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A B S T R A C T

The rise in the prevalence of antimicrobial-resistant (AMR) pathogens globally has been a major concern, 
especially due to the increasing mortality associated with AMR. One of these pathogens –classified as a WHO 
priority pathogen– is extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli. In this study, we aim 
to determine the prevalence of ESBL-producing E. coli in sub-Saharan Africa (SSA) as well as the genes 
responsible for its spread in the region. Based on the PRISMA guideline, we screened 6521 articles published 
between 2013 and 2023 from PubMed, AJOL, Google Scholar, Scopus, and Web of Science using pre-set eligi-
bility criteria. The final meta-analysis included one hundred and ninety-six of these articles. In this study, we 
reported an overall ESBL-producing E. coli prevalence of 20.76 % in SSA. Subregion analysis showed that West 
Africa had the highest prevalence of 22.80 % while Southern Africa (13.76 %) has the lowest ESBL-producing 
E. coli prevalence in SSA. Among the countries in SSA, Burkina Faso (33.37 %) had the highest prevalence of 
ESBL-producing E. coli. Additionally, sample source subgroup analysis revealed animals as the highest source of 
ESBL-producing E. coli in SSA with a prevalence of 29.15 %. We also found that blaCTX-M-15 is the most reported 
ESBL gene in E. coli in SSA. Our study shows a high prevalence of ESBL-producing E. coli in SSA countries, with 
animals significantly contributing to the spread of ESBL resistance in the region compared to humans, the 
environment and food. This study further emphasizes the importance of an interdisciplinary and intergovern-
mental approach to reducing AMR spread in SSA. Additionally, we implore policymakers to implement policies 
that will encourage responsible use of antimicrobials in both the clinic and agriculture to prevent the widespread 
of AMR genes.

1. Introduction

Antimicrobial resistance (AMR) has emerged as one of the most 
pressing global health challenges, ranking among the top ten threats to 
human well-being [1]. According to recent statistics, which found that 
about 8.9 million deaths happened owing to bacterial infections and 
1.27 million deaths were attributable to AMR, with an additional esti-
mated 4.95 million deaths attributed to its repercussions globally in 

2019 alone [2,3]. Of particular concern is the rise of AMR associated 
with extended-spectrum beta-lactamase (ESBL)-producing bacteria, 
which has seen a surge in both hospital and community settings in recent 
years [4]. The proliferation of AMR is significantly fueled by the misuse 
of antibiotics in human medicine and animal husbandry, particularly in 
sub-Saharan African (SSA) regions [5]. Without intervention, pro-
jections suggest that in 5 years’ time (2030), infections stemming from 
AMR will pose a substantial threat to the global economy, with low- and 
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middle-income countries (LMIC), especially in SSA, bearing a dispro-
portionate burden [6].

Furthermore, it is profusely clear that AMR in livestock is intricately 
linked to their presence in humans and environments [7]. It is projected 
that AMR would result in a significant number of deaths throughout the 
world [2], which would also lead to immense economic damages and a 
substantial decline in animal production worldwide [8]. Additionally, 
wastewater and sewage systems serve as major sources of environmental 
contamination in the region, acting as hotspots for the proliferation of 
resistant bacteria and the horizontal exchange of genetic determinants 
of resistance [9].

Among the Enterobacteriaceae, Escherichia coli is becoming a main 
storehouse of ESBL genes, which confer resistance to several β-lactam 
antibiotics including penicillin, aztreonam and most cephalosporins 
[10]. E. coli is a Gram-negative facultative anaerobe which assumes a 
noteworthy role as a bacterial commensal dwelling in the intestinal 
microbiota of varied animal species, comprising human beings. Within 
this association, E. coli upholds a harmonious coexistence with its hosts, 
naturally exhibiting a symbiotic relationship devoid of pathogenicity 
[11]. Nevertheless, it is noteworthy to mention that E. coli also emerges 
as a prominent etiological agent responsible for initiating a myriad of 
prevalent bacterial infections affecting both human and animal pop-
ulations alike i.e. it is the most common cause of urinary tract infection 
(UTI), urosepsis, neonatal meningitis, septicemia, etc. in human [12], 
colibacillosis in poultry and mastitis in dairy cattle [13,14].

The World Health Organization’s integrated global surveillance on 
ESBL-producing E. coli, utilizing a “One Health” approach, highlights the 
significant ecological role of ESBL-E. coli as a bioindicator for antimi-
crobial resistance in Gram-negative bacteria [15]. These bacteria exhibit 
resistance to most beta-lactam antibiotics, necessitating treatment with 
last-resort drugs like carbapenems or colistin. However, access to these 
drugs is limited in some settings [15]. The increased use of these anti-
microbials has driven the emergence of carbapenem resistance against 
which current antibiotics are largely ineffective [16]. Moreover, E. coli is 
harbored in the intestinal tract of all animal species used for food pro-
duction and this bacterium demonstrates great genetic versatility and 
adaptability to constantly changing environments, as well as acquires 
numerous mechanisms of antimicrobial resistance, such as enzymes 
encoded by plasmids [17].

In addition to E. coli generally being transmitted through the fea-
cal–oral route, multidrug-resistant (MDR) forms of ESBL E. coli are 
transmissible through contact with humans, animals, the environment, 
as well as ingestion of contaminated food or water [10]. In fact, one 
study showed that 60 % of community-acquired ESBL E. coli were 
attributable to human-to-human transmission, whereas food accounted 
for about 20 % [18]. The intestinal carriage of ESBL E. coli is usually 
asymptomatic and persistent. However, many studies have shown the 
association of fecal carriage with ESBL E. coli infections [19]. Unlike 
infections with β-lactam-susceptible E. coli, ESBL E. coli infections have 
poor clinical outcomes [20]. For instance, the mortality rate of ESBL 
E. coli sepsis (60 %) is three times higher than for β-lactam susceptible 
strains (20 %) [21]. In SSA, studies have reported the carriage of ESBL- 
E. coli in the intestinal tracts of humans and animals, emphasizing that 
seven individuals without gastrointestinal symptoms can be carriers of 
ESBL [22]. Understanding the current status of this MDR bacterium is 
critical for developing effective methods for its control, including the 
prevention of its transmission and decolonization of carriers.

The rationale for focusing specifically on sub-Saharan Africa is im-
plicit yet compelling. SSA bears the world’s highest incidence of deaths 
attributable to antimicrobial resistance (AMR). A staggering estimate 
suggests that the region’s AMR-related death rate surpasses 100 per 
100,000 individuals in western SSA [2]. This alarming burden is exac-
erbated by limited access to diagnostic and microbiological testing in 
most SSA areas, resulting in a scarcity of empirical data on AMR [23].

SSA poses unique challenges for antimicrobial resistance surveil-
lance and interventions due to a combination of factors. Limited 

laboratory capacity is a significant obstacle, as many SSA countries lack 
adequate equipment, infrastructure, and personnel to detect and 
confirm AMR. This limitation hinders the ability to monitor and track 
AMR trends, as evidenced by a study in Tanzania, which found that only 
9 AMR sentinel sites were active and functional with few well-trained 
laboratory staffs [24]. Furthermore, data collection and reporting sys-
tems for AMR are often weak or non-existent in SSA countries [25]. This 
is particularly concerning, given the high burden of infectious diseases 
such as HIV, tuberculosis, and malaria, which are often treated with 
antibiotics [26]. The increased use of antibiotics can drive the devel-
opment and spread of AMR, limiting access to quality medicines [27]. 
Additionally, a study in Kenya found that 37.7 % of antibiotics available 
in the market were of poor quality [28]. Poor infection prevention and 
control (IPC) practices, such as hand hygiene and proper use of personal 
protective equipment, are also inadequate in SSA healthcare settings 
[29]. A recent study found that about 30–60 % of healthcare workers do 
not practice proper hand hygiene [30]. These challenges underscore the 
need for targeted interventions to strengthen laboratory capacity, 
improve data collection and reporting, and enhance IPC practices in SSA 
countries.

Despite existing research on the prevalence of ESBL-producing 
E. coli, previous studies have primarily focused on a few countries, 
such as Burkina Faso, Gabon, Ghana and Tanzania, leaving a substantial 
void in our understanding of the situation in other SSA countries [31]. 
Moreover, these studies have been limited by inadequate sampling 
frames, relying on convenience sampling or small sample sizes, which 
may not accurately represent the broader population, leading to biased 
estimates of ESBL E. coli prevalence [25]. Additionally, insufficient data 
on antimicrobial use patterns in SSA has hindered our understanding of 
the critical factors driving the development and spread of ESBL E. coli 
[27].

Moreover, literature has revealed that Enterobacterales, including 
E. coli, exhibited high proportions of resistance to several antibiotics 
commonly recommended in clinical guidelines used in sub-Saharan 
Africa [23]. This study fills a critical knowledge gap by providing 
contemporary data on antibiotic resistance patterns in SSA, where such 
information is scarce. Specifically, we intend to address these gaps by 
providing a comprehensive systematic review and meta-analysis of 
ESBL-producing E. coli prevalence in SSA, using a robust One Health 
approach, shedding light on the effectiveness of current clinical guide-
lines and informing evidence-based antibiotic stewardship practices in 
the region.

To the best of our knowledge, there is currently no study reporting 
the overall prevalence of ESBL-producing E. coli in SSA. Additionally, 
the prevalence of this antibiotic-resistant strain in each of the subregions 
in SSA is not clear, as well as the predominant genes in the region. This 
study therefore aims to determine the overall prevalence of ESBL- 
producing E. coli in SSA as well as its subregions. We also aim to iden-
tify the prevalent ESBL genes in E. coli in different parts of SSA.

2. Methods

2.1. Search protocol and selection criteria

This systematic review and meta-analysis adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
2020 guidelines [32]. A comprehensive literature search was conducted 
by four investigators (MO Olaitan, RB Shittu, OQ Orababa, and GM 
Obunukwu) using a combination of keywords (“ESBL”, “Extended- 
spectrum beta-lactamase”, “resistance”, “E. coli”, “Escherichia coli”, “sub- 
Saharan Africa”, “SSA”) across five databases: PubMed, African Journal 
Online, Google Scholar, Scopus, and Web of Science. Specifically, key-
words including “ESBL” AND “producing” AND (“Escherichia coli” OR 
“E. coli”) AND (“sub” AND “Saharan” AND “Africa”) OR “sub Saharan 
Africa”), which were aligned with relevant Medical Subject Headings 
(MeSH) terms in PubMed were utilized. The search results were 
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subsequently filtered by year, no language restrictions were applied at 
this stage. To be included in the review, studies had to be published 
between January 2013 and December 2023 and present data on 
extended-spectrum beta-lactam resistance on E. coli in sub-Saharan Af-
rica. We excluded review articles, systematic reviews, meta-analyses, 
abstract-only publications, studies without English translations, and 
studies that did not report on ESBL-E. coli or lacked specific data on it. 
The literature search was completed in December 2023. To minimize 
selection bias, the quality of the studies was evaluated using the Joanna 
Briggs Institute (JBI) Critical Appraisal Checklist for prevalence data 
studies [33]. The checklist consists of 9 questions, which were assessed 
based on JBI guidelines, with answers categorized as ‘yes’, ‘no’, ‘un-
clear’, or ‘not applicable’. Only studies that received a ‘yes’ response to 
all questions were included in the analysis.

2.2. Data extraction and critical appraisal

A data extraction table was created by MO Olaitan to capture key 
information from the articles, including the first author’s name, publi-
cation year, study type, country, subregion, sample source, size, and 
ESBL-E. coli details (notably, the number of E. coli isolates, the number of 
ESBL-E. coli, the AST method employed, and the ESBL gene detected). 
Six investigators (RB Shittu, OQ Orababa, GM Obunukwu, AA Oyediran, 
and RA Yusuff) independently selected eligible articles and extracted the 
data. All discrepancies were reviewed and resolved through discussions 
with MO Olaitan, and OQ Orababa when necessary. For quality assur-
ance, MO Olaitan verified all the extracted data with OQ Orababa’s 
assistance for accuracy and consistency. In cases where the number of 
positive E. coli isolates exceeded the sample size due to culturing, it was 
recorded as 100 % for meta-analysis purposes only. The study quality 
was assessed based on the methods used to characterize extended- 
spectrum beta-lactam strains. Studies using only phenotypic methods 
(e.g., disc diffusion, broth microdilution, automated antimicrobial sus-
ceptibility testing such as NMIC-203 card, Etest, VITEK, Mindray TDR 
300B) were considered low quality; those using only genotypic/molec-
ular methods were medium quality; and those employing both pheno-
typic and molecular methods were high quality.

2.3. Meta-analysis and statistical inference

The extracted data were compiled in Excel, scrutinized for duplicate 
entries, and vetted for eligibility criteria accuracy. Statistical analysis 
was conducted using R progamming language in RStudio version 4.4.1 
(R Core Team 2024). Pooled prevalence was determined with a random 
effect model (to account for heterogeneity between the studies), while I2 

and Cochran Q statistics were used to assess heterogeneity across 
studies. In particular, due to anticipated between-study heterogeneity 
stemming from sample size and study settings, a random-effects model 
was employed [34]. To understand the root of heterogeneity, we per-
formed subgroup analyses based on four pre-specified factors: subregion 
(East, West, South and Central Africa), sample source (human, animal, 
environment, and food-related data), publication year (2013–2016, 
2017–2019, and 2020–2023), and country (limited to countries with 
more than two eligible studies). Heterogeneity (I2) levels were catego-
rized as low (25 %), moderate (50 %), and high (> 75 %) based on I2 

values. Statistical significance was denoted as p < 0.05. Potential pub-
lication bias was determined by funnel plots. The sub-Saharan Africa 
map of eligible studies was generated using R’s naturalearth and ggplot2 
packages. MO Olaitan performed all the analyses.

3. Results

3.1. Search and screening outcome

The search yielded 6521 potentially relevant articles from five 
electronic databases: PubMed, African Journal Online, Google Scholar, 

Scopus, and Web of Science. After initial screening, 4363 articles were 
excluded, leaving 2158. Following title and abstract screening, 1501 
more were eliminated. The remaining 657 articles were assessed for 
eligibility, resulting in the exclusion of 384 and the removal of 77 du-
plicates. Ultimately, 196 studies met the criteria and were included in 
the systematic review and meta-analysis (Fig. 1).

3.2. Overview of included studies

This systematic review identified 196 eligible studies from 27 sub- 
Saharan African nations, with the majority coming from East Africa 
(85) and West Africa (80) (Fig. 2A). Two studies spanned multiple 
regions.

The majority of studies were published in 2022 (34) and 2023 (32), 
with a significant increase in recent years (2020–2023: 115 studies, 
58.67 %) compared to earlier periods combined (2013–2016: 41 studies; 
2017–2019: 40 studies) even though the earlier period is nearly double 
the length of the later period (Fig. 2B).

Country-specific analysis revealed that Nigeria led with 35 studies, 
followed by Ethiopia (25), Ghana (24), Tanzania (21), and Uganda (14) 
(Fig. 3A). Two studies were conducted in multiple countries.

Most studies focused on human samples (146), with fewer examining 
animal (25), environmental (18), and food (7) samples (Fig. 2C).

The quality of studies varied, with 108 (55.1 %) using both pheno-
typic and molecular methods (high quality), 82 (41.84 %) using only 
phenotypic methods (low quality), and 6 (3.06 %) using only molecular 
methods (medium quality) (Fig. 2D).

The studies analyzed a total of 107,719 samples, yielding 18,527 
ESBL producers from 31,112 E. coli isolates in SSA, indicating that 
almost two-thirds (60 %) of identified E. coli isolates produce ESBL 

Fig. 1. Selection of studies following the PRISMA flowchart protocol.
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(Table 1). The characteristics of the 196 eligible studies are presented in 
the Supplementary Table 1.

3.3. Meta-analysis of the burden of ESBL-producing E. coli in SSA

A meta-analysis of ESBL-producing E. coli in sub-Saharan Africa 
revealed a pooled prevalence of 20.76 % (95 %-CI: 17.56–24.15, p = 0) 

with significant heterogeneity (I2 = 99.2 %; Q = 24,495.39) (Fig. 4).
Regional analysis showed varying prevalence rates, with West Africa 

having the highest rate (22.80 %; 95 %-CI: 17.88–28.11, p = 0), fol-
lowed by East Africa (20.82 %; 95 %-CI: 15.71–26.43, p = 0), Central 
Africa (19.82 %; 95 %-CI: 9.43–32.78, p < 0.01), and Southern Africa 
(13.76 %; 95 %-CI: 6.48–23.13, p = 0). Significant heterogeneity was 
observed across all regions (Table 1).

Fig. 2. Distribution of Included Studies. (A) Regional Distribution in sub-Saharan Africa: number of studies by region. Note: Two studies spanned multiple regions, 
affecting total count. (B) Publication Year: number of studies by year. (C) Sample Source: type of sample source. (D) Identification Method. Low: Phenotype only 
(41.84 %); Medium: Molecular only (3.06 %); High: Phenotype and molecular (55.10 %).

Fig. 3. Geographical Distribution and Prevalence of ESBL-producing E. coli in sub-Saharan Africa. (A) Map of sub-Saharan Africa: countries with eligible studies. (B) 
Country-specific Prevalence of ESBL-producing E. coli: estimated prevalence rates.

M.O. Olaitan et al.                                                                                                                                                                                                                             One Health 20 (2025) 101090 

4 



Table 1 
Proportion of ESBL-producing E. coli in sub-Saharan Africa (SSA) across subgroup analyses by region, year of publication and sample source.

Subgroup analyses Total sample size (N) Total ESBL-E. coli (n) Prevalence (%) 95 % CI Q I2 (%) p-value p-value between study groups

Geographical region
East 29,680 5441 20.82 15.7–26.4 6948.09 98.8 0 0.08
West 36,771 10,689 22.80 17.9–28.1 6567.44 98.8 0
South 36,323 1704 13.76 6.5–23.1 1554.23 99.2 0
Central 4221 663 19.82 9.4–32.8 493.23 97.2 <0.01
Multiples 724 30 4.87 0.0–17.5 27.24 96.3
Publication period
2013–2016 11,942 1344 14.42 10.5–18.8 1498.72 97.3 <0.01 0.02
2017–2019 38,197 2444 24.19 16.2–33.2 3601.70 98.9 0
2020–2023 57,580 14,739 22.10 17.6–26.9 11,955.74 99 0
Sample Source
Food 1370 159 14.02 4.8–26.9 203.73 97.1 <0.01 0.34
Animal 8269 1903 29.15 16.8–43.3 2010.24 98.8 0
Human 94,033 15,883 20.23 16.7–24 21,439 99.3 0
Environment 4047 582 17.14 9.4–26.6 615.01 97.2 <0.01
Overall
Total sample size 107,719 18,527 20.76 17.6–24.2 24,495.39 99.2 0 Country: <0.0001
Total E. coli isolates 31,112

Fig. 4. (A) Forest Plot of Pooled Prevalence of ESBL-producing E. coli in sub-Saharan Africa. (B) Forest Plot of Subgroup Analysis of ESBL-producing E. coli in sub- 
Saharan Africa by Year of Publication.
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Temporal analysis revealed that the highest prevalence was found in 
2017–2019 (24.19 %, p = 0), followed by 2020–2023 (22.10 %, p = 0), 
and 2013–2016 (14.42 %, p < 0.01) (Table 1). Fig. 4B shows the forest 
plot of subgroup analysis of ESBL-producing E. coli based on year of 
publication.

Country-specific analysis identified Burkina Faso, Rwanda, 
Tanzania, and Malawi as the top four countries with the highest burden 
of ESBL-producing E. coli, with prevalence rates ranging from 30.1 % to 

33.37 %. Other countries, including Ghana, Nigeria, Madagascar, and 
South Africa, had moderately prevalence rates ranging from 15.88 % to 
23.2 % (Fig. 3B).

Notably, animal samples had the highest burden of ESBL-producing 
E. coli (29.15 %, p = 0), followed by human, environmental, and food 
samples, with prevalence rates of 20.23 %, p = 0; 17.14 %, p < 0.01; and 
14.02 %, p < 0.01 respectively (Table 1). Detailed forest plots of these 
subgroup analyses can be found in the Supplementary data file.

Fig. 4. (continued).
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Statistical significance testing between study groups revealed 
notable differences (Table 1). Specifically, the p-values for year of 
publication (p = 0.02), country (p < 0.0001), subregion (p = 0.08), and 
sample source (p = 0.34) indicate that year of publication and country 
are significant sources of heterogeneity. In contrast, sample source does 
not contribute significantly to heterogeneity. These findings suggest that 
year of publication and country may have substantially influenced study 
outcomes. Subregions may have had a moderate impact, whereas sam-
ple source appears to have had no significant effect on study outcomes.

3.4. Prevalence of ESBL genes in SSA

We found that of the 196 eligible studies included in the meta- 
analysis, 114 (58.2 %) of them employed genomic tests to identify 
ESBL-producing E. coli and its genes (Fig. 2D). The most abundant ESBL 
genes found in the studies under analysis are blaCTX-M (blaCTX-M-15, 
blaCTX-M-1, blaCTX-M-14, blaCTX-M-55, blaCTX-M-825, blaCTX-M-9, blaCTX-M-914, 
blaCTX-M-2, blaCTX-M-12, blaCTX-M-27, blaCTX-M-127, blaCTX-M-55, blaCTX-M-102, 
blaCTX-M-103, blaCTX-M-3, blaCTX-M-101, blaCTX-M-28, blaCTX-M-8, blaCTX-M-32, 
blaCTX-M-79); blaTEM (blaTEM-1, blaTEM-104, blaTEM-4, blaTEM-24, blaTEM-135, 
blaTEM-169, blaTEM-190, blaTEM-2, blaTEM-6); blaSHV (blaSHV-73, blaSHV-12, 
blaSHV-28, blaSHV-31); and blaOXA (blaOXA-1, blaOXA-48). A few other genes 
occur very rarely (blaCMY-2, blaDHA, blaPER, and blaGES). Of these genes, 
blaCTX-M-15 was the most frequently reported in the majority of the 
evaluated studies. All sample types, notably human, animal, environ-
mental, and food sources, harbored the blaCTX-M, blaSHV, and blaTEM ESBL 
genes. However, blaOXA and blaCMY genes were detected in all sample 
types except for food samples, where they were notably absent.

4. Discussion

The general spread and global prevalence of Extended Spectrum 
Beta-Lactamase (ESBL)-producing Escherichia coli remain a critical 
health concern as it confers resistance to antibiotics with beta-lactam 
rings, which thus increases treatment complexity. Beta-lactam antibi-
otics account for about 65 % of antibiotics administered through in-
jections yearly in the United States [35], and resistance to this drug is of 
immense consequence. It is not surprising that WHO Bacterial Priority 
Pathogen List (WHO BPPL) elevated third-generation cephalosporin- 
resistant E. coli and carbapenem-resistant E. coli in their recent update of 
organisms needing urgent therapeutic development [36]. In this study, 
we shed light on the epidemiology of Extended Spectrum Beta- 
Lactamase (ESBL)-producing Escherichia coli across various subregions 
and populations in sub-Saharan Africa.

We revealed an overall pooled prevalence of ESBL-producing E. coli 
in sub-Saharan Africa to be 20.76 % [95 % CI: 17.56–24.15]. A similar 
study in South America by Bastidas-Caldes et al. [37] revealed a lower 
pooled prevalence (17.2 %) of ESBL-producing E. coli using the One 
health approach that encompasses samples from humans, animals and 
environments. The disparity observed in the prevalence might be due to 
differences in sample size, types, study period, and even geographical 
characteristics (including temperatures, location, humidity), among 
others. Although, our prevalence closely matched the report of Islam 
et al. [38], it is important to stress that their study only captured a 
country in Asia.

Regional variations in the prevalence of ESBL-producing E. coli also 
emerged as a significant finding of this study. The subregion analysis 
showed that the highest prevalence was observed in West Africa (22.80 
%), with the lowest observed in Southern Africa (13.76 %). The high 
prevalence in West Africa is concerning and warrants further investi-
gation into potential drivers. The low prevalence in Southern Africa can 
be linked to the low number of studies (14) on ESBL-producing E. coli 
from this region, thus necessitating more surveillance. However, the 
relatively low number of studies from Central Africa is not surprising as 
this region ranks low in socioeconomic indexes, which invariably impact 
their ability to perform research. Reports by Mahamat et al. [39], who 

assessed the prevalence of extended-spectrum β-lactamase- and 
carbapenemase-producing Enterobacteriaceae in humans, animals, and 
the environment in West and Central Africa showed that the prevalence 
varies from 11 % to 72 % across different countries and settings. Despite 
having the largest population and number of studies (85) in this review, 
East Africa’s prevalence (20.82 %) was lower than that of West Africa, 
however, higher than the overall prevalence in SSA. A variation in the 
distribution of ESBL-producing E. coli was also reported in the different 
subregions in Europe [40]. This variation between subregions reflects 
the complex interplay of factors influencing antimicrobial resistance 
which could include differences in antibiotic use patterns, healthcare 
practices, and surveillance systems. This underscores the need for 
tailored approaches to combat ESBL-producing E. coli in different 
geographical contexts.

We observed that in countries within the sub-Saharan Africa region – 
those that reported at least more than two eligible studies – the preva-
lence of ESBL-producing E. coli ranges from 8.06 % to 33.37 % which is 
similar to the range of 5.8 % to 40.2 % reported by the Surveillance Atlas 
of Infectious Diseases in Europe [41]. Mahamat et al. [39] reported a 
range of 11 % to 72 % for ESBL-producing Enterobacteriaceae (ESBL-PE) 
prevalence which encompasses ESBL-producing E. coli and Klebsiella 
pneumoniae across different countries and settings in Central and West 
Africa. Identifying countries with the highest burden of ESBL-producing 
E. coli (Burkina Faso, Rwanda, Tanzania, and Malawi) in this study is 
crucial to inform rapid intervention in mitigating the spread of these 
resistant pathogens. Notably, there was a significant difference in the 
number of studies emanating from these countries, which could have 
influenced the total prevalence reported in our study.

This study also observed an increase in publications from 2019 to 
2023, corresponding with an increase in reported prevalence. The 
consistent increase across different populations and regions underscores 
the growing threat of ESBL-producing E. coli worldwide and emphasizes 
the urgent need for continued surveillance and intervention strategies. 
This trend aligns with the global upward trend reported by Bezabih et al. 
[42], suggesting that the rise of ESBL-producing E. coli is a widespread 
phenomenon not limited to specific regions or populations.

Majority of the studies focused on humans within the context of in-
fectious disease and antimicrobial resistance, and we observed a human 
prevalence of 20.23 % in SSA. This is not surprising as one of six people 
either healthy or sick worldwide is believed to harbour this organism 
[42]. This is generally higher than the prevalence in Europe where the 
highest EU/EEA population-weighted mean resistance percentage for 
ESBL producing-E. coli is 13.8 % in healthcare settings [43] but lower 
than in South-East Asia, which has 35.1 % and 32.9 % prevalence in both 
community and healthcare settings [42]. Also, report from some 
selected Asian countries shows an average increased carriage of ESBL- 
producing E. coli by 17.7 % both in hospital and community settings 
[44]. However, our prevalence closely aligns with the prevalence re-
ported in the Eastern Mediterranean and the global prevalence reported 
by Bezabih et al. [42], who found that 21.1 % of inpatients in healthcare 
settings and 17.6 % of healthy individuals in the community worldwide 
carried ESBL-producing E. coli. This concordance suggests that the SSA 
region may not significantly deviate from world trends, given the re-
gion’s unique challenges with poverty, education, antibiotics steward-
ship, and dearth of healthcare infrastructure. However, it is essential to 
note that our prevalence was broader, encompassing different countries 
and settings, which may mask localized hotspots of higher prevalence.

A significant strength of our study is adopting a One Health 
approach, encompassing data from studies on human, animal, envi-
ronmental, and even food samples. This comprehensive strategy offers a 
broader ecological perspective, which could provide an in-depth view 
into potential sources and the complex interplay of these sources in the 
propagation of this resistant pathogen within sub-Saharan Africa. The 
highest prevalence of ESBL-producing E. coli in animal samples (29.15 % 
[95 % CI: 16.78–43.27]) raises important questions about the potential 
role of animals in the transmission and spread of this resistant 
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bacterium. Several studies have reported the presence of ESBL- 
producing E. coli in animals in Europe such as in the Netherlands [45], 
Switzerland [46], and France [47], Asia such as China [48], South Korea 
[49], in America such as Chile [50] and United States [51] as well as in 
Africa such as Egypt [52].

A study in Ecuador [37] showed that domesticated animals possess 
ESBL-producing E. coli strains. They also reported the simultaneous 
presence of these strains in both animal and human populations, 
demonstrating a potential animal-to-human or human-to-animal route 
of transmission. Even though some of the studies (55 %) utilized mo-
lecular techniques using either PCR, genotypic assay, or whole-genome 
sequencing in identifying the ESBL-producing E. coli obtained from 
different sources, the route of transmission was not established. A po-
tential source of this resistant pathogen could be through their feeds and 
the fact that third-generation cephalosporin, ceftiofur, is widely 
approved for treating early mortality infections in early old turkeys and 
chicks [53]. Although the practice of using antimicrobials as growth 
promoters has been legislatively phased out by the United States, Can-
ada, and the European Union, there is still no enforced legislation on this 
in most countries in sub-Saharan Africa.

Even though the prevalence in food is the least (14.02 % [95 % CI: 
4.75–26.94]), this is still a source of concern from a food safety 
perspective. The presence of ESBL-producing E. coli has been reported in 
several studies on various food items across different regions in the 
world, including milk samples in India [54], dairy products in Mexico 
[55] and Turkey [56], meats from Portugal [57], and cattle, swine, 
poultry, and vegetables in Germany [58]. In 2022, European Food Safety 
reported that about 61 % of samples from broiler meat and 71.15 % of 
samples from turkey meat were presumptively positive for ESBL-/ 
AmpC-/CP-producing E. coli [43]. The presence of this organism in food 
necessitates implementing measures that increase vigilance and food 
policies that mitigate the risk of the spread of ESBL-producing E. coli 
transmission through food in sub-Saharan Africa. The prevalence of food 
observed in our review is lower than 39 % reported in Bangladesh [38], 
though the latter only caters to a country.

The environment also remains a key contributor to the spread of 
ESBL-producing E. coli with a prevalence of 17.14 % in sub-Saharan 
Africa. Recent reports in the region have shown that surface water is a 
major hotspot for the dissemination of ESBL-producing E. coli due to 
poor adherence to proper water safety practices and indiscriminate 
disposal of pollutants into water bodies [59]. Similar detection in sur-
face water and wastewater has been reported in the Netherlands [60], 
Switzerland [61], Malaysia [62], New Zealand [63], and Brazil [64]. 
Furthermore, a recent investigation examining the contribution of 
drinking water sources to the environmental dissemination of antibiotic- 
resistant Escherichia coli in Africa revealed widespread fecal contami-
nation of these water sources with E. coli strains exhibiting both anti-
biotic resistance phenotype and genotype [65].

We also identified several genes involved in beta-lactamase pro-
duction in E. coli from studies in SSA. A proportion (58.2 %) of the ar-
ticles in sub-Saharan Africa utilized either molecular tools or in 
combination with phenotypic methods with increased specificity and 
sensitivity to unravel the genes coding for the beta-lactamase produc-
tion, but there is still need for a comprehensive approach to ESBL 
detection and characterization in sub-Saharan Africa. The primary gene 
driving this resistance in these studies is the blaCTX gene. This is 
consistent with reports from China [66], Portugal [67], Romania [68], 
the Netherlands [69], and the United States of America [70]. The blaCTX- 

M-15 variants predominate and were found across the different sources, 
which is consistent with Houkes et al. [71] report of blaCTX-M genes 
contributing to 85 % ESBL resistance in Enterobacteriaceae in the 
Netherlands [71]. This consistency across different populations and re-
gions emphasizes the global significance of blaCTX-M in ESBL-producing 
E. coli and suggests potential targets for intervention strategies.

We also observed the presence of the blaTEM, and blaSHV genes in 
various articles, which is consistent with reports from Spain [72], where 

genes coding for blaSHV-12, blaCTX-M-1, blaCTX-M-32, and blaTEM-52 enzymes 
were reported in chicken meat. A study in Germany also reported the 
presence of the blaSHV-12 gene on an IncHI2 plasmid which also harbored 
the blaVIM-1 gene from ESBL-producing E. coli isolated from livestock and 
derivative products [73]. Although the blaPER gene was reported by one 
study in sub-Saharan Africa, this is such a rarity as the gene is often 
associated with Acinetobacter and Citrobacter [74]. Similarly, the blaGES 
gene are often found in Klebsiella spp. and Enterobacter spp. [75]. The 
presence of blaCTX-M-15, blaTEM, and blaSHV genes in ESBL-producing 
E. coli throughout the sample types (human, animal, environment, and 
food) highlights the importance of the one health approach in under-
standing the prevalence of AMR and in mitigating strategies to curb its 
spread.

It is worth noting that the present systematic review and meta- 
analysis may be subject to several limitations. Firstly, publication bias 
may have influenced the results, as studies with significant or favourable 
findings are more likely to be published than those with null or unfav-
ourable results. Although we attempted to mitigate this bias by 
searching multiple databases and included all available eligible studies, 
some relevant studies may still have been missed. While the present 
systematic review only included English-language publications, it is 
worth noting that the majority of studies on ESBL-producing E. coli in 
sub-Saharan Africa are indeed published in English. A preliminary 
search revealed that English-language publications dominated the 
literature, with very few studies published in other languages. Given the 
prevalence of English-language publications in this field, the language 
restriction is unlikely to have introduced significant bias into the review. 
Nevertheless, the possibility that some relevant non-English studies may 
have been excluded cannot be entirely ruled out.

Sample size variability across studies may have contributed to het-
erogeneity in the meta-analysis. The included studies had varying 
sample sizes, which may have affected the precision of the estimates. To 
address these limitations, researchers should strive to conduct well- 
powered studies with adequate sample sizes to ensure reliable esti-
mates and minimize heterogeneity. The significant heterogeneity 
observed in this meta-analysis might be due to the uneven distribution of 
studies across different countries and the methodology variations, which 
could potentially impact the generalizability of our findings.

In spite of these limitations, this review represents the most 
comprehensive synthesis of ESBL-producing E. coli in sub-Saharan Africa 
to date, incorporating data from human, animal, and environment, as 
well as food-related data spanning 27 countries from different regions 
and subgroups. By employing robust statistical methods, we generated 
pooled estimates that provide a nuanced understanding of this critical 
public health pathogen.

Addressing the issue of ESBL-producing E. coli in sub-Saharan Africa 
requires concerted efforts across different sectors in the region. Given 
the pooled prevalence of 20.76 % in sub-Saharan Africa, there is a need 
to establish a regional surveillance system that incorporates standard-
ized protocols throughout the subregions. Our analysis revealed that the 
disparity in the number and quality of research in different countries 
could be attributed to capacity and infrastructural deficits in some of the 
regions. Thus, there is a need to ensure uniformity in surveillance 
through the establishment of reference laboratories equipped with mo-
lecular capacity across the region. This would strengthen monitoring in 
Central and Southern Africa, where information on ESBL-producing 
E. coli is currently limited. All data from these subregions can be chan-
neled into a central database that can inform healthcare policies across 
the whole region, which can strengthen antibiotics stewardship. This 
centralized database can strengthen regional collaboration, and the 
advancement of technology, especially artificial intelligence (AI), can 
offer the unique advantage of real-time monitoring that can hasten 
policymaking throughout the region. Also, there is a need for capacity 
building through healthcare worker training, public awareness cam-
paigns, and community-based education programs.

To reduce the prevalence in animals, strict legislation needs to be 
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implemented to phase out the use of antimicrobials as growth promoters 
within the region, with governments providing subsidized alternatives 
to farmers. Despite lower prevalence in food, there is still a need to 
tighten food safety measures through compulsory molecular surveil-
lance of ESBL-producing E. coli in foods and HACCP implementation.

5. Conclusion

Resistance to extended-spectrum beta-lactam antibiotics greatly 
threatens the sustainable use of beta-lactams in the clinic. Our study 
indicates that, while the overall prevalence of ESBL-producing E. coli in 
SSA and its subregions is lower than previously reported in certain other 
WHO regions, including Asia, some SSA countries exhibit relatively high 
prevalence rates. Consequently, there is a need for the implementation 
of country-tailored measures and policies aimed at mitigating the 
dissemination of these multidrug-resistant pathogens in SSA.

Although our study estimated the highest prevalence of ESBL- 
producing E. coli in animals within SSA, the comparatively high preva-
lence observed in both humans and the environment is alarming. This 
further emphasizes the necessity of a One Health approach in curbing 
the spread of AMR in the region. Strict measures and policies should be 
put in place to curtail or completely eradicate the use of antimicrobials 
used in human medicine for agriculture. Programs for antimicrobial 
stewardship should also be put in place to encourage the appropriate use 
of antibiotics in the environment and in clinical settings, as well as to 
lessen the burden on currently available therapeutically relevant 
antibiotics.

We implore policymakers in the region to create and implement 
action plans that involve all stakeholders from human, animal, and 
environmental health as well as food safety to mitigate the effect of the 
spread of AMR pathogens and associated mortality. Additionally, action 
plans that will improve hygiene, strengthen healthcare systems, and 
improve the standard of living in the region, which may indirectly 
reduce the spread of AMR, must be taken. SSA governments must in-
crease their investments in surveillance research, research facilities, and 
rapid diagnostic techniques for prompt understanding of AMR status in 
the region regularly and implement measures to curb its spread. 
Furthermore, there is a need for a strong collaboration between gov-
ernments of sub-Saharan African countries as well as subregional or-
ganizations like ECOWAS to reduce AMR prevalence and spread in the 
region. This partnership will further enhance active surveillance, 
research, and data sharing among government agencies and nations to 
understand AMR prevalence and halt its spread.

Finally, AMR is a complex problem that requires a multifaceted 
strategy to reduce the estimated mortality that will accompany a post- 
antibiotic era. Hence, building strong health systems, fostering cooper-
ation between governments and key stakeholders, and improving sur-
veillance, diagnostic, and research facilities are measures that will 
mitigate the spread of AMR and provide a sustainable future for infec-
tion therapy.
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