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1. Context




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)




b\

Entering the world of genomics: the past 20 years “w
anses
coo ] B was
B wws
|Cost per Mb
10000 $
wn
5
= 4001 - 1000 $
g
o
a 1100 §
S
2 200- L 108
§
=
II -
0 ’--..... o1s
N s,,g,;‘g @ ',;'g’ A
& ﬁ’
i @ ﬁﬁd eifsh -0.01$
2000 2001 2003 2005 2006 2008 2010 2011 2013 2014 2015 2017 2020
Year

Source: Pennone et al COFS (2022)



Entering the world of genomics: the past 20 years <

anses

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

HW E n te‘ro B as e A powerful, user-friendly online resource for analysing and visualising genomic variation within enteric bacteria Mg
Discussion and debate q g :
in scientific community ANSES_LSAL &~ Help = vi.14

NRC report
1 : i i
o ; Bacterial genome sequencing = EnteroBase currently contains 928,448 bacterial strains
) N T E. ol 39 species” - : ) ) )
:F!_ S. cerevisige sequencing S“a1 \n| o \ By h _,f'h_é/s’;_él.. ”
S i iimoneiia erichii ge,
| S — o gt
= T . Total strains: 408,269 Total strains: 263,780
z D. melanogaster sequencing . 4 S~ - T i =t O 4
o A, thaliana sequencing Assemblies in progress: 15 Assemblies in progress: 16 . | g mblies in progress:
L e —————— - A i P e LN A e e S &% ’ i J— 1 ™ »
-G{_,‘L,.IL maps Microsatellites e SNPs L ~ Schemes: IMLST, Achtman 7 Gene MLST,  Schemes: rMLST, wgMLST, Achtman 7 Gene > - —
) 2 rl wgMLST, cgMLST V2 + HierCC V1 ., MLST, cgMLST V1 + HierCC V1
;i:" Physical maps Fee z i g Ay .
% cDNA sequencing — — Fil length e
| Genomic sequencing ———
P . Microsatellites SNPs 22
| Physical maps Database Home Database Home Database Home
Ej- DNA sequencing — g .
i Pt ¢ 10
| sequen - -




4
\ Y 4

anses

The promise of a better food safety

Current Opinion in

Food
Science



EFSA BIOHAZ Panel’s opinion

.
SCIENTIFIC OPINION eJ 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 and source
attribution




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
- EURL role
- Database of WGS

ar
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JOINT ECDC-EFSA RAPID OUTBREAK ASSESSMENT

Multi-country outbrea
infections linked to eg
5 February 2020

EFSA One Health WGS
System

European Food Safety Authority
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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)
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Beyond outbreaks

Outbreaks but also

... sSporadic cases

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

..unrecorded cases




Beyond outbreaks hid

Estimated number of actual cases

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

Campylobacteriosis: N=4600

Incidence
befora

Cases adjustment
reported for UE

Infections correctly X 83
diagnosed
UR
Symptomatic infections
attending healthcare
. UE
All symptomatic infections
UA
v
/ All infections (symptomatic and asymptomatic) \ J

""""" 384 000 symptomatic
1C90% [240 000 — 790 000]




Source attribution

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

Transmission routes

Enwronment

ar
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Consumption |—— Hiness

Consumption

Direct contact | ——

Hiness

Farm # Slaughter — Processing —— Ratal ——
Seafood
#| Egg products
Eag layers
¥
Catile o Beef IE{ Beel Beef
Pigs o Pork Fork | Fork )
Poultry o FPoultry mesl j———p{ Pouliry meat Poultry meat
* Egg-products
I !
r Table eggs
| Wildlifie ' Sealfood
- - -
| Household
pets
»| Produce 4..1 Produce
| Walar T

_____________

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
- Sattrﬁ:gzttz strain 14 B8/0,02/0,01
0,22/0,04/0,74

Strain 15

Strain 16 0,04/0,04/0,92




Some source attribution results

Typing/genomic approaches

With WGS, the accuracy of the model is slighly
improved

Need for complex model (accounting for
possibility of transfert between source)

WGS is not (yet) a revolution for quantification
of the importance of sources

Dmdse prediction
(SDI <0.45, n = 976)
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Risk analysis

;
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.

+ Hazard
v Product/matrix
¥ Population group
¥ Exposure scenario

Risk assessment

.

Model structure

v

Data collection
Background knowledge

[ IKnowledge

Process
L IModel application

!

Maodelling Transform

Assess effect of

Visualization
OMRA model
Enhance _" ,
understanding Predict risk

interventions

_— T
——

Risk management /

\ Risk communication

factors

n 45( Decision making | * Communication




Microbial risk assessment
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Genomics and risk assessment

-

‘ J: EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 23 October 2019

doi; 10.2903/jef5a.2019.5898

Whole genome sequencing and metagenomics for outbreak
investigation, source attribution and risk assessment of
food-borne microorganisms

Hazard identification | =

Hazard characterisation

E)!]‘JOSUFE 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

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

Strain/type targeted models:

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

* Predict transfer of genetic material
between 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




Dose-response: definition and use

Pa rt Of QM RA 1. Hazard Identification |
. e . . 3. Dose-Response Assessment 2. Exposure Assessment
Definition: DR modeling uses mathematical \ /

relationships to describe the probability of adverse
health effects due to exposure to a specific dose.

‘ 4. Risk Characterization

Health effects : infection, illness... Pt N e I -
/ N Death

Pdeath = Pdeathrill - Pil/inf - Pin!—/—

Ingested Dose Pitt = Pising - Pint

Measurement of “dose”: Dose levels are measured
in number of microorganisms (could be oocysts,
CFUs, PFUs, or number of genome copies)




Dose-response: data and limits

Large uncertainty
 Parameter uncertainty

* Data uncertainty: Are the (outbreak) data relevant to describe my
population and strain variabilities?

Strain variability

How WGS can help to improve DR?

log,0(r)
x 10000




Tipping point for WGS in risk assessment
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Is already there for dose response... driven by epidemiological data

L. monocytogenes

0.25
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as 0157
” 0-25 D‘U-'“:J_
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_ To be published in 2024
Maury et al. 2016 Fritsch et al. 2018



New L. monocytogenes dose response (Pouillot et al. 2024)
Article

Updated Parameters for Listeria monocytogenes Dose—Response

Model Considering Pathogen Virulence and Age and Sex
of Consumer

Régis Pouillot I*'", Andreas Kiermeier *", Laurent Guillier >, Vasco Cadavez *°" and Moez Sanaa ®* World Hea Ith

Organization
Step 1: Classify the strains according to : virulence

e More virulent: CC1, CC101, CC2, CC220, CC224,CC4, CC451, CC54, CC6, CC7, CC87)

e Virulent: CC14, CC155, CC177, CC18, CC20, CC21, CC26, CC3, CC37,CC379, C388, CC398,
CC5, CC59, CCS8, CC403 and all others

e Less Virulent: CC121, CC204, CC31, CC9, CC193, CC19,S5T214



New L. monocytogenes dose response (Pouillot et al. 2024)

Step 2. Get the Proportion of each virulent group in food and human cases

RTE Virulent Virulent Virulent

APPROVED: 13 December 2016

Fooed STATENS .
PuDlic Heann B SERUM @'
P Wumamer | \ErTuT

doi:10.2903/sp.efsa.2017.EN-1151

RTE Seafood 12% 35% 51% 1% 230 Closing gaps for performing a risk assessment on Listeria

monocytogenes in ready-to-eat (RTE) foods: activity 3, the
comparison of isolates from different compartments along
the food chain, and from humans using whole genome

Eva Mgller Nielsen®, Jonas T. Bjérkman®, Kristoffer Kiil', Kathie Grant?, Tim Dallman?,
Anais Painset?, Corinne Amar?, Sophie Roussel*, Laurent Guillier*, Benjamin Félix’,
Ovidiu Rotariu®, Francisco Perez-Reche*, Ken Forbes*, Norval Strachan*

RTE cheese and dairy 33% 47% 12% 8% 89 IStatens Serum Institut, Copenhagen, Denmark; 2Public Health England, Colindale, UK; *Anses,
Maison-Alfort, France; *University of Aberdeen, UK

Abstract

Human Sporadic Cases 60% 29% 8% 3% 262
Moller-Nielsen et al, 2017 Data for Seafood, Meat, cheese and sporadic cases



New L. monocytogenes dose response (Pouillot et al. 2024)

Step 3. Get an exposure model

From EFSA:

e Exposure of the EU consumers to L.
monocytogenes from Seafood, Meats and
Cheese

 Empirical Distribution of the Contaminated
servings of Lm per sub-populations

‘ J: EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 6 December 2017

doi: 10.2903/j.efsa.2018.5134

Listeria monocytogenes contamination of ready-to-eat
foods and the risk for human health in the EU

EFSA Panel on Biological Hazards (BIOHAZ),

Antonia Ricci, Ana Allende, Declan Bolton, Marianne Chemaly, Robert Davies,
Pablo Salvador Fernandez Escamez, Rosina Girones, Lieve Herman,
Konstantinos Koutsoumanis, Birgit Ngrrung, Lucy Robertson, Giuseppe Ru, Moez Sanaa,
Marion Simmons, Panagiotis Skandamis, Emma Snary, Niko Speybroeck, Benno Ter Kuile,
John Threlfall, Helene Wahlstrom, Johanna Takkinen, Martin Wagner, Davide Arcella,
Maria Teresa Da Silva Felicio, Marios Georgiadis, Winy Messens and Roland Lindqvist

Abstract



New L. monocytogenes dose response (Pouillot et al. 2024)

Step 4. Infer DR parameters

logyo(P (1))

logyo(P(I))

-10

-12

-10

-12

EFSA, 2018

logso(Dose)

Virulent

logyo(Dose)

logyo(P (1))

logyo(P(II1))

-10

-12

-10

-12

Less Virulent

logq(Dose)

More Virulent

logs(Dose)

[0 README

FoodsDR

This repository contains the R code and data necessary to derive the manuscript "Updated parameters for the dose-
response model for Listeria monocytogenes considering pathogen virulence and age and sex of consumer”, from
Régis Pouillot, Andreas Kiermeier, Laurent Guillier, Vasco Cadavez, and Moez Sanaa. Foods 2024, 13(3), 751
(https://doi.org/10.2380/foods13050751), as well as the link to install the doseresponsemodels package.

R package to use the Dose Response models

Package installation

install.packages{"devtocls"™) LrT‘
devitools::install_github("rpouillot/doserespensemedels")

Usage

The doseresponsemodels::pDRQuick() function provides a "guick” version of the function to derive the marginal
probability of invasive listeriosis in a given population for a given dose in CFU (actual dose if the argument Poisson
= FaLSE or average dose if the argument Peissen = TRUE ) using the "JEMRA® 2004, the "Pouillot” et al, 2015, the
“Fritsch” ef gl. 2018, the "EFSA", 2018 dose-response models or the model developed within this project ("EFSAMWV"
for more virulent strains, "EFSAV" for virulent strains, or "EFSALY™ for the less virulent strains).

library("decseresponsemodels™) L|_T|
help{'DRQuick")

DRQuick(1:18, model="1EMRA", pcpulation = 1:2)

DRQuick(1:18, model="pPouillot”, population = 1:11)

DRQuick(1:18, model="EFSA", population = 1:14)

DRQuick(1:18, model="EFsAMv", population = 1:14)
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Fritsch et al. 2018, MRA
Implementation for cold smoked salmon-related listeriosis

Food processing plant  ,°

Storage at home N Consumption
‘ )

N ) B
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My | L= =0
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e
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How to do in practical terms?
Implementation for cold smoked salmon-related listeriosis

Prevalence 10.4%
f/ (EFsa2013)

t.= leaving plant

Prevalence
(Growth properties /
virulence)

Initial contamination of
L. monocytogenes

4
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Dose-Response
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These results raise questions about the management
measures associated with the different strains



Are we ready to change ?

RISK ASSESSORS
RISK MANAGERS
Risk could be managed differently

according to virulence types Do we have zero risk for the low

virulence class?
Different

epistemological
fields

INDUSTRY

Do we have a method to rapidly
characterize virulence ?

CONSUMERS

Is it a “safe” or “not safe” food?
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Conclusions: what has (will) WGS brought us?

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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Thank you for your attention
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