
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Tüzemen et al. BMC Microbiology          (2024) 24:168 
https://doi.org/10.1186/s12866-024-03311-7

BMC Microbiology

*Correspondence:
Nazmiye Ülkü Tüzemen
utuzemen@uludag.edu.tr
1Faculty of Medicine, Department of Medical Microbiology, Bursa Uludag 
University, Görükle, Bursa 16059, Turkey
2Faculty of Medicine, Department of Infectious Diseases and Clinical 
Microbiology, Bursa Uludag University, Bursa, Turkey
3Technical University of Munich, Institute of Virology, Munich, Germany

Abstract
Background  We aimed to compare the performance of carbapenemase classification in carbapenem-resistant 
Klebsiella pneumoniae (CRKP) obtained using the BD Phoenix CPO Detect panel (CPO panel) and Cepheid Xpert 
Carba-R assays. We analyzed 55 CRKP strains from clinical specimens collected between November 2020 and 
November 2022. The CPO panel was used to detect both antibiotic susceptibility and phenotypic carbapenemase 
classes, while Xpert Carba-R was employed to identify KPC, NDM, VIM, OXA-48, and IMP genes. Due to the limited 
availability of molecular kits, we arbitrarily selected 55 isolates, identified as carbapenemase-producing according to 
the CPO panel and with meropenem minimum inhibitory concentration values > 8 mg/L.

Results  According to the Xpert Carba-R assay, 16 of the 55 isolates (29.1%) were categorised as Ambler Class A (11 
of which matched CPO panel Class A identification); three isolates (5.5%) were identified as Class B and 27 isolates 
(49.1%) as Class D (in both cases consistent with CPO panel B and D classifications). A further eight isolates (14.5%) 
exhibited multiple carbapenemase enzymes and were designated as dual-carbapenemase producers, while one 
isolate (1.8%) was identified as a non-carbapenemase-producer. The CPO panel demonstrated positive and negative 
percent agreements of 100% and 85.7% for Ambler Class A, 100% and 100% for Class B, and 96.4% and 100% for Class 
D carbapenemase detection, respectively.

Conclusion  While the CPO panel’s phenotypic performance was satisfactory in detecting Class B and D 
carbapenemases, additional confirmatory testing may be necessary for Class A carbapenemases as part of routine 
laboratory procedures.
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Introduction
Antimicrobial resistance in Gram-negative bacteria, par-
ticularly Enterobacterales, poses an increasingly severe 
threat to global public health. The list of pathogens 
published by The World Health Organization (WHO) 
includes those designated by the acronym ESKAPE 
(Enterococcus faecium, Staphylococcus aureus, Klebsi-
ella pneumoniae, Acinetobacter baumannii, Pseudomo-
nas aeruginosa, and Enterobacter spp.); often known as 
‘superbugs’, they can acquire high resistance levels [1]. 
Carbapenemase-producing Enterobacterales (CPE) are 
a primary public health concern since carbapenems are 
considered one of the options for treating multidrug-
resistant (MDR) Gram-negative bacterial infections [2, 
3], and so rapid and accurate carbapenemase identifica-
tion is essential for epidemiological and infection control 
purposes [4]. Currently, K. pneumoniae carbapenemase 
(KPCs), an Ambler Class A genes, is the most common 
transmissible gene circulating in Enterobacteriaceae 
worldwide [5]. Moreover, the Centers for Disease Control 
and Prevention (CDC) has reported an alarming increase 
in the rate of CPE commencing during hospitalization, a 
rise of more than 35% from 2019 to 2020 in the United 
States (US) [6].

There are three main mechanisms causing carbapenem 
resistance in Enterobacterales. The first one is enzyme 
production, such as extended-spectrum beta-lactamases 
(ESBLs), metallo-beta-lactamases (MBLs), and other cat-
egories of carbapenemases. The second is efflux pumps, 
and the third is porin mutations. Carbapenem-resistant 
Enterobacterales (CRE) are further divided into CPEs 
and non-CPEs. CPEs can produce a large variety of car-
bapenemases, which can be divided into three groups 
according to the Ambler classification: Class A (serine-β-
lactamases), Class B (MBLs), and Class D (oxacillinases; 
OXAs) ß-lactamases. The clinical relevance of a fourth 
grouping, Ambler Class C (AmpC β-lactamase) enzymes, 
remains to be determined [7]. MDR Enterobacteriaceae 
is thought to have initially emerged in the 1980s, shortly 
after the use of cephalosporins and other broad-spec-
trum ß-lactam antibiotics became widespread. According 
to epidemiological data, the prevalence of various CPEs 
varies with geographical region [8].

Phenotypic and molecular-based techniques are 
the two main methods currently used to detect car-
bapenemases. The modified Hodge test (mHT), Triton 
Hodge test, Carba NP test, Blue-Carba test, and modi-
fied carbapenem inactivation method (mCIM) are some 
phenotypic carbapenemase detection assays. The matrix-
assisted laser desorption ionization–time of flight mass 
spectrometry (MALDI–TOF MS) can be used to iden-
tify for CPE. Molecular techniques are currently con-
sidered to be the gold standard for the identification of 

carbapenemase genes. PCR is the most common method 
for traditional molecular genotyping [9].

BD launched the BD Phoenix CPO Detect panels (CPO 
panel) in 2017. These panels are used for susceptibility 
testing, phenotypic carbapenemase detection, and clas-
sification according to Ambler classes. For detecting and 
classifying carbapenemases, panels utilize nine wells con-
taining meropenem, doripenem, temocillin, and cloxacil-
lin, either alone or in combination with various chelators 
and beta-lactamase inhibitors. The panels are able to 
detect phenotypic carbapenem resistance [10]. In diag-
nostic laboratories, the ability to determine the presence 
and classification of carbapenemases without requiring 
any additional method, while also obtaining the results of 
antibiotic susceptibility tests, is highly advantageous.

Despite the limited number of studies conducted in 
our country compared to more developed nations, it has 
become evident that we also have serious carbapenem 
resistance. In light of this issue, we aimed to compare the 
performances of the CPO panel and the Cepheid Xpert 
Carba-R assay in detecting carbapenemase classes of car-
bapenem-resistant Klebsiella pneumoniae (CRKP).

Materials and methods
Study design and bacterial strains
This single-center study was conducted at a 900-bed 
tertiary care university hospital, the largest one in the 
Southern Marmara region, in line with the principles of 
the Declaration of Helsinki.

Samples isolated from various clinical specimens sent 
to the Medical Microbiology Laboratory of our hospi-
tal between November 2020 and November 2022 were 
identified by MALDITOF MS (Bruker Daltonik, Bre-
men, Germany) (IVD v 12.0 database); those with a score 
of two or higher were scanned. These isolates were sub-
cultured onto 5% sheep blood agar and eosin methylene 
blue agar (BD Diagnostic Systems) and incubated at 37 °C 
overnight. A second subculture was performed before 
testing.

Because of the limited availability of molecular kits, we 
arbitrarily selected 55 isolates, one isolate per patient, 
whose meropenem minimum inhibitory concentration 
(MIC) value > 8  mg/L (resistant according to the Euro-
pean Committee on Antimicrobial Susceptibility Test-
ing [EUCAST]) were included in the study. We selected 
meropenem-resistant isolates because we could not 
compare them with the CPO panel if the gene could not 
be detected by the molecular kit. Only adults who were 
inpatients at our hospital were included, with one isolate 
per patient taken for further analysis.

A total of 284 K. pneumoniae isolates were collected for 
this study. They were all detected using the CPO (NMIC/
ID-505) panel. 179 of the isolates had a meropenem MIC 
value of > 8  mg/L, and 163 were from adults. 127 were 
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identified as phenotypic carbapenemase producers by 
the CPO panel. When repeat samples were excluded, 94 
samples remained. Of these, 55 samples were selected 
arbitrarily, prioritizing blood, respiratory tract, and ster-
ile body fluid samples.

BD Phoenix CPO panel
Antibiotic susceptibility testing was performed using 
the BD Phoenix™ M50 System according to EUCAST 
recommendations [11]. Our laboratory employs the BD 
Phoenix Gram-negative (NMIC/ID-433) panel for Gram-
negative isolates except for urine isolates. For patients 
in the Hematology, Oncology, and Intensive Care Units 
(ICU), we utilize the CPO (NMIC/ID-505) panel. The 
isolates used for the CPO panel as part of antimicrobial 
susceptibility testing (AST) panels were included in the 
study. This CPO panel is designed to detect carbapen-
emase activity and classify carbapenemase producers 
according to Ambler classification. It uses nine test wells 
on the Phoenix panel, each containing a β-lactam antibi-
otic alone or combined with various β-lactamase inhibi-
tors, for algorithm-based detection and classification of 
carbapenemase-producing organisms. The EpiCenter 
software (Becton Dickinson) measures values and inter-
prets the results. For the CPO panel, EpiCenter delivers 
two results according to its algorithm by interpreting the 
test wells: the carbapenemase activity and, when is posi-
tive, the carbapenemase type based on Ambler Classes 
A, B, and D. It is crucial to understand that the CPO 
panel test is not capable of identifying both types of car-
bapenemase produced by some bacterial isolates. This 
test only provides results for one class of carbapenemase, 
and cannot detect dual carbapenemase class results. 
Furthermore, there are cases where the carbapenemase 
producers may not be classified at all [12, 13]. Our study 
used the reference strain K. pneumoniae ATCC 700,603 
to ensure quality control.

Xpert Carba-R assay
We used Xpert Carba-R assay v. 2 (Cepheid, Sunnyvale, 
CA, USA), a multiplex real-time PCR assay for molecular 
testing. It is a qualitative, real-time PCR test for detect-
ing and differentiating KPC, NDM, VIM, OXA-48, and 
IMP in 48  min from pure bacterial colonies. This auto-
mated system integrates sample preparation, nucleic acid 
extraction, amplification, and target sequence detection 
[14]. The assay was conducted according to the manufac-
turer’s instructions.

Statistical analysis
We calculated the obtained data’s absolute and rela-
tive frequencies for statistical analysis. Additionally, we 
determined positive percent agreement (PPA), negative 
percent agreement (NPA), and kappa values by using 

the IBM SPSS version 28.0 (Armonk, NY: IBM Corp.) 
A p-value below 0.05 was considered to be statistically 
significant. PPA is calculated using identical formulae to 
sensitivity, and NPA is calculated identically to specificity 
[15]. Kappa results for agreement can be interpreted as 
follows: values ≤ 0 indicate no agreement, 0.01–0.20 from 
none to slight, 0.21–0.40 as fair, 0.41– 0.60 as moderate, 
0.61–0.80 as substantial, and 0.81–1.00 as almost perfect 
agreement [16].

Results
In our study, a total of 55 CRKP strains, each belonging 
to a different patient, were grown from clinical specimens 
collected between November 2020 and November 2022. 
The distribution of the samples was as follows: blood 
(25 isolates, 45.5%), deep tracheal aspirate (18 isolates, 
32.7%), wound pus (6 isolates, 10.9%), sputum (3 isolates, 
5.5%), urine (2 isolates, 3.6%), and cerebrospinal fluid (1 
isolate, 1.8%).

The CPO (NMIC/ID-505) panel detects and classifies 
phenotypic carbapenemases. We intentionally selected 
meropenem-resistant, carbapenem-producing isolates 
because if the gene could not be found with the molecu-
lar kit, we would not be able to make comparisons using 
the CPO panel; hence, all 55 strains were carbapenemase 
producers.

All dual carbapenemases detected by Xpert Carba-R 
assay were also identified as producing carbapenemases 
in the CPO panel. However, the CPO panel only pro-
vides results for one class of carbapenemase, not double 
carbapenemase class results. To ensure a more accurate 
performance analysis of the CPO panel, we excluded the 
dual-resulting samples identified in the Xpert Carba-
R assay, except for blaNDM and blaVIM dual-positivity 
cases since both belong to the same Ambler Class. Con-
sequently, we were able to analyze the performance of 
the CPO panel using a total of 46 samples (Table  1). In 
comparisons with the CPO panel, the Xpert Carba-R 
assay showed a kappa value of 0.804 (p < 0.001) for the 
detection of total carbapenemase classes. Meanwhile, the 
kappa value for class A in the CPO panel showed sub-
stantial agreement, while the kappa value for total and 
classes B and D demonstrated perfect agreement.

Among the initial 94 isolates, the CPO panel identified 
42 (44.7%) as Class A, 3 (3.2%) as Class B, and 49 (52.1%) 
as Class D carbapenemases. However, due to budget 
constraints, the original 94 isolates that met the study 
criteria were narrowed down to 55, prioritizing blood, 
respiratory tract samples, and sterile body fluid samples.

Table  2 presents the detailed classification results 
of the narrowed down 55 isolates from both the CPO 
panel and the Xpert Carba-R assay. Of the 55 iso-
lates, the CPO panel classified 14 (25.5%) as Ambler 
Class A carbapenemases (CARBA), 3 (5.5%) as Class B 
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carbapenemases (CARBB), 30 (55.5%) as Class D car-
bapenemases (CARBD), and 8 (14.5%) as carbapen-
emase producers with no specific classification (CARB). 
Meanwhile, the Xpert Carba-R assay labeled 16 isolates 
(29.1%) as CARBA (11 of which were previously identi-
fied as Class A in the CPO panel), three isolates (5.5%) 
as CARBB (all initially recognized as Class B by the CPO 
panel), and 27 isolates (49.1%) as CARBD (also identi-
fied as Class D in the CPO panel). Moreover, eight iso-
lates (14.5%) demonstrated the presence of multiple 
carbapenemase enzymes and were classified as dual-car-
bapenemase (D-CARB), while one isolate (1.8%) was cat-
egorized as a non-carbapenemase producer (non-CARB) 
by the Xpert Carba-R assay (also previously identified as 
a non-carbapenemase-producer in the CPO panel). Fur-
thermore, 6 isolates (10.9%) showed the presence of both 
CARBA and CARBD, 1 isolate (1.8%) exhibited CARBB 
and CARBD, and 1 isolate (1.8%) displayed the pres-
ence of CARBA, CARBB, and CARBD simultaneously 
(Table 2).

Discussion
Antibiotic resistance has emerged as a significant global 
health concern over the last two decades. Among the 
Enterobacteriaceae family, which includes ESBL-pro-
ducing organisms, carbapenem antibiotics have provided 
the most effective treatment option [17]. However, the 
rise in carbapenem resistance, particularly in K. pneu-
moniae, has become a significant challenge over the last 
several years, leading to increased morbidity and mortal-
ity, prolonged hospital admissions, and higher healthcare 
costs worldwide [18]. Several mechanisms contribute to 
carbapenem resistance, mainly the production of car-
bapenemase enzymes, alteration in the outer membrane 
proteins or mutations in porins, and efflux pumps. Car-
bapenemases can hydrolyze cephalosporins, penicillins, 
carbapenems, and beta-lactamase inhibitors. The rapid 
spread of CRE is facilitated by the presence of carbapen-
emase genes on mobile genetic elements, like plasmids 
[19].

Both phenotypic and molecular-based assays for car-
bapenemase detection are available from cultured iso-
lates. In clinical practice, three phenotypic method assays 
are currently used: (1) growth-based assays (e.g., mHT 
and mCIM), (2) hydrolysis methods (e.g., Carba NP and 
MALDI-TOF MS methods), (3) lateral flow immunoas-
says which detect specific antibodies of carbapenemase 
enzymes. Nucleic acid-based assays for carbapenemase 
detection directly identify the molecular determinants 
of carbapenemase [20]. The CPO panel, launched in 
2017, can perform Gram-negative susceptibility tests 
and detect and classify phenotypic carbapenemases. The 
method involves nine test wells on a panel, each contain-
ing a beta-lactam antibiotic, alone or in combination with Ta
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various beta-lactamase inhibitors, and it detects pheno-
typic carbapenemase and performs classification using 
algorithm-based detection [12]. In diagnostic laborato-
ries dealing with numerous samples and high turnover, 
the ability to detect and classify carbapenemases without 
additional methods, in conjunction with susceptibility 
testing, accelerates the laboratory processes. In addition, 
including the carbapenemase class in susceptibility test 
results may help guide the antibiotic selection; for exam-
ple, clinicians refrain from prescribing ceftazidime avi-
bactam for patients infected with class B samples. Our 
study aims to determine the cost-effectiveness and time 
efficiency of a rapid diagnostic test for carbapenem-resis-
tant bacteria in comparison to molecular-based tests. We 
compared the performance of the CPO panel, which we 
use for critical wards and ICUs in our diagnostic labora-
tory, with a molecular method. Our goal is to assess the 
effectiveness of the rapid diagnostic test and its potential 
to improve patient outcomes.

The accurate and rapid detection of carbapenemase is 
crucial for effective infection control and antibiotic man-
agement. The CPO (NMIC/ID-505) panel is used in our 
laboratory for Hematology, Oncology Clinics, and ICU 
patients and we used the Xpert Carba-R assay to assess 
the accuracy of the carbapenemase classification given by 
the CPO panel.

In recent years, there have been numerous studies in 
the literature about the sensitivity of the CPO panel test. 
However, some of these studies have reported low cor-
rect identification in Class A, some in Class B, and some 
in Class D. This diversity has been attributed to limited 
sample size, endemic carbapenemase, and strain collec-
tion diversity. Thomson et al., Park et al., Croxatto et al., 
Jonas et al. and Whitley et al. all have correct detection 
rates of 89% or higher for all three classes [12, 13, 21–23]. 
The first study of the performance of the CPO panel was 
conducted by Thomson et al. [12] in 2017. Their results 
showed sensitivity rates for detecting Ambler Class 
A, B, and D carbapenemases on 294 isolates of 97.3%, 

95.6%, and 100%, respectively [12]. In a study conducted 
by Croxatto et al. [21], the CPO panel demonstrated 
sensitivity rates of 100%, 89.5%, and 95.7% for detect-
ing Ambler Class A, B, and D carbapenemases on 185 
isolates. In another study by Jonas et al. [22], the panel 
showed sensitivity rates of 99.5%, 97.7%, and 98.3% on 
1222 isolates. Park et al. [13] reported the following rates 
of correct identification for carbapenemase production 
in 450 isolates: 98.6% for class A, 98.1% for class B, and 
96.7% for class D. Whitley et al. [23] conducted a study 
in which they enrolled 1452 isolates of Enterobacterales, 
Pseudomonas aeruginosa, and Acinetobacter baumannii 
or A. baumannii complex. They found that the PPA of the 
CPO panel was 95.3%, 94%, and 95% for class A, B, and D, 
respectively. KPC-producing K pneumoniae is prevalent 
in the US, and also endemic in some parts of Europe such 
as Greece and Italy, and Korea [24, 25]. In the Italian-
speaking region, KPC was the most commonly detected 
genotype (63%), in contrast to the French-speaking parts 
of Switzerland where OXA-48 was more common (60%) 
[26]. As a US company, BD Phoenix CPO panel may be 
more effective in detecting carbapenemases and its vari-
ants in the US.

In a study carried out in Mexico, it was found that CPO 
panels were 75% sensitive and 100% specific in detect-
ing a class A carbapenemase in K. pneumoniae isolates 
(n:154). The best accuracy was observed in detecting a 
class A carbapenemase in K. pneumoniae, with an accu-
racy rate of 96.10% [27]. However, Ong et al. [10] found 
sensitivity rates to be 43.3%, 100%, and 100% for detect-
ing Ambler Class A, B, and D carbapenemases on 190 
isolates. They attributed their lower sensitivity rates for 
Ambler Class A to a higher rate of IMI-positive isolates 
than in the Thomson et al. [12] study and suggested that 
laboratories dealing with IMI carbapenemases should be 
aware of the potential limitations in detecting this spe-
cific Class A carbapenemase. Another study conducted 
in Belgium in 2019 on 287 isolates reported sensitivity 
rates of 14.3%, 82.9%, and 89.8%, respectively, for Ambler 

Table 2  Comparison of the results of carbapenemase classification between BD Phoenix CPO panel and Xpert Carba-R assay
Classification Carbapenemase by Xpert Carba-R assay Carbapenemase enzyme

(Xpert Carba-R assay)
No.
Tested
n (%)

Classification Carbapenemase by 
BD Phoenix CPO panel
CARBA
n (%)

CARBB
n (%)

CARBD
n (%)

CARB
n (%)

CARBA KPC 16 (29.1) 11 (20) - 1 (1.8) 4 (7.3)
CARBB NDM 2 (3.7) - 2 (3.7) - -

VIM + NDM 1 (1.8) - 1 (1.8) - -
CARBD OXA-48 27 (49.1) - - 27 (49.1) -
D-CARB CARBA + CARBD KPC + OXA 48 6 (10.9) 3 (5.5) - 1 (1.8) 2 (3.6)

CARBB + CARBD NDM + OXA-48 1 (1.8) - - 1 (1.8) -
CARBA + CARBB + CARBD NDM + KPC + OXA-48 1 (1.8) - - - 1 (1.8)

non-CARB - 1 (1.8) - - - 1 (1.8)
CARBA: Ambler Class A, CARBB: Ambler Class B, CARBD: Ambler Class D, CARB: carbapenemase-producer without further details, D-CARB: Dual carbapenemase-
producer, non-CARB: non-carbapenemase-producer
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Class A, B, and D carbapenemase detection; they attrib-
uted the low susceptibility in Class A to variants in the 
KPC gene [28]. Simon et al. [29] reported that the CPO 
panel had a total Ambler test sensitivity of 79% in 95 iso-
lates. They indicated that the highest false negative rate 
was observed in Class A. According to their study, the 
Ambler test was unreliable in detecting GES and KPC 
carbapenemases due to difficulties in detecting GES-type 
carbapenemases using colorimetric methods and KPC 
variances.

In our study, 16 isolates were identified as Class A by 
genotypic test and only 11 isolates were classified as 
Class A by the phenotypic test. Five Class A isolates were 
missed by the CPO panel. However, there was a classi-
fication error in only one of these five isolates, which 
was erroneously reported as Class D. Unfortunately, 
we couldn’t conduct sequence analysis for this isolate 
because of our limited budget. It is possible that the cul-
ture includes two distinct K. pneumoniae isolates, and 
different isolates may have been used for storage and 
subsequent molecular evaluation. The CPO panel’s algo-
rithm was unable to classify the remaining four isolates 
and reported only carbapenemase producer. It is essen-
tial to note that the results of our study may have been 
affected by the limited number of samples. We had a 
restricted number of samples, and we chose CRKP iso-
lates arbitrarily. We acknowledge that this limitation 
may have influenced the generalizability of our findings. 
PPA is calculated identically to sensitivity, and NPA is 
calculated identically to specificity [15]. While our PPA 
value was 100%, the NPA was 85.7% in Class A carbapen-
emases, indicating a relatively lower specificity in the 
CPO panel’s detection and classification. As a result, the 
kappa value of the CPO panel for class A was found to 
be in substantial agreement. It is worth noting that the 
presence of different KPC variants can affect the per-
formance of the CPO panel. With more than 90 identi-
fied KPC variants, of which KPC-2 and KPC-3 are the 
most common clinical variants, their epidemiology var-
ies geographically with endemic or sporadic spread [30]. 
Currently, there has not been a comprehensive study 
conducted on the various KPC variants within Turkey. In 
Turkey, there has been only one study conducted on the 
subject, which was done by Akgül et al. [31]. The study 
involved 216 cases of K. pneumoniae that were isolated 
from patients with positive blood cultures. The molecular 
analysis of the isolates showed that all of them were KPC-
2-positive and belonged to ST11 variants [31]. However, 
due to budget constraints, we were unable to analyze the 
KPC variant types of our isolates. The lower sensitivity 
of the CPO panel in detecting and classifying Class A 
carbapenemases in our study might be due to local vari-
ance in Class A carbapenemases. Therefore, confirma-
tory tests may need to be added to the routine laboratory 

protocols for isolates assigned to Class A by the CPO 
panel. The CPO panel identifies the presence and class of 
carbapenemase through a phenotypic method, while the 
Xpert Carba-R assay detects the carbapenemase enzyme 
through a genotypic method. When the gene detected in 
the genotype is expressed, it is reflected in the phenotype. 
For this reason, the two test results may differ.

In a Japanese study, IMP is the primary carbapenemase 
type in Japan, CPO panels had a 96.7% PPA value for in 
133 carbapenem-resistant and susceptible strains. All 
CPO panels were precisely identified as 54 IMP produc-
ers with a 100.0% PPA value [32]. During our study, we 
found that three isolates were classified as Class B. This 
classification was confirmed through both genotypic 
testing and the CPO panel. It’s important to note that 
our study had a very low sample size, which limited our 
findings. However, the CPO panel had a 100% PPV and a 
100% NPV for Class B.

According to a study carried out in Korea, the accuracy 
of identifying class A, B, and D carbapenemases in 235 
isolates was found to be 78.6%, 100%, and 60%, respec-
tively. They explained the lower accuracy percentage in 
Class D to the small sample size of only five isolates that 
were tested [33]. In another Korean study of 109 clini-
cal CPE isolates, the accuracy of identifying class A and 
B carbapenemases of the CPO panel isolates was 78.8% 
and 65.9%, respectively. In this study, 32 samples were 
tested for class D and the accurate identification rate was 
found to be 56.3%. They stated that all class D isolates 
were OXA-48-like enzymes and attributed the low level 
accuracy of class D to the difficulty in detecting class D 
OXA-48-like enzymes, which often causes low-level car-
bapenem resistance in vitro. The panel correctly classi-
fied 81.3% of K. pneumoniae KPC isolates to class A. It 
was found that the panel was unable to classify 40.0% of 
IMP and 63.6% of VIM isolates to class B [34]. However, 
Murata et al. [32] reported a PPA value of 100.0% for IMP 
producers. On the other hand, the Korean study by Park 
et al. [13] reported accurate identification of carbapen-
emase production in 450 isolates, with a 96.7% accuracy 
for class D. In our study, we identified 28 isolates that 
were classified as Class D by the CPO panel. Out of these, 
27 were confirmed through molecular testing. One iso-
late was identified as Class A through genotypic analysis, 
but it was detected as Class D by the CPO panel. CPO 
panel had a 96.4% PPV and a 100% NPV for Class D.

Some studies reported the classification results of the 
CPO panel by including not only Enterobacterales, but 
also other gram-negative bacteria. Berneking et al. [35] 
assessed 194 isolates of CRE and non-fermentative gram-
negative rods. The CPO panel correctly classified 79.17% 
of Enterobacterales and 67.16% of non-fermentative 
gram-negative rods for the classification of carbapen-
emases. Zhang et al. [36] conducted a study where they 
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tested a total of 217 clinical isolates (including Entero-
bacterales and A. baumannii) out of which 178 were 
resistant to carbapenem while 39 were susceptible to it. 
They reported that the sensitivity and specificity for the 
CPO Ambler test were 56.71% and 94.87%, respectively. 
But they did not give separate results on a bacterial basis 
[36].

There is only one article published on this subject 
in our country. They reported that the CPO panel was 
found to be highly sensitive (98.7%) and specific (95.5%) 
in detecting carbapenemase production in a total of 447 
Enterobacterales strains. During their research, the sam-
ples were not confirmed using the molecular method. 
Instead, the CPO panel was studied using a different 
phenotypic method, the modified carbapenem inactiva-
tion method [37]. Although the sample size was larger 
than our study, the presence of carbapenemase was not 
detected through molecular methods. Our study is the 
first to compare the CPO panel test with the molecular 
method in our country.

The first identification of OXA-48 was from a CRKP 
isolate in Istanbul, Turkey 2001. The local multicentre 
Study Group for Carbapenem Resistance (SCARE) stud-
ied bloodstream infections caused by CRKP in Turkey 
between 2014 and 2018. They found OXA-48 to be the 
most prevalent carbapenemase type (85.5%), followed 
by NDM (3.2%), both single carbapenemase enzymes 
[38]. However, in our study, despite the predominance of 
OXA-48 positivity in our hospital, we observed a notable 
rise in KPC positivity. This increase was noted under the 
limitation caused by a biased isolate selection. Addition-
ally, it should be taken into consideration that our small 
sample size is among the limitations of our study.

To summarize, upon examining all the studies, the 
CPO panel faces challenges in detecting IMI and GES 
positivity, as well as KPC variants in Class A, IMP and 
VIM in Class B, and OXA-48-like enzymes in Class D. 
Therefore, it is advisable for countries to be aware of their 
endemic enzymes and variance of enzymes, and use the 
kit accordingly. It is worth noting that the use of CPO 
Panel significantly decreases the turnaround time, hands-
on time, and costs, as compared to molecular methods. 
This can have a positive impact on antibiotic stewardship 
and infection control policies.

It is important to take into account several limita-
tions when interpreting the results of this study. Firstly, 
the Cepheid Xpert Carba-R, like other commercial plat-
forms, has limitations in detecting certain gene variants 
that may be prevalent worldwide [14]. Supplementing 
our results with a carbapenemase production test could 
be helpful. Additionally, our criteria of only utilizing iso-
lates as meropenem resistant could have missed some 
CPE isolates. To conduct a more comprehensive study, 
other genera should be included, but in this study we 

only tested K. pneumoniae species. Lastly, the study had 
a small sample size and did not include any carbapenem-
sensitive strains.

Currently, a comprehensive analysis of the various KPC 
strains in Turkey has not been carried out. Therefore, we 
suggest that future studies should consider the potential 
variation of KPC strains in Turkey. This will help in gain-
ing a better understanding of the prevalence of KPC in 
Turkey and will aid in the development of effective treat-
ment and management strategies for this concerning 
issue.

Conclusion
While this phenotypic test demonstrated acceptable 
detection rates for Class B and D carbapenemases, a 
confirmatory test for Class A carbapenemases may 
need incorporation into the routine laboratory protocol 
because of its relatively low specificity.
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