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Abstract

Background Worldwide, antimicrobial resistance (AMR) has grown to represent a serious threat to the diagnosis,
management, and prevention of bacterial diseases. Due to their multidrug resistance attributes, the WHO has clas-
sified extended-spectrum-B-lactamase-producing Enterobacteriaceae (ESBL-PE)-associated infections as infections
of critical significance, posing a serious risk to human health. Thus, the goal of this systematic review and meta-analy-
sis was to assess the pooled prevalence of ESBL-PE and AMR among strains causing clinical infections in Africa.

Methods In this systematic review and meta-analysis, two investigators independently made an electronic search
in Google Scholar and PubMed databases using related keywords and corresponding “MeSH. terms for the PubMed.
The accessed studies were screened, assessed for eligibility, and critically evaluated as per the PRISMA guidelines.
The prevalence and 95% confidence intervals (Cl) for ESBL-PE in Africa were evaluated using a random-effects model
of a meta-analysis. As a visual and statistical way assessment, the funnel plot and Egger’s test were utilized to assess
the risk of bias or publication bias, with a statistically significant level of bias being determined at p < 0.05.

Results Twenty-six studies were included in the meta-analysis. Among the included studies done in Africa, the over-
all pooled proportion of ESBL-PE was reported to be 28% (95% Cl 25-31%). ESBL-PE prevalence differed by region,
the pooled estimates for East and North Africa were 29% (95% CI 20-38%) and 19% (95% Cl 6-33%), respectively. The
greatest sub-group analysis of pooled estimates among bacterial isolates was found in Klebsiella. pneumoniae, at 73%
(95% Cl 62-85%), while Proteus mirabilis had the lowest, at 40% (95% Cl 1-81%).

Conclusions In Africa, ESBL-PE is noticeably prevalent. The included studies demonstrated a significant variation
in ESBL-PE resistance among the countries. This illustrates the necessity of actively monitoring antimicrobial resistance
in Africa to develop interventions aimed at halting the spread of ESBL-PE.
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Background

Antimicrobial resistance (AMR) has become a major
global health threat impeding the diagnosis, treatment,
and prevention of bacterial illnesses. In both developed
and developing nations, AMR increases health care costs,
and length of hospital stay [1]. AMR leads in high rates
of morbidity and mortality in low- and middle-income
countries [2]. However, low- and middle-income coun-
tries, particularly Asian countries and the WHO Africa
region has one of the largest gaps in data on the preva-
lence of AMR. This is mostly due to limited laboratory
capacity, budgetary constraints, lack of skilled manpower
and weak surveillance networks [3, 4].

AMR arises through a range of mechanisms, such as
target site modification or bypass of target sites, enzy-
matic degradation of antimicrobial, reduced uptake
through quorum sensing, efflux and reduced perme-
ability of bacterial outer membrane [5-7]. Several resist-
ance genes, either innately occurring or evolving due to
pressure from antimicrobial selection brought about by
improper use of antimicrobial medications mediate this
resistance [8—10].

Extended-Spectrum-Beta-Lactamase producing Enter-
obacteriaceae (ESBL-PE) are those bacterial species that
belong to the family Enterobacteriaceae and possess the
ability to hydrolyze B-lactam antibiotics. In historical per-
spective, the development of resistance to B-lactam anti-
biotics started prior to the discovery of penicillin, which
is the first B-lactam. Before penicillin was approved for
use in medicine, Escherichia coli was found to contain
B-lactamase [11, 12].

The major resistance mechanism for p-lactam antibi-
otics is B-lactamase enzyme-mediated hydrolytic anti-
biotic degradation employed by many Gram-negative
bacteria, particularly members of the family the Entero-
bacteriaceae. These include Escherichia, Klebsiella, Mor-
ganella, Citrobacter, Proteus, Enterobacter and Serratia.
In addition, non Enterobacteriaceae including Pseu-
domonas aeruginosa and Acinetobacter baumannii are
known [-lactamase producing species of bacteria [13].

ESBL-PE are derived from genes related to the nar-
row-spectrum beta-lactamases by mutations that alter
the amino acid configuration around the enzyme active
site [14]. Usually, plasmids that are easily interchanged
between bacterial species encode Beta-lactamase deter-
mining genes. Most often, members of the Enterobacte-
riaceae family particularly those belonging to the E. coli
and Klebsiella species produce these enzymes. ESBL-PE
have been recognized as pathogens of critical importance
(priority 1), because they pose a serious risk to human
health [15-17]. Collectively, the blaSHV, blaTEM,
blaCTX-M genes are the mainly responsible with ESBL
production. The CTX-M gene is the predominant one,
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and it has regional differences in prevalence. For instance,
in Africa, the blaCTM-X 15 is the most prevalent geno-
type [18-20]. On top of the above mentioned genotypes,
the minor ESBL genotypes (PER, GES and VEB) and the
Carbapenemases including the KPV, IMP, VIM, OXA-48-
like and OXA-1-like are among the ESBL genotypes [19].

From a clinical stand point, ESBL-PE are important,
because they are widely distributed and confer resistance
to several significant antimicrobials; ESBL-PE-associated
infections are significantly associated with excess risk of
mortally (nearly two fold higher odds of mortality) com-
pared to non ESBL-PE-associated infections [21, 22].
AMR, which is currently estimated to be responsible for
more than 700,000 deaths annually worldwide, is causing
increasing concern on a global scale [23]. A recent report
projected that by 2050, 10 million deaths will be linked to
AMR, and if appropriate measures are not taken to con-
tain the threat, 100 trillion USD of the world’s economic
output will be lost [24, 25].

Studies indicate that, the rate of ESBL-PE colonization
(34-37%) is high worldwide, particularly in hospitalized
individuals [26]. Globally, there is increasing burden of
ESBL-PE, and the COVID-19 pandemic has exacerbated
the incidence of ESBL-PE attributable infections [27].
According to CDC, there was a 50% increase in ESBL-
PE caused infections 2013 through 2019 in the US [28].
Low/middle income countries took the highest share of
ESBL-PE prevalence, and approximately 20% of health
individuals in Africa harbor these strains [29]. ESBL-PE-
associated infections are significantly fatal with various
determinants of death, including sever sepsis, respiratory
tract infections, underlying comorbidities, nosocomial
infection and neutropenia. Moreover, the odds of ESBL-
PI-associated mortality is almost threefold higher among
those who were previously exposure to antibiotics, which
could be an indication of misuse and empiric therapy
[30].

The spread of ESBL-PE in Africa needs comprehensive
interventions due their cyclic patterns on environment,
livestock, community [31], intra-family transmission,
healthcare acquired infections [32], and traveler-asso-
ciated infections [33]. According to the evidences from
West and Central Humans take the highest share of
ESBL-PE (up to 72%) followed by Animals and wastewa-
ter [34]. Evidences in Egypt indicated that ESBL-PE are
responsible for 52-75% of community-acquired infec-
tions and 55-68% of health-care-associated infections
[35]. In sub-Saharan Africa, the empiric use of antibiotics
has aggravated the rate of ESBL-PE carriage (71%), and
high rate of mortalities due to drug resistance (33—-100%)
[36, 37]. The irrational antibiotic use, high rate of gas-
trointestinal carriage, and fecal shedding posed a risk of
community spread of ESBL-PE and invasive infections
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[38, 39]. Due to their multi-drug resistance nature [40],
this fecal carriage of multidrug resistant ESBL-PE strains
is a great health risk to the public at large, and vulnerable
populations including children [39, 41], pregnant women
and people living with HIV [38, 42, 43].

With these considerations, the presence of concrete
scientific evidences that inform on policy makers is one
of the main pillars of intervention. Therefore, the objec-
tive of this systematic review and meta-analysis was to
enlist peer-reviewed articles and gather data on the pres-
ence of ESBL-PE and their antimicrobial resistance pro-
file in Africa, and to determine the pooled prevalence of
ESBL-PE in human studies.

Methodology

Search strategy, information sources and eligibility criteria
Overall, the search strategy was made as per the recom-
mendations on the reporting of meta-analysis of observa-
tional studies in epidemiology as published in JAMA [44]
and depending on the preferred reporting items for sys-
tematic review and meta-analysis (PRISMA) statement
published by Moher et al., in Annals of Internal Medi-
cine [45]. The study was conducted with the notion to
produce primary and secondary outcomes. The primary
outcomes were the pooled prevalence of ESBL-PE, and
pooled estimates of AMR prevalence for each ESBL-PE.
In addition, the study assessed the secondary outcomes
including the study designs, study subjects, clinical sam-
ples, research methods and guidelines used to character-
ize ESBL-PE in the African continent. Two investigators
made the electronic search in Google Scholar and Pub-
Med databases, and the electronic search covered studies
published from January 1, 2012, through June 28, 2020.
ESBL-PE, OR extended-spectrum-beta-lactamase-pro-
ducing, OR extended spectrum [-lactamase-producing,
and "(Enterobacteriaceae OR resistant OR resistance
OR ’non-susceptible’ OR "not susceptible”) were among
the keywords included in the search strategy. The key
words were aligned to “MeSH” words in the PubMed.
The search results were further filtered by year, type of
article, text availability, and language. We tried to include
non-open access articles, and the articles that report only
abstracts through direct email communication with the
primary author and corresponding author. However, no
effort was made to include papers published in languages
other than English.

The search included results of research on Enterobacte-
riaceae etiologic isolates that produce ESBLs and exhibit
antibiotic resistance from African countries. Studies with
any design, any age group, any clinical samples, studies
using any type of laboratory technique, original research
articles, studies published between January 1, 2012, and
June 30, 2020, and published in English-language were
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all deemed eligible for inclusion in this review. Whereas,
studies carried out on environmental and animal sam-
ples, published before the year 2012, and studies con-
ducted in non-African nations were excluded from the
study.

Study selection

Included for screening were research publications with
information on ESBL-PE, antibiotic susceptibility pat-
terns, and the specific etiology. The accessed studies
were categorized as either eligible or excluded based on
these criteria including the relevance of the research title
in terms of the aims of the review, objective consistency,
clarity and use of recommended methods used to report
ESBI-PE and type of study design employed, popula-
tion type, sample and data quality assurance procedures
in place, use of appropriate statistical tools to analyze
results, and the clarity of result presentation [44]. After
reading the title and the abstract, research titles and
objectives not in line with the aim of the current review
were excluded; studies that did not differentiate ESBL-PE
and non-ESBL-PE were excluded. In addition, after the
full article assessment, studies on environmental sam-
ples, studies conducted on animals, studies reporting no
pathogens of interest, studies without AMR profiling,
studies out of Africa, and studies conducted before speci-
fied period were excluded. Furthermore, critical appraisal
of the accessed articles was made by the Joanna Briggs
Institute (JBI) tool for systematic reviews [46]. The selec-
tion process was double-checked by two independent
reviewers to ensure fair selection and data representation
as per the PRISMA statement [45].

Data collection and data items

During the data extraction, two investigators recorded
each data set using a pre-designed excel sheet. During
the data extraction the recorded data information incu-
des name of the first author, a year of publication, coun-
try, study design, study setting (community or hospital),
study population, total number of the study participants,
the source of clinical samples, and laboratory diagnostic
methods., In addition, the species of Enterobacteriaceae
screened for ESBL production, the total number of ESBL-
PE isolates,, a proportion of ESBL-PE, and the AMR pat-
tern of each bacterial isolate were extracted from the
enrolled studies.

Statistical analysis, summary measures and assumptions

STATA version 14.2 was used to analyze the extracted
data to get the pooled estimates. The pooled esti-
mate of ESBL-PE and rates of AMR was determined
using the random effect model based on the assump-
tions that there were differences in the population
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characteristics, study design and setting [47]. The
individual estimates, the corresponding 95% confi-
dence interval and the weight of each study were pre-
sented in a forest plot. The heterogeneity (I*) statistics
were used to determine the between-study variability
(degree of heterogeneity) among the included stud-
ies, with significance considered at p<0.05 [48]. To
minimize the degree of heterogeneity, we conducted
subgroup analysis based on the regions of Africa, and
based on the type of bacterial isolate. In addition, the
sensitivity analysis was done by excluding outliers
from the meta-analysis. As a visual and statistical way
of assessment, the funnel plot and Egger’s test were
utilized to assess the risk of bias or publication bias,
with a statistically significant level of bias being deter-
mined at p <0.05 [49, 50].
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Results

Search results

During the literature search, 108,050 studies were identi-
fied using the electronic database search (10 of the arti-
cles accessed through indirect ways from the authors).
The predefined inclusion and exclusion criteria ensured
that 26 research study publications based on human stud-
ies met the desired outcome. The number of screened
studies, eligible after assessment and included in the
study are presented diagrammatically below (Fig. 1).

Data and study characteristics

The data extraction and descriptive summaries revealed
that a total of 108,040 patient samples were analyzed
from the ultimately selected 26 studies for analysis.
Across the regions of African (UN statistics division),
East Africa had the majority of studies (12/26; 46%), fol-
lowed by Western Africa (7/26; 26.9%) and Northern
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Fig. 1 PRISMA diagram for selection procedure of published articles between January 2012 and June 2020
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Africa (5/26; 19.2%). The regions with the least number
of researches were found in Central and Southern Africa
(1/26 each; 3.85%) (Fig. 2).

The final research articles that were included were
published within the years 2012 through 2020, with the
majority of the published data in 2017 (6/26; 23%). All,
26 (100%) of the studies were cross-sectional studies. The
published studies assessed for AMR and ESBL-PE were
on isolates from multiple sample cultures (16/26; 61.5%),
stool culture (4/26; 15.5%), urine culture (3/26; 11.5),
both blood and wound swabs (1/26, 3.9%), and both
blood and urine culture (1/26, 3.9%). In the various stud-
ies, four distinct methodologies were applied for suscep-
tibility testing and five distinct interpretation guidelines
were utilized. With regard to the ESBL-PE, K. pneumo-
niae, E. coli, E. cloacae and P. mirabilis were the ESBL-
PE species frequently reported in the included studies
(Table 1).
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Pooled prevalence of ESBL-PE in Africa

The pooled proportionate estimates of ESBL-PE in
African nations were 28% (95% CI 25-31%) based on
the available data. Of the countries included, central
Cote d’Ivoire [76] had the largest pooled proportion of
ESBL production (84% [76-90%]), followed by Nigeria
[66] with 74% [0.68-0.80] and Ethiopia [51] with 58%
[0.53-0.62].The overall heterogeneity was significant
(?=99.35%, p=0.001) (Fig. 3).

The variation across the studies attributable to hetero-
geneity was 99.35%. Subgroup analysis by inter-region
was varied, the pooled rates for each region were as fol-
lows, 30% (95% CI 0.26—0.34) for West Africa, 29% (95%
CI 21-38%) for East Africa, and 19% (95% CI 6-33%) for
North Africa (Fig. 4). The Egger’s plot was utilized to test
the publication bias in various regions. The results indi-
cated a significant bias across all regions in Africa (t-sta-
tistic=9.11; p=0.001).
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Table 1 Description of eligible published research articles from January 2012 to June 2020 included in the systematic review in Africa

Authors, Country Setting Study Specimen  Study population Guidelines Lab. Sample size Reported
year design site used Methods ESBL-PE in
the included
studies
[51] Teklu Ethiopia HF cs Multiple 1 day-91 years CLSI date (@) 426 E.coli 228, K.
etal. 2019 not speci- pneumoniae
fied 103
[52] Beyene  Ethiopia HF CS Multiple Not specified Not speci- VITEK ESBL 440 E. coli 339, K.
etal. 2019 fied test panel pneumonia 56,
P mirabilis 14,
E. cloacae 11
[53] Bitew Ethiopia HF (&) Multiple Not specified Not speci- coT 947 E.coli 144, K.
and Tsige fied pneumoniae
2020 72, E. cloacae
16
[54] Moges  Ethiopia HF cS Multiple <6->60 years CLSI date DDST 532 E.coli 14, K.
etal. 2019 not speci- pneumoniae
fied 79, E. cloacae 6
[55] Zey- Ethiopia HF cs Multiple <28 days->21years Not speci- DDST 274 E.coli71,K.
nudin et al. fied pneumoniae
2018 34, P mirabilis
6, E. cloacae 7
[56] Abera Ethiopia HF cS Multiple Not specified EUCAST VITEK® 2 224 E.coli13,K
etal. 2016 date heck-MDR pneumoniae
not speci- array 30, E. cloacae
fied 12
[57] Legese  Ethiopia HF cs Blood <15 years CLSI date CDT, DDST 322 E.coli5, K.
etal. 2017 and urine not speci- pneumoniae
fied 19,
[58] Maina Kenya HF (@) Urine 2 days-90 years CLSI 2009 CDT 159 E.coli 109, K.
etal. 2013 pheumoniae
50
[59] Tanzania HF cS Multiple 1-80 years CLSI, 2011 (@) 330 E.coli 54, K.
Kajeguka pneumoniae
etal. 2015 54, P mirabilis
44
[60] Meromi  Tanzania CB cS Stool 7-17 years Not speci-  CHROMa- 107 E.coli 30, K.
etal. 2017 fied gar™ ESBL pneumoniae 6
[61] Manyahi Tanzania HF (@) Urine Not specified Not speci- E-test ESBL 172 E. coli15,K.
etal. 2017 fied strips pheumoniae 9,
E. cloacae 6, P
mirabilis 5
[62] Dirar Sudan HF CS Multiple Not specified CLSI date DDST 165 E. coli 81,K.
etal. 2020 not speci- pneumoniae
fied 52, P mirabilis
10, E. cloacae 8
[63] Hamid  Sudan HF (@) Urine 20-65 years CLSI 2011 DDST 350 E.coli13,K.
etal. 2019 pheumoniae 8
[64] Chuk- Nigeria CB (@) Stool 18-26 years CLSI date DDST 273 E. coli 20, K.
wunwejim not speci- pneumoniae 2,
etal. 2018 fied
[65] Olietal. Nigeria HF cS Multiple Not specified CLSI date DDST 63 E.coli10,K.
2017 not speci- pneumoniae 5
fied
[66] lliasu Nigeria HF cs Multiple 1-70 years CLSI, 2012 DDST 219 E.coli 163
etal. 2018
[67] Zorgani  Libya HF cs Urine 3 days-93 years CLSI date VITEK 2 1790 E.coli14,K.
and Bashein not speci- pneumoniae

2017 fied 14
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Table 1 (continued)
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Authors, Country Setting Study Specimen  Study population Guidelines Lab. Sample size Reported
year design site used Methods ESBL-PE in
the included
studies
[68] Abujnah  Libya HF cs Multiple 1-14 years CLSI date ESBL 915 E.coli77
etal. 2015 not speci- chromogen
fied media, E-test
strips
[69] Feglo Ghana HF CS Multiple Not specified CLSI2010 DDST 5859 P.mirabilis 38
and Opoku
2014
[70] Kat- Uganda HF (@) Multiple Not specified CLSI 2010 DDST 245 E. coli 36, K.
eregga et al. pneumoniae
2015 24, E. cloacae
1, P mirabilis
10
[71] Mozam- CB cS Stool 19-32 years CLSI date PCR 275 E. coli 35,
Chrindze bique not speci-
etal. 2018 fied
[72] Sangare  Mali HF (@) Blood Not specified EUCAST PCR 611 E. coli 20, K.
etal. 2017 date pneumoniae
not speci- 20, E. cloacae 8
fied
[73]Anago  Benin HF cs Multiple Not specified NCCLS date  DDST 84 E. coli 29
etal. 2015 not speci-
fied
[74] Gabon HF CS Rectal swab  Not specified EUCAST DDST 200 E.coli 18, K.
Schaumburg (Stool) 2011 pneumoniae
etal. 2013 53, E cloacae 3
[75] Fatima ~ Morocco HF Cs Multiple Not specified CLSI, 2008 DDST 148 E.coli 16, K.
etal. 2012 pneumoniae 9
[76] Muller-  Cote d'lvoire  HF cs Blood Not specified EUCAST ver- DDST 107 K. pneumoniae
Schulte et al. and wound sion 7.1 90
2020 swab

CB Community-based, CDT Combination disk test, CLS/ Clinical Laboratory Standards Institute, CS Cross-sectional, DDST Double disk synergy test, ESBL Extended
spectrum B-lactamase, EUCAST European Committee for Antimicrobial Susceptibility Testing, HF health facility, NCCLS National Committee for Clinical Laboratory

Standards, PCR polymerase chain reaction

The pooled prevalence of antimicrobial resistance

of ESBL-PE isolates by antimicrobial agent

In this review, four members of the Enterobacteriaceae
family namely, E. coli, K. pneumoniae, P. mirablilis, and E.
cloacae, were the leading ESBL-PE (Table 2). The resist-
ance profiles of each of these species were assessed for
a total of 19 antimicrobial agents from different classes.
According the meta-analysis, Tetracycline 80% (75—-85%),
trimethoprim/sulfamethoxazole 71% (63—-80%), cefepime
65% (0.38—0.91) and amoxicillin—clavulanic acid 63%
(52-75%) were the highly resisted antimicrobial agents.
Conversely, amikacin 18% (10-25%), meropenem 21%
(12-29%), cefoxitin 29% (23-36%) and nitrofurantoin
32% (24—39%) were the least resisted ones. The forest
plots, Egger’s test and Funnel plots for each antimicro-
bial agent by species are presented in the figures of sup-
plementary file 1. Furthermore, the resistance profiles of
each ESBL-PE species by each antimicrobial agent and
the pooled estimates are summarized below (Table 2).

Publication bias

Assessment of publications bias was performed in occa-
sions of significant heterogeneity; there was no sta-
tistically significant publication bias in most of the
antimicrobials agents whereas statistically significant
heterogeneity and publication bias were noticed in
cefoxitin, meropenem, trimethoprim/sulfamethoxazole,
Gentamicin, Ceftriaxone and Nitrofurantoin (for further
details refer supplementary file 1). Heterogeneity contin-
ued despite the subgroup analysis, and exclusion of outli-
ers for sensitivity analysis.

Discussion

This systematic review meta-analysis, which exhaus-
tively summarized data from various studies published
in Africa, found that the overall pooled prevalence of
ESBL-PE was 28% (95% CI 25-31%). There was signifi-
cant overall heterogeneity across the studies (I* 99.35,
p<0.001) which may be due to the differences in the
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Fig. 3 Pooled estimates of ESBL-producing Enterobacteriaceae in Africa

setting, methodology, study group and clinical sample or
disease. Comparing the countries in our review the high-
est 84% (76-90%) pooled proportion of ESBL-PE was
observed in central Cote d’Ivoire [76] followed by 74%
(68—80%) Nigeria [66] and 58% (0.53—0.62) from Ethiopia
[51]. Though the differences in the number of published
studies on ESBL-PE might have affected the comparison
between the five African regions, entirely, the pooled
prevalence of ESPL-PE in Africa is high with policy
implications. According to this meta-analysis, ESBL-PE-
associated infections in Africa affect 25 to 35 peoples out
of 100 people. This is an indication of the necessities to
implement strong AMR surveillance strategies, capacitat-
ing diagnostic facilities, and coherent regulation of anti-
biotic misuse. In addition, improving the socioeconomic
and knowledge of the society towards investigation based
medication and rational antibiotic use may largely con-
tribute to the reduction of ESPL-PE-related causalities.
The Africa’s overall pooled estimate of ESBL-PE
according to a survey of hospitals in East Africa were
42% (95% CI 34-50%) [11], and the pooled prevalence
of EBL-PE isolates form from community-acquired and

hospital acquired infections were 60% (95% CI 54—65%)
[35] in which both are higher than the current finding.
However, the current finding (28%) is higher than the
previous pooled estimate of the ESBL-PE [17% (95% CI
10-23%)], which was a work on maternal colonization
in Africa [77], isolates from gut mucosal colonization,
sub-Saharan Africa [18% (95% CI 12-28%)] [16], and an
international investigation on isolates from urinary tract
infection [25% (95% CI 18%, 32%)] [78]. In addition, the
pooled ESBL-PE in the current estimates are higher than
the pooled estimates of ESBL-PE isolated from blood-
stream infections in previous findings from Africa (15%),
Asia and Europe (4%) and South America (12%) [41].
The geographic differences, study population, and type
of syndrome or presentation might explain the noticed
differences. Furthermore, due to the cyclic spread of
ESBL-PE in humans, livestock and environment, various
factors including a lack of integrated tackling strategies
(one health), low water, hygiene and sanitation coverage
(WASH), poor facility-based infection prevention prac-
tices, poor AMR surveillance system, lack of robust diag-
nostic facilities, lack of trained workforce, inequalities on
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%
Study ES (95% CI) Weight
East Afnica :
Tekiu et al., 2019 1 —— 0.58 (0.53, 0.62) 4.13
Beyene D 2019 - ' 0.16 (0.14, 0.19) 4.53
Bitew A., 2020 —— 0.28 (0.22, 0.31) 4.25
Moges F., 2019 — 0.24 (0.20. 0.28) 4.34
Zeynudin A, 2018 ! —_— 0.50 (0.44, 0.58) 3.71
Abera B., 2018 -+f- 0.25 (0.22, 0.29) 4.29
Legese MH., 2017 —— ' 0.07 (0.05, 0.10) 4.48
Kajpekuga D.C — 0.30 (0.25, 0.35) 4.08
Moremi N., 2017 ————— 0.34 (0.25, 0.43) 3.15
Manyahi J., 2017 — 0.24 (0.18, 0.31) 3.78
Kateregga J.N., 2015 — 0.29 (0.24, 0.35) 3.91
Subtotal (I*2 = 97.82%. p = 0.00) -¢h 0.29 (0.21, 0.38) 44.61
North Africa :
Dirar M., 2020 ! —— 0.45 (0.38, 0.53) 3.48
Hamid O.M., 2019 —_— 0.18 (0.14, 0.22) 4.28
Zorgani A., 2017 - 0.24 (0.22, 0.27) 4.47
Abujnah A A., 2015 . ' 0.02 (0.01, 0.02) 4.67
Fatima EL.M., 2012 —— ' 0.09 (0.05, 0.14) 4.16
Subtotal (1'2=99.07%.p=0 D)—cﬂ,ﬁh 0.19 (0.08, 0.33) 21.05
1
West Africa 1
Chukwunwejm C.R., 2018 —— : 0.08 (0.05, 0.12) 4.40
Ol ANN., 2017 ' —_— 0.54 (0.42, 0.68) 2.44
liyasu M. Y., 2018 1 —_— 0.74 (0.68, 0.80) 3.89
Feglo, P., 2014 . ! 0.01 (0.01, 0.02) 4.68
Sangare SA., 2017 . : 0.01 (0.01, 0.01) 4.68
Anago E., 2015 —_—— 0.35 (0.25, 0.45) 2.87
Muller-Schulte E., 2020 ' —— .84 (0.76, 0.90) 3.62
Subtotal (12 = §9.55%, p = 0.00 <> 0.20 (0.28, 0.34) 28.59
1
Southern Afnica 1
Chirindze L. M., 2018 —— : 0.20 (0.16, 0.268) 4.12
1
1
Central Africa !
Schaumburg F., 2013 : —_— 0.45 (0.38, 0.52) 3.63
'
1
Heterogeneity between groups: p = 0.000 g
Overall (12 = 99.35%. p = 0.00); <> 0.28 (0.25. 0.31) 100.00

T T
-5 0

T 1

Fig. 4 Sub-group analysis and pooled estimates of ESBL-producing Enterobacteriaceae by regions of Africa

access to health-care, antibiotic misuse and weak regula-
tory mechanisms may determine the high prevalence of
ESBL-PE in Africa [79-82].

Regarding the pooled estimates of AMR among ESBL-
PE isolates, the highest pooled estimates for amoxicil-
lin—clavulanic acid were seen in K. pneumoniae 73%
(95% CI 62-85%), E. clocae 71% (95% CI 58—84%), fol-
lowed by E. coli 60% (95% CI 42-77%), and P. mirabilis
40% (95% CI —1-81%). A comparable rates of amoxicil-
lin—clavulanic acid resistance were reported in E. coli, K.
pneumoniae and P. mirabilis 8% (95% CI 5-11%) isolates
in a systematic review and meta-analysis of literatures on
wound infection in Ethiopia [83]. However, the study did
not report on the ESBL production of these isolates. In
addition to the high rate of amoxicillin—clavulanic acid
(73%) resistance, K. pneumoniae isolates had higher rates
of antimicrobial resistance to trimethoprim/sulfameth-
oxazole (79%) and ceftazidime (70%) while low resistance
to amikacin (12%), norfloxacin (21%), and meropenem
(24%). Similarly, E. coli highest rate of resistance to tet-
racycline (86%), while least resisted to amikacin (22%),

and meropenem (16%). The pooled estimates of resist-
ance for ciprofloxacin (53%) (95% CI 44—-63%) and gen-
tamycin (46%) (95% CI 37-54%) in this review was higher
than the previous pooled prevalence findings in Ethio-
pia which were 24% (95% CI 16-33%) and 27% (95% CI
16-37%) for ciprofloxacin and Gentamycin, respectively
[83]. The rates of antibiotic resistance to ciprofloxacin
among E. coli isolates reported from West Africa were
3.4% (95% CI 0-15.7%) [12], which was much lower than
the rates reported in the current review [59% (95% CI
46-72%)]. The rate of Nitrofurantoin resistance in E. coli
was reported as 22% (13-31%); however, 13.55% resist-
ance rates were found in a previous research in Ethiopia
[84].

Overall, the patterns of resistance may vary depend-
ing on the local prescription trends, antibiotic mis-
use and resistance strategy of each bacterium. In the
WHO Africa region, it was reported that the limited
supply chains posed repeated oral use of antimicro-
bials including Trimethoprim/sulfamethoxazole and
amoxicillin—clavulanic acid, which might have triggered
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Table 2 Meta-analysis; pooled estimates on antimicrobial resistance by bacterial isolates in Africa; 2012-2020

Antimicrobial Overall pooled Publication Overall Species sub-group pooled ES (95% Cl) 12 Between

agents prevalence bias Heterogeneity group
(95% Cl) (P<0.05) » E. coli K. pneumoniae P. mirabilis E. cloacae (P<0.05)

AMC 63% (52-75%)  P=0.888 =97.82% 60% (42-77%) 73% (62-85%)  40% (10-81%)  0.71(0.58-0.84) P=0.309

CAF 58% (46-70%) P=0.123 ’=87.17% 56% (35— 76%) 60% (52-69%)  51% (35-67%) NA P=0.590

TET 80% (75-85%)  NA P=6311% 86% (81-91%) 77% (67-87%)  76% (60-91%)  0.58 (041-0.75) P=0.013

AMK 18% (10-25%)  NA =9753 22% (09— 34%) 12% (5-19%) NA NA P=0.198

CTX 59% (46-73%) P=0.052 1’=98.48% 60% (41-80%) 62% (25-99%)  57% (44-69%)  59% (46-73%) P=0.980

CTz 59% (48-70%)  P=0.686 NA NA 70% (53-88%)  NA 42% (20-65%)  NA

FOX 29% (23-36%) P=0.001 > =93.74% 20% (13-27%) 20% (10-30%) 71% 72% (57-87%) P=0.001

(55%—86%)

MER 219% (12-29%) P=0.026 > =97.48% 16% (6-27%)  24% (5-43%) NA NA 0.482

cIp 53% (44-63%) P=0.826 P=9755% 59% (46-72%) 45% (36-54%)  NA NA P=0.085

SXT 71% (63-80%) P=0.022 NA NA 79% (68-89%)  NA 59% (63-80%) P=0.061

NOR 37% (26-49%) P=0.873 91.43% 51% (46-56%) 21% (13-29%) NA 25% (26-49%)  P=0.001

GEN 46% (37-54%)  P=0.003 NA NA NA NA NA NA

CRO 52% (39-66%)  P=0.049 =98.61% 44% (24-64%) 65% (46-84%)  51% (34-68%) NA P=0.294

CFP 65% (38-91%)  P=0.992 ?=99.67% 55% (6-104%) 75% (59-92%) NA 57% (41-73%)  P=0.265

CPD 62% (52-73%) P=0314 #=82.33% 65% (47-83%) 66% (57-75%)  55% (39-71%) NA P=0511

LEV 33% (13-53%) P=0.926 ?=9875% 45% (12=77%)  32% (7-57%) 8% (3-18%) NA 0.034

NIT 32% (24-39%)  P=0.001 1> =96.68% 22% (13-31%) 42% (0.12-0.77) 39% (-3 39% (23-55%) P=0.026

to 80%)
TOB 58% (27-89%)  P=0.001 1> =98.09% 36% (32-41%) 83% (77-88%) NA 57% (42-72%)  P=0.001

Amoxicillin (AMP), Amoxicillin-clavulanic acid (AMC), Chloramphenicol (CAF), Tetracycline (TET), Amikacin (AMK), Cefotaxime (CTX), Ceftazidime (CTZ), Cefoxitin (FOX),
Meropenem (MER), Ciprofloxacin (CIP), Trimethoprim/sulfamethoxazole (SXT), Norfloxacin (NOR), Gentamycin (GEN), Ceftriaxone (CRO), Cefepime (CFP), Cefpodoxime
(CPD), Levofloxacin (LEV), Nitrofurantoin (NIT), Cefuroxime (CXM), Tobramycin (TOB); Cl: Confidence Interval

co-selection and spread of resistant bacterial strains; the
co-selection might be further augmented through envi-
ronmental agents, genetic linkage within plasmids and
simultaneous regulation [85]. This may explain that K.
pneumoniae and E.coli that are resistant to [-lactamase
and or B-lactamase inhibitors were two of the four lead-
ing causes of AMR-related mortalities in Africa accord-
ing to the cross-country analysis reports [82]. In addition
to the above factors, transposition-related mutations, and
the spread of f-lactamase genes through horizontal gene
transfer might have contributed to the high rate ESBL-PE
[86]. Even inside a colonized human host, ongoing trans-
mission of ESBL genes is possible among ESBL-PE strains
of E.coli and K. pneumoniae [87]. Due the lack of strong
infection control measures, the environmental, inter-
host and intra-host gene transfer among ESBL-PE strains
may incur risks of nosocomial infections, and increased
healthcare costs in the Africa setting.

With regard to the aminoglycosides, fluoroquinolones
and the carbapenems, the resistances rates observed are
relatively low but alarming. Carbapenems are considered
as the drugs of choice for severe/complicated ESBL-PE-
associated infections. However, the signs of resistance to
this group of drugs is an indication for sparing treatment
options, which may include ceftolozane/tazobactam and

ceftazidime/avibactam [88-90]. Due to the expression
of carbapenemase genes, E.coli (blaVIM and blaNDM
genes) and K. pneumoniae (blaIMP, blaKPC, blaOXA-
48-like, blaNDM, and blaVIM genes) emerged to be car-
bapenem resistant [91]. In developing countries where
there is economic limitations to access alternative anti-
microbials, the emergence of resistance to aminoglyco-
sides, fluoroquinolone and carbapenem group of drugs
will pose challenges in controlling ESBL-PE-associated
infections.

Evidences show that travel across continents aggravate
frequent use of antimicrobials and ESBL-PE colonization,
which is an indication of travelers infections and inap-
propriate antibiotic use during travel times [33, 92]. This
phenomenon also may aggravate the spread of ESBL-PE
across continents with great community level and indi-
vidual threats. Hence, the current finding on ESBL-PE
and AMR rates have paramount importance from the
continental and global perspective, because the spread of
ESBL-PE affects public health and clinical practice, glob-
ally. This is majorly due to ESBL-PE-associated nosoco-
mial infections, therapeutic challenges, huge demands in
infection control measures [93, 94], and high rate of fecal
shedding and risk of community onset of ESBL attribut-
able infections [95].



Abay et al. European Journal of Medical Research (2025) 30:14

The prevention and control of ESBL-PE attribut-
able mortalities and morbidities need multidimensional
approaches. The rational use of antibiotics, which is
the major driver of ESBL-PE, can be improved through
health educations targeting health care workers and the
community [96]. On top of this, fitting sites for emerging
infections and surveillance program can help determin-
ing new incidences and adapt targeted interventions as
has been practiced in US [97]. The surveillance systems
involving active screening, contact tracing and isolation
can have better outcome in preventing hospital acquired
infections [98]. Effective hand washing practices, health
care oriented infection prevention and control measures,
water and food safety, travel-associated food and water
precautions can help ameliorate ESBL-attributable infec-
tions [99]. Particularly, in the hospital setting, strains are
expected to be MDR, and comprehensive cleaning meas-
ures targeting patients, medical equipment, sinks and
surfaces, hand hygiene of physicians is critically impor-
tant in controlling their spread [98]. Finally, a one health
oriented efforts such as the “One Health Plan of Action”
on humans, animals, food and environment can boost
the control measures on ESBL-PE, and enable track the
actual source or antimicrobial resistant strains [100, 101].
As per the WHO protocol, this integrated surveillance
of AMR in ESBL-PE is applicable globally including in
resource-limited countries [102].

The study has limitations in that databases other than
Google Scholar and PubMed were not included during
the literature search. In addition, most of the studies used
phenotypic methods, and the limited number of highly
sensitive molecular (PCR based) studies in Africa might
have reduced the pooled estimates of ESBL-PE in Africa.

Conclusion

ESBL-PE are widespread throughout Africa. The stud-
ies included showed a wide difference in resistance due
to ESBL-PE among the countries and the regions as
well. Relative to the existing evidences in sub-Saharan
Africa, the pooled estimate of ESBL-PE rates in the cur-
rent meta-analysis was higher. The scarcity of data on
the ESBL-PE in some regions of Africa reflects the need
for surveillance of antimicrobial resistance to design
interventions focused on preventing the spread of ESBL-
PE. Furthermore, this review may aid in the creation of
regional and national guidelines for appropriate ESBL
screening as well as standardized methods for manag-
ing patients’ burden of antibiotic resistance brought on
by ESBL-PE. The majority of the research studies incor-
porated in this systematic review and meta-analysis were
conducted in medical institutions. Therefore, preven-
tion of ESBL-PE acquisition in the health care setting
should be the primary focus of actions aimed at lowering
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ESBL-PE rates in Africa, and reducing the intercontinen-
tal spread of ESBL-PE.
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