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Abstract 
Introduction: Escherichia coli has emerged as an important pathogen in urinary tract infections (UTIs) due to the rapid acquisition of antibiotic 
resistance genes. This enhances the ability of E. coli to colonize and creates therapeutic challenges within the healthcare system. This study 
aimed to identify the extended spectrum beta-lactamase (ESBL) and O25b-ST131 pandemic clones in E. coli isolated from two hospitals in 
Mexico.  
Methodology: Bacterial identification and antibiotic susceptibility tests were conducted using the VITEK 2 system. The ESBL and plasmid-
mediated quinolone resistance (PMQR) genes were identified by polymerase chain reaction (PCR). E. coli genotyping was carried out by the 
phylogenetic group analysis and O25b-ST131 identification. 
Results: A total of 103 unique E. coli clinical isolates were analyzed from a pool of 1,002 strains; 75% obtained from UTIs and vaginal 
secretions. Multi-resistant antibiotic profiles were observed. Notably, the presence of the aac(6')lb-cr and qnr genes was associated with 100% 
ciprofloxacin resistance, when ESBL was present. Additionally, the B2 phylogenetic group was identified, with 23% of isolates belonging to 
the O25b-ST131 clone. 
Conclusions: Our research revealed a 10% prevalence of ESBL, in contrast to global prevalence rates. The resistance profiles suggest that the 
effectiveness of these commonly used antibiotics in treating E. coli-associated UTIs or vaginal infections has decreased significantly. Excessive 
use of antimicrobial agents contributes to the regional variation. Our results underscore the importance of monitoring the molecular 
epidemiology, antibiotic resistance, and transmission dynamics of the O25b-ST131 E. coli clone.  
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Introduction 

Urinary tract infections (UTIs) are one of the most 
widespread infections globally and represent a 
significant threat to global health. Escherichia coli (E. 
coli), a predominant bacterium in the intestinal 
microbiome, is the leading cause of UTIs. Annually, a 
significant number of UTI cases are reported, with 80–
90% occurring in community settings and 
approximately 30–50% within healthcare systems [1]. 
Over the last decade, there has been a global increase in 
morbidity and mortality rates associated with UTIs. The 
incidence of UTIs is notably three times higher in 
women than in men, and it is anticipated that at least 
60% of women and 12% of men will experience an 
acutely symptomatic UTI at some point in their lives. 
Additionally, a significant majority of cases are 
characterized by the presence of asymptomatic 
bacteriuria [2]. 

The excessive and improper use of empirical 

antibiotics has significantly accelerated the 
development of bacterial resistance. The therapeutic 
application of quinolones has diminished due to the 
emergence of plasmid-mediated quinolone resistance 
reported in recent years [3]. In 2019, it was reported that 
UTI isolates from Latin American patients exhibited a 
high prevalence of E. coli resistance to ciprofloxacin 
[4]. Consequently, cephalosporins have become an 
alternative treatment; however, their use has led to a rise 
in resistance rates. 

Until the 1990s, beta-lactam resistance was 
associated with blaTEM and blaSHV, along with their 
different alleles. However, since 2000, blaSHV has 
surpassed blaCTX-M as the most frequently reported 
extended-spectrum beta-lactamase (ESBL). The 
coexistence of both is associated with multidrug-
resistant phenotypes, including resistance to beta-
lactams, fluoroquinolones, and aminoglycosides [5]. 
Quinolone resistance is primarily associated with 
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chromosomal mutations, efflux pumps, and horizontal 
transfer via plasmids. Additional mechanisms 
contributing to this resistance include plasmid-
mediated quinolone resistance (PMQR). PMQR 
includes the Qnr protein family (QnrA, QnrB, QnrC, 
QnrD, and QnrS) [3], the aminoglycoside-
acetyltransferase modifying enzyme AAC(6´)-Ib-cr 
[6]; and the efflux pumps such as QepA and OqxAB 
[7]. 

The E. coli O25b-ST131 clone is considered a high-
risk entity, and has emerged as one of the most 
significant pandemic clones globally. It is characterized 
by drug resistance, virulence, and community-acquired 
pathogens [8–9]. ST131 is associated with CTX-M-15, 
conferring resistance to cephalosporins and 
monobactams, along with common resistance to 
fluoroquinolones and trimethoprim/sulfamethoxazole 
[8]. The presence of PMQR genes (qnrA, qnrB, and 
qnrS), and the aac(6)-Ib-cr, contributes to quinolone 
resistance. Members of the O25b-ST131 clone belong 
to the phylogenetic group B2, which represents virulent 
extraintestinal strains. In medical practice, ST131 is 
recognized as a highly virulent clone that can cause 
septic shock. Thus, the O25b-ST131 clone represents a 
serious public health concern due to its extensive 
multidrug resistance profile, high virulence potential, 
and global dissemination [9]. This study aims to use 
molecular methods to characterize and identify the 
O25b-ST131 pandemic clone in ESBL-producing E. 
coli isolated from two hospitals in northern Mexico. 

 
Methodology 
Bacterial isolates and antimicrobial susceptibility 
testing 

A total of 1,002 E. coli isolates were obtained from 
Unidad Medica Familiar #33 (835/1002) and Hospital 
General Regional IMSS #270 (167/1002) during 

January–December 2018 in Tamaulipas, Mexico. These 
isolates were collected from patients of all age groups 
exhibiting symptoms suggestive of UTIs, or from 
vaginal secretions. Bacterial species identification and 
antibiotic susceptibility tests were conducted using the 
VITEK 2 compact system (BioMérieux, Durham, 
USA). The isolates were identified as ESBL-producing 
by the double-disk synergism method according with 
the guidelines of the Clinical and Laboratory Standards 
Institute [10].  

 
Polymerase chain reaction (PCR) amplification of 
genes 

DNA extraction from colonies was performed via 
heat shock. The blaSHV, blaCTX-M, qnrA, qnrB, qnrS, 
and aac(6´)lb-cr genes were screened using specific 
primers for each gene by PCR [11–16]. The primer sets 
are described in Table 1. 

 
E. coli genotyping 

Phylogenetic group analysis was conducted by PCR 
amplification of the chuA, yjaA, and tspE4C2 fragments 
[17]. The amplification of the pabB gene using primers 
O25pabBspe.F and O25pabBspe.R facilitated the 
identification of isolates belonging to the O25b-ST131 
clone. The identification of O25b typing was performed 
by PCR as previously described, using the rfbO25b.r 
and rfb1bis.f primers [14,15]. 

 
Results 

A total of 103 E. coli clinical isolates were collected 
from a pool of 1,002 strains. The majority of the 
isolates, 76% (79/103), were obtained from clinic #33, 
while the remaining 24% (24/103) were from hospital 
#270. Identification of the isolates was conducted using 
the VITEK 2 compact system (BioMérieux, Durham, 

Table 1. Primer sequences of ESBL and PMQR.  
Gene Primer 5´sequences 3´ Amplicon Reference 

blaSHV P1 ACTGAATGAGGCGCTTCC 291 [11] P2 TCC CGC AGA TAA ATC ACC 

blaCTX-M CTX-MF GCTGTTGTTAGGAAGTGTG 811 [16] CTX-MR GGTGACGATTTTAGCCGCC 

qnrA QnrAm-F AGAGGATTTCTCACGCCAGG 580 [13] QnrAm-R TGCCAGGCACAGATCTTGAC 

qnrB QnrBm-F GGMATHGAAATTCGCCACTG 264 [13] QnrBm-R TTTGCYGYYCGCCAGTCGAA 

qnrS QnrSm-F GCAAGTTCATTGAACAGGGT 428 [13] QnrSm-R TCTAAACCGTCGAGTTCGGCG 

aac(6´)-lb-cr aac-lb-cr-F TTGCGATGCTCTATGAGTGGCTA 482 [12] aac-lb-cr-R TCGAATGCCTGGCGTGTTT 

O25b rfb.1bis ATACCGACGACGCCGATCTG 300 [14] rfbO25b.r TGCTATTCATTATGCGCAGC 

pabB O25pabBspe.F TCCAGCAGGTGCTGGATCGT 347 [15] O25pabBspe.R GCGAAATTTTTCGCCGTACTGT 
ESBL: extended spectrum beta-lactamase; PMQR: plasmid-mediated quinolone resistance. 
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USA), and confirmation of ESBL production was 
achieved through a double disk synergism test. 

The primary sources of ESBL E. coli isolates were 
UTIs (71%, 73/103), and vaginal secretions (22%, 
23/103). Women were the predominant demographic 
for UTIs, accounting for 71% of these cases, while men 
represented the remaining 29%. ESBL-producing E. 
coli isolates from UTIs showed a multi-resistant profile: 
100% were resistant to ampicillin; 97% to cefazolin, 
ceftriaxone, and ceftazidime; 41% to cefepime; 95% to 
aztreonam; 89% to ciprofloxacin; and 53% to 
gentamicin. 

Isolates from vaginal secretions displayed 
resistance as follows: 95% were resistant to ampicillin, 
cefazolin, ceftriaxone, and ceftazidime; 73% to 
ciprofloxacin; 65% to gentamicin; and 30% to 
cefepime. Notably, the isolates did not have resistance 
to amikacin, nitrofurantoin, or tigecycline. 

Regarding genotypic analysis, the most commonly 
identified ESBL and PMQR genes were blaCTX-M in 
48% (49/103), blaSHV in 28% (29/103), and blaCTX-
M/SHV in 24% (25/103). Additionally, aac(6')lb-cr was 
identified in 42% (43/103), and the qnr genes were 
found in 7% (7/103), distributed as follows: qnrA in 
2.9% (3/103), qnrB in 3.8% (4/103), and qnrS in 1.9% 
(2/103). 

A clear correlation between various genotypic 
profiles and antibiotic resistance in ESBL E. coli 
isolates was identified. For instance, the blaCTX-M 
genotype was present in 26% (27/103) of the isolates 
and exhibited 100% resistance to ampicillin, cefazolin, 
ceftriaxone, and ceftazidime; 96% to aztreonam; 40% 
to cefepime; 70% to ciprofloxacin; and 40% to 
gentamicin. The blaCTX-M/aac(6´)lbcr genotype was 
present in 18% (18/103) of the isolates, with a similar 
resistance profile to the previously described genotype, 

along with an increase in ciprofloxacin resistance from 
70% to 94%. 

The blaSHV genotype was detected in 16% 
(17/103) of the isolates, and exhibited 94% resistance 
to ampicillin; 64% to aztreonam; 88% to cefazolin, 
ceftriaxone, and ceftazidime; 11% to cefepime; 70% to 
ciprofloxacin; and 52% to gentamicin. 

The blaCTX-M/SHV genotype was found in 11% 
(12/103) of the isolates, with 100% resistance to 
ampicillin, aztreonam, cefazolin, ceftriaxone, and 
ceftazidime. It also exhibited 41% resistance to 
cefepime, 91% to ciprofloxacin, and 75% to 
gentamicin. The blaCTX-M/SHV/aac(6´)lbcr genotype 
was present in 10% (11/103) of the isolates, with a 
similar resistance profile as the blaCTX-M/SHV 
genotype, but demonstrated a complete (100%) 
resistance to ciprofloxacin. The remaining genotypes 
all had a similar resistance profile, and together they 
constituted about 18% of all the isolates (Table 2). 

The B2 phylogroup was the most prominent, 
comprising 42% (43/103) of the isolates, followed by 
group A with 34% (35/103), group B1 with 14% 
(14/103), and group D with 11% (11/103). Of the 43 
ESBL E. coli isolates belonging to the B2 phylogroup, 
23% (10/43) were identified as the global pandemic 
O25b-ST131 clone.  

 
Discussion 

E. coli has been identified as the primary pathogen 
involved in UTIs. Its rapid acquisition of antibiotic 
resistance and virulence genes has not only enhanced E. 
coli's colonization capabilities but also complicated 
therapeutic strategies [18]. Consequently, the World 
Health Organization (WHO) has recognized E. coli as a 
critical research priority.  

Our study found that 71% of E. coli isolates were 
obtained in samples from UTIs and vaginal secretions, 

Table 2. Presence of ESBL - PMQR and the antimicrobial susceptibility. Genotypes identified and antimicrobial resistance percentages of E. 
coli clinical isolates.  
ESBL and PMQR genotype No. of Isolates (%) Resistance (%) to: 

AM ATM CZ CRO CAZ FEP CIP GM 
CTX-M 27 (26.2) 100 96.2 100 100 100 40.7 70.3 40.7 
CTX-M + aac(6´)lb-cr 18 (18.4) 100 94.4 100 100 100 50 94.4 66.6 
SHV 17 (16.5) 94.1 64.7 88.2 88.2 82.3 11.7 70.5 52.9 
CTX-M + SHV 12 (11.6) 100 100 100 100 100 41.6 91.6 75 
CTX-M + SHV + aac(6´)lb-cr 11 (10.6) 100 100 100 100 100 58.3 100 75 
SHV + aac(6´)lb-cr 11 (10.6) 100 90.9 90.9 90.9 72.7 45.4 100 72.7 
CTX-M + qnr 3 (2.9) 100 66.6 100 66.6 66.6 33.3 100 33.3 
CTX-M + SHV + qnr 1 (0.9) 100 100 100 100 100 0 100 100 
CTX-M + aac(6´)lb-cr + qnr 1 (0.9) 100 100 100 100 100 100 100 100 
CTX-M + SHV + aac(6´)lb-cr + qnr 1 (0.9) 100 100 100 100 100 0 100 100 
SHV + aac(6´)lb-cr + qnr 1 (0.9) 100 100 100 100 100 0 100 100 
ESBL: extended spectrum beta-lactamase; PMQR: plasmid-mediated quinolone resistance. AM: ampicillin; ATM: aztreonam; CZ: cefazolin; CRO: ceftriaxone; 
CAZ: ceftazidime; FEP: cefepime; CIP: ciprofloxacin; GM: gentamicin. All isolates showed 0% resistance to meropenem: amikacin: tigecycline: and 
nitrofurantoin. 



Duran-Bedolla et al. – E. coli producing ESBL in hospitals in Mexico    J Infect Dev Ctries 2024; 18(12):1861-1866. 

1864 

predominantly in women. This observation aligns with 
several studies confirming E. coli as the principal cause 
of the majority of UTIs, which mainly affect women. 
Both age and gender emerged as important factors to 
consider when examining the recurrence of infections 
and potential sexual transmission [19].  

We observed antibiotic resistance towards 
ampicillin, aztreonam, cefazolin, ceftriaxone, and 
ceftazidime (> 95%); along with resistance to 
ciprofloxacin (90%), which is commonly used as the 
first-choice treatment for UTIs. 

These findings suggest a significant reduction in the 
efficacy of these antibiotics for treating E. coli-
associated UTIs or vaginal infections. Additionally, we 
detected resistance rates of 40% and 50% towards 
fourth-generation cephalosporins and gentamicin, 
respectively, which could potentially compromise their 
effectiveness in treating patients diagnosed with UTIs. 

On the other hand, amikacin and nitrofurantoin 
continue to demonstrate significant success in the 
treatment of E. coli UTIs, consistent with reports from 
Swedish hospitals where nitrofurantoin is the main 
treatment choice for UTIs, independent of the gender of 
the patient [20]. 

In our study, we identified a 10% prevalence of 
ESBL, contrasting with the prevalence rates reported 
globally: 40% in Nepal, 19% in Korea, 41% in Iran and 
Djibouti, 56% in Egypt, and 33% in Saudi Arabia [21–
26]. This variability in the prevalence of β-lactam 
resistance across different countries and hospitals can 
be attributed to multiple factors, with the excessive use 
of these antimicrobial agents being a significant one 
[27,28]. 

Several studies have reported a transition from 
blaSHV to blaCTX-M; however, we identified blaCTX-
M-15, blaSHV, and blaCTX-M15/SHV in 28%, 24%, 
and 47% of isolates, respectively. This prevalence 
significantly differs from that reported in Korea and 
Djibouti, with 83% and 97% respectively [22,24,29]. 

We found that isolates with either the blaCTX-M or 
the blaSHV showed a ciprofloxacin resistance rate of 
70%. However, in cases where ESBL was co-expressed 
with the aac(6')lb-cr or qnr genes, the resistance 
increased to 100%.  

The horizontal transfer of PMQR determinants 
accelerates the selection of higher levels of quinolone 
resistance, facilitating bacterial survival and the 
subsequent generation of mutants in GyrA and ParC 
with higher-level quinolone resistance that lead to 
therapeutic failure [30].  

Our study identified the B2 phylogenetic group as 
the most prevalent, comprising 41% of the total cases, 

which is consistent with several studies [24]. Within the 
isolates belonging to the B2 phylogroup, we found that 
23% (10/43) of the isolates belong to the O25b-ST131 
clone. 

The ST131 clone plays a significant role in the 
global spread of antimicrobial resistance among E. coli 
isolates. This high-risk clone owes its widespread 
success to several factors, including its association with 
the B2 phylogroup and the O25b serotype, both known 
for their considerable virulence potential, and their 
common correlation to the blaCTX-M-15 gene, the most 
widespread ESBL globally [9]. Monitoring the 
molecular epidemiology, including the characteristics, 
antibiotic resistance profiles, and transmission 
dynamics of these clones, can significantly improve 
clinical programs. This approach will enable effective 
control of high-risk clones, preventing their spread 
within the community. 

 
Conclusions 

Our findings reveal an alarming degree of antibiotic 
resistance against common UTI treatments, including 
ampicillin, aztreonam, cefazolin, ceftriaxone, 
ceftazidime, and ciprofloxacin. The elevated resistance 
rates, particularly against third-generation 
cephalosporins, suggest a decrease in the efficacy of 
these antibiotics, which could compromise their 
therapeutic effectiveness. However, amikacin and 
nitrofurantoin continue to demonstrate promising 
results in treating E. coli UTIs. The prevalence of the 
blaCTX-M-15 gene in a significant portion of isolates 
reflects current scientific trends. Within the isolates 
belonging to the B2 phylogenetic group, the O25b-
ST131 clone emerges as the most prevalent. This high-
risk clone, recognized for its significant virulence 
potential and association with the blaCTX-M-15, has 
been associated with recurrent UTIs and severe clinical 
complications. Our study emphasizes the urgent 
necessity for ongoing surveillance programs to identify 
resistance patterns and high virulence serotypes, and 
thereby control antibiotic resistance. 
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