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Abstract 

Background Viruses, which are transmitted mainly via the digestive tract, are responsible for the high morbidity 
and mortality of diseases, particularly in low-income countries. Although several studies have established the preva-
lence and characterization of various enteric viruses in Burkina Faso, to date, no aggregate data have been released.

Objective Our objective was to describe the available data on the prevalence and circulating genotypes 
of enteric pathogen viruses responsible for human infections in Burkina Faso by carrying out a systematic review 
and meta-analysis.

Methods Potentially relevant studies were identified by a search of PubMed, ScienceDirect, Google Scholar, univer-
sity libraries and by a manual search of the reference lists of identified studies. The search with no restrictions on lan-
guage or age was limited to studies conducted only in Burkina. Study selection, data extraction, and methodological 
quality of the included studies were performed independently by two investigators. Heterogeneity between studies 
was assessed using the Cochrane Q test and I2 test statistics based on the random effects model. Comprehensive 
meta-analysis (CMA 3.7) was employed to compute the pooled prevalence of pathogens identified in the studies.

Results Forty-three (43) studies reporting 4,214 diagnosed cases in all aged human populations were selected. 
Overall, 72.6% of the pathogens diagnosed were gastroenteritis, and 27.2% were entero-transmissible hepatitis 
viruses. Rotavirus was the most common cause of human viral gastroenteritis, accounting for 27.7% (95% CI: 20.9 - 
35.8) of the cases, followed by norovirus (16% (95% CI: 12.25 - 20.6)) and sapovirus (11.2% (95% CI: 6.2 - 19.4)). In terms 
of human entero-transmissible infections, hepatitis A virus (HAV) was the most prevalent (52% [95% CI: 14.2–87.7] 
of total antibodies), followed by hepatitis E virus (HEV) (28.3% [95% CI: 17.7–42]).

Conclusions This study highlights the substantial burden of viral enteric infections and highlights the need for more 
molecular epidemiological studies to improve preventive measures against these viruses.

Keywords Gastroenteric viruses, Enteric hepatitis viruses, Systematic review and meta-analysis, Burkina Faso

*Correspondence:
Kuan Abdoulaye Traore
kuabtraore@live.fr
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-09668-4&domain=pdf


Page 2 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756 

Introduction
Enteric diseases caused by infectious agents represent a 
major burden among all infectious diseases. They cause 
approximately 1.7 million deaths and 4.5 billion episodes 
per year worldwide, making them a major global public 
health problem [1]. In developing countries, the ende-
micity of these infections is associated with poor hygiene, 
particularly inadequate supplies of drinking water, nutri-
tion, ignorance of transmission mode, socioeconomic 
level and lack of adequate sanitation. It is estimated that 
50-70% of enteric infections are viral in origin [2]. They 
are transmitted to humans mainly via the feco-oral route, 
by direct person-to-person contact or by ingestion of 
contaminated water or undercooked food, particularly 
shellfish, fruit and vegetables [3]. The main diseases asso-
ciated with enteric viruses are acute gastroenteritis and 
hepatitis. However, some of these viruses can cause other 
diseases, such as poliomyelitis, and in some cases, these 
diseases could even lead to certain types of cancers.

In Africa, the human health hazard posed by enteric 
viruses is particularly serious, where rapid urbanization 
in a relatively short period of time has led to the expan-
sion of informal settlements with poor sanitation and 
failing or non-existent wastewater treatment infrastruc-
ture and where rural communities with limited or no 
access to municipal water are dependent on nearby open 
water sources for subsistence[4]. These difficulties are 
compounded by major epidemics due to enteric viruses 
[5–8], which cause many deaths [9].

In Burkina Faso, populations are exposed to these 
viruses due to poor hygienic conditions. Indeed, several 
prevalence and characterization studies have been car-
ried out on these feco-oral viruses. These studies focused 
on the prevalence ranging from 14% to 64.54%, and a 
variety of viruses responsible for gastroenteritis in pedi-
atric patients with seasonal peaks were observed [10, 
11], with prevalences reaching 63.3% of cases [12] dur-
ing the coldest months of the year in Burkina Faso. High 
genetic variability resulting in cocirculation of gastro-
enteritis virus strains such as rotavirus in the burkinabe 
population has also been reported [13]. However, the 
introduction of RotaTeq® a pentavalent rotavirus vaccine 
in children in 2013 led to a decrease in the rate of hospi-
talizations, particularly in infants, and in the efficacy of 
the vaccine in older children [14, 15]. On the other hand, 
other studies focused on the epidemiology of entero-
transmissible hepatitis virus and indicated a silent circu-
lation of these viruses in the asymptomatic population at 
low but significant levels [16–18].

The aim of this study was to establish a state-of-the-art 
study on feco-orally transmitted viruses that are mainly 
responsible for enteric infections circulating in Burkina 
Faso, with data on the prevalence, age group, gender, 

geographical settings, diagnostics methods, incidence 
and species, and genotypes, to guide both decision-mak-
ers and future research.

Methods
Study design
A systematic review and meta-analysis were conducted 
to document the epidemiology of feco-oral viruses infect-
ing and causing human infections in Burkina Faso. This 
study was performed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [19].

Databases and search strategy
PubMed, ScienceDirect, Research Gate and Google 
Scholar were searched for original studies written in Eng-
lish or French that included studies on enteric viruses 
responsible for human infections in Burkina Faso. To 
include unpublished studies, university libraries were 
searched, and reference lists of eligible studies were 
screened to maximize the inclusion of relevant stud-
ies. The following terms with MeSH (Medical Subject 
Headings) and Boolean operators were used to search 
PubMed, Google Scholar and Science Direct: Gastro-
enteritis OR Enteric viruses OR Rotavirus OR Norovi-
rus OR Astrovirus OR Adenovirus OR Sapovirus OR 
Torovirus OR Reovirus OR Enterovirus OR Hepatitis A 
OR Hepatitis E and Burkina Faso. This search strategy 
used for each database is included in Supplementary 
Table  S1. The search was performed independently by 
each reviewer to minimize bias and missing studies. The 
search results were combined into an EndNote X9 file 
(Clarivate Analytics, USA), and duplicates were removed. 
All articles published up to March 2022 were included in 
the review if they fulfilled the eligibility criteria.

Study eligibility criteria
All available studies and data were incorporated based 
on the predefined eligibility criteria and were derived 
from the following research question: "What is the etiol-
ogy and burden of fecal peril-associated infections, and 
what factors may influence them?" Studies conducted in 
Burkina, published articles, cross-sectional studies, and 
reported articles with sample sizes ≥50 were used as 
inclusion criteria. The population of interest was all per-
sons residing in Burkina Faso (regardless of age or sex), 
animals and the environment. The primary outcome of 
interest was the number of laboratory-confirmed infec-
tions (positive serology or molecular characterization). 
Studies containing mixed populations were included 
unless they did not clearly and explicitly report the prev-
alence for each group. The exclusion criteria were articles 
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with duplicate or overlapping data and articles without 
full text available.

The eligibility criteria
This review included primary studies reporting sero-
prevalence data for feco-oral viruses responsible for 
human infections. Eligibility criteria were derived from 
the following research question: "What is the etiology 
and burden of infections associated with fecal peril, and 
what factors may influence them?". We considered obser-
vational studies (cross-sectional and cohort) with sam-
ple sizes ≥50. In the event of duplicate publications, the 
most complete study was retained. The population of 
interest was all people residing in Burkina Faso (regard-
less of age and sex), animals and the environment. The 
primary outcome sought was the number of laboratory-
confirmed infections (positive serology or molecular 
characterization). Studies containing mixed populations 
were included unless they did not clearly and explic-
itly report the prevalence for each group. Articles were 
further excluded if quantitative data were absent, could 
not be extracted, or lacked an explicit description of the 
methods employed.

Data extraction
Data were extracted from full-text articles and were 
reviewed by two independent authors after their titles 
and abstracts had been screened for relevance. Dur-
ing the screening process, an additional author was 
appointed to resolve any discrepancies that may arise 
with study selection. The following data were extracted 
from a customized Microsoft Excel spreadsheet under 
multiple headings from each study: authors’ names, year 
of publication, study period, locality, infected population, 
sample size, number of confirmed cases, proportion of 
infections, detection method used, prevalence, diagnostic 
test used, virus types, serotypes, genogroups, genotypes 
and virus variants.

Assessment of study quality
Two authors independently assessed the risk of bias for 
each original study. The quality of the studies was evalu-
ated using an adaptation of a critical appraisal tool spe-
cifically designed for prevalence studies by the Joanna 
Briggs Institute (JBI) [20] and on criteria relevant to the 
designs of studies included in the systematic review to 
assess study quality/risk of bias in individual studies. The 
checklist included nine main criteria (representativeness 
and sample size, response rate and participant recruit-
ment, data analysis, testing method and other sources 
of bias) that could be answered ‘yes’, ‘no’ or ‘cannot tell/
not applicable’. Each study was given an overall quality 
assessment score based on answers to the nine questions; 

9 points were assigned if all nine responses were positive. 
Overall study quality was categorized as ‘high’ (scores 
≥8 points), ‘moderate’ (scores >5 to <8 points) or ‘low’ 
(scores ≤5 points).

Data processing and analysis
Studies providing data on the crude prevalence of viral 
pathogens associated with fecal peril infections or num-
bers of cases and study participants were included in the 
meta-analysis. The virus prevalence for individual studies 
was determined by multiplying the ratio of cases to sam-
ple size by 100. The estimation of the pooled prevalence 
and summary odds ratios of enteric viral pathogen infec-
tion was performed using Comprehensive Meta-Analysis 
(CMA) 3.0 software, which is based on a random-effects 
meta-regression model that takes into account varia-
tion between studies. The estimated pooled prevalence 
with a 95% confidence interval according to the forest 
plot and publication bias according to the funnel plot are 
presented. Subgroup analysis was performed based on 
publication year, laboratory tests used (types and num-
bers) and study period. Heterogeneity among reported 
prevalences was assessed by computing p values from the 
Cochrane Q test and I2 statistics [21]. The Cochrane Q 
test was used to evaluate the existence of heterogeneity, 
and p < 0.05 was considered to indicate statistical sig-
nificance [22]. The I2 statistics provide an estimate of the 
percentage of the variability in effect estimates that is due 
to heterogeneity rather than sampling error or chance 
differences. I2 values of 25–50%, 51–75%, and > 75% 
were considered to represent low, medium and high het-
erogeneity, respectively [23]. Low I2 values suggest that 
variability between estimates is consistent with random 
variation. Interstudy heterogeneity was considered signif-
icant if the P value of Cochran’s Q test was less than 0.05.

Publication bias and sensitivity analysis
Funnel plots were drawn to assess the possibility of pub-
lication bias. We plotted the studies’ logit event rate and 
the standard error to detect asymmetry in the distribu-
tion. A gap in the funnel plot indicates the potential for 
publication bias. In addition, Begg’s adjusted rank Corre-
lation and Egger’s regression asymmetry tests were used 
to assess publication bias, with p-value < 0.05 considered 
to indicate potential publication bias [24].

Results
Published data
The distribution of the 143 articles found in our initial 
research was as follows: 114 publications came from 
Google Scholar, PubMed, Science Direct and Research 
Gate, and 29 from other sources. Of the 143 citations ini-
tially identified, 58 (40.55%) were retained after removing 
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duplicates. Examination of the titles and abstracts 
revealed that 56 (39.16%) citations were retained for full-
text evaluation. At the end of this final stage, 48 (33.56%) 
articles were retained for analysis. The reasons for exclu-
sion are detailed in Fig. 1. This number breaks down into 
27 (56.25%) eligible studies, 6 (12.5%) studies resulting 
from reference mining and 15 (31.25%) from the litera-
ture searches at university libraries.

Descriptive characteristics of the included studies
The included studies were conducted between 1983 and 
2020, of which 31 were published and 15 were unpub-
lished. Thirty-four studies were conducted in Oua-
gadougou; two in Bobo-Dioulasso; two in Bobo and 
Ouagadougou; one in the northern, central and southern 
regions; one in the Sahelian region;; one in Nanoro; one 
in Boromo and Gourcy; one in Kadiogo, Gourma and 
Houet; one in Garango and Satiri; one in Ouagadougou 

and Gaoua; and one in Ouagadougou, Fada N’Gourma, 
Koudougou, Pô and Ziniaré (Fig. 2).

Thirty-one studies (31) involved children, and more 
specifically, children aged 0 to 5 years (26), while the 
remaining studies (15) involved pregnant women (4), 
animals (3), adults and children (3), patients with acute 
febrile jaundice (1), blood donors and pregnant women 
(1), blood donors (1), blood donors and butchers (1), and 
the environment (1) (Fig. 3).

The majority of the studies received a high-quality 
assessment (36/46). Ten studies received a “moderate” or 
“low” assessment score because of inadequate response 
rate and the lack of sample data and/or the subjects and 
study setting, in addition to the lack of representative-
ness of some study populations. A detailed description 
of the study characteristics is presented in Table  1. A 
total of 4214 cases of human viral enteric infections were 
recorded in all 42 studies reviewed. Viral gastroenteri-
tis accounted for 72.59% of the patients whose infection 

Fig. 1 Flow chart of study selection and criteria
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Fig. 2 Map of Burkina Faso showing the study area. Legend: RV: Rotavirus ; NoV: Norovirus ; AdV: Adenovirus ; SaV: Sapovirus ; 

AstV: Astrovirus ; PoV: Poliovirus ; PaV: Parvovirus ; HAV: Hepatitis A virus ; HEV: Hepatitis E virus . AiV: Aichi virus

Fig. 3 Cheese diagram showing study shares



Page 6 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756 

Table 1 Descriptive characteristics of the included studies

Author, year Study period Locality Study subjects Lab test used Sample size diagnosis 
cases

Virus Quality score

(Steele et al. 
2010) [9]

1999 Bobo – Ouaga Children 0 to 5 
years

ELISA RT- PCR 166 37 RV 4 (Low)

(Kaboré et al. 
2017) [25]

2013 - 2014 Ouagadougou Children 0 to 5 
years

ICG 332 213 RV 9 (High)

(Matussek et al. 
2015) [26]

2009-2010 Ouagadougou Children 0 to 5 
years

RT‒PCR 309 56 SaV 6 (Moderate)

(Dimeglio et al. 
2019) [27]

2013-2016 Burkina Faso Patients 
with acute 
febrile jaundice

RT‒PCR 900 187 HEV 7 (Moderate)

(Baudon, 1986) 
[28]

1983- 1984 Bobo-Dioulasso adults and chil-
dren

ELISA 635 93 RV 9 (High)

(Kouéta et al. 
2014) [29]

2009 Ouagadougou Children 0 to 5 
years

ICG 103 34 RV, AdV 9 (High)

(Bonkoungou 
et al. 2010b) 
[10]

2008- 2010 Ouagadougou Children 0 to 5 
years

ICG 447 157 RV, Adv 9 (High)

(Bonkoungou 
et al. 2013) [30]

2009-2010 Ouagadougou Children 0 to 5 
years

ICG 283 96 RV, AdV 9 (High)

(Bonkoungou 
et al. 2018) [14]

2012 - 2013 Ouagadougou Children 0 to 5 
years

EIA -RT‒PCR 154 93 RV, NoV 9 (High)

(Nordgren, et al. 
2012) [31]

2010 Boromo-
Gourcy

Children 0 to 5 
years

ICG 80 56 RV 8 (High)

(Nordgren et al. 
2013) [32]

2009-2010 Ouagadougou Children 
with diarrhea

RT‒PCR 309 37 NoV 8 (High)

(Simpore et 
al. 2009) [33]

2006 -2008 Ouagadougou Children PCR 648 149 RV, AdV 8 (High)

(Kafando et al. 
2016) [34]

2014 Ouagadougou Pregnant 
women

ELISA 179 19 HEV 9 (High)

(Traoré et al. 
2012) [16]

2010-2012 Ouagadougou Blood donors 
- Pregnant 
women

ICG- ELISA 369 97 HEV, HAV 8 (High)

(Traoré et al. 
2016) [35]

2014 Ouagadougou Blood donors ELISA 1 497 597 HEV 9 (High)

(Nitiema et al. 
2011) [11]

2009-2010 Ouagadougou Children 0 to 5 
years

ELISA 309 100 RV 9 (High)

(Ouedraogo et 
al. 2017) [12]

2011- 2012 Ouagadougou adults and chil-
dren

PCR 170 114 RV, NoV, SaV, 
AstV ,AdV, AiV

9 (High)

(Ouedraogo et 
al, 2016) [13]

2011 - 2012 Ouagadougou Children 0 to 5 
years

PCR 263 225 Rv, NoV, SaV, 
AstV ,AdV, AiV

7 (Moderate)

(Ouermi et al. 
2007) [36]

2006 Ouagadougou HIV (-) and HIV 
(+) children 0 
to 5 years

ICG 66 16 RV, AdV 9 (High)

(Lompo et al. 
2021) [37]

2012 - 2014 Nanoro Children 0 to 5 
years

ICG 191 35 RV, AdV 9 (High)

(Huynen et al. 
2013) [38]

2011 Bobo-Dioulasso Children RT‒PCR 418 93 NoV 7 (Moderate)

(Somda et al. 
2019) [17]

2017 Ouagadougou Pregnant 
women 16 
to 49 years

ICG-ELISA 180 41 HAV 9 (High)

(Somda et al. 
2019) [18]

2017 Ouagadougou Pregnant 
women 16 
to 49 years

ELISA 90 50 HEV 9 (High)

(Rönnelid, 
2020) [15]

2015 Ouagadougou Children 0 to 5 
years

RT‒PCR 146 49 Rv, NoV 9 (High)

(Gamsonré et al. 
2019) [39]

2009 - 2010 Ouagadougou Children 0 to 5 
years

RT‒PCR 213 31 AstV 9 (High)
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prevalence ranged from 4.1% to 85.6%, with sample 
sizes ranging from 51 to 1497 participants. Rotaviruses 
accounted for 60.86% (28/46) of enteric virus studies 
(Norovirus, Adenovirus, Astrovirus, Sapovirus, Parvovi-
rus Aichivirus, Poliovirus, Hepatitis A virus and Hepati-
tis E virus) in Burkina Faso.

Twenty-six studies used serological methods (enzyme-
linked immunosorbent assay [ELISA] or immunochro-
matographic [IC]) to detect enteric viruses, fourteen 
studies employed only molecular methods, and six stud-
ies used molecular methods combined with serology 
(Table 1).

Table 1 (continued)

Author, year Study period Locality Study subjects Lab test used Sample size diagnosis 
cases

Virus Quality score

(Ouédraogo et 
al. 2016) [40]

2009-2015 Ouagadougou Various animal 
species

ICG ELISA RT‒
PCR

756 132 RV, AdV 9 (High)

(Ouoba et al. 
2019a) [41]

2015 Burkina Dromedaries ELISA 133 11 HEV 9 (High)

(Ouoba et al. 
2019b) [42]

2015-2017 Kadiogo, 
N’Gourma, 
Houet,

Pets and hunt-
ing hares

ELISA 347 121 HEV 9 (High)

(Traoré et al. 
2015) [43]

2012-2013 Ouagadougou Pork, Blood 
donors Butch-
ers

ELISA RT-PCR 447 282 HEV 9 (High)

(Phan et al. 
2012) [44]

2008/2010 Ouagadougou Children 0 to 5 
years

PCR 98 4 PaV 6 (High)

(Tonde et al. 
2018) [45]

2014 -2017 Ouagadougou Children 0 to 5 
years

ELISA 739 477 RV 7 (Moderate)

(Dahourou, 
1998) [46]

1994-1995 Garango, Satiri Children 0 to 5 
years

PCR 123 7 PoV 7 (Moderate)

(Bonkoungou, 
2007) [47]

2007 Ouagadougou Children 0 to 5 
years

ICG-PCR 150 21 RV 9 (High)

(Bambara, 
2013) [48]

2003 Ouagadougou Children ICG 323 54 RV 6 (Moderate)

(Sama, 2017) 
[49]

2016 -2017 Ouagadougou-
Gaoua

Children ICG-ELISA 236 92 RV 8 (High)

(Dakouo, 2020) 
[50]

2019 -2020 Ouagadougou Children 0 to 5 
years

PCR 200 37 RV, AdV NoV, 
AstV

8 (High)

(Soubeiga, 
2020) [51]

2015 Ouagadougou Children 0 to 5 
years

PCR 146 29 NoV 8 (High)

(Tiendrébéogo, 
2016) [52]

2014 -2015 Ouagadougou Children 0 to 5 
years

ICG-PCR ELISA 152 21 RV 8 (High)

(Ouedraogo, 
2011) [53]

2010 -2011 Ouagadougou, 
Fada N’Gourma, 
Koudougou, Pô, 
Ziniaré

Children 0 to 5 
years

ICG 100 56 RV 9 (High)

(Traore, 2015) 
[43]

2013 -2014 Ouagadougou Children 0 to 5 
years

ICG 438 277 RV, AdV 9 (High)

(Fody, 2010) 
[54]

2010 Ouagadougou Children 0 to 5 
years

ICG 97 55 RV, AdV 6 (Moderate)

(Tahita, 2015) 
[55]

2004 - 2005 Ouagadougou Children 0 to 5 
years

ICG 250 113 RV 8 (High)

(Cisse, 2016) 
[56]

2014 Ouagadougou adults and chil-
dren

ICG 196 6 RV, AdV 8 (High)

(Setondji, 2019) 
[57]

2017 - 2018 Ouagadougou 
Bobo

Waste water PCR 318 12 HEV 6 (Moderate)

(Somda, 2010) 
[58]

2009 Ouagadougou Pregnant 
women

ICG 125 43 HAV 8 (High)

(Kabre, 2010) 
[59]

2009 Ouagadougou Children 0 to 5 
years

ICG 51 8 RV, AdV 8 (High)

Legend: RV Rotavirus, NoV Norovirus, AdV Adenovirus, SaV Sapovirus, AstV Astrovirus, PoV Poliovirus, PaV Parvovirus, HAV Hepatitis A Virus, HEV Hepatitis E Virus, ICG 
Immunochromatography, EIA Enzyme immunoassay, PCR Polymerase chain reaction, ELISA Enzyme-linked immunosorbent assay
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Etiology of viral gastroenteritis
A meta-analysis of the 32 studies showed that the most 
prevalent virus associated with gastroenteritis in Bur-
kina was rotavirus (pooled estimates from 4.1% to 
70.0%), with an overall estimated pooled prevalence of 
27.7% (95% CI: 20.9 - 35.8), followed by norovirus (esti-
mated pooled prevalence between 3.0% and 22.2%), with 
an overall estimated pooled prevalence of 16% (95% CI: 
12.25 - 20.6), and sapovirus (pooled estimates between 
6.5% and 18.1%), with an overall estimate of 11.2% (95% 
CI: 6.2 -19.4) (Fig. 4).

Etiology of entero‑transmissible viral hepatitis
A meta-analysis of the six studies showed that the most 
prevalent entero-transmissible viral hepatitis was HAV 
(pooled estimates between 21.7% and 90.0%), with an 
overall estimate of 52.0% (95% CI 14.2–87.7), while HEV 
(pooled estimates between 10.6% and 64.7%) had an 
overall estimate of 28.3% (95% CI 17.8–42.6) (Fig. 5).

Prevalence of enteric viruses in animals 
and the environment
A meta-analysis of the five studies showed that the most 
prevalent type of entero-transmissible viral hepatitis was 
HEV (pooled estimates between 3.8% and 80.2%), with an 
overall estimate of 23.1% (95% CI: 4.9-63.7) (Fig. 6).

Assessment of publication bias
Symmetrical funnel plot visual inspection (Fig.  7) 
revealed the absence of publication bias, which was statis-
tically confirmed by Egger’s test (p =0.06197) and Begg’s 
correlation (p= 0.12393). High heterogeneity was found 
among the included studies (I2=97.83%). The heteroge-
neity could partly be attributed to the large variation in 
sampling. Some studies investigated large samples, while 
others investigated small samples. Last, heterogeneity 
could also be attributed to the diagnostic methods used 
to detect enteric viral pathogens since different methods 
may have different sensitivities, specificities, and positive 
predictive and negative predictive values.

Genetic diversity of enteric viruses detected in Burkina 
Faso
Distribution of rotavirus strains in the Burkina Faso 
population
In the 27 studies included, 6925 samples were analysed 
for molecular characterization out of 2368 rotavirus 
antigen-positive samples, and 425 rotavirus strains were 
detected.

Among the G/P combinations, G9P  [8] (28%) was the 
most predominant, followed by G1P [8] (14.58%), G6P [6] 

(14.11%), G12P [8] (9.88%), and G2P [6] (9.64%) (Fig. 8). 
Only the G9 genotype was detected in farm animals in 
Burkina Faso

Distribution of norovirus strains in the Burkina‑Faso 
population
In the eight studies included, 1806 samples were ana-
lysed for norovirus. A total of 303 samples were positive, 
of which 58 (19.14%) were genogroup I (GGI) and 204 
(67.32%) were genogroup II (GGII) (Fig. 9). GII.4 was the 
most common GII genotype (29.41%), followed by GI.3, 
the most common GI genotype.

Distribution of Sapovirus strains in the Burkina Faso 
population
Sapovirus strains catalogued from two molecular charac-
terization studies of sapoviruses in Burkina Faso identi-
fied the following four main genogroups: GI, n=22; GII, 
n=14; GIV, n=3; and GV, n=2. The 18 strains in the GI 
genogroup were classified into three (3) distinct geno-
types as follows: GI.1 (n=13); GI.2 (n=1); and GI.4 (n=4). 
For genogroup GII, the genotypes were GII.1 (n=4), GII.2 
(n=2), GII.3 (n=1), GII.4 (n=1), and GII.6 (n=1) (Fig. 10).

Distribution of Astrovirus strains in the Burkina Faso 
population
In this qualitative analysis of the four studies included, 
five Astrovirus strains were characterized as type 1 
(AstV-1), three strains as type 2 (AstV-2), one strain as 
type 5 (AstV-5) and three strains as type 8 (AstV-8). All 
type 1 astroviruses showed 78 to 91% nucleotide iden-
tity with the Oxford/Type 1 reference strain (L23513), 
but two type 1 astrovirus strains were strongly related 
to the ITA/2012/PR1365 reference strain (KF668570). 
Astrovirus type 2 showed 94% nucleotide identity with 
the Oxford/type 2 reference strain (L13745). The new 
astrovirus (human astrovirus-BF34) was closely related 
to mamastrovirus species 8 and 9.

Distribution of Aichi virus A strains in the population
The four strains of Aïchivirus A detected in two stud-
ies included were classified into genotype A (n = 1), 
genotype B (n = 1) and genotype C (n = 2). Aïchivirus 
A genotype A showed 95% nucleotide identity with the 
J-4397/02/Japan reference strain (EF079149), and Aïchi-
virus A genotype B showed 95% nucleotide identity with 
the 139/96 (IND)/Japan reference strain (AB092830). 
Finally, Aïchivirus A genotype C showed 83-97% nt (87-
94% aa) identity with the sequence of the reference strain 
RN48/France (DQ145759).



Page 9 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756  

Potential circulating hepatitis E virus (HEV) genotypes
Two of the six studies included reported potential circu-
lating HEV genotypes. Thus, 14 HEV strains detected in 

patients with a febrile form of jaundice were of genotype 2 
and showed a homology of 86.4-94.8% with the HEV sub-
type 2b recently identified in Nigeria. The HEV genotype 3 

Fig. 4 Forest plot of the pooled prevalence of viral gastroenteritis in Burkina. Legend: RV: Rotavirus; NoV: Norovirus; AdV: Adenovirus; SapV: 
Sapovirus; AstV: Astrovirus; PaV: Parvovirus; AiV: Aichi Virus
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Fig. 5 Forest plot of the pooled prevalence of enterovirus-transmissible viral hepatitis. Legend: HAV: hepatitis A virus, HEV: hepatitis E virus

Fig. 6 Forest plot of the pooled prevalence of enteric viruses in animals and the environment. Legend: RV: Rotavirus; AdV: Adenovirus; HEV: 
Hepatitis E Virus
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detected in pig liver from Burkina Faso had a similarity of 
more than 98% with an African HEV genotype 3 sequence 
from Yaoundé (Cameroon) and Madagascar.

Subgroup analysis based on diagnostic methods
Analysis of the distribution of enteric viruses according 
to detection technique and population type yielded the 
results shown in Table 2.

In studies in which RT‒PCR was used for primary 
detection, the prevalence of rotavirus was 19.7% (95% CI 

7.9–40.9%), while in studies in which EIA, ELISA, and IGG 
were used for detection, the prevalence rates were 43.5% 
(95% CI 8.9–85.8%), 29% (95% CI 15–48.6%), and 28.5% 
(95% CI 19–40.3%), respectively (Fig. 11).

Discussion
In Burkina Faso, enteropathogenic viruses are among 
the most common pathogens, causing both sporadic 
illness and outbreaks, as reported by several stud-
ies. However, information has been scattered, and this 
raises questions about the current global burden of 

Fig. 7 Publication bias assessment funnel plot of Egger’s regression test (p = 0.062) and Begg’s rank correlation (p = 0.123)

Fig. 8 Distribution of rotavirus genotypes in the population
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these viral infections. The present systematic review and 
meta-analysis included 46 studies. Of the 43/46 studies 
on the human population (4214 patients), we showed 
that pathogenic viruses associated with gastroenteritis 
accounted for more than 72.6%, and entero-transmissi-
ble hepatitis viruses accounted for 27.2%. This may be 
explained by the fact that the majority of studies (31/46) 
included in this review focused on the diagnosis of 
viruses responsible for gastroenteritis. In fact, 67.39% of 
the estimates came from studies carried out on cohorts 
of children, more specifically, children under the age of 
five, which is the group most vulnerable to infection and 
at risk of severe disease. It is largely recognized that the 
vulnerability of this population might be related either 
to a higher dehydration risk or a less developed immune 

system [60]. Indeed, the incidence and severity of diar-
rheal diseases were found to be much lower in human 
breast-fed infants, which may provide protection from 
the mother’s antibodies and microbiota, than in steri-
lized cow’s milk–fed infants [61].

In this review, the pooled rotavirus prevalence among 
under-five children accounted for 27.7% of the cases, 
which confirms that rotavirus is and remain common 
cause of acute diarrhea in sub-Saharan Africa [62], 
even though some studies assert that the introduc-
tion of rotavirus vaccines has changed this trend [9, 
63]. The current rate is slightly higher than the overall 
pooled estimate of rotavirus incidence of 24% reported 
from a meta-analysis of under-five children with acute 
gastroenteritis in South Africa [64], Ethiopia [65], the 

Fig. 9 Genotype distribution of the norovirus strains in the population

Fig. 10 Distribution of sapovirus genotypes in the population
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Caribbean region and Latin America [66]. This dispar-
ity could be attributed to differences in the burden of 
disease across study settings, the sensitivity of the diag-
nostic assays used, and the choice and characteristics 
of the study subjects [64]. The majority of these studies 
used the IGG method, and only a few studies used RT‒
PCR for primary detection of viruses, which is more 
sensitive than the IGG, ELISA, and EIA methods [13, 
14, 31, 45]. These factors may have contributed to the 
significant heterogeneity within the studies. Our quali-
tative analysis findings indicate an overall decline in the 
proportion of diarrhea episodes due to viral gastroen-
teritis in Burkina between 2012 and 2020 following the 
introduction of the rotavirus vaccine to the National 
Childhood Immune Program, as corroborated by other 
studies [9, 63]. These observations are consistent with 
meta-analysis findings in sub-Saharan Africa [67] and 
provide further evidence that rotavirus vaccinations are 
associated with a reduction in rotavirus-diarrhea mor-
bidity, emergency visits, and hospitalizations [64].

In this review, the globally common G (G1–G4, G9, 
G12) and P (P[4], P[6], and P[8]) rotavirus (RV) geno-
types were also observed, although G3 and G4 were 
reported at low prevalence. The rotavirus genotypes 
circulating in Burkina Faso showed a diverse pattern, 
with G9P[8] strains (28%) being the dominant strain. 
G9P[8], the predominant genotype combination, has 
been reported elsewhere in the West African subregion 
(Ghana and Kenya) [63, 68]. However, previous rotavirus 
surveillance studies in Burkina Faso revealed that G1P[8] 

was the predominant strain in the pre-vaccine era [69]. 
These results suggest that the predominant genotype of 
RV in Burkina Faso can change rapidly within a short 
period of time. Other studies in Europe and Asia have 
shown that large fluctuations in the genotype distribution 
of human rotaviruses occur continuously from one place 
to another [70, 71].

The unusual types G6P[6] (14.11%) and G12P[8] 
(9.88%) were also found. The emergence of G6P[6] has 
been reported in Burkina Faso [14, 31] and elsewhere in 
Africa, including Gabon and the Democratic Republic of 
the Congo, in children with diarrhea [72, 73]. Given that 
G6 viruses of bovine origin are capable of rapid adapta-
tion to human populations, it is possible that the VP7 
genes found in these studies could provide a mechanism 
for the generation of more genetic diversity through the 
reassortment of genomes. G12 strains began to emerge 
worldwide, mainly in association with P[8] or P[6] in sev-
eral countries [74], and are rare when today’s vaccines are 
formulated and therefore not included in vaccine formu-
lations, including G6P[6] strains. It is therefore not pos-
sible to rule out the possibility that the circulation of the 
G6, G9 and G12 strains affects the effect of the vaccine, 
and this possibility needs to be studied further. The emer-
gence of rotavirus G12P[8] confirmed that these strains 
have the potential to become the sixth most common 
genotype worldwide [75].

Norovirus (NoV) is a causative virus of gastroenteri-
tis in all age groups and is known to contaminate food, 
causing viral epidemics [76]. According to this review, 

Table 2 Pooled prevalence of enteric viruses by method

Legend: ICG Immunochromatography, EIA Enzyme immunoassay, PCR Polymerase chain reaction, ELISA Enzyme-linked immunosorbent assay

Virus Method Population Pooled 
prevalence

Rotavirus IGG Child 28,5%

EIA Child 43,5%

ELISA Child 29,0%

PCR Child 19,7%

Norovirus PCR Child/Adult 15.4%

EIA Child 26.4%

Adenovirus IGG Child/Any age 3,5%

PCR Child/Adult 17,7%

Sapovirus PCR Child/Adult 11,2%

Parvovirus PCR Child 4,1%

Astrovirus PCR Child/Adult 3,6%

Aichivirus A PCR Child/Adult 1,4%

Hepatitis A Virus ICG Pregnant women/Blood donor 27,4%

ELISA Pregnant women 90%

Hepatitis E Virus ELISA Patients with acute febrile jaundice/Pregnant women/Any 
age/Blood donor

26,0%
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the pooled prevalence of NoV among the 8 included 
studies was 16% (95% CI: 12.25, 20.6), which was in 
agreement with a recent global analysis conducted 
worldwide (17.7% (95% CI: 16.3%-19.2%)) [77]. This 
high frequency underlines the importance of norovi-
ruses in the etiology of gastroenteritis, given that the 
role and contribution of these viruses have long been 
underestimated in human pathology [78]. In contrast, 
our finding was higher than that of a previous review 
conducted in Africa (13.5%, 95% CI 12.7–14.3) [79]. 
The source of this variation could be the difference in 

the study participants, the study period, the study set-
ting, and the mode of transmission, which is via food 
contamination and asymptomatic infected individu-
als favoring the spread of the disease [80, 81]. Another 
reason could be the introduction of the rotavirus vac-
cine. Indeed, Ronnelid et al revealed that norovirus 
was more frequently detected and associated with 
more severe symptoms than rotavirus in children in 
Burkina Faso after the introduction of the rotavirus 
vaccine [15].

Fig. 11 Pooled estimates of rotavirus stratified by diagnostic methods. Legend: ICG: Immunochromatography; EIA: Enzyme immunoassay; PCR: 
Polymerase chain reaction; ELISA: Enzyme-linked immunosorbent assay; RV: Rotavirus
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In this study, the most common NoV genogroup 
detected was NoV GII (67.32%), with a small propor-
tion of NoV GI (19.14%). Our findings were in agreement 
with those of a previous review conducted in sub-Saha-
ran countries, where GII strains represented 76.4% of all 
detected NoVs, and GI strains 21.7% [82]. This study sup-
ports the growing recognition that genogroup II is gen-
erally responsible for sporadic cases of gastroenteritis in 
children [83]. NoV-GII.4 was the predominant genotype 
(29.41%) identified in most studies presenting genotyping 
data. Our finding was in agreement with previous stud-
ies performed in Sub-Saharan Africa that also reported 
the dominance of NoV-GII.4, which was 65.2% [82]. This 
genotype is considered to be the predominant genotype 
responsible for the majority of acute gastroenteritis out-
breaks worldwide [77, 84].

Sapovirus was found in 11.2% (95% CI: 6.2%-19.4%) of 
the gastroenteritis patients in this study. This result was 
consistent with published reports showing that its preva-
lence is generally much lower than that of norovirus [85, 
86]. Indeed, sapoviruses of genogroup I were found to be 
the most common, with GI.1 being the most predomi-
nant strain. This finding is consistent with a study carried 
out in northwest Ethiopia [87, 88]. These results contra-
dict those reported in other regions of Malawi and Tuni-
sia, South Africa [89–91]. This could be explained by the 
fact that in Burkina Faso, there are very few studies on 
the epidemiology of sapoviruses.

Although limited, 52% (95% CI: 14.2%-87.7%) of the 
HAV seroprevalence data in this review met the WHO’s 
definition of an intermediate HAV endemic setting of 
≥ 50% IgG seroprevalence by 15 years of age [92]. This 
very high detection rate may be explained by the low 
socioeconomic status of the Burkinabe population. 
Moreover, we estimated that 28.3% (95% CI: 17.7%-
42%) of the general population had experienced recent 
or past HEV infection based on their seropositivity for 
total anti-HEV antibodies. These findings indicate that 
entero-transmissible hepatitis circulates at low but sig-
nificant levels in the Burkinabè population [16]. Gen-
otype 2 b has been detected in samples from patients 
with acute febrile jaundice in Burkina Faso [27]. This 
genotype has been identified in several African coun-
tries, such as the Central African Republic [93] and 
Namibia [94]; in a refugee camp in Chad [95]; and 
during recent epidemics in Nigeria [96]. In this study, 
HEV was ubiquitously detected in animals and in the 
environment (23.1%), particularly in pigs in which HEV 
genotype 3 was detected [43]. This also suggests that 
there are several sources of contamination in Burkina.

These data were obtained from credible studies con-
ducted by national and international peers. The author-
ship of the publications also includes international 

teams from Europe, America and Africa, demonstrat-
ing collaboration with the availability of a technical 
platform for scientific confirmation of the identity of 
the viruses described.

The main limitation we encountered with this review 
is that the majority of the included studies focused 
on rotaviruses; this limits the possibility of accessing 
the real impact of other enteric viruses. In addition, 
most of the studies included were from the capital 
Ouagadougou.

Conclusion
This systematic review and meta-analysis highlight the 
substantial burden of viral enteric infections in Burkina 
Faso. In this study, rotavirus and norovirus were the two 
predominant viruses associated with cases of viral gas-
troenteritis, and among the hepatic viruses associated 
with human entero-transmissible infections, HAV was 
the most prevalent. The relatively high incidence of infec-
tion reported here suggests a possible hygiene problem, 
such as water contamination or the sociodemographic 
level of the population.

On the other hand, the scarcity of data on certain 
enteric viruses limits the strength of the results of this 
systematic review. However, more molecular epide-
miological studies are needed to improve preventive 
measures.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 024- 09668-4.

Supplementary Material 1.

Authors’ contributions
KAT, MMA, PR and NB conceived this study. KAT developed the study protocol 
with the help of MMA and NO. KAT implemented the review under the 
supervision of PR and NB. KAT and MMA performed the search, screening, and 
data extraction under the guidance of NB. NO., JBO and PR provided content 
expertise for this review. All authors have provided comments on the final 
manuscript before publication. KAT is the guarantor of this review. All the 
authors have read and approved the final manuscript.

Funding
This research received no external funding.

Availability of data and materials
The findings of this study were generated from publication data collected 
from the Google Scholar database, PubMed database, Research Gate 
database, and Science direct database and analysed. All generated data are 
included in the manuscript.

Declarations

Ethics approval and consent to participate
No ethics approval was required for this study, as it is a systematic review 
using preexisting, publicly published data.

https://doi.org/10.1186/s12879-024-09668-4
https://doi.org/10.1186/s12879-024-09668-4


Page 16 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Laboratoire Sciences de la Vie et de la Terre (LaSVT), Université Norbert 
ZONGO (UNZ), Koudougou, Burkina Faso. 2 Laboratoire de Biologie Molécu-
laire, d’Epidémiologie et de Surveillance des Bactéries et Virus Transmissibles 
par les Aliments (LaBESTA), Université Joseph KI-ZERBO, Ouagadougou, Bur-
kina Faso. 3 Université de Dédougou (UDD), Dédougou, Burkina Faso. 4 Centre 
universitaire de Manga (CUM), Manga, Burkina Faso. 5 Virology Unit, Institut 
Pasteur de Guinée (IPGui), Conakry, Guinea. 

Received: 9 April 2024   Accepted: 25 July 2024

References
 1. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR, Albertson 

SB, Stanaway JD, Deshpande A, Abebe Z, et al. 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.

 2. Lanata CF, Fischer-Walker CL, Olascoaga AC, Torres CX, Aryee MJ, Black RE. 
Global causes of diarrheal disease mortality in children <5 years of age: a 
systematic review. PLoS One. 2013;8(9):e72788.

 3. Bouseettine R, Hassou N, Bessi H, Ennaji MM. Waterborne Transmission of 
Enteric Viruses and Their Impact on Public Health. 20190920 edn. 2020.

 4. Upfold NS, Luke GA, Knox C. Occurrence of Human Enteric Viruses 
in Water Sources and Shellfish: A Focus on Africa. Food Environ Virol. 
2021;13(1):1–31.

 5. Delville J. P PSR: Longitudinal Study of Enteric Viruses in Children of a 
Congolese Community in Elizabethville. Annales de la Societe Belge de 
Medecine Tropicale. 1960;40(6):879–92.

 6. Kamel AH, Ali MA, El-Nady HG, de Rougemont A, Pothier P, Belliot G. 
Predominance and circulation of enteric viruses in the region of Greater 
Cairo Egypt. J Clin Microbiol. 2009;47(4):1037–45.

 7. Bessaud M, Pillet S, Ibrahim W, Joffret ML, Pozzetto B, Delpeyroux F, 
Gouandjika-Vasilache I. Molecular characterization of human enterovi-
ruses in the Central African Republic: uncovering wide diversity and iden-
tification of a new human enterovirus A71 genogroup. J Clin Microbiol. 
2012;50(5):1650–8.

 8. Maslin J, Kohli E, Leveque N, Chomel JJ, Nicand E, Fouet C, Haus R, Depina 
JJ, Mathecowitsch P, Dampierre H. Caractérisation des virus agents poten-
tiels des diarrhées chez l’adulte à Djibouti. Med Trop. 2007;67:249–55.

 9. Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, Ngwira B, 
Victor JC, Gillard PH, Cheuvart BB, et al. Effect of human rotavirus vaccine 
on severe diarrhea in African infants. N Engl J Med. 2010;362(4):289–98.

 10. Bonkoungou IJO, Sanou I, Bon F, Benon B, Coulibaly SO, Haukka K, Traoré 
AS, Barro N. Epidemiology of rotavirus infection among young children 
with acute diarrhoea in Burkina Faso. BMC Pediatr. 2010;10(1):94.

 11. Nitiema LW, Nordgren J, Ouermi D, Dianou D, Traore AS, Svensson L, Sim-
pore J. Burden of rotavirus and other enteropathogens among children 
with diarrhea in Burkina Faso. Int J Infect Dis. 2011;15(9):e646-652.

 12. Ouedraogo N, Ngangas SM, Bonkoungou IJ, Tiendrebeogo AB, Traore KA, 
Sanou I, Traore AS, Barro N. Temporal distribution of gastroenteritis viruses 
in Ouagadougou, Burkina Faso: seasonality of rotavirus. BMC Public 
Health. 2017;17(1):274.

 13. Ouédraogo N, Kaplon J, Bonkoungou IJ, Traoré AS, Pothier P, Barro N, 
Ambert-Balay K. Prevalence and Genetic Diversity of Enteric Viruses 
in Children with Diarrhea in Ouagadougou, Burkina Faso. PLoS One. 
2016;11(4):e0153652.

 14. Bonkoungou IJO, Ouédraogo N, Tamini L, Teguera RK, Yaméogo P, Drabo 
MK, Medah I, Barro N, Sharma S, Svensson L, et al. Rotavirus and norovirus 
in children with severe diarrhea in Burkina Faso before rotavirus vaccine 
introduction. J Med Virol. 2018;90(9):1453–60.

 15. Rönnelid Y, Bonkoungou IJO, Ouedraogo N, Barro N, Svensson L, Nor-
dgren J. Norovirus and rotavirus in children hospitalised with diarrhoea 

after rotavirus vaccine introduction in Burkina Faso. Epidemiol Infect. 
2020;148:e245.

 16. Traoré KA, Rouamba H, Nébié Y, Sanou M, Traoré AS, Barro N, Roques P. 
Seroprevalence of fecal-oral transmitted hepatitis A and E virus antibod-
ies in Burkina Faso. PLoS One. 2012;7(10):e48125.

 17. Somda RP, Ouoba BJ, Traore KA, Ouoba LB, Kagambega A, Roques P, 
Nicolas B. Sero-prevalence and Risk Factors for Hepatitis A Virus Infection 
among Pregnant Women at the Samandin Medical Center, Ouagadou-
gou, Burkina Faso. J Adv Biol Biotechnol. 2019;21:1–9.

 18. Somda RP, Ouoba BJ, Traore KA, Ouoba LB, Kagambega A, Roques P, 
Nicolas B. Hepatitis E virus prevalence and associated risk factors among 
pregnant women in medical center of Samandin (Ouagadougou, Burkina 
Faso). Am J Innov Res App Sci. 2019;8(2429–5396):276–81.

 19. Moher D, Liberati A, Tetzlaff J, Altman DG. Group P: Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. 
PLOS Medicine. 2009;6(7):e1000097.

 20. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance 
for systematic reviews of observational epidemiological studies reporting 
prevalence and cumulative incidence data. Int J Evid Based Healthc. 
2015;13(3):147–53.

 21. Rucker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on 
I(2) in assessing heterogeneity may mislead. BMC Med Res Methodol. 
2008;8:79.

 22. Ioannidis JP. Interpretation of tests of heterogeneity and bias in meta-
analysis. J Eval Clin Pract. 2008;14(5):951–7.

 23. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. 
Stat Med. 2002;21(11):1539–58.

 24. Lin L, Chu H. Quantifying publication bias in meta-analysis. Biometrics. 
2018;74(3):785–94.

 25. Kaboré A, Zagré A, Kam M, Drabo D, Ouédraogo R, Yé D. Incidence des 
diarrhées à rotavirus chez les enfants de 0 à 5 ans hospitalisés à Ouaga-
dougou (Burkina Faso). J de Pédiatrie et de Puériculture. 2017;30(2):56–62.

 26. Matussek A, Dienus O, Djeneba O, Simpore J, Nitiema L, Nordgren J. 
Molecular characterization and genetic susceptibility of sapovirus in chil-
dren with diarrhea in Burkina Faso. Infect Genet Evol. 2015;32:396–400.

 27. Dimeglio C, Kania D, Mantono JM, Kagoné T, Zida S, Tassembedo S, Dicko 
A, Tinto B, Yaro S, Hien H, et al. Hepatitis E Virus Infections among Patients 
with Acute Febrile Jaundice in Burkina Faso. Viruses. 2019;11(6):554.

 28. Baudon D, Devoucoux R, Lozachmeur P, Chaize J. Place des rotavirus dans 
les diarrhes aigues humaines au Burkina Faso (Afrique de I’Ouest). Med 
Mal Infect. 1986;1:24–7.

 29. Kouéta F, Ouédraogo/Yugbaré SO, Dao L, Ouédraogo A, Ouédraogo/
Traoré R, Sanou I, Yé D. [Infectious Etiologies of the acute diarrheas of 
the child from 0 to 5 years at the Pediatric University hospital Charles de 
Gaulle (Ouagadougou, Burkina Faso)]. Mali Med. 2014;29(2):66–71.

 30. Bonkoungou IJ, Haukka K, Österblad M, Hakanen AJ, Traoré AS, Barro N, 
Siitonen A. Bacterial and viral etiology of childhood diarrhea in Ouaga-
dougou, Burkina Faso. BMC Pediatr. 2013;13:36.

 31. Nordgren J, Bonkoungou IJ, Nitiema LW, Sharma S, Ouermi D, Sim-
pore J, Barro N, Svensson L. Rotavirus in diarrheal children in rural 
Burkina Faso: high prevalence of genotype G6P[6]. Infect Genet Evol. 
2012;12(8):1892–8.

 32. Nordgren J, Nitiema LW, Ouermi D, Simpore J, Svensson L. Host genetic 
factors affect susceptibility to norovirus infections in Burkina Faso. PLoS 
One. 2013;8(7):e69557.

 33. Simpore J, Ouermi D, Ilboudo D, Kabre A, Zeba B, Pietra V, Pignatelli S, 
Nikiema JB, Kabre GB, Caligaris S, et al. Aetiology of acute gastro-enteritis 
in children at Saint Camille Medical Centre, Ouagadougou, Burkina Faso. 
Pak J Biol Sci. 2009;12(3):258–63.

 34. Kafando F, Ouermi D, Charlemagne G, Djigma F, Obiri-Yeboah D, Com-
paore TR, Théodora Z, Marius B, Paul O, Simpore J. Hepatitis E in pregnant 
women at the saint Camille hospital of Ouagadougou in Burkina Faso: 
prevalence and infection risk factors. Int J Recent Adv Multidiscip Res. 
2016.

 35. Traoré KA, Ouoba JB, Rouamba H, Nébié YK, Dahourou H, Rossetto F, 
Traoré AS, Barro N, Roques P. Hepatitis E Virus Prevalence among Blood 
Donors, Ouagadougou, Burkina Faso. Emerg Infect Dis. 2016;22(4):755–7.

 36. Ouermi D, Karou D, Ilboudo D, Nadembega CW, Pietra V, Belem A, 
Simpore J, Kabre G, Pignatelli S, Sawadogo L. Prevalence of rota-
virus, adenovirus and enteric parasites among pediatric patients 



Page 17 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756  

attending Saint Camille Medical Centre in Ouagadougou. Pak J Biol Sci. 
2007;10(23):4266–70.

 37. Lompo P, Tahita MC, Sorgho H, Kaboré W, Kazienga A, Nana ACB, Natama 
HM, Bonkoungou IJO, Barro N, Tinto H. Pathogens associated with acute 
diarrhea, and comorbidity with malaria among children under five years 
old in rural Burkina Faso. Pan Afr Med J. 2021;38:259.

 38. Huynen P, Mauroy A, Martin C, Savadogo LG, Boreux R, Thiry E, Melin P, De 
Mol P. Molecular epidemiology of norovirus infections in symptomatic 
and asymptomatic children from Bobo Dioulasso, Burkina Faso. J Clin 
Virol. 2013;58(3):515–21.

 39. Gamsonré Z, Bisseye C, Nitiema L, Diarra B, Zohoncon TM, Tao I, Com-
paore TR, Djigma F, Ouermi D, Nordgren J, et al. Astrovirus Gastroenteri-
tis in Children Younger than 5 Years in Ouagadougou (Burkina Faso): 
Prevalence and Risks Factors Influencing Severity. Int J Trop Dis Health. 
2019;40:1–10.

 40. Ouédraogo N, Ngangas SMT, Tiendrébeogo A, Traoré AS, Bonkoungou 
IJO, Barro N. Rotavirus in various animal species in Ouagadougou, Burkina 
Faso: detection of genotype G9. J Appl Biosci. 2016;103:9870–6.

 41. Ouoba JB, Ouedraogo A, Kuan T, Ouoba B, Rouamba H, Zerbo L, Moctar 
S, Traore A, Roques P, Barro N: Serological Evidence of Hepatitis E Virus in 
Dromedary Camels in the Sahelian Zone of West Africa. J Adv Microbiol. 
2019a:1–7.

 42. Ouoba JB, Traore KA, Rouamba H, Setondji KV, Minoungou GL, Ouoba BL, 
Ouedraogo A, Moctar S, M’Bengue AK, Kakou SN, et al. Prevalence of anti-
hepatitis E virus antibodies in domestic animal from three representative 
provinces of Burkina Faso. Vet Anim Sci 2019b;7:100059.

 43. Traoré KA, Ouoba JB, Huot N, Rogée S, Dumarest M, Traoré AS, Pavio N, 
Barro N, Roques P. Hepatitis E Virus Exposure is Increased in Pork Butchers 
from Burkina Faso. Am J Trop Med Hygiene. 2015;93(6):1356–9.

 44. Phan TG, Vo NP, Bonkoungou IJ, Kapoor A, Barro N, O’Ryan M, Kapu-
sinszky B, Wang C, Delwart E. Acute diarrhea in West African chil-
dren: diverse enteric viruses and a novel parvovirus genus. J Virol. 
2012;86(20):11024–30.

 45. Tonde I, Drabo DC, Kambiré D, Soudré F, M. S, Tamboura M, Guiguemdé 
T, Ouedraogo/Traoré R: Prevalence des RotaVirus dans les diarrhéés 
des enfants de 0 a 56 mois admis aux centres hospitaliers pédiatriques 
Charles de Gaulle de Ouagadougou. In.; 2018.

 46. Dahourou AG. Epidemiologie moleculaire des poliovirus: caracterisa-
tion des souches sauvages et vaccinales et recombinaison genetique 
du poliovirus vaccinal dans la region de la 3D polymerase. Université de 
Ouagadougou; 1998.

 47. Bonkoungou OJI. Identification immuno-chromatographique et diversité 
génomique des rotavirus chez les enfants en milieu pédiatrique à ouaga-
dougou. Université de Ouagadougou; 2007.

 48. Bambara EA. L’alimentation et la santé des population: habitudes alimen-
taire des ouagalais et enquete de prévalence dans les services de santé, 
des agents parasitaires, microbiens et virauxà transmission fréquente par 
les aliments. Université de Ouagadougou; 2013.

 49. Sama O. Evaluation de la validité du tes t SDBIOLINE ROTA/ADENO Rapid 
pour la détection dun virus a transmission oro fécale (cas du rotavirus 
au laboratoire national de santé publique du burkina Faso. Université de 
Ouagadougou; 2017

 50. Dakouo D. Diagnostic moléculaire des rotavirus chez les enfants de zéro à 
cinq ans à hopital Saint Camille de Ouagadougou: Evolution de la peéva-
lence sept ans après l’introduction du vaccin antirotavirus au Burkina 
Faso. Université de Ouagadougou; 2020.

 51. Soubeiga AP. Etude épidémiologique et moléculaire des norovirus dans 
les gastroentérites virales chez les enfants hospitalisés àl’hopital de 
district de bogodogo. Burkina Faso Université de Ouagadougou; 2020.

 52. Tiendrébéogo BA. Aspect epidémiologique et typage moléculaire des 
rotavirus dans les gastro-entérites infantiles àhopitale du district de 
bogodogo. Université de Ouagadougou; 2016.

 53. Ouedraogo N. Epidemiologie des diarrhées à Rotavirus chez les enfants 
de moins de cinq (5) au Burkina Faso: Caractéristiques climatiques et 
socio-demographiques dans cinq (5) regions. Universite de Ouagadou-
gou; 2011.

 54. Fody AM. Prévalence des rotavirus et adenovirus chez les enfants de 
moin de cinq ans en fonction des condition climatiques et mode alimen-
taire dans deux pays d’Afrique sub-saharienne (au Niger et au Burkina 
faso). Université de Ouagadougou; 2010.

 55. Tahita MC. Les gastro-entérites aigues de l’enfant de 0 5 ans au CHU Yo 
: aspects epidemiologiques cliniques etiologiques et comportement à 
risques des parents. Université de Ouagadougou; 2015.

 56. Cisse H. Prévalence de souches de Escherichia coli, Salmonella enterica, 
Shigella spp, rotavirus et adénovirus dans les selles diarrhéiques en 
saisons humide et sèche à Ouagadougou, Burkina Faso. Universite de 
Ouagadougou; 2016.

 57. Setondji KV. Détection du virus de l’hépatite E dans les eaux usées 
d’abattoirs et les eaux de puits au Burkina Faso. Universite de Ouagadou-
gou; 2019.

 58. Somda H. Séroprévalence du virus de l’hépatite A [VHA] chez les femmes 
enceintes venant en consultation prénatale dans le centre Médical de 
Samandin, district Sanitaire de Baskuy, Ouagadougou, Burkina Faso. 
Universite de Ouagadougou; 2010.

 59. Kabre B. Diarrhées aigues chez les enfants agés de moin de 5 ans au 
centre hospitalier universitaire pédiatrique charles de gaulle: Etiologies 
infectieuses et phénotypes de résistance. Universite de Ouagadougou; 
2010.

 60. Abossie A, Yohanes T, Nedu A, Tafesse W, Damitie M. Prevalence of Malaria 
and Associated Risk Factors Among Febrile Children Under Five Years: A 
Cross-Sectional Study in Arba Minch Zuria District South Ethiopia. Infect 
Drug Resist. 2020;13:363–72.

 61. Goldman AS, Chheda S, Keeney SE, Schmalstieg FC: Immunology of 
Human Milk and Host Immunity. Fetal Neonatal Physiol 2011:1690-1701.

 62. Oppong TB, Yang H, Amponsem-Boateng C, Kyere EKD, Abdulai T, Duan 
G, Opolot G. Enteric pathogens associated with gastroenteritis among 
children under 5 years in sub-Saharan Africa: a systematic review and 
meta-analysis. Epidemiol Infect. 2020;148:e64.

 63. Armah GE, Sow SO, Breiman RF, Dallas MJ, Tapia MD, Feikin DR, Binka FN, 
Steele AD, Laserson KF, Ansah NA, et al. Efficacy of pentavalent rotavirus 
vaccine against severe rotavirus gastroenteritis in infants in developing 
countries in sub-Saharan Africa: a randomised, double-blind, placebo-
controlled trial. Lancet. 2010;376(9741):606–14.

 64. Omatola CA, Ogunsakin RE, Olaniran AO. Prevalence, Pattern and Genetic 
Diversity of Rotaviruses among Children under 5 Years of Age with Acute 
Gastroenteritis in South Africa: A Systematic Review and Meta-Analysis. 
Viruses. 2021;13(10):1905.

 65. Damtie D, Melku M, Tessema B, Vlasova AN. Prevalence and Genetic Diver-
sity of Rotaviruses among under-Five Children in Ethiopia: A Systematic 
Review and Meta-Analysis. Viruses. 2020;12(1):62.

 66. Santos VS, Marques DP, Martins-Filho PR, Cuevas LE, Gurgel RQ. Effective-
ness of rotavirus vaccines against rotavirus infection and hospitalization 
in Latin America: systematic review and meta-analysis. Infect Dis Poverty. 
2016;5(1):83.

 67. Godfrey O, Zhang W, Amponsem-Boateng C, Bonney Oppong T, Zhao Q, 
Li D. Evidence of rotavirus vaccine impact in sub-Saharan Africa: System-
atic review and meta-analysis. PLoS One. 2020;15(4):e0232113.

 68. Kiulia NM, Kamenwa R, Irimu G, Nyangao JO, Gatheru Z, Nyachieo A, 
Steele AD, Mwenda JM. The epidemiology of human rotavirus associ-
ated with diarrhoea in Kenyan children: a review. J Tropical Pediatr. 
2008;54(6):401–5.

 69. Bonkoungou IJ, Damanka S, Sanou I, Tiendrébéogo F, Coulibaly SO, Bon 
F, Haukka K, Traoré AS, Barro N, Armah GE. Genotype diversity of group 
A rotavirus strains in children with acute diarrhea in urban Burkina Faso, 
2008–2010. J Med Virol. 2011;83(8):1485–90.

 70. Tcheremenskaia O, Marucci G, De Petris S, Ruggeri FM, Dovecar D, Sternak 
SL, Matyasova I, Dhimolea MK, Mladenova Z, Fiore L. Molecular epidemi-
ology of rotavirus in Central and Southeastern Europe. J Clin Microbiol. 
2007;45(7):2197–204.

 71. Yang XL, Matthijnssens J, Sun H, Muhamaiti J, Zhang B, Nahar S, Van Ranst 
M, Rahman M. Temporal changes of rotavirus strain distribution in a city 
in the northwest of China, 1996–2005. Int J Infect Dis. 2008;12(6):e11-17.

 72. Lekana-Douki SE, Kombila-Koumavor C, Nkoghe D, Drosten C, Drexler JF, 
Leroy EM. Molecular epidemiology of enteric viruses and genotyping of 
rotavirus A, adenovirus and astrovirus among children under 5 years old 
in Gabon. Int J Infect Dis. 2015;34:90–5.

 73. Pukuta ES, Esona MD, Nkongolo A, Seheri M, Makasi M, Nyembwe M, 
Mondonge V, Dahl BA, Mphahlele MJ, Cavallaro K, et al. Molecular surveil-
lance of rotavirus infection in the Democratic Republic of the Congo 
August 2009 to June 2012. Pediatr Infect Dis J. 2014;33(4):355–9.



Page 18 of 18Traore et al. BMC Infectious Diseases          (2024) 24:756 

 74. Stupka JA, Degiuseppe JI, Parra GI. Increased frequency of rotavirus 
G3P[8] and G12P[8] in Argentina during 2008–2009: whole-genome char-
acterization of emerging G12P[8] strains. J Clin Virol. 2012;54(2):162–7.

 75. Mwenda JM, Ntoto KM, Abebe A, Enweronu-Laryea C, Amina I, McHomvu 
J, Kisakye A, Mpabalwani EM, Pazvakavambwa I, Armah GE, et al. Burden 
and epidemiology of rotavirus diarrhea in selected African countries: 
preliminary results from the African Rotavirus Surveillance Network. J 
Infect Dis. 2010;202(Suppl):S5-s11.

 76. Okitsu-Negishi S, Nguyen TA, Phan TG, Ushijima H. Molecular epidemiol-
ogy of viral gastroenteritis in Asia. Pediatr Int. 2004;46(2):245–52.

 77. Farahmand M, Moghoofei M, Dorost A, Shoja Z, Ghorbani S, Kiani SJ, 
Khales P, Esteghamati A, Sayyahfar S, Jafarzadeh M, et al. Global preva-
lence and genotype distribution of norovirus infection in children with 
gastroenteritis: A meta-analysis on 6 years of research from 2015 to 2020. 
Rev Med Virol. 2022;32(1):e2237.

 78. Kohli E, Bon F, Balay K, Pothier P. Les calicivirus humains, une cause 
majeure de gastro-entérite aiguë. Virologie. 2005;9(2):93–106.

 79. Mans J, Armah GE, Steele AD, Taylor MB. Norovirus Epidemiology in Africa: 
A Review. PLoS One. 2016;11(4):e0146280.

 80. Afework DT, Shumie MK, Endalew GF, Adugna AG, Tarekegn BG. Pooled 
prevalence and genetic diversity of norovirus in Africa: a systematic 
review and meta-analysis. Virol J. 2022;19(1):115.

 81. Barro N. R B, Savadogo A, T O, Traore A: Hygienic status assessment of 
dish washing waters, utensils, hands and pieces of money from street 
food processing sites in Ouagadougou (Burkina Faso). Afr J Biotechnol. 
2006;5(11):1107.

 82. Munjita SM. Current Status of Norovirus Infections in Children in Sub-
Saharan Africa. J Trop Med. 2015;2015:309648.

 83. Patel M, Hall A, Vinjé J, Parashar U. Noroviruses: A comprehensive review. J 
Clin Virol. 2009;44:1–8.

 84. Cannon JL, Bonifacio J, Bucardo F, Buesa J, Bruggink L, Chan MC, Fumian 
TM, Giri S, Gonzalez MD, Hewitt J, et al. Global Trends in Norovirus 
Genotype Distribution among Children with Acute Gastroenteritis. Emerg 
Infect Dis. 2021;27(5):1438–45.

 85. Malasao R, Maneekarn N, Khamrin P, Pantip C, Tonusin S, Ushijima H, 
Peerakome S. Genetic diversity of norovirus, sapovirus, and astrovirus 
isolated from children hospitalized with acute gastroenteritis in Chiang 
Mai Thailand. J Med Virol. 2008;80(10):1749–55.

 86. Oh DY, Gaedicke G, Schreier E. Viral agents of acute gastroenteritis 
in German children: prevalence and molecular diversity. J Med Virol. 
2003;71(1):82–93.

 87. Gelaw A, Pietsch C, Mann P, Liebert UG. Molecular detection and char-
acterisation of sapoviruses and noroviruses in outpatient children with 
diarrhoea in Northwest Ethiopia. Epidemiol Infect. 2019;147:e218.

 88. Makhaola K, Moyo S, Kebaabetswe LP. Distribution and Genetic Variability 
of Sapoviruses in Africa. Viruses. 2020;12(5):490.

 89. Dove W, Cunliffe NA, Gondwe JS, Broadhead RL, Molyneux ME, Nakagomi 
O, Hart CA. Detection and characterization of human caliciviruses in 
hospitalized children with acute gastroenteritis in Blantyre Malawi. J Med 
Virol. 2005;77(4):522–7.

 90. Murray TY, Nadan S, Page NA, Taylor MB. Diverse sapovirus genotypes 
identified in children hospitalised with gastroenteritis in selected regions 
of South Africa. J Clin Virol. 2016;76:24–9.

 91. Varela MF, Ouardani I, Kato T, Kadoya S, Aouni M, Sano D, Romalde 
JL. Sapovirus in Wastewater Treatment Plants in Tunisia: Prevalence, 
Removal, and Genetic Characterization. Appl Environ Microbiol. 
2018;84(6):e02093-17.

 92. WHO. WHO position paper on hepatitis A vaccines - June 2012. Wkly 
Epidemiol Rec. 2012;87(28/29):261–76.

 93. Escribà JM, Nakoune E, Recio C, Massamba PM, Matsika-Claquin MD, 
Goumba C, Rose AM, Nicand E, García E, Leklegban C, Koffi B. Hepatitis E, 
Central African Republic. Emerg Infect Dis. 2008;14(4):681–3.

 94. Maila HT, Bowyer SM, Swanepoel R. Identification of a new strain of hepa-
titis E virus from an outbreak in Namibia in 1995. J Gen Virol. 2004;85(Pt 
1):89–95.

 95. Nicand E, Armstrong GL, Enouf V, Guthmann JP, Guerin JP, Caron M, Nizou 
JY, Andraghetti R. Genetic heterogeneity of hepatitis E virus in Darfur, 
Sudan, and neighboring Chad. J Med Virol. 2005;77(4):519–21.

 96. Wang B, Akanbi OA, Harms D, Adesina O, Osundare FA, Naidoo D, 
Deveaux I, Ogundiran O, Ugochukwu U, Mba N, et al. A new hepatitis E 

virus genotype 2 strain identified from an outbreak in Nigeria, 2017. Virol 
J. 2018;15(1):163.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Geographical distribution of enteric pathogenic viruses in Burkina Faso: a systematic review and meta-analysis
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Databases and search strategy
	Study eligibility criteria
	The eligibility criteria
	Data extraction
	Assessment of study quality
	Data processing and analysis
	Publication bias and sensitivity analysis

	Results
	Published data
	Descriptive characteristics of the included studies
	Etiology of viral gastroenteritis
	Etiology of entero-transmissible viral hepatitis
	Prevalence of enteric viruses in animals and the environment
	Assessment of publication bias
	Genetic diversity of enteric viruses detected in Burkina Faso
	Distribution of rotavirus strains in the Burkina Faso population
	Distribution of norovirus strains in the Burkina-Faso population
	Distribution of Sapovirus strains in the Burkina Faso population
	Distribution of Astrovirus strains in the Burkina Faso population
	Distribution of Aichi virus A strains in the population
	Potential circulating hepatitis E virus (HEV) genotypes
	Subgroup analysis based on diagnostic methods


	Discussion
	Conclusion
	References


