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Abstract

Background Extended-spectrum beta-lactamase (ESBL)-producing Klebsiella pneumoniae is a critical priority
pathogen for which there is a need for new antimicrobials and poses a great public health threat to many parts of
the world including sub-Saharan Africa (SSA). This study aims to determine the prevalence of ESBL-producing K.
pneumoniae in SSA using a one health perspective, and the predominant ESBL genes in the region.

Methods Databases such as PubMed, Scopus, Web of Science, Africa Journal Online, and Google Scholar were
searched for eligible articles based on pre-set eligibility criteria. After screening of titles, abstracts, and full texts, a
meta-analysis using a random-effect model was conducted on the eligible studies to determine the overall and
subgroup prevalence of ESBL-producing K. pneumoniae in SSA.

Results This meta-analysis included 119 eligible studies from 25 SSA countries in all SSA subregions. The overall
prevalence of ESBL-producing K. pneumoniae in SSA is estimated to be 8.6% [95% Cl: 6.4-11]. South Africa (18.5%)
and Central Africa (4.6%) subregions have the highest and lowest prevalence of ESBL-producing K. pneumoniae in the
region, respectively. Additionally, South Africa (23.3%), Kenya (23%), and Nigeria (11.1%) are the top three countries
with ESBL-K. pneumoniae. Animal samples were also seen to have the highest prevalence compared to clinical and
environmental samples in this study. Lastly, blacy_y_15 was the most reported ESBL gene in SSA.

Conclusion The widespread presence of resistant strains in certain regions poses a significant risk of inter-country
transmission, highlighting the need for collaborative regional surveillance and control efforts.
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Introduction

Increased treatment failure of infectious diseases caused
by microbes globally is attributed to antimicrobial resis-
tance (AMR), which occurs due to widespread or indis-
criminate use of antibiotics. AMR significantly impacts
mortality and morbidity, bringing substantial economic
burdens to people and countries [1]. An estimation
revealed five million AMR-linked deaths in 2019, which
portend that the projected ten million deaths in 2050
and 24 million people below the poverty lines in 2030
as a result of AMR may be attained sooner than initially
anticipated [2, 3]. Most of the deaths were believed to
occur in sub-Saharan Africa and were attributed to infec-
tions caused by a cohort of both gram-positive and nega-
tive bacteria called ESKAPE pathogens. The ESKAPE
pathogens include Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterococci faecium [4].

K. pneumoniae is a ubiquitous bacterium found in
water, soil, and the gut of healthy humans and animals
[5]. Classified under the family Enterobacteriaceae, they
are known to be non-motile and lactose fermenting. K.
pneumoniae is notorious for its role as an opportunis-
tic pathogen, capable of causing both community and
healthcare-associated infections [6]. In fact, 10% of nos-
ocomial bacterial infections are attributed to K. pneu-
moniae [7]. These strains of K. pneumoniae have been
further classified into classical, hypervirulent, and multi-
drug resistant strains based on phenotypic and genotypic
differences [8].

K. pneumoniae is responsible for a range of difficult-
to-treat infections, including pneumonia, sepsis, blood-
stream infections, meningitis, pyogenic liver abscesses,
urinary tract infections (UTIs), and wounds [8]. They are
particularly associated with ventilator-associated pneu-
moniae (VAP), and are the leading cause of bacterae-
mia among the Gram-negative members of the ESKAPE
pathogens, with a relatively high mortality rate [9-12].

A significant concern for K. pneumoniae has been the
rate at which they develop antibiotic resistance, as they
harbour a lot of AMR plasmids [10, 13]. Thus, K. pneu-
moniae is listed as a critical pathogen in need of urgent
drug development by the World Health Organisation
(WHO) [14]. Several studies have revealed the vast
array of mechanisms adopted by this pathogen to evade
both host immune defence and antibiotics, including
the production of antibiotic-modifying enzymes such
as Extended Spectrum Beta-Lactamase (ESBL) [15, 16].
ESBL confers resistance to a group of antibiotics with
a beta-lactam ring, including penicillin, monobactams
(aztreonam), and the first, second, and third-generation
cephalosporin by hydrolysing the ring [6]. K. pneumoniae
has been reported to harbour several plasmid-encoded
ESBL enzyme families and their variants, such as
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Sulfhydryl variable (blagyy), Temoniera (blargy), and
Oxacillinases (blagy,) [17]. In recent years, cefotaximase
(blactx.y) has emerged, which is increasingly reported
on a global scale and is currently the most predominant
ESBL enzyme in numerous continents and countries
worldwide [18-20].

Despite growing concerns about ESBL-producing K.
pneumoniae, to the best of our knowledge, there are no
available study on systematic review and meta-analyses
of the pooled prevalence status in sub-Saharan Africa.
Understanding the prevalence of these resistant strains
is essential for guiding clinical decision-making, inform-
ing public health interventions, and ultimately improv-
ing patient outcomes in the face of growing antibiotic
resistance. This systematic review and meta-analysis aim
to comprehensively determine the prevalence of ESBL-
producing K. pneumoniae in sub-Saharan Africa using a
one health perspective, describe the epidemiology within
the region, and investigate the predominant ESBL genes
in the region.

Methods

Study design, search strategy and screening

This study is a systematic review and meta-analysis and
was conducted in compliance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) 2020 guideline for systematic reviews and
meta-analysis [21]. A comprehensive literature search
was done on databases such as PubMed, Scopus, Web
of Science, and African Journal Online were searched
using combinations of the following keywords “ESBL;
“Extended-spectrum beta-lactamase’, “resistance’, “Kleb-
siella  pneumoniae’, “K. pneumoniae’, “sub-Saharan
Africa’, “SSA” The last search was done in December
2023. A supplementary search to identify grey literature
was done on Google Scholar by only considering the first
5 search result pages. The articles’ titles, abstracts, and
full texts were screened to check if they comply with the
preset eligibility criteria.

Eligibility criteria

Articles included in the final meta-analysis include
articles published in English, between 2013 and 2023,
articles that reported the presence of at least one ESBL-
producing K. pneumoniae from human, animal and/
or environmental samples. In studies where the total
K. pneumoniae isolate count was not reported, inclu-
sion was based on the explicit identification of ESBL-
producing K. pneumoniae by the study authors. We did
not include general ESBL prevalence unless the organ-
ism was clearly specified as K. pneumoniae. Only articles
published in at least one country in SSA were included.
Studies that reported K. pneumoniae prevalence but no
ESBL-producing strains were excluded. Only primary
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studies were included, while any type of review articles
and meta-analyses were excluded.

Data extraction and quality assessment

A data extraction table was created in Microsoft Excel to
include important details from the articles such as first
author, year of publication, study design, sample source,
country of study, sub-region, sample size, number of
K. pneumoniae isolates, number of ESBL strains, and
ESBL gene. All human samples were grouped as clinical
sources in this study while samples from either food or
water sources were put under environmental sources.
RBS, AAO, GMO, RAY, and KIY extracted the data inde-
pendently, MOO and OQO did the final verification of
the extracted data and resolved discrepancies. The quali-
ties of the studies were assessed based on the method
used to characterise ESBL strains. Studies that used only
phenotypic methods like disc diffusion, broth microdilu-
tion, and automated antimicrobial susceptibility testing
methods like VITEK were grouped as low, studies that
used only genotypic/molecular characterisation methods
were classified as medium, while studies that used both
phenotypic and molecular methods were classified as
high quality (Supplementary Figure 1).

Meta-analyses

To estimate pooled prevalence, the sample size and
number of ESBL-producing K. pneumoniae strains were
extracted and pooled together using a random effect
model with the meta package in R (version 4.3.3). Sub-
group analysis based on subregion, sample source, and
country was done but only subgroups with more than
two eligible articles are reported in this study. The sub-
Saharan Africa map was created in R using the rnatura-
learth package. A random effects model was used in this
study to account for expected variations between studies,
including differences in sample size and study settings.
Both funnel plot and Egger’s test of the overall effect size
were used to estimate publication bias, while /%, based
on Cochran’s Q test statistic, was used as a measure of
heterogeneity.

Results

Search outcome

A total of 4746 search results were retrieved from five
databases namely Google Scholar (4230), PubMed (162),
Scopus (270), Web of Science (28), and African Journal
Online (56). One hundred and nineteen (119) eligible
studies were finally included in the meta-analysis after
the screening of titles, abstracts, full texts, and the exclu-
sion of duplicates and ineligible studies (Fig. 1).

Page 3 of 11

Study characteristics

This study analysed a total of 119 eligible articles from
25 sub-Saharan African countries. East Africa (53) had
the highest number of studies reporting ESBL resistance
in K. pneumoniae, followed by West Africa (43), South
Africa (12), and Central Africa (10) (Fig. 2A). One of the
articles reported ESBL resistance in K. pneumoniae from
multiple sub-regions in SSA. Most of the eligible articles
reported ESBL resistance in K. pneumoniae from clinical
samples (104), followed by environmental (10), and ani-
mal (5) samples (Fig. 2B). Additionally, Ethiopia (20) had
the highest number of eligible studies, followed by Tan-
zania (16), Nigeria (14), Ghana (12), South Africa (10),
Uganda (6), Gabon (4), Cameroon (4), Kenya (4), Malawi
(3), Madagascar (3), Benin (3), DRC (3), Sierra Leone
(2), Chad (2), and Burkina Faso (2) (Fig. 2C). Others
(Mali, Zimbabwe, Gambia, Sudan, Togo, Guinea Bissau,
Mozambique, Codte d’Ivoire, and Central Africa Repub-
lic) had just one eligible study each (Fig. 2C) while two
studies were carried out in multiple countries. The char-
acteristics of the 119 eligible studies are presented in the
Supplementary Table 1.

Prevalence of ESBL-resistance in K. pneumoniae

The overall pooled prevalence of ESBL-resistance in K.
pneumoniae in sub-Saharan Africa is estimated to be
approximately 8.6% [95% CI: 6.4—11.0] (Fig. 3). The South
African subregion was estimated to have the highest
prevalence (18.5% [95% CI: 5.07—-37.1]) of ESBL-produc-
ing K. pneumoniae, followed by West Africa (9.3% [95%
CI: 5.8-13.4]) (Fig. 4). On the other hand, the subregion
with the lowest prevalence was Central Africa (4.6% [95%
CI 1.9-8.3]) (Fig. 4). The highest ESBL prevalence in K.
pneumoniae in SSA was seen in animals (12.1% [95% CI:
0.8-33.1]) compared to 8.6% [95% CIL: 6.4—11.2]) from
clinical specimens and 6.2% [95% CIL: 0.97-14.4] from
the environment (Fig. 5). Among the countries included
in this analysis (countries with at least three eligible stud-
ies), South Africa (23.3% [95% CI: 6.5-45.8]) has the
highest burden of ESBL-producing K. pneumoniae, fol-
lowed by Kenya (23% [95% CI: 0-68]), Nigeria (11.1%
[95% CI: 5.1-18.9]), and Tanzania (8.1.% [95% CI: 3.8—
13.8]) (Fig. 6). Madagascar had the lowest prevalence of
ESBL-producing K. pneumoniae (Fig. 6). The forest plot
of subgroup analysis of ESBL-producing K. pneumoniae
based on countries in sub-Saharan Africa is presented in
the Supplementary Fig. 2. A high I value was seen in this
result which is an indication of high heterogeneity in this
study. Both funnel plot (asymmetrical) and Egger’s test
(p-value <0.0001) indicate publication bias (Supplemen-
tary Figure 3).



Olaitan et al. BMC Infectious Diseases (2025) 25:843 Page 4 of 11

)
=
=
= Records identified from electronic
é database search (n = 4746):
= (PubMed = 162, Google Scholar = 4230,
g Scopus = 270, Web of Science = 28,
E African Journal Online = 56)
—
) . .
Studies excluded after screening
»| their titles and abstracts for
relevance (n =4528)
v
Full text articles screened for eligibility
(n=218)
on
=
o
=
5}
o
S
7] Excluded articles based on eligibility
»| criteria (n =75)
Duplicate studies excluded |
(n=24)
~——J
)
= L . .
L Studies included in final analysis
=]
= (n=119)
—
>
=
[Sami
~—/

Fig. 1 PRISMA Flow diagram of search and screening strategy
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Fig. 2 Classification of included studies based on sub-region (A), sample type (B), and country (C)

Genomic epidemiology of ESBL genes in SSA

Fifty-three (53) out of the 119 eligible studies included
in this analysis used genotypic assays to character-
ise ESBL genes in K. pneumoniae (Supplementary
Fig. 1). The ESBL genes reported in the studies include
blacrx_y (including blacry_y-1s blacrx-m-» blacrx-m-s
blacrx -9 blacrx 11 blacrx vo1a and blacry_yi1s)s
blagyy (blagyy vy, blagyy 1y blagyy ys), blargy, and
blagy,. Among these genes, blacry_y_15 was the most
reported in most articles analysed. Additionally, all three
major ESBL genes (blacrx_y» blagyy, and blarg,,) were
reported in all the sample types (clinical, animal, and
environment).

Discussion

Klebsiella pneumoniae remains an important human and
animal pathogen due to its position as a member of the
ESKAPE pathogens and a WHO’s critical priority patho-
gen due to the growing threat of multidrug resistance
globally [22]. Additionally, the presence of ESBL genes
in K. pneumoniae confers resistance to many antibiot-
ics, hence, making it difficult to treat infections resulting
from these resistant strains. Understanding the preva-
lence of ESBL-resistant K. pneumoniae strains in sub-
Saharan Africa is an important step to curbing the spread
of this pathogen within the region as well as to other
parts of the world.
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Overall analysis
Study Events Total Proportion 95%-Cl Weight
Acolatse et al. 2022 17 231 & 0.07 [0.04;0.12] 0.8%
Adelowo et al. 2018 2 1438 0.01 [0.00;0.05] 0.8%
Afolayan et al. 2021 72 141 L 3 0.51 [0.43;0.60] 0.8%
Agyekum et al. 2016 33 101 L 0.33 [0.24;0.43] 0.8%
Ahmed et al. 2015 22 402 0.05 [0.03;0.08] 0.9%
Ajani et al. 2022 13 165 W 0.08 [0.04;0.13] 0.8%
Ajimuda et al. 2022 73 180 = 0.41 [0.33;0.48] 0.8%
Akenten et al. 2023 19 435 & 0.04 [0.03;0.07] 0.9%
Alabi et al. 2013 42 121@ 0.03 [0.02;0.04] 0.9%
Amare et al. 2022 17 290 &2 0.06 [0.03;0.09] 0.9%
Bager et al. 2022 6 86 - 0.07 [0.03;0.15] 0.8%
Bayleyegn et al. 2021 6 161 0.04 [0.01;0.08] 0.8%
Bediako-Bowan et al. 2020 7 457700 0.00 [0.00;0.00] 0.9%
Beshah et al. 2023 72 1486 & 0.05 [0.04;0.06] 0.9%
Beyenel et al. 2019 55 947 0.06 [0.04;0.07] 0.9%
Bitew et al. 2020 23 440 B 0.05 [0.03;0.08] 0.9%
Buys et al. 2016 339 410 - 0.83 [0.79;0.86] 0.9%
Chah et al. 2018 7 5100 0.01 [0.01;0.03] 0.9%
Chinowaita et al. 2020 4 128 0.03 [0.01;0.07] 0.8%
Choonara et al. 2022 20 6948 0.03 [0.02;0.04] 0.9%
Chukwu et al. 2022 13 4998 0.03 [0.01;0.04] 0.9%
Damiano et al. 2021 17 35 - 0.49 [0.31;0.66] 0.8%
Darboe et al. 2023 34 1480000 0.00 [0.00;0.00] 0.9%
Dayie et al. 2022 4 100 W 0.04 [0.01;0.10] 0.8%
Dela et al. 2022 5 12 % 0.04 [0.01;0.09] 0.8%
Desta et al. 2016 44 267 - 0.16 [0.12;0.21] 0.8%
Dikoumba et al. 2021 38 974 @ 0.04 [0.03;0.05] 0.9%
Dirar et al. 2020 58 171 - 0.34 [0.27;0.42] 0.8%
Djim-Adjim-Ngana et al. 2020 4 57 0.07 [0.02;0.17] 0.8%
Dougnon et al. 2021 3 130 0.02 [0.00;0.07) 0.8%
Eibach et al. 2016 34 71720 0.00 [0.00;0.01] 0.9%
Eibach et al. 2018 35 200 - 0.17 [0.13;0.23] 0.8%
Endaylalu et al. 2020 2 2368 0.01 [0.00;0.03] 0.8%
Engda et al. 2018 24 384 I 0.06 [0.04;0.09] 0.9%
Erb et al. 2018 1 6360 0.00 [0.00; 0.01 0.9%
Fadare and Okoh 2021 5 6 el 0.83 [0.36; 1.00] 0.5%
Fadare et al. 2020 8 48 W 0.17 [0.07:0.30] 0.8%
Fenta et al. 2020 1 50 0.02 [0.00;0.11] 0.8%
Founou et al. 2019 10 53 = 0.19 [0.09;0.32] 0.8%
Founou et al. 2018 8 6460 0.01 [0.01;0.02] 0.9%
Founou et al. 2019 8 45 —— 0.18 [0.08;0.32] 0.8%
Godonou et al. 2022 24 105 - 0.23 [0.15;0.32] 0.8%
Henson et al. 2017 198 221 = 0.90 [0.85;0.93] 0.8%
Ibrahim et al. 2017 68 248 = 0.27 [0.22;0.33] 0.8%
Irenge et al. 2023 89 2051 | 0.04 [0.03;0.05] 0.9%
Irenge et al. 2014 18 6430 0.03 [0.02:0.04] 0.9%
Isendahl et al. 2012 91 408 - 0.22 [0.18;0.27] 0.9%
Jesumirhewe et al. 2020 16 217 & 0.07 [0.04;0.12] 0.8%
Kaduma et al. 2019 4 3930 0.01 [0.00;0.03] 0.9%
Kagia et al. 2019 31 597 @ 0.05 [0.04;0.07] 0.9%
Kajeguka et al. 2015 22 330 0.07 [0.04;0.10] 0.9%
Kasew et al. 2021 3 3008 0.01 [0.00;0.03] 0.9%
Kateregga et al. 2015 24 245 W 0.10 [0.06;0.14] 0.8%
Kenga et al. 2021 2 97 0.02 [0.00;0.07] 0.8%
Kibwana et al. 2020 37 196 - 0.19 [0.14;0.25] 0.8%
Kibwana et al. 2023 3 142% 0.02 [0.00;0.06] 0.8%
Kibwana et al. 2022 46 200  J 0.23 [0.17;0.29] 0.8%
Kiros et al. 2023 34 383 & 0.09 [0.06;0.12] 0.9%
Leski et al. 2016 1 1898 0.01 [0.00;0.03] 0.8%
Leski et al. 2016 9 93 M- 0.10 [0.05;0.18] 0.8%
Letara et al. 2021 14 609K 0.02 [0.01;0.04] 0.9%
Magale et al. 2015 26 948 @ 0.03 [0.02;0.04] 0.9%
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Study Events Total Proportion 95%-Cl Weight
Mahamat-1 et al 2019 16 200 W 0.08 [0.05;0.13] 0.8%
Mahamat-2 et al. 2019 20 17130 0.01 [0.01;0.02] 0.9%
Manyahi et al. 2014 1100 - 0.11 [0.06;0.19] 0.8%
Manyahi et al. 2022 39 198 - 0.20 [0.14;0.26] 0.8%
Mayanja et al. 2023 25 273 W 0.09 [0.06:0.13] 0.8%
Mofolorunsho et al. 2021 24 200 W 0.12 [0.08;0.17) 0.8%
Moges et al. 2019 79 532 = 0.15 [0.12;0.18] 0.9%
Moirongo et al. 2020 14 301200 0.00 [0.00;0.01] 0.9%
Montso et al. 2019 82 151 - 0.54 [0.46:0.62] 0.8%
Moremi et al. 2017 6 107 W 0.06 [0.02;0.12] 0.8%
Motayo et al. 2013 5 97 W 0.05 [0.02:0.12] 0.8%
Moyo et al. 2020 56 2226 @ 0.03 [0.02; 0.03 0.9%
Mshana et al. 2016 2 33| 0.01 [0.00;0.02] 0.9%
Mshana et al. 2013 92 1260 0.07 [0.06;0.09] 0.9%
Mulinganya et al. 2021 8 150 W 0.05 [0.02;0.10] 0.8%
Milller-Schulte et al. 2020 90 107 - 0.84 [0.76;0.90] 0.8%
Musicha et al. 2019 34 205 - 0.17 [0.12;0.22 0.8%
Mutua et al. 2023 15 120 4 0.12 [0.07:0.20] 0.8%
Naas et al. 2016 15 808l 0.02 [0.01;0.03] 0.9%
Najjuka et al. 2016 10 144800 0.01 [0.00;0.01] 0.9%
Nguekap et al. 2020 4 110 W 0.04 [0.01;0.09] 0.8%
Nnaji et al. 2021 8 450@ 0.02 [0.01; 0.03] 0.9%
Obeng-Nkrumah et al. 2023 2 3820 0.01 [0.00;0.02] 0.9%
Ogunbosi et al. 2020 65 200 - 0.33 [0.26:0.39] 0.8%
Olalekan et al. 2020 62 387 ] 0.16 [0.13;0.20] 0.9%
Olasehinde et al. 2021 76 1000 & 0.08 [0.06;0.09] 0.9%
Ombelet et al. 2022 36 383 W 0.09 [0.07:0.13] 0.9%
Osei et al. 2022 3 4108 0.01 [0.00;0.02] 0.9%
Ouedraogo et al. 2016 46 1602 & 0.03 [0.02;0.04] 0.9%
Owusu et al. 2023 7 181 & 0.04 [0.02;0.08] 0.8%
Pillay et al. 2021 52 681 @ 0.08 [0.06:0.10] 0.9%
Rajietal. 2013 12 102 0.12 [0.06;0.20] 0.8%
Rakotondrasao et al. 2020 65 40010 0.02 [0.01;0.02] 0.9%
Rakotonirina et al. 2013 14 9098 0.02 [0.01;0.03] 0.9%
Ramsamy et al. 2013 6 2278 0.03 [0.01;0.06] 0.8%
Sader et al. 2013 33 23510 0.01 [0.01;0.02] 0.9%
Sah et al. 2022 27 258 W 0.10 [0.07:0.15] 0.8%
Sahle et al. 2022 24 384 @ 0.06 [0.04;0.09] 0.9%
Sammarro et al. 2023 296 2493 © 0.12 [0.11;0.13]  0.9%
Sangare et al. 2016 10 39 —— 0.26 [0.13;0.42] 0.8%
Sanke-Waigana et al. 2021 119 71490 0.02 [0.01;0.02] 0.9%
Schaumburg et al. 2013 53 200 L 0.27 [0.21;0.33] 0.8%
Scherbaum et al. 2014 3 187@ 0.02 [0.00;0.05] 0.8%
Selamyhun et al. 2014 18 384 & 0.05 [0.03;0.07] 0.9%
Seni et al. 2013 36 216 - 0.17 [0.12:0.22] 0.8%
Sewunet et al. 2022 112 1087 ®& 0.10 [0.09;0.12] 0.9%
Soré et al. 2021 18 149 W 0.12 [0.07:0.18] 0.8%
Soré et al. 2020 42 293 & 0.14 [0.11;0.19] 0.9%
Teferi et al. 2023 6 386 0.02 [0.01;0.03] 0.9%
Teklu etal. 2019 81 426 - 0.19 [0.15;0.23] 0.9%
Tellevik et al. 2016 139 603 - 0.23 [0.20:0.27] 0.9%
Tesfaye et al. 2019 1 24 - 0.04 [0.00;0.21] 0.7%
Tola et al. 2021 8 269 0.03 [0.01;0.06] 0.8%
Tufa et al. 2022 6 7610 0.01 [0.00;0.02] 0.9%
Tumuhamye et al. 2021 16 14720 0.01 [0.01;0.02] 0.9%
Yehouenou et al. 2020 25 304 W 0.08 [0.05;0.12] 0.9%
Zemtsa et al. 2022 4 120 & 0.03 [0.01;0.08] 0.8%

Random effects model 91879 ¢
Heterogeneity: I” = 99%, 1* = 0.0476, p<0.01
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Fig. 3 Forest plot of overall prevalence of ESBL-producing K. pneumoniae from sub-Saharan Africa

This study analysed articles that reported ESBL-resis-
tance in K. pneumoniae from clinical, environmental, and
animal sources across 25 countries in sub-Saharan Africa
(SSA). The overall prevalence of ESBL-producing K.
pneumoniae in sub-Saharan Africa is 8.6%. Similarly, the
highest prevalence of ESBL-producing K. pneumoniae
in SSA subregion was estimated at 18.5% in Southern
Africa, followed by 9.3% in West Africa, and the low-
est at 4.6% in Central Africa. These are lower than what
has previously been reported in South East Asia (27%),
Middle East (35.4%) [23], and elsewhere [24]. Paradoxi-
cally, the recent global burden of AMR report estimated
sub-Saharan Africa as one of the highest burdens of AMR
[2]. However, this low prevalence might have cropped
up from the point that many laboratories and health-
care facilities in the region lack familiarity with the sig-
nificance of detecting ESBL-producing Gram-negative
organisms. This might have contributed to the low prev-
alence. Notwithstanding, Mohd et al. [24] reported a
28.7% prevalence of MDR K. pneumoniae in Africa which
is a much higher value than we reported in this study.
The disparity might be due to the fact that the authors
considered all countries in Africa while ours only focused

on SSA. Moreover, the authors considered all multidrug-
resistant strains of K. pneumoniae, including carbape-
nem-resistant strains, whilst ESBL-producing strains are
our focal point.

Animal studies in our review showed the highest prev-
alence of ESBL-producing K. pneumoniae (12.1%), com-
pared to clinical (8.6%) and environmental studies (6.2%).
This disparity may be explained by the intensity and pur-
pose of antibiotic use across these sectors, with animal
production settings often applying antibiotics more fre-
quently and with less regulatory oversight. This finding
underscores the critical role of animals as reservoirs for
resistant bacteria. The widespread use of antimicrobials
in animal husbandry - for disease prevention, treatment,
and growth promotion - has significantly contributed to
this trend [25]. Such practices, including in aquaculture,
have resulted in drug residues being detected in edible
fish species like carp and chub, often exceeding permis-
sible limits [26]. Prolonged and subtherapeutic antibiotic
use in livestock fosters resistance development, and these
resistant strains can be transmitted to humans through
contaminated food, water, manure, or direct animal
contact [27-29]. Furthermore, horizontal gene transfer
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Study Events Total Proportion 95%-Cl Weight
Acolatse et al. 2022 17 231 ® 0.07 [0.04;0.12) 0.8%
Adelowo et al. 2018 2 143m 0.01 [0.00;0.05) 0.8%
Afolayan et al. 2021 72 141 — 0.51 [0.43;0.60) 0.8%
Agyekum et al. 2016 33 101 —— 0.33 [0.24;043] 0.8%
Ajani et al. 2022 13 165 W 0.08 [0.04;0.13] 0.8%
Ajimuda et al. 2022 73 180 - 041 [0.33;0.48) 0.8%
Akenten et al. 2023 19 435 0.04 [0.03;0.07) 0.9%
Bediako-Bowan et al. 2020 7 457700 0.00 [0.00;0.00] 0.9%
Chah et al. 2018 7 5100 0.01 [0.01;0.03] 0.9%
Chukwu et al. 2022 13 499 0.03 [0.01;0.04] 0.9%
Darboe et al. 2023 34 1480000 0.00 [0.00;0.00) 0.9%
Dayie et al. 2022 4 100 W 0.04 [0.01;0.10) 0.8%
Dela et al. 2022 5 12 & 0.04 [0.02;0.10] 0.8%
Djim-Adjim-Ngana et al. 2020 4 57 #— 0.07 [0.03;0.18] 0.8%
Dougnon et al. 2021 3 130 W 0.02 [0.01;0.07) 0.8%
Eibach et al. 2016 34 71720 0.00 [0.00;0.01] 0.9%
Eibach et al. 2018 35 200 - 0.17 [0.13;0.24] 0.8%
Founou et al. 2019 10 53 —— 0.19 [0.10;0.32) 0.8%
Godonou et al. 2022 24 105 —— 0.23 [0.15;0.32] 0.8%
Ibrahim et al. 2017 68 248 . 0.27 [0.22;0.33) 0.8%
Isendahl et al. 2012 91 408 3 0.22 [0.18;0.27) 0.9%
Jesumirhewe et al. 2020 16 217 & 0.07 [0.03;0.11] 0.8%
Leski et al. 2016 11898 0.01 [0.00;0.03] 0.8%
Leski et al. 2016 9 93 - 0.10 [0.05;0.18] 0.8%
Mofolorunsho et al. 2021 24 200 W 0.12 [0.08;0.17) 0.8%
Motayo et al. 2013 5 97 0.05 [0.02;0.12) 0.8%
Miiller-Schulte et al. 2020 9 107 & 0.84 [0.76;0.90) 0.8%
Nguekap et al. 2020 4 110 & 0.04 [0.01;0.09) 0.8%
Nnaji et al. 2021 8 4508 0.02 [0.00;0.03] 0.9%
Obeng-Nkrumah et al. 2023 2 3820 0.01 [0.00;0.02) 0.9%
Olalekan et al. 2020 62 387 - 0.16 [0.13;0.20) 0.9%
Olasehinde et al. 2021 76 1000 0.08 [0.06;0.09) 0.9%
Ombelet et al. 2022 36 383 M 0.09 [0.07;0.13] 0.9%
Osei et al. 2022 3 4108 0.01 [0.00;0.02) 0.9%
Ouedraogo et al. 2016 46 1602 & 0.03 [0.02;0.04] 0.9%
Owusu et al. 2023 7 1814 0.04 [0.00;0.03] 0.8%
Raji et al. 2013 12 102 & 0.12 [0.06;0.19) 0.8%
Sah et al. 2022 27 258 & 0.10 [0.06;0.14] 0.8%
Sangare et al. 2016 10 39 —— 0.26 [0.13;0.42] 0.8%
Soré etal. 2021 18 149 W 0.12 [0.08;0.19] 0.8%
Soré et al. 2020 42 293 & 0.14 [0.10;0.18] 0.9%
Yehouenou et al. 2020 25 304 W 0.08 [0.05;0.12] 0.9%
Zemtsa et al. 2022 4 120 & 0.03 [0.01;0.08] 0.8%
r € odel L 4 1

Alabi et al. 2013 42 1271M@| 0.03 [0.02;0.04] 0.9%
Dikoumba et al. 2021 38 974 @ 0.04 [0.03;0.05] 0.9%
Irenge et al. 2023 89 2051 & 0.04 [0.03;0.05] 0.9%
Irenge et al. 2014 18 6430 0.03 [0.02;0.04] 0.9%
Mahamat-1 et al 2019 16 200 W 0.08 [0.05;0.13] 0.8%
Mahamat-2 et al. 2019 20 1713@ 0.01 [0.00;0.01] 0.9%
Mulinganya et al. 2021 8 150 W 0.05 [0.03;0.10) 0.8%
Sanke-Waigana et al. 2021 119 71490 0.02 [0.01;0.02) 0.9%
Schaumburg et al. 2013 53 200 E 0.27 [0.21;0.33]) 0.8%
Scherbaum et al. 2014 3 187H 0.02 [0.00;0.05) 0.8%
\ t | 4 L 4

Buys et al. 2016 339 410 = 0.83 [0.79;0.86) 0.9%
Chinowaita et al. 2020 4 12% 0.03 [0.01;0.07) 0.8%
Fadare and Okoh 2021 5 6 —_— 0.83 [0.38;0.95) 0.5%
Fadare et al. 2020 8 48 W 0.17 [0.08;0.31] 0.8%
Founou et al. 2018 8 6460 0.01 [0.00;0.02) 0.9%
Founou et al. 2019 8 45 —W— 0.18 [0.09;0.32] 0.8%
Kenga et al. 2021 2 W 0.02 [0.01;0.08] 0.8%
Montso et al. 2019 82 151 - 0.54 [0.46;0.63) 0.8%
Ogunbosi et al. 2020 65 200 - 0.33 [0.26;0.39) 0.8%
Pillay et al. 2021 52 681 0.08 [0.06;0.10] 0.9%
Ramsamy et al. 2013 6 227 0.03 [0.01;0.06] 0.8%
Sader etal. 2013 33 23510 0.01 [0.01;0.02) 0.9%
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Study Events Total Proportion 95%-Cl Weight
Ahmed et al. 2015 22 402 B 0.05 [0.03;0.08] 0.9%
Amare et al. 2022 17 290 W 0.06 [0.04;0.09] 0.9%
Bager et al. 2022 6 86 M 0.07 [0.03;0.15] 0.8%
Bayleyegn et al. 2021 6 161 & 0.04 [0.02;0.08] 0.8%
Beshah et al. 2023 72 1486 & 0.05 [0.04;0.06] 0.9%
Beyenel et al. 2019 55 947 ® 0.06 [0.04;0.07] 0.9%
Bitew et al. 2020 23 440 0.05 [0.03;0.08] 0.9%
Choonara et al. 2022 20 694 0.03 [0.02;0.04] 0.9%
Damiano et al. 2021 17 35 —— 0.49 [0.32;0.66] 0.8%
Desta et al. 2016 44 267 = 0.16 [0.12;0.21] 0.8%
Dirar et al. 2020 58 1M - 0.34 [0.27:0.42] 0.8%
Endaylalu et al. 2020 2 236E 0.01 [0.00;0.03] 0.8%
Engda et al. 2018 24 384 = 0.06 [0.04;0.09] 0.9%
Erbetal. 2018 1 6360 0.00 [0.00;0.01] 0.9%
Fenta et al. 2020 1 50 - 0.02 [0.01;0.11] 0.8%
Henson et al. 2017 198 221 = 0.90 [0.85;0.93] 0.8%
Kaduma et al. 2019 4 3930 0.01 [0.00;0.02] 0.9%
Kagia et al. 2019 31 597 0.05 [0.04;0.07] 0.9%
Kajeguka et al. 2015 22 33 W 0.07 [0.04;0.10) 0.9%
Kasew et al. 2021 3 300K 0.01 [0.00;0.03] 0.9%
Kateregga et al. 2015 24 245 W 0.10 [0.07;0.14] 0.8%
Kibwana et al. 2020 37 196 -+ 0.19 [0.13;0.25] 0.8%
Kibwana et al. 2023 3 1R 0.02 s 0.8%
Kibwana et al. 2022 46 200 - 0.23 0.8%
Kiros et al. 2023 3 383 = 0.09 0.9%
Letara et al. 2021 14 6090 0.02 0.9%
Magale et al. 2015 26 948 W 0.03 0.9%
Manyahi et al. 2014 1 100 0.11 0.8%
Manyahi et al. 2022 39 198 - 0.20 0.8%
Mayanja et al. 2023 25 273 W 0.09 0.8%
Moges et al. 2019 79 532 = 0.15 0.9%
Moremi et al. 2017 6 107 W 0.06 0.8%
Moyo et al. 2020 56 2226 @ 0.03 0.9%
Mshana et al. 2016 2 334@ 0.01 0.9%
Mshana et al. 2013 92 1260 0.07 0.9%
Musicha et al. 2019 34 205 - 0.17 0.8%
Mutua et al. 2023 15 120 0.12 0.8%
Naas et al. 2016 15 808 0.02 0.9%
Najjuka et al. 2016 10 14480 0.01 0.9%
Rakotondrasao et al. 2020 65 40010 0.02 0.9%
Rakotonirina et al. 2013 14 909m 0.02 0.9%
Sahle et al. 2022 24 384 & 0.06 0.9%
Sammarro et al. 2023 296 2493 0.12 [0.10; 0. 0.9%
Selamyhun et al. 2014 18 384 0.05 [0.03;0.07] 0.9%
Seni et al. 2013 36 216 0.17 [0.12;0.22] 0.8%
Sewunet et al. 2022 112 1087 0.10 [0.08;0.12] 0.9%
Teferi et al. 2023 6 38K 0.02 [0.01;0.03] 0.9%
Teklu et al. 2019 81 426 3 0.19 [0.15;0.23] 0.9%
Tellevik et al. 2016 139 603 = 0.23 [0.20;0.27] 0.9%
Tesfaye et al. 2019 1 24 W— 0.04 [0.01;0.22) 0.7%
Tola etal. 2021 8 269 0.03 [0.01;0.06) 0.8%
Tufa et al. 2022 6 7610 0.01 [0.00;0.02] 0.9%

Tumuhamye et al. 2021 16 14720 0.01 [0.01;0.02] 0.9%

Fig. 4 Forest plot showing subgroup analysis of ESBL-producing K. pneumoniae based on subregions in sub-Saharan Africa

via plasmids and other mobile elements facilitates the
rapid spread of resistance between bacterial species
[30], increasing occupational risks for farm workers and
veterinarians.

Many of the resistant pathogens found in animals,
particularly within the Enterobacteriaceae family, such
as Klebsiella pneumoniae, are capable of causing severe
infections in humans. ESBL-producing strains are not
only resistant to beta-lactams but also to multiple drug
classes including tetracyclines, fluoroquinolones, and
aminoglycosides [31]. The misuse of antimicrobials in
both clinical and agricultural settings - often without
prescription - exacerbates resistance levels [32]. More-
over, the structural similarity between antibiotics used

in animals and humans intensifies cross-resistance con-
cerns. Environmental sources such as hospital wastewa-
ter and contaminated animal feces further contribute to
resistance gene dissemination [33, 34]. These findings
support the urgent need for integrated AMR surveillance
under a One Health framework that captures human,
animal, and environmental interactions.

Among countries with at least three eligible studies,
South Africa had the highest burden of ESBL-producing
K. pneumoniae at 23.3%, followed by Kenya at 23%, Nige-
ria at 11.1%, and Tanzania at 8.1%. Madagascar reported
the lowest prevalence (1.63%). The prevalence of ESBL-
producing K. pneumoniae in some sub-Saharan African
countries in this study is similar to previous reports in
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Study Events Total Proportion 95%-Cl Weight
Afolayan et al. 2021 72 14 —_— 0.51 [0.42; 0.60] 0.8%
Agyekum et al. 2016 33 101 - 0.33 [0.24; 0.43] 0.8%
Ahmed et al. 2015 22 402 = 0.05 [0.04: 0.08] 0.9%
Ajani et al. 2022 13 165 W 0.08 [0.05; 0.13] 0.8%
Ajimuda et al. 2022 73 180 - 0.41 [0.33; 0.48] 0.8%
Akenten et al. 2023 19 0.9%
Alabi et al. 2013 42 0.9%
Amare et al. 2022 17 0.9%
Bayleyegn et al. 2021 6 0.8%
Bediako-Bowan et al. 2020 7 0.9%
Beshah et al. 2023 72 0.9%
Beyenel et al. 2019 55 0.9%
Bitew et al. 2020 23 0.9%
Buys et al. 2016 339 0.9%
Chinowaita et al. 2020 4 0.8%
Choonara et al. 2022 20 0.9%
Chukwu et al. 2022 13 0.9%
Damiano et al. 2021 17 0.8%
Darboe et al. 2023 34 0.9%
Dayie et al. 2022 4 0.8%
Dela et al. 2022 5 0.8%
Desta et al. 2016 44 0.8%
Dikoumba et al. 2021 38 0.9%
Dirar et al. 2020 58 0.8%
Djim-Adjim-Ngana et al. 2020 4 0.8%
Eibach et al. 2016 34 0.9%
Endaylalu et al. 2020 2 0.8%
Fenta et al. 2020 1 0.8%
Founou et al. 2019 10 0.8%
Founou et al. 2018 8 0.9%
Founou et al. 2019 8 0.8%
Godonou et al. 2022 24 0.8%
Henson et al. 2017 198 0.8%
Ibrahim et al. 2017 68 0.8%
Irenge et al. 2023 89 0.9%
Irenge et al. 2014 18 0.9%
Isendahl et al. 2012 91 0.9%
Jesumirhewe et al. 2020 16 0.8%
Kaduma et al. 2019 4 0.9%
Kagia et al. 2019 31 0.9%
Kajeguka et al. 2015 22 0.9%
Kasew et al. 2021 3 0.9%
Kateregga et al. 2015 24 0.8%
Kenga et al. 2021 2 0.8%
Kibwana et al. 2020 37 0.8%
Kibwana et al. 2023 3 0.8%
Kibwana et al. 2022 46 0.8%
Kiros et al. 2023 34 0.9%
Leski et al. 2016 9 0.8%
Letara et al. 2021 14 0.9%
Magale et al. 2015 26 0.9%
Mahamat-1 et al 2019 16 0.8%
Mahamat-2 et al. 2019 20 0.9%
Manyahi et al. 2014 1" 0.8%
Manyahi et al. 2022 39 0.8%
Mayanja et al. 2023 25 0.8%
Mofolorunsho et al. 2021 24 0.8%
Moges et al. 2019 79 0.9%
Moirongo et al. 2020 14 0.9%
Moremi et al. 2017 6 0.8%
Motayo et al. 2013 5 0.8%
Moyo et al. 2020 56 0.9%
Mshana et al. 2016 2 0.9%
Mshana et al. 2013 92 0.9%
Mulinganya et al. 2021 8 0.8%
Mller-Schulte et al. 2020 90 0.8%
Musicha et al. 2019 34 0.8%
Mutua et al. 2023 15 0.8%
Naas et al. 2016 15 0.9%
Najjuka et al. 2016 10 0.9%
Nguekap et al. 2020 4 0.8%
Obeng-Nkrumah et al. 2023 2 0.9%
Ogunbosi et al. 2020 65 0.8%
Olalekan et al. 2020 62 0.9%
Olasehinde et al. 2021 76 0.9%
Ombelet et al. 2022 36 0.9%
Osei et al. 2022 3 0.9%
Ouedraogo et al. 2016 46 0.9%
Owusu et al. 2023 7 0.8%
Pillay et al. 2021 52 0.9%
Raji et al. 2013 12 0.8%
Rakotondrasao et al. 2020 65 0.9%
Rakotonirina et al. 2013 14 0.9%
Ramsamy et al. 2013 6 0.8%
Sader et al. 2013 33 0.9%
Sah et al. 2022 27 0.8%
Sahle et al. 2022 24 0.9%
Sammarro et al. 2023 296 0.9%
Sangare et al. 2016 10 0.8%
Sanke-Waigana et al. 2021 119 0.9%
Schaumburg et al. 2013 53 0.8%
Scherbaum et al. 2014 3 0.8%
Selamyhun et al. 2014 18 0.9%
Seni et al. 2013 36 0.8%
Sewunet et al. 2022 12 0.9%
Soré et al. 2021 18 0.8%
Teferi et al. 2023 6 0.9%
Teklu et al. 2019 81 0.9%
Tellevik et al. 2016 139 0.9%
Tola et al. 2021 8 0.8%
Tufa et al. 2022 6 0.9%
Tumuhamye et al. 2021 16 0.9%
Yehouenou et al. 2020 25 0.9%
Zemtsa et al. 2022 4 0.8%
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Study Events Total Proportion  95%-Cl Weight
Acolatse et al. 2022 17 0.07 [0.04:0.12) 0.8%
Adelowo et al. 2018 2 0.01 [0.00:0.05] 0.8%
Dougnon et al. 2021 3 0.02 [0.01:0.07] 0.8%
Engda et al. 2018 24 0.06 [0.04:0.09] 0.9%
Erb et al. 2018 1 0.00 (0.00:0.01] 0.9%
Fadare and Okoh 2021 5 e 0.83 [0.38:0.95] 0.5%
Fadare et al. 2020 8 0.17 [0.08:0.31] 0.8%
Leski et al. 2016 1 0.01 [0.00:0.03] 0.8%
Soré et al. 2020 42 0.14 [0.11:0.19] 0.9%
Tesfaye et al. 2019 1 0.04 [0.01:0.22] 0.7%
Bager et al. 2022 6 86 W 0.07 [0.03;0.15] 0.8%
Chah et al. 2018 7 som 0.01 [0.01:0.03] 0.9%
Eibach et al. 2018 35 200 0.17 [0.13:0.24]  0.8%
Montso et al. 2019 82 151 - 0.54 [0.46:0.62] 0.8%
Nnaji et al. 2021 8 4som 0.02 [0.01:0.03] 0.9%

Fig.5 Forest plot showing subgroup analysis of ESBL-producing K. pneumoniae based on sample source in sub-Saharan Africa

Egypt [35]. They reported prevalence rates of 17% and
38.8%, suggesting an increasing spread of ESBLs, possi-
bly due to the widespread use of third-generation cepha-
losporins. Prevalence varies by species, region, infection
control practices, and antibiotic use patterns. Selective
pressure from excessive cephalosporin use in certain
countries contributes to rising ESBL rates [36].

Our analysis highlights gaps in the existing literature,
suggesting that some countries in sub-Saharan Africa
may have limited or no available data on ESBL-producing

K. pneumoniae. These grey areas pose a great challenge
in curbing the spread of AMR pathogens and genes. The
ease of migration and porous borders between these
countries and other countries within the region — espe-
cially those that share the same boundaries — would
make it easy to spread multidrug-resistant pathogens
like K. pneumoniae [37]. To avoid this, both country and
regional governments in SSA should deploy resources
to grey areas to help understand the epidemiology of
multidrug-resistant pathogens and control their spread.
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Fig. 6 ESBL-producing Klebsiella pneumoniae prevalence in 13 sub-Saharan African countries

Additionally, some of the countries in this study (Cote
d’Ivoire, Central Africa Republic, Zimbabwe, Mozam-
bique, Togo, Gambia, Guinea Bissau, Mali, Burkina Faso,
Chad, Sudan and Sierra Leone) have less than 3 eligible
articles, making it difficult to estimate the prevalence of
ESBL-producing K. pneumoniae in these countries.
Globally, there is growing concern about how ESBL-
producing bacteria affect the effectiveness of treatments
for bacterial infections. This study identifies the major
ESBL genes present in K. pneumoniae isolates in sub-
Saharan Africa. Our study revealed blargy, blagy, and
blac1x.y as the three main ESBL genes in K. pneumoniae
in SSA. The detection of these resistance genes in K.
pneumoniae suggests the spread of bacteria producing
ESBL enzymes, specifically bla-beta-lactamases. Addi-
tionally, other beta-lactamase genes identified include
carbapenem-hydrolyzing beta-lactamases such as bla-
oxar blaoxaie blaoxa.ag blaoyxa.q-like, metallo-beta-
lactamase gene IMP, class C beta-lactamases AmpC
(which inactivates first- and second-generation cepha-
losporins, including cephamycins like cefoxitin and
cefotetan, and third-generation cephalosporins like
ceftazidime), LEN (which confers resistance to ampi-
cillin, amoxicillin, carbenicillin, and ticarcillin but not
extended-spectrum beta-lactams), OKP (which confers
resistance to penicillins and early cephalosporins in K.
pneumoniae), and CMY-2 (which confers broad-spec-
trum resistance to beta-lactam antimicrobials, including
ceftriaxone and ceftiofur, as well as beta-lactamase inhib-
itors like clavulanic acid). The blacry \ gene emerged as
the most common, followed by blagy, and blargy,, con-
sistent with findings from other regions [38]. Despite

numerous studies, some areas in SSA still underreport
ESBL cases, leaving prevalence unclear. It is evident that
blacrx vy blagyy, and blarg,, are the most commonly
detected genes, highlighting the need for comprehensive
monitoring and infection control measures.

Research has shown that blarp,, genes have been
reported in vegetables from Finland [39] and southern
Thailand [40], while blac-ry\ is the most commonly
detected gene in animals, humans, and the environment.
Additionally, K. pneumoniae and E. coli from dogs and
cats have been found to possess blacry.a.e type genes
[41]. blacrx. enzymes are now the most prevalent
ESBL types, likely due to their environmental origins
[42]. These enzymes are classified into five subgroups
based on amino acid composition: blacrx 15 blacrxao
blacrx v Ylactx e and blacryags [43]. Our results
underscore the importance of the “One Health” approach,
as ESBL-producing K. pneumoniae was found in animals,
clinical specimens, and the environment. The presence of
blacrx y and blagyy, in ESBL-producing K. pneumoniae
from these sources further emphasizes the need for a
“One Health” perspective. Future research should adopt
this approach to better understand the links between
human, animal, and environmental health, particularly
regarding antibiotic resistance in zoonotic diseases.

Detection of ESBL K. pneumoniae in the stud-
ies appraised revealed utilization of various methods,
including phenotypic assays, genomic assays, Polymerase
Chain Reaction (PCR), NMK-203 card on the Phoenix
system, Disc Diffusion (Standard and Kirby-Bauer meth-
ods), Etest, Double Disc Diffusion, Vitek 2 Compact Sys-
tem, Double Disc Synergy Test (DDST), Whole Genome
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Sequencing, Broth Microdilution, and EUCAST Break-
points. The use of diverse detection methods contributed
to significant heterogeneity in our study. Whole genome
sequencing remains an important method for identify-
ing antibiotic-resistant genes, however, many laborato-
ries in SSA do not have resources for this. Hence, result
to phenotypic detection methods which could give false
positive or negative results. As a result, many antibiotic-
resistant pathogens are under-reported in the region.

One limitation of this study is the reliance on disc
diffusion methods in many included articles, which
may increase the risk of false positives or negatives
without genomic confirmation. Another limitation is
the absence of eligible studies or the presence of less
than three eligible studies from some SSA countries,
which prevents the true understanding of the burden
of this multidrug-resistant pathogen in those regions.
Despite these limitations, our review provides the most
comprehensive synthesis to date of ESBL-producing K.
pneumoniae in sub-Saharan Africa, encompassing data
from humans, animals, and the environment across 25
countries and various subregions. Using robust sta-
tistical methods, we generated pooled estimates that
offer valuable insights into the burden of this critical
public health threat in SSA.

In conclusion, our study highlights the urgent need
for sustained surveillance in sub-Saharan Africa of
multiple drug-resistant microorganisms, especially
in locations where data is scarce or non-existent. The
high prevalence of these resistant strains in countries
such as Tanzania, Nigeria, Kenya, and South Africa is
particularly alarming given the region’s porous borders
and the potential for cross-border transmission. The
underreporting of AMR in the region further exacer-
bates the threat, potentially allowing resistant bacteria
to spread swiftly from areas with high, yet unreported,
prevalence to those with lower documented cases.
To effectively identify and mitigate these emerging
threats, it is imperative that policymakers in sub-Saha-
ran Africa prioritize the establishment of compre-
hensive surveillance systems to curb the spread of
multidrug-resistant infections in the region.
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SSA sub-Saharan Africa

AMR Antimicrobial Resistance
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WHO World Health Organisation

blacy,  Cefotaximase

blagy, Oxacillinases

blag, Temoniera
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Page 10 of 11

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512879-025-11276-9.

[ Supplementary Material 1. ]

Acknowledgements
None.

Authors' contributions

MOO conceptualised and administered the project. MOO and OQO
supervised the project, provided resources and software, validated and
interpreted the results. MOO, OQO, RBS, AAO, GMO, MTA, AEK, KIY and RAY
contributed to methodology. MOO, OQO, RBS, AAO, GMO, KIY and RAY
conducted the investigations. OQO performed the formal analysis. MOO,
0QO, RBS, AAO and GMO curated the data. MOO, OQO and MTA visualized the
results. MOO, OQO, MTA and AEK wrote original draft of the manuscript and
MOO and OQO wrote review and editing.

Funding
There was no funding source for this study.

Data availability
All dataset generated and analysed in this study are included within the article
and/or its Supplementary data file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Biology, Microbiology and Science Laboratory
Technology, Nile University of Nigeria, Plot 681, Cadastral Zone C-O0,
Research & Institution Area, Jabi Airport Bypass, Abuja FCT, Abuja
900001, Nigeria

2School of Life Sciences, University of Warwick, Coventry, UK
3Department of Microbiology, Osun State University, Osogbo, Nigeria
“Department of Microbiology, University of Ibadan, Ibadan, Nigeria
Department of Microbiology, University of Lagos, Akoka, Nigeria
Department of Microbiology, Federal University of Dutsin-Ma, Dutsin-Ma,
Nigeria

’Department of Microbiology, University of llorin, llorin, Nigeria

Received: 20 April 2025 / Accepted: 18 June 2025
Published online: 01 July 2025

References

1. Salam MA, Al-Amin MY, Salam MT, et al. Antimicrobial resistance: a growing
serious threat for global public health. Healthc. 2023;11:1946.

2. Murray CJ, Ikuta KS, Sharara F, et al. Global burden of bacterial antimicrobial
resistance in 2019: a systematic analysis. Lancet. 2022,399:629-55.

3. Ahmed SA, Baris E, Go DS, Lofgren H, Osorio-Rodarte |, Thierfelder K.
Assessing the global poverty effects of antimicrobial resistance. World Dev.
2018;111:148-60.

4. Tacconelli E, Carrara E, Savoldi A, et al. Discovery, research, and development
of new antibiotics: the WHO priority list of antibiotic-resistant bacteria and
tuberculosis. Lancet Infect Dis. 2018;18:318-27.

5. Wareth G, Neubauer H. The Animal-foods-environment interface of Klebsiella
pneumoniae in germany: an observational study on pathogenicity, resistance
development and the current situation. Vet Res. 2021;52:16.


https://doi.org/10.1186/s12879-025-11276-9
https://doi.org/10.1186/s12879-025-11276-9

Olaitan et al. BMC Infectious Diseases

20.

21

22.

23.

24,

25,

26.

27.

(2025) 25:843

Martin RM, Bachman MA. Colonization, infection, and the accessory genome
of Klebsiella pneumoniae. Front Cell Infect Microbiol. 2018;8:4.

Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella pneumoniae
carbapenemase-producing bacteria. Lancet Infect Dis. 2009;9:228-36.

Wang G, Zhao G, Chao X, Xie L, Wang H. The characteristic of virulence, bio-
film and antibiotic resistance of Klebsiella pneumoniae. Int J Environ Res Public
Health. 2020;17:6278.

Li L, Ma J, Cheng P, et al. Roles of two-component regulatory systems in Kleb-
siella pneumoniae: regulation of virulence, antibiotic resistance, and stress
responses. Microbiol Res. 2023;2023:127374

Wyres KL, Lam MMC, Holt KE. Population genomics of Klebsiella pneumoniae.
Nat Rev Microbiol. 2020;18:344-59.

Saha U, Gondi R, Patil A, Saroj SD. CRISPR in modulating antibiotic resistance
of ESKAPE pathogens. Mol Biotechnol. 2023;65:1-16.

Priyanka A, Akshatha K, Deekshit VK, Prarthana J, Akhila DS. Klebsiella
pneumoniae infections and antimicrobial drug resistance. In: Siddhardha, B,
Dyavaiah, M,, Syed, A, editors Model Organisms for Microbial Pathogenesis,
Biofilm Formation and Antimicrobial Drug Discovery. Springer, Singapore
2020;2020:195-225.

Navon-Venezia S, Kondratyeva K, Carattoli A. Klebsiella pneumoniae: a major
worldwide source and shuttle for antibiotic resistance. FEMS Microbiol Rev.
2017;41:252-75.

Zhang Y, Wang X, Wang Q, et al. Emergence of Tigecycline nonsusceptible
and IMP-4 carbapenemase-producing K2-ST65 hypervirulent Klebsiella pneu-
moniae in China. Microbiol Spectr. 2021;9:e01305-21.

Silago V, Kovacs D, Samson H, et al, et al. Existence of multiple ESBL genes
among phenotypically confirmed ESBL producing Klebsiella pneumoniae
and Escherichia coli concurrently isolated from clinical, colonization and
contamination samples from neonatal units at Bugando medical center,
mwanza, Tanzania. Antibiotics. 2021;10:476.

Sabenca C, Costa E, Sousa S, et al. Evaluation of the ability to form biofilms

in KPC-producing and ESBL-producing Klebsiella pneumoniae isolated from
clinical samples. Antibiotics. 2023;12:1143.

Hansen SK, Kaya H, Roer L, et al. Molecular characterization of Danish ESBL/
AmpC-producing Klebsiella pneumoniae from bloodstream infections, 2018. J
Global Antimicrob Resist. 2020;22:562-7.

Rossolini GM, D’Andrea MM, Mugnaioli C. The spread of CTX-M-type
extended-spectrum B-lactamases. Clin Microbiol Infect. 2008;14:33-41.
Paterson DL, Hujer KM, Hujer AM, et al. Extended-spectrum B-lactamases in
Klebsiella pneumoniae bloodstream isolates from seven countries: dominance
and widespread prevalence of SHV-and CTX-M-type B-lactamases. Antimi-
crob Agents Chemother. 2003;47:3554-60.

Wang G, Huang T, Surendraiah P, et al. CTX-M B-lactamase-producing Klebsi-
ella pneumoniae in suburban new York city, new york, USA. Emerg Infect Dis.
2013;19:1803-10.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021,372. https://d
0i.org/10.1136/bmj.n71.

Singh PR, Kapoor A, Sinha A, Ma Y, Shankar M. Virulence factors of Klebsiella
pneumoniae: insights into canonical and emerging mechanisms driving
pathogenicity and drug resistance. Microbe. 2025;7:100289. https://doi.org/1
0.1016/j.microb.2025.100289.

Salawudeen A, Raji YE, Jibo GG, et al. Epidemiology of multidrug-resistant
Klebsiella pneumoniae infection in clinical setting in South-Eastern asia:

a systematic review and meta-analysis. Antimicrob Resist Infect Control.
2023;12:142-56. https://doi.org/10.1186/513756-023-01346-5.

Mohd ANA, Ahmad S, Mohamud R, et al. Global prevalence of nosocomial
Multidrug-Resistant Klebsiella pneumoniae: A systematic review and Meta-
Analysis. Antibiot (Basel). 2021;10:1508. https://doi.org/10.3390/antibiotics10
121508. PMID: 34943720; PMCID: PMC8698758.

Hu'Y, Zhang W, Cheng H, Tao S. Public health risk of arsenic species in chicken
tissues from live poultry markets of Guangdong province, China. Environ Sci
Technol. 2017;51:3508-17.

Lu XW, Dang Z, Yang C. Preliminary investigation of Chloramphenicol in fish,
water and sediment from freshwater aquaculture pond. Int J Environ Sci
Technol. 2009;6:597-604. https://doi.org/10.1007/BF03326100.

Chang Q Wang W, Regev-Yochay G, Lipsitch M, Hanage WP. Antibiotics in
agriculture and the risk to human health: how worried should we be? Evol
Appl. 2015;8:240-7. https://doi.org/10.1111/eva.12185.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 11 of 11

Rousham EK, Unicomb L, Islam MA. Human, animal and environmental
contributors to antibiotic resistance in low-resource settings: integrating
behavioural, epidemiological and one health approaches. Proc R Soc B Biol
Sci. 2018;285:20180332. https://doi.org/10.1098/rspb.2018.0332.

Ma F, Xu S, Tang Z, Li Z, Zhang L. Use of antimicrobials in food animals and
impact of transmission of antimicrobial resistance on humans. Biosaf Health.
2021;3:32-8.

Lerminiaux NA, Cameron ADS. Horizontal transfer of antibiotic resistance
genes in clinical environments. Can J Microbiol. 2019,65:34-44. 10.1139/
¢jm-2018-0275.

Rezai MS, Salehifar E, Rafiei A, et al. Characterization of multidrug resistant
Extended-Spectrum Beta-Lactamase-Producing Escherichia coli among uro-
pathogens of pediatrics in North of Iran. Biomed Res Int. 2015;2015:309478. h
ttps://doi.org/10.1155/2015/309478.

ElBouamri MC, Arsalane L, El Kamouni Y, Zouhair S. Antimicrobial susceptibil-
ity of urinary Klebsiella pneumoniae and the emergence of carbapenem-
resistant strains: A retrospective study from a university hospital in morocco,
North Africa. Afr J Urol. 2015;21:1110-5704.

Parvez S, Khan AU. Hospital sewage water: a reservoir for variants of new
Delhi metallo- B-lactamase (NDM)- and extended-spectrum B-lactamase
(ESBL)-producing Enterobacteriaceae. Int J Antimicrob Agents. 2018;51:82-8.
https://doi.org/10.1016/j.ijantimicag.2017.08.032.

Kim J, Hwang BK, Choi H et al. Characterization of mcr-1-harboring plasmids
from pan drug-resistant Escherichia coli strains isolated from retail raw
chicken in South Korea. Microorganisms 2019. https://doi.org/10.3390/micro
organisms7090344

Shash RY, Elshimy AA, Soliman MY, Mosharafa AA. Molecular characterization
of extended-Spectrum B-lactamase Enterobacteriaceae isolated from Egyp-
tian patients with community- and hospital-acquired urinary tract infection.
Am JTrop Med Hyg. 2019;100:522-8.

Canton R, Novais A, Valverde A, et al. Prevalence and spread of extended-
spectrum b-lactamase-producing Enterobacteriaceae in Europe. Clin Micro-
biol Infect. 2008;14:144-53.

Obah-Akpowoghaha NG, Ojakorotu V, Tarro ML. Porous borders and the
challenge of National integration in africa: A reflection of ghana, Republic of
Benin and Nigeria. J Afr Foreign Affairs. 2020;7:89-111. https://wwwjstor.org/
stable/26976635.

Eltai NO, Al Thani AA, Al-Ansari K, et al. Molecular characterization of
extended spectrum beta-lactamases Enterobacteriaceae causing lower
urinary tract infection among paediatric population. Antimicrob Resist Infect
Control. 2018;7:1-9.

Kurittu P, Khakipoor B, Aarnio M, et al. Plasmid-borne and chromosomal
esbl/ampc genes in Escherichia coli and Klebsiella pneumoniae in global food
products. Front Microbiol. 2021;12:592291. https://doi.org/10.3389/fmicb.202
1.592291.

Romyasamit C, Sornsenee P, Chimplee S, Yuwalaksanakun S, Wongprot D,
Saengsuwan P. Prevalence and characterization of extended-spectrum
(-lactamase-producing Escherichia coli and Klebsiella pneumoniae isolated
from Raw vegetables retailed in Southern Thailand. PeerJ. 2021,9:¢11787. http
s://doi.org/10.7717/peerj.11787.

Sivaraman GK, Rajan V, Vijayan A, Elangovan R, Prendiville A, Bachmann TT.
Antibiotic resistance profiles and molecular characteristics of extended-
spectrum beta-lactamase (ESBL)-producing Escherichia coli and Klebsiella
pneumoniae isolated from shrimp aquaculture farms in kerala, India. Front
Microbiol. 2021;12:622891. https://doi.org/10.3389/fmicb.2021.622891.
Palmeira JD, Ferreira HM. Extended-spectrum beta-lactamase (ESBL)-
pro~ducing Enterobacteriaceae in cattle production-a threat around the
world. Heliyon. 2020;6:€03206. https://doi.org/10.1016/}.heliyon.2020.e03206.
Riwu KH, Effendi MH, Rantam FA. A review of extended spectrum
(3-Lactamase (ESBL) producing Klebsiella pneumoniae and multidrug resistant
(MDR) on companion animals. Syst Rev Pharm. 2020;11:270-7. https://doi.org
/10.31838/5rp.2020.7.43.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.microb.2025.100289
https://doi.org/10.1016/j.microb.2025.100289
https://doi.org/10.1186/s13756-023-01346-5
https://doi.org/10.3390/antibiotics10121508
https://doi.org/10.3390/antibiotics10121508
https://doi.org/10.1007/BF03326100
https://doi.org/10.1111/eva.12185
https://doi.org/10.1098/rspb.2018.0332
https://doi.org/10.1155/2015/309478
https://doi.org/10.1155/2015/309478
https://doi.org/10.1016/j.ijantimicag.2017.08.032
https://doi.org/10.1016/j.ijantimicag.2017.08.032
https://doi.org/10.3390/microorganisms7090344
https://doi.org/10.3390/microorganisms7090344
https://www.jstor.org/stable/26976635
https://www.jstor.org/stable/26976635
https://doi.org/10.3389/fmicb.2021.592291
https://doi.org/10.3389/fmicb.2021.592291
https://doi.org/10.7717/peerj.11787
https://doi.org/10.7717/peerj.11787
https://doi.org/10.3389/fmicb.2021.622891
https://doi.org/10.1016/j.heliyon.2020.e03206
https://doi.org/10.31838/srp.2020.7.43
https://doi.org/10.31838/srp.2020.7.43

	﻿Extended-spectrum beta-lactam-resistant ﻿Klebsiella pneumoniae﻿ in sub-Saharan Africa: a systematic review and meta-analysis from a One Health perspective
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design, search strategy and screening
	﻿Eligibility criteria
	﻿Data extraction and quality assessment
	﻿Meta-analyses

	﻿Results
	﻿Search outcome
	﻿Study characteristics
	﻿Prevalence of ESBL-resistance in ﻿K. pneumoniae﻿
	﻿Genomic epidemiology of ESBL genes in SSA

	﻿Discussion
	﻿References


