Hejazi Dehaghani et al. BMC Research Notes (2025) 18:157 BMC Research Notes
https://doi.org/10.1186/513104-025-07192-5

Check for
updates

Antibiotic resistance and virulence patterns
of 025 and O16 serogroups in uropathogenic
Escherichia coli

Seyedamirmehdi Hejazi Dehaghani', Haider Qassim Raheem?’, Mohammad Latifpour®* and Mehrdad Hallaji>"

Abstract

Objective This study investigates antibiotic resistance patterns, virulence factors, and phylogenetic groups of 025
and O16 serogroups in uropathogenic Escherichia coli (UPEC) isolates from kidney transplant recipients (KTPs) and
non-KTPs. The presence of serogroups 025 and O16, resistance genes (e.g., bldcry. blarey), and virulence factors (e.g.,
fimH, PAl) were determined using PCR. Phylogenetic groups were identified via quadruplex PCR, and genetic diversity
was assessed using ERIC-PCR.

Results A total of 111 E coliisolates were examined in the present study. The O-serotyping results indicated that 18%
and 3.6% of isolates were positive for 025 and O16 serogroup, respectively. In serogroup 025, the highest resistance
rates were observed for nalidixic acid and cotrimoxazole, whereas in serogroup O16, the highest resistance rates

were against cotrimoxazole and ampicillin-sulbactam. ESBL production was identified in 30% of 025 and 25% of

016 isolates. 025 isolates belonged to phylogenetic group B2, whereas O16 isolates were grouped in B1. ERIC-PCR
revealed significant genetic diversity among isolates. The O25 serogroup is prevalent and closely associated with high
antibiotic resistance and virulence, suggesting its critical role in UTI pathogenesis in transplant patients. These findings
underscore the importance of monitoring resistance patterns and developing targeted therapeutic and preventive
strategies for managing UPEC infections.
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Introduction

Renal transplantation is one of the primary and most
effective treatment methods for patients with advanced
and chronic kidney failure [1, 2]. Urinary tract infections
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of UTIs is uropathogenic Escherichia coli (UPEC). E. coli
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strains are typically identified through serological typing
of surface antigens, including flagellar (H), lipopolysac-
charide (O), and, in some cases, capsular (K) antigens [7].
A total of 174 O serogroups have been described for E.
coli. O serogroups of UPEC strains are associated with
specific virulence factor profiles unique to each strain.
Previous studies have reported that serogroups O1, 02,
04, 06, 07, 08, 015, 016, 018, 021, 022, 025, O75,
and O83 are frequently expressed in UPEC clones [8].

Treating these infections often requires antibiotic ther-
apy; however, antibiotic-resistant strains tend to cause
more severe and prolonged infections than antibiotic-
sensitive strains. Numerous studies have demonstrated a
rising trend in antibiotic resistance among UPEC strains
[9]. The global dissemination of multidrug-resistant
(MDR) bacterial strains has emerged as a critical pub-
lic health concern. Several recent investigations have
reported the emergence of MDR bacterial pathogens
from various origins, highlighting the increasing neces-
sity for the proper use of antibiotics. Additionally, the
routine application of antimicrobial susceptibility test-
ing is essential to determine the appropriate antibiotic
of choice, as well as to screen for emerging MDR strains.
Given the high prevalence of antimicrobial resistance in
UPEC strains, analyzing their antibiotic resistance pat-
terns and identifying MDR and extended-spectrum beta-
lactamase (ESBL)-producing strains are crucial steps
toward reducing treatment costs and expediting patient
recovery [10-15].

Moreover, the levels of antibiotic resistance, viru-
lence factors, and phylogenetic group distribution of
E. coli vary based on serotypes, necessitating further
detailed studies in this area [16, 17]. To understand the
role and significance of E. coli 025 and O16 serogroups
in the development of UTIs in both transplant and non-
transplant patients, this study investigates the antibiotic
resistance patterns, virulence factors, and phylogenetic
groups of 025 and O16 serogroups in uropathogenic E.
coli (UPEC) isolates from kidney transplant recipients
(KTPs) and non-KTPs.

Materials and methods

Bacterial isolates

As previously described, a total of 111 non-repetitive
UPEC isolates were collected from patients in this case-
control study, including 65 isolates from non-KTPs
(control group) and 46 isolates from KTPs (n=46). The
samples were obtained from two nephrology private clin-
ics and a laboratory affiliated with Isfahan University of
Medical Sciences (IUMS) between June and October
2019. In this retrospective descriptive study, all isolates
were identified using standard microbiological and bio-
chemical tests, with confirmation established in a prior
study conducted by our team [18, 19].
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Antimicrobial susceptibility testing

Antimicrobial susceptibility testing and phenotypic
evaluations were conducted using the disc diffusion
technique in accordance with Clinical & Laboratory Stan-
dards Institute (CLSI) guidelines [20]. To identify ESBL-
producing strains, the double-disk synergy test (DDST)
was employed as a phenotypic approach, following CLSI
recommendations [20]. All strains had been previously
characterized [19]. In this assay, 16 antibiotics (BD BBL™
Sensi-Disc™) were previously tested, including amoxicil-
lin/clavulanic acid, piperacillin/tazobactam, cefoxitin,
ceftazidime, cefepime, cefixime, imipenem, meropenem,
trimethoprim/sulfamethoxazole, ciprofloxacin, ofloxacin,
nalidixic acid, norfloxacin, nitrofurantoin, gentamicin,
and amikacin [19]. Escherichia coli ATCC® 25,922™ was
considered the quality control strain for these suscepti-
bility tests [21].

Screening of E. coli strains of O-serogroup

Genomic DNA was extracted from fresh colonies, and
PCR was performed to detect the presence of O16 and
025 genes using specific primers, as previously described
[22].

Molecular detection of resistance and virulence genes

The presence of ESBLs genes, including blacry_y, bla-
rems Dlagy, PMQR (gnrA, gnrA and gnrS), efflux pumps
(acrB, acrA and tolC), integrons (Int2 and Int2) and vir-
ulence genes (papG 1, 1I, IIl, sfaDE, afaBC, fimH, iutA,
chuA, PAI hlyA, and cnfl) was determined using PCR
assays as previously described [18, 19].

Phylogenetic analysis

All UPEC isolates were categorized into phylogenetic
groups using quadruplex PCR, following the method by
Clermont et al. [23].

ERIC-PCR

The ERIC-PCR technique was utilized to examine O25
and O16 UPEC isolates, with the primer sequence for the
study having been previously reported [24]. The ERIC
patterns were analyzed using Gel] software, version 2.0,
as previously described. Isolates demonstrating a similar-
ity coefficient of 80% or higher were grouped and classi-
fied as belonging to the same genotypes [25, 26].

Statistical analysis

Statistical analysis was performed using SPSS™ software,
version 16 (IBM Corp., USA). Categorical variables were
presented as frequencies and percentages. The Fisher’s
exact test or Chi-square (x°) test was applied to evaluate
significant differences. A P-value of less than 0.05 was
regarded as statistically significant.
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Results

A total of 111 E. coli isolates were examined in the
present study. The O-serotyping results indicated that
18% (20/111) and 3.6% (4/111) of the examined strains
were positive for serogroup O25 and serogroup 016,
respectively.

Antibiotic resistance patterns in serogroups 025 and 016
The antibiotic resistance patterns of the two serogroups
were analyzed and summarized in Tables 1 and 2. In sero-
group 025, the highest resistance rates were observed for
nalidixic acid and cotrimoxazole. However, all isolates
were 100% sensitive to amikacin, meropenem, and imipe-
nem. In serogroup O16, the highest resistance rates were
against cotrimoxazole and ampicillin-sulbactam (75%),
while all isolates were 100% sensitive to amikacin, gen-
tamicin, norfloxacin, ciprofloxacin, meropenem, imipe-
nem, cefepime, and piperacillin-tazobactam.
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Statistical analysis revealed a significant correlation
between the presence of O16 and O25 genes and resis-
tance to ciprofloxacin and norfloxacin. Additionally, 30%
of the isolates in serogroup 025 and 25% of the isolates in
serogroup O16 were identified as ESBL producers.

Distribution of antibiotic resistance genes

The frequency distribution of antibiotic resistance genes
demonstrated that in serogroup 025, the most preva-
lent genes were blac-1x_y (55%) for ESBL, gnrB (40%) for
PMQR, acrB (100%) for efflux pumps, and Int1 (90%) for
integrons. In comparison, serogroup O16 predominantly
exhibited blargy, (50%) for ESBL, acrB (100%) and tolC
(100%) for efflux pumps, and Int2 (25%) for integrons.
Notably, PMQR genes were not detected in any of the
isolates belonging to serogroup O16. Statistical analysis
revealed no significant correlation between the presence
of bla-1x_y and Intl genes and serogroup O25.

Table 1 Distribution of virulence-related genes and antibiotic resistance genes in 025 and O16 serogroup

Variable O serotype/ n(%) p-value
025 (n=20; %) 016 (n=4; %)
Miscellaneous pai 15(75) 1(25) 0.058
Adhesions sfa 9 (45) 3(75) 0.284
pap Gl 5(25) 2 (50) 0.326
papGli 0 0 1.000
pap Gl 5 (25) 2 (50) 0.326
afa 2(10) 0 0518
fimH 20 (100) 4(100) 1.000
Toxins hyl A 1(5) 1(25) 0.196
cnf 0 0 1.000
Siderophores jUtA 12 (60) 2 (50) 0.717
Phylogenetic groups B2 13 (65) 1(25) 0.147
D 0 1(25) 0.025
A 3(15) 0 0418
B1 105 2 (50) 0.015
C 1(5) 0 0.655
E 0 0 1.000
F 0 0 1.000
Unknown 2 (10) 0 0.518
Antibiotic resistance genes Oxa-48 1(5) 0 0.655
blacry 11(55) 0 0.049
blarey 8(40) 2 (50) 0717
blag,, 0 0 1.000
qnrA 0 0 1.000
qnrB 8 (40) 0 0.129
qnrs 7(35) 0 0.169
Int1 18 (90) 0 <0.001
Int2 3(15) 1(25) 0.632
acrA 17 (85) 3(75) 0.632
acrB 20 (100) 4 (100) 1.000
tolC 19 (95) 4 (100) 0.655
ESBL 6 (30) 1(25) 0.844

ESBL: Extended-spectrum beta-lactamase
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Table 2 Antibiotic resistance profile of uropathogenic Escherichia coliisolates based on 025 and O16 serogroup

Antimicrobial category Antibiotics 025 016 p-value

n=20; (%) n=4; (%)
R S R S

Penicillins + b-lactamase inhibitors Amoxicillin/Clavulanic (15) 15 (75) 3(75) 1(25) 0.113

Antipseudomonal penicillins Piperacillin-tazobactam 2(10) 18 (90) 0 4 (100) 0518

+ b-lactamase inhibitors

Cephamycins Cefoxitin 6 (30) 14 (70) 1(25) 3(75) 0.844

Extended-spectrum Ceftazidim 10 (50) 10 (50) 2(50) 2 (50) 1.000

cephalosporins Cefepime 4(20) 14 (70) 0 4(100) 0.220
Cefixim 9 (45) 11 (55) 2 (50) 2 (50) 0.858

Carbapenem Imipenem 0 20 (100) 0 4(100) 1.000
Meropenem 0 20 (100) 4 (100) 1.000

Sulfonamides Trimethoprim/ 13(65) 7 (35) 3(75) 1(25) 0.705
sulfamethoxazole

Quinolones Ciprofloxacin 11 (55) 8 (40) 0 4(100) 0.035
Ofloxacin 12 (60) 8 (40) 1(25) 3(75) 0.209
Nalidixic acid acid 15 (75) 5(25) 0 2 (50) 0.651
Norfloxacin 12 (60) 8 (40) 0 4(100) 0.032

Nitrofurans Nitrofurantoin 2(10) 17 (85) 1(25) 3(75) 0.676

Aminoglycosides Gentamicin 7 (35) 13 (65) 0 4(100) 0.169
Amikacin 0 19 (95) 0 4(100) 0.655

R: Resistant S: Sensitive; n: Number

Virulence factors Discussion

In serogroup 025, the most prevalent virulence factors
were fimH (100%) and PAI (75%), whereas papGII and
cnf genes were not detected in any isolates. In serogroup
016, the most prevalent virulence factors were fimH
(100%) and sfa (75%), while papGlIl, afa, and cnf genes
were absent in all isolates. No statistically significant cor-
relation was found between the presence of O16 and 025
genes and virulence factors.

Phylogenetic group distribution

Among the O25 isolates, 65% were classified into phy-
logenetic group B2 followed by phylogenetic group A
(15%). In contrast, 50% of the O16 isolates belonged to
phylogenetic group B1.

ERIC-PCR

The ERIC-PCR dendrogram is presented in Fig. 1. The
number of bands observed in the electrophoresis of
ERIC-PCR products ranged from 5 to 11, with DNA frag-
ment sizes varying between 200 bp and 2 kb. The ERIC-
PCR typing results revealed that the 24 UPEC isolates
from O25 and O16 serogroups were classified into five
distinct cluster based on an 80% cut-off, while one isolate
was identified as a singleton. In this method, the most
frequent cluster was cluster D, comprising seven isolates,
followed by clusters A (5 isolates), E (5 isolates), and B (4
isolates), respectively. The least frequent cluster was clus-
ter C, with only two isolates.

The serogroups of UPEC are closely associated with spe-
cific virulence factors contributing to the pathogenicity of
this bacterium. Previous studies have demonstrated a sig-
nificant correlation between UPEC serogroups and their
associated strains [27]. In the present study, PCR analy-
sis revealed 18% carried the O25 gene, and 3.6% carried
the O16 gene. Similarly, in a study conducted by Momtaz
et al. [7] on 123 E. coli isolates from patients with UTIs,
025 and O16 were identified as the most prevalent sero-
groups, with frequencies of 26.1% and 10.6%, respec-
tively. Al-Saadi et al., [28] in a study conducted in Iraq,
reported an 016 prevalence of 16% among 300 isolates, a
higher percentage than observed in our study, likely due
to the larger sample size. Conversely, a study by Rashki et
al. [29] in Zabol reported an O16 frequency of approxi-
mately 4.2% among 100 E. coli isolates. A similar study
conducted in Iraq documented O25 and O16 serogroup
frequencies of 24.4% and 1.1%, respectively [30]. These
percentages are lower than those in our study, espe-
cially for O16. The observed variations may stem from
differences in the UPEC strains isolated or geographi-
cal differences. In general, O25 has been identified as
the predominant UPEC serogroup in numerous stud-
ies. For example, Askari et al. reported that among 120
UPEC isolates, 55.8% carried the O25 gene, while only
one isolate carried O16. Another study by Tajbakhsh et
al. [31] reported O25 as the most prevalent serogroup,
with a frequency of 26.66% among UPEC isolates. Simi-
larly, Dehkordi et al. [32] found that O25 was the most
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Fig. 1 ERIC-PCR dendrogram of O25 and O16 serogroup uropathogenic Escherichia coli isolates. The ERIC-PCR typing results revealed that the 24 UPEC
isolates from 025 and O16 serogroups were classified into five distinct cluster (A-E), while one isolate was identified as a singleton

frequent serogroup among UPEC isolates, with a fre-
quency of 29.4%.

The analysis of antibiotic resistance patterns in sero-
groups O25 and O16 revealed that the highest levels of
resistance in both groups were against nalidixic acid,
cotrimoxazole, and amoxicillin-clavulanic acid. Con-
versely, O25 showed the greatest sensitivity to car-
bapenems and amikacin, whereas all O16 isolates were
sensitive to cephalosporins, carbapenems, piperacillin-
tazobactam, aminoglycosides, and fluoroquinolones. Our
findings align with those of Moradpour et al. in Rasht
(northern Iran), where the highest resistance for 025
and O16 serogroups was reported against nalidixic acid
and cotrimoxazole [33]. The lowest resistance in O25
was observed against nitrofurantoin and amikacin, while
016 isolates showed minimal resistance to imipenem
and nitrofurantoin. Noie Oskouie et al. similarly reported
that all UPEC serogroups showed the lowest resistance to

imipenem, amikacin, and nitrofurantoin, consistent with
our findings [34]. Another study by Jasim Mohammed
et al. reported the lowest antibiotic resistance among all
serogroups against imipenem and amikacin. The high-
est resistance was against amoxicillin-clavulanic acid and
cotrimoxazole, results closely resembling our findings
[30].

In a study by Momtaz et al., antibiotic resistance pat-
terns in different serogroups were examined, and they
reported that all 025 and O16 isolates were sensitive to
nitrofurantoin and cotrimoxazole [7]. However, in our
study, the resistance to cotrimoxazole was considerably
higher. Moreover, resistance among 025 and O16 sero-
groups to most antibiotics was higher in our study, which
could be attributed to the increasing prevalence of antibi-
otic resistance and the spread of resistant strains. In con-
trast to the present study, Mohammed et al. reported that
08 and 025 were the most frequent serogroups among
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the isolates examined. Their analysis of the relationship
between serogroups and antibiotic resistance in UPEC
strains from Iraqi patients showed that isolates belonging
to serogroups O75 and O18 exhibited the lowest resis-
tance, whereas O4 and O21 isolates demonstrated the
highest resistance [30].

Our results underscore the urgent need for updated
treatment guidelines, especially in regions with high
resistance rates, to prioritize the use of more effective
antibiotics such as carbapenems, amikacin, and nitrofu-
rantoin. The sensitivity of O16 isolates to cephalosporins,
carbapenems, and fluoroquinolones further supports
their potential as first-line treatments for infections
caused by these serogroups.

On the other hand, E. coli isolates were found to harbor
antibiotic resistance genes, including blacrx.\y blaren
blagy, qnrB, gnrS, Intl, and Int2.

The prevalence of these critical antibiotic resistance
genes was observed to be higher in O25 strains compared
to O16 strains. Research conducted on antibiotic resis-
tance in O25 strains supports our findings, indicating
that resistance levels and the presence of associated resis-
tance genes are more prominent in O25 strains [35, 36].

Moreover, studies have shown that E. coli O25 and 016
possess a wide array of virulence factors located on plas-
mids, which are highly transmissible and have achieved
global dissemination. Previous investigations have iden-
tified O25-B2-ST131 E. coli, characterized by resistance
genes and significant virulence potential, as a globally
distributed strain [37, 38].

The present study aimed to employ the ERIC-PCR
technique for the genetic classification of UPEC isolates
obtained from UTIs. The ERIC-PCR method was applied
for genotyping 24 UPEC isolates belonging to serogroups
025 and O16. Approximately 91.6% (22 out of 24) of the
isolates exhibited unique genotypes, indicating relatively
high genotypic diversity within serogroups O16 and O25.
Additionally, E. coli isolates from the same serogroup
were distributed across distinct clusters (ERIC types),
further highlighting the genotypic diversity among these
isolates. Consistent with the findings of Mirzaiyan and
colleagues in Iran [39], this study also demonstrated sig-
nificant diversity among O25 serogroup isolates [40].

Conclusion

Similar to most other studies, the O25 serogroup was
found to be highly prevalent in this study. This serogroup
is likely to play a significant role in the pathogenesis of
UTIs and the antibiotic resistance of uropathogenic E.
coli strain. Moreover, ERIC-PCR indicating relatively
high genotypic diversity within serogroups O16 and O25.
These findings emphasize the need for continuous moni-
toring of antibiotic resistance patterns and the develop-
ment of targeted therapeutic and preventive strategies.
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Future research should focus onevaluating their epidemi-
ological trends in different patient populations to inform
more effective management of UPEC infections.

Limitations

ERIC-PCR was employed in this study to evaluate genetic
diversity. Although ERIC-PCR findings revealed consid-
erable genetic diversity among the isolates, it is evident
that more advanced and precise molecular methods,
such as MLST (multilocus sequence typing) and PFGE
(pulsed-field gel electrophoresis), are required to provide
deeper insights into the genetic relationships of these
isolates.
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