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Whole genome sequencing (WGS) 



WGS in diagnostic and public health microbiology 

Species 
ID 
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Outline 

• Core functions for reference laboratories as part of the public 
health microbiology system – Ref: HOD I-5/2013 + ECDC 2010 

• National reference functions  

• WGS-bioinformatic pipeline and QC 

• Case reports, and cluster of OXA-48 K. pneumoniae ST392 

• Yearly reports: 2018 CRE + LRE 

• Perspectives 

 



Five core functions 
1. Reference diagnostics 

• The reference laboratory has state-of-the-art validated laboratory methods in 
operation and the ability to deliver accurate confirmation of diagnostic results 
within its field of expertise 

2. Reference material resources 
• If necessary, the reference laboratory develops and maintains — in accordance 

with international standards and procedures — a collection of relevant reference 
material that is to be shared with laboratories and organisations. 

3. Scientific advice 
• The reference laboratory is a resource and coordination point for expertise within 

its specific area and shares information and advice with relevant stakeholders. 

4. Collaboration and research 
• The reference laboratory is at the forefront of technological and scientific 

development in its field of expertise, particularly in areas relevant to public health 
action. Contacts with regional and international laboratory networks as well as 
related initiatives should be established and maintained. 

5. Monitoring, alert and response 
• The reference laboratory performs or contributes to surveillance activities, or has 

established channels of communication with the national surveillance body to 
regularly report incidence data and provide an ‘alert function’ for unusual 
occurrences. 

 ECDC 2010: ISBN 978-92-9193-211-5 
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K-res: AMR reference functions 

• Linezolid resistant enterococci (LRE) 

• Carbapenem resistant Gram-negative bacteria 

• Enterobacterales, Pseudomonas spp. and Acinetobacter species 

• From late 2018: 

• Vancomycin resistant enterococci (VRE) 

• Colistin resistant Gram-negative bacteria 

• Production line 

• Strains are handled consecutively as they arrive  

• Phenotype:  

• MIC-profil (Sensititre, Trek diagnostic systems) 

• Additional testing for ESBL-CARBA 

• Genotype: Single and/or multiplex PCRs 

• Median response time 5 days  

• WGS of confirmed strains every month - from 2019 



WGS-pipeline and QC 

• Pure bacterial growth and DNA 
extraction/QC at K-res 

 

• Library preparation and 
sequencing/QC:  

• Genomic core facility  

• Illumina NextSeq 550 

 

• Bioinformatics at K-res from 
FASTQ files 

Source: MDU, Public Health Laboratory, Melbourne 
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Bioinformatic: species and MLST 
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Bioinformatic: Plasmids and AMR-genes 



The WGS-report   

• Reference ID + Methods summary:  

• Illumina technology, QC, and in-
house bioinformatic pipeline 

• Assembly quality: 

• Number of contigs, assembly length, 
coverage 

• Results: 

• Species and MLST (prevalence NCBI) 

• Plasmid replicons and plasmid MLST 

• Resistance genes – two «levels» 

• minimum cutoff of 90% 
nucleotide identity and 90 % 
coverage 

• minimum cutoff of 60% 
nucleotide identity: Gene --> 
Product ( Identity%, Coverage%) 

 



From WGS to laboratory result report  

• The laboratory result report 
• Species and MLST 
• AMR-gene of question  
• Geno- versus phenotype 
• Epidemic potential 

•  PubMed reference + other … 

• CASE 
• Enterococcus faecalis ST16 
• LRE: optrA-positive 
• E. faecalis ST16 has previously 

been associated with transferable 
linezolid resistance (optrA) – Ref: 
Hua R et al. Ann Lab Med 
2019;39:35-42. DOI: 
10.3343/alm.2019.39.1.36 

• Full report available upon request 
 



Case report: MDR E. coli ST167 

• Labreport 

• E. coli ST167 

• ESBL-CARBA-B NDM-5 
confirmed 

• In addition: 

• ESBL-A CTX-M-15 

• ESBL-M-C CMY-42 

• rmtB1 – transferable high-
level broad-spectrum 
resistance towards 
aminoglycosides 

• ST167 associated with MDR 
and NDM-5. Ref: Gronthal T et 
al. Euro Surveill 2018;23: DOI: 
10.2807/1560-7917. 
ES.2018.23.27.1700497 



Case report: E. faecium ST80 

• Labreport: 
• E. faecium ST80 
• The vanA operon 

consistent with a VanA-
type vancomycin 
resistance 

• ST80 is considered a 
hospital adapted clone 
associated with MDR 
including VanA-type VRE. 
Ref: Zhou et al. J 
Antimicrobial Chemother 
2018;73:3259-67. 
DOI:10.1093/jac/dky349.  



Case report: P. aeruginosa ST235 

• Lab-report: 
• P. aeruginosa ST235 
• ESBL-CARBA-B NDM-1 

confirmed 
• ST235 is a well-known 

global clone associated 
with MDR. Ref: Genome 
Biol Evol 2017;9:3238-45. 
DOI:10.1093/gbe/evx243. 



Case report: K. pneumoniae ST392 

• Lab-report: 
• K. pneumoniae ST392 
• ESBL-CARBA-D OXA-48 
• In addition:  

• ESBL-A CTX-M-15 
• qnrB1 – transferable 

quinolone resistance 
• Epidemic IncL/M 

(pOXA48) plasmid 
 

• ST392 OXA-48 is associated 
with travellers returning 
from and having been 
hospitalised in Gran Canari, 
Spain in 2018. Ref: ECDC 
report 2018 



K. pneumoniae OXA-48 ST392 
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Carbapenemase-producing Enterobacterales (CRE) 
Norway 2018- report 

(n=59 strains from 54 patients) 



CRE Norway 2018 - report 

WGS-data linked to epidemiology (MSIS): no suspicion of patient-to-patient 
transmission of CRE in Norway  in 2018 



LRE Norway 2018 – report  
(n=9 strains from 9 patients) 
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LRE Norway 2018 – report  
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WGS-data linked to epidemiology (MSIS): no suspicion of patient-to-
patient transmission of LRE in Norway  in 2018 



Aims: 

• Internal validation study 

• Rapid identification of microbe, 
resistance-virulence-clonal markers 

– flexible and in real-time  

 

• Identify variants of resistance 
determinants and their support 

– plasmids and other mobile elements 

 

• Molecular epidemiology 
– Phylogenetic analyses 

Oxford Nanopore Technology - evaluation 

Simner et al, 2018, JAC 



Perspectives 

• Broad implementation of sequence technology and bioinformatics 

• Quality control aspects 

• Integration i LIS, databases and privacy aspects  

 

• Pheno- versus genotype AST 
• The quality of biocuration – databases 

• Organize and make biological information accessible 

• Robust, well-funded institutions 

 

• Databases combining genotypic and phenotypic data 

• Shift from AMR genotype to prediction of AMR phenotype 

 

McArthur AG and Tsang KK. Ann NY Acad Sci 2017 and Boolchandani M Nature Rev Genetics 2019 
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