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1. Introduction 
 Acinetobacter baumannii is a non-motile, oxidase-negative, 
nonfermentative gram-negative bacillus (1).  Acinetobacter 
species are often isolated from nature, but A. baumannii is 
found in hospital settings, especially in intensive care units (2). 
A. baumannii is responsible for 2-10% of gram-negative 
bacteria that cause nosocomial infections. For healthy 
individuals, its virulence is low, and it is difficult to infect. 
However, it is frequently seen as an infectious agent in 
individuals whose immune systems are suppressed (3,4). For 
many reasons, A. baumannii is more common in intensive care 
units. These include its amazing ability to stay alive for a long 
time on dry, inanimate surfaces, its ability to colonize both 
patients and healthcare workers, its tendency to stick to the 
surfaces of medical instruments, and the use of broad-spectrum 
antibiotics in treatment plans (5). 

It has the potential to cause challenging-to-treat infections, 
including skin and soft tissue infections, urinary tract 
infections, and meningitis. However, infections like ventilator-
associated pneumonia and bacteremia are associated with 
notably high mortality rates (2). Specifically, mortality rates of 
25–34% have been reported in cases of nosocomial A. 
baumannii-related bacteremia, while ventilator-associated 
pneumonia is linked to even higher mortality rates ranging 

from 40% to 80% (5). 

A. baumannii is one of the six multi-drug-resistant (MDR) 
microorganisms classified by the Infectious Diseases Society 
of America (6). While carbapenems are one of the preferred 
treatments for multidrug-resistant A. baumannii infections, the 
incidence of carbapenem resistance has increased rapidly in 
recent years (7). According to the European antimicrobial 
resistance surveillance data, A. baumannii carbapenem 
resistance was reported at 93.3% in 2021 in our country. The 
World Health Organization prioritized carbapenem-resistant A. 
baumannii for antibiotic research and development in 2018 (8). 

The main mechanism of resistance to carbapenems in A. 
baumannii strains is beta-lactamase production. However, 
various resistance mechanisms, such as modification of 
penicillin-binding proteins (PBP) and porin exchange, may 
also be responsible for resistance[7]. The most important 
carbapenem resistance mechanisms are carbapenemases with 
serine oxacillinases (OXA types) and metallo beta-lactamases 
(MBL). These are made by beta-lactamases. Although MBLs 
identified in A. baumannii strains are less common than OXA-
type carbapenemases, they have a stronger hydrolyzing effect 
on carbapenems (9). OXA-51 has been identified in almost all 
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A. baumannii strains and has been suggested to be specific to 
A. baumannii. However, it is not found in other Acinetobacter 
species (7,10). OXA23, OXA-24, and OXA-58 are the most 
commonly acquired oxacilinases among isolates worldwide 
(11). MBLs are class B beta-lactamases and have the capacity 
to hydrolyze all beta-lactams, including carbapenems, except 
aztreonam (9). Although carbapenem-resistant strains are seen 
worldwide, MBL-producing A. baumannii strains have been 
found to spread only in certain geographical regions. 
Therefore, the detection of these enzymes is of great 
importance in the control of A. baumannii nosocomial 
infections (12). The aim of this study is to investigate the 
presence of class D oxacillinases (blaOXA 23-like, blaOXA 
24-like, blaOXA 51-like, and blaOXA 58-like) and metallo-
betalactamases (blaNDM, blaVIM, and blaIMP) in 
carbapenem-resistant A. baumannii strains by polymerase 
chain reaction (PCR). 

2. Materials and Methods 
2.1. Identification of Isolates and Antibiotic Susceptibility 

Testing 
 Seventy strains of A. baumannii were studied. They were taken 
from catheter hub blood samples sent from patients in the 
intensive care unit to the Medical Microbiology Laboratory of 
Ondokuz Mayıs University Faculty of Medicine from January 
2021 to September 2022. In the process of isolate selection, 
considerations were given to microbial growths manifesting 
the same types of microorganisms and the same antibiogram 
profiles. This evaluation encompassed cultures sent in a 
minimum of two sets, obtained from both catheter hubs and 
peripheral veins. Conventional methods (gram stain, oxidase 
test, motility) and VITEK® MS (bioMérieux, France) were 
used for species identification of bacteria. The Vitek2 Compact 

(bioMérieux, France) automated system was used to determine 
the antibiotic resistance profile. The isolates, whose 
carbapenem resistance was determined in the automated 
system, were checked by the gradient strip test (Liofilchem®, 
Italy) method. Susceptibility test results were evaluated and 
recorded according to the standards of the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST, 2023) (13). A single isolate from each patient was 
included in the study. The first identified isolate in patients 
with recurrent growth was included in the study. 

2.2. Molecular Methods 
 After identification and determination of carbapenem 
resistance, DNA extraction was performed by the boiling 
method (14). Afterwards, the presence of carbapenemase genes 
in A. baumannii strains was investigated by the multiplex PCR 
method using appropriate primers (Table 1) in an automatic 
thermal cycler (Eppendorf, Hamburg, Germany). 
Electrophoresis of the amplification products was carried out 
on a 1.5% agarose gel at 120 volts for 60 minutes and then 
stained in ethidium bromide for 20 minutes. It was imaged 
using the Gel Doc XR (Bio-Rad, USA) instrument and 
Quantity One (Bio-Rad, USA) software. The primers used 
were determined after the literature review (10, 15, 16). The 
PCR of class D oxacillinase resistance genes was performed 
under the following conditions: Heat denaturation at 94°C for 
5 min, 30 cycles of 25 s at 94°C, 40 s at 52°C, 50 s at 72°C, 
and a final extension step at 72°C for 6 min. The PCR of 
metallo-betalactamase resistance genes was performed under 
the following conditions: Heat denaturation at 95°C for 5 min, 
35 cycles of 45 s at 95°C, 45 s at 60°C, 1 min at 72°C, and a 
final extension step at 72°C for 8 min (10, 17).

 Table 1. Primer sequences used in multiplex PCR 
Target Gene Primer Direction Primers Sequence (5’-3’) Amplicon Size (bp) 

blaOXA 23-like Forward 
Reverse 

5-GATCGGATTGGAGAACCAGA-3 
5-ATTTCTGACCGCATTTCCAT-3 501 

blaOXA 24-like Forward 
Reverse 

5-GGTTAGTTGGCCCCCTTAAA-3 
5-AGTTGAGCGAAAAGGGGATT-3 246 

blaOXA 51-like Forward 
Reverse 

5-TAATGCTTTGATCGGCCTTG-3 
5-TGGATTGCACTTCATCTTGG-3 353 

blaOXA 58-like Forward 
Reverse 

5-AAGTATTGGGGCTTGTGCTG-3 
5-CCCCTCTGCGCTCTACATAC-3 599 

blaNDM Forward 
Reverse 

5-GCAGCTTGTCGGCCATGCGGGC-3 
5-GGTCGCGAAGCTGAGCACCGCAT-3 782 

blaVIM Forward 
Reverse 

5-GTTTGGTCGCATATCGCAAC-3 
5-AATGCGCAGCACCAGGATAG-3 389 

blaIMP Forward 
Reverse 

5-GGAATAGAGTGGCTTAATTCTC-3 
5-CCAAACCACTACGTTATCT-3 188 

3. Results 
 77 carbapenems-resistant A. baumannii strains were isolated 
from catheter blood cultures of patients hospitalized in the 
intensive care unit. While all isolates were resistant to 
meropenem, 75 (97.4%) isolates were determined to be 
resistant to imipenem. In addition, all of the isolates were found 
to be resistant to ceftazidime, levofloxacin, and ciprofloxacin. 
A sensitivity of 29.8% to amikacin, 6.4% to gentamicin, and 

6.4% to trimethoprim-sulfomethoxazole was found. 

After multiplex PCR, the naturally occurring blaOXA 51-
like gene in A. baumannii was found in all A. baumannii 
strains. The blaOXA 23-like gene was detected in 74 (96%) 
and the blaOXA 24-like gene was detected in 16 (20.7%) of 
the strains. The blaOXA 23-like gene was detected in 74 (96%) 
of the strains, and the blaOXA 24-like gene was detected in 16 
(20.7%) strains. blaOXA 58-like, blaNDM, blaVIM, and 
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blaIMP genes were not positive in any of the isolates. The 
image of the strains with the blaOXA 23-like, blaOXA 24-like, 
and blaOXA 51-like genes is presented in Fig. 1. While the 
blaOXA 51-like gene alone was positive in one strain (1.2%), 
in 14 (18%) strains, the blaOXA 23-like, blaOXA 24-like, and 
blaOXA 51-like genes were found to be positive together. 

 Fig. 1. Electrophoresis image of blaOXA 23-like, blaOXA 24-like and 
blaOXA 51-like genes. Ladder: 100 bp DNA Ladder Plus; NC: 
Negative Control; PC: Positive Control; PS1-14: Positive Strains 
(OXA-23, OXA-24, OXA-51) 

4. Discussion 
 Currently, most A. baumannii strains are resistant to 
aminopenicillins, ureidopenicillins, cephalosporins, 
aminoglycosides, and quinolones. Recently, emerging 
multidrug resistance has often led to the use of carbapenems in 
treatment. However, nowadays, high amounts of carbapenem 
resistance are seen in A. baumannii strains, and it is reported 
from all over the world. Some strains are resistant to all 
conventional antimicrobials (7). 

In many studies conducted in our country, it is noteworthy 
that carbapenem resistance has increased over the years. While 
Gözütok et al. found 91% resistance to carbapenems in their 
study in 2013, Keskin et al. found resistance to imipenem and 
meropenem at a rate of 91.5% and 92%, respectively, in 2014 
(9,18). In their study, Tümtürk et al. found carbapenem 
resistance, which was 90.7% in 2014 and increased to 95.9% 
in 2017. Akyıldız et al. found imipenem and meropenem 
resistance in A. baumannii strains to be 93.2% and 91%, 
respectively, in 2023 (19,20). In our study, while all strains 
were resistant to meropenem, 75 (97.4%) strains were 
determined to be resistant to imipenem. 

Resistance to beta-lactam antibiotics is most common in A. 
baumannii strains due to the presence of beta-lactamase. The 
most important beta-lactamases are carbapenemases, which 
include metallobeta-lactamases (Ambler class B: IMP, VIM, 
SIM, and NDM) and serine oxacilinases (Ambler class D: 
OXA types). Although OXA-type carbapenemases identified 
in A. baumannii strains are more common than MBLs, their 
hydrolyzing effects on carbapenems are weaker[20]. 

Although almost all strains of A. baumannii have the 
blaOXA 51-like gene, it has been shown that OXA-51 alone 
has weak carbapenemase activity but has high-level 
carbapenem resistance in its overproduction and in 

combination with other OXA enzymes (21). 

Acquired class D oxacillinase was first detected in a strain 
isolated at Edinburgh University in 1985 and was named OXA-
23. The second group is oxacillinases; it includes OXA-24, 
OXA-25, OXA-26, and OXA-40. Most of the enzymes in this 
group appear to be variants of each other. The third group is 
OXA-58, which was detected in France, and it has been 
reported that it is expressed in A.baumannii, reduces the 
sensitivity to carbapenems, and causes high carbapenem 
resistance in its overexpression (7). 

In the multicenter study of Telli et al. conducted in our 
country, the blaOXA 23-like gene was found positive in 18 
(42%), and the blaOXA 58-like gene was found positive in 5 
(12%) of 42 carbapenem-resistant Acinetobacter strains 
isolated from various clinical specimens between 2007 and 
2010. The blaOXA 24-like gene was not found in the strains. 
The naturally occurring blaOXA 51-like gene was found in all 
A. baumannii strains. At the same time, the presence of the 
blaVIM, blaNDM, and blaIMP genes was investigated, and no 
positive results were found for the metallo-betalactamase 
genes (22). 

In another multicenter study conducted by Çiftci et al., the 
blaOXA 51-like gene was found to be positive in all 602 
carbapenem-resistant A. baumannii strains isolated from 
various sample species between 2008 and 2011, but the 
blaOXA 24-like gene was not demonstrated in any strain. The 
positivity rates for the blaOXA 23-like and blaOXA 58-like 
genes were found to be 74.4% and 17.3%, respectively (23). 

In a 2014 study by Keyik et al., all 105 A. baumannii strains 
resistant to carbapenems isolated from various clinical samples 
contained the blaOXA 51-like gene. The blaOXA 58-like gene 
was detected in 56 (53.3%) of the strains, and the blaOXA 23-
like gene was detected in 49 (46.7%) strains. blaOXA 24-like 
gene positivity was not detected in the strains (21). 

In a study conducted by Demirci et al. between 2016 and 
2018, blaOXA 51-like gene positivity was detected in all 20 A. 
baumannii strains, while blaOXA 23-like was detected in 12 
(60%) strains, blaOXA 58-like was detected in 8 (40%) strains, 
and blaOXA 24-like gene was detected in 1 (5%) strain (24). 
In a similar study conducted by Vural et al. in our hospital in 
2011 with 100 carbapenem-resistant A. baumannii strains 
isolated from various clinical samples, the blaOXA 51-like 
gene was found positive in all of them, while the blaOXA 23-
like gene was found positive in 93 (93%). The blaOXA 24-
like and blaOXA 58-like gene regions were not detected in the 
strains (25). Gözalan et al. investigated blaVIM, blaNDM, and 
blaIMP genes with the multiplex PCR method in their study 
with 112 carbapenem-resistant A. baumannii strains isolated 
from blood samples of patients followed up in intensive care 
units and could not detect positive results of metallo-
betalactamase genes (26). 
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In our study, as in similar studies, the blaOXA 51-like gene 
specific to A. baumannii was found to be positive in all strains, 
while the positivity rates of the blaOXA 23-like and blaOXA 
24-like gene regions were found to be 96% and 20.7%, 
respectively. blaOXA 58-like, blaVIM, blaNDM, and 
blaIMP gene regions were not detected in strains. The 
positivity rates for blaOXA 23-like, blaOXA 24-like, and 
blaOXA 58-like gene regions varied for each center. Çiftci et 
al. suggested in their study that blaOXA 58-like gene positivity 
decreased over the years, while blaOXA 23-like gene 
positivity increased over the years (23). When we look at the 
studies conducted in our country, blaOXA 58-like gene 
positivity is seen at varying rates, but blaOXA 58-like gene 
positivity was not found in our study. This situation supports 
the views of Çiftci et al. (23). 

In addition, while varying rates of positivity were found in 
previous studies for the blaOXA 23-like gene region, a high 
positivity rate of 96% was found in our study. While the 
blaOXA 24-like gene region was detected at a rate of 5% in the 
study of Demirci et al., it was not detected in other studies (24). 
In our study, however, the blaOXA 24-like gene was positive 
at a rate of 20.7%. For this reason, the possibility that blaOXA 
24-like gene positivity may increase over the years has drawn 
our attention. 

It turns out that 94% of the 101 carbapenem-resistant A. 
baumannii bacteria tested by Ning et al. in 2017 were positive 
for blaOXA 23-like. This is in line with studies done outside 
of our country on OXA-type carbapenemase genes (27). In 
Thailand in 2021, Santajit et al. did a study with 172 
carbapenem-resistant A. baumannii. They found that the 
blaOXA 51-like gene positivity rate was 100% (172) and the 
blaOXA 23-like gene positivity rate was 93.60% (161). The 
blaOXA 24-like gene could not be detected (28). 

Again in 2018-2019, in a study conducted with 317 
carbapenem-resistant A. baumannii strains from different 
clinical specimens, the presence of the blaOXA 51-like gene 
was found in all of the strains, and the presence of the blaOXA 
23-like gene was found in 94% (n = 298). The blaOXA 58-like 
gene regions were not detected in the strains (29). In a study 
conducted by Palavecino et al. between 2019 and 2022, the 
presence of the blaOXA 23-like gene was found in 63 (67%) 
of the 94 carbapenem-resistant A. baumannii strains, and the 
presence of the blaOXA 24-like gene was detected in 14 
(14.9%) of them. blaOXA 58-like gene positivity was not 
detected (30). 

77 carbapenem resistant A. baumannii strains were 
included in our study. This relatively small number of strains 
was a limitation for our study. In addition, the fact that we did 
not have the opportunity to study clonal relationships was a 
limitation of our research. 

In conclusion, our study shows that blaOXA 23-like and 
blaOXA 51-like genes tend to be found together more often in 

OXA-type carbapenemases. In our study, the second most 
common gene accompanying this co-occurrence is blaOXA 
24-like. The information gathered is significant because it 
shows where the OXA-type carbapenemases found in isolates 
are found and what their epidemiological status is. 
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