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ABSTRACT 
 

Aim: To determine the prevalence of extended-spectrum β-lactamases (ESBLs) among clinical 
isolates of Escherichia coli (E. coli) and Enterobacter cloacae (E. cloacae) in Nablus district. 
Methodology: In this prospective study carried out at An-Najah National University, a total of 161 
bacterial isolates were collected during a12-month period in Nablus district in Palestine. To detect 
ESBLs, the isolates were examined by combination disc method. PCR was used to detect blaCTX-
M, blaTEM and blaSHV genes in 32 representative ESBL-producer E. coli isolates. 
Results: Using combination disc method, ESBL enzymes were detected in 73 out 153 (47.7%) E. 
coli and in 1 out of 8 (12.5%) E. cloacae isolates. No significant association of ESBL-producer E. 
coli was observed with types of collected specimens, gender, hospital ward, outpatient, or medical 
source. Among 32 representative E. coli ESBL-positive, blaCTX-M, blaTEM and blaSHV genes 
were detected in 30 (93.8%), 2 (6.3%) and 1 (3.1%), respectively. Two new variants of ESBLs 
(PALTEM137b and PALSHV-2a') were identified.  A unique E. cloacae isolate expressing inducible 
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class C B-lactamase was also detected.  
Conclusions: In Nablus region, high frequencies of ESBLs were found among E. coli bacteria 
isolated from outpatients and inpatients. blaCTX-M is the predominant gene among ESBL 
producers. New variants of ESBLs were found. 
 

 
Keywords: E. coli; blaCTX-M; blaSHV; blaTEM; ESBL. 
 

1. INTRODUCTION 
 
Increased prevalence of extended-spectrum β-
lactamases (ESBLs) among Enterobacteriaceae 
caused a dramatic increase in drug resistance 
worldwide [1].  ESBL enzymes have the ability to 
hydrolyze β-lactam antibiotics containing an 
oxyimino group (third generation cephalosporins 
and aztreonam) and are inhibited by β-lactamase 
inhibitors such as clavulanic acid and 
tazobactam [2].  ESBLs are found predominantly 
in Klebsiella species and Escherichia  coli (E. 
coli), but have been described in other species 
as well, including Enterobacter, Serratia, 
Citrobacter, Proteus and Salmonella [2,3].  There 
are several types of ESBLs, including blaTEM, 
blaSHV, and blaCTX-M [2,3,4]. blaSHV and 
blaTEM types were reported to be evolved from 
parent enzymes (e.g., blaTEM-1, -2 and blaSHV-
1) due to point mutations around the active site 
of the β-lactamases.  blaCTX-M type seems to 
be mobilized from environmental bacteria [2,5,6].  
 
Despite the high prevalence of ESBL-producing 
bacteria in many parts of the world, little 
information is known in our region.  Hence, it 
becomes necessary to assess the status of 
ESBLs-mediated drug resistance in clinical 
isolates of E. coli and Enterobacter cloacae       
(E. cloacae). 
 

2. METHODOLOGY  
 

2.1 Bacterial Isolates 
 
Bacterial isolates primarily identified to be E. coli 
or E. cloacae were obtained from three clinical 
settings: Rafidia Hospital, Nablus Specialty 
Hospital and New Technology Laboratory 
(private laboratory).  The isolates were collected 
from September 2011 to October 2012.  The 
isolates were recovered from different types of 
clinical specimens and only one positive culture 
per patient was included.  Data regarding 
gender, age, admitting hospital, ward, date of 
admission, specimen's collection date and 
specimen type was collected in a specially 
designed questionnaire. Hospital associated 

infection was defined as occurrence of infection 
48 hours or more after hospital admission.  
 
Identification of bacterial isolates was confirmed 
by colony morphology on MacConkey and 
biochemical tests including: triple sugar iron agar 
reaction, motility, indole, citrate and urea.  In 
addition, chromogenic reaction on Uriselect 
media (BIO-RAD, France) was also used.     
 

2.2 Phenotypic Detection of ESBLs 
 
2.2.1  ESBL screening using combination disc 

method 
 
All of 161 collected isolates were examined for 
ESBL production by combination disc method as 
described by [7]. Briefly, antibiotic disks 
containing a combination of cephalosporin plus 
clavulanic acid were used in conjunction with a 
corresponding cephalosporin disk alone. The 
following antibiotic disks were used: ceftazidime 
(CAZ 30 µg), ceftazidime plus clavulanic acid 
(CAZ/CA 30/10 µg), cefotaxime (CTX 30 µg) and 
cefotaxime plus clavulanic acid (CTX/CA 30/10 
µg).  Interpretation of the results was carried out 
according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines [7] and ≥ 5 mm 
increase in the diameter of the zone of inhibition 
for the CAZ/CLA- and/or CTX/CLA-containing 
disk(s) versus the corresponding CAZ or CTX 
disk was considered positive for ESBL. 
 
2.2.2 ESBL detection using double disc 

synergy test 

 
To confirm the results of combination disc 
method and/or determine which method of ESBL 
detection was more sensitive, all collected E. 
cloacae (8 isolates) and 106 randomly-selected 
E. coli isolates were examined by double disk-
approximation method for detection of ESBL 
production as described by Coudron et al. [8].  
Ceftazadime (30 µg) and cefotaxime (30 µg) 
disks were placed close (20 mm) to an 
amoxicillin-clavulanic (20/10 µg) disk on a 
Mueller-Hinton agar plate inoculated with the 
tested organism.  Enhancement of the zone of 
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inhibition or the so-called ghost zone between 
clavulanate containing disk and ceftazadime 
and/or cefotaxime disks indicated the presence 
of an ESBL. E. coli ATCC 25922 bacterial strain 
was used as negative control of ESBL production 
in both phenotypic tests. 
 
All antibiotic's disks were obtained from OXOID 
(UK).  
 

2.3 Detection of Resistant Genes by PCR 
 
Randomly-selected 32 representative isolates of 
E. coli possessing ESBLs were examined by 
PCR for the detection of blaTEM, blaSHV and 
blaCTX-M genes. The DNA sequences of the 
primers and their annealing temperatures were 
obtained from [9,10,11]. DNA templates were 
prepared by a simple boiling method. Ready 
Mix

TM
 (Sigma-Aldrich, USA) was used. Forward 

and reverse primers (10 pmol each) were added 
to 50 µl of the reaction mixture.  PCR conditions 
were optimized as follows: 5 min at 94°C, 35 
cycles (1 min at 94°C, 1 min at primer-specific 
annealing temperature, and 1 min at 72°C), and 
7 min at 72°C. The primer-specific annealing 
temperature of blaCTX-M, blaTEM, and blaSHV 
primers were 60, 55, and 68°C, respectively.  
The resulting PCR products were analyzed in a 
1.5% agarose gel. To confirm identification of 
blaTEM and blaSHV types of ESBLs, their PCR 
products were sequenced.  DNA sequencing was 
made using forward and reverse primers. 
Sequencing was carried out by the center of 
genetics at Bethlehem University-Palestine.  
Each sequence of blaTEM and blaSHV genes 
was identified by comparing it with known ESBL 
sequences available in the GenBank databases 

by multiple sequence alignment. Programs 
available at National Center for Biotechnology 
Information (NCBI) were used for multiple 
sequence alignment.  
 

2.4 Statistical Analysis 
 
Frequencies of ESBL producers in different 
variables were analyzed using SPSS 14.0 (SPSS 
Inc, Chicago, IL, USA).  Fisher’s exact and Chi-
square tests were used.  A P-value < 0.05 was 
considered statistically significant. 
 

3. RESULTS 
 
During a 12-month period, a total of 153 E. coli 
and 8 E. cloacae isolates were obtained by 
culturing specimens from 161 patients (103 
females and 58 males), as shown in Table 1.  
The patients’ age ranged from 1 day to 90 years 
(mean = 23.5±24 years). E. coli isolates of 
female origin were represented by 64%. The 
majority of E. coli bacterial isolates (120 isolates) 
were recovered from urine samples (Table 2).  
The remainder were from wound swaps (20 
isolates), blood (4), vaginal swabs (4), rectal 
swabs (2), ear swab (1), perianal swab (1) and 
pleural fluid (1).  On the other hand, E. cloacae 
was isolated from urine (4 isolates), wound 
swabs (3) and nasal swab (1) (Table 2).  E. coli 
infections seem to be more common in pediatric 
(19%) and emergency (7.8%) wards. 
 

Combination disc method detected ESBL 
production in 73 out of 153 (47.7%) E. coli 
isolates. A total of 106 out of the 153 E. coli 
isolates were also examined by double disk-
approximation method, which detected ESBL 

 
Table 1. Distribution of ESBL-producing clinical isolates collected from different sources 

 
Variable 

 

                Escherichia coli    Enterobacter cloacae 

No. 
isolates 

ESBL +ve No. (%) No. 
isolates  

ESBL +ve No. (%) 

Source
a
  

New Technology Lab.  27 14 (51.9) 2 0 

Nablus Specialty Hospital 17 6(35.3) 0 0 

Rafidia Hospital 109 53(48.6) 6 1(16.7) 

Gender
a
   

Females 98 48(49) 5 1(20) 

Males 55 25(45.5) 3 0 

Inpatient
a
  74  33 (44.6) 4 1(25) 

Outpatient  79 40(50.6) 4 0 
a
New Technology Lab. versus (vs.)   Nablus specialty hospital, P= 0.283; 

New Technology Lab. vs. Rafidia Hospital, P = 0.764; Nablus specialty hospital vs. Rafidia Hospital, P =0.306 
Females vs. males, P = 0,675; In patients vs. outpatients, P = 0.455 
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Table 2. Distribution of ESBL-producing bacterial isolates among different clinical specimens 
 

Specimen
a
                 Escherichia coli    Enterobacter cloacae 

No. isolates (%) ESBL +ve No.  No. isolates (%) ESBL +ve No.  

Urine  120 60(50) 4 1(25) 
Wound swab 20 7(35) 3 0 
Blood 4 2(50) 0 0 
Vaginal swab 4 1(25) 0 0 
Rectal swab 2 2(100) 0 0 
Ear swab 1 1(100) 0 0 
Perianal  swab 1 0 0 0 
Pleural fluid 1 0 0 0 
Nasal swab 0 0 1 0 

a
Statistical analysis of  specimens with isolates' number ≥ 2: urine versus (vs.) wound swab, P= 0.214; urine vs.  

blood, P =  0.691; urine vs. vaginal swab, P =0.322; urine vs. rectal swab, P = 0.256; 
wound swab vs. blood, P = 0.486; wound swab vs. vaginal swab, P = 0.593; wound swab vs. rectal swab,  

P = 0.156; blood vs. vaginal swab, P = 0.500 ; blood vs. rectal swab, P =  0.400; vaginal swab vs. rectal swab,  
P = 0.200 

 

production in 28 (26.4%) isolates (combination 
disc method detected 43 cases). Only 1 out the 8 
(12.5%) E. cloacae isolates was an ESBL-
producer detected by both ESBL phenotypic 
detection methods. 
 
DNA from randomly-selected representative E. 
coli ESBL producers (32 isolates) was subjected 
to PCR using blaTEM, blaSHV and blaCTX-M 
specific primers. All of the 32 isolates possessing 
ESBL enzymes detected by combination disc 
method showed 1 or 2 amplified genes. Among 
the 32 isolates, blaCTX-M gene was the most 
common, as it was detected in 30 (93.8%) 
isolates. On the other hand, blaTEM and blaSHV 
genes (confirmed by nucleotide sequence) were 
detected in 2 (6.3%) and 1 (3.1%) isolates, 
respectively. The blaCTX-M gene was detected 
in association with blaTEM gene in 1 (3.1%) 
isolate. 
 
Sequence alignments of the amplified blaTEM 
fragments (839 and 856 nucleotides) showed 
that the sequence of one isolate was identical to 
that of blaTEM-104 gene (GenBank No. 
AF516719), while the sequence of another 
isolate was similar to blaTEM-137 gene 
(GenBank No. AM286274.1). The differences 
were 4 silent mutations at nucleotides 18 (C→T), 
138 (G→A), 709 (A→G) and 710 (G→A).  The 
sequence of this isolate (PALTEM137b) was 
registered in GenBank database under 
accession number KP686109.  In another isolate, 
the sequence alignment of the amplified blaSHV 
fragment (894 nucleotides) was similar to 
blaSHV-2a gene sequence (GenBank No. 
X98102.1). The differences were two silent 
mutations at nucleotides 475 (A→G) and 793 

(G→C).  DNA sequence of the isolate of the 
present study (PALSHV-2a') have been 
submitted to GenBank under the accession 
number KP686110.   
 
Tables 1 and 2 show the distribution of ESBL 
producers in different clinical settings, patients 
and specimens. Percentages of 51.9%, 48.6% 
and 35.3% of ESBL E. coli producers were found 
among isolates collected from New Technology 
Laboratory, Rafeida Hospital and Nablus 
Specialty Hospital, respectively. Variations in 
frequency were statistically insignificant. The 
frequency of ESBL producers among E. coli 
isolated form urine was 50%, blood 50%, vaginal 
swab 25% and wound swabs 35%.  In addition, 
all the E. coli isolates recovered from rectal        
(2 isolates) and ear (1 isolate) swabs were    
ESBL producers.  Comparison of frequencies     
of ESBL producer E. coli isolated from      
different specimens showed no significant 
differences.    
 
The frequency of ESBL producers among 
pediatric (≤ 14 years old) patients (50%) was 
insignificantly higher (P=0.649) than that among 
adults (45.8%). Among wards with clinical 
specimens' number ≥ 5, the highest percentage 
of isolation of ESBL-producing E. coli was in the 
gynecology ward (66.7%), followed by neonates 
(60%), emergency (58.8%), ICU (50%), pediatric 
(44.8%), and urology (36.4%). Variations in 
frequencies were not statistically significant.  The 
frequency of ESBL producer isolates in 
outpatients (50.6%) was slightly higher than that 
found among inpatients (44.6%), however,   
these variations were statistically insignificant     
(P = 0.455). 
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A unique E. cloacae isolate expressing 
amoxicillin-induced resistance was found.  On 
disc approximation test, a blunting in the 
inhibition zone around ceftazidime at amoxicillin-
clavulanic edge was observed.  Replacement of 
amoxicillin-clavulanic acid with amoxicillin gave 
the same result.  In addition, amoxicillin was able 
to induce resistance to cefuroxime, aztereonam, 
ceftriaxone and cefotaxime. Furthermore, 
cefotaxime and cefotaxime-clavulanic disks 
showed similar results, indicating clavulanic acid 
had no effect.    
 

4. DISCUSSION 
     
In the present study, combination disc method 
detected ESBL production in 47.7% of E. coli 
isolates. A previous study [12] carried out during 
2009-2010 in Jordan had reported a close 
prevalence of ESBL production in E. coli 
(50.3%). A slightly lower ESBL prevalence of 
41% was reported among inpatients in the United 
Arab Emirates [13]. On the other hand, a lower 
prevalence (13.51%) of ESBL producers was 
found among urinary E. coli isolates collected in 
Nepal during 2011-2012 [14]. Regional variations 
in prevalence of ESBL-producing E. coli are 
expected to occur and time factor should be 
taken into consideration. Out of the 153 E. coli 
isolates, 106 were examines by double disk-
approximation method, which detected ESBL 
production in 28 (26.4%) of tested isolates 
(combination disc method was positive in 43 
isolates). These results showed sensitivity 
limitation of the double disk-approximation 
method. 
 
Among the examined isolates, blaCTX-M gene 
was the most common (93.8%). In line with our 
results, CTX-M β-lactamase was common in 
most areas of the world [15,16]. In a study in 
Greece, the prevalence of blaCTX-M enzyme 
was 87% among ESBL producers in a tertiary 
care hospital [17].   
 
In the current study, sequence alignments of the 
amplified blaTEM and blaSHV fragments showed 
very close sequences to previously described 
ESBLs' DNA sequences with few silent 
mutations. Detection of silent mutation and not 
other types of mutations (e.g., missense 
mutations) may be explained by the fact that 
conformation of any ESBL enzyme is very 
important for its activity and consequently, the 
survival of bacteria under the selective pressure 
of B-lactams antibiotics.  Occurrence of silent 
mutations will not harm the bacteria, as they do 

not affect the final conformation of the enzyme, 
as other types of mutations do. 
 

No significant association of ESBL producer E. 
coli was observed with any of the various types 
of collected specimens. Slightly higher frequency 
of ESBL producer isolates was found among 
outpatients (50.6%) compared to inpatients 
(44.6%). Such findings show the widespread 
nature of ESBLs among E. coli bacteria isolated 
in our region.  
 

The use of intravenous devices, urinary 
catheters, ventilators, higher selective pressure 
of antibiotics, and others in inpatients increase 
the probability of nosocomial infections by ESBL 
producers [18].  Among inpatient cases, 11 (in 
Rafidia hospital: 2 in ICU, 4 in Pediatric, 3 in 
Urology, and 2 in Neonates ward) were 
suspected to acquire nosocomial infections. All 
cases were ceftazidime resistant and 8 of these 
isolates were confirmed ESBL producers.   
These findings support the theory that 
nosocomial infections are risk factors that 
contribute to the acquisition of ESBL-producing 
microorganisms. On the basis of ESBLs' 
genotypes, hospital ward, and resistance 
profiles, the 8 patients appeared to have 
acquired the nosocomial infection from different 
sources. 
 

In a study in Mexico, 31 (35.6%) E. cloacae 
isolates were identified as ESBL producers out of 
87 isolates [19]. In the current study, only one 
(12.5%) E. cloacae isolates was an ESBL 
producer detected by both ESBL phenotypic 
detection methods.  However, a unique E. 
cloacae strain expressing amoxicillin-induced 
resistance was found, where amoxicillin induced 
resistance in this strain to ceftazidime, 
cefuroxime, aztereonam, ceftriaxone and 
cefotaxime.  Most likely, this isolate possessed 
inducible AmpC B-lactamase [20,21]. This 
unique strain can be induced to express 
resistance to commonly-used antibiotics in 
Nablus region.  The situation may be further 
complicated by the risk of conversion of inducible 
to constitutive mode, which means resistance to 
a wide range of cephalosporins.   
 

5. CONCLUSION 
 

A relatively high ESBL-producing E. coli isolation 
rate was found in Nablus district. CTX-M appears 
to be the most common genotype among ESBL 
producers. We report a unique E. cloacae isolate 
that expressed amoxicillin-inducible AmpC B-
lactamase. There is an urgent need to adopt 
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appropriate control measures to reduce the 
prevalence of ESBL and inducible AmpC B-
lactamase.   
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