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About EFSA

The European Food Safety Authority (EFSA) was established and funded by the European
Community as an independent agency in 2002 following a series of food scares that
caused the European public to voice concerns about food safety and the ability of
regulatory authorities to fully protect consumers.

In close collaboration with national authorities and in open consultation with its stake-
holders, EFSA provides objective scientific advice on all matters with a direct or indirect
impact on food and feed safety, including animal health and welfare and plant protection.
EFSA is also consulted on nutrition in relation to Community legislation.

EFSA’s work falls into two areas: risk assessment and risk communication. In particular,
EFSA's risk assessments provide risk managers (EU institutions with political accountability,
i.e. the European Commission, European Parliament and Council) with a sound scientific
basis for defining policy-driven legislative or regulatory measures required to ensure a
high level of consumer protection with regards to food and feed safety.

EFSA communicates to the public in an open and transparent way on all matters within its
remit. Collection and analysis of scientific data, identification of emerging risks and scientific
support to the Commission, particularly in case of a food crisis, are also part of EFSA’s
mandate, as laid down in the founding Regulation (EC) No 178/2002 of 28 January 2002.

For more information about EFSA, please contact:

European Food Safety Authority

Via Carlo Magno 1A Tel. +39 0521 036 111
43126 Parma Fax +39 0521 036 110
ITALY www.efsa.europa.eu
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Introduction

I. INTRODUCTION

The 20" meeting in the EFSA Scientific Colloquium Series was held in Parma, Italy on 16-17
June 2014 and addressed the “Use of whole genome sequencing (WGS) of food-borne
pathogens for public health protection”.

Molecular typing methods for food-borne pathogens are beginning to be routinely
applied worldwide for public health protection (e.g. investigating food-borne outbreaks,
identifying strains of food-borne bacteria with high virulence potential or resistance to
antimicrobials). This follows from continuous advances in the understanding of the
molecular characteristics of bacteria and their genetics linked to technological
developments, which ultimately have led to the use of bacterial WGS methods for food
safety applications. The potential of WGS for a large variety of such applications is now
actively being considered in several areas including: pathogen characterisation and
typing, outbreak detection, risk assessment and high-resolution epidemiology.

While in the USA institutions like the Centers for Disease Control and Prevention (CDC)
and the Food and Drug Administration (FDA) have taken initiatives to facilitate a more
wide-spread application of WGS, in the European Union (EU) there is currently limited
experience in the use of WGS methods in microbial food safety. Most of the limited
experience comes from retrospective studies that have followed from outbreak
investigations. Still, the potential application of WGS to predict phenotypes of interest
(e.g. pathogenicity, antimicrobial resistance (AMR)) of the strain under investigation may
provide risk assessors with a powerful tool.

The European Food Safety Authority (EFSA), whose mission is to improve the European
Union (EU) food safety and ensure a high level of consumer protection, has shown an
increasing interest in WGS over recent years. One of the key recommendations of the EFSA
10" Anniversary Conference' was to build a centralized WGS database for food-borne
pathogens. The EFSA Advisory Forum further encouraged EFSA to actively promote WGS
technology for food safety purposes. In line with these recommendations EFSA has
strengthened its collaborations with the European Centre for Disease Prevention and
Control (ECDC) and the European Union Reference Laboratories (EURLs) leading to the
development of systems for molecular typing of food-borne pathogens. This builds upon
the experience of the ECDC molecular surveillance pilot project 2012-14 that links together
public health reference laboratories across Europe for real-time sharing of molecular

1 http://www.efsa.europa.eu/en/events/event/121107.htm
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typing data on selected pathogens.In addition, the EFSA BIOHAZ Panel recently concluded
a self-task mandate on the “Evaluation of molecular typing methods for major food-borne
microbiological hazards and their use for attribution modelling, outbreak investigation
and scanning surveillance”.

Therefore, the moment seemed appropriate for EFSA to organise this Scientific Colloquium
to discuss the use of WGS of food-borne pathogens for public health protection,
in particular to identify challenges and opportunities and address unresolved issues that
impede the implementation of WGS on a large scale for food safety purposes.

The scope of the Colloquium was to bring together leading scientists, representatives of
international and European organizations and national food safety authorities to assess
the latest scientificinformation, strengthen alliances with the relevant EU and international
bodies to initiate discussions on the use of WGS methods for food safety applications and
drive EFSA’s ongoing efforts in the collection of molecular typing data by proactively
anticipating the particular requirements relating to WGS data. The specific objectives of
the Colloquium were to discuss in an open scientific debate:

> the current issues, benefits and future challenges of WGS of food-borne pathogens in
public health protection in comparison with current methods;

> the analysis and the interpretation of WGS data (e.g. analysis of single nucleotide
polymorphisms (SNPs), gene by gene comparisons) in order to ascertain diversity,
similarity and relatedness of food-borne bacterial pathogens and to predict pathogenicity
and other relevant characteristics (e.g. virulence, AMR);

> the curation and analysis of WGS data and bioinformatics solutions;

the coordination of efforts between the food, veterinary and human health sectors in
order to obtain maximum benefits from the use of WGS for food safety.

The Colloquium was attended by approximately 90 experts from Europe, USA and Canada
and the present publication reports the abstracts of speakers in the opening plenary
session and summarizes the discussions and conclusions of the Colloquium.

12 EFSA Scientific Colloquium 20, Parma, 16-17 June 2014
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Abstracts of speakers in the opening plenary session

Il. ABSTRACTS OF SPEAKERS IN THE
OPENING PLENARY SESSION

Establishing a whole genome sequence-based national network for the
detection and traceback of food-borne pathogens

Marc W. Allard, Food and Drug Administration (FDA), USA
Additional Authors: Peter Evans, Errol Strain, Ruth Timme, Chris Keys, Steve Musser.

This study outlines how tools will be implemented to create a pathogen detection
network called GenomeTrakr, where state, federal and international public health agencies
can share data to build a public and transparent reference database with data deposited
into a public genomic database (NCBI). Herein we describe the components of the NGS
pathogen diagnostic network that includes the generation of a large reference database
at UC Davis under the 100K genome project, as well as case studies and current integration
among a pilot study consisting of 7 state public health laboratories (AZ, FL, MD, MN, NY,
VA and WA) and 11 federal laboratories. Details of the success and failure will be provided
concerning communication, coordination, data acquisition, assembly, storage, and
analysis. Several recent case studies will be reported in this initial pilot study. The hardware
and software implemented allows us to compare and cluster complete genomes of
hundreds of taxa at a time, and the software outputs phylogenetic trees for source
tracking of food and environmental isolates. Herein, we report enhanced molecular
epidemiological insights gained by comparative analysis of Salmonella and Listeria
genomes previouslydeemedindistinguishable by conventional subtyping methodologies.
Theseresults demonstrate animportantinvestigative role for NGS tools within aregulatory
environment while highlighting the novel additional insights provided to epidemiological
investigations through comparison to a reference database. The GenomeTrakr network of
state, federal and international laboratories have released >4,000 unpublished draft
genomes for food safety into the SRA database.? The FDA also recently opened a public
access url describing their whole genome sequencing programq.

2 http://www.ncbi.nIm.nih.gov/bioproject/183844
3 http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/default.htm
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Whole genome sequencing of food-borne pathogens: experiences
from the reference laboratory

Kathie Grant, Public Health England (PHE), UK

WGS is set to revolutionise how microbiology reference laboratories deliver their services.
These changes will have a direct impact on the information available for the detection
and management of infectious diseases. WGS provides the opportunity to perform
bacterial strain identification and detailed finger printing using a single technique. Not
only will this reduce the time to results but the increase in information available will
improve our understanding of bacterial pathogens and outbreak situations enabling
better prevention and control measures to be implemented. WGS has been called the
ultimate epidemiological typing method for tracing human cases to the source of the
outbreak and innovations in deoxyribonucleic acid (DNA) sequencing technologies mean
that we can now deliver the total genetic information of each bacterial strain within a time
frame that will directly influence clinical and public health practice.

The Gastrointestinal Bacterial Reference Unit at Public Health England is currently working
together with our epidemiological colleagues to implement WGS for national surveillance
of food-borne bacterial pathogens and for outbreak investigation. We have used WGS to
support the management of a number of recent outbreaks of infectious gastrointestinal
iliness and it is proving to be an invaluable tool in identifying and clarifying relationships
between strains and potential food sources. This presentation will describe the rationale
for using WGS to replace traditional reference microbiological methods and share our
experience of implementation, using Salmonella as an exemplar.

16 EFSA Scientific Colloquium 20, Parma, 16-17 June 2014




Abstracts of speakers in the opening plenary session

One disrupting technology fits it all - towards standardized bacterial
whole genome sequencing for global surveillance

Dag Harmsen, University of Miinster, DE

Infectious diseases remain a major cause of morbidity and mortality worldwide,
representing major threats to human health. They spread through human populations,
among animals and humans, in livestock, and via the food chain, making an effective
trans-sector ‘One Health’ approach essential for their control. Whole genome sequencing
(WGS) using next generation sequencing (NGS) technology provides comprehensive
information for pathogen studies of all types; however, the cross-border and cross-sector
application of this approach is hampered by a lack of standardization.

To achieve this goal we propose taking a genome-wide gene by gene (core genome MLST
[cgMLST] or MLST+) approach. In contrast to the highly popular single nucleotide
polymorphism (SNP) analysis, the MLST+ approach allows for an additive expandable
nomenclature that s easily portable, storable and low compute and bandwidth retrievable
barcode of every bacterial isolate sequenced by WGS NGS world-wide.

EFSA Scientific Colloquium 20, Parma, 16-17 June 2014 17



Canada's IRIDA project for genomic epidemiology of food-borne
pathogens

Gary Van Domselaar, Public Health Agency of Canada, CA

We are in the midst of a technology revolution that is rewriting the way clinicians, public
health workers and regulators handle issues of infectious disease. Bioinformatics and
genomics technologies are redefining pathogen surveillance, transmission analysis,
outbreak response, diagnosis, prevention and control. Implementing these modernized
molecular approaches into food safety practice is a Canadian as well as an international
priority. This presentation introduces development efforts on Canada’s Integrated Rapid
Infectious Disease Analysis (IRIDA) platform for infectious disease genomic epidemiology
and its role in Canada’s current program to modernize food and water safety.

18 EFSA Scientific Colloquium 20, Parma, 16-17 June 2014




Abstracts of speakers in the opening plenary session

Identification and characterization of food-borne pathogens by whole
genome sequencing: a shift in paradigm

Peter Gerner-Smidt, Centers for Disease Control and Prevention (CDC), USA

Whole genome sequencing (WGS) is a technology that likely will transform public health
microbiology in a few years. It is a technology that may be used to subtype pathogen with
unheard precision and most phenotypic traits may be predicted from the sequence of
their encoding genes. Therefore, WGS likely will replace most of the numerous workflows
used in public health laboratories to characterize food-borne pathogens into one
consolidated workflow.

Implementation of WGS will enable faster detection, more targeted investigations and
faster control of outbreaks if resources are available to follow upon them. Regarding
surveillance of sporadic infections WGS will enable more efficient microbiological source
attribution and it will allow efficient targeting scarce public health resources to address
the most important problems, e.g. rapidly spreading or emerging pathogens/strains,
strains of particular virulence or antimicrobial resistance.

The biggest threat to the successful implementation and use of WGS in public health is no
longer technical but rather related to the sharing of data (raw sequence data and
associated metadata®). If the political, legal and psychological obstacles to free data
sharing are not removed, genomics cannot possibly reach its potential for food safety but
will be reduced to that of any other typing method.

4 In the context of this scientific colloquium report, metadata refers to epidemiological data (i.e. provenance and
phenotype information) associated to the WGS data of a specific bacterial strain.
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Genomics Integration in Food Inspection

Catherine Carrillo, Canadian Food Inspection Agency (CFIA), CA

Recent developments in the field of pathogen genomics herald a new paradigm for
analytical food microbiology in which pathogenic bacteria will be characterized on the
basis of their genetic profile rather than traditional approaches relying on morphological
behaviours. The ability to identify gene markers associated with virulence and other
properties relevant to the identification, risk profiling and typing of food-borne bacterial
isolates will play a critical role in informing regulatory decisions and tracing sources of
food contamination. In addition, availability of comprehensive databases of pathogen
genomic sequences will enhance method development and validation activities, as they
will enable robust in silico evaluation prior to wet-lab validation. These applications
require assurance of the reliability of the genomicinformation before it can beincorporated
in the regulatory decision making process. The implementation of whole genome
sequence information for characterization of food-borne pathogens, molecular method
validation and for ad hoc method development will be discussed.

20 EFSA Scientific Colloquium 20, Parma, 16-17 June 2014
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Summary of discussion groups results

Ill. SUMMARY OF DISCUSSION GROUPS RESULTS

1. Discussion Group 1 - WGS of food-borne pathogens in action

Chair: Martin C.J. Maiden, University of Oxford, Department of Zoology, UK

Rapporteur: John W.A. Rossen, Department of Medical Microbiology University of Groningen,
University Medical Center Groningen, NL

1. Discuss the WGS methods available for food-borne pathogens with respect to:
cost, speed, accuracy, convenience, practicality and feasibility.

A number of methods are currently available for the generation of WGS data, which differ
with respect to cost, speed, accuracy, convenience, practicality and feasibility. However, at
the time of writing there were two leading benchtop sequencing approaches: the
LifeTechnologies PGM lon torrent and the Illumina MiSeq. Both machines are unsuited for
very high throughput sequencing (i.e. for hundreds or thousands of isolates) but are
suitable for routine use in clinical microbiology and food safety laboratories. The lllumina
platform was widely perceived as the preferred platform, on the basis of data accuracy,
practicality of workflow, speed and affordability. It was recognized that WGS-techniques
are continuously evolving and it will be exciting to learn what third generation sequencing
techniques and concepts used by, e.g. Pacbio and Nanopore, will bring for detection of
food-borne pathogens using WGS technologies.

The rapidly changing methods in WGS lead to the question of whether individual
laboratories should invest in setting up a sequencing pipeline versus outsourcing the
sequencing and/or data analyses to a third party. The latter has the advantage of not
requiring major investment in the infrastructure required for WGS and enables non-
specialist laboratories to exploit the latest platforms available for this rapidly evolving
technology. Moreover, accreditation and validation issues then lie with the laboratory to
which the sequencing is outsourced to and not with the clinical microbiology or food
safety laboratory/department. However, outsourcing may not meet requirements of
flexibility and speed that are key for the tasks of the clinical microbiology and/or food
safety laboratories.

Using WGS in clinical and food safety settings has major implications for quality control and
assurance for both data generation and analysis. There is an absolute need to define quality

EFSA Scientific Colloquium 20, Parma, 16-17 June 2014 23



metrics. These may already (partially) exist for creating and handling raw data but need to
be more strictly defined for the subsequent data analysis. In addition, the quality of the
generated data needs to be externally assessed by, e.g. participation in ring trials. Although
such external quality assessment (EQA) programs could be organized by already existing
organizations, there may be a need for a new structure. For this, there may be a role for the
EURLs. It is clear that such initiatives should not only focus on a specific work field or
geographical region but need to be organized in a cross-sector and globally based manner.

Currently, it is not clear if the reliability of the data generated and subsequent analysis
techniques and interpretation criteria are sufficiently robust to be used in all applications
of public health and food safety as, e.g. in legal proceedings. Therefore, there is an urgent
need for establishing guidelines for the use of WGS in epidemiological typing of food-
borne pathogens. Such guidelines should include rules on the minimal coverage of
generated microorganism genomic data and their reproducibility and accuracy.
In addition, WGS methods have a high discriminatory power with respect to comparing
genomic data of microorganisms; but global agreement on microorganism-specific
calibration and validation of the number of differences (be it SNPs or allele variants)
between genomes that will lead to naming them differently needs to be established.

Running costs of current sequence analysis are variable and highly dependent on the
platform employed and even more on throughput. For small laboratories it may not be
feasible for sequencing to be performed locally, although this is an area of intense research
and development and the appearance of very inexpensive ‘near patient’ sequencing
platforms in the near future is likely. In any case, the costs of typing with WGS approaches
are already competitive with, if not lower than, costs for conventional typing. In addition
to costs incurred in generating the data there are also costs incurred for data analysis, and
these may include the provision of new software and/or retraining or recruiting staff with
new or different skill sets. To minimise such costs there is a need for capacity building by
organizing workshops to share knowledge and to train staff, followed by supporting the
trained staff by, for example, e-learning and instruction videos.

24 EFSA Scientific Colloquium 20, Parma, 16-17 June 2014




Summary of discussion groups results

2. Discuss the means available for the interpretation of WGS data for different
applications (research and public health), including the accuracy of different
approaches and the ways in which plain language reports can be generated for
public health action.

At the time of writing, two distinct and complementary approaches have been employed to
analyze and interpret WGS data: SNP calling from a reference sequence and comparisons of
allelic variants (gene-by-gene comparison). A plurality of approaches is likely to be an
advantage, at least in the short term, while the field is in a period of rapid development and
transition, but it is crucial that data are interoperable while methods are still improving. It is
not clear which method will in the end be most suitable for food safety and clinical
microbiology. The scientific community will ultimately decide which approach will be used
as the standard or preferred method, as any scheme will have to have broad acceptability if
it is to be widely implemented. The sequence and data analysis approaches employed also
depend on the precise questions being addressed and it can be expected that for research
questions a more diverse and variable range of analytical approaches will be employed,
compared to routine applications where stability of analysis is of primary importance.
As SNP calling depends on sequences present in both the bacterial genome to be analyzed
and the reference genome with which it is compared, the method does not allow discovery
of new genes orinsertion elements. Therefore, de novo assembly and gene-by-gene analysis
will always be required for in-depth analysis of the isolate under investigation. For both
approaches, the stability of data and data analysis is key for public health applications.

Once analyses are completed, the outcome has to be reported in a plain language report
that is widely understandable and interpretable by a wide range of public health
professionals with a diversity of expertise. Consensus needs to be established on what to
include and exclude and on how to convey complicated information in a simplified language
without trivializing it. The information in the report must retain biological relevance and
accuracy, but to communicate with policy makers it may be necessary to categorize the
typing results into subtypes or to include a graphical representation of the relationships
between the isolates to make it easy to understand. In addition, there may be a need for
developing approaches for estimating probabilities of association, e.g. pathogen specific
mutation rates and background population diversity. In addition, for gene-by-gene
comparison, a common public access reference database is essential. It should be decided/
clear who should provide required reference genomic data for this, define a reference
genome and write recommendations on which reference genomes should be used. Such
agreements should not only be made within the European Union but need to be established
on a global level. Moreover, harmonisation across sectors (animal, food, human and
environment) is essential, e.g. a stable nomenclature for clones, subclones, and types.

EFSA Scientific Colloquium 20, Parma, 16-17 June 2014 25



3. Discuss how these data should be curated and stored in such a way as to ensure
continuity of existing datasets. How to derive information from WGS data to
predict e.g. serotype, phagetype, PFGE type, MLST, resistome, virulome?

The establishment of a sustainable means of applying WGS within food safety and clinical
microbiology requires the generation, curation, storage, and dissemination of data in
appropriately structured databases. The volume of WGS data that will have to be
generated to meet food safety, clinical and public health applications will be such that
automatic, but supervised, curation will be essential to ensure the integrity of both
deposited sequences and sequence-based typing schemes. The uncurated approach
employed to date in archival databases such as GenBank will not be suitable for food
safety and public health purposes, especially when these data are required as evidence in
legal procedures.

WGS data should be publically available in real-time, together with associated
epidemiological data® (i.e. provenance and phenotype information, including at least
country and year of isolation). However, it will be challenging to collect these data and to
decide which information should be made available, to whom, and when. Genome
sequence databases need to be widely available at all times and therefore mirror databases
should be established, so that there is no single point of failure and multiple agencies can
share ownership. Interoperability of databases and backwards and forwards compatibility
to other sequence based datasets is important; consequently compiled sequences should
form the basis of such databases.

These databases must ensure the continuity of future and existing sequence-based
datasets i.e. those collected by both sequence-based approaches such as multilocus
sequence typing (MLST) and other non-sequence based approaches such as pulsed-field
gel electrophoresis (PFGE) fingerprinting. Backwards compatibility with previous typing
methods is desirable but not if establishing such backwards compatibility inhibits the
implementation of WGS approaches. Therefore, cross-reading with other non-sequence
based typing methods may be achieved by WGS of representative historical isolates. In
the longer term it is desirable that the majority, if not all historical specimens, are analyzed
by WGS approaches. This may become increasingly feasible as WGS costs decline and the
technologies become increasingly implemented in the routine environment. More
research is needed to link the genomic sequences reliably to phenotypes such as virulence
and antimicrobial resistance.

5 In the context of this scientific colloquium report epidemiological data refers e.g. to the provenance and
phenotype information associated to the WGS data of a specific bacterial strain.
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Summary of discussion groups results

2. Discussion Group 2 - Curation and analysis of WGS data:
bioinformatics solutions

Chair: Jonathan Green, Public Health England, London, UK

Rapporteur: Jodo André Carrico, Faculdade de Medicina de Lisboa, PT

1. Discuss the challenges linked to the quality evaluation, annotation,
interpretation and storage of the huge amount of information provided by
WGS, from raw data to genome assembly and analysed resullts.

Perhaps the main challenge of using WGS in a global public health setting is the definition
of actionable standards for data quality and data analysis and interpretation. Data
standards for both genomic and epidemiological data are essential for the effective global
sharing of microbial data in such a way that it can be used for international outbreak
investigations and surveillance studies. Without data standards, the comparison of data
from multiple laboratories and analysis will be very complex, error-prone and unreliable.

At this time, an increasing number of institutes and organizations are intending to adopt
genomic approaches and a clear message is that the need for standard protocols and
quality metrics is not just limited to data processing and analysis. Sample preparation
metrics are needed since they can be used to exclude a sample from being sent to a
sequencer, or for validating posterior analysis. These metrics may be dependent on the
technology used since different technologies have different requirements on the DNA
quantity and quality. The target nucleic acid for the sequencing is important too. For
example, DNA preparation kits vary in their ability to provide sequences from plasmids.

Two of the key parameters for successful sequencing are DNA concentration/quality
metrics and library preparation metrics. NGS technology companies provide protocols to
meet the specific needs of their platforms, and individual laboratories and Consortia such
as ‘The 100K project’, the FP7 ‘Patho-NGen-Trace’ and FDA/'GenomeTrakr’ already have
protocols developed. The challenge lies in bringing these together, comparing them and
making them available to new adopters of NGS approaches.

The outputs from a sequencing run, after initial processing, are the reads stored in FASTQ
files. This file format is a “de facto” standard that can be easily shared and this is the preferred
format to be stored as it allows analysis and later re-analysis by different groups as the
algorithms and software evolve. These files are large and the inevitable accumulation of
large numbers (in the order of thousands) of genome sequences makes storage and

EFSA Scientific Colloquium 20, Parma, 16-17 June 2014 27



management of these a challenge. However, it is assumed that data transfer and storage
technologies will continue to evolve and cost will continue to decrease. For the FASTQ file
processing, defining global read-level quality metrics (such as average read length or depth
of coverage against a reference genome) for most or all applications is very challenging at
this stage as the metrics have to be chosen carefully on a ‘case-by-case’ basis, depending on
the technology used, subsequent analysis or the organism under investigation.

The most widely emerging data analysis approaches for inferring strain relatedness are
K-mer/SNP-based and gene-by-gene approaches, each requiring distinct quality
assessment metrics across the whole analysis pipeline being used. The first approaches
are based on the analysis of read content (K-mer analysis) or on mapping the obtained
reads to a reference genome (SNP-based analysis), while gene-by-gene approaches have
an extra step involving the assembly of the reads into contigs or scaffolds that will
constitute a draft genome. Applications of both approaches for public health purposes
have been published, but these are early models. The definition of appropriate metrics for
analytical approaches such as phylogenetic analysis becomes even more complex. At this
stage, there is no ‘gold standard’ for analysis as new approaches continue to emerge but
are not yet fully tested. A wide diversity of data analysis approaches across a number of
centres is recommended at this stage to allow a 'best practice' to develop.

Forums to allow knowledge sharing between multi-disciplinary groups developing
pipelines include dedicated conferences (for example the ‘Applied Bioinformatics & Public
Health Microbiology Conference’) and global consortia, for example Global Microbial
Identifier (GMI) initiative, but these need to be supported by more frequent workshops
and meetings in order to move forward quickly with their wider adoption. Case studies
and ring trials, such as those being undertaken by GMI are useful in providing data on
protocols in use for both sample preparation and analysis. Expert groups are then needed
to define a consensus on the suitability of the protocols and appropriate quality metrics.
This will also need to be supported with training/education on the WGS analysis. It is likely
that from these fora, different analysis methodologies will emerge for each different
aspect of public health investigations such as long term surveillance, phylogeographic
analysis of bacterial spread or outbreak investigation. For analyses that are to be used for
public health purposes, the establishment of standard operating procedures (SOPs) will
be paramount for accreditation purposes.
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Summary of discussion groups results

2. Discuss the harmonisation of approaches used for WGS data analysis, including
development of genome analysis pipelines and software availability (e.g. open
source versus commercial) and including the feasibility of international
standards for WGS data analysis.

The objective of harmonisation is to ensure that analyses on microbial strains provide data
that can be meaningfully compared and, ideally, combined. Harmonisation of analysis is
perhaps most simply achieved by use of a single analytical protocol, also commonly called
a‘pipeline’, by all those wishing to compare data for a similar purpose. The obvious extension
of this assumption is that specific data are submitted to a single or small number of ‘mirrored
sites’where analysis using adefined common pipeline occurs. Thisis the model underpinning
several global microbial gene analysis sites, for example the MLST databases, and this has
been very successful for scientific purposes; particularly epidemiological and population
biology studies. The alternative is for different groups to host an identical pipeline locally
and, while there is no reason why this should not give harmonised analyses, there is the
possibility of ‘pipeline creep’ i.e. local changes to the pipeline made in the different sites
asynchronously, leading to divergence of final results. However, we assume an exponential
increase in the number of strains being analysed in the future and, therefore, use of a single
location for analysis has technical challenges. As strain numbers increase, the data storage
requirements escalate proportionately and the dependence on international sharing of the
large raw data files requires adequate internet bandwidth.

Effective international surveillance depends on a common nomenclature for the
description of related strains at the supra- or sub-species level, providing a means for
comparison and communication of the final analysis. Gene-by-gene approaches inherit
this from previous MLST schemes and an obvious way forward is to continue the ‘sequence
type’ nomenclature, albeit with extended gene profiles, where these already exist. Many
of the current typing methods are not sequence-based schemes, for example serotyping,
multiple-locus variable number tandem repeat analysis (MLVA), ribotyping and new
nomenclatures will be required. The gene-by-gene approaches would be an obvious way
forward, although there are concerns over backwards compatibility, which would require
testing of significant collections of strains by the gene-by-gene method.

At this point it is harder to define nomenclature based on K-mer/SNP approaches for
several reasons:

The K-mer method is a fairly simple measure of strain relatedness based on overall
similarity. However, nomenclature would be required to translate the sequence similarity

distances into something that could be used to describe strains of the same species.
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> The K-mer method can be very sensitive to the library preparation protocol. Changes in
the commercial kits can lead to slightly different K-mer distributions, compromising the
comparison with legacy K-mer data.

> SNP approaches may be required for very fine resolution analysis, for example in local
outbreaks, but the establishment of nomenclature is difficult because SNPs will be called
against different reference strains and there will be many thousands in number between
distant strains of the same species.

An issue that is currently raised is the need for establishing backwards compatibility
between WGS methods and currently used molecular typing approaches in order to
access the wealth of historical information that is deposited in the available molecular
surveillance databases. However, results of some conventional typing methodologies
cannot be fully or faithfully reproduced from WGS data at this point due to their reliance
on repeat regions (such as MLVA or spa typing in Staphylococcus aureus) or due to the
resulting number of contigs (PFGE). Therefore, establishing equivalence tables between
WGS and conventional type nomenclature would require WGS testing of fully characterized
representative catalogues of strains to permit the comparison of results. The value in
doing so for the purposes of backwards compatibility will be determined by the public
health question.

Another current debate is between the use of open source, i.e. freely available, software
versus closed source, commercial software. Bioinformaticians generally prefer to use
open source solutions as they are relatively transparent, can be easily compared, are free
and are supported by communities of people with similar objectives. Commercial
solutions are preferred by non-bioinformaticians because they can provide better user
interfaces and ‘click and go’ access to algorithms. Nevertheless, the true cost of analysis is
often hidden but can be significant for both open source resources, where the cost is
associated with hiring bioinformaticians to develop custom-built solutions, or commercial
software, which has costs associated with purchase, maintenance and updates. These
costs need to be considered within a sequencing project and at this stage it may be that
both open source and commercial solutions are required within an organization to meet
the needs of different operators (e.g. bioinformaticians, microbiologists) according to
their level of bioinformatical expertise. For widespread, effective analysis of data, easy-to-
use solutions are needed for most laboratories. However, it is very important that, for
purposes of harmonisation and subsequently accreditation of analyses, commercial
software solutions are not a ‘black box’ in which the details of the analysis performed are
opaque to the scientist. The software has to offer users the option to access all the
parameters of the algorithms used for the analysis to ensure that the different analytical
approaches are comparable. An interim solution currently adopted by some organizations
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to provide a user-friendly interface to a set of standardized pre-configured software is the
use of workflow managers/schedulers, for example Galaxy, which are software that
provide web-based access to individual tools as well as transparent pipelines that can be
either commercial or open-source software. Such software has already been used to share
pipelines in several bioinformatics projects since they reduce the user complexity for non-
bioinformaticians. However these approaches still need to be supported with training of
the end users for optimal usage.

An important step in the continuous harmonisation of data analysis is the need for new
versions of software/algorithms to be re-evaluated as they are released. For that to occur,
changes to versioning of software should be transparent. The analysis results produced
by any pipeline should include descriptions of all the parameters and the versions of the
software used (i.e. creation of complete log files) so that comparisons of results obtained
at different times can be assessed for changes and to ensure some level of backwards
compatibility between results. The GMI initiative has established working groups for the
evaluation of pipelines and software and is also initiating ring trials for the comparison of
methods used and results generated by different centres. A key challenge to these ring
trials is that no ‘gold standard’ exists at this point so it is difficult to be sure of the ‘true’
result, but trials will be designed based on known results. Blind tests with identical and
near identical isolates and also sporadic/outlier strains should be included. Clustering of
results by participants’ methods should be evaluated to better understand what the
different methods could provide us with.

The growing sequencing capacity creates a need for evaluation of current software and
algorithm scalability to assess if the huge influx of data will be able to be dealt with the
current algorithms/pipelines. Current IT and database approaches are likely to be
inadequate. New data compression solutions and ‘big data’ approaches such as the map-
reduce approach should be explored as there is evidence that these have the capacity to
meet the needs of other scientific areas dependant on analysis of enormous datasets.
Most of the algorithms in current use would need to be revised to work with these
approaches.

Finally, the ever-growing need for computing power for the analysis of complex data from
thousands of strains needs to be addressed. A possible solution can be computing power
on demand via the commercial ‘cloud’, which could provide expandable standardized
infrastructure.However, an assessment of the cost of analysis for the different infrastructure
and software approaches is needed and should be pursued, keeping in mind the everyday
needs of the different institutions.
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3. Discuss the benefits for public health of specialised online genomic databases
for sharing this WGS data and potentially associated metadata® and algorithms
allowing for real-time data analysis and visualisation.

The previous success of sequence-based typing methods for surveillance in public health
applications such as spa typing and MLST for Staphylococcus aureus was largely due to the
fact that they provided a level of resolution between strains that was useful for public
health and provided a defined common language for describing strains. These were
closed systems i.e. using an array of defined gene targets. With the Next Generation
Sequencing technology we have now access to thousands of loci instead of just a few and
the challenge lies on how can we make use of that wealth of information.

Online genomic databases should provide a variety of functions that are powerful tools
for public health microbiology including:

> A repository of genomic and epidemiological data from strains of infectious agents
(e.g National Center for Biotechnology Information Sequence Read Archive (NCBI SRA),
European Nucleotide Archive (EBI ENA)).

> Access to analytical resources and nomenclature for strain ‘typing’ (e.g. Bacterial Isolate
Genome Sequence Database (BIGSdb)).

> Real-time genome sequence comparison and visualization of closely related strain
clusters to provide early warning of putative outbreaks (model under development at
National Center for Biotechnology Information (NCBI)).

The data submitted to and provided by genomic data repositories should be the ‘raw’
FASTQ files as these provide the most useful format for re-analysis. These files are large
and therefore substantial (petabyte) storage will be required in the coming years. It is
unlikely that the current data submission and querying format of systems like NCBI SRA or
EBI ENA will have the ability to scale up to the requirements needed for the sequence
submission and data query for thousands of microbial genomes per day worldwide. An
effort should be made at supranational levels to ensure the necessary continuous funding
for these structures in order to update them to deal with the increasing data submission
requirements and to keep them free-of-charge for the Scientific Community.

Another important point is how the data should be made available in the databases to
provide a coherent and reproducible connection from the raw data to the final results.

6 In the context of this scientific colloquium report, metadata refers to epidemiological data (i.e. provenance and
phenotype information) associated to the WGS data of a specific bacterial strain.
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From a technical point-of-view, databases need to be interoperable and reachable in a
machine-readable way to facilitate data analysis algorithm development. Database
interoperability involves the ability to query multiple heterogeneous databases
simultaneously from a single interface, and requires that each of the databases is built to
support it. This can lead to the establishment of a federated, distributed database,
potentially reducing the technical issues around data sharing and privacy, by providing
hierarchical reporting to different stakeholders based on data access levels. The
conjugated use of domain ontologies, i.e. the definition of a domain-specific terminology
and the relationships between terms, and application programming interfaces (APIs) can
provide the necessary interoperability and capacity to easily query across multiple
databases. For private data in federated systems, encryption is needed for secure data
transfer of both WGS data and associated epidemiological data between any authorized
parties. This could lead to a greater level of data sharing since data protection could be
enforced between authorized parties.

A ‘One Health' perspective should drive the sharing of microbial data and analysis
approaches. Interoperability between databases in clinical, environmental, food-borne
and veterinary institutes would provide rapid identification of links between strains
encountered in these different sectors and therefore provide significant public health
added value. Nevertheless, a challenge to this concept may be the distinct rules for data
ownership and release within the different disciplines. A move to revise and align
governmental data ownership and release policy to allow public data sharing may be
required to fully exploit the potential of the ‘One Health’ concept. For example, legislation
at national level may not support data access provision to other countries. Isolates and
data from industry may be difficult to access due to legal/political or commercial sensitivity
issues. The utilisation of federated databases in the different settings with common
ontologies may reduce some of these anxieties and lead to greater sharing of data
compared with submission to a single global database. On a final note it should be
remembered that any database or resource is only as good as the data that it contains and
the accessibility of data. Assurance of data quality is therefore essential, as well as query
mechanisms to securely find the needed data in the available databases. Whilst different
database resources will have their own protocols for acceptance of submissions, standard
quality protocols should be encouraged to apply across the different databases. The
quality of the data accepted and the analytical workflows provided by any resource
should also be transparent to allow any needed re-evaluation, as better sequencing
technologies and data analysis algorithms are made available.
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3. Discussion Group 3 - WGS of food-borne pathogens: cross-sectorial
coordination and international cooperation

Chair: Dorte Lau Baggesen, National Food Institute, The Technical University of Denmark, DK

Rapporteur: Johanna Takkinen, European Centre for Disease Prevention and Control (ECDC), SE

1. What are the challenges to integrate WGS analysis into routine monitoring,
surveillance and outbreak preparedness as a basis for integrated analysis
within and across sectors?

Integration of WGS data into routine surveillance and monitoring faces several challenges
both within and across food safety/veterinary and public health sectors. The group agreed
to exclude industrial data from the scope of the discussion and keep the main focus
on human data and official control data from food/feed/animals. A crucial principle,
addressed several times in the discussion, was to strive towards an open data sharing policy.

Some felt that “routine monitoring and outbreak response” are too broad as concepts and
that the focus should be on source attribution and early detection of emerging clones. On
the other hand, routine surveillance covers systematic data collection for action, and thus
may include the objectives for source attribution and recognition of emerging clones
along with the outbreak detection and investigation. It was recognised that surveillance
reporting systems involve stakeholders who are not familiar with this type of data, thus
presenting challenges to implementation across teams from different disciplines. In
addition, due to financial constraints and lack of expertise in bioinformatics, there are
large variations across sectors in Member States’ capacity and capability for WGS data
production, analyses and interpretation, which hamper the development of a single
solution for data integration across Europe.

Two obstacles in data sharing were identified: 1) the technical challenges related to
sharing, managing and analysing raw sequence data; and 2) concerns related to sharing of
related epidemiological data. The FDA, with the experience from, for example the
GenomeTrakr network system, suggested starting with raw data sharing first and, after
that, progress with developing routine communication of the results. At present, the FDA
puts into their database information on country of origin, date and type of food, including
any contaminated food imported from European countries. The specific needs of
epidemiological data for different purposes, e.g. for source attribution, differ from those
for outbreak detection. This highlights the importance of understanding the different
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needs for different purposes as they set up the frame for the requirement to share a
minimum set of epidemiological data along with the raw WGS data.

Confidentiality in data sharing was seen as problematic as the food and veterinary sectors
both handle commercially sensitive data, which if misused, could potentially have an
adverse economic impact on food/animal trade. Furthermore, there are no incentives for
the food and veterinary sectors to share data and therefore, this would require
identification of advantages and benefits for the sector or legal enforcement. Also,
legislation on personal data protection poses certain limitations for data sharing.
Centralised data should not include any information that could allow identification of a
person but complete block of traceability of information back to the patient level may also
create problems. Competent authorities are often legally bound to prevent the
identification of individual companies through epidemiological data that may accompany
WGS data and may therefore have to limit the amount of information they make available.

Members of the research community are interested in publishing their new findings
before making data publicly available, which often conflicts with the public health needs
and therefore the data may not be shared before publication. On the other hand, lack of
confidence generated by not releasing sensitive background data may prevent authorities
from releasing information. These challenges/barriers are, however, not linked specifically
to WGS data, and experience on how to overcome these will be obtained through the
newly established molecular typing database of food-borne pathogens in the interest of
enhancing outbreak preparedness at EU level.

The rapid development of WGS technologies has triggered the launch of many
international and national initiatives and study projects. Information arises rapidly from
these scientific studies and large international high profile projects, which makes it
difficult to have a complete overview of the state of the art and applicability to routine
monitoring and surveillance. Along with this, it is apparent that storage of large amounts
of data can become a problem.

2. Discuss the coordination of efforts between the food, veterinary and human
health sectors in order to obtain maximum benefits from the use of WGS for
food safety and public health protection.

As a result of fragmented development and different decision making processes in the US

and EU, local governments and authorities develop their own visions, which are divergent.
To promote global collaboration and data sharing, a common vision paper should be
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developed. The European Commission has published a vision paper on the development
of databases for molecular testing of food-borne pathogens with the aim of enhancing
surveillance and outbreak preparedness in the EU” . This could be used as a starting point
to develop a vision for data sharing, not only across food, veterinary and human health
sectors, but also between scientific, industrial and regulatory communities as well as
between professional disciplines e.g. microbiology, bioinformatics and epidemiology.
Such a vision should be developed from an international/global perspective and so be
applicable beyond the European Union.

The group discussed widely about a minimum dataset that should accompany the
uploaded WGS data to a globally accessible open data source. Reporting of sequence data
alone is of limited value for surveillance and scientific purposes, which require some
minimum background data to be available. EFSA and ECDC are currently discussing this
topic in the context of establishing a common joint molecular typing database for PFGE
and MLVA results. As a minimum, the following information has been suggested for
inclusion in the common typing database: source of sample (food, animal, feed, human),
typing data and date of sampling. Additional epidemiological data will be managed by
the respective agencies, i.e. food/veterinary data by EFSA and human data by ECDC.
Information related to specific countries is considered potentially sensitive but discussion
on this is on-going. There may be a need for further harmonisation of sampling schemes
for the food/veterinary sector in the EU.

One way forward that serves the different needs of diverse communities could be to
moderate the access and limit this to a relevant part of the data depending on the user
group. Allowing open data mining for the subset of data could result in a detection of
something new and trigger to cross-border collaboration in research projects and early
warning on evolving outbreaks.

The FDA has started with a minimum dataset comprising State and the food type along the
WGS data, but now also requests the reason for sampling to be added, e.g. if the sample is
outbreak-related. Not all States have agreed with the minimal dataset and thresholds to
share data vary among the States. As the Genome Trackr project has developed further,
more States are willing to share data. Providing WGS phylogenies with a limited amount of
epidemiological data has succeeded in convincing an increasing number of States of the
value of the methodology. It is expected that more background data will be reported to
the centralized FDA WGS database, e.g. after six months, allowing some time to prepare
publications. Coordination on common nomenclature is ongoing in the US.

7 http://ec.europa.eu/food/food/biosafety/salmonella/docs/vision-paper_en.pdf
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In addition to aiming for an open data sharing policy, quality and comparability of WGS
data across sectors must be ensured. This includes several aspects. First, common
protocols across sectors should be developed and shared, where feasible, keeping in
mind that valid results may be produced with different technologies. As the protocols are
dependent on technology and data analysis application tools, there should be a common
record format and repository for sharing information on the specific technology and
bioinformatics pipeline used. NBCI collects information on the sequencer used. Along
with the rapid development and market release of new sequencers, there is a need to
keep track of equipment used to produce WGS data. It is noteworthy that genomes from
early days of sequencing are obviously not correct and ongoing improvements in accuracy
are to be expected. Software and tools for data management and analyses should also be
freely available. It was suggested to focus on determination of quality criteria and to
acknowledge that creation of SOPs for the most critical parts of the workflow could be
important in the early phases. Specific guidance on how to produce MLST data from WGS
data was also requested.

Second, curation of WGS datais necessary, as the use of acommon SOP does not guarantee
comparable results. Even though this quality check can be done to a large extent
automatically, individuals with bioinformatics expertise are needed to check and confirm
the quality of data. Of particularimportance is the capability to re-assemble the sequences
later on. Based on experience at the FDA, the biggest challenge is related to mislabelling
of sequences, warranting a centralised curation step at least in the beginning.

Third, EQA schemes should support laboratories performing microbial genome
sequencing for public health protection. The FDA has asked the International Organization
for Standardization (ISO) molecular typing sub-community to start developing more
formal requirements for method validation and approval. The task to organise EQA
schemes for national reference laboratories in the veterinary/food sector has been
mandated to EURLs through EU funding. The European Commission is also promoting the
cooperation across EURLs regarding WGS/NGS. Preferably, a centralised system to offer
EQA schemes for WGS methods should be organised, including both sectors. At present,
public health laboratories are currently offered EQA schemes for molecular typing through
ECDC. The EURL for Verotoxin-producing Escherichia coli (VTEC) has successfully organised
two EQA schemes for molecular typing jointly with an ECDC funded contractor thus,
working efficiently towards comparability of data quality across sectors.

Fourth, reference material is needed for internal quality control and validation of the
methodologies and EURLs as well as the Joint Research Centre (JRC) could be optimal
sources for this purpose.
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Fifth, collaboration across sectors with proof-of-principle prospective epidemiological
studies is essential to validate the epidemiological concordance and added value of WGS
as well as calibrate interpretation criteria of epidemiologically relevant WGS relatedness
versus conventional molecular typing for major surveillance applications (source
attribution for sporadic cases, outbreak detection, common source trace-back
investigation).

The issues outlined above require global collaboration and harmonisation to the most
feasible and reasonable extent possible.

3. Discuss the speed and opportunities for collaboration towards development
and validation of WGS applications across sectors (i.e. human, animal and
food). Discuss the capacity building and transition management challenges in
introducing new WGS technologies versus old typing technologies.

The group agreed that the first step is to develop a communication strategy about
concrete benefits to different stakeholders, including data providers, risk assessors, risk
managers, industry, microbiologists and epidemiologists. Scientific research and proof-
of-concept studies are needed to support the demonstration of added public health
value, e.g. in international food-borne outbreak/epidemic situations. There is a need to
have more user-friendly visualization tools available, not requiring complex computer
programming/bioinformatics skills for analyses.

The WGS technology represents a significant advance in the field of microbiology and
epidemiology and the need for a shift to this technology is unanimously recognised.
However, the methodology is not widely accessed or understood yet. This is reflected in
laboratories’ willingness to start preparations for the change but as they lack the knowhow
it is difficult to know how and where to start. There is a huge training need for
understanding the methodology and providing visions on how to use it for different
purposes e.g. through the Better Training For Safer Food (BTSF)-programme. WGS is
foreseen to gradually become a routine analysis as Salmonella serotyping and the capacity
to at least analyse and interpret it should be available in all EU countries. The actual
sequencing can also be purchased from companies although there are still significant
delays in receiving the results. As the results are needed faster for outbreak detection and
investigation purposes, it was considered that food safety and public health laboratories
responsible for such service provision should have access to their own sequencers.
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The transition from old techniques to new ones requires additional funding. In the scope
of the current EU framework programme for research and innovation Horizon 2020, the
EU is about to fund a large research-project for developing a universal microbial WGS data
management platform and a suite of bioinformatics tools for various stakeholders in
science and risk assessment and management, focusing on food-borne pathogens. This
project reaches only a proportion of the research, food safety and public health
laboratories in the EU and a strategy to promote the spread of technology to a wider
range of service laboratories in other countries must be developed. Transition represents
not only a shift in technology but also in philosophy, which requires several discussion
rounds in scientific and public health communities. EURLs play a crucial role in supporting
the transition from old methods to WGS/NGS in the food sector and they should work in
close collaboration with public health laboratory networks.

Countries should commence the necessary investment in national capacities, both in
terms of equipment, application tools and competence building without delay. However,
the replacement of current techniques with the new methodologies requires comparative
analytical and epidemiological validation studies. These studies could be coordinated
more across countries so that not every country would need to repeat similar analytical/
epidemiological validation studies, which may become very costly. A limiting factor is the
availability of appropriate tools and expertise for analyses while the equipment itself is
not very expensive.

Finally, the current EU legislation on microbiological criteria for foodstuffs® is very specific
and determines the methods that are to be used in the food/veterinary control programmes.
These methods are often European Committee for Standardization (CEN)/ISO standard
methods focusing on isolation of the pathogen. The new NGS technology opens new
horizons for diagnostics and food analyses resulting in alternative sequence based methods
for pathogen identification and a possible shift to non-culture-based DNA/ribonucleic acid
(RNA) detection techniques coupled with sequencing. For example, Salmonella serotyping
is the basis for EU-wide Salmonella control programmes. WGS technology may introduce a
completely new way of sub-typing Salmonella isolates and consideration should be given
to the possibility of updating the legal bases of these programmes. Therefore, it is
recommended to open a discussion with policy makers and standardisation organizations
on the potential impact of WGS development on EU legislation.

8 Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foodstuffs. OJ L
338,22.12.2005, p.1-26
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IV.  OVERALL CONCLUSIONS

WGS is a powerful tool that can be applied to a wide range of public health and food
safety applications. Both SNP-calling and gene-by-gene comparison may be valid
approaches for the different public health aims of WGS, as long as stable and comparable
analytical procedures are used. Draft genomes can be assembled, using relatively modest
computing power and widely available software, from data generated by commercially
available high-throughput next generation sequencing (NGS) platforms. These include
relatively inexpensive bench top instruments. Such draft genomes are suitable for the
majority of practical applications in food safety. There are a number of ways in which this
technology can be implemented in a food safety setting, including (i) installing the
instruments in a food safety environment and (ii) outsourcing to commercial or other
public health laboratories. The choice between these models will depend on local issues
of throughput and available resources.

Further work is required to fully implement WGS in routine application. This includes:
(i) the adoption of appropriate quality assurance/quality control (QA/QC) measures; (i) the
development and harmonisation of SOPs; (iii) the establishment of database infrastructure;
and (iv) the generation and dissemination of appropriate sets of genomic data. Reference
datasets should comprise not only representative complete (i.e. finished) genomes, that
can be used for reference mapping if required, but also a larger number of draft genomes
with accompanying catalogues of allelic diversity data, required for gene-by-gene
approaches. These databases must be open access and widely available, although
sensitive epidemiological data will have to remain available only to the competent
authorities. Further work is also needed to link these data (i) with previous isolate
characterization schemes and nomenclatures, although these may have to be revised in
the light of the new insights available, but also (ii) to the phenotypic properties of the
isolates from which the genomic data are obtained.

As the standardization of data generation, analysis, and storage is key, transnational
organizations should aim to facilitate the implementation and integration of WGS across
health sectors, working towards the goal of a ‘one health’ approach.

It is clear that currently only a few organizations are investing in WGS approaches for real-
time analysis of food-borne and other pathogens but many institutes are exploring the
utility of these approaches through research collaborations or ‘in house’ using bench-top
machines. There are various factors that will hinder more widespread, routine use of these
technologies, including funding for machines, IT infrastructure and impact on current
workforce. From a bioinformatics viewpoint, access to necessary bioinformatics knowledge,
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bioinformatics staff, skills and infrastructure for data storage and management
(both locally and centrally) are key issues. The need to share knowledge of laboratory and
bioinformatics approaches was recognised as necessary to expedite use of WGS. Some
sequencing protocols are publicly available but knowledge sharing between bioinformatics
groups is informal at best and frequent forums/meetings would be greatly helpful.

The greater challenges that lie ahead for the bioinformatics analysis of WGS applied to
global public health are perhaps less of a technical IT nature, as technology and computer
science is likely to continue to provide the solutions to handle the ever-growing data wave
of microbial genomes. The generation and implementation of standards for data storage
and sharing are clearly critical needs, since this will drive the data analysis development
and will facilitate the harmonisation of WGS data analytical approaches. In terms of data
analysis, a few models have emerged but we are still in the early days and, although the
current models of data analysis should start to be used and their results compared, novel
approaches could still emerge as the sequencing technology keeps evolving.

Models for international data sharing resources were discussed including a single, central
resource for sequence storage, management and analysis compared with a system of
federated databases underpinned by common ontologies and APIs. Concerns were
expressed over the scalability of the current global databases (e.g NCBI and EBI) in their
current formats to meet the potential tsunami of data likely to emerge in coming years
and also whether the considerable funding required for a single central resource would
be found. A network of federated, perhaps national, databases may have advantages in
terms of resilience but adoption of common APIs and ontologies would be essential.

There are currently many developments in different countries to establish resources for
centralised analysis of microbial genomes for public health and research purposes. It may be
that, as the best approaches emerge, they will be most widely adopted but we should
endeavour to ensure that there is interoperability between systems as they are designed and
not as an afterthought. The discussions highlighted national differences in attitudes to data
release and also differences between attitudes in public health and commercial groups.
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In the meantime, however, there are urgent needs that can help move global approaches
forward:

Formal structures for multi-disciplinary collaboration, knowledge sharing and
training in laboratory sequencing procedures and bioinformatics approaches is likely
to expedite emergence and wider use of best practice. GMI has led some important
initiatives but is currently unfunded.

Wider development and adoption of ontologies and APIs will facilitate data sharing and
integration across multiple resources. This is essential to ensure best value gained from
data generated.

It is recommended that the major structures leading the sharing of raw data (NCBI SRA
and EBI ENA) continue to be adequately funded and supported, as they remain the major
driver for this change by providing access to the baseline data for stakeholders in this
field, from bioinformaticians to clinicians.

The most effective use of this technology is not yet obvious and this was discussed
extensively during the colloquium. A major difference between WGS and the classical
typing methods is that WGS allows all genes to be included in the analysis, instead of a
well-defined subset of genes or variable intergenic regions. Therefore, the analysis of WGS
data will yield new types of insight. As it is conceptually new, the legal and official systems
are not yet adapted to the large-scale application of WGS to support food safety policies.
At present it is not clear whether new legislation is required for optimal utilization of WGS,
orifthe existing legal framework is sufficient. Not only the legal power of evidence supplied
by WGS needs to be defined, but also issues such as the determination of quality standards.

The need for cooperation is at the same time the Achilles’ heel of WGS. There are several
impediments for the free sharing of data. While the deposition of the microbial genomic
sequence data in databases for public access beyond the control of the owner of the data
is common practice, releasing sensitive epidemiological data will not easily become a
routine procedure. Legal obstacles are to be expected and a careful balance must be
struck between the desirable complete openness from a food safety point of view and the
privacy and related concerns that necessitate confidentiality. Possibly a standard for
encryption may need to be developed, to allow exchange of data to be limited to
authorized parties only. Ignoring these issues is likely to considerably delay the successful
large-scale implementation of WGS for public health at international level.

The overall conclusion of the EFSA Colloquium on whole genome sequencing is that the
application of WGS for food safety and public health in general requires a paradigm
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change and the development of new methodologies for processing these data. Since
information obtained by WGS can only be utilized to fully benefit food safety and public
health if all parties involved use procedures aimed at generating compatible results,
international and inter-sector cooperation are crucial. To exploit the enormous potential
of WGS, implementation in the EU must be initiated without delay.

Recommendations

Based on the considerations above the participants of the Colloquium recommended that
in general:

>

a4

Educationalinterdisciplinary programmes should be established tofosteramorein-depth
understanding of WGS allowing epidemiologists, bioinformaticians, microbiologists and
food safety experts to process, integrate and correctly interpret WGS and epidemiological
data for the benefit of food safety and public health.

Given that rapid technical developments can be expected, there is no need for stringent
standardization of WGS methodologies, but quality metrics need to be defined.

Databases should be established to contain WGS data for public health, standards should
be agreed upon for the curation of these data and minimal demands on the associated
epidemiological data should be decided upon.

The legal consequences of the large-scale application of WGS should be reviewed and
proposals should be made for any changes in food safety rules and regulations that may
be needed.

All parties involved should strive to harmonize terminology and data reporting in plain
language accounts aimed at policy makers and other non-specialist readers.

Software and data analysis tools should be developed that are at the same time
transparent and easy to use for all staff involved in WGS data processing.

Reference datasets should comprise both finished complete genomes and draft genomes
with catalogues of allelic diversity data.
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Overall conclusions

Specific recommendations for the EU:

EFSA and ECDC should assume a leading role within the EU framework to stimulate, steer
and coordinate efforts for the application of WGS across health sectors to further food
safety and protection of public health.

EU stakeholdersin public health should work together with EU Member States’ competent
bodies in food safety and public health towards a joint strategy and action plan to roll
out WGS across sectors for enhanced One-Health surveillance of food-borne diseases.

EU stakeholders in public health should strengthen their collaboration with international
counterparts, especially in the US, to coordinate and harmonize the application of WGS
for food safety and health protection.

EFSA and ECDC should invest in the establishment of databases for molecular typing
data and set up procedures to allow data reporting, access and analysis procedures for
the safe and optimal use of the information to further public health.

EU stakeholders in public health should contribute to the advanced training of the people
who will produce, analyse and interpret WGS data in conjunction with epidemiological
data for informing risk managers in food safety and public health.

EFSA should stimulate and encourage scientific research on WGS and the implementation
of the results to benefit food safety.

EFSA should initiate and coordinate the development of an EU-wide strategy for
communication on food safety issues involving WGS in cooperation with ECDC.

EFSA and ECDC should instil a sense of urgency in all partners regarding implementation
of WGS for food and public health safety across the EU.
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Abbreviations

V. ABBREVIATIONS

AMR
API(s)
BIGSdb
BTSF
CDC
CEN
DNA
EBI ENA
ECDC
EFSA
EQA

EU
EURL(s)
FDA
GMI
ISO

JRC
MLST
MLVA
NCBI
NCBI SRA
NGS
PFGE
QA/QC
RNA
SOP(s)
SNP(s)
VTEC
WGS

antimicrobial resistance

application programming interface(s)

Bacterial Isolate Genome Sequence Database

Better Training For Safer Food

Centers for Disease Control and Prevention

European Committee for Standardization
deoxyribonucleic acid

European Bioinformatics Institute European Nucleotide Archive
European Centre for Disease Prevention and Control
European Food Safety Authority

external quality assessment

European Union

European Union Reference Laboratory(ies)

Food and Drug Administration

Global Microbial Identifier

International Organization for Standardization

Joint Research Centre

multilocus sequence typing

multiple-locus variable number tandem repeat analysis
National Center for Biotechnology Information
National Center for Biotechnology Information Sequence Read Archive
next generation sequencing

pulsed-field gel electrophoresis

quality assurance/quality control

ribonucleic acid

standard operating procedure(s)

single nucleotide polymorphism(s)
Verotoxin-producing Escherichia coli

whole genome sequencing
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