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A great diversity

Multi locus sequence typing (MLST)

CC = Complex clonal
ST = Sequence Type
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in January 2024

- Number of ST : 3220

- Number of CC : 262

- Single ST: 1055
https://bigsdb.pasteur.fr/cgi-bin/bigsdb/
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https://bigsdb.pasteur.fr/cgi-bin/bigsdb/

Nombre de
Année s Aliments
1952 279 Langue de porc en gelée
1953 38 Rillettes
1985 36 Brie
1957 14 Pont-I'Evéque
1999 4 Epoisses
2000 10 Rillettes
2000 32 Langue de porc en gelée
2002 11 Saucisse a tartiner (tartinette)
2003 4 Mortadelle
2012 11 Brie
2013 6 Brebis
2013 1 Quenelles
2013 3 Brebis
2013 2 Brebis
2013 7 Etablissement de soins
2014 2 Maroilles
2014 11 Charcuteries
2015 2 Saint-Nectaire
2015 3 Saint-Mectaire
2015 4 Saint-Mectaire
2015 13 Andouille
2015 2 Saint-Nectaire
2015 3 Fromage de vache
2015 2 Contamination d'environnement de production
2015 3 Saint-Nectaire
2016 21 Reblochon
2016 2 Brie aux truffes
2016 2 Charcuterie
2016 19 Fromage de vache (TIAC)
2017 2 Reblochon
2018 2 Fromage de chévre
2018 18 Brie au lait cru
2018 2 Produits traiteurs
2018 k] Boucherie
2018 3 Viande de cheval
2018 2 Céler
2018 3 Brebis
2018 15 Brie au lait cru
2019 3 Charcuteries
2018 8 Yaourt bio
2018 2 lambon
2019 2 Etablissement de restauration collective
2019 4 Fromages
2018 4 Etablissement de soins
2019 11 Fromages
2019 10 Charcuteries
2020 4 Charcuteries
2020 4 Truite fumée
2021 2 Fromage de chévre

Source : CNR, M. Tourdjman, SpF

Outbreak in France for 30 years

Molecular epidemiology start in 1990

Definition: + two cases + food vehicule
Milk products 53% (n=26)
Pork meat products 30% (n=15)
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Contaminations flow throughout the food chain \
A 1 4

Primar Primary Secondary
prod uctiyo processing processing

3 & -

Distribution

v
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Wholesalers \

Overall goals

What is their What is their

[ X X )
PALY

(/)

diversity ? virulence ?
Sporadic cases
Which ones How to control and outbreak
reach us ? them ?
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Partie 1 — CC distribution
in the pork sector
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? frontiers
inM

Population Genetic Structure of
Listeria monocytogenes Strains

Isolated From the Pig and Pork
Production Chain in France

Benjamin Félix'*, Carole Feurer?, Aurelien Maillet’, Laurent Guillier', Evelyne Boscher?,
Annaélle Kerouanton®, Martine Denis® and Sophie Roussel’
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Strain panel set up

National control plan

Kerouanton et al. 2006 BE
Roussel et al. 2010-2012 BE
F
ood Roussel et al. 2014 BE
Henri et al. 2016 AEM

Research project

Farm { Boscher et al. 2010 JFP (n = 85)
Food { Kerouanton et al. Safepork2011 (n=64)

Private contracting

n =149

n =129

687 strains
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Isolated along the pork production

sector between 1997 and 2016
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CC distribution in the pork production sector

Hypervirulent

Virulent

Less virulent

™ LST @ P|g a} Raw Q’ Processing Cooked,
CCuvia J environment @ salted, dried
PEGE farm %1 meat product
CC121 20.2 25.0 24.4 _|
cco 12 290 107 174
CC8 10.6 8.1 10.7 7.0
cc1 9.4 3.6 3.6 5.9
Ccce 7.1 36 1.2 3.0
ccs 2.4 3.6 7.1 4.8
| CCc2 2.4 5.6 |
CC4- CC217 1.2 3.2 1.2 2.2
CC37 12.9 3.2 2.4 2.2
CC31 0.4 2.4 1.9
CC155 0.4 6.0 2.2
cc204 0.4 24 0.7
CcC3 1.2 4.8 2.6
CCh9 8.2 0.8 0.4
cc7 1.2 0.8 3.6 1.1

Relative value expressed in percentage

CC121, CC9, CC2, CC3, CC31, CC155 and CC204 are « Food associated »

p-value < 0.025
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CC distribution in the pork production sector 0
\ 1 4

Hypervirulent Virulent Less virulent anses

MLST
CCvia
PFGE
cc121
CCY
ccs

Cooked,
salted, dried
product

Processing
environment

Relative value expressed in percentage

CC1, CC4, CC5, CC6, CC7 and CC8 are « Ubiquitous »

p-value > 0.025 9 03/10/2024



Partie 2 — CC distribytion
in the milk

production Sector

anses

Papic et al BMC Microbiology ~ (2019) 19:299

httpsy/doi.org/10.1186/512866-019-1676-3 BMC Min'ObiO'Ogy

Genetic diversity of Listeria monocytogenes ®
updates

strains in ruminant abortion and o
rhombencephalitis cases in comparison
with the natural environment

Bojan Papi¢''®, Mateja Pate’, Benjamin Félix” and Darja Kusar'
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What about ruminants and milk products ? \
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Lm responsible for pathologies in ruminants, unlike pigs

The milk production process is totally different from meat

Do strains isolated from ruminants pathology or
carriage contaminate food ?

There were few strains from
ruminant pathology in Anses
collection

L 03/10/2024



Strain panel set up O
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+ Labocea llle-et-Vilaine departement
Ruminant abortion strains

\ l n =110
n =287
Total strain panel n=851

+ Rhombencephalitis strains (bovine, n= 95
ovine, caprine) (n=55)

« National control plan
Milk product (Félix et al. 2018 FM)

240 rhombencephalitis strains
Pathology - (SI, CH, UK, DE, IT)
110 abortion strains (FR)

* Farm environnement strains (n=40)

Milk product - 287 strains (FR)
n =359 -
. Rhombencephalltls strains (bovine, ovine, ‘ Farm { 214 farm environment strains (SI, CH, FR)
caprine) (n=185) (Dreyer et al., 2016 SR) environment

« Farm environnement strains (n=174)
12 03/10/2024



CC distribution in the milk production sector
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p-value > 0.025
p-value < 0.025

Hypervirulent Virulent Less virulent
Relative value expressed in percentage
.. 3 , Farm Milk product
Abort . P
PISGiVn\iC:S C|)rr1 Rhombencephalitis | %, St?;i;]osn environment strains
pping strains - % strains % @
cc1 45,8 21,8 15,4 91
cca 10,4 14,5 10,3 9,1
CCé6 0,4 12,7 7,9 7,0
CC37 0,4 18,2 8,4 4,5

CC59 1,3 4,5 3,7 2,8
CCo 0,9 6,1 3,5
CC29 0,9 5,6 3,5
cc8 1,7 1,8 3,7 2,8
cc7 0,4 5,5 1,9 3,8
ce2 0,9 3,7 2,4
cCc18 0.4 3.6 2.3 2.8

cc3 3,8 |
CC121 2,3 2,8
CC5 0,4 0,9 3,3 2,8
n=240 n=110 n=214 n=287

In contrast to the pig sector, most of the CC are « Ubiquitous »

13
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Répartition des CCs dans la filiére lait

()
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Hypervirulent Virulent Less virulent anses

Relative value expressed in percentage
- - - : . Farm Milk product p-value > 0.025
CC WGS or . Abortion . :
PFGE mapping Rhombencephalitis b strains ‘enV|ron‘ment strains p-value < 0.025
strains - % strains % )
cc1 45,8 21,8 15,4 91
Cc4 10,4 14,5 10,3 9,1
CCe 0,4 12,7 — 7,9 7,0
18,2 84 4,5
CC59 1,3 45 3,7 2,8
CCo 0,9 6,1 3,5
CC29 0,9 5,6 3,5
CC8 1,7 1,8 3,7 2,8
CcCc7 0,4 5,5 1,9 3,8
CC2 0,9 3,7 2,4
CC18 04 3,6 2.3 2,8
| cc3 38 |
CC121 2,3 2,8
cC5 0,4 0,9 3,3 28
n=240 n=110 n=214 n=287 14

03/10/2024

CC1, CC4, CC6, CC37 are responsible for the majority of pathologies
For the first time, CC6 and CC37 are associated with ruminant abortion
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www.nature.com/scientificdata

3. CC distribution in seiantiG data
wild and

OPEN ' A European-wide dataset to

agricu Itu ra I anima IS pATADEscRIPTOR UNcover adaptive traits of Listeria

monocytogenes to diverse

or environments ecological niches
Benjamin Félix et al.*

O ,;“ 10
https://onehealthejp.eu/wp-content/uploads/2022/10/OHE]P- s R ;
LISTADAPT-Project-Impact-Brochure_Oct2022.pdf il el
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What are the prevalent CCs in outdoor environement ? \
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‘ Are these CC different from food related CCs ?

‘ Do some of them enter foor processing environment and
food products ?

Few data are available on outdoor CC distribution in the litterature

16 03/10/2024



Number of strains

150

100

50

Strain panel set up — « animal environment » compartment

B Occidental Europe
B South central Europe

@ East central Europe
O Northern Europe
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756 environmental and animal strains

Strains from farm/wild animal without
listeriosis symptom

Strains from farm/wild environments
4 European regions
18 European countries

Mainly between 2010 and 2019

Year unknown

Avoid biais related to food strain
reintroduction or pathology related
strains

17 03/10/2024




Number of strains

Strain panel set up — « food » compartment O
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728 food or food processing
environment isolated strains

5 different sectors

meat

fish

dairy

composite food
fruit and vegetable

4 European regions

6 European countries

Mainly between 2010 and 2020
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Number of strains
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Number of strains
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12 CCs and STs were associated to the
compartment « animal et environnement »

These 12 CCs include 375 strains

p-value < 0.025

-> Reported in the litterature :

- 15 international studies

- from animals et environnements
- in more then 10 countries

| ] Farm/wild animal and environment
I Food or food processing environment

Haase et al., 2014 (multi)

Kim et al., 2018 (US)

Steckler et al., 2018 (US)

Psareva et al., 2019 (multi)
Demaitre et al., 2021 (BE)
Palacios-Gorba et al., 2021 (multi)
Steingolde et al., 2021 (LV)
Terentjeva et al., 2021 (LV)
Fagerlund et al., 2022 (NO)
Fredriksson-Ahomaa et al., 2022 (Fl)
Gorski et al., 2022 (US)

Varsaki et al., 2022 (ES)
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Number of strains
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9 CCs were associated to the compartment « food »

These 9 CCs include 536 strains

p-value < 0.025

-> Reported in the litterature :
- 8international studies
from food

in more than 6 countries

| ] Farm/wild animal and environment
I Food or food processing environment

Haase et al. 2010 (multi)
Chenal-Francisque et al. 2011 (multi)
Maury et al., 2016 (FR)

Ebner et al., 2015 (CH)

Centorotola et al., 2021 (IT)

Chen et al. 2019 (US)

Chen et al. 2020 (CN)

Daeschel et al. 2022 (US)

21 03/10/2024




CCs « food »

*: Genome wide association s

536 genomes

- )

Gene carriage « food »
vs. « animal et environment »

E‘T :ﬁ ]
]_ « Food »

—E.ﬂ—ﬁ..é—[

CCs « animal and
environment »

o] L] B2%

L]l ——

375 genomes

« Animal and
environments » strain
genomes

Comparatlve genomlc (GWAS¥)

strains genomes Software

Presence/absence AIIellc variation —

P " Genetic factor

related to each
\ Ar'}

compartments

Annotation
EggNOG-mapper,
Conserved domain NCBI
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Conclusions and follow-up \
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Checking for biases linked to the overabundance of certain CCs in the study panel
Superimposition of GWAS tools: Pyseer

Comparison with proline operons from other species (Bacillus subtilis, Escherichia coli)
Reconstitution of a production environment

Mutagenesis and comparison of phenotypes

High-throughput phenotyping

23 03/10/2024
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Perspectives and conclum’ns ”
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Conclusions and follow-up \
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Distribution profil of the major observed CCs
Wild/farm,
environment and
animal Carriage Ruminant pathology Meat Dairy Vegetab|es Fish
CC4, >
| | ||

CC1, CCs, CC7
CC2, ,

, CC9, CC31, CC87, CC101, CC121,

)
b
b

Prediction based on CC:

* Probable contamination source
« Persistence potential in food processing environment

25
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Conclusions and follow-up
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Rapid real-time PCR methOd for the identification Of Identification by High-Throughput Real-Time PCR of 30 Major
1 1 1 1 M irculating Listeria monocytogenes Clonal Complexes in Europe
the 30 major CCs circulating in food in Europe S yiogenes Clonal Complexes i biwop

Benjamin Félix,* Karine Capitaine,” Sandrine Te,* Arnaud Felten,” Guillaume Gillot,* Carole Feurer, Tijs van den Bosch,*
‘Marina Torresi,' Zsuzsanna Srétermné Lancz,” Sabine Delannoy," Thomas Brauge,' Graziella Midelet,' Jean-Charles Leblanc,”
Sophie Rousset*

CC access in 48h without sequencing , o
Direct detection in food sample

v

v

Large CC diversity study made possible Detection from enrichment broth of possible

multiple contamination
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