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Abstract

Human adenovirus (HAdV), especially HAdV species F (HAdV-F) is recognized as a cause of 

acute gastroenteritis (AGE) worldwide. To assess the global prevalence of HAdV in case-patients 

of all ages with AGE, we conducted a systematic literature search for studies published in 

English during 2015–2022. We generated pooled prevalence estimates using generalized linear 

mixed models. Using data from 147 included articles, the overall pooled prevalence among AGE 

case-patients of any species of HAdV (pan-HAdV) was 5.8 % and 6.0 % for HAdV-F. The 

prevalence of HAdV was significantly higher among case-patients < 5 years of age compared with 

case-patients ≥ 5 years of age (pan-HAdV: 6.6 % vs. 2.0 %, p < 0.0001; HAdV-F: 8.7 % vs. 

2.3 %, p = 0.04). Prevalence was significantly higher in high mortality developing countries and 

lowest in developed countries (pan-HAdV: 9.4 % vs. 4.0 %, p < 0.0001; HAdV-F: 11.6 % vs. 3.2 

%, p = 0.0003). Understanding the burden of HAdV-associated AGE may be useful for targeted 

interventions, including future vaccine development.
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Introduction

Acute gastroenteritis (AGE), characterized by diarrhea and vomiting, remains a significant 

cause of morbidity and mortality worldwide [1]. In 2016, diarrheal disease was the fifth 

leading cause of death in children aged < 5 years, with most of the burden seen in 

low-income countries [2]. Despite the introduction of rotavirus vaccines in many countries 

in the last two decades, rotavirus remains the primary cause of severe pediatric AGE 

[3]. However, as rotavirus infection rates have declined, other AGE viruses such as 

noroviruses, sapoviruses, astroviruses and species F adenoviruses (HAdV-F) have gained 

more recognition for their contribution to global AGE illnesses and deaths [2,3]. In one 

recent study, HAdV-F was estimated to be the fourth leading cause of diarrheal mortality 

among all ages and the third leading cause of diarrheal mortality in children < 5 years of age 

[2].

First discovered in 1953 [4], human adenoviruses (HAdVs) are currently classified into 

seven species (A-G) with over 100 different genotypes [5]. HAdV-F includes type 

40 (HAdV-F40) and type 41 (HAdV-F41) viruses and is associated with AGE. Other 

HAdV species have also been detected in stool from patients with AGE, though their 

causal association with AGE is not yet confirmed [6,7], Other diseases, including 

respiratory infections, conjunctivitis, myocarditis, and meningoencephalitis are associated 

with infection with other HAdV species [8]. HAdV-F is spread easily through the fecal-

oral route and is responsible for both endemic transmission and outbreaks, particularly 

in childcare centers, hospitals, and other semi-closed settings [7,9]. There is currently no 

vaccine to prevent HAdV-associated AGE, nor is one currently in active development.

Traditionally, viral culture and antigen-based methods like enzyme immunoassay (EIA) 

were used to detect HAdVs in stool specimens. However, these techniques have since 

been replaced by more sensitive polymerase chain reaction (PCR) methods [10]. Thus, the 

method used to detect HAdV may also affect estimated prevalence. Current PCR assays 

either detect all species of HAdV (pan-HAdV) or specifically detect HAdV-F viruses [6,10]. 

Recent advances in detection of enteric pathogens using multi-pathogen panels, which 

include targets for HAdV-F, have allowed more accurate detection of HAdV-F in stool 

[11,12]. This change has increased the availability of data on burden of AGE attributed 

to HAdV-F, including data from large, multi-national studies. We conducted a systematic 

literature review and meta-analysis to estimate the global prevalence of pan-HAdV and 

HAdV-F in stool specimens of patients of all ages with AGE.

Methods

Systematic literature search

Study methods were based on previously conducted systematic reviews and meta-analyses 

for norovirus and sapovirus [13,14]. We conducted a systematic literature search, last 

conducted February 2023, of the Medline, Embase, Cochrane Library, CINAHL (Ebsco-

Host), and Scopus databases for relevant studies in humans published in English during 

2015–2022 to capture more modern testing methods. Search terms for all databases were 
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“adenovirus” or “adenoviridae” or “ictadenovirus” plus “enteric”, “entero”, “gastro”, or 

“diarrhea” in any field (Table S1). Articles were selected using the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Fig. 1) [15]. Titles 

and abstracts were reviewed by one of a group of three independent reviewers. Articles had 

to contain data from studies conducted continuously for at least one year (12 months) that 

enrolled participants with AGE from a specified catchment area (geographical area or group 

of people) and tested stool from all participants for HAdV. Only full articles with primary 

data on HAdV prevalence were included; review articles and conference abstracts were 

excluded. Studies that tested for HAdV only among previously tested pathogen-negative 

specimens were also excluded to avoid artificially inflating prevalence of HAdV. We also 

excluded outbreak studies and those that only tested for HAdV among immunocompromised 

patients (e.g., transplant recipients, HIV-positive patients), as prevalence in these studies 

may be higher than the general population.

Data abstraction

Data were abstracted from each full text article using a standardized REDCap (Research 

Electronic Data Capture) database developed for the review [16]. Articles were reviewed 

for relevance and data were abstracted by one reviewer and then were reviewed in full by 

a second, independent reviewer. The two reviewers also used the Joanna Briggs Institute 

(JBI) critical appraisal checklist for studies reporting prevalence data to evaluate individual 

study quality [17]. Any incongruencies were resolved by consensus of both reviewers. For 

included articles, data elements abstracted were country, study period, diagnostic method 

used, case definition of AGE, method of testing (PCR, antigen, or other/unknown), number 

of case-patients tested, number of case-patients positive for HAdV (including HAdV-F, 

HAdV-F40, and HAdV-F41 if available), number of controls (i.e., patients without AGE) 

tested (if available), and number of HAdV-positive controls (i.e., patients without AGE 

with HAdV detected in their stool). We counted specimens with both HAdV and another 

pathogen detected (e.g., rotavirus) as HAdV-positives, so as not to introduce a bias against 

studies that did not test specimens for other pathogens.

We also abstracted data for age groups and setting (community, outpatient and emergency 

department [ED], or inpatient) and stratified data from studies that reported multiple 

settings, countries, or age groups into separate data points, so the total number of data 

points sometimes exceeded the total number of included studies. If multiple age groups 

or settings were included in a study and could not be stratified into separate data points, 

the data was included in the ”Mixed or unknown” category. Where prevalence data was 

presented in graphical format only, the GetData Graph Digitizer software was used and/or 

the study authors were contacted to obtain raw numbers [18]. For age, we abstracted data 

into two categories where possible: < 5 years and ≥ 5 years of age. Age groups that included 

participants ≤ 60 months were included in the < 5 years of age group. We conducted a 

secondary analysis comparing age groups < 2 years and ≥ 5 years of age to explore the 

prevalence in very young children.

Countries in which studies were conducted were classified into three “development index” 

categories, based on the United Nations Development Programme Human Development 
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Index (HDI) for 2015 [19,20]. Countries were first classified as “developed” (HDI > 0.80) 

or “developing” (HDI < 0.80). Developing countries were then divided into “low-mortality 

developing” (LMD) “high-mortality developing” (HMD) based on child mortality rates for 

2015 generated by the United Nations Interagency Group for Child Mortality Estimation 

[21].

Statistical analysis

Generalized linear mixed models were used to estimate pooled prevalence. Subgroup 

analyses were conducted to assess differences in prevalence by age, setting, development 

index, and method of detection; studies with unknown values any of these subgroups were 

excluded from that subgroup analysis. A p-value of < 0.05 was used to determine statistical 

significance. The I2 statistic was calculated as a proxy for heterogeneity across studies, 

and prediction intervals were calculated for overall pooled estimates to estimate the range 

of prevalence that may be found in future studies. Overall publication bias was evaluated 

using Peters’ regression test as well as visual analysis of the Doi plot and calculation of the 

LFK index [22]. Analyses were conducted in R (version 4.3.1, R Core Team, 2023, Vienna, 

Austria) [23-25].

Results

A total of 3532 unique records were identified from the literature search with publication 

dates during 2015–2022 (Fig. 1). After title and abstract screening, 470 full-text articles 

were reviewed for inclusion in the study, and 147 were included in the final meta-analysis 

(Appendix). All included articles were judged to be of good quality, with a JBI score of 

at least seven out of the nine checklist items. The articles included data from 75 countries 

(Fig. 2, Table S2). China was represented in 28 (15 %) studies, followed by Turkey (n 

= 10, 5 %) and India (n = 9, 5 %); 48 countries were represented by a single study. 

Fifty-nine (39 %) studies were conducted in developed countries, followed by 54 (35 %) 

studies in LMD countries. All studies were conducted between 1998–2022 and had a median 

duration of 2 years (range 1 – 17 years). Seventy-five (51 %) studies included data only 

for children < 5 years of age, and 30 (20 %) studies included adults ≥ 18 years of age. 

Inpatients (i.e., hospitalized patients) were included in 70 (48 %) studies (Table 1). Most 

studies (n = 107, 73 %) used PCR-based testing methods, followed by 39 (27 %) that 

used antigen-based methods, and one (< 1 %) study that used clinical testing records but 

did not specify the exact method used. Forty-two (29 %) studies used testing methods that 

specifically detected HAdV-F in stool, and pooled prevalences were calculated for these 

studies in a sub-analysis where cell sizes allowed. Seventy-three (50 %) studies used testing 

methods that detected any species (A-G) of HAdV, and a further 32 (22 %) studies detected 

pan-HAdV but conducted further typing for HAdV-F or HAdV-F40/HAdV-F41 on a subset 

of HAdV-positive samples.

The overall estimated prevalence of pan-HAdV among AGE case-patients in all included 

studies was 5.8 % (95 % confidence interval [95 % CI] 4.9 – 6.8; Table 2). The I2 value 

for between-study heterogeneity was 99.4 %, and the prediction interval ranged from 0.7 

%–34.6 %. There was some evidence of publication bias in studies reporting prevalence 
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estimates among AGE case-patients (Peters’ regression p = 0.04; LFK index = −1.16). 

Pan-HAdV prevalence was significantly different by age group, method of detection, and 

country development index. Children < 5 years of age had a significantly higher prevalence 

of pan-HAdV (6.6 % [95 % CI 5.5 – 7.8]) than case-patients ≥ 5 years of age (2.0 % [95 

% CI 1.2 – 3.3]; p < 0.0001). Sixty-two studies included data specifically on children < 2 

years of age; the estimated prevalence in this age group was 7.8 % (95 % CI 6.1 – 10.0) 

which was also significantly higher than case-patients ≥ 5 years of age (p < 0.0001). There 

were insufficient data on prevalence among children 2–4 years of age to allow calculation 

of a pooled prevalence in this age group. Studies using PCR-based methods of detection 

also had a significantly higher prevalence of pan-HAdV (6.4 % [95 % CI 5.2 – 7.9]) than 

those studies using antigen-based methods (4.5 % [95 % CI 3.5 – 5.6]; p = 0.02). Pan-HAdV 

prevalence did not differ significantly by setting of study but did differ significantly by 

development index. Prevalence was highest in countries classified as HMD at 9.4 % (95 % 

CI 7.3 – 12.0) and lowest in developed countries (4.0 % [95 % CI 2.9 – 5.4]; p < 0.0001).

Among the 42 studies that specifically tested for HAdV-F, estimated overall prevalence 

among AGE case-patients was 6.0 % (95 % CI 4.3 – 8.2) (Table 2). Prevalence of HAdV-F 

was 8.7 % (95 % CI 6.5 – 11.7) among children < 5 years of age and 12.1 % (95 % CI 

8.6 – 17.0), under < 2 years of age; both significantly higher than the 2.3 % prevalence 

among individuals ≥ 5 years of age (95 % CI 0.5 – 10.4; p = 0.04 and p = 0.01, 

respectively). Prevalence was also significantly different (p = 0.009) by setting, with the 

highest prevalence noted in community-based studies (12.5 % [95 % CI 6.0 – 24.3]) and 

the lowest among outpatient/ED studies (3.9 % [95 % CI 2.4 – 6.5]). Studies conducted in 

HMD countries again had the highest pooled prevalence at 11.6 % (95 % CI 7.5 – 17.5), 

compared to 5.9 % (95 % CI 3.0 – 11.3) in LMD countries and 3.2 % (95 % CI 1.9 – 5.4) 

in developed countries (p = 0.0003). Prevalence of HAdV-F did not vary significantly by 

method of detection.

Eighteen (11 %) studies included data on non-AGE controls (Table S3). These studies were 

conducted during 2006 – 2019 and had a median duration of 2 years (range 1 – 4.6 years). 

Ten (56 %) studies contained data only on children < 5 years of age, and eight (47 %) 

studies were conducted in developed countries. Seven (39 %) studies used testing methods 

that specifically detected HAdV-F in stool. Seven (39 %) studies used testing methods that 

detected pan-HAdV, and four (22 %) additional studies detected pan-HAdV but conducted 

further typing for HAdV-F on a subset of pan-HAdV positive samples. Inpatients were 

enrolled in 8 (44 %) studies, and thirteen (72 %) studies used PCR methods.

Overall prevalence among non-AGE controls was 2.0 % (95 % CI 1.0 – 3.8) for pan-HAdV. 

Between-study variance was high, with an I2 of 93.7 %, and a prediction interval of 0.1–22.2 

%. There was evidence of publication bias among studies with data on controls (Peters’ 

regression p = 0.5; LFK index = −5.12). Prevalence was 2.1 % for HAdV-F (95 % CI 

0.9 – 4.9; Table 3). Pooled prevalence was not statistically different among controls by 

age, setting, or method of detection. Prevalence of pan-HAdV was statistically different 

by development index (p = 0.01). Studies conducted in developed countries had a pooled 

prevalence of 3.6 % (95 % CI 1.5 – 8.5), followed by 2.1 % (95 % CI 0.8 – 5.5) in HMD 

countries and 0.5 % (95 % CI 0.0 – 5.3) in LMD countries. There was an insufficient 
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number of studies with non-AGE control data to estimate pooled prevalences of HAdV-F by 

setting, method of detection, or development index.

A total of 94 (64 %) studies reported test results for at least one pathogen other than 

pan-HAdV. Among pan-HAdV positive AGE case-patients, the median proportion of an 

additional co-detected pathogen was 27 % (range 0 – 100 %). Seven (5 %) studies reported 

test results for at least one pathogen other than pan-HAdV among non-AGE controls. 

Among non-AGE controls, the median proportion of pan-HAdV positives with a co-detected 

pathogen was 49 % (range 22 % – 100 %).

HAdV-F40 and HAdV-F41 genotyping results were available for 2618 pan-HAdV positive 

specimens across 30 (20 %) studies. A total of 317 (12 %) specimens were typed as 

HAdV-F40, 1487 (57 %) as HAdV-F41, and 814 (31 %) as another HAdV genotype. The 

proportion of HAdV-F40 and HAdV-F41 varied widely by study; HAdV-F40 was reported 

for 0 % – 61 % of genotyped HAdVs in each study, and HAdV-F41 was reported for 

10 % – 100 % of genotyped HAdVs in each study. No studies reported genotyping data 

for non-AGE controls. There was insufficient number of studies with genotyping results to 

estimate the pooled prevalence for HAdV-F40 and HAdV-F41.

Discussion

HAdV, particularly HAdV-F, is recognized as an important cause of diarrheal morbidity 

and mortality worldwide, especially among young children [1-3]. In recent decades, many 

studies have been published that report the detection of HAdV-F or pan-HAdV in stool 

specimens from AGE case-patients in a variety of countries, settings, and age groups, 

including one meta-analysis focused on pediatric patients [26]. However, to our knowledge, 

this is the first systematic review and meta-analyses to assess the global prevalence of 

HAdV-F and pan-HAdV in AGE case-patients of all ages. Using data from 147 studies, we 

estimated that among AGE case-patients, the prevalence of pan-HAdV was 5.8 %, and the 

prevalence of HAdV-F was 6.0 %.

Our meta-analysis adds to another very recent meta-analysis of pan-HAdV by Khales, et. 

al [26]. That study presented a higher prevalence in children < 5 years of age (11 %) 

than our study (6.6 %). However, their analysis included only PCR-based testing methods, 

which generally have a higher sensitivity than antigen-based testing methods [10]. Their 

analysis also included studies with a duration of less than one year, which may have led to 

preferential inclusion of studies conducted during the AGE season and inflated the pooled 

prevalence. Our study adds to that work by including adult AGE patients, though we were 

unable to calculate a separate pooled prevalences for that age group. Furthermore, our study 

provides stratified pooled prevalences for HAdV-F, which has not been presented previously.

Among AGE case-patients in this review, pooled prevalence of pan-HAdV and HAdV-F was 

highest in young children, particularly those aged < 2 years. This parallels findings from 

other studies showing children aged < 2 years to be at highest risk of HAdV-as-sociated 

AGE [9,26,27], with lower incidence among the elderly [2]. Our analysis found a lower 

prevalence of HAdV among case-patients older than 5 years of age compared to children 
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< 5 years of age. This may suggest that HAdV infections in early childhood provide some 

protection against subsequent infection and/or severe illness. AGE in adults is generally less 

well-studied than in children; only 30 studies in this systematic review included adults aged 

≥ 18 years. Never-theless, diarrhea, including that caused by HAdV-F, remains a leading 

cause of morbidity and mortality in adults aged ≥ 65 years and should be a focus of study 

along with AGE in younger age groups [2,28]. Additionally, understanding the patterns 

of HAdV-F mortality and morbidity throughout the age spectrum may provide insight on 

heterotypic and homotypic immunity, which may be useful in vaccine development.

Consistent with other studies, our review found that studies utilizing PCR-based methods 

had a higher pooled prevalence of both pan-HAdV and HAdV-F than antigen-based methods 

[27,29]. Molecular-based diagnostics are generally more sensitive than antigen-based 

methods and viral culture, and their adoption has also led to increased recognition of HAdV 

as a common cause of AGE [3,10]. However, highly sensitive molecular methods may also 

increase the detection of asymptomatic or persistent shedding that is not clinically relevant, 

so viral load quantification should also be considered with PCR-based detection [10,29]. The 

development of multi-pathogen panels that include HAdV-F has further increased testing 

for HAdV-F in samples from AGE case-patients. This also increases the odds of detecting 

multiple pathogens in a single sample, which may make interpretation and attribution of 

disease more difficult. In this review, studies that reported test results for both pan-HAdV or 

HAdV-F along with additional pathogens found co-detected pathogens in a median of 27 % 

of HAdV-positive case-patients and 49 % of HAdV-positive controls. Additional analysis is 

needed to determine whether these co-detections contributed to or were the primary cause 

of illness in case-patients, or whether they represent detection of rotavirus vaccine shedding 

or detection of colonizing pathogens like Clostridioides difficile in very young children 

[30,31].

The pooled prevalence of both pan-HAdV and HAdV-F was highest in community settings, 

followed by inpatient and then outpatient and emergency healthcare settings. AGE caused 

by HAdV-F is typically mild and self-limiting, and sick individuals or their caregivers may 

choose to self-treat at home rather than seek formal medical care [32,33]. However, only 

four studies included in this review were conducted in a community setting. Moreover, all 

four of these studies were conducted among children aged < 5 years (data not shown), which 

may have artificially inflated the pooled prevalence in this setting.

Our review also found significant differences in the pooled prevalence of both pan-HAdV 

and HAdV-F by country development index, with the highest prevalence among HMD 

countries and the lowest prevalence among developed countries. There may be multiple 

reasons for these differences. First, effective home-based symptom management, e.g., oral 

rehydration solutions and anti-diarrheal medications, may be more widely available in 

developed countries. Sick individuals and their caregivers may be more likely to self-treat 

the illness at home, whereas sick individuals and their caregivers in developing countries 

may lack ready access to these treatments and thus may be more likely to seek formal 

medical care for treatment [34]. Secondly, HAdV-F is easily spread through the fecal-oral 

route, so access to clean water and sanitation are critical to reducing spread of HAdV-F-
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associated AGE. Poor access to clean water and sanitation may lead to increased prevalence 

of HAdV-F in developing countries [35].

In our review, the estimated prevalence of pan-HAdV and HAdV-F among non-AGE 

controls was 2.0 % and 2.1 %, respectively. Asymptomatic shedding of other viral AGE 

pathogens like norovirus and sapovirus have also been noted in the literature [13,14,36]. 

These detections in non-AGE controls may represent shedding from a recent infection, 

shedding before symptoms begin, or shedding from a true asymptomatic infection [9,36]. 

Significant publication bias was detected among studies that included data on non-AGE 

controls, with along with the wide prediction interval, suggest that future studies may find 

higher or lower or prevalence among non-AGE controls. However, only 18 studies included 

in our analysis included data on non-AGE controls. Inclusion of non-AGE controls in burden 

studies is an increasingly useful tool to determine illness attribution, especially as molecular 

diagnostic testing becomes more sensitive, and additional studies including controls may 

lessen the risk and impact of publication bias as seen in the current analysis [37].

Only 30 studies included in our review provided genotyping results for at least some 

of the pan-HAdV positive specimens, and no studies that enrolled non-AGE controls 

reported genotyping results. Overall, HAdV-F was the predominant (69 %) species with 

geno-types-40 and 41 detected in 12 % and 57 % of the AGE case-patients, respectively. 

Other HAdV species (A-E and G) were detected in 31 % of the samples. While some 

studies view this as evidence that non-group F HAdV also contribute to the global AGE 

burden [6], others are more cautious in their interpretation, noting that quantitative testing 

methods and comparison to controls indicate incidental shedding of non-group F HAdV 

likely related to non-AGE infections [7,10]. Of the studies included in this review that 

tested for pan-HAdV without further genotyping, the proportion of HAdV-F is unknown, 

and therefore the prevalence of pan-HAdV among AGE case-patients should be interpreted 

with caution. In future studies, quantitative methods evaluating viral load and genotyping of 

HAdV-positive specimens from both AGE case-patients and non-AGE controls are needed to 

fully elucidate the role of non-group F HAdV in global AGE.

Only two studies included in our review began after the onset of the COVID-19 pandemic 

in 2020 (Appendix). The prevalence of pan-HAdV reported in those studies were 5.0 % 

and 14.7 %, both lower and higher than the prevalence estimated in our review. Recent 

papers examining changes in prevalence and incidence of AGE viruses since the COVID-19 

pandemic have found overall stark decreases in AGE, including AGE caused by HAdV-F 

[38]. Although we had insufficient data to examine changes in prevalence of HAdV before 

and after the COVID-19 pandemic, it will be important for future systematic reviews to 

consider potential differences.

The findings of this study include some limitations. Between-study variance was high, as 

indicated by a high I2 and wide prediction intervals. More specifically, future studies of 

pan-HAdV prevalence in populations similar to those included in this meta-analysis may 

find a prevalence anywhere from 0.7 %–34.6 %. This may be expected due to the wide range 

of study locations, sample sizes, and population characteristics observed in the included 

studies. While we have included some assessment of these differences by virtue of our 
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subgroup analyses, other factors not specifically assessed here may also affect prevalence. 

The LFK index (−1.16) indicated there may be some slight publication bias, though this was 

not significant by Peters’ regression (p = 0.04), and each included study was judged to be of 

good quality.

Additionally, age groups were defined inconsistently across studies. We were unable to fully 

compare the prevalence of either pan-HAdV and HAdV-F among very young children aged 

< 2 years to those aged 2–4 years and aged ≥ 5 years. Very few studies included data for 

older age groups (e.g., age > 65 years), so we were unable to calculate a pooled estimate 

for this group. Secondly, although this review includes data from 75 countries, 48 of those 

countries were only represented by a single study. Many more countries are not represented 

in our dataset, particularly on the African continent. Furthermore, classifying countries 

broadly as developed, LMD, and HMD does not capture the within-country variation of 

socioeconomic status and access to potable water and sanitation that can affect risk of AGE.

In summary, this systematic review, to our knowledge, is the first to assess the global 

prevalence of both HAdV-F and pan-HAdV in AGE case-patients of all ages and illustrates 

that HAdV are frequently detected in patients with AGE with the highest prevalence in 

young children and in case-patients from developing countries. Of these, only HAdV-F 

are confirmed causes of AGE while the role of non-group F HAdV is unknown. With the 

increasing availability of molecular multi-enteric pathogen platforms, future studies of AGE 

burden and pathogen prevalence should continue to include HAdV-F as an important cause 

of AGE. In turn, we will be able to better understand their role in AGE and inform targeted 

interventions including future vaccine development.
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HAdV-F human adenovirus species F

HAdV-F40 human adenovirus species F, type 40

HAdV-F41 human adenovirus species F, type 41

HDI Human Development Index

HMD high-mortality developing

JBI Joanna Briggs Institute

LMD low-mortality developing

PCR polymerase chain reaction

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses

REDCap Research Electronic Data Capture

References

[1]. Global Burden of Disease Mortality. Global, regional, and national age-sex specific all-cause and 
cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the Global 
Burden of Disease Study 2013. Lancet 2015;385(9963):117–71. [PubMed: 25530442] 

[2]. Global Burden of Disease Diarrhoeal Disease Collaborators. Estimates of the global, regional, and 
national morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis 
for the Global Burden of Disease Study 2016. Lancet Infect Dis 2018;18(11):1211–28. [PubMed: 
30243583] 

[3]. Cohen AL, Platts-Mills JA, Nakamura T, Operario DJ, Antoni S, Mwenda JM, et al. Aetiology 
and incidence of diarrhoea requiring hospitalisation in children under 5 years of age in 28 low-
income and middle-income countries: findings from the Global Pediatric Diarrhea Surveillance 
network. BMJ Glob Health 2022;7(9).

[4]. Rowe WP, Huebner RJ, Gilmore LK, Parrott RH, Ward TG. Isolation of a cyto-pathogenic agent 
from human adenoids undergoing spontaneous degeneration in tissue culture. Proc Soc Exp Biol 
Med 1953;84(3):570–3. [PubMed: 13134217] 

[5]. Human Adenovirus Working Group; 2022. Available from: 〈http://hadvwg.gmu.edu/〉. [Accessed 
30 November 2023.

[6]. Kumthip K, Khamrin P, Ushijima H, Maneekarn N. Enteric and non-enteric adenoviruses 
associated with acute gastroenteritis in pediatric patients in Thailand, 2011 to 2017. PLoS One 
2019;14(8):e0220263. [PubMed: 31369615] 

[7]. do Nascimento LG, Fialho AM, de Andrade JdSR, de Assis RMS, Fumian TM. Human enteric 
adenovirus F40/41 as a major cause of acute gastroenteritis in children in Brazil, 2018 to 2020. 
Sci Rep 2022;12(1):11220. [PubMed: 35780169] 

[8]. Shieh WJ. Human adenovirus infections in pediatric population - An update on clinico-pathologic 
correlation. Biomed J 2022;45(1):38–49. [PubMed: 34506970] 

[9]. Van R, Wun CC, O’Ryan ML, Matson DO, Jackson L, Pickering LK. Outbreaks of human enteric 
adenovirus types 40 and 41 in Houston day care centers. J Pedia 1992;120(4 Pt 1):516–21.

[10]. Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, et al. Use of quantitative molecular 
diagnostic methods to identify causes of diarrhoea in children: a reanalysis of the GEMS case-
control study. Lancet 2016;388(10051):1291–301. [PubMed: 27673470] 

[11]. Navidad JF, Griswold DJ, Gradus MS, Bhattacharyya S. Evaluation of Luminex xTAG 
gastrointestinal pathogen analyte-specific reagents for high-throughput, simultaneous detection 

Wikswo et al. Page 10

J Infect Public Health. Author manuscript; available in PMC 2025 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of bacteria, viruses, and parasites of clinical and public health importance. J Clin Microbiol 
2013;51(9):3018–24. [PubMed: 23850948] 

[12]. Buss SN, Leber A, Chapin K, Fey PD, Bankowski MJ, Jones MK, et al. Multicenter evaluation of 
the BioFire FilmArray gastrointestinal panel for etiologic diagnosis of infectious gastroenteritis. J 
Clin Microbiol 2015;53(3):915–25. [PubMed: 25588652] 

[13]. Ahmed SM, Hall AJ, Robinson AE, Verhoef L, Premkumar P, Parashar UD, et al. Global 
prevalence of norovirus in cases of gastroenteritis: a systematic review and meta-analysis. Lancet 
Infect Dis 2014;14(8):725–30. [PubMed: 24981041] 

[14]. Diez Valcarce M, Kambhampati AK, Calderwood LE, Hall AJ, Mirza SA, Vinje J. Global 
distribution of sporadic sapovirus infections: a systematic review and meta-analysis. PLoS One 
2021;16(8):e0255436. [PubMed: 34411109] 

[15]. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 
[PubMed: 33782057] 

[16]. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap 
consortium: Building an international community of software platform partners. J Biomed Inf 
2019;95:103208.

[17]. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C Chapter 5: Systematic reviews of prevalence 
and incidence. In: Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. JBI; 2020.

[18]. Federov S. GetData Graph Digitizer. 2.26 ed. 〈https://getdata-graph-
digitizer.software.informer.com/〉; 2017.

[19]. Directorate General of Budget Accounting & Statistics. Human Development Index (HDI); 2022. 
Available from: 〈https://eng.stat.gov.tw/News_Content.aspx?n=2561&s=223917〉. [Accessed 11 
Dec 2023].

[20]. UNDP. Human Development Report 2021-22. UNDP (United Nations Development Programme) 
2022.

[21]. UN Inter-agency Group for Child Mortality Estimation. Mortality rate, under-5 (per 1,000 live 
births); 2023. Available from: 〈https://data.worldbank.org/indicator/SH.DYN.MORT〉. [Accessed 
11 Dec 2023].

[22]. Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical and quantitative 
method for detecting bias in meta-analysis. Int J Evid Based Health 2018;16(4):195–203.

[23]. Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat Softw 
2010;36(3):1–48.

[24]. South A. rworldmap: A New R package for Mapping Global Data. R J 2011;3(1):35–43.

[25]. Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-analysis with R: a practical tutorial. 
Evid Based Ment Health 2019;22(4):153–60. [PubMed: 31563865] 

[26]. Khales P, Razizadeh MH, Ghorbani S, Moattari A, Sarvari J, Saadati H, et al. Human 
adenoviruses in children with gastroenteritis: a systematic review and meta-analysis. BMC Infect 
Dis 2024;24(1):478. [PubMed: 38724898] 

[27]. Svendsen AT, Nielsen HL, Bytzer P, Coia JE, Engberg J, Holt HM, et al. The incidence of 
laboratory-confirmed cases of enteric pathogens in Denmark 2018: a national observational 
study. Infect Dis 2023;55(5):340–50.

[28]. Hall AJ, Curns AT, McDonald LC, Parashar UD, Lopman BA. The roles of Clostridium difficile 
and norovirus among gastroenteritis-associated deaths in the United States, 1999-2007. Clin 
Infect Dis 2012;55(2):216–23. [PubMed: 22491338] 

[29]. Wolffs PF, Bruggeman CA, van Well GT, van Loo IH. Replacing traditional diagnostics of fecal 
viral pathogens by a comprehensive panel of real-time PCRs. J Clin Microbiol 2011;49(5):1926–
31. [PubMed: 21430103] 

[30]. Markkula J, Hemming-Harlo M, Vesikari T. Shedding of oral pentavalent bovine-human 
reassortant rotavirus vaccine indicates high uptake rate of vaccine and prominence of G-type 
G1. Vaccine 2020;38(6):1378–83. [PubMed: 31862199] 

[31]. Pahud BA, Hassan F, Harrison CJ, Halasa NB, Chappell JD, Englund JA, et al. Detection of 
clostridioides difficile by real-time PCR in young children does not predict disease. Hosp Pedia 
2020;10(7):555–62.

Wikswo et al. Page 11

J Infect Public Health. Author manuscript; available in PMC 2025 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[32]. Beogo I, Sia D, Bourrier P, Vigier D, Bationo NJ, Côté A, et al. Factors associated with 
health-seeking behavior amongst children in the context of free market: Household study in 
Ouagadougou, Burkina Faso, 2011. PLoS One 2022;17(10):e0271493. [PubMed: 36256647] 

[33]. Hallowell BD, Burke RM, Salas SB, Groom H, Donald JL, Mattison CP, et al. Correlates of 
healthcare-seeking behavior for acute gastroenteritis-United States, October 1, 2016 -September 
30, 2017. PLoS One 2023;18(10):e0293739. [PubMed: 37906587] 

[34]. Mohamed SOO, Alawad MOA, Ahmed AAM, Mahmoud AAA. Access to oral rehydration 
solution and zinc supplementation for treatment of childhood diarrhoeal diseases in Sudan. BMC 
Res Notes 2020;13(1):427. [PubMed: 32912300] 

[35]. He Z, Ghose B, Cheng Z. Diarrhea as a disease of poverty among under-five children in 
Sub-Saharan Africa: a cross-sectional study. Inquiry 2023;60. 469580231202988. [PubMed: 
37791742] 

[36]. Harrison CJ, Hassan F, Lee B, Boom J, Sahni LC, Johnson C, et al. Multiplex PCR pathogen 
detection in acute gastroenteritis among hospitalized us children compared with healthy controls 
during 2011-2016 in the post-rotavirus vaccine era. Open Forum Infect Dis 2021;8(12):ofab592. 
[PubMed: 34988246] 

[37]. Platts-Mills JA, Liu J, Rogawski ET, Kabir F, Lertsethtakarn P, Siguas M, et al. Use 
of quantitative molecular diagnostic methods to assess the aetiology, burden, and clinical 
characteristics of diarrhoea in children in low-resource settings: a reanalysis of the MAL-ED 
cohort study. Lancet Glob Health 2018;6(12):e1309–18. [PubMed: 30287127] 

[38]. Maldonado-Barrueco A, Garcia-Rodriguez J, Yaniz-Ramirez J, Serrano-Vaquero I, Parra-Alonso 
JC, Vega-Nieto C, et al. Impact of the SARS-CoV-2 pandemic on the prevalence and incidence 
of gastrointestinal viruses in children up to five years old: a retrospective cohort study. Microbiol 
Spectr 2022;10(3):e0266921. [PubMed: 35638853] 

Wikswo et al. Page 12

J Infect Public Health. Author manuscript; available in PMC 2025 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 

diagram for study selection process for human adenovirus (HAdV) meta-analysis.
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Fig. 2. 
Map of countries where studies published during 2015 – 2022 included in human adenovirus 

(HAdV) meta-analysis were conducted.
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