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The emergence of Escherichia coli sequence type 131 (ST131) as a multidrug-resistant and virulent pathogen
represents a major challenge to public health globally. Recently, the O25b/ST131 E. coli producing CTX-M-15
with high virulence potential has been reported worldwide, but has received little attention in Iran. This study is
the first in Iran to specifically determine the spread of the O25b/ST131 clone producing CTX-M-15 among
E. coli isolates belonging to the B2 phylogenetic group. ST131 clone in phylogenetic group B2 was detected
based on PCR detection of ST131-specific single-nucleotide polymorphisms in mdh and gyrB. O25b/ST131
E. coli clone was confirmed utilizing O25b/ST131 clone allele-specific PCR for the pabB gene. All group B2
E. coli isolates were characterized based on antibiotic susceptibility, extended-spectrum b-lactamase (ESBL)
enzymes, and virulence traits. Our results demonstrated that 38 out of the 154 B2 group isolates (24.7%) were
identified as belonging to the ST131 clone. Furthermore, of these, 28 isolates (73.6%) were detected as O25b/
ST131 clone. Antibiotic resistance of ST131 E. coli isolates to ciprofloxacin, gentamicin, cefotaxime, and az-
treonam was significantly higher than non-ST131 isolates. Almost all of the O25b/ST131 isolates with the ability
for ESBL production were reported as CTX-M-15 producing (95.5%). Our results showed that the most prevalent
virulence trait in ST131 clone was ompT (94.7%). This study is the first to report the prevalence of the CTX-M-
15-producing O25b/ST131 E. coli in Iran. Our findings reinforce the surveillance of dissemination of ST131
E. coli clone as a major drug-resistant pathogen and an important new public health threat.
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Introduction

Escherichia coli is a major component of the human
intestinal flora and certain strains can cause a wide

spectrum of intestinal and extraintestinal diseases both in the
community and healthcare settings.1 Human extraintestinal
E. coli diseases are important causes of morbidity, mortality,
and contribute to increased healthcare costs. Management of
the infections is complicated by the increasing prevalence
and spectrum of antibiotic resistance.2,3

E. coli sequence type 131 (ST131) is the predominant
extraintestinal pathogenic E. coli that recently emerged as a
global epidemic and multidrug-resistant clone. E. coli ST131
clone belongs to the highly virulent phylogenetic group B2
and its strains are mostly of serotype O25:H4, with a specific
O25 type, O25b. In 2008, E. coli O25b/ST131 was identified
in three continents.4–6 Emergence of high rates of antimi-

crobial resistance in E. coli ST131 has become a public
health issue because of the limited therapeutic options for
management of infections caused by this pathogen.7,8 Of
particular concern is the increasing emergence of extended-
spectrum b-lactamase (ESBL)-producing E coli. The ST131
clone is strongly associated with ESBLs, predominantly the
CTX-M-15 type.9,10 In addition, E. coli ST131 clone oc-
curred in both inpatients and outpatients globally, which
represents its widespread dissemination. So, today, E. coli
ST131 is a pathogen of significant clinical concern.11,12

Given the ability to withstand antimicrobial treatment,
possession of high numbers of virulence factors and wide-
spread dissemination, the E. coli ST131 clone posed a sig-
nificant threat to human health. This study aims to evaluate
the prevalence of E. coli O25b/ST131 clone producing
CTX-M-15 in extraintestinal infections among inpatients
and outpatients.
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Materials and Methods

Bacterial isolates

The study was carried out with a total of 384 nonduplicate
clinical E. coli isolates obtained from outpatients and inpa-
tients hospitalized at Imam Reza Hospital, Birjand University
of Medical Sciences. The clinical samples contained urine,
wound swab, blood, and sputum. These samples were collected
over a period of 12 months from September 2012 to September
2013. The E. coli isolates were identified utilizing conventional
microbiological methods and biochemical testing.

Phylogenetic group analysis and detection
of virulence determinants

For determination of major E. coli phylogenetic group (A,
B1, B2, and D), the chuA and yjaA genes and TspE4.C2
fragments of DNA were examined by triplex PCR assay.13

In addition, all B2 group isolates were screened for three
genes encoding putative virulence factors (cnf1, ompT, and
iha) by PCR with primers as previously described.14

O25b/ST131 screening

ST131 clone in phylogenetic group B2 was detected on the
basis of PCR detection of ST131-specific single-nucleotide
polymorphisms (SNPs) in mdh and gyrB.15 The PCR was
carried out in the total volume of 20 ml (10ml of 2· Hot Star
Taq Master Mix, 1 ml of the DNA template, 1 ml of each
primer [20 pmol], and 7 ml of ddH2O) utilizing the Hot Star
Taq Master Mix kit (SinaClon). DNA amplification was
carried out in a thermocycler (Eppendorf) with an initial

denaturation step at 95�C for 10 min, 35 amplification cycles
each with 30 sec at 95�C; 30 sec at different temperatures for
the various genes (Table 1); and 50 sec at 72�C, followed by
an additional extension step of 7 min at 72�C. The amplified
products were electrophoresed on 1% gel agarose containing
1· GelRed DNA stain (Biotium, Inc.). Moreover, in this
study, detection of O25b/ST131 clone was confirmed by PCR
using primers O25pabBspe described by Clermont et al.16

Antibiotic susceptibility testing

The antibiotic resistance profile of all group B2 isolates
was determined by the Kirby-Bauer disk diffusion method,
and the results were interpreted according to Clinical and
Laboratory Standards Institute (CLSI) guidelines.17 The an-
timicrobial agents (MAST Co.) tested in this study included
Amikacin (30mg), Amoxicillin–Clavulanic Acid (20/10 mg),
Aztreonam (30 mg), Cefepime (30 mg), Ceftazidime (30mg),
Cefotaxime (30mg), Ciprofloxacin (5mg), Gentamicin (10mg),
Imipenem (10 mg), Meropenem (10mg), Tetracycline (30mg),
Trimethoprim–Sulfamethoxazole (1.25/23.75 mg). E. coli
ATCC 25922 was utilized as a standard strain.

ESBL screening test

ESBL production was detected utilizing combination disc
test method based on CLSI recommendations.17 Briefly,
phenotypic confirmatory test was performed by comparing
the inhibition zone of disks containing cefotaxime and
ceftazidime with and without clavulanic acid. Zones of in-
hibition were measured after overnight incubation at 37�C.
An increase in the inhibition zone diameter of ‡5 mm for a

Table 1. Polymerase Chain Reaction Primers and Annealing Temperatures Used for the Various Genes

Primer Sequence (5¢-3¢) Products sizes (bp) Annealing (�C)

blaTEM Fw- AGATTTCATCTTTGATTCTTGG 868 45
Rv- AATTGATTCTTTAGCATCTGG

blaSHV Fw- CCAGCCAACTATGGCGGAATC 822 53
Rv- CCTGTCGCAAGATCGACTGTA

blaCTX-M Fw- ATGTGCAGCACCAGTAAAGT 542 53
Rv- ACCGCGATATCGTTGGTGG

blaCTX-M-15 Fw- AAAAATGATTCGGCTCCAGAA 483 54
Rv- TGCCAGATTCGCTCTCAAAG

Mdh Fw- GTTTAACGTTAACGCCGGT 275 65
Rv- GGTAACACCAGAGTGACCA

gyrB Fw- CGCGATAAGCGCGAC 132 65
Rv- ACCGTCTTTTTCGGTGGAA

O25pabBspe Fw- TCCAGCAGGTGCTGGATCGT 347 56
Rv- GCGAAATTTTTCGCCGTACTGT

Table 2. Prevalence of ST131 Clone in B2 Group Escherichia coli Isolates

Among Outpatients and Inpatients

Patients

E. coli phylogenetic group B2 (n = 154) E. coli ST131 (n = 38)

p-Value*Non-ST131 (%) ST131 (%) Non-O25b (%) O25b (%)

Inpatients 4 (44.4) 5 (55.6) 1 (20) 4 (80) 0.024
Outpatients 112 (77.2) 33 (22.8) 9 (27.3) 24 (72.7)

*p-Values (ST131 vs. non-ST131), by Fisher’s exact test.
ST131, sequence type 131.
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combination disc versus ceftazidime disc alone confirmed
ESBL production. E. coli ATCC 25922 (Negative control)
and Klebsiella pneumoniae ATCC 700603 (Positive control)
were utilized as reference strains.

Identification of bla genes

In this study, the blaTEM, blaSHV, blaCTX-M, and blaCTX-M-15

genes responsible for the ESBL activity in the B2 group ESBL-
producing isolates were detected employing PCR and primers
described in Table 1. The PCR was performed on the final
volume of 20ml using HotStar Taq Master Mix kit (SinaClon)
containing 10ml of 2· HotStar Taq Master Mix, 1ml of the
DNA template, 1ml of each primer (20 pmol), and 7ml of
ddH2O. DNA amplification was conducted in a thermocycler
(Eppendorf) with an initial denaturation step at 95�C for 5 min,
35 amplification cycles each with 1 min at 95�C; 30 sec at
different temperatures for different genes (Table 1); and 50 sec
at 72�C, followed by an additional extension step of 10 min at
72�C. The amplified products were electrophoresed on 1%
agarose gel containing 1 · GelRed DNA stain (Biotium, Inc.).

Statistical analysis

Comparisons of proportions were analyzed using the
Fisher’s exact test in SPSS v.21 software. The level of
statistical significance was set at p < 0.05.

Results

Source of isolates and phylogenetic group analysis

In this study, a total of 384 E. coli isolates were isolated
from urine (97.3%), wound (1.6%), blood (0.3%), and
sputum (0.8%) samples and these isolates were obtained
from outpatients (94%) and inpatients (6%). Our analysis
revealed that the most prevalent phylogenetic group among
E. coli isolates was B2 (154 isolates, 40.1%), followed by
group D (149 isolates, 38.8%), group A (75 isolates, 19.5%),
and group B1 (six isolates, 1.6%).

Prevalence of the O25b/ST131 clone

In our study, 154 E. coli isolates belonging to group B2
were analyzed for detection of ST131 clone. The results
demonstrated that 38 out of 154 isolates of group B2
(24.7%) were identified as belonging to the ST131 clone

FIG. 1. Distribution of ST131 and O25b/ST131 clone
among 154 B2 group Escherichia coli isolates.

FIG. 2. Antimicrobial
resistance pattern of
154 ST131 and non-ST131
E. coli isolates.

Table 3. Phylogenetic and Clonal Grouping

of Extended-Spectrum b-Lactamase-Producing

E. coli Isolates

Phylogenetic/clonal group
ESBL

positive (%)
ESBL

negative (%)

Group A (n = 75) 19 (25.3) 56 (74.7)
Group B1 (n = 6) 1 (16.6) 5 (83.4)
Group B2 (n = 154) 56 (36.4) 98 (63.6)
Group D (n = 149) 45 (30.2) 104 (69.8)
ST131 (n = 38) 25 (65.7) 13 (34.3)
O25b/ST131 (n = 28) 22 (78.5) 6 (21.5)

ESBL, extended-spectrum b-lactamase.
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using PCR-based assay for specific SNPs in mdh and gyrB
genes. Prevalence of ST131 clone among outpatients and
inpatients was reported as 22.8% and 55.6%, respectively ( p
value = 0.024) (Table 2). In addition, the O25b/ST131 clone
was identified by PCR using primers O25pabBspe. Ac-
cordingly, of the 38 ST131 strains, 28 strains (73.6%) were
detected as the O25b/ST131 clone (Fig. 1).

Antibiotic susceptibility testing

Antimicrobial resistance pattern was studied in 154
ST131 and non-ST131 E. coli isolates belonging to group
B2 (Fig. 2). High resistance in ST131 E. coli isolates was
reported to ciprofloxacin, trimethoprim–sulfamethoxazole,
cefotaxime, and tetracycline (77.8%, 71.1%, 67.6%, and
58.3%, respectively). Moreover, resistance to these antibi-
otics (84.6%, 75%, 79.2%, and 57.9%, respectively) was
most prevalent in O25b/ST131 isolates. It is noteworthy that
both tetracycline and trimethoprim/sulfamethoxazole resis-
tances were highly prevalent in both ST131 and non-ST131
isolates. Statistical analysis using Pearson’s chi-Square test
showed that antibiotic resistance of ST131 E. coli isolates to
ciprofloxacin ( p = 0.0000), gentamicin ( p = 0.001), cefo-
taxime ( p = 0.007), and aztreonam ( p = 0.04) was signifi-
cantly higher than non-ST131 E. coli isolates.

Distribution of ESBL enzymes

ESBL production and the blaTEM, blaSHV, blaCTX-M, and
blaCTX-M-15 genes responsible for the ESBL activity were
evaluated in the B2 group E. coli isolates. In our study, 56
(46.3%) E. coli isolates belonging to group B2 had the
ability of ESBL production. The prevalence of ESBL-
producing strains among ST131 and non-ST131 isolates was
reported for 65.7% and 26.7%, respectively. In addition, of
the 28 total O25b/ST131 isolates, 22 isolates (78.5%) pro-
duced ESBL enzymes (Table 3). The results revealed that
from the 25 ST131 ESBL-producing E. coli isolates, 17

(68%) were positive for blaTEM, 8 (32%) for blaSHV, 24
(96%) for blaCTX-M variants, and 22 (88%) for blaCTX-M-15.
The blaTEM, blaSHV, blaCTX-M variants, and blaCTX-M-15

genes were detected in 35.5%, 38.7%, 64.5%, and 54.8% of
non-ST131 ESBL-producing E. coli isolates, respectively.
Moreover, almost all of the O25b/ST131 isolates with the
ability for ESBL production were reported as CTX-M-15
producing (95.5%). Statistical analysis indicated that com-
pared with non-ST131 isolates, ESBL-producing ST131
isolates were associated positively with CTX-M-15
( p = 0.007), CTX-M variants ( p = 0.004), and TEM
( p = 0.015) (Table 4).

Prevalence of virulence determinants

In this study, three virulence genes, including cnf1
(Cytotoxic necrotizing factor), iha (adhesin-siderophore),
and ompT (outer membrane protease T), were studied in 154
ST131 and non-ST131 E. coli isolates belonging to group
B2. Our results showed that the most prevalent virulence
trait in ST131 E. coli isolates was ompT (94.7%). Further-
more, prevalence of cnf1 and iha factors in these isolates
was reported as 39.5%. Compared with non-ST131 isolates,
the ST131 isolates exhibited significantly greater prevalence
of the iha gene (Table 5).

Discussion

E. coli ST131 clone belongs to the B2 phylogenetic
group, which is known as the highly virulent and antimi-
crobial resistance group. In recent years, public health
concern is that ST131 with CTX-M-15 is increasingly found
in E. coli isolates with the ability to produce ESBL.18–20

Recently, the O25b/ST131 E. coli producing CTX-M-15
with high virulence potential has been reported world-
wide.21 This study is the first in Iran to specifically de-
termine the spread of the O25b/ST131 clone producing
CTX-M-15 among E. coli.

Table 4. Extended-Spectrum b-Lactamase-Encoding Genes Among Fifty-Six ST131
and Non-ST131 Extended-Spectrum b-Lactamase-Producing E. coli Isolates

ESBL genotype

Prevalence [no. (%)] of ESBL genotype in E. coli isolates

p-Value*Non-ST131 (31) ST131 (25) O25b/ST131 (22)

TEM 11 (35.5) 17 (68) 15 (68.2) 0.015
SHV 12 (38.7) 8 (32) 5 (22.7) 0.406
CTX-M 20 (64.5) 24 (96) 22 (100) 0.004
CTX-M-15 17 (54.8) 22 (88) 21 (95.5) 0.007

*p-Values (ST131 vs. non-ST131), by Fisher’s exact test.

Table 5. Prevalence of Virulence Traits of One Hundred Fifty-Four ST131
and Non-ST131 Escherichia coli Isolates

Virulence traits Non-ST131 (%) (n = 116) ST131 (%) (n = 38) O25b/ST131 (%) (n = 28) p-Value*

cnf1 42 (36.2) 15 (39.5) 11 (39.3) 0.43
ompT 97 (83.6) 36 (94.7) 27 (96.4) 0.08
Iha 22 (19) 15 (39.5) 12 (42.9) 0.01

*p values (ST131 vs. non-ST131), by Fisher’s exact test.
cnf1, cytotoxic necrotizing factor; iha, adhesin-siderophore; ompT, outer membrane protease T.
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In this study, 38 out of 154 E. coli isolates of group B2
(24.7%) were identified as belonging to the ST131 clone.
Furthermore, of the 38 ST131 strains, 28 strains (73.6%)
were detected as the O25b/ST131 clone. This study is the
first report of prevalence of ST131 E. coli from Iran. Other
countries such as Canada (78%),22 United States (47%),2

Japan (41%),23 and Denmark (38%)5 have also reported the
prevalence of ST131 clone. This difference could be at-
tributed to the geographical location and in some studies, the
ST131 clone has been detected among all B2 group E. coli
isolates, or among ESBL-producing isolates only.

Our results demonstrated that the highest resistance rate
of ST131 and O25b/ST131 E. coli isolates was seen to ci-
profloxacin, trimethoprim–sulfamethoxazole, cefotaxime,
and tetracycline. Statistical analysis showed that antibiotic
resistance of ST131 E. coli isolates to ciprofloxacin, gen-
tamicin, cefotaxime, and aztreonam was significantly higher
than non-ST131 E. coli isolates. In the study of Olesen et al.,
of the 115 ESBL study isolates, 44 (38%) represented the
ST131 clonal group, all from phylogenetic group B2. They
stated that antibiotic resistance of ST131 E. coli isolates to
ciprofloxacin, florfenicol, gentamicin, nalidixic acid, and
neomycin was significantly higher than non-ST131 E. coli
isolates.5 The high levels of trimethoprim–sulfamethoxazole
and ciprofloxacin resistance in E. coli isolates in this and
other study have implications regarding empiric therapy for
urinary tract infections since these frequently used antibi-
otics are less effective for such pathogens.

Recently, ESBL production in E. coli primarily due to the
spread of CTX-M types has increased significantly. In ad-
dition, significant spread of O25b/ST131 E. coli producing
CTX-M-15 represents a major public health problem glob-
ally.16,21 Our study demonstrated that blaCTX-M gene was
most common in ST131 and O25b/ST131 ESBL-producing
E. coli (96% and 100%, respectively), which confirms the
importance of spread of CTX-M types in the ESBL pro-
duction. In addition, almost all of the O25b/ST131 isolates
with the ability for ESBL production were reported as CTX-
M-15 producing (95.5%). Statistical analysis indicated that
compared with non-ST131 isolates, ESBL-producing ST131
isolates were positively associated with CTX-M-15, CTX-M
variants, and TEM genes. The high prevalence of the CTX-
M-15-producing O25b/ST131 E. coli clone has been re-
ported in other studies such as Markovska et al. (96%),24

Blanco et al. (74%),21 and Coelho et al. (63%).25 The
presence of blaCTX-M-15 gene in E. coli isolates is signifi-
cantly associated with antibiotics resistance to first-choice
agents for empiric therapy (b-lactams) and may favor a
selection pressure for the CTX-M-15-producing strains. So,
the identification of high prevalence of CTX-M-15-
producing ST131 E. coli clone may help in predicting the
increasing rate of antibiotic treatment failure, which is
proportional to the increasing rate of ST131 among other
E. coli clones.

As mentioned earlier, the ST131 E. coli clone signifi-
cantly exceeded the non-ST131 isolates for extent of viru-
lence profiles. Our results indicated that the most prevalent
virulence trait in ST131 E. coli isolates was ompT (94.7%).
Compared with non-ST131 isolates, the ST131 isolates ex-
hibited significantly greater prevalence of the iha gene.
Other studies have also found that various virulence genes
were significantly more prevalent among ST131 than non-

ST131 isolates.3,25 This may represent the importance of
global dissemination of E. coli ST131 as a major public
health threat.

Conclusion

This study is the first to report the prevalence of CTX-M-
15-producing O25b/ST131 E. coli in Iran. We found that a
relatively high prevalence of O25b/ST131 E. coli possess
high virulence factors and antimicrobial resistance. Most of
these isolates had the ability to produce ESBL and were
harboring gene of CTX-M-15. Our findings reinforce the
surveillance of dissemination of E. coli ST131 as a major
drug-resistant pathogen and an important new public health
threat.
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