REVIEW | CLINICAL PHARMACOLOGY

https://doi.org/10.47183/mes.2025-318 ch BY 4.0

IN VITRO EVALUATION OF ACINETOBACTER BAUMANNII RESISTANCE M) Check for updates ‘
TO TIGECYCLINE IN IRAN: A SYSTEMATIC REVIEW AND META-ANALYSIS

Mohammad Rahmanian', Mahdiyeh Nozad Varjovi?, Niloofar Deravi'™, Zahra Nariman', Amir Gholamzad?®, Kimia Keylani', Alaleh Alizadeh?,
Seyed Reza Mousavianfard!

" Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Tabriz University of Medical Sciences, Tabriz, Iran

3 Islamic Azad University, Tehran, Iran

4Mashhad Branch, Islamic Azad University, Mashhad, Iran

Introduction. Acinetobacter baumannii (A. baumannii) is a widespread and exclusively hospital-acquired microorganism whose new mutation is resistant to
most available antibiotics, with the exception of tigecycline. Clinicians are concerned about recent evidence of resistance to this antibiotic in Iran.
Objective. This study evaluates the resistance of Acinetobacter baumannii (A. baumannii) to tigecycline in Iran, considering its clinical significance in treating
multi-drug-resistant infections.

Methods. The MEDLINE, PubMed, Web of Science (WOS), and Scopus databases were searched for studies published over all this time to January 2024.
The advanced search using Medical Subject Headings (MeSH) terms for “Acinetobacter baumannii” and “Tigecycline” was performed. The title, abstract, and
full text of the articles were screened based on eligibility criteria. The cross-sectional studies reporting Tigecycline resistance in sequential isolates of A. bau-
mannii in patients admitted to the hospitals in Iran were included.

Results. A total of 16 studies were included for meta-analysis. The overall prevalence of A. baumannii strains resistant to tigecycline in Iran equals 18.1%.
Among the reviewed studies, distinct variances of resistance were detected. Although investigations were conducted in limited regions, the studies reported
a wide range of resistance in Tehran (0%) and in Tabriz (100%) as minimum and maximum, respectively.

Conclusion. Despite the high level of resistance in some cities of Iran, tigecycline is still one of the most effective antibiotics for the treatment of A. baumannii
infection. Improved control over the use of antibiotics may contribute to hampering the spread of resistance to these agents.
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OLIEHKA YCTOW4YMBOCTU ACINETOBACTER BAUMANNII IN VITRO K TUFELMKJIMHY B UPAHE:
CUCTEMATUYECKUI OB30P N METAAHANNS

M. PaxmansH', M.H. Bapxosw?, H. Oepasn™, 3. Hapumar', A. Tonamsan?, K. Kannann', A. Anusage?, C.P. Mycasu-aH-dapg'

"YHuBepcUTeT MeauumMHCKnx Hayk LLlaxng Bexewti, TerepaH, VipaH
2 Tebpu3CKUIA YHUBEPCUTET MEAMLMHCKIMX HayK, Tebpus, VpaH
3cnamckmin yHrBepcuTeT A3ag, Terepan, VpaH

“Vicnamckuin yHuBepcuTeT A3ag, Mewwxen, VpaH

BBepneHue. Acinetobacter baumannii (A. baumannii) — 3TO pacnpoOCTPaHEHHbIV N UCKAKYUTENBHO FOCMUTANbHBIN MUKPOOPraHW3M, HOBas MyTaLmnsa KOTO-
pOro ycTon4mnea K 60/bLIMHCTBY AOCTYMHbIX aHTUONOTUKOB, 38 UCKITKOYEHEM TUrenKnHa. KNMHULMCTbI BbipaXkatoT 03ab604eHHOCTb B CBSI3U C HEaBHUMM
OaHHbIMN O PE3NCTEHTHOCTU K 9TOMY aHTUOUOTYKY, 3anKCUpoBaHHbIMU B VipaHe.

Llenb. OueHnTb ycTon4imMBOCTb Acinetobacter baumannii (A. baumannii) K TUreUMKnnHy B VipaHe, y4nTbiBas ero KNnMHNYeckoe 3HadeHme B neHeHnn nHhek-
LA C MHOXXECTBEHHOW NEKAPCTBEHHOW YCTOMYMBOCTHIO.

Matepuanbsl u metogbl. B 6a3ax gaHHbix MEDLINE, PubMed, Web of Science (WOS), Scopus npoBefeH MOUCK MUCCnefoBaHWin, onybankoBaHHbIX
3a Bce BpeMs [0 saHBaps 2024 r. BbinonHeH pacluMpeHHblin MOUCK C MCNONb30BaHNEM MEANLMHCKMX TeMaTniecknx pyopuk (MeSH) no Takum TepmMunHam,
Kak «Acinetobacter baumannii», «<TUreUMKnnH». B COOTBETCTBUM C KPUTEPUSIMN NPUEMAEMOCTH Bbln 0TOBpaHbl Ha3BaHWe, aHHOTaUMA W MOSMHbIA TEKCT
cTaTei. Takxxe Oblnu BKIKOHYEHbI MEPEKPECTHbIE NCCNEA0BAHWS, B KOTOPbIX COOOLAN0Ch 06 YCTONHYMBOCTU K TUrELIMKANHY Y NOCNEA0BaTENbHbIX N30ATOB
A. baumannii cpean rocnMTanM3npoBaHHbIX NALMEHTOB MPAHCKUX KIMHUK.

PesynbTraTbl. B MeTaaHanus 6bi10 BKAOYEHO B 06LLe CNoxXHOCTK 16 nccnepgosaHnii. ObLas pacnpoCTpaHeHHOCTb LWTaMMOB A. baumannii, yCTONHMBbLIX
K TUreumkvHy, coctasuna 18,1%. BeigBneHbl OTHETMBbIE Pa3nmynsa B yCTOMHMBOCTW. HECMOTPS Ha TO, YTO MCCNEAOBaHNSA NMPOBOANNCE B OFPaHNHYEHHOM
KOSIMYECTBE PErMOHOB, COOBLLANOCh O LUIMPOKOM AManasoHe Pe3NCTEHTHOCTU: OT MUHMAaNbHOW B uccnefoBaHumn B Terepane (0%) A0 MakcManbHoOM B UC-
cnepoBaHun B Tebpurae (100%).

3akntoyeHume. B pesynsrate NpoBEAEHHOrO MCCNe0BaHnsa YCTaHOBEHO, HYTO, HECMOTPS Ha BbICOKUIA YPOBEHb PE3NCTEHTHOCTU B HEKOTOPbIX ropodax
VpaHa, TUreumKnmnH no-npexHemy ocTaeTcs OfAHUM 13 Hanbonee apPeKTUBHBbIX aHTUOVOTUKOB ANs NedeHns nHdexkummn A. baumannii. CylecTByeT BEPOST-
HOCTb, YTO, YNIyYLUMB KOHTPOSb 38 MPUMEHEHNEM aHTUOMOTUKOB, MOXXHO 3aMeAUTb UM OCTAHOBUTL PACMPOCTPAHEHNE YCTONYUBOCTM K HUM.

KnioueBble cnoBa: Acinetobacter baumannii; TIFEUMKIVH; aHTUOMOTUKOPE3NUCTEHTHOCT; in Vitro; MeTaaHanma; MHOXXEeCTBEHHAS aHTUONOTUKOPE3NCTEHT-
HOCTb
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INTRODUCTION

Acinetobacter baumannii (A. baumannii) is a ubiquitous,
aerobic, gram-negative coccobacillus. This bacterium is
widely spread in water, soil, and hospital environments,
capable of surviving there for a long time [1, 2]. In addi-
tion, A. baumannii is a common pathogen identified in the
blood, skin, urine, pleural fluid, and sputum [3]. Due to its
capacity to transfer between non-living and living objects,
this pathogen is increasingly responsible for hospital-
acquired infections [4]. Moreover, the emergence, prolif-
eration, and spread of a new drug-resistant A. baumannii,
which is capable of transferring some genetic elements
and is resistant to different antibiotics, has worsened the
situation [5]. Various studies have reported the resist-
ance of A. baumannii to different classes of antimicrobial
agents, such as aminoglycosides, B-lactams, and qui-
nolones, as well as carbapenems. Given the scarcity of
alternatives available for treating drug-resistant infections
caused by A. baumannii, tigecycline is currently attracting
research attention [2, 6].

In comparison with other tetracyclines, tigecycline is
a bacteriostatic agent with a higher binding affinity to
the bacterial 30S ribosomal subunit. Tigecycline, an an-
tibiotic based on minocycline, has a wide spectrum of
action and is capable of overcoming the main mecha-
nisms of bacterial resistance to tetracyclines, such as ef-
flux and ribosome protection. This is achieved by adding
a glycylamide fragment to the minocycline molecule [7].
The mechanism of resistance to tetracyclines is gener-
ally mediated by the following systems: the attainment
of genetic sections transferring the genes particularly
resistant to tetracyclines, mutations inside the attach-
ing region of the ribosome, and/or mutations in chromo-
somes leading to intensified expression of fundamental
resistance mechanisms. Various processes of bacterial
resistance were described in [8].

Tigecycline is a semisynthetic agent known as the
primary exclusive antibiotic of the glycylamide class.
Tigecycline overcomes key tetracycline resistance mech-
anisms — namely, efflux pump activity and ribosomal
protection — through the addition of a glycyclamide
group to its minocycline-based structure. This structur-
al modification contributes to its broad-spectrum anti-
bacterial activity [7]. Tigecycline is an available drug for
treating multidrug-resistant A. baumannii [9], showing
activity against multiple drug resistant (MDR) pathogens
such as Enterobacteriaceae, Staphylococcus aureus,

and Acinetobacter species [10]. In 2005, the US Food
and Drug Administration (US FDA) approved this drug for
treating community-acquired pneumonia, skin infections
(except for diabetes foot infection), and complicated intra-
abdominal infections [11].

Tigecycline exhibits a noticeable activity against ex-
tensive drug resistance (XDR) and MDR gram-negative
bacteria, particularly A. baumannii. The resistance of the
latter to tigecycline has been reported relatively recently
[12-14]. Some mechanisms, such as the chromosomal or
supplemental encoding process of genes, are responsible
for tigecycline resistance [7]. Since tigecycline is one of
the few remaining drugs for the treatment of A. baumannii
infection with MDR, it is necessary to determine its po-
tential resistance in a timely manner. In comparison with
developed countries, where effective preventive health
measures are used, developing countries, such as Iran,
require the development and implementation of measures
to control the process of drug prescription, disseminate
information about antibiotic resistance among patients,
and regulate the proper use of medicines [15]. Thus, the
study of A. baumannii resistance to tigecycline in Iranian
patients is an important and urgent task.

The purpose of this study was to evaluate the resist-
ance of Acinetobacter baumannii (A. baumannii) to tigecy-
cline in Iran, taking into account its clinical significance in
the treatment of multidrug-resistant infections.

MATERIALS AND METHODS

This research was designed in accordance with
Cochrane’s standard methodology and presented based
on the PRISMA checklist (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses).

Search strategy

The literature search was conducted across the Google
Scholar, PubMed, Web of Science, and Scopus databas-
es, covering all available data up to January 2024. The
search algorithm based on keywords, their synonyms,
and related Medical Subject Headings (MeSH terms) was
as follows: ((Acinetobacter baumannii [title/abstract]) OR
(Acinetobacter [Title/Abstract])) OR (A. baumannii [Title/
Abstract]) AND (Tygacil [Title/Abstract])) OR ((Tigecycline
[title/abstract]). In addition, a backward and forward cita-
tion search was conducted to raise the comprehensive-
ness of the conducted literature search.
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Inclusion and exclusion criteria

The records achieved from searching the databases were
combined in the EndNote X9 library (Thomson Reuters,
Toronto, ON, Canada); duplicates were deleted.

The resulting sample included in vitro cross-sectional
studies investigating the resistance of A. baumannii to
tigecycline in sequential A. baumannii isolates from the
patients admitted to Iranian hospitals by using different
methods, such as broth microdilution, disk diffusion, and
E-test [16]. Moreover, only patients with MDR resistance
were eligible for this study. Multidrug resistance is defined
as not being susceptible to at least one antibiotic in three
antimicrobial classes acknowledged as treatment op-
tions for the disease associated with A. baumannii [17].
Biological and biomedical research studies on animal
models, as well as case reports, case series, case-con-
trols, and studies evaluating variables irrelevant to resist-
ance rate, were excluded.

Statistical analysis

The statistical analysis was conducted using the
Comprehensive Meta-Analysis software package, version
3.0 (Biostat Inc., Englewood, NJ, USA). 95% confidence
intervals (Cls) and point estimates for the resistance rate
to tigecycline were calculated.

The degree of existing heterogeneity between differ-
ent meta-studies was assessed using the ? value and
the p-criterion. The 2 value is a quantitative indicator of
heterogeneity that shows a degree of inconsistency in re-
search results. /> describes the percentage of total varia-
tion between studies, which is due to heterogeneity rather
than randomness. The /? indicator is calculated based on
the basic results obtained as a result of a typical meta-
analysis, as

=100% x (Q-df) / Q, (1)

where Q is the Cochran heterogeneity statistic and df is the
degree of freedom.

Negative /? values were equated to zero such that /2
were ranging from 0 to 100%. A 0% value indicates the
absence of heterogeneity, with higher values indicating
an increase in heterogeneity. [? statistics and Cochran’s
Q-test were used to assess the heterogeneity between
studies. Due to the high level of heterogeneity between
studies (? > 50% or p < 0.1), a random effect model was
used. To assess the reliability of the publication, we used
the Egger criterion. Accordingly, the value of p < 0.05 was
considered a statistically significant indicator for the reli-
ability of the publication.

RESULTS

Study selection

The conducted systematic search across scientific da-
tabases produced 365 relevant articles that evaluate the

prevalence of tigecycline-resistant A. baumannii in Iran.
The first screening identified 190 articles by title and
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abstract, while the second screening based on full text
found 53 articles. Following application of the inclusion
and exclusion criteria, 16 articles were deemed satisfac-
tory, thus being included in the current systematic review
and meta-analysis (Figure 1).

Characteristics of the included studies

All selected articles reported cross-sectional studies con-
ducted from 2014 to 2022 and spanning different geo-
graphical domains—capital (n = 10), north (n = 2), south
(n = 3), and southwest (n = 1) — with various types of
samples, including burn wound, urine, sputum, blood, and
other body fluids (Table 1).

The quantity of MDR isolates ranged from 26 to 200.
Nine, four, three, and one studies used disk diffusion,
broth microdilution, E-test methods, and a combination of
disk diffusion and broth microdilution methods for antimi-
crobial susceptibility testing on A. baumannii, respectively
(Table 2).

Prevalence and Genetic Mechanisms of Tigecycline
Resistance in A. baumannii

The studies under analysis reported differing data on the
resistance prevalence of A. baumannii. Thus, although
Saadati et al. [13] found all of the isolates to be MDR (100
out of 100) and reported the highest resistance rate (100%)
against tigecycline in the northwest of Iran, Salehi et al.
[33] identified 1.6% of MDR clinical isolates (2 out of 125)
resistant to tigecycline in the North of Iran. Bahador et al.
[31] conducted a five-year-long study in the north of Iran
and found a notable rise in resistance to tigecycline, with
all isolates demonstrating susceptibility in 2006. However,
by 2011, 8% of isolates had exhibited resistance. In con-
trast to southern regions, a study by Kooti et al. conducted
in 2015 [30] detected resistance to tigecycline in 2% (4 out
of 200) of MDR isolates. However, in 2016, Alaei et al. [27]
reported an estimated resistance rate of 8.8% (4 out of 45)
within the same region. In investigations conducted within
the capital of Iran from 2016 to 2018, a wide scattering of
results spanning from 1.6 to 84% was observed. Jasemi
et al. [29] carried out multi-center research to evaluate the
prevalence and trajectory of drug-resistant A. bauman-
nii phenotypes from 2011 to 2013 in Tehran. Eventually,
the researchers observed a remarkable decrease in the
resistance of this pathogen to tigecycline.

The resistance mechanism to this antibiotic refers to
the genotypic profiles of multidrug-resistant Acinetobacter
baumannii (MDR-AB) isolates and involves genes in the
resistance process.

In the study by Koaoti et al. [30], 0.5, 7, and 40% of iso-
lates possessed b/aOXA—58—er’ b/aOXA—24—\ike’ and b/aOXA—QS—Iike
(class D beta-lactamase family) genes, respective-
ly, using multiplex-polymerase chain reaction (PCR).
In another study, by Bahador et al. [31], ISAbal and
ISAba4 (transposase family) were identified upstream
of bla,,, . .. 9enes in 45.1% and 12.9% of isolates, re-
spectively. Moreover, Sarhaddi et al. [25] estimated the
occurrence rates of bla class A beta-lactamase fam-
ily), bla bla bla and bla,,, (subclass

TEM (

OXA-23-like’ OXA-24-like’ Vim? IMP
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Fig. 1. Flowchart diagram of the literature search procedure
B1 metallo-beta-lactamase family) at the level of 64.8, DISCUSSION

66.7, 68.5, 70.4, and 70.4%, respectively. The presence
of these genes might demonstrate a correlation with the
acquisition of antimicrobial resistance.

The forest plot presented in Fig. 2 based on the meta-
analysis results, demonstrates an 18.1% antimicrobial re-
sistance to tigecycline among MDR A. baumannii species.
Concerning the heterogeneity test, the obtained results
showed Q-value = 305.712, df (Q) = 16, p-value = 0.000,
and > = 94.766 for the selected studies. The included
studies demonstrated a publication bias, based on sig-
nificant results of Egger’s test (p-value < 0.05) and the
asymmetrical funnel plot (Fig. 3).

Subgroup analysis

The overall resistance rate in ICU and non-ICU was 0.072
and 0.222, respectively (Fig. 4). The ICU subgroup had a
lower heterogeneity (? = 14.18%), while non-ICU patients
showed a high heterogenicity (2 = 95.28%).

The overall resistance rate in Shiraz and Tehran was
0.079 and 0.161, respectively (Fig. 5). I? for these analyses
was 91.31% for Shiraz and 95.14% for Tehran.

A. baumannii is a key agent of hospital-acquired infec-
tions due to its resistance to various classes of antibiotics
[34, 35]. For this reason, the use of effective antibiotics,
and the ongoing monitoring of antimicrobial resistance
may contribute to A. baumannii eradication. Tigecycline, a
potent semi-synthetic derivative of tetracycline, is recog-
nized as the primary option among novel pharmaceuticals
for infections caused by MDR strains of Acinetobacter
spp. and carbapenem-resistant A. baurmannii [7, 36]. The
varied resistance rates could be explained by prescribing
patterns and differences in regional epidemiology. Since
2005, the resistance rate to tigecycline has risen signifi-
cantly as a result of long-term administration of this drug
as a monotherapy and FDA approval.

In 2006, tigecycline was approved by the European
Medicines Agency (EMA); in 2011, it was introduced in
China. Since 2007, global reports have been published on
tigecycline resistance. The Acinetobacter resistant strains
had been reported before 2011 [37]. Overprescription
of antibiotics has been associated with a higher rate of
resistance [38]. There is probably an indirect correlation
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Table 1. Characteristics of the included studies

Study Pusgzl:ed Year of study Type of study (;it?d(;/f Study population
1 | Sepahvand et al. [18] 2022 no data Cross-Sectional Shiraz hospital patients
2 | Saadati et al. [13] 2021 August 2017 to February 2018 Cross-Sectional Tabriz hospital patients
3 | Alavi-Moghaddam et al. [19] 2020 January 2016 to November 2018 | Cross-Sectional Tehran hospital patients
4 | Salehi et al. 2019 [20] 2019 August 2016 and February 2017 | Cross-Sectional Tehran hospital patients
5 | Tafreshi et al. [21] 2019 between 2016 and 2018 Cross-Sectional Tehran hospital patients
6 | Yazdansetad et al. [22] 2019 during 2013 Cross-Sectional Tehran hospital burned patients
7 | Salehietal. 2018 [23] 2018 no data Cross-Sectional Tehran patients, staff, and environment

of an educational hospital
8 | Zafari et al. [24] 2017 September 2015 to June 2016 Cross-Sectional Tehran hospital patients
9 | Sarhaddi et al. [25] 2017 January and December 2014 Cross-Sectional Mashhad hospital patients
10 | Ansari et al. [26] 2017 September 2015 to April 2016 Cross-Sectional | Shahrekord hospital patients
11 | Alaei et al. [27] 2016 February 2010 and March 2011 Cross-Sectional Shiraz ICU patients
12 | Pourhajibagher et al. [28] 2016 no data Cross-Sectional Tehran hospital patients
13 | Jasemi et al. [29] 2016 August 2011 to December 2013 Cross-Sectional Tehran hospital patients
14 | Kooti et al. [30] 2015 December 2012 to May 2013 Cross-Sectional Shiraz hospital patients
15 | Bahador et al. 2015 [31] 2015 2012 Cross-Sectional Tehran Burned patients
16 | Bahador et al. 2014 [32] 2014 2011 Cross-Sectional Tehran ICU patients
17 | Bahador et al. 2014 [32] 2014 2006 Cross-Sectional Tehran ICU patients
Table prepared by the authors using data from the included studies [13, 18-32]
Table 2. List of selected samples and research methods
Study Sample source MDR isolates | TGC /MDR Diagnostic test

1 | Sepahvand et al [18] blood, wound, respiratory and urine samples 100 22 disc diffusion
2 | Saadati et al [13] tracwh::r'ﬁzc,rgg‘:"u tr)ilrtl’eids’p:ﬁ(t):]rr:,jya zZtZZL?;é:;f;ghia' 100 100 disk diffusion
3 ,:II?;/;-]Moghaddam et blood, trachea, urine,;g;izlr%iri)(;nal fluid, catheter and 109 35 disc diffusion
4 | Salehi et al 2019 [20] various specimens mostly sputum 180 152 disk diffusion
5 | Tafreshi et al [21] burn wound infection 84 28 broth microdilution
6 | Yazdansetad et al [22] burn wound 63 22 broth microdilution
7 | Salehi et al 2018 [23] wet s"“’a‘zbuifgcr’n”;rft'f’;':]‘zspa;?e:fs'?iieif;ﬂfé::edica' 125 2 disk diffusion
8 | Zafari et al [24] blood, wound, urine, sputum, and respiratory tract 100 2 disc diffusion
9 | Sarhaddi et al [25] burnt wound 54 2 E-test
10 | Ansari et al [26] clinical samples 30 18 disk diffusion
11 | Alaei et al [27] urine, Sp“t“f'IE; db,'ﬂgi‘llp:esctfeptieori“;’;""s‘;“c?gt'igﬁreb“’Spi”a' 45 4 broth microdilution
12 | Pourhajibagher et al [28] burn wound 33 2 disk dr:ifgfggﬂui?:nbmth
13 | Jasemi et al [29] clinical specimens 26 8 disk diffusion
14 | Kooti et al [30] urine, wound, blood, sput:rr]ré, (I;);I;T, body fluid, nose, throat 200 4 disk diffusion
15 | Bahador et al 2015 [31] clinical samples 62 1 broth microdilution
16 | Bahador et al 2014 [32] wound, respiratory tract, urine, blood, and CSF 50 4 E-Test
17 | Bahador et al 2014 [32] wound, respiratory tract, urine, blood, and CSF 50 0 E-Test

Table prepared by the authors using data from the included studies [13, 18-32]

Note: TGC — Tigecycline; CSF — cerebrospinal fluid, ETT — endotracheal tube.
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Meta Analysis
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate  limit limit Z-Value p-Value
Sepahvand 0220 0.149 0312 -5243 0.000 | 3 i
Saadati 0995 0926 1.000 3.741 0.000
Alavi-Moghaddam  0.321 0240 0414 -3650 0.000 3
Salehi 1 0844 0784 0890 8226 0.000 |
Tafreshi 0.333 0241 0440 -2995 0.003 . o
Yazdansetad 0349 0242 0474 -235% 0018 : o
Salehi 2 0.016 0.004 0062 -5778 0.000
Zafari 0.020 0.005 0.076 -5449 0.000
Sarhaddi 0.037 0009 0.136 -4522 0.000
Ansari 0600 0419 0757 1088 0277 -l
Alaei 0.089 0034 0214 -4443 0.000 -
Pourhajibagher 0061 0015 0212 -3.757 0.000
Jasemi 0308 0.162 0505 -1.908 0.056 —-
Kooti 0.020 0.008 0.052 -7.705 0.000
Bahador 1 0.177 0.101 0293 -4614 0.000 |
Bahador 2 0080 0030 0.195 -4685 0.000 -
Bahador 2' 0.010 0001 0.138 -3.247 0.001
0.181 0092 0325 -3.793 0.000 ‘
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Figure prepared by the authors
Fig. 2. The results of the meta-analysis evaluating the resistance of different isolates of A. baumannii to tigecycline in Iran
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Fig. 3. Funnel plot

between the previous use of other antibiotics and tigecy-
cline resistance because of transportation by the similar
efflux pump [39]. In addition, treatment by a wide-spec-
trum antibiotic instead of a narrow-spectrum drug, €.g.,
due to the inaccurate diagnosis of infection, inappropri-
ate differentiation between virus or bacterium and the re-
sulting improper prescription, as well as self-medication,
leads to a growth in drug resistance [40].

The resistance mechanism to tigecycline is mediated
by efflux pumps such as AdeABC. The overexpression in
AdeABC caused by amino acid and nucleotide changes in
the AdeRS two-component system and modified expres-
sion of AdeA and AdeB by the BaeSR system is another
possible mechanism. In addition, mutations in genes en-
coding 1-acyl-sn-glycerol-3-phosphate acyltransferase

and S-adenosyl-L-methionine (SAM)-dependent methyl-
transferase result in lower susceptibility [7].

Despite our findings, other review studies indicated
conflicting results. In the review of Ni et al. [17], administra-
tion of tigecycline was discouraged based on assessment
of cohorts and RCT studies. This review demonstrated a
higher in-hospital mortality rate, a lower rate of bacterial
eradication, and insufficiency of combination therapy in
treatment groups compared to the control. Sodeifian et
al. applied an approach similar to that used in our work
to analyze observational studies. As a result, tigecycline
was not recommended for treatment regimens. The re-
searchers found that the overall efficacy of tigecycline in
patients was comparable with other antimicrobial agents.
Furthermore, a higher death rate and a lower bacterial
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Meta Analysis
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Fig. 4. Subgroup analysis of patients admitted to ICU and non-ICU wards
Meta Analysis
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Fig. 5. Subgroup analysis based on location

eradication rate compared to medication regimens based
on colistin were established [41].

Care should be taken when interpreting the results due
to the limited data. There are few studies on the preva-
lence of A. baumannii with MDR in Iran, with their majority
covering large cities, Tehran in particular. Therefore, more
data from other Iranian locations should be obtained to
verify the results. In addition, the small size of samples
for a subgroup analysis of statistical tests should be con-
sidered. There is a high potential of bias when evaluat-
ing research studies based on the JBI checklist. None
of the studies mentioned confounding factors and the
respective corrective approaches; in some studies, sta-
tistical methods were not described appropriately. The
study setting and validity, as well as the reliability of out-
come measurement, remain unclear, thus rendering the
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interpretation unreliable. Moreover, the clinical samples
were obtained from intensive care unit (ICU) patients and
individuals hospitalized in various wards, including the
burn unit. Variations in isolate extraction methods and the
challenging conditions experienced by ICU patients may
have potentially impacted the outcomes of antimicrobial
susceptibility testing. Additionally, the choice of antimi-
crobial susceptibility testing methodologies, such as disc
diffusion, E-test, or broth microdilution, could also have
contributed to discrepancies in results. This variability
poses challenges in drawing unequivocal conclusions.
This study contributes to the information about the sus-
ceptibility of different A. baumannii isolates to tigecycline,
thus facilitating a grounded choice of antibiotics for MDR
strains. However, further research is needed to obtain
more reliable data on the level of such resistance.
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CONCLUSION

In the present review and meta-analysis, we evaluated the
resistance rate among patients infected by A. baumannii
and admitted to hospitals in some cities of Iran. Our find-
ings indicate a high resistance rate of A. baumannii strains
against tigecycline; however, tigecycline is still considered
an effective drug against MDR bacteria. The meta-analy-
sis results show that the reviewed publications do not pro-
vide clear evidence of the overall effect of tigecycline on
the resistance rate. In other words, the increase in A. bau-
mannii resistance to tigecycline is not statistically signifi-
cant, which is confirmed by the results of other studies
conducted earlier in Iran.

Increased resistance of A. baumannii to most an-
tibiotics, established in the present study, may be
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