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A B S T R A C T

The emergence of CTX-M-1 producing Uropathogenic Escherichia coli (UPEC) has become a serious challenge. In
addition to antimicrobial resistance, a number of virulence factors have been shown. Therefore, this study was
designed to determine the prevalence of O- serogroups, phylogenetic groups, exotoxin genes, and antimicrobial
resistance properties of CTX-M-1- producing UPEC. A total of 248 UPEC isolates were collected. The antibiotic
resistance was performed, and PCR was used to detect the blaCTX-M1, exotoxins, serogroups and phylogroups of
UPEC. Of 248 isolates, 95 (38.3%) harbored blaCTX-M-1. Of them, serogroups O1 and O25 were predominant,
accounting for 20% and 13.7%, respectively. The hlyA was the dominant exotoxin gene (32.6%), followed by sat
(28.4%), vat (22.1%), cnf (13.7%), picU (8.4%), and cdt (2.1%). The hlyA gene was significantly associated with
pyelonephritis (P= 0.003). Moreover, almost half of the isolates (45.4%) belonged to phylogenetic group B2.
Most of exotoxin genes were present in significantly higher proportions in group B2 isolates except cdt gene
(P < 0.05). All of the isolates were susceptible to imipenem, nitrofurantoin, and fosfomycin. The CTX-M-1-
producing UPEC strains causing nosocomial infections are more likely to harbor certain exotoxin genes, raising
the possibility that this increase in virulence genes may result in an increased risk of complicated UTI.

1. Introduction

Urinary tract infections (UTIs) encountered in clinical practice with
an estimated annual incidence of at least 150 million worldwide.
Uropathogenic Escherichia coli (UPEC) strains have associated with a
large portion of both hospital and community-acquired UTIs [1]. Un-
fortunately, the ability of UPEC to acquire multiple drug resistance,
particularly extended-spectrum β-lactamases (ESBLs), can hamper the
therapeutic management of infections [1]. Over the last decade, CTX-M
family has rapidly emerged and became the predominant ESBL type
globally. Based on CTX-M amino acid sequences, these enzymes have
classified into five major groups, including CTX-M-1, CTX-M-2, CTX-M-
8, CTX-M-9, and CTX-M-25/26 groups. Of these groups, CTX-M-1 is the
most prevalent one, which widely disseminated throughout the world
[2]. In Iran, the frequency of CTX-M1-producing UPEC has dramatically
increased over the past years [3,4].

Traditionally, E. coli clones including both pathogenic and com-
mensal ones identified by serological typing of their H (flagellar), O
(lipopolysaccharide), and, in some cases, K (capsular) surface antigens.
To date, more than 180 different serogroups have described for E. coli.

However, some O antigen types frequently represented in uropatho-
genic Escherichia coli (UPEC) clones, including O1, O2, O4, O6, O7, O8,
O16, O18, O25, and O75 [5]. Furthermore, previous studies showed
that some of this O- serogroups related to certain ESBL types and
virulence factors in UPEC clones [6,7].

Nowadays, it generally believed that UPEC has evolved from non-
pathogenic E. coli ancestors by an acquisition of new virulence traits
through horizontal gene transfer. UPEC possesses a diverse repertoire of
virulence factors, which facilitate their growth and persistence within
the adverse settings of the host urinary tract. In this respect, some po-
tential virulence factors have been shown to play an important role in
the pathogenesis of UPEC, including adhesins, hemolysins, side-
rophores, and toxins [8]. Production of toxins causes an inflammatory
response, a possible pathway for UTIs symptoms. For instance, α-hae-
molysin (HlyA), an RTX pore-forming exotoxin, has been associated
with most severe and symptomatic UTIs especially pyelonephritis. Si-
milar to HlyA, cytotoxic necrotizing factor 1 (CNF1) is involved in
kidney invasion and produced by one-third of all pyelonephritis-asso-
ciated strains [9]. SPATEs (Serine Protease Autotransporters of En-
terobacteriaceae) are another category of secreted proteins implicated
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in the virulence of UPEC. Three SPATE members in UPEC strains which
have received the greatest attention are Sat (serine protease auto-
transporter toxin), PicU (a homologe of mucinase in Shigella flexneri),
and Vat (vacuolating autotransporter toxin recently described for avian
pathogenic E. coli) [10].

To our knowledge, few studies reported the frequencies of O- ser-
ogroups, and exotoxins in CTX-M-1- producing UPEC strains in Iran.
Therefore, this study was proposed to determine the prevalence of O
serogroups, phylogenetic groups, exotoxin genes (i.e., hlyA, cnf1, sat,
vat, picU, and cdt), and antimicrobial resistance among CTX-M-1- pro-
ducing UPEC strains isolated from UTI patients in Tehran, Iran.

2. Materials and methods

2.1. Patients and bacterial strains

From March 2016 to January 2017, a total of 350 bacterial isolates
were collected from urine specimens of patients with hospital and
community- acquired UTI at a university hospital in Tehran, Iran.

Out of 350 bacterial isolates, 248 (70.8%) were E. coli. The E. coli
isolates were obtained from patients of both genders (60% female vs.
40% male) aged between 12 and 76 years, with a mean age of
48.5 ± 23.5 years. All of the mentioned E. coli isolates were identified
using standard biochemical and routine laboratory tests including Gram
staining, oxidase test, indole production, H2S production, carbohydrate

utilization on TSI agar, MRVP reaction, urease production, etc. UTI was
defined as the presence of a positive urine culture (≥105 colony
forming units/ml) and pyuria (≥104 leukocytes/ml of urine). Cystitis
(inflammation of the bladder) describes the syndrome involving dys-
uria, frequency, urgency, and occasionally suprapubic tenderness.
Pyelonephritis(inflammation of renal parenchyma) caused by bacterial
invasion of a kidney. The symptoms of this clinical syndrome are chills
and fever, flank pain and constitutional [11]

2.2. Detection of blaCTX-M-1 by polymerase chain reaction

Genomic DNA was prepared using a boiling lysis method. For this
purpose, several colonies of the pure isolate were suspended in 500 μL
of distilled water and heated at 100 °C for 15min. Then, it was cen-
trifuged at 6000 g for 8min. The supernatant was used as the template
DNA. ESBL- producing UPEC isolates were screened for blaCTX-M-1 gene
by PCR, as previously described [11]. The PCR products were analyzed
on 1% agarose gels stained with gel red (Pishgam Biotech Company,
Iran).

2.3. Antimicrobial susceptibility testing

The antibiotic resistance patterns of the CTX-M1- producing UPEC
isolates were determined by Kirby-Bauer disc- diffusion method on
Mueller-Hinton agar plates, and the results were interpreted according

Table 1
PCR and Annealing Temperatures Used for the Various Genes.

Target gene Sequence (5’ to 3’) Amplicon Size, bp Optimal annealing temperature (°C) Reference

hlyA F: GCATCATCAAGCGTACGTTCC
R: AATGAGCCAAGCTGGTTAAGCT

534 60 Paton, and Paton, 1998

cnf F: AAGATGGAGTTTCCTATGCAGGAG
R: CATTCAGAGTCCTGCCCTCATTAT

498 52 Yamamoto et al., 1995

sat F: TATCACGCAATGCCAATGTT
R: GACCCGGCGTTACAGTTTTA

393 58 Idress et al., 2010

vat F: AACGGTTGGTGGCAACAATCC
R: AGCCCTGTAGAATGGCGAGTA

420 58 Restieri et al., 2007

picU F: ACTGGATCTTAAGGCTCAGGAT
R: GACTTAATGTCACTGTTCAGCG

572 58 Restieri et al., 2007

cdt F: AAATCACCAAGAATCATCCAGTTA
R: AAATCTCCTGCAATCATCCAGTTTA

430 60 Chen and Griffiths, 1998

chuA F: GACGAACCAACGGTCAGGAT
R: TGCCGCCAGTACCAAAGACA

279 55 Clermont et al., 2000

yjaA F: TGAAGTGTCAGGAGACGCTG
R: ATGGAGAATGCGTTCCTCAAC

211 55 Clermont et al., 2000

TspE4.C2 F: GAGTAATGTCGGGGCATTCA
R: CGCGCCAACAAAGTATTACG

152 55 Clermont et al., 2000

rfbO1 F: ATACCGACGACGCCGATCTG
R: CCAGAAATACACTTGGAGAC

189 59 Clermont et al., 2007

rfbO2 F: ATACCGACGACGCCGATCTG
R: GTGACTATTTCGTTACAAGC

274 59 Clermont et al., 2007

rfbO18 F: ATACCGACGACGCCGATCTG
R: GAAGATGGCTATAATGGTTG

360 59 Clermont et al., 2007

rfbO16 F: ATACCGACGACGCCGATCTG
R: GGATCATTTATGCTGGTACG

450 59 Clermont et al., 2007

rfbO6 F: ATACCGACGACGCCGATCTG
R: AAATGAGCGCCCACCATTAC

584 59 Clermont et al., 2007

rfbO7 F: ATACCGACGACGCCGATCTG
R: CGAAGATCATCCACGATCCG

722 59 Clermont et al., 2007

rfbO4 F: ATACCGACGACGCCGATCTG
R: AGGGGCCATTTGACCCACTC

193 67 Clermont et al., 2007

rfbO12 F: ATACCGACGACGCCGATCTG
R: GTGTCAAATGCCTGTCACCG

239 59 Clermont et al., 2007

rfbO25 F: ATACCGACGACGCCGATCTG
R: GAGATCCAAAAACAGTTTGTG

313 59 Clermont et al., 2007

rfbO75 F: ATACCGACGACGCCGATCTG
R: GTAATAATGCTTGCGAAACC

419 58 Clermont et al., 2007

rfbO15 F: ATACCGACGACGCCGATCTG
R: TGATAATGACCAACTCGACG

536 59 Clermont et al., 2007

rfbO157 F: ATACCGACGACGCCGATCTG
R: TACGACAGAGAGTGTCTGAG

672 59 Clermont et al., 2007
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to Clinical and Laboratory Standard Institute (CLSI) guidelines [12].
The antimicrobial agents (MAST, Co., United Kingdom) tested in this
study included ampicillin (10 μg), amoxicillin-clavulanic acid (20/
10 μg), cefazolin (30 μg), cefotaxime (30 μg), cefotaxime (30 μg), ci-
profloxacin (5 μg), co-trimoxazole (25 μg), fosfomycin (50 μg), genta-
micin (10 μg), imipenem (10 μg), and nitrofurantoin (100 μg).

2.4. Serogrouping

All of the CTX-M1- producing UPEC isolates were subjected to
monoplex PCR assays for detection of O1, O2, O4, O6, O7, O12, O15,
O16, O18, O25, O75, and O157 serogroups using a universal forward
gndbis.f primer and O-specific reverse primers [13].

2.5. Detection of exotoxin genes

PCR assays were performed for all of the CTX-M1- producing UPEC
isolates to reveal the frequencies of exotoxin genes including hlyA, cnf1,
sat, vat, picU, and cdt. Primer sequences predicted sizes of the PCR
products, and specific annealing temperatures are shown in Table 1.

2.6. Phylogenetic grouping

For determination of major UPEC phylogenetic group (A, B1, B2,
and D), the chuA and yjaA genes and TspE4.C2 fragments of DNA were
examined by triplex PCR assay [14]. The UPEC isolates were assigned
to the clonal groups A (chuA−, TspE4.C2−), B1 (chuA−, TspE4.C2+),
B2 (chuA+, yjaA+) or D (chuA+, yjaA−).

2.7. Multi-locus sequence typing

In order to perform this technique, seven genes were firstly ampli-
fied by PCR method and then sent to the sequencing, and the sequen-
cing results were analyzed. The primers used and the conditions for
performing PCR were located on the MLST site of E. coli (http://
enterobase.warwick.ac.uk/species/ecoli/allele_st_search). The phylo-
genetic relationship between isolates was investigated by UPGMA on-
line algorithm.

In this method, the isolates of serotype O1, being the predominant
serotypes, were identified by housekeeping genes, including adk, fumC,
gyrB, icd, mdh, purA and recA and their sequence types (ST) and related
clones were identified [15].

2.8. Statistical analysis

Chi-square and ANOVA tests were performed to examine the sig-
nificance of the association between different variables such as the
presence of the exotoxin genes, phylogenetic groups, O-serogroups, etc.
A p-value less than 0.05 was considered statistically significant.

3. Results

3.1. Prevalence of blaCTX-M-1 among UPEC isolates

In this study, a total of 248 UPEC isolates were recovered, com-
prising 130 isolates from inpatients and 70 isolates from outpatients.
Among them 213 patients suffered from cystitis, while 35 afflicted by
pyelonephritis. PCR assays revealed that out of 248 UPEC isolates, 95
isolates carried blaCTX-M-1 gene. Of 95 CTX-M1- producing UPEC iso-
lates, 74 isolates (77.9%) were obtained from hospitalized patients. The
majority of CTX-M1- producing UPEC isolates (n= 75) belonged to
patients with cystitis, whereas 20 isolates have been recovered from
patients with pyelonephritis.

3.2. Antibiotic susceptibilities of CTX-M1-producing UPEC

All of the CTX-M1-producing UPEC isolates (100%) were resistant to
cefotaxime, amoxicillin, and cefazolin. Resistance to ceftazidime was
observed in 93 isolates (97.9%), followed by co-trimoxazole (n= 81,
85.3%), tetracycline (n=76, 80%), ciprofloxacin (n= 69, 72.6%), and
gentamicin (n= 23, 24.2%), and amoxicillin-clavulanic acid (n=5,
5.3%). Fortunately, no resistance against imipenem, nitrofurantoin, and
fosfomycin was observed among the isolates.

3.3. Serogroups of the CTX-M1-producing UPEC

Among 95 CTX-M-1-producing UPEC isolates tested, serogroups O1,
O25, and O75 were the most prevalent, accounting for 20%, 13.7%, and
12.6%, respectively. However, 11.6% of the isolates were not typeable
with the PCR method based on O-antigen-specific genes. Also, ser-
ogroup O157 was not found in tested strains. The distribution of O-
serogroups among CTX-M-1-producing UPEC isolates causing cystitis
and pyelonephritis was depicted in Fig. 1.

3.4. Prevalence of exotoxin genes among CTX-M1-producing UPEC

Regarding exotoxin genes, hlyA was the most prevalent gene
(n= 31, 32.6%), followed by sat (n= 27, 28.4%), vat (n= 21, 22.1%),
cnf (n= 13, 13.7%), picU (n= 8, 8.4%), and cdt (n= 2, 2.1%). A sta-
tistically significant association was observed only between the pre-
sence of hlyA gene and pyelonephritis (P= 0.003). Of 95 isolates, 63
(66.3%) harbored at least one exotoxin gene, while the rest (n=32) did
not carry any exotoxin genes. Also, 18 exotoxin profiles (EPs) were
defined by a different combination of exotoxin genes. EP1, EP2, EP6,
and EP7 were only observed in UPEC isolates recovered from patients
with pyelonephritis (Table 2). The distribution of virulence genes
among O- serogroups was also shown in Table 3.

3.5. Phylogenetic typing of the CTX-M1-producing UPEC

The CTX-M-1-producing UPEC isolates belonged to phylogenetic
group B2 (n= 45, 45.4%), with the other isolates belonging to phylo-
genetic group B1 (n=16, 16.8%), D (n= 24, 25.3%), and A (n= 10,
10.5%). Distribution of phylogenetic groups in CTX-M-1-producing
UPEC isolates based on exotoxin genes was also shown in Fig. 2.
However, chi-square analysis indicated that phylogenetic group dis-
tribution did not differ significantly between exotoxin positive (n=63)
and exotoxin negative (n=32) isolates (P= 0.122), as shown in
Table 4.

3.6. Genotyping using the MLST technique

Following the genotyping of the serotypes O1 of CTX-M1 beta-lac-
tamase-producing UPEC and the results of the analysis after sequencing
of the Housekeeping genes and sending samples for sequencing, ac-
cording to the Warwick site and automatically and automatically

Fig. 1. Distribution of different O- serogroups among CTX-M-1-producing UPEC
isolates causing cystitis and pyelonephritis.
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provided genotyping results. The ST648 was predominant and the ST10
was lowest rate.

4. Discussion

UPEC strains participate as the dominant agents of both community
and hospital- acquired UTIs. Over the past decades, researchers wit-
nessed the spread of antimicrobial resistance worldwide, which is
hampering the therapeutic management of UTIs [16,17]. Initially, re-
sistance was limited to a low number of antibiotics, such as trimetho-
prim or ampicillin. However, overuse of broad-spectrum antibiotics,
such as third-generation cephalosporins, greatly hastened the appear-
ance, in particular, of ESBLs. During the last decade, CTX-M family has
gradually replaced the classical TEM and SHV- type ESBLs in many
regions throughout the world. Amongst the CTX-M family, the CTX-M-1
is still by far the most important group worldwide [18,19]. Our results
revealed that the frequency of blaCTX-M-1 in UPEC isolates was 38.3%,
which is higher than those of other studies from Columbia, Cambodia,
and Pakistan [20–22]. In Iran, recent studies showed that the fre-
quencies of blaCTX-M1 among UPEC isolates ranged between 20.5% and
74% [23,24]. On the other hand, the blaCTX-M genes usually associated
with resistance to other antibiotics especially aminoglycosides, quino-
lones, and sulfonamides. Not surprisingly, co-resistance to these anti-
biotic agents has frequently observed in our strains, which is almost
similar to the findings of some previous studies [20,21,23–25]. In this
context, carbapenems such as imipenem and fosfomycin still represent
a good choice when therapy is needed for serious infections [26].

Although serogrouping is a valuable typing method for pathogenic
E. coli isolates in epidemiological investigations, it is labor-intensive,
time-consuming, and expensive for the analysis of large numbers of
specimens. Also, cross-reactions between different O- serogroups

usually occur giving equivocal results. Recently, several PCR assays
based on O-antigen-specific genes have been developed for the identi-
fication of E. coli serogroups [27]. In this study, the highest distribution
of serogroups was exhibited for O1 (20%), O25 (13.7%), and O75
(12.6%) among CTX-M1- producing UPEC isolates. Abe et al. showed
that O6 (19.5%), O2 (7.1%), and O15 (5.8%) were the major O- ser-
ogroups among UPEC isolates in Brazil [28], whereas another study
from India reported O6 (33.3%), O1 (15.1%), and O15 (15.1%) as the
most common O-serogroups [7]. In a very recent study from our
country, Tajbakhsh et al. demonstrated that O25, (27.7%), O15
(20.8%), and O6 (12.3%) were the most prevalent O- serogroups among
E. coli isolated from UTI patients [29]. Similarly, Momtaz et al. showed
that O25 (26%), O15 (21.1%), and O16 (10.6%) had the highest dis-
tributions among UPEC isolates, which is somewhat different from
those of our study [30]. In general, O-serogroups can vary depending on
the type of infection, region, or even different settings (hospital or
community). Among O-serogroups in pyelonephritis, the distribution of
O25 (p= 0.037) and O1 (p=0.041) was significantly higher than
other serogroups, followed by O18, O75, O4, O15, O16, O12, O2, O6,
and O7.

Exotoxins have demonstrated to mediate invasion, dissemination,
and persistence of E. coli in host cells. HlyA is required for the initial
invasion of E. coli through the epithelial barrier, while CNF facilitates
the spread and persistence of E. coli in the urinary tract [31]. In this
study, the existence of hlyA (p= 0.017) was significantly associated
with pyelonephritis, while sat (p= 0.034) was significantly associated
with cystitis. Our study outlined a lower frequency of hlyA (32.6%) and,
cnf (13.7%) genes among UPEC isolates in comparison with other
previous studies in Iran [6]. Cytolethal distending toxin (CDT) was
firstly identified from E. coli among children with diarrhea [32]. There
is, however, scant information on the prevalence of this gene among
Extra-intestinal pathogenic E. coli (ExPEC). In the current study, our
results showed that the occurrence of cdt among CTX-M-1-producing
UPEC isolates was rare (2.1%), which corroborates the findings of
previous studies [28,33]. As for SPATEs, the sat, vat, and picU genes
were present in 28.4%, 22.1%, and 8.4% of the UPEC isolates, respec-
tively. To our knowledge, only a few studies have carried out to in-
vestigate the prevalence of SPATEs among E. coli isolated from patients
with UTI. For instance, in a survey conducted by Abe et al., 13.8% of
UPEC isolates harbored picU gene, which is lower than that of our study
[28]. However, Momtaz et al. did not detect vat gene among UPEC
strains in Iran [30]. By contrast, another report from our country in-
dicated that the frequencies of sat and vat genes were 75% and 36% in
UPEC isolates, respectively [34]. In our study, of six exotoxin genes
studied in CTX-M-1-producing UPEC isolates, only the presence of hlyA
gene was significantly associated with pyelonephritis (P= 0.003),
which is in accordance with the findings of some previous studies from
our country [35,36]. However, further studies with larger sample sizes
are needed to clarify the role of different virulence genes in ESBL-
producing E. coli isolates.

The ExPEC strains primary belong to phylogenetic groups B2 and, to
a lesser extent, group D, whereas commensal E. coli isolates mainly
belong to groups A and B1 [37]. The higher percentage of the

Table 2
Exotoxin profiles of CTX-M-1- producing UPEC isolates harboring at least one
exotoxin gene (n= 63).

Exotoxin gene
(s)

Exotoxin
profile

Pyelonephritis No. Cystitis No. Total No.
(%)

cnf-vat-sat-picU EP1 1 0 1 (1.6)
cnf-vat-sat EP2 1 0 1 (1.6)
cnf-sat-hlyA EP3 1 1 2 (3.1)
vat-sat-hlyA EP4 1 1 2 (3.1)
cdt-vat EP5 0 1 1 (1.6)
cnf-vat EP6 1 0 1 (1.6)
cnf-sat EP7 1 0 1 (1.6)
cnf-hlyA EP8 0 3 3 (4.7)
vat-sat EP9 3 1 4 (6.2)
vat-hlyA EP10 0 3 3 (4.7)
vat-picU EP11 0 3 3 (4.7)
sat-hlyA EP12 0 9 9 (14.1)
cdt EP13 0 1 1 (1.6)
cnf EP14 0 4 4 (6.2)
vat EP15 0 5 5 (7.8)
sat EP16 0 7 7 (10.9)
hlyA EP17 10 1 11 (18.7)
picU EP18 1 3 4 (6.2)

Table 3
Distribution of exotoxin genes among different O- serogroups of CTX-M-1-producing UPEC isolates.

O-serogroups, No. (%)

O1 O2 O4 O6 O7 O12 O15 O16 O18 O25 O75 NT Total

Exotoxin genes cdt 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100)
cnf 3 (23.1) 0 (0) 0 (0) 1 (7.7) 0 (0) 0 (0) 0 (0) 1 (7.7) 0 (0) 3 (23.1) 5 (38.5) 0 (0) 13 (100)
vat 5 (23.8) 7 (33.3) 0 (0) 1 (4.8) 2 (9.5) 0 (0) 2 (9.5) 0 (0) 1 (4.8) 0 (0) 3 (14.3) 0 (0) 21 (100)
sat 6 (22.2) 2 (7.4) 0 (0) 1 (3.7) 1 (3.7) 2 (7.4) 2 (7.4) 0 (0) 2 (7.4) 6 (22.2) 3 (11.1) 2 (7.4) 27 (100)
hlyA 7 (22.6) 2 (6.5) 5 (16.1) 0 (0) 1 (3.2) 2 (6.5) 1 (3.2) 1 (3.2) 3 (9.7) 6 (19.4) 1 (3.2) 2 (6.5) 31 (100)
picU 1 (12.5) 2 (25) 0 (0) 1 (12.5) 0 (0) 0 (0) 1 (12.5) 0 (0) 1 (12.5) 0 (0) 0 (0) 2 (25) 8 (100)
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phylogenetic group B2 in our UPEC strains is in agreement with that
observed in previous studies by other researchers [21,31,38]. Also, in
the current study, most of exotoxin genes were present in significantly
higher proportions in phylogenetic group B2 isolates except cdt gene
(P < 0.05). Our results showed that the presence of exotoxins was
considerably higher in the B2 phylogroup, followed by D, B1 and A
phylogroups (table4). However, no obvious link found between phy-
logenetic groups and most of the O- serogroups in our isolates. How-
ever, the majority of O25 strains belonged to phylogenetic group B2.
Moreover, O1 serogroup was mostly detected in B2 phylogroup
(p=0.033), followed by D, B1 and A phylogroups. E. coli sequence type
131 (ST131) serotype O25:H4 (B2 phylogroup), which is known as the
highly virulent and antimicrobial resistant group worldwide, belongs to
ExPEC. It is notable that ST648 was the predominant ST among strains
with O1 serogroup and there was a significant relation between this ST
and nitrofurantoin resistance. According to our recent previous results,
this clone existed among the UPEC isolates as observed by sequencing
results [39].

The identification of E. coli STs and lineages using MLST (multi-
locus sequence typing) and predominant phylogroup will helpful for
epidemiological studies.

5. Conclusion

In summary, CTX-M1-producing E. coli causing UTI is a growing
problem and is spreading in Tehran according to this study. This report
the first to provide information on the prevalence of O -serogroups,
exotoxin genes, and antibiotic susceptibility patterns in UPEC isolates
harboring blaCTX-M-1. We also found that UPEC causing inpatient in-
fections are more likely to carry exotoxin genes, raising the possibility
that this increase in virulence properties may result in an increased risk
of complicated UTI. Further studies will be necessary to survey the
presence of other UPEC virulence factors responsible for UTI and to
determine the physiopathology of this infection to consider possible
prevention measures.
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