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ABSTRACT

Background: Acinetobacter baumannii is one of the most important hospital pathogenic
bacteria that cause infectious diseases. The present study aimed to determine the frequency
of carbapenem resistance genes in association with transposable elements and molecular
typing of carbapenem-resistant A. baumannii bacteria collected from patients in Shiraz, Iran.
Materials and Methods: A total of 170 carbapenem-resistant A. baumanniiisolates were obtained
from different clinical specimens in two hospitals. The minimum inhibitory concentrations
(MIC) of imipenem were determined and the prevalence of OXA Carbapenemases, Metallo-
B-lactamases genes, insertion sequences (IS) elements, and transposons were evaluated by

the polymerase chain reaction (PCR) method. Finally, molecular typing of the isolates was
performed by the Enterobacterial Repetitive Intergenic Consensus-PCR method.

Results: The MICs ranged from 16 to 1,024 pg/mL for imipenem-resistant A. baumannii
isolates. Out of the 170 carbapenem resistant A. baumannii isolates, blaog 24 1ike (94, 55.3%)
followed by blaoxasssie (71, 41.7%) were predominant. In addition, A. baumannii isolates
carried blayy (71, 41.7%), blaggs (32, 18.8%), blaspy (4, 2.3%), and blagpc (1, 0.6%). Moreover,
ISAbal (94.2%) and Tn2009 (39.2%) were the most frequent transposable elements.
Furthermore, (71, 44.0%) and (161, 94.7%) of the ISAbal of the isolates were associated with
blaoxa»s and blaoga s genes, respectively. Besides (3, 1.7%), (1, 0.6%) and (5, 2.9%) of blaoxa»s
were associated with IS18, ISAba4, and ISAba2, respectively. Considering an 80.0% cut off,
clusters and four singletons were detected.

Conclusion: According to the results, transposable elements played an important role in the
development of resistance genes and resistance to carbapenems. The results also indicated
carbapenem-resistant A. baumannii bacteria as a public health concern.

Keywords: Acinetobacter baumannii; Carbapenem-resistant A. baumannii; OXA Carbapenemase;
Insertion sequence; Transposon
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INTRODUCTION

Acinetobacter baumannii is a widespread opportunistic pathogen in hospitals, which causes
morbidity and mortality, especially in intensive care units (ICUs) [1, 2]. A. baumannii causes

a broad range of infections including urinary tract infections, blood infections, ventilator-
associated pneumonia, and meningitis [3, 4]. The last option for the treatment of A.
baumannii-related infections is carbapenem antibiotics [1]. However, over the past decade,
carbapenem-resistant A. baumannii (CRAB) strains have emerged as a serious public health
threat [5]. The combined resistance mechanisms include penicillin-binding proteins
modification, production of Metallo beta lactamases (MBL, blaox,), outer membrane
impermeability, and increased expression of efflux pumps in A. baumannii, which have been
attributed to carbapenem-resistance in A. baumannii [2, 6]. The ambler class A, B, C, and

D B-lactamases can cause various antibiotic resistances. Carbapenem-hydrolyzing class D
B-lactamases (blaoxasi, blaoxas3, blaoxaas, and blaogass) and Metallo-B-lactamases class B (blayp.
likes Dldyintixe, Dlasia, and blaypy) have been mentioned as important resistance mechanisms in
A. baumannii [3]. Insertion sequences (ISs) are strong promoters that facilitate the expression
of OXA genes [3]. The presence of ISAba2, ISAba3, and ISAba4 elements in the upstream of
blaoxa ss and blaoga 3 genes in A. baumannii may increase the expression of these genes [4].
Transposons are another important genetic element responsible for the rapid spread of
resistance genes worldwide. So far, the existence of transposons such as Tn2006, Tn2007,
and Tn2008 in A. baumanniiisolates have been described and these elements have been shown
to carry the blaoya 2 gene [6].

Generally, studying the molecular characteristics of different antibiotic resistance
mechanisms through molecular epidemiology analysis in different regions is crucial for

the development of therapeutic strategies and to control multidrug-resistant A. baumannii
infections [1]. Enterobacterial Repetitive Intergenic Consensus-Polymerase Chain Reaction
(ERIC-PCR) has been used as a suitable method for molecular typing of A. baumannii [1, 7].
Therefore, the present study aims at evaluation of the frequency of carbapenem resistance
genes associated with transposable elements (IS and transposon) that may enhance gene
expression and expansion of resistance genes, molecular typing of carbapenem-resistant A.
baumannii, and determination of the related IS elements and transposons that are involved in
the amplification of OXA-genes in the collected samples from two hospitals in Shiraz, Iran.

MATERIALS AND METHODS

Bacterial isolation and identification were initiated in January 2018 and ended in May 2019.
In total, 170 carbapenem resistant A. baumannii isolates were collected from two tertiary
hospitals (Namazi and Faghihi). Conventional biochemical tests were used for the initial
identification of Acinetobacter spp. and were evaluated for the existence of blaoxa siiie genes by
PCR methods [8].

This study was approved by the Ethics Committee of Shiraz University of Medical Sciences
(IR.SUMS.MED.REC.1397.301). The informed consent was obtained from all the participants,
and informed consent obtained was written.
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The antimicrobial susceptibility test was performed using the disk diffusion method on
Mueller-Hinton agar (Sigma-Aldrich, Tehran, Iran) agar according to the Clinical and Laboratory
Standards Institute’s (CLSI) guidelines for imipenem. The minimum inhibitory concentrations
(MICs) of imipenem were determined by the micro broth method [9]. Pseudomonas aeruginosa
ATCC 27853 (Pasteur Institute, Tehran, Iran) was used as the control strain.

DNA templates were extracted by a genomic DNA extraction kit (Bioneer, Daejeon, Korea)
according to the manufacturer’s instructions. The primers used in this study have been listed
in Table 1. The following carbapenemase-encoding genes were detected: class A B-lactamase
gene: blagyc, class B MBL genes: blayp, blayy, blaspm, blag, blasy, blages, and blaypy, class

D oxacillinases genes: blaoxa s ikes Pldoxasatices Plaoxasiiice, a0 blaoxasgie, and IS elements

such as ISAbal, ISAba2, ISAba3, 1ISAba4, 1S18, ISAbal—blaoxa syiie, and ISAbal—blaogy 23 tike- PCR
amplification was performed in a total volume of 25 pl containing 0.5 pl of each primer (10
pM), 12.5 pul of DNA polymerase master mix RED (Ampliqon A/S, Odense, Denmark), 1 pl

of DNA, and 10.5 pl of water (DNase and RNase free water). The PCR cycle consisted of
denaturation at 94°C for 5 min followed by 35 cycles at 94°C for 30 s, annealing at 51 — 59°C
for 40 s, and extension at 72°C for 40 s.

The Tn2006, Tn2007, Tn2009 and Tn2008 genes were amplified at the final volume of 25

pl containing 12.5 pl master mix (Ampliqon A/S, Denmark), 0.2 pl of each primer at the
concentration of 10 pmol/pl, 2 pl of DNA, and 10.1 pl of water (DNase and RNase free water).
The PCR protocol included an initial denaturation step at 94°C for 5 min followed by 35
cycles of denaturation at 95°C for 45 s, annealing at 59 — 61°C for 45 s, extension at 72°C for 45
min, and of a final cycle of extension at 72°C for 5 min. The PCR products were detected by
electrophoresis using 1.5% agarose and were stained with SYBR DNA safe stain. Then, they
were visualized under ultraviolet light.

Sequencing of the PCR products was performed by Bioneer Company (Korea). The
nucleotide sequences were analyzed by the basic local alignment search tool (BLAST) in NCBI
(https://mblast.ncbi.nlm.nih.gov/Blast.cgi).

ERIC-PCR was used to determine the similarity between the isolates by the clonal relation
ERIC2 primer (5'-AAGTAAGTGACTGGGGTGAGCG-3') [10]. The PCR cycle consisted of
denaturation at 94°C for 5 min followed by 35 cycles at 94°C for 30 s, annealing at 52°C for 45
s, and extension at 72°C for 40 s. The obtained PCR fragments were electrophoresed in 2.0%
agarose gel and the gel was analyzed using the Gel] v.1.3 software (Gel] company, San Diego,
CA, USA) by considering a cutoff of 80.0% to discriminate the isolates.

The data were analyzed using the SPSS 22 software (SPSS Inc., Chicago, IL, USA). Chi-
square test was used to determine significant differences. P <0.05 was considered
statistically significant.
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Table 1. The primers used in this study

Primer name Primer sequence Target Reference

OXAb51-F TAATGC TTT GAT CGG CCT TG OXA51 [32]

OXA51-R TGG ATT GCA CTT CAT CTT GG

OXA58-F AAG TAT TGG GGC TTG TGC TG OXA58 [32]

OXA58-R CCC CTC TGC GCT CTA CAT AC

OXA23-F GAT CGG ATT GGA GAA CCA OXA23 [32]

OXA23-R ATT TCT GAC CGC ATT TCC AT

OXA24-F GGT TAG TTG GCC CCC TTA AA OXA24 [32]

OXA24-R AGT TGA GCG AAAAGG GGATT

ISAbal-F AGGCTATAAAGCGTTGA ISAba1-0OXA51 [33]

Oxa51-R CTTCTGTGGTGGTTGC

ISAbai-F AACGATTGCGAGCATC ISAba1-OXA23 [33]

OXA23-R GTCAACCAGCCCACTT

ISAbal-F ATGCAGCGCTTCTTTGCCAGGCGA ISAbal [29]

ISAbal-R AATGATTGGTGACAATGAAG

ISAba2-F AATCCGAGATAGAGCGGTTC ISAba2 [34]

ISAba2-R TGACACATAACCTAGTGCAC

ISAba3-F CAATCAAATGTCCAACCTGC ISAba3 [34]

ISAba3-R CGTTTACCCCAAACATAAGC

ISAba4-F ATTTGAACCCATCTATTGGC ISAba4 [29]

ISAba4-R ACTCTCATATTTTTTCTTGG

IS18-F CACCCAACTTTCTCAAGATG IS78 [34]

IST8R ACCAGCCATAACTTCACTCG

P3 GTCTATCAGGAACTTGCGCG Tn2008 [35]

BS; GGCTCATTACAGTCAGGTACAAGT

P4 GCAAGGCTTTAGATGCAGAAGA Tn2006 [35]

P3 GTCTATCAGGAACTTGCGCG

P1 ATCCTGATGCTCGCAATCGT Tn2009 [6]

P8 CTGTCTGCGAACACATTCAC

P6 ATTTGAACCCATCTATTGGC Tn2007 [35]

P7 ACTCTCATATTTTTTCTTGG

blawe F-GGAATAGAGTGGCTTAAYTCTC IMP [36]
R-GGTTTAAYAAAACAACCACC

blaym F-ATGTTAAAAGTTATTAGTAGT VIM [36]
R-CTACTCGGCGACTGAGCGAT

blagm F-TCGACACACCTTGGTCTGAA GIM [36]
R-AACTTCCAACTTTGCCATGC

blagm F-TACAAGGGATTCGGCATCG SIM [36]
R-TAATGGCCTGTTCCCATGTG

blages F-ATGCGCTTCATTCACGCAC GES [37]
R-CTATTTGTCCGTGCTCAGG

blagey F-AAAATCTGGGTACGCAAACG SPM [36]
R-ACATTATCCGCTGGAACAGG

blayom F-GGTTTGGCGATCTGGTTTTC NDM [36]
R-CGGAATGGCTCATCACGATC

blayc F-TCTGGACCGCTGGGAGCTGG KPC [36]

R-TCGCCGTTGACGCCCAATCC

IMP, imipenemase; VIM, verona Integron-encoded metallo-beta-lactamase; GIM, German imipenemase; SIM,
Seoul imipenemase; GES, Guiana extended spectrum; SPM, Sdo Paulo metallo-beta-lactamase; NDM, New Delhi
metallo-beta-lactamase; KPC, Klebsiella pneumoniae carbapenemase.

RESULTS

A total of 170 non-duplicate A. baumannii isolates were mainly collected from sputum (42.3%),
endotracheal tube (17.8%), and blood (11.8%) specimens from Faghihi and Namazi hospitals
in Shiraz. Out of these 170 isolates, 55.8% were from male patients and 44.2% were from
female ones. The patients’ ages ranged from 1 to 90 years (Mean:51.7, standard deviation:
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Table 2. Demographic and clinical characteristics of the Acinetobacter baumannii isolates

Characteristic No (%)
Age range 5-82
Gender M (95, 55.8%),

F (75, 44.2%)
Type of specimen

Sputum 72 (42.3)
Blood 20 (11.7)
Tracheal 8 (4.7)
Urine 8(4.7)
ETT 30 (17.6)
Tip catheter 3(1.7)
Pleural 6 (3.5)
CSF 1(0.6)
Wound 12 (7)
Nasal 1(0.6)
Abscess 1(0.6)
Throat 4(2.3)
Auxiliary 1(0.6)
Fluid 2 (1.2)
Abdominal 1(0.6)
Ward
ICU 87 (51.2)
Internal 39 (23)
Surgery 15 (8.8)
Emergency 25 (14.7)
Infant 1(0.6)
Infection 2 (1.2)
Oncology 1(0.6)

M, male; F, female; ETT, endotracheal tube; CSF, cerebrospinal fluid; ICU, intensive care unit.

27.6). The majority of the specimens were isolated from ICUs (87, 51.2%) followed by
internal (39, 23.0%) and surgical (15, 8.8%) wards. The demographic characteristics of the A.
baumannii isolates have been listed in Table 2.

2. Antimicrobial susceptibility test

According to the results, 100% resistance to imipenem was detected among all the isolates
by the disk diffusion method. The MIC range for imipenem was 16 — 1,024 pg/mL, while these
isolates had MICs 0f 16 — 64 pg /mL (n = 67, 39.4%) and 128 — 1,024 pg/mL (n = 103, 61.0%) to
this antibiotic.

3. The prevalence of class B and D carbapenemases

All the isolates carried the blaoxas.ie gene, which is specific for A. baumannii. Among the

class D isolates, carbapenemase genes were predominant regarding blaoga »a-sie (94, 55.3%)
followed by blaoxa»3.sike (71, 41.7%) and blaoga ssike (8, 4.7%). Recognition of MBL by PCR
technique showed that A. baumanniiisolates carried blay,y (71, 41.7%), blages (32, 18.8%), blaspy
(4, 2.3%), and class A blagpc (1, 0.6%). However, other MBL genes were not detected. The co-
existence of class D and MBL genes was identified in eight A. baumannii isolates. Co-existence
of class D and IS elements was also detected, as shown in Table 3.

4. The prevalence of IS elements and transposons

Out of the 170 isolates, 161 (94.2%), 11 (6.4%), 8 (4.7%), and 2 (1.2%) carried the ISAbal,
Is18, ISAba2, and ISAba4 elements, respectively. In total, 71 (44.0%) and 161 (94.7%) ISAbal
were associated with the blaoga 23 and blaogas; genes, respectively. Additionally, 3 (1.7%), 1
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Table 3. Co-existence of OXA-type carbapenemase, MBLS genes, and IS elements
among Acinetobacter bumannii isolates

Spread of Is element and Tn in A. baumannii

Genes Number of isolates No. (%)
blaoxass, blaoxass 29 (12.9)
blages, blayw 22 (12.9)
blaoxass, blayec 1(0.6)
blaoxpsss blaoxasas blaoxass 2 (1.17)
blaoxags, blaoxazas blaoxass, blaces 2 (1.17)
blaoxass, blAoxasas blaym, blasew 1(0.6)
blaoxass, blAoxass, blaoxass, blages, blaym 1(0.6)
blaoxass, blaoxasss blaoxass, blaym, blages 1(0.6)
blaoxass, ISAbal 68 (40)
blaoyas, ISAba2 5(2.9)
blaoyass, ISAbal 92 (54.1)
blagxsss, ISAba2 4 (2.35)
blaOXAZSs |SAb7’b[aoxA23 51 (30)
blaoxass, blaoxass, 1ISAbal 16 (9.4)
blaoyags, blaoyass, ISAba2 1(0.6)
blaoxags, blaoxass, ISADT-blaoyass 16 (9.4)
blaoxass, ISAbal, ISAbT-blaoxass 48 (28.2)
blaoxass, 1SAbQAT, ISADT-blaoxars 18 (10.6)

(0.6%), and 5 (2.9%) blaoxa»; was associated with I1S18, ISAba4, and ISAba2, respectively.
Moreover, 8 (4.7%) ISAbal were observed in the blaoxs sz promoter, while the blaog, s gene
was not in the upstream insertion of ISAba2 and ISAba4. Furthermore, 92 isolates (54.1%)
with ISAbal located at the upstream of the blaoga 2411 gene showed resistance to imipenem.
Dissemination of the carbapenemase genes was associated with transposons. Among the
identified CRAB, 67 (39.2%) were Tn2009-specific, 57 (33.3%) were Tn2008-specific, 41
(24.0%) were Tn2006-specific, and 2 (1.2%) were Tn2007-specific. The co-existence of class
D and IS elements and transposons has been presented in Table 4.

In this study, ERIC-PCR was performed on 24 isolates with a high prevalence of co-existence
of blaoxa 31ikes Pldoxaa1ike; and ISAbI. Considering an 80.0% cutoff, six clusters and four
singletons were detected. The dendrogram showed major clusters including seven isolates,
six of which were from Namazi Hospital and one was from Faghihi Hospital (Fig. 1).

DISCUSSION

A. baumannii is an important cause of nosocomial infections. Nowadays, antimicrobial
resistance in A. baumanni has increased difficulties in the treatment of the related infections
[1113]. In case nosocomial A. baumannii strains become resistant to other -lactam antibiotics,
carbapenems are the best alternative for the treatment of A. baumannii infections. However,
carbapenem-resistant strains of A. baumannii are increasing. Hence, it is essential to limit the
use of these antibiotics [5, 14-16]. In the current study, 170 CRAB isolates were collected from
two hospitals. The majority of these isolates were collected from ICUs and internal wards.
Additionally, most CRAB isolates were from sputum, endotracheal tubes, and blood samples.
The use of invasive instruments such as endotracheal tube, trachea, and cardiovascular
catheters during the procedures and biofilm production on surfaces and devices might have
played a role in the transmission of A. baumannii. Furthermore, all the isolates were resistant
to imipenem with an MIC of 16 — 1,024 pg/mL. Interestingly, 105 isolates exhibited unusually
high levels of resistance to imipenem, with MIC values >128 pg/mL. These results were
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Table 4. Distribution of class D lactamase genes-insertion sequences and transposons in Acinetobacter
baumannii isolates

Spread of Is element and Tn in A. baumannii

Class D and its insertion sequences Transposons Number of isolates (%) P-value
ISAbT-blaoxa51 TN2008 5(@3) 0.1
ISAbI-blaoxa51 TN2006 40 (23.5) 0.1
ISAbT-blaoxas TN2007 2(1.2) 0.1
ISAb1-blaoxa51 TN2009 63 (37) 0.1
ISAbT-blaoxa23 TN2008 39 (23) 0.0001
ISAbT-blaoxa23 TN2006 36 (21.1) 0.0001
ISAbT-blaoxa23 TN2007 2(1.2) 0.1
ISAb1-blaoxa23 TN2009 57 (33.5) 0.0001
ISAbT-blaoxa24 TN2008 21 (12.3) 0.005
ISAb1-blaoxa24 TN2006 17 (10) 0.02
ISAb1-blaoxa24 TN2009 23 (13.5) 0.0001
ISAb1-blaoxa58 TN2008 4(2.35) 0.2
ISAb1-blaoxa58 TN2006 3(2) 0.3
ISAb1-blaoxa58 TN2009 5(@3) 0.1
ISAb2-blaoxa51 TN2008 3(2) 0.3
ISAb2-blaoxa51 TN2006 3(2) 0.3
ISAb2-blaoxa51 TN2009 5(@) 0.1
ISAb2-blaoxa23 TN2008 3(2 0.1
ISAb2-blaoxa23 TN2006 3(2) 0.1
ISAb2-blaoxa23 TN2009 5(3) 0.01
ISAb2-blaoxa24 TN2008 1(0.6) 0.5
ISAb2-blaoxa24 TN2006 1(0.6) 0.5
ISAb2-blaoxa24 TN2009 1(0.6) 0.5
ISAb2-blaoxa58 TN2008 3(2 0.2
ISAb2-blaoxa58 TN2006 3(2) 0.2
ISAb2-blaoxa58 TN2009 5(3) 0.1
ISAb4-blaoxa51 TN2008 1(0.6) 0.1
ISAb4-blaoxa51 TN2009 1(0.6) 0.1
ISAb4-blaoxa23 TN2009 1(0.6) 0.5
ISAb4-blaoxa24 TN2008 1(0.6) 0.5
ISAb4-blaoxa58 TN2008 1(0.6) 0.2
ISAb4-blaoxas8 TN2009 1(0.6) 0.1
1S18-blaoxa51 TN2008 2(1.2) 0.1
1S18-blaoxa5s1 TN2006 2 (1.2) 0.1
1S78-blaoxas1 TN2009 3(2) 0.1
1S18-blaoxa23 TN2008 2(1.2) 0.05
1S18-blaoxa23 TN2006 2(1.9) 0.05
1S78-blaoxa23 TN2009 3(2 0.006
1S18-blaoxa58 TN2008 1(0.6) 0.5
1S78-blaoxa58 TN2009 1(0.6) 0.5

consistent with those of the previous studies conducted in Egypt, Turkey, Saudi Arabia, and
China [17-20]. Increased carbapenem resistance in A. baumannii in different regions of the
world might be associated with the extensive misuse of carbapenems and cephalosporins [17].
In the present study, however, the increased resistance to cephalosporins and carbapenemase
might be attributed to the extensive prescription and use of these antibiotics in hospitals
during hospitalization. The most common mechanism of carbapenem resistance in 4.
baumannii is the production of class D OXA carbapenemases and class B MBL [21]. The most
prevalent carbapenemas in A. baumannii are class D carbapenem-hydrolysing that can be
divided into four major subgroups: intrinsic bldoxasiiike, acquired blaoxa 3 sie; Dlaoxazs-ike, and
blaogassiie [17]- In the current research, 55.3%, 41.7%, and 4.7% of the 170 CRAB isolates
harbored the carbapenemases blaox 24, blaoxa2s, and blaog, ss genes, respectively. The previous
studies revealed carbapenem-resistant A. baumannii, blaoxa 3, to be the most frequent type
[17]. In the current study, however, blaox,., was the most frequent type of carbapenemases.
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Spread of Is element and Tn in A. baumannii

This finding was in agreement with the findings obtained by Alcantar-Curiel M D et al. [22].
The blaoxasiike gene was also detected in all the CRAB isolates, confirming that blaogasi i 1S

an intrinsic oxacillinase gene in A. baumannii [6]. In the present investigation, A. baumannii
isolates were tested for ambler class A and B carbapenemases. The prevalence of the detected
carbapenemases was as follows: Verona integron- encoded metallo-beta-lactamase (VIM):
71, 41.7%; Guiana extended spectrum (GES): 32, 18.8%; Sdo Paulo metallo-beta-lactamase
(SPM): 4.2, 35.0%; and Klebsiella pneumoniae carbapenemase (KPC): 1, 0.6%. Nevertheless,
contradictory results have been reported from different countries and regions [23-27]. The
present study findings revealed a considerable increase in the prevalence of carbapenem
resistance genes in Shiraz, Iran in 2019 compared to 2015. This resistance originated from
the extensive use of antimicrobials. The study results also showed the co-existence of

OXA genes and MBL genes in the isolates (Table 3). These results indicated an increase in
carbapenem-resistance. Generally, the presence of the IS elements upstream of b-lactamase
genes provides promoters that increase gene expression and lead to higher levels of resistance
to carbapenems [7]. In the current study, ISAbal was detected in all the isolates that were
positive for the blaoys; (n = 71) and blaoya24 (n = 94) genes. This suggested that ISAbal might
be involved in the acquisition of carbapenem resistance. Besides, the presence of ISAbal might
promote the blaoa s gene expression, eventually leading to resistance. In the same line,
various studies have demonstrated ISAbal as a promoter for the expression of the blaog, s,

iike gene [7]. This finding supports the hypothesis that the presence of the ISAbal upstream

of the blaoya suie gene reduces the ability to hydrolyze carbapenems in A. baumanniiisolates
without other blaoy, genes. In a study by Al-Agamy et al., ISAbal was found to play a role in
the over-expression of blaoxss; and blaoxa s, while this element was not found in the upstream
of blaog 24 and blaoa ss [17]. Similarly, ISAbal and ISAba2 could participate in the expression of
OXA carbapenemases. In the current study, the prevalence of ISAba2 was 8 (4.7%), which was
different from the results obtained by Owrang et al. in Tehran [28]. IS18 (11, 6.4%) and ISAb4
(2, 1.2%) were also detected in this research. Hence, these IS elements could describe the
enhancement of promoters related to resistance genes. IS interchange among various bacterial
species, which is because of the extensive use of the third generation of cephalosporins along
with carbapenemases and has been considered a threat to the expression of resistance genes.
Increased resistance to carbapenem suggests that clinical isolates may have one or more
transposons. The presence of transposons in Acinetobacter isolates showed that transposons
were the preferred mechanism of the spread of the blaoy, genes [29]. The acquisition and
dissemination of the carbapenem genes were mediated by transposons Tn2008, Tn20006,
Tn2007, and Tn2009 and Mobile Genetic Elements (MGEs) [4, 6]. The current study defined
MGEs as transposable elements, namely ISAbal, ISAba2, ISAba4, 1S18, Tn2008, Tn2000,
Tn2007, and Tn2009. The results of a previous study indicated that Tn2009 was the most
widely detected transposon related to the OXA genes [30]. In the current investigation, the
blao,a»; genes were embedded in transposons Tn2006 (n = 41), Tn2007 (n = 2), Tn2008 (n
=57), and Tn2009 (n = 67) in the clinical isolates of A. baumannii. One of the most tangible
factors for the increased resistance is “antibiotic pressure” due to the great use of imipenem
and the third generation of cephalosporins as well as the transmission of resistance genes
through plasmids and chromosomes in this region. Moreover, the transmission of CRAB
strains among hospitals can be associated with the transfer of resistant pathogens through
infected patients, hospital staff, and medical equipment such as ventilators.

In general, clonal relationship analysis among pathogens is important for a better understanding

of their molecular epidemiology [1]. In the present study, ERIC-PCR was performed for
molecular typing of the A. baumanniiisolates with blaoxa 3 tike, Plaoxa241ike, and ISADI genes.
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Considering an 80.0% cutoff, six clusters and four singletons were detected. The rate of carriers
in hospitals has been reported as 60.0 — 70.0%. Besides, nosocomial infections have been found
to transmit through contaminated healthcare personnel’s skin, environment, contaminated
water and food, and contact with shared items and surfaces [31]. Given the similarity of these
isolates, the possibility of transfer between patients, wards, and hospitals increases [e.g., in the
ICU and internal wards (Fig. 1)]. These results confirmed the spread of A. baumannii clones (blaox,
and MBL) as well as similarities among CRAB isolates through ERIC-PCR typing methods.

Spread of Is element and Tn in A. baumannii

In conclusion, due to the increase in antibiotic resistance in A. baumannii, this pathogen has
been considered a general concern, especially in hospitalized patients. Since IS element and
transposons play an important role in the development of resistance to antibiotics, the aim
of this study was to investigate the simultaneous presence and association of IS element and
transposons with carbapenem resistance genes. The current study revealed the promotion of
carbapenem-resistant A. baumannii genes as the major cause of carbapenem resistance in A.
baumannii. Moreover, ISAbal and transposons Tn2009, Tn2006, and Tn2008 were found to
play an important role in the overexpression of blaoxs 3 and blaoxa .. Yet, further studies are
needed to investigate the association between IS and the genes carrying antibiotic resistance.
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