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Todays agenda

• Challenges from WS 2022 → Changes in the ESBLCARBA screening 
algorithm

• Challenges related to some carbapenemase screening
• Screening agar -> CPE detection

• Phenotypic detection with Combined Disc Test (CDT) and temocillin

• Molecular confirmation of carbapenemase-production –> NAAT/lateral-flow



Challenge 1 from WS 2022: Specificity of meropenem 
screening breakpoints depending on species

V 12.0

Can the exception be improved for especially 
Enterobacter spp?



2023 v 13.0, Revised flowchart ESBLCARBA

V 13.0

Purpose of the change: To reduce the workload 
in the laboratories regarding the most common 
species with derepressed AmpC-production as 
the reason for meropenem < 28 mm. 
But at the same time reduce the risk of missing 
any OXA-48 positive isolates



Enterobacterales- Revised flowchart ESBLCARBA

Source: Background to the revised flowchart!



2023 v 13.0, Revised flowchart ESBLCARBA

V 13.0

The first exception does not seem to work 
for other Enterobacterales species like 
Providencia spp and Proteus spp. but data 
are very limited!



Challenge 2 from WS 2022: Revised temocillin 
cut-off for OXA-48?

Can NordicAST provide a revised temocillin cut-off zone diameter that harmonize with 
manufacturers instruction for OXA-48 detection with CDT?



2023 v 13.0: Revised comments on Temocillin 



The OXA-244 challenge -a short reminder

• A variant of OXA-48 with a single Arg214Gln mutation

• 2012 first discovered on a plasmid of a K. pneumoniae isolate in Spain

• 2013 found in E.coli from Germany 

• Since then increasing regional and national dissemination of OXA-244-producing 
E. coli in EU/EEA. Mainly ST38. 

• 2020 Norway: a healthcare-associated outbreak involving 12 cases of OXA-244-
producing E. coli

• ECDC rapid risk assessment report 2021: 
• The source and route of transmission in EU/EEA/UK is currently unclear, and there is a need 

for further investigation. The wide geographical dispersion of cases within countries, without 
cases being linked in place and time, indicates transmission in the community as the main 
mode of spread. 

• Adaptation of microbiology methods for detection is needed to prevent continuous 
unnoticed spread.



The OXA-244 challenge-example from 
Karolinska University laboratory
• During 2018 to 2022 we detected 183 isolates with OXA-48

From March 2018 to December 2022 Number 

OXA-244 positive isolates 64 (35%)

• Temocillin S (≥12 mm) 38 (60%)

• Temocillin R (<12 mm) 26 (40%)

• Piperacillin-tazobactam disk diffusion All isolates ≤ 12 mm 

• Ertapenem disk diffusion All isolates below the R-breakpoint <25 mm

• ESBL  positive isolates 2020-2021: 85% (16/19)
ESBL-A: 74%, ESBL-M: 11%



OXA-244: 
Temocillin zone diameters 2018-2022
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OXA-244:
Piperacillin-tazobactam zone diameters 2018-2022
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Challenge: Screening agar



Screening for colonisation with CPE

Considerations for which
screening agar to use

▪ Can we only use an ESBL agar for detection of CPE?
▪ Which CRE agar to use?



Can we only use an ESBL agar for screening for CPE?

Class Enzyme

β-lactam group

Penicillins 1-2. gen. 
cephalosporins

Cephamycins Extended-
spectrum
cephalsosporins

Aztreonam Carbapenems

ESBL-CARBA-A KPC + + +/- + + +

IMI + + - - +/- +

GES-variants + + +/- + - +

FRI + + - + + +

ESBL-CARBA-B NDM, VIM, 
IMP etc.

+ + + + - +

ESBL-CARBA-D OXA-48-like, + + +/- - - +

Carbapenemase-
variant

No. of blaCTX-M

positive isolates
No. of blaCTX-M

negative isolates
Total no. of isolates

OXA-48-like 145 53 198

27% of CPE with OXA-48-like negative for blaCTX-M

2015-2021



OXA-48-like CPE not co-producing an ESBL 
does not grow on ESBL agar

➢ E. coli OXA-244, ESBL-negative (n=18) -> No  growth on ESBL agar

➢ E. coli OXA-244, ESBL-positive (n=81) -> 95.1-96.3% grew on ESBL agar

➢Use of specific agar for CPE is required!



Which CRE agar?

Challenge:
➢ Faecal samples vs. isolates
➢ Setting – which carbapenemase is dominating?
➢ Strain collection
➢ Single agar studies
➢ Detection limit
➢ …

• Brilliance CRE – Brilliance ESBL/CRE biplate
• Chromatic CRE
• Chromatic OXA-48
• ChromID OXA-48
• ChromID CARBA
• Chromagar KPC
• Chromagar mSuperCARBA
• In-house
• …

biplate

biplate



Detection of CPE with KPCs, NDMs, VIMs

• In general CRE agars detect CPE with KPC, NDM, VIM

➢ Some variability between agars

➢ OXA-48 specific agar -> supress growth of CPE with other carbapenemases

Göttig S. et al. Eur. J. Clin. Microbiol. Infect. Dis. 2020



Detection of CPE with OXA-48

➢ Large variability in CPE agar to detect OXA-48-
producers

▪ Sensitivity:
▪ ChromID CARBA: 14%
▪ Brilliance CRE: 54%
▪ mSuperCARBA: 99%

Emeraud C. et al. J. Antimicrob. Chemother. 2020



Considerations/recommendations

➢ Always include a CRE specific agar when screening for CPE 
colonisation! Do not rely only on an ESBL agar alone.

-> Combination of both CRE + ESBL agar

➢ Make sure that your CRE agar detects OXA-48-producers including
OXA-244

-> Singel CRE agar or CRE agar + OXA-48 specific agar



Challenge: Phenotypic testing 
with CDT



Phenotypic testing with CDT in the flowchart





CDT – Combined disc test

• Mastdiscs Combi Carba plus (MAST-CDT)

• Rosco KPC/MBL and OXA-48 Confirm kit (ROS-CDT)

• Liofilchem KPC&MBL&OXA48 disc kit (LIO-CDT)

MAST-CDT

ROSCO-CDT

LIO-CDT



Conclusions:
• ROSCO-CDT: 

• Class B: NDM+++, IMP-
• Class A:KPC +++

• LIO-CDT/MAST-CDT:
• Class B: NDM/IMP+++
• Class A: KPC-

• All of them: false negative 
when combination of MBL+ 
KPC



Conclusion and recommendations

• All CDT-test perform poorly if KPC+ MBL occur in the same isolate

• Know the weakness of your CDT-test and act on your knowledge
• E.g: for ROSCO a negative test but with a tendency toward synergy for dipicolinic acid (3 mm) 

kan be an IMP

• Temocillin S can never be used to rule out all OXA-48
• In E. coli/K. pneumoniae with meropenem < 28 mm, use direct detection with NAAT/lateral 

flow to rule out OXA-244.

• Today CDT cannot be recommended as a stand-alone test to rule out CPE/ESBL-
carba BUT perform well together with direct detection

• CDT can also be useful in detection of new carbapenemases
• We only find what we are looking for with direct detection!



Challenge: Direct detection with 
NAAT/Lateral flow in all labs?



Direct detection/verification of CPE

Is there available commercial tests 
suitable for all laboratories to perform
direct detection/verification of CPE?



Two reasons for direct detection/verification

➢ Epidemiology dominated by the «four
big ones» - NDM, OXA-48, KPC, VIM

➢ 98.5% of CPE harbor either
OXA-48, NDM, VIM or KPC

➢ A wide range of commercial methods
are available

2022 UKHSA Commercial assays detection carbapenemases.pdf

file://///hn.helsenord.no/Ansatte/m-ans/mlabors/Pdf-filer%20artikler/MBL%20diagnostic/2022%20UKHSA%20Commercial%20assays%20detection%20carbapenemases.pdf


Which method to choose?

• Coverage of carbapenemase genes – NDM, OXA-48, KPC, VIM + …

• Throughput/turn-around time

• Cost

• Local workflow



Possible approaches

➢ NAATs integrated workflow – proprietary platform required

➢ NAATs – PCR kits required and compatible PCR platforms

Alternatively: in-house PCRs

➢ Immunochromatographic lateral flow assays



Evaluation of the different methods



Immunochromatographic lateral flow assays
Principle

NG-Test CARBA 5
O.K.N.V.I. RESIST-5

KPC
OXA-48-like

NDM
VIM
IMP

Boutal H. et al. Diagnostics. 2022



Performance

Sensitivity/specificity
(manufacturer)

Sensitivity/specificity
(published data)

100%/100% (c) 93.8-98.4%/93.3-100% (c)

100%/100% (c) 96.3-100%/95.3-100% (c)

100%100% (bc) 90-100%/100% (bc)

94.1%/100% (urine)

92.3%/100% (rs)

c: baterial colonies; bc: blood culture; u: urine; rs: rectal swab



Limitations

• Antibody affinity and specificity
• Diversity within carbapenemase families -> not all variants detected

• Mutations in the epitope

• Distinguish between carbapenemase & non-carbapenemase variants?
• OXA-48 vs. OXA-163?

• KPC carbapenemases vs. KPC non-carbapenemases (ceftazidime-avibactam resistant)?

• Do not detect rare carbapenemases (IMI, GES, FRI, SME, etc)

~156 KPC-variants
~82 VIM-variants
~55 NDM-variants
~99 IMP-variants
~many OXA-48 variants



Conclusion
➢ Commercial tests are available for detection of the most prevalent carbapenemases 

-> possiblity for rapid local clarification with respect to infection control



Main conclusions/recommendations

• Revised exception in flowchart reduces workload – risk of missing CPE limited.

• Temocillin as indicator for OXA-48 is unreliable

• CDT:
• Cannot be used as a standalone test -> verification required. 
• Challenges with IMP and double carbapenemase-producers

• Screening agar -> always include CRE specific agar(s) that also detect OXA-48 
producers

• Commercial tests (e.g. NAATs/lateral-flow) is now available for all labs


