)

Jlm ‘ THE JOURNAL OF INFECTION
IN DEVELOPING COUNTRIES

Original Article

Evaluation of carbapenem resistance genes in carbapenem-resistant Enterobacteriaceae
isolates with GeneXpert® Carba-R panel

Canan Dizili Yelgin', Barig Gulhan?, Halil Yazg:®

' Vocational School of Health Services, Erzincan Binali Yildirim University, Erzincan, Ttirkiye
2 Department of Medical Microbiology, Faculty of Medicine, Erzincan Binali Yildirim University, Erzincan, Tlirkiye
3 Department of Medical Microbiology, Faculty of Medicine, Atatiirk University, Erzurum, Tiirkiye

Abstract

Introduction: Early detection of increases in carbapenem resistance among Enterobacteriaceae infections due to the widespread use of
antibiotics is crucial. This study aimed to identify carbapenemase resistance genes in carbapenem-resistant Enterobacteriaceae isolates using
the GeneXpert Carba-R Panel (Cepheid, Sunnyvale, USA).

Methodology: A total of 120 carbapenem-resistant Enterobacteriaceae isolates collected between January and June 2022 at the Microbiology
Laboratory of Erzincan Mengiicek Gazi Training and Research Hospital were included. The samples were cultured, and then incubated at 37
°C for 2448 hours. Species-level identification and carbapenem resistance were determined using the VITEK MS and VITEK 2 automated
systems (bioMérieux, Marcy I’Etoile, France). Carbapenemase gene detection was performed using the GeneXpert Carba-R assay, and
antibiotic susceptibility testing was conducted according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
guidelines (version 12.0, 2022) using the VITEK 2 system.

Results: The most common carbapenemase genes detected were blaoxa-4s (65.0%), blaxrc (14.2%), blanpy (4.2%), and blavie (1.7%).
Additionally, combinations of resistance genes were observed in 3.3% (blaviu+ blaoxa-4s+ blakpc), 2.5% (blaoxa-4s + blakpc), and 0.8% (blavim
+ blakrc) of isolates. Klebsiella pneumoniae was the most frequently isolated species (116). All the isolates were resistant to ertapenem. The
most effective antibiotics were colistin, imipenem, amikacin, and trimethoprim-sulfamethoxazole, in descending order of effectiveness.
Conclusions: The findings provide essential insights into alternative treatment options and surveillance of resistance to carbapenem-resistant
Enterobacteriaceae. The results may also serve as a reference for future comparative studies and aid in developing effective infection control

strategies.
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Introduction

Inappropriate and widespread use of antibiotics
leads to an increase in antimicrobial resistance, which
in turn elevates mortality and morbidity rates and
imposes a significant burden on healthcare systems [1].
This problem becomes even more critical in infections
caused by resistant bacteria such as Enterobacteriaceae,
where treatment options are limited [1].

Carbapenems are considered last-resort antibiotics
in the treatment of Enterobacteriaceae-related
infections; however, they are gradually losing their
effectiveness due to the increasing prevalence of
carbapenemase-producing bacteria [2].
Carbapenemases are classified according to the Ambler
classification into class A (blakec), class B metallo-p3-
lactamases (blanpm, blayiv, blampe), and class D
enzymes (blaoxa-ss-ike) [3,4]. Differences in the
molecular and clinical characteristics of these enzymes
can influence both treatment strategies and diagnostic
method performance. Considering these differences,

carbapenem-resistant Enterobacteriaceae (CRE) are
categorized as carbapenemase-producing (CPE) and
non-carbapenemase-producing strains, with CPE
strains representing a greater clinical threat due to their
ability to spread via horizontal gene transfer [5].

From a clinical perspective, delayed administration
of appropriate antimicrobial therapy in critically ill
patients is directly associated with increased mortality,
and each hour of delay has been reported to increase the
risk of death by approximately 20% [6]. Therefore,
rapid and accurate detection of carbapenemase-
producing bacteria is crucial for effective clinical
management.

The commonly used phenotypic methods for
detecting carbapenemases in clinical microbiology
laboratories include the modified Hodge test (MHT),
the carbapenem inactivation method (CIM/mCIM), and
the Carba NP test. A study by Kuchibiro et al. showed
that the diagnostic performance of MHT varies
depending on the type of carbapenemase [7], while a
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meta-analysis by Zhong et al. demonstrated that MHT
has lower sensitivity for Ambler class B
carbapenemases (blanpm, blaymv, blapyp) and higher
performance for class A carbapenemases (blakpc) [8].
The carbapenem inactivation method (CIM), similar to
MHT, generally requires overnight incubation and has
been reported to be insufficient in detecting blagxa-ss
and blanpm-producing isolates [9,10]. Moreover, the
commonly  used  phenotypic carbapenemase
confirmation tests (e.g., CIM, MHT) are limited by their
relatively long turnaround times [11]. The Carba NP
test is considered advantageous for its approximately 2-
hour turnaround time, compared with the other
phenotypic methods. However, its sensitivity has been
reported to range from 73% to 100% [12,13], and it has
reduced sensitivity to blaoxa.sike carbapenemases,
which are endemic in Tiirkiye. It is also costlier due to
reagent requirements [14,15].

Genotypic methods for detecting carbapenemase
genes are considered the gold standard due to their high
accuracy. However, their widespread use is limited by
high costs, the need for specialized personnel, and the
need for advanced laboratory infrastructure [16]. To
overcome these limitations, newly developed multiplex
polymerase chain reaction (PCR)-based molecular
assays offer significant advantages, including shorter
turnaround times and the ability to be performed
directly on clinical specimens (e.g., rectal swabs and
other clinical samples) without the need for prior
culture, enabling earlier initiation of infection control
measures and targeted therapy [17]. A meta-analysis
conducted by Bai ef al. found that the Xpert Carba-R
(Cepheid, Sunnyvale, CA, USA) assay demonstrated
high sensitivity, specificity, and overall diagnostic
accuracy in detecting carbapenemase-producing
organisms in both clinical isolates and rectal swab
samples [17]. These findings were supported by a
multicenter study by Jin et al., which reported positive
and negative percent agreement rates of 99.7% and
98.0%, respectively, along with high reproducibility
[18]. Additionally, Li et al. reported that the Xpert
Carba-R assay achieved very high accuracy in detecting
major carbapenemase genes (blaKPC, blaNDM,
blaVIM, blaIMP, and blaOXA-48) [19]. Furthermore,
the ability of this assay to provide results within
approximately 1 hour represents a significant advantage
over conventional phenotypic methods.

In this context, the aim of this study was to detect
carbapenemase genes in CRE isolates using the Xpert
Carba-R assay, and to evaluate their antibiotic
susceptibility profiles.

J Infect Dev Ctries 2026; 20(9):1322-1330.

Methodology
Ethical approval

This study was approved by the Atatiirk University
Faculty of Medicine Clinical Research Ethics
Committee (Date: 30.12.2021, Decision No: 2021/50).

Sample collection, identification of microorganisms,
and antibiotic susceptibility testing

A total of 120 CRE isolates obtained from various
clinical samples submitted to the Erzincan Mengiicek
Gazi Training and Research Hospital Microbiology
Laboratory between January and June 2022 were
included in the study, and the analysis was limited to
these isolates selected based on carbapenem resistance
during the study period. Clinical samples were
inoculated onto 5% sheep blood agar (bioMérieux,
Marcy I’Etoile, France) and EMB agar (bioMérieux,
France) and incubated at 37 °C for 24-48 hours.
Suspensions in growth media were prepared from pure
colonies using sterile physiological serum to a 0.5
McFarland standard, ensuring a count of 1.5 x 10*
bacteria per milliliter, and were used for species-level
identification of isolates and antibiotic susceptibility
testing. Identification of isolates to the species level and
antibiotic susceptibility testing were performed using
the VITEK MS (bioMérieux, Marcy 1’Etoile, France)
and VITEK 2 compact automated systems (bioM¢érieux,
Marcy 1’Etoile, France), with VITEK 2 AST 420 cards
(bioMérieux, Marcy I’Etoile, France) suitable for
Gram-negative enteric bacteria. Antibiotic
susceptibility test results were interpreted according to
the European Committee on  Antimicrobial
Susceptibility Testing (EUCAST) guidelines (version
12.0, 2022). Isolates were categorized as susceptible
(S), susceptible with increased exposure (I), or resistant
(R) [20].

GeneXpert® Carba-R panel

The GeneXpert® system (Cepheid, Sunnyvale, CA,
USA) is a real-time PCR-based diagnostic platform that
automatically performs sample preparation, nucleic
acid extraction, amplification, and detection of target
genes. The system uses closed-cartridge technology,
reducing the risk of cross-contamination. The Xpert
Carba-R panel can detect carbapenemase-associated
genes blaKpc, blaNDM, blaVIM, blaOXA.4g, and blalMp.

Suspension preparation and testing for the GeneXpert"®
Carba-R panel

A loopful of colonies from a medium containing
carbapenem-resistant isolates was transferred to the
Xpert sample buffer suspension. The suspension was
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vortexed for 10 seconds and prepared according to a 0.5 Table 1. Distribution of clinical specimen types.
McFarland turbidity standard. The prepared suspension Culture n %
was transferred to the sample well of the Carba-R Tracheal aspirate 45 373

. . . . . Urine culture 46 38.3
cartridge using a disposable pipette. The cartridge was Blood culture 20 16.7
inserted into the GeneXpert® instrument according to Wound culture 4 33
the manufacturer's instructions, and results were gleural fluid culture ! 0.8

. X : K putum culture 2 1.7
obtained in approximately 45 minutes. Cerebrospinal fluid culture 1 0.8

Tissue culture 1 0.8
Total 12 100.

Results ota 0 00.0
study, all gelected for carbapgnem resistanf:e during the pneumoniae isolates due to device-related technical
study .PeﬂOd ( 100%): The isolates 'COHSISted of 116 errors; and no carbapenem resistance gene was detected
Klebsiella  pneumoniae, 2 Klebs.lel{a 0{‘)”06"1: 1 in 1 K. pneumoniae isolate. In addition, blaoxa-4g was
Enterobacter c{oacae, and 1 Escherichia coli. detected in the E. coli isolate and blanpwm in the E.

Of the patients, 53 were female (44.2%), and 67 cloacae isolate, whereas no carbapenem resistance gene
were ma.le (55.8%). The overall mean age was 67.95 was detected in the K. oxyfoca isolates (Table 2).
males. . o _ . blaoxa-as was the most frequently detected gene and was

Regard%ng clinical specimen types, most isolates identified predominantly in tracheal aspirate cultures
were obtained from urine cultures (46, 38.3%), (30), urine cultures (26), and blood cultures (16).
followed by tracheal aspirates (45, 37-5‘%) anq blood Isolates carrying blaxpc were detected in urine cultures
cultures (20, 16.7%). A smaller proportion of isolates (8), blood cultures (3), and tracheal aspirate cultures
W%(ﬁmmw.ﬁm1wmmdcmm@sﬂh33%)am1 (5). Isolates harboring blaoxa-as + blakec + blayim were
sputum c.ultures. 2, 1‘-7%); while pleural fluid, obtained from urine cultures (3) and tracheal aspirate
cerebrospinal fluid, and tissue samples each accounted cultures (1). Overall, gene-positive isolates were most
for 1 (0.8%) (Table 1). ) frequently obtained from urine and tracheal aspirate

Among the 116 Klebsiella pneumoniae isolates, cultures (Table 3).
carbapenem resistance genes were detected in 110. Regarding distribution across clinical units, blaoxa-
blaoxa-1s wWas de‘Fected in 78 (65.0%), lflaKPC in 17 43 positive isolates were most frequently detected in
(14-7_%), blaxpm in 4 (3-4%), and blaynsin 2 (1.7%). intensive care units (40 isolates), followed by internal
MUIURIG gene combinations were also observed, medicine services (30 isolates) and outpatient clinics (8
including blaxpc + blaoxas+ blaviv in 4 (3.4%), blagec isolates). Among blaxec-positive isolates, 11 were
+ blaoxa-4s n 3 (2.6%), blanpm + blaoxa4sin 1 (0.8%), obtained from intensive care units, 4 from internal
and blaxpc + blaymm in 1 (0.8%). The carbapenem
Table 2. Distribution of carbapenem resistance genes according to bacterial species.

A . NDM, OXA- OXA48, VIM  VIM,KPC, Device

Bacterial strain KPC KPC, OXA-48 NDM OXA-48 NEGATIVE 48 KPC VIM KPC OXA-48 Error Total
Klebsiella pneumoniae 17 2 4 1 1 78 1 2 1 4 5 116
Enterobacter cloacae 0 0 1 0 0 0 0 0 0 0 0 1
Klebsiella oxytoca 0 0 0 0 2 0 0 0 0 0 0
Escherichia coli 0 0 0 0 0 1 0 0 0 0 0 1
Total 17 2 5 1 4 78 1 2 1 4 5 120
Table 3. Distribution of carbapenemase genes in clinical specimens.

- . KPC + NDM + VIM + VIM + KPC + Device :
Clinical Specimen KPC OXA-48 NDM OXA-48 O0XA-48 VIM KPC OXA-48 error Negative
Tracheal aspirate 5 2 3 0 30 2 0 1 2 0
Urine culture 8 0 1 1 26 0 0 3 3 4
Blood culture 3 0 0 0 16 0 1 0 0 0
Wound culture 0 0 1 0 3 0 0 0 0 0
Pleural fluid culture 0 0 0 0 1 0 0 0 0 0
Sputum culture 0 1 0 0 1 0 0 0 0 0
Cerebrospinal fluid 1 0 0 0 0 0 0 0 0 0
culture
Tissue culture 0 0 0 0 1 0 0 0 0 0
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Table 4. Distribution of resistance genes according to clinical units.
Resistance gene internal medicine services
Device Error

blagpc

blaec, blaoxa.s
blaNDM

blaxpm, blaoxa.as
Negative

blaoxa-ss

blaoxa-ss , blakec
blayim

blay blaxpc

VIM, bla](pc, blaox/\,4g
Total

PFuvococoZBor—w—arw

medicine services, and 2 from outpatient clinics.
Similarly, blanpm-positive isolates were detected in
internal medicine services (3 isolates) and in intensive
care units (2 isolates), whereas blaviv-positive isolates
were identified only in intensive care units (2 isolates).
Multiple gene combinations were observed in a limited
number of isolates and were detected mainly in
intensive care and internal medicine units (Table 4).
According to the antibiotic susceptibility tests,
resistance was detected in 117 (97.5%) isolates to
meropenem, 120 (100%) isolates to ertapenem, and 80
(66.6%) isolates to imipenem; while the highest
susceptibility rate was detected in colistin (50 isolates,
41.7%), followed by imipenem (40 isolates, 33.3%),
amikacin (30 isolates, 25.0%), and trimethoprim—
sulfamethoxazole (26 isolates, 21.7%) (Table 5).

Discussion

Antibiotic resistance remains a growing public
health problem worldwide. The rise in antimicrobial
resistance complicates the treatment of hospital-
acquired infections, leading to increased mortality,
morbidity, and healthcare costs. Among the most
frequently isolated bacteria in nosocomial infections,
Gram-negative enteric bacilli have developed
resistance to many antibiotics over time. The most
common mechanisms of resistance development are
mutations and plasmid-mediated gene transfer.

Table 5. Distribution of antibiotic susceptibility and resistance.

J Infect Dev Ctries 2026; 20(9):1322-1330.

outpatient clinics intensive care units Total
1 2 5
2 11 17
0 1 2
0 2 5
0 0 1
4 0 4
8 40 78
0 1 1
0 2 2
0 1 1
0 1 4
15 61 120
Carbapenem antibiotics, which have long been

recognized as effective in combating resistance, are
now becoming less effective due to the production of
carbapenemases. In particular, the ability of multidrug-
resistant K. pneumoniae strains to transfer
carbapenemase genes via plasmids to other Gram-
negative bacteria facilitates the spread of resistance and
contributes to difficult-to-control outbreaks [21].

CRE strains are among the microorganisms
identified as "urgent priority threats" by the Centers for
Disease Control and Prevention (CDC) [22]. It has been
reported that carbapenem resistance genes are most
frequently observed in K. preumoniae and E. coli [23].
For example, a study conducted by Gupta et al. in
2006-2007 found resistance rates of 10.6% in K.
pneumoniae and 4.0% in E. coli [24]. In a similar study,
this rate was found to be 5.4% for K. pneumoniae [25].
The geographic distribution of carbapenemase genes
varies. The blaxpc enzyme is reported to be endemic in
the USA, Italy, and Greece; the blanpm gene in India,
Pakistan, and China; and the blaoxa-4s in Turkey [26].
The blamp gene is common in Japan and Taiwan, while
the blaviv gene is found in Greece [27,28].

blaym-1 was first described in Italy in 1997. Shortly
afterwards, its variant blavim. was reported in a
Pseudomonas aeruginosa isolate in France. In a study
by Girlich et al. in France, the blayim gene was
identified in 14.2% of cases [29]. blavim- is currently

Antibiofics S (susceptible)0 I (increased dose susceptible) R (resistant)
n %o n % n %

Piperacillin-tazobactam (TZP) 2 1.67 0 0 118 98.33
Amikacin (AMK) 30 25.00 0 0 90 75.00
Gentamicin (GEN) 16 13.33 0 0 104 86.67
Ciprofloxacin (CIP) 5 4.17 0 0 115 95.83
Ceftazidime (CAZ) 0 0.00 0 0 120 100.00
Meropenem (MEM) 0 0.00 3 2.50 117 97.50
Imipenem (IPM) 20 16.66 20 16.66 80 66.66
Ertapenem (ETP) 0 0.00 0 0 120 100.00
Colistin (CST) 50 41.7 0 0 10 16.66
Cefepime (FEP) 0 0.00 0 0 120 100.00
Trimethoprim-Sulfamethoxazole (SXT) 26 21.67 0 0 94 78.33
Ampicillin 0 0.00 0 0 120 100.00
Aztreonam 5 4.17 0 0 115 95.83
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the most frequently reported metallo-f-lactamase
worldwide and is particularly prevalent in Southern
Europe and Southeast Asia [30]. In Tiirkiye, blaymv-
type carbapenemases were first identified in E. cloacae
isolates in 2005. A limited number of bacterial isolates
carrying the blayiv gene were reported in subsequent
studies [31]. The blaviv gene was reported in Tiirkiye
in 2007 with a rate of 5.8% [32]. In 2015, Demir ef al.
reported its presence in 3.5% of K. pneumoniae strains
[33]. In 2022, Zarakolu et al. detected the blavim gene
in 5 of 82 K. pneumoniae strains and in 1 of 30 E. coli
strains [34]. Taskin Kafa et al. and Siiziik Yildiz et al.
reported a 0.5% prevalence of the blayiv gene in K.
pneumoniae strains [35,36]. The rates of blayim gene
carriage in Tiirkiye vary. In this study, the blaviv gene
was detected in 2 K. pneumoniae strains at a rate of
1.7%, consistent with rates reported in Tiirkiye.

blanpm-1 was first isolated in 2008 from a patient
who had previously been hospitalized in New Delhi,
India, and subsequently traveled to Sweden. While it is
frequently observed in the United Kingdom, India, and
Pakistan, various studies have reported that blanpm-1 has
also been detected in many regions worldwide [2].
blanom was first identified in Turkey in 2011 in a K.
pneumoniae isolate isolated from the blood culture of a
young patient [37]. The blanpum-1 gene, reported by Alp
et al. in 2012, has also been identified in individuals
with no history of foreign travel [38]. Subsequent
studies have shown that the blanpm gene has become the
second most frequently isolated carbapenemase gene in
Tiirkiye [39—41]. In this study, the blaxpm gene was
detected at a rate of 4.2%, making it the third most
frequently isolated carbapenemase gene. While the rate
in this study is generally consistent with the data in
literature, it is lower.

blaxpc was first identified in a K. pneumoniae
isolate in the United States in 1996 [42]. Although it
was initially reported as endemic in northeastern United
States, the blaxpc carbapenemase gene was detected
within a few years in countries such as Greece, Israel,
and China; many studies have reported outbreaks
associated with isolates carrying the blaxpc gene [2,43].
The presence of the blaKPC gene in Tiirkiye was first
reported in 2012 in a K. prneumoniae strain isolated
from an endotracheal aspirate collected from a female
patient who came from Romania [44]. In the following
period, studies conducted by Poriel et al. in 2013 and
Kuskucu er al. in 2016 evaluated 22 carbapenem-
resistant Enterobacterales isolates, revealing the
presence of the blaxpc gene in two K. pneumoniae
strains [45,46].

The blaxpc gene was detected in 2 of 24 ertapenem-

J Infect Dev Ctries 2026; 20(9):1322-1330.

resistant E. coli isolates obtained from various clinical
samples at Istanbul University Cerrahpasa Faculty of
Medicine Hospital between March 2011 and May 2012
[46]. In a 2019 study, Okan et al. detected the blakpc
gene in 7 of 48 Enterobacteriaceae isolates (6 from K.
pneumoniae, 1 from an E. coli strain) [47]. However,
some studies have also reported that the blakpc
carbapenemase gene was not detected [40]. For
example, in a 2014 survey conducted at 18 centers, the
blaxprc gene was not detected in any of the carbapenem-
resistant E. coli and K. pneumoniae isolates [48]. In
contrast, a 2019 multicenter study reported that 16% of
carbapenem-resistant isolates contained only the blaxpc
gene, and 2.8% contained both the blanpm and blaxpc
genes [36]. In the present study, the blakpc gene was
detected in 14.2% of the samples and was the second
most frequently isolated carbapenemase gene among
120 samples. This rate is broadly consistent with the
results of the 2019 multicenter study and indicates that
the blaxpc gene continues to spread in Tiirkiye [36].

The blaoxa4s enzyme was first identified in a
carbapenem-resistant K. pneumoniae isolate from a
patient in Istanbul in 2001 [26]. The blaoxa-s-iike -
lactamases have subsequently spread to all inhabited
areas of the world [48,49]. In Tiirkiye, the distribution
of carbapenemase gene types in E. coli and K.
pneumoniae isolates collected from different regions
was investigated in the FEuropean survey on
carbapenemase-producing Enterobacteriaceae
(EuSCAPE) project, which included isolates from
2013. In this study, at least 1 carbapenemase gene was
detected by genotyping 136 isolates. The proportions of
isolates carrying a single carbapenemase type were
reported as blaOXA_4g (84.6%), blaNDM_1 (6.3%), bZaVIM
(2.8%), and blame (1.4%). In addition, it was
determined that 7 isolates carried 2 distinct
carbapenemase genes: blaoxa4s + blanom1 (2.1%),
blaoxa-as + blavim (2. 1%), and blavim + blanpm-1 (0.7%)
[37]. Siiziik Yildiz et al. conducted a study with isolates
collected from 26 different provinces and determined
the carbapenemase types as blaoxa-as (52.2%), blaxrc
(16.1%), blanpm-1 (15%), blaoxa-as+blanpm-1 (12.6%),
blaKpc + blaNDM.1 (2.8%), and blav[M (05%) and blaoXA.
agtblayiv (0.5%) in 1 isolate each [36]. In the study
conducted by Demir et al. in 2012, the blaoxa-4s gene
was detected in 49 (86%) of 95 Enterobacteriaceae
isolates [33].

The most common carbapenemase gene identified
in the present study was blaoxa-as (65.0%), a finding
consistent with the resistance patterns commonly
observed in Tiirkiye. In addition, the blakpc gene was
identified at a rate of 14.2%, blanpm at 4.2%, and blaviv
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at 1.7%. The detection of multiple gene associations
with blaoxa-as indicates that spread occurs via plasmids.
Previous studies have reported that infections caused by
CRE occur mainly in patients hospitalized in intensive
care units. In a study conducted by Mermutluoglu et al.
in 2023, 663 (64.9%) of 1,022 K. pneumoniae isolates
were obtained from intensive care patients, 207 (20.2%)
from ward patients, and 152 (14.9%) from outpatient
clinic patients [50]. Similarly, Zakai et al. reported a
high prevalence of carbapenem-resistant
Enterobacteriaceae in intensive care units [51]. In the
present study, the distribution of patients among clinical
units showed that carbapenem-resistant isolates were
most frequently detected in intensive care units
(50.8%). This may be associated with increased
antibiotic exposure, invasive procedures, and prolonged
hospital stays in these units. Significant resistance rates
were also observed in internal medicine wards,
particularly in palliative care units. In this study, the
highest resistance rate among carbapenems was
observed for ertapenem (100%), meropenem (97.5%),
and imipenem (66.6%). Lunha et al. demonstrated that
outer membrane porin alterations, together with
additional resistance mechanisms, contribute to
increased minimum inhibitory concentration (MIC)
levels and high-level carbapenem resistance [52].
Similarly, Evans et al. reported that blaoxa-4s-type
carbapenemases exhibit lower hydrolytic activity
against imipenem and meropenem than against
ertapenem [53]. In addition, Wang et al. described
broad resistance patterns among blaoxa-ss-producing
isolates [54].

Consistent with these findings, resistance to
ertapenem was detected in all isolates in the present
study, whereas relatively lower resistance rates were
observed for imipenem. The high prevalence of blaoxa-
43 may have contributed to the elevated resistance to
ertapenem. This finding suggests that, additional
mechanisms such as porin alterations, beyond the
presence of blaoxa-as, may contribute to the observed
resistance profile. Furthermore, the relatively limited
use of imipenem in the hospital may also have
contributed to this difference.

In the present study, colistin demonstrated the
highest susceptibility rate (41.7%), followed by
imipenem  (33.4%), amikacin (25.0%), and
trimethoprim—sulfamethoxazole (SXT; 21.7%). In a
multicenter study by Siiziikk Y1ldiz et al., the resistance
rates were 49.7% for ertapenem, 43.0% for meropenem,
and 40.6% for imipenem [36]. Similarly, Kazar et al.
evaluated 185 carbapenem-resistant Enterobacterales
isolates and found resistance rates of 94.6% to

J Infect Dev Ctries 2026; 20(9):1322-1330.

ertapenem, 38.2% to imipenem, 33.7% to meropenem,
and 80.5% to amikacin [55]. In another study by
Mermutluoglu et al., the most effective antibiotics
against K. pneumoniae isolates were reported as
ceftazidime-avibactam (57%), gentamicin (51%), and
amikacin (40%) [50]. Overall, the variability in
susceptibility rates across studies may be attributed to
regional differences in antibiotic usage patterns and the
local dynamics of antimicrobial resistance
development.

The limitation of this study is the lack of validation
of the Xpert Carba-R results using other standard
reference methods.

Conclusions

In this study, K. pneumoniae was the most
frequently identified pathogen among CRE isolates,
and blaoxa-4s was the predominant carbapenemase
gene. All the isolates exhibited 100% resistance to
ertapenem; colistin was the most effective antibiotic;
and imipenem, amikacin, and trimethoprim—
sulfamethoxazole showing relatively low susceptibility
rates. The GeneXpert Carba-R panel proved to be a
rapid and reliable method for detecting carbapenemase
genes.

These findings emphasize the critical role of local
antimicrobial resistance data in guiding appropriate
empirical therapy for carbapenem-resistant infections.
Such data are essential for identifying regional
resistance patterns, supporting national surveillance
systems, and strengthening infection control strategies.
Further large-scale, multicenter studies are warranted to
improve our understanding and to contribute to global
efforts to combat antimicrobial resistance.

Acknowledgements

This project was supported by Project No: 2021-50 within the
scope of the Atatiirk University Scientific Research Projects
Coordination Unit.

Authors' contributions

CDY, BG, HY: study design, data collection; CDY, BG:
literature review, manuscript—first draft; BG, CDY:
manuscript—review and finalization. All authors approved
the final version for publication.

Corresponding author

Baris Giilhan, MD.

Department of Medical Microbiology, Faculty of Medicine,
Erzincan Binali Yildirim University,

Bagbaglar Neighborhood, 1429th Street, No: 2/1, 24100,
Erzincan, Tirkiye.

1327



Dizili Yelgin et al. — Carbapenem genes in Enterobacteriaceae

Tel: +90 505 689 6090
Fax: +90 (446) 226 18 19
Email: bgulhan@erzincan.edu.tr

Conflict of interest
No conflict of interest is declared.

References

1.

10.

11.

Patel JB, Richter SS (2015) Mechanisms of resistance to
antibacterial agents. In Jorgensen JH, Pfaller MA, Carroll KC,
Landry ML, Funke G, Richter SS, Warnock DW, editors.
Manual of Clinical Microbiology, 11th ed. Washington DC:
ASM Press. 1212-1245.

Nordmann P, Naas T, Poirel L (2011) Global spread of
carbapenemase-producing Enterobacteriaceaec. Emerg Infect
Dis 17: 1791-1798. doi: 10.3201/eid1710.110655.

Eren E (2020) Control of carbapenem resistant Gram-negative
bacterial infections in hospitals. J Anatol Med Res 5: 35-38.
Yigit H, Queenan AM, Anderson GJ, Domenech-Sanchez A,
Biddle JW, Steward CD, Alberti S, Bush K, Tenover FC (2001)
Novel carbapenem-hydrolyzing beta-lactamase, KPC-1, from
a carbapenem-resistant strain of Klebsiella pneumoniae.
Antimicrob Agents Chemother 45: 1151-1161. Erratum in:
Antimicrob Agents Chemother (2008) 52: 809. doi:
10.1128/AAC.45.4.1151-1161.2001.

Tamma PD, Goodman KE, Harris AD, Tekle T, Roberts A,
Taiwo A, Simner PJ (2017) Comparing the outcomes of
patients  with  carbapenemase-producing and  non-
carbapenemase-producing carbapenem-resistant
Enterobacteriaceae bacteremia. Clin Infect Dis 64: 257-264.
doi: 10.1093/cid/ciw741.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma
S, Suppes R, Feinstein D, Zanotti S, Taiberg L, Gurka D,
Kumar A, Cheang M (2006) Duration of hypotension before
initiation of effective antimicrobial therapy is the critical
determinant of survival in human septic shock. Crit Care Med
34: 1589-1596. doi: 10.1097/01.CCM.0000217961.75225.E9.
Kuchibiro T, Komatsu M, Yamasaki K, Nakamura T, Nishio
H, Nishi I, Kimura K, Niki M, Ono T, Sueyoshi N, Kita M,
Kida K, Ohama M, Satoh K, Toda H, Mizutani T, Fukuda N,
Sawa K, Nakai I, Kofuku T, Orita T, Watari H, Shimura S,
Fukuda S, Nakamura A, Wada Y (2018) Evaluation of the
modified carbapenem inactivation method for the detection of
carbapenemase-producing  Enterobacteriaceae. J Infect
Chemother 24: 262-266. doi: 10.1016/j.jiac.2017.11.010.
Zhong H, Wu ML, Feng WIJ, Huang SF, Yang P (2020)
Accuracy and applicability of different phenotypic methods for
carbapenemase detection in Enterobacteriaceae: a systematic
review and meta-analysis. J Glob Antimicrob Resist 21: 138—
147. doi: 10.1016/j.jgar.2019.10.010.

Tekintas Y, Cilli F, Era¢ B, Yasar M, Aydemir SS (2017)
Comparison of phenotypic methods and polymerase chain
reaction for the detection of carbapenemase production in
clinical Klebsiella pneumoniae isolates. Mikrobiyoloji Bulteni
51:269-276. doi: 10.5578/mb.57333.

Gelmez GA, Can B, Hasdemir U, Soyletir G (2021) Evaluation
of phenotypic tests for detection of carbapenemases: new
modifications with new interpretation. J Infect Chemother 27:
226-231. doi: 10.1016/j.jiac.2020.09.021.

Tamma PD, Opene BN, Gluck A, Chambers KK, Carroll KC,
Simner PJ (2017) Comparison of 11 phenotypic assays for
accurate detection of carbapenemase-producing

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

J Infect Dev Ctries 2026; 20(9):1322-1330.

Enterobacteriaceae. J Clin Microbiol 55: 1046-1055. doi:
10.1128/JCM.02338-16.

Vasoo S, Lolans, K, Li, H, Prabaker K, Hayde MK (2014)
Comparison of the CHROMagar™ KPC, Remel Spectra™
CRE, and a direct ertapenem disk method for the detection of
KPC-producing Enterobacteriaceae from perirectal swabs.
Diagn  Microbiol Infect Dis 78: 356-359. doi:
10.1016/j.diagmicrobio.2013.08.016.

Yusuf E, Van Der Meeren S, Schallier A, Piérard D (2014)
Comparison of the Carba NP test with the Rapid CARB Screen
Kit for the detection of carbapenemase-producing
Enterobacteriaceae and Pseudomonas aeruginosa. Eur J Clin
Microbiol Infect Dis 33: 2237-2240. doi: 10.1007/s10096-
014-2199-3.

Poirel L, Potron A, Nordmann P (2016) OXA-48-like
carbapenemases: the phantom menace. J Antimicrob
Chemother 67: 1597-1606. doi: 10.1093/jac/dks121.

Gelmez G A, Can B, Hasdemir U, Soyletir G (2021) Evaluation
of phenotypic tests for detection of carbapenemases: new
modifications with new interpretation. J Infect Chemother 27:
226-231. doi: 10.1016/j.jiac.2020.09.021.

Bagdag S, Giinci MM, Aksu MB (2024). Evaluation of
phenotypic and genotypic methods in carbapenemase
production and typing in Klebsiella pneumoniae obtained from
various clinical samples. Journal of Health Sciences and
Management 4: 29-35. doi: 10.29228/JOHESAM.33.

Bai Y, Hao Y, Shao C, Wang Y, Jin Y (2021) Accuracy of
Xpert Carba-R assay for the diagnosis of carbapenemase-
producing organisms from rectal swabs and clinical isolates: a
meta-analysis of diagnostic studies. J] Mol Diagn 23: 1534—
1544. doi: 10.1016/j.jmoldx.2021.08.006.

Jin X, Zhang H, Wu S, Qin X, Jia P, Tenover FC, Tang YW,
Li M, Hu F, Yang Q, Yu Y (2021) Multicenter evaluation of
Xpert Carba-R assay for detection and identification of the
carbapenemase genes in rectal swabs and clinical isolates. J
Mol Diagn 23: 111-119. doi: 10.1016/j.jmoldx.2020.10.017.
Li HH, He ZJ, Xie LM, Zhang JS, Xie TA, Fan SJ, Guo XG
(2021) Evaluation of Xpert Carba-R assay for the detection of
carbapenemase genes in Gram-negative bacteria. Biomed Res
Int 2021: 6614812. doi: 10.1155/2021/6614812.

European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (2022) Breakpoint tables for interpretation of MICs
and zone  diameters.  Version 12.0.  Available:
https://www.eucast.org. Accessed: 28 December 2021.
Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas
KZ (2014) Deaths attributable to carbapenem-resistant
Enterobacteriaceae infections. Emerg Infect Dis 20: 1170—
1175. doi: 10.3201/eid2007.121004.

Centers for Disease Control and Prevention (CDC) (2019)
Antibiotic resistance threats in the United States. Atlanta:
CDC. Available: https://www.cdc.gov/antimicrobial-
resistance/data-research/threats/index.html. ~ Accessed: 11
April 2025.

Gililmez D, Woodford N, Palepou MFI, Mushtaq S, Metan G,
Yakupogullari Y, Livermore DM (2008) Carbapenem-resistant
Escherichia coli and Klebsiella pneumoniae isolates from
Turkey with OXA-48-like carbapenemases and outer
membrane protein loss. Int J Antimicrob Agents 31: 523-526.
doi: 10.1016/j.ijantimicag.2008.01.017.

Gupta N, Limbago BM, Patel JB, Kallen AJ (2011)
Carbapenem-resistant Enterobacteriaceae: epidemiology and
prevention. Clin Infect Dis 53: 60—67. doi: 10.1093/cid/cir202.

1328



Dizili Yelgin et al. — Carbapenem genes in Enterobacteriaceae

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Wiener-Well Y, Rudensky B, Yinnon AM, Kopuit P,
Schlesinger Y, Broide E, Lachish T, Raveh D (2010) Carriage
rate of carbapenem-resistant Klebsiella pneumoniae in
hospitalised patients during a national outbreak. J Hosp Infect
74: 344-349. doi: 10.1016/j.jhin.2009.07.022.

Poirel L, Héritier C, Toliin V, Nordmann P (2004) Emergence
of oxacillinase-mediated resistance to imipenem in Klebsiella
pneumoniae. Antimicrob Agents Chemother 48: 15-22. doi:
10.1128/AAC.48.1.15-22.2004.

Lee CR, Lee JH, Park KS, Kim YB, Jeong BC, Lee SH (2016)
Global dissemination of carbapenemase-producing Klebsiella
pneumoniae: epidemiology, genetic context, treatment options,
and detection methods. Front Microbiol 7: 895. doi:
10.3389/fmicb.2016.00895.

Spyropoulou A, Papadimitriou-Olivgeris M, Bartzavali C,
Vamvakopoulou S, Marangos M, Spiliopoulou I, Christofidou
M (2016) A ten-year surveillance study of carbapenemase-
producing Klebsiella pneumoniae in a tertiary care Greek
university hospital: predominance of KPC-over VIM-or NDM-
producing isolates. J Med Microbiol 65: 240-246. doi:
10.1099/jmm.0.000217.

Girlich D, Halimi D, Zambardi G, Nordmann P (2013)
Evaluation of E-test strips for detection of KPC and metallo-
carbapenemases in Enterobacteriaceae. Diagn Microbiol Infect
Dis 77: 200-201. doi: 10.1016/j.diagmicrobio.2013.08.002.
Nordmann P, Dortet L, Poirel L (2012) Carbapenem resistance
in Enterobacteriaceae: here is the storm! Trends Mol Med 18:
263-272. doi: 10.1016/j.molmed.2012.03.003.

Gacar GG, Midilli K, Kolayli F, Ergen K, Gundes S, Hosoglu
S, Karadenizli A, Vahaboglu H (2005) Genetic and enzymatic
properties of metallo-lactamase VIM-5 from a clinical isolate
of Enterobacter cloacae. Antimicrob Agents Chemother 49:
4400-4403. doi: 10.1128/AAC.49.10.4400-4403.2005.
Yildirim I, Ceyhan M, Gur D, Mugnaioli C, Rossolini GM
(2007) First detection of VIM-1 type metallo-beta-lactamase in
a multidrug-resistant Klebsiella pneumoniae clinical isolate
from Turkey also producing the CTX-M-15 extended-
spectrum beta-lactamase. J Chemother 19: 467-468. doi:
10.1179/j0¢.2007.19.4.467.

Demir Y, Zer Y, Karaoglan I (2015) Investigation of VIM,
IMP, NDM-1, KPC and OXA-48 enzymes in
Enterobacteriaceae strains. Pak J Pharm Sci 28 Suppl 3: 1127—
1133.

Zarakolu P, Eser OK, Otlu B, Giirpmar O, Ozakin C, Akalin
H, Koksal I, Unal S (2022) In-vitro activity of fosfomycin
against Escherichia coli and Klebsiella pneumoniae
bloodstream isolates and frequency of OXA-48, NDM, KPC,
VIM, IMP types of carbapenemases in the carbapenem-
resistant groups. J Chemother 34: 235-240. doi:
10.1080/1120009X.2021.1963618.

Taskin Kafa AH, Aslan R, Durna Dastan S, Celi KC, Hasbek
M, Emi Noglu A (2025) Molecular diversity of Klebsiella

pneumoniae clinical isolates: antimicrobial resistance,
virulence, and biofilm formation. Nucleosides Nucleotides
Nucleic Acids 44: 361-377. doi:

10.1080/15257770.2024.2344741.

Stiziikk Yildiz S, Simsek H, Bakkaloglu Z, Numanoglu Cevik
Y, Hekimoglu CH, Kilig S, Alp Mese E (2021) The
epidemiology of carbapenemases in Escherichia coli and
Klebsiella pneumoniae isolated in 2019 in Turkey. Mikrobiyol
Bul 55: 1-16. [Article in Turkish]. doi: 10.5578/mb.20124.
Poirel L, Ozdamar M, Ocampo-Sosa AA, Tiirkoglu S, Ozer
UG, Nordmann P (2012) NDM-I1-producing Klebsiella

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

J Infect Dev Ctries 2026; 20(9):1322-1330.

pneumoniae now in Turkey. Antimicrob Agents Chemother
56:2784-2785. doi: 10.1128/AAC.00150-12.

Alp E, Percin D, Colakoglu S, Durmaz S, Kiirkcii CA,
Ekincioglu P, Gilines T (2013) Molecular characterization of
carbapenem-resistant Klebsiella pneumoniae in a tertiary
university hospital in Turkey. J Hosp Infect 84:178-180. doi:
10.1016/j.jhin.2013.03.002.

Sahin K, Tekin A, Ozdas S, Akin D, Yapislar H, Dilek AR,
Sonmez E (2015) Evaluation of carbapenem resistance using
phenotypic and genotypic techniques in Enterobacteriaceae
isolates. Ann Clin Microbiol Antimicrob 14: 44. doi:
10.1186/s12941-015-0105-1.

Davarci I, Senbayrak S, Aksaray S, Kocoglu ME, Kuskucu
MA, Samasti M (2019) Molecular epidemiology of
carbapenem-resistant Klebsiella pneumoniae isolates. Anadolu
Klin 24: 1-7. doi: 10.21673/anadoluklin.423081.

Baran I, Aksu N (2016) Phenotypic and genotypic
characteristics of carbapenem resistant Enterobacteriaceae in a
tertiary level reference hospital in Turkey. Ann Clin Microbiol
Antimicrob 15: 20. doi: 10.1186/s12941-016-0136-2.
Nordmann P, Cuzon G, Naas T (2009) The real threat of
Klebsiella pneumoniae carbapenemase producing bacteria.
Lancet Infect Dis 9: 228-236. doi: 10.1016/S1473-
3099(09)70054-4.

Chi X, Hu G, Xu H, Li X, Xiao T, Zhou Y, Xia H, Zou H, Han
H, Zheng B, Gao H, Li X (2019) Genomic analysis of a KPC-
2- producing Klebsiella pneumoniae ST11 outbreak from a
teaching hospital in Shandong Province, China. Infect Drug
Resist 12: 2961-2969. doi: 10.2147/IDR.S221788.

Labarca J, Poirel L, Ozdamar M, Turkoglii S, Hakko E,
Nordmann P (2014) KPC-producing Klebsiella pneumoniae,
finally targeting Turkey. New Microbes New Infect 2: 50-51.
doi: 10.1002/nmi2.42.

Poirel L, Yilmaz M, Istanbullu A, Arslan F, Mert A, Bernabeu
S, Nordmann P (2014) Spread of NDM-I-producing
Enterobacteriaceae in a neonatal intensive care unit in Istanbul,
Turkey. Antimicrob Agents Chemother 58: 2929-2933. doi:
10.1128/AAC.02047-13.

Kuskucu MA, Karakullukcu A, Ailiken M, Otlu B, Mete B,
Aygun G (2016) Investigation of carbapenem resistance and
the first identification of Klebsiella  pneumoniae
carbapenemase (KPC) enzyme among Escherichia coli isolates
in Turkey: a prospective study. Travel Med Infect Dis 14: 572—
576. doi: 10.1016/j.tmaid.2016.11.006.

Okalin SS, Kaygisiz ANS, Ergon MC, Oktem IMA (2021)
Investigation of carbapenemase genes in carbapenem resistant
Enterobacterales isolates: first KPC report from Dokuz Eylul
University Hospital. Turk. Mikrobiyol. Cemiy Journal 51:
375-381. doi: 10.5222/TMCD.2021.94899.

Cakar A , Akyon Y, Giir D, Karatuna O, Ogunc D, Baysan B,
Coplii N, Cagatay M, Kili¢ A, Baysallar M, Bakici Z, Celik C,
Giilay Z, Aydemir S, Tunger A, Kili¢ H, Ercal BD, Toraman
ZA, Zer Y, Biyiiktas A, Ay S, Aktas Z, Kayacan C,
Bayramoglu G, Aydin F, Diindar D, Hasdemir U, Ayas R,
Yanik K , Giinaydin M, Giidiiciioglu H, Parlak M, (2016)
Investigation of carbapenemases in carbapenem-resistant
Escherichia coli and Klebsiella pneumoniae strains isolated in
2014 in Turkey. Mikrobiyol Bul 50: 21-33. doi:
10.5578/mb.10695.

Peirano G, Chen L, Nobrega D, Finn TJ, Kreiswirth BN,
DeVinney R, Pitout DD (2022) Genomic epidemiology of
global carbapenemase-producing Escherichia coli, 2015—

1329



Dizili Yelgin et al. — Carbapenem genes in Enterobacteriaceae

50.

51.

52.

2017. Emerg Infect Dis  28:
10.3201/eid2805.212535.
Mermutluoglu C, Ciftgi EZ, Ozcan N, Dayan S (2023)
Investigation of antibiotic susceptibilities in carbapenem-
resistant Klebsiella pneumoniae and Escherichia coli strains
isolated from clinical samples: a four-year analysis in a
comprehensive healthcare facility. Van Med J 30: 374-381.
doi: 10.5505/vtd.2023.78972.

Zakai SA (2026) Prevalence of carbapenem-resistant
Enterobacteriaceae in intensive care units in Saudi Arabia: a
10-year systematic review. Saudi Med J 47: 1-9. doi:
10.15537/smj.2026.47.1.20250636.

Lunha K, Chanawong A, Lulitanond A, Wilailuckana C,
Charoensri N, Wonglakorn L, Saenjamla P, Chaimanee P,
Angkititrakul S, Chetchotisakd P (2016) High-level
carbapenem-resistant OXA-48-producing Klebsiella

924-931.  doi:

53.

54.

55.

J Infect Dev Ctries 2026; 20(9):1322-1330.

pneumoniae with a novel OmpK36 variant and low-level,
carbapenem-resistant, non-porin-deficient, OXA-181-
producing Escherichia coli from Thailand. Diagn Microbiol
Infect Dis 85: 221-226. doi:
10.1016/j.diagmicrobio.2016.03.009.

Evans BA, Amyes SG (2014) OXA p-lactamases. Clin
Microbiol Rev 27: 241-263. doi: 10.1128/CMR.00117-13.
Wang CH, Ma L, Huang LY, Yeh KM, Lin JC, Siu LK, Chang
FY (2021) Molecular epidemiology and resistance patterns of
blaoxa-as Klebsiella pneumoniae and Escherichia coli: a
nationwide multicenter study in Taiwan. J Microbiol Immunol
Infect 54: 665-672. doi: 10.1016/j.jmii.2020.04.006.

Kazar A, Ozbek E, Kaydas S, Atmaca S (2024) Antibiotic
susceptibility in  carbapenem-resistant Enterobacterales
bacteria isolates. Dicle Med J 51: 451-460. doi:
10.5798/dicletip.1552632.

1330



	Introduction
	Methodology
	Ethical approval
	Sample collection, identification of microorganisms, and antibiotic susceptibility testing
	GeneXpert® Carba-R panel
	Suspension preparation and testing for the GeneXpert® Carba-R panel

	Results
	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Corresponding author
	Conflict of interest
	References

