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Background: Acute gastroenteritis (AGE) remains a major cause of morbidity and 

mortality among children under five years of age, particularly in low- and middle-

income countries. 

Objective: To evaluate the pooled prevalence of etiological agents and associated 

risk factors of acute gastroenteritis in under-five children through a systematic 

review and meta-analysis. 

Methods: A systematic search of major databases was conducted from inception 

to June 2025. Observational studies reporting laboratory-confirmed etiological 

agents or risk factors for AGE in children aged 0–59 months were included. 

Random-effects meta-analysis was used to estimate pooled prevalence and odds 

ratios. 

Results: Fifty-two studies involving 48,672 children were included. Viral 

pathogens predominated (57.8%), with rotavirus (27.4%) and norovirus (14.2%) 

being the most common agents. Key risk factors included non-exclusive 

breastfeeding (OR 2.31), malnutrition (OR 2.56), unsafe drinking water (OR 1.94), 

poor sanitation (OR 2.08), and lack of rotavirus vaccination (OR 2.89). 

Conclusion: Acute gastroenteritis in under-five children is predominantly viral in 

etiology. Integrated strategies focusing on vaccination, nutrition, breastfeeding, 

and water and sanitation are essential to reduce disease burden. 

 
Copyright © International Journal of 
Medical and Pharmaceutical Research 
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INTRODUCTION 

Acute gastroenteritis (AGE) is one of the most common illnesses affecting children under five years of age and remains a 

major public health concern worldwide. It is clinically characterized by the sudden onset of diarrhea, with or without 

vomiting, fever, or abdominal pain, typically lasting less than 14 days [1]. Despite significant advances in child health 

interventions, acute gastroenteritis continues to contribute substantially to morbidity, mortality, and healthcare utilization, 

particularly in low- and middle-income countries (LMICs) [2]. 

 

Globally, diarrheal diseases are among the leading causes of death in children under five, accounting for hundreds of 

thousands of deaths annually [3]. The burden is disproportionately higher in resource-limited settings due to inadequate 

access to safe drinking water, poor sanitation, malnutrition, and limited healthcare services [4]. Recurrent episodes of 

gastroenteritis in early childhood are also associated with long-term consequences such as growth faltering, micronutrient 

deficiencies, and impaired cognitive development [5]. 

 

The etiology of acute gastroenteritis in under-five children is diverse and includes viral, bacterial, and parasitic pathogens. 

Viral agents are the most common cause, with rotavirus historically identified as the leading etiological agent worldwide, 

followed by norovirus, adenovirus, and astrovirus [6,7]. Bacterial pathogens such as Escherichia coli, Shigella, Salmonella, 

and Campylobacter species contribute significantly, especially in regions with poor hygiene and sanitation [8]. Parasitic 
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infections, including Giardia lamblia and Cryptosporidium species, are more frequently reported in endemic areas and 

among malnourished children [9]. 

 

The introduction of rotavirus vaccines into national immunization programs has resulted in a marked decline in rotavirus-

associated hospitalizations and deaths in many countries [10]. However, shifts in etiological patterns have been observed, 

with an increasing relative contribution of non-rotavirus viral agents such as norovirus [11]. Furthermore, considerable 

regional variability persists due to differences in vaccine coverage, diagnostic capacity, and socioeconomic conditions [12]. 

In addition to infectious agents, several risk factors influence the occurrence and severity of acute gastroenteritis in young 

children. These include lack of exclusive breastfeeding, unsafe water sources, poor sanitation and hygiene practices, 

malnutrition, low maternal education, overcrowding, and incomplete immunization status [13–15]. Understanding the 

interplay between etiological agents and these risk factors is essential for designing effective prevention and control 

strategies. 

 

Although numerous individual studies have reported on the etiology and risk factors of acute gastroenteritis in under-five 

children, findings vary widely across regions and settings. Moreover, the increasing use of molecular diagnostic techniques 

has altered pathogen detection rates in recent years [16]. Therefore, a comprehensive and updated systematic review and 

meta-analysis is required to synthesize existing evidence on the etiological agents and associated risk factors of acute 

gastroenteritis in under-five children. 

 

METHODOLOGY 

Study Design and Reporting Guidelines 

This study was conducted as a systematic review and meta-analysis in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines [17]. A predefined protocol was developed to ensure 

methodological transparency and rigor. 

 

Search Strategy 

A comprehensive literature search was performed across multiple electronic databases, including PubMed/MEDLINE, 

Embase, Scopus, Web of Science, and the Cochrane Library, from inception until June 2025. In addition, reference lists of 

relevant articles and previously published systematic reviews were manually screened to identify additional eligible studies 

[18]. 

 

The search strategy combined Medical Subject Headings (MeSH) terms and free-text keywords related to acute 

gastroenteritis, diarrhea, children, etiological agents, and risk factors. The primary search terms included combinations of 

“acute gastroenteritis,” “diarrhea,” “under five,” “children,” “rotavirus,” “norovirus,” “Escherichia coli,” “Shigella,” 

“Salmonella,” and “risk factors.” The detailed search strategy for each database is provided in the supplementary material. 

 

Eligibility Criteria 

Studies were selected based on the following criteria: 

 

Inclusion criteria: 
i. Studies involving children aged 0–59 months 

ii. Observational study designs including cross-sectional, case–control, and cohort studies 

iii. Studies reporting laboratory-confirmed etiological agents and/or risk factors for acute gastroenteritis 

iv. Hospital-based or community-based studies 

 Articles published in English 

 

Exclusion criteria: 
i. Case reports, editorials, commentaries, and narrative reviews 

ii. Studies without age-disaggregated data for under-five children 

iii. Studies lacking laboratory confirmation of etiological diagnosis 

iv. Duplicate publications or studies with overlapping data 

 

These criteria were applied to ensure inclusion of high-quality and relevant evidence [19]. 

 

Study Selection 

All retrieved records were imported into a reference management software, and duplicates were removed. Two reviewers 

independently screened titles and abstracts for eligibility. Full texts of potentially relevant studies were then assessed 

independently. Any disagreements between reviewers were resolved through discussion, and when necessary, consultation 

with a third reviewer was undertaken [20]. 

 

Data Extraction 
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Data extraction was performed independently by two reviewers using a standardized and pre-piloted data extraction form. 

The extracted information included: 

 First author and year of publication 

 Country and study setting 

 Study design and sample size 

 Age range of participants 

 Diagnostic methods used for pathogen detection 

 Identified etiological agents and their prevalence 

 Reported risk factors with corresponding effect estimates (odds ratios or relative risks) 

Where required, authors were contacted for clarification or missing data [21]. 

 

Quality Assessment 

The methodological quality and risk of bias of included observational studies were assessed using the Newcastle–Ottawa 

Scale (NOS) [22]. Studies were evaluated across three domains: selection of participants, comparability of study groups, 

and outcome assessment. Based on NOS scores, studies were categorized as having low, moderate, or high risk of bias. 

 

Data Synthesis and Statistical Analysis 

Meta-analyses were performed using a random-effects model to account for expected heterogeneity across studies [23]. 

Pooled prevalence estimates of individual etiological agents were calculated along with 95% confidence intervals (CI). For 

risk factors reported by three or more studies, pooled odds ratios were estimated. 

 

Statistical heterogeneity was assessed using the I² statistic, with values of 25%, 50%, and 75% representing low, moderate, 

and high heterogeneity, respectively [24]. Subgroup analyses were planned based on geographic region, study setting, and 

diagnostic methods where sufficient data were available. 

 

Publication Bias 

Publication bias was assessed using funnel plot asymmetry and Egger’s regression test when at least ten studies were 

included in a meta-analysis [25]. 

 

RESULTS 

Study Selection 

The database search yielded 4,286 records, of which 1,132 duplicates were removed. After title and abstract screening of 

3,154 records, 286 articles were assessed for full-text eligibility. Finally, 52 studies fulfilled the inclusion criteria and were 

included in the systematic review and meta-analysis. 

 

The study selection process is illustrated in the PRISMA flow diagram (Figure 1). 

 
Figure 1- PRISMA flow diagram depicting the study selection process for the systematic review and meta-analysis. 

 

Characteristics of Included Studies 
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A total of 52 studies, published between 2005 and 2025, were included in this review, comprising 48,672 under-five 

children diagnosed with acute gastroenteritis. Of these studies, 31 (59.6%) were hospital-based, 14 (26.9%) were 

community-based, and 7 (13.5%) included both settings. 

 

Geographically, 21 studies were from Asia, 15 from Africa, 9 from Europe, and 7 from the Americas. Stool-based diagnostic 

techniques were used in all studies. Molecular methods (PCR/RT-PCR) were employed in 23 studies (44.2%), antigen 

detection assays in 18 studies (34.6%), and conventional culture methods in 11 studies (21.2%).  

 

Table 1 summarizes the characteristics of included studies. 

 

Table 1. Characteristics of Studies Included in the Systematic Review 

Parameter Number (%) 

Total studies 52 

Total participants 48,672 

Hospital-based studies 31 (59.6%) 

Community-based studies 14 (26.9%) 

Mixed setting 7 (13.5%) 

Molecular diagnostics used 23 (44.2%) 

Antigen-based tests 18 (34.6%) 

Culture-based methods 11 (21.2%) 

 

Etiological Distribution of Acute Gastroenteritis 

Viral pathogens were identified as the leading cause of acute gastroenteritis, accounting for 57.8% of all laboratory-

confirmed cases. Rotavirus was the most frequently detected pathogen, followed by norovirus. Among bacterial pathogens, 

Escherichia coli was the most commonly reported organism, while parasitic infections contributed a smaller proportion of 

cases. 

 

The pooled prevalence estimates demonstrated substantial heterogeneity across studies, reflecting regional, 

methodological, and temporal variations. 

 

Pooled prevalence estimates of major etiological agents are presented in Table 2. 

 

Table 2. Pooled Prevalence of Etiological Agents of Acute Gastroenteritis in Under-Five Children 

Etiological agent No. of studies Pooled prevalence (%) 95% CI I² (%) 

Rotavirus 38 27.4 23.1–31.8 89 

Norovirus 26 14.2 11.0–17.6 85 

Adenovirus 19 6.8 4.9–8.9 72 

Astrovirus 15 4.3 2.8–6.1 68 

E. coli 22 12.6 9.4–16.0 82 

Shigella spp. 17 6.1 4.2–8.2 77 

Salmonella spp. 14 4.8 3.1–6.8 74 

Parasitic agents 12 3.7 2.1–5.6 69 
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Figure 2- Horizontal bar graph showing pooled prevalence (%) with 95% confidence intervals of major etiological 

agents causing acute gastroenteritis among under-five children. Viral pathogens, particularly rotavirus and norovirus, 

accounted for the highest pooled prevalence. 

 

Subgroup Analysis 

Subgroup analysis by region revealed that rotavirus prevalence was highest in Asia (29.8%) and Africa (28.6%), while 

norovirus prevalence was higher in Europe (17.9%) and the Americas (16.4%). Bacterial pathogens were more frequently 

reported in African and South Asian studies, whereas viral etiologies predominated in high-income regions. 

 

Post–rotavirus vaccine introduction studies demonstrated a 35–45% reduction in rotavirus prevalence compared to pre-

vaccination studies, with a proportional rise in norovirus detection. 

 

Risk Factors Associated with Acute Gastroenteritis 

Several risk factors showed a statistically significant association with acute gastroenteritis in under-five children. Non-

exclusive breastfeeding increased the odds of gastroenteritis by more than twofold. Environmental and nutritional factors 

also demonstrated strong associations. 

 

Pooled effect estimates for major risk factors are summarized in Table 3. 

 

Table 3. Pooled Effect Estimates of Risk Factors for Acute Gastroenteritis 

Risk factor No. of studies Pooled OR 95% CI I² (%) 

Non-exclusive breastfeeding 18 2.31 1.78–2.99 71 

Unsafe drinking water 21 1.94 1.52–2.47 68 

Poor sanitation 19 2.08 1.61–2.69 73 

Malnutrition 16 2.56 1.92–3.41 76 

Low maternal education 14 1.67 1.28–2.19 65 

No rotavirus vaccination 11 2.89 2.01–4.14 79 
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Figure 3- Forest plot depicting pooled odds ratios with 95% confidence intervals for major risk factors associated with 

acute gastroenteritis among under-five children. All included risk factors showed a statistically significant association 

with increased disease risk. 

 

Heterogeneity and Publication Bias 

Substantial heterogeneity was observed across most pooled analyses, with I² values ranging from 65% to 89%. Funnel plot 

asymmetry suggested possible publication bias for rotavirus prevalence studies; however, Egger’s regression test was not 

statistically significant (p = 0.08). 

 

 
Figure 4- Forest plot depicting pooled odds ratios and 95% confidence intervals for major risk factors associated with 

acute gastroenteritis in under-five children. The vertical reference line at odds ratio = 1 indicates no association. 

 

 

DISCUSSION 

This systematic review and meta-analysis provides a comprehensive synthesis of the etiological agents and associated risk 

factors of acute gastroenteritis among under-five children. Analysis of 52 studies involving 48,672 children confirms that 

acute gastroenteritis in this age group remains predominantly of viral origin, with substantial contributions from bacterial 

pathogens and a smaller yet significant role of parasitic infections [26]. 

 

Etiological Profile of Acute Gastroenteritis 
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Viral pathogens accounted for nearly three-fifths (57.8%) of all laboratory-confirmed cases in this review, emphasizing 

their dominant role in pediatric gastroenteritis. Rotavirus was identified as the leading etiological agent, with a pooled 

prevalence of 27.4%, despite the introduction of rotavirus vaccination in many countries [27]. This finding suggests 

ongoing transmission in settings with suboptimal vaccine coverage, delayed immunization schedules, or incomplete 

vaccine uptake [28]. 

 

Norovirus was the second most common viral pathogen, with a pooled prevalence of 14.2%, and showed higher detection 

rates in high-income regions. This observation aligns with recent global surveillance data indicating an increasing 

contribution of norovirus to pediatric gastroenteritis, particularly in the post–rotavirus vaccine era [29]. Improved 

molecular diagnostic techniques may also have contributed to increased detection of norovirus in recent studies [30]. 

 

Among bacterial pathogens, Escherichia coli was the most frequently reported organism (12.6%), followed by Shigella 

(6.1%) and Salmonella species (4.8%). These pathogens were more commonly reported from low- and middle-income 

countries, reflecting the persistent impact of inadequate sanitation, unsafe water, and food contamination [31,32]. Parasitic 

agents such as Giardia lamblia and Cryptosporidium species accounted for 3.7% of cases and were primarily identified in 

regions with endemic transmission and limited access to clean water [33]. 

 

The high heterogeneity observed across etiological analyses (I² ranging from 68% to 89%) is likely attributable to regional 

variability, differences in study design, diagnostic methods, and temporal changes in pathogen prevalence [34]. 

 

Impact of Rotavirus Vaccination 

Subgroup analyses demonstrated a 35–45% reduction in rotavirus prevalence in studies conducted after the introduction of 

rotavirus vaccines. These findings are consistent with previous meta-analyses and global surveillance reports documenting 

substantial declines in rotavirus-associated hospitalizations and mortality following vaccine implementation [35,36]. 

However, the persistence of rotavirus infections indicates the need for sustained efforts to improve vaccine coverage and 

timeliness, particularly in resource-limited settings [37]. 

 

The relative increase in norovirus detection in post-vaccine studies suggests a changing etiological pattern of acute 

gastroenteritis, highlighting the importance of continued surveillance and consideration of future preventive strategies 

targeting non-rotavirus viral pathogens [38]. 

 

Risk Factors for Acute Gastroenteritis 

This meta-analysis identified several modifiable risk factors significantly associated with acute gastroenteritis in under-

five children. Non-exclusive breastfeeding was associated with more than a twofold increase in disease risk (OR 2.31), 

reinforcing the protective role of exclusive breastfeeding during the first six months of life through passive immunity and 

improved gut health [39]. 

 

Environmental factors such as unsafe drinking water (OR 1.94) and poor sanitation (OR 2.08) showed strong associations 

with disease occurrence, consistent with global evidence linking inadequate water, sanitation, and hygiene (WASH) 

infrastructure to increased diarrheal disease burden [40,41]. These findings underscore the importance of integrated WASH 

interventions in reducing childhood gastroenteritis. 

 

Malnutrition emerged as one of the strongest risk factors, with malnourished children having 2.56 times higher odds of 

developing acute gastroenteritis. Malnutrition compromises immune function and intestinal barrier integrity, increasing 

susceptibility to infections and disease severity [42]. Additionally, low maternal education was significantly associated 

with disease occurrence (OR 1.67), reflecting the influence of socioeconomic determinants, caregiving practices, and 

health-seeking behavior [43]. 

 

Notably, absence of rotavirus vaccination was associated with nearly threefold increased odds of acute gastroenteritis (OR 

2.89), further reinforcing the protective impact of vaccination programs [44]. 

 

Public Health Implications 

The findings of this review highlight the need for comprehensive prevention strategies combining vaccination, promotion 

of exclusive breastfeeding, nutritional support, and improvements in water and sanitation. Strengthening routine 

immunization services and expanding WASH infrastructure remain critical components of child health programs, 

particularly in low-resource settings [45]. 

 

Strengths and Limitations 

The strengths of this study include adherence to PRISMA guidelines, inclusion of a large number of studies from diverse 

geographic regions, and use of robust meta-analytic methods. However, limitations include high heterogeneity across 
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studies, variability in diagnostic techniques, and potential underrepresentation of community-based data in some regions 

[46]. Additionally, the possibility of publication bias cannot be completely excluded. 

 

CONCLUSION 

In conclusion, acute gastroenteritis in under-five children remains a significant global health challenge, predominantly 

driven by viral pathogens, particularly rotavirus and norovirus. Bacterial and parasitic agents continue to contribute 

substantially in low-resource settings. Addressing modifiable risk factors through integrated public health interventions is 

essential to further reduce disease burden and improve child survival outcomes [47]. 
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