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Abstract

Background: The presence of Escherichia coli among uropathogens is increasing significantly worldwide. It
accounts for a considerable amount of morbidity and high medical costs and also can lead to mortality. The
current research aims to investigate E. coli antimicrobial susceptibility patterns and the molecular causes of E.
coli resistance trends and virulence factors among phylogenetic groups of Uropathogenic Escherichia coli
(UPEC) in Urinary tract infection (UT]I) patients in a hospital in Tehran, Iran. The antimicrobial susceptibility
of urinary E. coli isolates.

Materials and Methods: The antimicrobial susceptibility of urinary E. coli isolates was tested using the Kirby-
Bauer agar disc diffusion method. In addition, resistance and virulence genes were monitored by polymerase
chain reaction (PCR), and the clonal relation of isolates was studied by pulsed-field gel electrophoresis (PFGE).
Results: Studied isolates showed the highest susceptibility rates to MEM (95.7%), followed by TZP (90%). In
contrast, resistance rates were found for AMP (100%), SXT (74%), and CIP (51.5%). ESBL-producing isolates
were positive for blaTEM, blaCTX-M, and blaSHV by PCR, respectively. According to the adhesion gene
analyses, fimH (85.8%) was the most prevalent among E. coli isolates, followed by aer (49.7%), hlyA (46.1%),
and pap (38.9%). A total of 57 PFGE patterns and three clusters (A—C) were identified by the PFGE method.
(cluster A: Non-ESBL & Sensitive to all Antibiotics use; Cluster B: The most common cluster in terms of TEM,
CTX-M, or both; Cluster C: containing CTX-M gene and resistant to ceftriaxone and ciprofloxacin).
Conclusion: Our data showed ESBL rates were high in UTI E. coli isolated in the studied hospital. The UPEC
isolates exhibited a high resistance rate to first- and second-generation cephalosporins and fluoroquinolone,
which could result in serious public health risks. The relationship between virulence factors and resistance genes
is complex and needs more studies specific to each area.
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Introduction

The urinary tract infection (UTI) is a prevalent
bacterial infection that results in significant morbidity,
high medical expenses, and mortality. UTI is
commonplace among women, except in early infancy,
although it can impact both men and women.

E. coli accounts for approximately 90% of all UTIs3,
The prevalence of tract infection in positive cultures in
Iran has been demonstrated in numerous studies to be
approximately 10 to 12%*. UTI may be complicated or
straightforward, and asymptomatic bacteriuria is
significant due to the absence of symptoms®. Every
year, UTIs and their consequences kill around 150
million people globally®. Increasing age, diabetes, a
history of UTI, wurinary tract diseases, and
immunological inadequacy may all increase the risk of
UTI in pregnant women’. According to the literature,
women should be screened for bacteriuria during
pregnancy®. Recent studies in Iran have reported a high
prevalence of ESBL-producing Escherichia coli
isolates. For instance, 52.8% of isolates were ESBL-
positive®, while studies in northern Iran (2022) and
Rafsanjan reported rates of 46%° and 45.6%%,
respectively. These figures are notably higher than the
global average reported in a recent systematic review
from 2024, which found an overall ESBL prevalence of
25.4% in E. coli isolates worldwide?!.

UPEC contains several virulence characteristics,
including fimbrial adhesins (fim), S-fimbrial adhesins
(sfa), fimbrial adhesins (afa), P-fimbrial adhesins (pap),
and siderophore that enhance its capacity to colonize
and thrive in the urinary system!? 13, In order to develop
strategies to manage and prevent UPEC infections, it is
necessary to investigate the genetic characteristics of
the isolates above!. Furthermore, assessing the gene
distribution in clonally correlated strains is imperative,
as the phylogenetic background can predict pathogenic
behavior and reflect wvertical or horizontal gene
transfer®> 16, Clarifying the correlations between drug
resistance, virulence factors, and phylogenetic
background would benefit clinicians, enabling them to
predict other pathogenic behaviors of these bacteria that
are restricted in detection.

Strains that generate hemolysin, express P fimbriae, and
contain specific virulence genes such as fimH, pap, and
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cnfl are some of the frequent forms of UPEC. These
UPEC types are often linked to various pathogenic
pathways and clinical consequences in cases of UTIs.
CTX-M: This is the most widespread ESBL gene,
occurring up to 90% of the time worldwide in some
areas. It is thought to be the source of up to 30% of
hospital-acquired illnesses in Europe. The frequency of
bacteria in Iran that produce CTX-M varies depending
on the kind of bacteria and the geography. Research
conducted on 140 E. coli isolates from hospitals in
Tehran revealed that 56 % of them produced CTX-M.
SHV: Though less common than CTX-M, SHV-
producing bacteria are relatively common in certain
areas. For example, up to 25% of hospital-acquired
infections in Asia have been observed to have E. coli
that produces SHV. Although less common than CTX-
M, SHV-producing bacteria are common in specific
Iranian locations. Twenty-four percent of the one
hundred E. coli isolates from Mashhad hospitals were
confirmed to be SHV-producing.

TEM: Though less common than CTX-M and SHV,
TEM-producing bacteria are problematic in certain
areas. For example, up to 15% of hospital-acquired
infections in Latin America have been documented to
have TEM-producing E. Coli. Although less common
than CTX-M and SHV, TEM-producing bacteria are
problematic in specific Iranian locations. Twelve
percent of the one hundred E. Coli isolates from Tabriz
hospitals that were studied produced TEM?'/.

The characteristics of typing methods, including
discriminatory power, simplicity of performance,
reproducibility, ease of interpretation, and cost, are
crucial for obtaining the appropriate results'® . PFGE
is a frequently employed technique for the generation
of DNA fingerprints, even though a wide variety of
methodologies are employed to type E. coli. In Gram-
negative bacilli bacterium typing, PFGE is considered
the gold standard technique?® 2.

This investigation presents substantial information
concerning the distribution and correlation of the
antimicrobial susceptibility, virulence genes, and clonal
relationship of UPEC isolates from a general hospital.

Methods

Collection and identification of uropathogenic E.
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coli: We collected 310 urine isolates from patients
with UTI indications who were hospitalized at Milad
Hospital (Tehran, Iran), a renowned general hospital
in Tehran, Iran, between 2018 and 2023. Clinical data
regarding the type of urinary tract infection (UTI)
were collected from patient records. Among the 310
UPEC cases, 120 (38.7%) were diagnosed with
cystitis, 85 (27.4%) with pyelonephritis, and 30
(9.6%) were classified as asymptomatic bacteriuria. In
75 (24.1%) cases, the specific UTI type could not be
determined from available documentation. Only one
isolate per patient was selected and included in the
study to avoid duplication bias. Additionally, we
collected the following patient data: gender and age.
Microbial testing was conducted to corroborate the
presence of cystitis, pyelonephritis, and urethritis
symptoms in patients. The complete isolates were
stored at -75°C in trypticase soy broth containing 15%
glycerol for subsequent processing.

Antimicrobial susceptibility testing: The Clinical
and Laboratory Standards Institute??
recommendations employed the Kirby- Bauer method
to conduct antimicrobial susceptibility testing. The
following antibiotic disks and their respective
concentrations were used in the Kirby-Bauer disk
diffusion method: ampicillin (10 pg), tazobactam-
piperacillin  (100/10 ug), ceftriaxone (30 pg),
ceftazidime (30 pg), gentamicin (10 ug),
ciprofloxacin (5 ug), sulfamethoxazole-trimethoprim
(1.25/23.75 pg), and meropenem (10 pg). The
subsequent antimicrobial agent classes were
evaluated: aminoglycosides (gentamicin), penicillins
(ampicillin  (AMP)), penicillins with b-lactamase
inhibitors (tazobactam-piperacillin (TZP)),
cephalosporins  (ceftazidime (CAZ), ceftriaxone
(CRO)), carbapenems (meropenem (MEM)),
fluoroquinolones (ciprofloxacin (CIP)), and folate
pathway inhibitors (sulfamethoxazole-trimethoprim
(SXT)). The Clinical and Laboratory Standards
Institute guidelines were followed to screen for the
production of ESBLs using 30 mg cefotaxime and
ceftazidime disks with or without 10 mg clavulanic
acid (Negative control: E. coli ATCC 25922 and
Positive control: CTX-M). Escherichia coli (E. Coli)
ATCC 35218, TEM: Escherichia coli (E. Coli) ATCC
35461, SHV: Klebsiella pneumoniae ATCC 700603,
Escherichia coli (E. Coli) ATCC 25922:
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Amoxicillin/Clavulanic acid, Pseudomonas aeruginosa
(P. Aeruginosa) ATCC 27853:piperacillin/tazobactam,
Escherichia coli (E. Coli) ATCC 25922:ceftaidime,
Escherichia coli (E. Coli) ATCC 35218:ceftriaxone,
Klebsiella pneumoniae (K. Pneumoniae) ATCC
700603:meropenem, Escherichia coli (E. Coli) ATCC
25922:gentamicin, Escherichia coli (E. Coli) ATCC
25922:ciprofloxacin, Staphylococcus aureus (S.
Aureus) ATCC 29213: sxt)!": 23,

PCR for antimicrobial resistance and virulence
genes: PCR performed virulence gene analysis. We
identified five virulence genes that have been primarily
linked to UPEC. The adhesion genes fimH, pap, afa, and
SFA represent molecular adhesions. PCR was used to
examine the genes of the toxins, including holy and cnf,
which are known to be associated with antibiotic
resistance?*. The PCR thermal cycling conditions were
as follows: initial denaturation at 94 °C for 5 minutes
followed by 35 cycles of denaturation at 94 °C for 30
seconds, annealing at 55-60 °C (depending on primer)
for 30 seconds, and extension at 72 °C for 1 minute;
with a final extension at 72 °C for 7 minutes.

We found three antimicrobial resistance genes (CTX-M,
TEM, and SHV) primarily linked to ESBL bacteria.
Positive and negative controls were included in all PCR
assays. Escherichia coli ATCC 25922 was used as a
negative control, and previously confirmed positive
isolates were used as positive controls for each target
gene. Table 1 lists the primers utilized?.

Pulsed-field gel electrophoresis: Using the restriction
enzyme Xbal and pulsed-field gel electrophoresis

Table 1. Primers for uropathogenic Escherichia coli virulence
genes PCR assay.

Size
Gene Sequence (5°-3%)
(bp)
F GCAACAGCAACGCTGGTTGCATCAT
El 336
bap R AGAGAGAGCCACTCTTATACGGACA
‘ F  CGGCTTTTCTGCTGAACTGGCAGGC 672
afa
R CCGTCAGCCCCCACGGCAGACC
F  TACCGGATTGTCATATGCAGACCGT 602
aer
R AATATCTTCCTCCAGTCCGGAGAAG
fimH F AACAGCGATGATTTCCAGTTTGTGTG 465
im
R ATTGCGTACCAGCATTAGCAATGTCC
F  AACAAGGATAAGCACTGTTCTGGCT
hlyA 1177
R ACCATATAAGCGGTCATTCCCGTCA
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(PFGE) by Pulsenet recommendations, isolates that
produced ESBLs were examined for clonal
connections®® 4. In summary, the electrophoresis
operating conditions were used: a switch time of 2.16
to 54.17 s at a gradient of 6 V cml and an included
angle of 120° for 19 h at 14 °C. The agarose used for
the electrophoresis was 1% pulse field certified, and
the Tris-borate-EDTA was 0.5%. The Salmonella
enteric serovar Braenderup H9812 universal marker
was used as a size marker standard. The PFGE
patterns were analyzed using BioNumerics version
v.6.6 (Applied Maths, SintMartens-Latem, Belgium).
The similarity between DNA banding patterns was
calculated using the Dice similarity coefficient, which
considers the presence or absence of bands. The
position tolerance was set at 1.5% and optimization at
1% to account for minor variations in band migration.
Clustering was performed using the unweighted pair
group method with arithmetic mean (UPGMA). An
80% similarity cutoff was applied to define clusters, a
threshold commonly used in epidemiological studies
of Escherichia coli to indicate clonal relatedness. The
Dice similarity coefficient was applied using average
linkages and the unweighted-pair group technique,
with a 1.5% band tolerance. A cluster was defined as
isolates sharing 80% of the same characteristics.
Salmonella enterica serotype Braenderup H9812 was
used as a molecular size marker and internal positive
control to normalize banding patterns across different
PFGE gels by CDC PulseNet protocols?® (Ethical
Code: IR.SBMU.MSP.REC.1403.220).

Results

Statistical analysis: IBM Corporation, Armonk, New
York, USA's SPSS software version 20.0 was used for
the statistical study. A Chi-test was used to examine
variations in the distribution of virulence-related
genes and ESBLs and the connections between
antimicrobial drugs, individual patients, and clusters.
Bacterial collection: From the urine samples of UTI
patients, we obtained 310 viable isolates, which
biochemical testing verified as E. coli. The average
age was 69+14 years old, while the median age was 58
years old. The mean age of the patients was 69 years,
with a standard deviation of 14 years, indicating that
most patients were aged between 55 and 83 years.
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Among the 310 UPEC isolates, 216 were obtained from
female patients and 94 from male patients. Most
isolates originated from renal transplants and
emergency wards, followed by pediatrics, CCU, and
NICU. However, for 72 isolates, it remained unclear
whether they were collected from inpatients or
outpatients, as this information was not recorded in the

o 300 266
(5]
® 250
2 200 154 143
s 150
> 83
o 100 16
o)
N i =
> 0
fimH aer hly pap afa

Virulence gene

Figure 1. Virulence genes of uropathogenic Escherichia coli.

hospital documentation (Figure 1).

Antimicrobial susceptibility: Table 2 displays the RIS
(Resistance, Intermediate, and Susceptible) statuses;
the drug intermediate rate was left out even though it
could be computed from the rates of susceptible and

Table 2. Primers used for phylogenetic of uropathogenic
Escherichia coli.

Size

Gene Sequence (5°-3”)
(bp)

F  ATGGTACCGGACGAACCAAC

chuA 288
R TGCCGCCACTACCAAAGACA

F  CAAACGTGAAGTGTCAGGAG

yjaA 211
R  AATGCGTTCCTCAACCTGTG
F  CACTATTCGTAAGGTCATCC
TspE4.C2 152
R  AGTTTATCGCTGCGGGTCGC
F  AACGCTATTCGCCAGCTTGC
arpA 400
R  TCTCCCCATACCGTACGCTA

resistant infections.

The most susceptible strains to MEM (95.7%) were the
UPEC strains, followed by TZP (90%). Meanwhile,
resistance percentages for CIP (51.5%), SXT (74%),
and AMP (100%) were discovered. Antimicrobial
susceptibility testing revealed that 120 isolates (38.7%)
produced ESBL. As shown in Table 1, the proportion
of sensitive isolates for AMP, SXT, CAZ, GEN, TZP,
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and MEM was lower in the ESBL-producing isolates
than non-ESBL-producing isolates. Table 2 indicates
that there was no significant difference in the high
incidence of sensitivity to MEM between the two
groups (9% for ESBL-producing isolates and 6.1% for
non-ESBL-producing isolates).

Characterization of resistance genes: Genes of the
ESBL type (blaTEM, blaSHV, and blaCTX-M) were
identified in this investigation. 90 of the 120 ESBL-
producing isolates were positive for blaTEM by PCR.
blaCTX-M was detected in 64 isolates, while blaSHV
was detected in 14. These isolates that produce CTX-
M exhibited high resistance to AMP, CIP, and CRO.
The isolates that were positive for blaTEM exhibited
elevated resistance to AMP, SXT, GEN, and CAZ.
High resistance rates to AMP, CIP, and SXT were
observed in blaSHV-positive isolates. At the same
time, fourteen isolates were positive for blaCTX-M
and blaSHV. These isolates exhibited high resistance
to AMP, CIP, and CRO. A high resistance rate to
AMP, CIP, CAZ, and CRO was observed in thirty-
four isolates simultaneously positive for blaCTX-M
and blaTEM. Five isolates were simultaneously
positive for blaCTX-M, blaTEM, and blaSHV and
exhibited resistance to CAZ and CRO.

Prevalence of virulence genes among UPEC
isolates: The virulence genes that were the subject of
the study were identified in 287 (92.5%) isolates,
while the remaining isolates were negative for
virulence genes. Among the 310 E. coli isolates, fimH
247 (86.0%) was the most prevalent, followed by air
145 (50.5%), only 133 (46.3%), and pap 111 (38.6%)
isolates, as indicated by the adhesion gene analyses.
The correlation between the virulence and
antimicrobial resistance genes was analyzed, and it
was determined that AFA was associated with
blaCTX-M in 25 (8.7%) isolates. Among the 310 E.
coli isolates, blaTEM was detected in 29.0%, blaCTX-
M in 20.7%, and blaSHYV in 4.5% of isolates.
Pulsed-field gel electrophoresis: PFGE was
employed to investigate the genetic relationships
among the 310 ESBL-producing isolates. A threshold
of 80% was used to identify 57 PFGE patterns and
three clusters (A—C). (Figure 1). This study applied a
similarity cutoff value of 80% to define clonal clusters
in the PFGE dendrogram. This threshold is widely
accepted in molecular epidemiological studies of
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Escherichia coli to indicate genetic relatedness, as it
reflects a balance between genetic similarity and
epidemiological significance. Previous research has
commonly used the 80% cutoff for E. coli PFGE
clustering®” 28, making it a standard criterion for
defining closely related strains in hospital and
community settings.

For clarity, a scale bar indicating genetic similarity
percentage was added to the dendrogram. Clustering
was performed using the unweighted pair group method
with arithmetic mean (UPGMA) based on Dice
similarity coefficients, with an 80% similarity cutoff
used to define clusters.

The association of the antimicrobial susceptibility,
virulence factors, and clusters is visually illustrated in
Figure 2 by combining PFGE with previous results of
ESBL-producing isolates. The resistance profile of
resistance genes is reported in Table 2, which is based
on PFGE patterns. According to our dendrogram
analysis, most cluster A isolates were non-ESBL and
susceptible to all antibiotics employed.

0.90%

20.10%

61.60%

10.30%

=B2 =Bl =A =D =UNK
Figure 2. Phylogroup.

Conversely, most cluster B members were positive for
TEM, CTX-M, or both as resistance genes. Cluster C
members resisted ceftriaxone and ciprofloxacin and
possessed the CTX-M gene. The same distribution was
observed in all clusters concerning all virulence genes.
Based on our data, it is evident that cluster B had the
highest concentration of ESBL, while cluster C had the
lowest. There is a correlation between virulence and
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antimicrobial resistance. Numerous studies have
reported that UPECs resistant to ampicillin,
sulfonamides, tetracycline, streptomycin, and
fluoroquinolones are typically less virulent than their
susceptible counterparts.

Additionally, it has been reported that E. coli that form
biofilms are more susceptible to nalidixic acids than
damaging acids in biofilm formation. Similar results
were observed in this study, indicating that a lower
prevalence of virulence genes was associated with
resistance to AMP, TZP, CIP, SXT, and GEN.
Nevertheless, the mechanism by which the
relationship between drug resistance and reduced
severity is elucidated remains obscure (Table 3).

Table 3. Antibiotic resistance comparison between ESBL and
non-ESBL isolates.

Resistance in Resistance in

Aﬁﬂ‘;}t'c ESBL non-ESBL o
(n/total) (n/total)

AMP 120/ 120 180/ 190 0.02
SXT 100/ 120 120/ 190 0.00
CIP 70 /120 80/190 0.00
GEN 60 / 120 70/190 0.03
CRO 80/ 120 60 /190 0.00
CAZ 85 / 120 55 /190 0.00
TZP 107120 5/190 0.04

MEM 41120 2/190 0.31

Discussion

Uropathogenic E. coli isolates are the primary cause
of urinary tract infections and may be accountable for
nearly 90% of UTIs. This investigation aimed to
evaluate local isolates' clonal relationship and gene
distribution regarding antimicrobial resistance and
virulence. Our research offers critical insights into the
antimicrobial ~ susceptibility,  virulence  factor
distribution, and clonal relationship of UPEC from
this region. The data indicated that the resistance rates
for several antimicrobial agents typically employed to
treat urinary tract infections (UTIs) are elevated in this
facility. Fluoroquinolone is one of the first-line agents
recommended for the empirical treatment of UTls, and
it is essential to emphasize this.

Our research demonstrates that urinary tract infections
necessitate additional antimicrobial agents. Only
MEN and TZP exhibited a resistance rate of less than
10%, suggesting they may be promising options for
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the empiric treatment of UTIs. This study's
antimicrobial resistance (AMR) rates are consistent
with national and international trends. For instance, the
100% resistance rate to ampicillin and high resistance
to trimethoprim-sulfamethoxazole (74%) align with
previous reports from Iran. A study by Hojabri et al.
reported that 90.8% of E. coli isolates collected from
various clinical samples in Iran were multidrug-
resistant (MDR)?°. Additionally, a study conducted in
Tehran in 2021 found that 75% of E. coli isolates were
ESBL producers, with high resistance rates to
ciprofloxacin (85%) and ceftriaxone (80%)%°.
Globally, the World Health Organization's Global
Antimicrobial ~ Resistance  Surveillance  System
(GLASS) has reported that E. coli isolates exhibit
ampicillin resistance rates exceeding 80% and
fluoroquinolone resistance above 50% in several
countries, including lranL,

Moreover, data from the EMBARK study, a global
surveillance project on uropathogens, indicated that
resistance to ciprofloxacin among E. coli UTI isolates
ranged from 30% to 60%, depending on the region,
which aligns with our finding of 51.5%%.

These high resistance rates underscore the urgent need
for continued local AMR surveillance and the
implementation of effective antibiotic stewardship
strategies, particularly in hospital settings.

The ESBL-producing isolates should not be reported as
susceptible to cephalosporins®, as per a reference
guideline (M100-S29). A high incidence of ESBL
production (50%) was observed in uropathogenic E.
coli in this study.

The presence of aer, fimH, and hylA genes in UPEC
isolates has been demonstrated in this study. The aer
gene responsible for iron acquisition was present in
nearly all isolates?® 3, The frequency of the aer gene in
our study was higher than that of recent studies. hlyA is
one of the secreted toxin factors in E. coli isolates, and
it is implicated in the dysfunction of local immune
responses and tissue injury. In contrast to certain
studies, this investigation demonstrated that the
prevalence of hlyA among UPEC isolates is elevated®.
fimH promotes the adhesion of UPEC to the urothelium
cells and aids in forming bacterial biofilms®. The
distribution of the fimH gene in our isolates is consistent
with that of other studies® *.

Recently, PFGE has been effectively employed in DNA
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fingerprinting and clonal relationship studies as a gold
standard method in recent studies. PFGE is a
reproducible typing method employed in molecular
epidemiology with a high level of discriminatory
power. This investigation offers additional details
regarding the distribution of urinary isolates of E. coli
strains. The Xbal restriction enzyme could be
employed to separate fragments of the digested DNA
chromosome using the PFGE technique. The Xbal
enzyme, which is more potent®: 37, was effectively
employed in this study to differentiate the isolates
from the UTI patients in the hospital. The analyzed
isolates produced an exclusive profile with DNA
bands ranging from 15 to 20 and a molecular weight
of 33.3kbp to 1135kpb using the Xbal enzyme.

In contrast, other studies have demonstrated variations
in the number of bands and molecular weights. In the
molecular characterization of E. coli isolates from
patients with cystitis and pyelonephritis, Anvarinejad
et al. indicated various products with a molecular size
of 2 to 660 kbp. In the genotyping of Shiga toxin
produced by E. coli isolates®, Dong et al. reported 15—
20 distinct bands. By categorizing UPEC strains®,
Ejrnaes et al. reported 15-20 bands with molecular
diameters ranging from 50kbp to 1200kbp®*. In the
present investigation, three clusters of E. coli isolates
with 80% similarity were identified using a deep
dendrogram. Strains with 17 and 20 bands had the
most significant proportion, whereas those with 15
bands had the lowest rate.

Dolatyar et al. explored PFGE's effectiveness in
researching pathogen-produced extended-spectrum
beta-lactamase (ESBL) enzymes?® 40, Watabe and
colleagues employed PFGE-CHEF to conduct an
epidemiological investigation on E. coli O157: H7
isolates collected in Northern Ireland between 1997
and 2000, and the findings were compared to phage
typing analysis®. They observed that PFGE-CHEF
typing was more effective in distinguishing E. coli
0157 isolates than phage typing?°. Jones et al.
employed PFGE to determine the presence of E. coli
0157 and Salmonella isolates in an epidemic and
found that 20% of clusters were from the same
source*’. Xiaoli et al. in China investigated the
genotypic characteristics of multidrug-resistant UTIs
E. coli using PFGE. At an 85% cutoff value, 40 PFGE
types were identified in 51 MDR E. coli isolates.
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Given the substantial genetic variety among our MDR
isolates, there was a strong relationship between
antibiotic resistance patterns*2.

The resistance profile of resistance genes, which was
generated using PFGE patterns, was depicted in our
dendrogram in Table 2. The dendrogram analysis
revealed that most isolates in cluster A were non-ESBL
and pan-susceptible to all antimicrobials being used.
The most prevalent cluster, cluster B, was characterized
by TEM, CTX-M, or both resistance genes. The CTX-
M gene was present in the members of cluster C, which
exhibited resistance to ciprofloxacin and ceftriaxone.
The distribution of all virulence genes was consistent
across all clusters.

Itis evident from our data that the frequencies of ESBLSs
were highest in cluster B and lowest in cluster C.
Additionally, we discovered that a substantial number
of the isolates from phylogenetic cluster B contained
virulence genes. It seems that there is a correlation
between virulence and antimicrobial resistance.
Evidence displayed a high prevalence of MDR-
UPEC*. Additionally, it has been reported that E. coli
that form biofilms are more susceptible to nalidixic
acids than those that do not**. However, the mechanism
of the correlation between reduced virulence and drug
resistance remains obscure.

This study has several limitations. First, it was
conducted in a single hospital in Tehran, which may
limit the generalizability of the results to other
healthcare settings or geographic regions. Additionally,
clinical data such as the specific type of urinary tract
infection (e.g., cystitis, pyelonephritis) were limited.
Molecular typing was performed only using the PFGE
method, and whole-genome sequencing was not
applied, which could have provided deeper insights into
clonal relationships and resistance mechanisms.

Conclusion

Our findings indicated that UPEC isolates had a high
rate of resistance to antibiotics, which could potentially
pose a significant public health concern. Cluster B was
associated with a high level of drug resistance, while
Cluster A was correlated with a low level of drug
resistance. The information derived from the similarity
of the pulsotypes among isolates can assist physicians
in comprehending the antibiotic-resistant patterns of
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various isolates from various sources and making an
informed decision when prescribing antibiotic
medication.

Acknowledgment

None.

Funding

This study was financially supported by a research
grant from the Research Deputy of Shahid Beheshti
University of Medical Sciences, Tehran, Iran [Grant
No. 25525].

Conflict of interest

The authors further declare that they have no conflict
of interest.

References

1. Momtaz H, Karimian A, Madani M, Safarpoor Dehkordi F,
Ranjbar R, Sarshar M, et al. 2013, Uropathogenic Escherichia coli
in Iran: serogroup distributions, virulence factors and antimicrobial
resistance properties. Annals of clinical microbiology and
antimicrobials.12:8.

2. Johnson JR. Virulence factors in Escherichia coli urinary tract
infection. Clinical microbiology reviews 1991; 4(1):80-128.

3. Ponnusamy P, Nagappan R, editors. 2013. Extended Spectrum
Beta -Lactamase, Biofilm-producing Uropathogenic Pathogens
and Their Antibiotic Susceptibility Patterns from Urinary Tract
Infection- An Overview.

4. Rashedmarandi F, Rahnamayefarzami M, Saremi M, Sabouri R.
2008. A Survey On Urinary Pathogens and Their Antimicrobial
Susceptibility Among Patients with Significant Bacteriuria. Iranian
Journal of Pathology. 3(4):191-6.

5. Azami M, Jaafari Z, Masoumi M, Shohani M, Badfar G,
Mahmudi L, et al. 2019. The etiology and prevalence of urinary
tract infection and asymptomatic bacteriuria in pregnant women in
Iran: a systematic review and Meta-analysis. BMC urology.
19(1):43.

6. Totsika M, Moriel DG, Idris A, Rogers BA, Wurpel DJ, Phan
MD, et al. 2012. Uropathogenic Escherichia coli mediated urinary
tract infection. Current drug targets. 13(11):1386-99.

7. Raza S, Pandey S, Bhatt CP. 2011. Microbiological analysis of
isolates in Kathmandu Medical College Teaching Hospital,
Kathmandu, Nepal. Kathmandu University medical journal
(KUMJ). 9(36):295-7.

8. Kargar M, Zarei Y, Amini A, Ghasemi M. Detection of ESBL-
producing uropathogenic E. coli in Jiroft city, Iran. Jundishapur J
Microbiol. 2023;16(1):e132211. doi:10.5812/jjm-132211.

9. Nouri R, Rahbar M, Alizade H, Asadi A. Molecular detection of
ESBL genes in uropathogenic E. coli from northern Iran. Iran J
Microbiol. 2022;14(3):285-91.

NBM

Phylogenetic Groups and Antimicrobial Resistance among Uropathogenic Escherichia coli ...

10. Firoozeh F, Khorshidi A, Khazaei H. Antimicrobial resistance
and prevalence of ESBL genes in E. coli from UTI in Rafsanjan, Iran.
Jundishapur J Microbiol. 2021;14(6):e114273.
doi:10.5812/jjm.114273.

11. Basak S, Singh R, Rajurkar M. Global prevalence of ESBL-
producing Escherichia coli: a systematic review and meta-analysis. J
Glob Antimicrob Resist. 2024;29:151-9.

12. Peirano G, Pitout JD. 2010. Molecular epidemiology of
Escherichia coli producing CTX-M beta-lactamases: the worldwide
emergence of clone ST131 025:H4. International journal of
antimicrobial agents. 35(4):316-21.

13. Bashir S, Haque A, Sarwar Y, Ali A, Anwar MI. 2012. Virulence
profile of different phylogenetic groups of locally isolated
community acquired uropathogenic E. coli from Faisalabad region
of Pakistan. Annals of clinical microbiology and antimicrobials.
11:23.

14. Johnson JR, Russo TA. 2005. Molecular epidemiology of
extraintestinal  pathogenic (uropathogenic) Escherichia coli.
International journal of medical microbiology : IIMM.; 295(6-
7):383-404.

15.Wang Y, Zhao S, Han L, Guo X, Chen M, Ni Y, et al. 2014. Drug
resistance and virulence of uropathogenic Escherichia coli from
Shanghai, China. The Journal of antibiotics. 67(12):799-805.

16. Heidary M, Momtaz H, Madani M. 2014. Characterization of
Diarrheagenic Antimicrobial Resistant Escherichia coli Isolated
from Pediatric Patients in Tehran, Iran. Iranian Red Crescent medical
journal. 16(4):e12329.

17. http://www.Pulsenetinternational.org

18. Ranjbar R, Pezeshknejad P, Khamesipour F, Amini K, Kheiri R.
2017. Genomic fingerprints of Escherichia coli strains isolated from
surface water in Alborz province, Iran. BMC Research Notes.
10(1):295.

19. Raeispour M, Ranjbar R. 2018. Antibiotic resistance, virulence
factors and genotyping of Uropathogenic Escherichia coli strains.
Antimicrobial resistance and infection control. 7:118.

20. Sabat AJ, Budimir A, Nashev D, Sa-Ledo R, van Dijl J, Laurent
F, et al. 2013. Overview of molecular typing methods for outbreak
detection and epidemiological surveillance. Euro surveillance.
18(4):20380.

21.van Belkum A, Tassios PT, Dijkshoorn L, Haeggman S, Cookson
B, Fry NK, et al. 2007. Guidelines for the validation and application
of typing methods for use in bacterial epidemiology. Clinical
microbiology and infection: the official publication of the European
Society of Clinical Microbiology and Infectious Diseases. 13 Suppl
3:1-46.

22. Clinical and Laboratory Standards Institute. Performance
Standards for Antimicrobial Susceptibility Testing, 32nd edition.
CLSI supplement M100. Wayne, PA: CLSI; 2022.

23. Weinstein MP. 2019. Performance Standards for Antimicrobial
Susceptibility Testing. Thirtieth, editor: CLSI; 332 p.

24. Farshad S, Emamghorashi F. 2009. The prevalence of virulence
genes of E. coli strains isolated from children with urinary tract
infection. Saudi journal of kidney diseases and transplantation: an
official publication of the Saudi Center for Organ Transplantation,
Saudi Arabia. 20(4):613-7.

25. Barguigua A, El Otmani F, Talmi M, Bourjilat F, Haouzane F,
Zerouali K, et al. 2011. Characterization of extended-spectrum f3-

Novelty in Biomedicine 2025, 3, 135-43



Phylogenetic Groups and Antimicrobial Resistance among Uropathogenic Escherichia coli ...

lactamase-producing Escherichia coli and Klebsiella pneumoniae
isolates from the community in Morocco. Journal of medical
microbiology. 60(Pt 9):1344-52.

26. Dolatyar Dehkharghani A, Haghighat S, Rahnamaye-Farzami
M, Douraghi M, Rahbar M. 2021. Subtyping pB-lactamase-
producing Escherichia coli strains isolated from patients with UTI
by MLVA and PFGE methods. Iranian Journal of Basic Medical
Sciences. 24(4):437-43.

27. Ejrnaes K, Stegger M, Reisner A, Ferry S, Monsen T, Holm
SE, et al. Characteristics of Escherichia coli causing recurrent
urinary tract infections: genomic diversity and relation to strain
persistence and virulence gene content. Clin Microbiol Infect.
2006;12(1):78-86.

28. Dong H-J, Lee S, Kim W, An J-U, Kim J, Kim D, et al. 2017.
Prevalence, virulence potential, and pulsed-field gel
electrophoresis profiling of Shiga toxin-producing Escherichia coli
strains from cattle. Gut Pathogens. 9(1):22.

29. Hojabri Z, Ahmadi A, Gholami M, et al. High prevalence of
multidrug-resistant Escherichia coli in clinical samples from Iran.
Front Cell Infect Microbiol. 2023;13:1129417.

30. Antimicrobial Resistance Pattern of Escherichia coli Isolated
From Patients With Urinary Tract Infection in Tehran, Iran in 2021.
ResearchGate. 2023.

31. World Health Organization. GLASS Report: Global
Antimicrobial Resistance and Use Surveillance System. 2023.
Available from: https://www.who.int/glass

32. Hooton TM, Gupta K, James W, et al. Resistance patterns in
community-onset urinary tract infection: findings from the
EMBARK global surveillance program. Clin Infect Dis.
2021;72(5):836-44. doi:10.1093/cid/ciaal476.

33. Wang Y, Zhao S, Han L, Guo X, Chen M, Ni Y, et al. Drug
resistance and virulence of uropathogenic Escherichia coli from
Shanghai, China. J Antibiot. 2014;67:799-805.

34. Tarchouna M, Ferjani A, Ben-Selma W, Boukadida J. 2013.
Distribution of uropathogenic virulence genes in Escherichia coli
isolated from patients with urinary tract infection. International
journal of infectious diseases: IJID: official publication of the
International Society for Infectious Diseases. 17(6):e450-3.

35. Wiles TJ, Kulesus RR, Mulvey MA. 2008. Origins and
virulence mechanisms of uropathogenic Escherichia coli.
Experimental and molecular pathology. 85(1):11-9.

36. Watabe M, Hogg GM, Millar BC, Crothers L, Rooney PJ,

NBM

143

Talebi Farahani et al.

Loughrey A, et al. 2008. Epidemiological study of E. coli O157:H7
isolated in Northern Ireland using pulsed-field gel electrophoresis
(PFGE). The Ulster medical journal. 77(3):168-74.

37. Maluta RP, Borges CA, Beraldo LG, Cardozo MV, Voorwald
FA, Santana AM, et al. 2014. Frequencies of virulence genes and
pulse field gel electrophoresis fingerprints in Escherichia coli
isolates from canine pyometra. Veterinary journal (London,
England: 1997). 202(2):393-5.

38. Anvarinejad M, Farshad S, Ranjbar R, Giammanco GM, Alborzi
A, Japoni A. 2012. Genotypic Analysis of E. coli Strains Isolated
from Patients with Cystitis and Pyelonephritis. Iranian Red Crescent
medical journal. 14(7):408-16.

39. Ejrnaes K, Sandvang D, Lundgren B, Ferry S, Holm S, Monsen
T, et al. 2006. Pulsed-field gel electrophoresis typing of Escherichia
coli strains from samples collected before and after pivmecillinam or
placebo treatment of uncomplicated community-acquired urinary
tract infection in women. Journal of clinical microbiology.
44(5):1776-81.

40. Dolatyar Dehkharghani A, Haghighat S, Rahnamaye Farzami M,
Rahbar M, Douraghi M. 2021. Clonal Relationship and Resistance
Profiles Among ESBL-Producing Escherichia coli. Frontiers in
Cellular and Infection Microbiology. 11(499).

41. Jones TF, Sashti N, Ingram A, Phan Q, Booth H, Rounds J, et al.
2016. Characteristics of Clusters of Salmonella and Escherichia coli
0157 Detected by Pulsed-Field Gel Electrophoresis that Predict
Identification of Outbreaks. Foodborne pathogens and disease.
13(12):674-8.

42. Cao X, Zhang Z, Shen H, Ning M, Chen J, Wei H, et al. 2014.
Genotypic characteristics of multidrug-resistant Escherichia coli
isolates associated with urinary tract infections. APMIS: acta
pathologica, microbiologica, et immunologica Scandinavica.
122(11):1088-95.

43. Johnson JR, van der Schee C, Kuskowski MA, Goessens W, van
Belkum A. 2002. Phylogenetic Background and Virulence Profiles
of Fluorogquinolone-Resistant Clinical Escherichia coli Isolates from
The Netherlands. The Journal of Infectious Diseases. 186(12):1852-
6.

44, Soto SM, Smithson A, Martinez JA, Horcajada JP, Mensa J, Vila
J. 2007. Biofilm formation in uropathogenic Escherichia coli strains:
relationship with prostatitis, urovirulence factors and antimicrobial
resistance. The Journal of urology. 177(1):365-8.

Novelty in Biomedicine 2025, 3, 135-43



