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A B S T R A C T

Carbapenem-resistant Acinetobacter baumannii (CRAB) has been considered as an important pathogen causing
hospital-acquired infections thought the world. Class A carbapenemases, class B (metallo-β- lactamases; MBLs)
and class D (oxacillinases) are the most important enzymes that are able to hydrolyze carbapenems. There are
various reports on the CRAB harboring carbapenemase genes in Iran; but, a comprehensive analysis on the
prevalence of CRAB and carbapenemases has not yet been performed. We systematically searched different
electronic databases including: Medline (via PubMed), Embase, Web of Science, and the Iranian Database from
January 2000 to December 2018. Meta-analysis was performed using the Comprehensive Meta-Analysis (Biostat
V2.2) software. Our analysis indicated that the pooled prevalence of resistance to imipenem and meropenem was
81.1% (95% CI 76.6–84.9) and 83.6% (95% CI 78.7–87.5), respectively. Among genes encoding class D car-
bapenemases OXA-23, OXA-24, and OXA-58 were found with the prevalence 73.7% (95% CI 66.5–79.8), 21.9%
(95% CI 15.2–30.4), and 6.2% (95% CI 3.1–11.9), respectively. Among genes encoding class B carbapenemases,
IMP, VIM and NDM genes were found with the prevalence 16.7% (95% CI 5–43.2) and 12.3% (95% CI 5.3–25.8)
and 2.7% (95% CI 1.3–5.5), respectively. Genes encoding class A carbapenemases were not observed. The results
of this study indicated that imipenem and meropenem resistance rates are high in Iran and these drugs are not
recommended for A. baumannii infections. Thereby, antimicrobial stewardship and improvements in infection
control practices are recommended strategies for prevention and spread of these strains.

1. Introduction

Acinetobacter baumannii has been considered as a notorious pa-
thogen associated with hospital-acquired infections thought the world
(Dijkshoorn et al., 2007). It is a common cause of nosocomial infections
such as urinary tract infection, blood infection, meningitis, pneumonia,
endocarditis, and skin infection (Dijkshoorn et al., 2007; Razavi Nikoo
et al., 2017). Mortality due to A. baumannii infections varied between
8% to 23% in the hospital and between 10 and 43% in intensive care
unit patients (Fishbain and Peleg, 2010). Currently, this organism has
developed resistance to many antibiotics (quinolones, aminoglycosides
and carbapenems) and multi-drug resistance (MDR) has been com-
monly documented (Dijkshoorn et al., 2007; Fishbain and Peleg, 2010).
Carbapenems (imipenem, meropenem, or doripenem) have been es-
tablished as the first-line drugs to treat infections caused by A. bau-
mannii (Fishbain and Peleg, 2010; Razavi Nikoo et al., 2017). However,
the increasing prevalence of carbapenem-resistant A. baumannii (CRAB)
poses a therapeutic challenge for physicians in the management of

infections caused by these strains (Soudeiha et al., 2017). One of the
major mechanisms of carbapenem resistance is production of carbape-
nemase enzymes (Hsu et al., 2017). These enzymes are members of the
classes A, B, and D based on molecular Ambler classification (Hsu et al.,
2017). The members of class A carbapenemases are SME, IMI, NMC,
GES, SFC and KPC families. Class B enzymes, also referred to as metallo-
β- lactamases (MBLs), include IMP, VIM, SIM and NDM. Class D β-
lactamases called OXA-type enzymes or oxacillinases are the most
prevalent carbapenemases in A. baumannii (Jeon et al., 2015; Hsu et al.,
2017). Currently, six subclasses of OXA related to A. baumannii have
been identified ((i) OXA-23-like (OXA-23, OXA-27, OXA-49, and OXA-
239), (ii) OXA-24-like (OXA-24, OXA-25, OXA-26, OXA-40, and OXA-
72), (iii) OXA-51-like, (iv) OXA-58, (v) OXA-143-like (OXA-143 and
OXA-231) and (vi) OXA-235-like (OXA-235, OXA-236, and OXA-237)
(Jeon et al., 2015; Hsu et al., 2017). Studies published so far indicate
that the percentage of carbapenem resistant isolates have been in-
creased over the last ten years in Iran (Farshadzadeh et al., 2015; Saffari
et al., 2017; Soudeiha et al., 2017). To date, the prevalence of
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carbapenemase genes among carbapenem-resistant A. baumannii has
been documented in literatures and a comprehensive analysis from
different areas of Iran has not carried out yet. This study was designed
to determine the prevalence of CRAB and carbapenemase encoding
genes in Iran, using a systematic review and meta-analysis according to
the Preferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses (PRISMA) statement.

2. Materials and methods

2.1. Search strategies

We performed an extensive literature search of Medline (via
pubmed), Embase, Web of Science, and Iranian Database from January
2000 to December 2018 using the following terms: “Acinetobacter
baumannii” or “A. baumannii”, “carbapenems”, “carbapenem-resistant
A. baumannii” or “CRAB”, “class A carbapenemases”, “class B carba-
penemases” or “Metallo-β-lactamases” or “MBLs” and “class D carba-
penemases” or “oxacillinases” in combination with Iran. Cross-sectional
or cohort studies that reported the prevalence of CRAB, class A carba-
penemases, MBLs and oxacillinases were considered. The titles and
abstracts for possible inclusion in the reviews were screened by two
researchers independently. The searching was restricted to in English
and Persian language. Eligible articles were selected in three stage:
firstly, based on the title, secondly, based on abstracts, and thirdly,
based on the full-text publication. Studies that have the following
characteristics were included: a standard method had to be used to
detect A. baumannii, reported data on the number of CRAB and detec-
tion of class A, B and D carbapenemases by molecular methods such as
polymerase chain reaction (PCR). Studies that have one or more of the
following characteristics were excluded: studies did not report CRAB,
class A, B and D carbapenemases prevalence, duplicate and overlapping
studies, studies published in languages other than English or Persian,
nonhuman studies, review articles, congress abstracts and meta-ana-
lyses or systematic reviews.

2.2. Data extraction and definitions

For all studies, the following details were extracted: first author,
published time, sample size, study setting, prevalence of CRAB, class A,
B and D carbapenemases. Additionally, to minimize the potential bias
caused by an inadequate sample size, articles with<50 subjects were
excluded. Two investigators independently extracted all data from in-
cluded studies and the results were reviewed by a third reviewer.
Disagreements were resolved by consensus.

2.3. Quality assessment of studies

Two investigators using a checklist provided by the Joanna Briggs
Institute assessed the study quality independently (Moher et al., 2009).

2.4. Statistical analysis

Meta-analyses were carried out using Comprehensive Meta-Analysis
version 2.2 (Biostat, Englewood, NJ, USA). We used fixed or random
effects models, based on statistical heterogeneity between studies.
Statistical heterogeneity was assessed via Cochran's Q and I2 statistics.
The Begg rank correlation and Egger weighted regression methods in
combination with a funnel plot were used to assess publication bias
(p < .05 was regarded as statistically significant).

3. Results

Our literature search yielded 1066 studies, and of these, 63 articles
based on the mentioned criteria were included in this meta- analysis,
(Table 1). The pooled prevalence of resistance to imipenem and

meropenem was 81.1% (95% CI 76.6–84.9) and 83.6% (95% CI
78.7–87.5), respectively as shown in Table 2. Study selection process
and reasons for exclusion of studies are shown in Fig. 1, and the main
characteristics of the selected studies are presented in Table 1. Among
genes encoding class D carbapenemases, OXA-23, OXA-24, and OXA-58
were found with the prevalence 73.7% (95% CI 66.5–79.8), 21.9%
(95% CI 15.2–30.4), and 6.2% (95% CI 3.1–11.9), respectively. Among
genes encoding class B carbapenemases, IMP, VIM and NDM genes were
found with the prevalence 16.7% (95% CI 5–43.2), 12.3% (95% CI
5.3–25.8) and 2.7% (95% CI 1.3–5.5), respectively. Genes encoding
class A carbapenemases were not found. Heterogeneities between stu-
dies (I2= 93; p= .001 for imipenem, I2= 92.8; p < .001 for mer-
openem, I2= 91.1; p < .001 for OXA-23, I2= 93.3; p < .001 for
OXA-24, I2= 81.4; p < .001 for OXA-58, I2= 95.8; p < .001 for IMP,
I2= 93.1; p < .001 for VIM, and I2= 90.2; p < .001 for NDM) were
found, so the random effect model was used to meta-analysis. Figs. 2
and 3 show forest plots for the prevalence rate of imipenem and mer-
openem resistance, respectively. As it is shown in Table 2, some evi-
dence of publication bias was observed by Begg's and Egger's tests
(p < .05 for imipenem and meropenem resistance, OXA-23 and OXA-
24 genes), but was not observed for IMP and VIM genes (IMP: Begg test,
P= .2; Egger test, P= .4. VIM: Begg test, P= .3; Egger test, P= .2.
NDM: Begg test, P= .1; Egger test, P= .3). Publication bias was ob-
served by Eegg's test for OXA-58 (p= .008), but was not observed by
Egger's test (p= .1). Asymmetric shape of funnel plots (Figs. 3 and 4)
suggests some evidence of publication bias among evaluated papers.

4. Discussion

To our knowledge, we provide the first systematic review and meta-
analysis on the prevalence of the carbapenem-resistant A. baumannii
harboring carbapenemase genes in Iran. According to this meta-ana-
lysis, 81.1% and 83.6% of A. baumannii isolates were resistant to imi-
penem and meropenem, respectively. The findings of this study high-
light that carbapenems are not the drug of choice for treatment of A.
baumannii infections in Iran. A higher prevalence of carbapenems re-
sistance have been reported in neighboring countries, namely from
Pakistan (100%), Turkey (98.9%) and United Arab Emirates (76.4%)
(Begum et al., 2013; Sonnevend et al., 2013; Guven et al., 2014).
However, the prevalence of carbapenem resistance in A. baumannii vary
greatly among different countries in Seweden only 13% and 10% of
Acinetobacter isolates were resistant to imipenem and meropenem, re-
spectively (Fraenkel et al., 2006). Several factors may have contributed
to the emergence of CRAB in developing countries such as Iran. First,
the emergence of carbapenem resistance in A. baumannii is related to
the misuse, overuse of antibiotics and this is exacerbated by lack of
standard treatment guidelines (Jabalameli et al., 2018). Second, poor
infection control practices by healthcare professionals and over-
crowding of hospitals have played an important role in the emergence
of CRAB in Iran (Alp et al., 2011; Alp and Damani, 2015; Emaneini
et al., 2016). Third, implementation of antimicrobial stewardship pro-
grams was poor in Iran (Esfandiari et al., 2016). Appropriate anti-
microbial stewardship involves selecting an appropriate drug, dose, and
duration of treatment, along with control of antibiotic use that prevents
the emergence of resistance isolates such as CRAB (Dyar et al., 2017).
Fourth, being bordered by countries with high prevalence of CRAB such
as Pakestan, Iraq and Turkey may lead to the dissemination of CRAB
within Iran; but this theory requires typing of the isolates (Sohrabi
et al., 2012; Xie et al., 2018). Fifth, hand hygiene among Iranian
healthcare workers and sanitary conditions (contamination of the
hospital environment) are poor; thereby this organism can spread to
patients by direct contact with the environment and by the hands of
personnel (Emaneini et al., 2016; Emaneini et al., 2017). Sixth, the poor
education and training of HCWs concerning prevention of transmission,
lack of isolation rooms, inadequate contact precautions, lack of a good
microbiological laboratory capacity and personal protective equipment
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have remained as a major challenge in Iranian hospitals (Alp et al.,
2011; Alp and Damani, 2015; Emaneini et al., 2016; Esfandiari et al.,
2016; Emaneini et al., 2017; Jabalameli et al., 2018). Based on our
findings, the main cause of carbapenem resistance in A. baumannii is the
expression of the class D (OXA) carbapenemases and, to a lesser extent,
MBLs. The OXA-23 (73.7%) gene was the predominant carbapenemases
in the Iranian A. baumannii isolates. This is not surprising, since OXA-23
has been found around the world (Hasan et al., 2014; Chang et al.,
2015; Kamolvit et al., 2015; Mohd Rani et al., 2017). In our study, the
prevalence of OXA-24 and OXA-58 was 21.9% and 6.2% respectively. In
contrast to our findings, Villalón et al. from Spain, reported that 20.3%

of A. baumannii harbored OXA-58 (Villalon et al., 2013). In other stu-
dies conducted in Nepal, Joshi et al. observed that none of the A.
baumannii isolates harbored OXA-24 and OXA-58 (Joshi et al., 2017). In
Saudi Arabia, El-Mahdy et al. revealed that 100% of A. baumannii
harbored OXA-23, but OXA-24 and OXA-58 genes do not have role in
resistance to carbapenem (El-Mahdy et al., 2017). In Egypt, Al-Agamy
et al. reported that 7.5%, and 5% of A. baumannii harbored OXA-24 and
OXA-58, respectively (Al-Agamy et al., 2014). Nemec et al. from Czech
Republic reported that the major cause of carbapenem resistance in A.
baumannii is the up-regulation of the chromosomal OXA-51-like β-lac-
tamase, neither class D carbapenemases nor MBLs (Nemec et al., 2008).

Table 2
Meta-analysis of CRAB and carbapenemase genes.

Subgroups No of study Prevalence (95% CI) n/N* Heterogeneity test, I2 (%) Heterogeneity test, p value Begg's test Egger's test

Imipenem resistance 60 81.1 (76.6–84.9) 4899/6281 93 < 0.001 0.00000 0.00000
Meropenem resistance 45 83.6 (78.7–87.5) 3889/4790 92.8 < 0.001 0.00007 0.00003
Class D

β- Actamases
OXA-23 23 73.7 (66.5–79.8) 1649/2342 91.1 < 0.001 0.00471 0.00119
OXA-24 20 21.9 (15.2–30.4) 472/2086 93.3 < 0.001 0.00368 0.00597
OXA-58 6 6.2 (3.1–11.9) 66/920 81.4 < 0.001 0.1 0.008

MBLs⁎ IMP 6 16.7 (5–43.2) 89/555 95.8 < 0.001 0.2 0.4
VIM 8 12.3 (5.3–25.8) 129/776 93.1 < 0.001 0.3 0.2
NDM 2 2.7 (1.3–5.5) 7/281 90.2 < 0.001 0.1 0.3

n= number of events, N= total number of A. baumannii isolated from patient, MBLs: Metallo-β- lactamases
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Fig. 2. Forest plot of prevalence of imipenem-resistant A. baumannii.
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Our analyses also revealed that the most common types of MBLs are
IMP, VIM and NDM genes, with the prevalence of 16.7%, 12.3% and
2.7%, respectively. IMP and VIM producing CRAB strains have been
reported worldwide (Lee et al., 2005; Poirel and Nordmann, 2006; Loli
et al., 2008). In contrast to our findings, Alkasaby et al. from Egypt
reported that 95.7%, 7.1% and 42.9% of A. baumannii harbored IMP,
VIM and GIM, respectively (Alkasaby and El Sayed Zaki, 2017). In the
other report from Egypt, Gomaa et al. reported that 86.4% and 68% of
A. baumannii harbored VIM and NDM genes, respectively (Gomaa et al.,
2017). In Nepal, Joshi et al. reported that 13.6% of A. baumannii har-
bored NDM gene (Joshi et al., 2017). These great differences in ox-
acillinases and MBLs prevalence between different countries are prob-
ably due to antimicrobial selection pressure, horizontal transfer of
carbapenemase genes by mobile genetic elements (plasmids) between

different species, spread of particular clones carrying these genes, and
the number of isolates examined (Bourafa et al., 2018). The current
review has some limitations. First, the studies could not fully indicate
the prevalence of carbapenem resistance and carbapenemase genes in
Iran because the magnitude of the issue is not yet determined in dif-
ferent areas of the country. Second, only published articles were con-
sidered in the current meta-analysis; exactly like any other meta-ana-
lysis, the potential for publication bias should be considered. Third,
heterogeneity was observed among the studies included. Fourth, lack of
information concerning the epidemiological data (sex, age and wards)
should be considered. In conclusion, this current systematic review
indicated that carbapenem resistance rates are high in Iran and this
class of drug is not recommended for treating infections due to A.
baumannii. Thereby, improvements in infection control practices and

Fig. 3. Forest plot of prevalence of meropenem-resistant A. baumannii.

R. Beigverdi, et al. Infection, Genetics and Evolution 73 (2019) 433–443

439



Fig. 4. Funnel plot of prevalence of imipenem -resistant A. baumannii (Asymmetric shape of funnel plot indicates bias in this meta-analysis) indicates.

Fig. 5. Funnel plot of prevalence of meropenem -resistant A. baumannii (Asymmetric shape of funnel plot indicates bias in this meta-analysis) indicates.
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antimicrobial stewardship are recommended strategies for prevention
and spread of these strains (Fig. 5).
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