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Introduction

Multidrug-resistant (MDR) bacterial infections are responsi-
ble for increased mortality and morbidity in intensive care
units (ICUs). Acinetobacter baumannii is one of the MDR

pathogens which poses a significant risk to public health
due to its high levels of resistance to currently used anti-
biotics.1 Despite improvements in hospital infection control
and antimicrobial stewardship, infections from A. baumannii
continue to rise.2 3 The ubiquitous nature of Acinetobacter
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Abstract Background Evaluating the expression pattern of oxacillinases (OXA) carbapene-
mases is essential to understand the prevalence and spread of carbapenem resistance
Acinetobacter baumannii.
Objectives The aim of the study is to evaluate the presence of OXA carbapenemase
genes and ISAba1 upstream to these genes in carbapenem-resistant A. baumannii
clinical isolates.
Materials and Methods A. baumannii isolated from clinical samples were phenotypi-
cally identified and antibiotics sensitivity was performed. Multiplex polymerase chain
reaction (PCR) was used to detect OXA51-like gene, OXA carbapenemases genes (OXA-
23-like, OXA-24-like, and OXA-58-like), and ISAba1 in carbapenem-resistant isolates.
Results Out of 55 Acinetobacter isolates, 54 were confirmed as A. baumannii by PCR.
Bla OXA-23-like gene was observed in 51 isolates of A. baumannii and none of the isolates
showed the presence of bla OXA-24-like and bla OXA-58-like genes. Presence of ISAba1
upstream to OXA-23-like gene, OXA-51-like gene, and both OXA-51-like/OXA-23-like
genes was observed in 51, 7, and 4 A. baumannii isolates, respectively.
Conclusion The genetic pattern of carbapenem-resistant A. baumannii isolated in this
study was unique, which should be factored for clinical protocols to manage infections
caused by emerging resistant strains of A. baumannii.
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poses a significant challenge to eradicate it from the hospital
environments.3 Due to the prevalence of variable antimicro-
bial susceptibility patterns in different hospitals, facility-
specific surveillance studies are valuable in deciding tailored
therapy to effectively control infections associated with A.
baumannii. Further it is necessary to continuously isolate
andmonitor resistance patterns for adopting optimal clinical
antimicrobial therapy protocols.

A. baumannii has acquired many genetic characters by
horizontal gene transfer, which has led to increase in its
virulence and resistance and making it a nosocomial patho-
gen of serious concern. Acinetobacter spp. are opportunistic
pathogens that affect critical care units, where they are
associated with pneumonia consequence to endotracheal
tube intubations or tracheostomy procedures. They are
also associated with bacteraemia’s urinary tract infection
and wound infections.3 Multiple mechanisms of resistance
such as β lactamases, modifications in porin proteins, and
efflux pumps are reported in Acinetobacter spp. Enzymatic
degradation by β lactamases is reported to be the most
prevalent mechanism of resistance observed. Resistance to
aminoglycosides and quinolones is reported to be due to
mutations in gyrA and parC genes.3 Carbapenems are the
drugs of choice in the treatment of antibiotic-resistant Gram-
negative organisms, however, increasing incidence of resis-
tance to carbapenems is also reported.4 Infections from
carbapenem-resistant Acinetobacter baumannii (CRAB) are
increasing globally and difficult to treat.5

A. baumannii contains intrinsic oxacillinases-51 (OXA-51)
serine type oxacillinase which imparts natural resistance to
β-lactams. Carbapenem resistance is reported to be due to
serine oxacillinases (Ambler class D) and metallo β lacta-
mases (MBLs) (Ambler class B). In the class D OXA-type beta
lactamases, the five main groups (OXA-23-Like, OXA 24/40
like, OXA-58, OXA-143 like, and OXA-235 like) are identified.
Resistance to carbapenem is reported to increase significant-
ly when OXA genes are juxtaposed to insertion elements
(ISAba1) with promoter functions.6However, the prevalence
of these resistance factors in A. baumannii isolates from all
geographical regions is not known. Hence this study was
designed to evaluate the distribution of resistance genes
(OXA-51-like, OXA-58-like, OXA-23-like, and OXA 24-like)
and associated insertion elements (ISAba1) among clinical
isolates of CRAB in a tertiary care hospital facility.

Materials and Methods

Study Design and Ethical Considerations
This study was a prospective observational study, which was
reviewed and approved by the Institutional Ethical Commit-
tee. The study was conducted at the Department of Microbi-
ology of a tertiary care hospital.

Inclusion Criteria
Carbapenem-resistant A. baumannii isolates obtained from
various samples (blood, urine, pus, respiratory tract, CSF,
etc.) of patients admitted in the various wards and ICUs of
hospital were collected between November 2018 and De-

cember 2019. A total of 55 clinical isolates of A. baumannii
were included in the study.

Exclusion Criteria
Carbapenem sensitive A. baumannii isolates obtained from
various samples of patients were excluded.

Acinetobacter Baumannii Identification
A. baumannii isolates were identified by phenotypic test
scheme including nonlactose fermenting colonies on Mac-
Conkey agar and preliminary tests (Gram staining, motility,
oxidase, and growth at 44°C). All isolates after phenotypic
identification were genotypically confirmed by detection of
intrinsic blaOXA-51-like gene by PCR.2,3

Antibiotic Susceptibility Testing
Antibiotic susceptibility testing (ABST) was performed on
all A. baumannii isolates by Kirby–Bauer disk diffusion
method.3 The drugs for disk diffusion testing were in the
following concentrations: amikacin (30 μg), gentamicin
(10 μg), cotrimoxazole (25 μg), cefoxitin (30 μg), cefotax-
ime (30 μg), ceftazidime (30 μg), ceftriaxone (30 μg), imi-
penem (10 μg), meropenem (10 μg), and piperacillin-
tazobactam (100/10 μg). Interpretation of zone of inhibi-
tion was done as per the Clinical and Laboratory Stand-
ards Institute guidelines.7 MBL production was detected
phenotypically using imipenem and imipenem-ethylene-
diaminetetraacetic acid (EDTA) disk. Zone of inhibition �
7mm in imipenem-EDTA disk in comparison to imipenem
alone was considered positive for MBL production.8 Mul-
tidrug resistance (MDR) was considered if the isolates
were resistant to at least one agent from three or more
antimicrobial categories.9

Multiplex PCR
Bacterial genomic DNA extraction was performed using
DNeasy Tissue kit, (QIAGEN) from 55 Acinetobacter isolates
which showed resistance to carbapenem. Multiplex PCR
was performed on all isolates to detect the presence of
blaOXA-51-like, blaOXA-23-like, blaOXA-24-like, and blaOXA-58-
like genes, and ISAba1. The primer sequences used for
amplification, as shown in ►Supplementary Table 1 (avail-
able online only), are previously reported.10,11 The ampli-
fication conditions used were as follows: initial
denaturation at 95°C for 5minutes, 35 cycles of 95°C for
30 seconds, 50°C for 30 seconds, and 72°C for 30 seconds,
and a final elongation cycle at 72°C for 7minutes. The
presence of ISAba1 and OXA target genes was further
investigated for the upstream presence of ISAba1 element
to each OXA gene. To check this downstream primer of each
OXA gene was combined with the forward primer of ISAba1
in a separate multiplex PCR.

Results

During the study period, 47 patients infected with CRAB
were identified and 55 isolates of A. baumannii were
obtained from these patients.
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Antibiotic Sensitivity Testing
ABST revealed that all the isolates tested were resistant to
imipenem, ceftazidime, ceftriaxone, cefotaxime, and cefox-
itin. A higher degree of resistance to other antibiotics (gen-
tamicin, cotrimoxazole, piperacillin-tazobactam,
meropenem, and amikacin) was also observed (►Fig. 1).
Most of the isolates (49/55, 89%) were observed to be MBL
producers (►Fig. 1) and all the isolates were multidrug
resistant (MDR).

Multiplex PCR
Out of 55 Acinetobacter isolates included in the study after
the phenotypic test, 54 were confirmed as A. baumannii by
PCR based on the presence of blaOXA-51 gene, which is
intrinsic to this species. Of the 54 isolates, 19 were isolated
from pus samples, 16 were isolated from the respiratory
tract, 6 were isolated from blood samples, 4 were isolated
from pleural fluid, 3 were isolated from urine samples, 1 was
isolated from cerebrospinal fluid, and 5 were isolated from
other clinical samples (►Fig. 2).

Agarose gel electrophoresis (►Fig. 3) followed by multi-
plex PCR analysis for the presence of three carbapenemase
genes (blaOXA-23-like, blaOXa-24-like, blaOXA-58-like) showed
the presence of blaOXA-23-like genes in 51 isolates of A.

baumannii. However, none of the isolates showed the pres-
ence of blaOXA-24-like or bla-OXA-58-like genes (►Fig. 4).

Presence of ISAba1 sequence was observed in all 54 A.
baumannii isolates. Fifty-one isolates showed the presence of
ISAba1 upstream to OXA-23-like gene, while seven isolates
detected ISAba1 upstream to OXA-51-like gene. Four A.
baumannii isolates carried ISAba1 upstream to both OXA-
51-like and OXA-23-like genes and interestingly three of
these isolates were from pus samples and one isolate was
from ET secretion (►Fig. 5).

In one isolate, OXA-51-like gene was not detected but the
presence of OXA-23 was observed. This isolate showed

Fig. 4 Prevalence of OXA-carbapenemase genes in Acinetobacter
baumannii isolates from various clinical samples.

Fig. 1 Percentage of Acinetobacter baumannii isolates resistant to
antibiotics tested.

Fig. 2 Number of various samples used for the isolation of Acineto-
bacter baumannii.

Fig. 3 Detection of OXA-51-like,OXA-23-like genes and ISAba1 by
multiplex PCR. A representative image of agarose gel electrophoresis
showing detection of genes encoding OXA-carbapenemases and
ISAba1. PCR, polymerase chain reaction.
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ISAba1 upstream to OXA-23-like gene and was further
investigated by the Vitek-2 method. The organism was
identified as A. baumannii complex with excellent identifi-
cation features by this method (►Fig. 5).

Discussion

Development ofmultidrug resistance inA. baumannii together
with increasing resistance to carbapenems poses a major
challenge in the treatment of patients infected with this
microbe. Carbapenem resistance in A. baumannii is reported
to be associated with Class D OXA carbapenemase (including
intrinsic chromosomal blaOXA-51) and Class B metallo-β-lacta-
mase production.12 The expression of these resistance factors
in addition to helping identification of A. baumannii species
also contributes to increase in the minimum inhibitory con-
centration of carbapenem.13 In this study a higher prevalence
(94.4%) of blaOXA-23-like carrying genes was observed among
the A. baumannii isolates. The OXA-23-like gene which is
responsible for the development of resistance is present on
the bacterial plasmid and can be transferred in conjugation
between the A. baumannii strains facilitating rapid spread of
resistance in any geographical regions.14 In Asia15 and various
parts of India16,17 the blaOXA-23-like is the dominant acquired
gene detected among the CRAB. Hence our observations are
consistent with these previous reports.

The blaOXA-24-like and blaOXA-58-like genes are associated
with nosocomial outbreaks of MDR A. baumannii. Specifi-
cally, OXA-58 is widely reported from European Union and
United States, while blaOXA-24-like is reported from United
States, Spain, and China.18,19 However, both blaOXA-24-like
and blaOXA-58-like genes were not observed in any of the

isolates of A. baumannii in this study. Concurrent to our
observations a previous study involving five centers across
India also did not detect these genes.20 In contrast a study
from South India reported OXA-24 like and OXA-58-like
genes in 22.9 and 4.2% A. baumannii isolates, respectively.21

The regional selective identification of the resistance gene,
although beyond the scope of this study to explain, merits
detailed evaluation in future. Expression of blaOXA-like
genes is reported to play a major role in the development
of carbapenem resistance, which can be potentiated by
insertion sequences such as ISAba1 ISAba2, ISAba3, ISAba4,
and ISAba10.21 In this study presence of ISAba1 sequence
was observed in all A. baumannii isolates. The presence of
ISAba1 upstream to some OXA genes is associated with
overexpression of these genes.21 Most of the isolates in this
study had upstream detection of ISAba1 to OXA-23-like
gene with few isolates having ISAba1 either upstream to
OXA-51-like gene or both OXA-23-like and OXA-51-like
gene. Previously upstream presence of ISAba1 to OXA-23-
like in Acinetobacter nosocomialis was reported from Latin
America and Iran.22,23 However, to the best of our knowl-
edge ISAba1 expression upstream to OXA-23-like without
OXA-51-like in A. baumannii/A. nosocomialis isolates is
rarely reported from India. The A. baumannii isolate which
did not express OXA-51-like gene but had ISAba1 upstream
to OXA-23-like gene was identified as A. baumannii com-
plex by Vitek-2 method. The variable observation of the
OXA-23-like and OXA-51-like genes in A. baumannii isolates
paraphs suggests intraspecies horizontal transfer of oxacil-
linase genes.

This study observed 100% resistance to ceftazidime, cef-
triaxone, cefotaxime, and cefoxitin. The resistance pattern in
this study is marginally higher than that reported by a
previous study,24 which perhaps suggests the progressive
nature of resistance development by A. baumannii. Also, a
majority (89%) of the A. baumannii isolates were MBL pro-
ducers, indicating coexistence of both MBL and OXA-like
genes in the evolving resistant strains of A. baumannii. This
finding is a significant increase from 14% MBL as seen in a
previous study by the same authors.25 However, the charac-
terization of the MBL A. baumannii isolates in this study was
performed based on phenotypic and not genotypic methods,
which remains the limitation of this study.

Conclusion

This study reports blaOXA-23-like gene as the predominant
cause of carbapenem resistance in A. baumannii. The up-
stream presence of ISAba1 over blaOXA-23-like and blaOXA51-
like genes, besides enhancing the development of carbape-
nem resistance also influences the intrastrain mobility of
resistant genes. The genetic pattern of carbapenem-resistant
A. baumannii isolates observed in this study should be
factored for clinical protocols to manage infections caused
by emerging resistant strains.

Conflict of Interest
None declared.

Fig. 5 Prevalence and upstream presence of ISAba1 to Oxa-carba-
penemase genes from various clinical samples.
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