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Carbapenems

• Β-lactams constitute 50% of the worldwide use of antimicrobials.

• Carbapenems are deemed the most effective broad-spectrum antimicrobial.

• Carbapenems can withstand the hydrolysing activity of ESBLs and AmpC enzymes.

• Carbapenems are a reliable, last resort treatment option in cases where resistance 
to 4th generation cephalosporins has emerged.

(Meletis, 2016). 



Carbapenem resistant Enterobacteriaceae 

• Imipenem was introduced in 1985.
• Within 13 years, imipenem resistant Enterobacteriaceae emerged.
• Carbapenem resistance is recognised internationally as one of the most pressing aspects of the growing 

public health threat posed by antimicrobial resistance. 
• Carbapenem resistance can be brought about by ESBL or AmpC enzyme activity often coupled with porin 

loss or efflux pump activity. 
(Ventola., 2015)



Carbapenemases
• Enzymes detected in the 1980’s.
• Produced by Enterobacteriaceae.
• Clinically relevant carbapenemases produced by Enterobacteriaceae belong to Ambler Class A, 

B and D. These three classes contain the ‘Big Five’.
• Genes encoding these enzymes are mostly plasmid-mediated and associated with various 

mobile genetic element, enhancing their mobility and spread in hospital and community 
setting. 

(Herra, 2018)



Clinical Implications of CPE

1. Sporadic outbreaks or endemic situations.

2. High mortality. ~50% 

3. Carriage has a strong link to infection. ECDC ~89% link.

4. Rapid dissemination.

5. Community and hospital transmission.

Prevention of spread relies on the early detection of carriers and implementation of infection 
control procedures. 

ECDC, (2016)



Epidemiology of CPE in Europe
• KPC producing 

Enterobacteriaceae had the 
widest dissemination in Europe 
(endemic in Greece and Italy).

• Oxa-48 carbapenemases were 
endemic in Turkey and Malta.

• Seven countries reported 
regional and interregional 
spread of NDM.

• VIM-4 producing 
Enterobacteriaceae were 
deemed the predominant CPE in 
Hungary and responsible for 
hospital outbreaks in Denmark.

• IMP remained rare throughout 
Europe. 

(Albiger et al., 2015)



Epidemiology of CPE in Ireland
• In 2017, 433 patients with newly 

identified CPE were detected 
versus 282 in 2016, 87 in 2014 
and 50 in 2013.

• In July 2018, 59 newly identified 
CPE were detected in 
comparison with 40 in June 
2018.

• There were 15 new CPE 
outbreaks created in 2017 
versus five in 2016.

• True increase in incidence Vs
better detection systems and 
enhanced screening 
programmes. 

Annual numbers of patients with CPE newly-confirmed: 2012-2017

(HPSC, 2018)



• OXA-48 is the predominant carbapenemase in 
Ireland.

• Increase in the detection of KPC carbapenemases has 
been observed since Q2 2018.

• Of 59 patients in July 2018, 93% were newly-
confirmed carriers detected on CPE screening (rectal 
swab/faeces.

Monthly number of patients with CPE 
newly-confirmed by NCPERLS

Monthly numbers of patients with CPE 
newly-confirmed by carbapenemase type.

Monthly number of patients with CPE 
newly-confirmed by specimen type. 

(HPSC, 2018)



Annual notification of invasive CPE infection 2012-2017

Invasive CPE infection in Ireland

• One case of invasive 
infection was notified in 
June 2018, and no cases 
notified in July 2018. 

(HPSC, 2018)



CPE screening

• All Irish microbiology laboratories 
are required to report information 
on CPE cases (infection/colonisation) 
to the HPSC aided by the CPERLS. 

(CPE Expert Group, 2018)



(CPE Expert Group, 2018)



KPC/MBL confirmation kit

Culture based CPE detection kits. 

RESIST-4 O.K.N.V E-Test Modified Hodge Test CHROMagar™ mSuperCARBA™

Rapid B-Carba test

• Prolonged incubation 24-72hrs.
• Indicate presence of carbapenemase Vs 

distinguishing carbapenemase type.
• Require cultured isolate.
• Subjectivity



Molecular techniques for the detection of 
CPE

• Increased sensitivity and specificity.

• Improved turn around time

• Prevent/identify an outbreak.

• Infection control interventions. i.e. Standard precautions, patient isolation and cohorting. 

• Prompts enhanced antimicrobial stewardship.



EntericBio realtime CPE assay

• Samples: Isolates/rectal/faecal swabs
• Throughput= 46
• Automation: Set-up and detection
• TAT= Approx <3.5hrs
• Hands on time 30 minutes
• Targets covered: KPC, OXA-48, NDM, VIM, IMP, GES
• Other assay: Enterics, C.diff, Parasites
• CE marked

Newly released molecular platform designed for the in-vitro diagnostic testing 
and qualitative detection of Enterobacteriaceae produced carbapenemase genes. 

(Serosep, 2018) 



EntericBio Realtime CPE assay

Rapid heat extraction
Automated sample transfer

Mix test stripsAmplification/detectionGraph interpretation

Innoculate SPS
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Study Design



Results

EntericBio realtime® CPE assay result by target for clinical and contrived 
specimens. 



The EntericBio realtime® CPE assay produced two false positive results. A false positive OXA-48 (Ct 25.52) 
was detected in a contrived specimen and a false positive IMP (weak positive, no Ct) was detected in a 
clinical specimen.

• Overall performance of the EntericBio realtime® CPE assay for clinical specimens 
(n=173) and contrived specimens (n=56). 



Discrepant testing results of clinical and contrived specimens.



Summary of the EntericBio realtime® CPE assay performance with carbapenemase
contrived samples (n=48) prepared at a concentration range of 1.5x108-1.5x105cfu/ml.

• False negative NDM and VIM result at 1.5x105 cfu/ml.



Results produced by the rectal swabs contrived at a concentration range (1.5x108-1.5x105

cfu/ml) used to test the LOD, highlight that there is an indirect relationship between the target 
gene concentration and its corresponding Ct value.



Limitations of the validation/assay

• Lack of recovery of carbapenemase producing Enterobacteriaceae in the clinical cohort.

• Rectal swabs were obtained from patients on the same designated wards, thus repeat swabs 
were obtained and included in the study.

• The reference method for clinical and contrived specimens differed. 

• The assay does not target IMI carbapenemases.

• Assay does not distinguish between viable and non-viable DNA in specimens.

• Qualitative system.

• Fluorescent leakage (corrected with colour compensation).





Cepheid GeneXpert Carba-R

• Samples: Isolates/rectal swabs
• Throughput= Low (Dependent on GeneXpert module).
• Automation: Semi automated
• TAT= Approx 55-60 minutes
• Hands on time <5 minutes
• Targets covered: KPC, OXA-48, NDM,VIM,IMP
• Other assay: Flu, C.diff, MTB/RIF and CT/NG. 
• CE marked

(Cepheid, 2016) 
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Check Direct 

• Samples: Isolates/rectal swabs
• Throughput=  48-96 
• Automation: Manual/automated extraction, 

manual setup, PCR 
• TAT= Approx 2hrs
• Targets covered: KPC,OXA-48,VIM/NDM (NO 

IMP)
• Other assays: Enterics
• CE marked

(Check Points, 2017) 



• Samples: Isolates/rectal swabs
• Throughput=  24
• Automation: Semi automated (pipetting involved)
• TAT= Approx 2-3hrs
• Targets covered: KPC,OXA-48,VIM/NDM (NO IMP)
• Other assays: Enterics, C.diff, Parasites. 
• CE marked

(Check Points, 2017) 



Lightmix Modular CPE assay

• Samples: Isolates/rectal swabs
• Throughput=  96-384
• Automation: Sample prep, extraction, plate set up, PCR. 
• TAT: 4 hrs (new run after 1.5hrs)
• Targets covered: VIM, NDM, OXA-48, OXA-23,KPC,GES, 

MCR-1, IMP 
• Other assays: Flu, norovirus, enterics.
• CE marked

(Roche Diagnostics, 2018) 



Flow Flex



Amplidiag® CarbaR+MCR

• Samples: Isolates/rectal swabs
• Throughput= 48-144 
• Automation: Amplidiag easy system workflow (extraction, setup, RT-PCR) 
• TAT: 4 hrs 
• Targets covered: KPC, NDM, VIM, OXA-48/OXA-181, ISAbal-OXA-51, OXA-23, OXA-40, OXA-

58, IMP, MCR-1 & MCR-2, GES
• Other assays: C.diff, H.pylori, Enterics, parasites, VRE
• CE marked April 2018

(Amplidiag, 2018) 



Comparison of molecular techniques

KIT Isolates Samples Throughput Automation Time Target coverage Singular/batch 

EntericBio CPE assay Yes Rectal 
swabs

48 Yes <3.5hrs OXA-48, KPC, 
NDM, VIM, IMP, 
GES

Batch 

LightMix modular 
CPE

Yes Yes 96-384 Yes 4hrs VIM,NDM,OXA-
48, OXA-23, KPC, 
GES, MCR-1, IMP

Batch 

Check Direct CPE Yes Yes 48/96 Yes/manual 2hrs KPC, OXA-48, 
VIM/NDM

Batch

Check Direct CPE for 
BD MAX

Yes Yes 24 Semi 2-3hrs KPC, OXA-48, 
VIM/NDM

Batch

GeneXpert Carba-R Yes Yes Low Semi 1hr KPC, OXA-48, 
NDM, VIM, IMP

Singular



Choosing a molecular technique for CPE 
detection

• CPE prevalence

• Sample volume

• Sample type

• Cost

• Platform
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