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Prevalence and molecular characterization of extended spectrum beta-
Lactamases-producing uropathogenic Escherichia coli isolated in Zakho, Iraq
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ABSTRACT

Objectives: Uropathogenic Escherichia coli are the most important group of microorganisms responsible for urinary
tract infection. A high percentage of uropathogenic E. coli over the world are detected to be ESBLs producers, which is
now a problem that limits therapeutic options. The aim of this study is to determine the prevalence of ESBLs E. coli and
study the prevalence of different ESBLs genotype patterns among the ESBLs producing isolates.

Methods: One hundred and six uropathogenic E. coli isolates were analyzed for their ESBL production by molecular
methods.

Results: 55 (52%) isolates were detected as extended spectrum B-lactamases (ESBLs) producers. Based on the PCR
results, all E. coli isolates possessed one or more ESBL gene. CTX-M type ESBL was the most dominant ESBL (87.2%)
among the isolates. While those for TEM-type and SHV-type were 54.5% and 21.8% respectively. Six genotype patterns
were detected (TEM, CTX-M, TEM+SHV, TEM+CTX-M, SHV+CTX-M and TEM+SHV+CTX-M). The genotype CTX-M was
the most prevalent genotype (40%) followed by the genotype TEM+CTX-M combination (30.9%). The occurrences of
the genotypes (TEM, TEM+SHV, SHV+CTX-M and TEM+SHV+CTX-M) were 7.3%, 5.5%, 5.4%, 10.9%, respectively.

Conclusions: Control measures and education programs are necessary to avoid the uncontrollable use of f-lactam and
cephalosporins in order to minimize the emergence of ESBLs producing E. coli. J Microbiol Infect Dis 2016,6(4): 163-167
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INTRODUCTION

Antimicrobial resistance in uropathogenic Esche-
richia coliis of major concern worldwide [1]. B-lactam
antibiotics are the most commonly used antibacterial
agents, but there are high prevalence of multi drug
resistant E. coli in urinary tract infections (UTIs) be-
cause of their ability to produce extended spectrum
B-lactamases (ESBLs) [2]. ESBLs are enzymes that
are capable of hydrolyzing the B-lactam ring of peni-
cillins, cephalosporins, cephamycins, carbapenems
(ertapenems) and monobactams [3]. E. coli may ac-
quire other drug resistance traits from surroundings
or environmental bacteria and conversely it can
spread its resistance genes to potential pathogens
in different habitats. In Kurdistan Region, Iraq, little
information is available regarding to ESBLs produc-
ing uropathogenic E. coli. Therefore, this study was
carried out to determine the prevalence of ESBLs E.
coli using molecular detection of three p-lactamase
genes (TEM, SHV, CTX-M) and study the preva-

lence of different ESBLs genotype patterns among
the ESBLs producing isolates.

METHODS

Antibiotic sensitivity test

One hundred and six uropathogenic E. coli isolates
from people referring to Zakho emergency hospi-
tal and private laboratories in Zakho city/Kurdistan
Region, Iraq [4] were tested toward different anti-
microbial drugs (Table 1). Drugs were supplied by
Bioanalyse (Turkey), using disk diffusion assay ac-
cording to Bauer et al. [5]. The inhibition zones were
measured in comparison to the Clinical Laboratory
Standards institute CLSI [6].

Preparation of genomic DNA

Chromosomal DNA was purified from E. coliisolates
according to the manufacturer’s instructions using
the Accuvisbio kit (Canada). The concentration and
purity of the DNA was determined using NanoDrop-
Spectrophotometer (Thermo scientific, USA).

Correspondence: Mahde S Assafi, Department of Biology, Faculty of Sciences, University of Zakho, Zakho, Kurdistan Region, Iraq
Email: mahdy.assafi@yahoo.co.uk
Received: 16 April 2016; Accepted: 16 September 2016
Copyright © Journal of Microbiology and Infectious Diseases 2016, All rights reserved



164

Polse RF, et al. Beta-Lactamases-producing uropathogenic Escherichia coli isolated in Zakho

PCR for 3-lactamase encoding genes

PCR analysis for B-lactamase genes of the family
SHV, TEM and CTX-M was carried out. Primers ob-
tained from Accuvisbio (Canada). The oligonucle-
otide primer sets (Table 2) specific for the blaSHV,
blaTEM and blaCTX-M genes and the cycling con-
ditions used in the PCR assays have been describe
previously [7]. The PCR was performed in a PCR
Thermocycler (Applied biosystem, Singapore) with

initial cycle of heat denaturation of 95°C for 2 min
and followed by 30 cycles of heat denaturation at
94°C for 60 s, primer annealing at 50-65°C for 30
s, and DNA extension at 72°C for 60 s and final
cycle of exertion at 72°C for 5 min. PCR products
were separated on a 1.5% agarose gel, stained with
ethidium bromide (1 pg/ml), and the gels were im-
aged under UV light.

Table 1. Antibiotic disks used in this study
Class

Concentration

Antimicrobial Symbol

Hg/mi
B-lactams
Penicillins Penicillin P 30
Carbapenems Imipenem IPM 10
Meropenem MEM 10
Monobactams Aztreonam ATM 10
Aminopenicillin Ampicillin AM 25
Cephalosporins Cefazolin (1G) Ccz 30
Cefuroxime(2G) CXM 30
Ceftazidime (3G) CAZ 30
Cefotaxime (3G) CTX 30
Ceftriaxone (3G) CRO 30
Cefepime (4G) FEP 30
B-lactamase Inhibitors
Amoxicillin-clavulanic AMC 20/10
Ampicillin-Sulbactam SAM 25/5
Piperacillin-Tazobactam  TZP 20/10

Table 2. PCRprimers  Target Primer name Primer sequences (5°-3’) Product size (bp) Ref.
for ESBLs se gene
blaTEM TEM-F ATAAAATTCTTGAAGAAGACGAAA 1100 7
TEM-R GACAGTTACCAATGCTTAATC
blaSHV SHV-F TCGTTATGCGTTATATTCGCC 868 7
SHV-R GGTTAGCGTTGCCAGTGCT
blaCTX-M CTX-M-F CGCTTTGCGATGTGCAG 550 7
CTX-M-R ACCGCGATATCGTTGGT
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Table 3. Antimicrobial susceptibility among uropathogenic
E. coli

No. of resistant No. of sensitive

Antibiotics isolates (%) isolates (%)
P 106 (100) 0 (0.0)
AM 106 (100) 0(0.0)
B-lactam ATM 106 (100) 0 (0.0)
IPM 0 (0.0) 106 (100)
MEM 0 (0.0) 106 (100)
cz 55 (52) 51 (48.1)
CXM 55 (52) 51 (48.1)
Cephalosporins CAZ 55 (52) 51 (48.1)
CTX 55 (52) 51 (48.1)
CRO 55 (52) 51 (48.1)
EER 55 (52) 51 (48.1)
AMC 18 (17) 88 (83)
B-lactamase inhibitors SAM 73 (68.9) 33 (31.1)
TZP 44 (41.5) 62 (58.5)

Table 4. ESBLs genotype patterns among E. coli isolates

ESBLs genotype  No. of isolates Percentage (%)

TEM only 4 7.3
SHV only 0 0
CTX-M only 22 40
TEM+SHV 3 515
TEM+CTX-M 17 30.9
SHV+CTX-M 3 5.4
TEM+SHV+CTX-M 6 10.9
Total 55 100
RESULTS

Antibiotic susceptibility test

The 106 E. coli isolates from previous study [4]
were tested for their antibiotic susceptibility pat-
tern against 14 antibiotics of different B-lactam and
cephalosporin groups. Results showed that E. coli
isolates were 100% resistant to B-lactam antibiot-
ics Penicillin, Ampicillin and Aztreonam, whereas,
all isolates were 100% susceptible to B- lactam
antibiotics Imipenem and Meropenem (Table 3).
Only 55 (52%) E. coli isolates were resistant for all
four cephalosporin generations Cefazolin, Cefu-
roxime, Ceftazidime, Cefotaxime, Ceftriaxone and
Cefepime. These results indicate that these iso-
lates are ESBLs producers. Antibiotics containing
B-lactamase inhibitors showed variable susceptibil-
ity rates.

Molecular detection of ESBL genes

All ESBL-producing E. coli isolates were subjected
to PCR to detect ESBL genes, including blaTEM,
blaSHV, blaCTX-M. Amplified PCR-products for
blaTEM gene using the TEM-F and TEM-R primers
gave an expected band of 1100 bp and the molec-
ular weight of the amplified PCR-products for the
gene blaSHV was about 868 bp using SHV-F and
SHV-R primers. The amplified PCR-products for the
gene blaCTX-M gave a molecular weight about 550
bp using CTX-M-F and CTX-M-R primers.

Figure 1. Amplified products of TEM, SHV and CTX-M
genes. 1.5% Agarose gel analysis of PCR amplified frag-
ment of (A) blaTEM (ca. 1100 bp) using TEM-F and TEM-
R primers, (B) blaSHV (ca. 868 bp) using SHV-F and
SHV-R primers, (C) CTX-M (ca. 550 bp) using CTX-M-F
and CTX-M-R Primers. Lanes 1-8 are PCR products of
ESBL genes from E. coli isolates. DNA markers (1500-
100bp) are shown in lane M.

The prevalence of the three different ESBL
genes

This study showed that CTX-M gene was the most
dominant type (48/55; 87.2%) while TEM and SHV
genes were less dominant types (30/55; 54.5% and
12/55; 21.8%, respectively).

Genotype patterns of ESBLs

Analysis of the PCR amplified products of all 55 E.
coli ESBLs producers using the specific primers
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revealed that six genotype patterns were obtained
(Table 4). These results also showed that the most
prevalent genotype was CTX-M (40%) followed by
the genotype combination TEM+CTX-M (30.9%).

DISCUSSION

55 (52%) E. coli isolates were identified as ESBLs
producers. E. coli and other genera of gram nega-
tive bacteria possess a naturally occurring, chro-
mosomally mediated B-lactamase and plasmid
mediated B-lactamase [8]. The antibiotic misuse,
ineffective empiric antibiotic therapy, poor dosing,
prolonged antibiotic treatment and spontaneous
use of these antibiotics in developing countries are
the reason for the development of high resistance
rates in bacterial isolates [9-12].

Antibiotics containing (-lactamase inhibitors
showed variable susceptibility rates. The efficacy
of B-lactam-B-lactamase inhibitor combinations
may be reduced for organisms producing multiple
ESBLs. The addition of clavulanate significantly ex-
pands amoxicillin’s spectrum to include penicillin-
ase-producing E. coli [13].

PCR-products for blaTEM, blaSHV and blaC-
TX-M vyielded expected bands of 1100 bp, 868 bp
and 550 bp respectively. Amplified products of simi-
lar molecular weight were obtained in different lo-
cally and worldwide studies using the same primers
[14]. Studies performed in Iraq, Turkey and Iran to
detect ESBLs genes using different primer sequenc-
es gave amplified products with different molecular
weights [15]. The variation in the molecular weights
of the amplified products could be attributed to the
difference in primer sequences or the type of the
gene that detect as currently there are more than 70
SHV and 150 TEM types are recognized [16]. CTX-
M are divided into five subgroups having more than
80 enzymes. This variety could provide a useful way
to follow the spread of individual resistance genes.

Interestingly, 87.2% of ESBLs producer E. coli
harbored the CTX-M gene. TEM and SHV found in
54.5% and 21.8% of isolates respectively. This is
consistent with the present situation in worldwide in-
cluding Middle East area, where CTX-M-type have
replaced TEM and SHV types and became the pre-
dominant ESBL among Enterobacteriaceae [17].

Studies in Iraq and neighboring countries have
declared that the CTX-M type was the predominant
gene type in both E. coli and Klebsiella pneumo-
nia [18]. However, studies from Turkey and India

showed that TEM type was the predominant type
[19]. European studies on Enterobacteriaceae
have confirmed the persistence of strains produc-
ing TEM and SHV and the increasing prevalence
of strains harboring CTX-M [20]. Data analysis re-
vealed that there are six genotype patterns of ES-
BLs exist among the 55 isolates. CTX-M was the
most prevalent genotype (40%) followed by the
genotype combination TEM+CTX-M (30.9%). This
genotype combination has also been reported to
be the most dominant genotype in Saudi, India and
Japan [21,22]. Another study in Macedonia showed
the predominance of the genotype TEM+SHV
combination [23]. The presence of more than one
genotype in some of the isolates means that the
ESBL producing strains may be related to a com-
plex antimicrobial resistance. TEM gene is a broad
spectrum B-lactamase that is always combined with
CTX-M on the same plasmid. The occurrence of
TEM+SHV+CTX-M combination along can cause
resistance to carbapenems; this is worrisome and
more serious for the community [24].

In conclusion, in this study, 52% of the uro-
pathogenic E. coli isolated was detected as ESBLs
producers. All isolates were confirmed by PCR to
have one or more ESBL gene. CTX-M type was the
dominant ESBL in the isolated E. coli. The majority
of the isolates harbored more than one ESBL gene
and the genotype TEM+CTX-M combination was
the most dominant one. It is important to highlight
that antimicrobial resistance must be viewed as an
ecological problem and increase efforts to monitor
and control the spread of antimicrobial resistant
strains in hospitals and community. The introduction
of molecular diagnosis in laboratories is important
for the quick detection of ESBLS.
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