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Abstract

Background

Data on extended-spectrum β--lactamase-producing Escherichia coli (ESBL-E. coli) carriage in 

community settings, especially in developing countries, are scarce. Here, we describe the population 

structure and molecular characteristics of resistance of ESBL-E. coli faecal isolates in a rural African 

population. 

Methods and findings

Between April and May 2017, stools of 383 healthy participants were collected from 20 villages in 

rural Southern Niger during a clinical trial on ciprofloxacin prophylaxis carried out during a 

meningococcal meningitis outbreak. Of 383 individuals, 354 (92.4%) were carriers of ESBL-E. coli 

before any ciprofloxacin intake. A subset of 90 of these ESBL-E. coli containing stools were selected 

for further analysis, from which 109 different ESBL-E. coli were recovered and whole genome 

sequenced by short-(Illumina) and long-(Nanopore) reads. Most belonged to the commensal-adapted 

phylogroup A (91, 83.5%), with high clonal diversity (57 distinct clones). One-quarter harboured the 

high pathogenicity island previously associated with a longer duration of faecal carriage. The blaCTX-M-

15 gene was the major ESBL determinant (107, 98.1%). It was chromosome-integrated in 

approximately half of the cases (48, 44.9%), at multiple integration sites in diverse chromosomal 

genetic backgrounds. When plasmid-borne, blaCTX-M-15 was found in a large diversity of incompatibility 

groups. A single genetic background was found for 20 distinct plasmids, whereas very closely related 

plasmids were found in different genetic backgrounds in six cases, suggesting plasmid spread among 

strains. No geographical or social links to resistance patterns were observed.

Conclusions

Massive prevalence of community faecal carriage of CTX-M-15-producing E. coli was observed in a 

rural region of Niger without apparent antibiotic selective pressure. E. coli were highly diverse, well 

adapted commensal strains, with chromosomal integration of CTX-M-15 encoding gene in almost half 

of the cases. Evidence of clonal and plasmid spread suggest a risk of sustainable implementation in 

community faecal carriage.
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Author Summary

Community faecal carriage of extended-spectrum β--lactamase-producing Escherichia coli (ESBL-E. 

coli) increased alarmingly over the past two decades. Nevertheless, data on ESBL-E. coli carriage in 

community settings are scarce, especially in developing countries, yet fundamental to be able to 

implement specific strategies to prevent their spread and determine adequate empiric antibiotic 

therapies. We conducted an ancillary study focusing on ESBL-E. coli carriage during a clinical trial on 

meningitis prophylaxis in rural Southern Niger. Almost all subjects were ESBL-E. coli carriers despite 

the apparent absence of recent antibiotic use. Using whole genome sequencing, we found a wide 

diversity of E. coli isolates well adapted to commensal lifestyle and bearing the blaCTX-M-15 gene 

located either on the chromosome or on a variety of plasmids, some spreading between clones. 

ESBL-E. coli isolates are endemic and well implanted in this community setting. Identification of the 

selective pressures involved should be a priority.
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Introduction

Extended-Spectrum β-Lactamase-producing (ESBL) Enterobacterales, and particularly Escherichia 

coli (ESBL-E. coli) have spread worldwide and become endemic, especially in low-and middle-income 

countries [1–5]. The diffusion of ESBL-E. coli is mainly the result of the epidemiological success of 

blaCTX-M genes in the 2000s, which are ESBL-encoding genes often carried by mobile genetic elements 

such as plasmids. E. coli are commensals of the gut of vertebrates, including humans [6], and 

constitute the main reservoir of resistance genes in Enterobacterales, leading to ESBL-E. coli 

dissemination in communities [7]. E. coli are also opportunistic pathogens responsible for severe 

infections such as bloodstream infections, urinary tract infections and in some cases diarrhea [8]. 

Infections with ESBL-E. colipresent a clinical challenge due to limited therapeutic options, which is 

especially crucial in low-income countries [9]. Globally, ESBL-E. coli infections represent the biggest 

burden of bacterial antimicrobial resistance (AMR) morbidity and mortality [10].

Prevalence of ESBL-E. coli faecal carriage in humans is a good indicator of the global burden of 

antibacterial resistance in a given community [11]. In Africa, the few available studies showed a 

prevalence of ESBL-E. coli community faecal carriage ranging from 15% to 92% depending on the 

country, the population studied and the year of stool collection, which is higher than in most high 

income countries [2–5,12–14]. However, little is known about the molecular epidemiology and 

evolution of resistance mechanisms in low-income countries [13,15]. Yet, this level of understanding 

is essential to unravel the evolutionary mechanisms as well as the transmission mechanisms enabling 

the success of ESBL-E. coli in community settings. It is crucial to determine specific strategies to 

prevent further dissemination of these resistant bacteria. We previously reported that 92.4% of 

healthy individuals carried ESBL-E. coli carried in their stools as part of a trial of ciprofloxacin 

prophylaxis for meningococcal meningitis performed in a rural region of South Niger [14]. Faced with 

such a high prevalence, we sought to describe the population structure of the strains and the 

molecular basis of this resistance to understand the mechanisms of resistance spread. 

Patients and Methods

Study design

This work was an ancillary study of a clinical trial on ciprofloxacin prophylaxis against bacterial 

meningitis carried out between April 22, 2017 and May 18, 2017 during a meningococcal meningitis 

outbreak in the Madarounfa District in rural southern Niger near the border with Nigeria [14]. 

Population characteristics

Briefly, a subset of 10 villages in the control-arm and 10 villages randomized to receive village-wide 

prophylaxis in the primary trial were randomly selected to participate in a sub-study examining faecal 
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carriage of ciprofloxacin-resistant and ESBL-producing Enterobacterales, at baseline and after 

interventions [14]. In each village, 20 households were randomly selected from a census list. One 

household member in each of the selected households was then selected using a simple lottery. 

Villages were assigned an identification number and GPS coordinates were collected. Villages were 

further described by the presence/absence of a market or a health center, as well as the distance to 

the nearest paved road.

Strain collection

In the primary trial, stool samples of 383 individuals were collected at day 0 (prior to ciprofloxacin 

administration in the intervention arm). Samples were collected at home by participants and 

inoculated into Cary-Blair media (Copan, Brescia, Italy) by study staff. Of them, 99 faecal samples 

were randomly selected and were sent to the Infection Antimicrobials Modelling and Evolution 

laboratory (IAME, Université de Paris) for quality control in agar deep tubes [14]. In Paris, faeces 

were plated on cefotaxime containing plates, and colonies of different morphologies were identified 

by mass spectrometry (MALDI-TOF-MS Microflex Bruker Daltonics/ BioTyper™ version 2.0). When 

colonies with different morphologies on the same plate were identified as E. coli, each isolate was 

studied independently. Antimicrobial susceptibility testing was performed by the disk diffusion 

method according to the EUCAST guidelines, and ESBL detection using the synergy test. Among the 

99 samples, 90 samples from 90 subjects carrying at least one confirmed ESBL-E. coli, constitute the 

material for the analyses performed in this work.

Genomic analysis

Detailed information of genomic analysis is available in the Supplementary Material. In brief, after 

DNA extraction and library preparation, Illumina sequences were analysed with a previously 

described in-house bioinformatic pipeline [16], integrating genome assemblies, annotation and 

ordering, genetic distance estimation, genome typing (phylogroups, multi-locus sequence 

typing(MLST), serotypes and fimH types), plasmid replicons, contig location (plasmid or 

chromosome), resistome and virulome. The main virulence factors associated with extra-intestinal or 

intra-intestinal pathogenic E. coli (respectively ExPEC and InPEC) were determined, as previously 

described [17].

The core genome constructed with Roary v3.12 [18] was used for SNP distance matrix computation 

(see Supplementary Table 1) and to develop a maximum likelihood-based phylogeny using Iqtree 

v1.6.12 [19]. The phylogenetic tree was designed using Itol (v6.3)[20]. Identification of clonal lineages 

was performed using popPUNK [21]. Clones were defined for isolates with fewer than 120 SNP 

differences. This threshold was based on the distribution of SNPs among isolates (Supplementary 

Figure1) and followingprevious work using the same strategy [22]. For strains with ESBL-encoded 
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genes embedded in plasmids, one representative isolate was selected for Nanopore sequencing 

(Oxford, UK) for isolates with close genetic distances. After filtering, assembling, and polishing, 

Nanopore sequences were assembled with Illumina sequences. Sequences are available in the 

bioproject PRJEB50347 in the European Nucleotide Archive (ENA) database.

Ethics

The parent study protocol, which included this sub-study, was reviewed and approved by the 

National Consultative Ethics Committee of Niger (Ref: 003/2016/CCNE) and the Ethics Review Board 

of Médecins Sans Frontières (Ref: 1603)[14]. The trial is registered at ClinicalTrials.gov 

(NCT02724046). Written informed consent was obtained from individual participants.

Results

All raw data concerning antibiotic resistance and genome typing are available in Supplementary 

Table 2. 

Population characteristics

In this ancillary study, the median age of the 90 participants was 10.5 years [IQR 4-24.8] , and the F:M 

sex-ratio was 1.5. Only 3 subjects (3.3%) reported antibiotic exposure or hospitalization in the three 

months prior to sample collection.

ESBL-E. coli isolation and resistance to antibiotics

A total of distinct 109 ESBL-E. coli were recovered from the 90 samples. Seventy-two participants 

carried only one ESBL-E. coli, 17 carried two distinct ESBL-E. coli and one participant carried 3 distinct 

ESBL-E. coli by colony morphology (see above). 

Among the 109 ESBL-E. coli isolates, 58 (53.2%) were resistant to nalidixic acid, 56 (51.4%) to 

ciprofloxacin, 23 (21.1%) to gentamicin, 76 (69.7%) to cotrimoxazole, and 85 (78.0%) to tetracycline. 

All were susceptible to amikacin and imipenem. 

Genomic diversity of ESBL-E. coli

The genomic diversity of ESBL-E. coli is shown in Table 1 and Figure 1. The ESBL-E. coli mainly 

belonged to phylogroup A (91/109, 83.5%), phylogroup B1 (8/109, 7.3%) and phylogroup C (6/109, 

5.5%). One single isolate was found in each of phylogroups D, F, B2 and clade I. 

The 109 ESBL- E. coli isolates were clustered in 48 clonal lineages, 82 (75.2%) belonging to clonal 

lineages with two or more isolates. The main clonal lineages were clonal lineage 1 (14/109, 12.8%) 

and clonal lineage 2 (10/109, 9.2%). ST typing using Warwick scheme highlighted 44 different STs. 
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The principal STs identified were ST46 (15/109, 13.8%), ST10 (10/109, 9.2%), ST6359 (7/109, 6.4%), 

ST617 (6/109, 5.5%), and ST410 (6/109, 5.5%). In silico serotyping approaches identified 42 different 

serotypes, including 11 serotypes with unknown O antigens and new O antigens waiting for 

assignment for 24/109 (22%) isolates. The main serotypes were O101:H9 (11/109, 10.1%), O101:H4 

(10/109, 9.1%), O101:H10 (9/109, 8.3%), and O9:H9 (8/109, 7.3%). A total of 21 different fimH alleles 

were identified. For 34/109 (31.2%) isolates, no fimH gene was found. The main fimH alleles 

identified belonged to fimH54 (15/109, 13.8%), fimH34 (11/109, 10.1%), fimH24 (7/109, 6.4%), and 

fimH41 (6/109, 5.5%). Based on SNP differences in the core genome, 57 distinct clones were 

identified among the 109 isolates. These clones are in agreement with the previous typing as they 

belong to the same phylogroup, clonal lineage, ST, serotype and exhibit the same fimH allele. Of 109 

isolates, 74 (67.9%) belonged to clones represented by two or more isolates. Isolates mainly 

belonged to clones 36 (10/109, 9.2%), 37 (5/109, 4.6%) and 26 (5/109, 4.6%). Of note, E. coli strains 

with different morphologies from the same individual were genetically distinct (Table1, Figure 1). 

In summary, despite belonging almost uniquely to phylogroup A, a huge genomic diversity of clones 

was observed among the ESBL-E. coli isolates.

ESBL-encoding genes and genomic location 

The ESBL phenotype was conferred by the blaCTX-M-15 gene for 107/109 (98.1%) isolates. The blaCTX-M-15 

gene was located on the chromosome for 48/107 (44.9%) isolates and on a plasmid for 59/107 

(55.1%) isolates. The remaining two isolates had the ESBL phenotype conferred by blaSHV-2a (1 isolate) 

and blaCTX-M-55 genes (1 isolate), and were both located on a plasmid.

Isolates with a chromosomal blaCTXM-15 gene were phylogenetically diverse, belonging to 18 clonal 

lineages and 23 clones. We identified 19 different chromosome integration sites (Figure 1 and 

Supplementary Table 3). For most isolates, a given chromosome integration site was associated with 

a given clonal lineage (Figure 1). For isolates belonging to clonal lineage 1, we assume that blaCTX-M-15 

gene acquisition would have followed the most parsimonious scenario: isolates with chromosomal 

blaCTX-M-15 gene could have diversified after a single event of integration. This assumption is based on 

the fact that the insertion site was the same for all isolates with chromosomal blaCTX-M-15 and that 

ISEcpI upstream blaCTX-M-15 is partially deleted. For a single clonal lineage (clonal lineage 2), we 

observed two different integration sites (Supplementary Table 3). Altogether, these data indicate 

multiple integration events in diverse genetic backgrounds. For isolates with ESBL-encoding gene 

located on a plasmid, 10 different replicon types were identified. The plasmids with blaSHV-2a and 

blaCTX-M-55 genes belonged to IncN and IncX1 incompatibility groups, respectively. The plasmids 

harbouring blaCTX-M-15 belonged mainly to IncF (IncFIA (5/107), IncFIB (16/107), IncFIB (H89 phagemid 
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plasmid) (6/107), IncFIC(FII) (8/107)) and IncY (16/107) and, to a lesser extent, by IncI1 (6/107) 

incompatibility groups (Table 1). 

To gain further insight into the relationships between clones and plasmids, we investigated the strain 

genomic backgrounds for plasmids with less than 1% nucleotide identity difference or ≤2 large 

insertions or deletions (indels). In six cases, we found closely related plasmids in different genetic 

backgrounds, whereas 20 plasmids were strictly associated with a single genetic background. For 

incFIA plasmids, we identified similar plasmids, with insertion of 26.7 kbp in the plasmid hosted by 

clone 8 compared to that of clone 9, suggesting that the plasmid could have drifted from the 

ancestor of these two clones. For IncFIB plasmids, we identified similar plasmids in clones 28 and 50, 

with insertion of 26.7 kbp in the plasmid hosted by clone 28, and an insertion of 8.8 kbp in the 

plasmid hosted by clone 50. Moreover, the plasmid hosted by clone 29 presented a 27.9 kbp 

insertion compared to that of clone 45. For IncI1 plasmids, plasmids hosted by clones 16 and 25 

presented more than 99% identity, and the ones hosted by the clones 17, 30, and 56 presented 2 

indels of 2.14 and 1.34 kbp. For IncY plasmids, we identified similar plasmids, with insertion of 17 kbp 

in the plasmid hosted by clone 32 compared to that of clone 37. Altogether, these data argue for 

plasmid transmission between clones, except for clones 8 and 9, for which the plasmid had been 

hosted in an ancestor isolate, before diversification. Of note, clone 36 encompasses isolates with 

different evolutionary scenario: blaCTX-M-15 is hosted in two different chromosome integration sites, J 

(six isolates) and K (two isolates) and in an IncFIC_FII plasmid (two isolates). 

Antimicrobial susceptibility and ESBL genomic location

Co-resistance to cotrimoxazole and tetracyclines was significantly lower for isolates with ESBL-

encoding genes located on the chromosome (n=48) than for isolates with ESBL-encoding genes on 

the plasmid (n=61) (respectively, 43.8% vs 90.2 %, P<0.05 for cotrimoxazole and 68.8% vs 85.5%, 

P<0.05 for tetracyclines). 

Virulence genes

We focused on the main virulence factors associated with extra-intestinal or intra-intestinal 

pathogenic E. coli (respectively ExPEC and InPEC)(19). The average number of ExPEC virulence genes 

was low (1.24), the most prevalent being fuyA and irp2 (25/109, 22.9%) (Supplementary Table 2). 

These two genes encode the yersiniabactin siderophore and its transporter, and are known to be 

part of the high pathogenicity island (HPI)[23]. These ExPEC genes were unevenly distributed among 

the strains, as mostly found in the clonal lineage 1, 12/14 harbouring fuyA and irp2 genes, and in the 

phylogroup C, most isolates (4/6) harbouring the adhesin encoding pap genes in addition to fuyA and 

irp2 genes. One enterotoxinogenic E. coli (ETEC) (eltB positive) from clade I and two 
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enteropathogenic E. coli (EPEC) from B1 and B2 phylogroups were identified, the latter belonging to 

the ST2346 and being a typical EPEC (eae and bfp positive)[24].

Geographical origin of ESBL-E. coli carriers

The geographical distribution of the villages of the carriers of the 109 ESBL-E. coli according to their 

clonal lineage is represented in Figure 2. Most isolates belonging to the same clonal lineage were not 

limited to a given geographical area, but were widely spread across the different villages. Moreover, 

the spread of different clones was not associated with the presence of a market or a health center, 

nor the distance to a paved road. We found isolates presenting different genetic backgrounds 

harbouring the same plasmid in only one village(one isolate belonging to clonal lineage 40 and two 

isolates belonging to clonal lineage 8 (Figure 1). 
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Discussion

After finding an unexpectedly high prevalence of ESBL-E. coli faecal carriage in healthy subjects 

(>90%) in rural South Niger [14], we analysed the population structure, molecular support of 

resistance and mode of spread of these commensal strains in this community, using state-of-the-art 

sequencing techniques with both Ilumina WGS and an additional long-read sequencing by Nanopore 

(to specifically study strains with ESBL-encoded genes embedded in plasmids). Previous description 

of ESBL carriage in African settings has varied by the region, the community and the age of the 

subjects [2–5,12,13], ranging from 46 % in district hospital patients in South Africa in 2018 [3], 51% in 

hospitalized patients and 38% in healthy healthcare workers in Chad in 2019 [13], and 59% in healthy 

children in the community in the Central African Republic [12]. When resistance mechanisms and 

phylogenetic groups were described, blaCTX-M-15 was the most commonly encountered gene encoding 

for resistance to β-lactams (ranging from 75% to 90% of cases), and the clonal group ST131 was 

predominant among phylogroup B2 E. coli [12,13,15,25]. To our knowledge, this is the first 

description of WGS and full molecular description of the ESBL-E. coli isolates in a low-income country 

setting, with original and important findings.

First, most ESBL-E. coli belonged to phylogroup A (83.4%), with high diversity in terms of clonal 

lineages and molecular typing (serotype, ST, and fimH typing), even though some clonal lineages 

were overrepresented. E. coli strains belonging to phylogroup A are known to be adapted to human 

gut commensalism [6] and have been described as predominant in low-and middle-income countries 

[26]. As expected, these strains carry few virulence genes, with the exception of clonal lineage 1 

(ST617/6359, O101:H9/10) strains, which have accumulated many virulence genes, especially iron 

capture systems such as yersiniabactin (fyuA, irp2), borne on the HPI (Supplementary Table 2). ST410 

(phylogroup C), an emerging high-risk clone [27], is also well represented, with strains harbouring the 

pap adhesin encoding genes in addition to the HPI. Both gene clusters have been associated with 

ESBL-E. coli strains with a longer duration of faecal carriage in travellers returning from developing 

countries [28]. On the other hand, B2 phylogroup was represented by a single isolate, a typical EPEC 

belonging to the EPEC9 cluster [24,29,30]. This is in contrast with what has been observed in Western 

countries, where the proportion of B2 strains among commensal E. coli has dramatically increased in 

the last four decades, probably under the pressure of several factors such as changes in dietary 

habits and improved hygiene [6,31]. Of note, no ST131-E. coli isolate, (also a B2) was found here, 

despite the clone’s global epidemiological success [12,13,32]. The pronounced diversity among A 

strains and the low prevalence of B2 strains supports the hypothesis that the strains described here 

are almost individual-specific, and aligns with the expected composition of commensal E. coli strains 

from humans living in developing countries. Along the same line, a recent study performed in healthy 
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pregnant women in Madagascar showed a high prevalence of ESBL-E. coli (34%), composed mostly of 

isolates belonging to various phylogroup A clones (72%)[33].

Second, we found that the ESBL phenotype was mainly associated with the blaCTX-M-15 gene (98%), 

which was embedded in the chromosome in approximately 50% of cases, at different integration 

sites. The spread of the blaCTX-M-15 gene has been well-described in the last decades, even though 

other blaCTX-M alleles such as blaCTX-M-14 or blaCTX-M-27 have had some epidemiological success [2]. As 

with most AMR genes, the spread of blaCTX-M genes has been associated with plasmid dissemination, 

particularly the pC15-1a plasmid [34]. However, chromosomal locations have increasingly been 

described. Chromosome-located blaCTX-M genes were found in 4.8% of ESBL-E. coli isolates in a 

veterinary collection from Germany, the Netherlands, and the UK [35]. This rate increases to 8.3% 

and 14.6%, respectively, in clinical isolates recovered from hospitals in Zambia [36] and China [37]. In 

the study from Madagascar cited above [33], the blaCTX-M gene was located on the chromosome in 

31% of strains. The highest incidence of chromosomal blaCTX-M gene described so far was observed in 

Japan, where blaCTX-M-14 was found on the chromosome in 45.9% of cases, and in 16.2% both on 

chromosome and plasmid in community commensal strains [38]. The location of blaCTX-M genes on 

both chromosome and plasmid probably reflects the ability of their genetic environment to mobilize 

these resistance genes. In their model, Hamamoto et al. display high rates of blaCTX-M-14 mobilization, 

and integration in various sites [39], as was observed here with our isolates. Whether a chromosomal 

or plasmid location confers a selective advantage for the resistance genes is a matter of debate. In a 

mathematical model, Lethtinen et al. suggested that plasmid location could be preferred under 

selective pressure [40], suggesting that a chromosomal location is more adapted to a lower levels of 

selective pressure, as would be the case in community carriage. This hypothesis is also supported by 

the fitness cost associated with plasmid-carried resistance genes [41] and by the conservation of 

vertical transfer of chromosome-located genes. These assumptions remain challenged by other 

authors, as compensatory mutations alleviating plasmid fitness costs and high plasmid-chromosome 

beneficial interactions have also been described [41]. From an epidemiological point-of-view, a 

recent work suggested that chromosome integration of blaCTX-M-15 in ST131 isolates could have 

contributed to the clonal expansion of a rare C2 lineage [42]. 

Third, for isolates with plasmid-located blaCTX-M-15, we showed high diversity in incompatibility groups, 

but with a high predominance of IncF plasmids, known to be well adapted to Enterobacterales. 

Interestingly, a high similarity was found for some plasmids in different genetic backgrounds, 

suggesting both isolate and plasmid diffusion. This observation here in a human community is in line 

with a previous study of temporal intestinal carriage of ESBL-E. coli in calf farms [22]. Additionally, we 
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found a similarity between IncFIb plasmid backbones and pCFSAN061762, a plasmid described in 

Egypt in an isolate of E. coli ST38 (data not shown). 

Finally, we did not find any correlation between geographical localization of the subjects (the villages 

they live in or their usual social interactions, such as marketplaces) and the epidemiological genomic 

data of ESBL-E. coli, which suggests a large spread of the most frequent clonal lineages. These results 

may unveil an underestimated mix of populations in this area, or contamination by a common source 

of food or water that could not be captured by mapping health centers, distance to an asphalt road 

or marketplaces, as represented in Figure 2. 

Our work has some limitations: (i) only a subset of stool samples from the overall study was analysed, 

potentially introducing biases, yet the random selection should have reduced this risk; (ii) only the 

predominant cefotaxime-resistant E. coli isolates present in the faeces were studied, which may not 

represent the diversity of E. coli isolates in the gut, but does represent the quantitatively 

predominant E. coli isolates and therefore the ones that constitute the biggest threat in terms of 

infectious risks and dissemination [43]; (iii) no precise description of the mobile genetic elements 

that flank the blaCTX-M-15 gene is available, which would improve understanding of the modalities of 

mobilization of this gene; this will will be the subject of future works. Finally, the search of an ESBL-E. 

coli reservoir in other environments, such as the food chain (poultry/livestock), water or sediments 

would help understand the routes of dissemination in a “One Health” approach [11]. 

Despite these limitations, this epidemiologic study in a remote region of Niger is unique and shows 

the unprecedented dissemination of ESBL-E. coli in the gut of a geographically localized human 

population. It suggests the widespread dissemination of multiple resistant clones, possibly fostered 

by underestimated inadequate antibiotic treatments and multiple population exchanges that have 

probably lasted for years already. On a molecular point-of-view, this work highlights the diversity of 

pathways followed by blaCTX-M-15. The high frequency of chromosomal blaCTX-M-15 in isolates of E. coli 

belonging to the commensal phylogroup A is of particular concern because it could be associated 

with their sustainable implementation in the community. Understanding the evolutionary forces that 

select for such a high prevalence of ESBL-E. coli should be major objective.

Altogether, antibiotic resistance in commensal E. coli in this remote part of Africa appears to have all 

the characteristics of long-term adaptation and all the tools for further dissemination. This is 

especially worrying as commensal E. coli are responsible for clinical infections and antimicrobial 

resistant E. coli infections represent the biggest threat in terms of AMR globally [10]. Noteworthy, 

community-acquired bacteremia in children hospitalized for severe acute malnutrition was recently 

followed in an intensive nutritional rehabilitation center in the same region (Madarounfa district, 
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Niger). Approximately two-thirds of the E. coli and K. pneumoniae strains (16/26, 61.5%) were ESBL 

producers, reinforcing the link between the widespread carriage of ESBL-producing E. coli strains and 

the risk of severe infection from these same microorganisms [44]. Infections with these strains will 

be increasingly difficult to treat especially in these remote areas, with the need for broader spectrum 

antibiotics, which in turn may select more resistant strains such as carbapenemase producers. This 

work may just be exposing the tip of the iceberg of an AMR epidemiological catastrophe well on its 

way. 
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