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 ABSTRACT 
 

Background and Aim: Nosocomial infections caused by antibiotic-resistant bacteria and their rapid spread threaten public 
health. This study aimed to determine the frequency of genes encoding Extended-Spectrum Beta-Lactamase (ESBL) in gram-
negative bacteria in Kermanshah city, west of Iran. 

Materials and Methods: Identification and antibiotic susceptibility pattern of 165 isolates were performed by biochemical 
and disk diffusion methods, respectively. Screening and confirming the presence of ESBL genes were performed according to 
the double disk combination test (DDCT) method. The presence of genes encoding ESBL in each isolate was identified by 
Polymerase Chain Reaction (PCR) method.  

Results:  Out of 165 isolates, 83 strains were resistant to all antibiotics. The lowest frequency of resistance was observed for 
Gentamicin, while the highest frequency was observed for Cefotaxime and Cefazolin. Among all strains, 50 (30.30 %) and 80 
(48.48%) isolates were phenotypically and genotypically ESBL-positive, respectively. The most prevalent genes encoding ESBL 
were SHVOS and SHV-1, with a frequency of 20.61 % and 21.82 %, respectively. 

Conclusion:  The frequency of producing ESBL bacteria and the prevalence of blaSHV and blaCTX-M genes in our studied 
Klebsiella pneumoniae and Escherichia coli isolates were high. However, unlike some previous reports from Kermanshah, the 
prevalence of ESBL-encoding genes in Pseudomonas aeruginosa was low, and the blaVEB gene was not found.  
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1. Introduction 

Nowadays, antibiotic resistance is considered as 
one of the major problems of nosocomial infections 
and a threat to public health (1). The incidence of 
bacterial resistance and their rapid spreading among 
different parts of the hospitals are performed by 
various mechanisms, such as the production of beta-
lactamase enzymes (2). In the early 1980s, a new 
family of beta-lactamases was recognized as the 
Extended-Spectrum Beta-Lactamase (ESBL) in 
Klebsiella and their spreading was discussed as an 
epidemiological phenomenon since the second half 
of the 1980s (3). The plethora of taking 
cephalosporins iAn treating infections caused by 
gram-negative bacilli has significantly increased drug 
resistance rates. Thus, it has caused global health 
and clinical challenges (4). According to the studies 
and epidemiological stewardship, Escherichia coli, 
Klebsiella pneumoniae, and Pseudomonas 
aeruginosa, are the main ESBL-producing organisms 
(5). These organisms have been registered in the 
critical group of the World Health Organization 
(WHO) Global Priorities List as a particular threat to 
hospitals and are the major causes of nosocomial 
infections (6, 7). Heretofore, various types of ESBL 
have been identified. SHV, TEM, and CTXM are the 
major beta-lactamase genes (8). Although the most 
common ESBL genes are found in most parts of the 
world, such as Europe and Asia, some of them, such 
as VEB, PER, and GES genes, have limited 
geographical distribution and are rare types of 
plasmid-mediated ESBLs (9).  

The spread of ESBL-producing bacteria in different 
regions has led to the emergence of antibiotic 
resistance leading to difficulties in treating infections 
caused by ESBL-producing organisms. Therefore, 
more accurate monitoring of ESBL-producing bacteria 
and ESBL-encoding genes is essential for managing 
infection treatment (9, 10). Some studies are on the 
prevalence of ESBL-producing gram-negative bacteria 
and ESBL-encoding genes in Kermanshah city, west of 
Iran (11-18). Based on these studies, the frequency of 
ESBL-producing gram-negative bacteria in 
Kermanshah varies, ranging from 22% to 45%. Also, 
there is a different frequency pattern of ESBL-
encoding genes reported for bacteria isolated in 
Kermanshah. Since the pattern of antibiotic 
susceptibility of ESBL-producing gram-negative 
bacteria may change over time due to several 
reasons, such as the widespread use of antibiotics 
and the bacterial genome changing, the annular (or 
occasionally) monitoring of their antibiotic 
susceptibility is required to better management of 
the infections caused by them. Therefore, the 
present study aimed to evaluate the recent 
frequency of ESBL-encoding genes among clinical 

isolates of gram-negative bacteria in Kermanshah, 
using phenotypic and genotypic methods. 

 

2. Materials and Methods 

Patient and Samples 

This cross-sectional study was conducted in Imam 
Reza and Imam Khomeini Hospitals and Reference 
Laboratory in Kermanshah from August 2019 to 
August 2020 from different clinical samples like urine, 
blood, sputum, trachea, tissue, wound biopsies, and 
other secretions from inpatients and outpatients. 
Demographic data, including age, gender, and type of 
infection, were obtained from the medical records. 
The samples were inoculated in Müller-Hinton broth 
medium in a shaker incubator at 37°C for 18-24 
hours. Then, samples were incubated aerobically on 
Müller Hinton Agar, MacConkey Agar, and EMB 
(Merck, Germany) at 37°C for 18-24 hours. All 
isolates were identified by standard microbiological 
methods, including gram staining. P. aeruginosa 
ATCC 27853, E. coli ATCC 25922, and K. pneumoniae 
ATCC 700603 were used as a positive control, and for 
evaluation of results were purchased from Pasteur 
Institute, Tehran, Iran.   

For quality control and the evaluation of results, E. 
coliATCC25922 was used as a positive control. 

Antimicrobial Susceptibility Test 

The pattern of antibiotic resistance was 
determined based on Clinical Laboratory Standard 
Instructions 2018 (CLSI 2018) by the Kirby-Bauer disk 
diffusion method.  Antibiotic discs were examined as 
follow: Cefotaxime (30 μg), Cefazolin (30 μg), 
Tobramycin (10 μg), Ceftriaxone (30 μg), Ceftazidime 
(30 μg), Cefopodoxime (30 μg), Co-trimoxazole (25 
μg), and Gentamiaycin (10 μg).   

Detection of ESBL-producing Bacteria 

Double Disc Combination Test (DDCT) with 
Cefopodoxime (30 μg)/ Cefopodoxime- clavulanic 
acid or Ceftazidime (30 μg)/ Ceftazidime-clavulanic 
acid discs was the method of choice for assessment 
of ESBL-producing bacteria. A five-millimeter 
difference between the inhibition zones around the 
two discs shows the production of ESBL enzyme by 
the bacterium (CLSI2018).  

PCR 

The genomic DNA of bacterial isolates was 
extracted using the AccuPrep Genomic DNA 
extraction kit (Bioneer, Korea) based on the kit 
instructions. The primers used to identify ESBL genes, 
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including CTXM-1, SHVOS, TEM, SHV-1, PER-1, and 
VEB-1 are depicted in Table 1. The characteristics and 

specificity of each pair of primers were checked and 
confirmed by online software.  

 

Table 1. Sequence of primers. 

No. Name Sequence(5′ to 3′) Product size Reference 

1 
CTXM-1 F 

CTXM-1 R 

GCAGCACCAGTAAAGTGATGG 

GCTGGGTGAAGTAAGTGAACC 
591 bp (19) 

2 
TEM A 

TEM B 

TAAAATTCTTGAAGACG 

TTACCAATGCTTAATCA 
1074 bp (39) 

3 
SHVOS 5 

SHVOS 6 

GATTTGCTGAATTCGCTC 

TTATCTCCCTGTTAGCCA 
797 bp (39) 

4 
SHV-1 F 

SHV-1 R 

ATGCGTTATATTCGCCTGTGTA 

TTGCCAGTGCTCGTACAGC 
855 bp This study 

5 
VEB F 

VEB R 

CGACTTCCATTTCCCGATGC 

GGACTCTGCAACAAATACGC 
927 bp (40) 

6 
PER-1 F 

PER-1 R 

ATGAATGTCATTATAAAAGCT 

TTAATTTGGGCTTAGGG 
643 bp (40) 

 

PCR was performed by Thermal cycler (Bio-Rad, 
Singapore) in 30 cycles in a final volume of 25 
microliters, including 8.5 µL Master Mix 1X 
(Amplicon, Denmark) of each pair of 0.5mm primer 
(Bioneer, Korea) and 2 µL Template DNA of bacterial 
isolates. In addition, the PCR plan of the genes was 
performed by Initial denaturation at 94°C for 3 
minutes, denaturation temperature at 94°C for 45 
seconds, annealing temperature at 54.5°C for CTXM-
1 gene, 42°C for TEM gene, 49.5°C for SHVOS gene, 
55.5°C for SHV-1 gene, 45.5°C for PER-1 gene, and 
55°C for VEB-1 gene for 45 seconds, extension 
temperature of 72°C for 1 minute and final extension 
of 72°C for 10 minutes. The PCR products were 
detected by Electrophoresis gel (Bio-Rad) with 
voltage 85 for 45 minutes on 1.5% agarose gel 
containing a safe stain.   

Sequencing   

The PCR product was sequenced by Dye-terminator 
sequencing (Bioneer, Korea) to confirm the presence 
of genes. After editing each sequence, the similarity 
was determined with the BLAST database in the next 
step.  

Statistical Analysis 

The results were analyzed and compared by Chi-
square test using SPSS software version 16 (SPSS Inc., 
Chicago, Ill., USA). The threshold of P-value <0.05 
were considered statistical significance. 

 

 

3. Results 

Totally, 165 bacterial strains, including P. aeruginosa 
(n=55), K. pneumoniae (n=55), and E. coli (n = 55), were 
isolated from various clinical samples. Most of the 
bacteria were isolated from females (n=78). The most 
common age group was 55-65 (n = 29).  
The bacteria were isolated from urine (n=106, 64.24%), 
sputum (n=5, 3.03%), trachea (n=23, 13.94%), blood 
(n=18, 10.91%), tissue/wound (n=10, 6.06%), and other 
secretions (n=3, 1.82%) (Table 2). The prevalence of 
isolates in immatures and adults were 6 (10.91%) and 
49 (89.09%) for K. pneumoniae, 8 (14.55%) and 47 
(85.45%) for E. coli, and 8 (14.55%) and 47 (85.45%) for 
P. aeruginosa, respectively.  

Most samples were isolated from Imam Reza hospital 
(91 cases, 55.15%). Most K. pneumoniae isolates were 
collected from Reference Laboratory (24 cases), while 
most E. coli isolates (40 cases) and P. aeruginosa isolates 
(36 cases) were collected from Imam Reza hospital. It is 
worth noting that most samples from the ICU, surgical 
and infectious wards belonged to men, while most 
outpatient samples and the samples from the burn 
ward belonged to women. The bacteria were isolated 
from different hospital wards as follows: ICU (n=36, 
21.82%), surgery (n=27, 16.36%), pediatrics (n=20, 
1212%), infectious diseases (n=10, 6.06%), and burns 
(n=9, 5.45%) wards. 

The number of phenotypic/genotypic positive samples 
and the frequency of ESBL genes in studied isolates 
based on the hospital wards shown in Table 3.  
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Table 2. Distribution of clinical samples, bacterial isolates, and ESBL production 

Specimen 
type 

Total No. of 
Isolates Organism No. of Isolate (%) No. of ESBL positive 

phenotype 
No. of ESBL positive 

genotype 

Urine 106 

P. aeruginosa 16 (15.1) 2 1 

K. pneumoniae 46 (43.4) 14 43 

E. coli 44 (41.5) 17 15 

Sputum 5 

P. aeruginosa 5 (100) 3 0 

K. pneumoniae 0 (0) 0 0 

E. coli 0 (0) 0 0 

Tracheal 23 

P. aeruginosa 13 (56.52) 2 0 

K. pneumoniae 3 (13.05) 2 2 

E. coli 7 (30.43) 3 3 

Blood 18 

P. aeruginosa 11 (61.11) 1 1 

K. pneumoniae 4 (22.22) 0 3 

E. coli 3 (16.67) 1 1 

Burnt 10 

P. aeruginosa 10 (100) 3 1 

K. pneumoniae 0 (0) 0 0 

E. coli 0 (0) 0 0 

Other body 
fluid 3 

P. aeruginosa 0 (0) 0 0 

K. pneumoniae 3 (100) 1 3 

E. coli 0 (0) 0 0 
 

Table 3. Phenotypic and genotypic relationship and frequency of ESBL genes in studied isolates based on types of hospital wards 

Unit 

K. pneumoniae E. coli P.aeruginosa 

Total 
Phenoty

pe 
positive 
ESBL (%) 

Total 
Genoty

pe 
positive 
ESBL (%) 

Phenoty
pe 

positive 
ESBL (%) 

Genoty
pe 

positive 
ESBL (%) 

Total 
isolat
es (%) 

Phenoty
pe 

positive 
ESBL (%) 

Genoty
pe 

positive 
ESBL (%) 

Total 
isolat
es  (%) 

Phenoty
pe 

positive 
ESBL (%) 

Genoty
pe 

positive 
ESBL (%) 

Phenoty
pe + 

Genotyp
e 

positive 
ESBL (%) 

Total 
isolat
es (%) 

ICU 3 (15) 5 (11.1) 6 
(10.1) 6 (26.08) 7 (26.9) 13 

(23.6) 1 (8.3) 0 (0) 8 (20.5) 16 
(29.1) 10 (20) 9 (14.7) 

Children
s 2 (10) 5 (11.1) 5 (9.1) 4 (17.4) 4 (15.3) 7 

(12.7) 2 (16.6) 1 (25) 6 (15.3) 8 
(14.5) 8 (16) 9 (14.7) 

Other 
wards 6 (30) 2 (4.4) 7 

(12.7) 3 (13.04) 2 (7.7) 8 
(14.5) 1 (8.3) 1 (25) 5 (12.8) 3 (5.4) 6 (12) 3 (4.9) 

Outpati
et 7 (35) 27 (60) 29 

(52.7) 2 (8.7) 3 (11.5) 8 
(14.5) 0 (0) 0 (0) 8 (20.5) 6 

(10.1) 9 (18) 5 (8.2) 

Surgery 1 (5) 3 (6.7) 3 (5.4) 7 (30.4) 9 (34.6) 16 
(29.1) 1 (8.3) 0 (0) 8 (20.5) 8 

(14.5) 9 (18) 10 
(16.4) 

Burn 0 (0) 0 (0) 2 (3.6) 0 (0) 0 (0) 0 (0) 4 (33.3) 2 (50) 2 (5.1) 7 
(12.7) 3 (6) 9 (14.7) 

Infectio
us 1 (5) 3 (6.7) 3 (5.4) 1 (4.3) 1 (3.8) 3 (5.4) 3 (12) 0 (0) 2 (5.1) 7 

(12.7) 5 (10) 16 
(26.2) 

Total 20 (100) 45 (100) 55 
(100) 23 (100) 26 (100) 55 

(100) 12 (100) 4 (100) 39 (100) 55 
(100) 50 (100) 61 (100) 
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The results of antibacterial susceptibility testing are 
shown in Table 4. The results indicated that 47.75%, 
2.01%, and 50.24% of isolates were sensitive, 
intermediate, and resistant to all antibiotics, 
respectively. The percentage of resistance in K. 
pneumoniae, E. coli, and P. aeruginosa isolates was 

41.14%, 58.86%, and 73.64 %, respectively. The most 
effective antibiotic against ESBL-producing isolates was 
gentamycin (n=115, 69.69%). The highest resistance in 
ESBL-producing isolates was observed for Ceftazidime 
(n=88, 53.33%).   

 

Table 4. The characterization of antibiotic resistance of bacterial isolates 

Antibiotic 
K. pneumoniae E. coli P. aeruginosa 

S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) 

GM 43 
(78.18%) 0 (0%) 12 

(21.82%) 
27 

(49.09%) 2 (3.64%) 26 
(47.27%) 

45 
(81.82%) 0 (0%) 10 

(18.18%) 

TN 38 
(69.09%) 0 (0%) 17 

(30.91%) 
7 

(12.73%) 4 (7.27%) 44 (80%) 45 
(81.82%) 0 (0%) 10 

(18.18%) 

CZ 30 
(54.55%) 2 (3.64%) 23 

(41.81%) 
10 

(18.18%) 1 (1.82%) 44 (80%) - - - 

CAZ 27 
(49.09%) 0 (0%) 28 

(50.91%) 
23 

(41.82%) 0 (0%) 32 
(58.18%) 

34 
(61.82%) 0 (0%) 21 

(38.18%) 

CPD 27 
(49.10%) 3 (5.45%) 25 

(45.45%) 
12 

(21.82%) 4 (7.27%) 39 
(70.91%) - - - 

CTX 28 
(50.91%) 1 (1.82%) 26 

(47.27%) 
12 

(21.82%) 0 (0%) 43 
(78.18%) - - - 

CRO 32 
(58.18%) 1 (1.82%) 22 (40%) 12 

(21.82%) 2 (3.64%) 41 
(74.54%) - - - 

SXT 34 
(61.82%) 1 (1.82%) 20 

(36.36%) 
13 

(23.64%) 0 (0%) 42 
(76.36%) - - - 

Total 259 
(58.86%) 8 (1.82%) 173 

(39.32%) 
116 

(26.36%) 
13 

(2.95%) 
311 

(70.69%) 
124 

(75.15%) 0 (0%) 41 
(24.85%) 

Abbreviations: S: sensitive, I: Intermediate, R: Resistance, GM: Gentamiaycin, TN: Tobramycin, CZ: Cefazolin, CAZ: Ceftazidime, CPD: 
Cefopodoxime, CTX: Cefotaxime, CRO: Ceftriaxone, SXT: Co-trimoxazole. 
 

A total of 165 bacterial isolates were studied according 
to CLSI instructions for phenotypic detection of ESBL 
production based on the combined disk method. The 
results showed that 50 (30.30%) isolates were ESBL-
positive, and 115 (69.7%) isolates were ESBL-negative. 
Of these, 17 (30.91%), 22 (40%), and 11 (20%) strain of 
K. pneumoniae, E. coli, and P. aeruginosa were ESBL 
positive. The most phenotypically ESBL-positive isolates 
related to women (n=23, 46%), E. coli strains (n=22, 
44%), ICU ward (n=10, 20%), and Imam Reza hospital 
(n=34, 68%). 

 Detection of beta-lactamase genes using PCR showed 
that out of 165 bacterial isolates, 80 (48.48%) were 
ESBL-producing isolates. Of ESBL-producing isolates, 51 
(63.75%), 26 (5.5%), and 3 (3.75%) isolates of K. 
pneumoniae, E. coli, and P. aeruginosa produced ESBL. 
In general, 39 (23.64%) isolates were both genotypically 
and phenotypically ESBL positive.  

Most of the isolates harbored CTXM-1 (n=26, 52%). 
Interestingly, none of the ESBL-positive P.  aeruginosa 

and E. coli isolates harbored CTXM-1. The frequency of 
the studied genes and distribution of the simultaneous 
presence of several genes in bacterial isolates are 
shown in Figure 1. The highest frequency of ESBL genes 
in Imam Khomeini hospital, Imam Reza hospital, and the 
reference laboratory was for CTXM-1 and SHV-1 genes.  

According to the results of the present study, in general, 
a significant relationship was observed between ESBL-
producing strains and resistance to cephalosporins. 
There was a significant relationship between resistance 
to ceftriaxone and trimethoprim-sulfamethoxazole, 
cefotaxime and cefpodoxime, and Ceftazidime in ESBL-
producing stains of E. coli, K .pneumoniae, and P. 
aeruginosa (Figure 2). The results showed a significant 
difference in the prevalence of K. pneumoniae and P. 
aeruginosa. In terms of gender, a significant relationship 
was observed between women and ceftazidime 
resistance. The results of agarose gel electrophoresis of 
PCR products are shown in Figure 3. 
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Figure 1. The frequency of the studied genes and distribution of the simultaneous presence of several genes in bacterial 
isolates. 

 

 

Figure 2. The relationship between resistance to antibiotics and presence of ESBL genes in the studied strains. 
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Figure 3. Agarose gel electrophoresis of PCR product of CTXM-1 genes with 591 bp, SHVOS with 797 bp, SHV-1 with 855 bp, 
TEM-A with 1074 bp and PER-1 with 643 bp in the gram-negative bacilli studied. A: Well M : marker 100bp, Well 1: negative 
control, Wells 2, 4, 5, 7, and 9: positive samples, Wells 3, 6, 8, and 10: negative samples. B: Well M : marker 100bp, Well 1: 

negative control, Wells 2, 4, 5, 6, 7, 8, 8: positive samples, Wells 3: negative sample. C: Well M : marker 100bp, Well 1: 
negative control, Wells 2, 4, 5, and 7: positive samples, Wells 3, 6, 8, 9: negative samples. D. Well M : marker 100bp, Well: 

negative control, Wells 7, 9: positive samples, Wells 2, 3, 4, 5, 6, 8: negative samples, E. Well M : marker 100 bp, Well 1: 
negative control, Well 2: positive sample. Wells 3, 4, 5, 6,7,8,9 negative samples. 

 

4. Discussion 
Klebsiela pneumoniae, E. coli, and P. aeruginosa are 

the most important gram-negative bacteria that are 
often associated with urinary tract infections (UTIs), 
respiratory tract infections (pneumonia), 
bloodstream infections (bacteremia), and others. 
Identification of infectious agents and detection of 
genes encoding beta-lactamase play an important 
role in the management of infectious diseases and 
the selection of appropriate antibiotics. Increasing 
antibiotic resistance among gram-negative bacteria, 
associated with acquiring resistant genes such as 
ESBLs, is a global challenge (19). 

In the present study, the frequency of antibiotic 
resistance to common antibiotics was 50.24%. The 
highest and lowest resistance was observed in E. coli 
(73.6%) and P. aeruginosa (24.8%), respectively. High 
resistance to Ceftazidime was observed in K. 

pneumoniae (50.9%) and P. aeruginosa (38.18%), 
while in E. coli isolates, the resistance to tobramycin 
and cefazolin was very high (80%). Similarly, in the 
studies conducted from 2013 to 2019 in Kermanshah 
(11-18) the resistance of gram-negative bacteria to 
tobramycin and third-generation cephalosporins was 
high. The highest rate of antibiotic resistance to 
third-generation cephalosporins in Kermanshah was 
reported in 2017 (20). In addition, 70% resistance of 
P. aeruginosa to Ceftazidime and 76% resistance of E. 
coli to cotrimoxazole was observed in the study of 
Heidari (21) and Yousefi Fatemeh Seri (13) from 
Kermanshah. Resistance of K. pneumoniae, E. coli, 
and P. aeruginosa isolates varies in different 
provinces of Iran. Studies from Tehran (22), Kashan 
(23), and Islamshahr (24) have reported the highest 
resistance of K. pneumoniae isolates to ampicillin, 
ciprofloxacin, Ceftazidime, and cefotaxime. Also, the 
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resistance of E. coli isolates was different in studies 
from Tehran (25) (high resistance to ampicillin) and 
Karaj (26) (high resistance to cotrimoxazole and 
ciprofloxacin). Factors involved in the diversity of 
antibiotic resistance to different antibiotics include 
the type of samples, the number of samples, the 
origin of the samples, the time of the study, and 
regional diversity (27). 

In the present study, the prevalence of ESBL gene-
carrying K. pneumoniae was higher than in other 
isolates, but more than 63% were not phenotypically 
positive. It shows that although ESBL protein is not 
expressed in these strains, the ability of the ESBL 
gene to be transmitted to other bacteria may be 
important. 

The present study showed that 30.3% of the 
isolates were ESBL-positive. In a 6-year study in 
Kermanshah, 31.4% of gram-negative bacteria were 
ESBL-positive. Contrary to the present study, the 
highest and lowest isolates producing ESBL were E. 
coli and P. aeruginosa. In studies from Kermanshah, 
P. aeruginosa (51.7%) was the most frequent, and E. 
coli (23.4%) was the lowest frequent strain producing 
ESBL. The results of studies from West Azerbaijan 
(28) and Karaj (29) showed that 59.2% and 42.8% of 
K. pneumoniae isolates were ESBL-positive. P. 
aeruginosa isolates in Zahedan (30) were 57% ESBL-
positive. 

The results of PCR in the present study showed 
that 48.48% of the isolates carried ESBL genes. The 
results showed that 36 isolates carried blaSHV-1 
gene, and one isolate carried blaPER-1 gene. In 
previous studies in Kermanshah, it was found that 
blaSHV-1 gene (30.5%) had the highest frequency 
and blaPER gene (8.3%) had the lowest frequency. 
According to the results of studies from Tehran (31), 
Kerman (32), and Mazandaran (33) blaCTXM, blaTEM, 
and blaSHV were the most common ESBL genes 
among E. coli isolates, respectively. The frequency of 
blaCTXM-1 gene in E. coli isolates in Arak (94.4%) was 
higher than in the present study (29.1%). In the 
present study, the blaVEB gene was not found and 
the blaPER-1 gene was found only in one P. 
aeruginosa isolate. In studies from Kermanshah in 
2016 (34) and 2017 (14), the blaPER gene was not 
isolated from any of the isolates of K. pneumoniae 
and P. aeruginosa. The emergence of the blaPER-1 
gene in the present study is worrying and alarming. 

In addition, the prevalence of ESBL genes in P. 
aeruginosa isolates in a study in Bandar-Abbas (11) 
was higher than the results of the present study. The 
difference in the frequency of ESBL-producing genes 
in the results of the present study and other studies 
in Iran may be due to the temporal effect of 
increased infections and clonal diffusion (35). The 

prevalence of ESBL-producing genes plays a key role 
in creating a different pattern of antibiotic resistance 
in bacteria. Screening for ESBL-causing bacteria and 
antibiotic resistance genes in healthcare systems 
around the world could help implement a program to 
control and treat threatening infections in the future. 
It also allows for extensive analysis of antibiotic 
resistance gene maps. Therefore, the transfer and 
diffusion of antibiotic-resistance genes can be 
prevented as much as possible (3). 

In a systematic review and meta-analysis study in 
Iran, it was shown that the high presence of blaSHV 
in the west of the country is a worrying issue. In 
contrast, blaTEM and blaCTXM in the central and 
east of Iran, and blaTEM, blaSHV, and blaCTX-M in 
southern regions of Iran were more frequent. In 
general, classes A and D are the most common 
classes of beta-lactamases in the northern, southern, 
and central parts of the country. While in the west 
and east of the country, class A is predominant (3). In 
the present study, similar to other studies (36, 37), 
the simultaneous presence of several ESBL genes was 
observed in K. pneumoniae and E. coli isolates. As 
observed here, blaSHVOS and blaSHV-1 alone and 
together were predominant in K. pneumoniae. Also, 
in our study, the blaCTXM-1 and blaTEM genes alone 
and together were predominant in E. coli isolates. 
This significantly increases the number of clones 
carrying ESBL genes, increases bacterial infections, 
and increases treatment costs. It seems that the high 
frequency of ESBL genes in gram-negative bacteria 
isolated from patients in different wards of hospitals 
in Kermanshah and antibiotic resistance is a serious 
problem. It has been shown that the trend in the 
level of antibiotic resistance is consistence with the 
trend of antibiotic consumption; therefore, it needs 
to strengthen policy planning to control and optimize 
use of antibiotics (38). 

 

5. Conclusion 

The frequency of producing ESBL and the prevalence 
rate of blaSHV and blaCTX-M genes in K. pneumoniae 
and E. coli in the mentioned bacterial isolates are high 
in Kermanshah. However, unlike some of the previous 
reports from Kermanshah, the prevalence of ESBL-
encoding genes in P. aeruginosa was low, and blaVEB 
gene was not found. 
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