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Background: Acinetobacter baumannii is a gram-negative pathogen that is highly resistant
to antibiotics. This bacterium can cause severe systemic infections, especially in hospitalized
patients. Recently, antimicrobial-resistant Acinetobacter baumannii has become a life-
threatening pathogen in Iran and around the world.

Materials & Methods: In this study, several Iranian and English databases were systematically
searched to find all original and review articles investigating the prevalence of imipenem
resistance in their sample size, while mentioning the source of clinical isolates, as well as the
prevalence of antimicrobial resistance genes.

Findings: Among genes, bla,,, ,, with a prevalence of 31% to 100% was responsible for
global outbreaks of imipenem-resistant Acinetobacter baumannii and was presented in
most of the hospital isolates. Our meta-analysis also revealed that 74.2% of Acinetobacter
baumannii were resistant to imipenem in 122 clinical studies.

Conclusion: Our study highlighted a rapid increase in the rate of imipenem resistance in
clinical isolates of Acinetobacter baumannii in Iran. The need for periodic antibiotic care
system programs to monitor the administration and use of antibiotics
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Meta-Analysis of the Prevalence of Carbapenem ...

Introduction

Acinetobacter baumannii is an opportunistic,
nosocomial Gram-negative pathogen that causes
severe infections especially in intensive care
units (ICUs) !l Recently prevalence of multidrug-
resistant (MDR) or extensively-drug resistant
(XDR) A. baumannii becomes a life-threatening
problem . Since 1985 the broad-spectrum
B-lactam antibiotics e.g. carbapenems such
as imipenem, meropenem, ertapenem, and
doripenem have been the effective agent against
multidrug-resistant A. baumannii infections 3/,
According to worldwide reports on the prevalence
of carbapenem-resistant A. baumannii, it can have
a negative impact on the treatment of patients
4, Producing different -lactamases that harbor
insertion sequences (ISs) encoded through
mobile elements on integrons, transposons
or plasmids genes plays a critical role in
carbapenem-resistant A. baumannii. Moreover;
A. baumannii uses different mechanism such as
modified penicillin-binding proteins (PBPs) and
efflux pumps which decreased cell membranes
permeability as well as biofilm formation or
mutation in some drug targets to resist and
survive in harsh environments (Figure 1) ! So,
the rapid prevalence of A. baumannii strains
producing carbapenemases, cephalosporinases
(AmpCs), extended-spectrum [3-Lactamases
(ESBLs), and metallo-3-lactamases (MBLs) is
becoming a global concern !, During recent years
different studies published on the carbapenem-
resistant A. baumannii in Iran. However, more
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studies on the mechanism of resistance and
prevalence of the resistance bacteria should be
done to reach the best treatment strategies for
controlling outbreaks of carbapenem-resistant A.
baumannii ™, Detection of carbapenem resistance
needs phenotypic methods such as disc diffusion
and different inhibition tests recommended by
CLSI as well as genotypic methods such as PCR to
identify carbapenem resistance genes in clinical
isolates [,

This study described the frequency of imipenem-
resistant A. baumannii in different cities of Iran.
So, our aim was to evaluate the distribution and
prevalence of resistance genes during the last two
decades in Iran.

Materials and Methods

Search Strategies: Our research was performed
onseveral related keywords such as “A. baumanni’,
“carbapenemase’, “carbapenem - resistant A
baumannii’,  “prevalence of carbapenem-
resistant A. baumannii strains in [ran”, imipenem”,

iy

“imipenem resistance”, “imipenem resistance in
[ran”, “multidrug resistance A. baumannii in Iran’,
which were as inclusion criteria. Keywords were
monitored both original and review articles in
Persian and English in all research centers e.g.
PubMed, MEDLINE, Google Scholar, Iranian data
base, Web of sciences, and Scopus during 2006-
2020. Out of 483 articles obtained, 143 articles
were finally reviewed. For all studies, published
date, sample size, and genes related to imipenem

were also considered (Table 1).

Overexpression of efflux

|

Different mechanism

Modification of penicillin-
binding proteins (PBPs)

responsible for
carbapenem resistance in
A. baumannii

Loss of outer membrane

Production of carbapenemase enzymes class

D p-Lactamases called OXA-type enzymes or

oxacillinases are the most prevalent
carbapenemases in A. baumannii

Fig. 1) The most prevalent mechanism of carbapenem resistance in A. baumannii ®
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Table1) Studies included on resistance of A. baumannii to imipenem in Iran.

Sample No. of Imipenem

0,
size TSR TS % Isolated from

Author Year City
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Continue Table1) Studies included on resistance of A. baumannii to imipenem in Iran.

Author Year City Sample

No. of Imipenem

size resistant isolates

% Isolated from Ref

NR: Not Reported, ICU: Intensive care unit, CSF: cerebra spinal fluid, URIL: Upper Respiratory Infection, ETT: endotracheal tube

Data Extraction, Synthesis and Analysis:
We reported our data in the following way:
first author, city, sample size, the status
and prevalence of resistance to imipenem.
Statistical analysis was performed by
Comprehensive = Meta-Analysis  Software
Version 2.0 (Biostat, Englewood, N]J).
The prevalence was reported with 95%
confidence intervals (CIs). Random effects
models were used. To assess the potential
risk of publication bias, Begg rank correlation
regression methods were used (P<0.05) and
were considered indicative of a statistically
significant publication bias.

Findings
The result of the search strategies yielded

Infection Epidemiology and Microbiology

122 articles that reported the prevalence
of imipenem-resistant A. baumannii in Iran
(Table1).Mostofthestudieswereperformed
in central Iran (e.g. Tehran, n=71). Figure 2
shows the forest plot from the meta-analysis
of antimicrobial resistance of A. baumannii
to imipenem, resulting in prevalence of
74.2% (95% CI, 69.7-78.2). As shown in
Figure 3, based on the funnel plot of meta-
analysis, some evidence for the publication
bias was observed. The estimated ranks of
correlation coefficients of Begg were 0.742.
Figure 4 also shows genes responsible for
imipenem-resistant A. baumannii associated
with their prevalence. Figure 5 also displays
the prevalence of imipenem-resistant
clinical isolates of in different cities of Iran.

Winter 2021, Volume 7, Issue 1



Meta-Analysis of the Prevalence of Carbapenem ... 86

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative Relative
rate  limit  limit Z-Value p-Value weight  weight
Sadeghifard et al., 2006 0993 0392 1.000 3445 0001 0.02
Ardebil et al, 2012 0923 0828 0988 5338  0.000 0.20
Davoodi et al, 2015 0673 0577 075 3455  0.001 0.99
Dehghani et al, 2012 0780 0845 0874 3707  0.000 0.37
Erfani et al, 2017 0.005 0000 0070 3789  0.000 -— 0.02
Dehbalaei et al, 2017 0771 0832 0385 3532 0.000 0.37
WMirmejad et al., 2012 0780 0685 0874 3707  0.000 037
Karmostaji et al., 2013 0.837 0761 0893 6707  0.000 072
Pajand et al, 2013 0.852 0754 0917 5395  0.000 0.41
Azimi et al, 2015 0882 0830 1.000 3434 0001 0.02
AlaviMoghadam et al, 2014 0952 0334 0999 3330 0001 0.02
Saderi et al, 2018 0.962 0504 0936 6354 0.000 017
Sharif et al. 2014 0799 0.897 8835  0.000 1.07
Fallan et al 2014 0848 0.956 6887  0.000 036
Bahador et al 2015 0613 0487 0725 1782 0078 063
Haeill et al 2013 0750 0671 0316 5548 0.000 110
Goudarzi et al 2013 0968 0935 0935 8904  0.000 029
Goudarzi et al 2018 0.005 0000 0069 -3795  0.000 0.02
Maspi et al 2016 0.907 0825 0953 6134  0.000 0.31
WMalayeri et al.2016 0.850 0736 0920 4798 0.000 0.33
Khalediet al, 2018 0.005 0000 0074 3741 0.000 0.02
Zanganeh et al 2015 0.952 0579 0999 3353 0001 0.02
Azimi et al, 2013 0.860 0774 0917 6076  0.000 0.48
Sadeh etal, 2013 0996 0942 1.000 2833 0000 0.02
Azimi et al, 2012 0.857 0419 0980 1659  0.097 0.0¢
Azimi et al, 2016 0.010 0001 0138 3247 0001 — 0.02
Owlia etal, 2012 0.849 0776 0.902 6943  0.000 0.70
Asadollahi et al, 2012 0.475 0288 0675 0208 0835 025
Aminzadeh etal, 2012 0.410 0269 0568 -1.115 0265 .41
Vafael etal, 2013 0760 0667 0834 4923  0.000 079
Talebi-Taher et al, 2012 0988 0809 0999 2973 0002 0.02
Wirnejad et al., 2013 0750 0845 0374 3707  0.000 0.37
Aasadoliani et al, 2011 0.490 0334 0587 0200 0841 1.08
Shahcheraghii et al, 2011 0.493 0424 0561 0211 0833 219
Mohammadii et al,, 2017 0932 0884 0967 6688  0.000 028
Mohammadi et al., 2017 0.980 0924 0995 5449 0.000 0.08
Babapour et al, 2017 0.910 0854 0946 8270  0.000 0.55
Tarashi et al., 2018 0.989 0853 0.957 6334 0.000 0.09
Jazanietal, 2011 0146 0071 0276 4322  0.000 —_— 0.28
Asadollahii et al,, 2011 0.3%0 0300 0489 2182 0029 1.03
Wahdani et al. 2011 0.188 0123 0276 5743  0.000 —l— 0.67
Mohammadtaheri et al, 2010 0.926 0889 0950 7712 0.000 0.40
Akbari et al, 2010 0.530 0432 0625 0600 0549 1.08
WMoradi-Tabriz et al, 2010 0271 0208 0344 5685  0.000 — 1.42
Ranbar et al, 2010 0011 0002 0076 4440  0.000 - 0.08
Jazani et al 2011 0.146 0071 0276 4322  0.000 — 026
Rahbar et al, 2011 0.045 0017 0115 5849 0.000 ——— 0.18
Goudarzi et al 2015 0.952 0547 0999 4325 0.000 0.04
Soroush et al, 2010 0503 0423 0584 0083 0834 156
Aliamezani et al, 2016 0625 0285 0.875 0699 0434 0.08
Taherikalani et al, 2009 0.525 0416 0632 0447 0655 0.86
Owrang etal., 2017 0981 0927 0995 5521 0.000 0.08
Peerayeh et al 2015 0.956 0538 1.000 3338 0.000 0.02
Noori et al, 2014 0795 0898 0370 5050  0.000 0.59
Zafarietal, 2017 0.800 0784 0332 12351  0.000 370
Navidinia et al, 2017 0.865 0714 0943 3880  0.000 019
Shahcheraghietal, 2009 0.68¢ 0584 0770 3503  0.000 0.88
Wirshekar et al, 2017 0.847 0745 0913 5229 0.000 0.40
Boroumand et al, 2009 0.246 0190 0312 6885 0.000 — 153
Aghamiri et al, 2015 0960 0918 0981 8255  0.000 029
Beigverdi et al 2019 0780 0770 0730 41548  0.000 46.52
Hosseini-Jazani et al,, 2009 0.146 0071 0276 4322  0.000 —— 026
Pournajafi et al. 2019 0301 0207 0416 2286  0.001 — 0.66
Feizabadi et al, 2008 0.509 0418 0802 0182 03847 1.18
Farsnadzagen etal, 2015 0.005 0000 0080 -3681  0.000 0.02
Gholami et al, 2015 0992 0882 0999 2377 0001 0.02
Rahbaar et al., 0277 0182 0397 2463 0001 —_— 0.56
Mahdian et al., 2015 0.012 0001 0478  -3.033 0002 — 0.02
Tafreshi et al, 2019 0.389 0273 0477 2372 0018 0.84
Savari etal, 2017 0.004 0000 0.083 3370  0.000 0.02
Nasrolanei et al, 2014 0670 0572 0755 3330 0001 05
Hojabri et al., 2014 0.845 0741 0912 5172  0.000 0.40
Rahmani et al, 2015 0.921 0884 0956 7338  0.000 0.44
Peymani et al., 2012 0.552 0467 0634 1207 0227 143
Peymani et al., 2011 0.540 0442 0635 0799 0424 1.07
Sohrabi et al, 2012 0620 0521 0710 2376 0017 1.02
Ranjpar etal 2019, 0.845 0897 0971 8281  0.000 037
Ezadia et al, 2019 0620 0502 0725 1998 0046 072
Shirmohammadiou et al. 2018 0.995 0826 1.000 3741 0.000 0.02
Khosroshahi et al, 2007 0267 0104 0533 1733 0083 013
Farsiani et al, 2015 0.889 0738 0958 3921  0.000 015
Salimizand et al,, 2018 0.016 0001 0211 2883 0004 H— 0.02
Sarhaddi et al, 2017 0991 0871 0989 2302 0001 0.02
Alaietal, 2013 05086 0401 0610 0108 0814 0.92
Alaeietal, 2018 0.929 0852 0985 6037  0.000 024
Japoni etal, 2011 0228 0149 0333 4550  0.000 — 0.50
Pourabbas etal, 2016 0.008 0001 0116 -3389  0.001 —— 0.02
Moghadam et al, 2016 0990 0930 0999 4530  0.000 0.08
Jafarietal, 2013 0.413 0289 0537 4379 0188 066
Kooti et al, 2015 0.955 0585 0999 5230  0.000 0.04
Sarikhani et al, 2017 0.898 0825 0043 6842  0.000 0.43
Ahmagi et al, 2014 0767 0613 0870 3307 0001 033
Shoja et al, 2013 0961 0924 0980 8838  0.000 033
Shoja et al, 2016 0782 0701 0.846 5877  0.000 091
Shoja et al, 2017 0.900 0762 0962 4189  0.000 0.18
Moosavian etal, 2017 0.940 0383 0959 5025 0.000 0.37
Amin et al, 2018 0812 0715 0881 5267  0.000 056
Salimizand et al, 2014 0325 0199 0483 2185 0030 —_— 0.38
Saffari etal, 2017 0.008 0000 0111 2423 0001 =: 0.02
Azizietal, 2015 0.008 0000 0110 3434 0001 0.02
Mohajeri et al., 2014 0795 0710 0384 5626  0.000 072
WMohajeri et al., 2017 0.827 0724 0397 5121 0.000 0.48
WMohajeri et al., 2015 0805 0772 0964 4283  0.000 018
Norozi et al, 2014 0798 0698 0870 5050  0.000 0
Salimizande etal, 2014 0.519 0387 0647 0272 0786 058
Karbasizade et al. 2012 0.520 0383 0654 0283 0777 0.54
Rezael et al 2018 0997 0950 1.000 4043  0.000 0.02
Ghalebietal, 2017 0988 0833 0999 3088  0.002 0.02
Ghajavand etal, 2014 0.930 0805 0977 4327  0.000 012
Vazirzadeh etal, 2015 0.960 0898 0985 6228  0.000 017
Shamsizadeh etal, 2017 0.850 0704 0931 3817  0.000 022
Shokri et al, 2017 0.903 0739 0985 3677  0.000 042
Safarietal, 2013 0.850 0765 0.908 6184  0.000 0.55
Bardbarietal, 2017 0972 0900 0993 5019  0.000 0.08
Safari st al, 2015 0.950 0885 0979 6417  0.000 021
Khalatabadi-Farahani et al, 2009 0208 0116 0346 3756  0.000 —— 0.34
Josheghani etal, 2017 0.985 0333 0999 3038 0.002 0.02
Goli et al, 2017 0.895 0828 0938 7316  0.000 0.50
Bagheri et al, 2015 0.887 0818 0932 7285  0.000 05
Japonietal, 2013 0832 0719 0914 4543 0000 0.33
laponieta 0.009 0001 04125 2328 0001 0.02
Bahadori et al, 2015 0.972 0895 0993 4958 0.000 0.08
0728 0718 0736 47277  0.000
-0.25 043 0.00 0.43 0.25
Favours A Favours B

Fig. 2) Forest plot of the meta-analysis of imipenem resistance in A. baumannii. CI: confidence interval.
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Funnel Plot of Standard Error by Logit event rate
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Fig. 3) Funnel plot of the meta-analysis of imipenem
resistance in A. baumannii.
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Fig. 4) Genes responsible for carbapenem resistance
in A. baumannii

Mean prevalence

sy
ess|
e
951
23
m
wory
51
51
o1
27

ﬁﬁﬁﬁﬁ

33333

6Z0L)|

ZBAUY
ueblog
=
peyusep
unzen

::::::

ue:

, LBysuBULB bUEY

2
g

uepaueH
e
2y
e
e
SIp.
SIB4ZBIUS

seqqy Jepueg
Yeys

LES/L
Zenys
ZUge LN

Fig. 5) Prevalence of carbapenem-resistant clinical
isolates of A. baumanii in different cities of Iran

Discussion

A. baumannii is a multidrug-resistant
nosocomial pathogen that causes severe
infections among patients especially in ICU
and can hydrolyze various 3-lactam antibiotics
by different enzymes such as carbapenemases
(131 1321 Among bacteria, resistance to
carbapenems, especially imipenem, has been

Infection Epidemiology and Microbiology
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reported from various countries as well as in
Iran 133135 Recently due to resistance of A.
baumannii to a wide range of antimicrobial
agents, raise a concern on controlling life-
threatening infections worldwide [3¢],
Our meta-analysis declared a pooled
frequency resistance rate to imipenem
(74.2%), which is lower when compared
with some studies in Iran [!37]. One strategy
for preventing the spread of carbapenem
resistancefromourneighboringcountriese.g.
PakistanandIraq,whichhasahighprevalence
of multidrug resistance A. baumannii, is
implementation of typing methods 138 In
recent years carbapenem resistance in A.
baumannii isolates are increasing in the
world. Various factors have been mentioned
to contribute to this outbreak, for example,
inadequate implementation of treatment
instructions and protocols, excessive use of
antimicrobial agents in health care systems
or the community 3% %0 [t is suggested
that controlling policy including standard
administration guidelines together with
the suitable drug, dosage as well as the
duration of treatment should meticulously
be monitored in order to prevent the
emergence of resistance among bacteria.
Our current study has evaluated the
prevalence of imipenem- resistant in A.
baumannii strains in different cities of Iran.
The results showed that this resistance has
increased in recent decades and there is a
need for more prevention and monitoring
to overcome infections caused by the
bacterium.

Our findings also declared that imipenem-
resistant A. baumannii isolates harboring
bla,, ,, are the most among the strains.
Similar to other studies, our study indicated
a sporadic distribution of MBL genes of A.
baumannii in Iran. However, blaOXA_23 has
the highest prevalence distribution gene
in Iran that is responsible for carbapenem-
resistant A.baumannii as well as several

Winter 2021, Volume 7, Issue 1
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Asian countries [ 1, Other reports have
indicated the prevalence of MBL gene among
carbapenem-resistant isolates, which were
significant at the second level. Sometimes
phenotypic tests in the evaluation of
antibiotic resistance may be reported as
false negative or low-level resistance.

To date, several mechanisms have been
implicated in carbapenem-resistant isolates,
including modification of PBPs, reduction of
outer membrane purines, low permeability,
and degradation of AmpC [-lactamase.
However, the reason for this requires
further studies to more accurately assess the
mechanisms of resistance among bacteria,
especially imipenem-resistant A. baumannii'®
142].Inthisstudy,wefocusedonblam_yblam_y,
bla,,, ., and MBL genes and the distribution
of them among nosocomial isolates of A.
baumannii. Treatment of imipenem-resistant
A. baumannii gets complicated due to location
of carbapenemase on mobile elements and
high level of abuse clinically prescribing
carbapenem antibiotic and this lead to the
high activity of OXA genes as well as high
carbapenem-resistant isolates 11,

It should be said the main gene involved
in this resistance was 0XA23, which was
present in all reviewed articles, while 0XA24
and OXA58 were reported sporadically.
Statistics also showed the highest prevalence
of imipenem resistance was in Zanjan and
Bandar-Abbas provinces was in the second
level. Kerman showed the least prevalence
among cities. It seems that sufficient study
or the size of non-uniform samples can
be effective in statistical analysis. As the
statistics confirmed the distribution of OXA
genes especially OXA23 among isolates, it
seems that the gene plays a critical role in
imipenem resistance of A. baumannii. MBL
genes are also important in resistance
characteristics of A. baumannii to imipenem
but at a lower level in comparison to OXA
genes. However, this issue needs more
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studies. The distribution and transmission
of OXA and MBL genes by plasmids,
integrons, or other mobile elements should
be also investigated. As a result, resistance
to imipenem, VIM, and NDM has been
increasing in recent years, and this could be
a warning sign for the overuse of antibiotics
to treat A. baumannii infections.

Conclusion

All in all, it can be said A.baumannii is an
important global pathogen with the ability
to resistant to different antibiotics and this
can be an alarm for health care causing high
mortality and morbidity and is a problematic
microorganism during recent decades. Our
study demonstrated the rapid spread of
B-lactamase genes of OXA and MBL in hospitals
of Iran between”2006 to 2020” and declares
the significant role of them in resistance to
carbapenems especially imipenem. Overall,
prescription antibiotics in Iran should be
frequently monitored and evaluated, resulting
in a limited transfer of antibiotic resistance
genes among multidrug-resistant A. baumannii.
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