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Outline

➢ The NordicAST algorithm

➢ Challenges - The meropenem screening breakpoint
▪ OXA-48-like
▪ Enterobacter
▪ Proteus mirabilis & OXA-23/-58

➢ Challenges - Confirmation of carbapenemase-production
▪ OXA-244 & temocillin
▪ Biochemical/colorimetric tests
▪ NAAT/lateral-flow



The NordicAST CPE algorithm

Screening criteria

Confirmation



Meropenem screening cut-off disc diffusion

Haldorsen B. et al. J. Antimicrob. Chemother. 2018



Meropenem screening cut-off MIC (>0.125 mg/L)

Haldorsen B. et al. J. Antimicrob. Chemother. 2018



Meropenem screening cut-off MIC (>0.125 mg/L)
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2,8%

10 E. coli & 1 P. mirabilis

Ljungquist O. et al. Unpublished data

1For laboratories using disc diffusion there is no added value in determining meropenem MIC regarding carbapenemase detection



Challenge – specificity of screening cut-off?

14.6% 25-27mm

2019-2021:
• 284 E. cloacae -> 177 (62%) meropenem 25-27 mm

• 14 carbapenemase positive Enterobacter
➢ All meropenem ≤ 24 mm

All carbapenemase negative



Enterobacter – NordicAST vs. K-res



P. mirabilis & OXA-23, OXA-24/-40,  OXA-58

• P. mirabilis:
– No intrinsic β-lactamase

– Suceptible to β-lactams except imipenem

Serine β-lactamases

Class D
ESBLCARBA-D

A. baumannii

Enterobacterales



Emergence of OXA-23, OXA-24/-40 & OXA-58 in P. mirabilis

• Algeria

• Germany

Bonnin RA. et al. Sci. Rep. 2020; Lombes A. et al. Antimicrob. Agents Chemother. 2022; Österblad M. et al. Antimicrob. Agents Chemother. 2016



Clonal (& plasmid spread) 

Bonnin RA. et al. Sci. Rep. 2020



Detection OXA-23, -24/40, & -58 P. mirabilis

Bonnin RA. et al. Sci. Rep. 2020; Österblad M. et al. Antimicrob. Agents Chemother. 2016



Amoxicillin-clavulanic acid as screening marker

• No inhibitor for OXA-23/-58
• Temocillin susceptible 
• Biochemical tests (e.g. CarbaNP, β-CARBA)?



The NordicAST CPE algorithm

Screening criteria

Confirmation



OXA-244

Arg214Gly variant of OXA-48



OXA-244 -> reduced activity against temocillin

➢ Broth microdilution temocillin MIC:
▪ 17/17 isolates MIC <256 mg/L (32-128 mg/L)

➢ ROSCO KPC, MBL, OXA-48-kit:
▪ 9/17 isolates temocillin zone diameter ≥12 mm

4High levels of resistance to temocillin
(>128 mg/L, zone <12 mm) may indicate OXA-48.

5Some new OXA-48 variants (e.g. OXA-244) do not 
cause resistance to temocillin. A phenotypical test
using disc diffusion is not available to detect these
variants and susceptibility to temocillin can not be 
used to rule out carbapenemase production



NB: Discrepancy NordicAST vs. ROSCO kit

4High levels of resistance to temocillin
(>128 mg/L, zone <12 mm) may indicate OXA-48.



OXA-244 screening agar & VITEK

➢ OXA-244 often in combination with ESBL (CTX-M-27 or CTX-M-14):
▪ -> 77-78% of isolates grows on ESBL screening agar (Brilliance ESBL, ChromID BLSE)

Emeraud C. et al. J. Antimicrob. Chemother. 2020; K-res unpublished data

➢ Sensitivity:
▪ ChromID CARBA SMART (bioMerieux): 14%
▪ Brilliance CRE (Thermo Fisher): 54%
▪ mSuperCARBA (CHROMagar): 99%

➢ VITEK2 (AST N384) meropenem:
▪ 11/17 isolates meropenem ≤0,25 mg/L
▪ Only 6 isolates interpreted as «carbapenmase»





Biochemical/colorimetric tests

pH indicator

RAPIDEC Carba NP, Rapid BLUE CARB, Neo-Rapid CARB, GoldNano Carb…

β-CARBA test

Chromogenic
substrate

ACID

Yellow Red

YellowRed
Carbapenem Inactivation Method (CIM)
mCIM, CIMPlus, sCIM, TCIM, CIMTris, CIMTrisII, rCIM, eCIM, ..

MALDI-TOF



Biochemical/colorimetric tests

• Sensitivity & specificity
– Variable between tests
– Variable between studies of the

same test

• False-negative: 
– β-lactamases with low

carbapenemase activity (e.g. 
OXA-48 variants, IMI/NMC-A, 
GES-variants etc.)

Noster J. et al. Antibiotics. 2021



Always verify a colorimetric/biochemical test





NAAT & Lateral-flow

➢ In-house methods

https://assets.publishing.servic
e.gov.uk/government/uploads/s
ystem/uploads/attachment_dat
a/file/804995/Detection_of_car
bapenemase_report.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/804995/Detection_of_carbapenemase_report.pdf


Challenge with NAAT/lateral-flow

• Coverage of carbapenemases detected

– Generally lack coverage for minor carbapenemases:

• IMI/NMC-A, SME, GES-variants, FRI, BKC-1, GIM-1, KHM-1, 
OXA-198, OXA-372, OXA-427…. 

• Diversity within carbapenemase families

– Do not detect all variants, e.g. blaIMP variants

2NAAT/lateral flow test should include the most common carbapenemases (OXA-48, 
NDM, VIM and KPC). If the test is negative, but the isolate is still suspected to be 
carbapenemase producing (e.g. due to laboratory or epidemiological reasons), 
consider additional testing for rarer carbapenemases (e.g. IMP, IMI, GES) or WGS

Pngchaikul P. et al. Antibiotics. 2022



Concluding remarks

• Meropenem screening breakpoint will not detect all Enterobacterales
producing a carbapenemase
– OXA-48-like
– OXA-23/-58 in P. mirabilis

• Specificity of meropenem screening breakpoint dependent on species
• OXA-244 – a problematic carbapenemase

– Temocillin susceptible, lack of growth on some screening agars, difficult to detect on
automated systems

• Biochemical/colorimetric tests
– Challenging with low-level carbapenemases

• NAAT/lateral-flow
– «You only detect what you are looking for»


