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Whole Genome Sequencing: ECDC Vision 2020

• To establish standards and manage 
systems

• EU wide use of whole genome 
sequencing as the method of choice 
for typing microbial pathogens

• Accurate and effective risk 
assessment, outbreak investigation, 
disease surveillance and evaluation 
of prevention policies

Expert opinion on whole genome sequencing for public health surveillance. Stockholm: ECDC; 2016.ECDC strategic framework for the integration of molecular and genomic typing into European surveillance and multi-country outbreak investigations 2019–2021. ECDC; 2019
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Whole Genome Sequencing: Strategic framework 2021

• Priorities for integration into 
EU surveillance and response 
support systems, 2019-2021

Expert opinion on whole genome sequencing for public health surveillance. Stockholm: ECDC; 2016.
Expert Opinion on whole genome sequencing for public health surveillance. Stockholm: ECDC; 2016 4



Public health applications of integrated 
epidemiological and WGS data collection and analysis

1. Outbreak investigations: real-time information sharing and 
analysis for rapid risk assessment, targeted public health response 
and transmission control

2. Control-oriented surveillance: real-time, continuous 
surveillance with maximal disease sampling frame for early
outbreak detection

3. Strategy-oriented surveillance: either by sentinel continuous 
surveillance or periodic surveys, with representative sampling 
frame for programme evaluation and trend monitoring

ECDC strategic framework for the integration of molecular and genomic typing into European surveillance and multi-country outbreak investigations –2019–2021. 
Stockholm: ECDC; 2019
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Priority criteria for integrating genomic typing data 
into EU epidemiological investigations 

• Disease public health priority and added-value of WGS data 
for infection control

• Feasibility of standardised typing schemes and data sharing

• Capacity for WGS typing at Member State and ECDC level

• Interoperability with information systems of public health 
partners at EU and international levels

ECDC strategic framework for the integration of molecular and genomic typing into European surveillance and multi-country outbreak investigations –2019–2021. 
Stockholm: ECDC; 2019

6



WGS capacity in public health reference laboratories 
EU-EEA NMFP surveys, 2015-2017 

Objectives

• Monitor national arrangements and capacities for WGS use

• Inform the implementation of ECDC genomic surveillance roadmap

• Identify the areas where ECDC can foster capacity 

Scope

• Planned/actual use of WGS for national surveillance and outbreak investigations 

• NGS platforms and bioinformatics pipelines 

Methods

• Online surveys by the National Microbiology Focal Points on national reference 
laboratories routine use in 2015, 2016 and 2017

Monitoring use of Whole-Genome Sequencing for infectious diseases surveillance in the European Union and European Economic Area,
2015-2017. Stockholm: ECDC; 2018
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WGS-based typing used for national surveillance, 
EU/EEA, 2013-2019
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Expansion of WGS-based typing use in national public 
health reference laboratories

2015 2017

WGS-based typing used routinely for national surveillance of at least 1 human pathogen

Not used for public health operations but planned by 2019

Not planned to implement within 3 years

Monitoring use of Whole-Genome Sequencing for infectious diseases surveillance in the European Union and European Economic Area, 2015-2017. 
Stockholm: ECDC; 2018



Public health genomics workshop, 23-24 October 2019

• Topics: 
• Basic concepts and methods of public health genomics 

• Integrated analysis and visualisation of WGS and epidemiological data 

• Multidisciplinary interpretation of results to inform disease control

• 20 participants from 12 countries: Bulgaria, Croatia, Cyprus, Czech Republic, 
Estonia, Germany, Greece, Latvia, Lithuania, Malta, Poland and  Romania 
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EU coverage of genomic surveillance, 2017
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Monitoring use of Whole-Genome Sequencing for infectious diseases surveillance in the European Union and European Economic Area,
2015-2017. Stockholm: ECDC; 2018
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WGS typing: EU Strategic priorities 2021, by objective

ECDC strategic framework for the integration of molecular and genomic typing into European surveillance 
and multi-country outbreak investigations –2019–2021. 2019
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Outbreak investigation

Any epidemic pathogen/MDR outbreak

Continuous real-time surveillance

• Listeria monocytogenes
• Neisseria meningitidis
• MDR tuberculosis
• Salmonella enterica
• Shiga toxin E.coli
• influenza virus

Sentinel surveys

• Carbapenem/ colistin-resistant Enterobacteriaceae
• Antibiotic-resistant Neisseria gonorrhoeae
• Carbapenem-resistant Acinetobacter baumannii
• Bordetella pertussis
• Streptococcus pneumoniae 



Multi-country outbreaks of carbapenemase-producing 
Klebsiella pneumoniae: cooperative WGS investigations
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WGS analysis 

Minimum spanning tree showing 
the Klebsiella pneumoniae ST392 
isolates from 2015-2018 analysed 
using SNPs (Public Health Agency of 
Sweden). The red box indicates the 
current outbreak cluster including 
13 Swedish and Norwegian cases.
Isolates (top right) are 
epidemiologically unrelated control 
isolates of K. pneumoniae ST392. 
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EU Multi-country Foodborne outbreaks
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Joint Molecular Typing for Enhanced Surveillance

2011 2012 2013 2014 2015 2016 2017 2018 2019

ECDC pilot molecular 
typing data collection
PFGE and MLVA

EC vision on molecular 
typing support for 
outbreak preparedness

EC request to ECDC and EFSA 
on establishment of molecular 
typing databases

Pilot study WGS Listeria

STEC O104:H4 
outbreak

First non-human isolate 
submitted to the joint 
database (PFGE)

Joint ECDC-EFSA Steering 
Committee for a joint 
molecular typing database

EC request to ECDC and EFSA to 
upgrade joint molecular typing 
database with WGS

Collaboration agreement: ECDC-EFSA- EURLs for 
Listeria monocytogenes, Salmonella and VTEC 
=> PFGE and MLVA

First joint cluster detections 
PFGE and MLVA

EU-wide validation study 
Listeria WGS 

1st WGS support to multi-country 
outbreak investigation

Upgrade Tessy database WGS 



WGS Improved Signal Detection and Response to 
Multi-Country Foodborne Outbreaks

Whole genome 
sequencing 

support since 2015

MLVA1 + PFGE2

1MLVA=Multi-Locus Variable number tandem repeat Analysis
2PFGE=Pulsed-field gel electrophoresis

Weekly cluster 
reports

Joint ECDC-EFSA 
Rapid Outbreak 
Assessments

Urgent Inquiry: 
unusual increase of 
cases at national 
level



Operational steps in Rapid Outbreak Assessment
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Alert

Cross-border dimension Hypothesis generation

Weekly teleconference 
with EFSA

Daily Round Table 
meeting in ECDC

ECDC-EFSA decision or 
SANTE request to produce 

Rapid Outbreak assessment

ECDC EFSA 

Centralised WGS analysis, epi 
summary, trace back and forward

EURL

RASFF 

Member 
States

Member 
States

Member 
States

ECDC-EFSA ROA

Member States

SANTE => EWRS, RASFF

Publication on ECDC and EFSA 
web sites
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ECDC-EFSA FWD multi-country Rapid Outbreak Assessments (ROA) and Joint Notification 

Summaries (JNS), 2011-2019

Salmonella ROA Listeria ROA E. coli ROA Salmonella JNS Listeria JNS E. coli JNS

ECDC-EFSA multi-country outbreak assessments and 
notifications for foodborne diseases,  2011 – 2019

19*As of October 2019

WGS support 
since November 

2015
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Listeria monocytogenes IVb, ST 6 confirmed outbreak 
cases by month of symptom onset*, EU 2015–2018 
(N=47)

FI reported the event in 
an EPIS Urgent Inquiry

Following the request of EFSA and EC, the EURL 
consulted the NRLs to identify possible food matches

RASFF alert FI, 
other countries 
followed reporting 
withdrawal/recall

Interviews of patients confirmed exposure to frozen corn.

Some countries reported food matches related to frozen vegetable mix and frozen corn 

Massive recall
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Upgrade of the ECDC molecular typing platform
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• Automated upload, analysis, and outputs
• Interactive data mining opportunities 
• First version ready Q1 2020
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User defined sharing principles



My data

25



Clusters
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Visualisation
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ECDC WGS upload application

Excel/csv/LIMS

app

TESSy

SFTP

ENA

Features
• Can be configured to import data from databases 

or local files (MySQL, SQL Server, SQLite, Excel, 
csv)

• Configure only once, single click upload
• Can upload assemblies to TESSy and SFTP, raw 

reads to SFTP and ENA (configurable)
• Data sharing through SFTP and ENA

ECDC Bionumerics client plugin

Features
• Requires Bionumerics and that either ENA/SRA run 

accession or assemblies are stored in the 
Bionumerics database

• Simple upload process
• Can upload assemblies and ENA/SRA identifiers to 

TESSy

• Can not share raw reads through SFTP
• Can not submit data to ENA/SRA

Bionumerics TESSy

ENA/SRA
Excel/csv/LIMS

Direct TESSy submission ‒ manual or 
machine-to-machine

Features
• Can upload assemblies and ENA/SRA identifiers 

to TESSy
• Manual upload is easy to set up but involves 

recurring manual work
• Machine-to-machine upload requires 

development but enables high levels of 
automation

TESSy

Excel csv 
LIMS

ENA/SRA

SFTP

user

program

Options for WGS data upload



Data sharing principles

• WGS data and minimal epidemiological data are shared with ECDC, either privately using SFTP 
or publically using ENA/SRA.

• Full epidemiological data together with a representative genome are shared between affected 
member states through the EPIS platform during outbreak investigations.

• Sequence data and epidemiological data are privately shared between ECDC, EFSA and EURLs 
for outbreaks that involve food or animal sources.

• The main ECDC outputs from outbreak investigations are Rapid Risk Assessments (public) and 
Joint Notification Summaries to the European Commission (non-public).

• ECDC encourages and can assist with release of at least one raw reads genome to be released 
in the public domain when a Rapid Risk Assessment is released.
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