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The treatment of invasive Escherichia coli infections is a challenge because of the emergence and rapid spread of multidrug resistant strains. Particular problems are those strains that produce extended spectrum β-lactamases (ESBL’s). Although the global characterization of these enzymes is advanced, knowledge of their molecular basis among clinical E. coli isolates in Ethiopia is extremely limited. This study intends to address this knowledge gap. The study combines antimicrobial resistance profiling and molecular epidemiology of ESBL genes among 204 E. coli clinical isolates collected from patient urine, blood, and pus at four geographically distinct health facilities in Ethiopia. All isolates exhibited multidrug resistance, with extensive resistance to ampicillin and first to fourth line generation cephalosporins and sulfamethoxazole-trimethoprim and ciprofloxacin. Extended spectrum β-lactamase genes were detected in 189 strains, and all but one were positive for CTX-Ms β-lactamases. Genes encoding for the group-1 CTX-Ms enzymes were most prolific, and CTX-M-15 was the most common ESBL identified. Group-9 CTX-Ms including CTX-M-14 and CTX-27 were detected only in 12 isolates and SHV ESBL types were identified in just 8 isolates. Bacterial typing revealed a high amount of strains associated with the B2 phylogenetic group. Crucially, the international high risk clones ST131 and ST410 were among the sequence types identified. This first time study revealed a high prevalence of CTX-M type ESBL’s circulating among E. coli clinical isolates in Ethiopia. Critically, they are associated with multidrug resistance phenotypes and high-risk clones first characterized in other parts of the world.

Keywords: Enterobacteriaceae, multidrug resistant, antibiotic susceptibility, multi-locus sequence typing, Bla CTX-M genes, community acquired infections


INTRODUCTION

The emergence and spread of multidrug resistant strains of bacteria has made the treatment of Escherichia coli infections increasingly challenging across the world. This problem is exacerbated in sub-Saharan African counties, where robust laboratory diagnostics and surveillance systems for antimicrobial resistance are poorly developed despite the high incidence of extended spectrum β-lactamase (ESBL) producing bacteria (Williams et al., 2018). ESBL production refers to enzymes that confer the ability to hydrolyse the extended spectrum cephalosporins and monobactams, but not cephamycin such as cefoxitin and carbapenems. In Ethiopia specifically, the prevalence of ESBL-producing Enterobacteriaceae remains above 50% according to traditional phenotypic characterization (Beyene et al., 2019; Teklu et al., 2019). However, analyses of phenotypic data in the context of investigating the molecular mechanisms of ESBL-producing E. coli are limited.

However, in the global context, the established knowledge concerning the multidrug resistant strains that produce ESBLs is more expansive. For instance, genes for ESBL production are highly transmissible as a consequence of being encoded on plasmids and other mobile genetic elements and this rapidly expands the resistance spectrum when new antibiotics are introduced into clinical practice (Tooke et al., 2019). As these mobility elements often carry genes for resistance to other antimicrobial agents, ESBL-producing bacteria often present with multiple drug resistant (MDR) characteristics (Schwaber et al., 2005; Pitout, 2008). Additionally, ESBLs are classified into TEM and SHV ESBL variants and CTX-Ms. The TEM and SHV ESBL variants were the most common enzymes in the hospital setting during the 1980s and 1990s, with resistant Klebsiella pneumoniae particularly prolific (Castanheira et al., 2013; De Angelis et al., 2020). However, in recent decades CTX-Ms have emerged as the most common ESBL in both community and hospital environments throughout the world, with resistant E. coli as the most prolific (Paterson and Bonomo, 2005; Canton et al., 2012; Bevan et al., 2017; Peirano and Pitout, 2019; De Angelis et al., 2020).

CTX-M β-lactamase enzymes are classified into five groups based on their amino acid similarity: CTX-M group-1; CTX-M group-2; CTX-M group-8; CTX-M group-9; and CTX-M group-25. Within these five groups, CTX-M-15 (from group 1) and CTX-M-14 (group 9) are the most prevalent enzymes identified throughout the world (Canton et al., 2012; Bevan et al., 2017; De Angelis et al., 2020). The blaCTM genes are often associated with genes conferring resistance to other antibiotic agents like fluoroquinolones and aminoglycosides (Bajaj et al., 2016). Examples of this are the pandemic clones ST131 and ST410, both widely distributed E. coli strains that efficiently spread in hospital and community settings (Nicolas-Chanoine et al., 2008; Woodford et al., 2011; Nicolas-Chanoine et al., 2014; Schaufler et al., 2016; Roer et al., 2018). The ST131 E. coli accounts for several extra-intestinal infections and asymptomatic humans can serve as a carrier (Nicolas-Chanoine et al., 2014; Forde et al., 2019) and like the ST131 strain; ST410 is responsible for various extra-intestinal infections and is resistant to fluoroquinolones and third-generation cephalosporins (Roer et al., 2018; Manges et al., 2019).

It is this understanding that we are trying to establish using isolates from Ethiopian patients, because, while the global characterization of these enzymes is advanced, knowledge of their molecular basis among clinical E. coli isolates in Ethiopia is extremely limited. Thus, this study investigated the molecular bases of resistance and the phylogenetic relationship of ESBL producing E. coli isolated from geographically distinct regions in Ethiopia. In doing so, we could also define the prevalence of international pandemic E. coli sequence type clones and their sub clones.



MATERIALS AND METHODS


Bacterial Strain Collection and Initial Cataloguing

This study was conducted on 204 ESBL-producing E. coli isolates collected in 2018 from four health facilities in Ethiopia (Figure 1). These isolates were collected in line with the ongoing antimicrobial resistance surveillance which was launched in 2017 by the Ethiopian Public Health Institute under the supervision of the Federal Ministry of Health (Ibrahim et al., 2018). This national AMR surveillance is following the World Health Organization (WHO) Global Antimicrobial Resistance Surveillance System (GLASS) guideline and reports the phenotypic antimicrobial susceptibility profiles for priority AMR pathogens to the local, national and international stakeholders. All isolates were identified according to WHO guidelines operable in a basic clinical bacteriology laboratory for the identification of fermenter Gram-negative bacterial pathogens (Vandepitte et al., 2003). All isolates from the AMR sites are collected at the National Reference Laboratory (Addis Ababa) were they are stored at −80°C.
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FIGURE 1. The four health facility sites engaged in this study and from where the isolates were obtained. The National reference laboratory and Tikur Abessa specialized hospital are located in the capital city, Addis Ababa. The Ayder referral hospital is situated in Mekele City in northern Ethiopia. The Jimma University Hospital lies in Jimma City, located in the south west of Ethiopia.


Critically, the national AMR surveillance is not tasked with characterizing the molecular mechanisms of antimicrobial resistance. Therefore, we used this substantial isolate collection as a resource to initiate a characterization of the molecular mechanisms behind ESBL production. For this study purpose, 204 non-duplicated E. coli strains resistant to at least one third generation cephalosporin were randomly selected and confirmed for ESBL production. The identity of these isolates was confirmed using a VITEK 2 compact automated ID/AST instrument according to the manufacturer’s instructions (bioMérieux, Marcy l’Etoile, France). All isolates were stored at the NRL at –80°C in trypticase soy broth containing 20% of glycerol.



Antimicrobial Susceptibility Tests and Phenotypic Detection of ESBL Producing E. coli

The antimicrobial susceptibility tests and phenotypic detection of ESBL producing E. coli were based upon the standardized Kirby Bauer disk diffusion method on Mueller Hinton agar (Oxoid LTD, Basingstoke, and Hampshire, England) and the double disk synergy test, respectively. Each test was performed as recommended by the Clinical and Laboratory Standard Institute (CLSI) (Philadelphia, PA, United States) (Clinical and Laboratory Standards Institute, 2018). Bacterial isolates that were resistant to at least one agent in three different antimicrobial categories were recognised as MDR (Magiorakos et al., 2012). We used E. coli ATCC 25922 (ESBL negative) and K. pneumoniae subsp. pneumoniae ATCC 700603 (ESBL positive) as reference strains (Microbiologics Inc., Saint Cloud, MN, United States).



Primers

Sigma-Aldrich Co (Dorset, England) synthesized all oligonucleotides.



Molecular Characterization of β-Lactamases Producing E. coli

The entire strain collection was screened for the presence of blaTEM, blaSHV, blaOXA, and blaCTX–M by multiplex PCR using primer combinations as previously described (Dallenne et al., 2010). Carbapenem resistant isolates were screened using multiplex PCR for the presence of blaOXA48–like, blaIMP, blaVIM, and blaKPC (Dallenne et al., 2010). All blaSHV and blaCTX–M and selected blaTEM and blaOXA positive PCR products were sequenced to determine the genetic variation within ESBL genes. The β-lactamase gene variants were identified by sequence alignment with known GenBank sequence using the Basic local alignment search tool (BLAST)1 (Altschul et al., 1990; Ye et al., 2006).



Molecular Typing of Bacterial Strains

Phylogenetic grouping of ESBL producing E. coli was performed using Clermont’s revised PCR protocol (Clermont et al., 2013). All B2 phylogenetic group isolates were screened for international pandemic sequence type clones and their sub clones using established PCR protocols (Clermont et al., 2009; Johnson et al., 2009; Banerjee et al., 2013; Colpan et al., 2013).

A subset of 40 randomly selected strains, including 20 belonging to the ST131 PCR positive B2 group, were randomly selected and subjected to Multi-Locus Sequence Typing (MLST) according to the Achtman seven housekeeping genes (adk, fumC, gyrB, icd, mdh, purA, and recA) scheme as previously described (Wirth et al., 2006) and updated at https://enterobase.readthedocs.io/en/latest/mlst/mlst-legacy-info-ecoli.html. The 20 strains belonging to B2 phylogeny group with PCR positive indicator for ST131 were chosen to confirm the accuracy of the PCR procedure for specific detection of this high risk clone. The remaining 20 isolates belonging to different phylogeny groups were chosen as a pilot sample to gain a glimpse of the clonal distribution of E. coli in Ethiopia. When resources become available, this sample size will be increased to include all isolates.

Phylogenetic tree construction used Phyloviz software and the neighbour joining algorithm (Francisco et al., 2012). Tree branch-length minimization utilized the neighbour joining method of Saitou and Nei (Saitou and Nei, 1987). For the phylogenetic dendrogram, a WPGMA (Weighted Pair Group Method with Arithmetic mean) hierarchical clustering was performed by selecting the criterion of minimal dissimilarity. The default parameters of a 1% tolerance and an 85% similarity index were considered for clustering purposes.



Data Analysis

The data was prepared using Excel spreadsheets (Microsoft Office) and imported to SPSS version 20.0. The frequencies of antimicrobial susceptibility and ESBL producers among different variables were calculated. Cross-tabulation was used to present the different relation between data. The compressions of ESBL distribution between studies sites and among clones were evaluated using the Chi-square test. The tests were two sided and P values < 0.05 were considered statistically significant.



Ethical Considerations

Ethical clearance for this study was obtained from the Ethiopian Public Health Institute scientific and ethical review board (EPHI-IRB-054-2017) and Addis Ababa University, the College of Natural and Computational Science (IRB/039/2019).



RESULTS


General Characteristics of the Bacterial Isolates

We characterized 204 E. coli ESBL producers from four health facilities in Ethiopia. In Table 1, we present the patient demographics associated with these isolates. A small majority of the isolates were recovered from female patients (n = 118, 57.8%), and from all age groups. The majority of isolates were recovered from urine (n = 166 at 81.4%) and pus (n = 30, 14.7%).


TABLE 1. Patient demographics associated with ESBL producing E. coli from Ethiopian health facilities.
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Measured Antimicrobial Susceptibility Profiles

Antimicrobial susceptibility testing revealed that all 204 ESBL producers in the strain collection were resistant to ampicillin and all generations (first to fourth) of cephalosporins, but remained highly susceptible to meropenem (n = 202, 99%) and amikacin (n = 201, 98.5%) (Figure 2A). Moreover, 93.1% (n = 190) of E. coli strains were resistant to sulfamethoxazole-trimethoprim and 89.7% (n = 183) to ciprofloxacin (Figure 2A). In addition, the prevalence of resistance to amoxicillin-clavulanate, gentamicin and cefoxitin were 72.5% (n = 148), 50% (n = 102), and 17.6% (n = 36), respectively (Figure 2A). Significantly, all 204 isolates were resistant to more than one agent in three separate antimicrobial categories (Figure 2B), which is indicative of MDR according to Magiorakos and colleagues (Magiorakos et al., 2012). In fact, most isolates were resistant to antibiotics belonging to six or seven antimicrobial categories (Figure 2B).
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FIGURE 2. Antibiotic susceptibility profile and multidrug resistance patterns. (A) The percent resistance of 204 ESBL positive E. coli isolates from four health facilities in Ethiopia according to the CLSI disk diffusion breakpoints. Resistance was defined as isolates with intermediate resistance and complete resistance inhibition zone size. Antibiotics tested were ampicillin (AMP), amoxicillin-clavulanate (AMC), cefazolin (CZO), cefuroxime (CXM), cefotaxime (CTX), ceftazidime (CAZ), Ceftriaxone (CRO), cefepime (CEF), cefoxitine (FOX), ciprofloxacin (CIP), Amikacin (AMK), gentamicin (GEN), Meropenem (MER), and Sulphamethoxazole-Trimethoprim (SXT). (B) The percent resistance to three or more categories of antibiotics among the 204 ESBL producing E. coli. The numbers 3–8 represent the number antimicrobial categories and R stands for resistance.




Molecular Characterization β-Lactamase Genes

All 204 E. coli strains with ESBL phenotype were characterised genetically to identify the β-lactamase gene type. We identified at least one β-lactamase gene in all 204 isolates. CTX-M group-1 was detected in 94.7% (n = 179) of all CTX-M positive isolates (n = 188) (Table 2). Of these, 87.7% (n = 157) harboured the CTX-M-15 subtype (Table 2). The non-ESBL TEM-1 and OXA-1 β-lactamase genes were detected in these CTX-M-15 positive isolates at a frequency of 72.2% (n = 115) and 82.2% (n = 129), respectively (Table 2). Of the remaining isolates with a detectable group-1 CTX-M (n = 22, 12.3%), we could specify CTX-M-55, CTX-M-101, CTX-M-103, CTX-M-142, CTX-M-180, CTX-M-182, CTX-M-225, and CTX-M-227 types (Table 2). One isolate was even positive for both CTX-M-182 and CTX-M-227. In addition, CTX-M group-9 was detected in 6.4% (n = 12) of the 188 CTX-M positive strains, of which 91.7% (n = 11) harboured CTX-M-27, while the remaining isolate was positive for CTX-M-14 (Table 2). Two CTX-M-27 isolates were also positive for CTX-M-15. Our analysis also revealed eight SHV positive isolates, of which 62.5% (n = 5) contained SHV-11 and the remaining three isolates contained one of SHV-7, SHV-34 or SHV-61, respectively (Table 2). Association with CTX-M-15 was found in these isolates excepting the SHV-61 isolate. Finally, the blaOXA–1 and blaTEM–1 genes were identified at a respective frequency of 78.9% (n = 161) and 73.5% (n = 150) (Table 2). Conversely, no carbapenemase genes were detected despite meropenem resistance in two isolates. However, one of these isolates harboured genes for both CTX-M-15 and CTX-M-27, and the other genes for both CTX-M-182 and CTX-M-27. According to others (Tsai et al., 2013; Wang et al., 2016), being positive for one CTX-M from group-1 and CTX-M-27 from group-9 might be a reason these two isolates are resistant to carbapenem. However, resistance might also be due to porin loss in combination with ESBLs or AmpC β-lactamase production (Doumith et al., 2009).


TABLE 2. Type and distribution of β-lactamases detected among ESBL-producing E. coli isolates from the four health facilities.

[image: Table 2]Crucially, β-lactamases were detected in isolates obtained from all four study sites. Focusing on the frequently identified CTX-M-15 type, we observed no significant difference (P > 0.05) in the distribution frequency of this type among the four study sites (Table 2). However, we note that 81.8% (n = 9) of CTX-M-27 positive isolates originated from the geographically linked NRL and TASH, while 65.5% (n = 5) of SHV positive isolates originated from JUH (Table 2). Whether these associations are significant is unclear given the low numbers of isolates in these categories.



Phylogenetic Grouping of β-Lactamase-Producing E. coli

Next we applied the modified Clermont quadruplex PCR protocol (Clermont et al., 2013) to assign 97.0% (n = 198) of the 204 isolates into known phylogenetic groups. The largest phylogenetic group was B2 occurring at a frequency of 44.9% (n = 89) (Table 3). Other phylo-groups were detected at the frequencies of 24.7% for group A (n = 49), 16.7% for group C (n = 33), 4.5% for group D (n = 9), 3.5% for group F (n = 7) and 3.0% for group B1 (n = 6) (Table 3). The production of group 1 CTX-Ms, including CTX-M-15, were detected in all phylogenetic groups, with the highest detection rate in phylo-group B2 (43.9%, n = 69) (Table 3). On the other hand, group-9 CTX-M distribution was restricted to phylo-groups A, B2 and C, although phylo-group B2 dominated (66.7%, n = 8) (Table 3). Phylo-group B2 was also most commonly associated with isolates containing blaOXA–1 (47.2%, n = 76) and blaTEM–1 (42.7%, n = 64) (Table 3).


TABLE 3. The phylogenetic distribution of ESBL producing E. coli isolated from clinical samples originating four health facilities in Ethiopia.
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Prevalence of E. coli Sequence Type (ST) 131 Clonal Group and H30 and H30-Rx Subclones

We further characterized the B2 phylo-group to provide novel information on the occurrence and distribution of the international pandemic ST131 clonal group and its sub-clones. Out of 89 isolates within phylo-group B2, 83.1% (n = 74) were positive for the mdh and gyrB ST131 markers. Of these 74 isolates, serotype O25b accounted for 83.8% (n = 62), and all of these 62 were positive for fimH30. Of these, 67.7% (n = 42) were identified as the H30Rx clade.

To examine for the prevalence of genes encoding the different CTX-M β-lactamases as well as the extent of ciprofloxacin (fluoroquinolone) resistance among the ST131 isolates (n = 74), we first classified them into ST131-H30 (n = 62) and non-ST131-H30 (n = 12) (Figure 3A). Interestingly, the PCR amplification and sequencing of the isolates revealed a high prevalence of the CTX-M-15 encoding gene, and to a lesser extent the CTX-M-9 encoding gene. There was no significant difference (P > 0.05) in prevalence of group-1 CTX-Ms, including CTX-M-15, between these two groups (Figure 3A). On the other hand, group-9 CTX-Ms genes, including the gene encoding CTX-M-9, were all associated with ST131-H30 isolates (Figure 3A). Although both bacterial groups were resistant to ciprofloxacin, the ST131-H30 group were significantly more resistant (P < 0.05) than the non-ST131-H30 group (Figure 3A). We also classified the most prevalent ST131-H30 (n = 62) subclone into H30-Rx (n = 42) and other H30 (n = 20), and observed that genes encoding group-1 CTX-M’s, including CTX-M-15, were detected in both groups with similar frequency (Figure 3B). However, group-9 CTX-M’s were more commonly associated with other H30 strains compared to H30-Rx (P < 0.05) (Figure 3B). Moreover, the patterns of ciprofloxacin (fluoroquinolone) resistance were more pronounced in H30-Rx strains (P < 0.05) (Figure 3B).


[image: image]

FIGURE 3. Prevalence of key CTX-M genetic variants and ciprofloxacin resistance among 74 ST131 isolates. Note that as with all strains in this study the ST131 isolates were confirmed producers of β-lactamases as measured by resistance ampicillin (see Figure 2A). (A) All 74 ST131 isolates classified into H30 subclone (n = 62) and non-H30 subclone (n = 12). These 74 isolates were then tested for the prevalence of CTX-M gene distribution following PCR amplification and sequencing. Most of the isolates harboured either the gene encoding for the β-lactamase enzyme CTX-M-15 or CTX-M-9. A Pearson Chi-square test was used to evaluate if this distribution is statistically significant. The CTX-Ms distribution profile among the isolates of the two different groups were not significantly different (P > 0.05). (B) Of the 62 H30 isolates, 67.7% (n = 42) were identified as H30Rx using PCR. The vast majority of all isolates were ciprofloxacin resistant (CIP-R), CTX-Ms in group 1 other than CTX-M-9 or CTX-M-15 are classified collectively as “other.”




Multi-Locus Sequence Typing

Forty isolates belonging to different phylogenetic groups were selected for MLST analysis. We detected 15 different sequence types (ST) using the allelic profile of seven housekeeping genes (adk, fumC, gyrB, icd mdh, purA, and recA). The most dominant ST identified was ST131 (50.0%, n = 20) followed by ST410 (12.5%, n = 5) (Figure 4). ST167 and ST450 were detected in two isolates, while a further eleven STs were identified for the remaining isolates (Figure 4). A BLAST analysis using the Enterobase database (Zhou et al., 2020) classified the 15 ST’s into eight sequence complexes (SCs) or clonal complexes (CCs) in which 21 (52.5%) belonged to CC131 (SC131), 5 (12.5%) to CC23, and 3 (7.5%) to CC10 (Figure 5). Five isolates were identified as CC38, CC86, CC405, CC440, and CC648 (Figure 5). On the other hand, the allelic profile of ST8529, ST3059, ST2259, ST2974, and ST450 were branded as singletons, as these STs could not be assigned to any SC or CC within the Enterobase database (Figure 5). Based on these CC assignments, ST networks were constructed using the PHYLOVIZ software2 (Francisco et al., 2012). The epidemiological links and phylogenetic relationships among the STs are illustrated in Figure 6.
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FIGURE 4. eBURST analysis of minimum spanning tree of 40 ESBL positive E. coli isolates based on MLST genotypes. The genotypes represented by a circle and the line between each circle represents individual isolates. The line within a circle indicates the number of isolates belong to the genotype.
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FIGURE 5. UPGMA dendrogram showing the genetic relationships of STs of 40 ESBL positive E. coli strains from MLST data along with different variables: the ST131 PCR results for O25b, H30, and H30Rx; the phylogenetic groups (PG); type of ESBLs and non-ESBLs; study sites (SS); clinical specimens (sources) and resistance to non-cephalosporin antibiotics and ampicillin (co-resistance). ND, not done, AMC, amoxicillin-clavulanate, FOX, cefoxitine, CIP, ciprofloxacin, GEN, gentamicin, and SXT, Sulphamethoxazole-Trimethoprim.
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FIGURE 6. Phylogenetic distribution of 40 ESBL producing E. coli according their sequence types. The phylogenetic construction was done using Phyloviz software based on the seven MLST gene sequences. The sequence type with single locus variants are grouped together and indicated in a single circle.


CC131 was most prevalent and contained all ST131 strains. These were positive for O25b and H30 subclone specific PCR, and 85% (n = 17) were positive for H30-Rx subclone specific PCR (Figure 5). All belonged to phylo-group B2, and 90% (n = 18) were positive for CTX-M-15, 5% (n = 1) positive for CTX-M-27, and 5% (n = 1) positive for both CTX-M-182 and CTX-M-27 (Figure 5). One isolate was also positive for SHV-11 (Figure 5). Most ST131 isolates were recovered from urine samples, but exhibited variable resistance levels to the non-cephalosporin antibiotics, as well as non-ESBL enzyme OXA-1 and TEM production (Figure 5). CC23 was also prevalent, and to which all ST410 strains belonged. All produced CTX-M-15; despite belonging to different phylogenetic groups, but not all produced non-ESBL enzymes, and they displayed variable resistance levels to non-cephalosporine antibiotics (Figure 5). All except one isolate was recovered from urine. Finally, CC10 was also prevalent, and comprised one ST617 and two ST167 isolates. All were in phylo-group A, and all were positive for CTX-M-15 and the non-ESBL enzymes OXA-1 and TEM (Figure 5).



DISCUSSION

This study represents the first phenotypic and genotypic correlation study of multidrug resistant, ESBL producing E. coli obtained from geographically distinct areas in Ethiopia. It includes characterization of the phylogenetic distribution and the role of E. coli clonal distribution in antimicrobial resistance in Ethiopia. The prevalence of multidrug resistance among Gram-negative bacteria has been previously reported for Ethiopia (Beyene et al., 2019), as well as in other African nations (Ramadan et al., 2019; Hassuna et al., 2020). However, herein all 204 isolates were multidrug resistant. This substantial number is an obvious point of difference between Ethiopia and developed countries. Hence, this study lays the foundation for addressing many important questions concerning the structure of E. coli populations in Ethiopia, on their pathogenic potential, and the factors responsible for the prevalence of multidrug resistance.

In accordance with global reports, blaCTX–M was the most prominent β-lactamase gene identified in our isolate collection. Of these, blaCTX–M–15 was the most abundant variant, corroborating an earlier finding from a study based on a single hospital in Ethiopia (Zeynudin et al., 2018). Although CTX-M-15 is already a globally distributed enzyme (Smet et al., 2010; Chandramohan and Revell, 2012; Denisuik et al., 2013; Brolund et al., 2014; Wang et al., 2016; Pietsch et al., 2017; Ramadan et al., 2019; Quinones et al., 2020), our findings indicate that the burden of this enzyme is disproportionately higher in Ethiopia. Hence, there is a pressing need to focus international attention on the African continent in order to tackle the global spread of AMR pathogens. While reasons for the rapid emergence of dominant ESBL genotypes are well documented for developed nations (Wellington et al., 2013; Pehrsson et al., 2016; Bevan et al., 2017). This has not been investigated in Ethiopia. Therefore, a comprehensive molecular characterization of antimicrobial resistant genes from bacterial strains derived from hospital, community, and agricultural sources is needed. This can only be achieved with international cooperation. Indeed, political leaders and major international health organizations universally advocate the philosophy of international cooperation under the mantra that no-one is safe until everyone is safe.

Phylo-grouping of E coli provides essential evidence concerning a strain’s phenotypic and genotypic features, ecological niche, life history, and pathogenic potential (Tenaillon et al., 2010). For example, phylo-group B2 and D are prominent extra-intestinal human pathogenic E. coli (Kazemnia et al., 2014; Tong et al., 2014) and cause more significant infection than any other phylogenetic group (Lee et al., 2016). Moreover, phylo-group A are commonly commensal and/or intestinal pathogens (Clermont et al., 2011), but are also occasionally associated with extra-intestinal urinary tract infections (Campos et al., 2018). We assigned 97% of the ESBL producing E. coli in our Ethiopian strain collection to six known phylogenetic groups. Consistent with the clinical origin of our strain collection, phylo-group B2 dominated, followed by phylo-group A. This suggests that many of these isolates have significant pathogenic potential; this will be investigated in the future.

It is worth noting that we identified a prevalence of strains belonging to phylo-group C, which is not typically associated with harmful infections (Lee et al., 2016). This might indicate that our strain collection contains a number of isolates with an animal origin, and have undergone a regional cross transmission from animals to humans. We have not tested this here, but the idea is supported by studies that have demonstrated high cross transmission risks in regions afflicted by poor sanitation infrastructure (Wellington et al., 2013; Pehrsson et al., 2016). Moreover, phylo-group C strains derived from humans and animals can share common genetic features (Clermont et al., 2011), a trait that is over-represented in developing countries like Ethiopia (Asante et al., 2019).

This study did not reveal any obvious correlation between ESBL production and phylogenetic groups. In fact, ESBL genes were widely disseminated across all phylogenetic groups. An obvious explanation for this is the excessive antibiotic exposure in the gastro-intestinal tract, which selects for antibiotic resistance gene carriage by extra-intestinal pathogenic E. coli, as well as for the efficient horizontal transfer of plasmids containing ESBL genes among E. coli populations. Moreover, we identified for the first time in Ethiopia a high prevalence of the international high risk pandemic clones ST131 and ST410. Pandemic clones are a dominant source for the maintenance and propagation of genes responsible for antimicrobial resistance and therefore play an important role in dissemination of ESBL genes in E. coli populations, especially within the B2 phylogenetic group (Peirano et al., 2014).

In fact, our MLST analysis demonstrated 15 phylogenetic related ST’s among 40 randomly selected isolates, but the ST131 type dominated our findings. This over representation is likely caused by its widespread geographical distribution (Nicolas-Chanoine et al., 2008; Woodford et al., 2011; Nicolas-Chanoine et al., 2014). ST131 strains are usually subtyped as 025b (Matsumura et al., 2012; Banerjee et al., 2013; Dahbi et al., 2013; Nicolas-Chanoine et al., 2014; Hojabri et al., 2017; Chen et al., 2019). A high prevalence of 025b subtype ST131 strains in our phylo-group B2 is entirely consistent with this. All of the identified O25b-ST131 isolates were the H30 subclone, of which H30-Rx represented a major subset. This is critical because this subset are extensively resistant to fluoroquinolone (Johnson et al., 2017). Furthermore, there were no differences in CTX-M-15 production between H30 and non-H30 ST131 isolates. This contrasted previous studies where differences in CTX-M production in these two groups were reported (Banerjee et al., 2013; Chen et al., 2019). All our isolates were ESBL producers, which may explain the similar CTX-M production profiles among our ST131 population. The high proportion of CTX-M-27 production among our ST131 isolates is also worth noting since it upholds a new trend emerging around the world (Birgy et al., 2019).

The second most prevalent sequence type, ST410, is an E. coli clone currently recognized as an international high risk clone on par with ST131 (Schaufler et al., 2016). This type has high transmissibility between human, animals, and the environment (Falgenhauer et al., 2016; Schaufler et al., 2016), with a capacity to acquire genes encoding resistance to diverse antimicrobial categories (Liu et al., 2015; Falgenhauer et al., 2016; Piazza et al., 2018; Roer et al., 2018). The third most prevalent E. coli clone we identified belonged to the CC10 complex. The CC10 complex is a common faecal commensal of both animal and humans, can cause human ExPEC infections, inhabit diverse environmental niches and carry a wide variety of resistance-associated plasmids (Reid et al., 2019). Hence, the epidemiology of this lineage should be also closely monitored in Ethiopia.

In summary, to our knowledge this represents the first report of these clones in Ethiopia. Critically, ST131 and ST410 high-risk clones are circulating in Ethiopia with high frequency. This has major implications to Ethiopian public health. To help address this, follow-up work must focus on molecular epidemiological analysis to investigate their source, local burden and distribution. Moreover, molecular epidemiological analysis of larger isolate collections is required to appreciate all ST circulating in this region.
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Variables ESBL E. coli (%)1

Gender

Female 118 (67.8)
Male 86 (42.2)
Age (years)

<20 67 (32.8)
21-50 79 (38.7)
>50 58 (28.5)
Specimen type

Urine 166 (81.4)
Blood 8(3.9)
Pus 30 (14.7)
Health facility sites?

NRL 72 (35.3)
TASH 69 (33.8)
ARH 30 (14.7)
JUH 33(16.2)

n = 204 total number of isolates. In parentheses is the percent of isolates associ-
ated with each listed variable.

2NRL, National reference laboratory; TASH, Tikur Anbessa Specialized Hospital:
ARH, Hyder Referral Hospiata, JUH, Jimma University hospital (see Figure 1 for
physical geographical location).
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Phylogenetic group

Number of isolates (%) per B-lactamase gene type

CTX-M-15 Other Group-1 Group-9 SHV TEM-1 OXA-1
(n = 157) CTX-Ms CTX-Ms (n=8) (n = 150) (n =161)
(n=22) (n=12)
AP 41 (26.1) 3(13.6) 3(25.0) 2 (25.0) 34 (22.7) 38 (23.6)
B1 4(2.6) 2(9.1) 0 0 8(5.3) 4 (2.5)
B22b 69 (43.9) 8(36.4) 8 (66.7) 4 (50.0) 64 (42.7) 76 (47.2)
cab 28 (17.8) 3(13.6) 1(8.3 1(12.5) 26 (17.3) 25 (15.5)
D 6(3.8) 3(13.6) 0 0 9(6.0) 8 (5.0)
Fb 4(2.6) 2(9.2) 0 1(12.5) 5(3.3) 6(3.7)
U 5(3.2) 1 (4.4) 0 0 42.7) 4 (2.5)

aTwo isolates belonging to phylogenetic B2 and one isolate in phylogenetic group C were detected for two variants of CTX-Ms.

5Two group A, three group B2, one group C, and 1 group F were detected for CTX-M-15 and variants of SHV.
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Number of isolates (%)1

B-Lactamases

NRL TASH ARH JUH  P-value

Total

69 65 28 26

188
179

CTX-M

Group-1 CTX-M
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CTX-M-142
CTX-M-180
CTX-M-182
CTX-M-225
CTX-M-227

CTX-M-565
CTX-M-101

12
1(8.3)

11(91.7)

Group-9 CTX-M

CTX-M-14

0(0.0) 0(0.00 0(.0
1(100)

5 (100)

1(20.0)
4(80.8)

1(100)

CTX-M-27
SHV

0(0.0
4(80.0)

0(0.0
0(0.0

1(50.0)
1(50.0)
0(0.0)
0(0.0)

0(0.0)
0(0.0)
0(0.0)
0(0.0)

1(12.5)

5(62.5)

SHV-7

SHV-11

0(0.0
1(20.0)

1(100)
0(0.0

1(12.5)
1(12.5)
150
161

SHV-34
SHV-61
TEM-1

26
27

19

23

53
54

52
57

OXA-1

1The percentage was calculated for each health facility site and the P-value

determined to evaluate the distribution of CTX-M-15 per site.
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