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Abstract

Background: E. coli is a common cause of urinary tract infection and bacteremia in humans. That is frequently resistant toβ-lactam
antibiotics.
Objectives: The aim of this study was to determine the antibiotic resistance and CTX-M extended-spectrum β-lactamases (ESBL)
carrying E. coli isolated in hospitals from two different areas in Iran.
Methods: In this descriptive cross-sectional study, 93 clinical isolates of E. coli were collected from urine culture of inpatients in
Mashhad and Qom hospitals from August 2013 to February 2014. Bacteria were re-confirmed by Microgen kit. Antimicrobial and
ESBL tests were performed using by standard disc diffusion method. Polymerase chain reaction (PCR) was used for detection of
plasmid mediated CTX-M-1 and CTX-M-2 ESBLs. Four of the blaCTX -Mgenes were sequenced. Statistical analysis carried out using SPSS
(version 16) software and Chi-square test.
Results: High prevalent isolates were resistant to ampicillin, cephalothin, nalidixic acid and cotrimoxazole, but sensitive to
imipenem, nitrofurantoin and amikacin. The ESBL phenotype was detected in 48 (51.6%) isolates, 42 of which were carrying
blaCTX -Mgene. There was no significant difference between the β-lactamase-producing bacteria from the two studied cities. 81% and
85% of blaCTX -Mcarriers from hospitals in Qom and Mashhad were respectively found to have CTX-M-1 ESBL, whereas none of them
showed CTX-M-2 ESBL cluster. BlaCTX-M-15was found in four selected bacteria by sequencing.
Conclusions: This study showed a high rate of CTX-M-1 cluster and also presence of CTX-M-15 ESBL in two different areas of Iran,
which emphasize the need for employing an excellent management program in antibiotic therapy.
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1. Background

The accelerated increasing of antibiotic resis-
tance is now emerging worldwide at an alarming rate
among prevalent Gram negative bacteria, causing both
community-acquired and nosocomial infections. One
of the major causes of resistance in Enterobacteriaceae
corresponds to resistance to broad-spectrum β-lactams,
which is mainly associated with production of extended-
spectrum β-lactamases (ESBLs) [1]. ESBLs are able to hy-
drolyze a broad spectrum of β-lactam antibiotics and their
hydrolytic activity can be inhibited by several β-lactamase
inhibitors such as clavulanic acid and tazobactam [1-3].
The firstβ-lactamase was identified in Escherichia coli prior
to the release of penicillin for use in medical practice [4]. A
variety of ESBLs, mostly of the CTX-M, TEM, and SHV types,
have been reported in Enterobacteriaceae [5] and ESBLs
currently display a major problem in antibiotic resistance
in Enterobacteriaceae [6]. According to the references,
CTX-M β-lactamases can divided into five groups based on

their amino acid sequence identities. CTX-M-15 belongs to
the CTX-M-1 cluster [7]. Phylogenetic studies suggest that
blaCTX -Mgenes have evolved from chromosomal bla genes
of Kluyvera sps [8, 9]. blaCTX -Mgene encodes a 291 amino
acid enzyme although insertions and deletions in a few
variants have sequences ranging from 282 to 292 amino
acids. After the first 28 amino acids at the N-terminal are
cleaved, the mature enzyme contains 263 amino acids [8].
blaCTX -Mis becoming more prevalent and over 125 different
subtypes of the blaCTX -Mgene have been described with
blaCTX-M-15most predominant around the globe associated
with clonal spread [10].

Enterobacteriaceae are important opportunist
pathogens and account for the majority of urinary tract
infections and bacteremia [11]. E. coli is living in the intesti-
nal tract of humans as mostly commensal reservoir, but
some strains have the ability to create a wide variety of
diseases in humans and some animals [12]. Urinary tract
infection remains as one of the most prevalent infectious
diseases worldwide leading to severe disorders like cystitis
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and pyelonephritis [13].
However there is a significant knowledge about antibi-

otic resistance but due to excessive use of antibiotics in
Iran and ascending resistance in the communities, contin-
uous research is necessary in this regard. Furthermore,
there is a limited published data about the subtypes of
ESBL genes among clinical isolates in some areas in Iran.
This study was conducted to determine antibiotic suscep-
tibility patterns and molecular properties of ESBL type CTX-
M to detect blaCTX-M-15in E. coli urinary isolates from two dif-
ferent geographic regions in Iran by PCR and DNA sequenc-
ing.

2. Methods

2.1. Isolation and Identification of Bacteria

In this descriptive cross-sectional study, E. coli bacte-
ria were isolated from non-duplicated urine specimens of
hospitalized patients ages greater than 13 years, referred to
two hospitals in two different geographic regions in Iran,
Mashhad (Qaem and 17th Shahrivar hospitals) and Qom
(Kamkar and Golpayegani), from August 2013 to February
2014. In this study, 102 clinical isolates of E. coli were iso-
lated from middle urine. From these bacteria, 93 isolates
were cultured in subsequent experiments in laboratory.
Bacteria were identified phenotypically employing a com-
bination of conventional identification methods, as well
as the microgen identification system (Microgen Bioprod-
ucts GNA- ID UK).

2.2. Antibiotic Susceptibility Assay and Detection of ESBL Pro-
duction

Antibiotic susceptibility of bacterial isolates to β-
lactam and non-β-lactam antibiotics was carried out by
disc diffusion method [14] using Mueller-Hinton agar
(Merck, Germany) based on the Kirby-Bauer method and
according to the criteria recommended by the clinical
and laboratory standards institute (CLSI). Antibiotic agents
were as follows: amikacin (AK, 30 µg), nalidixic acid (NA,
30 µg), ampicillin (AMP, 10 µg), cephalothin (KF, 30 µg),
imipenem (IMI, 10µg), co-trimoxazole (TS, 25µg), cefepime
(CPM, 30 µg), gentamicin (GM, 10 µg), nitrofurantoin (NIF,
300 µg), ceftazidime (CAZ, 30 µg), cefotaxime (CEP, 30 µg),
cefpodoxime (CPD, 30 µg), cefixime (CFM, 5 µg), ceftriax-
one (CRO, 30 µg). The discs were from MAST, UK (MAST
DIAGNOSTICS-UK). E. coli ATCC 29522 was used for quality
control. All tests were repeated three times.

ESBL production was detected using the double-disk
synergy (DDS) test and ESBL confirmatory test [15] accord-
ing to the CLSI criteria (CLSI, 2009). Double-disc synergy
test (DDST) was carried out with amoxicillin-clavulanat (20

+ 10 µg), cefotaxime (30 µg), ceftazidime (30 µg) [16]. ESBL
production was defined when the inhibition zone of the
disk of cephalosporin plus clavulanic acid was ≥ 5 mm
greater than that of the disk of cephalosporin alone [17]. All
experiments were repeated three times.

2.3. DNA Preparation and PCR Screening

Bacteria were grown in Luria Bertani broth to an
OD600 of 1.0. Plasmid DNA of all isolates was extracted by
miniprep kit (Perfect Prep-Spin Mini kit- 5 Prime- USA). Ex-
tracted plasmid DNA was targeted for the blaCTX -Mgene us-
ing the CTX-MU-1 and CTX-MU-2 primers described by Pa-
gani, 2003 [18] which amplified a 593 bp fragment. PCR
was performed under the following conditions: 94°C for
5 minutes, and 35 cycles of 94°C for 30 seconds, 55°C for
30 seconds, 72°C for 30 seconds and a final extension in
72°C for 3 minutes in a thermal cycler (Kyratec- Korea). PCR
products were visualized in agarose 1.5% w/v gels following
electrophoresis and Green viewer staining. In this study
E. coli strain producing ESBL type CTX-M prepared from
Pasteur institute of Iran was used as positive control for
blaCTX -Mgene.

CTX-M-1 and CTX-M-2 β-lactamase-producing genes
were amplified using the primers and temperatures listed
in Table 1. Reaction mixtures (30µL) contained 3µL (10X) of
PCR buffer, 1µL MgCl2 (10 mM), 0.25µL Taq DNA polymerase
(5 U/µL) (Fermentas-Lituania), 0.5 µL dNTPs (10 mM), 1 µL
of each primer (10 µM) and 50 - 80 ng of each plasmid ex-
tracts. Five microliters of each PCR product was analyzed
by electrophoresis in 1.5% (w/v) agarose along with a 100 bp
ladder standard (Fermentas, Lithuania), positive and neg-
ative controls.

2.4. DNA Sequencing

Amplified DNAs of four samples were sequenced in
both directions using CTX-MU-1 and CTX-MU-2 primers.
Sequences were determined with an ABI 3730 DNA se-
quence by Lifesciences- Bioscience Company in UK. Se-
quence data were analyzed using the Sequencher se-
quence software alignment (Version 4.10.1) and were
compared to the identified β-lactamase in the GenBank
nucleotide database available on the Internet at the
National center of biotechnology information website
(http://www.ncbi.nlm.nih.gov).

2.5. Statistical Analysis

Statistical analysis carried out using SPSS (version 16)
software. Chi-square test used for determination of signif-
icance association between two groups of bacteria; ESBL-
producers and ESBL-no producers. Percentage of antibiotic
resistance or sensitivity was determined according to the
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Table 1. The Sequence of Primers and Temperatures Used in PCR blaCTX-M-1and blaCTX-M-2Genes

Primers Sequences (5’ → 3’) Gen and
Size

PCR Cycles

Denaturation Annealing Extension

CTX-
M1GF

CGC TTT GCG ATG TGC AG’
blaCTX-M1 -
550 bp

94°C- 30 s 56°C- 30 s 72°C- 30 s 35
CTX-
M1GR

ACC GCG ATA TCG TTG GT

CTX-
M2GF

TTA ATG ACT CAG AGC ATT C’
blaCTX-M2 -

902 bp
94°C- 30 s 56°C- 45 s 72°C- 45 s 35

CTX-
M2GR

GAT ACC TCG CTC CAT TTA TTG

mean of inhibition zone and the P value ≤ 0.05 was con-
sidered significant.

3. Results

3.1. Bacteria

In this study, from a total of 93 E. coli bacteria isolated
from patients in Mashhad and Qom hospitals, 49 isolates
were from samples of patients in Qom and 44 isolates were
from Mashhad.

3.2. Antibiotic Susceptibility Pattern and ESBL Producing Bacte-
ria

All bacteria were susceptible to imipenem. Figures
1 and 2 show the antibiotic susceptibility pattern of E.
coli isolates from hospitals in Mashhad and Qom, respec-
tively. Resistant of isolated bacteria from urinary samples
of patients in Mashhad was higher than of urinary iso-
lates in Qom to the β-lactam antibiotics of ceftazidime,
cephalothin, cefotaxime, cefepime, cefpodoxime and ce-
fixime. The difference was significant for cephalothin
(70.5% versus 49%). Significant difference was not observed
between susceptibility of isolates from two areas to the
non-β-lactam antibiotics (P > 0.05).

Based on the DDS test, 24 isolates were positive and 6
isolates were suspicious from 49 bacteria isolated in Qom.
Among isolates from Mashhad, 21 were ESBL+ and 5 were
suspicious. By ESBL confirmatory test, 48 of 93 isolated bac-
teria (51.6%) were ESBL-producing that 25 and 23 isolates
of these bacteria were from Qom and Mashhad isolates,
respectively. Thus, there was no significant difference be-
tween the β-lactamase-producing bacteria from the two
studied cities (51% versus 53.5%).

All β-lactamase-producing bacteria were identified us-
ing Microgen kit and were confirmed E. coli.

3.3. Results of Genetic Analysis

BlaCTX -Mgene was detected by PCR using universal
primers (CTX-MU1 and CTX-MU2). Figure 3 shows the
gel electrophoresis of PCR products for some bacteria.
Twenty one of 23 (91.3%) ESBL producers from Mashhad
and 21 of the 25 (84%) producers from Qom was carrying
blaCTX -Mgene.

Seventeen strains of 21 blaCTX -M carriers (81%) from hos-
pitals in Qom, and 17 of 23 isolates (85%) from Mashhad
was carrying blaCTX-M-1gene. However blaCTX-M-2gene was de-
tected in none of the isolates.

Sequencing of the PCR products for two tested isolates
from each city revealed that the sequences of isolates were
similar to the compared strain in the GenBank (E. coli strain
UE90CTXM blaCTX-M-15gene, with accession no. FJ997868).
Figure 4 shows the result of sequencing of one isolate
from Qom. The sequences reported therein have been de-
posited with GenBank database under accession numbers
KJ739793, KJ739794, KJ739795 and KJ739796.

4. Discussion

Our study revealed the highest sensitivity of isolates
to imipenem, nitrofurantoin, and amikacin in both ar-
eas. The highest resistance was to ampicillin, cephalothin,
and cotrimoxazole among isolates from Mashhad, while
the highest resistance for isolates in Qom was to ampi-
cillin, cotrimoxazole and nalidixic acid. The resistance to
cephalothin in Mashhad was significantly higher than in
Qom. Antibiotic resistance can vary depending on the ge-
ographic area or prevalence of nosocomial infections in
different regions. A high percentage (51.6%) of the bac-
terial isolates was ESBL producing which can be a warn-
ing to health authorities in Iran. About 45.2% of isolates
were carrying CTX-M-1 class that indicates the increasing
prevalence of this type. The prevalence of CTX-M-1 had lit-
tle difference among isolates from the two studied cities.
BlaCTX-M-2gene was detected in none of the isolates.
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Figure 1. Antibiotic Susceptibility Pattern of Urinary E. coli Isolates from Mashhad (AMP; Ampicillin, CAZ; ceftazidime, KF; Cephalothin, CEP; Cefotaxime, CPM; Cefepime, CRO;
Ceftriaxone, CPD; Cefpodoxime, CFM; Cefixime, IMP; Imipenem, NA; Nalidixic Acid, AK; Amikacin, NIF; Nitrofurantoin, GM; Gentamicin, TS; Cotrimoxazole)
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Figure 2. Antibiotic Susceptibility Pattern of Urinary E. coli Isolates from Qom (AMP; Ampicillin, CAZ; Ceftazidime, KF; Cephalothin, CEP; Cefotaxime, CPM; Cefepime, CRO;
Ceftriaxone, CPD; Cefpodoxime, CFM; Cefixime, IMP; Imipenem, NA; Nalidixic Acid, AK; Amikacin, NIF; Nitrofurantoin, GM; Gentamicin, TS; Cotrimoxazole)

Figure 3. PCR Products of CTX-M Type ESBL Producing Isolates on 1.5% gel Agarose (C + ve; Positive Control, C-ve; Negative Control, Ladder; Marker 100 bp

E. coli as a common cause of urinary tract infec-
tions and bacteremia in humans is frequently resistant

to aminopenicillins, such as amoxicillin or ampicillin,
and narrow-spectrum cephalosporins. Resistance is typi-
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Figure 4. Sequencing of blaCTX-M-1PCR Product of One Isolate from Qom

cally mediated by the acquisition of plasmid-encoded β-
lactamases, such as TEM, SHV and CTX-M-type enzymes [19].

Recent reports have shown a rapid and alarming dis-
semination of Enterobacteriaceae producing ESBLs of the
CTX-M type in certain countries such as India [20], Cambo-
dia [21], France [22], UK [23], Qatar [9] and Canada [24] that
has become the most prevalent ESBL-type world-wide. A
high prevalence and broad geographic distribution of CTX-
M-producing E. coli and K. pneumonia nosocomial strains
have been shown in Russia. The blaCTX -M type is the most
common ESBL resistance gene in E. coli isolates in China,
as most reports indicate [25]. β-lactamases of the CTX-M-
1 cluster were the predominant CTX-M enzymes in both
species. Out of this group only CTX-M-3- and CTX-M-15-
like enzymes were identified among selected isolates [26].
However, we found a higher prevalence of CTX-Ms in se-
lected area in Iran than that reported in many of these
studies.

44.5% (89 of 200) of E. coli isolates from five hospi-
tals in Tehran carried the blaCTX-M-1group alleles in 2009
to 2010. Imipenem and amikacin were effective against
100% and 85% of all tested isolates respectively [27]. The
result of this research was very similar to our study re-

sults. A study in 2012 showed a high rate of CTX-M-1 clus-
ter - ESBLs in South-Eastern Nigeria and further confirms
the worldwide spread of CTX-M ESBLs in clinical isolates
and among them, in three exemplary strains the CTX-M-15
ESBL was confirmed [28]. BlaCTX-M-15, which belongs to the
CTX-M-1 cluster, has been reported worldwide. A study in
a French hospital between 2006 and December 2010 has
reported an increase in the prevalence of ESBL-producing
strains among E. coli isolates recovered from neonates or
their mothers in which rose from 1.15% (6/523) in 2006 to
4.1% (22/543) in 2010. BlaCTX-M15was one of the principal ES-
BLs found in this study with prevalence 18.8% [29].

E. coli isolates carried the CTX-M-1 type ESBLs. In
our study CTX-M-15 ESBL, was confirmed in four selected
isolates. This result can emphasize that this enzyme
is now one of the most common CTX-M β-lactamases
in Iran. In several countries CTX-M-15 is currently the
most frequent ESBL in E. coli like in the United Kingdom
(UK), India, Spain, France, Latin America and Lebanon
[28]. The gene of blaCTX-M-15has been reported in Kleb-
siella pneumonia isolated from hospitals of Tehran in 2014
[30]. Among 1168 ESBL- E. coli isolates obtained from var-
ious clinical specimens in China, 96.2% of the isolates
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were detected to harbor blaCTX -Mgenes. BlaCTX-M-1group and
blaCTX-M-9group were detected at 40.7% and 48.7% respec-
tively. BlaCTX-M-55(24.8%) and blaCTX-M-15(18.2%) were the major
genotypes in blaCTX-M-1group while blaCTX-M-14(46.8%) as pre-
dominant in blaCTX-M-9group [31]. Also, E. coli CTX-M-15 has
been reported from bovine mastitis in the UK that empha-
sizes the clinical importance of detecting ESBL-producing
bacteria in animal food products and the need for routine
screening in veterinary samples [32].

Our findings suggest that CTX-M-typeβ-lactamases are
widespread in selected areas in Iran. Sequencing of the PCR
products for two examined isolates from each city revealed
that the sequence of isolates was similar the CTX-M-15 type
β-lactamase. The results emphasize the need for employ-
ing a regular monitoring of antibiotic resistance and also
an excellent management program in antibiotic therapy
in our country.
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