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ABSTRACT

Nosocomial infections caused by gram-negative bacteria are among the most important health-
threatening challenges of the current century, particularly following the emergence and spreading of antibiotic-resistance
strains. Extended-spectrum beta-lactamase (ESBL), one of the most important antibiotic resistance mechanisms, is
spreading worldwide. Surveillance and gathering data on the prevalence of antibiotic resistance and their associated
encoding genes could assist in selecting treatment strategies and policies. This systematic review and meta-analysis was
designed to assess the prevalence of ESBL-positive bacteria and their resistance genes in medical centers of Kermanshah
city, west of Iran.

All studies published as original articles were retrieved by searching in EMBASE, Scopus,
PubMed/Medline, Google Scholar, and Persian databases of SID and Magiran, using appropriate keywords All published
studies in the field were included without time restriction until 30-Mar-2022. Comprehensive Meta-Analysis software was
used to analyze the data.

m The prevalence of ESBL-positive and multidrug resistance (MDR) bacteria in Kermanshah medical centers were
34.8% and 56.1%, respectively. The highest and lowest prevalence of ESBL-positive bacteria was observed for Enterobacter
cloacae (59.14%) and Pseudomonas aeruginosa (4.55%), respectively. The highest and lowest prevalence of the resistance
genes were observed for blaOXA-51 (99.3%) and blakPC (0.6%), respectively. The highest resistance was estimated to
mezlocillin antibiotic (92.2%).

This study showed that the prevalence of ESBL-positive and MDR bacteria is high in Kermanshah medical
centers, and it provides significant information to health policymakers to implement appropriate strategies to reduce the
prevalence of resistant bacteria.
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1. Introduction

Enterobacteriaceae and non-fermented gram-
negative bacilli are the most important causes of
nosocomial infections. Antimicrobial resistance
among these bacteria is a serious global public health
problem. One of the main reasons for treatment
failure of nosocomial infections is the acquisition of
antibiotic resistance genes and the development of
the extended-spectrum beta-lactamase (ESBL)
producing bacteria. Klebsiella pneumoniae,
Escherichia coli, Pseudomonas aeruginosa, and
Acinetobacter baumannii, the most important ESBL-
producing organisms, are responsible for the majority
of nosocomial infections (1, 2). These infectious agents
become highly resistant to many antibiotics by
producing the most common ESBL enzymes such as
blaCTX-M, blaTEM, and blaSHV (They cause the
spread of multidrug-resistant strains) (3, 4). MDR
resistance patterns of a bacteria are defined as
follows: If a bacterium is insensitive to at least one
agent in three or more antimicrobial groups, it is
considered an MDR bacterium. Despite efforts that
have been made to control nosocomial infections, the
mortality rate associated with ESBL-producing is still
high worldwide (5). Many studies have been
performed to determine the prevalence of ESBL-
producing strains and genes in Iran. Therefore, due to
the need for a comprehensive program and a
complete registry, gathering published data as a meta-
analysis could be helpful for a selection of antibiotic
treatment strategies and policies (6, 7). Since no
systematic review and meta-analysis study has been
performed previously in Kermanshah province, we
aimed to collect and analyze the data from all
published articles about the prevalence of ESBL-
positive gram-negative bacteria and the frequency of
different ESBL genes in Kermanshah medical centers.
Because the prevalence of ESBLs-producing genes
plays a key role in creating a different pattern of
antibiotic resistance in bacteria, knowing the
prevalence of genes and screening for ESBL-producing
bacteria can help implement a plan to control and
treat threatening infections in the future. This helps to
prevent the transmission and spread of antibiotic
resistance genes as much as possible.

2. Materials and Methods
Search strategy and selection criteria

The data of this systematic review and meta-
analysis study were collected from international and
local databases, including EMBASE, Scopus,
PubMed/Medline, Google Scholar, SID, and Magiran.
The related keywords were extended-spectrum beta-
lactamase, ESBL, 6-lactams resistance, antibiotic
resistance, and Kermanshah alone or combined with
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"AND" and/or "OR" All published studies in the field
were included without time restriction until 30-Mar-
2022. To conduct the present study Preferred
Reporting ltems for Systematic Reviews and Meta-
Analysis (PRISMA) checklist for diagnostic test
accuracy was considered (8).

Inclusion/exclusion criteria

Studies based on title, abstract, full text, and
originality that corresponded to the study's purpose
and had the study's desired characteristics were
selected as eligible and entered into the study. Cohort
studies, letters to editors, conferences, case reports,
narrative or systematic reviews without proper data,
and non-English articles were excluded.

Selection of studies and data gathering

The extracted data were checked as follows: name
of the first author, year of publication, year of sample
collection, medical center of sample collection,
isolated bacteria, sample type, sample size, sample
gender, phenotypic and genotypic methods,
frequency of ESBL, multidrug resistance (MDR),
Antibiotic resistance pattern, and frequency of ESBL
genes.

Data statistical analysis

Using Comprehensive Meta-Analysis v2.2.064,
meta-analysis and subgroup analysis were performed.
The prevalence of ESBL positive cases, MDR cases,
ESBL genes, and antibiotic resistance were presented
with 95% confidence intervals (Cls) with the random-
effects model. A subgroup analysis was performed
based on the sampling years to assess the source of
heterogeneity. I? statistics and the Cochrane Q test
were used to measure the studies' heterogeneity.
Regarding the asymmetrical data distribution, Egger's
test was used to assess potential publication bias. The
P-value equal to or less than 0.05 was considered the
significance threshold.

3. Results
Literature search

In total, 925 relevant studies were collected by
accurately searching databases using the appropriate
keywords. Duplicate reports (182 articles) were
removed, and the remaining 743 articles were
reviewed. Based on the title/abstract, 322 articles
were reviewed, and 53 relevant articles were
evaluated by reading the full text. Finally, 23 studies
were recognized as eligible for qualitative analysis and
meta-analysis. PRISMA flow diagram of study
selection is depicted in Figure 1 and the specifications
extracted from the studies are shown in Table 1.
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Figure 1. PRISMA flow diagram of study selection
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Table 1. Studies characteristics
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(n=2, 2.38%)
. A. Sputum (n= 36,
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Mohajeri 2011- N/
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*- The details of resistance genes and antibiotics susceptibility have been represented in Table 5.

Abbreviations: E. coli: Escherichia coli, K. pneumoniae: Klebsiella pneumoniae, C. freundii: Citrobacter freundii, C. koseri: Citrobacter koseri, C.
braakii: Citrobacter braakii, A. baumannii: Acinetobacter baumannii, P. aeruginosa: Pseudomonas aeruginosa, E. cloacae: Enterobacter cloacae,
CSF: Cerebrospinal fluid, BAL: Bronchoalveolar lavage, DDT: disk confirmatory test, DDCT: Double-disk confirmatory test, PCR: polymerase chain
reaction, MDR: multidrug-resistant, N/A: not available

The prevalence of ESBL-positive bacteria in showing significant between-studies heterogeneity.
Kermanshah medical centers The 12 test showed 85.44 % of true variances in the

To estimate the prevalence of ESBL-positive bacteria observed effects (Fig. 2).

in Kermanshah medical centers, Iran, the proportion Subgroup analysis of ESBL-positive bacteria
of ESBL-positive cases over sample size (i.e., event prevalence based on the sampling year

rate) was applied as effect size. The calculated event
rates were multiplied by 100 for easier representation
of data in the tables and the text. Fifteen studies were
applied for meta-analysis, in which the pooled
prevalence of ESBL-positive bacteria in Kermanshah
medical centers was 34.8 % (Cl 95%: 28.0 — 42.3)
(Figure 2). Since the Cls of the summary effect did not
include zero, the null hypothesis was rejected,
indicating a positive prevalence of ESBL-positive
bacteria in Kermanshah medical centers. Also, the Q-
value was significantly higher than the degrees of
freedom (the number of studies minus 1) (P=0.000),

To subgroup analysis of the ESBL-positive bacteria in
Kermanshah medical centers based on the studies
published year were divided into two subgroups, D1
(<2015) and D2 (2015<). According to these
subgroups, six and seven studies were categorized as
D1 and D2, respectively. The prevalence of ESBL-
positive bacteria was higher in D2, and there was
significant heterogeneity between subgroups (Q-
value: 6.347, P= 0.012) (Table 2). Table 2 shows that
ESBL -positive bacteria prevalence in Kermanshah
medical centers doubled after 2015.
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Pooled prevalence of ESBL-positive bacteria in Kermanshah medical centers

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate  limit  limit Z-Value p-Value
Akya et al.-1 0.279 0.226 0.339 6.592- 0.000 ]
Akya et al.-2 0.400 0.309 0.499 1.986- 0.047 -
Akya et al.-3 0.071 0.030 0.160 5.527- 0.000 ol
Akya et al.-4 0.400 0.309 0499 1.986- 0.047 -
Azizi et al. 0.538 0428 0.643 0.670 0.503 -
Davodian et al.-2 0.045 0.003 0.448 2.103- 0.035 —
Hemmati et al. 0.591 0489 0.686 1.753 0.080 -
Khodadoost et al. 0.243 0.179 0.321 5.769- 0.000 L]
Mohajeri et al.-1 0.220 0.168 0.283 7.415- 0.000 ]
Mohajeri et al.-2 0.340 0.223 0480 2.222- 0.026 -
Norozi et al. 0.405 0.305 0.513 1.735- 0.083 -
Ranjbar et al. 0.543 0.379 0.698 0.506 0.613 -
Sarshar et al. 0.450 0.330 0.576 0.773- 0.439 -
Vaziri et al. 0.386 0.269 0.517 1.707- 0.088 -
Yousefi-Fatmesari etal. 0.253 0.175 0.349 4.594- 0.000 -

0.348 0.280 0.423 3.867- 0.000 *

-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Q:96.16 (p-value:0.000) I-squared: 85.44

Figure 2. The pooled prevalence of ESBL-positive bacteria in Kermanshah medical center

Table 2. The prevalence of ESBL-positive bacteria in Kermanshah medical centers based on sampling years

Group nhame Sampling year sz:?‘::f Prevalence (%) L:::::;r Z-value
D1 <2015 6 24.84 16.58 35.45 -4.27 0.000
D2 2015< 7 43.93 33.56 54.86 -1.09 0.276
Overall - 13 35.14 27.98 43.03 -3.62 0.000

Test of heterogeneity between subgroups: Q-value: 6.347, p-value: 0.012

Subgroup analysis of ESBL-positive prevalence
based on the type of bacteria

Based on the type of bacteria, a subgroup analysis
was done on the prevalence of ESBL-positive. The
studies were divided into eight subgroups as follows:
A. baumannii (3 records), C. braakii (1 study), C

freundii (1 study), C. koseri (1 study), E. cloacae (1
study), E. coli (4 studies), K. pneumoniae (5 studies),
and P. aeruginosa (1 study). There was significant
heterogeneity between subgroups (Q-value: 88.97, p-
value: 0.000). The highest and lowest prevalence of
ESBL-positive was observed for E. cloacae (59.14%)
and P. aeruginosa (4.55%), respectively (Table 3).

Table 3. The prevalence of ESBL-positive bacteria in Kermanshah medical centers is based on the type of bacteria

Group nhame N::::re;:f Prevalence (%)
A. baumannii 3 48.30
C. braakii 1 10.00
C. freundii 1 8.33
C. koseri 1 7.14
E. cloacae 1 59.14
E. coli 4 25.11
K. pneumoniae 5 39.82

Lower limit Upper limit Z-value p-value
41.37 55.29 -0.48 0.634
0.59 67.36 -1.47 0.140
3.51 18.51 -5.13 0.000
0.43 57.72 -1.75 0.081
48.91 68.64 1.75 0.080
21.98 28.53 -12.28 0.000
34.93 4493 -3.86 0.000
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P. aeruginosa 1 4.55

Overall 17 34.72

0.28 44.83 -2.10 0.035

32.17 37.37 -10.77 0.000

Test of heterogeneity between subgroups: Q-value: 88.97, p-value: 0.000

The prevalence of MDR bacteria and ESBL-
producing MDR bacteria in Kermanshah medical
centers

The proportion of MDR cases over sample size was
used to estimate the prevalence of MDR bacteria in
Kermanshah medical centers. The data of 11 studies
were appropriate to be included in the meta-analysis,
in which the pooled prevalence of MDR bacteria in

Kermanshah medical centers was 56.1% (Cl 95%: 47.5
— 64.4) (Fig_3). There was also significant
heterogeneity between studies indicated by a Q-value
higher than degrees of freedom (p-value= 0.000) and
I equal to 84.04% (Fig 3). The ESBL-producing MDR
bacteria were only reported in three studies in which
the pooled prevalence was 34.5% (Cl 95%: 28.8 —
40.6), but there was no significant heterogeneity
between studies (Q-value= 3.06 12 = 34.63%) (Fig 4).

Pooled prevalence of MDR bacteria in Kermanshah medical centers

Study name Statistics for each study

Event Lower Upper

rate  limit  limit
Akya et al.-1 0.400 0.340 0.463 3.077-
Akya et al.-2 0.560 0.462 0.654 1.197
Azizi et al. 0.625 0.515 0.724 2212
Haidari et al. 0.700 0.573 0.802 3.008
Hemmati et al. 0.699 0.598 0.783 3.726
Khodadoost etal. 0.393 0.316 0.476 2.516-
Mohajerietal.-2 0.700 0.560 0.810 2.746
Sarshar et al. 0.450 0.330 0.576 0.773-
Norozi et al. 0.476 0.372 0.582 0.436-
Mohajerietal.-4 0.988 0.840 0.999 3.123
Mohajerietal.-5 0.493 0.382 0.605 0.115-
0.561 0.475 0.644 1.402

Event rate and 95% ClI

Z-Value p-Value

0.002
0.231
0.027
0.003
0.000
0.012
0.006
0.439
0.663
0.002 -
0.908 -

0.161 .

-*i.-t"-

-2.00 -1.00 0.00 1.00 2.00

Favours A Favours B

Q:62.68 (p-value:0.000) I-squared: 84.04

Figure 3. The pooled prevalence of MDR bacteria in Kermanshah medical centers

Pooled prevalence of ESBL-MDR bacteria in Kermanshah medical centers

Study name Statistics for each study
Event Lower Upper
rate limit limit
Akya et al.-2 0.400 0.309 0499 1.986-
Mohajerietal.-2 0.260 0.157 0.398 3.244-
Mohajeri et al.-3 0.327 0.244 0.423 3.455-
0.345 0.288 0.406 4.832-

Event rate and 95% CI

Z-Value p-Value

0.047 =
0.001 -
0.001 =
0.000 ¢
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Q:3.06 (p-value:0.217) I-squared: 34.63

Figure 4. The pooled prevalence of ESBL-MDR bacteria in Kermanshah medical centers
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The prevalence of ESBL genes in bacteria in
Kermanshah medical centers

The ESBL genes evaluated in at least two studies
were included in a random-effects model subgroup
analysis. Nineteen genes (or gene groups) were

included (Table 4), in which a significant heterogeneity
existed between subgroups (Q-value: 132.42, p-value:
0.000), and the highest and lowest prevalence were
observed for blaOXA-51 (99.3%) and KPC (0.6%),
respectively (Table 4). The details of all genes studied
have been shown in Table S1.

Table 4. The prevalence of ESBL genes in bacteria in Kermanshah medical centers based on bacteria

Gene Number Prevalence
of records (%)
blaCTX-M 13 20.2
blaCTX-M-1 2 16.0
blaCTX-M-2 2 1.4
blaCTX-M-3 2 13.2
blaOXA-23like 4 80.0
blaOXA-23like + blaOXA-24 like 2 20.7
blaOXA-24 like 4 22.9
blaOXA-51 3 99.3
blaOXA-58 3 0.7
blaPER 2 4.2
blaPER-1 2 234
blaSHV 11 21.5
blaTEM 11 15.1
blaVEB-1 2 2.5
KPC 2 0.6
SHV+ TEM 3 18.7
SHV+ TEM +blaCTX-M 3 17.6
SHV+blaCTX-M 2 26.8
TEM +blaCTX-M 4 14.8
Overall 77 20.1

Lower Upper

limit limit Z-value P-value 12

13.5 29.1 -5.6 0.000 78.7
5.1 40.5 -2.6 0.011 91.7
0.3 6.9 -5.1 0.000 65.8
4.1 34.8 -2.9 0.003 88.2
62.7 90.6 3.1 0.002 71.0
7.2 46.7 -2.2 0.030 45.6
11.2 41.0 -2.8 0.005 9.7
95.8 99.9 5.3 0.000 0.0
0.1 4.2 -5.3 0.000 0.0
0.9 17.9 -3.8 0.000 73.6
6.1 58.8 -1.5 0.132 61.2
13.6 323 -4.6 0.000 95.3
9.6 23.0 -6.5 0.000 58.2
0.3 20.3 -3.1 0.002 0.0
0.1 5.8 -4.4 0.000 0.0
7.6 38.9 -2.8 0.005 92.8
7.0 37.8 -2.9 0.004 92.8
10.1 54.3 -1.7 0.095 0.0
6.5 30.4 -3.7 0.000 94.6
16.9 23.8 -12.6 0.000 91.6

Test of heterogeneity between subgroups: Q-value: 132.42, p-value: 0.000

The prevalence of antibiotic resistance in bacteria
in Kermanshah medical centers

For a random-effects model meta-analysis, the
antibiotics reported in at least two studies were
included. These antibiotics were Ampicillin (AMP),
Ceftriaxone (CRO), Cefotaxime (CTX), Ceftazidime
(CAZ), Aztreonam (ATM), Imipenem (IMI), Piperacillin
(PIP), Trimethoprim/sulfamethoxazole (SXT),
Ciprofloxacin (CIP), Gentamicin (GEN), Amikacin
(AMK), Nitrofurantoin (NIT), Meropenem (MEM),
Rifampin (RIF), Tetracycline (TET), Gatifloxacin (GAT),
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Colistin (CST), Polymyxin B (Poly-B), Levofloxacin
(LvX), Minocycline (MIN), Mezlocillin (MEZ),
Tobramycin (TOB), Tigecycline (TIG), Cefepime (FEP),
Cefpodoxime (CPD), AMP-Sulbactam (AMP-SUL),
Nalidixic acid (NALA), Piperacillin /tazobactam (TZP),
Cefazolin (CFZ), Ertapenem (ETP), Cefixime (CFM)
(Table 5). The analysis showed significant between-
subgroups heterogeneity (Q-value: 197.62, p-value:
0.000). The highest and lowest resistance was
estimated to be MEZ (92.2%) and TIG (4.2%),
respectively (Table 5).
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Table 5. The prevalence of antibiotic resistance in bacteria in Kermanshah medical centers

Number of Lower Upper

Antibiotics records Prevalence (%) limit limit Z-value P-value

AMK 9 67.5 51.0 80.6 2.1 0.038 88.9
AMP 9 86.0 73.9 93.0 4.6 0.000 90.6
AMP-SUL 4 39.4 19.0 64.3 -0.8 0.409 90.6
ATM 8 39.3 24.0 56.9 -1.2 0.232 91.0
CAZ 16 60.6 47.7 72.1 1.6 0.107 94.1
CFM 2 68.3 34.2 90.0 1.1 0.289 0.0
CFz 4 85.7 66.7 94.8 3.2 0.001 89.3
CIP 13 57.5 43.1 70.7 1.0 0.306 93.7
CPD 9 67.6 50.6 80.9 2.0 0.042 91.3
CRO 13 64.2 49.3 76.8 1.9 0.061 93.7
CST 6 17.7 7.9 353 -3.2 0.001 91.5
CTX 14 67.4 54.0 78.5 2.5 0.012 94.6
ETP 4 5.4 1.7 15.7 -4.7 0.000 65.2
FEP 8 72.7 55.7 84.9 2.6 0.011 90.3
GAT 4 63.3 38.3 82.7 1.0 0.296 76.1
GEN 13 45.6 32.1 59.7 -0.6 0.541 95.2
IMI 15 37.0 24.7 51.2 -1.8 0.072 96.3
LVX 6 77.3 59.6 88.8 2.9 0.004 57.2
MEM 10 51.0 34.2 67.6 0.1 0.908 95.6
MEZ 4 92.2 79.0 97.4 4.2 0.000 60.8
MIN 4 26.3 114 49.7 -2.0 0.048 0.0
NALA 3 65.7 37.3 86.1 1.1 0.276 82.9
NIT 3 39.3 16.6 67.8 -0.7 0.469 95.5
PIP 5 84.4 67.0 93.5 3.4 0.001 79.8
Poly-B 5 15.3 6.7 31.4 -3.6 0.000 0.0
RIF 3 91.4 75.1 97.4 3.7 0.000 0.0
SXT 11 56.1 41.0 70.2 0.8 0.428 87.4
TET 6 73.4 54.3 86.5 2.4 0.018 82.1
TIG 4 4.2 1.4 12.1 -5.3 0.000 0.0
TOB 10 44.0 29.3 59.8 -0.7 0.457 90.3
TZP 6 34.1 18.0 54.8 -1.5 0.129 94.8
Overall 231 55.6 52.2 59.0 3.2 0.002 94.2

Test of heterogeneity between subgroups: Q-value: 197.62, p-value: 0.000

Abbreviations: Ampicillin (AMP), Ceftriaxone (CRO), Cefotaxime (CTX), Ceftazidime (CAZ), Aztreonam (ATM), Imipenem (IMI),
Piperacillin (PIP), Trimethoprim/sulfamethoxazole (SXT), Ciprofloxacin (CIP), Gentamicin (GEN), Amikacine (AMK), Nitrofurantoin
(NIT), Meropenem (MEM), Rifampin (RIF), Tetracycline (TET), Gatifloxacin (GAT), Colistin (CST), Polymyxin B (Poly-B), Levofloxacin
(LVX), Minocycline (MIN), Mezlocillin (MEZ), Tobramycin (TOB), Tigecycline (TIG), Cefepime (FEP), Cefpodoxime (CPD), AMP-
Sulbactam (AMP-SUL), Nalidixic acid (NALA), Piperacillin/tazobactam (TZP), Cefazolin (CFZ), Ertapenem (ETP), Cefixime (CFM)
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Publication bias

The prevalence of ESBL-positive bacteria was
applied for Egger's test to evaluate the potential
publication bias. The test indicated no bias in the
reports on the prevalence of ESBL-positive bacteria in
Kermanshah medical centers (p-value=0.464).

4, Discussion

Despite many studies on the prevalence of ESBL-
producing bacteria in various clinical specimens
worldwide, the growing global trend of ESBL-
producing bacteria indicates a lack of regular
monitoring and implementation of appropriate
control programs by health care systems (9-11). The
first step in controlling resistant pathogens is
identifying their prevalence and characteristics. In this
regard, systematic review and meta-analysis studies
will assist in estimating these parameters by collecting
all relevant studies in this field. The present study was
the first systematic review and meta-analysis of ESBL-
producing gram-negative bacteria in various medical
centers in Kermanshah. As our results showed, the
pooled prevalence of ESBL-positive gram-negative
bacteria in medical centers Kermanshah medical
centers was 34.8 %, which is between the range
reported for the global prevalence of ESBL-positive
gram-negative bacteria (1.9% and 53%) (12). A
systematic review and meta-analysis study estimated
the prevalence of ESBL in gram-negative bacteria
worldwide at 25% (13). The prevalence of ESBL has
been reported from 45% in Africa to 3% in North
America (13). As compared to other regions of Iran,
the pooled prevalence of ESBL-positive gram-negative
bacteria in Kermanshah medical centers was higher
than the global level (13) and lower than in China (14),
Nigeria (15), and Ethiopia (16).

Compared to other regions of the world, the pooled
prevalence of ESBL-positive gram-negative bacteria in
our study was lower than that was reported for
Pakistan (17), Afghanistan (18), China (14), South-East
Asia, and the African area (19), with the frequency of
40%, 51.9%, 46%, 37%, and 76% respectively. At the
same time, it was higher than that was reported for
Europe, the Americas, and the Eastern Mediterranean
(19) with the frequency of 10.19%, 2%, and 5%. The
differential in ESBL incidence in these studies might be
explained by several factors, including differences in
geographic location and socioeconomic condition
(20), differences in the diagnostic methods,
procedures, and performance (17), the studies aim
(11), the availability of medications, and type of
infection, species, and hospital/ward.

Our results also showed that the prevalence of ESBL-
producing gram-negative bacteria in Kermanshah
medical centers has been increasing in recent years,
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which is similar to the findings of meta-analysis studies
in Ethiopia (19), Tunisia (21-24), and India (25). The
increasing prevalence of these resistant strains is a
cause for concern and emphasizes the need to pay
more attention to care and control systems.

The appearance of ESBL-producing E. cloacae in
clinical isolates poses a significant challenge to
nosocomial infection treatment (26). Our study, the
highest prevalence of ESBL-positive bacteria was
observed for E. cloacae. In our study, Ali et al., found
a high frequency of 79 % ESBL-producing E. cloacae
among clinical isolates obtained from the Military
Hospital in Rawalpindi (27). Similarly, according to a
study done at the Aga Khan University Hospital in
Karachi, Pakistan, 50% of E. cloacae strains were
positive for ESBL (28). Also, the frequency of A.
baumannii, K. pneumoniae, and E. coli producing ESBL
was high in our study, which is consistent with
previous studies done in Iran (29, 30). In a
comprehensive study in Iran, the prevalence of ESBL-
positive E. coli was 89.8% (29). In a meta-analysis in
Iran, the prevalence of ESBL-positive K. pneumoniae
was estimated at 43.5% (31). Similarly, in some other
parts of the world, including Ethiopia (32), Saudi
Arabia (33), the United Arab Emirates (34), and Tunisia
(35), the prevalence of ESBL-positive K. pneumoniae
was higher than that was estimated in our study. The
increasing  prevalence of ESBL-producing K.
pneumoniae and E. coli strains is worrying and
requires implementing policies and regional/global
efforts to reduce this ascending prevalence.

Multidrug resistance (MDR) bacteria were found in
56.1 % of Kermanshah medical institutions (34.5% in
ESBL-positive strains). In Iran, according to a meta-
analysis study, the prevalence of MDR ranged from
32.8% in K. pneumoniae strains to 58% (32) in P.
aeruginosa strains (36). In other regions of the world,
the prevalence of MDR varies in a European study; it
ranged from 0% in Estonia and Iceland to 49.4% in
Romania (37). In Ethiopia, the total prevalence of MDR
was 69.9% (38). The main reason for increasing and
disseminating MDR strains is the unnecessary and
excessive use of antibiotics that may lead to the
acquisition of drug-resistance elements (39-41).

Understanding the diversity of ESBL-producing
genes is important to identify the genes responsible
for multi-resistance patterns (42). Our results showed
that Ambler class D genes (b/laOXA genes) were the
most common ESBL genes, followed by Ambler class A
gene. Similar to our results, Oliveira et al. found that
the majority of isolates (96.5 %) were positive for
blaOXA-51 in their investigation from two general
hospitals in Brazil [26]. However, in contrast to our
results, in some studies, blaTEM, blaCTX-M, and
blaSHV (but not blaOXA) genes have been identified as
the most common genes encoding ESBL (30, 43-46).
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The lowest prevalence was observed for KPC genes in
our study (0.6%), similar to that reported by Yang et
al., in a Chinese hospital that found a low prevalence
of 2.9% for KPC-positive K. pneumonia (47).
Differences in ESBL genes may be due to the
differences in socioeconomic status, geographical
areas, and the quality of diagnostic methods (48).

In our study, the highest resistance was estimated to
be MEZ (92.2%). Following our study, the high
resistance rates to MEZ (50%) were reported by Ozer et
al. (49). Also, several more studies have revealed the
high prevalence of resistance to MEZ in recent years
(50, 51). This indicates that MEZ should be less used,
and other alternative antibiotics should be used to treat
the infections caused by ESBL-positive bacteria.

A limitation of our study is the low number of
studies included, so only 15 studies were qualified to
be included in which only three studies reported ESBL-
producing MDR bacteria. In addition, ESBL genotypes
were reported in only two studies. In the future, more
studies are recommended to ensure the prevalence of
ESBL-producing bacteria in Kermanshah.

5. Conclusion

Altogether, this systematic review and meta-
analysis showed that the prevalence of ESBL-positive
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