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GENOMIC INSIGHTS FOR SAFER FOOD: EXPLORING THE

POTENTIAL OF WHOLE GENOME SEQUENCE-BASED DATA
WITHIN THE ONE HEALTH CONTEXT

7™ NOVEMBER 2023

Food Safety
a key pillar of One Health approach
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Entering the world of genomics: the past 20 years

In early 2000s, the Human Genome Project produced a genome
sequence that accounted for over 90% of the human genome

- International consortium of thousands of researchers

- 10 years project

Today, it’s a matter of days (hours to weeks depending on the
specific NGS platform, sample preparation methods, and the
desired coverage or depth of sequencing)
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Entering the world of genomics: the past 20 years

1984 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Discussion and debate
in scientific community
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NRC report
1

o Bacterial genome sequencing

.

H. 'l
S cerevisiae sequent :‘ng

E. &ol 39 species”

C. elegans sequencing

D. melanogaster sequencing

Other organisms

-

A, thaliana sequencing

Microsatellites SNPs
PGQH(_‘!EC maps Microsatellites I SNPs >
:: Physical maps o
2 ESTs Full length
= | ¢cDNA sequencing — g >
| Genomic sequencing ———
¥ Microsatellite SNPs
3enetic m -
>
- L ical mar
2 ESTs natt
5| cDN quencing " eng >
I Workong
Piot g Jraft, 9C r 100%
0 uen - 2 A >
- g

E n te rO B as e A powerful, user-friendly online resource for analysing and visualising genomic variation within enteric bacteria

4
\ V4

anses

ANSES_LSAL &~ Help

vi14

EnteroBase currently contains 928,448 bacterial strains

Salmonella
m - o)
. Total strains: 408,269
S -
Assemblies in progress: 15
LA PRI b
“ Schemes: rMLST, Achtman 7 Gene MLST,
WgMLST, cgMLST V2 + HierCC V1
—

Database Home

E: herich::a/Shigel

1 - A

Total strains: 263,780

BE e~ %

Assemblies in progress: 16
. 5

Schemes: rMLST, wgMLS

“«_ MLST, cgMLST V1 + HierCC

Database Home

2 Ny
Assemblies in progress: 2

Database Home




. Q
The promise of a better food safety Y

anses
g at www.sciencedirect.com ‘Current Opinion in
Faag p, o, ~~Niract Food

Science



EFSA BIOHAZ Panel’s opinion

-
SCIENTIFIC OPINION e.] EFSA Journal

ADOPTED: 23 October 2019

Hoi: 10.2903/j.efsa. 2019.5898

Whole genome sequencing and metagenomics for outbreak

investigation, source attribution and risk assessment of
food-borne microorganisms

EFSA Panel on Biological Hazards (EFSA BIOHAZ Panel),

Kostas Koutsoumanis, Ana Allende, Avelino Alvarez-Ordonez, Declan Bolton, Sara Bover-Cid,
Marianne Chemaly, Robert Davies, Alessandra De Cesare, Friederike Hilbert, Roland Lindqvist,
Maarten Nauta, Luisa Peixe, Giuseppe Ru, Marion Simmons, Panagiotis Skandamis,
Elisabetta Suffredini, Claire Jenkins, Burkhard Malorny, Ana Sofia Ribeiro Duarte,

Mia Torpdahl, Maria Teresa da Silva Felicio, Beatriz Guerra, Mirko Rossi and Lieve Herman
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2. Epidemiological investigations




Outbreak investigation

French examples

Milk powder Salmonella ser. Agona (2018)
Frozen pizzas E. coli STEC 026 (2022)
Vegan cheese L. monocytogenes (2022)

Chocolate Salmonella ser. Typhimurium (2022)

Recent media coverage in Europe

Frozen corn L. monocytogenes (2018)

Eggs Salmonella ser. Enteritidis (2017-...)

And in the world

Romaine lettuce E. coli 026 - USA (multiannual)
Polony sausage L. monocytogenes South-Africa (2018)

Melon L. monocytogenes Australia (2018)




Outbreak investigation

A success for EU

- EFSA/ECDC Rapid outbreak assessment
- Role of EURLs
- Database of WGS
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Outbreak investigation

Principle is simple

O Clustering of strains based on SNP/cgMLST
distance

® Use of epidemiological data (strains,
patients,...)

Genomics alone is not sufficient to confirm
an outbreak, epidemiologist still have to
investigate
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Outbreak investigation

A solution to solve every recorded cases ?
No

- Proportion of connected strains can be low (e.g.
Listeria)

- Number of small genomic clusters is too
important to be investigated in real life (e.g.
Salmonella clusters in France)

- Somewhat a lack of well described food strains
(metadata)

- Paths of contamination can be complex

- Strains can evolve rapidly (e.g. STEC)

Prob(being connected)

05

0.4

|

0.3

0.2

0.1

Listeria
—6— 30 SNP
-&- 20 SNP
- 12 SNP
%= 5 SNP
—&- 0 SNP

0.0 -

Prob(being connected)

4
\ Vg

anses

2010

2012 2014 2016 2018

year

GenomegraphR data

0.5 Salmonella

0.4

-~ 30 SNP
-A- 20 SNP
4+ 12 SNP
>~ 5SNP
- 0SNP




Beyond outbreaks

Outbreaks but also

... Sporadic cases

(sporadic case = isolated case with no identified link t
other cases of the same disease)

..unrecorded cases




Beyond outbreaks bl

Estimated number of actual cases

« Pyramidal approach » (Van Cauteren et al., 2017)

Campylobacteriosis: N=4600

Incidence
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3. Source attribution




Source attribution

What is the food (or other) origin of the cases?

Transmission routes

Enwronment
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Pires et al https://doi.org/10.1089/fpd.2008.0208



https://doi.org/10.1089/fpd.2008.0208

Source attribution methods

Typing/genomic approaches

Membership
Origin Strain locus 1 locus 2 locus 3 locus 4 coefficients to
sources 1/2/3

Strain 1 7 1/0/0
Strain 2 8 1/0/0
Strain 3 7 1/0/0
Strain 4 7 1/0/0
Strain 5 7 0/1/0
Strain 6 7 0/1/0
Strain 7 7 0/1/0
Strain 8 8 0/1/0
Strain 9 7 0/0/1
Strain 10 0/0/1
Strain 11 0/0/1
Strain 12 7 0/0/1
Strain 13 0,07/0,92/0,01
zttrt?r::;tt: Strain 14 B8/ 0,02/0,01
0,22/0,04/0,74

Strain 15

0,04/0,04/0)92

Strain 16




Some source attribution results 4
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Some source attribution results

Typing/genomic approaches

With WGS, the accuracy of the model is slighly
improved compared with simple types (like 7-
IMILST)

Need for complex model (accounting for
possibility of transfer between sources)
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Genomics and predictive microbiology

SCIENTIFIC OPINION

ADOPTED: 23 October 2019

doi; 10.2903/j,efsa.2019,5898

-

eJ EFSA Joumna

Whole genome sequencing and metagenomics for outbreak
investigation, source attribution and risk assessment of

food-borne microorganisms

Figure 2: Future perspectives for WGS to add value to microbial risk assessment

Hazard identification

Hazard characterisation

EXPOSUFE assessment | =——»

Foodborne pathogen differentiated based

on WGS analysis:

+ Pathogen type (Species, strains,

subtypes, lineages)

+ Pathogenicity and virulence profile

= Growth and survival ability of strains
= AMR determinants

+ Mobile genetic elements

Strain/type targeted models:

* Revise current dose-response
relationships/maodels including
pathogen type dependent
characteristics identified based on
analysis of genetic markers

Predict transfer of genetic material
betwesn microorganisms e.g, AMR
determinants, virulence factors
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Risk characterisation

Strain/type targeted models:

Predict transfer of genetic material
between microorganisms e.g, AMR
determinants, virulence factorsin
the food

Model specific effect of
growth/survival/inactivation and
persistence based on analysis of

* Estimate the health risk based
on strain/type targeted models

within the host

genetic markers

GWAS = Genome Wide Association Study

Identify and track genomic sequences as markers or indicators for predicting phenotypic
properties (or features):

Severity of infections/clinical outcomes

+ Microbial growth/survival/inactivation within the host

environments

Microbial growth/survival/inactivation and persistence in the food and its associated

Benefits related to risk
management:

* More targeted hazards
andfor hazard-food
combinations ranking

+ Mare precise risk
priaritisation

+  Assess risk reduction
scenarios dedicated to
distinct subgroups containing
linked genetic markers
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Fritsch et al. 2018, MRA

Implementation for cold smoked salmon-related listeriosis
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How to do in practical terms?
Implementation for cold smoked salmon-related listeriosis

Prevalence 10.4%
f/ (EFsa2013)
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These results raise questions about the management measures
associated with the different strains
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Is already there for dose response... driven by epidemiological data

L. monocytogenes
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Tipping point

Is already there for dose response... driven by epidemiological data

Salmonella
Compute Isolate Relatedness
Strikland et al. 2023 JFP (Unsupervised Random Forest)
Acquire and Quality
Fenske et al. 2022 MedRxiv T S T A RS T
Meel Tree 2 Tree ‘
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Tipping point

Is already there for dose response... driven by epidemiological data

STEC

Lindquvist et al. 2023

No. isolates
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STEC lamb

8

: :

4 =
class 1 class 2 class 3 class 4

STEC unpast. milk

8

g . 15

iy i it D i
class 1 class 2 class 3 class 4

No. isolates

No. isolates

STEC beef

8
s K 6 7 2
o Cemmm——— C——

class 1 class 2 class 3 class 4

STEC HUS cases
8
L]

. .
o

class 1 class 2 class 3 class 4




Outline ”
\ Y 4

anses

1. Context

2. Epidemiological investigations

3. Source attribution

4. Risk assessemnt

5. Conclusion




Conclusions: What has WGS changes

1. Investigations of outbreaks

Real improvement

More to come with shared information at EU

Need to be aware that this will not solve everything
2. Source attribution

Not yet a revolution

3. Risk assessment

Methodologies are ready

Are people ready to change paradigm?
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