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ABSTRACT 

Background: Associations between respiratory viruses and the bacterial pathogens 

Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis may 

be important in the pathogenesis of otitis media (OM). However, data on 

asymptomatic identification rates of respiratory viruses are limited, particularly in 

Indigenous populations, who suffer a high burden of OM.  

Methods: We describe the identification of respiratory viruses alone and in 

combination with pathogenic OM bacteria in 1006 nasopharyngeal aspirates collected 

from asymptomatic Aboriginal and non-Aboriginal children in a longitudinal 

community-based cohort study in rural Western Australia.  

Results: Viruses were identified in 42% of samples from Aboriginal and 32% from 

non-Aboriginal children. Rhinoviruses were the most frequently identified virus with 

higher identification rates in Aboriginal (23.6%) than non-Aboriginal children 

(16.5%; P = 0.003). Rhinoviruses were associated with H. influenzae (OR 2.24, 

95%CI 1.24-4.07 for Aboriginal children) and M. catarrhalis (OR 1.94, 95%CI 1.05-

3.57 for Aboriginal children). Adenoviruses were positively associated with H. 

influenzae in Aboriginal children (OR 3.30, 95%CI 1.19-9.09) and M. catarrhalis in 

non-Aboriginal children (OR 5.75, 95%CI 1.74-19.23), but negatively associated with 

S. pneumoniae in Aboriginal children (OR 0.39, 95%CI 0.18 – 0.84).  

Conclusions: We found a high identification rate of rhinoviruses and adenoviruses in 

asymptomatic children. The associations between these viruses and OM bacteria have 

implications for preventive strategies targeted at specific pathogens.  
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INTRODUCTION 

Otitis media (OM) is a common childhood illness accounting for a significant proportion 

of doctor consultations and antibiotic prescriptions.
1-3

 In industrialised countries 10-20% 

of children will suffer more than 3 episodes of OM during the first year of life.
4
  

Aboriginal Australian children experience exceptionally high rates of OM and its 

complications, in particular hearing loss.
5
  The peak prevalence of OM in our Kalgoorlie 

Otitis Media Research Project (KOMRP) was 72% in Aboriginal children aged 5-9 

months and 40% in non-Aboriginal children aged 10-14 months.
6
  Streptococcus 

pneumoniae, Haemophilus influenzae and Moraxella catarrhalis are the 3 most common 

bacterial pathogens associated with OM in both Indigenous and non-Indigenous 

populations in Australia and elsewhere
5, 7, 8

 and early onset of upper respiratory tract 

carriage of these pathogens is associated with increased risk of OM.
5, 9

 In the KOMRP 

carriage rates for S. pneumoniae, H. influenzae and M. catarrhalis were 2-3 times higher 

in Aboriginal children than in non-Aboriginal children.
8
   

 

Respiratory syncytial virus (RSV), influenza viruses A and B, coronaviruses, 

adenoviruses, parainfluenza viruses (PIV), rhinoviruses, enteroviruses and mumps viruses 

have been associated with OM
10-18

 and several studies suggest that viruses predispose to 

acute OM.
10, 19, 20

 Furthermore, rhinoviruses have been associated with carriage of M. 

catarrhalis and S. pneumoniae in otitis-prone children
21

 and synergism has been 

described between influenza viruses and S. pneumoniae.
22

 

 

In order to understand the role of viruses in the etiology and pathogenesis of OM, it is 

necessary to know the prevalence of viruses in asymptomatic children.  This is 

particularly relevant with increasing use of polymerase chain reaction (PCR) techniques 
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which have generally resulted in higher detection rates in both symptomatic and 

asymptomatic subjects.
23, 24

 In the only small study to date in Aboriginal Australian 

infants, viruses were generally identified after bacterial colonisation and onset of OM.
5
 

However the study was conducted before more sensitive PCR technology became 

available.  There have been no studies reporting on viral identification rates in 

asymptomatic Australian children. 

 

Using data collected in the KOMRP, we now describe the respiratory viruses identified in 

asymptomatic Aboriginal and non-Aboriginal children and the relationships between 

respiratory viruses and bacterial OM pathogens.  We hypothesise that Aboriginal children 

have higher rates of asymptomatic viral identification than non-Aboriginal children and 

that both rhinoviruses and adenoviruses are associated with increased risk of 

nasopharyngeal carriage of bacterial OM pathogens in Aboriginal and non-Aboriginal 

children at the microbe level.  

 

MATERIALS AND METHODS 

Study population  

Kalgoorlie-Boulder is the largest town in the Goldfields region of Western Australia, 

located 600km east of Perth in a semi-arid zone. The KOMRP has been described in 

detail elsewhere.
6, 8

 In brief, between April 1999 and January 2003, 100 Aboriginal and 

180 non-Aboriginal children living within a one-hour drive of Kalgoorlie-Boulder were 

enrolled at birth and followed up regularly to age 2 years.  Multiple births and children 

with severe congenital abnormalities or birthweight <2000g were excluded.  A total of 

1559 nasopharyngeal aspirates (NPAs) were collected during routine follow-up visits at 

1-3 weeks, 6-8 weeks and again at 4, 6, 12, 18 and 24 months.  To identify viruses in the 
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nasopharynx, we selected all NPAs from children who had at least four specimens 

collected during the study.  Thus, 1006 NPAs from asymptomatic Aboriginal and non-

Aboriginal children were available for virology testing. We tested the first 396 specimens 

that we collected for rhinoviruses, adenoviruses, RSV, influenza viruses A and B, 

coronaviruses, PIV and human metapneumoviruses (HMPV). Because of financial 

constraints we restricted virology testing of the remaining 610 specimens to rhinoviruses, 

adenoviruses, RSV and influenza A and B viruses.  

 

Laboratory methods  

Nasopharyngeal aspirates (NPAs) were collected at each visit. One mL of saline was then 

added to the specimen which was stored for viral identification. For bacterial culture, a 

0.5 mL volume of mucus plug, or if no visible plug, the gently mixed specimen, was 

pipetted into 1 mL of skim milk-tryptone-glucose-glycerol broth. All samples were stored 

at -20°C until sent to the study laboratory in Perth on dry ice, usually within 72 hours, for 

long-term storage at -70°C. Methods used for primary isolation and identification of 

bacterial pathogens in NPA specimens have been described previously.
8
 Primary inocula 

were made on selective media and organisms of interest were subcultured and subjected 

to confirmatory tests using standard methods.
25

 To identify viruses, nucleic acid was 

extracted from samples using the QIAmp Viral RNA kit (QIAGen Sciences, 

Maryland,USA) in accordance with the manufacturer’s protocol. In-house modified 

nested or semi-nested PCR amplification was performed for rhinoviruses, adenoviruses, 

RSV, HMPV, influenza viruses A and B, coronaviruses and PIV types 1–3. Amplicons 

were detected by ethidium bromide agarose gel electrophoresis.  
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Statistical analysis  

NPA specimens were grouped into seven age categories (<1, 1-2, 3-4, 5-9, 10-14, 15-19 

and ≥20 months), based on the timing of scheduled follow-up visits. The viral 

identification rate was defined as the proportion of specimens positive for a particular 

virus. Chi-square tests were used to compare viral identification rates between Aboriginal 

and non-Aboriginal children. Adenoviruses and rhinoviruses were the only viruses 

identified in sufficient numbers for further analysis. We used logistic regression models 

incorporating generalized estimating equations (GEE) adjusted for age, gender and the 

proportion of virus-positive samples for the virus under investigation for each child to 

examine associations between rhinoviruses or adenoviruses and simultaneous carriage of 

S. pneumoniae, M. catarrhalis or H. influenzae.  This method was used as our study 

consisted of correlated longitudinal data, with children having multiple specimens 

collected over the duration of the study. A GEE model accounts for correlated 

observations and therefore produces more accurate standard errors.
26

 Separate models 

were used for Aboriginal and non-Aboriginal children. These semi-adjusted models were 

investigating the overall interactions between viruses and bacteria at the microbe level in 

Aboriginal and non-Aboriginal children. To investigate independent effects between 

rhinoviruses or adenoviruses and pathogenic bacteria, further models were developed 

adjusting for the same factors as the semi-adjusted models as well as for the presence of 

other bacteria and rhinoviruses or adenoviruses. In both semi-adjusted and fully-adjusted 

models we determined odds ratios (OR) with 95% confidence intervals to indicate the 

strength of the associations. An OR >1 represents a positive association between the 

identification of the virus and bacteria under investigation and an OR <1 represents a 

negative association. All analyses were performed using Stata version 9.0 and SPSS 

version 15.0.   
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Ethical approval 

The study design and protocol for the KOMRP were approved by the Western Australian 

Aboriginal Health and Information Ethics Committee, the Northern Goldfields Health 

Service and Nursing Education Ethics Committee in Kalgoorlie, Princess Margaret 

Hospital for Children Ethics Committee and the Confidentiality of Health Information 

Committee of the Health Department of Western Australia.  

 

RESULTS 

Nasopharyngeal specimens 

The 1006 specimens tested for the presence of respiratory viruses were from 79 

Aboriginal children (436 specimens, average 5.5 per child) and 88 non-Aboriginal 

children (570 specimens, average 6.5 per child). In Aboriginal children, 262 (60.1%) 

specimens were from boys and in non-Aboriginal children 305 (53.5%) were from boys. 

Generally, specimens were equally distributed across the seven age groups, but there were 

fewer specimens from Aboriginal children aged ≥20 months (10.8%, n=47) than younger 

Aboriginal children (eg. 5-9 months 16.3%, n=71; P = 0.56).  

 

Viruses identified in nasopharyngeal specimens  

In the 396 samples that were tested for all 7 viruses, one or more viruses were identified 

in 42.1% of samples from Aboriginal children and 31.5% of samples from non-

Aboriginal children.  Overall, rhinoviruses were the most frequently identified viruses 

(19.6%), followed by adenoviruses, coronaviruses, PIV, HMPV, RSV and influenza A 

and B viruses (Table 1). Rhinoviruses and adenoviruses were identified more often in 

NPAs collected from Aboriginal children than from non-Aboriginal children (23.6% vs 
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16.5% for rhinoviruses and 8.5% vs 3.5% for adenoviruses, Table 1).  The proportion of 

samples positive for rhinoviruses increased to 35.2% in Aboriginal children and 22.1% in 

non-Aboriginal children by age 5-9 months and declined thereafter (Fig. 1). Adenoviruses 

were most frequently identified at age 10-14 months (18.6% in Aboriginal and 8.6% in 

non-Aboriginal children, Fig. 1).  

 

Associations between viruses and bacterial OM pathogens 

Table 2 (online only) shows the co-occurrence of S. pneumoniae, H. influenzae or M. 

catarrhalis and adenoviruses or rhinoviruses in Aboriginal and non-Aboriginal children. 

Overall, one or more of the bacterial OM pathogens co-occurred with one or more viruses 

in 70% (307/436) of specimens from Aboriginal children and 45% (259/570) of 

specimens from non-Aboriginal children. When rhinoviruses or adenoviruses were not 

identified, a higher proportion of specimens also had no OM bacteria identified compared 

with rhinovirus- and adenovirus-positive specimens. For example, in Aboriginal children, 

37% of rhinovirus-negative specimens had no bacterial pathogens compared with 7% of 

rhinovirus-positive specimens. In Aboriginal children, all 3 bacterial OM pathogens were 

isolated from 42% of rhinovirus-positive specimens and from 49% of adenovirus-positive 

specimens (Table 2, online only). In non-Aboriginal children, co-occurrence of bacteria 

and viruses was less frequent than among Aboriginal children. In 44% of rhinovirus-

positive specimens from non-Aboriginal children and in 20% of adenovirus-positive 

specimens, none of the 3 bacterial OM pathogens were isolated. All 3 bacterial OM 

pathogens were isolated from 6% (n=6) of rhinovirus-positive specimens and 10% (n=2) 

of adenovirus-positive specimens (Table 2, online only). Two-thirds (n=4) of 

coronavirus-positive specimens in Aboriginal children also grew all 3 bacterial OM 
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pathogens, but none of the coronavirus-positive specimens in non-Aboriginal children 

grew all 3; rather 62.5% (n=5) of coronavirus-positive specimens grew no OM bacteria.  

 

In regression models adjusting for age, gender and the proportion of rhinovirus-positive 

specimens per child, the presence of rhinoviruses significantly increased the odds of 

identifying each of the 3 bacterial OM pathogens in Aboriginal children (Table 3). The 

strongest association was between rhinoviruses and H. influenzae (OR 2.91, 95% CI 1.76-

4.83).  When these models were further adjusted for the presence of other bacteria and 

adenoviruses, all positive associations remained significant except for that with S. 

pneumoniae. While there was a positive association between rhinoviruses and the 3 

bacterial OM pathogens in non-Aboriginal children, none of the associations reached 

statistical significance (Table 3).  

 

Isolation of H. influenzae was also strongly associated with adenoviruses in Aboriginal 

children (OR 3.29, 95% CI 2.19-8.40) and this remained significant after adjusting for the 

presence of rhinoviruses and the other bacterial OM pathogens (Table 4). In the semi-

adjusted model, no significant association was seen between adenoviruses and S. 

pneumoniae in Aboriginal children but in the model adjusting for the presence of other 

bacteria and rhinoviruses there was a significant negative association between these 

pathogens. The identification of adenoviruses resulted in a 61% reduction in the odds of 

S. pneumoniae isolation (OR 0.39, 95% CI 0.18-0.84, Table 4).  There was a strong 

positive association between adenoviruses and M. catarrhalis in non-Aboriginal children, 

both in the semi-adjusted (OR 5.71, 95%CI 1.67-19.61) and the fully-adjusted models 

(OR 5.75, 95% CI 1.74-19.23, Table 4).   
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Simultaneous identification of viruses 

More than one virus was simultaneously identified in 32 specimens (12.5% of all virus-

positive specimens), 22 (16.5% of all virus-positive specimens) from Aboriginal children 

and 10 (8.2% of all virus-positive specimens) from non-Aboriginal children. 

Adenoviruses and rhinoviruses were identified simultaneously in 23 of these 32 

specimens, 15 from Aboriginal children and 8 from non-Aboriginal children. In 1 

specimen from an Aboriginal child, 3 viruses were identified simultaneously (rhinovirus, 

adenovirus and coronavirus). The remaining 9 specimens with multiple viruses (7 of 

which were from Aboriginal children) involved either a rhinovirus or an adenovirus 

identified simultaneously with a coronavirus on 4 occasions, HMPV on 2 occasions, RSV 

on 2 occasions and PIV on 1 occasion.  

 

DISCUSSION 

This is the first report to describe nasopharyngeal carriage of respiratory viruses and their 

associations with respiratory bacteria in asymptomatic Indigenous and non-Indigenous 

children. In our study in rural Western Australia, Aboriginal children have a higher rate of 

respiratory viruses identified in the nasopharynx than non-Aboriginal children and are 

more likely to have viruses identified in conjunction with bacterial OM pathogens. We 

found positive associations between identification of rhinoviruses and each of the 3 

bacterial OM pathogens in all children, between adenoviruses and M. catarrhalis in non-

Aboriginal children, between adenoviruses and H. influenzae in Aboriginal children, but a 

negative association between adenoviruses and S. pneumoniae in Aboriginal children.  

 

There are no similar Australian studies apart from one small study with Aboriginal infants 

conducted before availability of PCR.
5
 In addition, few studies elsewhere have 
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investigated the presence of viruses in asymptomatic children and hence comparisons 

between our study and others are difficult. In a review comparing the identification of 

viruses by PCR and conventional diagnostic methods in asymptomatic subjects, Jartti and 

colleagues
24

 reported similar PCR viral detection rates to those seen in non-Aboriginal 

children in our study for rhinoviruses (15.1% vs our 16.5%), adenoviruses (5.3% vs 

3.5%), coronaviruses (2.5% vs 3.6%) and PIV (0.5% vs 1.8%). A Dutch study identified 

rhinoviruses in 28% of specimens at age 12 months and in 14% of specimens at age 24 

months from asymptomatic children at routine health checks
27

 with results similar to ours, 

although influenza viruses, coronaviruses and PIV were identified less often than in our 

study. Johnston and colleagues
28

 reported a lower rate of detection of rhinoviruses (12%) 

from asymptomatic samples than our study. Another Dutch study identified viruses in 

68% of asymptomatic children aged under 4 years attending general practitioners for non-

respiratory illnesses,
29

with rhinoviruses being the most commonly identified pathogen, 

although unlike our study, no adenoviruses were identified. There are no data available in 

Indigenous populations from other parts of the world to compare with our findings. 

Australian Aboriginal children could be considered “otitis-prone” since they have a high 

burden of OM.
6, 8

  A prospective Finnish study of otitis-prone children
21

 identified 

rhinoviruses in 39% of specimens collected from asymptomatic children compared with 

our 24% in Aboriginal children, but did not identify enough adenoviruses to warrant 

analysis. From the limited comparisons that can be made, our study suggests a high 

prevalence of rhinoviruses and adenoviruses in the community.   

 

There is a growing awareness of the need to characterize interactions between respiratory 

bacteria and viruses.
30, 31

 Asymptomatic carriage of viruses may occur shortly before 

symptoms develop or represent prolonged viral shedding after an illness and may increase 
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the risk of secondary bacterial infections and disease including OM, especially in 

Aboriginal children. Additionally, it is important to know the relative contributions of 

viruses and bacteria to the burden of OM in different populations to ensure appropriate 

case management and the development of preventive strategies. Viral vaccines, in 

particular influenza vaccines,
32, 33

 might play a role in preventing secondary bacterial 

infection and subsequent diseases such as OM.  

 

Previously, we used multivariate random effects models
19

 with the KOMRP data to 

differentiate between host-level (which takes into account impaired immunity and 

environmental factors such as crowding) and microbe-level correlations between bacterial 

and viral pathogens. We found associations primarily at the microbe-level for 

rhinoviruses, though in Aboriginal children there was also an association at the host-level 

for rhinoviruses and S. pneumoniae.
19

  The viral-bacterial interactions at the microbe-

level support the hypothesis that viruses predispose to bacterial adherence and 

colonization. In our current analysis, by adjusting for the proportion of rhinovirus- or 

adenovirus-positive specimens in the appropriate models, we are looking at associations 

only at the microbe-level. In our semi-adjusted models, our results are similar to those of 

the earlier modelling analysis. By further adjusting for the presence of other bacteria and 

either rhinoviruses or adenoviruses as appropriate, we have extended this analysis to 

investigate independent effects between a single virus and a single bacterium.  

 

We have now found independent associations between rhinoviruses and both M. 

catarrhalis and H. influenzae in Aboriginal children, adenoviruses and H. influenzae in 

Aboriginal children and adenoviruses and M. catarrhalis in non-Aboriginal children. Our 

findings suggest synergism between both rhinoviruses and adenoviruses and these two 
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bacterial OM pathogens regardless of other pathogens that may be involved on a causal 

pathway. A Finnish study found that rhinoviruses were positively associated with M. 

catarrhalis and a trend towards a positive association was seen with S. pneumoniae but 

no association with H. influenzae,
21

 which is partly consistent with our results. Previous 

studies in humans have not identified adenoviruses in sufficient numbers to conduct 

analyses for rates of co-occurrence with bacterial pathogens;
21

 however in the chinchilla 

model, some synergism has been found as OM was most severe when animals were 

inoculated with adenovirus 7 days prior to inoculation of non-typeable H. influenzae.
34

 

 

Of particular interest is the competitive interaction we found between S. pneumoniae and 

adenoviruses in Aboriginal children. This suggests that the presence of adenoviruses 

inhibits the growth of S. pneumoniae independent of whether M. catarrhalis and H. 

influenzae are present or not. This has not been previously reported and warrants further 

investigation. In-vitro studies have shown that while there is a complex effect of 

respiratory viruses on bacterial adhesion to respiratory epithelia cells, these have 

generally shown an enhancing effect of viral infection,
35

 including adenoviruses and S. 

pneumoniae.
36

  In contrast, an in vivo study in the chinchilla model adenoviruses did not 

enhance colonization  by S. pneumoniae, contrary to the enhancing effect of influenza A 

virus,
37

 and our earlier modelling analysis found a negative association, albeit 

insignificant, between adenoviruses and S. pneumoniae
19

 giving further weight to our 

finding. From our study, we cannot determine whether viral infection preceded, followed 

or coincided with the bacterial infection, but our results support the hypothesis that 

rhinoviruses and adenoviruses are independently associated with increased, or in the case 

of adenoviruses and S. pneumoniae, decreased bacterial carriage in the nasopharynx of 

Aboriginal and non-Aboriginal children.  
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Our study does have some other limitations. We were only able to test for the 7 

respiratory viruses under investigation on a restricted set of specimens. While specimens 

were collected during routine follow-up visits, it is possible that some children may have 

been experiencing mild upper respiratory symptoms at the time, but not severe enough to 

be classified as an illness episode. This could have resulted in falsely high viral 

identification rates. However, specimens from children who were ill at the time of 

collection were excluded from our analysis.  

 

Despite these small limitations, our data provide a platform on which to determine the 

role of rhinoviruses and adenoviruses and bacteria in the etiology and severity of OM and 

acute lower respiratory infections. The high identification rate of adenoviruses and 

rhinoviruses and concurrent pathogenic OM bacteria in asymptomatic Aboriginal children 

may relate to larger family sizes, more crowded living conditions than in non-Aboriginal 

households and higher transmission rates
6
, P. Jacoby, unpublished data). Improved 

housing and promotion of frequent handwashing for Aboriginal people are needed to 

reduce carriage and transmission of respiratory pathogens. Our findings have implications 

for prevention strategies targeting individual pathogens and there is now a need to 

characterise these associations between viruses and bacteria in times of active acute 

respiratory infection. Such investigations are possible through our state-wide population-

based data linkage system and we are in the process of linking respiratory pathogen data 

with demographic, hospitalisation, emergency department presentation data in a cohort of 

245,000 births.  
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FIGURE 1. Proportion of rhinoviruses and adenoviruses identified in nasopharyngeal 

specimens of asymptomatic Aboriginal and non-Aboriginal children by age group. 
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TABLE 1. Respiratory viruses identified in nasopharyngeal samples collected from 

asymptomatic Aboriginal and non-Aboriginal children. 

 Aboriginal Non-Aboriginal Total 

Virus no. 

collected 

no. (%) 

positive 

no.  

collected 

no.  (%) 

positive 

no.  

collected 

no.  (%) 

positive 

Rhinovirus 436 103 (23.6) 570 94 (16.5) 1006 197 (19.6) 

Adenovirus 435
*
 37 (8.5) 570 20 (3.5) 1005

*
 57 (5.7) 

RSV 436 2 (0.5) 570 3 (0.5) 1006 5 (0.5) 

Influenza A 436 2 (0.5) 570 2 (0.4) 1006 4 (0.4) 

Influenza B 436 0 (-) 570 1 (0.2) 1006 1 (0.1) 

Coronavirus 171 6 (3.5) 225 8 (3.6) 396 14 (3.5) 

PIV 171 3 (1.8) 225 4 (1.8) 396 7 (1.8) 

HMPV 171 3 (1.8) 225 0 (-) 396 3 (0.8) 

Any virus in total dataset
†
 436 133 (30.5) 570 122 (21.4) 1006 255 (25.3) 

RSV, respiratory syncytial virus; PIV, parainfluenza virus; HMPV, human 

metapneumovirus. 

* Insufficient volume in one specimen to conduct virological testing. 

†
Only 396 specimens were tested for coronavirus, PIV and HMPV. 

 



TABLE 2. The co-occurrence of bacterial otitis media pathogens with rhinoviruses and adenoviruses in nasopharyngeal specimens from 

asymptomatic Aboriginal and non-Aboriginal children.  

Total No Bacteria Pnc only MC only HI only Pnc and MC Pnc and HI MC and HI Pnc, MC and HI Subjects 

N no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) no. (%) 

Aboriginal children          

 Rhinovirus positive 103 7 (6.8) 4 (3.9) 7 (6.8) 9 (8.7) 17 (16.5) 7 (6.8) 9 (8.7) 43 (41.7) 

 Rhinovirus negative 333 122 (36.6) 30 (9.0) 27 (8.1) 17 (5.1) 39 (11.7) 14 (4.2) 19 (5.7) 65 (19.5) 

 Adenovirus positive 37 4 (10.8) 0 (-) 2 (5.4) 3 (8.1) 3 (8.1) 2 (5.4) 5 (13.5) 18 (48.6) 

 Adenovirus negative 398 125 (31.4) 34 (8.5) 32 (8.0) 23 (5.8) 53 (13.3) 19 (4.8) 22 (5.5) 90 (22.6) 

Non-Aboriginal children          

 Rhinovirus positive 94 41 (43.6) 10 (10.6) 14 (14.9) 2 (2.1) 13 (13.8) 4 (4.3) 4 (4.3) 6 (6.4) 

                   Rhinovirus negative 476 270 (56.7) 52 (10.9) 53 (11.1) 14 (2.9) 44 (9.2) 6 (1.3) 14 (2.9) 23 (4.8) 

 Adenovirus positive 20 4 (20.0) 1 (5.0) 4 (20.0) 0 (-) 6 (30.0) 0 (-) 3 (15.0) 2 (10.0) 

 Adenovirus negative 550 307 (55.8) 61 (11.1) 63 (11.5) 16 (2.9) 51 (9.3) 10 (1.8) 15 (2.7) 27 (4.9) 

Pnc, S. pneumoniae; MC, M.catarrhalis; HI, H.influenzae 
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TABLE 3. Associations between isolation of bacterial OM pathogens and 

rhinoviruses in asymptomatic Aboriginal and non-Aboriginal children. 

Subjects OR* 95%CI OR
†
 95% CI 

Aboriginal children     

 M. catarrhalis 2.67 1.60 – 4.44 1.94 1.05 – 3.57 

 S. pneumoniae 1.91 1.15 – 3.17 1.29 0.75 – 2.23 

 H. influenzae 2.91 1.76 – 4.83 2.24 1.24 – 4.07 

Non-Aboriginal children     

 M. catarrhalis 1.43 0.86 – 2.38 1.15 0.64 – 2.08 

 S. pneumoniae 1.49 0.90 – 2.46 1.37 0.80 – 2.34 

 H. influenzae 1.64 0.89 – 3.04 1.44 0.74 – 2.79 

OR, odds ratio; CI, confidence interval. 

*Adjusted for age, age
2
, gender, proportion of rhinovirus-positive specimens per child  

†
Adjusted for age, age

2
, gender, proportion of rhinovirus-positive specimens per child, 

identification of adenovirus, isolation of the 2 other bacterial OM pathogens 
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TABLE 4. Associations between isolation of bacterial OM pathogens and 

adenoviruses in asymptomatic Aboriginal and non-Aboriginal children. 

Subjects OR
*
 95%CI OR

†
 95% CI 

Aboriginal children     

 M. catarrhalis 1.96 0.84 – 4.52 1.83 0.65 – 5.18 

 S. pneumoniae 0.75 0.41 – 1.36 0.39 0.18 – 0.84 

 H. influenzae 3.29 2.19 – 8.40 3.30 1.19 – 9.09 

Non-Aboriginal children     

 M. catarrhalis 5.71 1.67 – 19.61 5.75 1.74 – 19.23 

 S. pneumoniae 1.81 0.88 – 3.68 1.17 0.51 – 2.68 

 H. influenzae 0.87 0.36 – 2.11 0.44 0.16 – 1.24 

OR, odds ratio; CI, confidence interval. 

*
Adjusted for age, age

2
, gender, proportion of adenovirus-positive specimens per child  

†
Adjusted for age, age

2
, gender, proportion of adenovirus-positive specimens per child, 

identification of rhinovirus, isolation of the 2 other bacterial OM pathogens 
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