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Abstract
Background Diarrheal diseases substantially affect public health impact in low- and middle-income countries 
(LMIC), particularly in Africa, where previous studies have indicated a lack of comprehensive data. With a growing 
number of primary studies on enteric infections in Africa, this study aimed to estimate the incidence and mortality of 
diarrheal pathogens across all ages in Africa in the year 2020. We also explored different methodological assumptions 
to allow comparison with other approaches.

Methods Through a systematic review and meta-analysis of data from African LMICs, we estimated the etiology 
proportions for diarrheal diseases and deaths. We combined the etiology proportions with incidence data collected 
from a population survey in Africa from 2020 and mortality data from the Global Health Observatory of WHO.

Results We estimated 1,008 billion diarrhea cases (95% UI 447 million-1,4 billion) and 515,031 diarrhea deaths 
(95% UI 248,983-1,007,641) in the African region in 2020. In children under five, enteroaggregative E. coli (EAEC) 
(44,073 cases per 100,000 people, 95% UI 18,818 − 60,922) and G. lamblia (36,116 cases per 100,000 people, 95% UI 
15,245 − 49,961) were the leading causes of illness. Enteroinvasive E. coli (EIEC) (155 deaths per 100,000 people, 95% 
UI 106.5-252.9) and rotavirus (61.5 deaths per 100,000 people, 95% UI 42.3-100.3) were the primary causes of deaths. 
For children over five and adults, Salmonella spp. caused the largest number of diarrheal cases in the population 
of children ≥ 5 and adults (122,090 cases per 100,000 people, 95% UI 51,833 − 168,822), while rotavirus (16.4 deaths 
per 100,000 people, 95% UI 4.2–36.7) and enteroaggregative E. coli (EAEC) (14.6 deaths per 100,000 people, 95% UI 
3.9–32.9) causing the most deaths. Geographically, the highest incidence of diarrhea was in Eastern Africa for children 
under five (114,389 cases per 100,000 people, 95% UI 34,771 − 172,884) and Central Africa for children over five and 
adults (117,820 cases per 100,000 people, 95% UI 75,111–157,584). Diarrheal mortality was highest in Western Africa 
for both children below five and above (children < 5: 194.5 deaths per 100,000 people, 95% UI 120-325.4; children ≥ 5 
and above: 33.5 deaths per 100,000 people, 95% UI 12.9–75.1).
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Introduction
Diarrheal diseases have a substantial public health impact 
in low- and middle-income countries (LMICs), particu-
larly in Africa. The World Health Organization (WHO) 
estimates that every year, more than 1.7 billion cases of 
diarrhoea occur worldwide, and that around 443,832 
children under five lose their lives to diarrhoea each year 
[1]. The combination of poor nutrition and sanitation, 
insufficient access to medical care and clean water, and 
extensive exposure to contaminated sources and environ-
ments makes people living in LMICs particularly vulner-
able to enteric diseases [2].

Enteric pathogens can be transmitted through con-
taminated food, water, and direct or indirect contact 
with infected persons or animals [3–5]. Efficient control 
of diarrheal diseases requires knowledge of the most 
important etiologies of diarrhoea in specific populations 
and geographical areas, but data on the incidence of diar-
rhoeal etiologies in the general population in LMICs are 
scarce due to lack of surveillance [6]. In Africa specifi-
cally, prior attempts to synthesize existing evidence on 
diarrhea etiology noted a scarcity of data [7]. While there 
has been a surge in primary studies on enteric infections 
in recent years, these investigations have predominantly 
centered on individual countries and have not been inte-
grated into a comprehensive synthesis for estimating 
causative agents across regions. Furthermore, the focus 
of these studies has primarily been on children under five 
years old. For example, the multisite birth cohort study 
(MAL-ED) from 2015 [8] estimated pathogen-specific 
incidence of diarrhoea in eight different sites in LMICs 
across the world, including South Africa. The Global 
Enteric Multicenter Study (GEMS) [9] from 2012 used 
stool samples from a case-control study to identify poten-
tial causes of diarrhea and determine the burden of these 
diseases. Both studies focused largely on children under 
five, which is often the most represented group in pri-
mary studies conducted in the African region. Although 
children below five still account for most of the disease 
burden, there has been a shift in disease from younger 
children to older children and adolescents, which has 
largely been driven by the considerable reduction in the 
former group and slower progress in the latter [10]. Thus, 
there is a need for new studies that synthesize literature 
across all age groups in an African setting.

Other studies have synthesized the existing literature 
on diarrheal etiologies in Africa. The Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD) from 

the Institute of Health Metrics and Evaluation (IHME) 
applies hospital inpatient, outpatient, and community 
studies’ data records of diarrheal cases to estimate the 
diarrheal incidence and mortality. It applies a population-
attributable fraction (PAF) approach to estimate etiol-
ogy-specific diarrheal incidence and mortality [11]. No 
studies have, to the best of our knowledge, presented eti-
ology-proportions of diarrhea in Africa using alternative 
methods. The Maternal Child Epidemiology Estimation 
(MCEE) group applies an alternative approach to esti-
mate etiology-specific mortality, which has a more strin-
gent inclusion and exclusion criteria for data. The two 
approaches have provided well-accepted results that have 
guided policy recommendations [12–14]. In recent years, 
new studies have presented the prevalence of different 
diarrheal agents in Africa, thus adding more data to the 
data gap. These studies have been conducted both before, 
during and after the global pandemic of COVID-19, and 
it would be interesting to see if this have impacted the 
prevalence of foodborne and diarrhea causing pathogens 
in Africa. Because of all of these reasons, we believe that 
there is a need for an updated analysis of the available 
literature.

In this study, our objective was to estimate the etiology-
specific incidence and mortality of diarrhea in the gen-
eral population in Africa (all ages) in the reference year 
2020 and explore different methodological assumptions 
to allow comparison with other approaches. Specifically, 
we were interested in diarrhea etiologies across the whole 
population, meaning all people of all ages, comorbidities, 
and risk factors.

Methodology
Overall approach
We conducted a systematic review and meta-analysis to 
determine diarrheal disease etiology, and applied etiology 
fractions to the incidence of diarrhea in the general pop-
ulation. The incidence of diarrhea was estimated from a 
population survey of conducted in all ages in four Afri-
can countries in 2020–2021, and the diarrhea mortality 
data extracted from the WHO’s Global Health Obser-
vatory (GHO) [15]. We followed the general methodol-
ogy of Pires et al. (2015) [7] to create estimates for both 
under five and above 5-year age groups. Given that some 
pathogens considered can be present in young children 
without being the cause of diarrhea [16], we also created 
estimates for children 0–4 years that adjusted for poten-
tial carriage of pathogens unrelated to diarrhea, following 

Conclusion These findings provide new information on the incidence and mortality of sixteen pathogens and 
highlight the need for surveillance and control of diarrheal infectious diseases in Africa. The cause-specific estimates 
are crucial for prioritizing diarrheal disease prevention in the region.
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the methodology of the Maternal Child Epidemiology 
Estimation (MCEE) group [17]. We also explored the 
impact of adjusting our estimates for potential carriage 
of pathogens unrelated to diarrhea in those above years. 
Finally, we explored the impact of choice of diarrheal 
incidence estimate on our results.

Systematic review search strategy and selection criteria
A systematic review (SR) was conducted in accor-
dance with the Guidelines for Accurate and Transpar-
ent Health Estimates Reporting (GATHER) [18]. using 
a review protocol developed specifically for the project. 
Before developing the SR protocol, we searched previ-
ously conducted SRs in African countries of children 
with diarrhoea in the PROSPERO Registry. One poten-
tially relevant SR and meta-analysis was found, but since 
it focused on collecting global data on diarrhoeal dis-
eases in children aged zero to ten years, it was deemed 
relevant to conduct our review (all ages) (PROSPERO 
CRD42020204005). Our protocol was registered with 
PROSPERO in accordance with PRISMA guidelines 
(PROSPERO CRD42021251511). After reviewing enteric 
infectious disease causes, the following 17 pathogens 
were included in the SR: rotavirus, norovirus, astrovirus, 
Giardia lamblia, Entamoeba histolytica, Cryptosporid-
ium spp., Campylobacter spp., Salmonella spp., Shigella 
spp., Vibrio cholerae, Staphylococcus aureus, enterotoxi-
genic Escherichia coli (ETEC), enteropathogenic Esche-
richia coli (EPEC), enteroinvasive Escherichia coli (EIEC), 
enterohemorrhagic Escherichia coli (EHEC), enteroag-
gregative Escherichia coli (EAEC) and Shiga-toxin pro-
ducing Escherichia coli (STEC) [7, 19–21]. Any studies 
that reported pathogens causing diarrhea not included in 
our list were grouped into an “other” category. For stud-
ies that investigated > 8 pathogens and collected data on 
the type of diagnostic tool used to detect diarrhea, we 
also extracted data on the proportion of diarrhea due to 
unknown causes.

A targeted literature search was performed in June 
2021. Databases like PubMed (all-fields), Scopus (only 
title-abstract-keywords; excluding conference papers, 
notes, editorials, and letters), Web of Science (only 
core collection; excluding proceeding papers, meeting 
abstracts, news items, editorial material and letters) were 
searched automatically using different combinations of 
“diarrhoea”, “diarrhea”, “aetiology”, ”pathogen”, “mortality”, 
“cause of death”, “gastroenteritis” and “incidence”. Each 
search string was tailored to fit the databases individu-
ally (Supplementary Material: Search string 1, 2 and S1). 
To broaden the search and minimise the risk of publica-
tion bias, grey literature was hand-searched and included 
in the SR. This included hand-searched literature from 
Google.

All types of publications collecting diarrhoeal samples 
or testing for diarrhoeal agents in outpatient, inpatient, 
and community settings were included in the SR. This 
included prospective studies for morbidity and mortal-
ity. Surveillance reports were also included, provided that 
they included at least 12 months of data, to account for 
seasonal variation in the prevalence of the pathogens. 
We included studies published between January 1st 2014 
and April 30th 2021. Studies conducted before January 
1st 2014 were excluded, unless the study presented not-
previously published data. Publications in all languages 
were marked as eligible and were translated using Google 
Translate or by researchers familiar with the language in 
question and involved in the screening process.

Studies conducted in animal or non-African popula-
tions were excluded. Because our goal was to identify the 
relative contribution of causes in the general population, 
we excluded studies that only reported results for one 
segment of the population known to have different rela-
tive etiologies than the overall general population (i.e., 
travellers, HIV patients, and nosocomial, chronic, antibi-
otic-induced or outbreak diarrhoea). While these individ-
uals were part of the studies we did include, we excluded 
studies focusing solely in these sub-groups to ensure 
representitaviness of the general population. Any case 
reports (individual or outbreak), and studies with a recall 
period of more than four weeks were excluded. Finally, 
duplicate articles were removed using EndNoteX9 soft-
ware and articles not fulfilling the predetermined eligi-
bility criteria were excluded based on title and abstract 
screening and full-text screening.

All articles were assessed by pairs of reviewers from the 
FOCAL project. At first, the reviewers screened a subset 
of the articles together to ensure agreement on how to 
apply the exclusion criteria. The remaining articles were 
then screened by each reviewer individually. Any dis-
agreements were resolved by a third reviewer. Articles 
were excluded if two or more reviewers agreed. Arti-
cles with incomplete or inaccessible information were 
excluded as well. Data extraction was carried out by one 
reviewer and extracted to Microsoft Excel, in compliance 
with the GATHER guidelines. The number of diarrhoeal 
samples positive for the pathogens of interest, and the 
total number of diarrhoeal samples were extracted. Other 
data extracted from the studies included the first author’s 
surname, the year of publication, study period, coun-
try, region, type of study, study design and age group(s), 
and diagnostic test used. Studies reporting co-infections 
were not treated separately and were therefore included 
in the number of positive samples for each pathogen of 
interest. Studies were stratified based on study setting 
(out-patient, in-patient, community), age group (above 
or below five years of age) and whether rotavirus vac-
cination was occurring in the setting during the study. 
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Articles presenting studies conducted in more than one 
of the specified settings were investigated thoroughly and 
the data referred accordingly. Articles presenting their 
results stratified by age or age-group were combined or 
split into the subgroups matching our study.

Statistical analysis of diarrhea etiology
A random-effects model was fitted on the number of 
positive samples for every given pathogen to pool effect 
sizes, as we anticipated considerable between-study het-
erogeneity. The restricted maximum-likelihood estima-
tor was used to calculate the heterogeneity variance τ 2, 
and Knapp-Hartung adjustments were used to calculate 
the confidence interval around the pooled effect [22]. To 
avoid overestimation of the true effect sizes, the data was 
logit-transformed before pooling [23]. A chi-squared test 
was performed with a significance level of 0.1 to deter-
mine the statistical significance of the estimated propor-
tions. A significance level of 0.1 was chosen to increase 
the sensitivity of the analysis and enhance the detection 
of variations in effect size [24]. Outliers were inspected 
using forest plots and identified using the leave-one-out 
method, where the pooled effects were recalculated after 
omitting one study at a time [25]. Publication bias was 
also assessed using funnel plots, and for pathogens with 
10 or more studies contributing to its pooled effect size, 
Egger’s Regression Test was used to test for asymmetry in 
the plot [26]. A moderator analysis was carried out due to 
the anticipation of between-study heterogeneity by fitting 
a mixed-effect model to the data. The studies were sepa-
rated by pathogen and split into two or more subgroups, 
based on the moderator variables identified a priori. 
These variables were selected based on the assumption 
that the prevalence of the different pathogens would 
vary between regions and study-settings and could hypo-
thetically increase or decrease the risk of bias. Expected 
moderators included study setting and age-group of 
the individuals involved in the study. Other moderators 
included the geographical area from which the study had 
been conducted in (e.g., rural, urban) and the African 
region (e.g., Northern, Southern, etc.).

The meta-analysis was conducted in R (version 4.3.1, 
2023-06-16), using the Meta package (version 5.1.0).

Estimation of diarrhoeal- and diarrhoeal mortality 
envelopes
To estimate the etiology-proportions of diarrhoeal 
cases and deaths in the general community, we first col-
lected the diarrhoeal incidence and mortality “enve-
lopes” (i.e. the total diarrhoeal incidence and mortality 
in each country) for children and adults. Diarrheal case-
envelopes were collected from Desta et al. [27], which 
estimated diarrheal incidence in the general African pop-
ulation using empirical data from Ethiopia, Mozambique, 

Nigeria, and Tanzania in 2020–2021 [27]. Diarrhoeal 
mortality envelopes were collected from the GHO and 
WHO for the year 2019 [15]. We chose these estimates 
as the most current ones available on diarrhea incidence 
and mortality in Africa at the time of our study.

To estimate the diarrheal cases and deaths envelopes, 
we used the number of diarrheal cases in the age groups 
below and above five years of age to calculate the annual 
adjusted incidence and mortality rate. We used the age-
standardized adjusted incidence rate from Desta et al. to 
represent the diarrhoeal incidence rate for each region by 
multiplying the population estimates from GHO with the 
diarrheal incidence rate from Desta et al. We assumed 
that the incidence rate in each region was applicable to all 
countries in that region.

We used the incidence rate for Nigeria to represent 
the diarrhoeal incidence envelope for Western Africa. 
We used the average age-adjusted incidence rate of Tan-
zania, Mozambique, and Ethiopia to represent the inci-
dence rate of Eastern Africa. For the Northern, Southern 
and Central region, we used the overall age-standardized 
adjusted incidence rate. Then, population estimates from 
GHO were summed for each region and multiplied with 
those incidence proportions.

To estimate the regional mortality estimates, the coun-
try-specific diarrhoeal mortality rates obtained from the 
WHO GHO were multiplied with the country popula-
tion estimates and summed for each region. Only WHO 
Member states and non-disputed territories with popu-
lation estimates larger than 90,000 were included in the 
subregions, which excluded Réunion, Western Sahara, 
Mayotte and Saint Helena.

The age-adjusted annual incidence rate of diarrhoea 
in Ethiopia, Mozambique, Nigeria, and Tanzania from 
Desta et al. were given in per person-year and the popu-
lation estimates obtained from GHO in people-per-year 
(Supplementary Table S10).

Estimation of etiology proportions
To estimate the etiology-proportions for diarrhoeal 
cases, we assumed that the distribution of pathogens 
observed in out-patient and community settings repre-
sented the general distribution of pathogens in diarrhoeal 
cases. For diarrhoeal deaths, we assumed a distribution 
of pathogens as observed in in-patient settings. To adjust 
our estimates for potential carriage of pathogens unre-
lated to diarrhea, we used pathogen positivity accord-
ing to the GEMS qPCR study to define pathogenicity, as 
described in Liu et al. (2016)  [16]. Pathogens that were 
not associated with causing diarrhea in the GEMS qPCR 
re-analysis were excluded from our etiology estimates. 
Thus, we excluded norovirus G1, atypical EPEC and LT-
ETEC, when estimating diarrhoeal etiology proportions, 
and assumed that all cases of diarrhoea were attributable 
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to one of the 16 pathogens (including other and unknown 
etiology) included in this study. We could not exclude 
data from studies that did not distinguish between sub-
types of norovirus, EPEC and ETEC.

To ensure that all pathogens of interest were included 
in the etiology-estimates for both diarrhoeal illnesses and 
deaths, and to account for data gaps, we imputed miss-
ing values for given pathogens from other study-settings, 
where data were available.

To account for the influence of rotavirus vaccination 
on the diarrheal etiologies, the pooled proportions for 
rotavirus were calculated separately based on vaccina-
tion status. This meant that studies presenting rotavirus 
estimates conducted in countries where rotavirus vaccine 
had already been implemented were pooled together. For 
countries without an implemented vaccine programme, 
we used the pooled proportions estimated in countries 
without a vaccine [28].

To ensure that the pooled effect sizes did not sum to 
more than 100%, univariate beta-distributions were fitted 
to the pooled estimates and quantiles using one-dimen-
sional optimisation where the squared distance between 
the estimated and fitted quantiles were minimized and 
the proportions of the fitted distribution were similar 
to the estimated proportions. 10,000 random deviates 
where then sampled from the fitted beta-distributions, 
and the random deviates were normalised iteration-wise 
by dividing with the sum of etiological fractions for each 
row.

Estimation of etiology-specific incidence and mortality
The etiology-specific incidence and mortality were esti-
mated by multiplying the normalised proportions of 
each pathogen with the diarrhoeal incidence and mortal-
ity envelope, respectively, using a stochastic model with 
10,000 iterations. The diarrheal incidence and mortality 
envelopes were then calculated per 100,000 people by 
dividing the number of illnesses or deaths attributed to 
each pathogen with the total population for that region 
and multiplying the number with 100,000. Due to lack of 
data, the etiology proportions were calculated per patho-
gen for the whole African region and not individually for 
each region.

The model was applied in R (version 4.3.1, 2023-06-16).

Sensitivity analysis
To explore the impact of our choice of diarrhea incidence 
and mortality envelopes, we applied the model using 
the country-specific diarrheal incidence and diarrhoeal 
mortality published by GBD 2019, which were collected 
from the GBDx Dashboard [11]. (Available from https://
vizhub.healthdata.org/gbd-compare/), and compared the 
two sets of results (Supplementary Table S11).

Results
Etiology proportions of diarrhoea cases and deaths
We identified 38 eligible articles from the SR, from which 
data from individual 414 study-settings were extracted 
(Fig. 1).

Nineteen articles included more than one combination 
of age groups, study-setting and/or country. Studies were 
conducted in 17 different countries, representing all five 
regions of Africa. Ten studies were conducted exclusively 
in in-patient facilities, whereas 21 studies were con-
ducted in out-patient and/or community settings. Seven 
articles included more than one study-setting (e.g. both 
in-patient and out-patient settings). Twenty-eight studies 
focused exclusively on children under five years of age, 
whereas the remaining ten studies included individu-
als of all age groups. Thirty-five studies used molecular 
diagnostic tools (92%; 35/38) i.e. polymerase chain reac-
tion (PCR), ELISA or immunoassays. The remaining 
three studies used microscopy for detection of patho-
gens. All studies were divided into appropriate subgroups 
and included in the meta-analysis (Supplementary Table 
S2-S3).

Pooled etiology proportions of diarrhoea cases and deaths
We identified high between-study heterogeneity and 
variability in the majority of the pooled estimates (Sup-
plementary Table S4-S7). For each pathogen, the number 
of influential cases removed was noted. The final num-
ber of studies providing data for individual pathogens 
in different regions varied substantially, which resulted 
in some pathogens not having a reported estimate. For 
some pathogens, only one study was available, so no 
p-value could be calculated for these estimates. In chil-
dren < 5, the pooled proportions were highest for EIEC 
(g = 0.8, 95% UI 0.46–0.95) in children < 5 in inpatient set-
tings and EAEC (g = 0.16, 95% UI 0.1–0.24) in outpatient 
and community settings. In the population above five, 
EIEC had the highest pooled proportion. In outpatient 
and community setting, ETEC had the highest pooled 
proportion for children above 5 and adults (g = 0.79, 95% 
UI 0.05–0.12).

The pooled proportions of rotavirus in in-patient set-
tings for children under five were similar for all countries, 
despite vaccination status (Vaccination: g = 0.28, 95% 
UI 0.19–0.4. No vaccination: g = 0.29, 95% UI 0.2–0.43) 
(Supplementary Table S4-S5). In contrast, in outpatient 
and community settings for children under five where 
rotavirus vaccination had been introduced in the popula-
tion, the pooled proportions were much lower than set-
tings where the vaccine had not yet been implemented 
(Vaccination: g = 0.05, 95% UI 0.01–0.22. No vaccination: 
g = 0.21, 95% UI 0.14–0.31) (Supplementary Table S6-S7). 
Thus, we assumed that rotavirus vaccination would only 

https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
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impact the etiology proportion of rotavirus diarrhea inci-
dence, not mortality.

The estimated etiology proportions of norovirus, 
EPEC and ETEC before adjusting for potential carriage 
of pathogens unrelated to diarrhea, showed very little 
change when compared to the non-adjusted values (Sup-
plementary Table S8). The adjusted proportions were 
marginally smaller than the non-adjusted values for all 
age-groups except the estimates for the out-patient and 
community settings, for which the pooled proportions 
were higher for the adjusted values. Thus, we selected the 
adjusted pooled proportions for the estimation of etiol-
ogy-specific incidence and mortality.

The study-level etiology proportions were influenced 
by variation in effect size, which could not be attrib-
uted to chance alone (p < 0.1). Assessment of publication 
bias by inspection of the funnel plots showed minimal 

asymmetry for most of the estimates, suggesting publi-
cation bias in the estimates, but the insignificant p-value 
from the Egger’s regression test for pathogens with ten 
or more studies could not confirm this (Supplementary 
Table S9).

Estimated numbers of diarrheal cases and deaths by 
pathogen
The estimated number of diarrheal cases and deaths 
by region in Africa, adjusted for potential carriage of 
pathogens unrelated to diarrhea, are shown for both 
age groups (below five and above five years of age) in 
Tables 1 and 2. We estimated that the 16 pathogens along 
with the other and unknown pathogens accounted for a 
total of 1,008,712,693 diarrhea cases (95% UI 447  mil-
lion-1,4  billion) and 515,031 diarrhea deaths (95% 
UI 248,983-1,007,641) in 2020 in the African region. 

Fig. 1 PRISMA Flowchart showing the process of identifying eligible articles included in the SR. n = number of articles
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Eastern Africa had the largest number of diarrheal cases 
in both children below five (76,493,449 cases, 95% UI 
23,252,270 − 115,609,415) and the population above five 
(418,379,492 cases, 95% UI 127,177,857 − 632,323,553). 
Western Africa had the largest number of diarrheal 
deaths for both children < 5 (124,924 deaths, 95% UI 
77,087–208,957) and the population above five (109,894 
deaths, 95% UI 41,821 − 245,807). Southern Africa both 
had the lowest number of diarrheal cases and deaths for 
both age groups as well (diarrheal cases for children < 5 
five: 5,430,774 cases, 95% UI 3,462,117-7,263,660; diar-
rheal cases for the population > 5: 47,913,915 cases, 
95% UI 30,545,119 − 64,084,862; diarrheal deaths for 
children < 5: 3,878 deaths, 95% UI 2,956-5,068; diar-
rheal deaths for population ≥ 5: 16,010 deaths, 95% UI 
6,139 − 37,152).

Figure  2 shows the relative contribution of etiologies 
for diarrhea cases and deaths in children under five and 
the population above five in Africa. Of the 16 patho-
gens included in the SR, EAEC caused the largest num-
ber of diarrheal illnesses in children below five across 
the whole African region (17,137,586 cases, 95% UI 
7,924,333 − 24,245,224), whereas V. cholerae caused the 
smallest (76,033 cases, 95% UI 43,923 − 103,420). Other 
pathogens causing a large number of diarrheal illnesses in 
children were G. lamblia, ETEC and norovirus (Table 1).

A large proportion of diarrheal cases in children under 
five was attributed to the unknown etiology (37,466,824 
cases, 95% UI 15,244,051–53,990,266). Other pathogens 
causing a large number of diarrheal illnesses in children 
were G. lamblia, ETEC and norovirus (Table 1).

EIEC caused the largest number of diarrheal 
deaths in children under five (70,108 deaths, 95% UI 
46,172 − 115,341), whereas astrovirus caused the smallest 
(457 deaths, 95% UI 299–750).

Salmonella spp. caused the largest number of 
diarrheal cases in the population > 5 across the 
whole African region (261,298,052 cases, 95% UI 
117,282,855 − 369,845,611). EIEC caused the low-
est number of diarrheal cases (3,816,254, 95% UI 
1,734,617-5,392,165). The largest number of diarrheal 
deaths for the children above five and adults were from 
the unknown etiology (62,442 deaths, 95% UI 21,115–
138,460), followed by rotavirus (39,586 deaths, 95% UI 
13,077–87,779).

The estimates per 100,000 people (Tables  3 and 4) 
showed that the diarrheal incidence was highest for 
Eastern Africa in children below five (114,389 cases per 
100,000 people, 95% UI 34,771 − 172,884). In the popu-
lation above five, the incidence was highest in Cen-
tral Africa (114,350 cases per 100,000 people, 95% UI 
34,759 − 172,823). Diarrheal mortality was highest in 
Western Africa in all ages (children < 5: 194.5 deaths per 

100,000 people, 95% UI 120-325.4; children ≥ 5 and above: 
33.5 deaths per 100,000 people, 95% UI 12.9–75.1).

Sensitivity analysis
Replacing the diarrhea incidence estimates with those 
from GBD 2019 (Supplementary Material Table S11) 
increased the median incidence of diarrheal cases 
(Tables  5, 6, 7 and 8), especially for pathogens with 
large uncertainty intervals due to limited data. How-
ever, the 95% UIs showed considerable overlap, suggest-
ing that using more recent incidence estimates from 
four African countries was more conservative, but in 
the range of GBD2019. Replacing the diarrheal mortal-
ity estimates with those from GBD 2019 (Supplemen-
tary Material Table S11) had less impact; the median 
estimates for diarrheal deaths showed less variation 
between the two data sets, with the death estimates from 
the GBD data slightly higher than our data. The GBD 
estimated that Western Africa had the highest diarrheal 
incidence in children < 5 (129,889,538 illnesses, 95% UI 
105,361,416 − 154,560,873). This is in contrast to our esti-
mates, which showed that Eastern Africa had the high-
est incidence under five (76,493,449 illnesses, 95% UI 
23,252,270 − 115,609,415). In the population above five, 
the GBD 2019 estimated that Eastern Africa had the 
highest diarrheal incidence and mortality (253,335,421 
illnesses, 95% UI 221,175,475 − 287,872,646 and 83,652 
deaths, 95% UI 41,206 − 145,029).

Discussion
Diarrheal disease continues to pose a significant burden 
on public health, particularly in low- and middle-income 
countries. In this study, we presented our findings on the 
incidence and mortality of diarrheal diseases in Africa. 
Our results showed that EAEC, G. lamblia, EIEC and 
rotavirus caused the highest number of diarrheal ill-
nesses and deaths in the under-five age-group. For chil-
dren above five and adults, we estimated Salmonella spp. 
and rotavirus to cause the largest number of diarrheal ill-
nesses and deaths.

Our estimates also showed that rotavirus continues to 
continue to cause a high diarrheal mortality in children 
below five, even after the introduction of vaccination. 
According to the WHO, only about 52% of the African 
population has been vaccinated against rotavirus since 
the introduction of the rotavirus vaccination program 
[28]. This could explain why the diarrheal mortality of 
rotavirus is still high in Africa, which other studies have 
also found [29, 30]. We found Western Africa to have the 
highest diarrheal mortality, and Eastern Africa to have 
the highest diarrheal incidence, for children < five and the 
population above five. We also found Southern Africa to 
have the lowest number of diarrheal incidence and mor-
tality across all age-groups.
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Our estimates of the etiology proportions are aligned 
with previous studies, showing that rotavirus and E. coli, 
particularly EAEC and EHEC, are two of the most com-
mon causes of diarrhea in low-income countries [1, 8]. 
Incidence of diarrhea in children below five caused by 
other pathogens like G. lamblia and norovirus was also 
estimated to be high, which supports the findings of Pires 
et al. (2015) and the MAL-ED by Platts-Mills et al. (2015) 
[7, 8]. We found Salmonella spp. to have the largest etiol-
ogy proportion in all ages; while the data were scarce for 
this age group, Marks et al. found the incidence of Sal-
monella to be very high across sub-Saharan Africa [31]. 
Water bacteriology reports from various African coun-
tries confirmed that E. coli and Salmonella spp. were 
abundant in African water sources, however no reports 
presented prevalence at pathotype level [32–34].

Some of the findings of our study did not align with 
earlier studies. EIEC was found to be the largest contribu-
tor of diarrhea in children below five, which suggests that 
most of the diarrhoeagenic E. coli infections were attrib-
uted to this pathotype. While other pathotypes of E. coli 
have previously been associated with endemic diarrhea 
in Africa and other LMIC, EIEC has been reported spo-
radically with low frequency in Africa, and the MAL-ED 

study reported that less than 1% of the diarrheal cases for 
children < 2 could be attributed to EIEC [35, 36]. This dis-
crepancy may be caused by the limited number of stud-
ies contributing to the pooled estimates for EIEC and 
emphasizes the need for caution when interpreting these 
results. Findings like these highlight the need for more 
comprehensive surveillance. Increasing focus on different 
types of diarrheagenic E. coli and other pathogens will 
enable more accurate estimates.

We also found that the parasites E. histolytica and 
Cryptosporidium spp. caused a smaller attributable pro-
portion of diarrhea relative to E. coli and rotavirus, in 
particular in children below five, while the MAL-ED 
study reported Cryptosporidium to have a high burden of 
childhood diarrhea. As the data were scarce, it is possible 
that our estimates were biased towards studies only test-
ing for viruses and bacteria. However, we included viral 
and bacterial pathogens that previous studies did not 
include. Specifically, Pires et al. did not include rotavi-
rus and EAEC/EHEC/EIEC/STEC, and MAL-ED did not 
include EIEC/STEC/EAEC/EHEC. The higher number of 
pathogens included in our study might explain the rela-
tively lower etiology proportions for parasites.

Fig. 2 Relative contribution of 16 diarrheal agents, including other and unknown etiology, for deaths and illnesses in children below five and the popula-
tion above five years of age. Proportion represents data from the whole African region, based on the results from the meta-analysis
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To estimate the contribution of different etiologies to 
deaths caused by diarrhea, we assumed that the patients 
admitted to the hospital have more severe disease and a 
higher risk of death, and that the etiology distributions 
as collected from these studies could be used as a proxy 
for the etiology distribution of diarrheal deaths. We rec-
ognize that this could lead to an overestimation of the 
true number of deaths in some cases, such as EIEC and 
rotavirus.

In some study-settings, there were no studies report-
ing prevalence of certain pathogens, which meant that we 
had to extrapolate the pooled proportions for some of the 
pathogens that did not have an estimate. This was espe-
cially evident for the above five category. For instance, we 
assumed that the proportion of rotavirus infections was 
similar in children below five and the population above 
five, and applied the pooled proportion estimates from 
children below five in the out-patient/community group 
to estimate rotavirus incidence in the population above 
five [7]. This is a limitation. Although previous stud-
ies estimated similar prevalence of rotavirus in children 
under five and the general population (i.e. all ages) in 
Africa, other studies noted that the prevalence is lower in 
adults [37, 38]. Furthermore, some pathotypes of E. coli 
were well-covered, especially in the below five-category, 
despite the low number of data points, but very few stud-
ies reported data for EIEC and STEC. This was reflected 
quantitatively in the uncertainty estimates, which were 
broad for the pathogens with a low number of studies to 
support the estimates. Despite the low number of data 
points, we have achieved comprehensive coverage by 
collecting data from all five regions across 17 countries. 
This ensures that our analysis reflects a wide spectrum 
of conditions in Africa. The majority of data pertained 
to the under-five age group, with data gaps for those 
over five. Our findings are robust for rotavirus, norovi-
rus, and common DEC-pathotypes, supported by exten-
sive research. However, there was a shortage of studies 
on astrovirus, Vibrio cholerae, Shigella, and Salmonella, 
indicating a need for further research and surveillance to 
better understand their epidemiology in the region.

The low number of studies available to estimate etiol-
ogy proportions also meant that many countries were 
not represented in the estimates. Therefore, to estimate 
regional incidence and mortality for different patho-
gens, we assumed that the distribution of pathogens 
represented the proportion of pathogens in all regions 
and pooled studies across all countries and regions to 
estimate etiology proportions. This approach has limita-
tions, as the epidemiology of pathogens can vary across 
countries. To address this, we only included studies that 
were broadly representative of general population, and 
employed a pooled proportion methodology within our 
meta-analytic framework.Pa
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We also recognize the large proportion of diarrheal 
illnesses attributed to the “unknown” etiology, which 
accounted for close to 1/3 of the illnesses in the older 
age-group (children above five and adults). Diarrhea 
cases with unknown etiology could be due to the use of 
insensitive methods to identify them, to the use of anti-
biotics prior to obtaining the stool sample, to other yet 
undiscovered infections, or to non-infectious causes of 
diarrhea [20]. It is also possible that there are pathogens 
that are more frequent in > 5 that we did not include in 
the review, because there were fewer data for this age 
group [20, 39].

Prior work by Pires et al. (2015) [7] presented the first 
global and regional estimates of incidence and mortality 
caused by nine foodborne pathogens. They estimated a 
total of 699,444,445 (95% UI: 315,105,085 − 1,545,303,636) 
million illnesses and 662,862 (95% UI: 561,804 − 778,865) 
deaths caused by diarrhea in the African region in 2010. 
Taking the region’s population increase into account, 
which has increased from 850  million to more than 
1,1  billion people in the last decade [40], our results 
show a slight increase in the total number of illnesses. 
We estimated 90,051 (95% UI: 39,969 − 127,731) cases 
of diarrheal per 100,000 people, whereas Pires et al. 
estimated 81,436 cases per 100,000 people (95% UI: 
36,687 − 179,918). With the marked population growth 
in the African region in last years, increased strain on 
healthcare systems and potential shifts in environmen-
tal conditions could lead to more cases of diarrhea in the 
general population [41].

When comparing our overall diarrhea incidence 
and mortality results with the 2019 GBD estimates of 
1,170,750,773 diarrheal cases (95% UI: 952,463,919-
1,351,848,685) and 569,072 (313,861–933,633) diarrheal 
deaths in 2019 in the African region, our results show 
fewer diarrheal cases and deaths. The differences in diar-
rhea incidence may be due to the COVID-19 pandemic, 
which led to significant changes in human interaction 
and societal behavior [42, 43]. For example, a behavioral 
study from South Africa showed enhanced behavioral 
responsiveness to COVID-19 [43], and one cross-sec-
tional study targeting five developing countries (Cam-
eroon, Ethiopia, Ghana, Kenya, and Nigeria) found that 
awareness of the pandemic led to a reduction in street 
foods consumption, a rise in the preference for cooked 
foods, and a greater awareness of hygiene during food 
preparation [42]. The diarrhea incidence estimates used 
in our study were generated through a population-based 
survey conducted in four African countries between 
2020 and 2021, i.e., after surveyed populations had lived 
through a pandemic and the many lifestyle and hygienic 
behavior changes observed globally in that period. 
As governments instituted lockdowns, travel restric-
tions and increased attention to hygiene to limit the Pa
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number of infected people, this could have led to many 
people becoming more aware about the importance of 
hand washing and sanitation, which in turn could have 
decreased the exposure to pathogens related to food-
borne illnesses [27].

Using the diarrhea incidence estimates by Desta et al., 
we found Eastern Africa to have the incidence of diarrhea 
across all age groups. Other studies have also found East-
ern Africa to have the highest incidence of diarrheal dis-
eases among children when compared to the rest of the 
world [44, 45]. The large proportion of the population in 
Eastern Africa residing in rural areas with limited access 
to water and sanitation could explain the high incidence 
of diarrhea.

In this study, we have provided an analysis of the eti-
ologies of diarrheal diseases within an “African” setting. 
We acknowledge that the term “African” encompasses a 
vast array of diverse countries and populations. The data 
available were fragmented, and there was a scarcity of 
studies focusing on specific countries or regions within 
the continent. This scarcity of data resulted in estimates 
that might not accurately represent the nuances of each 
unique setting. Despite these constraints, we believe that 
that our findings represent the best possible estimates 
given the current scope of data. This approach is sup-
ported by our comprehensive uncertainty assessment.

Despite limitations, our results provide new infor-
mation on the incidence and mortality of 16 pathogens 
that cause diarrhea. Even though widespread efforts to 
combat rotavirus has been introduced to Africa, namely 
by the implementation of vaccine programs, rotavirus is 
still one of the largest attributors of diarrhea [46]. Simi-
larly, with diarrhea-inducing E. coli, the large burden of 
these pathogens suggests that targeted interventions 
may be necessary to reduce the mortality and burden 
of illness of diarrhea substantially. To estimate the true 
burden of disease, our results will need to be translated 
into disability-adjusted life years (DALYs). Furthermore, 
several of these pathogens can infect humans through 
various transmission routes sources (i.e., contaminated 
foods, person-to-person contact, animal-to-human con-
tact or environmental). Thus, estimates of the contribu-
tion of different transmission routes sources of infection 
are important for policymakers and other stakeholder to 
define and regulate control strategies to reduce the num-
ber of diarrheal infections. We also found substantial 
variation in the ranking of different pathogens causing 
diarrhea cases and deaths, even after stratifying for age 
and geographical area, which suggests that both local and 
regional strategies will have an important role in reduc-
ing the burden of diarrheal disease.

https://doi.org/10.1186/s12889-024-19334-8
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