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ARTICLE INFO ABSTRACT

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-f- lactamases; MBLSs)
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
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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-
B- lactamases (MBLs), include IMP, VIM, SIM and NDM. Class D f-
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-B-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 I 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
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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 (1> = 93; p = .001 for imipenem, I> = 92.8; p < .001 for mer-
openem, 12 =91.1; p < .001 for OXA-23, I> = 93.3; p < .001 for
OXA-24,12 = 81.4;p < .001 for OXA-58, 12> = 95.8;p < .001 for IMP,
2 =93.1; p < .001 for VIM, and I*> = 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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Table 2
Meta-analysis of CRAB and carbapenemase genes.

Infection, Genetics and Evolution 73 (2019) 433-443

Subgroups No of study Prevalence (95% CI) n/N* Heterogeneity test, 12 (%) 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 OXA-23 23 73.7 (66.5-79.8) 1649/2342 91.1 < 0.001 0.00471 0.00119
B- Actamases 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-f- lactamases

Identification

Records identified through database searching
Pubmed, Web of Science, Embase
(n=1068)

A4

—-| Duplicates removed by Endnote (n=402) |

Potiential articles for screening (n= 666) |

Screening

.| Records excluded after screening titles and

v

abstracts (n=514)

Full- text articles assessed for eligibility (n= 152)

Eligibility

Excluded studies (n=87)
No full- text available online: n=22
Letters to the editors: n=3

Duplicate reports: n=7

A

Not extracted data from article: n=19

Less than 50 samples: n=25

Only assessment ESBL producing isolates:5
Only assessment MDR & XDR isolates: n=6

Included

Studies included in quantitative synthesis (meta-analysis) (n= 65)

Fig. 1. Summary of the literature search and study selection.

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, Villalon 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 p-lac-
tamase, neither class D carbapenemases nor MBLs (Nemec et al., 2008).
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Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
Total rate limit limit Z-Value p-Value
Pournajaf 69 /73 0945 0863 0979 5.537 0.000 L]
Sarikhani 97/108 0898 0825 0943 6.842 0.000 E |
Khosroshahi 62/100 0620 0521 0710 2376 0.017 E
Mohammadi 94/100 0940 0873 0973 6.535 0.000
Khodaei 50 / 50 0990 0862 0999 3.247 0.001 1
Moosavian 138/151 0914 0857 0949 8.143 0.000 |
Mirshekar 55/ 72 0.764 0653 0848 4.231 0.000
Goudarzi 65/105 0619 0523 0707 2416 0.016 -l
Mohammadii 93/103 0903 0829 0947 6.701 0.000 E |
Bardbari 71/75 0947 0866 0980 5.597 0.000 E |
Mohajeri 62 /75 0.827 0724 0897 5121 0.000 i
Mohaijei 50/104 0481 0387 0576 -0.392 0.695 E =
Zarifi 137/140 0979 0936 0993 6.548 0.000
Sarhaddi 54 / 54 0991 0871 0999 3.302 0.001 —=
Salimizand 16/ 54 0296 0190 0430 -2.902 0.004 -
Shoja 97/124 0782 0701 0846 5.877 0.000 E 3
Tarashi 187 /189 0989 0959 0997 6.384 0.000
Goudarzii 112/120 0933 0872 0966 721 0.000 .:
Moghadam 94 /98 0959 0896 0985 6.184 0.000
Asadolah-Malayeri 52 / 60 0867 0755 0932 4.929 0.000 -
Maspi 63 /86 0733 0630 0815 4136 0.000 -
Alaei 73/85 0.859 0768 0918 5.796 0.000 -
Azizi 53 /65 0815 0702 0892 4 646 0.000 -5
Azimi 108/126 0857 0785 0.908 7.038 0.000 E |
Davoodi 70/104 0673 0577 0756 3.455 0.001 -
Bagheri Josheghani 106 /124 0855 0.781  0.907 6.955 0.000 E ]
Kooti 197 /200 0985 0955 0995 7.193 0.000
Goudarz 116/128 0906 0842 0946 7.481 0.000 !I
Zanganeh 58 /58 0992 0879 0.999 3.353 0.001
Bahador 38/62 0613 0487 0725 1.762 0.078 —l-
Safari 87/100 0870 0789 0923 6.393 0.000 L ]
Farshadzadeh 69 /92 0750 08652 0.828 4 563 0.000 -
Karbasizadeh 25/ 50 0500 0365 0635 0.000 1.000 ——
Fallah 99/108 0917 0848 0956 6.887 0.000 L |
Hojabri 60/ 71 0.845 0741 0912 5172 0.000 -
Nasrolahei 67 /100 0670 0572 0755 3.330 0.001 i
Norozi 68 / 84 0810 0711 0.880 5.207 0.000 -
Abdi-Ali 51/75 0680 0567 0775 3.045 0.002 B
Sharif 171/200 0855 0799 0897 8835 0.000 ||
Peerayeh 76/157 0484 0407 0562 -0.399 0.690
Maohajri 43 /84 0512 0406 0617 0218 0.827 1—
Pajand 64 /75 0.853 0.754 0917 5.395 0.000 -
Godarzi 202/221 0914 0869 0944 9.851 0.000 |
Mohajerii 83/104 0798 0710 0.864 5626 0.000 B3
Safarii 85/100 0850 0766 0908 6.194 0.000 E |
Karmostaji 83/123 0675 0587 0.752 3.792 0.000 E
Rezaee 64 /75 0.853 0754 0917 5.395 0.000 -
Shojaa 198/206 0961 0924 0980 8808 0.000 ||
Haeli 102/136 0750 0671 0816 5548 0.000 R 3
Vafaei 76/100 0760 0667 0834 4923 0.000 S o
Azimii 80 /93 0.860 0774 0917 6.076 0.000 -
Sohrabi 62/100 0620 0521 0710 2376 0.017 -
Mirnejad 39 /50 0780 0645 0874 3.707 0.000 -
Owlia 107 /126 0849 0776 0902 6.943 0.000 =
Farajnia 62/100 0620 0521 0710 2.376 0.017 -l
Peymani 53/100 0530 0432 0625 0.600 0.549 -
Japoni 18/79 0228 0149 0333 -4550 0.000 E o
Boroumand 47 /1 191 0246 0190 0312 -6665 0.000 »
Taherikalani 66 / 80 0825 0726 0894 5270 0.000 =
Feizabadi 55/108 0509 0416 0602 0.192 0.847
0.811 0.766 0.849  10.564 0.000 *
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Meta Analysis

Fig. 2. Forest plot of prevalence of imipenem-resistant A. baumannii.
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Study name Statistics for each study
Event Lower Upper

rate limit imt  Z-Value p-Value
Sarikhani 089 0825 0843 6 642 0000
Khosroshaty 0830 0532 0719 2570 0010
Mohammadi 0890 0812 09638 6542 0000
Khodaes 0880 0862 0999 3247 0001
Moosanan D840 OB880 0989 B 025 0 000
Goudary 0457 0365 05653 0877 0380
Mohammadii 0832 0884 0 867 6 688 0 000
Bardban 0973 0900 0993 5019 0000
Mohayen 0780 0851 0843 4283 0000
Mohape 0481 0387 057 0302 0695
Zarh 0986 0945 0996 5945 0000
Sakrmizand 0685 05851 079 2654 0.008
Shoja 0734 0648 0804 4002 0000
Tarashi 0887 0858 1000 4183 0000
Goudarzn 0625 053 0707 2709 0007
Moghadam 0666 0808 0690 5862 0000
Asadolah Malayen 0887 0878 08982 4682 0000
Maspi 0907 0825 0953 6134 0000
Alac 0929 0852 0968 6087 0.000
Baghen Josheghani 0 871 0 800 0919 7128 0000
Koot 0995 0965 099 5280 0000
Safan 0050 0885 0979 8417 0000
Karbaszadeh 0500 0365 0635 0 000 1000
Fallah 0917 0848 0958 6 887 0000
Hojabn 0845 0741 0912 5172 0000
Nasrolahes 0740 0645 0816 4 588 0000
Norozi 0750 0647 0831 4360 0000
Fazeh 0996 0938 1000 3878 0000
Shanf 0820 0781 0887 8239 0000
Mohayn D464 0381 05711 0654 0513
Pajand 0853 0754 0917 5395 0 000
Godara 0091 0665 0998 6611 0.000
Mohapers 0750 0658 0824 4851 0000
Safarn 0940 0673 o091 6535 0000
Karmostag 0846 0770 0899 6814 0000
Reraee 0B53 0754 0817 5 385 0000
Shojaa 0.961 0924 0980 B 898 0000
Valae 06890 0583 0773 3700 0000
Sohrabs 0620 0521 0710 23718 0017
Mirmegad 0440 0310 0579 -0846 0397
Faragwa 0683 0532 0719 2570 0010
Peyman 0560 0462 0654 1197 023
Japomns 0278 0191 0387 3793 0 000
Taherikalar 0825 0726 0894 5210 0000
Fezabadi 0619 0426 0611 0 385 0700

0B 0787 0875 9057 0 000

Event rate and $5% Ci

- it
* .
-
-
%
-
.-

o
8 1

.:i

-
<

-
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-

-

-0.50 0.00 0.50 1.00

Favours A Favours B

Meta Analysis

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

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

Acknowledgments

This research has been supported by Tehran University of Medical
Sciences & Health Services grant no 96-03-30/36067.

Conflict of interests
None declared.
References

Abdi-Ali, A., Hendiani, S., Mohammadi, P., Gharavi, S., 2014. Assessment of biofilm
formation and resistance to imipenem and ciprofloxacin among clinical isolates of
Acinetobacter baumannii in Tehran. Jundishapur J. Microbiol. 7.

Alaei, N., Aziemzadeh, M., Bahador, A., 2016. Antimicrobial resistance profiles and ge-
netic elements involved in carbapenem resistance in Acinetobacter baumannii isolates
from a referral hospital in Southern Iran. J. Glob. Antimicrob. Resist. 5, 75-79.

Al-Agamy, M.H., Khalaf, N.G., Tawfick, M.M., Shibl, A.M., El Kholy, A., 2014. Molecular
characterization of carbapenem-insensitive Acinetobacter baumannii in Egypt. Int. J.
Infect. Dis. 22, 49-54.

Alkasaby, N.M., El Sayed Zaki, M., 2017. Molecular Study of Acinetobacter baumannii
Isolates for Metallo-beta-Lactamases and Extended-Spectrum-beta-Lactamases Genes
in Intensive Care Unit, Mansoura University Hospital, Egypt. Int. J. Microbiol. 2017,
3925868.

Alp, E., Damani, N., 2015. Healthcare-associated infections in intensive care units: epi-
demiology and infection control in low-to-middle income countries. J. Infect. Dev.
Ctries. 9, 1040-1045.

Alp, E., Leblebicioglu, H., Doganay, M., Voss, A., 2011. Infection control practice in
countries with limited resources. Ann. Clin. Microbiol. Antimicrob. 10, 36.

Armin, S., Fallah, F., Azimi, L., Kafil, H.S., Ghazvini, K., 2018. Warning: spread of NDM-1
in two border towns of Iran. Cell Mol. Biol. 64, 125-129.

Azimi, L., Lari, A.R., Talebi, M., Namvar, A.E., Jabbari, M., 2013. Comparison between
phenotypic and PCR for detection of OXA-23 type and metallo-beta-lactamases pro-
ducer Acinetobacter spp. GMS Hyg. Infect. Control. 8 (Doc16).

Azimi, L., Lari, A.R., Talebi, M., Owlia, P., Alaghehbandan, R., Asghari, B., Lari, E.R.,
2015. Inhibitory-based method for detection of Klebsiella pneumoniae carbapenemase
Acinetobacter baumannii isolated from burn patients. Indian J. Pathol. Microbiol. 58,
192-195.

Azizi, O., Shakibaie, M.R., Badmasti, F., Modarresi, F., Ramazanzadeh, R., Mansouri, S.,
Shahcheraghi, F., 2016. Class 1 integrons in non-clonal multidrug-resistant
Acinetobacter baumannii from Iran, description of the new blaIMP-55 allele in In1243.
J. Med. Microbiol. 65, 928-936.

Bagheri Josheghani, S., Moniri, R., Firoozeh, F., Sehat, M., Dasteh Goli, Y., 2015.
Susceptibility Pattern and Distribution of Oxacillinases and bla PER-1 Genes among
Multidrug Resistant Acinetobacter baumannii in a Teaching Hospital in Iran. J. Pathog.
2015, 957259.

Bahador, A., Raoofian, R., Farshadzadeh, Z., Beitollahi, L., Khaledi, A., Rahimi, S.,
Mokhtaran, M., Tavana, A.M., Esmaeili, D., 2015. The prevalence of ISAbal and
ISAba4 in Acinetobacter baumannii species of different international clone lineages
among patients with burning in Tehran, Iran. Jundishapur J. Microbiol. 8.

Bardbari, A.M., Arabestani, M.R., Karami, M., Keramat, F., Alikhani, M.Y., Bagheri, K.P.,
2017. Correlation between ability of biofilm formation with their responsible genes
and MDR patterns in clinical and environmental Acinetobacter baumannii isolates.
Microb. Pathog. 108, 122-128.

Begum, S., Hasan, F., Hussain, S., Ali Shah, A., 2013. Prevalence of multi drug resistant
Acinetobacter baumannii in the clinical samples from Tertiary Care Hospital in
Islamabad, Pakistan. Pak. J. Med. Sci. 29, 1253-1258.

Boroumand, M., Akhyani, H., Sheikhvatan, M., Yazdi, S.H., Saboorian, R., Hashemi, S.,
Firouzkouhi, F., 2009. Evaluation of antimicrobial resistance of Acinetobacter bau-
mannii to Imipenem, Ciporofloxacin and Ceftazidime using E Test. Iran. J. Public
Health. 38, 130-133.

Bourafa, N., Chaalal, W., Bakour, S., Lalaoui, R., Boutefnouchet, N., Diene, S.M., Rolain,
J.M., 2018. Molecular characterization of carbapenem-resistant Gram-negative ba-
cilli clinical isolates in Algeria. Infect. Drug Resist. 11, 735-742.

Chang, Y., Luan, G., Xu, Y., Wang, Y., Shen, M., Zhang, C., Zheng, W., Huang, J., Yang, J.,
Jia, X., Ling, B., 2015. Characterization of carbapenem-resistant Acinetobacter bau-
mannii isolates in a Chinese teaching hospital. Front. Microbiol. 6, 910.

Davoodi, S., Boroumand, M.A., Sepehriseresht, S., Pourgholi, L., 2015. Detection of VIM-
and IMP-type metallo-beta-lactamase genes in Acinetobacter baumannii isolates from
patients in two hospitals in Tehran. Iran. J. Biotechnol. 13, 63-67.

Dijkshoorn, L., Nemec, A., Seifert, H., 2007. An increasing threat in hospitals: multidrug-
resistant Acinetobacter baumannii. Nat. Rev. Microbiol. 5, 939-951.

Dyar, 0O.J., Huttner, B., Schouten, J., Pulcini, C., 2017. What is antimicrobial steward-
ship? Clin. Microbiol. Infect. 23, 793-798.

El-Mahdy, T.S., Al-Agamy, M.H., Al-Qahtani, A.A., Shibl, A.M., 2017. Detection of
blaOXA-23-like and blaNDM-1 in Acinetobacter baumannii from the Eastern Region,
Saudi Arabia. Microb. Drug Resist. 23, 115-121.

Emaneini, M., Hosseinkhani, F., Jabalameli, F., Nasiri, M.J., Dadashi, M., Pouriran, R.,

441

Infection, Genetics and Evolution 73 (2019) 433-443

Beigverdi, R., 2016. Prevalence of vancomycin-resistant Enterococcus in Iran: a
systematic review and meta-analysis. Eur. J. Clin. Microbiol. Infect. Dis. 35,
1387-1392.

Emaneini, M., Jabalameli, F., Rahdar, H., Leeuwen, W.B.V., Beigverdi, R., 2017. Nasal
carriage rate of methicillin resistant Staphylococcus aureus among Iranian healthcare
workers: a systematic review and meta-analysis. Rev. Soc. Bras. Med. Trop. 50,
590-597.

Esfandiari, A., Rashidian, A., Masoumi Asl, H., Rahimi Foroushani, A., Salari, H., Akbari
Sari, A., 2016. Prevention and control of health care-associated infections in Iran: a
qualitative study to explore challenges and barriers. Am. J. Infect. Control. 44,
1149-1153.

Fallah, F., Noori, M., Hashemi, A., Goudarzi, H., Karimi, A., Erfanimanesh, S., Alimehr, S.,
2014. Prevalence of blaNDM, blaPER, blaVEB, blaIMP, and blaVIM genes among
Acinetobacter baumannii isolated from two hospitals of Tehran, Iran. Scientifica 2014.

Farajnia, S., Azhari, F., Alikhani, M.Y., Hosseini, M.K., Peymani, A., Sohrabi, N., 2013.
Prevalence of PER and VEB type extended spectrum betalactamases among multidrug
resistant Acinetobacter baumannii isolates in North-West of Iran. IJBMS 16, 751.

Farshadzadeh, Z., Hashemi, F.B., Rahimi, S., Pourakbari, B., Esmaeili, D., Haghighi, M.A.,
Majidpour, A., Shojaa, S., Rahmani, M., Gharesi, S., Aziemzadeh, M., Bahador, A.,
2015. Wide distribution of carbapenem resistant Acinetobacter baumannii in burns
patients in Iran. Front. Microbiol. 6, 1146.

Fazeli, H., Taraghian, A., Kamali, R., Poursina, F., Esfahani, B.N., Moghim, S., 2014.
Molecular identification and antimicrobial resistance profile of Acinetobacter bau-
mannii isolated from nosocomial infections of a teaching hospital in Isfahan, Iran.
Avicenna J. Clin. Microbiol. Infect. 1.

Feizabadi, M.M., Fathollahzadeh, B., Taherikalani, M., Rasoolinejad, M., Sadeghifard, N.,
Aligholi, M., Soroush, S., Mohammadi-Yegane, S., 2008. Antimicrobial susceptibility
patterns and distribution of blaOXA genes among Acinetobacter spp. Isolated from
patients at Tehran hospitals. Jpn. J. Infect. Dis. 61, 274-278.

Fishbain, J., Peleg, A.Y., 2010. Treatment of Acinetobacter infections. Clin. Infect. Dis. 51,
79-84.

Fraenkel, C.J., Ullberg, M., Bernander, S., Ericson, E., Larsson, P., Rydberg, J., Tornqvist,
E., Melhus, A., 2006. In vitro activities of three carbapenems against recent bacterial
isolates from severely ill patients at Swedish hospitals. Scand. J. Infect. Dis. 38,
853-859.

Gomaa, F.A.M., Helal, Z.H., Khan, M.1., 2017. High prevalence of blaNDM-1, blaVIM,
qacE, and qacEDeltal genes and their association with decreased susceptibility to
antibiotics and common hospital biocides in clinical isolates of Acinetobacter bau-
mannii. Microorganisms 5.

Goudarzi, M., Azimi, H., 2017. Dissemination of classes 1, 2, and 3 integrons in acine-
tobacter baumannii strains recovered from intensive care units using polymerase chain
reaction-restriction fragment length polymorphism. Jundishapur J. Microbiol. 10.

Goudarzi, H., Douraghi, M., Ghalavand, Z., Goudarzi, M., 2013. Assessment of antibiotic
resistance pattern in Acinetobacter bumannii carrying bla oxA type genes isolated from
hospitalized patients. Novel. Biomed. 1, 54-61.

Goudarzi, H., Mirsamadi, E.S., Ghalavand, Z., Vala, M.H., Mirjalali, H., Hashemi, A.,
Ghasemi, E., 2015. Molecular detection of metallo-beta-lactamase genes in clinical
isolates of Acinetobacter baumannii. J. Pure Appl. Microbiol. 9, 145-151.

Goudarzi, H., Azad, M., Seyedjavadi, S.S., Azimi, H., Chirani, A.S., Omrani, V.F.,
Goudarzi, M., 2016. Characterization of integrons and associated gene cassettes in
Acinetobacter baumannii strains isolated from intensive care unit in Tehran, Iran. J.
Acute Dis. 5, 386-392.

Guven, T., Yilmaz, G., Guner, H.R., Kaya Kalem, A., Eser, F., Tasyaran, M.A., 2014.
Increasing resistance of nosocomial Acinetobacter baumannii: are we going to be de-
feated? Turk. J. Med. Sci. 44, 73-78.

Haeili, M., Ghodousi, A., Nomanpour, B., Omrani, M., Feizabadi, M.M., 2013. Drug re-
sistance patterns of bacteria isolated from patients with nosocomial pneumonia at
Tehran hospitals during 2009-2011. J. Infect. Dev. Ctries. 7, 312-317.

Hasan, B., Perveen, K., Olsen, B., Zahra, R., 2014. Emergence of carbapenem-resistant
Acinetobacter baumannii in hospitals in Pakistan. J. Med. Microbiol. 63, 50-55.

Hojabri, Z., Pajand, O., Bonura, C., Aleo, A., Giammanco, A., Mammina, C., 2014.
Molecular epidemiology of Acinetobacter baumannii in Iran: endemic and epidemic
spread of multiresistant isolates. J. Antimicrob. Chemother. 69, 2383-2387.

Hsu, L.Y., Apisarnthanarak, A., Khan, E., Suwantarat, N., Ghafur, A., Tambyah, P.A.,
2017. Carbapenem-resistant Acinetobacter baumannii and enterobacteriaceae in South
and Southeast Asia. Clin. Microbiol. Rev. 30, 1-22.

Jabalameli, F., Taki, E., Emaneini, M., Beigverdi, R., 2018. Prevalence of metallo-p-lac-
tamase-encoding genes among carbapenem-resistant Pseudomonas aeruginosa strains
isolated from burn patients in Iran. Rev. Soc. Bras. Med. Trop. 51, 270.

Japoni, S., Farshad, S., Ali, A.A., Japoni, A., 2011. Antibacterial susceptibility patterns
and cross-resistance of acinetobacter, isolated from hospitalized patients, southern
iran. Iran. Red. Crescent. Med. J. 13, 832.

Jeon, J.H., Lee, J.H., Lee, J.J., Park, K.S., Karim, A.M., Lee, C.R., Jeong, B.C,, Lee, S.H.,
2015. Structural basis for carbapenem-hydrolyzing mechanisms of carbapenemases
conferring antibiotic resistance. Int. J. Mol. Sci. 16, 9654-9692.

Joshi, P.R., Acharya, M., Kakshapati, T., Leungtongkam, U., Thummeepak, R., Sitthisak,
S., 2017. Co-existence of blaOXA-23 and blaNDM-1 genes of Acinetobacter baumannii
isolated from Nepal: antimicrobial resistance and clinical significance. Antimicrob.
Resist. Infect. Control. 6, 21.

Kamolvit, W., Sidjabat, H.E., Paterson, D.L., 2015. Molecular epidemiology and me-
chanisms of carbapenem resistance of Acinetobacter spp. in Asia and Oceania.
Microb. Drug Resist. 21, 424-434.

Karbasizade, V., Heidari, L., Jafari, R., 2015. Detection of OXA-type carbapenemase genes
in Acinetobacter baumannii isolates from nosocomial infections in Isfahan hospitals,
Iran. J. Med. Bacteriol. 4, 31-36.

Khodaei, H., Eftekhar, F., 2017. Detection of kpc-type carbapenemases in clinical isolates


http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0005
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0005
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0005
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0010
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0010
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0010
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0015
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0015
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0015
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0020
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0020
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0020
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0020
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0025
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0025
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0025
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0030
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0030
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0035
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0035
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0040
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0040
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0040
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0045
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0045
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0045
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0045
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0050
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0050
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0050
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0050
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0055
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0055
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0055
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0055
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0060
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0060
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0060
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0060
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0065
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0065
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0065
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0065
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0070
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0070
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0070
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0075
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0075
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0075
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0075
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0080
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0080
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0080
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0085
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0085
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0085
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0090
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0090
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0090
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0095
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0095
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0100
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0100
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0105
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0105
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0105
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0110
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0110
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0110
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0110
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0115
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0115
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0115
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0115
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0120
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0120
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0120
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0120
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0125
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0125
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0125
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0130
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0130
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0130
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0135
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0135
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0135
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0135
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0140
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0140
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0140
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0140
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0145
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0145
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0145
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0145
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0150
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0150
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0155
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0155
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0155
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0155
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0160
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0160
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0160
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0160
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0165
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0165
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0165
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0170
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0170
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0170
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0175
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0175
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0175
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0180
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0180
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0180
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0180
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0185
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0185
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0185
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0190
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0190
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0190
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0195
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0195
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0200
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0200
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0200
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0205
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0205
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0205
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0210
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0210
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0210
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0215
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0215
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0215
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0220
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0220
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0220
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0225
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0225
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0225
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0225
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0230
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0230
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0230
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0235
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0235
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0235
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0240

R. Beigverdi, et al.

of Acinetobacter baumannii. JKIMSU 6, 64-70.

Khosroshahi, S.A., Farajnia, S., Azhari, F., Hosseini, M.K., Khanipour, F., Farajnia, H.,
Naghili, B., 2017. Antimicrobial susceptibility pattern and prevalence of extended-
spectrum f-lactamase genotypes among clinical isolates of Acinetobacter baumanii in
Tabriz, North-West of Iran. Jundishapur J. Microbiol. 10.

Kooti, S., Motamedifar, M., Sarvari, J., 2015. Antibiotic resistance profile and distribution
of oxacillinase genes among clinical isolates of Acinetobacter baumannii in Shiraz
teaching hospitals, 2012-2013. Jundishapur J. Microbiol. 8.

Lee, K., Yum, J.H., Yong, D., Lee, H.M., Kim, H.D., Docquier, J.D., Rossolini, G.M., Chong,
Y., 2005. Novel acquired metallo-beta-lactamase gene, bla(SIM-1), in a class 1 in-
tegron from Acinetobacter baumannii clinical isolates from Korea. Antimicrob. Agents
Chemother. 49, 4485-4491.

Loli, A., Tzouvelekis, L.S., Gianneli, D., Tzelepi, E., Miriagou, V., 2008. Outbreak of
Acinetobacter baumannii with chromosomally encoded VIM-1 undetectable by imi-
penem-EDTA synergy tests. Antimicrob. Agents Chemother. 52, 1894-1896.

Madadi-Goli, N., Moniri, R., Bagheri-Josheghani, S., Dasteh-Goli, N., 2017. Sensitivity of
levofloxacin in combination with ampicillin-sulbactam and tigecycline against mul-
tidrug-resistant Acinetobacter baumannii. Iran. J. Microbiol. 9, 19.

Maspi, H., Mahmoodzadeh Hosseini, H., Amin, M., Imani Fooladi, A.A., 2016. High
prevalence of extensively drug-resistant and metallo beta-lactamase-producing clin-
ical Acinetobacter baumannii in Iran. Microb. Pathog. 98, 155-159.

Mirnejad, R., Mostofi, S., Masjedian, F., 2011. Investigating the role of Class 2 integrin in
antibiotic susceptibility pattern of Acinetobacter baumannii strains isolated from
Tehran hospitals. Sci. J. Hamadan Univ. Med. Sci. 18, 22-28.

Mirshekar, M., Shahcheraghi, F., Azizi, O., Solgi, H., Badmasti, F., 2018. Diversity of class
1 integrons, and disruption of carO and dacD by insertion sequences among
Acinetobacter baumannii isolates in Tehran, Iran. Microb. Drug Resist. 24, 359-366.

Moghadam, M., Motamedifar, M., Sarvari, J., Sedigh, E.S.H., Mousavi, S.M., Moghadam,
F., 2016. Emergence of multidrug resistance and metallo-beta-lactamase producing
Acinetobacter baumannii isolated from patients in Shiraz, Iran. Ann. Med. Health Sci.
Res. 6, 162-167.

Mohajeri, P., Farahani, A., Feizabadi, M.M., Ketabi, H., Abiri, R., Najafi, F., 2013.
Antimicrobial susceptibility profiling and genomic diversity of Acinetobacter bau-
mannii isolates: a study in western Iran. Iran. J. Microbiol. 5, 195.

Mohajeri, P., Farahani, A., Feizabadi, M.M., Davoodabadi, A., Noroozi, B., 2014. The
prevalence of ESBL isolates of Acinetobacter baumannii using pulsed-field gel elec-
trophoresis. Zahedan. J. Res. Med. Sci. 16, 20-23.

Mohajeri, P., Sharbati, S., Farahani, A., Rezaei, Z., 2016. Evaluate the frequency dis-
tribution of nonadhesive virulence factors in carbapenemase-producing Acinetobacter
baumannii isolated from clinical samples in Kermanshah. J. Nat. Sci. Biol. Med. 7,
58-61.

Mohajeri, P., Farahani, A., Mehrabzadeh, R.S., 2017. Molecular characterization of
multidrug resistant strains of Acinetobacter baumannii isolated from intensive care
units in West of Iran. J. Clin. Diagn. Res. 11, Dc20-dc22.

Mohammadi, F., Goudarzi, H., Hashemi, A., Nojookambari, N.Y., Khoshnood, S.,
Sabzehali, F., 2017a. Detection of ISAbal in Acinetobacter baumannii strains carrying
OXA genes isolated from iranian burns patients. Archiv. Pediatr. Infect. Dis. 5.

Mohammadi, M., Soroush, S., Delfani, S., Pakzad, 1., Abbaszadeh, A., Bahmani, M.,
Bogdanovic, L., Taherikalani, M., 2017b. Distribution of class D carbapenemase and
extended-spectrum P-lactamase genes among Acinetobacter Baumannii isolated from
burn wound and ventilator associated pneumonia infections. J. Clin. Diagn. Res. 11,
DC19.

Mohd Rani, F., Ni, A.R., Ismail, S., Alattraqchi, A.G., Cleary, D.W., Clarke, S.C., Yeo, C.C.,
2017. Acinetobacter spp. infections in Malaysia: a review of antimicrobial resistance
trends, mechanisms and epidemiology. Front. Microbiol. 8, 2479.

Mobher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6,
e1000097.

Moosavian, M., Sirous, M., Shams, N., 2017. Phenotypic and genotypic detection of ex-
tended spectrum P-lactamase and carbapenemases production including bla TEM, bla
PER and bla NDM-1 genes among Acinetobacter baumannii clinical isolates.
Jundishapur J. Microbiol. 10.

Najar Peerayeh, S., Karmostaji, A., Salmanian, A.H., 2013. Distribution of OXA-type class
D B-lactamase genes among nosocomial multi drug resistant Acinetobacter baumannii
isolated in Tehran hospitals. Jundishapur J. Microbiol. 6, 1-5.

Nasrolahei, M., Zahedi, B., Bahador, A., Saghi, H., Kholdi, S., Jalalvand, N., Esmaeili, D.,
2014. Distribution of bla(OXA-23), ISAba, aminoglycosides resistant genes among
burned & ICU patients in Tehran and Sari, Iran. Ann. Clin. Microbiol. Antimicrob.
13, 38.

Nemec, A., Krizova, L., Maixnerova, M., Diancourt, L., van der Reijden, T.J., Brisse, S.,
van den Broek, P., Dijkshoorn, L., 2008. Emergence of carbapenem resistance in
Acinetobacter baumannii in the Czech Republic is associated with the spread of mul-
tidrug-resistant strains of European clone II. J. Antimicrob. Chemother. 62, 484-489.

Norozi, B., Farahani, A., Mohajeri, P., Davoodabadi, A., 2014. Molecular epidemiology of
hospital acquired OXA-carbapenemase-producing Acinetobacter baumannii in Western
Iran. Asian Pacific J. Trop. Dis. 4, S803-5807.

Ostad Asadolah-Malayeri, H., Hakemi-Vala, M., Davari, K., 2016. Role of Aders and
0OXA23 Genes among Imipenem Resistant Acinetobacter baumannii Isolates from Two
Hospitals of Tehran, Iran. Iran. J. Pathol. 11, 345-353.

Owlia, P., Azimi, L., Gholami, A., Asghari, B., Lari, A.R., 2012. ESBL- and MBL-mediated
resistance in Acinetobacter baumannii: a global threat to burn patients. Infez. Med. 20,
182-187.

Pajand, O., Rezaee, M.A., Nahaei, M.R., Mahdian, R., Aghazadeh, M., Soroush, M.H.,
Tabrizi, M.S., Hojabri, Z., 2013. Study of the carbapenem resistance mechanisms in
clinical isolates of Acinetobacter baumannii: comparison of burn and non-burn strains.
Burns 39, 1414-1419.

442

Infection, Genetics and Evolution 73 (2019) 433-443

Peerayeh, S.N., Karmostaji, A., Sarasiabi, S.S., Javadpour, S., Davoodian, P., Moradi, N.,
2014. In vitro activity of tigecycline and colistin against clinical isolates of
Acinetobacter baumannii in hospitals in Tehran and Bandar-Abbas, Iran. Electron.
Phys. 6, 919-924.

Peymani, A., Nahaei, M.R., Farajnia, S., Hasani, A., Mirsalehian, A., Sohrabi, N., Abbasi,
L., 2011. High prevalence of metallo-beta-lactamase-producing acinetobacter bau-
mannii in a teaching hospital in Tabriz, Iran. Jpn. J. Infect. Dis. 64, 69-71.

Poirel, L., Nordmann, P., 2006. Carbapenem resistance in Acinetobacter baumannii: me-
chanisms and epidemiology. Clin. Microbiol. Infect. 12, 826-836.

Pourabbas, B., Firouzi, R., Pouladfar, G., 2016. Characterization of carbapenem-resistant
Acinetobacter calcoaceticus-baumannii complex isolates from nosocomial blood-
stream infections in southern Iran. J. Med. Microbiol. 65, 235-239.

Pournajaf, A., Rajabnia, R., Razavi, S., Solgi, S., Ardebili, A., Yaghoubi, S., Khodabandeh,
M., Yahyapour, Y., Emadi, B., Irajian, G., 2018. Molecular characterization of car-
bapenem-resistant Acinetobacter baumannii isolated from pediatric burns patients in
an Iranian hospital. Trop. J. Pharm. Res. 17, 135-141.

Razavi Nikoo, H., Ardebili, A., Mardaneh, J., 2017. Systematic review of antimicrobial
resistance of clinical Acinetobacter baumannii isolates in Iran: an update. Microb. Drug
Resist. 23, 744-756.

Safari, M., Saidijam, M., Bahador, A., Jafari, R., Alikhani, M.Y., 2013. High prevalence of
multidrug resistance and metallo-beta-lactamase (ML) producing Acinetobacter
baumannii isolated from patients in ICU wards, Hamadan, Iran. J. Res. Health Sci. 13,
162-167.

Safari, M., Mozaffari Nejad, A.S., Bahador, A., Jafari, R., Alikhani, M.Y., 2015. Prevalence
of ESBL and MBL encoding genes in Acinetobacter baumannii strains isolated from
patients of intensive care units (ICU). Saudi J. Biol. Sci. 22, 424-429.

Saffari, F., Monsen, T., Karmostaji, A., Azimabad, F.B., Widerstrom, M., 2017. Significant
spread of extensively drug-resistant Acinetobacter baumannii genotypes of clonal
complex 92 among intensive care unit patients in a university hospital in southern
Iran. J. Med. Microbiol. 66, 1656-1662.

Salimizand, H., Menbari, S., Ramazanzadeh, R., Khonsha, M., Saleh Vahedi, M., 2016.
DNA fingerprinting and antimicrobial susceptibility pattern of clinical and environ-
mental Acinetobacter baumannii isolates: a multicentre study. J. Chemother. 28,
277-283.

Sarhaddi, N., Soleimanpour, S., Farsiani, H., Mosavat, A., Dolatabadi, S., Salimizand, H.,
Amel Jamehdar, S., 2017. Elevated prevalence of multidrug-resistant Acinetobacter
baumannii with extensive genetic diversity in the largest burn centre of northeast
Iran. J. Glob. Antimicrob. Resist. 8, 60-66.

Sarikhani, Z., Nazari, R., Nateghi Rostami, M., 2017. First report of OXA-143-lactamase
producing Acinetobacter baumannii in Qom, Iran. Iran. J. Basic Med. Sci. 20,
1282-1286.

Sharif, M., Mirnejad, R., Amirmozafari, N., 2014. Molecular identification of TEM and
SHV extended spectrum f-lactamase in clinical isolates of Acinetobacter baumannii
from Tehran hospitals. J. Gen. Microb. Immun. 2, 1-9.

Shoja, S., Moosavian, M., Peymani, A., Tabatabaiefar, M.A., Rostami, S., Ebrahimi, N.,
2013. Genotyping of carbapenem resistant Acinetobacter baumannii isolated from
tracheal tube discharge of hospitalized patients in intensive care units, Ahvaz, Iran.
Iran. J. Microbiol. 5, 315.

Shoja, S., Moosavian, M., Rostami, S., Abbasi, F., Tabatabaiefar, M.A., Peymani, A., 2016.
Characterization of oxacillinase and metallo-B-lactamas genes and molecular typing
of clinical isolates of Acinetobacter baumannii in Ahvaz, South-West of Iran.
Jundishapur J. Microbiol. 9.

Shokri, D., Rabbani Khorasgani, M., Fatemi, S.M., Soleimani-Delfan, A., 2017.
Resistotyping, phenotyping and genotyping of New Delhi metallo-beta-lactamase
(NDM) among Gram-negative bacilli from Iranian patients. J. Med. Microbiol. 66,
402-411.

Sohrabi, N., Farajnia, S., Akhi, M.T., Nahaei, M.R., Naghili, B., Peymani, A., Amiri, Z.,
Rezaee, M.A., Saeedi, N., 2012. Prevalence of OXA-type beta-lactamases among
Acinetobacter baumannii isolates from Northwest of Iran. Microb. Drug Resist. 18,
385-389.

Sonnevend, A., Ghazawi, A., Al Munthari, N., Pitout, M., Hamadeh, M.B., Hashmey, R.,
Girgis, S.K., Sheikh, F.A., Al Haj, M., Nagelkerke, N., Pal, T., 2013. Characteristics of
epidemic and sporadic strains of Acinetobacter baumannii isolated in Abu Dhabi
hospitals. J. Med. Microbiol. 62, 582-590.

Soudeiha, M.A.H., Dahdouh, E.A., Azar, E., Sarkis, D.K., Daoud, Z., 2017. In vitro eva-
luation of the colistin-carbapenem combination in clinical isolates of A. baumannii
using the Checkerboard, Etest, and Time-Kill Curve techniques. Front. Cell Infect.
Microbiol. 7, 209.

Taherikalani, M., Fatolahzadeh, B., Emaneini, M., Soroush, S., Feizabadi, M.M., 2009.
Distribution of different carbapenem resistant clones of Acinetobacter baumannii in
Tehran hospitals. New Microbiol. 32, 265-271.

Tarashi, S., Goudarzi, H., Erfanimanesh, S., Pormohammad, A., Hashemi, A., 2016.
Phenotypic and molecular detection of Metallo-beta-lactamase genes among imi-
penem resistant Pseudomonas aeruginosa and Acinetobacter baumannii strains isolated
from patients with burn injuries. Arch. Clin. Infect. Dis. 11.

Vafaei, S., Mirnejad, R., Amirmozafari, N., Imani Foladi, A., Masjedian, F., 2013.
Antibiotic resistance pattern and frequency of broad-spectrum beta-lactamases in
Acinetobacter baumannii strains isolated from clinical specimens by phenotypic
method. IJIDTM 18, 39-44.

Villalon, P., Valdezate, S., Medina-Pascual, M.J., Carrasco, G., Vindel, A., Saez-Nieto, J.A.,
2013. Epidemiology of the Acinetobacter-derived cephalosporinase, carbapenem-
hydrolysing oxacillinase and metallo-beta-lactamase genes, and of common insertion
sequences, in epidemic clones of Acinetobacter baumannii from Spain. J. Antimicrob.
Chemother. 68, 550-553.

Xie, R., Zhang, X.D., Zhao, Q., Peng, B., Zheng, J., 2018. Analysis of global prevalence of
antibiotic resistance in Acinetobacter baumannii infections disclosed a faster increase


http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0240
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0245
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0245
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0245
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0245
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0250
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0250
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0250
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0255
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0255
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0255
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0255
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0260
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0260
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0260
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0265
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0265
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0265
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0270
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0270
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0270
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0275
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0275
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0275
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0280
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0280
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0280
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0285
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0285
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0285
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0285
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0290
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0290
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0290
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0295
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0295
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0295
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0300
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0300
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0300
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0300
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0305
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0305
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0305
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0310
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0310
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0310
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0315
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0315
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0315
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0315
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0315
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0320
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0320
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0320
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0325
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0325
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0325
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0330
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0330
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0330
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0330
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0335
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0335
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0335
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0340
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0340
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0340
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0340
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0345
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0345
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0345
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0345
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0350
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0350
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0350
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0355
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0355
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0355
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0360
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0360
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0360
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0365
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0365
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0365
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0365
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0370
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0370
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0370
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0370
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0375
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0375
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0375
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0380
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0380
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0385
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0385
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0385
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0390
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0390
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0390
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0390
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0395
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0395
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0395
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0400
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0400
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0400
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0400
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0405
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0405
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0405
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0410
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0410
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0410
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0410
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0415
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0415
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0415
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0415
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0420
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0420
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0420
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0420
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0425
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0425
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0425
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0430
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0430
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0430
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0435
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0435
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0435
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0435
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0440
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0440
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0440
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0440
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0445
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0445
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0445
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0445
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0450
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0450
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0450
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0450
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0455
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0455
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0455
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0455
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0460
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0460
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0460
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0460
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0465
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0465
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0465
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0470
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0470
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0470
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0470
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0475
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0475
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0475
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0475
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0480
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0480
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0480
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0480
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0480
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0485
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0485

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

. . icrob. Inf Zarifi, E., Eslami, G., Khaledi, A., Vakili, M., Vazini, H., Zandi, H., 2017. Prevalence of
in OECD countries. Emerg. Microb. Infect. 7, 31. ESBLs in Acinetobacter baumannii isolated from intensive care unit (ICU) of Ghaem
Zanganeh, Z., Eftekhar, F., 2015. Correlation of oxacillinase gene carriage with the ge- hospital, Mashhad, Iran. J. Pure Appl. Microbio. 11, 811-819.

netic fingerprints of imipenem-resistant clinical isolates of Acinetobacter baumannii.
Jundishapur J. Microbiol. 8.

443


http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0485
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0485
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0490
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0490
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0490
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0495
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0495
http://refhub.elsevier.com/S1567-1348(19)30109-1/rf0495

	Status of carbapenem-resistant Acinetobacter baumannii harboring carbapenemase: First systematic review and meta-analysis from Iran
	Introduction
	Materials and methods
	Search strategies
	Data extraction and definitions
	Quality assessment of studies
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	mk:H1_11
	mk:H1_12
	References




