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NordicAST algorithm for carbapenemase detection 
in P. aeruginosa



Ceftolozane-tazobactam as a marker for
carbapenemases in P. aeruginosa
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Conclusion: The great 
diversity of STs identified 
reveals an alarming 
increase of unrelated 
clones that have acquired 
the blaKPC gene; in addition, 
there is a predominance of 
specific STs among 
populations with different 
geographical locations, 
which may have significant 
public healthcare 
implications.

Published sequenced cases of KPC in P. aeruginosa in the world

Forero-Hurtado et al.Review 2023 in Antibiotics



New algorithm at Karolinska UH from 
December 2023
• Text
• Text

• Only investigates isolates that are: 
Meropenem + imipenem+ ceftazidime 
+ceftolozane-tazobactam R

• Direct detection using Eazyplex Basic kit 
(NDM, VIM, KPC, OXA-48)

• Always MBL-test in parallel

• If positive MBL-test but negative för 
NDM/VIM→Eazyplex expert (IMP, GIM 
GES, IMI), if neg→ WGS



Carbapenemases in Pseudomonas 
aeruginosa- highlighted in yellow
• Text
• Text



And then on a January morning in 
2024 someone picked the wrong 
Eazyplex kit …



The case

• Male 55 years old, liver transplanted in November , complications 
with abdominal abscesses around the liver.

• Known ESBLcarba/CPE carrier : K variicola KPC
• Since November repeated findings of P aeruginosa in tracheal 

secretion cultures, abdominal abscesses, urine cultures. 
• All tested negative with MBL-test. Same antibiogram
• End of Jan, culture from abscess in the abdomen: E. faecium + P. 

aeruginosa



The case

• By mistake the staff uses the Eazyplex Expert kit instead of Basic kit…
• Basic kit: NDM, VIM, KPC, OXA-48
• Expert kit: IMP, IMI, GES, GIM

• The isolate sent to Solna site, the same results with the Expert kit
• Recommendation to treat the patient with ceftazidime-avibactam 

(CAZ-AVI) in combination with cefiderocol
• Sent for WGS



The case

• Eazyplex expert:
• Detects GES-1 to GES-20
• Not all are classified as carbapenemases
• WGS needed 

Results: 
• Sequence type 235 (CC235)
• GES-5 detected, classified as a carbapenemase

Naas, T., Oueslati, S., Bonnin, R. A., Dabos, M. L., Zavala, A., Dortet, L., … Iorga, B. I. (2017). Beta-lactamase database 
(BLDB) – structure and function. Journal of Enzyme Inhibition and Medicinal Chemistry, 32(1), 917–919. 
https://doi.org/10.1080/14756366.2017.1344235 Source: bldb.eu

https://doi.org/10.1080/14756366.2017.1344235


GES-5

• GES (Guiana extended spectrum), first discovered in French Guiana in 
the late 1990

• The following resistance patterns are typical for GES-5
• Ceftazidime+imipenem+meropenem+ceftolozane-tazobactam R,  BUT 

ceftazidime-avibactam S.

• Rapid spread in hospital settings has been described from among 
others South Africa, Saudi Arabia, Japan in recent years. 

• Associated with CC235. Might be the most common carbapenemase in 
Pseudomonas aeruginosa.

• Usually located on class 1 integron



GES-5 some examples



A few months later the second 
and the third case came along..



P aeruginosa GES ST235 cluster

• Nine patients in total, all were isolates from clinical cultures

• Two patients died because of their untreatable infection with PA GES (in 
combination with heavy immunosuppression)

• Indexpatient: 2021, patient from Egypt

*Aztreonam tested I for 5 patients with respiratory tract infection (DQ-numbers). The rest not tested



P. aeruginosa ESBLCARBA GES ST235 Cluster

cgMLST cluster analysis



Pseudomonas aeruginosa ESBLCARBA in the 
county of Stockholm

Påvisad genotyp 2025:
• NDM (n=1)
• GES (n=4)
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Current algorithm for detection at Karolinska UH

*If negative for KPC, but  
TOL-TAZ R and  CAZ-AVI S 
test för other Ambler 
class A=GES with 
Eazyplex Expert kit. If 
negative –> WGS

• Only investigates isolates 
that are: Meropenem + 
imipenem+ ceftazidime 
+ceftolozane-tazobactam R

• Direct detection using 
Eazyplex Basic kit (NDM, 
KPC, VIM, OXA-48)

• Always MBL-test in parallel

• If positive MBL-test but 
negative för 
NDM/VIM→Eazyplex expert 
(IMP), if neg→ WGS



Is the NordicAST screening 
algorithm good enough?



Nordic data on carbapenemases in P. 
aeruginosa
• Swedish data

• Norwegian data

• Danish data
 2025 11 isolates (5 NDM, 3 IMP, 3 VIM)

2024  19 isolates (11 NDM, 5 IMP, 3 VIM)  

Unpublished data from 
Fohm/Vilhelm Müller:
 three active clusters in 2025, 
two with NDM (4 resp 2 
patients), 1 with GES (4 
patients)

Unpublished 
data from K-res, 
Örjan Samuelsen

Unpublished data from 
DANMAP, Henrik Hesman



Algorithm to Guide Definitive Carbapenemase Testing to Identify 
Carbapenemase-Producing Pseudomonas aeruginosa

Gill CM et al. Antibiotics 2020, 9, 738; doi:10.3390/antibiotics9110738

Carbapenemase-producers: NDM (n=10), IMP (n=10), VIM (n=10), KPC (n=8), SPM (n=10), GES (n=9)



Algorithm for CP-PA (cont.)

The isolate that was ”missed” had positive mCIM-test, but genotypically no carbapenemases



Up-coming discussion regarding update of the 
NordicAST algorithm

• Text

Imipenem+ meropenem+ceftazidime+ceftolozane-tazobactam 

Update common carbapenemases with 
Ambler class A (KPC, GES)
Add that isolates CAZ-AVI S should be 
examined for KPC/GES,  
Aztreonam I, could  possible be used  to 
examine KPC negative isolates further (for 
GES)



Possible antibiogram guidance to use in a 
detection algorithm for Pseudomonas aeruginosa
Mechanism TOL-TAZ CAZ-AVI AZT1

Class A KPC R S R

Class A GES R S I

Class B MBL R R I

1Aztreonam resistance can also arise through other mechanisms (PDC, efflux)

Montero MM et al. Eur J of Clin Micro Inf Dis 2025; 44:1077-1087





Question 1 (PA)

An isolate of PA features resistance to imipenem, and low-level 
resistance to meropenem. What is the most likely resistance 
mechanism?

A) AmpC hyperproduction plus efflux
B) Only efflux
C) Class A carbapenemase
D) Porin loss
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Question 2 (PA)

A strain of PA features resistance to PTZ, CAZ, IMI, MER. Extended 
testing shows resistance to TOL-TAZ and susceptibility to CAZ-AVI. 
What is the most likely mechanism?

A) AmpC+porin loss
B) Class B metallo-beta-lactamase
C) Porin loss+efflux
D) Class A carbapenemase
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