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Highlights 

- Detection of carbapenemases is essential in the prevention of resistant bacteria 

- Novel CE-IVD regulation requires the implementation of commercial tests 

- Eazyplex, Novodiag and Ampldiag are reliable molecular carbapenemase tests 

Abstract 

Background: Carbapenemase-producing Gram-negative bacilli, i.e., Enterobacterales, Pseudomonas 

aeruginosa, and Acinetobacter, are of increased concern for the public health around the world. There is 

urgent need for rapid and accurate tests in order to provide correct treatment and to prevent bacterial 

spread in healthcare settings.  

Methods: The aim of this study was to evaluate three commercial multiplex carbapenemase tests with CE-

IVD marking: Eazyplex SuperBug complete B (AmplexDiagnostics), Novodiag CarbaR+ (Mobidiag), and 

Amplidiag CarbaR+MCR (Mobidiag). All these tests recognize KPC, NDM, OXA-48/181 group, VIM, OXA-23 

group, and OXA-24/40 group, and Novodiag CarbaR+ and Amplidiag CarbaR+MCR additionally recognize 

IMP, OXA-51 group (with promoter located within ISAbaI), OXA-58 group, and MCR, and Amplidiag 

CarbaR+MCR further recognizes GES (carbapenemase-type only).  
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Results: The sensitivities and specificities of these tests with bacterial isolates were 100%. The sensitivity 

directly from clinical samples was 100%, but the specificity was lower, which is simply explained by the 

higher sensitivity of the molecular methods compared with culture method.  

Conclusions: Overall, these CE-IVD marked tests provide a good alternative in the detection of 

carbapenemase-producing organisms.  

Keywords: CPE, CPO, carbapenemase, hospital-acquired infections, molecular diagnostics, rapid diagnostics 

Introduction 

Carbapenemase-producing organisms (CPOs), including carbapenemase-producing Enterobacterales (CPE), 

Pseudomonas aeruginosa, and Acinetobacter, are of increased concern for public health around the world 

and have caused outbreaks in several countries (Albiger et al., 2015; Iovleva & Doi, 2017). Carbapenems 

have broad spectrum and are used in the treatment of severe infections caused by multi-resistant Gram-

negative bacteria, such as extended-spectrum β-lactamase (ESBL) producers. Increasing resistance to 

carbapenems limits treatment options. There is thus urgent need for rapid and accurate tests that 

recognize CPOs, both in order to provide correct treatment and to prevent bacterial spread in healthcare 

settings.  

The most common carbapenemases in Enterobacterales in Europe are KPC, OXA-48, and NDM (Grundmann 

et al., 2017). In P. aeruginosa, the most common carbapenemases are IMP and VIM. In Acinetobacter, the 

most common carbapenemases are OXA-23 group, OXA-24/40 group, OXA-51 group (with promoter 

located within ISAbaI), and OXA-58 group. In addition to carbapenemase genes, resistance to colistin by 

plasmid-encoded mcr-1 has been of increased concern recently, since colistin has been the last choice to 

treat the infections caused by CPOs. Plasmid-encoded colistin resistance gene mcr-1 was first isolated from 

food animals as well as from humans in China a couple of years ago (Liu et al., 2016) and has subsequently 

spread into several bacterial strains and species globally (Wang et al., 2018). 
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The choices for carbapenemase detection are (for reviews, see Tamma & Simner, 2019, and Osei Sekyere et 

al., 2015):  

1) phenotypic tests that require bacterial culture, such as disc diffusion, MALDI-TOF, lateral flow, and Carba 

NP test or its derivatives;  

2) various molecular methods that can be performed directly from rectal swabs, such as PCR, loop-

mediated isothermal amplification (LAMP), microarray, or whole genome sequencing (WGS). 

Molecular methods can be done directly from a sample, or from a colony that is selected either based on its 

resistance profile or on its growth on a selective chromogenic agar plate. The advantages of molecular 

methods are their rapidness and higher specificity compared with phenotypic methods, but the costs are 

higher. The cost-effectiveness of screening depends on the local situation (e.g., the prevalence of CPOs). 

Isolation of patients in hospitals is expensive, and the rapid detection of resistant bacteria can reduce the 

need for isolation. Lapointe-Shaw et al. (2017) have analyzed the cost-effectiveness of screening of CPOs, 

and according to their results, even if molecular methods are more costly than culturing, they were shown 

to be cost-effective. Turnaround time of the molecular tests depends on the method selected, varying from 

ca. 30 min (rapid tests, such as Novodiag by Mobidiag, Eazyplex by Amplex, or GeneXpert by Cepheid) to ca. 

5 h (high-throughput tests with separate DNA extraction, such as Amplidiag by Mobidiag). To get the best 

benefit of the rapidness of the molecular tests, they should be performed directly from the sample instead 

of an isolated colony. 

The new regulations by the European Union regarding in vitro diagnostic medical devices (EU Regulation on 

In Vitro Diagnostic Medical Devices 2017/746) will probably induce the replacement of the in-house 

methods with commercial diagnostic tests. The aim of this study was to evaluate and compare three 

commercial multiplex carbapenemase tests (Table 1), all with CE-IVD marking (during the test period, the 

CE-IVD marking of Novodiag CarbaR+ was pending). These tests differ slightly in their target genes but all 

contain the most clinically relevant and the most widespread carbapenemases: KPC, NDM, OXA-48/181 

group, VIM, OXA-23 group, and OXA-24/40 group (Table 2).  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

4 
 

Table 1. Overview of the evaluated tests. 

 Eazyplex SuperBug 
complete B 
(AmplexDiagnostics 
GmbH, Giessen, 
Germany) 

Novodiag 
CarbaR+ 
(Mobidiag Ltd., 
Espoo, Finland) 

Amplidiag 
CarbaR+MCR 
(Mobidiag Ltd., 
Espoo, Finland) 

In-house 
carbapenemase 
PCR (Pasanen et 
al., 2014) 

Test type and 
technology (instrument) 

Test strip, LAMP 
(Genie II) 

Cartridge with 
real-time PCR + 
microarray 
(Novodiag) 

High-throughput 
real-time PCR 
(Bio-Rad CFX96 
or Qiagen Rotor-
Gene Q) 

Real-time PCR 
(Stratagene) 

Turnaround time 
(including sample 
preparation) 

30 min 80 min 4-5 h 4-5 h 

Special requirements - - Separate DNA 
extraction (e.g., 
with Amplidiag 
Easy; or with 
boiling in case of 
colonies) 

Additional 
confirmatory PCR 
of positive 
samples with 
targeted primers 

Sample types according 
to manufacturer 

Bacterial strains, 
rectal swabs 

Bacterial strains, 
rectal swabs 

Bacterial strains, 
rectal swabs, 
stool samples 

Bacterial strains 

Sample preparation Strains: 1 colony in 
RALF buffer; 
Samples: in eSwab 
(Copan, Brescia, 
Italy) 

Strains: 1 colony 
in eNAT (Copan); 

Samples: 200 l 
from eSwab into 
eNAT 

Strains: 1 colony 
in eNAT;  

Samples: 200 l 
from eSwab into 
eNAT 

Strains: 1 colony 

in 100 l Tris-
EDTA buffer 

Samples/run/instrument 2 4 48 23 

 

Table 2. Targets of the evaluated tests. 

Targets  Eazyplex 
SuperBug 

complete B 

Novodiag 
CarbaR+ 

Amplidiag 
CarbaR+MCR 

In-house 
carbapenemase 

PCR 

KPC x  x  x x 

NDM x x x x 

IMP  x x  x  

VIM x x x x 

OXA-48/181 x  
(identified 
separately) 

x x x 

MCR  x x  

GES   x (carbapenemase 
GES only) 

x 

OXA-23 x x x*  x 
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OXA-58  x x*  x 

OXA-24/40 x x x* x 

OXA-51 with promoter 

located within ISAbaI 

 x x* x 

SME-1-5, IMI, NMC-A-1-
11, GIM-1-2, SPM-1, 
SIM-1, SFC-1-2, CMY-1-
136 (only CMY-10 is a 
carbapenemase) 

   x 

*reported as AcOXA 

Traditional culture coupled with in-house carbapenemase PCR was used as a reference method. Bacterial 

isolates (clinical strains, n=32, quality control strains, n=5) were selected retrospectively for this study. The 

clinical bacterial isolates had been recovered from clinical samples during years 2011-2017. All isolates 

were from individual patients except two strains that were isolated from the same patient (Escherichia coli 

KPC and Klebsiella pneumoniae KPC). The carbapenemase genes had been confirmed by the Finnish 

National Reference Laboratory, The Finnish Institute for Health and Welfare. 

Clinical screening samples (n=34; from rectum/stool/perineum, n=18; from urine, n=5; from wounds, n=6; 

from stoma/drainage, n=5) included in this evaluation were sent to our laboratory for the screening of 

CPOs during year 2018. These 34 samples were collected from 13 patients; fourteen samples were from 

individual patients and five patients had 2-6 samples each. All samples were from different patients than 

the isolated strains used in this study. Urine samples were transported in BD Vacutainer urine tubes 

(Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA); other sample types were transported in 

Transpocult gel tubes. The results of direct screening of the clinical samples were compared with the results 

of the bacterial isolates recovered from these samples previously by inoculating the samples (urine: 10 µl; 

other sample types: direct streaking) on the CHROMagar mSuperCARBA plate (CHROMagar, Paris, France) 

combined with in-house carbapenemase PCR (Pasanen et al., 2014). Notably, none of the tests is designed 

to analyze urine/wound/stoma/drainage samples (see Table 1). However, we wanted to test a broader 

selection of sample types than manufacturers recommend because of the clinical needs. The information 

about the performance of the tests with other sample types than rectal swabs may be valuable.  
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All isolates and samples were analyzed by all three tests. The carbapenemases in our isolates and samples 

are shown in Table 3. 

Table 3. Target carbapenemases of the sample material. 

Targets Bacterial isolates (n=371) Clinical 
screening 
samples (n=341) 

 

A
. b

a
u

m
a

n
n

ii 

E.
 c

lo
a

ca
e 

E.
 c

o
li 

K
. o

xy
to

ca
 

K
. p

n
eu

m
o

n
ia

e 

P
. a

er
u

g
in

o
sa

 

A
er

o
m

o
n

a
s 

A
. b

a
u

m
a

n
n

ii 

E.
 c

o
li 

K
. o

xy
to

ca
 

K
. p

n
eu

m
o

n
ia

e 

KPC  1 1  2      6 

NDM 1  2  12    1  6 

IMP     1 22      

VIM     22 1      

OXA-48/181   2  63    2 1 8 

MCR-1   12         

GES 1      14     

OXA-23 2       1    

OXA-58 2           

OXA-24/40        1    

Negative (no 

target genes but 

resistant to 

carbapenems) 

 2 4 1 3 1  10 

Total number 

of target 

genes1 

28 25 

1Some strains/samples had several target genes 2One quality control strain 3Two quality control strains 
4Non-carbapenemase 

Results  

All three tests resulted in 100% sensitivity and specificity with the bacterial isolates (Table 4), calculated 

with MedCalc statistical calculators (MedCalc Software, Ostend, Belgium, 

https://www.medcalc.org/calc/diagnostic_test.php). The sensitivity with the clinical samples, i.e., when 

performed directly from the screening samples without culturing, was also 100%, but the specificity was 

lower, 59-63% in all tests. Notably, however, our in-house carbapenemase PCR cannot be used to detect 

carbapenemase genes directly in the samples. Thus, our reference method was culture combined with PCR 
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performed on isolated bacterial strains, and the samples were selected for this evaluation retrospectively. 

The lower specificity may thus be explained by the higher sensitivity of the molecular methods compared 

with the traditional culture method: almost all (6/7) “false positive” samples were from patients who had 

matching genes in other samples. Besides, all six “false positive” target genes were recognized by all three 

methods. The carbapenemases in these “false positive” samples were recognized as OXA-24/40/AcOXA 

(n=2, both samples from the same patient), and OXA-48/181 (n=4, all samples from the same patient). One 

sample (1/7) was considered a real false positive. OXA-40 carbapenemase was only detected by Eazyplex 

SuperBug Complete B, but neither by Novodiag nor Amplidiag.  

No repeated tests were required, as none of the samples was inhibited in the test runs. 

Table 4. Results. True negative in this context means samples that were supposed to be negative by the 

corresponding test (for target carbapenemases in the tests, see Table 2).  

  Eazyplex 

SuperBug 

complete B 

Novodiag 

CarbaR+ 

Amplidiag 

CarbaR+MCR 

Bacterial 

isolates 

Sensitivity 100% 100% 100% 

Specificity 100% 100% 100% 

True positive 21 28 27 

True negative 18 13 12 

False positive 0 0 0 

False negative 0 0 0 

Clinical 

screening 

samples 

Sensitivity 100% 100% 100% 

Specificity 59% 63% 63% 

True positive 25 25 25 

True negative 10 10 10 

False positive 7 6 6 

False negative 0 0 0 

 

Discussion 
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All three evaluated tests, Eazyplex SuperBug complete B, Novodiag CarbaR+, and Amplidiag CarbaR+MCR, 

provided high sensitivity and reliability, as shown also previously. Oueslati et al. (2018) evaluated the 

Amplidiag CarbaR+VRE with a collection of 200 Gram-negative isolates prospectively and 100 isolates 

retrospectively. Instead of MCR and GES, Amplidiag CarbaR+VRE detects vanA/B genes, but the other target 

genes are the same as in the Amplidiag CarbaR+MCR evaluated in our study. The sensitivity and specificity 

of the CarbaR+VRE were 100% and 99%, respectively (Oueslati et al., 2018). Nadji et al. (2019) evaluated 

the CarbaR+VRE with 1830 rectal swabs. DNA was extracted with the Amplidiag Easy instrument, and the 

sensitivity and specificity were 100% and 98.6%, respectively (Nadji et al., 2019).  

Girlich et al. (2019). evaluated the Amplidiag CarbaR+MCR retrospectively with 215 Gram-negative bacilli 

and prospectively with 51 enterobacterial isolates and extracted DNA from 100 rectal swabs. The overall 

sensitivity was 92-100% and specificity was 86-100% (Girlich et al., 2019). Detection of GES lowered the 

results, since one GES-2 was not detected, and three GES-7 were falsely detected as positive (Girlich et al., 

2019). We only had two GES in our sample material (one of them a non-carbapenemase), and only the real 

carbapenemase was detected. Del Bianco et al. (2019) compared the Amplidiag CarbaR+MCR with three 

other molecular assays, and the sensitivity and specificity were 83.33% and 98.85%, respectively. They 

analyzed 1015 rectal swabs with 983 valid results, and did not detect two KPC and falsely detected four VIM 

(Del Bianco et al., 2019). In our limited sample material we did not have problems in detecting these 

carbapenemases. 

 Girlich et al. (2020) evaluated the Novodiag CarbaR+ with 201 clinical isolates and 100 rectal swabs, and 

the sensitivity and specificity were 98.2% and 99.7%, respectively. They had higher specificity in rectal 

swabs (98.6%) than we (63%), which is probably explained by the variation in the sensitivity of the methods 

used as a comparison.  

Vergara et al. (2020) compared the efficacy of GeneXpert Carba-R by Cepheid and Eazyplex SuperBug CRE 

by AmplexDiagnostics in detecting the carbapenemases in the spiked bronchoalveolar lavage samples. 

These tests detect KPC, NDM, VIM, OXA-48, and GeneXpert Carba-R additionally detects IMP-1 and 
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SuperBug CRE OXA-181 and ESBL genes ctxm-1 and ctxm-9. Vergara et al. used 21 strains in three 

concentrations (102-104 cfu/mL). GeneXpert Carba-R detected the targets in all concentrations, whereas 

SuperBug CRE was less sensitive and did not detect most of the genes at 102 cfu/mL (Vergara et al., 2020). 

Although the manufacturers of these tests have not validated BAL as a sample material, the study by 

Vergara et al. (2020) as well as our study show that other sample types than rectal swabs may be screened 

successfully by these tests.  

The advantage of Eazyplex and Novodiag is their rapidness (30 and 80 min to the results, respectively). 

Amplidiag takes more time to perform with its separate DNA extraction, which can be automated, or, in 

case of bacterial isolates, replaced by boiling a colony, as Oueslati et al. (2018) did, and the results with 

boiling were correct and the turnaround time was reduced with ca. 2 h.  

Amplidiag is less expensive than cartridge tests and better suited for high-throughput testing. In low CPO 

prevalence countries, such as Finland, low-throughput and more expensive cartridge tests can respond to 

the need to rapidly confirm or rule out the carbapenemase genes, and may thus be regarded as cost-

effective.  

Limitations of all molecular detection methods include their ability to detect only certain, known genes. 

When selecting a commercial test, the target genes should preferably cover at least the most commonly 

existing genes and variants in the area of question. However, novel mutations in the target genes may lead 

to a negative result. Therefore, there has to be a phenotypic method or a defined resistance profile that 

alerts for a possible carbapenemase, and access to WGS, enabling broader detection of potential novel or 

mutated carbapenemase genes. 

The HUSLAB laboratory serves the Helsinki and Uusimaa region, which consists of about 1 700 000 

inhabitants and 2600 hospital beds. In year 2019 the most common carbapenemases detected among 

Enterobacterales at HUSLAB (one isolate/patient) were OXA-48/181 group (n=17) and NDM (n=8). In 

addition, KPC (n=2), IMI (n=1), and VIM (n=1) were detected. We also had MDR Acinetobacter with the 

following carbapenemases: OXA-23 (n=4), OXA-24/40 (n=1), and NDM and OXA-58 together (n=1). We did 
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not have any carbapenemase positive Pseudomonas aeruginosa during year 2019. None of the three tests 

evaluated here detects IMI, and only Amplidiag and Novodiag detect OXA-58, but all other detected genes 

would have been covered by all three tests.  

Amplidiag does not differentiate between Acinetobacter OXA genes but reports them as one group instead. 

This is probably irrelevant when choosing the treatment, but might be of interest when it comes to 

epidemiological surveillance. However, that kind of questions can be addressed by WGS.  

All three tests are CE-IVD marked for bacterial strains and rectal swabs, and Amplidiag CarbaR+MCR 

additionally for stool samples. Here we tested even other sample materials, such as wounds, drainage, 

urine, and stoma. All tests performed well with these sample materials in our rather small sample 

population. Rectal swabs are the most common samples in screening for CPOs, however, other sampling 

sites, such as wounds, may well be clinically relevant, and thus, CE-IVD marking for other sample types 

might be beneficial for clinical laboratories. 

Conclusions 

All three commercial CPE tests were easy-to-use, sensitive, and reliable methods for the detection of 

carbapenemase genes from bacterial colonies and clinical samples. Overall, these CE-IVD marked tests 

provide a good alternative in the detection of CPOs. 
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Highlights 

- Detection of carbapenemases is essential in the prevention of resistant bacteria 

- Novel CE-IVD regulation requires the implementation of commercial tests 

- Eazyplex, Novodiag and Ampldiag are reliable molecular carbapenemase tests 
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