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Investigation of Metallo-Beta-Lactamase Production 
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baumannii Isolates
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ABSTRACT

Introduction: Carbapenem resistance generally emerges from carbapenemase production in Acinetobacter baumannii isolates. It is 
known that prognosis is adversely affected, and mortality rate increases in infections caused by Metallo-beta-lactamase (MBL) type 
carbapenemase-producing isolates. This study aimed to investigate MBL production in carbapenem-resistant A. baumannii isolated 
from inpatients in Kastamonu Training and Research Hospital (TRH), Türkiye.

Materials and Methods: A total of 110 non-duplicated carbapenems (imipenem and meropenem) resistant A. baumannii isolates 
between July 2020 and July 2021 were included in the study. Identification of the isolates was performed by conventional methods, 
VITEK 2 Compact automated system, and amplification of the OXA-51-like gene region. Antibiotic susceptibility tests were conducted 
and evaluated with EUCAST criteria using VITEK 2. Carbapenemase production of the isolates was tested using the modified Hodge 
test. MBL production was screened using imipenem-EDTA double-disc synergy test. The presence of blaIMP, blaVIM, blaGIM, and blaNDM 
genes was investigated using polymerase chain reaction (PCR) to confirm the MBL production.

Results: All isolates were confirmed to be A. baumannii. All isolates were resistant to imipenem, meropenem, ciprofloxacin, and 
levofloxacin. The susceptibilities to trimethoprim-sulfamethoxazole, tobramycin, amikacin, and gentamicin were 0.9% (n= 1), 1.8% 
(n= 2), 2.7% (n= 3), and 2.7% (n= 3), respectively. All isolates had carbapenemase activity. However, the MBL phenotype was present 
in none of the strains. Also, MBL genes were not detected in the isolates.

Conclusion: MBL production was not detected in carbapenem-resistant A. baumannii isolates obtained from Kastamonu TRH. 
Carbapenem resistance in these isolates may be due to the production of non-MBL carbapenemases such as OXA-type carbapenemases.
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INTRODUCTION

Carbapenems (imipenem, meropenem, etc.) are 
preferred antibiotics, especially in the treatment 
of infections caused by antibiotics resistant gram-
negative pathogens, with their strong and broad-
spectrum effects[1]. However, the increase in 
carbapenem resistance in Acinetobacter baumannii 
has reached an alarming level[2].

Carbapenem resistance in A. baumannii is 
mainly mediated by Ambler’s Class D (OXA-type) 
carbapenemases)[3]. OXA-51-like, one of the sub-
groups of OXA enzymes and encoded by the 
blaOXA-51-like gene, is intrinsically expressed at the 
basal level in A. baumannii strains. However, the 
presence of ISAba1 or ISAba9 insertion sequenc-
es initiates overexpression of the blaOXA-51-like 

gene[4]. Another carbapenemase enzyme group 
reported in A. baumannii strains is Metallo-beta-
lactamases (MBLs) found in Ambler’s Class B. 
MBLs including IMP (imipenemase), VIM (Verona 
integron-encoded metallo-beta-lactamase), GIM 
(German imipenemase), NDM (New Delhi metal-
lo-beta-lactamase), and SIM (Seoul imipenemase) 
have been identified in A. baumannii isolates[5].

 MBLs hydrolyze all beta-lactam antibiotics 
except monobactam and are not inhibited by 
beta-lactamase inhibitors. MBLs are inhibited by 
metal chelators such as EDTA (Ethylene diamine 
tetra-acetic acid) because they need zinc ions for 
their activation[6]. Thus, MBL production of the 
isolates can be screened by several phenotypic 
tests (combined disc diffusion test, double-disc 
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Giriş: Acinetobacter baumannii izolatlarında karbapenem direnci genellikle karbapenemaz üretimine bağlıdır. Metallo-beta-laktamaz 
(MBL) tipi karbapenemaz üreten izolatlardan kaynaklanan infeksiyonlarda prognozun olumsuz etkilendiği ve mortalite oranının yükseld-
iği bilinmektedir. Bu çalışmada Kastamonu Eğitim ve Araştırma Hastanesinde (EAH) yatan hastalara ait çeşitli klinik örneklerden izole 
edilmiş karbapenem dirençli A. baumannii izolatlarında MBL üretim sıklığının belirlenmesi amaçlanmıştır.

Materyal ve Metod: Çalışmaya Temmuz 2020-2021 tarihleri arasında farklı hastalardan izole edilmiş 110 adet karbapenem (imipenem 
ve meropenem) dirençli A. baumannii izolatı dahil edilmiştir. İzolatların tanımlanması konvansiyonel yöntemlerin yanı sıra VITEK 2 
kompakt otomatize sistemi ve OXA-51-benzeri gen bölgesinin amplifikasyonu ile gerçekleşmiştir. Antibiyotik duyarlılık testleri VITEK 2 
otomatize sistemi ile EUCAST kriterleri doğrultusunda çalışılmış ve değerlendirilmiştir. İzolatların karbapenemaz üretimi modifiye Hodge 
testi ile belirlenmiştir. İzolatların MBL üretimi imipenem-EDTA çift disk sinerji testi ile araştırılmıştır. MBL üretimini doğrulamak için 
blaIMP, blaVIM, blaGIM ve blaNDM genlerinin varlığı polimeraz zincir reaksiyonu (PZR) ile araştırılmıştır.

Bulgular: Tüm izolatlar A. baumannii olarak doğrulanmıştır. İzolatların tamamı imipenem, meropenem, siprofloksasin ve levofloksasin 
antibiyotiklerine dirençli bulunmuştur. İzolatların trimetoprim-sulfametoksazol, tobramisin, amikasin ve gentamisin antibiyotiklerine 
duyarlılıkları sırasıyla %0,9 (n= 1), %1,8 (n= 2), %2,7 (n= 3) ve %2,7 (n= 3) olarak tespit edilmiştir. Tüm izolatların karbapene-
maz enzimine sahip oldukları belirlenmiş ancak hiçbir izolatta MBL fenotipi saptanmamıştır. İlave olarak izolatlarda MBL geni tespit 
edilmemiştir.

Sonuç: Kastamonu EAH’den elde edilen karbapenem dirençli A. baumannii izolatlarında MBL üretimi tespit edilmemiştir. Çalışmaya 
dahil edilen izolatlarda karbapenem direnci, OXA tipi karbapenemazlar gibi MBL olmayan karbapenemazların üretiminden kaynaklan-
mış olabilir.

Anahtar Kelimeler: Acinetobacter baumannii; Antibiyotik direnci; Karbapenemler; Metallo-beta-laktamazlar; PZR
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synergy test, gradient diffusion method) using 
EDTA. However, the results must be confirmed 
using molecular tests[7]. 

Although MBLs are not as common as OXA-
type carbapenemases in A. baumannii isolates, 
their hydrolytic activities are more powerful than 
OXA-type carbapenemases[8]. MBL-producing 
bacteria are multidrug-resistant because the 
genes encoding MBLs are carried together with 
other antibiotic resistance genes on integrons[3]. 
In addition, MBL-producing strains adversely 
affect the prognosis of patients and increase 
mortality(9). Therefore, early detection of MBL 
production in A. baumannii isolates and tak-
ing necessary precautions are significant. This 
study aimed to investigate MBL production in 
carbapenem-resistant A. baumannii isolated from 
inpatients at Kastamonu Training and Research 
Hospital (TRH).

MATERIALS and METHODS

Bacterial Isolates

Carbapenems (imipenem and meropenem) 
resistant 110 A. baumannii isolates obtained 
from Kastamonu TRH between July 2020 and 
July 2021 were included in the study. The 
isolates belonging to the same patient were 
excluded from the study. The isolates were 
identified using conventional methods (determina-
tion of colony morphology, gram and oxidase 
reactions) and VITEK 2 Compact automated 
system (BioMérieux, France). The identification 
of A. baumannii was confirmed by PCR ampli-
fication of the blaOXA-51-like gene region

[10]. The 
isolates were named with KA (K: Kastamonu, 
A: Acinetobacter) code and isolate number. The 
isolates were stored at -80°C in Mueller-Hinton 
broth (Merck, Darmstadt, Germany) containing 
20% glycerol (v/v). 

Antibiotic Susceptibility Profile

The antibiotic susceptibility of the isolates 
to antibiotics was studied and evaluated using 
EUCAST standards by VITEK 2 Compact auto-
mated system. The antibiotics used in this study 
were: imipenem (IPM) and meropenem (MEM) as 
carbapenems; ciprofloxacin (CIP) and levofloxacin 
(LEV) as fluoroquinolone; amikacin (AK), genta-
micin (CN), and tobramycin (TOB) as aminogly-

cosides; trimethoprim-sulfamethoxazole (SXT) as 
folate pathway inhibitors. The minimum inhibitory 
concentration (MIC) values of >4, >8, >1, >1, 
>8, >4, >4, and >4 mg/L were considered to 
be the resistance breakpoints for IPM, MEM, 
CIP, LEV, AK, CN, TOB, and SXT, respec-
tively[11]. Pseudomonas aeruginosa ATCC 27853 
was used as the quality control strain. 

Phenotypic Detection of Carbapenemases

Carbapenemase production of all isolates 
was determined using the modified Hodge test 
(MHT). The test was done by CLSI guidelines[12]. 
Briefly, a 0.5 McFarland turbidity of Escherichia 
coli ATCC 25922 was prepared with the direct 
colony suspension method in serum physiologi-
cal (SF) solution and diluted 1:10 in SF. Then, 
the prepared suspension was seeded in three 
directions on Mueller-Hinton agar (MHA), and 
the plate was allowed to dry for five minutes. 
One imipenem (IPM; 10 μg disc-1, Oxoid, UK) 
disc was placed on the center of the inoculated 
plate. Three to five colonies were taken from 
each isolate with a 10 μL loop and streaked in 
a straight line from the edge of the IPM disc to 
the edge of the plate. After 20 hours of incu-
bation at 37°C, the presence of a cloverleaf-type 
indentation at the intersection of isolates and E. 
coli within the inhibition zone formed by the disc 
indicated the positivity of the test.

MBL production of the isolates was screened 
using the imipenem-EDTA double-disc synergy 
test (DDST) as described by Picão et al[13]. 
Briefly, fresh cultures of the isolates grown on 
MHA (Merck) were adjusted to 0.5 McFarland 
turbidity and inoculated on MHA plates. IPM (10 
μg disc-1) and EDTA (1900 μg disc-1; Sigma-
Aldrich, USA) discs were placed at a distance 
of 20 mm apart from each other on the MHA 
plates and incubated for 24 hours at 37°C. The 
enhancement of the inhibition zone diameter of 
the imipenem disc towards the EDTA disc or the 
presence of a phantom zone between the discs 
were considered as indicative of MBL production.

Klebsiella pneumoniae NCTC 13440 and a 
P. aeruginosa strain previously tested and con-
firmed not to produce carbapenemases was used 
positive and negative controls, respectively, in 
the tests.
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PCR Assays for MBL Genes 

The presence of blaIMP, blaVIM, blaGIM, and 
blaNDM as MBL genes in all isolates was investi-
gated by PCR using the specific primers listed in 
Table 1. Total DNA extraction from the isolates 
was done using the boiling method as described 
previously[14]. PCR assays were performed in a 
thermal cycler (Techne TC-512, Techne Co., UK) 
cycling conditions were as follows: initial denatur-
ation at 94°C for five min; followed by 35 cycles 
of denaturation at 95°C for 30 s, annealing at 
specific temperatures, extension (at 72°C for 30 
sec for blaNDM, for 50 sec for blaIMP, blaVIM, 
and blaGIM); final extension at 72°C for eight 
min for blaNDM and five min for blaIMP, blaVIM, 
and blaGIM

[15,16]. PCR reactions were prepared 
to contain the following ingredients; 2 μL DNA 
template, 0.4 μL 10 pmol/μL of each primer 
(forward and reverse), 4 μL 5x FIREPol® Master 
Mix (SolisBioDyne, Tartu, Estonia), and ultra-pure 
water up to 20 μL. Sterile ultra-pure water was 
used as the negative control, while total DNA 
of Klebsiella pneumoniae NCTC 13440 (blaVIM),  
K. pneumoniae NCTC 13443 (blaNDM), and 
clinical P. aeruginosa (blaIMP) and A. baumannii 
(blaGIM) strains served as the positive controls. 
The clinical control strains have been previously 
confirmed by DNA sequencing to contain the 
blaIMP and blaGIM genes. PCR products were 
electrophoresed on a 1.5% agarose gel stained 
with RedSafe™ Nucleic Acid Staining Solution 
(20.000x) (iNtRON Biotechnology, Inc. Seoul, 
Korea) in 1x Tris-acetate-EDTA buffer. The 
results were evaluated in the presence of a 

DNA size marker (GeneRuler 100 bp, Thermo 
Scientific, CA, USA), visualized using a gel 
image analysis system (Quantum, Vision-Capt., 
Vilber Lourmat, Collegien, France).

Statistical Analysis

The data were examined for normality using 
the Wilks-Shapiro test. Statistical analysis was 
done by Mann-Whitney U test using the SPSS 
version 23 (IBM Inc., Armonk, NY, USA) for 
Windows, and p< 0.05 was considered statisti-
cally significant.

RESULTS

All isolates were found to carry the blaOXA-51-
like gene and were confirmed to be A. baumannii. 
Of the isolates, 104 (94.5%) were isolated from 
intensive care units (ICUs) and six (5.5%) from 
inpatient services. Distribution of the isolates among 
the clinical samples was as follows: respiratory 
secretions 83 (75.5%), blood 19 (17.3%), urine 
six (5.5%), and wound two (1.8%). 

All isolates were resistant to IPM, MEM, CIP, 
and LEV. The susceptibilities to SXT, TOB, AK, 
and CN were 0.9% (n= 1), 1.8% (n= 2), 2.7% 
(n= 3), and 2.7% (n= 3), respectively. There was 
no significant difference in SXT, TOB, AK, and 
CN susceptibilities among the isolates obtained 
from ICUs and inpatient services (p> 0.05). All 
isolates were detected as carbapenemase positive 
by MHT (Figure 1). However, MBL phenotype 
was present in none of the strains. Also, the 
blaIMP, blaVIM, blaGIM, and blaNDM genes were 
not detected in the isolates (Figure 2).

Table 1. The specific primers used in PCR

Gene Sequence (5’→3’) Annealing Temperature Product Size Reference

blaOXA-51-like

F: TAATGCTTTGATCGGCCTTG
at 52ºC for 40 sec 353 bp 10

R: TGGATTGCACTTCATCTTGG

blaIMP

F: GGAATAGAGTGGCTTAAYTCTC
at 51ºC for 40 sec 188 bp

15

R: CCAAACYACTASGTTATCT

blaVIM

F: GATGGTGTTTGGTCGCATA

at 52ºC for 40 sec

390 bp
R: CGAATGCGCAGCACCAG

blaGIM

F: TCGACACACCTTGGTCTGAA
477 bp

R: AACTTCCAACTTTGCCATGC

blaNDM

F: GGTTTGGCGATCTGGTTTTC
at 55ºC for 30 sec 621 bp 16

R: CGGAATGGCTCATCACGATC
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Table 2. Sources and antibiotic susceptibility profiles of the isolates

Isolate Name Isolation Source IPM MEM CIP LEV AK CN TOB SXT

KA-1 Blood R R R R S S R R

KA-2 Respiratory secretions R R R R R R R R

KA-3 Respiratory secretions R R R R R R R R

KA-4 Blood R R R R R R S R

KA-5 Respiratory secretions R R R R R R R R

KA-6 Respiratory secretions R R R R R R R R

KA-7 Respiratory secretions R R R R R R R R

KA-8 Respiratory secretions R R R R R R R R

KA-9 Respiratory secretions R R R R R R R R

KA-10 Respiratory secretions R R R R R R R R

KA-11 Respiratory secretions R R R R R R R R

KA-12 Respiratory secretions R R R R R R R R

KA-13 Respiratory secretions R R R R R R R R

KA-14 Respiratory secretions R R R R R R R R

KA-15 Respiratory secretions R R R R R R R R

KA-17 Respiratory secretions R R R R R R R R

KA-18 Respiratory secretions R R R R R R R R

KA-19 Respiratory secretions R R R R R R R R

KA-20* Urine R R R R R R R R

KA-23 Respiratory secretions R R R R R R R R

KA-24 Respiratory secretions R R R R R R R R

KA-25 Respiratory secretions R R R R R R R R

KA-26 Respiratory secretions R R R R R R R R

KA-27 Respiratory secretions R R R R R R R R

KA-28 Blood R R R R R R R R

KA-29 Wound R R R R R R R R

KA-30 Respiratory secretions R R R R R R R R

KA-31 Respiratory secretions R R R R R R R R

KA-32 Respiratory secretions R R R R R R R R

KA-33 Respiratory secretions R R R R R R R R

KA-34 Blood R R R R R R R R

KA-35 Blood R R R R R R R R

KA-37 Respiratory secretions R R R R R R R R

KA-38 Respiratory secretions R R R R R R R R

KA-39 Respiratory secretions R R R R R R R R

KA-40 Blood R R R R R R R R

KA-41 Respiratory secretions R R R R R R R R

KA-42 Respiratory secretions R R R R R R R R

KA-43 Respiratory secretions R R R R R R R R

KA-44 Respiratory secretions R R R R R R R R
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Table 2. Sources and antibiotic susceptibility profiles of the isolates (continue)

Isolate Name Isolation Source IPM MEM CIP LEV AK CN TOB SXT

KA-45 Respiratory secretions R R R R R R R R

KA-46 Respiratory secretions R R R R R R R R

KA-47 Respiratory secretions R R R R R R R R

KA-48 Respiratory secretions R R R R R R R R

KA-49 Blood R R R R R R R R

KA-50 Respiratory secretions R R R R R R R R

KA-51 Respiratory secretions R R R R R R R R

KA-53 Blood R R R R S S S S

KA-55 Respiratory secretions R R R R R R R R

KA-57 Respiratory secretions R R R R R R R R

KA-58 Respiratory secretions R R R R R R R R

KA-59 Respiratory secretions R R R R R R R R

KA-60 Respiratory secretions R R R R R R R R

KA-61 Blood R R R R R R R R

KA-62 Blood R R R R R R R R

KA-63 Blood R R R R R R R R

KA-65 Respiratory secretions R R R R R R R R

KA-66 Respiratory secretions R R R R R R R R

KA-67 Blood R R R R R R R R

KA-68 Blood R R R R R R R R

KA-69 Blood R R R R R R R R

KA-70 Urine R R R R R R R R

KA-71* Respiratory secretions R R R R R R R R

KA-72 Respiratory secretions R R R R R R R R

KA-73 Respiratory secretions R R R R R R R R

KA-74* Respiratory secretions R R R R R R R R

KA-76 Respiratory secretions R R R R R R R R

KA-77 Respiratory secretions R R R R R R R R

KA-78 Respiratory secretions R R R R R R R R

KA-79 Respiratory secretions R R R R R R R R

KA-80 Respiratory secretions R R R R R R R R

KA-81 Respiratory secretions R R R R R R R R

KA-82 Respiratory secretions R R R R R R R R

KA-83 Urine R R R R R R R R

KA-84 Respiratory secretions R R R R R R R R

KA-85* Urine R R R R R R R R

KA-86 Blood R R R R R R R R

KA-87 Blood R R R R R R R R

KA-88 Respiratory secretions R R R R S S R R

KA-89 Respiratory secretions R R R R R R R R
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DISCUSSION

A. baumannii is a nosocomial pathogen often 
isolated from inpatients. In particular, patients in 
ICUs are at risk since intensive use of broad-
spectrum antibiotics, mechanical ventilators, 
and catheters in ICUs predispose inpatients 
to infections caused by A. baumannii[17]. In 
this study, 94.5% of the isolates collected in 

Kastamonu TRH within one year were isolated 
from patients in ICUs. The others were isolated 
from various inpatient services. Among the 
clinical samples, they were mostly isolated from 
respiratory secretions, followed by blood, urine, 
and wound cultures. A. baumannii is one of the 
leading etiological agents of ventilator-associated 
pneumonia so they are frequently isolated from 

Table 2. Sources and antibiotic susceptibility profiles of the isolates (continue)

Isolate Name Isolation Source IPM MEM CIP LEV AK CN TOB SXT

KA-90 Blood R R R R R R R R

KA-91 Respiratory secretions R R R R R R R R

KA-92 Blood R R R R R R R R

KA-93 Respiratory secretions R R R R R R R R

KA-94 Respiratory secretions R R R R R R R R

KA-95 Respiratory secretions R R R R R R R R

KA-96 Respiratory secretions R R R R R R R R

KA-97 Respiratory secretions R R R R R R R R

KA-98 Respiratory secretions R R R R R R R R

KA-99 Respiratory secretions R R R R R R R R

KA-101 Respiratory secretions R R R R R R R R

KA-102 Respiratory secretions R R R R R R R R

KA-103* Wound R R R R R R R R

KA-104 Respiratory secretions R R R R R R R R

KA-105 Respiratory secretions R R R R R R R R

KA-106* Urine R R R R R R R R

KA-107 Urine R R R R R R R R

KA-108 Respiratory secretions R R R R R R R R

KA-109 Respiratory secretions R R R R R R R R

KA-110 Respiratory secretions R R R R R R R R

KA-111 Respiratory secretions R R R R R R R R

KA-112 Blood R R R R R R R R

KA-113 Respiratory secretions R R R R R R R R

KA-114 Respiratory secretions R R R R R R R R

KA-115 Respiratory secretions R R R R R R R R

KA-116 Respiratory secretions R R R R R R R R

KA-117 Respiratory secretions R R R R R R R R

KA-118 Respiratory secretions R R R R R R R R

KA-119 Respiratory secretions R R R R R R R R

KA-120 Respiratory secretions R R R R R R R R

KA: Kastamonu Acinetobacter, *: Isolated from inpatient services, IPM: Imipenem, MEM: Meropenem, CIP: Ciprofloxacin, LEV: Levo-
floxacin, AK: Amikacin, CN: Gentamicin, TOB: Tobramycin, SXT: Trimethoprim-sulfamethoxazole, R: Resistant, S: Susceptible. There 
was no significant difference in antibiotic susceptibility among isolates obtained from ICUs and inpatient services (p> 0.05).
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the respiratory secretions of inpatients. It can 
also cause bloodstream, urinary tract, and wound 
infections[18], and the findings of our study are 
also consistent with this information. 

In the current study, all isolates were resistant 
to carbapenem and fluoroquinolone antibiotics. 
Only a few isolates were susceptible to CN  
(n= 3), AK (n= 3), TOB (n= 2), and SXT 
(n= 1). A. baumannii isolates have intrinsic 
or acquired resistance to many antibiotics. In 
particular, it is known that carbapenem-resistant 
A. baumannii isolates are multidrug-resistant[19]. 

Carbapenem resistance can occur in A. bau-
mannii by the following mechanisms: alterations 
in penicillin-binding proteins (PBPs), decreased 
membrane permeability, over expression of efflux 
pumps, and synthesis of carbapenemases[8]. The 
main mechanism responsible for carbapenem 
resistance in A. baumannii was the synthesis of 
carbapenemases in this study since all of the iso-
lates (100%) had carbapenemase enzyme based 
on MHT. The frequency of carbapenemase pro-
duction in carbapenem-resistant A. baumannii iso-
lates in Türkiye has been reported in the range 
of 39-96%[20,21]. OXA-type carbapenemases are 
known to be the most common carbapenemases 
in A. baumannii. However, MBLs come to the 
fore due to their strong hydrolytic activities on 
carbapenems and their rapid spreading potential 
among bacteria. So, it is important to detect 
these enzymes and prevent their spread[8]. In 
this study, MBL production in carbapenem-re-
sistant A. baumannii isolates was investigated 
phenotypically and genotypically. However, MBL 
production was not detected in any of the 
isolates. The frequency of MBL production in 
carbapenem-resistant A. baumannii isolates has 
been reported phenotypically in the range of 
3.7-44.7% in Türkiye in recent years[20-22]. 
Moreover, blaIMP, blaVIM, blaGIM, and blaNDM 
genes encoding IMP, VIM, GIM, and NDM type 
MBL enzymes were not found in any isolates 
in the present study. The blaIMP, blaVIM, blaGIM, 
and blaNDM genes have been reported in MBL-
producing A. baumannii isolates worldwide[8,23]. 

Figure 2. PCR products on agarose gel electrophoresis for MBLs genes. Lane 1: DNA size mark-
er (GeneRuler 100 bp); lane 2, 4, 6, 8: Positive controls for blaIMP, blaVIM, blaGIM, and blaNDM 
genes, respectively; lane 3, 5, 7, 9: Negative controls for blaIMP, blaVIM, blaGIM, and blaNDM 
genes, respectively.

Figure 1. Representative image showing the results of the 
modified Hodge test in four isolates (KA-27, KA-28, KA-29, 
KA-30; K: Kastamonu, A: Acinetobacter). 
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However, it is stated that MBL genes are not 
commonly found in carbapenem-resistant A. bau-
mannii isolates in studies conducted in different 
regions of Türkiye[20,22-27]. Moreover, it has 
been reported that VIM (3.2%) and SPM (4%) 
type MBL genes were detected in A. baumannii 
isolates from Niğde[28] and Van[29] provinces in 
Türkiye, respectively. OXA-type carbapenemases 
were a major factor for carbapenem resistance 
nonetheless in those studies. 

CONCLUSION

All isolates had carbapenemase enzyme. 
However, no isolate produced MBL. These 
results showed that carbapenem-resistant A. 
baumannii isolates did not produce MBL in 
Kastamonu TRH. Carbapenem resistance in 
these isolates may be due to the production 
of non-MBL carbapenemases such as OXA-type 
carbapenemases. Periodic investigation of MBL 
production in hospitals is important for infection 
control and public health.
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