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Abstract

Background Shigellosis continues to pose a significant public health problem in Africa; however, there is a lack

of comprehensive knowledge regarding its prevalence, serogroup distribution, and antimicrobial resistance profiles.
Therefore, the objective of this systematic review and meta-analysis was to determine the overall prevalence of Shi-
gella, the distribution of species, and the patterns of antimicrobial resistance across Africa.

Methods Following PRISMA guidelines, a systematic search strategy was conducted using the PubMed, Web

of Science and Scopus databases from January 31, 2024 to February 10, 2024. The study quality was assessed using
the Joanna Briggs Institute checklist, and data were analyzed using the R statistical language and the R package ‘'meta’
The random effects model was employed to estimate the pooled prevalence, while heterogeneity was assessed using
the I statistic and prediction interval.

Results A total of 116 studies from 29 African countries were included in this meta-analysis, involving the examina-
tion of 99,510 samples. The overall pooled estimate of Shigella prevalence was determined to be 5.9% (95% Cl: 4.9
—7.0%). Regional prevalence showed prevalences of Southern Africa (6.9 [95% Cl: 3.0 — 12.2%)]), Northern Africa (6.7%
[95% Cl: 4.1 — 9.8%]), Eastern Africa (6.2% [95% Cl: 4.9 — 7.6%]), Central Africa (4.5% [95% Cl: 2.6 — 6.8%)]) and Western
Africa (4.0% [95% Cl: 2.5 — 5.9%]). Shigella prevalence was found to be higher in children (6.6%, 95% Cl: 3.2 - 11.1%)
than in adults (3.6%, 95% Cl: 1.6 — 6.3%). The most prevalent species was S. flexneri (53.6%, 95% Cl: 46.1%—61.0%), fol-
lowed by S. sonnei (11.5%, 95% Cl: 7.7%—15.7%), S. dysenteriae (10.19%, 95% Cl: 6.2 — 14.5%) and S. boydii (7.7%, 95% CI:
4.7 = 11.1%). Among the currently recommended first-line antibiotics, ciprofloxacin and ceftriaxone showed resistance
prevalences of 10.0% (95% Cl: 4.5%—16.9%) and 8.5% (95% Cl: 2.4—16.9%) respectively.

Conclusion This review highlights the burden of shigellosis in Africa. S. flexneri remains the most prevalent species
associated with shigellosis cases with S. sonnei being the second most dominant. The antimicrobial resistance patterns
observed in the study suggest local antimicrobial patterns in choosing antibiotics for the treatment of Shigellosis.

Recommendation There is the need to explore alternative treatments for shigellosis with particular focus on vaccine
development. There is also the need for more genomic epidemiology studies exploring the dissemination and risk
of drug-resistant S. sonnei clones in Africa.
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Introduction

Shigellosis, an infectious disease resulting from Shigella
bacteria, is a major contributor to global diarrheal-related
mortality and morbidity, with an estimated 125 million
cases of diarrhoea each year, resulting in roughly 160,000
fatalities[1]. The infection manifests with symptoms such
as fever, abdominal cramps, nausea or vomiting, and
tenesmus, as the bacteria invade and multiply within
the large intestine’s epithelial cells [2]. While shigellosis
usually resolves without antibiotic treatment within two
weeks, asymptomatic carriage of Shigella spp. is possible,
although its prevalence and duration are unclear [3].

The historical distribution of Shigella in Africa has
shown distinct phases. Previously, Shigella was uncom-
mon as a cause of sporadic dysentery in most African
countries [4, 5]. However, recent studies, such as the
Global Enteric Multicentre Study (GEMS), have revealed
that Shigella is the second most common cause of mod-
erate to severe diarrhoea among rotavirus, Cryptosporid-
ium spp., and Salmonella spp. in sub-Saharan Africa and
South Asia [6], indicating a concerning incidence of shig-
ellosis in these regions. Among the species, S. flexneri is
the most prevalent, followed by S. sonnei, with variations
in isolation across different countries in sub-Saharan
Africa [7, 8].

The emergence of antibiotic resistance in Shigella was
observed during the 1963-1964 epidemic in the Giohar
district of Somalia [9]. Since 1990, all Shigella strains
isolated have exhibited resistance to standard antibiot-
ics, with uniform sensitivity only to newer quinolones
and ceftriaxone [10]. Recent reports indicate increas-
ing resistance to different antibiotic classes among Shi-
gella spp. [11-20], with up to 41% of isolates exhibiting
pentavalent resistance [21]. Nalidixic acid resistance is
prevalent, with an overall rate of 57% [22]. This poses a
significant public health threat, emphasizing the need
for strategies to address the global issue of shigellosis.
As new vaccines are being developed, up-to-date infor-
mation on the burden of shigellosis in Africa is essential,
as no study has specifically examined Africa in this con-
text. Therefore, this review aimed to synthesize available
data to provide an overview of Shigella prevalence trends,
species distribution, and antibiotic resistance patterns in
sub-Saharan Africa.

Methods

Guidelines and protocol

The PRISMA guidelines [23] were followed for conduct-
ing this systematic review and meta-analysis.

Literature search strategy and study selection
To find research on Shigellosis in Africa, we did an exten-
sive search up until February 10, 2024. The databases
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searched were PubMed, Scopus, and Web of Science.
Additionally, we explored other sources by following ref-
erences from relevant articles. This was done through
forward and backward tracking—looking at articles that
cited a specific source (forward), and articles that a spe-
cific source cited itself (backward). The search keywords
used were “Shigellosis” OR “Dysentery” AND “Africa’,
which led to the retrieval of all relevant articles. Addi-
tionally, we hand searched and selected relevant articles
from Google Scholar by combining the search keywords
and the individual African countries. The Mendeley Ref-
erence Manager version 1.19.8 was used to import the
reference lists and check for the elimination of any dupli-
cated studies. Additionally, the Covidence and Rayyan Al
web applications (https://www.covidence.org/) (https://
new.rayyan.ai/) were used for screening, abstract review
and full-text analysis to determine study eligibility.

Inclusion and exclusion criteria

For a study to be considered, it should have been con-
ducted in Africa, reported the prevalence of Shigella, the
distribution of the species and the antimicrobial resist-
ance. Original cohort studies, case—control and cross-
sectional peer-reviewed studies were considered. Studies
conducted outside Africa, nonhuman studies, studies
connected to outbreaks, case reports, review articles,
abstracts from conferences, commentaries, editorials,
letters to editors and studies with sample sizes less than
50 were excluded. Additionally, studies that reported only
Shigella prevalence without information on the species or
antibiotic resistance patterns were excluded.

Data extraction

As a step towards accuracy reporting and minimization
of errors, a data extraction template was created in Covi-
dence software, which was used for data extraction and
later exported to Microsoft Excel 2019 (version 2402,
Microsoft Corp., Albuquerque, NM, USA) for further
data manipulation. The following data were extracted
from each eligible study: first author’s name and year of
publication, region of the study in Africa, country, age
category of participants, study design, stool type (Diar-
rhoea and Non-Diarrhoea), study site (either health facil-
ity-based or community-based), prevalence of Shigella
spp., species isolated, tested antibiotics and antibiotic
resistance prevalence recorded for each antibiotic tested.
Diarrhoea stools were those which meet the criteria of a
minimum frequency threshold (>3 loose/watery stools
in a 24-h period) or the perception by a caregiver that it
deviates from the individual’s normal pattern according
to WHO. The non-diarrhoea cases were either healthy
controls or patients without diarrhoea. The CLSI 33rd
edition suggest that for Shigella, the routine antibiotic
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reporting should be on Ampicillin, a fluoroquinolone and
Trimethoprim/Sulfamethoxazole. Also, it suggests that
aminoglycosides, first- and second-generation cephalo-
sporins, and cephamycins may appear active in vitro but
are not effective clinically and should not be reported as
susceptible[24]. This guided the antimicrobial resistance
pattern reported in this study.

Study quality

The quality of each individual study was assessed through
the use of the Joanna Briggs Institute (JBI) critical
appraisal tool for prevalence studies [25]. The appraisal
tool consists of 9 questions, each of which is assigned
a score of 1 for a YES response or 0 for a NO or NOT
SURE response. Studies with a total cumulative score
of 50% or less were considered “high risk of bias” (poor
quality); studies with a score ranging from 50 to 70% were
considered “moderate risk of bias”; and studies with a
score above 70% were considered “low risk of bias” (high
quality) (Table S1).

Data analysis

The R Statistical language (version 4.4.1, R Core Team,
2024) (https://www.R-project.org/) [26] and the R pack-
age ‘meta’ version 7.0-0 were used for the meta-analy-
sis[27]. The random effects model was used to calculate
the pooled prevalence at a confidence interval of 95%. To
assess heterogeneity, the I? statistic and the prediction
interval were used. An I? value of 75% indicated substantial
heterogeneity. A p value<0.05 indicated statistical signifi-
cance [24]. Similarly, publication bias was assessed by plot-
ting the prevalence estimates against the sample variance
in a funnel plot. To validate the asymmetry of the funnel
plot, Egger’s test was used. The Freeman-Tukey double
arcsine method was used in transforming the proportions
before conducting a random-effects meta-analysis using
conventional inverse-variance weighted methods [28].

Results

Search results

Our search across three databases (PubMed, Web of Sci-
ence, and Scopus) initially yielded 1870 studies, which
were supplemented by 88 articles from manual searches
as well as from google scholar. Following the removal of
486 duplicates and an initial eligibility check, we exam-
ined the titles and abstracts of 1384 records. A total of
1284 studies were excluded, leaving 100 studies for full-
text review. After reviewing the full texts, 60 studies
were deemed ineligible for failing to meet our system-
atic review and meta-analysis objectives. Additionally,
15 of the manually retrieved studies were found to be
duplicates already present in the PubMed and Scopus
databases, and thus were eliminated. Ultimately, our
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systematic review and meta-analysis included 113 studies
(Fig. 1). From the 113 studies, 2 studies were conducted
across multiple sites bringing the total included data
points to 116.

Characteristics of the included studies

A total of 99,510 samples were examined from 29 coun-
tries across Africa; Botswana, Burkina Faso, Cameroon,
Central Africa Republic, Chad, Cote d’Ivoire, Djibouti,
Egypt, Ethiopia, Gabon, Gambia, Ghana, Kenya, Libya,
Madagascar, Malawi, Mali, Mozambique, Namibia,
Niger, Nigeria, Senegal, Somalia, South Africa, South
Sudan, Sudan, Tanzania, Tunisia and Zambia. The num-
ber of studies included Botswana (z=1), Burkina Faso
(n=2), Cameroon (n=3), Central Africa Republic (n=4),
Chad (n=1), Cote d’Ivoire (n=1), Djibouti (n=1), Egypt
(n=5), Ethiopia (n=37), Gabon (n=1), Gambia (n=1),
Ghana (n=5), Kenya (n=15), Libya (n=1), Madagascar
(n=1), Malawi (n=2), Mali (n=1), Mozambique (n=1),
Namibia (n=1), Niger (n=1), Nigeria (n=11), Sen-
egal (n=2), Somalia (n=3), South Africa (n=4), South
Sudan (n=1), Sudan (#=4), Tanzania (n=4), Tuni-
sia (n=1) and Zambia (n=1). Most of the studies were
conducted in East Africa (n=65), then in West Africa
(n=24), North Africa (n=11), Central Africa (n=9) and
South Africa (n=7). The age range of the study partici-
pants was between <5 years and > 60 years. Considering
the study sites, 16 were community-based studies, 89
were health facility-based studies and 3 were conducted
in both community and health facilities. The reviewed
studies included children and adults: 46 (39.7%) stud-
ies were carried out in children younger than 5 years, 10
(8.6%) studies in children of all ages, 14 (12.1%) studies
in adults, and 38 (32.8%) studies in all age groups. The
sample sizes ranged from 66 to 12,150. The prevalence
of Shigella spp. ranged from 0.0% to 34.6% in the studies.
The major characteristics of the 116 included studies are
listed in Table S2.

Meta-analysis

Prevalence of Shigella

We developed forest plots to determine the prevalence
of Shigella spp. across Africa. The meta-analysis indi-
cated that the overall pooled prevalence of Shigella across
Africa was 5.9% (95% CI: 4.9 — 7.0%, 1>=97.4%, p <0.001)
(Fig. 2). We conducted sensitivity analysis by identify-
ing and excluding studies with great impact on the het-
erogeneity and effect size of the data. The overall pooled
prevalence was thus reported as 5.6% (95% CI: 4.7 — 6.6,
1=94.7%, p<0.001). In terms of regional prevalence,
Southern Africa had a pooled prevalence of 6.9% (95% CIL:
3.0 — 12.2%), followed by Northern Africa 6.7% (95% CI:
4.1%—9.8%), Eastern Africa 6.2% (95% CI: 4.9 — 7.6%),
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Identification of studies via hand search

Records identified from Records removed Records identified from
databases (n=1870) before screening: Caation Searcting (v=11)
PubMed: 397 > Duplicate records Records identified from
Scopus: 534 removed (n=486) hand search on Google
Web of Science: 939 Scholar(n=47)
Records screened: Records excluded
Title and Abstract " (n=1,284)
(n=1,384)
v
Reports sought for Reports not Reports sought for Reports not
retrieval (n=100) retrieved (n=0) retrieval (n=88) retrieved (n=0)
4
Reports assessed for Reports assessed for Reports excluded
eligibility: Full Text eligibility: Full Text with reasons (n=15)
(n=100) Reports excluded (n=88)
(n=60) Articles already in
other databases
PUBMED/SCOPUS
A (n=15)
Studies included in
systematic »
review(n=113) M
Data points(n=116)
Meta Analysis:
e Shigella prevalence: 116 (outliers excluded
108)
e  Serogroups:
Flexneri =70
Dysenteriae =65
Boydii =65
Sonnei=67
¢  Antimicrobial Resistance
Ampicillin=71

Chloramphenicol =71
Norfloxacin =18
Nalidixic Acid = 43
Ceftriaxone =36
Ciprofloxacin = 54
Trimethoprim-sulfamethoxazole = 69

Fig. 1 Process of selecting published studies for the meta-analysis
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Fig. 2

Study

Region = North

Cases Total Prevalence

Abd-Elmeged et al (2015) 24 500
Ahmed et al (2006) 171 4384
Elhag et al (2009) 6 420
Ghenghesh et al (1997) 1157
Mogahid et al (2011) 8 100
Moglad (2020) 1144
Mokhtari et al (2012) 12 236
Putnam et al (2004) 180 874
Saeed et al (2015) 36 437
Sonbol et al (2022) 62 920
Wasfy et al (2000) 258 6278
Random effects model .
Heterogeneity: /% = 96%, <2 = 0.0082, 12, = 280.84 (p < 0.01)
Region = East

Abebe et al (2018) 17204
Abera et al (2016) 9 410
Admassu et al (2015) 40 422
Aklilu et al (2015) 0 172
Ali Nor et al (2021) 37 180
Ameya et al (2018) 8 167
Andargie et al (2008) 4 127
Andualem et al (2006) 27 312
Ararsa et al (2023) 24 428
Assefa and Girma (2019) 18 422
Beyene and Tasew (2014) 6 260
Brooks et al (2006) 551 3445
Casalino et al (1988) 150 1667
Chandika et al (2022) 0 308
Debas et al (2011) 32 215
Demissie (2014) 2 32
Diriba et al (2020) 7220
Feleke et al (2018) 5 225
Gebreegziabher etal (2018) 18 260
Gebrekidan et al (2015) 15 216
Huruy et al (2008) 65 384
Huruy et al (2011) 60 384
Kahsay et al (2015) 32 241
Kasumba et al (2023) 160 3646
Lamboro et al (2016) 2 176
Legese et al (2020) 11 301
Leting et al (2022) 18 196
Mache (2001) 77 384
Mama and Alemu (2016) 10 345
Mamuye et al (2015) 23 253
Marami et al (2018) 6 417
Mbuthia et al (2018) 14 163
Mengist et al (2018) 5 220
Mengistu et al (2014) 17 382
Mikhail et al (1990) 16 309
Mogga et al (2015) 15 286
Moyo et al (2011) 15 280
Mulatu et al (2014) 1158
Mulu et al (2017) 10 575
Njuguna et al (2013) 262 1096
Njuguna et al (2016) 67 284
Oketcho et al (2012) 3 151
Olipher et al (2020) 47 400
Onyango et al (2019) 13 186
Paviinac et al (2015) 63 1360
Phiri et al (2021) 34 243
Pitman et al (1996) 34 132
Randremanana et al (2016) 5 498
Reda et al (2011) 16 244
Rogawski et al (2020) 5 2897
Roma et al (2000) 100 289
Samuel et al (2019) 13190
Sang etal (2012) 15 651
Shah et al (2016) 19 1410
Sharp et al (1995) 37 113
Tadesse et al (2019) 6 218
Terfassa and Jida (2018) 9 422
Teshome et al (2019) 2 232
Tiruneh (2009) 90 1200
Tosisa et al (2020) 6 239
van Eijk et al (2009) 34 630
Vubil et al (2018) 67 916
Webale et al (2020) 12 374
Yismaw et al (2008) 214 2891
Zachariah et al (2021) 28 139

Random effects model

Heterogenely: 1= 07%, ¢ = 00163, 2, = 23005 ( =0)

Region = West

Afum et al (2022) 17 792
Ajayi et al (2019) 10 248
Antoine et al (2010) 41 1566
Bonkungou et al (2013) 16 283
Dije-Maletz et al (2008) 5 367
Feglo etal (2019) 3 508
llia et al (2022) 16 316
Imade etal (2015) 4 626
Iwalokun et al (2001) 62 1020
Kasumba et al (2023) 264 3816
Kasumba et al (2023) 18 3588
Lawande et al (1987) 362 12150
Moses et al (2023) 8 250
Ngoshe et al (2017) 32 400
Nitiema et al (2011) 18 309
Ogunsanya et al (1994) 16 315
Oko et al (2014) 8 154
Opintan et al (2010) 1170
Reither et al (2007) 5 367
Sambe-Ba et al (2013) 28 223
Seyi et al (2021) 0 120
Sire etal (2013) 21 176
Sulaiman et al (2020) 5 540
Udo and Eja (2004) 123 593
Random effects model .
Heterogeneily: /= §79%, & = 0.0102, 7%, = 68248 (0 < 0.01)
Region = South

Amukoshi et al (2017) 19 1392
Chiyangi et al (2017) 12 271
Kalule et al (2019) 166
Richardson et al (1966) 8 130
Rogawski et al (2020) 3 3158
Samie et al (2009) 51 823
Urio etal (2001) 45 321
Random effects model

Heterogeneily: I = 98%, & = 0.0178, 72 = 2885 (0 < 0.01
Region = Central

Bercion et al (2008) 155 3506
Hassan et al (2023) 21 400
Khan et al (2013) 804 5745
Lontsi etal (2017) 182 2500
Mabika et al (2020) 5 132
Manirakiza et al (2010) 15 156
Njunda et al (2012) 10 223
Nkengkana et al (2023) 3 507
Tchientcheu et al (2021) 8 206
Random effects model A &
Heterogeneily: I = 98%, & = 0.0072, 72 = 417.64 (p < 0.01)

Random effects model

otcagenoty: 1= 8% 200139, 2,y = 4357.13 (0= 0)

Test fo subgroup differences: 72 =

7.15,df=4 (p = 0.13)
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Central Africa 4.5% (95% CI: 2.6 — 6.8%), and Western
Africa 4.0 (95% CIL: 2.5 — 5.9%). In terms of the differ-
ent age groups, the prevalence of Shigella was highest in
children of all ages [6.6% (95% CI: 3.2 — 11.1%)] followed
by children<5 years [6.0% (95% CI: 4.8 — 7.4%)] all ages
groups [5.7% (95% CI: 4.2 — 7.3%)] and adults [3.6% (95%
CI: 1.6 — 6.3%)]. The prevalence in community and health
facility-based studies were 3.7% (95% CI: 2.3 — 5.5%)
and 6.2% (95% CI: 5.1 — 7.3%) respectively (Table S4).
The between-study variability, expressed as the standard
deviation (Tau), was 10.1% (95% CI: 8.8 — 11.8%). The
95% prediction interval, which provides an inference of a
possible effect size for a future study conducted in similar
settings was 0.0—18.3%.

Distribution of Shigella species

Seventy studies determined the prevalence of S. flexneri.
These studies revealed a pooled prevalence of 53.6% (95%
CI: 46.1 — 61.0%), with a significant p value of<0.0001
(Fig. 3). Similarly, S. dysenteriae exhibited a pooled prev-
alence of 10.1% (95% CI: 6.2 — 14.5%) across 65 studies
(Fig. 4). Furthermore, the pooled prevalence of S. son-
nei reported from 67 studies was 11.5% (95% CI: 7.7%—
15.7%) (Fig. 5).The pooled prevalence of S. boydii was
7.7 (95% CI: 4.7 — 11.1%) across 65 studies (Fig. 6). We
observed that in almost all the studies, S. flexneri was
the predominant species isolated, except for a few stud-
ies that reported S. sonnei as the predominant species
[29-36].

Antimicrobial resistance of Shigella spp.

The prevalence of antibiotic resistance among Shigella
spp. in this study varied across different antibiotics, with
Ampicillin exhibiting the highest resistance prevalence of
77.8% (95% CI: 71.7 — 83.4%) (Table S3). Trimethoprim-
sulfamethoxazole and Chloramphenicol also showed
high resistance of 65.1% (95% CI: 56.1 — 73.4%) and 45.2%
(95% CI: 38.2 — 52.2%) respectively. On the other hand,
other antibiotics that showed low prevalences were cef-
triaxone 8.5% (95% CI: 2.4 — 16.9%), ciprofloxacin 10.0%
(95% CI: 4.5%—16.9%), norfloxacin 12.7% (95% CI: 3.6—
25.1%), and nalidixic acid 16.5% (95% CI: 9.5 — 24.6%).

Risk of Bias

The included articles showed high heterogeneity indi-
cated by the I? test value of 97.6% and Cochrane Q test
(Q=4857.1, p-value<0.0001). Although a visual inspec-
tion of the funnel plot shows a slight asymmetrical distri-
bution, the intercept of the Eggers regression model was
1.7527(95% CI: — 0.3233—3.8297) with a t statistic of 1.67
and a p-value of 0.0971. This suggests that potential pub-
lication bias in the included studies is unlikely (Fig. 7).
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Study

Region = North
Abd-Elmeged et al (2015)
Ahmed et al (2006)

Elhag et al (2009)
Ghenghesh et al (1997)
Mogahid et al (2011)
Mokhtari et al (2012)
Putnam et al (2004)
Saeed et al (2015)
Sonbol et al (2022)
Wasfy et al (2000)
Random effects model

(2024) 24:1217

Cases Total Prevalence

15 24 0.62
103 171 0.60
13 46 0.28
6 11 0.55

0 8 0.00

4 12 0.33
103 180 0.57
20 36 0.56
38 62 0.61
124 258 0.48
0.48

Heterogeneity: /> = 76%, t* = 0.0210, 3 = 37.44 (p < 0.01)

Region = East
Admassu et al (2015)
Brooks et al (2006)
Demissie (2014)
Diriba et al (2020)
Kasumba et al (2023)
Leting et al (2022)
Mbuthia et al (2018)
Mengistu et al (2014)
Mikhail et al (1990)
Mogga et al (2015)
Moyo et al (2011)
Mulatu et al (2014)
Njuguna et al (2013)
Njuguna et al (2016)
Oketcho et al (2012)
Pavlinac et al (2015)
Phiri et al (2021)
Pitman et al (1996)
Randremanana et al (2016)
Rogawski et al (2020)
Roma et al (2000)
Samuel et al (2019)
Shah et al (2016)
Sharp et al (1995)
Teshome et al (2019)
Tiruneh (2009)
Tosisa et al (2020)
Webale et al (2020)
Random effects model

18 40 0.45
298 551 0.54
1 32 0.34
4 7 0.57
96 160 0.60
7 18 0.39
0 14 0.00
5 17 0.29
12 16 0.75
5 15 0.33
10 15 0.67
1 1 1.00
166 262 0.63
40 67 0.60
0 3 0.00
21 63 0.33
34 34 1.00
6 34 0.18
0 5 0.00
2 5 0.33
99 100 0.99
0o 13 0.00
1 19 0.58
23 37 0.62
8 22 0.36
65 90 0.72
3 6 0.50
7 12 0.58
0.50

Heterogeneity: /2 = 93%, % = 01019, 72, = 363.05 (p < 0.01)

Region = West

Afum et al (2022)

Ajayi et al (2019)
Antoine et al (2010)
Bonkungou et al (2013)
Dije-Maletz et al (2008)
Feglo et al (2019)

llla et al (2022)

Imade et al (2015)
Iwalokun et al (2001)
Kasumba et al (2023)
Kasumba et al (2023)
Lawande et al (1987)
Moses et al (2023)
Ngoshe et al (2017)
Nitiema et al (2011)
Ogunsanya et al (1994)
Oko et al (2014)
Opintan et al (2010)
Reither et al (2007)
Sambe-Ba et al (2013)
Sire et al (2013)

Udo and Eja (2004)
Random effects model

1 17 0.65
5 10 0.50
22 41 0.54
9 16 0.56
2 5 0.40
3 3 1.00
7 16 0.44
4 4 1.00
32 62 0.52
12 18 0.67
169 264 0.64
221 362 0.61
2 8 0.25
15 32 0.47
6 18 0.33
5 16 0.31
8 8 1.00
1 1 1.00
2 5 0.40
22 28 0.79
16 21 0.76
71 123 0.58
0.60

Heterogeneity: /> = 56%, t* = 0.0114, 3, = 47.27 (p < 0.01)

Region = South
Amukoshi et al (2017)
Chiyangi et al (2017)
Kalule et al (2019)
Rogawski et al (2020)
Urio et al (2001)
Random effects model

15 19 0.79
6 12 0.50
1 1 1.00
0 3 0.11
12 45 0.27
0.60

Heterogeneity: /> = 89%, ©* = 0.1282, 7 = 37.15 (p < 0.01)

Region = Central
Bercion et al (2008)
Khan et al (2013)
Lontsi et al (2017)
Manirakiza et al (2010)
Nkengkana et al (2023)
Random effects model

79 155 0.51
504 804 0.63
7 182 0.04
15 15 1.00
2 3 0.67
0.56

Heterogeneity: /> = 99%, ©* = 0.1950, 7 = 326.73 (p < 0.01)

Random effects model

0.54

Heterogeneity: /° = 92%, 1* = 0.0714, 72, = 841.67 (p < 0.01)
Test for subgroup differences: 7j =3.42,df =4 (p = 0.49)

Fig. 3 Prevalence of S. flexneri across Africa
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Study Cases Total Prevalence

Region = North

Abd-Elmeged et al (2015) 3 24
Ahmed et al (2006) 16 171
Elhag et al (2009) 23 46

Ghenghesh et al (1997) 0 1
Mogahid et al (2011) 3 8
Mokhtari et al (2012) 0 12
Putnam et al (2004) 30 180
Saeed et al (2015) 4 36
Sonbol et al (2022) 0 62
Wasfy et al (2000) 47 258
Random effects model 3
Heterogeneity: /> = 88%, 1* = 0.0403, 72 = 72.03 (p < 0.01)

Region = East

Admassu et al (2015) 12 40
Brooks et al (2006) 155 551
Demissie (2014) 3 32
Diriba et al (2020) 0 7
Kasumba et al (2023) Kenya 7 160
Leting et al (2022) 4 18
Mbuthia et al (2018) 0 14
Mengistu et al (2014) 3 17
Mikhail et al (1990) 2 16
Mogga et al (2015) 10 15
Moyo et al (2011) 5 15
Njuguna et al (2013) 27 262
Njuguna et al (2016) 1 67
Oketcho et al (2012) 3 3
Pavlinac et al (2015) 2 63
Phiri et al (2021) 0 34
Pitman et al (1996) 25 34
Randremanana et al (2016) 0 5
Roma et al (2000) 1 100
Samuel et al (2019) 3 13
Shah et al (2016) 119
Sharp et al (1995) 8 37
Teshome et al (2019) 10 22
Tiruneh (2009) 9 9
Tosisa et al (2020) 0 6
Webale et al (2020) 1 12

Random effects model .
Heterogeneity: /> = 90%, 1° = 0.0568, 72, = 253.59 (p < 0.01)

Region = West

Afum et al (2022)

Ajayi et al (2019)
Antoine et al (2010)
Bonkungou et al (2013)
Dije-Maletz et al (2008)
Feglo et al (2019)

llla et al (2022)

Imade et al (2015)
Iwalokun et al (2001)
Kasumba et al (2023) Gambia

PN
o~

a2 s0OO0OO0OOCO-=ON
N N
~O WO

Kasumba et al (2023) Mali 18
Lawande et al (1987) 52 362
Moses et al (2023) 6 8
Ngoshe et al (2017) 12 32
Nitiema et al (2011) 0o 18

Ogunsanya et al (1994) 2
Opintan et al (2010) 0
Reither et al (2007) 0 5
Sire et al (2013) 0
Udo and Eja (2004) 0
Random effects model .
Heterogeneity: /° = 82%, ©* = 0.0333, 13, = 105.78 (p < 0.01)

Region = South

Amukoshi et al (2017) 2 19
Chiyangi et al (2017) 4 12
Kalule et al (2019) o M
Urio et al (2001) 0 45

Random effects model .
Heterogeneity: /> = 79%, 1* = 0.0463, 72 = 13.99 (p < 0.01)

Region = Central

Bercion et al (2008) 47 155
Khan et al (2013) 181 804
Lontsi et al (2017) 6 182
Mabika et al (2020) 0 5
Nkengkana et al (2023) 0 3

Random effects model .
Heterogeneity: /> = 94%, 1* = 0.0323, 2 = 68.83 (p < 0.01)

Random effects model

Heterogeneity: 1% = 89%, < = 0.0444, 72, = 594.72 (p < 0.01)
Test for subgroup differences: X§ =4.25,df =4 (p =0.37)

Fig. 4 Prevalence of S. dysenteriae across Africa
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Study Cases Total Prevalence 95% C.I. Weight
Region = North
Abd-Elmeged et al (2015) 0 24 0.00 [0.00; 0.07]m—— 1.6%
Ahmed et al (2006) 35 171 0.20 [0.14; 0.26] —a— 2.0%
Elhag et al (2009) 0 46 0.00 [0.00; 0.02]m- 1.8%
Ghenghesh et al (1997) 5 11 0.45 [0.19; 0.74] — 13%
Mogahid et al (2011) 5 8 0.62 [0.26; 0.93] —_— 11%
Mokhtari et al (2012) 6 12 0.50 [0.22;0.78] — 1.3%
Putnam et al (2004) 42 180 0.23 [0.17;0.29] —a— 2.0%
Saeed et al (2015) 12 36 0.33 [0.19; 0.50] —a— 17%
Sonbol et al (2022) 20 62 0.32 [0.20; 0.44] —— 1.9%
Wasfy et al (2000) 49 258 0.19 [0.14; 0.24] —a— 2.0%
Random effects model . 0.22 [0.10; 0.38] ——EEEEE—— 16.7%
Heterogeneity: /> = 86%, t* = 0.0561, 73 = 66.54 (p < 0.01)
Region = East
Admassu et al (2015) 10 40 0.25 [0.11;0.39] —a— 18%
Brooks et al (2006) 41 551 0.07 [0.04;0.09] —= 2.0%
Demissie (2014) 132 0.03 [0.00; 0.08] —— 1.7%
Diriba et al (2020) 1 7 0.14 [0.00; 0.52] 1.1%
Kasumba et al (2023) 41 160 0.26 [0.19;0.32] —a— 2.0%
Leting et al (2022) 3 18 0.17 [0.00;0.35] ————@#————— 1.5%
Mbuthia et al (2018) 6 14 0.43 [0.17;0.70] — 1.4%
Mengistu et al (2014) 6 17 0.35 [0.14; 0.60] —_— > 15%
Mikhail et al (1990) 0 16 0.00 [0.00; 0.05]m— 1.5%
Mogga et al (2015) 0o 15 0.00 [0.00; 0.13]@——+ 1.4%
Moyo et al (2011) 0 15 0.00 [0.00; 0.10]@——— 1.4%
Njuguna et al (2013) 24 262 0.09 [0.04;0.11] —® 2.0%
Njuguna et al (2016) 8 67 0.12 [0.05; 0.21] —a— 1.9%
Oketcho et al (2012) 0 3 0.00 [0.00; 0.50] 0.7%
Pavlinac et al (2015) 28 63 0.44 [0.33;0.57] — 1.9%
Phiri et al (2021) 0 34 0.00 [0.00; 0.06]m—— 1.7%
Pitman et al (1996) 1 34 0.03 [0.00; 0.11] —@—— 1.7%
Randremanana et al (2016) 3 5 0.60 [0.19; 0.92] —— 0.9%
Rogawski et al (2020) 0 3 0.07 [0.00; 0.67] 0.7%
Roma et al (2000) 0 100 0.00 [0.00; 0.00]m 1.9%
Samuel et al (2019) 10 13 0.77 [0.50; 0.96] > 1.4%
Shah et al (2016) 5 19 0.26 [0.08; 0.49] —a— 15%
Sharp et al (1995) 12 37 0.32 [0.15; 0.48] — = 17%
Teshome et al (2019) 0 22 0.00 [0.00; 0.07]8—— 1.6%
Tiruneh (2009) 8 90 0.09 [0.01;0.14] —&— 1.9%
Tosisa et al (2020) 1 6 0.17 [0.00; 0.58] 1.0%
Webale et al (2020) 2 12 0.17 [0.01; 0.44] = 1.3%
Random effects model . 0.13 [0.06; 0.20] ——— 41.1%
Heterogeneity: /> = 87%, t* = 0.0499, y5; = 204.46 (p < 0.01)
Region = West
Afum et al (2022) 2 17 0.12 [0.01; 0.33] - 1.5%
Ajayi et al (2019) 2 10 0.20 [0.02; 0.51] 1.2%
Antoine et al (2010) 1M1 41 0.27 [0.15;0.42] — & 18%
Bonkungou et al (2013) 2 16 0.12 [0.02;035) ——@#—————— 1.5%
Dije-Maletz et al (2008) 0o 5 0.00 [0.00; 0.30]#—i————— 0.9%
Feglo et al (2019) 0 3 0.00 [0.00; 0.50] 0.7%
llla et al (2022) 2 16 0.12 [0.00;0.31] — &% — 1.5%
Imade et al (2015) 0o 4 0.00 [0.00; 0.34]#%————————— 0.8%
Iwalokun et al (2001) 8 62 0.13 [0.06; 0.23] — 1.9%
Kasumba et al (2023) 4 18 0.22 [0.06; 0.45] — & 15%
Kasumba et al (2023) 34 264 0.13 [0.08; 0.16] e 2.0%
Lawande et al (1987) 19 362 0.05 [0.03;0.08] -® 2.0%
Moses et al (2023) 0o 8 0.00 [0.00;0.19]#——Fi—— 1.1%
Ngoshe et al (2017) 5 32 0.16 [0.01;0.28] — 1.7%
Nitiema et al (2011) 1 18 0.06 [0.00;0.19] —#———— 1.5%
Ogunsanya et al (1994) 1 16 0.06 [0.00; 0.20] — ®#——— 1.5%
Opintan et al (2010) 0 1 0.00 [0.00; 0.87] 0.4%
Reither et al (2007) 0 5 0.00 [0.00; 0.34]%—mi—— 0.9%
Sire et al (2013) 4 21 0.19 [0.04;039] —— ®#—— 1.6%
Udo and Eja (2004) 52 123 0.42 [0.33;0.51] — 1.9%
Random effects model : 0.11 [0.06; 0.17] e 27.8%
Heterogeneity: /> = 80%, t* = 0.0143, 3, = 96.1 (p < 0.01)
Region = South
Amukoshi et al (2017) 2 19 0.11 [0.01;0.30] ——®—— 1.5%
Chiyangi et al (2017) 0 12 0.00 [0.00; 0.15] #————— 1.3%
Kalule et al (2019) 0 1" 0.00 [0.00; 0.17]@——— 1.3%
Rogawski et al (2020) 0o 5 0.08 [0.00; 0.52] 0.9%
Urio et al (2001) 4 45 0.09 [0.02;0.20] —@— 1.8%
Random effects model . 0.05 [0.01; 0.11] = 6.8%
Heterogeneity: I = 0%, ©° = 0, %% = 2.78 (p = 0.60)
Region = Central
Bercion et al (2008) 11 155 0.07 [0.00; 0.07] — 2.0%
Khan et al (2013) 30 804 0.04 [0.02;0.05] = 2.0%
Lontsi et al (2017) 0 182 0.00 [0.00; 0.00]m 2.0%
Mabika et al (2020) 2 5 0.40 [0.08;0.81] ——a 0.9%
Nkengkana et al (2023) 0o 3 0.00 [0.00; 0.50] 0.7%
Random effects model n 0.01 [0.00; 0.11] e 7.6%
Heterogeneity: /> = 85%, t* = 0.0237, 5 = 27.32 (p < 0.01)
Random effects model . 0.11 [0.08; 0.16] ———— 100.0%
Heterogeneity: /> = 88%, t* = 0.0364, 2 = 567.14 (p < 0.01) f T T T 1
Test for subgroup differences: 13 = 9.27, df = 4 (p = 0.05) 0 0.1 0.2 0.3 0.4
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Study Cases Total Prevalence  95% C.I. Weight
Region = North H

Abd-Elmeged et al (2015) 6 24 0.25 [0.10; 0.47] e 16%
Ahmed et al (2006) 15 171 0.09 [0.04;0.13] —=— 2.1%
Elhag et al (2009) 10 46 0.22 [0.10; 0.36] —_—— 1.9%
Ghenghesh et al (1997) 0o 1 0.00 [0.02;0.30]m ——————— 1.3%
Mogahid et al (2011) 0 8 0.00 [0.00; 0.37] 1.1%
Mokhtari et al (2012) 2 12 0.17 [0.03;0.48] ————®#——— 1.3%
Putnam et al (2004) 5 180 0.03 [0.00; 0.06] —&— 2.1%
Saeed et al (2015) 0 36 0.00 [0.00;0.11]@——— 1.8%
Sonbol et al (2022) 4 62 0.06 [0.00;0.14] —=&— 1.9%
Wasfy et al (2000) 38 258 0.15 [0.11; 0.20] —a— 2.1%
Random effects model g 0.08 [0.03; 0.14] -~ 17.2%
Heterogeneity: /> = 79%, ©* = 0.0158, 72 = 42.76 (p < 0.01)

Region = East

Admassu et al (2015) 0 40 0.00 [0.00; 0.07]@—— 1.8%
Brooks et al (2006) 51 551 0.09 [0.06; 0.11] — 2.2%
Demissie (2014) 2 32 0.06 [0.00;0.17] —®—— 1.7%
Diriba et al (2020) 2 7 029 [0.04,0.71] ——®—— 1.0%
Kasumba et al (2023) 14 160 0.09 [0.04;0.14] —®— 2.1%
Leting et al (2022) 4 18 0.22 [0.01; 0.47] = 1.5%
Mbuthia et al (2018) 8 14 0.57 [0.29; 0.83] — 14%
Mengistu et al (2014) 3 17 0.18 [0.04;043] ——— &% ———> 1.5%
Mikhail et al (1990) 2 16 0.12 [0.00; 0.37] e m— 1.4%
Mogga et al (2015) 0 15 0.00 [0.01;0.23] = ——— 1.4%
Moyo et al (2011) 0 15 0.00 [0.00; 0.21]#—F——— 1.4%
Njuguna et al (2013) 14 262 0.05 [0.01;0.07] —=& 2.1%
Njuguna et al (2016) 8 67 0.12 [0.06; 0.22] - 1.9%
Oketcho et al (2012) 0 3 0.00 [0.07;0.66]= > 06%
Pavlinac et al (2015) 1 63 0.02 [0.00; 0.09] ®#—— 1.9%
Phiri et al (2021) 0 34 0.00 [0.01;0.11]@——— 1.8%
Pitman et al (1996) 0 34 0.00 [0.00; 0.09]@——— 1.8%
Randremanana et al (2016) 2 5 0.40 [0.11; 0.80] —=a 0.9%
Roma et al (2000) 0 100 0.00 [0.00; 0.00]m 2.0%
Samuel et al (2019) 0o 13 0.00 [0.00; 0.25]#—— 1.3%
Shah et al (2016) 2 19 0.11 [0.01;033] —#———— 1.5%
Sharp et al (1995) 10 37 0.27 [0.13; 0.44] —_—a— 18%
Teshome et al (2019) 4 22 0.18 [0.03;040] —————®#———  16%
Tiruneh (2009) 8 90 0.09 [0.02;0.15] —®&— 2.0%
Tosisa et al (2020) 2 6 0.33 [0.07;0.76] —&—  1.0%
Webale et al (2020) 2 12 0.17 [0.01; 0.48] 1.3%
Random effects model . 0.07 [0.03; 0.12]  —umie— 41.1%
Heterogeneity: /> = 76%, 1* = 0.0269, 72, = 105.13 (p < 0.01)

Region = West

Afum et al (2022) 1 17 0.06 [0.00;0.29] — @ ——— 1.5%
Ajayi et al (2019) 3 10 0.30 [0.09; 0.64] ——&—— 12%
Antoine et al (2010) 7 4 0.17 [0.06; 0.32] -—— 1.8%
Bonkungou et al (2013) 5 16 0.31 [0.13; 0.58] ———  14%
Dije-Maletz et al (2008) 2 5 0.40 [0.11;0.81] — = 0.9%
Feglo et al (2019) 0 3 0.00 [0.00;0.71] 0.6%
llla et al (2022) 2 16 0.12 [0.02;0.38] —F—®%——— 1.4%
Imade et al (2015) 0 4 0.00 [0.00; 0.61] 0.8%
Iwalokun et al (2001) 1 62 0.18 [0.00;0.16] —— ] 1.9%
Kasumba et al (2023) 1 18 0.06 [0.01;0.28] —@#—— 1.5%
Kasumba et al (2023) 38 264 0.14 [0.09; 0.18] —a— 2.1%
Lawande et al (1987) 76 362 0.21 [0.16; 0.25] —.— 2.1%
Moses et al (2023) 0o 8 0.00 [0.03;0.38]8 ———————  11%
Ngoshe et al (2017) 0 32 0.00 [0.00; 0.06]®#—— 1.7%
Nitiema et al (2011) 1 18 0.06 [0.00;0.25] —@#—— 1.5%
Ogunsanya et al (1994) 3 16 0.19 [0.06; 0.46] — &>  14%
Opintan et al (2010) 0 1 0.00 [0.14;0.82] = ———— 03%
Reither et al (2007) 3 5 0.60 [0.18;0.91] —— 0.9%
Sire et al (2013) 121 0.05 [0.00; 0.24] —@—— 1.6%
Udo and Eja (2004) 0 123 0.00 [0.00; 0.02]m- 2.1%
Random effects model 0.08 [0.03; 0.15] sl 28.0%

Heterogeneity: /* = 81%, ©° = 0.0224, 13, = 100.47 (p < 0.01)

Region = South

Amukoshi et al (2017) 0 19 0.00 [0.00;0.18]#———— 1.5%
Chiyangi et al (2017) 2 12 017 [0.04;049] —F——=————— 13%
Kalule et al (2019) o " 0.00 [0.01;0.29|#%————— 1.3%
Urio et al (2001) 29 45 0.64 [0.49;0.78] > 1.8%
Random effects model 0.15 [0.00; 0.52] 5.9%

Heterogeneity: /> = 94%, ©* = 0.1385, 73 = 48.62 (p < 0.01)

Region = Central

Bercion et al (2008) 18 155 0.12 [0.02;0.13] ——— =& 2.1%
Khan et al (2013) 77 804 0.10 [0.07;0.12] - 2.2%
Lontsi et al (2017) 0 182 0.00 [0.00; 0.01]m= 2.1%
Mabika et al (2020) 0 5 0.00 [0.04;0.52]8 —— > 0.9%
Nkengkana et al (2023) 1 3 0.33 [0.06; 0.85] - 06%
Random effects model . 0.03 [0.00; 0.14] ~mmmmmim— 7.8%
Heterogeneity: /> = 92%, ©* = 0.0251, 73 = 52.36 (p < 0.01)
Random effects model . 0.08 [0.05; 0.11] ~— 100.0%
Heterogeneity: /% = 84%, < = 0.0295, 72, = 404.49 (p < 0.01) f T T T !
Test for subgroup differences: Xi =1.80,df =4 (p =0.77) 0 01 0.2 0.3 0.4
Prevalence

Fig. 6 Prevalence ofS. boydii across Africa



Nyarkoh et al. BMC Infectious Diseases (2024) 24:1217 Page 10 of 15
o
S 4
o
o
(<] [}
[}
- ° o ° ° ° °
o 4
5 <]
° ° ° '
; o 0 .
) i 0 ¢ 9% °©
o § 3
S ° ° ; °
o ° ° ° o
° o
: o o
. oo ® ° % © ° % ° o o o o
2 o .
@ o o
% 8 | ° ° o %o ° °
§ © ° ¢ o 0® ¢ 00
§ R o o ° ° ° °
7] °
° ° ° : o ° L
< (<]
. o o °
° o
o © ° [}
o
[}
w
o 4 <]
o
©
o 4
o (<]
T T T T T T
0.1 0.2 0.3 04 0.5 0.6

Freeman-Tukey Double Arcsine Transformed Proportion

Fig. 7 Funnel plot of publication bias. The graph displays the standard error of the estimate (prevalence) on the Y-axis, while the X-axis represents
the transformed proportions (prevalence) with individual studies represented by dots. The 95% confidence interval is indicated by dashed lines

on the graph

Discussion

This meta-analysis focused on determining the overall
prevalence of Shigella spp., their serogroups and anti-
microbial resistance across sub-Saharan Africa. The
pooled prevalence of Shigella spp. among 116 data points
included was 5.9% (95% CI: 4.9 — 7.0%). Systematic
reviews in South Asia and Southeast Asia have reported
similar prevalences of 7% (95% CIL: 6-7%) and 4% (95%
CIL: 4-5%) respectively[37, 38]. Other systematic reviews
in some parts of Africa have also reported similar preva-
lences of 6.2% (95% CI—0.20-12.60) in East Africa, and
6.6% (95% CI 4.7-8.8) in Ethiopia. Our systematic review
covered a larger region and included a greater number
of studies (n=113) compared to South Asia (#=7) and
Southeast Asia (n=21), East Africa (n=22) and Ethiopia
(n=27), consequently offering a more comprehensive
and precise understanding of the prevalence of Shigella
spp. Although variations in the number of studies and
study designs could contribute to differences in Shigella
prevalence, other factors like seasonal variations might
also be important. For instance, certain studies have
found a correlation between shigellosis and factors like
rainfall and temperature, indicating a higher incidence of
shigellosis during periods of above-average rainfall [39].
However, it is important to note that other studies have
not observed such associations [40, 41].

The estimated prevalence of 5.9% for Shigellosis in the
African subregion is a cause for concern, as it indicates
a significant risk of exposure to Shigella spp. among the
population. This high prevalence is particularly alarm-
ing considering the severe nature of the disease and its
potential for rapid transmission. The primary mode of
Shigellosis transmission is through the faecal-oral route,
often due to inadequate sanitation and the consump-
tion of contaminated food or water. It is important to
note that as few as 10 colony-forming units (CFU) of S.
dysenteriae or 180 CFU of S. flexneri and S. sonnei can
lead to the contraction of the disease [42, 43]. This makes
shigellosis particularly prevalent in densely populated
areas with poor sanitation and personal hygiene prac-
tices. Given the escalating tensions from conflicts in cer-
tain parts of Africa, the prevalence of shigellosis becomes
even more worrisome. The movement of troops and the
possibility of overcrowding in military camps or refu-
gee settlements could further elevate the risk of Shigella
spp. transmission, resulting in outbreaks and the spread
of the disease to a larger population. It is worth noting
that among deployed US troops in Africa, the reported
prevalence of Shigella was 6.6% [44]. Another study
reported the potential of using S. dysenteriae as a bioter-
rorism agent [45]. The seriousness of S. dysenteriae type 1
is a result of its ability to produce Shiga toxin, leading to
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severe and life-threatening dysentery with high rates of
illness and death, particularly in areas with limited access
to healthcare[46]. Additionally S. dysenteriae could be
potentially genetically engineered to increase its viru-
lence and ease of spread diagnosing and treating it is also
challenging [46].

Other factors, such as age, are strongly associated with
the incidence of Shigella spp. According to our review,
the prevalence of Shigellosis was higher in children com-
pared to adults. According to the Global Enteric Multi-
centre Study (GEMS), Shigella ranks as the second most
prevalent pathogen causing medically attended mod-
erate-to-severe diarrhoea (MSD) among children aged
12-23 months across 7 sites in sub-Saharan Africa and
South Asia. Additionally, Shigella emerged as the primary
pathogen among children aged 24-59 months in the
same regions [39]. We also observed that the prevalence
in health facility-based studies was twice as much as the
prevalence in community-based studies. The lower prev-
alence observed in community-based studies suggests a
relatively lower presence of shigellosis within the general
population outside healthcare settings. In contrast, the
higher prevalence in health facility-based studies indi-
cates a greater burden of shigellosis among individuals
seeking healthcare services. This could be due to more
severe cases or specific healthcare-seeking behaviours
associated with shigellosis. Patient seeking healthcare are
assumed to reflect the relative importance of prevalent
illnesses within a region[47].

In our study, the most dominant species was S. flexneri,
accounting for 53% (95% CI: 46.1—61.0%) of the cases.
This finding agrees with other studies, which have
reported that during outbreaks of diarrheal disease, S.
flexneri is the dominant cause of shigellosis in developing
countries, responsible for 44.5% to 80% of the cases [20,
48-50]. The second most prevalent species was S. sonnei
[11.5% (95% CI: 7.7 — 15.7%)], followed by S. dysenteriae
[10.1% (95% CI: 6.2—14.5%)] and the least prevalent was
S. boydii [7.7% (95% CIL: 4.7—11.1%)]. Another review
conducted between 1985 and 2005 in low- and middle-
income countries, reported S. sonnei as the second most
prevalent species, accounting for 25% of shigellosis cases
following S. flexneri [51]. Similarly, in another study, S.
flexneri accounted for 62% of shigellosis cases, while S.
sonnei accounted for 25% of the cases in Asia and sub-
Saharan Africa [52]. However, S. sonnei is more prevalent
in industrialized and developed countries [53]. Improved
hygiene conditions and economic growth have led to
an observed trend where S. flexneri is replacing S. son-
nei as the predominant species in the incidence of shig-
ellosis[54]. This shift has been documented in various
regions, including China [55], Vietnam [56], Bangladesh
[57] and India [58]. Interestingly, a positive correlation
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has been found between a country’s gross domestic prod-
uct (GDP) and the prevalence of S. sonnei, which is the
primary causative agent of shigellosis [51]. Several mech-
anisms have been proposed to explain this correlation.
For instance, it has been suggested that individuals living
in resource-limited environments develop natural immu-
nity to S. sonnei as a result of exposure to contaminated
surface water containing Pleisiomonas shigelloides 017,
which possesses an O antigen closely resembling that of
S. sonnei [51].

Although this study did not examine the prevalence of
serotypes in the various Shigella spp. serogroups, differ-
ent studies have emphasized that serotypes 2a and 1b are
the most endemic species of S. flexneri isolated in devel-
oping countries [7, 59]. The development of vaccine pro-
grams against Shigella has led to the development of an
effective Shigella vaccine comprising at least S. flexneri 2a
and S. sonnei. This activity is believed to provide 40-50%
protection against Shigella [38]. Recent advancements
in Shigella vaccine development have yielded several
promising candidates. These include a quadrivalent vac-
cine covering key Shigella serotypes 2a, 3a, and 6 and S.
sonnei, which has completed phase II trials in Kenyan
infants, potentially offering broad protection worldwide
[60, 61]. Another candidate, the 1790GAHB S. sonnei vac-
cine, which utilizes the GMMA platform, demonstrated
efficacy, safety, and immunogenicity in phase 2b trials in
adults [60]. Additionally, a synthetic glycan-based vaccine
targeting S. flexneri 2a showed safety, immunogenicity,
and protective efficacy against moderate to severe SF2a
shigellosis in controlled human infection model studies
[60, 62] These developments marked significant progress
towards combating Shigella infections. Children, as a key
group susceptible to Shigella infection, are a priority for
the provision of Shigella vaccines. Other groups, such
as HIV-infected individuals, charity workers, missionar-
ies, business travellers, tourists and militants, are also a
target group for vaccination because the nature of their
work exposes them to possible Shigella infection, espe-
cially in very endemic regions.

As demonstrated in this review, AMR in Shigella
strains is a growing concern as it affects the effective-
ness of antibiotic treatment options. Considering the
variations in antimicrobial resistance patterns across
different regions, the choice of antibiotic treatment for
shigellosis should be based on the specific AMR profiles
observed in each region. The 2023 report on essential
medicines by the WHO recommends that ciprofloxacin
be the first choice for treating adults and children with
dysentery, and azithromycin, cefixime, sulfamethoxa-
zole +trimethoprim and ceftriaxone as second choices
for children>41 weeks of corrected gestational age for
ceftriaxone [63]. In line with this recommendation, there
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have been various studies conducted in sub-Saharan
Africa that have highlighted susceptibility to ciprofloxa-
cin, ceftriaxone, and azithromycin [31, 64-73]. Moreo-
ver, a study conducted in Nigeria, discouraged the use of
ampicillin, tetracycline, cotrimoxazole, and streptomy-
cin as first-line drugs but instead advocated the use of
third-generation cephalosporins and fluoroquinolones
[74]. Similarly in Zimbabwe, the use of ampicillin, cot-
rimoxazole, chloramphenicol, or tetracycline is not rec-
ommended for Shigella dysenteriae type 1 infections [75,
76] whereas azithromycin is the preferred treatment for
shigellosis in Cameroon [77]. A high resistance preva-
lence has also been observed against ampicillin, chlo-
ramphenicol, and trimethoprim-sulfamethoxazole for
Shigella isolates in Eritrea [78]. Our study revealed that
the resistance prevalence for ciprofloxacin and ceftriax-
one was 10.0% (95% CI: 4.5—16.9%) and 8.5% (95% CI:
2.4 — 16.9%) indicating that these antibiotics may retain
their effectiveness in treating Shigella infections in Africa.
This suggests that ciprofloxacin and ceftriaxone could be
viable treatment options for Shigella-related illnesses in
African regions, particularly in cases where other antibi-
otics demonstrate higher resistance prevalence.

Shigella spp. have developed various mechanisms to
resist quinolone and fluoroquinolone antibiotics, posing
a significant challenge in treating shigellosis. One such
mechanism is the acquisition of chromosomal target-
site mutations [59, 79]. Recent studies have identified
two novel mutations in the parE gene of Shigella isolates,
located at codons 408 and 458 [80, 81]. These muta-
tions were found in Shigella strains collected in India in
2013 and Jiangsu Province in China in 2016 [48, 82]. The
presence of a mutation at codon 458 is thought to cause
resistance to both ciprofloxacin and nalidixic acid. On
the other hand, a single isolate with a mutation at codon
408 in parE is associated with resistance to nalidixic acid
but remains sensitive to ciprofloxacin [81]. The presence
of new mutations in the parE gene of S. flexneri isolates
appears to be linked to higher minimum inhibitory con-
centration (MIC) values for ciprofloxacin and the devel-
opment of resistance to fluoroquinolones [20]. Evidence
suggests that mutations linked to resistance against
fluoroquinolones in S. sonnei might also promote resist-
ance to other antimicrobial agents[83]. Whole-genome
sequencing of contemporaneous ciprofloxacin-resistant
S. sonnei revealed that a single clone that is widespread
in South Asia may be driving the intercontinental surge
of ciprofloxacin-resistant S. sommei and has the abil-
ity to establish endemic transmission in new locations
[84]. Ceftriaxone is recommended for the treatment of
ciprofloxacin-resistant Shigella isolates [20]. It is never-
theless noteworthy that certain strains of Shigella spp.
have developed resistance genes to cephalosporins, as
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confirmed in this study. Reports indicate that class C
B-lactamases, referred to as AmpC-type enzymes, pro-
vide significant resistance to cephalosporins. These
AmpC p-lactamases are encoded by genes found on both
plasmids and chromosomes [20, 62]. These findings also
emphasize the need to consider local antimicrobial pat-
terns when choosing first- and second-line antibiotics
for the treatment of shigellosis. Continuous surveillance
of antimicrobial resistance patterns to guide appropriate
treatment strategies is therefore of great importance.

Conclusion

The pooled prevalence of Shigella spp. in Africa was
estimated to be 5.9%. The resistance pattern of Shigella
spp. to antibiotics in this study poses a significant pub-
lic health concern, as it restricts the available treatment
options. The most commonly found species in Africa
were S. flexneri and S. sonnei. The prevalence of S. sonnei
suggests mild symptoms from infections which in turn
impacts the use of antibiotics in treatments. The misuse
of antibiotics in Africa has contributed to the escalation
of resistance, emphasizing the necessity for alternative
approaches to reduce reliance on antibiotics. Vaccine
development is a prioritized area; however, progress has
been impeded by the diverse range of Shigella serotypes
and the complexity involved in developing effective vac-
cines. The substantial burden of Shigellosis in Africa
emphasizes the urgent requirement for interventions and
innovative solutions to address this issue.

Limitations

This current review was subject to some limitations
that need to be addressed. First, the estimated preva-
lence of 5.9% may not be an accurate representation of
the situation in Africa. This can be attributed to differ-
ent factors. Almost all studies included in this analysis
used stool culture for the isolation of Shigella. Stool
culture, even though the standard for isolating Shi-
gella spp., has been criticized for its lower sensitivity
and lack of specificity, potentially leading to underes-
timation [85]. Furthermore, our systematic review had
more health-based studies compared to community-
based studies. The limited community-based studies
suggests that the overall estimation of Shigella preva-
lence reported may not accurately represent the entire
African population. Conversely, the inclusion of more
community studies could have revealed an even higher
prevalence, considering the presence of asymptomatic
Shigella spp. and individuals engaging in self-med-
ication, which is common in Africa due to diarrhoea.
Another limitation of our study is the distribution of



Nyarkoh et al. BMC Infectious Diseases (2024) 24:1217

the studies in Africa. Out of the 54 African countries,
only 29 were represented in this meta-analysis, with a
majority from East African countries. This introduces a
potential bias and highlights a knowledge gap regarding
the distribution of shigellosis across Africa. To address
these limitations, it is recommended that more surveil-
lance studies be conducted in African countries lacking
epidemiological data to obtain comprehensive report-
ing on the burden of shigellosis. Despite these limita-
tions, this study presents a recent assessment of the
burden of shigellosis in Africa, offering updated infor-
mation. Moreover, it contributes valuable insights into
the distribution of Shigella species and the prevalence
of antimicrobial resistance among Shigella strains in
Africa.

Recommendation

There is the need to explore alternative treatments for
shigellosis with particular focus on vaccine develop-
ment. There is also the need for more genomic epide-
miology studies exploring the dissemination and risk of
drug-resistant S. sonnei clones in Africa.
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