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Abstract
Background  The treatment of Shigella infections has become a major challenge due to the emergence of multidrug-
resistant Shigella. There is however insufficient knowledge regarding the molecular epidemiology of Shigella strains 
producing beta-lactamases in Africa. This systematic review investigated the scientific literature on the molecular 
epidemiology of extended-spectrum beta-lactamase (ESBL) and carbapenemases producing Shigella in Africa.

Methods  Papers published in English and French from African countries on the molecular epidemiology of ESBL and 
carbapenemase producing Shigella from January 1999 to July 5, 2024 were reviewed. An extensive literature search 
was conducted through electronic databases including PubMed, Scopus, Web of Sciences, African Journals Online 
(AJOL) and Google scholar using specific keywords. The meta-analysis and forest plots of Shigella species, ESBL and 
carbapenemases genes were done using the comprehensive Meta-Analysis software. All data were analyzed using a 
binary random-effects model by the DerSimonian-Laird method at a 95% confidence interval.

Results  Out of the 583 research articles, only 18 (3.1%) articles representing eleven countries were included in 
the meta-analysis. The overall pooled prevalence of ESBL and Carbapenem Resistant (CR)-producing Shigella was 
estimated as 41.2% (95% CI: 22.8–62.4; I2 = 93.7%, p < 0.05). The leading ESBL and CR-producing Shigella species 
reported in this review was Shigella flexneri, 34.5% (95% CI: 16.6–58.2; I2 = 94.9%, p < 0.05). ESBL and CR-producing 
Shigella sonnei was the least reported with estimated prevalence of 6.7% (95% CI: 3.4–13.2; I2 = 80.7%, p < 0.05). In 
this review, blaTEM, blaOXA−1, and blaCTX−M were the most prevalent genes in Africa with prevalence of 25.9% (95% CI: 
13.9–43.2; I2 = 90.9%, p < 0.05), 25.7% (95% CI: 14.9–43.0; I2 = 93.7%, p < 0.05), and 10.8% (95% CI: 4.5–23.4; I2 = 85.6%, 
p < 0.05) respectively. The prevalence of Carbapenemases genes on the other hand was low, reported as 0.8% (95% CI: 
0.2–10.3; I2 = 51.4%; p < 0.05) for blaNDM, 1.1% for blaKPC, and 0.5% for blaIMP.
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Background
Shigella is one of the bacteria in the Enterobacterales 
family responsible for diarrheal diseases. Among the 
four serogroups, composed of group A (Shigella dys-
enteriae), group B (Shigella flexneri), group C (Shigella 
boydii) and group D (Shigella sonnei), Shigella flexneri 
and Shigella dysenteriae have been identified as the lead 
cause of bacterial dysentery in developing countries [1]. 
Shigella is a pathogen which is mostly transmitted to 
humans through various means especially through con-
taminated food or water and person-to-person contact. 
According to The et al., Shigella is largely responsible for 
severe dysentery with bloody stools and mild diarrhea. 
Shigella can also cause fatal dehydration, especially in 
vulnerable populations, such as children under five years, 
the elderly and immunocompromised individuals [2]. 
Shigellosis is a global public health concern. Annually, 
there are about 165 million reported or confirmed cases 
of shigellosis and approximately 1 million deaths world-
wide [3]. On a global scale, developing countries have a 
reportedly greater risk than developed countries [4]. S. 
flexneri, S. dysenteriae, and S. boydii are considered as 
the most prevalent species found in developing countries 
[5]. According to Ayele et al., it is difficult to evaluate the 
burden of Shigella infection in developing countries due 
to the limited scope of studies and lack of coordinated 
epidemiological surveillance systems [6]. However, in 
East Africa, the prevalence of Shigella was estimated at 
6.2% [6]. A recent study conducted in Mali, Gambia and 
Kenya showed a 7.4% prevalence of Shigella among diar-
rhea samples [7].

Nowadays, the multidrug resistance of Shigella spp. 
is increasingly recognized as of significant concern in 
developing countries especially in Africa. Reports from 
different studies have suggested an ever increasing resis-
tance of Shigella to β-lactam, quinolones, aminoglyco-
sides, sulfonamides and tetracyclines [5, 6, 8, 9]. Only 
carbapenem was considered as a last resort alternative 
to fight against shigellosis [5, 10]. β-lactam, which were 
once considered antibiotics of last resort, are now inef-
fective against Enterobacterales, which explains the 
recent increased use of carbapenem antibiotics [11]. This 
phenomenon contributes to accelerate the emergence 
and dissemination of carbapenem-resistant Enterobac-
terales (CRE). These bacteria have been identified as 

high priority antimicrobial resistance (AMR) pathogens 
of public health concern according World Health Orga-
nization (WHO) [12]. According to WHO, CRE and 
third-generation cephalosporin-resistant (ESBL) Entero-
bacterales are considered critical priority pathogen, while 
fluoroquinolones-resistant Shigella spp. are considered 
high priority pathogen [13].

Many studies in Africa have focused on the multidrug-
resistance of Shigella but, more of these studies have 
emphasized its phenotypic resistance [6, 14]. Therefore, 
for the establishment of a robust system for monitor-
ing and combating multidrug-resistant (MDR) Shigella, 
molecular data is essential. Data on the molecular epide-
miology of ESBL and carbapenem resistance (CR) pro-
ducing Shigella in Africa are scarce and are not well 
documented in the literature. We undertook this sys-
tematic review focusing on the molecular characteriza-
tion of ESBL and CR producing Shigella in the literature 
to provide supplementary information to the scientific 
community and policymakers to support the effective 
implementation of a surveillance system against multi-
drug-resistant Shigella. To our knowledge, this is the first 
study that has reported an assessment concerning the 
molecular epidemiology of ESBL and CR producing Shi-
gella in Africa. This review aimed to generate a database 
concerning molecular epidemiology of ESBL and CR 
producing Shigella in Africa. The main objectives were 
to (i) highlight the prevalence of ESBL and carbapene-
mases-producing Shigella isolates in Africa, (ii) identify 
the most prevalent ESBL and CR-producing Shigella spe-
cies associated with this resistance and (iii) determine 
the most common ESBL and carbapenemase resistance 
genes found in Shigella in Africa.

Methods
Study design
This study was conducted from May 5, 2024 to July 5, 
2024. Its objective was to review publications from Afri-
can countries published between January 1999 to July 5, 
2024, including those found in scientific databases such 
as PubMed, Scopus, Web of Science, African Journals 
Online (AJOL) and Google Scholar, following the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines. The authors selected 
these databases for their comprehensive coverage, 

Conclusion  This study highlighted Shigella flexneri as the most prevalent ESBL and CR-producing Shigella species 
found in various African countries. The findings from this review indicate blaTEM, blaOXA−1 and blaCTX−M as the most 
prevalent genes in Africa while carbapenemases are least prevalent. The findings from the study suggest that ESBL 
and CR-producing Shigella pose a significant public health threat in Africa. Effective antimicrobial resistance (AMR) 
surveillance strategies are needed to improve the management and treatment of Shigella infections in Africa.
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Public health, Africa
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authority and rigorous indexing and quality control. 
These databases also have a strong reputation in system-
atic literature reviews. Additionally, a Google scholar 
search was conducted to capture any grey literature or 
articles not found in the four selected databases. The 
search was carried out using specific keywords “Shi-
gella, Shigella species, Shigella flexneri, Shigella boydii, 
Shigella dysenteriae, Shigella sonnei, shigellosis, Shigella 
infections, Extended-Spectrum Beta-Lactamase, beta-
lactamase as penicillinase (such as TEM-1), oxacillinase 
(OXA-1), AmpC (CMY), carbapenemase (NDM, KPC, 
IMP, VIM, OXA-48), ESBL (CTX-M, TEM-3, SHV-2), 
Multidrug-resistant, MDR, antibiotic resistance, anti-
microbial resistance genes, carbapenem resistance, car-
bapenemase-producing, Metallo-β-lactamase, molecular 
epidemiology, molecular characterization, Africa, and 
the country name” (Supplementary Table S1). Only arti-
cles published in English and French were considered for 
inclusion in the study.

Study eligibility criteria
All articles downloaded on the different databases were 
reviewed, the results exported to Excel software and 
then compiled. Rayyan AI was utilized to eliminate any 
remaining duplicates and to categorize and consolidate 
the results (available at https:/​/new.ra​yyan.ai​/rev​iews/ 
https:/​/doi.or​g/10.60​801/​screening) while Endnote ​s​o​f​t​
w​a​r​e was used to manage the collected publications and 
citations.

Inclusion criteria
The inclusion criteria for the various articles were full-
text available research articles reporting the prevalence 
of ESBL and carbapenemase-producing Shigella isolated 
in African countries, as well as studies detailing the study 
population and the phenotypic and molecular methods 
used to detect ESBL and carbapenem-resistance. The 
literature search spanned all publications from the last 
25 years (January 1999 to July 5, 2024). The screening of 
articles for inclusion were done by three reviewers SNS, 
RN, and AT.

Exclusion criteria
Any article that contained incomplete information or 
only used phenotypic methods for antimicrobial detec-
tion as well as review articles, conference proceedings, 
duplicate articles, abstracts, posters, and studies from 
non-African countries were removed.

Data extraction
Full texts of the screened publications were obtained 
from the appropriate sources and the data was collected 
and organized in an MS Excel spreadsheet by the three 
reviewers SNS, RN, and AT. The data extraction was 

done by two independent reviewers (SNS and RN) to 
ensure accuracy. Data were categorized under multiple 
headings such as study period, publication year, coun-
try, samples source, number of isolates, number of ESBL 
and CR producing Shigella spp., ESBL and CR Producing, 
Shigella species, methods for gene detection, prevalence 
of ESBL and CR genes (Fig. 1).

Study quality
The Joanna Briggs Institute (JBI) checklist for prevalence 
studies was used to assesses the quality of the studies 
[15]. It was done by two independent reviewers (NSS and 
RN). The JBI checklist contains nine questions that were 
weighted as follows: 1 for a YES response or 0 for a NO 
response.

Data analysis
The extracted data were used for descriptive statistics 
analysis. Excel 2013 was used for data entry while the 
meta-analysis, forest plots, funnel plots of Shigella spe-
cies and different resistance genes, as well as estimation 
of the country effect, were done using the comprehen-
sive meta-analysis by SNS and RN. All data generated 
were analyzed using a random-effects model based on 
the DerSimonian-Laird method for estimating the 
between-study variance with a 95% confidence interval. 
The random-effects model was also used in calculating 
the pooled prevalence of each ESBL and CR-producing 
Shigella species, and also ESBL and CR genetic determi-
nants. We used the inverse variance index (I2) to quantify 
the heterogeneity across the studies included in the ran-
dom-effects model. An I2 value > 50% indicated consider-
able heterogeneity. Statistical significance was denoted as 
p value < 0.05 [16]. Egger’s test was used to validate the 
asymmetry of the funnel plot. The Heatmap plot was 
generated using the R programming language (version 
4.4.1) in R Studio for Windows Version: 2024.04.2 + 764 
with the ggplot2 package used to generate the heatmap.

Results
Characteristics of the included studies
The search generated 583 research articles (Fig.  1). A 
total of 18 (3.1%) full text articles were accessible and uti-
lized for the meta-analysis. The study characteristics are 
detailed in Table  1. The included studies were found in 
only 11 countries, namely Egypt (4/18), Nigeria (3/18), 
Ghana (2/18), Senegal (2/18), Gabon, Libya, Malawi, 
Mozambique, Niger, Tanzania and Zimbabwe (1/18 in 
each country) (Table  1). The reviewed studies included 
clinical, animal and food products samples. Out of the 18 
included studies, 11 studies pertained to clinical samples, 
4 focused on food products, 1 addressed animal samples, 
and 2 targeted mixed samples (comprising clinical, envi-
ronment, animal and food products) (Table 1).

https://new.rayyan.ai/reviews/
https://doi.org/10.60801/screening
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Meta-analysis
Pooled prevalence of ESBL and CR producing Shigella in 
Africa
The included studies revealed a total of 403 ESBL and 
carbapenem-resistant isolates, with an average pooled 

prevalence of 41.2% (95% CI: 22.8–62.4, I2 = 93.7%, 
p < 0.05) (Fig.  2). Figure  3 displays a funnel plot show-
ing publication bias in effect estimates among studies 
examining the prevalence of ESBL and CR producers in 
Africa. This publication bias was statistically confirmed 

Fig. 1  Flow chart of systematic literature search, identification, screening, and article selection

 



Page 5 of 16Somda et al. BMC Infectious Diseases           (2025) 25:81 

Co
un

tr
ie

s
A

ut
ho

rs
Pe

ri
od

Sa
m

pl
es

 
(N

um
b)

N
o.

 o
f 

is
ol

at
es

Sh
ig

el
la

 s
pe

ci
es

 (N
um

b)
Pr

ev
 

%
M

et
ho

ds
ES

BL
 a

nd
 C

R 
is

ol
at

es
 

(N
um

b)
ES

BL
 a

nd
 

CR
 p

re
va

-
le

nc
e 

%

EB
SB

L 
an

d 
CR

 
ge

ne
s

ES
BL

/
CR N

um
b

Pr
ev

 o
f 

ES
BL

 
an

d 
CR

 
ge

ne
s 

%
Eg

yp
t

[4
5]

19
90

–
19

94
 a

nd
 

20
00

–2
00

4

St
oo

l (
46

)
46

Sh
ig

el
la

 fl
ex

ne
ri1

c 
(4

6)
10

0.
0

PC
R,

 P
FG

E,
 

Se
qu

en
ci

ng
46

 [S
hi

ge
lla

 fl
ex

ne
ri1

c]
10

0.
0

bl
a TE

M
, b

la
SH

V, 
bl

a O
XA

−
1

32
; 0

; 8
70

.0
; 0

.0
; 

30
.0

Eg
yp

t
[4

6]
m

ea
t p

ro
du

ct
s 

(8
00

) a
nd

 d
ai

ry
 

pr
od

uc
ts

 (8
00

)

27
Sh

ig
el

la
 fl

ex
ne

ri 
(1

8)
, 

Sh
ig

el
la

 so
nn

ei
 (6

), 
an

d 
Sh

ig
el

la
 d

ys
en

te
ria

e 
(3

)

1.
69

PC
R,

 
Se

qu
en

ci
ng

21
 [S

. fl
ex

ne
ri 

(1
5)

, S
. 

so
nn

ei
 (5

), 
an

d 
S.

 d
ys

en
-

te
ria

e 
(1

)]

77
.8

 (S
. 

fle
xn

er
i 

55
.6

, S
. 

so
nn

ei
 

18
.5

, a
nd

 
S.

 d
ys

en
te

-
ria

e 
3.

7)

bl
a O

XA
−

1; 
bl

a C
TX

−
M

−
15

, 
bl

a CT
X−

M
−3

; b
la

CT
X−

M
−1

4; 
bl

a TE
M

−
1, 

bl
a CM

Y−
2; 

bl
a SH

V−
2

9;
 3

; 1
; 

1;
 4

; 
2;

 1

33
.3

; 
11

.1
1;

 
3.

70
; 3

.7
0;

 
14

.8
; 7

.4
; 

3.
70

Eg
yp

t
[4

7]
20

18
ra

w
 c

ow
 m

ilk
 

an
d 

m
ilk

 p
ro

d-
uc

ts
 (6

00
)

42
Sh

ig
el

la
 fl

ex
ne

ri 
(1

2)
, 

Sh
ig

el
la

 so
nn

ei
 (6

), 
an

d 
Sh

ig
el

la
 d

ys
en

te
ria

e 
(2

4)

7.
0

PC
R

42
 [S

hi
ge

lla
 fl

ex
ne

ri 
(1

2)
, 

Sh
ig

el
la

 so
nn

ei
 (6

), 
an

d 
Sh

ig
el

la
 d

ys
en

te
ria

e 
(2

4)
]

10
0

bl
a TE

M
, b

la
C

TX
−

M
42

; 1
2

10
0.

0;
 

28
.6

Eg
yp

t
[4

8]
be

ef
, c

hi
ck

en
 

m
ea

t, 
co

w
's 

m
ilk

, a
nd

 d
ia

r-
rh

ei
c 

ch
ild

 st
oo

l 
(2

60
 (6

5 
ea

ch
 

pr
od

uc
t)

13
Sh

ig
el

la
 fl

ex
ne

ri 
(1

2)
, 

Sh
ig

el
la

 so
nn

ei
 (1

)
5.

0
PC

R
5 

[S
. fl

ex
ne

ri 
(4

), 
S.

 so
n-

ne
i (

1)
]

38
.4

6
bl

a TE
M

5
38

.4
6

G
ab

on
[4

9]
St

oo
l (

37
)

37
S.

 fl
ex

ne
ri 

(2
9)

; S
. b

oy
di

i (
5)

; 
S.

 S
on

ne
i (

3)
12

.5
PC

R,
 M

LS
T

8 
[S

. b
oy

di
i (

4)
, S

. fl
ex

nr
i 

(3
), 

S.
 so

nn
ei

 (1
)]

22
.0

bl
a TE

M
8

22
.0

G
ha

na
[5

0]
20

12
 to

 
20

14
Cl

in
ic

al
 (1

11
)

1
Sh

ig
el

la
 so

nn
ei

 (1
)

0.
9

PC
R

1 
[S

hi
ge

lla
 so

nn
ei

 (1
)]

0.
9

bl
a N

D
M

−
1

1
0.

9

G
ha

na
[5

1]
20

12
 to

 
20

14
Cl

in
ic

al
 (1

31
)

2
Sh

ig
el

la
 so

nn
ei

 (2
)

1.
53

ER
IC

-P
CR

2[
Sh

ig
el

la
 so

nn
ei

 (2
)]

1.
53

bl
a N

D
M

−
1; 

bl
a TE

M
1;

 1
0.

76
; 0

.7
6

Li
by

a
[2

0]
20

09
 a

nd
 

20
17

Cl
in

ic
al

 (N
A)

54
So

nn
ei

 so
nn

ei
 (2

5)
; S

hi
ge

lla
 

fle
xn

er
i (

15
); 

Sh
ig

el
la

 b
oy

di
i 

(1
0)

; S
hi

ge
lla

 d
ys

en
te

ria
e 

(4
)

N
A

W
G

S 
(N

an
op

or
e 

M
in

IO
N

); 
M

LS
T

21
 [(

8 
S.

 so
nn

ei
 6

 S
. 

fle
xn

er
i; 

3 
S.

 b
oy

di
i; 

4 
S.

 
dy

se
nt

er
ia

e]

38
.8

9
bl

a C
TX

−
M

−
15

; 
bl

a C
TX

−
M

−
3;

bl
a TE

M
, 

bl
a O

XA
−

1

10
; 5

; 
9;

 9
18

.5
2;

 
9.

27
; 

16
.6

7;
 

16
.6

7
M

al
aw

i
[5

2]
20

12
 a

nd
 

20
15

St
oo

l (
10

)
6

Sh
ig

el
la

 fl
ex

ne
ri 

(5
); 

Sh
i-

ge
lla

 b
oy

di
i (

1)
60

.0
PC

R
3 

[S
. fl

ex
ne

ri 
(2

); 
S.

 b
oy

di
i 

(2
)]

30
.0

bl
a TE

M
, b

la
O

XA
−

1
2;

 1
20

.0
; 1

0.
0

M
oz

am
bi

qu
e

[5
3]

20
07

 to
 

20
12

St
oo

l (
37

57
)

67
Sh

ig
el

la
 fl

ex
ne

ri 
(5

2)
; 

Sh
ig

el
la

 so
nn

ei
 (1

5)
1.

78
PC

R;
 P

FG
E

32
 [S

. fl
ex

ne
ri 

(2
9)

; S
. 

so
nn

ei
 (3

)]
47

.7
6

bl
a O

XA
−

1; 
bl

a C
TX

−
M

32
; 1

47
.7

6;
 

1.
49

N
ig

er
[5

4]
03

 to
 1

2 
20

16
St

oo
l (

31
6)

16
Sh

ig
el

la
 b

oy
di

i (
2)

; S
hi

ge
lla

 
fle

xn
er

i (
7)

; S
hi

ge
lla

 so
nn

ei
 

(2
); 

Sh
ig

el
la

 sp
p.

 (5
)

5.
06

PC
R

16
[S

hi
ge

lla
 b

oy
di

i (
2)

; 
Sh

ig
el

la
 fl

ex
ne

ri 
(7

); 
Sh

i-
ge

lla
 so

nn
ei

 (2
); 

Sh
ig

el
la

 
sp

p.
 (5

)]

10
0.

0
bl

a TE
M

; b
la

O
XA

−
1

13
; 1

0
81

.2
5;

 
62

.5

Ta
bl

e 
1 

Re
vi

ew
 o

f A
fri

ca
 b

as
ed

 e
xt

en
de

d 
sp

ec
tr

um
 b

et
a-

la
ct

am
as

e 
an

d 
ca

rb
ap

en
em

-re
sis

ta
nc

e 
st

ud
ie

s i
n 

Af
ric

a



Page 6 of 16Somda et al. BMC Infectious Diseases           (2025) 25:81 

Co
un

tr
ie

s
A

ut
ho

rs
Pe

ri
od

Sa
m

pl
es

 
(N

um
b)

N
o.

 o
f 

is
ol

at
es

Sh
ig

el
la

 s
pe

ci
es

 (N
um

b)
Pr

ev
 

%
M

et
ho

ds
ES

BL
 a

nd
 C

R 
is

ol
at

es
 

(N
um

b)
ES

BL
 a

nd
 

CR
 p

re
va

-
le

nc
e 

%

EB
SB

L 
an

d 
CR

 
ge

ne
s

ES
BL

/
CR N

um
b

Pr
ev

 o
f 

ES
BL

 
an

d 
CR

 
ge

ne
s 

%
N

ig
er

ia
[5

5]
53

6 
(U

rin
e 

(1
48

), 
st

oo
l (

70
), 

w
ou

nd
 

sw
ab

s (
64

), 
ea

r 
di

sc
ha

rg
e 

(3
8)

, 
an

d 
bl

oo
d 

(9
4)

; 
Ta

p 
w

at
er

 (1
22

))

38
Sh

ig
el

la
 so

nn
ei

 (3
8)

8.
8

PC
R

5 
[S

hi
ge

lla
 so

nn
ei

 (5
)]

13
.1

6
bl

a TE
M

; b
la

C
TX

−
M

3;
 2

7.
89

; 5
.2

6

N
ig

er
ia

[5
6]

D
oo

r s
w

ab
s (

70
)

2
Sh

ig
el

la
 sp

p.
 (2

)
2.

86
PC

R
1[

Sh
ig

el
la

 sp
p.

 (1
)]

50
.0

bl
a TE

M
1

50
.0

N
ig

er
ia

[5
7]

yo
gh

ur
t s

am
pl

es
 

(3
0)

4
Sh

ig
el

la
 sp

p.
 (4

)
13

.3
3

PC
R

1[
Sh

ig
el

la
 sp

p.
 (1

)]
25

.0
bl

a SH
V

1
25

.0

Se
ne

ga
l

[5
8]

St
oo

l (
1)

1
Sh

ig
el

la
 sp

p.
 (1

)
10

0
PC

R
1[

Sh
ig

el
la

 sp
p.

 (1
)]

10
0.

0
bl

a C
TX

−
M

−
1

1
10

0.
0

Se
ne

ga
l

[5
9]

20
01

 to
 

20
10

M
ix

ed
 (N

A)
19

0
Sh

ig
el

la
 fl

ex
ne

ri 
(1

90
)

N
A

PC
R,

 
se

qu
en

ci
ng

16
3[

Sh
ig

el
la

 sp
p.

 (1
63

)]
86

.0
bl

a O
XA

−
30

; b
la

TE
M

; 
bl

a SH
V; 

bl
a C

TX
−

M
1; 

bl
a KP

C; 
bl

a IM
P

15
5;

 
85

; 1
3;

 
9;

 2
; 1

81
.5

8;
 

44
.7

4;
 

6.
84

; 4
.7

4;
 

1.
05

; 0
.5

3
Ta

nz
an

ia
[6

0]
07

 to
 0

9 
19

97
St

oo
l (

N
A)

86
Sh

ig
el

la
 fl

ex
ne

ri 
(7

8)
, S

hi
-

ge
lla

 d
ys

en
te

ria
e 

(4
), 

an
d 

Sh
ig

el
la

 so
nn

ei
 (4

)

N
A

PF
G

E,
 

RE
P-

PC
R

14
 [S

. fl
ex

ne
ri 

(1
0)

, S
. 

so
nn

ei
 (1

); 
S.

 d
ys

en
te

ria
e 

(3
)]

16
.2

8
bl

a TE
M

, b
la

O
XA

3;
 1

1
3.

49
; 

12
.7

9

Zi
m

ba
bw

e
[6

1]
08

 2
01

6 
an

d 
05

 
20

17

fe
ac

es
, u

rin
e 

an
d 

bl
oo

d 
(N

A)
12

3
Sh

ig
el

la
 fl

ex
ne

ri 
(8

7)
; 

Sh
ig

el
la

 so
nn

ei
 (1

8)
, S

hi
-

ge
lla

 b
oy

di
i (

11
), 

Sh
ig

el
la

 
dy

se
nt

er
ia

e 
(7

)

N
A

PC
R

14
 [S

. fl
ex

ne
ri 

(1
1)

, S
. 

so
nn

ei
 (2

), 
S.

 b
oy

di
i (

1)
]

11
.3

8
bl

a TE
M

, b
la

SH
V, 

bl
a C

TX
M

12
; 9

; 3
9.

76
; 7

.3
2;

 
2.

44

N
A

 =
 n

ot
 a

va
ila

bl
e;

 N
um

b.
 =

 N
um

be
r, 

%
 =

 P
er

ce
nt

; P
re

v.
 =

 P
re

va
le

nc
e;

 C
R 

= 
Ca

rb
ap

en
em

 R
es

is
ta

nc
e,

 E
SB

L =
 E

xt
en

de
d-

sp
ec

tr
um

 b
et

a-
la

ct
am

as
es

.

M
ix

ed
 s

am
pl

es
 =

 co
m

po
se

d 
of

 s
ev

er
al

 e
le

m
en

ta
ry

 s
am

pl
es

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 7 of 16Somda et al. BMC Infectious Diseases           (2025) 25:81 

with Egger’s test (p < 0.0001). The majority of the iso-
lates were from Senegal (n = 164, 40.7%), with a low inci-
dence reported from Ghana and Malawi (n = 3, 0.7% each 
country). Following the meta-analysis, ESBL and CR-
producing Shigella spp. (species not individually identi-
fied) were reported in Africa, with a pooled prevalence of 
35.1% (95% CI: 18.4–56.3, I2 = 97.7%, p < 0.05; Fig. 4. The 
highest prevalence was observed for Shigella flexneri at 
34.5% (95% CI: 16.6–58.2, I2 = 94.9%, p < 0.05; Fig. 4), fol-
lowed by Shigella dysenteriae at 10.6% (95% CI: 1.5–48.5, 
I2 = 93.5%, p < 0.05; Fig. 4), Shigella boydii at 8.3% (95% CI: 
3.7–17.4, I2 = 50.4%, p = 0.09; Fig.  4), and Shigella sonnei 
at 6.7% (95% CI: 3.4–13.2, I2 = 80.7%, p < 0.05; Fig. 4). The 
analysis indicated a heterogenous distribution of effect 
estimates across the studies as confirmed by the funnel 
plot and statistically significant results from Egger’s test 
(p < 0.0001) (Fig. 5).

Majority of ESBL and CR producing Shigella flexneri 
were reported in Senegal (163/308, 52.9%), and Egypt 
(77/308, 25.0%). Conversely, lower reports were observed 
in Mozambique (29/308, 9.4%), Malawi (2/308, 0.6%) and 
Gabon (3/308, 1.0%). Furthermore, ESBL and CR pro-
ducing Shigella spp. were only reported in Niger (5/23, 
21.7%), Nigeria (2/23, 8.7%) and the least of Shigella spp. 
reported in Senegal (1/23, 4.3%). Shigella dysenteriae 

were predominantly reported in Egypt (25/32, 78.1%) fol-
lowed by Libya (4/32, 12.5%) and Tanzania (3/32, 9.4%). 
Likewise, Shigella boydii were largely reported in Gabon 
(4/13, 30.8%), followed by Libya (3/13, 23.1%), Malawi 
and Niger (2/13, 15.4%, each) and Zimbabwe (1/13, 
7.69%). As for ESBL and CR producing Shigella sonnei, 
the majority were reported in Egypt (12/42, 28.6%) with 
lower reports in Gabon and Tanzania (1/42, 2.4%).

Pooled prevalence of ESBL and CR genetic determinants in 
Africa
Figure 6 shows the distribution of ESBL and CR in Afri-
can countries, with a pooled prevalence of 36.4% (95% 
CI: 16.1–63.2, I2 = 96.7%, p < 0.05). The funnel plot in 
Fig. 7 shows a heterogenous distribution (bias) of effect 
estimates of ESBL and CR genetic determinants in Africa 
statistically confirmed with Egger’s test (p < 0.0001). 
The prevalence of ESBL and carbapenemases genes in 
Africa considerably varied among countries and depends 
also on the genes detected. From the analysis, the most 
widespread gene in Africa is blaTEM (n = 220) with an 
average pooled prevalence of 25.9% (95% CI: 13.9–43.2, 
I2 = 90.9%, p < 0.05), followed by blaOXA−1 (n = 80) 25.7% 
(95% CI: 14.9–43.0, I2 = 83.7%, p < 0.05), blaCTX−M (n = 48) 
at 10.8% (95% CI: 4.5–23.4, I2 = 85.6%, p < 0.05) and blaSHV 

Fig. 2  Forest plot with adjusted average prevalence of ESBLs and carbapenem-resistance of Shigella in Africa. Legend: Random Effects Mode (95% CI: 
22.8–62.4, I2 = 93.71%, p < 0.05). X-axis is the proportion of the countries reported in individual studies as listed along the Y-axis, with the range of propor-
tion in 95% confidence interval (CI). I2 = heterogenicity, p = p-value. The estimate of prevalence was calculated by pooling 18 studies using the random-
effects model
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(n = 24) 7.2% (95% CI: 4.8–10.5, I2 = 0%, p = 0.55) as shown 
in Fig.  6. Furthermore, blaOXA−30 (n = 155) was reported 
at 81.58% in one included study from Senegal, while the 
prevalence of the blaCMY−2 gene at 7.4% was low. The 
blaTEM genes were predominantly reported in Senegal 
(85/220, 38.6%) and Egypt (83/220, 37.7%). Of the 220 
isolates with blaTEM, fewer were from Ghana (1/220; 
0.5%), Malawi (2/220, 0.9%), Tanzania (3/220, 1.4%) and 
Nigeria (4/220, 1.8%). Additionally, the blaSHV genes 
were only reported from Senegal (13/24, 54.2%), from 
Zimbabwe (9/24, 37.5%) and from Nigeria and Egypt 
(1/24, 4.2%). The study findings show that the majority of 
blaCTX−M genes were reported from Egypt (17/48, 35.4%) 
followed by Libya (15/48, 31.3%) and Senegal (10/48, 
20.8%) with low occurrence reported from Zimbabwe 
(3/48, 6.3%), from Nigeria (2/48, 4.2%) and from Mozam-
bique (1/48, 2.1). The prevalence of carbapenem genes 
was low with occurrences of blaNDM (n = 2) 0.8% (95% 
CI: 0.2–10.3, I2 = 51.4%, p < 0.05) from Ghana and blaKPC 
(n = 2) 1.1% (one included study), and blaIMP (n = 1) 0.5% 
(one included study) from Senegal.

Pooled prevalence of ESBL and carbapenemases genes 
patterns of Shigella species
The only study conducted in Niger, as noted in this 
review, did not provide specific details about ESBL and 
carbapenemase-producing Shigella species. Figure  8 

shows the distribution of ESBL and CR gene patterns of 
Shigella species.

Shigella flexneri  Analysis of 18 eligible studies in our 
meta-analysis reveal that generally, the prevalence of S. 
flexneri and blaTEM genes were most reported (Fig.  8). 
The pooled prevalence of blaTEM-producing Shigella was 
12.0% (95% CI: 5.0-26.1, I2 = 92.5%, p < 0.05). Our review 
showed that the highest prevalence of blaTEM in Shigella 
flexneri was recorded in Senegal (n = 85, 44.5%) followed by 
Egypt (n = 51, 39.8%) and the lowest prevalence recorded 
in Libya (n = 1, 1.9%). Also, blaSHV gene-producing S. flex-
neri was reported in only three countries, with the highest 
prevalence in Senegal (n = 12, 6.3%) followed by Zimba-
bwe (n = 7, 5.7%), and the lowest in Egypt (n = 1, 0.8%). The 
overall pooled prevalence of blaCTX−M-producing Shigella 
flexneri was 5.3% (95% CI: 3.3–8.3, I2 = 28.8%, p = 0.234). 
A similar observation of low prevalence was seen in 
Egypt (n = 10, 7.8%), Libya (n = 4, 7.4%), Senegal (n = 10, 
5.2%), Zimbabwe (n = 3, 2.4%), and in Mozambique (n = 1, 
1.5%). Additionally, the pooled prevalence of blaOXA−1-
producing Shigella flexneri was found to be 13.4% (95% 
CI: 5.0-31.5, I2 = 89.7%, p < 0.05) with the highest preva-
lence reported in Mozambique (n = 29, 43.3%) and the 
lowest in Libya (n = 3, 5.6%). Further, blaCMY−2-producing 
Shigella flexneri was only recorded in Egypt (n = 1, 0.8%). 
On the other hand, blaKPC (n = 2, 1.1%), and blaIMP (n = 1, 

Fig. 3  Funnel plot with adjusted average prevalence of ESBLs and carbapenem-resistance of Shigella in Africa. Legend: The distribution of effect esti-
mates is shown by a 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 small circles. The 95% confidence interval is indicated by 
solid lines on the graph
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0.5%) were reported in Senegal while blaOXA−30, blaNDM, 
were not reported in Shigella flexneri.

Shigella sonnei  The prevalence of blaTEM-producing 
S. sonnei was found to be low at 3% (95% CI: 1.5–5.9, 
I2 = 46.5%, p = 0.08). Notably, blaCTX−M-producing S. 
sonnei was recorded in Egypt (n = 7, 5.5%), Libya (n = 3, 
5.6%), and in Nigeria (n = 2, 4.5%) while blaOXA−1 was only 
reported in Egypt (n = 2, 1.6%) and Mozambique (n = 3, 

4.5%). Additionally, blaNDM and blaCMY−2 were reported 
respectively in Ghana (n = 2, 0.8%), and in Egypt (n = 1, 
0.8%).

Shigella dysenteriae  The prevalence of blaTEM and bla-
OXA−1 in Egypt were reported as (n = 24, 18.8%), and (n = 1, 
0.8%) respectively while in Libya it was (n = 1, 1.9%) and 
(n = 2, 3.7%). In addition, blaSHV producing S. dysente-
riae was only found in Zimbabwe (n = 1, 0.8%). However, 

Fig. 4  Forest plot with adjusted average prevalence of Shigella species in Africa. Legend: Random Effects Mode (95% CI: 18.4–56.3, I2 = 0%, p = 0.666). 
X-axis is the proportion of the Shigella species reported in individual studies as listed along the Y-axis, with the range of proportion in 95% confidence 
interval (CI). I2 = heterogenicity, p = p-value. The estimate of prevalence was calculated by pooling all studies reported different Shigella species using the 
random-effects model
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blaCTX−M, blaOX−30, blaNDM, blaKPC, blaIMP and blaCMY−2 
producing S. dysenteriae were not recorded in this review.

Shigella boydii  The prevalence of blaTEM-producing S. 
boydii was reported in four countries with a pooled prev-
alence of 4.9% (95% CI: 1.6–14.0, I2 = 54.2%, p = 0.09) and 
was found in Gabon (n = 4, 11.1%), Malawi (n = 1, 10.0%), 
Libya (n = 2, 3.7%), and Zimbabwe (n = 1, 0.8%) (Fig.  8). 
However, blaSHV and blaCTX−M were only reported in Zim-
babwe (n = 1, 0.8%), and Libya (n = 3, 5.6%) respectively.

Risk of Bias
In this review, the included studies reported high hetero-
geneity indicated by the I2 = 93.7% and Cochrane Q test 
(Q = 269.470, p < 0.0001). Visual inspection of the funnel 
plot shows a slight asymmetrical distribution. The inter-
cept of the Eggers regression model was 1.76026 (95% CI: 
-4.54937 — 2.9378) with a t statistic of 0.46 and a p-value 
of 0.6485. This finding suggests that potential publication 
bias in the included studies is unlikely (Fig. 3).

Discussion
This systematic review sought to describe the preva-
lence of ESBL and CR-producing Shigella in Africa, 
specifically by examining the distribution of species, 
ESBL and carbapenemase genes. Only 18 publications 
included in the review. This reveals a dearth of infor-
mation on the molecular epidemiology of ESBL and 

carbapenemase-producing Shigella in Africa. The lim-
ited data on ESBL and carbapenemase producing Shi-
gella from certain African countries may not necessarily 
indicate a lack data of those genes but rather reflects 
limited capabilities for technical resources, absence of 
real national or regional surveillance system, and data 
not registered. According to Kedišaletše et al., in many 
African countries research budgets are referred for other 
healthcare issues, like infectious diseases such as malaria 
and HIV/AIDS, Covid 19 and many other healthcare 
issues. This in turn could contribute to a failure in moni-
toring AMR [17]. Additionally, the lack of data might 
be due to inadequate technical laboratory resources. In 
most developing countries and in Africa, the non-appli-
cation of quality systems in laboratories and a lack of 
suitable technical laboratory resources, are factors that 
justify that bacteria are traditionally diagnosed on the 
basis of biochemical methods in most cases [18]. This 
review revealed that Shigella flexneri was the most spe-
cies reported in Africa while S. dysenteriae was the least 
reported. These results are similar to those of a study 
conducted in Asia [10]. Our results are consistent with 
another study which established that S. flexneri is com-
monly found in developing countries, while S. sonnei 
is traditionally isolated in developed countries which 
aligns with our findings [19]. However, reports in the last 
decade have revealed that S. sonnei is the most frequently 
isolated species of Shigella in developing countries [10, 

Fig. 5  Funnel plot with adjusted average prevalence of Shigella species in Africa. Legend: The distribution of effect estimates is shown by a 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 small circles. The 95% confidence interval is indicated by solid lines on the graph
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20, 21]. One recent study reported that Shigella flexneri 
and Shigella sonnei are responsible for over 90% of shigel-
losis cases worldwide [22].

Research globally indicates a rise in antimicrobial 
resistance (AMR) within Shigella [5, 6, 10, 17]. Accord-
ing to this review, antimicrobial resistance patterns was 
varied across different regions. So, to treat shigellosis, 
the choice of antibiotic should be based on the specific 
AMR profiles observed in each region. Our systematic 
review identified a high prevalence of blaTEM, blaOXA−1, 
and blaCTX−M genes which is consistent with findings 
from other studies. Dey et al. in their study reported 
the presence of blaCTX−M1, blaTEM and blaCTX−M3 in cow 
milk samples from India [23]. Similarly, other studies 

have observed a high prevalence of blaCTX−M, blaSHV, 
and blaTEM families in Shigella species [24–26]. Today, 
many antibiotic classes have become ineffective against 
Enterobacterales including Shigella. Several studies have 
shown that Shigella strains have developed resistance to 
ceftriaxone, cefoperazone, azithromycin and fluoroqui-
nolones. This resistance is generally linked to mutations 
and horizontal transfer of plasmid-mediated resistance 
mechanisms [27]. However, it has been demonstrated 
that strains resistant to cephalosporins are likely to pro-
duce extended-spectrum beta-lactamases (ESBLs), par-
ticularly those of the CTX-M, TEM and SHV groups 
[28]. Notably, the widespread use of third-generation 
cephalosporins antibiotics, which are readily available, 

Fig. 6  Forest plot with adjusted average prevalence of ESBLs and CR gene in Africa. Legend: Random Effects Mode (95% CI: 16.1–63.2, I2 = 96.72%, 
p < 0.05). X-axis is the proportion of the ESBLs and carbapenem resistance genes reported in individual studies as listed along the Y-axis, with the range of 
proportion in 95% confidence interval (CI). I2 = heterogenicity, p = p-value. The estimate of prevalence was calculated by pooling all studies reported ESBL 
and CR producing Shigella species using the random-effects model

 



Page 12 of 16Somda et al. BMC Infectious Diseases           (2025) 25:81 

Fig. 8  Distribution of ESBL and carpenemases genes patterns of Shigella species in Africa. Legend: S. dysent. = Shigella dysenteriae, Y-axis represented 
different Shigella species by country and X-axis the different ESBL and Carbapenems resistance genes. The intensity of the color (white to blue) represents 
the increase in number of ESBL and CR producing Shigella species by country

 

Fig. 7  Forest plot with adjusted average prevalence of the ESBLs and CR gene in Africa. Legend: The distribution of effect estimates is shown by a fun-
nel 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 small circles. The 95% confidence interval is indicated by solid lines on the graph
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affordable, and commonly used in humans without pre-
scription, may contribute to this trend [29]. Third-gener-
ation cephalosporins antibiotics are generally prescribed 
in severe cases of bacterial infections because they are 
considered more recently, the last resort. These antibi-
otics are also used frequently in agriculture and veteri-
nary medicine [30]. In developing countries, antibiotics 
are easily and readily available in informal markets and 
even on the streets, and are sold cheaply. These drugs are 
known as ‘street drugs’ [31]. As such, these antibiotics are 
commonly used in without prescription. In this review, 
carbapenemases such as blaNDM, blaKPC and blaIMP have 
been identified. These findings were similar to those 
found in a systematic review and meta-analysis on the 
prevalence of Shigella species and its drug resistance 
pattern in Ethiopia, although this study is based on phe-
notypic data [32]. The findings from our study suggests, 
carbapenemases-producing Shigella are less prevalent 
in Africa. This fact could mean that carbapenemases-
producing Shigella are under-researched in Africa. This 
phenomenon could possibly be due to the predominant 
use of first-line antibiotics such as the third-generation 
cephalosporin, quinolones and fluoroquinolones to treat 
shigellosis [33]. On the other hand, the limited availabil-
ity and the expensive nature of these antibiotics could 
contribute to the lower prevalences of these genes [31]. 
The WHO recommends that fluoroquinolone be the first 
choice for treating adults and children with dysentery. 
Some antibiotics, such as, azithromycin, cefixime, sulfa-
methoxazole + trimethoprim and ceftriaxone are recom-
mended as second choices, with ceftriaxone advised for 
children over 41 weeks of corrected gestational age [13]. 
All these factors could explain the low prevalence of CR-
producing Shigella reported in our review.

In recent years, some studies conducted in France and 
China have reported CR-producing Enterobacterales 
from dogs, pork, poultry and cat [34–37]. The presence 
of carbapenemase-producing strains in animals could 
lead to dissemination when these animals are treated 
with beta-lactams or other antibiotics to which the bac-
teria is resistant.

Our findings give an insight into the pooled prevalence 
of ESBL and CR-producing Shigella, over the past 25 
years in Africa. Although the pooled prevalence of ESBL 
and CR-producing Shigella was low in this study it still 
constitutes a public health risk in Africa. Many studies 
suggest that Shigella spp. can be transmitted to suscep-
tible individuals from an infected person via the faecal–
oral route, through contaminated water, food, fomites, 
or through direct contact [38–40]. Furthermore, some 
studies reported that Shigella could also be transmit-
ted to human by sexual relation, especially among men 
who have sex with men [41, 42]. Other reports suggest 
that persons travelling to Shigella endemic areas may be 

at increased risk of being infected with Shigella spp [38, 
42]. Poor hygiene and sanitation, unsafe water and mal-
nutrition also increases the risk of Shigella infection in 
developing countries. Indeed, transmission of resistance 
clones to other non-Shigella spp. is also possible. Many 
studies report that blaCTX−Ms are usually carried by plas-
mids, allowing resistance clones to be exchanged hori-
zontally between different enterobacterial species (e.g., 
from E. coli to S. sonnei in the human gut) [43, 44].

Refined prevalence estimates for ESBL and CR-pro-
ducing Shigella spp. in Africa, along with long-term 
impact data, are essential to guide funders, public health 
officials, and policy makers in allocating resources, pro-
moting vaccine development and implementing effective 
strategies to reduce the diarrhoeal infections and antimi-
crobial resistance in Africa.

Our systematic review has some limitations that should 
be considered. For instance, our study protocol was not 
registered on the standard PROSPERO platform like 
other studies. In addition, the available data is not rep-
resentative and varies from one country to another 
(Table  1). Some of the included studies did not report 
sample numbers, making it difficult to calculate the prev-
alence of Shigella strains isolated. Furthermore, many of 
the reviewed articles had small sample sizes, potentially 
biased our statistical analyses.

Conclusion
Our systematic review and meta-analysis findings 
affirmed that Shigella flexneri is the most prevalent spe-
cies of ESBL and carbapenemases producing Shigella 
within Africa based on the publications included in 
the study. The review identified blaTEM, blaOXA−1 and 
blaCTX−M as the most commonly reported genes. Addi-
tionally, ESBLs were most frequently reported in Egypt 
while carbapenemases were only found in Ghana, Egypt, 
and Gabon at low prevalences. Emergence of multi-
drug resistant Shigella strains, including those express-
ing ESBLs and carbapenemases, could pose a significant 
threat to public health in Africa.
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