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Next Generation Sequencing (NGS) ~
Whole Genome Sequencing (WGS)

The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS provides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.
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Why The Hype About WGS?

= WGS is transforming microbiology, replacing numerous traditional

methods with one in a single efficient workflow
Identification — Serotyping — Virulence profiling — Resistance profiling — Subtyping —and much more




Reference Characterization by WGS:
’One Shot’ Characterization Of STEC
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Genus/Species: Escherichia coli

Serotype: 0104:H4

Pathotype: Shiga toxin-producing and enteroaggregative E. coli (STEC/EAEC)

Virulence profile: stx2a, aggR, aggA, sigA, sepA, pic, aatA, aaiC, aap

Sequence Type: ST678
Allele code: 102.45.26.35.3

Antimicrobial resistance genes: bla .y, ;, bla 1y .15 StrAB, sul2, tet(A)A, dfrA7




Salmonella outbreaks in Canada
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Real-time WGS Improves Laboratory Surveillance
Listeria Metrics
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How WGS Influence Outbreak Investigations

Improved case definitions in outbreaks
= Apparent PFGE clusters are not single-source outbreaks or are pseudo-clusters
= |solates with same PFGE patterns may be unrelated
= |solates with different PFGE patterns may be related

Increase confidence in the link between human and product
isolates

Link historical cases to a current outbreak investigation

Characterize the ecology of long-term pathogen reservoirs in
the food chain



The Basics of WGS

“Massive parallel sequencing”

The whole genome sequenced in small random pieces
(‘shotgun sequencing’, 25- >1000 bp) multiple times
(‘coverage’)

Four major & different sequence technologies

— Each with different strengths and weaknesses
’Coverage usually 20- several 100 X




The Basics of WGS

= Assembling and annotating the sequence
— Solving the puzzle using an ‘assembler’ software

‘Reference -Based Assembly ‘de novo Assembly’

— Assembled in 1- 200 (- 500) fragments (‘contigs’)
— MANY DIFFERENT ASSEMBLY SOFTWARES- None are perfect
— Each make different errors




Two High-Discrimination Analytical Approaches
= Nucleotide level analysis
— Single Nucleotide Polymorphisms (SNPs)

— ‘Like assessing all the letters in a book’
— Difficult to standardize between laboratories
"= Gene level
— Multi-Locus Sequence Typing (MLST, cg/wgMLST)
— ‘Like assessing all the words in a book’
— Can be standardized between laboratories
=  Many different pipelines and schemes for sequence analysis
— No two pipelines provide the exact same results!
* Results generated by different pipelines can NOT directly be compared

— But each generates reproducible results
S eSSBS



Quality control — quality control - QUALITY CONTROL

= Assuring WGS quality within one institution is fairly
easy

— WGS works very well for national surveillance with
centralized analysis

= No international quality standards exist

* No international consensus on the use of specific
pipelines

ANGAGE




What About Global Surveillance of Foodborne
Infections?

0 A foodborne infection on one continent may have
its source on a different continent

0 International outbreaks are common

ANGAGE



https://www.cdc.gov/globalhealth/healthprotection/gdd/gdd-faq.html

Analytical Tools in Public Domain

U.S. National Library of Medicine

Center for Genomic Epidemiology

Phenotyping:

Organization Project Contact

Identifcation of acquired
antbiotic resistance genes.
Bacterial Analysi

(BAR)

CLIENT SIDE

Identifcation of acquired
antibiotic resistance genes.

ResFinder

Identifcation of functional
metagenomic antibiotic
resistance determinants.
ResFinder®G

Identifcation of acquired
antibiotic resistance genes
using Kmers.
KmerResistance

Prediction of a bacteria's
pathogenicity towards
human hosts.
PathogenFinder

SERVER SIDE

Identifcation of acquired
virulence genes.

Determination of Welcome to the Center for Genomic Epidemioloav

INNUEND®.

Project definition = The Team News and Events Links

.

Innuendo Sequence DataBase

National Center for Biotechnology Information

Health > Pathogen Detection

Pathogen Detection

o View the recent webinar: 'Introducing the Pathogen Detection Isolates
Browser',

NCBI Pathogen Detection integrates bacterial pathogen genomic sequences originating in

food, environmental sources, and patients. It quickly clusters and identifies related
sequences to uncover potential food contamination sources, helping public health
scientists investigate foodborne disease outbreaks.

Find isolates now!

Examples:
1. Search for isolates encoding a mobile colistin resistance gene and a KPC beta-lactamase
search: AMR_genotypes:mcr* AND AMR_genot :blakKPC*

2. Search for Salmenella isolates from the USA
search: geo _loc name: USA AND taxgroup name:"Salmonella enterica”

Teaching

Learn More

About

FAQ

Browser Factsheet

Antimicrobial Resistance Factsheet
Antimicrobial Resistance

Contributors

Data Resources
Isolates Browser

Antimicrobial resistance reference gene

database




WGS for Foodborne Disease Surveillance in The Global

Context

Fast, precise, simple communication and easy sharing of data is
key in outbreak investigations

Standardized/harmonized and validated generation of
results

Results in standardized format

Low volume format
— to accommodate slow internet speeds
— no need to go back to raw data

Solutions must be PRACTICAL and NOT necessarily PERFECT
‘If it works, it is good enough’



https://www.cdc.gov/globalhealth/healthprotection/gdd/gdd-faq.html

International Standardization and Harmonization Of WGS For Surveillance Of Foodborne Pathogens

The PulseNet Model

Nadon C, Van Walle |, et al. PulseNet International: Vision for the implementation of whole genome sequencing (WGS) for global food-borne
disease surveillance. Euro Surveill. 2017;22(23):pii=30544. DOI: http://dx.doi.org/10.2807/1560-7917.E5.2017.22.23.30544
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The Challenge of Data Interpretation



With WGS, How Close Is Close?

= Noisolates 100% identical

= WAGS data are contiguous

The Food Production Chain

= Epidemiological data and other
metadata more critical than ever
for WGS data interpretation




Salmonella Outbreak Associated with Kratum Consumption/Use
in the U.S. 2018
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The methods used in the analisis of this seﬂuence data are ireliminaa and remain under validation.



Salmonella Outbreak Associated with Kratum Consumption/Use

in the U.S. 2018
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Don’t let the WGS data fool you!

All supporting information must always be considered

Salmonella ser. Typhimurium strain from Egg Nog clustering with isolates from outbreak associated with
laboratory exposure, 2017
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WGS_id Key SourceSite |UploadDate
PNUSASO32142 (0 Stool 1/11/2018|
PNUSASO31904 (1. . ___ _ ____ Stool 1/3/2018
PNUSAS028505 [\ Stool 11/21/2017
PNUSAS032182(1 Stool 1/5/2018
PNUSAS029395 | STOOL 11/22/2017
PNUSAS029726| _ STOOL 11/30/2017
PNUSAS029050 _ Stool 11/17/2017
PNUSAS031373 Egg Nog 12/22/2017
PNUSAS032335( - stool 12/22/2017
PNUSAS028506 Stool 11/21/2017
PNUSAS029786 - |Stool 11/21/2017
PNUSASO029803|_ Stool 12/4/2017,
PNUSAS031654| ) Stool 12/8/2017|
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The Challenge of Data Sharing



International Outbreak Investigations Using WGS

langges Food and Agriculturs
Longeges World Health o = » OWorld_Hea_lﬂl RS
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Log out Help Log out Help Search the Document Library

Search the Document Library

INFOSAN Find Members Discussion forums Groups

INFOSAN Find Members Discussion forums Groups .
Secretariat

Secretariat

Home / INFOSAN secretariat / INFOSAN Alerts / Home / INFOSAN secretariat / INFOSAN Events /

INFOSAN Alert Outhreak of Salmonella Agona infections linked to interationally distributed infant formula

Outbreak of Listeriosis in South Africa linked to ready-to-eat meat products December 4, 2017

60 TO EVENT PAGE .
[ coTorvareac | Event inroduction

Date: March 24, 2018 Food category: Meat and meat products Update 7 February 2018:
Countries: South Africa Food involved: Meat and meat products
Sng:\’a Tliness reported: Yes A retrospective analysis using genomic sequending at the National Referance Centre for Salmonella at the Institut Pasteur in France has confirmed that the strain
otswana bicof th e . - N involved in this outbreak is the same strain that was respansible for a similar outbreak caused by infant formula produced i the same plant in 2005, The 2005 event
Democratic Republic of the Congo (the) was reported through INFOSAN at that time and can be referred to on the INFOSAN Community Website, here.
Lesotho

In addition, analysis using genomic sequencing at the National Reference Centre for Salmonella at the Institut Pasteur in France has also been able to identify 27

Madagascar

Vialawr additional cases of 5. Agona from the period 2006-2016, exclusively in infants. These 27 retrospectively identified cases have occurred over a period of several years,
Maurtius = with no grouping of cases over tme or n a specific region. Additional infromation on these findings is available on the Sants Publique France website, here.
Mozambique

Namibia * INFOSAN members in courtiies that have imported Lactals products from the Craon factary since 2005 may considers 1) reviewing their retrospective surveilance
Nigeria . T data for cases of infants infected with 5. Agona; and 2) genomic sequencing of solates if cultures are stil avalable. Performing such analysis would allow for
Eswatini - comparison with the outbreak in France and would help to characterize the global significance of this event. WHO Collaborating Centres may also be available to
Uganda & canduct such analyses. Please contact the INFOSAN Secretariat f you require support n this regard.

Zambia "

Zimbabwe \ European Foad Safety Authority

JOINT ECDC—=EFSA RAPID OUTBREAK ASSESSMENT

Multi-country cutbreak of Listeria monocytogenes

serogroup |Vb, multi-locus sequence type 6. infections

linked to frozen corn and possibly to other frozen

vegetables = first update

3 July 2018




The Challenge of Data Sharing

= WGS data should be publicly available in real time
— SRA, ENA and the DNA Data Bank of Japan
— Minimum epidemiological data - time, place and type of isolate
= Barriers
— Ethics: Personal identifiable information

— Intellectual property and other legal issues

* Food industry concerns
o No”“statute-of-limitations” on liability

I/J

o No precise definition of “outbreak”
o No international interpretation standards = misinterpretation of data
o Trade implications



WGS: Concerns Remaining

WGS turnaround time issues
» Still long (~ 7 work days)

Cost
Cluster triage

* Notresources to investigate all outbreaks
 Which should be investigated?

Culture-independent diagnostic testing (CIDT)
 We are losing the isolates!



Coming Soon: Big Data to Improve Food Safety

!. « Pathogen characterization
- direct-from-specimen (faster) -
Metagenomics
Linking data from different
sources, incl. non-lab data
= More information to inform

policy

But

Privacy issues
Regulatory hurdles
Data capacity issues
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Disclaimers:

“The findings and conclusions in this presentation are those of the author and do not necessarily represent the official position
of the Centers for Disease Control and Prevention”

“Use of trade names is for identification only and does not imply endorsement by the Centers for Disease Control and
Prevention or by the U.S. Department of Health and Human Services.”
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