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Abstract 

It is estimated that more than 4% of the causes of inpatient deaths in 2017 were due to diarrheal diseases. The cur-
rent study is aimed to provide pooled prevalence of microorganisms causing diarrhea among Sudanese as well 
as determine any socio-cultural risk factors associated. A systematic review of the literature was conducted and regu-
lated in accordance to PRISMA. After abstract and full text screening Twenty-one research articles were recruited 
to the study. Among witch eighteen research articles determined prevalence of causative microorganisms of Diarrhea; 
eight research articles determining prevalence of causative microorganisms of Diarrhea were conducted in Khar-
toum State, five in Gezira State, two in White Nile State, one in Kordofan State while two studies were conducted 
in several States. Moreover, majority of studies were concerned of prevalence among children while two studies 
were toward general population as well as mothers of children. The pooled prevalence of viral diarrhea in less than 
five years old children was 22.90% [15.37, 30.43] among more than 14 thousands’ participants, the pooled preva-
lence of parasitic diarrhea was 31.40% [19.53, 43.27] among participants from different age groups while the pooled 
prevalence of bacterial diarrhea was 36.20% [14.00, 58.40]. No associated risk factors were able to be synthesized 
from included studies.
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Introduction
Bearing in mind the political issues that have weighed 
down Sudan with war and enmity for the last 30 years, 
health care has become an afterthought and basically 
lost in the midst of what governments might believe to 
be more pressing matters. The country faces escalat-
ing humanitarian devastation, almost 8 million people 
facing critical problems related to mental and physical 
wellbeing, including more than 1.5 million internally dis-
placed people and almost 1 million refugees. Resources 
are scarce, economic output is shrunken by two-thirds 
between 2017 and 2018 and the country’s health sys-
tem is unprepared to respond to growing and neglected 
needs. Adding insult to injury, Sudan still has a long way 
to go to achieve the Sustainable Development Goals 
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(SDGs). According to the WHO as well as the Sudan 
Health Observatory in the federal ministry of health, 
the major communicable diseases contributing (SHO) 
to morbidity are Malaria, Tubercelosis, Schistosomiasis, 
Pneumonia and Diarrheal diseases [1, 2].

Diarrheal diseases and despite of the encouraging 
trends in the positive direction regarding water quality 
and good sanitation nationally in Sudan, diarrheal deaths 
attributable to lack of tolerable water, sanitation as well 
as hygiene remain a considerable challenge. In 2015, 26% 
of people in Sudan were reported to practice open def-
ecation and a further 30% relied on unimproved forms 
of sanitation, while access to basic and safely managed 
drinking water was reported to be variable; ranging from 
95% in Khartoum State down to 30% in North Darfur 
State. SHO estimated that more than 4% of the causes of 
inpatient deaths in 2017 were due to diarrheal diseases, 
specific determination causative pathogen prevalence 
determination is rarely conducted in Sudan as even ref-
erence hospitals in several localities are not equipped to 
detect and identify several microorganisms causing diar-
rhea [1, 2]. For research purposes; several studies inves-
tigated fecal specimens collected from children with 
diarrhea in Sudan; they determined varying estimates 
ranged from 2% up to 20% for different viral pathogens 
(rotavirus, norovirus, adenovirus, bocavirus), a range of 
1% up to 15% for different bacterial pathogens (Shigella, 
E.coli, Vibrio spp, and Salmonella spp) and a range of 16% 
up to 35% for different parasitic pathogens [3–8].

Knowledge of causative agents that cause diarrheal dis-
ease is critical in the implementation of suitable actions 
to prevent and control these diseases. The current study 
is aimed to provide pooled prevalence of microorganisms 
causing diarrhea among Sudanese as well as to determine 
any socio-cultural risk factors associated.

Materials and methods
Search strategy
To identify relevant studies; a systematic review of 
the literature was conducted in the 1st of June 2022 as 
described in details previously [9]. The review was regu-
lated in accordance with the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) 
Statement [10] (S1 Table). A comprehensive search was 
operated in PubMed, Embase, Google scholar, Scopus, 
Index Copernicus, DOAJ, EBSCO-CINAHL, Cochrane 
databases without language limits. To obtain a current 
situation evidence; only studies published in or after 
2010 were included. Furthermore, all studies where 
the data collection process took place before 2010 were 
also excluded, the only exception was if the collection 

process started in or before 2010 and ended in 2010 or 
afterwards.

As medical literature in Sudan is generally scarce in 
international databases as well as socio-cultural factors 
may be differently reported, socio-cultural factors were 
not used in keyword formulation and their related results 
were later extracted from included studies, the keywords 
used in PubMed was as follow:

Diarrhea[Mesh] OR Gastroenteritis[Mesh] OR gas-
trointestinal infection[Mesh] OR enteritis[Mesh] OR 
dysentery[Mesh]AND Sudan*[tiab]. As previously 
described [11].

Moreover, to optimize our search, hand searches of ref-
erence lists of included articles were also performed.

Study selection and data extraction
Titles and abstracts were assessed for preliminary eligi-
bility. A copy of the full text was obtained for all research 
articles that were available and approved in principle to 
be included. Abstraction of data was in accordance with 
the task separation method; method and result sections 
in each study were separately abstracted in different occa-
sions to reduce bias. Moreover, data abstraction was con-
ducted with no consideration of author’s qualifications 
or expertise. Each research article was screened for all 
relevant information and recorded in the data extraction 
file (Microsoft Excel), data from each method section was 
extracted using a predefined set of variables; study char-
acteristics, type of participants, study population size, 
geographical region, methodology used in prevalence or 
risk assessment and the period of the study conduction as 
described in details previously [9].

After inclusion, studies were further classified into 
studies determining prevalence, studies determining 
socio-cultural risk factors and studies determining both 
prevalence and socio-cultural risk factors. Furthermore, 
as risk factors-related keywords were not formulated 
in the search strategy, each study was fully screened to 
check the nature of the risk investigated by authors, stud-
ies determining risk factors in which socio-cultural risks 
have not been assessed, were later excluded.

Although age grouping is available alongside their 
corresponding included study in (Table  1), it was not 
possible to be included in the Meta analysis due to the 
complexity and diversity of categorization of “age” vari-
able among studies included.

Assessment of quality
Each included article was evaluated based on a frame-
work for making a summary assessment of the qual-
ity. The related published literature was crossed, then a 
framework was structured specifically to determine the 
level of representativeness of the studied population 
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Table 1  Characteristics of included studies

Study ID & Year of 
publication

Study design State study 
population/s

Assessment of Sample Size Gender Participants’ Age

Abdalla, 2013 [12] Cross sectional Khartoum Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

92 Both  < 1—4 years

Adam, 2018 [13] Cross sectional Khartoum Suspected 
Children

Prevalence of sev-
eral pathogens 
(Nuclic acid)

437 Both  < 1—5 years

Ahmed, 2015 [14] Cross sectional Khartoum Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

100 Both  < 1—< 4 years

Algahtani &  
Elhassan, 2020 [15]

Cross sectional Gezira Mothers 
of children 
under 5 years

Risk factors 150 Both 25—45 years

Ali, 2015 [16] Cross sectional Gezira Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

673 Both  < 1—< 5 years

Eisa, 2019 [17] Cross sectional North Kordofan Suspected 
Children

Prevalence of sev-
eral pathogens 
(Parasitological 
methods)

100 Both 5—12 years

Elmanssury,  
2022 [18]

Cross sectional Khartoum Mothers 
of children 
under 5 years

Prevalence /risk 
factors

311 Both Not determined

Hassan, 2020 [19] Cross sectional Khartoum Primary school 
adolescents

Prevalence of sev-
eral pathogens 
(Parasitological 
methods)

134 Both Jun-14

Hussein, 2018 [20] Cross sectional Khartoum Suspected 
Children

Risk factors 162 Both  < 1—< 5 years

Ibrahim, 2015 [21] Retrospective Gezira Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

389 Both  < 1—< 5 years

Imam & Osman, 
2014 [22]

Cross sectional Gezira Children and ado-
lescents

Prevalence of sev-
eral pathogens 
(Parasitological 
methods)

400 Both 5—16 years

Khogali, 2013 [23] Cross sectional Khartoum Children 
and adults

Prevalence of sev-
eral pathogens 
(Bacteriological 
methods)

900 Not determined Not determined

Magzoub, 2013 [24] Cross sectional Different Statesa Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA & Nuclic 
acid)

755 Both  < 1—< 5 years

Mohamed,  
2019 [25]

Cross sectional Gezira Suspected 
Children

Prevalence 
of Norovirus 
(Nuclic acid)

50 Not determined  < 1—< 5 years

Mohamed,  
2018 [26]

Cross sectional Gezira Suspected 
Children

Prevalence 
of Rotavirus 
(Nuclic acid)

66 Both  < 1—< 5 years

Mohammed,  
2018 [27]

Cross sectional White Nile General popula-
tion

Prevalence of sev-
eral pathogens 
(Parasitological 
methods & ELISA)

279 Not determined 4—85 years

Mustafa, 2014 [28] Cross sectional Khartoum, Gezira, 
Northern State, 
West Darfur, 
Gadarif, Red sea & 
North Kordofan

Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

10,953 Both  < 1—5 years
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and to judge the strength of the estimates provided. 
Five questions were to be answered in each article, each 
answer represent either 1 score for yes, 0 score for No 
or 0 score for not available; a total score for risk of bias 
and quality was calculated by adding up the scores in all 
five domains, resulting in a score of between 0 and 5. The 
highest score indicates the highest quality, only studies 
with a score for quality greater or equal to 3 (higher qual-
ity) were included. The five domains were: is the study 
objective clearly defined?, is the study sample completely 
determined?, is the study population clearly defined and 
specified?, is the methodology rigorous? And is the data 
analysis rigorous?, as described in details previously [9].

Secondary analysis
Among all included studies reporting either prevalence 
or risk factor estimates, articles were crossed whether 
Standard Error (SE) is reported. In studies where the SE 
is not reported; the following formula was used to calcu-
late it: SE = √p (1-p)/ n, where p stands for Prevalence as 
described in details previously [9]. Regarding risk factors, 
as each included study may have different objective influ-
encing thereby their result demonstration (i.e. adjusted 
OR, unadjusted OR, frequencies), each individual cat-
egory in a given socio-cultural variable investigated the 
Odd Ratio (OR) was calculated (whenever possible) to 
provide univariate analysis for the given category among 
investigated population.

Quantitative analysis
Meta-analysis was performed—whenever possible using 
Review Manager Software (Version 5.3). The software 
automatically provided the Confidence Interval (CI) 
according to the calculated SE, if the CI is provided in a 
study; it was introduced accordingly. The heterogeneity 

of each meta-analysis was assessed as well, the random 
effect was favored over the fixed effect model in all meta-
analysis established as variations between studies is pre-
dicted to be probable due to the diversity of the study 
populations. Sensitivity analysis was also approached to 
determine the effect of studies conducted in populations 
proposed to behave in indifference manners or proposed 
to have low risk on the overall pooled data. Moreover, 
subgroup analysis was also conducted -whenever suitable 
to determine prevalence of specific pathogen or risk level 
in specific State or population. An outcome to take part 
in the meta-analysis has to be included in at least two 
studies as described in details previously [9].

Trim and Fill method was used to assess the risk of 
publication bias in each Meta analysis conducted [33].

Results
Studies included
A total of 450 articles were identified from the search 
strategy. From these, 399 articles were excluded. After 
abstract as well as full text screening twenty-one articles 
met the inclusion criteria and passed the quality assess-
ment protocol. The articles reported prevalence among 
specific population and/or risk factors. (Fig. 1) illustrates 
the PRISMA diagram. The included articles are available 
in (Table 1). Assessment of the quality of included studies 
is depicted in (Table S2).

Study characteristics
Twenty-one research articles were recruited to the study. 
Among witch eighteen research articles determined 
prevalence of causative microorganisms of Diarrhea [12–
32]. The oldest were published in 2013 while the recent 
was published in 2022. Eight research articles determin-
ing prevalence of causative microorganisms of Diarrhea 

a Further details are unavailable

Table 1  (continued)

Study ID & Year of 
publication

Study design State study 
population/s

Assessment of Sample Size Gender Participants’ Age

Netsereab & 
Xenos,2017 [29]

Secondary 
analysis

All 18 States 
of Sudan

Suspected 
Children

Risk factors 14,081 Both  < 1—5 years

Saeed, 2015 [30] Cross sectional Khartoum Suspected 
Children

Prevalence of sev-
eral pathogens 
(Bacteriological 
methods & Nuclic 
acid)

437 Both  < 1—5 years

Subahi, 2017 [31] Cross sectional Khartoum Suspected 
Children

Prevalence 
of Rotavirus 
(ELISA)

180 Both  < 1—> 2 years

Tamomh,2021 [32] Cross sectional White Nile Suspected 
Children

Prevalence 
of Cryptosporid-
ium (Parasitologi-
cal methods)

150 Both  < 1—5 years
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Fig. 1  PRISMA flow diagram
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were conducted in Khartoum State, five in Gezira State, 
two in White Nile State, one in Kordofan State while two 
studies were conducted in several States. Moreover, 15 
articles were conducted among both genders, while the 
remaining three studies did not determine the gender 
of their participants. Furthermore, majority of studies 
were concerned of prevalence among children while two 
studies were toward general population as well as moth-
ers of children. All characteristics of included studies are 
depicted in (Table  1). Publication bias assessment indi-
cated no major asymmetry.

Prevalence of diarrhea
Prevalence estimates were synthesized to represent 
the overall burden as well as to estimate subgroup bur-
den related to causative agents, study population and 
geographic location –whenever possible as illustrated 
below, summary of prevalence estimates synthesized 
from Diarrhea related included studies is available in 
(Table 2).

Prevalence of viruses causing diarrhea among children
Among the eighteen studies concerned with preva-
lence; eleven included studies provided viruses preva-
lence among participants, five studies were conducted 

in Khartoum State, four in Gezira State and two stud-
ies were conducted in different States representing 
a total sample size of 14,132 participants. The stud-
ies investigated prevalence of Rotavirus, Adenovi-
rus, Astrovirus and Bocavirus. All studies targeted 
suspected children less than five years old from both 
gender. Only one study did not determine the gender 
of their participants. The pooled prevalence of viral 
diarrhea was 22.90% [15.37, 30.43]. Heterogeneity was 
high (I2 = 100%) (Fig. 2).

Prevalence of rotavirus causing diarrhea among children
Six included studies provided Rotavirus prevalence 
among participants; studies were conducted in Khar-
toum, Gezira as well as different States representing a 
total sample size of 12,758 participants concerning sus-
pected children from both gender. The pooled preva-
lence was 22.21% [9.97, 34.46]. Heterogeneity was high 
(I2 = 100%) (Fig. 3).

Prevalence of parasites causing diarrhea
Five included studies provided parasites preva-
lence among participants, among which two studies 
were conducted in each of Khartoum State, as well 
as White Nile State while the last study participants 

Table 2  Summary of prevalence estimates synthesized from diarrhea related included studies

Causative agent Assessed in (State) Assessed among Total sample size References Pooled Prevalence [95% CI]

Prevalence of viral 
Diarrhea

Khartoum, Gezira, 
Gadarif, Northern, South 
Darfur, North Kordofan & 
Red Sea

suspected children 14,132 (13,14,16,20,22,23,25,29,31–33) 22.90% [15.37, 30.43]

Prevalence of  
Rotaviral Diarhhea

Khartoum, Gezira, 
Gadarif, Northern, South 
Darfur, North Kordofan & 
Red Sea

suspected children 12,758 (13,16,20,22,25,32,33) 22.21% [9.97, 34.46]

Prevalence of 
parasite causing 
Diarhhea

Khartoum state, White 
Nile state & North 
Kordofan

suspected children, 
primary school 
adolescents & general 
population

1,100 (15,17,18,28,32) 31.40% [19.53, 43.27]

Prevalence of 
Hymenolepis nana

Khartoum, Gezira & 
North Kordofan

Suspected children & 
adolescents

634 (15,21,28) 44.83% [-11.57, 101.24]

Prevalence of 
Giardia lamblia

Khartoum, Gezira, North 
Kordofan & White Nile

General population, 
suspected children & 
adolescents

1,350 (15,18,21,28,32) 13.86% [4.73, 22.99]

Prevalence  
of Entameba.
histolytica

Khartoum, Gezira, North 
Kordofan and White Nile

General population, 
suspected children & 
adolescents

1,350 (15,18,21,28,32) 8.82% [5.08, 12.56]

Prevalence of  
bacterial Diarhhea

Khartoum Suspected children 
& adults

1,774 (16,19,32) 36.20% [14.00, 58.40]

Prevalence of 
Escherichia Coli

Khartoum Suspected children 
& adults

1,774 (16,19,32) 23.79% [6.17, 41.41]

Prevalence of 
Shigella spp.

Khartoum Suspected children 
& adults

1,774 (16,19,32) 7.04% [3.84, 10.24]

Prevalence of 
Salmonella spp.

Khartoum Suspected children 
& adults

1,774 (16,19,32) 1.94% [0.66, 3.21]
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were from Kordofan State representing a total sample 
size of 1,100 participants. The related articles cov-
ered E.Histolytica, G.Lambilia, G.Intestinalis, H.Nana, 
E.vermicularis, A.Lumbricoids, S.Mansonia, Teania 
spp, S.Stercoralis prevalence. Three studies concerned 
with children and another study was toward primary 
school adolescents of up to fourteen years old while 
one study was conducted among general population 
of all ages. The pooled prevalence was 31.40% [19.53, 
43.27]. Heterogeneity was high (I2 = 100%) (Fig. 4).

Prevalence of Hymenolepis nana causing diarrhea
Three included studies provided Hymenolepis nana 
prevalence among participants, the related studies were 
conducted in Khartoum, Gezira and Kordofan States rep-
resenting a total sample size of 634 participants including 
suspected children as well as children and adolescents of 
up to 16 years old from both gender. The pooled preva-
lence was 44.83% [-11.57, 101.24]. Heterogeneity was 
high (I2 = 100%).

Fig. 2  Meta analysis of prevalence of viral diarrhea among Sudanese children

Fig. 3  Meta analysis of prevalence of Rotavirus causing diarrhea among Sudanese children

Fig. 4  Meta analysis of prevalence of parasite causing diarrhea among Sudanese population
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Prevalence of Giardia and Entamoeba histolytica causing 
diarrhea
Five included studies provided Giardia as well as E. his-
tolytica prevalence estimates among participants. The 
related studies were conducted in Khartoum, Gezira, 
Kordofan and White Nile States representing a total sam-
ple size of 1,350 participants. The majority of included 
research articles targeted suspected children as well as 
children and adolescents of up to 16 years old from both 
genders. Only one study was conducted among general 
population of all ages did not determine the gender of 
their participants. The pooled prevalence estimates were 
13.86% [CI: 4.73, 22.99] and 8.82% [CI: 5.08, 12.56] for 
Giardia and E. histolytica, respectively. Heterogeneity 
was high in both Meta analysis (I2 = 100%) (Figs. 5 and 6).

Prevalence of bacteria causing diarrhea
Three included studies investigated bacteria causing 
Diarrhea prevalence among participants; all studies 
were conducted in Khartoum State representing a total 
sample size of 1,774 participants. Studies investigated 
prevalence estimates of Escherichia Coli, Shigella spp, 
Salmonella spp, Campylobacter spp, Aeromohydrophila, 
Morganella Morgani, Y. Enterocolitica and Non-Cholera 
vibrio. Two studies were conducted among suspected 
children from both genders while the third study was 

carried out among children and adults without gen-
der determination. The pooled prevalence was 36.20% 
[14.00, 58.40]. Heterogeneity was high (I2 = 100%).

Prevalence of Escherichia Coli, Shigella spp and Salmonella 
spp causing diarrhea
Three included studies provided E.Coli, Shigellaspp 
and Salmonella spp prevalence estimates among par-
ticipants. All studies were conducted in Khartoum 
State representing a total sample size of 1,774 partici-
pants. Two studies were conducted among suspected 
children from both genders while the third study was 
carried out among children and adults without gender 
determination. The pooled prevalence estimates were 
23.52% [CI: 10.12, 36.93], 7.04% [CI: 3.84, 10.24] and 
1.94% [CI: 0.66, 3.21] for E. Coli, Shigella spp and Sal-
monella spp, respectively. Heterogeneity was high in 
all Meta analysis (I2 = 100%).

Socio‑cultural risk factors of diarrhea
Education
Parent’s education was investigated as a possible 
socio-cultural risk factor toward children Diarrhea in 
2 included studies among participants from different 
States. Among which; 6378 parents were classified as 

Fig. 5  Meta analysis of prevalence of E. histolytica causing diarrhea among Sudanese participants

Fig. 6  Meta analysis of prevalence of Gardia causing diarrhea among Sudanese participants
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illiterates, the pooled odd ratio of their children having 
diarrhea was 5.34 [0.17, 167.93] with insignificant p value 
z = 0.95 (P = 0.34).

Discussion
Prevalence of viral Diarrhea among children was inves-
tigated in seven States in Sudan, representing a total 
sample size of 14,132 participants recruited in eleven 
included studies; the overall pooled prevalence was 
22.90% [CI:15.37, 30.43]. Moreover, prevalence of Rota-
viral Diarhhea among children was investigated in seven 
States in Sudan, representing a total sample size of 12,758 
participants recruited in seven included studies, the over-
all pooled prevalence was 22.21% [CI:9.97, 34.46]. This 
high prevalence may be due to the low level of sanitation 
reported previously in East African countries [34]. The 
pooled prevalence of diarrhea diseases among children 
generated from this study is considered high when com-
pared to a study done in India (18%) [35], Egypt (19.5%) 
[36] and Ghana (19.2%) [37]. However, this finding is low 
compared to estimates concluded in India (25.2%) [38] as 
well as Ethiopia (23.1%) [39], this dissimilarity is possibly 
attributable to a difference in socio-demographic charac-
teristics, climate, culture of stool disposal, water access, 
and the attitude of hand washing.

Prevalence of parasite causing Diarhhea was investi-
gated in three States in Sudan representing a total sam-
ple size of 1,100 participants in five included studies; the 
overall pooled prevalence was 31.40% [CI:19.53, 43.27]. 
Moreover, prevalence of Hymenolepis nana was investi-
gated in three States in Sudan representing a total sam-
ple size of 634 participants in three included studies; 
the overall pooled prevalence was 44.83% [CI:-11.57, 
101.24]. Lower prevalence of protozoa was reported as 
(21.4%) [95% CI: 17.0 – 26.6] among children of north-
ern Mozambique [40]. Moreover, studies from Nepal and 
Ethiopia indicated lower estimates as well (0.7%, 15.6%, 
respectively) [41, 42]. Nevertheless, in a recent study 
titled “Molecular prevalence of intestinal parasites infec-
tions in children with diarrhea in Franceville, Southeast 
of Gabon “ prevalence of pediatric diarrhea was con-
cluded to be (61%) and that Hymenolepis species was the 
most common pathogen accounting for 31% of cases. 
Moreover, similar findings were reported from Burkina-
Faso as well [43], Tanzania and South Africa reported 
higher estimates (55.6%, 68%, respectively) [44, 45]. How-
ever, the fact that some of these studies used molecular 
diagnostics with higher sensitivity is to be considered.

Prevalence of Giardia lamblia was investigated in four 
States in Sudan representing a total sample size of 1,350 
participants in five included studies; the overall pooled 
prevalence was 13.86% [CI:4.73, 22.99]. Moreover, prev-
alence of Entameba. histolytica was investigated in four 

States in Sudan representing a total sample size of 1,350 
participants in five included studies; the overall pooled 
prevalence was 8.82% [CI:5.08, 12.56]. However, lower as 
well as higher estimates have been reported for G. lam-
blia as (9.7%) and (17.2%) in several studies while lower 
E. histolytica as (0.4%) and (1%) were reported as well 
[40, 46, 47].

Prevalence of bacterial Diarhhea was investigated in 
Khartoum State representing a total sample size of 1,774 
participants in three included studies; the overall pooled 
prevalence was 36.20%[CI:14.00, 58.40]. This finding 
is considered comparable to some extent of findings in 
United States as bacterial diarrhea was estimated to be 
approximately 31% of all diarrheas [48]. Moreover, preva-
lence of Escherichia Coli was investigated in Khartoum 
State representing a total sample size of 1,774 participants 
in three included studies; the overall pooled prevalence 
was 23.79%[CI:6.17, 41.41]. Furthermore, prevalence of 
Shigella spp. was investigated in Khartoum State repre-
senting a total sample size of 1,774 participants in three 
included studies; the overall pooled prevalence was 7.04% 
[CI:3.84, 10.24], while prevalence of Salmonella spp. was 
investigated in Khartoum State representing a total sam-
ple size of 1,774 participants in three included studies; 
the overall pooled prevalence was 1.94% [CI:0.66, 3.21]. 
Global estimates for the prevalence of E.coli causing diar-
rhea was reported as 10% to 25% which is in accordance 
to the findings of the current study. Moreover, pooled 
prevalence synthesized regarding Shigella spp as well as 
salmonella spp causing diarrhea is lower than estimates 
reported from Argentina and Djibouti as 10% and 3% for 
Shigella spp and Salmonella spp, respectively [49, 50].

Determining diarrheal causative pathogens to the 
strain level is crucial in understanding specific patterns 
of geographically related strain distributions [51], no 
study among included in the current review was found 
adopting typing of specific strains to better investigate 
the epidemiological burden of specific genotype causing 
diarrhea among children in Sudan.

The strengths of this review are that we systematically 
identified and included prevalence estimates, all stud-
ies with good quality were enrolled. Moreover, we have 
conducted meta-analysis to derive a pooled prevalence 
estimate of all included prevalence studies. Furthermore, 
we carried out a quality assessment of the included stud-
ies based on criteria specifically developed to determine 
the quality and the degree of selection bias in the studied 
populations.

However, several limitations are to be considered when 
interpreting study findings. First, gray literature evidence 
was not fully assessed, although all included studies are 
of good quality, several good studies might have been 
missed. Furthermore, the included studies used in the 
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current study to determine pooled prevalence estimates 
adopted different approaches toward prevalence deter-
mination as molecular detection techniques [52] are not 
used for diagnosis purposes in Sudan. Lastly, the hetero-
geneity was high among the meta-analysis conducted and 
as consequence of the low sample size; sensitivity analysis 
was not able to be synthesized.

Conclusion
The pooled prevalence of viral diarrhea was 22.90% 
among more than 14 thousands participants; the pooled 
prevalence of parasitic diarrhea was 31.40% while the 
pooled prevalence of bacterial diarrhea was 36.20%. No 
associated risk factors were able to be synthesized from 
included studies. Further research with larger sam-
ple sizes targeting prevalence, risk factors of diarrhea, 
molecular detection of virulence or specific pathological 
determinants among Sudanese children is needed to be 
conducted.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​023-​08920-7.

Additional file 1: Table S1. PRISMA checklist of included studies. 
Table S2. Quality assessment of included studies. 

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization; BMM, methodology; SMA, IAB, IEB, MSG and BMM, Valida-
tion; BMM, SMA, formal analysis SMA, writing—original draft preparation; SMA, 
IAB, IEB, MSG, writing—review and editing; BMM, visualization; SMA, IAB, IEB 
and MSG, supervision; BMM and SMA, project administration; BMM. All authors 
have read and agreed to the published version of the manuscript.

Funding
Not applicable.

Availability of data and materials
All related data are available in the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 April 2023   Accepted: 15 December 2023

References
	1.	 Federal Ministry of Health, Department of Health Information, Research 

& Evidence, Sudan Health Observatory [Internet]. 2021. Available from: 
http://​www.​sho.​gov.​sd/

	2.	 World Health Organization. (WHO), (n.d. a), Accessed 03–112017. Avail-
able from: http://​www.​who.​int/​mater​nal_​child_​adole​scent/​epide​miolo​
gy/​about/​en.

	3.	 Elhag WI, Saeed HA, Omer EFE, Ali AS. Prevalence of rotavirus and 
adenovirus associated with diarrhea among displaced communities in 
Khartoum, Sudan. BMC Infect Dis. 2013;13(1).

	4.	 Magzoub MA, Bilal NE, Bilal JA, Osman OF. Rotavirus infection among 
Sudanese children younger than 5 years of age: a cross sectional hospital-
based study. Pan Afr Med J. 2013;16:88.

	5.	 Mustafa A, Makki A, Siddig O, Haithami S, Teleb N, Trivedi T, et al. Baseline 
burden of rotavirus disease in Sudan to monitor the impact of vaccina-
tion. Pediatr Infect Dis J. 2014;33(SUPPL. 1).

	6.	 Wang J, Xu Z, Niu P, Zhang C, Zhang J, Guan L, et al. A two-tube multiplex 
reverse transcription PCR assay for simultaneous detection of viral and 
bacterial pathogens of infectious diarrhea. Biomed Res Int. 2014;2014.

	7.	 Adam M, Shen H, Enan K-A, Wang H, Musa ABM, El Hussein AR, et al. 
Molecular survey of certain protozoan agents that cause diarrhea in 
children in Sudan. F1000Research. 2022;11:1401.

	8.	 Saeed A, Abd H, Sandstrom G. Microbial aetiology of acute diarrhoea in 
children under five years of age in Khartoum. Sudan J Med Microbiol. 
2015;64(4):432–7.

	9.	 Badawi MM, Atif MS, Mustafa YY. Systematic review and meta-analysis of 
HIV, HBV and HCV infection prevalence in Sudan. Virol J. 2018;15:148.

	10.	 Moher D, Liberati A, Tetzlaff J, Altman DGTPG. Preferred reporting items 
for systematic reviews and meta-analyses: the PRISMA statement. PLoS 
Med. 2009;6(7):e1000097.

	11.	 Alebel A, Tesema C, Temesgen B, Gebrie A, Petrucka PKG. Prevalence 
and determinants of diarrhea among under-five children in Ethiopia: a 
systematic review and meta-analysis. PLoS ONE. 2018;13(6):e0199684.

	12.	 Abdalla AE, Nagi AM, Elawa HE. Frequency of rotavirus infection among 
children with diarrhea in Omdurman pediatric hospital. Sudan Sudan J 
Med Sci. 2013;8(4):163–8.

	13.	 Adam MA, Wang J, Enan K-A, Shen H, Wang H, El Hussein AR, et al. 
Molecular survey of viral and bacterial causes of childhood diarrhea in 
Khartoum state. Sudan Front Microbiol. 2018;9:112.

	14.	 Ahmed AB, Mohammed AA, Mohammed EA, Ibrahim MEA, Elawad HE, 
Abdalla AE. Frequency of rotavirus infection among vaccinated and non-
vaccinated children with diarrhea in Omdurman pediatric hospital. Sudan 
Am J Res Commun. 2015;3(3):96–107.

	15.	 Algahtani FD, Elhassan NE. RISK factors of diarrhea in children less THAN 5 
years of age in east Medni. Sudan Pharmacophore. 2020;11(1):85–91.

	16.	 Ali MA, Kamal F, Mohamed ITE, Rahoud SAG. The impact of rotavirus 
vaccination on the diarrhea admission and mortality rate in children at 
WMTHC, Gezira state. Sudan SMU Med J. 2015;2(2):10–20.

	17.	 Eisa AI, Elfaki TEM, Abdellah MA, Mohammed IA. Detection of gastro-
intestinal parasites among primary school children by using different 
parasitological techniques in rural of Kordofan state-Sudan. Int J Acad 
Heal Med Res. 2019;3(4):1–4.

	18.	 Elmanssury A, Elnadif D, Safa A. Prevalence of diarrhea and association 
with socio-demographic factors among children under five in Mayo 
Camp-Khartoum state Sudan. Pakistan J Med Heal Sci. 2022;16(03):1100.

	19.	 Hassan HA, Abd Alla AB, Elfaki TEM, Saad MBEA. Frequencies of gas-
trointestinal parasites among students of primary school in Al Kalakla 
Locality, Khartoum State, Sudan: A cross-sectional study. F1000Research. 
2019;8:1719.

	20.	 Hussein SH. Risk factors of diarrhea disease among under five in Ibrahim 
Malik Teaching Hospital, Khartoum state–Sudan 2017. University of 
Gezira; 2018.

	21.	 Ibrahim MBA. Prevalence of rotavirus infection among vaccinated chil-
dren suffering from diarrhea in Wad Madani pediatric Teaching Hospital, 
Gezira state, Sudan (2014). University of Gezira; 2015.

	22.	 EL Imam N. Laboratory diagnosis and risk factors of gastrointestinal para-
sites among basic school children in greater wad Madani locality, Gezira 
State, Sudan (2011–2014). University of Gezira; 2014.

https://doi.org/10.1186/s12879-023-08920-7
https://doi.org/10.1186/s12879-023-08920-7
http://www.sho.gov.sd/
http://www.who.int/maternal_child_adolescent/epidemiology/about/en
http://www.who.int/maternal_child_adolescent/epidemiology/about/en


Page 11 of 11Badawi et al. BMC Infectious Diseases           (2024) 24:30 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 Khogali EMI. Bacterial causes of diarrhea among some Sudanese 
patients–Khartoum State, Sudan. University of Gezira; 2013.

	24.	 Magzoub MA, Bilal NE, Bilal JA, Osman OF. Rotavirus infection among 
Sudanese children younger than 5 years of age: a cross sectional hospital-
based study. Pan Afr Med J. 2013;16(88).

	25.	 Mohamed AS, Elkhidir IM, Enan KA, Mohamed HA. Detection of norovirus 
RNA among hospitalized children with acute gastroenteritis in Gazeera 
State, Sudan. Afr J Med Sci. 2019;4(12).

	26.	 Mohamed EE, El Hussein ARM, Mustafa MO, Elkhidir IM, Enan KA. 
Molecular detection of rotavirus (A and B) and astrovirus in children less 
than 5 years with gastroenteritis in Khartoum and Aljazeera states. Sudan 
IJSRSET. 2018;4(10):2394–4099.

	27.	 Mohammed HY, Magboul AM, Suliman MA. Investigation of crypto-
sporidium species antigen by ELISA method in stool specimens obtained 
from patients with diarrhoea in Kosti teaching hospital, White Nile State, 
Sudan. Eur Acad Res. 2018;6(1).

	28.	 Mustafa A, Makki A, Siddig O, Haithami S, Teleb N, Trivedi T, et al. Baseline 
burden of rotavirus disease in Sudan to monitor the impact of vaccina-
tion. Pediatr Infect Dis J. 2014;33(Suppl 1):S23–7.

	29.	 Netsereab TB, Xenos P. Factors associated with diarrhea among children 
less than 5 years old in Sudan: a secondary analysis of sudan multiple 
indicator cluster survey 2014. J Heal Res. 2017;31(Suppl. 2):S209-15 
https://​www.​thais​cience.​info/​Journ​als/​Artic​le/​JHRE/​10989​080.​pdf.

	30.	 Saeed A, Abd H, Sandstrom G. Microbial aetiology of acute diarrhoea in 
children under five years of age in Khartoum, Sudan. J Med Microbiol. 
2015;64(4):432–7 http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​25713​206.

	31.	 Subahi OB, Rahama AB, Hassan MM, Hago MA, Ahmed MA, Yassin ME. 
Frequency rate of rotavirus infection among vaccinated children with 
diarrhea in Khartoum State, Sudan. Afr J Med Sci. 2017;2(6).

	32.	 Tamomh AG, Agena AEM, Elamin E, Suliman MA, Elmadani M, Omara 
AB, et al. Prevalence of cryptosporidiosis among children with diarrhoea 
under five years admitted to Kosti teaching hospital, Kosti City, Sudan. 
BMC Infect Dis. 2021;21(1):349.

	33.	 Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of 
testing and adjusting for publication bias in meta-analysis. Biometrics. 
2000;56(2):455–63.

	34.	 Morgan C, Bowling M, Bartram J, Lyn KG. Water, sanitation, and hygiene 
in schools: status and implications of low coverage in Ethiopia, Kenya, 
Mozambique, Rwanda, Uganda, and Zambia. Int J Hyg Environ Health. 
2017;220(6):950–9.

	35.	 Ganguly E, Sharma PK, Bunker CH. Prevalence and risk factors of diarrhea 
morbidity among under-five children in India: a systematic review and 
META-analysis. Indian J Child Health. 2015;02(04):152–60.

	36.	 Yassin K. Morbidity and risk factors and diarrheal diseases among under-
five children in rural upper Egypt. J Trop Pediatr. 2000;46(5):282–7.

	37.	 Kwasi OB, Markku K. Childhood diarrheal morbidity in the Accra metro-
politan area, Ghana: socio-economic, environmental and behavioral risk 
determinants childhood diarrheal morbidity in the Accra Metropolitan 
Area, Ghana: socio-economic, environmental and behavioral risk. J Heal 
Popul Dev Ctries. 2005;7(1):1–13 http://​www.​jhpdc.​unc.​edu.

	38.	 Ahmed SF, Farheen A, Muzaffar A, Mattoo GM. Prevalence of diarrhoeal 
disease, its seasonal and age variation in under-fives in Kashmir. India Int 
J Health Sci (Qassim). 2008;2(2):126–33 http://​www.​ncbi.​nlm.​nih.​gov/​
pubmed/​21475​494%​0A.

	39.	 Workie GY, Akalu TY, Baraki AG. Environmental factors affecting childhood 
diarrheal disease among under-five children in Jamma district, south 
Wello zone, Northeast Ethiopia. BMC Infect Dis. 2019;19(1):804.

	40.	 Acácio S, Mandomando I, Nhampossa T, Quintó L, Vubil D, Sacoor C, 
Kotloff K, Farag T, Nasrin D, Macete E, Levine MM, Alonso P, Bassat Q. Risk 
factors for death among children 0-59 months of age with moderate-to-
severe diarrhea in Manhiça district, southern Mozambique. BMC Infect 
Dis. 2019;19(1):322.

	41.	 Firdu T, Abunna F, Girma M. Intestinal protozoal parasites in diarrheal 
children and associated risk factors at Yirgalem hospital, Ethiopia: a case-
control study. Int Sch Res Not. 2014;2014:1–8.

	42.	 Ansari S, Sherchand JB, Parajuli K, Paudyal BM, Adhikari RP, Shrestha S, 
et al. Pattern of acute parasitic diarrhea in children under five years of age 
in Kathmandu. Nepal Open J Med Microbiol. 2012;02(03):95–100.

	43.	 Karou SD, Sanou D, Ouermi D, Pignatelli S, Pietra V, Moret R, et al. Enteric 
parasites prevalence at Saint Camille medical centre in Ouagadougou, 
Burkina Faso. Asian Pac J Trop Med. 2011;4(5):401–3.

	44.	 Ngosso BE, Nkwengulila G, Namkinga LA. Identification of pathogenic 
intestinal parasitic protozoa associated with diarrhea among under-
fives children in Dar Es Salaam, Tanzania. Int Invent J Med Med Sci. 
2015;2(4):2408 http://​inter​natio​nalin​ventj​ourna​ls.​org/​journ​als/​IIJMMS.

	45.	 Samie A, Guerrant RL, Barrett L, Bessong PO, Igumbor EO, Obi CL. Preva-
lence of intestinal parasitic and bacterial pathogens in diarrhoeal and 
non-diarroeal human stools from Vhembe district, South Africa. J Heal 
Popul Nutr. 2009;27(6):739–45.

	46.	 Bauhofer AFL, Cossa-Moiane ILC, Marques SDA, Guimarães ELAM, Munlela 
BA, Anapakala EM, et al. Intestinal protozoa in hospitalized under-five 
children with diarrhoea in Nampula-a cross-sectional analysis in a low-
income setting in northern Mozambique. BMC Infect Dis. 2021;21(1).

	47.	 Tellevik MG, Moyo SJ, Blomberg B, Hjøllo T, Maselle SY, Langeland N, et al. 
Prevalence of Cryptosporidium parvum/hominis, Entamoeba histolytica 
and Giardia lamblia among young children with and without diarrhea in 
Dar es Salaam, Tanzania. PLoS Negl Trop Dis. 2015;9(10).

	48.	 Talan DA, Moran GJ, Newdow M, Ong S, Mower WR, Nakase JY, et al. 
Etiology of bloody diarrhea among patients presenting to United States 
emergency departments: prevalence of Escherichia coli O157:H7 and 
other enteropathogens. Clin Infect Dis. 2001;32(4):573–80.

	49.	 Mikhail IA, Fox E, Haberberger RL, Ahmed MH, Abbatte EA. Epidemiology 
of bacterial pathogens associated with infectious diarrhea in Djibouti. J 
Clin Microbiol. 1990;28(5):956–61.

	50.	 Notario R, Borda N, Gambande T, Sutich E. Species and serovars of enter-
opathogenic agents associated with acute diarrheal disease in Rosario, 
Argentina. Rev Inst Med Trop Sao Paulo. 1996;38(1):5–7.

	51.	 Ranjbar R, Bolandian M, Behzadi P. Virulotyping of Shigella Spp. isolated 
from pediatric patients in Tehran, Iran. Acta Microbiol Immunol Hung. 
2017;64(1):71–80.

	52.	 Behzadi P, Najafi A, Behzadi E, Ranjbar R. Microarray long oligo probe 
designing for escherichia coli: An in-silico DNA marker extraction. Central 
Eur J Urol. 2016;69:105–11.

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

https://www.thaiscience.info/Journals/Article/JHRE/10989080.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25713206
http://www.jhpdc.unc.edu
http://www.ncbi.nlm.nih.gov/pubmed/21475494%0A
http://www.ncbi.nlm.nih.gov/pubmed/21475494%0A
http://internationalinventjournals.org/journals/IIJMMS

	Diarrheal diseases prevalence among children of Sudan and socio cultural risks related; systematic review and meta analysis
	Abstract 
	Introduction
	Materials and methods
	Search strategy
	Study selection and data extraction
	Assessment of quality
	Secondary analysis
	Quantitative analysis

	Results
	Studies included
	Study characteristics
	Prevalence of diarrhea
	Prevalence of viruses causing diarrhea among children
	Prevalence of rotavirus causing diarrhea among children
	Prevalence of parasites causing diarrhea
	Prevalence of Hymenolepis nana causing diarrhea
	Prevalence of Giardia and Entamoeba histolytica causing diarrhea
	Prevalence of bacteria causing diarrhea
	Prevalence of Escherichia Coli, Shigella spp and Salmonella spp causing diarrhea
	Socio-cultural risk factors of diarrhea
	Education


	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


