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Agenda for today (Jan 22, 2024)
• 10:00-10:15 Welcome and Introduction (Jette)

– Purpose of exercise 
– Introduction to typing methods; short review of species ID, AMR, cgMLST, MLST related to A. 

baumannii 
• 10:15-10:30 Information about exercise (Faisal)

– Exercise setup, data, tasks, and question surveys

• 10:30 -10:55 Epilinx (Henrik Hasman, SSI) 
– Visualization of patient metadata to investigate nosocomial transmission and outbreaks 
– Short coffee break

• 11:00- 11:25 Beta-lactam resistance in Acinetobacter baumannii (Valeria Bortolaia, SSI)

• 11:30 – Summary and time for questions
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Simulated exercises - background
• Series of multidisciplinary training workshops 2022-2024

– Sept/Oct 2022 – introduction to SNP analysis and cgMLST for cluster analysis (WS1)
– May 2023 – Simulated exercise on outbreak analysis (Klebsiella pneumoniae; WS1)
– Sept 2023– Simulated exercise on outbreak analysis (Pseudomonas aeruginosa; WS2) 

– Jan 2024: Simulated exercises on outbreak analysis (Acinetobacter baumannii; WS2)

– Autumn 2024: Simulated exercises on outbreak analysis (WS1)

4https://www.cdc.gov/pulsenet/pathogens/protocol-images.html#wgs

WS1: CCRE/ E. coli and 
Klebsiella spp. 
WS2: CPO/ Pseudomonas 
aeruginosa and Acinetobacter
baumannii
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Purpose of the workshop

• To build capacity to work with outbreak investigations  
– background information about bacterial subtyping and cluster analysis
– Web-based bioinformatics tools to get started on bacterial phylogenetics and outbreak 

detection

• To work with larger sets of sequencing data and metadata and analyse outputs from 
typing and SNP analyses

• January 2024 iteration:
– More focus on epidemiological data and selection of isolates for sequencing

5

The workshops build on the previous workshops 
– video recordings of previous workshops are available
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Brief introduction to A. baumannii
• Acinetobacter baumannii is a common cause of serious nosocomial infections

– A. baumannii infections are almost exclusively nosocomial 

• Multi-faced pathogen:
– Some of the clinical manifestations of A. baumannii nosocomial infection are

• pneumonia & lower respiratory tract infections 
• urinary tract infections,
• wound infections; burn infections, skin and soft tissue infections 

– including necrotizing fasciitis; 
• bloodstream infections; meningitis; osteomyelitis; and endocarditis

• A. baumannii has an extraordinary genetic plasticity that results in a high capacity to 
acquire antimicrobial resistance traits and virulence factors
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A. baumannii complex
• Acinetobacter calcoaceticus-baumannii complex (Acb-complex)

– A. baumannii Later also added:
– A. pittii A. dijkshoorniae
– A. nosocomialis A. seifertii
– A. calcoaceticus

• Phenotypic differentiation between the species of the Acb-complex is difficult
– differ in antibiotic susceptibility and clinical outcomes

• MALDI-TOF MS is useful for the identification of Acinetobacter baumannii 
nosocomial outbreaks 

• Genomic methods works well to differentiate Acinetobacter species
– (KmerFinder), rMLST:

7https://doi.org/10.1016/j.resmic.2011.02.006 DOI: 10.1016/j.cmi.2016.11.020 

https://doi.org/10.1016/j.resmic.2011.02.006
https://doi.org/10.1016/j.cmi.2016.11.020
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A. baumannii subtyping by MLST and CC
Subtyping by MLST
• The population structure of Acb has been studied using two

MLST schemes
– Bartual and coworkers (Oxford scheme; 2005) 
– Diancourt and coworkers (Pasteur scheme; 2010)

• Both are 7-gene MLST (covering 2895 and 2976 nucleotides)
• They have three genes in common (cpn60, gltA, and recA)

– underlie two coexisting nomenclatures of sequence types and 
clonal complexes

– complicates communication on A. baumannii genotypes

Division into clonal complexes
• International clones/clonal lineages
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https://pubmlst.org/organisms
/acinetobacter-baumannii

https://doi.org/10.3389

https://doi.org/10.3389
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Which MLST scheme to use?
Recent comparative analysis: DOI:10.3389/fmicb.2019.00930

• The Pasteur scheme appears to be 
– less discriminant among closely related isolates
– less affected by homologous recombination
– more appropriate for precise strain classification in clonal groups

• The Oxford scheme has important issues: 
– gdhB paralogy
– recombination and primers sequences
– position of the genes on the genome

– possibility of getting two different ST’s for same isolate
– the wrong calling of alleles at gdhB2 locus has artifactually inflated 

the diversity recorded using the Oxford scheme
9

“Pasteur scheme is 
more appropriate 
for population 
biology and 
epidemiological 
studies of A. 
baumannii and 
related species, 
together with core 
genome MLST 
(cgMLST)”
Gaiarsa et al. 2019

http://dx.doi.org/10.3389/fmicb.2019.00930
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A. baumannii species and subtyping for this exercise
• rMLST for species confirmation

• Two MLST schemes
– Compare output of both

• cgMLST

• SNP analysis

• Data from the above analyses will be provided for the exercise isolates
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Currently (as of Dec. 2023), due to a 
computer node breakdown, CGE 
tools are running on 25 % capacity

This affects also CSIPhylogeny in 
the coming weeks

‘New’ ResFinder tool still running 
http://genepi.food.dtu.dk/resfinder
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Identification of resistance mechanisms
• ResFinder

– No direct database for A. baumannii
– > use ‘Other’
– No PointFinder for A. baumannii
– > Use CARD-RGI, AMRFinderPlus or other tools and 

compare outputs

• Beta-lactam resistance more complicated
– You will hear more about resistance from Valeria later today
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Examples of ResFinder vs. CARD 
outputs

12

ResFinder
Resistance gene Phenotype
aac(3)-Ia Gentamicin, Astromicin, Fortimicin
aadA1 Spectinomycin, Streptomycin

aph(3')-Ia Kanamycin, Neomycin, Lividomycin, Paromomycin, Ribostamycin
aph(3'')-Ib Streptomycin
aph(6)-Id Streptomycin
blaADC-25 Unknown Beta-lactam
blaOXA-23 Imipenem, Meropenem
blaOXA-66 Unknown Beta-lactam

blaTEM-1D Amoxicillin, Ampicillin, Cephalothin, Piperacillin, Ticarcillin
sul1 Sulfamethoxazole
sul2 Sulfamethoxazole

tet(B) Doxycycline, Tetracycline, Minocycline

CARD
AAC(3)-Ia aminoglycoside antibiotic
aadA aminoglycoside antibiotic
ADC-30 cephalosporin
ANT(3'')-IIc aminoglycoside antibiotic
APH(3')-Ia aminoglycoside antibiotic
APH(3'')-Ib aminoglycoside antibiotic
APH(6)-Id aminoglycoside antibiotic
LpsB peptide antibiotic
OXA-23 carbapenem, cephalosporin, penam
OXA-66 carbapenem, cephalosporin, penam
gyrA mut fluoroquinolone antibiotic
parC mut fluoroquinolone antibiotic
sul1 sulfonamide antibiotic
sul2 sulfonamide antibiotic
TEM-1 monobactam, cephalosporin, penam, penem
tet(B) tetracycline antibiotic
tetR tetracycline antibiotic

abeS macrolide antibiotic, aminocoumarin antibiotic antibiotic efflux
AbaF phosphonic acid antibiotic antibiotic efflux
AbaQ fluoroquinolone antibiotic antibiotic efflux

AmvA macrolide antibiotic, disinfecting agents and 
antiseptics antibiotic efflux

adeA glycylcycline, tetracycline antibiotic antibiotic efflux
adeF fluoroquinolone antibiotic, tetracycline antibiotic antibiotic efflux
adeG fluoroquinolone antibiotic, tetracycline antibiotic antibiotic efflux
adeH fluoroquinolone antibiotic, tetracycline antibiotic antibiotic efflux

adeI

macrolide antibiotic, fluoroquinolone antibiotic, 
lincosamide antibiotic, carbapenem, 
cephalosporin, tetracycline antibiotic, rifamycin 
antibiotic, diaminopyrimidine antibiotic, phenicol 
antibiotic, penem

antibiotic efflux

adeJ

macrolide antibiotic, fluoroquinolone antibiotic, 
lincosamide antibiotic, carbapenem, 
cephalosporin, tetracycline antibiotic, rifamycin 
antibiotic, diaminopyrimidine antibiotic, phenicol 
antibiotic, penem, 

antibiotic efflux

adeK

macrolide antibiotic, fluoroquinolone antibiotic, 
lincosamide antibiotic, carbapenem, 
cephalosporin, tetracycline antibiotic, rifamycin 
antibiotic, diaminopyrimidine antibiotic, phenicol 
antibiotic, penem

antibiotic efflux

adeL fluoroquinolone antibiotic, tetracycline antibiotic antibiotic efflux
adeR glycylcycline, tetracycline antibiotic antibiotic efflux
qacEdelta1 disinfecting agents and antiseptics antibiotic efflux

CARD
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Scenario

Location: Country M, Europe

• “In 2023, an increasing number of Acinetobacter baumannii
infections has been observed and referred to the National
Reference Laboratory (NRL). The majority of these are caused
by carbapenem resistant A. baumannii (CRAB). Several
hospitals in different cities have asked for assistance to
investigate the possibility of one or more outbreaks, and the
NRL has urged hospitals to share epidemiological and patient
data of the cases. The NRL also requested the hospitals to
send the isolates to the NRL for reference testing and whole
genome sequencing (WGS) for the retrospective investigation
of possible outbreak(s)”.
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Scenario-Roles

Outbreak Management Team (OMT)
• Inter-hospital communication
• Patient health records
• Epidemiological and surveillance data (e.g. movements and contacts of cases)
• Laboratory data (e.g. whole genome sequencing and AST)

Participant’s Role
The exercise participants role is to support OMT in the analyses of epidemiology and laboratory 
data (including WGS data) to generate a hypothesis of the most likely exposure that has caused 
the outbreak.

14
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Scenario - Tasks in the exercise

• Epidemiological, surveillance, and laboratory data from 
six hospitals will be used for retrospective outbreak
investigation
– Hospital A being the largest in the region

• Step 1: Investigate the epidemiological and surveillance
data
– Epidemiological curve
– Confirm possible outbreak
– Select isolates for whole genome sequencing

• Step 2: Sequence and cluster analysis of selected
isolates
– Confirm the existence of outbreak(s)
– Identify clusters and possible source

15

An epidemic curve, also known as an epi curve, shows the 
number of illnesses in an outbreak over time.
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Injects 1.1 to 1.3

16

22 Jan, 
2024

The epidemiological, surveillance, and laboratory data 
of A. baumannii cases from 6 hospitals will be 
available.

Actions: Identify possible outbreak isolates 

Survey 1 
Actions: Submit answers by 26 January, 12:00 CET

Inject 1.2

Inject 1.3

-Introduction to the exercise/scenario 

-Brief overview of AMR in A. baumannii

-Epilinx, tool for the descriptive analysis of 
epidemiological data

Inject 1.1 (Introduction)
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Inject 2.1 and 2.2

17

26 Jan, 
2024

WGS data from hospital A will be available, the 
largest hospital in the country

Actions: cluster analysis, MLST, Identify 
carbapenemase gene 

Inject 2.1

Survey 2

Action: Submit answers by 05 February, 12:00 CET
 

Inject 2.2
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Injects 3.1 to 3.2

18

31 Jan, 
2024

Inject 3.2

WGS data from hospital B and C will be available

Actions: cluster analysis
Inject 3.1

WGS data from hospital D, E and F will be available

Actions: cluster analysis
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Inject 4

19

06 Feb, 
2024

-Conclusion of the Exercise

-Additional tools for A. baumannii WGS analysis

Questions

Inject 4
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Survey questions

• Epidemiological curve

• MLST’s and cgMLST

• How many clusters?

• Part of a cluster? 
– How many SNPs difference within core-cluster?

• Possible source of the outbreak?
– Local spread or travel related

20
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Questions/Comments?

21
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Exercise overview

22

22 Jan 26 Jan 31 Jan 06 Feb

Inject 1.1

Introduction 
to Scenario

Inject 1.3

Survey 1

Inject 1.2

Epidemiological 
surveillance data

Inject 2.1

WGS data from 
Hospital A

Inject 3.1

WGS data from 
Hospital B and C

Inject 3.2

WGS data from 
Hospital D, E and F

 

Inject 2.2

Survey 2

Inject 4

Conclusion / 
Discussion

Data Injects

Meetings and Surveys

Deadline

Survey 1

Deadline

Survey 2

Feedback 
Survey

05 Feb
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A. baumannii subtyping by MLST
Correspondance between the two MLST schemes:
• Sankey diagram of the MLST classification of the 730 

genomes in use, as performed with the Pasteur and 
Oxford schemes. Two-way corresponding STs were 
removed to improve image clarity. Captions show the 
corresponding STs belonging to (A) International 
Clone 1, (B) International Clone 2, and (C) all the other 
genomes

23

https://doi.org/10.3389

https://doi.org/10.3389


EpiLinx

A software to visualize 

patient networks for 

outbreak detection

Henrik Hasman

Senior scientist / Molecular microbiologist

Statens Serum Institut (SSI), Denmark



AM I A MOLECULAR EPIDEMIOLOGIST?

Central dogma of (hospital) epidemiology

Epidemiology Molecular typing Evasive action

From genomes we get:

- Typing information about

the bacteria

- But no information about

the patient carrying this

bacteria

The epidemiologist ask for:

- Disease & symptoms

- Hospitalization events

- Age & gender

- Travel history

- Additional information…..



CPO* NATIONAL SURVEILLANCE IN DENMARK

All isolates are submitted to WGS (Illumina) and analyzed (Ridom SeqSphere+) 

to detect genomic (clonal) clusters across departments, hospitals and regions.

Mostly travel-associated

More and more outbreaks

* Carbapenemase producing organisms



NOSOCOMIAL OUTBREAKS

Direct chain of transmission
Patients have pairwise been at the same 

department on the same date

Indirect chain of transmission
Patients have been at the same (single) 

department but not on the same date

Revised central dogma of (hospital) epidemiology

EpidemiologyMolecular typing Evasive action



DIRECT VS INDIRECT TRANSMISSION

Direct chain of 

transmission
Patients have pairwise 

been at the same 

department on the same 

date

Patient 1

Patient 2

1 2 3

Patient 3

Date of positive sample

Indirect chain of 

transmission
Patients have been at the 

same (single) department but 

not on the same date

Patient 1

Patient 2

1 2 3

Patient 3

1
2

3



PATIENT INFORMATION INPUT TO EPILINX



EPIDEMIOLOGICAL INVESTIGATIONS



EPILINX – A TOOL FOR MAPPING PATIENT NETWORKS

Generic “base R” software tool (“Shiny” tool package)

(Under development)

Input data: 

• Patient hospitalization information (National or hospital)

• Other epidemiological data (age, gender, sample date & date of death)

Output:

• Graphical views and tables sorting complex patient and department data

https://nrar.shinyapps.io/epilinx_web/



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/

Select your own data (in specific format.. For experienced users!)

Select various outbreak scenarios here in demo to get started!



EXAMPLE #2 – DIRECT CONTACT

Date of sampling



EXAMPLE #2 – DIRECT CONTACT

Same department

Direct links = +

Same date



EXAMPLE #2 – DIRECT CONTACT

Direct unit link   = Two patients meet on the same department on the same day.

Indirect unit link = Two patients have been on the same department but with X days between stays.

Hospital link  = Two patients have been on the same hospital on the same date.

1 2 3



EXAMPLE #2 – DIRECT CONTACT

Direct hospitalization network
= Same department + same day

• Colored bubbles indicate submitting department

• Colored lines indicate department with co-hospitalization

• Dates above lines indicate date of first co-hospitalization



EXAMPLE #2 – DIRECT CONTACT



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/

Press reload to reset and work with “Drain01” dataset.



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/

This message just shows that there are not direct links in your data



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/

1
2

3



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/



HTTPS://NRAR.SHINYAPPS.IO/EPILINX_WEB/



OUTBREAK EXAMPLE – A. BAUMANNII

The molecular microbial data:

• WGS-based data (cgMLST)

• 13 patients with the same cgMLST type

• 0-5 alleles difference between isolates

• A maximum of 8 alleles in total

The epidemiological data of the 13 patients:

• Hospitalization events

• Date of the positive sample

• Date of death (if applicable) cgMLST



EPILINX – REAL-LIFE DATA



EPILINX – OVERVIEW TAB

Dept

31

Dept

66



ACTIVITY PER DEPARTMENT

ER

Number of patients per departments

Number of patient-pair co-

hospitalizations per department

66 31



PATIENT VISITS PER DEPARTMENT

ER

Dept_31

Dept_66

Patient 2
Patient 4

Patient 1

Patient 1



EPILINX – DIRECT NETWORK
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CPO* NATIONAL SURVEILLANCE IN DENMARK

All isolates are submitted to WGS (Illumina) and analyzed (Ridom SeqSphere+) 

to detect genomic (clonal) clusters across departments, hospitals and regions.

Mostly travel-associated

More and more outbreaks

* Carbapenemase producing organisms

All clonal clusters are analyzed in EpiLinx to confirm nosocomial outbreaks.



THE ”KURS” NATIONAL OUTBREAK DATABASE

29



THAT’S ALL, FOLKS!!

Questions, please?
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Beta-lactam resistance in 

Acinetobacter baumannii

Valeria Bortolaia, DVM, PhD

Statens Serum Institut (SSI)

EURGen-RefLabCap Country Visit – Estonia

This presentation was produced under a service contract with the European Health and Digital Executive Agency (HaDEA) 
acting under mandate from the European Commission (EC). The information and views set out in this presentation are 
those of the author(s) and do not necessarily reflect the official opinion of the Commission/Executive Agency.
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Objectives

• Learn/Rehearse

• mechanisms of beta-lactam resistance in A. baumannii

• classification and nomenclature of beta-lactamases

• List the most common carbapenemases detected in A. baumannii

• Discuss opportunities and challenges in WGS-based detection of 
carbapenem resistance in A. baumannii

2
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Outline

3

This session consists of the following elements:

2. Carbapenem 
resistance in A. 
baumannii

1. Brush-up

• mechanisms of 
beta-lactam 
resistance in A. 
baumannii

• beta-lactamases

3. WGS-based 
detection of 
carbapenem 
resistance in 
A. baumannii



DTU EURGen-RefLabCap survey results: national capacities to perform surveillance of CRAb genotypes in European countries

Beta-lactam resistance in A. baumannii

4

Modified from Tang et al., 2014
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Beta-lactamases – short brush-up

5

Type of classification Rationale for classification

Molecular classification

(Bush, 2013)

it is based on the amino acid sequence. It 

divides β-lactamases into class A, C, and D 

enzymes (which utilize serine for β-lactam 

hydrolysis) and class B metalloenzymes 

which require divalent zinc ions for substrate 

hydrolysis

Functional classification

(Bush, 2013)

it takes into account substrate and 

inhibitor profiles (attempt to group the 

enzymes in ways that can be correlated with 

their phenotype in clinical isolates)

Clinical classification

(Giske et al., 2009)

operational definitions to guide 

antimicrobial therapy

mailto:https://www.sciencedirect.com/science/article/pii/S1341321X13700801
mailto:https://www.sciencedirect.com/science/article/pii/S1341321X13700801
mailto:https://pubmed.ncbi.nlm.nih.gov/18957393/
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A useful resource for information on beta-lactamases

www.bldb.eu

http://www.bldb.eu/
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Beta-lactamase types and variants definitions

Each beta-lactamase
type (e.g. NDM-type, 
OXA-type, etc.) is 
further divided into
variants: e.g. NDM-1, 
NDM-2, …, OXA-23, 
OXA-51, …

7

Example (hypothetical CARBA):

a. ”ATG TTC CCG” is ”MFP”

b. ”ATG TTC CCA” is ”MFP”

c. ”ATG TTC CTA” is ”MFL”It is a different CARBA!

They are the same CARBA! CARBA-1

CARBA-2

Annotation

Gene Protein

blaNDM-1 NDM-1

blaOXA-48 OXA-48

blaOXA-51 OXA-51

etc. etc.

IMPORTANT!

Variants are defined based on 
amino acid sequences

Closely related variants can have different affinity for different beta-lactam substrates (i.e. different phenotypes)
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A useful resource for information on beta-lactamases

www.bldb.eu

http://www.bldb.eu/
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Carbapenemases in A. baumannii

9

OXA-134-

like group

Modified from www.icureach.com

Modified from Nguyen and Joshi, 2021

http://www.icureach.com/
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Carbapenemases in A. baumannii

10

OXA-235-

like group

Modified from Nguyen and Joshi, 2021

Modified from www.icureach.com

OXA-51-

like group

OXA-58-

like group

OXA-143-

like group

http://www.icureach.com/
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OXA-type beta 

lactamases

11

Evans et al., 2014
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OXA-51-like beta 

lactamases

12

Evans et al., 2014
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Insertion sequences play
an important role in 
carbapenem resistance in 
A. baumannii

Modified from Noel et al., 2022
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OXA - MicroBIGG-E Map 

14

MicroBIGG-E Map (nih.gov)

https://www.ncbi.nlm.nih.gov/pathogens/microbigge_map/
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Class B carbapenemases in A. baumannii

15

OXA-134-

like group

Modified from Nguyen and Joshi, 2021

Modified from www.icureach.com

http://www.icureach.com/
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NDM - MicroBIGG-E Map 

16

MicroBIGG-E Map (nih.gov)

https://www.ncbi.nlm.nih.gov/pathogens/microbigge_map/
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IMP - MicroBIGG-E Map 

17

MicroBIGG-E Map (nih.gov)

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


DTU EURGen-RefLabCap survey results: national capacities to perform surveillance of CRAb genotypes in European countries

VIM - MicroBIGG-E Map 

18

MicroBIGG-E Map (nih.gov)

https://www.ncbi.nlm.nih.gov/pathogens/microbigge_map/
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Class A carbapenemases in A. baumannii

19

OXA-134-

like group

Modified from Nguyen and Joshi, 2021

Modified from www.icureach.com

http://www.icureach.com/
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KPC - MicroBIGG-E Map 

20

MicroBIGG-E Map (nih.gov)

https://www.ncbi.nlm.nih.gov/pathogens/microbigge_map/
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Beta-lactam resistance in A. baumannii

21

Modified from Tang et al., 2014
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Carbapenem resistance by mechanisms other 
than carbapenemases in A. baumannii

• Loss of outer membrane protein CarO (Mussi et al., 2005)

• Increased expression of AdeABC efflux system (Roy et al., 2022)

22

mailto:https://pubmed.ncbi.nlm.nih.gov/15793123/
mailto:https://journals.asm.org/doi/full/10.1128/msystems.00217-22?rfr_dat=cr_pub++0pubmed&url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org
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Critical parameters for WGS-based detection of AMR:
Identity and coverage

23

Query

Reference

Example (hypothetical CARBA):

a. ”ATG TTC CCG” is ”MFP”

b. ”ATG TTC CCA” is ”MFP”

c. ”ATG TTC CTA” is ”MFL”

CARBA-1

CARBA-2

Example 1

Database (i.e. the repository of reference sequences) contains 
sequence a only.

Query: isolate with sequence b

Output:

• blaCARBA-1 w. 100% coverage, 89% ID (if nt. level)

• CARBA-1 w. 100% coverage, 100 % ID (if aa. level)
Example 2

Database contains sequence a only.

Query: isolate with sequence c

Output: 100% coverage, < 100% ID (both at nt. and at aa. level)
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Tools/databases for WGS-based detection of AMR: 
output and gaps for CRAb

24

Output Gaps/Warnings

Carbapenemase-encoding 
genes

• Intrinsic/Acquired
• Default identity and coverage may not lead to exact 

allelic variant

Selected mutations of 
chromosomal genes

• Databases differ greatly for genes/mutations 
included 

Insertion sequences • Not straightforward to correlate IS & AMR genes

Predicted phenotypes • RGI and AMRFinderPlus report at class level
• Validation of tools/databases is incomplete



DTU EURGen-RefLabCap survey results: national capacities to perform surveillance of CRAb genotypes in European countries

In summary
• Beta-lactam resistance is mediated by various mechanisms, with the 

most studied being enzymatic inactivation by beta-lactamases (in Gram-
neg.)

• Beta-lactamases are a large group of enzymes for which different 
classification systems have been developed

• OXA-type carbapenemases are the most widespread carbapenem 
resistance determinants in A. baumannii, followed by NDM, IMP, VIM and 
KPC

• Detection of carbapenemases in WGS data should be carefully 
evaluated: intrinsic or aquired carbapenemase?

– If intrinsic, further analysis are needed to enable prediction of phenotype

– If acquired, analysis of MGEs would be of great epidemiological importance

• Output of current bioinformatic tools and databases for WGS-based 
detection of AMR requires careful interpretation

25



DTU EURGen-RefLabCap survey results: national capacities to perform surveillance of CRAb genotypes in European countries 26


