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Part I:
Carbapenemases – general overview and current 

epidemiology

Ørjan Samuelsen, Norwegian Centre for Detection of AMR
University Hospital of North Norway



Carbapenem resistance mechanisms - Enterobacterales

WHO Bacterial Priority Pathogen List, 2024

 Reduced permeability

OmpK36 – K. pneumoniae

OmpC/F – E. coli

OmpC/F – Enterobacter

 Efflux (not a major contributor
in Enterobacterales):

AcrAB-TolC

 PBP:

Mutations ->

↓ affinity

↓ transcription

 β-lactamases – carbapenemases (ESBL-CARBA) –
alternatively ESBL/AmpC + reduced permeability



Carbapenemases - classification
Carbapenemases

(ESBL-CARBA)

Class A 
Carbapenemases
(ESBL-CARBA-A)

Class D 
Carbapenemases
(ESBL-CARBA-D)

Class B 
Carbapenemases
(ESBL-CARBA-B)

Serine β-lactamases Metallo-β-lactamases (MBL)

KPC
IMI/NMC-A
GES-variants
FRI
SME
..

Enterobacterales:
OXA-48-like
P. mirabilis:
OXA-23-like
OXA-58-like
..

NDM
VIM
IMP
SPM, GIM,
DIM, ….

No carbapenemases
identified among
Ambler class C β-
lactamases
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Carbapenemases – within-type variation

• KPC: ~249 variants

• NDM: ~81 variants

• OXA-48-like: ~20 variants

https://www.ncbi.nlm.nih.gov/pathogens/refgene/#

Note – not all variants are carbapenemases

Hobson CA. et al. Antimicrob. Agents Chemother. 2022

Some ceftazidime-avibactam resistant variants of KPC have lost 
carbapenemase activity

Shields RK. et al. Antimicrob. Agents Chemother. 2017

https://www.ncbi.nlm.nih.gov/pathogens/refgene/


Activity spectrum

β-lactam group

Class A Class D Class B

KPC IMI OXA-48-gr., 
OXA-23-gr.

NDM, VIM, 
IMP

Penicillins/1-2. gen cephalosporins

3-4. gen./extended spectrum cephalosporins

Monobactams

Carbapenems

β-lactamase inhibitors

Clavulanic acid, tazobactam, enmetazobactam /

Avibactam

Vaborbactam, Relebactam

Boronic acid

Cloxacillin

Dipicolinic acid, EDTA 
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= inhibitory activty

= no/limited inhibitory activity

+

-

= hydrolytically active

= no/limited hydrolytic activity

Used for diagnostic purposes

Note: variable activity within each class and variant
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CPE in the Nordic countries

https://thl.fi/aiheet/infektiotaudit-ja-rokotukset/taudit-ja-
torjunta/taudit-ja-taudinaiheuttajat-a-o/cpe/cpe-esiintyvyys-suomessa

https://assets.ctfassets.net/8k0h54kbe6bj/61U5AHm38hLnGanHpPht
5m/2762cc1e65ec78fa6ba9d85701b4f59f/S_klalyfjask_rsla_2023.pdf

https://www.folkhalsomyndigheten.se/folkhalsorapportering-
statistik/statistik-a-o/sjukdomsstatistik/esblcarba/?tab=tab-report

https://www.unn.no/fag-og-forskning/k-res/nyheter/rapport--forekomst-
og-molekylargenetiske-analyser-av-vre-lre-og-cpo-i-norge-2024/ Anette Hammerum, SSI

https://thl.fi/aiheet/infektiotaudit-ja-rokotukset/taudit-ja-torjunta/taudit-ja-taudinaiheuttajat-a-o/cpe/cpe-esiintyvyys-suomessa
https://assets.ctfassets.net/8k0h54kbe6bj/61U5AHm38hLnGanHpPht5m/2762cc1e65ec78fa6ba9d85701b4f59f/S_klalyfjask_rsla_2023.pdf
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistik-a-o/sjukdomsstatistik/esblcarba/?tab=tab-report
https://www.unn.no/fag-og-forskning/k-res/nyheter/rapport--forekomst-og-molekylargenetiske-analyser-av-vre-lre-og-cpo-i-norge-2024/


20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

0

50

100

150

200

250

300

350

Year

N
o
. 

o
f 

is
o
la

te
s

OXA-48-lik
NDM

KPC

NDM+OXA-48-lik

VIM

IMI

NDM+KPC

VIM+KPC

NMC-A

IMP

NDM+IMP

OXA-48-lik+VIM

GES

NDM+KPC+OXA-48-lik

OXA-23-lik

Carbapenemase variants

• NDM & OXA-48-like dominating

• Finland: more KPC

• Double carbapenemase producers
• NDM+OXA-48-like
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High-risk lineages – K. pneumoniae

«..genomic evidence of continued
transmission and outbreaks of high-risk 
lineages of carbapenemase-producing K. 
pneumoniae in hospitals in the EU/EEA»

High-risk lineages
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High-risk lineages  - E. coli

«..increasing detection of high-risk lineages
of E. coli carrying carbapenemase genes in 
the EU/EEA with a risk for transmission in 
the community»

High-risk lineages



Carbapenemase-producing E. coli ST131

Nordic countries 16% of all isolates

• ST131 – dominant E. coli ESBL lineage globally

Gladstone RA. et al. Lancet Microbe 2021 

59%

Kohlenberg A. et al. Euro Surveill. 2024 



Carbapenemase-producing E. coli ST131

• Isolates from Nordic countries intermingled within European clusters

• Denmark, Sweden & Norway

Kohlenberg A. et al. Euro Surveill. 2024 



Spread in the community?

• High proportion in urine
• Women > men
• Geographical spread of cases without epidemiological links

S
T

3
8

S
T

6
4
8

S
T

1
6
7

S
T

6
9

S
T

3
6
1

S
T

4
1
0

S
T

4
0
5

S
T

1
3
1

S
T

1
7

2
2

S
T

1
0

S
T

4
6

S
T

-n
y

S
T

1
3

7
3
0

S
T

1
5
6

S
T

4
4

S
T

5
4
0

S
T

6
1
7

S
T

1
2

8
4

S
T

2
0
5

S
T

3
7
2

S
T

5
8

S
T

9
0

S
T

9
4
0

S
T

1
1

4
1

S
T

1
1
7

S
T

1
2
7

S
T

1
3

2
4

S
T

1
4
1

S
T

1
4

2
1

S
T

1
5
5

S
T

1
5

9
8

S
T

2
0

8
3

S
T

2
2
4

S
T

2
3
1

S
T

3
2

7
4

S
T

3
4
9

S
T

3
5
4

S
T

3
9
8

S
T

4
0

S
T

4
0
1

S
T

4
0
4

S
T

4
1

7
3

S
T

4
3

S
T

4
4
3

S
T

5
6

1
4

S
T

6
8

7
0

S
T

7
1
1

S
T

7
9
4

S
T

9
3

0

5

10

15

20

Sekvenstype (ST)

A
n

ta
ll
 i
s
o

la
te

r KPC-2
KPC-3
NDM-1
NDM-19
NDM-5

NDM-5+KPC-3
NDM-5+KPC-3+OXA-48

NDM-5+OXA-181
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NDM-ny variant
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ST38* (n=88) ST69 (n=34) ST167 (n=60) ST648 (n=39)

Import 35 % 32 % 77 % 74 %

No import 36 % 24 % 3 % 10 %

Import unknown 28 % 44 % 20 % 16 %

Screening sample 52 % 35 % 73 % 92 %

2015-2024:

* outbreak 2020: n=12

«..increasing detection of high-risk lineages of E. coli carrying carbapenemase 
genes in the EU/EEA with a risk for transmission in the community»



Carbapenemase-producing hypervirulent K. pneumoniae

Gonzalez-Ferrer S, et al. Infect. Immun. 2021

Challenge – no definitive genetic definition

Wyres K, et al. Nat. Rev. Microbiol. 2020
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Carbapenemase-producing hypervirulent K. pneumoniae

2024: 
• No isolates interpreted genotypically as HvKp
• 8 ST23 isolates – all import Ukraine
• All had KL57 – not KL1

No evidence to suggest that ST23-KL57 
causes ‘hypervirulent’ disease

Ljungquist O, et al. J. Infect. 2024



CPE from Ukraine -> Nordic countries
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https://www.unn.no/fag-og-forskning/k-res/nyheter/rapport--forekomst-
og-molekylargenetiske-analyser-av-vre-lre-og-cpo-i-norge-2024/

Febr. 24 2022 -> Jan. 23 2023:
• 15% of patients
• 21% of isolates

Stolberg RS, et al. J. Glob. Antimicrob. Resist. 2023
2024: total 410 cases - ~4% Ukraine

https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistik-
a-o/sjukdomsstatistik/esblcarba/?tab=tab-report

2024: 15% of cases -> Ukraine

https://www.unn.no/fag-og-forskning/k-res/nyheter/rapport--forekomst-og-molekylargenetiske-analyser-av-vre-lre-og-cpo-i-norge-2024/
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/statistik-a-o/sjukdomsstatistik/esblcarba/?tab=tab-report


Not only E. coli & K. pneumoniae – P. stuartii

Witteveen S et al. Euro Surveill. 2024



Summary

• The prevalence of CPE is increasing in the Nordic countries

• War in Ukraine -> partly responsible for increase

• Dominance of NDM and OXA-48-like enzymes – Finland more KPC than the other Nordic countries

• Dominance of K. pneumoniae and E. coli high-risk clones



Part II
CPE: Screening and detection 

in the current setting
Kaisu Rantakokko-Jalava, Turku University Hospital, Finland

NordicAST workshop 27-28 May 2025



What are we talking about?

I. Detection of reduced susceptibility to 
carbapenems ≈ screening strains

• An isolate in routine AST

• Test indicator antibiotics
(meropenem, ertapenem)

• I.1 Results beyond screening
cutoffs raise suspicion of 
presence of  carbapenemase

• I.2 The mechanism is confirmed
by a separate test

II. Screening people for carriage of CPE

• Methods (selective
culture/molecular) with aim of 
searching MDR pathogens from
among normal microbiota

• If appropriate colonies grow in 
selective culture, go to 1 



What are we talking about?

I. Detection of reduced susceptibility to 
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I.1 EUCAST screening cutoffs for CPE

R I S

Suspect CPE



Current EUCAST flow chart

NordicAST

To improve specificity
of the screening
cutoff in DD



Current NordicAST flowchart

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

Slide Ørjan Samuelsen



ECOFF: ≥ 25 mm

Impact – specificity of the 
algorhithm is species 
dependent

27 mm = 6.3% 27 mm = 0.85%

27 mm = 8.1%

Slide Ørjan Samuelsen



Enterobacterales- Revised flowchart 
ESBLCARBA

Source: Background to the revised flowchart!



2023 v 13.0, Revised flowchart

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!

Sattler et al. (2024) tested 13 OXA-48 –producing P. 
mirabilis strains isolated in Germany, Switzerland or
Austria.
All had ertapenem and meropenem MICs >0.125 mg/L 
(but 10 were S to ertapenem and 11 to meropenem). 
Three were S to piperacillin-tazobactam (MIC 4, and 
one R had MIC 16 mg/L)



What about sensitivity vs. current epidemiology?

• According to the letter, EUCAST 
meropenem screening cutoffs
• MEM zone <28 mm

• sensitivity 70.6 %

• MIC > 0.125
• Sensitivity 96%

518 strains collected in France 2022-23
• 364 (70.6%) CPE
• 229 (62.9%) OXA-48, of which 37 (16.9%) 

OXA-244



What about sensitivity vs. current epidemiology?

• According to the letter, EUCAST 
meropenem screening cutoffs
• MEM zone <28 mm

• sensitivity 70.6 %

• MIC > 0.125
• Sensitivity 96%

518 strains collected in France 2022-23
• 364 (70.6%) CPE
• 229 (62.9%) OXA-48, of which 37 (16.9%) 

OXA-244

However, EDL could not reproduce
MEM inhibition zones <28 mm with
the same strains.

No evidence that many strains would be missed
if EUCAST method is followed.

Yet, there may be issues with some media – disc combinations



I.2 Confirmatory testing

All OXA-244 are
not highly resistant

to temocillin, so
temocillin S does
not exclude CPE

NordicAST
recommends use
of rapid methods

to guide
treatment





Lateral flow tests, 
≈20 min, ≈20€

CIM: tested isolate
incubated in TSB + 
MEM disc for 2-4 h. 
Disc removed and 
placed on a plate

inoculated with wt-
E. coli

Show carbapenemase activity; 
some tests also type; 30min-2h

Simner et al. 2024



CE-marked molecular tests for isolates (& rectal swabs)

Test TAT KPC VIM NDM OXA-
48

IMP Others

Cepheid Xpert Carba-R 1 h x x x x x

Check MDR CT103XL (Check-Points) 6 h x x x x x GES, OXA-23-like, 
OXA-24-like, OXA-
48-like, OXA-58-
like, SPM, GIM

Revogene (GenePOC) Carba C 70 min x x x x x

Amplex Eazyplex Superbug 30 min x x x x CTX-M

Hologic (Mobidiag) CarbaR+ 80 min x x x x x OXA-23, OXA-24, 
OXA-58

Also many syndromic panels include gene tests for the most common carbapenemase groups.

Modified from Simner 2024



• Among the 101 OXA-244 producers, 81 
concomitantly produced an ESBL or an 
acquired AmpC
• Of these, 77-78 (95-96%) grew on ESBL media

• Sensitivity (CI) of CPE media in detecting
OXA-244 strains:

• ChromID Carba Smart 14% (8.1-22.5%)
• Brilliance CRE 54% (43.3-63.4%)
• mSuperCARBA 99% (93.9-100%)

Emeraud et al. 2020

II. Screening for carriage of OXA-244



Screening for OXA-244

• Among the 101 OXA-244 producers, 81 
concomitantly produced an ESBL or an 
acquired AmpC
• Of these, 77-78 (95-96%) grew on ESBL media

• Sensitivity (CI) of CPE media in detecting
OXA-244 strains:

• ChromID Carba Smart 14% (8.1-22.5%)
• Brilliance CRE 54% (43.3-63.4%)
• mSuperCARBA 99% (93.9-100%)

Emeraud et al. 2020

Concentrations of 
carbapenem and 

temocillin in media 
higher than the

strains’ MICs



Figure S1, Emeraud 2020



Points for selecting the CPE screening media

For optimal sensitivity: 

• ertapenem or meropenem at the ECOFF-levels 

• Zn2+ to promote growth of MBL

• cloxacillin to inhibit AmpC

• potentially vancomycin and amphotericin B (for gram-positives and fungi

• A more selective agar with higher concentration of carbapenems may help 
finding minority variants

• A combination of two chromogenic media (plus an ESBL agar) may thus be 
necessary for optimal sensitivity



Part III
CPE 

Which antibiotics and methods  should be 
available in AST?

Arnfinn Sundsfjord
UiT The Arctic University of Norway

K-res, University Hospital of North-Norway

NordicAST workshop 27-28 May 2025



Agenda
• Relevant novel antibiotics 

• β-lactamase inhibitors – how do they work and what is new?

• Relevant β-lactamase inhibitors (BLIs) for CPE

• Relevant β-lactam/β-lactamase inhibitor (BLBLIs) combinations for CPE

• Antibiotics and methods for extended AST in CPE
• Relevant BLBLIs + cefiderocol

• Colistin

• Tigecycline

• Additional aminoglycosides (amikacin)

• Fosfomycin, (rifampicin)

• How to report AST results?
• What about meropenem susceptible CPE?



β-lactamase inhibitors – how do they work and what 
is new?

Yahav D, Giske C et al. Clin Microbiol Rev 2021;34 + Zhang S et al. Antibiotics 2024, 13, 260. 



β-lactamase inhibitors (BLIs) - 1

• BLIs target the active sites of beta-lactamases and inhibit the 
formation of complexes between β-lactams (BLAs) and β-lactamases

• Early BLIs – classical penicillin-based BLIs
• Clavulanic acid, sulbactam, and tazobactam

• Involve the competitive, irreversible binding of serine residues at the β-
lactamase acitive site resulting in enzyme inactivation

• Suicidal activity

• Targets Ambler class A β-lactamases (TEM, SHV, and CTX-M..)

• Enmetazobactam
• Inhbitor activity against class A β-lactamases



β-lactamase inhibitors (BLIs) - 2

• First generation non-BLIs – diazabicyclooctanes (DBOs)
• Avibactam, relebactam, zidebactam, durlobactam

• Non-betalactam compounds that reversibly acylate the active site of serine 
residues in β-lactamases

• Deactivate class A, C, and D (except relebactam) β-lactamases

• Some (zidebactam and durlobactam) have an additional antibacterial activity 
(anti-PBP2) – betalactam enhancer

• In combination with various β-lactams
• Avibactam-ceftazidime/aztreonam

• Relebactam-imipenem

• Zidebactam-cefepime

• Durlobactam-sulbactam



β-lactamase inhibitors (BLIs) - 3

• Second generation non-BLIs – boronic acid derivatives 
• Vaborbactam, taniborbactam

• Transition state analogs that can reversibly bind to the active sites and 
competitively inhibit β-lactamases

• Vaborbactam
• Deactivate class A and C β-lactamases

• Combination drug: meropenem-vaborbactam

• Taniborbactam
• Deactivate class A, B (exceptions), C, and D β-lactamases

• Combination drug: cefepime-taniborbactam 



Relevant BLI and their inhibitor activities



Relevant BLBLIs and their potential clinical efficacy



CPE – co-resistance profile
K-res data 2023 and 2024 (n=237 and 265)

*Cefiderocol: 37 % ATU (21-23 mm, R <23 mm) – interpreted as R

Andel (%) R

OXA-48-

lik

NDM/

NDM+cpase KPC

Cefotaxim 65 100 100

Ceftazidim 49 100 100

Ceftazidim-avibaktam 0 99 0

Cefiderocol 13 65 29

Cefepim 44 99 93

Aztreonam 54 78 100

Meropenem 13 48 71

Meropenem-vaborbaktam 9,4 42 0

Imipenem 7,1 53 71

Imipenem-relebaktam 7,9 76 0

Ertapenem 69 98 93

Ciprofloxacin 47 93 79

Gentamicin 30 55 50

Tobramycin 34 73 71

Amikacin 11 45 43

Trimetoprim-

sulfametoxazol 49 83 43

Kolistin 1,6 6,8 14

Co-resistance profile is strongly linked to 
carbapenemase class

Source: Ørjan Samuelsen, K-res. 



Antibiotics and methods for extended AST in CPE

• Relevant BLBLIs and cefiderocol

• Colistin
• Broth microdilution

• Tigecycline
• Breakpoints only for Escherichia coli

• Alternative aminoglycosides (amikacin)

• Fosfomycin 
• Oral versus intravenous
• Breakpoints only for Escherichia coli

• (Rifampicin)



How to report AST-results?

• What about meropenem susceptible CPE?

• S - report as tested 

• S - with a warning

• R



Thanks!




