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ABSTRACT 

Estimates of acute gastroenteritis (AGE) burden are difficult to compare between studies because 

of inconsistent definitions describing this illness. AGE definitions used in prospective, 

community-based childhood cohort studies were identified by searching databases for studies 

that collected daily observations of AGE symptoms. Disease definitions and refractory periods 

were extracted. Data from the Australian community-based Observational Research in 

Childhood Infectious Diseases (ORChID) birth cohort were used to calculate AGE incidence and 

duration using identified AGE definitions, and the World Health Organization definition for 

diarrhoea. Eight distinct AGE definitions were identified. All included loose stools and seven 

included vomiting as symptoms. The refractory period separating episodes ranged from 1 to 21 

days. When applied to the ORChID dataset, AGE incidence ranged from 0.8 to 2.6 episodes per 

child-year-at-risk, a threefold relative difference. Direct comparisons of rates from different 

cohorts can only be undertaken if a standard definition for AGE is adopted. 

 

Key words: birth cohort, child, community, infectious diarrhoea, disease burden 

 

What is known 

 Acute gastroenteritis (AGE) is a major cause of childhood healthcare encounters globally. 

 The overall disease burden is best assessed at the community-level where most cases occur. 

 There is no standard AGE definition, including one for children aged <5 years where AGE 

rates are highest, and consequently reported incidence rates are not comparable. 

 

What is new 

 Eight different definitions for childhood AGE were identified. 

 When applied to the same prospective birth cohort dataset, incidence rates ranged from 0.8 to 

2.6 episodes per child-year-at-risk. 

 The results highlight the importance of common definitions when assessing disease burden in 

different settings. 
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INTRODUCTION 

Acute gastroenteritis (AGE) remains common in high-income countries despite high levels of 

sanitation, safe food and water supplies, and rotavirus vaccine programmes (1). Most episodes 

are managed at home by the parent (or carer), although in approximately one-third of cases the 

child visits a health professional, and hospitalisation occurs in 1 in 30–40 episodes (2).  

 

Any global assessment of the community-level burden of childhood AGE relies upon parental 

reports of cases treated solely at home (3). AGE episode identification requires parent-reported, 

symptom-based case definitions as young children are unable to reliably describe their symptoms 

(4). Ideally, data should be collected prospectively to reduce recall error. However, if collected 

retrospectively to reduce participant burden in cohort studies or for obtaining point-prevalence 

data from cross-sectional surveys, the length of the recall time-period should be limited 

preferably to 1 week (5). When calculating AGE incidence, both the AGE episode itself and the 

minimum length of time separating what would be considered two consecutive episodes (the 

refractory period) need to be defined (6). Definitions of AGE vary widely in the literature, as 

demonstrated by a recent review of definitions of diarrhoea in low resource settings (7). 

 

The aim of this study was: first, to systematically identify the range of AGE definitions used in 

cohort studies of otherwise healthy children; and, second, to identify the effect of applying 

definitions that are appropriate for pre-verbal children on AGE incidence rates (IRs) to data from 

an Australian community-based birth cohort, the Observational Research in Childhood Infectious 

Diseases (ORChID) study. 

 

METHODS 

Prospective studies containing parent-reports of AGE symptoms in children were identified and 

the definition of AGE was extracted. This systematic review was conducted and reported 

following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

guidelines (8). 
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Literature search 

The search terms ‘gastroenteritis’, ‘acute gastroenteritis’, ‘infectious intestinal disease’, or 

‘infectious diarrhoea’ (here collectively referred to as ‘AGE’) were sought in titles or abstracts of 

articles published in English between 1 January 2000 and 28 February 2019 in the PubMed, 

ProQuest, EMBASE databases, and via the Web of Science (Supplemental Digital Content, part 

1, http://links.lww.com/MPG/B750). Publications identified by other means (e.g. expert 

knowledge, review of reference lists, forward reference-searches) were added manually. 

 

Eligibility and study selection 

Studies were included if: (a) AGE was defined using common gastrointestinal symptoms such as 

loose stools or vomiting, (b) symptoms were reported by parents in the community and recorded 

either by parents themselves or by research staff, (c) recall time between symptoms and their 

recording was limited to 1 week, (d) study design was prospective, and (e) subjects were aged <5 

years and otherwise healthy. The first stage of the review process was a title screen, followed by 

a screen based on the abstract. The full texts of the identified publications were assessed by two 

authors (GM, CM) independently; differences were reviewed by comparing notes and were 

resolved jointly. 

 

Data extraction and quality assessment 

Information extracted included the AGE definition, the refractory period, the name of the first 

author, the year of publication, country, age profile of participants, recruitment setting, the 

number of participants, and the study length. All eligible definitions were identified regardless of 

literature quality. Quality scoring was not performed due to the nature of the research question. 

 

The Observational Research in Infectious Disease in Childhood (ORChID) Study 

Identified AGE definitions were compared using data from ORChID, a prospective birth cohort 

study conducted in Brisbane, Australia, between 2010 and 2014 (9). ORChID focussed on 

respiratory and gastrointestinal infections during the first two years of life. Parents of 154 

children recorded a daily diary of pre-defined symptoms, including the number of loose stools 

and vomits per individual day. Overall 87,547 diary-days were returned until the second birthday 

(median; 25th–75th percentiles: 730; 372–730 days per child). Of the 146 ORChID participants 
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vaccinated with the live-attenuated reassortant rotavirus vaccine, RotaTeq (Merck, Philadelphia, 

PA), 129, 7, and 10 received three, two, and one doses, respectively (10). The Human Research 

Ethics Committees of Children’s Health Queensland (HREC/10/QRCH/16), the Royal Brisbane 

and Women’s Hospital (HREC/10/QRBW/125), and The University of Queensland 

(2010000820/HREC/10/QRCH/16) approved the ORChID study. ORChID is registered on 

clinicaltrials.gov (NCT01304914). 

 

Data analysis 

To compare the effect of different definitions on estimates of the IR and duration of childhood 

AGE episodes, the identified definitions, and the World Health Organization (WHO) criteria for 

diarrhoea (11), were applied to ORChID birth cohort data. Episodes commenced on a day 

meeting the definition and included days that did not strictly meet the daily definition, but were 

considered as a continuation of an episode, as specified by the defined refractory period. Missing 

observations, such as when parents did not return symptom diaries, were not imputed. When 

calculating definition-specific IRs, each episode was counted once (on the first day of the 

episode), and consecutive days of the episode and refractory period were excluded from the at-

risk period. Statistical analysis was conducted using Stata statistical software v15 (StataCorp, 

College Station, TX, USA). 

 

RESULTS 

The search resulted in 737 citations, while another 11 were added manually after reviewing 

reference/citation lists. Both reviewers agreed on the eight publications (12-19) that remained 

once citations not matching the selection criteria were removed (Supplemental Digital Content, 

part 2, http://links.lww.com/MPG/B750). Characteristics of the eight studies and the WHO 

definition of diarrhoea are shown in Table 1. Collectively, the identified prospective cohort 

studies followed approximately 10,000 participants (including adults) for lengths ranging from 6 

weeks to 33 months. Three studies (16-18) were conducted in developing countries, two (16, 18) 

used research staff to record parent or guardian observations, and three studies (17-19) were 

conducted in countries/regions where rotavirus vaccination had already been introduced. All 

eight AGE definitions included loose stools (with a range of at least 1 to 4 per day) and vomiting 
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(range of at least 1 to 4 per day) as symptoms of disease. The refractory period between two 

episodes ranged from 1 to 21 days. 

 

Five studies used definitions appropriate for pre-verbal children and were analysed using 

ORChID data. Terms included in the three excluded studies were “nausea”, “abdominal pain”, 

and “cramps”. In the remaining five studies, ORChID participants met the AGE definition on 0.7 

to 1.7% of study days, and AGE episodes lasted a median 2 to 3 days. This compares with 0.9% 

of study days and a median duration of 1 day using the WHO definition for diarrhoea. IRs 

calculated using ORChID data ranged from 0.76 (95% confidence interval [CI]: 0.65–0.86) to 

2.56 (95% CI 2.36–2.77) episodes per child-year (Table 2, and Supplemental Digital Content, 

part 3, http://links.lww.com/MPG/B750). 

 

DISCUSSION 

This review focused on prospective, community-based cohort involving young children, which 

allowed a direct comparison of AGE definitions using the ORChID birth cohort data. The eight 

identified AGE definitions all differed, and the five definitions applied to pre-verbal children led 

to substantially different IRs ranging from 0.76 to 2.56 episodes per child-year, a threefold 

relative difference. By comparing the five definitions in our study using the ORChID data, 

variations in study design, populations, temporal factors, and geographic settings were removed, 

allowing us to estimate the range of results attributable to the different criteria included in AGE 

definitions. 

Loose stools alone (daily count ranging from at least 1 to 4 per day) were deemed sufficient in all 

8 studies to declare AGE without additional symptoms. Vomiting alone (from at least 1 to 4 per 

day) was sufficient for AGE without additional symptoms in all but one study; the only study 

confined to infants. The definition of AGE used in cohort studies was generally broader than the 

WHO definition of diarrhoea, which does not include vomiting as a symptom. 

Five definitions, plus the WHO definition of diarrhoea, were directly compared using the 

ORChID dataset. Inclusion of vomiting (in four of six definitions) and the refractory period did 

not appear to be associated with the IR. The Olson definition (17) led to the lowest IR, due to 

requiring vomiting or diarrhoea for at least 3 consecutive days. None of the other five definitions 

required symptoms to be observed on adjacent days. The Enserink definition (15) had the second 
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lowest IR, due to needing at least 4 loose stools or vomiting episodes per day, which were the 

highest limits amongst the six definitions. The Romero (18) and Schlinkmann (19) definitions 

had the highest IRs, as they both defined AGE using a relatively low number of daily vomiting 

episodes alone, which in young infants can be a non-specific symptom with multiple other 

causes. These findings suggest that the daily number of symptoms (loose stools, vomits) chosen 

in the six definitions have the strongest influence over the IR of AGE. 

The refractory period was specified by all eight identified definitions. The relatively wide range 

(from 1 day to 3 weeks) indicates the difficulty of determining what constitutes the end of one 

episode and the beginning of another. For example, persistent loose stools following an episode 

may be from secondary lactose intolerance (20), while microbiological testing is complicated by 

asymptomatic shedding of one or more enteric pathogens in stools for weeks or months after an 

AGE episode (10). The refractory period cannot be defined using empiric data and is therefore an 

arbitrary decision, such as 3 symptom-free days. 

 

Strengths of this systematic review include the broad search terms used, from AGE to similar 

terms such as ‘gastroenteritis’, ‘infectious intestinal disease’ and ‘infectious diarrhoea’. The 

broader term ‘diarrhoea’ was excluded as it has a standard definition by the WHO and may be a 

symptom of extra-intestinal infections, such as sepsis or urinary tract infection, surgical 

disorders, including appendicitis or intussusception, and non-infectious causes such as antibiotic-

associated diarrhoea (7). Limitations include the possible inadvertent omission of other search 

terms that authors might substitute for AGE (e.g. rotavirus disease, gastrointestinal infection). 

Limiting our search results to studies published since year 2000 led to a smaller number of 

included studies. 

 

Our application of the different identified definitions to the same data demonstrated substantial 

variation in the incidence and rate of AGE episodes, indicating that AGE surveillance (and 

consequent meta-analysis) may be futile if episodes are identified using different definitions. A 

common case definition of AGE is needed, something that has been recommended previously 

(e.g. 3 or more loose stools or vomiting in 24 hours (6), or 3 or more abnormal loose stools in 24 

hours (7)). The standardised definition should (a) be easily applicable for young children, by 

using symptoms parents can recognise, (b) include a reference to the normal stool pattern, and 
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(c) acknowledge the reduced predictive value of diarrhoea for AGE in young infants, especially 

neonates and those who are breast fed, and of vomiting in general, which is important for 

healthcare workers to recognise when formulating a diagnosis (20, 21). Vomiting episodes in 

young children can occur for many reasons, including non-gastrointestinal illnesses such as 

sepsis, respiratory and urinary tract infections, or central nervous system or metabolic disorders, 

and there may be little distinction between vomiting and normal involuntary regurgitation, which 

reduces its diagnostic utility. At present, an adaptation of the WHO definition of diarrhoea that 

includes a refractory period of three days is a candidate for an AGE definition in studies focusing 

on young children, as it eliminates the potential confusion between vomiting (and its multiple 

causes) and involuntary regurgitation.  

 

Accurately and reproducibly measuring the burden of AGE depends on the consistent use of 

terminology, definitions, and on accurate measurements and reporting. Disease burden statistics 

for AGE can only reasonably be compared between study populations and over time (e.g. before 

and after the introduction of a vaccination regime) if a standard definition is used. This 

systematic review has found the research community does not have a universally agreed AGE 

definition. Consequently, variations in reported AGE rates need to be interpreted cautiously. 

Policy makers and health care providers who are planning measures for better AGE control 

require a more comprehensive and robust measurement of disease burden in the community 

setting. 
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PRISMA 2009 checklist 

Section/topic # Checklist item 
Reported on 

page # 

TITLE  

Title 1 Identify the report as a systematic review, meta-analysis, or 

both.  
1 

ABSTRACT  

Structured summary  2 Provide a structured summary including, as applicable: 

background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and 

synthesis methods; results; limitations; conclusions and 

implications of key findings; systematic review registration 

number.  

1 

INTRODUCTION   

Rationale 3 Describe the rationale for the review in the context of what 

is already known.  
3 

Objectives 4 Provide an explicit statement of questions being addressed 

with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  

3 

METHODS   

Protocol and 

registration  

5 Indicate if a review protocol exists, if and where it can be 

accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  

n/a 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-

up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, 

giving rationale.  

4 

Information sources  7 Describe all information sources (e.g., databases with dates 

of coverage, contact with study authors to identify 

additional studies) in the search and date last searched.  

4, SDC 1 

Search  8 Present full electronic search strategy for at least one 

database, including any limits used, such that it could be 

repeated.  

SDC 2 
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Study selection  9 State the process for selecting studies (i.e., screening, 

eligibility, included in systematic review, and, if applicable, 

included in the meta-analysis).  

4 

Data collection 

process  

10 Describe method of data extraction from reports (e.g., 

piloted forms, independently, in duplicate) and any 

processes for obtaining and confirming data from 

investigators.  

5 

Data items  11 List and define all variables for which data were sought 

(e.g., PICOS, funding sources) and any assumptions and 

simplifications made.  

5 

Risk of bias in 

individual studies  

12 Describe methods used for assessing risk of bias of 

individual studies (including specification of whether this 

was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

n/a 

Summary measures  13 State the principal summary measures (e.g., risk ratio, 

difference in means).  
5-6 

Synthesis of results  14 Describe the methods of handling data and combining 

results of studies, if done, including measures of 

consistency (e.g., I2) for each meta-analysis.  

5-6 

Risk of bias across 

studies  

15 Specify any assessment of risk of bias that may affect the 

cumulative evidence (e.g., publication bias, selective 

reporting within studies).  

n/a 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or 

subgroup analyses, meta-regression), if done, indicating 

which were pre-specified.  

n/a 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, 

and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  

SDC 2 

Study characteristics  18 For each study, present characteristics for which data were 

extracted (e.g., study size, PICOS, follow-up period) and 

provide the citations.  

Table 1 

Risk of bias within 19 Present data on risk of bias of each study and, if available, n/a 
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studies  any outcome level assessment (see item 12).  

Results of 

individual studies  

20 For all outcomes considered (benefits or harms), present, 

for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence 

intervals, ideally with a forest plot.  

Table 2 

Synthesis of results  21 Present results of each meta-analysis done, including 

confidence intervals and measures of consistency.  
n/a 

Risk of bias across 

studies  

22 Present results of any assessment of risk of bias across 

studies (see Item 15).  
n/a 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity 

or subgroup analyses, meta-regression [see Item 16]).  
n/a 

DISCUSSION   

Summary of 

evidence  

24 Summarize the main findings including the strength of 

evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy 

makers).  

7-8 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of 

bias), and at review-level (e.g., incomplete retrieval of 

identified research, reporting bias).  

8-9 

Conclusions  26 Provide a general interpretation of the results in the context 

of other evidence, and implications for future research.  
9-10 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and 

other support (e.g., supply of data); role of funders for the 

systematic review.  

Title page 
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Table 1. Characteristics of the eight identified studies, and the World Health Organization 

definition for diarrhoea 

 

Author 

(year), 

country 

Setting Age 

grou

p 

No. Study 

length 

Recall 

method

Definition 

(per 

day/24h) 

Refractor

y period 

IR 

Definitions applicable on parent-observed symptom data: 

Enserink 

(15) 

(2012), NL 

Childcar

e centres 

0–4y ~200

0 

media

n 11m 

Daily 

logboo

k 

Sudden, 

non-chronic 

onset of 4 or 

more loose 

stools, 

and/or a 

sudden, non-

chronic 

onset of 4 or 

more 

vomiting 

episodes 

‘Fully 

recovered’ 

for 7 days 

0.3

9 

Chandola 

(16) 

(2013), IN 

House-

holds 

<1y 200 12m Weekly 

visits 

3 or more 

loose stools 

with or 

without 

vomiting 

7 days not 

meeting 

the 

definition 

0.1

8 

Olson (17) 

(2017), GT* 

House-

holds 

<18y 469 12m Weekly 

diary 

Vomiting or 

diarrhoea (3 

or more 

unformed 

stools) for 3 

or more 

1 day not 

meeting 

the 

definition 

0.1

1 



Copyright © ESPGHAN and NASPGHAN. All rights reserved.

 

days or both 

for at least 1 

day in the 

preceding 

week 

Romero (18) 

(2017), PE* 

House-

holds 

All 1556 ≤33m Visits 

2–3 

times 

per 

week 

Any of: 3 or 

more 

loose/liquid 

stools, 2 or 

more 

vomiting 

episodes, or 

a vomiting 

episode plus 

loose/liquid 

stool 

No 

diarrhoea 

or 

vomiting 

for 10 days 

0.2

8 

Schlinkman

n (19) 

(2018), DE* 

House-

holds 

All 282 4m Daily 

diary 

3 or more 

liquid/pasty 

stools and/or 

at least 1 

vomiting 

episode 

>2 days 

without 

symptoms 

2.0

8 

WHO (11) 

(1988) 

All All n/a n/a n/a 3 or more 

loose or 

liquid stools 

1 day 

assumed 

n/a 

Definitions not applicable on parent-observed symptom data: 

de Wit (12) 

(2001), NL 

General 

practices 

All 4860 12m Weekly 

letter 

3 or more 

loose stools 

or 3 or more 

vomiting or 

either 

2 weeks 

symptom-

free 

0.7

6 
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diarrhoea or 

vomiting 

with at least 

1 additional 

symptom 

(diarrhoea, 

vomiting, 

abdominal 

cramps, 

abdominal 

pain, fever, 

nausea, 

blood in the 

stool, or 

mucus in the 

stool) 

Heyworth 

(13) 

(2006), AU 

State-

wide 

survey 

4–6y 1016 6w Daily 

diary 

Vomiting or 

liquid bowel 

movements, 

or nausea or 

soft bowel 

movement 

with 

abdominal 

cramps 

7 days 

symptom-

free 

3.8 

O'Brien (16) 

(2010), UK 

General 

practices 

All 6836 12m Weekly 

letter 

Loose stools 

or at least 1 

vomit (that 

incapacitates 
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d by other 

symptoms 

such as 

cramps or 

fever) 

~ = approximately; AU = Australia; DE = Germany;  GT = Guatemala; IN = India; NL = The 

Netherlands;  PE = Peru; UK = United Kingdom; IR = incidence rate per child-year; n/a = not 

applicable; WHO = World Health Organization; y = years; m = months; w = weeks; * rotavirus 

vaccines included in the regional immunisation programme;  
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Table 2. Incidence rate estimates by definitions applied on a common dataset, the Observational 

Research in Childhood Infectious Disease Study (154 children; 87,547 study-days) 

 

Study-based 

definition 

Days with 

positive AGE 

definitions 

Days (%) of 

AGE 

episodes 

Number 

of AGE 

episodes 

Duration 

of AGE 

episodes 

(days)* 

Incidence Rate† 

(95% CI) 

Enserink (15) 576 (0.7%) 1,427 (1.6%) 208 3 (2–7) 0.89 (0.78–1.02) 

Chandola (16) 832 (0.9%) 1,011 (1.1%) 249 2 (1–5) 1.06 (0.94–1.20) 

Olson (17) 807 (0.9%) 807 (0.9%) 181 3 (3–5) 0.76 (0.65–0.88) 

Romero (18) 1,230 (1.4%) 1,822 (2.1%) 402 2 (1–6) 1.78 (1.61–1.96) 

Schlinkmann 

(19) 

1,539 (1.7%) 2,273 (2.6%) 593 2 (1–4) 2.56 (2.36–2.77) 

WHO diarrhoea 

(11)‡ 

832 (0.9%) 832 (0.9%) 338 1 (1–3) 1.41 (1.27–1.57)§ 

AGE = acute gastroenteritis; CI = confidence interval; WHO = World Health Organization; *

median (25th–75th percentiles); † per child-year; ‡ the WHO describes diarrhoea as a symptom of 

acute gastroenteritis involving the passage of three or more loose or liquid stools per day, or 

more frequently than is normal for the individual; § refractory period of 1 day assumed; 

 

 


