 

 
Comparison: Sterile gauze versus other dressings 

Evidence table ref:  
3.10.5 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Three level II studies were included (total N=286), all had a high risk of bias (Le Corre 2003, Machado 
2008, Olson 2004). 
Note if the systematic review described below in “Other factors:” were to be included, then the evidence 
base would be upgraded to B. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

One study showed no significant difference (p=0.43) in IVD-related BSI between sterile gauze and semi-
permeable transparent film, although costs were lower with the film, due to less frequent replacement 
(LeCorre 2003). This was in long term CVCs used for haemodialysis. 
One study found significantly different rates of adverse events requiring IVD removal between non-
sterile tape, sterile gauze (lowest absolute rate) and semi-permeable transparent film (highest absolute 
rate) (p=0.02) (Machado 2008). However, it was unclear which of the groups were significantly different 
to the others. This was in peripheral venous IVDs in paediatrics. 
The other study reported a significant reduction (survival analysis p=0.02) in IVD-related sepsis 
(definition unclear) when no dressing compared to sterile gauze dressing was used after IVD Day 21. 
This was in long term central venous devices in oncology patients. 
A Cochrane review (see below) found no significant difference in use of gauze and tape or transparent 
polyurethane dressings for central venous catheters. 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 
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A Very large 

B Moderate 

C Slight 

At present there is insufficient evidence to recommend any of the dressing types over gauze and tape. 
Patient preference, clinician preference and costs are currently acceptable factors when choosing 
between sterile gauze and transparent polyurethane dressings. 

D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

Evidence has been gathered in tunnelled central venous catheters used for haemodialysis and oncology, 
as well as peripheral IVDs. The high potential risk for bias in these studies severely limits 
generalisablility.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

All trials undertaken overseas. Unclear reporting of methods and results makes applicability limited. All 
methods tested are commonly used in Australia with the exception of non-sterile tape for peripheral 
devices. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

The Cochrane Collaboration published a systematic review and meta-analysis of gauze and tape versus transparent polyurethane dressings for central venous catheters in 2003 and this was 
last updated in March 2008.1 The 3 studies in this current review were not included in the Cochrane review. Due to differing inclusion criteria  The Cochrane review includes six studies and 
concluded that there was no difference in the incidence of infectious complications between any of the dressing types included in the review: gauze and tape, highly permeable transparent 
polyurethane dressings (e.g. Opsite IV3000); or transparent polyurethane dressings (e.g. Tegaderm, Opsite). It was noted that each comparison for the meta-analysis were performed on no 
more than 2 studies and all studies reported data from a small patient sample. Therefore it was concluded that is uncertain whether there is any difference between dressing types, due to a 
lack of data. Specific findings of the met-analyses were: 
Gauze and tape versus highly permeable transparent polyurethane dressing 
- IVD-related sepsis OR 1.72, 95%CI 0.43-6.85, exit-site infection OR 2.32 (95%CI 0.40-13.27, tunnel infection OR 0.64 95%CI 0.14-2.83 
Transparent polyurethane dressing versus highly permeable transparent polyurethane dressing 
-  IVD-related sepsis OR 0.31 95%CI 0.03-3.12, site colonisation OR inestimable (zero incidence both groups) 
Gauze and tape vs transparent polyurethane dressings 
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- IVD-related sepsis OR 2.82 95%CI 0.11-70.98, exit-site infection OR 1.88 95%CI 0.16-21.41 
Transparaent polyurethane dressing (Opsite) versus other (Tegaderm) transparent polyurethane dressings 
- Exit-site infection OR 0.75, 95%CI 0.12-4.66) 
1. Gillies D et al. Gauze and tape and transparent polyurethane dressings for central venous catheters. Cochrane Database of Systematic Reviews. 2003, issue 1. Art. No. CD003827. DOI: 
10.1002/14651858.CD003827 

EVIDENCE STATEMENT MATRIX 
 

Component Rating Description 

1. Evidence base D  

2. Consistency D Too many variations in product 

3. Clinical impact D  

4. Generalisability D  

5. Applicability D  

Indicate any dissenting opinions 

 EVIDENCE STATEMENT  
There is insufficient and inconsistent evidence to support the use of sterile gauze over other dressings for central 
and peripheral catheters  

GRADE OF EVIDENCE 
STATEMENT 

 
 

  
 D 

 

 
 

Evidence tables: More frequent versus less frequent IVD replacement 
 

 
Comparison: More frequent versus less frequent peripheral IVD replacement 

Evidence table ref: 
4.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

Three studies (total N=1008) reported on this comparison. All were Level II studies (randomised 
controlled trials), two with low (Webster 2007, Webster 2008), and one with high risk of bias (Barker 
2004).  

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 
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D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Two studies found no difference in IVD-related bloodstream infection, local infection, or phlebitis when 
IVDs were routinely resited every 3 days versus on clinical indication only (Webster 2007, Wester 
2008). One study found a significant reduction in phlebitis with routine 48-hour replacement (Barker 
2004).  
Meta-analysis comparing more frequent with less frequent replacement found no statistically significant 
differences in: 

- IVD-related bloodstream infection OR 1.01 (95% CI 0.06-16.17) 
- local infection 0.20 (95% confidence interval (CI) 0.01-4.19) 
- phlebitis OR 0.49 (95% confidence interval (CI) 0.10-2.53, p=0.4) 

NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

IVD infection and phlebitis are important outcomes and sample sizes have not been adequate to rule out 
any benefit of routine replacement. However, studies to date can rule out a large effect. Routine 
replacement is time consuming and costly for staff, and unpleasant for patients.  
Siting of central catheters, in particular, also predisposes to other non-infective adverse events, e.g. lung 
puncture. Extending dwell-times would have significant clinical impact on these factors. D Restricted 

4. Generalisability 

A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

Evidence has been gathered in a variety of clinical cohorts. This includes 2 reasonably sized studies in 
Australia.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

 
 

Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

Two recent studies from Australia. Other study was undertaken overseas (UK) but in well developed 
healthcare systems. 

C Evidence probably applicable to Australian healthcare context with some 
caveats 
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D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

A Cochrane Review is registered and in draft on this topic in regards to peripheral venous devices. This is anticipated for publication in 2009 and is anticipated to provide Level 1 evidence 
that routine replacement has no benefit in reducing infectious risk compared to replacement on clinical indication. 

EVIDENCE STATEMENT MATRIX 
There is evidence to support the use of clinical indicators to signal when peripheral IVD catheters require replacement does not result in a greater risk of CRBSI than does  routine 
replacement  

Component Rating Description 

1. Evidence base B  

2. Consistency B  

3. Clinical impact B?  

4. Generalisability B To peripheral catheters only 
Adult population only 

5. Applicability B  

Indicate any dissenting opinions 
Some members of the committee did not feel that all peripheral catheters could be treated equally.  Also consideration needs to be given to the inherent risks associated with clinical 
groups requiring these catheters.   
Committee wanted to consider CDC’s recommendation 
Suggest exclude phlebitis from analysis because it is an ineffective surrogate for BSI and not a good endpoint to determine infection.  
CDC policies have lengthened change time but only based on evidence using phlebitis as endpoint. The evidence needs to be isolated to bacteraemia and other 
BSI to determine what the optimal frequency of changing lines specific to blood stream infection.   
Unable to make recommendation with current evidence using phlebitis as an endpoint. 

 EVIDENCE STATEMENT  
ES: There is no difference in IVD-related bloodstream infection, local infection, or phlebitis when IVDs for 
peripheral catheters were routinely replaced every 3 days versus on clinical indication only. However sample sizes 
have not been adequate to rule out any benefit of routine replacement.  
In clinical practice a significant risk factor for blood stream infection has been associated with a dwell time of 
catheters longer than 3 days. 

GRADE OF EVIDENCE 
STATEMENT 

 
 

 

  
 B 
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RECOMMENDATION 
Peripheral intravascular devices should be monitored closely and routinely replaced every 48 
to 72 hours or sooner if clinically indicated. 

 

GRADE OF 
RECOMMENDATION 

  
 GPP 

 
Comparison: More frequent versus less frequent central IVD replacement Evidence table ref: 

4.10.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III 
studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate 
risk of bias 

Two studies (total N=468) reported on this comparison. Both were Level II studies (randomised 
controlled trials), one with low (Butler-O’Hara 2006) and one with moderate (Chen 2003) risk of bias.  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

Neither study found a significant difference in patient rates of IVD-related bloodstream infection when 
IVDs were replaced at different time intervals. 
One study found no difference in thrombus rates, but a significant reduction in the total number of IVDs 
placed per patient in the non-routine replacement group (Butler-O’Hara 2006). The other study found no 
significant difference in device colonisation or site colonisation between study groups (Chen 2003) 
Meta-analysis of the two trials to compare less frequent with more frequent replacement found no 
statistically significant difference in IVD-related bloodstream infection OR 1.73 (95% CI 0.84-3.54) NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the 
intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Sample sizes have not been adequate to rule out any benefit of routine replacement in short-term central 
venous devices. However, studies to date can rule out a large effect. Routine replacement is time 
consuming and costly for staff, and unpleasant for patients. Re-siting of central catheters, in particular, 
also predisposes to other non-infective adverse events, e.g. lung puncture. Extending dwell-times would 
have significantly reduce the number of catheterisations and therefore risk of mechanical complications. 

D Restricted 

4. Generalisability 
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A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be 
sensible applied 

Evidence has been gathered in ICU cohorts including adult patients with pulmonary artery devices and 
neonates with umbilical and central venous devices. One study was in This includes 2 reasonably sized 
studies in Australia.  

D Evidence not directly generalisable to target population and hard to judge 
whether it is sensible to apply 

5. Applicability 

A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some 
caveats 

Both studies are from overseas, but from comparable healthcare systems. 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the 
recommendation) 

EVIDENCE STATEMENT MATRIX 
(Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account) 

Component Rating Description 

1. Evidence base   

2. Consistency   

3. Clinical impact   

4. Generalisability C? Umbilical catheters and Pulmonary artery catheters  can not be generalised to usual catheter use 

5. Applicability C Limited to specific clinical subgroup? 

Indicate any dissenting opinions 

 EVIDENCE STATEMENT  
There is no significant difference in patient rates of IVD-related bloodstream infection when short-term central 
venous devices were replaced at different time intervals.  

GRADE OF EVIDENCE 
STATEMENT 

 
 

  
 B 
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RECOMMENDATION 
Central venous catheters and peripherally inserted central venous catheter lines should NOT be replaced routinely 
to prevent catheter-related infections. 

GRADE OF 
RECOMMENDATION 

  
B 

 
 

Evidence table: Routine replacement of administration sets vs clinical indication 
Comparison 10: Routine replacement of administration sets versus replacement on clinical indication only Evidence table ref: 5.9.1 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

A Several Level I or II studies with low risk of bias 

B One or two Level II studies with low risk of bias or SR/multiple Level III studies 
with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of 
bias 

Only one study investigated this topic (Rickard 2004). It was a Level II RCT with a moderate risk of bias. 

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent (device colonisation) 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

Not applicable 

D Evidence is inconsistent 

  NA Not applicable (one study only) 

3. Clinical impact (indicate in the space below if the study results varied according to some unknown factor (not simply quality or sample size) and thus the clinical impact of the intervention could not be 
determined) 

A Very large 

B Moderate 

C Slight 

This single study found no evidence of reduced device colonisation or IVD-related BSI with routine replacement of 
administration sets on Day 4 versus weekly use. However, there was a trend to reduced device colonisation with 
routine replacement on Day 4 and it may be that a larger study would detect this statistically. 

D Restricted 

4. Generalisability 
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A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensible 
applied 

The study was undertaken in an adult ICU population with antiseptic (chlorhexidine) central venous catheters. The 
results are only directly generalisable to similar populations. The effect in other IVD and patient types is unknown.  

D Evidence not directly generalisable to target population and hard to judge whether it 
is sensible to apply 

5. Applicability 
A Evidence directly applicable to Australian healthcare context 

B Evidence applicable to Australian healthcare context with some caveats 

C Evidence probably applicable to Australian healthcare context with some caveats 

The study was undertaken in an Australian ICU in a tertiary hospital and should be applicable to other units of this 
type. There is no evidence from other patient settings. 
 

D Evidence not applicable to Australian healthcare context 

Other factors (indicate here any other factors that you took into account when assessing the evidence base (for example, issues that might cause the group to downgrade or upgrade the recommendation) 

This review was limited to primary RCTs published between 2002 and 2009. We also note the high quality Cochrane Review on this topic1 published in 2005, which reviewed 13 studies (including Rickard 2004) 
with a total of 4783 participants. Included studies examined routine replacement at 24, 48, 72, 96 hour, and longer intervals, in a range of catheter and patient populations, including paediatric and neonatal 
patients. The results found no effect of frequent, versus less frequent, set replacement on device colonisation (RR 1.13 96%CI 0.99-1.28) or IVD-related BSI (RR1.06 95%CI 0.66-1.68). The authors concluded 
that there was no evidence that set replacement was necessary more often than every 96 hours, and inadequate studies to test the effect after this time.  
1. Gillies D, O’Riordan L, Wallen M, Morrison A, Rankin K, Nagy S. optimal timing for intravenous administration set replacement. Cochrane Database of Systematic reviews. 2005 Issue 4. Art. No. CD003588. 
DOI: 10.1002/14651858.CD003588.pub2. 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee – Comparison 10: Routine replacement of administration sets versus 
replacement on clinical indication only 

Component Rating Description 
1. Evidence base C  
2. Consistency NA  
3. Clinical impact D One Level II randomized control trial sought to detect differences in infection rates using routine replacement vs clinically indication 

set changes but found no statistically significant difference. This was possibly due to small sample size in the study.  
4. Generalisability B  
5. Applicability A  

Comments by Committee: 
More research is needed in this area. The study included in review was by systematic reviewer, however was reviewed by a colleague. Study showed relevant 
endpoints but the small numbers make it inconclusive, and underpowered to answer question, but there may be an effect. The evidence is lacking. 
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 EVIDENCE STATEMENT  
There is insufficient evidence to determine how frequently an administration set should be changed.  

GRADE OF EVIDENCE 
STATEMENT 

 

 
C 

RECOMMENDATION – based on CDC Intravascular devices. 
Administration sets should not be replaced more frequently then at 72-hour intervals unless clinically indicated. 
Replace tubing used to administer blood, blood products, or lipid emulsions within 24 hours of initiating the infusion. 
 

GRADE OF 
RECOMMENDATION 

 
 

 

  
 

C 
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Evidence tables: Exclusion periods for HCW with norovirus 

Page 43 of 54 

Does viral load and duration of shedding have any implications for establishing an exclusion period for health care workers Evidence table ref: 1 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

1 Level III-2 study on viral load 
2 Level III-3 studies on viral load 
4 level IV studies on viral load 
2 Level III-2 studies on shedding  
2 Level III-3 studies on shedding 
6 Level IV studies on shedding 
Small sample sizes, details of population weren’t explicit, varied population groups, numerous 
confounders  

D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

- Symptomatic and asymptomatic individuals have been shown to excrete Norovirus 
irrespective of the occurrence of an outbreak.  Viral loads measured were highly variable in 
symptomatic, asymptomatic and post symptomatic phase (Ozawa, K et.al 2007, Okabayashi, 
T., et.al 2008; Gallimore, C. et.al, 2004),  

- Period of viral shedding was documented to over a range of 2 days to 26 weeks (Marshall, J. 
et.al, 2007; Atmar, R.L. et.al., 2008: Goller, J. et. Al, 2004: Rockx, B. et.al, 2002; Siebenga J. 
et.al, 2008: Tu, E. et.al, 2008) 

- Different populations groups were studied with highly variable outcomes and therefore not 
directly comparable 

D Evidence is inconsistent 

3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 
C Slight 

HCW viral load and period of shedding is influenced by an individual immunity, health statues and 
blood group.   
Infectivity of excreted virus has not been established 
Transmission of Norovirus can be limited from host to host by use of other measures such as strict 
hand hygiene, use of PPE and cleaning regimes D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population Viral load and shedding studies have occurred in similar population groups to that of health care 

workers.  Some studies which demonstrated prolonged shedding included elderly and 
immunocompromised patients 

B Evidence directly generalisable to target population with some caveats 



C Evidence not directly generalisable to the target population but could be sensibly applied 
D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

apply 
5. Applicability   

A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Evidence did not have samples exclusively from health care settings – included food 
handlers, child care and university food outlets, patients in aged care settings and those 
where patients had co morbidities.  Information, however, would apply to Aust health care 
settings D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

 

EVIDENCE STATEMENT MATRIX 
 
Component Rating Description 

1. Evidence base D Lower levels of evidence mainly level IV but low risk of bias 
2. Consistency D Negligible consistency of results in terms of period of shedding and viral load over time or through the course of illness. 

3. Clinical impact D Unable to determine whether exclusion periods should be based on viral shedding 
4. Generalisability C Results not directly generalisable to population groups 

5. Applicability B Different carriage rates in different contexts 
Indicate any dissenting opinions 
 
ES: There is inconclusive and inconsistent evidence to determine an optimal exclusion period for HCW infected with Norovirus based on periods of viral 
shedding and viral load excretion.  
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Do exclusion policies for staff have any influence on controlling an outbreak of norovirus gastroenteritis 
 

Evidence table ref: 2 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

2 Level III-3 case control studies 
1 level III-3 historical control study 
1 Level III-3 comparative study without concurrent controls 
11 Level IV case series studies 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 



D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Studies highly heterogenous. Evidence is inconsistent.  
5 studies suggested that 48hr exclusion policy was essential in controlling the outbreak 
6 studies were unsure or did not highlight it as a successful measure 
5 studies suggested 48hrs was unnecessary or not feasible D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact  (Indicate in the space below if the study results varied according to some  
unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could not be determined) 

A Very large 

B Moderate 

C Slight 

Clinical impact could not be determined due to no studies being able to isolate and assess 
the impact of staff exclusion periods in comparison to other infection control measures. 
Studies that highlighted non compliance with a 48hrs exclusion policy also highlighted non 
compliance with other infection control procedures or poor infection control practices. D Restricted 

4. Generalisability   
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

Evidence directly applicable since majority of studies applied to health care workers and 
staff in institutional settings. Studies outlining infection control methods focus on the target 
population implementing them. 

 
D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Evidence included studies within Australia, US, Canada and Europe. 5 studies concluded 
a 48hr exclusion period was not feasible to maintain because of staffing shortages. This 
issue will vary according to different institutions and staffing levels, infection control 
procedures and resources.  D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

2 level III-3 case control studies (Love 2002; Liu 2003) were related to identification of odds ratios for food items to assess the source of the outbreak. For the relevance to the 
study question the case control study applied to the indexing of the outbreak – not the infection control methods. Suggest these are referred to as Level IV evidence case series 
studies with respect to the evaluation of infection control methods. 

EVIDENCE STATEMENT MATRIX (to be completed by ICG committee) 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Rating Description 

1. Evidence base  D  
2. Consistency  D  
3. Clinical impact  D  
4. Generalisability  A  
5. Applicability  B  

Indicate any dissenting opinions 
 

ES:  There is inconclusive and inconsistent evidence to determine an optimal exclusion period for HCW infected with Norovirus to control an outbreak of 
norovirus gastroenteritis 

RECOMMENDATION 
GPP: Health care workers should not return to work until diarrhoea and vomiting have ceased for 48 hours
GPP: It is extremely important that health care workers comply with appropriate hand hygiene methods 
and stringent infection control practices upon return to work given some studies have shown prolonged 
viral shedding. 

GRADE OF RECOMMENDATION 
 
 

 

 
 D/GPP 
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Evidence tables: Isolation and MROs 
Key question(s): Is isolating patients with VRE/MRGN in acute care settings (VRE and MRGN) and aged care settings 
(MRGN) effective in reducing the spread of infection to other patients? 

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

VRE: 2 cohort studies and 10 interrupted time series,  
MRGN: 2 cohort studies and 5 interrupted time series. 

D Level IV studies or Level I to III studies with high risk of bias 
2. Consistency (if only one study was available, rank this component as ‘not applicable’)

A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Most studies supported the use of patient isolation in reducing the 
nosocomial infection 

D Evidence is inconsistent 
3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could 

A Very large 

B Moderate 

C Slight 

All studies utilised patient isolation together with other infection 
control measures. The impact of patient isolation alone on the control 
of transmission to other patients is still not clear. 

D Restricted 

4. Generalisability 
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Due to the low level of identified evidence (cohort and interrupted 
time series studies) together with multiple confounding factors, 
generalisability is not high from a methodological perspective 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Resource management could be an issue in different health care 
institutions in terms of securing isolation rooms and staffing. 

D Evidence not applicable to Australian healthcare context 
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Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Ratin Description 

1. Evidence base  C  
2. Consistency B  
3. Clinical 

impact
B  

4. Generalisabili
ty

B  
5. Applicability C  

Indicate any dissenting opinions 
 
 

Key question(s): Is isolating patients with VRE effective in reducing the spread of infection to other patients in aged 
care settings? 

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One RCT compared the patient isolation group and the routine use of 
glove group in reducing transmission of VRE to non-
infected/colonised patients 

D Level IV studies or Level I to III studies with high risk of bias 
2. Consistency (if only one study was available, rank this component as ‘not applicable’)

A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Only one study - NA 

D Evidence is inconsistent 
3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could 

A Very large 

B Moderate 
The study did not use active surveillance cultures; large portion of 
VRE positive residents may have been undetected. 
The patients in the isolation group were not confined to their room. 
Adherence to hand hygiene was significantly higher in the routine use

C Slight 



D Restricted 

4. Generalisability 
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Small sample size. Lack of other studies 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Adherence rate to hand hygiene needs to be high 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 
The development and implementation of educational and motivational strategies to enhance adherence to infection control precautions in aged care settings 
has a positive effect on reducing the spread of infection 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Ratin Description 

6. Evidence base C  
7. Consistency N/A  
8. Clinical 

impact
D  

9. Generalisabili
ty

C  
10. Applicability C  

Indicate any dissenting opinions 
 
 

Key question(s): Is the effectiveness of isolation for VRE/MRGN to be differentiated again on high risk areas to low 
risk? 

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 

One cohort study A Several Level I or II studies with low risk of bias 
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B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 
D Level IV studies or Level I to III studies with high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’)
A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Only one study - NA 

D Evidence is inconsistent 
3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could 

A Very large 

B Moderate 

C Slight 

The adherence rate to any infection control measures including 
isolation of patients is not clear 

D Restricted 

4. Generalisability 
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Only one cohort study was identified. 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Only one study from France was identified. 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Ratin Description 

11. Evidence base C  
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12. Consistency B Sylvia Gandossi stated it should be rated C 
13. Clinical 

impact
B High in terms of implementing with other measures 

14. Generalisabili
ty

B Different settings 
15. Applicability C Different from place to place 

Indicate any dissenting opinions 
 
 

Key question(s): Is isolating patients with VRE (selective isolation policy for epidemic VRE) effective in reducing the spread 
of infection to other patients? 

Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

One interrupted time series study 

D Level IV studies or Level I to III studies with high risk of bias 
2. Consistency (if only one study was available, rank this component as ‘not applicable’)

A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Only one study - NA 

D Evidence is inconsistent 
3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could 

A Very large 

B Moderate 

C Slight 

The study used patient isolation together with other infection control 
measures. The impact of patient isolation alone on the control of 
transmission to other patients is still not clear. This intervention may 
have an impact on cost management in outbreak settings if sufficient 
laboratory resources are secured. 

D Restricted 

4. Generalisability 
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 

As only one low level study was identified, generalisability is not very 
high. 

C Evidence not directly generalisable to the target population but could be sensibly applied 
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D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Only one study from the Netherlands was identified. 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 

 

EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 
Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the above factors into account. 
Component Ratin Description 

16. Evidence base C  
17. Consistency B Sylvia Gandossi stated it should be rated C 
18. Clinical 

impact
B High in terms of implementing with other measures 

19. Generalisabili
ty

B Different settings 
20. Applicability C Different from place to place 

Indicate any dissenting opinions 
 
 
 EVIDENCE STATEMENT  
 
There is insufficient evidence to support the use of isolation precautions to VRE patients in 
aged care settings. 

GRADE OF EVIDENCE 
STATEMENT 

 
 

 

  
C 

RECOMMENDATION 
In aged care settings, routine use of gloves for all anticipated resident and environmental 
contact is preferred over the isolation of residents in single or cohort rooms to prevent 
infection with VRE.  

GRADE OF 
RECOMMENDATION 

 
 

 

  
  

GPP 
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Evidence tables: PPE and MRSA or VRE 
Key question(s): Does personal protective equipment reduce the transmission of MRSA or VRE? Evidence table ref: 

1. Evidence base  (number of studies, level of evidence and risk of bias in the included studies) 
A Several Level I or II studies with low risk of bias 
B one or two Level II studies with low risk of bias or SR/multiple Level III studies with low risk of bias 

C Level III studies with low risk of bias or Level I or II studies with moderate risk of bias 

10 studies:  
10 studies included (1 Level II, 9 Level III-3); moderate risk of bias 

D Level IV studies or Level I to III studies with high risk of bias 
2. Consistency (if only one study was available, rank this component as ‘not applicable’)

A All studies consistent 
B Most studies consistent and inconsistency can be explained 
C Some inconsistency, reflecting genuine uncertainty around question 

Most studies consistent and inconsistency can be explained. 

D Evidence is inconsistent 
3. Clinical impact  (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or sample size) and thus the clinical impact of the intervention could 

A Very large 

B Moderate 

C Slight 

Restricted 

D Restricted 

4. Generalisability 
A Evidence directly generalisable to target population 
B Evidence directly generalisable to target population with some caveats 
C Evidence not directly generalisable to the target population but could be sensibly applied 

Evidence directly generalisable to target population 
 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to 

5. Applicability   
A Evidence directly applicable to Australian healthcare context 
B Evidence applicable to Australian healthcare context with few caveats 
C Evidence probably applicable to Australian healthcare context with some caveats 

Evidence applicable to Australian healthcare context with few caveats 

D Evidence not applicable to Australian healthcare context 

Other factors  (Indicate here any other factors that you took into account when assessing the evidence base (for example,  issues that might cause the group to downgrade or upgrade  the recommendation) 
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EVIDENCE STATEMENT MATRIX – Developed by the ICG Steering Committee 

Component Ratin Description 
1. Evidence 

base 
 D  High risk of bias in studies. 

2. Consistency  B  Sizable effect in the same direction. Can be explained within the RCT. Because its drawing a conclusion from the data they looked at. 

3. Clinical 
i t

 B Equipment not specified. Compared gloves and gowns in isolation vs gloves only in non isolation.  

4. Generalisabi
lit

 B  Discussed processes but not outcomes. Process outcomes can be used as a surrogate for patient outcomes because of the longevity of outcomes 

5. Applicability A It covers a range of settings and organisms.  

Indicate any dissenting opinions 
 
 EVIDENCE STATEMENT  
Used appropriately, PPE is an effective intervention for reducing the transmission of MRSA 
and VRE 

GRADE OF EVIDENCE 
STATEMENT 

 

 C 
 

 
RECOMMENDATION 

To reduce transmission, personal protective equipment, should be used appropriately for 
patients colonised or infected with VRE or MRSA.  

GRADE OF 
RECOMMENDATION 

 D  
 

 

 
 



Comparison of Grades of recommendation from adapted guidelines and NHMRC 
Recommendations were drafted from existing international guidelines and systematic reviews. Graded recommendations from other guidelines 
were adapted to the NHMRC grades using the approach outlined below. The ICG Steering Committee (the Committee) considered each 
recommendation and its original grade and determined a corresponding NHMRC grade according to the evidence supporting the 
recommendation. Where an alternate grading scheme has been used in the adapted guidelines and the definitions are consistent with an NHMRC 
grade and level of evidence, it has been applied. Where there is no equivalent grade, a conservative approach has been adopted and a lower 
NHMRC grade has been applied. Where there were inconsistencies or discrepancies the evidence was revisited. Dissent amongst the Committee 
was noted.  
 
Corresponding grade categories and evidence description 
CDC/HICPAC  EPIC NHMRC 

Rationale for application of 
NHMRC grade 

Category IA  
Strongly recommended for 
implementation and strongly supported 
by well designed experimental, clinical, or 
epidemiologic studies. 
 

A  
At least one meta-analysis, systematic 
review, or randomised controlled trial (RCT) 
that is rated as 1++, and is directly 
applicable to the target population, or 
A systematic review of RCT or a body of 
evidence that consists principally of studies 
rated as 1+, is directly applicable to the 
target population and demonstrates overall 
consistency of results. Evidence drawn from 
a NICE technology appraisal 
 

A 
One or more level I studies with a low risk of bias 
or several level II studies with a low risk of bias. All 
studies consistent. Very large clinical impact. 
Population/s studied in body of evidence are the 
same as the target population for the guideline. 
Directly applicable to Australian healthcare context. 

A Excellent  
Body of evidence can be trusted to 
guide practice.  
Recommendation based on high 
quality evidence. Strongly 
recommended for implementation. 

Category IA  
Strongly recommended for 
implementation and strongly supported 
by well designed experimental, clinical, or 
epidemiologic studies. 
 

B  
A body of evidence that includes studies 
rated as 2++, is directly applicable to the 
target population and demonstrates overall 
consistency of results, or Extrapolated 
evidence from studies rated as 1++ or 1+ 
 

B 
One or two level II studies with a low risk of bias or 
a SR/several level III studies with a low risk of bias. 
Most studies consistent and inconsistency may be 
explained. Substantial clinical impact. Population/s 
studied in the body of evidence are similar to the 
target population for the guideline. Applicable to 
Australian healthcare context with few caveats 

B Good  
Body of evidence can be trusted to 
guide practice in most situations.  
Recommendation based on good 
evidence. Strongly recommended for 
implementation.  
 
 

Category IB  
Strongly recommended for 
implementation and supported by some 
experimental, clinical, or epidemiologic 
studies and a strong theoretical rationale. 
 

C  
A body of evidence that includes studies 
rated as 2+, is directly applicable to the 
target population and demonstrates overall 
consistency of results, or Extrapolated 
evidence from studies rated as 2++ 
 

C 
One or two level III studies with a low risk of bias, 
or level I or II studies with a moderate risk of bias. 
Some inconsistency reflecting genuine uncertainty 
around clinical question. Moderate clinical impact. 
Population/s studied in body of evidence differ to 
target population for guideline but it is clinically 
sensible to apply this evidence to target population. 
Probably applicable to Australian healthcare 
context with some caveats. 

C Satisfactory  
Body of evidence provides some 
support for recommendation(s) but 
care should be taken in its application.  
Recommendation based on 
supportive evidence and a strong 
theoretical rationale. Recommended 
for implementation.  



Category II  
Suggested for implementation and 
supported by suggestive clinical or 
epidemiologic studies or a theoretical 
rationale. 
 

D 
Evidence consists of level IV studies, or 
level I to III studies/SRs with a high risk of 
bias. Evidence is inconsistent Clinical 
impact is slight or restricted. Population/s 
studied in body of evidence differ to target 
population and hard to judge whether it is 
sensible to generalise to target population. 
Not applicable to Australian healthcare 
context. 

D  
Evidence level 3 or 4, or Extrapolated evidence 
from studies rated as 2+, or Formal consensus 

D Poor  
Body of evidence is weak and 
recommendation must be applied with 
caution. Recommendation based on 
limited, inconsistent or extrapolated 
evidence. Recommendation supported 
by expert opinion. Recommended for 
implementation. 

Category II  
Suggested for implementation and 
supported by suggestive clinical or 
epidemiologic studies or a theoretical 
rationale. 
 

GPP 
Evidence is weak or non existent. 
 

D (GPP)  
A good practice point (GPP) is a recommendation 
for best practice based on the experience of the 
Guideline Development Group 
 

GPP Good Practice Point  
Evidence limited or non existent. 
Recommendation based on current 
expert opinion and trends in clinical 
practice. Recommended for 
implementation. 

NB. An additional category for CDC was Category IC: Required for implementation, as mandated by federal and/or state regulation or standard. This category has been converted to a GPP 
given it is not directly applicable to Australian standards and regulations. CDC Category IA and IB recommendations differ only in the strength of the supporting scientific evidence. 
CDC categories for ‘No recommendation’ Unresolved issue. Practices for which insufficient evidence or no consensus regarding efficacy exists. The ICG steering committee considered the 
issue and if necessary formulated a good practice point. 
 
EPIC Levels of Evidence for Intervention Studies 
1++ High-quality meta-analyses, systematic reviews of randomised controlled trials (RCT), or RCT with a very low risk of bias 
1+ Well-conducted meta-analyses, systematic reviews of RCT, or RCT with a low risk of bias 
1- Meta-analyses, systematic reviews of RCT, or RCT with a high risk of bias* 
2++ High-quality systematic reviews of case–control or cohort studies. High-quality case–control or cohort studies with a very low risk of confounding, bias or chance and a high probability that 
the relationship is causal 
2+ Well-conducted case–control or cohort studies with a low risk of confounding, bias or chance and a moderate probability that the relationship is causal 
2- Case–control or cohort studies with a high risk of confounding bias, or chance and a significant risk that the relationship is not causal* 
3 Non-analytic studies (for example, case reports, case series) 
4 Expert opinion, formal consensus 
*Studies with a level of evidence ‘-’ should not be used as a basis for making a recommendation 
 



 Recommendation Source Original grade 
(assigned by 
original 
guideline or 
systematic 
reviewer) 

Convert
ed 
NHMRC 
grade 
(assigne
d by ICG 
steering 
committ
ee) 

Rationale for 
applying 
NHMRC grade 

References supporting recommendation 

 Hand hygiene      

1 Routine hand hygiene 
Hands must be decontaminated before and 
after every episode of patient contact. This 
includes: 

• before touching a 
patient(50,52,73,88,110,114, 
121,125,126,1006) 

• before a procedure; (1007) 
• after a procedure or body fluid 

exposure risk (50,125,127,179); 
• after touching a patient 

(73,88,125-127); and 
• after touching a patient’s 

surroundings. 
(73,111,112,114,125-
127,129,130) 

 

WHO 
 

Category 1B 
(Category 1A 
after a 
procedure or 
body fluid 
exposure risk) 

Grade B Recommendatio
n based on good 
evidence. 
Recommendatio
n has an 
extremely high 
clinical impact 
across health 
care settings. 
Strongly 
recommended 
for 
implementation.  
 

Reference numbers directly from WHO Guidelines 2009. 
 
50. Semmelweis I. Etiology, concept, and prophylaxis of childbed fever. Carter KC, 
ed. 1st ed. Madison, WI: The University of Wisconsin Press, 1983. 
 
52. Mortimer EA Jr, Lipsitz PJ, Wolinsky E, Gonzaga AJ, Rammelkamp CH Jr. 
Transmission of staphylococci between newborns. Am J Dis Child 1962;104:289–
95. 
 
73. Pessoa-Silva CL, Dharan S, Hugonnet S, Touveneau S, Posfay-Barbe K, 
Pfister R, Pittet D. Dynamics of bacterial hand contamination during routine 
neonatal care. Infect Control Hosp Epidemiol. 2004 Mar;25(3):192-7. 
 
88. Ehrenkranz NJ, Alfonso BC. Failure of bland soap handwash to prevent hand 
transfer of patient bacteria to urethral catheters. Infect Control Hosp Epidemiol 
1991;12:654–62. 
 
110. McFarland LV, Mulligan ME, Kwok RYY, Stamm WE. Nosocomial acquisition 
of Clostridium difficile infection. N Engl J Med 1989;320:204–10. 
 
111. Samore MH, Venkataraman L, DeGirolami PC, Levin E, Arbeit RD, Karchmer 
AW. Clinical and molecular epidemiology of sporadic and clustered cases of 
nosocomial Clostridium difficile diarrhea. Am J Med 1996;100:32–40. 
 
112. Boyce JM, Potter-Bynoe G, Chenevert C, King T. Environmental 
contamination due to methicillin-resistant Staphylococcus aureus: possible infection 
control implications. Infect Control Hosp Epidemiol 1997;18:622–7. 
 
114. Hayden MK, Blom DW, Lyle EA, Moore CG, Weinstein RA. Risk of hand or 
glove contamination after contact with patients colonised with Vancomycin-
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Resistant Enterococcus or the colonised patients’ environment. Infection Control 
and Hospital Epidemiology 2008; 29(2): 149-154. 
121. Casewell M, Phillips I. Hands as route of transmission for Klebsiella species. 
Br Med J  1977;2:1315–7. 
 
125. Ojajärvi J. Effectiveness of hand washing and disinfection methods in 
removing transient bacteria after patient nursing. J Hyg (Lond) 1980;85:193–203. 
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Journal of Hospital Infection, 2002, 50:4:276-280 
 
129. Ray AJ, Hoyen CK, Taub TF, Eckstein EC, Donskey CJ. Nosocomial 
transmission of vancomycin-resistant enterococci from surfaces. JAMA 
2002;287:1400-1. 
 
130. Bhalla A, Pultz NJ, Gries DM, et al. Acquisition of nosocomial pathogens on 
hands after contact with environmental surfaces near hospitalized patients. Infect 
Control Hosp Epidemiol 2004;25:164-7. 
 
179. Larson E. A causal link between handwashing and risk of infection? 
Examination of the evidence. Infect Control Hosp Epidemiol 1988;9:28–36. 
 
1006. Wendt C, Knautz D, von Baum H. Differences in hand hygiene behavior 
related to the contamination risk of healthcare activities in different groups of 
healthcare workers. Infect Control Hosp Epidemiol. 2004;25(3):203-6. 
 
1007. Hirschmann H, Fux L, Podusel J, et al. The influence of hand hygiene prior to 
insertion of peripheral venous catheters on the frequency of complications. J Hosp 
Infect 2001;49:199–203. 

2 Choice of product for routine hand 
hygiene practices 

Alcohol-based handrubs containing at least 
70% v/v ethanol or equivalent should be 
used for all routine hand hygiene practices 

Maiwald, M. 2009. 
NHMRC 
systematic review 

B B Graded directly 
from good 
quality evidence 

Larmer PJ, Tillson TM, Scown FM, Grant PM, Exton J (2008) Evidence-based 
recommendations for hand hygiene for health care workers in New Zealand. N Z 
Med J 121: 69-81. 

Picheansathian W (2004) A systematic review on the effectiveness of alcohol-
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G (2007) Comparison of the antibacterial efficacy and acceptability of an alcohol-
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in the healthcare environment. 
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Hosp Infect 66: 167-73. 
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handrubbing with alcohol based solution versus standard handwashing with 
antiseptic soap: randomised clinical trial. BMJ 325: 362. 
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3 Choice of hand hygiene product when 
hands are visibly soiled 

If hands are visibly soiled, they should be 
washed with soap and water  

Centre for Disease 
Control and 
Prevention (CDC) 
Guideline for 
Isolation 

IA 
 
 

B 
 
 

Recommendatio
n based on good 
evidence. 
Recommendatio
n has an 

559. CDC. Guideline for Hand Hygiene in Health-Care Settings: Recommendations 
of the Healthcare Infection Control Practices Advisory Committee and the 
HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. MMWR 2002;51(16)(RR-
16):1-44.  
 



 Precautions: 
Preventing 
Transmission of 
Infectious Agents 
in Healthcare 
Settings, June 
2007 
http://www.cdc.gov
/ncidod/dhqp/gl_is
olation.html 
Maiwald, M. 2009. 
NHMRC 
systematic review 

extremely high 
clinical impact 
across health 
care settings. 
Strongly 
recommended 
for 
implementation 

66. Larson E. A causal link between handwashing and risk of infection? 
Examination of the evidence. Infect Control Hosp Epidemiol 
1988;9:28–36. 

 Personal protective equipment      

4 Wearing of aprons/gowns  

Aprons or gowns should be appropriate to 
the task being undertaken. They should be 
worn for a single procedure or episode of 
patient care and removed in the area where 
the episode of care takes place. 

 

Centre for Disease 
Control and 
Prevention (CDC) 
Guideline for 
Isolation 
Precautions: 
Preventing 
Transmission of 
Infectious Agents 
in Healthcare 
Settings, June 
2007 
http://www.cdc.gov
/ncidod/dhqp/gl_is
olation.html 

1B/IC C Recommendatio
n based on 
supportive 
evidence, strong 
theoretical 
rationale and 
occupational 
health and 
safety principles. 
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5 Use of face and eye protection for 
procedures 

A surgical mask and goggles must be worn 
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during procedures that generate aerosols, 
splashes or sprays of blood, body fluids, 
secretions or excretions into the face and 
eyes. 
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6 Wearing of gloves  
Gloves must be worn as a single use item  
for each: 
• invasive procedure; 
• contact with sterile sites and non-intact 

skin or mucous membranes; and 
• activity that has been assessed as 

carrying a risk of exposure to blood, 
body fluids, secretions and excretions. 
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epic2: National 
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Healthcare-
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of Hospital Infection 2001;47(Supplement): S1–S82. 
 
85. Clark L, Smith W, Young L. Protective Clothing; Principles and Guidance. 
London: Infection Control Nurses Association; 2002. 
 



 
Gloves must be changed between patients 
and after every episode of individual patient 
care. 
 
 

Associated 
Infections in NHS 
Hospitals in 
England. Journal 
of Hospital 
Infection  February 
2007;65S:S1-S64  

implementation. 

7 Sterile gloves 

Sterile gloves must be used for aseptic 
procedures and contact with sterile sites. 

 

ICG Steering 
Committee 

 GPP Recommendatio
n based on 
sound 
theoretical 
principles and 
supported by 
expert opinion. 
Recommended 
for 
implementation 

Dissent:  
The committee was not unanimous. It was noted by one committee member that in 
some areas of primary care this recommendation may be difficult to implement. 
 
 

 Handling and disposal of sharps      

8 Safe handling of sharps 
Sharps must not be passed directly from 
hand to hand and handling should be kept 
to a minimum.  

Needles must not be recapped, bent, 
broken or disassembled after use. 
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9 Disposal of sharps 
The person who has used the sharp must 
be responsible for its immediate safe 
disposal. Used sharps must be discarded 
into an approved sharps container* at the 
point-of-use. These must not be filled above 
the mark that indicates the bin is three-
quarters full. 
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 Routine environmental cleaning      

10 Routine cleaning of surfaces 

Frequently touched surfaces should be 
cleaned with detergent solution at least 
daily, and when visibly soiled and after 
every known contamination.  

Clean general surfaces and fittings when 
visibly soiled and immediately after spillage.   
 
 
 

Guidelines for 
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facilities. MMWR 
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11 Cleaning of shared clinical equipment  

Clean touched surfaces of shared clinical 
equipment between patient uses, with 
detergent solution. 

Exceptions to this should be justified by risk 
assessment. 

Guidelines for 
environmental 
infection control in 
health-care 
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2003; 52(RR10): 1-
42. 
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Recommendatio
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12 Surface barriers  

Use surface barriers to protect clinical 
contact surfaces including equipment that 
are:  

- touched frequently with gloved hands 
during the delivery of patient care; 

- likely to become contaminated with blood 
or body substances; or  

- difficult to clean (eg computer keyboards)  

Exceptions to this should be justified by risk 
assessment. 
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13 Site decontamination after spills of 
blood or other potentially infectious 
materials  
Spills of blood or other potentially infectious 
materials should be promptly cleaned as 
follows: 
• wear utility gloves and other PPE 

appropriate to the task;  
• confine and contain spill, clean 

visible matter with disposable 
absorbent material and discard the 
used cleaning materials in the 

Guidelines for 
environmental 
infection control in 
health-care 
facilities. MMWR 
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42. 
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appropriate waste container; 
• clean the spill  area with a cloth or 

paper towels using detergent solution,  
Using chemical disinfectants such as 
sodium hypochlorite should be based on 
assessment of the risk of transmission of 
infectious agents from that spill.  
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for 
implementation 
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human immunodeficiency virus: a critical review. Rev Infect Dis 1991;13:430--
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 Transmission based precautions      

 Contact precautions      

14 Implementation of contact precautions 

In addition to standard precautions, 
implement contact precautions in the 
presence of known or suspected infectious 
agents that are spread by direct or indirect 
contact with the patient or the patient’s 
environment. 
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15 Hand hygiene and personal protective 
equipment to prevent contact 
transmission  
When working with patients who require 

Centre for Disease 
Control and 
Prevention (CDC) 
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1B C Recommendatio
n based on 
supportive 
evidence and a 
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24. Hall CB. Nosocomial respiratory syncytial virus infections: the "Cold War" has 
not ended. Clin Infect Dis 2000;31(2):590-6.  
 
72. Bhalla A, Pultz NJ, Gries DM, et al. Acquisition of nosocomial pathogens on 

hands after contact with environmental surfaces near hospitalized patients. 
Infect Control Hosp Epidemiol 2004;25(2):164-7.  



contact precautions: 
• perform hand hygiene, and put on 

gloves and gown upon entry to the 
patient-care area 

• ensure that clothing and skin do not 
contact potentially contaminated 
environmental surfaces; and 

• remove gown and gloves and perform 
hand hygiene when leaving the 
patient-care area. 
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16 Hand hygiene when Clostridium difficile 
is suspected or known to be present 
Meticulously wash and dry hands to 
facilitate the mechanical removal of spores. 
  
Use of alcohol based hand rubs alone may 
not be sufficient to reduce transmission of 
Clostridium difficile. 
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Wullt M, Odenholt I, Walder M (2003) Activity of three disinfectants and acidified 
nitrite against Clostridium difficile spores. Infect Control Hosp Epidemiol 24: 765-8 
 

17 Patient care equipment for patients on 
contact precautions 
Use patient-dedicated equipment or 
disposable non-critical patient-care 
equipment (eg blood pressure cuffs). 
 
If common use of equipment for multiple 
patients is unavoidable, clean the 
equipment before use on another patient. 
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 Droplet precautions      

18 Implementation of droplet precautions  

In addition to standard precautions, 
implement droplet precautions for patients 
known or suspected to be infected with 
agents transmitted by respiratory droplets 
(ie large-particle droplets >5μ in size) that 
are generated by a patient when coughing, 
sneezing, talking, during suctioning or 
bronchoscopy. 
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19 Personal protective equipment to 
prevent droplet transmission  

When entering the patient care environment 
put on a surgical mask. 
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20 Placement of patients on droplet 
precautions 

Place patients who require droplet 
precautions in a single-patient room when 
available. 
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 Airborne precautions      

21 Implementation of airborne precautions  

In addition to standard precautions, 
implement airborne precautions for patients 
known or suspected to be infected with 
infectious agents that remain infective over 
time and distance and are transmitted 
person-to-person by the airborne route. 
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1A B Recommendatio
n based on good 
evidence. 
Strongly 
recommended 
for 
implementation  
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22 Personal protective equipment to 
prevent airborne transmission  

Wear a correctly fitted P2 (N95) mask when 
entering the patient-care area when an 
airborne-transmissible infectious agent is 
known or suspected. 
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23 
Placement of patients who require 
airborne precautions 

Patients with known or suspected airborne 
infections should be placed in a negative 
pressure room or in a room where the air 
does not circulate to other areas. 

Exceptions to this should be justified by risk 
assessment. 

 

Centre for Disease 
Control and 
Prevention (CDC) 
Guideline for 
Isolation 
Precautions: 
Preventing 
Transmission of 
Infectious Agents 
in Healthcare 
Settings, June 
2007 
http://www.cdc.gov
/ncidod/dhqp/gl_is
olation.html 

II GPP Evidence is 
limited or 
inconsistent. 
Based on sound 
theoretical 
principles and 
current practice. 

1. The American Institute of Architects and The Facilities Guidelines Institute. 
Guidelines for design and construction of hospital and health care facilities, 
2001. Washington, DC: American Institute of Architects Press, 2001. 

35. CDC. Guidelines for preventing the transmission of Mycobacterium 
tuberculosis in health-care facilities. MMWR 1994;43(No. RR-13).  

105. Ehrenkranz NJ, Kicklighter JL. Tuberculosis outbreak in a general hospital: 
evidence for airborne spread of infection. Ann Intern Med 1972;77:377--82.  

106.  Calder RA, Duclos P, Wilder MH, Pryor VL, Scheel, WJ. Mycobacterium 
tuberculosis transmission in a health clinic. Bull Int Union Tuberc Lung Dis 
1991;66:103--6.  

107. Jereb JA, Burwen DR, Dooley SW, et al. Nosocomial outbreak of tuberculosis 
in a renal transplant unit: application of a new technique for restriction 
fragment length polymorphism analysis of Mycobacterium tuberculosis 
isolates. J Infect Dis 1993;168:1219--24.  

108. Monath TP. Yellow fever: Victor, Victoria? Conqueror, conquest? Epidemics 
and research in the last forty years and prospects for the future. Am J Trop 
Med Hyg 1991;45:1--43.  

109. CDC. Update: Management of patients with suspected viral hemorrhagic 
fever --- United States. MMWR 1995;44:475--9.  

110. Weber DJ, Rutala WA. Risks and prevention of nosocomial transmission of 
rare zoonotic diseases. Clin Infect Dis 2001;32:446--56.  

 

 Multidrug resistant organisms      

24 Implementation of core strategies in the 
control of MROs (MRSA, MRGN, VRE) 
Implement transmission-based precautions 
routinely for all patients colonised or 
infected with a multi-resistant organism 
including: 

Centre for Disease 
Control and 
Prevention (CDC).  
Management of 
Multidrug-
Resistant 

IB C Recommendatio
n based on 
supportive 
evidence and a 
strong 
theoretical 

8. Fierobe, L., Lucet, J. C., Decre, D., Muller-Serieys, C., Deleuze, A., Joly-Guillou, 
M. L., Mantz, J., & Desmonts, J. M. (2001) Infect Control Hosp Epidemiol 22, 
35-40. 

38. Simor, A. E., Lee, M., Vearncombe, M., Jones-Paul, L., Barry, C., Gomez, M., 
Fish, J. S., Cartotto, R. C., Palmer, R., & Louie, M. (2002) Infect Control Hosp 
Epidemiol 23, 261-267. 

68. Jernigan, J. A., Clemence, M. A., Stott, G. A., Titus, M. G., Alexander, C. H., 

http://www.cdc.gov/mmwR/preview/mmwrhtml/00035909.htm
http://www.cdc.gov/mmwR/preview/mmwrhtml/00038033.htm
http://www.cdc.gov/mmwR/preview/mmwrhtml/00038033.htm


• Putting on gloves and gowns before 
entry to the patient-care area; 

• Using patient-dedicated equipment or 
disposable non-critical patient-care 
equipment (eg blood pressure cuffs, 
stethoscope); 

• Using a single-patient room or, if 
unavailable, cohorting patients with the 
same strain of multi-resistant organism 
in designated patient-care areas; and  

• ensuring consistent cleaning and 
disinfection of surfaces in close 
proximity to the patient and those likely 
to be touched by the patient and 
healthcare workers. 
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Feedback for Preliminary Draft Infection Control National Guidelines distributed October 2009 
 
External feedback was received from the following states and organisations: 
- TAS (Brett Mitchell) 
- SA - Infection Control Service, DoH, South Australia; Sam Butenko 
- WA (Rebecca McCann and Gary Dowse) 
- National TB Advisory Committee (Dr Anastasios Konstantinos) 
 
General Comments on Guideline 
 

NHMRC response 

Overall comments - SA 
• overall a good document 
• the check list on page 100 is great 
• use of scenarios are good and use of characteristics of PPE (good for tender processes) 
• could include more public health responses i.e. outbreak and contact tracing for infectious diseases 
• The use of transmission based precautions is good – however may need some clarification & explanation as it 

replaces the historical term of “additional precautions”.  Need to make it clear that it is in ADDITION to 
standard precautions & applies to suspected not just confirmed cases. 

• The risk assessment approach and bundles of care concept is good – though some areas may need more information 
added for HCW’s to conduct risk assessment. 

• no reference to AS/NZ standards in the body of the manual - planned  reference to standards in part D; 
however would make sense to refer to the relevant standard whilst discussing the subject 

• Need to add information about Infection control across other care settings – not just acute (long term care / Rehab / 
Nursing homes / community settings / hospital in home etc) as these are an expanding health care area. 

• Is there a plan to implement hyperlinks to various sources of information, e.g. DoHA, CDNA, CDC, etc. 
• The language needs to be consistent – e.g. p.8, section 15, first dot point room or CUBICLE, next dot point it states the 

PATIENT-CARE ENVIRONMENT (should be patient-care environment) or PPE putting on and donning PPE.  A 
patient care environment needs defining e.g. room, cubicle, curtains etc. 

• P14, “Guidelines do not include…”.: Agree that detailed instructions should not be given for the listed subjects.  
However, as this document will be used by ICPs across Australia especially those in non acute and smaller rural 
settings then a paragraph recommending the minimum requirements/definitions etc. and references or links to 
standards, jurisdictional regulations/guidelines etc,  These ICPs will rely on this document for guidance and therefore it 
should include the relevant information and “how to”.  Especially as on p.106 C.1.3.1 (dot point 8) it states that 
clinical & related waste policies and procedures are recommended & p.122 that at a minimum staff should be 

• Have elaborated on the 
adoption of transmission 
based precautions. 

• Section D includes links to 
references and standards 

• The guideline is proposed 
to be in html format and 
therefore can potentially 
allow for links to approved 
websites for further 
information. 

• Outbreak management 
chapter will be modified to 
include more information on 
public health responses 
and management 

• Will review the language 
and terms to maintain 
consistency 

• References to areas 
outside the ICP scope will 
be given in Section D for 
further information. 

• Have elaborated on the use 
of disinfectants and 



educated regarding waste management 
• The re introduction of a disinfectant (sodium hypochlorite) step following a blood spill may need promotion & 

explanation of the evidence as the previous guidelines states detergent and water only with a disinfectant 
step when necessary 

• The introduction of a disinfectant following cleaning for all MROs will also need promotion – currently 
previous guidelines state a thorough clean with detergent and water for MRSA 

cleaning.   
 

Overall comments – Sam Butenko – SA CDNA 
Good: scenarios, reference to governance structures, references to characteristics ie gowns etc – good for tender process 
and minimum specs etc. Structure, readability and usability is good. 
Not good: Could include a bit more public health responses ie outbreak and contact tracing for infectious diseases ie 
measles, chicken pox etc. More on cleaning in OBP and lower risk outpatient settings would be useful. Each chapter could 
list relevant Aust Standard and or legislation that is applicable for that section. 

• Committee will discuss 
options for cleaning in OBP 
and outpatient settings 

• Response to outbreak 
management and 
references to standards 
and legislation same as 
above response. 

 
Overall comments – WA 
Section C 
Strongly support the recommendation that managers and executives of health care facilities should be held accountable for the 
performance of the facility in regards to the management and prevention of HAI. No matter their intent, any national policy / guideline 
does little more than set the bar. They can not replace the job of Executive leadership in the organisation to engage clinicians to 
achieve measurable and sustainable infection prevention and quality improvements. 
 

 

 
Page specific comments within Guideline NHMRC response 

 
Page Section Who Comment  

6 Hand 
Hygiene 
 

WA 2. Choice of Product- NHMRC should adopt criteria for ABHR as described in the Hand 
Hygiene Australia Manual July 2009 which will demonstrate a consistent approach from 
peak bodies. 
 

Referred to in text 

6 Personal 
Protective 
Equipment 
 

WA 5. Need for fluid resistant surgical masks should be stipulated to prevent exposure to 
blood/body fluids 
 

Stated in text 

7 Routine WA 11.  We would advocate that all shared clinical equipment is cleaned between patient Modified though Committee still 



Environment
al Cleaning 
 

uses – not dependent on risk assessment- 
 

to discuss 

7 Recommend
ations & p. 39

SA PPE – box 6.  confusing and contradictory.  Issue is to clearly indicate when sterile 
gloves should be used e.g. sterile/invasive procedures and non sterile gloves for all 
other indications.  Also reference should be made to the different types of gloves e.g. 
latex, latex free, and powdered.  Non powdered gloves are recommended and latex 
free if a latex allergy is suspected.  

Recommendation on gloves 
has been modified. 

7  TAS gloves for invasive procedures  - define this (is S/C and IM invasive?) – required for a 
range of procedures e.g. immunisation 

Definition of invasive refined 

7  TAS surface barriers – what other examples other than keyboards. Unsure of scope of this To be refined. Will modify 
recommendation that specifies 
keyboards 

8  TAS point 17, clarify clean and disinfect – needs to be consistent with cleaning section 
point 21, describe airborne particles more given larger description in droplet – needs to 
be consistent 

Recommendation modified. 

8 Site 
decontaminat
ion after spills 
of blood 
 

WA 13. Blood spills would not always be managed with a sodium hypochlorite solution –
dependent on size of spill and if area is in contact with skin/mucous membrane 
 

Amended 

9 Recommend
ations  

SA Typo – the word NOT has been missed Amended 

9 Multidrug 
resistant 
organisms 
 

WA 24. It is not clear in the text what is meant by intensified transmission based 
precautions. The core strategies listed in B3.1.1 are standard and transmission based 
precautions. 
 

Amended 

9  TAS point 24 – what is a target MRO? Needs to be defined – mentioned again on p.73 
point 31 – replaced routinely – define routinely or don’t put it in 

Recommendation modified 

9 Recommend
ation 
23 

NTAC Comment 1: TB patients are not usually cohorted, further clarification is required 
regarding this recommendation. As the sensitivity, resistance and molecular information 
is not known for the duration of initial hospitalisation for the majority of patients with 
suspected or confirmed TB cohorting would not be recommended.  
Comment 2: It is recognised that in settings where there are multiple TB patients with 
limited individual isolation units, cohorting of TB patients with fully susceptible disease 

Recommendation modified to 
specify MROs. Does not 
include TB. 



is acceptable provided they are on TB treatment. 
9 Recommend

ation 
24 

NTAC Comment 1: This does not reflect current practice for multi-drug resistant TB. 
Comment 2: This may be acceptable in settings where there is insufficient facilities for 
individual isolation and where  patients are on a regimen which would prevent the 
acquisition of further drug resistance 

Recommendation modified to 
specify MROs. Does not 
include TB. 

 Therapeutic 
devices 
 

 There is no recommendation for management of indwelling urinary devices 
31. Recommendation in summary conflicts with that provided in text B4.2.2 
32. Replacement of administration sets requires clarification. The review found no 
evidence that routine replacement of administration sets more often than every 3 days 
has an effect on IVD related BSI, however recommendation is they can be left in place 
for up to 4 days.  
Would prefer device management be stipulated in HOURS as opposed to DAYS.  
 

Therapeutic devices chapter 
has been significantly revised. 
All comments noted and 
addressed. 

12  TAS environment cleaning – change implement to equipment – confused with instrument i.e.  
sterilisation 

Amended 

13 Introduction SA 4th paragraph – use of term “golden staph”.  Term not used in professional circles.  Just 
MRO would be ok.  Also consistent language – MRO term used later in document, not 
antibiotic resistant bacteria. 

Amended 

13  TAS are we referring to ‘golden staph’ – thought we were not using this term, rather loose 
terminology 

Amended 

14  TAS table 3 – NICE is wrong explanation of NICE – clinical excellence Amended 
15  TAS table 3 – what is van bacteria (3rd from bottom) Amended 
19 A1.1 TAS A1.1 – first paragraph, the example-  doesn’t really explain what it is meant to Will fix example 

19  TAS A1.1 – 3rd paragraph, 2nd last sentence – source individuals…….. should it also say 
have no symptoms but be temporary or chronic…. 

Amended terminology 

20  TAS Droplet transmission – should state how far travel/distance –  Will elaborate on definition of 
droplet transmission and 
distance  

21 Table A1.1 SA Environmental controls – should include hotel services, waste management & laundry 
management as stated previously even if it is only a paragraph and reference to the 
relevant regulations or information. 

Will be referenced to Section D. 

32 B1.3 SA Section doesn’t mention an aseptic handwash i.e. 1 minute wash with anti microbial 
when this is required  

Prefer to support ABHR 

32  Sam B1.1.4 indispensable  Will revise jewellery statement  



Butenk
o 

Statement about evidence and jewellery not helpful when trying to get staff not to wear 
rings etc. 

 

  TAS B1.1.4 – should it be natural nails not native nails? In all this section, there is no 
mention of wrist watches & hand hygiene 

Amended. Native is the true 
term but may seen odd to users 

34 Risk Mgt 
case study 

SA Monitoring – needs clarification – this measure is difficult to obtain and is not just about 
supply data.  It isn’t an accurate measure and further validation is required before 
recommending this (WHO guidelines on hand hygiene in health care, p162)  

Will elaborate on monitoring 
indicators  
 

  Sam 
butenk
o 

Where to wear PPE section – more required re theatre attire and the wearing of cover 
gowns outside the theatre environment (inside the hospital and outside in the grounds) 
B1.2.3 more here about the infection risk from white coats and the need to be changed 
daily and when soiled 

Will be more specific on 
changing of PPE. 

36  Sam 
Butenk
o 

Section on gowns and aprons a bit confusing. No mention of impervious gowns ie for 
trauma or OT. 

Will be more specific on 
changing of PPE. 

37 B1.24 face & 
eye 
protection -  
masks 
&  B2.4.3 

SA Does not refer to the relevant standard AS/NZS 1716 – Respiratory Protection or refer 
to fit testing, checking or the importance of education and training 
First dot point 3rd paragraph, states sterile technique – should be procedure 
Again eye protection should refer to the relevant standard 

Reference will be made to 
Section D. 

37 Table B1.5 TAS “Use of Face & Protection” – doesn’t make sense 
Table B1.5 – add emptying a wound or catheter bag as an example under procedures 
that generate splashes.  

Amended 

SLR   Sam 
Butenk
o 

Mask and goggles being listed as a requirement when inserting IV’s – not achievable 
100%  

Evidence gathered on insertion 
of CVC indicate use of eye 
protection and mask 

38 Face shields SA Disposable or reusable face shields can be used instead of masks and goggles to 
prevent splash.  Not used when a sterile procedure is being carried out e.g. in operating 
theatre.  This needs some clarification.  

Will clarify this section. 

 Rec 5  Should include where there is a risk of transmission from HCW to patient Amended 
39  TAS Define invasive procedure again Amended 
40  Sam 

Butenk
o 

Uniform section could be more specific about a clean uniform being required each day. 
What are home laundering recommendations 

Will clarify.  

41/42 Table B1.2.7 SA Perform hand hygiene between each step & immediately  after removing all PPE  
A link or reference to the DoH/SA PPE DVD 

Hand hygiene only 
recommended by committee at 



end of removal of PPE to 
reduce risk of contamination. 

 B1.7 Sam 
Butenk
o 

B1.7 Want hyperlink for donning and doffing to DoHA Links to several sites provided. 
DoHA site limited to Influenza 
PPE 

41 B1.7 Sam 
Butenk
o 

B1.7 – Sequence for removing PPE – 1.gloves – the picture does not match the text 
(gloves in bare hand) 
B.1.7 – removal of PPE – the mention of hand hygiene needs to be after each step, not 
a sentence at the end 

Amended 

42 B1.2.8 SA Patient care – would this be better as an appendix example. Prefer to leave as is. 
44/46  Handling + 

Disposal of 
sharps………
….  

SA Nothing about condemning recapping of needles Great recommendation for retractable 
devices but not every unit has them yet. Need to continue to condemn practice of 
recapping  
Sharps reference should reference Australian Standards.  Sharps containers should 
comply with standards not just be “puncture proof” 

Modified text and 
recommendation. 

44 B1.3.1 TAS B1.3.1- 3rd para – hollow bore needs account for the greater amount – is this right? Isn’t 
it solid bore? Should reference  
B1.3.2 – double glove – when does this apply? Is this from ACORN and relevant to 
surgery?  

References provided for NSI. 
Double gloving still use high 
EPP  

45  TAS Table B1.8 – 1st line – why are we using alcohol & CHD? Shouldn’t it be soap and 
water – where is the evidence? Would CHD and alcohol potentially add to the 
inflammatory process? 
B1.3.3 – 1st para last sentence – ‘all reusable needles ….” – what needles are 
reusable? Sets the wrong tone as it would be extremely specialised if reprocessing of 
needles was to occur 
B1.3.4 – 1st para last sentence – ‘needles that retract…..’ – catheters should be 
needles, administration should be cannulation. Catheters are not retractable 

Reference to aBHR removed. 
Use just soap and water. 
 
Reusable needles are 
considered as devices 

47  TAS Case study – treating risks – 1st sentence – what is the incubator? Can this be clearer? Amended 
48/49 B1.4.2 

Routine 
environmenta
l cleaning 

SA Does not discuss the thoroughness of the clean, using a bucket and cloth, or training 
for cleaning staff.  There are a number of studies and evidence that discusses the 
importance of how to clean. 
“…….determined by healthcare facility policy” – Smaller acute and non acute facilities 
use the National guidelines to direct the development of their IC policies + procedures.  
Could include the detergent/disinfectant combination when referring to 2 step cleans 

Will elaborate on cleaning. 
The Australian Hospital 
standards provide more details 
on systems of cleaning. 
 
 

49  TAS Table B1.9 – can it be clearer that the use of disinfectants are not routine, but as Recommendation modified. 



stipulated in the text – it appears like disinfectants are to be used routinely 
what about the stating that cleaning products should be readily available – this would 
be consistent with other sections 

49  Sam Separate window curtains from wall and blind cleanings – curtains should be on 
programmed change over program in addition to when soiled or MRO exposure. 
Rec 10 – refer to spills management section under “… spills cleaned up…” 
Table B1.9 please inc reference to Benzalkonium chloride and suitability 

Suggest refer to appendix. Will 
include table on spill sizes and 
management. 

50  TAS carpets – we should be clear that carpets are not the ideal surface make reference to 
C6.2.3  
checking audit, sampling – 1st para – should say “Some” not “all” states and 
territories… 

Amended 

50  Cleaning 
implements 
….. 
 

SA ……..reference to “facility policies” ……for changing solutions, cleaning mops and 
cleaning cloths. ASNZ Laundry standard 4146 has a procedure for cleaning mops for 
reuse involving disinfection  
Cleaning implements – no reference to wipes which are becoming popular – guidance 
required to application and suitability e.g. use, efficacy. 

AS 4146 referred to.  
 
The use of wipes will require 
further sourcing of evidence 
and discussion. 

50  Sam Cleaning implements – there is no ref to the use of wipes – these are emerging as a 
trend in cleaning and I think there needs to be specific guidance in the application and 
suitability. 

As above. 

51 B1.4.3 TAS spill kit – 2nd last sentence, 2nd para – what is clinical detergent – should this be neutral 
or just detergent?  

Will clarify 

53 table B1.10 TAS start each sentence the same. e.g. high risk, moderate risk, low risk for each relevant 
category 

Amended 

54  TAS manual cleaning – is its right to say that manual cleaning should be done under high 
pressure? Fiction should be with a ‘soft’ brush 
cleaning agents – instrument cleaning should be mildly alkaline or neutral. If its mildly 
acidic, it may damage instruments.  
checking effectiveness of cleaning -  last sentence – should it be removed? ISO 
standards recommend they are routinely used.  

Will modify text 

55  TAS B1.5.5 – para 2, “records must kept…..” put and example e.g. in case of a recall or 
sterilisation breach identified after the case 
Table B1.11 – intermediate level disinfectant – “minimum treatment recommended for 
reprocessing…” This is incorrect. Cleaning is the minimum requirement. As its stands 
this would mean blood pressure cuffs should be routinely disinfected. (again also not 
consistent with cleaning recommendations). All of this table is a little confusing – 

Table has been deleted, 
definitions will be added to 
glossary 



definition of level of disinfectants??? –  
56  TAS B1.12 – under critical – cardiac and urinary catheter – are there reusable ones? How 

common are they??? 
Further considerations – what are ‘other items’ – need to check first dot point (immerse) 
against CJD guidelines.  

reusable ones exist though are 
rarer in cardiac surgery. 
 
Will elaborate. 

61 Recommend
ation 14 

TAS as it stands, contact precautions would apply to all setting e.g. a person with VRE in a 
nursing home 3 years later or dentistry or office based etc. Needs to clarify setting and 
risk. Maybe reference later discussion 

recommendation modified  

65 Recommend
ation 18 

TAS good recommendation but one example where this may or may not apply is MRSA 
throat colonisation with a productive cough (another cause). As it stands, no droplet 
would be instigated – is this right? 

recommendation modified 

67  TAS B2.4.1 – 1st sentence – B2.4.2 answers this better than B2.4.1. And dot point 3 – 
should say ‘prevents dispersal’ 
B2.4.3 – no patient placement discussed – it is for contact and droplet. Discusses later, 
but should have consistent format 
B2.4.3 – under PPE – maybe should say known antibodies or immunity, rather than 
immunisation as immunisation may not always result in seroconversion?? 

Amended 

67 B2.4.1 Why 
are 
airborne 
precautions 
important? 
 

NTAC "...placing masks on coughing patients dispersal of respiratory secretions into the air 
(Siegel et al 2007)." - Recommend including the words "to prevent" as per the following: 
"placing masks on coughing patients to prevent dispersal of respiratory secretions into 
the air (Siegel et al 2007)." 
 

Amended 

68 Patient 
isolation 

NTAC "...It is important that the door to the patient’s room remains closed and that, where 
possible, only staff or visitors who are immune to the specific infectious agent enter the 
room..." 
This concept does not apply to TB and should be qualified. Immunity to TB cannot be 
acquired, with reinfection being possible. Suggest adding to the end of the text "or are 
provided with appropriate personal protective equipment to avoid airborne transmission 
of the infectious agent". 

Amended 

68 Recommend
ation 23 

NTAC Same comment as for recommendation on page 9  Applies to specified MROs 

68  NTAC Risk management case study-M.tuberculosis among immunocompromised patients 
attending outpatient services. Whole of case study. This case study could be much 
better discussed while still keeping the case study very brief and succinct. While 

Amended 



baseline TB screening for immuno-compromised patients and development of protocols 
was outlined, the case study should also include  
(1) increasing awareness generally for TB;  
(2) educating staff about who the risk patients would be for a particular facility;  
(3) specific reference to protocols, such as 'cough protocols'.  
Baseline TB screening for immuno-compromised patients may not be practical in all 
settings. 

70 Table B2.1 SA N95 masks should be recommended for all aerosol-generating procedures regardless 
of diagnosis (or at a minimum on all suspected airborne transmission cases  

Committee will discuss. These 
comments do not take into 
account risk stratification. 
Dentistry does not agree. 

72 B3.1.1 SA Mgt. of MROs – could this section use a risk approach.  The risks associated with VRE 
e.g. presence of diarrhoea, faecal incontinence, enterostomies, and uncontained 
wound exudate is managed differently and used to guide practice in different settings. 
(ref. SA VRE guidelines).  
This section doesn’t include management of MRO’s in non acute settings e.g. OPD, 
Radiology, home nursing, aged care, rehabilitation, psychiatric etc.  

Will elaborate on MROs in non 
acute settings. Refer to Lindsay 
Grayson’s work. 

74  TAS B3.1 – patient screening – timeframe for previous hospitalisation or LTCF – can we 
stipulate a timeframe? 

Committee will revise screening 
but will use risk management 
approach 

75 Table B3.2 SA Sample collection – states rectal swabs – evidence does show that faeces is also 
acceptable and is more sensitive and less invasive 

Committee will revise screening 

78 B3.2.2 SA Patient isolation – (last sentence) the door does not have to be kept closed for contact 
transmission 

Committee will revise screening 

90 Recommend
ations 

SA Recommendation for only paediatric CVC dressings, there should be a 
recommendation also for adult dressings– all care and management should be the 
same 

Committee will revise Section 
B4 

97 Dot pt 3 + 
B4.11: 
Summary of 
processes 
pre surgical  

SA Patient preparation – nasal decolonisation  for eliminating staph aureus – does this 
refer to MSSA, MRSA  or all staph aureus irrespective of resistance codes  

Committee will discuss 

100 B4.4.1  SA Table B4.14 – Great information – can this be a boxed table for easy reading and 
maybe as an appendix so it can be printed.  ICP’s will print this information for use as a 
poster in clinical areas. 

Noted 



105  TAS Infection control practitioner – should this be professional? May have an issue re 
practitioner and definition in light of nurse practitioner. I prefer the term ‘professional’. 
Need to ensure this is consistent throughout 
C1.2.2 – last sentence – needs to be tidied up, unclear 

Will make terminology 
consistent and include in 
glossary 

106  TAS C1.3.1 – 2nd dot point – take out ‘other’ Amended 
107  TAS C.1.3.3 – is the use of HH product a good example? Consistent with HHA messages? Committee will discuss 
113  TAS C2.2.1 – first dot point – take out the word ‘verbal’  Amended 
113  
 

C2.2.1 
Personal 
assessment 
of 
disease and 
immune 
status. 

NTAC With routine screening at the start of employment in the form of personal assessment of 
disease, it is not sufficient to 
obtain only medical history of TB. It is important to obtain history of prior exposure, 
including work in high risk settings (both locally in Australia, but more importantly 
overseas), and high risk demographic backgrounds. 

Amended 

113  
 

C2.1.2 
Responsibiliti
es of 
healthcare 
workers 

NTAC Whole of C2.1.2. Recommend that a statement about staff with a coughing illness and 
the need to have an infectious cause excluded should be included in this section. 
 

Committee will discuss 

113  
 

C2.2.1 Staff 
health 
screening 
policies 

NTAC laboratory and other testing 
— this should include a routine tuberculin skin test… 
Routine screening at the start of employment in the form of laboratory and other testing 
does not necessarily include tuberculin skin testing. Laboratory tests for TB (disease or 
latent infection) should be performed depending on the information provided by history. 

Amended 

115  TAS table C2 – influenza – ‘if treated..’ should it say antiviral rather than a specific antiviral? Amended 
116  TAS Viral exanthems (is this a word?) – under mumps – two “off”, under varicella – what is 

PEHA? 
Amended 

116 Table C2 
Staff 
exclusion 
periods 
for infectious 
illnesses 
 

NTAC Tuberculosis: If TB disease is suspected or is present, staff to be notified to TB 
Services and treated. Any personnel with pulmonary TB is to be excluded from the 
workplace until cleared by TB Services. Any active TB must be monitored by TB 
Services. The reality is that TB is rarely suspected in staff that end up being diagnosed 
with TB. Recognising that people with TB are almost always most infectious before 
diagnosis, developing some simple guideline that all staff members who have a new or 
changed cough for 2-3 weeks or more should be evaluated for possibility of TB (this 
may 

Committee will discuss 



simply require an X-ray) can be a simple way of starting a staff awareness programme. 
117  TAS C2.5 – what are sharp tissues? Amended 
118  TAS C2.5.1 – 4th para – what is the advisory panel?  Amended 
119  TAS C2.6.1 – 3rd para – what is PI prevention? Amended 
120  TAS C2.6.2 – managing risk exposure – should it be managing risk of exposure? 3rd dot 

point – should it be ‘immediate post exposure advice?’ PEP refers to drug therapy. 4th 
dot point – can this be clearer & referenced?  Should this be done in consult with a 
specialist? 

Amended 

121  TAS C3.1.1 – correct heading re professional Amended 
122  TAS C3.2 – 2nd dot point – what about transmission based precautions – can this be 

specifically added? 
Amended 

125  TAS C3.5.1 – same example re auditing of HH products Will elaborate. 
127 C4 HCAI 

Surveillance 
SA Not sure if there is enough detail in here to be of assistance to someone in a 

small/country hospital or new to infection control to set up an effective program.  
Perhaps needs some example surveillance programs in small setting compared to 
larger settings. 

Committee will discuss 

127 c.4.1 SA 2nd paragraph – a very long sentence – a diagram would better interpret.  The 
guidelines will be used widely by novice ICPs who rely on the national guidelines to 
guide them. 

Technical writers to assess 

127 C,4.2 SA 1st paragraph - ……therefore surveillance is often – this is a statement and not 
guidance – consider use of “should” 

Amended 

128  TAS C4.2.1 – 3rd dot point – “Can” not “an”, 2nd last dot – can we say normoglycaemia  Amended 
129 c.4.2.2 SA 4th paragraph – this paragraph is very confusing and contradictory.   Committee will discuss 
129 C.4.2.3 SA Last sentence states to refer to section C1.4.3 – but there isn’t a section with that 

number. 
Amended 

131  TAS lack of detail re outbreak surveillance e.g. plan, policy, define the plan, lines of 
communication etc 

Will elaborate.  

133 C5.1.1 SA Update reference to NAUSP (2008 report soon to be published on ICS website) Amended 
133 C5.1.2 SA McManus et al reference is from 1997 – not 2002 Amended 
134 C5.2 SA Change “dramatic effects in lowering antibiotic prescribing” to “dramatic effects in 

optimising antibiotic prescribing” 
Amended 

134 C5.2 SA Change “morbidity, mortality and cost” to “the morbidity, mortality and associated costs 
of these (Rybak 2007). Some Australian…..” 

Amended 

135 Table C4  SA “Monitor performance of antibiotic prescribing…” – measuring antibiotic consumption 
does not of itself monitor performance. Suggest leave out the words “performance of” 

Amended 



135 Case study SA There are currently 27 NAUSP contributors and may be more in future. Suggest leaving 
out the number. 

Amended 

136 C5.3.1 SA The NAUSP provides bi-monthly reports to contributing hospitals Noted 
136 C5.3.1 SA “Data are contributed by 50% of principal ….” – at present this is 42% of major city 

principal referral centres. 
Noted. 

136 C5.3.2 SA Last sentence – South Australia and maybe NSW are now similar to Qld, WA and 
Victoria 

Committee will discuss. 

145 Standard 
precautions 
 

NTAC Standards in the section Routine management of the physical environment. 
This list of standards should include AS 1668.2-1991 (The use of mechanical 
ventilation and air-conditioning in buildings – Mechanical ventilation for acceptable 
indoorair quality) and AS 1668.2 (Supp 1-1991 The use of mechanical ventilation and 
airconditioning in buildings – Mechanical ventilation for acceptable indoor-air quality – 
Commentary (Supplement to AS 1668.2-1991)). 

Included in Section D. 

149  TAS Brett Mitchell - Director of Tasmanian Infection Prevention & Control Unit (TIPCU) Amended 
168 Appendix 4 NTAC Type and duration of precautions for specific infections and conditions. Usually after 1 

week of treatment and 3 sputum smears negative – consult with respiratory physician. 
Suggested alternative text for Duration of precautions: "If patient needs to be isolated in 
a hospital situation, they should remain isolated until the local TB control service is 
satisfied the patient is non-infectious. This is usually within 2 weeks of institution of 
isoniazid and rifampicin containing regimens if the organism is fully susceptible to these 
drugs. However, assessment should include careful clinical and bacteriological review 
before assuming that a patient has been rendered non-infectious after one to 2 weeks 
of therapy." 

Amended 

169 Appendix 5 SA This requires referencing or where adapted from.  Good concise information though. Amended 
  TAS Appendix 4 – needs a legend – what does precaution type letters mean? Amended 
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