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Groningen

Northern Sun

13,000 HCW

1361 beds

40,000 inpatients 

680,000 outpatients 
202,567 inhabitants

57,000 students

35,000 students in city

GIP/PM research Group
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Infection control nurses

Post-docs

Molecular biologists
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Clinical microbiologists

Infectious disease specialists

Epidemiologists

Bioinformaticians

1. Molecular Bacteriology Jan Maarten van Dijl/Hermie Harmsen Quorum sensing, antimicrobial peptides

2. Genomics for Infection Prevention Alex Friedrich/Artur Sabat/Adriana Tami Antimicrobial resistance and transmission dynamics

3. Personalized Microbiology John W. Rossen/Natacha Couto Metagenomics and tailor-made microbiology

4. Vaccinology Anke Huckriede Pathomechanisms of respiratory viruses

5. Tumor Immunology Toos Daemen Immunotherapy of HPV-related disease

6. Experimental Virology Jolanda Smit/Izabela Rodenhuis-Zybert Fundamental research in Dengue/Chikungunya virus

7. Clinical Virology Bert Niesters Molecular Epidemiology of Enterovirus D68

Principal Investigator/Seniors Main Research TopicsResearch Group



Why integrate genomics in medical microbiology?

• Tracking outbreaks and identifying sources of recurrent 
infections

• Predicting resistance or virulence phenotypes from genome 
sequencing for optimal therapy

• Unbiased and culture free identification of pathogens

(Research)

• Understand host-pathogen interactions

• New drug/vaccine development

• Development of new molecular diagnostic screening tests

• Identification of new species

Applications

Diagnostics

Therapeutics

Global surveillance, early 
warning & outbreak 

detection

Modified from Natacha Couto



The place of NGS in the diagnostic hierarchy (of microbiology)

• Centralized in reference laboratories/core facilities 
– simple typing in the micro-lab
– complemented by the reference laboratory using WGS or if you really want 

to do it yourself in a core facility 
– up to date equipment – no investment

• NGS in microbiology laboratories
– reduced turnaround time, empower hospital-based microbiology
– facilitates the rapid development and implementation of new technologies
– positive impact on local efforts such as infection control interventions
– sending results to reference lab to secure national surveillance capabilities 

-> from a hierarchical to a network-like structure



Lab design

wet-lab

e-labTechnicians
PhD students

Post-docs
Guests

E-lab Technicians
PhD students

Post-docs
Guests

Sample collection
DNA/RNA 
extraction

Library 
Preparation

Sequencing Data analysis
Results 

interpretation

Natacha Couto; Rossen et al., 2017 CMI http://dx.doi.org/10.1016/j.cmi.2017.11.001



Quality control issues genomics in microbiology

Angers-Loustau A, Petrillo M, Bengtsson-Palme J et al. The challenges of designing a benchmark 

strategy for bioinformatics pipelines in the identification of antimicrobial resistance determinants using 

next generation sequencing technologies [version 1; referees: 1 approved]. F1000Research 2018, 7:459 

(doi: 10.12688/f1000research.14509.1) Joint Research Centre - AMR
The European Commission's science and knowledge service

http://dx.doi.org/10.12688/f1000research.14509.1


ISO 15189 Validation WGS

• For each bacterium?

• Intra-laboratory reproducibility and repeatability

• Comparison with existing methods – often more than one

• External Quality Assessments (EQA)

UMCG WGS ISO 15189 certified for WGS epi-typing, and pathotyping (virulome, resistome, serogenotype)



WGS – high inter-laboratory reproducibility

• Cross-boarder AMR genome surveillance network

https://doi.org/10.1128/JCM.02242-16

VRE-outbreak



Inter-laboratory reproducibility (EQA)

high reproducibility and accuracy of 

WGS-based microbial typing when using 

a standardized methodology



WGS – too expensive and too slow? 



Real-life real-time WGS typing

• MRSA, VRE, MDR E. coli, MDR P. 
aeruginosa

• TAT 4.4 – 5.3 days
• € 202.49 sample
• Less preventive isolation because

better surveillance
• Saved € 200,000 during study

period

J Clin Microbiol 54:2874 –2881. doi:10.1128/JCM.00790-16.



Tailor-made diagnostics based on WGS data

Classical Culture Diagnostic result/isolateOutbreak Typing results in 4-5 days/bycatch

K. pn. ESBL MRSA VRE CT71 VRE-CT24

Zhou K, et al., Sci Rep. 2016 Feb 11;6:20840. doi: 10.1038/srep20840.

Personalised Unique marker PCR
on clinical sample

VRE-CT24

Typing results in 1-2 daysOutbreak



CT 24

CT 103ST80

CT104

CT16

CT106

CT60
ST262

CT 105
Same ward

VRE Outbreaks 2014 – cgMLST sufficient?

Same patient

ST117

Zhou X et al. J Antimicrob Chemother. 2018 Sep 14. doi: 10.1093/jac/dky349

Based on epidemiological data there were 6 outbreak episodes in 2014:

- 36 sequenced isolates

- 34 patients



Characterizing the MGEs of the VAN B-pos VREs 

Monika Chlebowicz

Xuewei Zhou

Zhou X et al. J Antimicrob Chemother. 2018 Sep 14. doi: 10.1093/jac/dky349

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://nl.linkedin.com/in/xuewei-zhou-851b8ba2&psig=AOvVaw11SXJaVR67DC2xdVojFggb&ust=1517471981636969


Transmission of MGE

CT 24

CT 103ST80
CT104

CT16

CT106

CT60
ST262

CT 105
Same ward

Same patient

Zhou X et al. J Antimicrob Chemother. 2018 Sep 14. doi: 10.1093/jac/dky349

ST117

cgMLST analysis in outbreak 
investigation may not always 
be sufficient



Amplicon based metagenomics
• “Non-biased” (16S, ITS, 18S, 16-23S, …) 

Shotgun Metagenomics
• All kind of pathogens (incl. viruses, fungi)
• Detection of resistance genes
• Detection of virulence genes
• Typing
• Host response

WGS Typing is “so 2017”

 diagnostics to the subspecies level



Amplicon based metagenomics: species ID using 16S-23S NGS
• 16S sanger sequencing: not suitable for ID of multiple pathogens in one sample

• 16 S NGS: not always ID to the species level

• 16-23S: higher discriminatory power?
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Species Genus

Ion 16S Metagenomics
kit (Thermo Fisher)

16S rRNA
sequencing

16S-23S rRNA
sequencing

Culture Vitek MS 
(BioMérieux)

Culture Microflex
MS (Bruker)

Study on clinical samples: 60 urine, 23 blood culture, 21 orthopedic samples- comparison to culture/MS, 16S sanger



16-23S targeting diagnostic NGS sequencing

Sabat et al, Sci Rep. 2017 Jun 13;7(1):3434. doi: 10.1038/s41598-017-03458-6.



16-23S targeting diagnostic NGS sequencing

Sabat et al, Sci Rep. 2017 Jun 13;7(1):3434. doi: 10.1038/s41598-017-03458-6.

Contamination (?) 
by

Sample taking
Sample taker
Reagents
Lab

More detected in 
low biomass 
samples



Clinical samples Positive control Negative control

NA extraction

Pathogens:
Results minus neg control?

Delftia DSMZ

Delftia DSMZ

Negative controlSequencer

Interpretation: proper controls

Positive control



Shotgun metagenomics: adding additional layers of information

Presence/ absence of pathogen

Quantification

Antimicrobial stewardship

Epidemiologic typing: Surveillance

Coinfections + effect on commensal environment

Host based diagnostics

- Culture independent

- Potential to be faster than conventional workflow

Inspired by Robert Schlaberg

Modified from Natacha Couto



Workflow

Sample 
collection

DNA/RNA 
extraction

Library 
Preparation

Sequencing
Data 

analysis
Results 

interpretation

• Human DNA 

removal

• Microbial Post-

enrichment

• Different types of 

samples 

(tissues, fluids, 

etc)

• Fragmentation 

(enzymatic, 

tagmentation, 

etc)

• Random pre-

amplification

• Sequencinq 

equipment

• Read length

• Taxonomy 

methodology

• Antimicrobial 

resistance gene 

detection

• Phylogenetic 

analysis

• Sensitivity

• Positive 

predictive value

• Specificity

• Limits of 

detection



Getting rid of the human reads

| 24

hg19 – human genome

Major limitation!!!!

Couto N et al., Sci Rep. 2018 Sep 13;8(1):13767. doi: 10.1038/s41598-018-31873-w



Bioinformatics impact

Couto et al., 2018. Scientific Reports 8:13767 . 



Initial considerations

• Is shotgun metagenomics reproducible between laboratories?

• Can we standardize the wet-lab protocol for any type of 
sample material?

• Can we standardize the e-lab protocol for any type of sample 
material? Should we use the same databases?



MetaNet

• Metagenomics for clinical microbiology

• Capacity building workshops (October 
2018 Groningen - ESCMID)

• Organize proficiency testing trials 
(EQA, QC)

• Develop or improve databases for 
pathogens, host genes and (known) 
pathogen-host relations



1st Ring Trial

• 1 positive control, 1 negative control, and 6 spiked samples

• RNA and DNA extracted in the ARUP laboratory Salt Lake City

• Extracted nucleic acids were shipped to Groningen and then sent to 
Copenhagen, Münster and Tübingen

• Sequence data were analyzed by IDbyDNA

MetaNet



Spiked samples



Kindly provided by IDbyDNA.



Organism detection in spiked samples

Expected results (8 samples, 4 sides)

12 negative results 

12 Legionella pneumophila detections 

12 Streptococcus anginosus detections

8 Staphylococcus aureus detections

X 8 Klebsiella pneumoniae detections were 
expected

Kindly provided by IDbyDNA



Conclusions ring trial

• Results promising and reproducible
• Variability in detection of Klebsiella spiked at the lowest 

concentration
• Will introducing variations as different nucleic acid isolation kits has 

an influence?
• Moving forward to the second round:

– Received RNA/DNA from 24 samples
– Same protocol
– 24 samples, including positive and negative controls
– 3 NextSeq runs



Challenges introducing genomics in clinical practice

• balance between costs, quality, speed and complexity of the ‘wet’ and ‘dry’ processes
– individual patients may benefit from a low-throughput high complexity analytical approach
– battling hospital outbreaks may require a high-throughput low complexity approach

• batch-wise vs one piece flow – based sequencers

• time from sample to result should be dramatically reduced to obtain the result within a 
clinically relevant timeframe

• correlation between genotype and phenotype is still surrounded by controversy 

• more established typing schemes for pathogens and cut-off values for interpretation 

• sharing databases having sequences and related metadata for outbreak control



Take home message

“WGS will be a bridge between Sanger sequencing and metagenomics-
based diagnostics and clinical microbiology laboratories should invest in 
this technological gift to make sure they will be able to implement future 
applications of NGS”

Real-time sequencing with the MinIT – rossenlab.com

@rossenlab

Workshop Groningen #SMg2go
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