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Abstract
Introduction  Diarrhoeagenic Escherichia coli (DEC) persistently challenges public health in Africa, contributing substan-
tially to the diarrhoeal disease burden. This systematic review and meta-analysis illuminate the distribution and antimicrobial 
resistance (AMR) patterns of DEC pathotypes across the continent.
Methods  The review selectively focused on pathotype-specific studies reporting prevalence and/or AMR of human-derived 
DEC pathotypes from African nations, excluding data from extra-intestinal, animal, and environmental sources and studies 
focused on drug and mechanism experiments. Pertinent studies were retrieved from SCOPUS, PubMed, and EBSCOhost, 
processed with Covidence, and screened in alignment with PRISMA guidelines.
Results  The reviewed studies were predominantly hospital-based (80%) and paediatric-focused (91%), with a meagre 4.4% 
documenting DEC outbreaks. Seven DEC pathotypes were discerned, with Enteroaggregative E. coli (EAEC) being notably 
prevalent (43%, 95% CI 30–55%) and Enteroinvasive E. coli (EIEC) least prevalent (24%, 95% CI 17–32%). Identified non-
susceptibilities were noted against essential antibiotics including ciprofloxacin, ceftriaxone, and ampicillin, while instances 
of carbapenem and Extended-Spectrum ß-Lactamase (ESBL) resistance were scarce.
Conclusion  Despite sporadic data on DEC prevalence and AMR in Africa, particularly in community settings, a palpable gap 
remains in real-time outbreak surveillance and comprehensive data documentation. Augmenting surveillance and embracing 
advancements in molecular/genomic characterisation techniques are crucial to precisely discerning DEC's actual impact and 
resistance continuum in Africa.
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1 � Background

Diarrhoea is a significant public health concern in sub-
Saharan Africa—with a high incidence due to factors like 
limited access to clean water and sanitation—leading to 
millions of cases annually—and is exacerbated by lim-
ited healthcare access, particularly among young children, 
HIV-positive individuals, and visitors from abroad [1–3]. 
Diarrhoea manifests as a symptom originating from infec-
tions induced by various organisms, including bacteria, 
viruses, and parasites, predominantly propagated through 
water contaminated with faeces. In low-income nations, 
Rotavirus and Escherichia coli are two predominant causa-
tive agents of moderate-to-severe diarrhoea, along with 
other pathogens like Cryptosporidium and Shigella [4, 5].

Despite recent studies in Africa revealing the prob-
lematic emergence of antimicrobial resistance (AMR) for 
common causes of diarrhoea, such as diarrhoeagenic E. 
coli [6], the full scope, distribution, molecular epidemiol-
ogy, and antimicrobial resistance of diarrhoeagenic bacte-
rial pathogens in the continent remain poorly understood, 
mainly because many cases go undetected, unreported, 
and, consequently, untreated [7]. A recent PulseNet Inter-
national survey emphasised the absence of Whole Genome 
Sequencing (WGS) in foodborne surveillance outside the 
United States, Canada, and Europe, spotlighting significant 
disparities in resources and expertise across regions [8].

In response to this pressing need, the Africa Pathogen 
Genomics Initiative (PGI) of the Africa Centres for Dis-
ease Control and Prevention (Africa CDC) established a 
technical focus group of experts on Foodborne Diseases 
(FBD) in April 2022. A significant area of concern is E. 
coli, a member of the Enterobacterales family, which the 
World Health Organisation (WHO) has identified as one 
of twelve bacterial families that significantly threaten 
human health due to escalating antibiotic resistance [9]. 
The most vulnerable, such as young children, older adults, 
and those with compromised immunity or malnutrition, 
are at heightened risk. Key transmission factors include 
unhygienic practices, limited sanitation, and exposure to 
contaminated water sources for consumption and irriga-
tion. The latter has been pinpointed as a significant factor 
in transmitting genes related to antibiotic resistance and 
increased pathogenicity [10].

While current research primarily analyses E. coli sam-
ples from diarrhoeic patients, there is a significant gap in 
our understanding of its prevalence in the broader commu-
nity setting [1, 11]. The Global Enteric Multicenter Study 
(GEMS) provided insights into the genomic diversity of E. 
coli. Among others, their findings suggest the potential for 
certain strains to carry or acquire virulence genes typically 
associated with E. coli diarrhoeagenic pathotypes [5, 12, 

13]. Beyond these insights, a fragmented understanding of 
E. coli pathotypes and their contribution to diarrhoeal dis-
eases across the continent remains. Consequently, we lack 
a cohesive picture of this pivotal pathogen's epidemiology 
and associated antibiotic resistance in African settings.

Contrasting with developed regions such as the USA 
and Europe, which have robust E. coli surveillance systems 
[14–19], Africa contends with significant systemic chal-
lenges. The value of well-established FBD surveillance 
systems was exemplified by the United Kingdom's swift 
containment of a Shiga toxin-producing Escherichia coli 
(STEC) outbreak within five weeks using WGS [20]. As 
plans unfold for an African genomic FBD surveillance plat-
form, understanding the prevalence, burden, and diversity 
of diarrhoeagenic E. coli from Africa becomes imperative. 
Addressing this gap is crucial, as it informs where to allocate 
resources and infrastructure.

Consequently, this systematic review examines the exist-
ing literature on diarrhoeagenic E. coli obtained from human 
stool samples of diarrhoeic cases in African healthcare set-
tings and communities. Our objective is to elucidate the sta-
tus of the main diarrhoeagenic E. coli pathotypes, viz. enter-
opathogenic E. coli (EPEC), Shiga toxin-producing E. coli 
(STEC), enteroaggregative E. coli (EAEC), enterotoxigenic 
E. coli (ETEC), enteroinvasive E. coli (EIEC), and diffusely 
adherent E. coli (DAEC) and their antibiotic resistance pro-
files, which directly challenge primary therapeutic measures. 
By aggregating data until April 2023, this review sets the 
foundation for developing a comprehensive pan-African sur-
veillance system that integrates WGS insights.

2 � Methods

This systematic review utilised the Covidence (Veri-
tas Health Innovation Ltd) data management system and 
adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) reporting guidelines 
[21]. The process encompassed importing journal articles 
from three databases into Covidence, followed by title and 
abstract screening (Fig. 1). After selecting the relevant arti-
cles, we proceeded with full-text screening and data extrac-
tion. The extracted data was then exported in the comma-
separated values (CSV) file format for further analysis in 
Microsoft Excel, R Studio and JupyterLab.

2.1 � Generation of Search Terms and Database 
Selection

The search terms were derived from common terms previ-
ously associated with our topic. We reviewed the reference 
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sections of 30 articles pertinent to the molecular epidemi-
ology of diarrhoeagenic E. coli. The journals and data-
bases in which these references were published were then 
noted. The selection of databases for our literature search 
was based on the frequency of these journals. The key-
words used for the search were determined by collating 
those from the 30 articles mentioned above and select-
ing the most frequently occurring keywords related to 
the molecular epidemiology of diarrhoeagenic E. coli in 
Africa.

2.2 � Search Strategy

Database searches were conducted using Scopus, PubMed, 
and EBSCOhost Research Databases. The specific strate-
gies for each are detailed in File S1.

2.3 � Study Eligibility Criteria

We incorporated studies that specifically reported on the 
prevalence and or antimicrobial resistance patterns of 
diarrhoeagenic E. coli pathotypes derived from human 
sources. Still, we excluded samples from extra-intestinal 
sources and those that did not use molecular methods to 
confirm the pathotype.

Studies were excluded at the screening and full-text 
review stages if they were systematic or literature reviews, 
they exhibited an unclear study design, the articles were 
not written in English, or they sourced E. coli from non-
human origins such as water, animals, soil, or food. Stud-
ies based on regions outside Africa (e.g., Europe, Asia, 
Americas, Australasia) were similarly excluded, along 
with papers reporting drug or mechanistic trials.

Fig. 1   A flow diagram depicting the flow of information through the various stages of the systematic review, drawn using PRISMA
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2.4 � Risk of Bias and Methodological Quality 
Assessment

Two independent reviewers performed the risk of bias 
assessment and disagreements were solved by consensus. 
Each study's quality was scrutinised by two independent 
reviewers using a designated risk of bias and methodologi-
cal quality assessment protocol for prevalence studies [22]. 
This tool was adapted onto the Covidence platform.

2.5 � Title and Abstract Screening

Preliminary screening of the gathered studies was done 
based on their titles and abstracts. Two reviewers determined 
the eligibility of each study for inclusion. In cases where 
the reviewers' decisions clashed, a consensus was reached 
through discussion.

2.6 � Full‑Text Screening

At this juncture, the complete text of each article was metic-
ulously perused by two reviewers to gauge its relevance. Any 
disagreement between the reviewers was settled through a 
mutual discussion to reach a final decision.

2.7 � Data Extraction Strategy

We employed the Covidence software to devise a data extrac-
tion protocol tailored to accrue pertinent data about the anti-
microbial resistance and prevalence of diarrhoeagenic E. coli 
pathotypes across Africa. This protocol was formulated and 
refined with the insights of four reviewers until a unanimous 
consensus was reached. During the extraction phase, each 
study was critically examined by two reviewers. Discrepan-
cies in data extracted by the reviewers were addressed and 
resolved by a third reviewer's intervention.

2.8 � Data Analysis

Upon the completion of data extraction, the results were 
transitioned into a comma-separated value (CSV) file format 
and integrated into Microsoft Excel for subsequent analy-
sis. Statistical computations were predominantly executed 
using Python v3.10.9 via the JupyterLab interactive devel-
opment environment v3.5.3. Data on pathotype prevalence 
was extracted and processed using Python's pandas library 
v2.0.3. The processed data, detailing the number of cases 
and the sample size for each study, was then passed to the R 
statistical environment for further analysis.

Using R's metafor package v4.2-0, a DerSimonian and 
Laird random-effects meta-analysis was performed. The 
metafor package computes effect sizes and associated vari-
ances, facilitating meta-analytic pooling of prevalence rates 

across studies. For each study, the point estimate (propor-
tion) of prevalence and its variance were computed using the 
escalc function, which utilises the proportion of cases (xi) 
over the sample size (ni) with the “PFT” measure.

Subsequently, the rma function from the metafor pack-
age was employed to compute the pooled random-effects 
estimate, taking care to account for between-study hetero-
geneity. This meta-analysis yielded effect sizes (or meta-
estimates) for each study and an overall pooled effect size 
representing the cumulative prevalence estimate.

Pairwise comparisons were conducted to compare the 
prevalence estimates of various diarrhoeagenic E. coli 
pathotypes. The absolute differences in prevalence esti-
mates between each pair of pathotypes were computed. To 
ascertain the significance of these differences, p-values were 
derived by comparing these differences to a normal distribu-
tion. Given the multiple comparisons, the Bonferroni cor-
rection was applied to adjust the significance level, ensuring 
the control of the family-wise error rate. A difference was 
deemed statistically significant if its associated p-value was 
lower than the Bonferroni-adjusted significance threshold.

Python library matplotlib v3.7.2 was used to generate a 
forest plot, displaying the prevalence rate for each study, 
along with the 95% confidence intervals. The overall pooled 
prevalence rate was distinctly highlighted to emphasise the 
aggregate findings of the analysis.

For data on antimicrobial resistance, the frequency and 
percentage of non-susceptible isolates for each antibiotic 
class were documented for studies where antibiograms were 
reported. For a selection of antibiotics, we used Stata v17 
statistical (StataCorp) software to carry out a meta-analysis 
to determine the pooled resistance at the pathotype level.

We employed the Chi-Square and Fisher's Exact tests to 
investigate the statistical significance of observed antibiotic 
nonsusceptibility across different antibiotic classes. Each 
antibiotic class' observed frequencies were compared to 
expected frequencies based on the assumption of even dis-
tribution within that class. Specifically, when any expected 
frequency count in a class was less than or equal to five, the 
Fisher's Exact test was employed; this was especially perti-
nent for 2 × 2 tables but was extended here through a series 
of 2 × 2 tables, with the smallest p-value taken as representa-
tive. The Chi-Square test was employed in cases where all 
expected frequencies were above five. A p-value less than 
0.05 indicated a significant departure from the expected dis-
tribution, thus suggesting that the observed frequencies were 
unlikely due to random variation alone.

2.9 � Data Visualisation

All visualisations were created using Python's matplot-
lib library v3.7.2. The Set3 palette from seaborn library 
v0.12.2 was employed to ensure that distinct categories (like 
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pathotypes in our study) were easily distinguishable. For the 
distribution of pathotype-specific studies by country, a heat-
map was used, where each cell in the heatmap displays the 
number of studies, with the colour intensity indicative of the 
quantity (the darker the shade, the higher the number). The 
methods used in the reviewed studies were visualised using 
a stacked bar chart, with the colour of each bar segment sig-
nifying a distinct method used in the studies in percentage 
terms. For the meta-analysis results, a forest plot-like visual-
isation was employed, where the estimated prevalence from 
different studies, along with their 95% confidence intervals, 
were presented using error bars. This format allowed for a 
clear comparison of prevalence estimates across studies and 
pathotypes.

3 � Results

3.1 � Geographical Distribution

Forty-five publications were reviewed for data extraction, 
spanning 18 African countries (Table S1). Most of the stud-
ies emerged from Kenya (24%) and South Africa (18%). Of 
the 45 articles, 76% (34/45) reported on EPEC, 69% (31/45) 
reported on EAEC and ETEC, 44% (20/45) reported on 
EIEC, 36% (16/45) reported on STEC/VTEC, 11% (5/45) 
reported on DAEC, and only 6% (3/45) reported hybrid 
strains.

An interesting observation from the geographical data 
was the pronounced concentration of reports of specific 
pathotypes in certain regions. Kenya, South Africa, and 
Nigeria emerged as areas where EPEC, EAEC, and ETEC 
studies commonly emanated—a pattern clearly illustrated 
in Fig. 2A.

3.2 � Study Types

Most studies (43/45, 96%) comprised reports from non-
outbreak settings, while only 4% (2/45) represented the ret-
rospective use of outbreak samples. At the same time, 69% 
(31/45) were cross-sectional and 27% (12/45) were classified 
as case–control studies.

3.3 � Population Characteristics in the Reviewed 
Studies

The human population samples covered a broad age spec-
trum. Still, the focus was predominantly on younger chil-
dren despite many publications addressing more than one 
age group. One of the publications reported on neonates 
under 28 days, 31% (14/45) on infants under five years and 
58% (26/45) on children under 18. Fewer reports (7/45, 16%) 
focused on adults over 18 years, including one focusing on 

older people over 65, and 27% (12/45) did not specify the 
age groups.

In terms of specific population categories, 4% (2 out of 
45) were in rural settings, 7% (3 out of 45) involved food 
handlers, and 2% (1 out of 45) each came from urban and 
peri-urban areas, with or without livestock. The rest were 
from unique reports, such as travellers' diarrhoea, low-
income populations, a wedding party, and those suffering 
from underlying diseases.

3.4 � Study Sites

All the examined publications reported on stool samples pri-
marily collected in hospital settings at 67% (30 out of 45). In 
contrast, 13% (6 out of 45) of the studies collected samples 
from both hospital and community settings, and 16% (7 out 
of 45) were from community settings alone.

Of the 45 studies, all (100%) reported patients present-
ing with diarrhoea. Of these, 40% (18 out of 45) reported 
patients displaying severe signs of diarrhoea, including 
bloody diarrhoea (10%), vomiting (14%), and fever (14%).

3.5 � Diagnostic Laboratory Techniques Utilised 
from the African Sourced Publications

We explored the methodologies employed to detect diar-
rhoeagenic E. coli. From the 45 publications scrutinised, 
more than 15 analytic tools were identified (Fig. 2B). Most 
researchers (42/45; 93%) began their investigations with 
conventional culture techniques to isolate pathogens from 
clinical specimens. Subsequent screening and verification 
utilised a variety of approaches, including biochemical 
identification methods, conventional or multiplex PCR, and 
serotyping. Notably, only a few studies (3/45, 7%) employed 
sequencing tools, underscoring the limited capacity for 
advanced sequencing tools in food and waterborne research 
on the continent. Researchers often sought collaboration 
with national or international laboratories when specific 
tools were unavailable.

3.6 � Prevalence of Diarrhoeagenic E. coli Pathotypes

Given that the reviewed publications did not consistently 
encompass all six main diarrhoeagenic pathotypes, our 
calculations for individual pathotypes included only those 
explicitly reported. Consequently, studies investigating 
specific pathotypes did not contribute prevalence data for 
other types not within their research scope. Our analysis 
highlighted EAEC as the most prevalent pathotype (43%; 
95% CI 30–55%) (Fig. 3A), while STEC (Fig. 3E) and 
EIEC (Fig. 3F) presented the lowest prevalence at 28% 
(95% CI 14–42%) and 24% (95% CI 17–32%), respectively. 
Furthermore, ETEC, DAEC, and EPEC—inclusive of 
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atypical EPEC— also emerged as notably prevalent patho-
types with prevalence rates of 36% (95% CI 27–45%), 36% 
(95% CI 16–57%), and 31% (95% CI 21–40%), respectively 
(Fig. 3B–D). Notably, there were only three reports of hybrid 
strains throughout the studies under review.

Comparative analyses of the prevalence of different 
pathotypes highlighted significant disparities among them 
(Table S2). EAEC exhibited the highest prevalence and was 
significantly more prevalent than ETEC, DAEC, EPEC, 
STEC, and EIEC, with differences in prevalence estimates 
ranging from approximately 6.56% to 18.61%. ETEC's prev-
alence was notably different from that of EPEC, STEC, and 
EIEC, though not significantly different from DAEC. Fur-
thermore, DAEC showed a significantly distinct prevalence 

from EPEC, STEC, and EIEC. EPEC and STEC differed 
insignificantly in prevalence. In contrast, there were notice-
able differences between the prevalence of EPEC and EIEC 
and between STEC and EIEC.

3.7 � Commonly Used Susceptibility Testing 
Techniques and Interpretive Standards

In our analysis of methodologies employed for assessing and 
interpreting antibiotic resistance across the selected stud-
ies, the Clinical and Laboratory Standards Institute (CLSI) 
guidelines emerged as the preferred framework. A substan-
tial 90% (27/30) of the studies that detailed antibiotic resist-
ance determinations opted for the CLSI guidelines. On the 

Fig. 2   Overview of pathotype-
specific studies by country 
and methodologies employed. 
Panel A (Pathotype-specific 
studies by country) illustrates 
the distribution of pathotype-
specific studies across various 
countries. The countries are 
displayed on the y-axis, while 
distinct pathotypes are on the 
x-axis. The colour intensity, 
progressing from light to dark, 
represents an increasing number 
of studies, with the precise 
number annotated within each 
cell. Panel B (Methods used) 
details the techniques used 
across the studies reviewed. The 
methods are enumerated along 
the x-axis; each colour in the 
bars corresponds to a distinct 
method utilised in the research, 
as indicated by the colour-coded 
legend. The percentage (on the 
y-axis) denotes the prevalence 
of each method in each study. 
PFGE pulsed field gel elec-
trophoresis; MLST multilocus 
sequencing typing; WGS whole 
genomics sequencing; NGS 
next generation sequencing; 
PCR polymerase chain reaction; 
qPCR,quantitative polymerase 
chain reaction; RFLP restriction 
fragment length polymorphism; 
Other, includes techniques like 
haemolytic activities, verotoxic-
ity tests, ELISA, transconjuga-
tion assays and the Colilert test
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other hand, the EUCAST guidelines found favour in only 
10% (3/30) of the publications, with a number inclusive of 
reports following the directives of the Antibiogram Commit-
tee of the French Microbiological Society.

Regarding the antimicrobial susceptibility testing 
approach, the Kirby–Bauer disc diffusion method was the 
dominant technique, utilised by 73% (22/30) of the pub-
lications that reported non-susceptibility to an antibiotic. 
Another 23% (7/30) integrated the disc diffusion and micro-
broth dilution methods. A minority, 10% (3/30), relied solely 
on the micro-broth dilution method. There was a solitary 
report of the VITEK system, with results closely mirroring 
those derived via the micro-broth dilution method.

Notably, only seven studies explored antibiotic-resistant 
genes, either as an exclusive method or in conjunction with 
the susceptibility assessment techniques mentioned earlier.

3.8 � Antibiotic Resistance Among Diarrhoeagenic E. 
coli

Of 30 studies presenting antimicrobial resistance outcomes, 
a cumulative 602 antimicrobial resistance testing outcomes 
could be classified as antibiotic "non-susceptible", compris-
ing 87% (n = 521) resistant and 14% (n = 81) intermediate 
resistant isolates (Table 1).

Among these, Quinolones surfaced as the most frequently 
encountered resistant class (p-value, 2.59E−11), with a fre-
quency of 105. Following closely were the Cephems, reg-
istering a frequency of 98 (p-value, 1.98E−13), then Ami-
noglycosides and Penicillins, with frequencies of 79 and 
76, respectively. Folate pathway inhibitors followed with a 
frequency of 59 (p-value, 0.0001).

Phenicols and Tetracyclines came next, with frequen-
cies of 46 and 40, respectively. Non-susceptibility to Mac-
rolides, ß-lactam-inhibitor combinations, and Carbapenem 
classes were also observed. Notably, only four instances of 
extended-spectrum beta-lactamase (ESBL) phenotypes were 
observed (Table 1).

Our analysis revealed variable resistance patterns among 
the different E. coli pathotypes for the studies that reported 
antimicrobial susceptibility (AST) data (Figures S1–S5). 
Despite a prevalence of 36% for DAEC, none of the stud-
ies that reported on this pathotype, namely Garrine 2020, 
Omolajaiye 2020, Kalule 2018, and Ifeanyi 2015, provided 
data regarding antimicrobial susceptibility testing (ASTs). 
Hence, no available data exists on the prevalence of resist-
ance among DAEC isolates. By contrast, STEC, ETEC, 
and EPEC isolates exhibited strikingly high resistance to 
ampicillin (the most frequently reported antibiotic among 
the reviewed studies) with prevalence rates and 95% con-
fidence intervals (CIs) of 72% (13–100%), 73% (58–89%), 
and 72% (46–98%), respectively (Figures S1–S3), albeit 
with considerably wide confidence intervals, hinting at the 

variability within the data and the small number of studies 
reporting AST data. On the other hand, pooled estimates for 
ampicillin resistance among EAEC and EIEC were 43.3% 
(95% CI 40–47%) and 43% (95% CI 36–51%), respectively. 
When assessing antimicrobial susceptibility across all diar-
rhoeagenic E. coli without distinguishing between individual 
pathotypes, the pooled resistance was as follows: 73% (95% 
CI 64–83%) for ampicillin, 32% (95% CI 19–46%) for gen-
tamicin, 22% (95% CI 12–33%) for nalidixic acid, 14% (95% 
CI 8–20%) for ciprofloxacin, and 14% (95% CI 3–25%) for 
ceftriaxone (Fig. 4).

Of the 45 studies included in our review, only 9 (20%) 
reported multi-drug resistance (MDR) [23–31] (Table 1). 
Notably, one study identified four isolates resistant to all 
antibiotics tested, suggesting potential pan-drug resist-
ance. However, since these isolates were not tested against 
all available antimicrobials, pan-drug resistance cannot be 
definitively confirmed [23]. Alarmingly, the same study 
reported that 71.4% of EHEC strains isolated from children 
were MDR.

Regarding the host and environmental factors associated 
with MDR in diarrhoeagenic E. coli, it was suggested that 
young age and unimproved sanitation may contribute to 
MDR due to increased exposure to fecal contamination [25]. 
High prevalence rates of MDR were reported for EPEC and 
EAEC, with these pathotypes being more likely to exhibit 
MDR than not [26]. Other studies reported MDR preva-
lence rates ranging from 53% to 91% in these two patho-
types [26–28, 31]. Interestingly, one study found that all 
diarrhoeagenic E. coli isolates from the stool of children 
were MDR, including EPEC [4], ETEC [6], EIEC [4], and 
EAEC [3, 24].

4 � Discussion

This study reviewed Africa's prevalence and antimicrobial 
resistance patterns of diarrhoeagenic E. coli pathotypes. A 
significant proportion of reported studies emanated from 
Kenya, South Africa, and Nigeria. However, these numbers 
may not accurately reflect the actual disease prevalence 
across the continent. The disparity in the number of diar-
rhoeagenic E. coli studies underscores the varying diagnostic 
and surveillance practices across African nations. This can 
be attributed to the more developed healthcare infrastruc-
tures in Kenya, South Africa, and Nigeria [32], emphasising 
the need for enhanced surveillance and pathotype-specific 
interventions across Africa.

Our literature review identified EAEC and ETEC as the 
most frequently documented diarrheagenic E. coli patho-
types, contrasting with EIEC reported less frequently. These 
findings align with the GEMS study, which emphasised 
ETEC's significant role in moderate-to-severe diarrhea 
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among young children. While earlier studies predominantly 
acknowledged the impact of EAEC and ETEC on childhood 
diarrhea [1], our analysis reveals an increased recognition 
of ETEC, EAEC, and DAEC pathotypes. Subsequent find-
ings from Ethiopia and Zambia corroborate our review’s 

outcomes, demonstrating a consistent pattern in the preva-
lence of these pathotypes [33–35].

Notably, our review suggests an underrepresentation of 
EHEC in literature, potentially overshadowed by patho-
gens causing dysentery that are more readily identified. In 
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contrast, a 2017 study from an Iranian health center reported 
a striking prevalence of STEC at 50%, with EPEC and 
EHEC each accounting for 25% of cases [36]. This chal-
lenges the perceived rarity of EHEC's rarity in developing 
countries, hinting instead at a potential seasonal variation 
in prevalence.

Interestingly, only two studies in this systematic review 
pinpointed outbreaks triggered by a specific diarrhoeagenic 
E. coli pathotype, with one being attributed to a novel heat-
stable enterotoxin-producing strain of Enteroaggregative E. 
coli [37]. The evident lack of real-time surveillance for food 
and waterborne pathogens in many regions likely obscures 
outbreaks' detection and actual frequency. Moreover, most 
studies in our review opted for culture-based diagnostic 
methods despite the evolution and optimisation of more 
sensitive genomic epidemiology techniques that could be 
adapted to low-resource settings [15, 16, 38, 39].

Our study highlights a significant gap in research on 
hybrid strains, which are often associated with more severe 
clinical outcomes than their non-hybrid counterparts, as 
highlighted by Santos et al. [40]. The paucity of research on 
these strains may stem from insufficient genomic capabilities 
in the region, hindering the identification of genotypic mark-
ers indicative of hybridity. This assertion is supported by the 
scant inclusion of genomics in E. coli pathotype surveillance 
across the studies we reviewed. The necessity for a more 
widespread application of genomics in diagnostic practices 
across Africa is evident. For instance, Akinlabi et al. (2023) 
conducted a study in Nigeria analysing diarrheic patient 
samples for E. coli pathotypes. Their comparison of gene 
identifications using established PCR primers with WGS 
revealed a high false-positivity rate for the elt gene due to its 
low specificity, leading to an overestimation of ETEC preva-
lence. In reality, many of these strains were identified as 
EAEC types through WGS. Misidentification between STEC 
and EHEC is also common [41], further underscoring the 
value of sequence data as diagnostic tools in enhancing dis-
ease management through accurate pathotype identification. 

Despite the increasing reports of hybrid strains' virulence 
and multidrug-resistant properties in various countries, Zele-
lie et al. (2023) reported their presence at less than 0.5% 
in a combined study in Ethiopia and India [33], suggesting 
potential under-reporting or a genuinely lower prevalence in 
developing regions compared to developed countries.

Moreover, our analysis unveiled a trend of heightened 
resistance to pivotal antibiotics, notably Quinolones and 
Cephalosporins. The fragmented nature of the reports, lim-
ited our determination of prevalence rates of resistance for 
diarrhoeagenic E. coli. While our results provide important 
insights, it's crucial to note that this data only presents a 
snapshot of the situation, as they are based on a limited 
number of studies. We need dedicated and meticulously 
designed epidemiological studies to grasp the true preva-
lence of resistance. A comprehensive approach, grounded 
in surveillance and well-structured research, is paramount 
to understanding and combating the rising antimicrobial 
resistance tide. However, our findings warrant continuously 
enhanced efforts to prevent the increase and emergence of 
antimicrobial resistance on the continent [42].

A marked low resistance to ESBLs and third-generation 
Cephalosporins was observed among diarrhoeagenic E. coli 
in this study. While this might seem like a positive indica-
tion that the continent is relatively shielded from the global 
ESBL challenge, it is important to interpret these findings 
with caution. The low prevalence of ESBLs observed may 
not fully reflect the true state of AMR across the continent, 
as many studies investigating AMR did not genotype E. 
coli into specific pathotypes. Our study's search strategy 
focused on clinically relevant diarrhoeagenic E. coli patho-
types, which could have led to the exclusion of significant 
research targeting key resistance phenotypes, such as ESBL 
production, without assessing virulence genes to determine 
pathotypes. Such studies, among other methods, often used 
chromogenic media to isolate ESBL-producing E. coli with 
co-resistance to other commonly used antimicrobials, such 
as carbapenems [43, 44].

The observed low prevalence of ESBLs may also reflect 
the limited number of studies that specifically sought out 
ESBL determinants or utilised genomics to characterise 
resistance against this antibiotic class. Given the potential 
clinical implications, it is imperative that Africa sustains 
vigilant monitoring in this domain, ensuring that the conti-
nent remains proactive in the ongoing battle against antimi-
crobial resistance.

Of the four studies that documented ESBL production 
among diarrhoeagenic E. coli, one reported on the environ-
mental correlates of antimicrobial resistance and noted that 
children whose caregivers used a shared pit latrine or who 
openly defecated were more likely to carry multidrug-resist-
ant bacteria than those with flush or unshared toilets [45]. 
This underscores the need for broader, community-based 

Fig. 3   Prevalence of enteropathogenic bacterial pathotypes. The fig-
ure displays six distinct forest plots, each highlighting the prevalence 
of a specific enteropathogenic bacterial pathotype. Red circles repre-
sent the estimated prevalence rates from individual studies. Accom-
panying these markers, horizontal blue lines illustrate the 95% con-
fidence interval (CI) for each respective rate. Each panel is dedicated 
to a different bacterial pathotype. Panel A elucidates the prevalence 
of Enteroaggregative E. coli (EAEC), while Panel B depicts Enter-
otoxigenic E. coli (ETEC). Similarly, Panels C through F focus on 
Diffusely adherent E. coli (DAEC), Enteropathogenic E. coli (EPEC), 
Shiga toxin-producing E. coli (STEC), and Enteroinvasive E. coli 
(EIEC), respectively. The percentage value annotated above the 
‘Overall’ marker indicates the cumulative meta-analysed prevalence 
rate associated with each pathotype. As a point of reference, a ver-
tical grey line is drawn at the 0% prevalence rate mark, and dashed 
gridlines are included at regular intervals to facilitate a clearer under-
standing of the prevalence percentages
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research on food and waterborne pathogens. Unfortunately, 
our review noted that most studies reported on children less 
than 18 years of age during a health crisis and that more than 
two-thirds of the samples studied were reported from hos-
pital sites. However, the actual burden of the disease within 
a community is better represented by community samples.

The interplay between antibiotic resistance and the viru-
lence of pathogenic bacteria, including E. coli, has garnered 
significant global concern [1, 46, 47]. While some previous 
studies have suggested reduced virulence among multidrug 
resistant E. coli isolates relative to sensitive strains [48], 
others have emphasised that the acquisition of antimicro-
bial resistance does not necessarily compromise microbial 
fitness [49].

Consistent with this notion, epidemiological data indi-
cate that antibiotic resistance and virulence factor carriage 
are linked in E. coli populations in some community set-
tings [50]. A related study showed that the expression of 
virulence factors led to the forming of an antibiotic-tolerant 

subpopulation [51] and that antibiotic treatment may be 
selected for virulence [52]. In addition to drug resistance, 
treatment failure in using antibiotics in a clinical setting 
could be due to tolerance and/or persistence to antibiotics 
[53]. Importantly, community-based surveillance studies are 
pivotal, as evidenced by findings linking sanitation practices 
with antibiotic resistance patterns [45]. However, our review 
focused on younger populations and hospital-based stud-
ies, underscoring the need for broader, community-based 
research.

Accurate pathotype identification remains a challenge due 
to the complexities associated with conventional laboratory 
techniques. The predominant reliance on the disk diffusion 
method over minimum inhibition concentration (MIC) for 
antimicrobial testing introduces further complexity due to 
varying sensitivity levels. Notwithstanding these challenges, 
a noticeable trend toward employing more sensitive diag-
nostic methodologies has emerged, suggesting an optimistic 
trajectory for future African studies.

Table 1   Prevalent rates (counts) of non-susceptibility (intermediate and resistant phenotypes) to commonly used antibiotics

Antibiotic class Count of non-susceptibility by antibiotic Frequency 
(by class)

Percent Cumulative Test used p-Value

Quinolones Nalidixic acid, 32 (30.48%); Ciprofloxacin, 52 
(49.52%); Norfloxacin, 20 (19.05%); Enro-
floxacin, 1 (0.95%)

105 17.44 74.92 Chi-Square 2.5911E−11

Cephems Ceftriaxone, 26 (26.53%); Cefotaxime, 20 
(20.41%); Ceftazidime, 20 (20.41%); Cefpo-
doxime, 5 (5.10%); Cephalexin, 1 (1.02%); 
Cefuroxime, 14 (14.29%); Cephazolin, 5 
(5.10%); Cefoxitin, 3 (3.06%); Cefepime, 2 
(2.04%)

98 16.28 38.7 Chi-Square 1.9844E−13

Aminoglycosides Gentamycin, 39 (49.37%); Streptomycin, 
22 (27.85%); Kanamycin, 8 (10.13%); 
Neomycin, 1 (1.27%); Amikacin, 8 (10.13); 
Tobramycin, 1 (1.27%)

79 13.12 51.83 Chi-Square 1.8365E−16

Penicillins Ampicillin, 61 (80.26%); Ticarcillin, 1 
(1.32%); Ofloxacin, 12 (15.79); Amoxicillin, 
2 (2.63%)

76 12.62 12.62 Chi-Square 1.7065E−27

Folate pathway inhibitors Trimethoprim, 14 (23.73%); Trimetho-
prim + sulfamethoxazole, 35 (59.32%); 
Sulphamethoxazole, 10 (16.95%)

59 9.8 22.43 Chi-Square 0.00010417

Phenicols Chloramphenicol, 46 (100%) 46 7.64 96.67 Chi-Square
Tetracyclines Tetracycline, 38 (95%); Oxycycline, 1 

(2.50%); Doxycycline, 1 (2.50%)
40 6.64 89.03 Chi-Square 1.3686E−15

Macrolides Erythromycin, 19 (55.88%); Clarithromycin, 5 
(14.71%); Azithromycin, 10 (29.41%)

34 5.65 57.48 Chi-Square 0.01178207

ß-lactam-inhibitor combinations Amoxicillin-clavulanic acid, 23 (92.0%); 
Piperacillin-tazobactam, 2 (8.00%)

25 4.15 79.07 Chi-Square 2.6691E−05

Carbapenem Ertapenem, 1 (5%); Meropenem, 11 (55%); 
Imipenem, 8 (40%)

20 3.32 82.39 Chi-Square 0.0192547

Lipopeptides Colistin sulfate, 7 (100%) 7 1.16 98.33 Chi-Square
Glycylcycline Tigecycline, 6 (100%) 6 1 99.34 Chi-Square
ESBL ESBL, 4 (100%) 4 0.66 100 Fisher's Test 1
Nitrofurans Nitrofurantoin, 3 (100.00%) 3 0.5 97.17 Fisher's Test 1
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On this note, the recent endeavours by Africa CDC, 
particularly through the foodborne disease focus group, 
underscore the continent's readiness to embrace advanced 
surveillance platforms for tracking food and waterborne 
disease outbreaks. Leveraging high-resolution techniques 
incorporating genomics, such as whole-genome sequenc-
ing (WGS), will not only elevate the precision of out-
break detection but also revolutionise our understanding 
of disease spread and antimicrobial resistance patterns. 
This approach, if widely adopted, positions Africa at the 
forefront of combating food and waterborne pathogens and 
ensuring the health and safety of its populace.

In our systematic review of published data on diar-
rhoeagenic E. coli from the African continent's public 
health sector, we encountered significant challenges in 
data collation. The heterogeneity in study designs and 
methodologies resulted in fragmented outputs. Notably, a 
limited number of studies reported AST data, and where 
they occurred, antimicrobial resistance profile determina-
tions utilised a diverse array of antibiotics. Furthermore, 
many studies reported concentrations not aligned with the 
CLSI or EUCAST breakpoint guidelines. This disparity 
underscores the pressing need for standardised testing, 
reporting, and interpretive guidelines tailored to Africa's 
unique demographics, geographies, and economic scales. 
Such standardisation would ensure reproducibility and 
establish a robust platform for historic surveillance, ena-
bling timely assessment of risks to the healthcare sector 
across the continent.

4.1 � Limitations

This review was meticulously designed with comprehensive 
search criteria to encompass a broad spectrum of studies on 
E. coli pathotypes. However, given the vast expanse of scien-
tific literature on this topic, some relevant studies may have 
been inadvertently overlooked. We recognise that by focus-
ing our search strategy on diarrhoeagenic E. coli pathotypes, 
we may have missed crucial literature that broadly reported 
on key antimicrobial resistance phenotypes, such as ESBL, 
without delineating the specific diarrhoeagenic pathotypes.

Furthermore, significant heterogeneity was observed 
among the studies reviewed, stemming from differences in 
study design, population demographics, geographical loca-
tions, and methods of pathotype identification. Such het-
erogeneity can inevitably influence the overall prevalence 
estimates. While rigorous meta-analytic techniques were 
employed to mitigate this variation, we acknowledge that 
the reported rates may not capture the complete picture. 
They might, in fact, reflect under-reporting due to various 
factors, including limited diagnostic capacities or logistical 
constraints in certain settings.

5 � Conclusions

Our review of diarrheagenic E. coli research in Africa 
reveals considerable variability in study approaches, popu-
lations, and sampling sites, with Kenya, South Africa, and 
Nigeria emerging as hotspots for research into particular 
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pathotypes. The research often centers on hospital sam-
ples and varies widely in detection methods and antibiotic 
resistance testing, particularly highlighting EPEC, EAEC, 
and ETEC pathotypes.

The predominance of EAEC and the scarcity of hybrid 
strain reports emphasise the need for enhanced surveil-
lance and management. Alarmingly, there's a high resist-
ance to antibiotics, notably to critical drugs like cipro-
floxacin, signaling an urgent need for effective antibiotic 
stewardship, unified surveillance, and awareness cam-
paigns for healthcare workers and the public.

Our analysis points to the widespread use of CLSI 
guidelines and the Kirby-Bauer disc diffusion method for 
antibiotic resistance testing, suggesting opportunities for 
standardising antimicrobial resistance measurement and 
reporting.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s44197-​024-​00301-w.

Acknowledgements  The authors wish to thank the Africa CDC for 
their support throughout this systematic review. We also thank Profes-
sor Kathryn E. Holt for her valuable time and insightful feedback on 
the draft manuscript.

Author Contributions  Conceptualisation: JBK, LAB. Methodology and 
Software: JBK, LAB, DLB, FAD, EFN. Formal Analysis and Visuali-
sation: JBK, LAB, DLB, FAB, EFN. Data curation: JBK, LAB, EFN. 
Writing—Original Draft Preparation: JBK, LAB, EFN, DLB, FAD.  
Review and approval of final manuscript: CM, AMS, AA, HK, GK, 
KY, JM, YJF, NS, AMK, PMKN, FC, SKT, and SIS.

Funding  This review was generously funded by the African Union.

Availability of Data and Materials  Data is provided within the manu-
script or supplementary information files. All data generated or ana-
lysed during this study are included in this published article.

Declarations 

Conflict of Interest  The authors declare that they have no competing 
interests.

Ethical Approval and Consent to Participate  This review paper does 
not involve any original research with human or animal subjects. As 
such, no ethical approval was required for this study. The review was 
conducted and reported ethically, ensuring all sources are appropri-
ately cited. No personal or sensitive data were used or shared in the 
preparation of this manuscript. Conflicts of interest, if any, have been 
disclosed, and appropriate acknowledgments have been made.

Consent for Publication  Not applicable. This review article does not 
contain any individual person’s data in any form (including individual 
details, images, or videos) that would require consent for publication.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material 
derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

References

	 1.	 Okeke IN. Diarrheagenic Escherichia coli in sub-Saharan 
Africa: status, uncertainties and necessities. J Infect Dev Ctries. 
2009;3(11):817–42.

	 2.	 World Health Organisation. WHO estimates of the global bur-
den of foodborne diseases: foodborne diseases burden epide-
miology reference group 2007–2015; 2015. Available from 
https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​food-​safety. 
Accessed 6 May 2022.

	 3.	 Havelaar AH, Kirk MD, Torgerson PR, Gibb HJ, Hald T, Lake 
RJ, et  al. World Health Organization global estimates and 
regional comparisons of the burden of foodborne disease in 
2010. PLoS Med. 2015;12(12): e1001923.

	 4.	 World Health Organization. Fact sheets: diarrhoeal diseases. 
2 May 2017. Available from https://​www.​who.​int/​news-​room/​
fact-​sheets/​detail/​diarr​hoeal-​disea​se#:​~:​text=​Infec​tion%​20is%​
20more%​20com​mon%​20whe​n,diarr​hoea%​20in%​20low%​2Dinc​
ome%​20cou​ntries.

	 5.	 Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, 
Panchalingam S, et al. Burden and aetiology of diarrhoeal dis-
ease in infants and young children in developing countries (the 
Global Enteric Multicenter Study, GEMS): a prospective, case-
control study. Lancet. 2013;382(9888):209–22.

	 6.	 Centers for Disease Control and Prevention (CDC), Division of 
foodborne, waterborne, and environmental diseases (DFWED). 
Symptoms of STEC: CDC; 2021. Available from https://​www.​
cdc.​gov/​ecoli/​ecoli-​sympt​oms.​html. Accessed 12 June 2022.

	 7.	 Heiman KE, Mody RK, Johnson SD, Griffin PM, Gould LH. 
Escherichia coli O157 outbreaks in the United States, 2003–2012. 
Emerg Infect Dis. 2015;21(8):1293–301.

	 8.	 Davedow T, Carleton H, Kubota K, Palm D, Schroeder M, Gerner-
Smidt P, et al. PulseNet International survey on the implemen-
tation of whole genome sequencing in low and middle-income 

Fig. 4   Meta-analysis of antibiotic resistance prevalence in diarrhoe-
agenic E. coli across studies. This figure showcases a series of sub-
plots, each dedicated to representing the prevalence of resistance to a 
particular antibiotic among all diarrheagenic Escherichia coli (DEC) 
strains. Each blue dot pertains to a specific study and displays the 
proportion of DEC samples in that study that exhibited resistance to 
the antibiotic under consideration. The horizontal position of each dot 
indicates the resistance percentage. The vertical position denotes the 
study from which the data originates. The error bars, extending from 
each dot, represent the 95% confidence interval (CI) of the resistance 
percentage for that study. The red dot in the first position of each 
subplot represents the pooled estimate of the resistance rate from a 
random effects model. The horizontal lines connected to the red dot 
indicate the 95% CIs of the pooled estimate. Beside each pooled esti-
mate dot is a label specifying the exact resistance percentage and the 
corresponding 95% CIs

◂

https://doi.org/10.1007/s44197-024-00301-w
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease#:~:text=Infection%20is%20more%20common%20when,diarrhoea%20in%20low%2Dincome%20countries
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease#:~:text=Infection%20is%20more%20common%20when,diarrhoea%20in%20low%2Dincome%20countries
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease#:~:text=Infection%20is%20more%20common%20when,diarrhoea%20in%20low%2Dincome%20countries
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease#:~:text=Infection%20is%20more%20common%20when,diarrhoea%20in%20low%2Dincome%20countries
https://www.cdc.gov/ecoli/ecoli-symptoms.html
https://www.cdc.gov/ecoli/ecoli-symptoms.html


	 Journal of Epidemiology and Global Health

countries for foodborne disease surveillance. Foodborne Pathog 
Dis. 2022;19(5):332–40.

	 9.	 No time to wait: Securing the future from drug-resistant infections 
report to the secretary-general of the United Nations. In: Report 
to the secretary-general of the United Nations. [press release]. 
Report to the Secretary-General of the United Nations. April 
2019.

	10.	 Amarasiri M, Sano D, Suzuki S. Understanding human health 
risks caused by antibiotic resistant bacteria (ARB) and antibiotic 
resistance genes (ARG) in water environments: current knowl-
edge and questions to be answered. Crit Rev Environ Sci Technol. 
2020;50(19):2016–59.

	11.	 Hazen TH, Michalski JM, Tennant SM, Rasko DA. Genomic 
diversity of non-diarrheagenic fecal Escherichia coli from chil-
dren in sub-Saharan Africa and south Asia and their relatedness 
to diarrheagenic E. coli. Nat Commun. 2023;14(1):1400.

	12.	 Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, et al. Use 
of quantitative molecular diagnostic methods to identify causes 
of diarrhoea in children: a reanalysis of the GEMS case–control 
study. Lancet. 2016;388(10051):1291–301.

	13.	 Ingle DJ, Levine MM, Kotloff KL, Holt KE, Robins-Browne RM. 
Dynamics of antimicrobial resistance in intestinal Escherichia 
coli from children in community settings in South Asia and sub-
Saharan Africa. Nat Microbiol. 2018;3(9):1063–73.

	14.	 National Surveillance of Bacterial Foodborne Illness (Enteric Dis-
eases) [Internet]. Available from https://​www.​cdc.​gov/​natio​nalsu​
rveil​lance/​index.​html.

	15.	 Hoang T, da Silva AG, Jennison AV, Williamson DA, Howden 
BP, Seemann T. AusTrakka: fast-tracking nationalized genomics 
surveillance in response to the COVID-19 pandemic. Nat Com-
mun. 2022;13(1):865.

	16.	 Brown E, Dessai U, McGarry S, Gerner-Smidt P. Use of whole-
genome sequencing for food safety and public health in the United 
States. Foodborne Pathog Dis. 2019;16(7):441–50.

	17.	 Allard MW, Strain E, Melka D, Bunning K, Musser SM, Brown 
EW, et al. Practical value of food pathogen traceability through 
building a whole-genome sequencing network and database. J Clin 
Microbiol. 2016;54(8):1975–83.

	18.	 Chattaway MA, Dallman TJ, Larkin L, Nair S, McCormick J, 
Mikhail A, et al. The transformation of reference microbiology 
methods and surveillance for Salmonella with the use of whole 
genome sequencing in England and Wales. Front Public Health. 
2019;7:317.

	19.	 Surveillance and disease data for Escherichia coli. [Internet]; 
2022. Available from https://​www.​ecdc.​europa.​eu/​en/​esche​richia-​
coli-​ecoli/​surve​illan​ce-​and-​disea​se-​data

	20.	 Gobin M, Hawker J, Cleary P, Inns T, Gardiner D, Mikhail A, 
et al. National outbreak of Shiga toxin-producing Escherichia coli 
O157:H7 linked to mixed salad leaves, United Kingdom, 2016. 
Euro Surveill. 2018. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2018.​
23.​18.​17-​00197. Accessed 9 May 2023.

	21.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. PLoS Med. 2009;6(7): e100009.

	22.	 Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. 
Assessing risk of bias in prevalence studies: modification of an 
existing tool and evidence of interrater agreement. J Clin Epide-
miol. 2012;65(9):934–9.

	23.	 Belete MA, Demlie TB, Chekole WS, Tessema TS. Molecular 
identification of diarrheagenic Escherichia coli pathotypes and 
their antibiotic resistance patterns among diarrheic children and in 
contact calves in Bahir Dar city, Northwest Ethiopia. PLoS ONE. 
2022;17: e0275229.

	24.	 Chiyangi H, Muma JB, Malama S, Manyahi J, Abade A, Kwenda 
G, et al. Identification and antimicrobial resistance patterns of 

bacterial enteropathogens from children aged 0–59 months at 
the University Teaching Hospital, Lusaka, Zambia: a prospective 
cross sectional study. BMC Infect Dis. 2017. https://​doi.​org/​10.​
1186/​s12879-​017-​2232-0.

	25.	 Brander RL, Walson JL, John-Stewart GC, Naulikha JM, Ndo-
nye J, Kipkemoi N, Rwigi D, Singa BO, Pavlinac PB. Corre-
lates of multi-drug non-susceptibility in enteric bacteria isolated 
from Kenyan children with acute diarrhea. PLoS Negl Trop Dis. 
2017;11(10): e0005974.

	26.	 Oundo JO, Kariuki SM, Boga HI, Muli FW, Iijima Y. High inci-
dence of enteroaggregative Escherichia coli among food handlers 
in three areas of kenya: a possible transmission route of travelers’ 
diarrhea. J Travel Med. 2008;15(1):31–8.

	27.	 Foster-Nyarko E, Alikhan NF, Ikumapayi UN, Sarwar G, Okoi C, 
Tientcheu PM, et al. Genomic diversity of Escherichia coli from 
healthy children in rural Gambia. PeerJ. 2021;9: e10572.

	28.	 Ali MMM, Ahmed SF, Klena JD, Mohamed ZK, Moussa TAA, 
Ghenghesh KS. Enteroaggregative Escherichia coli in diarrheic 
children in Egypt: molecular characterization and antimicrobial 
susceptibility. J Infect Dev Ctries. 2014;8(5):589–96.

	29.	 Ifeanyi CIC, Ikeneche NF, Bassey BE, Al-Gallas N, Casmir AA, 
Nnennaya IR. Characterization of toxins and colonization factors 
of enterotoxigenic escherichia coli isolates from children with 
acute Diarrhea in Abuja, Nigeria. Jundishapur J Microbiol. 2018. 
https://​doi.​org/​10.​5812/​jjm.​64269.

	30.	 Marbou WJT, Jain P, Samajpati S, Halder G, Mukhopadhyay AK, 
Dutta S, et al. Profiling virulence and antimicrobial resistance 
markers of enterovirulent Escherichia coli from fecal isolates of 
adult patients with enteric infections in West Cameroon. Osong 
Public Health Res Perspect. 2020;11(4):216–30.

	31.	 Oundo JO, Iijima Y, Boga HI, Muli F, Kariuki S. Molecular typ-
ing and antibiotic susceptibility patterns of enteropathogenic and 
shigatoxin producing Escherichia coli isolated from food handlers 
in three areas of Kenya. East Afr Med J. 2009;86(6):279–86.

	32.	 Ng’etich AKS, Voyi K, Kirinyet RC, Mutero CM. A systematic 
review on improving implementation of the revitalised integrated 
disease surveillance and response system in the African region: a 
health workers’ perspective. PLoS ONE. 2021;16(3): e0248998.

	33.	 Zelelie TZ, Eguale T, Yitayew B, Abeje D, Alemu A, Seman A, 
et al. Molecular epidemiology and antimicrobial susceptibility of 
diarrheagenic Escherichia coli isolated from children under age 
five with and without diarrhea in Central Ethiopia. PLoS ONE. 
2023;18(7): e0288517.

	34.	 Mwape K, Bosomprah S, Chibesa K, Silwamba S, Luchen CC, 
Sukwa N, et al. Prevalence of diarrhoeagenic Escherichia coli 
among children aged between 0–36 months in peri-urban areas 
of Lusaka. Microorganisms. 2023;11(11):2790.

	35.	 Bejide OS, Odebode MA, Ogunbosi BO, Adekanmbi O, Akande 
KO, Ilori T, et al. Diarrhoeal pathogens in the stools of children 
living with HIV in Ibadan, Nigeria. Front Cell Infect Microbiol. 
2023;13:1108923.

	36.	 Bouzari S, Farhang E, Hosseini SM, Alikhani MY. Prevalence and 
antimicrobial resistance of shiga toxin-producing Escherichia coli 
and enteropathogenic Escherichia coli isolated from patients with 
acute diarrhea. Iran J Microbiol. 2018;10(3):151–7.

	37.	 Ochi S, Shah M, Odoyo E, Bundi M, Miringu G, Guyo S, et al. 
An Outbreak of diarrhea in Mandera, Kenya, due to Escherichia 
coli serogroup O-nontypable strain that had a coding gene for 
enteroaggregative E. coli heat-stable enterotoxin 1. Am J Trop 
Med Hyg. 2017;96(2):457–64.

	38.	 Foster-Nyarko E, Cottingham H, Wick RR, Judd LM, Lam MMC, 
Wyres KL, et al. Nanopore-only assemblies for genomic surveil-
lance of the global priority drug-resistant pathogen. Microb 
Genom. 2023. https://​doi.​org/​10.​1099/​mgen.0.​000936.

https://www.cdc.gov/nationalsurveillance/index.html
https://www.cdc.gov/nationalsurveillance/index.html
https://www.ecdc.europa.eu/en/escherichia-coli-ecoli/surveillance-and-disease-data
https://www.ecdc.europa.eu/en/escherichia-coli-ecoli/surveillance-and-disease-data
https://doi.org/10.2807/1560-7917.ES.2018.23.18.17-00197
https://doi.org/10.2807/1560-7917.ES.2018.23.18.17-00197
https://doi.org/10.1186/s12879-017-2232-0
https://doi.org/10.1186/s12879-017-2232-0
https://doi.org/10.5812/jjm.64269
https://doi.org/10.1099/mgen.0.000936


Journal of Epidemiology and Global Health	

	39.	 Foster-Nyarko EAN, Ikumapayi UN, Sarwar G, Okoi C, Tientcheu 
PM, Defernez M, O’Grady J, Antonio M, Pallen MJ. Genomic 
diversity of Escherichia coli from healthy children in rural Gam-
bia. PeerJ. 2021;9: e10572.

	40.	 Santos ACM, Santos FF, Silva RM, Gomes TAT. Diversity of 
hybrid- and hetero-pathogenic Escherichia coli and their potential 
implication in more severe diseases. Front Cell Infect Microbiol. 
2020;10:339.

	41.	 Akinlabi OC, Dada RA, Nwoko EQA, Okeke IN. PCR diagnostics 
are insufficient for the detection of diarrhoeagenic Escherichia 
coli in Ibadan, Nigeria. PLOS Glob Public Health. 2023;3(8): 
e0001539.

	42.	 Fraser JL, Alimi YH, Varma JK, Muraya T, Kujinga T, Carter VK, 
et al. Antimicrobial resistance control efforts in Africa: a survey 
of the role of Civil Society Organisations. Glob Health Action. 
2021;14(1):1868055.

	43.	 Garba Z, Kaboré B, Bonkoungou IJO, Natama MH, Rouamba 
T, Haukka K, et  al. Phenotypic detection of Carbapenemase 
and AmpC-β-lactamase production among Extended Spectrum 
β-Lactamase (ESBL)-producing Escherichia coli and Klebsiella 
spp. isolated from clinical specimens. Antibiotics. 2024;13(1):31.

	44.	 Sintondji K, Fabiyi K, Hougbenou J, Koudokpon H, Lègba B, 
Amoussou H, et al. Prevalence and characterization of ESBL-
producing Escherichia coli in healthy pregnant women and hos-
pital environments in Benin: an approach based on Tricycle. Front 
Public Health. 2023;11:1227000.

	45.	 Brander RL, Walson JL, John-Stewart GC, Naulikha JM, Ndonye 
J, Kipkemoi N, et al. Correlates of multi-drug non-susceptibility 
in enteric bacteria isolated from Kenyan children with acute diar-
rhea. PLoS Negl Trop Dis. 2017;11(10): e0005974.

	46.	 Wang J, Stanford K, McAllister TA, Johnson RP, Chen J, Hou H, 
et al. Biofilm formation, virulence gene profiles, and antimicrobial 
resistance of nine serogroups of non-O157 Shiga toxin-producing 
Escherichia coli. Foodborne Pathog Dis. 2016;13(6):316–24.

	47.	 Beceiro A, Tomás M, Bou G. Antimicrobial resistance and vir-
ulence: a successful or deleterious association in the bacterial 
world? Clin Microbiol Rev. 2013;26(2):185–230.

	48.	 Moreno E, Prats G, Sabaté M, Pérez T, Johnson JR, Andreu A. 
Quinolone, fluoroquinolone and trimethoprim/sulfamethoxazole 
resistance in relation to virulence determinants and phylogenetic 
background among uropathogenic Escherichia coli. J Antimicrob 
Chemother. 2006;57(2):204–11.

	49.	 Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, 
Karkey A, et al. Understanding the mechanisms and drivers of 
antimicrobial resistance. Lancet. 2016;387(10014):176–87.

	50.	 Zhang L, Levy K, Trueba G, Cevallos W, Trostle J, Foxman B, 
et al. Effects of selection pressure and genetic association on the 
relationship between antibiotic resistance and virulence in Escher-
ichia coli. Antimicrob Agents Chemother. 2015;59(11):6733–40.

	51.	 Arnoldini M, Vizcarra IA, Peña-Miller R, Stocker N, Diard M, 
Vogel V, et al. Bistable expression of virulence genes in salmo-
nella leads to the formation of an antibiotic-tolerant subpopula-
tion. PLoS Biol. 2014;12(8): e1001928.

	52.	 Diard M, Sellin ME, Dolowschiak T, Arnoldini M, Ackermann M, 
Hardt WD. Antibiotic treatment selects for cooperative virulence 
of Salmonella typhimurium. Curr Biol. 2014;24(17):2000–5.

	53.	 Brauner A, Fridman O, Gefen O, Balaban NQ. Distinguishing 
between resistance, tolerance and persistence to antibiotic treat-
ment. Nat Rev Microbiol. 2016;14(5):320–30.

Authors and Affiliations

John Bosco Kalule1 · Linda A. Bester2,3 · Daniel L. Banda4 · Firehiwot Abera Derra5 · Chisomo Msefula6,8 · 
Anthony M. Smith7,9,10 · Abraham Ajayi11 · Happiness Kumburu12,13,14 · Geoffrey Kwenda15 · Kaunda Yamba16,17 · 
John Mwaba18,19 · Yasmina J. Fakim20 · Nyasha Sithole21 · Aquillah M. Kanzi22 · Patrick M. K. Njage23 · 
Francis Chikuse6,8 · Sofonias K. Tessema6,8 · Stella I. Smith11 · Ebenezer Foster‑Nyarko7,9

 *	 John Bosco Kalule 
	 kaluleb@gmail.com

1	 Makerere University, College of Veterinary Medicine 
Animal Resources and Biosecurity (CoVAB), Biotechnical 
and Diagnostic Sciences, Kampala, Uganda

2	 Biomedical Resource Unit, College of Health Sciences, 
University of KwaZulu-Natal ZA, Westville, South Africa

3	 Department of Biochemistry and Microbiology, Faculty 
of Science, Engineering and Agriculture, University 
of Venda, Limpopo, South Africa

4	 Department of Medical Laboratory Sciences, School of Life 
Sciences and Allied Health Professions, Kamuzu University 
of Health Sciences, Mzimba, Malawi

5	 Food Safety and Food Microbiology National Reference 
Laboratory, Food Science and Nutrition Research 
Directorate, Ethiopian Public Health Institute, Addis Ababa, 
Ethiopia

6	 Africa Centres for Disease Control and Prevention, African 
Union, Addis Ababa, Ethiopia

7	 Department of Infection Biology, London School of Hygiene 
and Tropical Medicine, London, UK

8	 Kamuzu University of Health Sciences, Blantyre, Malawi
9	 Centre for Enteric Diseases, Division of the National Health 

Laboratory Service, National Institute for Communicable 
Diseases, Johannesburg, South Africa

10	 Department of Medical Microbiology, School of Medicine, 
Faculty of Health Sciences, University of Pretoria, Pretoria, 
South Africa

11	 Molecular Biology and Biotechnology Department, Nigerian 
Institute of Medical Research (NIMR), Yaba Lagos, Nigeria

12	 Kilimanjaro Clinical Research Institute, Moshi, Tanzania
13	 Kilimanjaro Christian Medical Centre, Moshi, Tanzania
14	 Kilimanjaro Christian Medical University College, Moshi, 

Tanzania
15	 Department of Biomedical Sciences, School of Health 

Sciences, University of Zambia, Lusaka, Zambia
16	 University Teaching Hospitals, Lusaka, Zambia
17	 Zambia National Public Health Institute, Lusaka, Zambia



	 Journal of Epidemiology and Global Health

18	 Department of Pathology and Microbiology, University 
Teaching Hospital, Lusaka, Zambia

19	 Institute of Basic and Biomedical Sciences, Levy 
Mwanawasa Medical University, Lusaka, Zambia

20	 University of Mauritius, Reduit, Mauritius
21	 Africa CDC, Addis Ababa, Ethiopia

22	 African Society for Laboratory Medicine (ASLM), 
Johannesburg, South Africa

23	 Research Group for Genomic Epidemiology, National Food 
Institute, Technical University of Denmark, Kongens Lyngby, 
Denmark


	Molecular Epidemiology and AMR Perspective of Diarrhoeagenic Escherichia coli in Africa: A Systematic Review and Meta-analysis
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	1 Background
	2 Methods
	2.1 Generation of Search Terms and Database Selection
	2.2 Search Strategy
	2.3 Study Eligibility Criteria
	2.4 Risk of Bias and Methodological Quality Assessment
	2.5 Title and Abstract Screening
	2.6 Full-Text Screening
	2.7 Data Extraction Strategy
	2.8 Data Analysis
	2.9 Data Visualisation

	3 Results
	3.1 Geographical Distribution
	3.2 Study Types
	3.3 Population Characteristics in the Reviewed Studies
	3.4 Study Sites
	3.5 Diagnostic Laboratory Techniques Utilised from the African Sourced Publications
	3.6 Prevalence of Diarrhoeagenic E. coli Pathotypes
	3.7 Commonly Used Susceptibility Testing Techniques and Interpretive Standards
	3.8 Antibiotic Resistance Among Diarrhoeagenic E. coli

	4 Discussion
	4.1 Limitations

	5 Conclusions
	Acknowledgements 
	References


