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EURGen-RefLabCap
Virtual multidisciplinary training workshop
02 May 2023 
Jette S. Kjeldgaard & Faisal Khan
(jetk@food.dtu.dk – fakh@food.dtu.dk)

Simulated exercise on CRE outbreak – Klebsiella
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Simulated exercises - background
• Series of multidisciplinary training workshops

– 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 (WS2)

– 2024: Simulated exercise on outbreak analysis (WS2)

3https://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
– suggestions for online available analytical tools to get started on bacterial comparison 

and outbreak detection
• In continuation of last virtual training workshop Sept/Oct 2022

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

• See more examples of typing and characterisation options by online tools and try working 
with online tools by yourself
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Learning objectives
• You will be able to perform a cluster analysis of bacteria to look into possible relatedness 

in a dataset

• You will learn about other relevant tools for sequence analysis and work with a real 
outbreak data set to characterise and analyse

• You will apply the results from the cluster analysis and the additional analyses to elucidate 
a possible hospital outbreak of CCRE
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Agenda
Exercise schedule: 

• Day 1: Tuesday 2 May 13:00~ 14:30
• Introduction and purpose of exercise
• Introduction to typing methods; short review of species ID, AMR, MLST and phylogeny 

tools
• Klebsiella hyper-virulence identification (K-PAM) 
• Information about exercise setup, data, tasks and question surveys 
• Time for questions

• Day 2: Friday 12 May 13:00-15:00
• Presentation of exercise results (outbreak investigation)
• Use of different tools and examples of additional analyses
• Introduction to bioinformatics tool Kleborate
• Questions/comments from participants
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Your input is 
very welcome!!
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Online meeting 
part I [May 2]
• Scenario (inject 1.1)
• Data inject 1.2
• Questions

Data inject 
[May 3]
• Inject 2 

Online survey 1 
[May 5]
• Answer to 

questions about 
Inject 1-2

Data inject 
[May 5]
• Data Inject 3.1
• Data inject 3.2
• Data inject 3.3

Data injects     
[May 8]

• Data inject 4.1

Online survey 2  
[May 10]
Answer to questions 
about Inject 3-4

Data inject 
[May 10]
• Data inject 5

Online meeting part 2 
[May 12]
Presentation of 
results
Questions and 
discussion

Week 1

Week 2

Workshop overview
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Resources – where to find what?
• Slack

– Slides and video recordings from previous multidisciplinary workshop
• MLST/cgMLST, SNP calling tools (CSIPhylogeny and MinTyper)

– Links to data injects
– Slides and link to video recording from this workshop

• Sciencedata
– Data injects:

• Sequence data (fastq and fasta) for each inject
• Description and additional information about the data injects 

• Email
– Links to data injects
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Tasks - analyses
Analyses
• Characterisation:

– Species identification
– Resistance mechanisms (NDM pos/neg)
– Hypervirulence

• Subtyping: 
– MLST

• Cluster analysis
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Suggestions for tools
• KmerFinder and/or rMLST
• ResFinder/CARD/AmrFinderPlus
• K-PAM

• MLST at CGE (or Pasteur)

• CSIPhylogeny & MinTyper

These analyses will be performed on a limited 
number of isolates
Overall cluster analysis will be available as link 
and newick + SNP matrix files
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Materials on Slack
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Brush-up of suggested tools 
(previously demonstrated) 
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Species identification (December 2022 course)
Species identification/confirmation by WGS

– KmerFinder
• Full genome match to database

– rMLST
• Typing based on ribosomal genes 

– (rps genes)
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KmerFinder
(https://cge.food.dtu.dk/services/KmerFinder/)

• Shows the most identical match to database 

– genome wide - plus additional matches

• Can show contamination

• No threshold for ‘acceptable’ level of other species

• Can be used to find similar bacteria as reference for 
SNP analysis (Accessible by accession # in match)

Ribosomal MLST –rMLST
(https://pubmlst.org/species-id)

• Typing based on the 53 genes encoding the bacterial 
ribosome protein subunits 

https://cge.food.dtu.dk/services/KmerFinder/
https://pubmlst.org/species-id
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Resistance mechanisms
• ResFinder, CARD, AMRFinder+, etc
• Confirmation of NDM-gene and variant
• https://cge.food.dtu.dk/services/ResFinder/
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https://cge.food.dtu.dk/services/ResFinder/
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Subtyping - MLST
• Use CGE tool, PubMLST or Pasteur website

– https://cge.food.dtu.dk/services/MLST/
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https://cge.food.dtu.dk/services/MLST/


DTUDate Title

SNP analysis- CSIPhylogeny & MinTyper
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https://cge.food.dtu.dk/services/CSIPhylogeny/

https://cge.food.dtu.dk/services/MINTyper/

Illumina reads and 
assemblies

ONT (and Illumina) reads and 
assemblies

Output for overall analyses on fastq reads will be provided!
PLEASE don’t re-run these
You can run subsets of samples – preferably fasta format!

https://cge.food.dtu.dk/services/CSIPhylogeny/
https://cge.food.dtu.dk/services/MINTyper/
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Upload reference in fasta
– e.g. first patient (kp1)

Change pruning to 100 
(optional)

Select additional files 
(preferably fasta to avoid 
overload of server)

Upload all
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Visualisation of newick files
• Several tools available 

– FigTree (http://tree.bio.ed.ac.uk/software/figtree/)
– iTOL (https://itol.embl.de/)

– Microreact – online tool 
• https://microreact.org/upload
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http://tree.bio.ed.ac.uk/software/figtree/
https://itol.embl.de/
https://microreact.org/upload
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Survey questions
• Identifier: Name of contact/Country/Institution 

• Species ID
• AMR genes (NDM)
• MLST’s
• Hypervirulence
• Part of a cluster? 

– How many SNPs

19



DTUDate Title

Scenario

Location: Hospital X, EU

“Recently, there has been a rise in infections caused by K. pneumoniae in the intensive care unit 
(ICU) of hospital X. Initial phenotypic and PCR testing has shown the presence of NDM-positive 
isolates from patients in the ICU of hospital X and patient-to-patient spread is suspected. This has 
led to whole genome sequencing (WGS) of three isolates from three unrelated patients (by ‘time, 
place and person’ analysis). Cluster analysis and SNP- analysis of the WGS-data has revealed 
high clonal relatedness between the three isolates”.
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Fictitious
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Scenario-Roles

Outbreak Management Team (OMT)
• Inter-department communication
• Patient health records
• Environmental assessment (e.g. identification of contaminated food or food handling 

equipment, infection control breaches, cleaning, environmental sampling)
• epidemiological data (e.g. movements and contacts of cases)
• Laboratory data (e.g. whole genome sequencing)

Your Role
Your (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 and develop effective prevention and control measures.

21
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Injects 1.1 to 1.3

22

May 02, 
2023

Three K. pneumoniae isolates from different patients 
at ICU were identified in Hospital X 

Actions: MLST, cluster analysis, AMR, Hypervirulence

Survey 1 
Actions: Submit answers by May 05 

Inject 1.2

Inject 1.3

-Introduction and Scenario 

-Description of the tools Inject 1.1 (Participant Instructions)
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Inject 2
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May 03, 
2023

Further K. pneumoniae identified at ICU, Hospital X 

Actions: MLST, cluster analysis
Inject 2
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Injects 3.1 to 3.3
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May 05, 
2023

Five K. pneumoniae identified from neonatal ward 
(patients screening), Hospital X

Actions: cluster analysis

Isolates have been identified from environmental 
screening of oncology ward, Hospital X 

Actions: cluster analysis, AMR genes

Inject 3.2

Inject 3.3

K. pneumoniae identified from oncology ward (patients 
screening), Hospital X

Actions: cluster analysis

Inject 3.1

May 05: 
Submit 

answers for 
survey 1 
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Injects 4.1 to 4.2
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May 08, 
2023

Survey 2

Actions: submit answers by May 10
Inject 4.2

Cases from Hospital Y in were identified. Sequenced 
with MinION

Actions: cluster analysis with MinTyper

Inject 4.1 (Optional)
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Inject 5
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May 10, 
2023

In hospital X, K. pneumoniae isolates from the 
archive were also sequenced

Actions: cluster analysis
Inject 5

May 10: 
Submit 

answers for 
survey 2 
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Hypervirulent clones of Klebsiella pneumoniae

• Hypervirulent K. pneumoniae (hvKp) is more virulent than the classical K. pneumoniae (cKp)

– rmpA & rmpA2 are responsible for hypermucoidity
– iucA plays role in the synthesis of aerobactin (siderophores)
– iroB plays role in the synthesis of salmochelin (siderophore)
– peg-344 (a metabolic transporter of unknown function)

• K-PAM (https://www.iith.ac.in/K-PAM/predhv.php)
– Tool to predict Klebsiella serotype and hypervirulence using
WGS data (Tutorial in Inject 1.1, Annex 2)

27

String test for hypermucoid phenotype

doi: 10.4161/viru.22718

https://www.iith.ac.in/K-PAM/predhv.php
https://doi.org/10.4161%2Fviru.22718
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ScienceData
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• Link to the workshop data:  
https://sciencedata.dk/shared/dtu.dk/3392574dc38c8b5bbb629e024eeda0a0

https://sciencedata.dk/shared/dtu.dk/3392574dc38c8b5bbb629e024eeda0a0
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