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<, Listeria monocytogenes (Lm) ecology and epidemiology [l curt im

anses
- Listeriosis*:

* Vehicle: contaminated food product

* Rare disease (0,49 cases per 100,000 people)

» First foodborne disease for hospitalisation rate 96.5%, and death
with 196 reported in the EU

- Ubiquitous : water, soil, plant, animal/human, gut asymptomatic carriage
is common**

- Contaminant of all food processing facilities, psychrotroph and
persistance abilities

Anses Lab for food Safety,
Boulogne sur Mer location

Thiste Lambertz 2014
* : EFSA-ECDC zoonosis report 2021 doi.org/10.2903/j.efsa.2022.7666 3 23/09/2021
** . Hafner et al. 2021 doi.org/10.1038/s41467-021-27069-y
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\ Multi Locus Sequence Typing (MLST) Bl cure Lo

W

principle

»
Allele assignment ST assignment é&f\/ ‘_’)& (’,)&

= sT239 = I:l
I:l CC239
Allele Allelic Sequence Clonal : - /
sequences profile Type Complex (CC)

» Sequencing of 7 housekeeping genes CC:6 allelesin common

+ abcZ (transporteur ABC) ST : 7 allelesin common
* bglA (p-glucosidase)

« cat (catalase)

+ dapE (succinyl diaminopinelate desuccinylase)

« dat (transférase)

" i (ustdine Kinaeg To the 19/09/2023: https://bigsdb.pasteur.fr/
- Number of ST: 3149
- Number of CC : 261
- ST not assigned to a CC: 1050 5

CC = Clonal Complex
ST = Sequence Type

Isolate DNA
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D Lm genetic diversity based on Multi locus sequence typing |l curL tm
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L. monocytogenes
CC1

Lineage Il

. CLiPos Lineage |

Lineage |

. L. innocua
?f Lineage IlI

LM85

Universal & common language
Relate to virulence for some CC

MLST by whole genome sequencing
Approx. 150 € per strain - 7
3-5 days

From Ragon et al. 2008, PLoS Pathogens 6

¢ ST14
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EURL-NRL for Lm sequencing studies
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scientific data

A European-wide dataset to
uncover adaptive traits of Listeria

. monocytogenes to diverse
- ecological niches

. Benjamin Félix et al.*

: Listeria monocytogenes (Lm)is a ubiquitous bacterium that causes listeriosis, a serious

. foodborne illness. In the nature-to-human transmission route, Lm can prosper in various

: ecological niches. Soil and decaying organic matter are its primary reservoirs. Certain

. clonal complexes (CCs) are over-represented in food production and represent a challenge
: tofood safety. To gain new understanding of Lm adaptation mechanisms in food, the

: genetic background of strains found in animals and envil
: in comparison to that of food strains. Twenty-one partners, including food, environment,

: wveterinary and public health laboratories, constructed a dataset of 1484 genomes originating
: from Lm strains collected in 19 European countries. This dataset encompasses a large

: number of CCs occurring worldwide, covers many diverse habitats and is balanced between

should be in igated

: ecological compartments and geographic regions. The dataset presented here will contribute

Bojan Papic¢! @, Mateja Pate', Benj:

: toimprove our understanding of Lm ecology and should aid in the surveillance of Lm. This
. dataset provides a basis for the discovery of the genetic traits underlying Lm adaptation to

: different ecological niches.

: Rackaround & Summarv



Real-time PCR assay based on Lm circulating diversity in food
"‘ <

40 primer-probe real-time PCR assay$™
[ 30 real-time PCR assays targeting the gene-coding sequences

Chromosome

CC1, SD-C(C1, CC2, CC3, C(C4, CC5, CCp, CC7, CC8, CC9, CC11-
" ST451, CC14-5T14-206-399, CC14-5ST91-360, CC18, CC19-ST398-
802-1308, CC20, CC21, CC26, CC29, CC31, CC54, CC59, CC77,

CC101, CC121, SD-CC121, CC155, CC199, CC204, CC224

6 real-time PCR for molecular serotyping (Vitullo et al. 2013)
prs, plca, Lmo0737, Lmo1118, ORF2819, ORF2110

30 most abundant CCin
food production in
Europe

{ 4 real-time PCR assays targeting the intergenic regions
CC37, SD-CC37, CC87, CC193

Fluidigm ®

Available in:
(i) High throughput 40 simplex
Probe (ii) Multiplex 11 triplex, 1 duplex

Gene " |
Primer 3
]

In silico analysis on 3342 genomes, from 9

18 EU &19 non-EU countries SD = sub-division, PCR assay splitting a CC into two groups
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aaaaa

|ISO Standard 16140

Validation of alternative method against a reference method in
food microbiology

/ Detection \. ? ————— NF ENISO 16140-2

B cureim

N

Part 4 : sensibility and limit of detection

Enumeration 5 8 Reference method

Partie 6 : dedicated to alternative typing method

23/09/2023

TR
ISO
N




q
A - EURL Lm

anses

597)

597)

sequenced strains (n

Whole validation panel diversity (n

Validation panel

o
> un
v w Q Q)
U~ 'C )
]
oc NN ¥ S
—_ C o)
O & D =
o
(72] O O N
e ©
000433 3
1S 0 000409
018 00 18
820 I 1S
0bhbLS < 8890
€121 O OLLLLS
18518 o EILZLS
59518 (@) 19518
£LL1S (@) 58518
1299 /0: £iLls
12290 o 24z99
£4590 Mul_J 02200
2199 £4500
6690 I 12100
51500 (20) 8800
52499 w 51k02
21590 Q 5400
02500 XD 41500
99920 (o)) 4 04599
o O X 33300
68000 A O 58803
] LIS > 9] EL1S
£2190 2| £2109
16100 L2 o0 16100
00202 = O 00299
TR % () 21h09
£0r20 ol || 2020
et v rm 10209
[ + 12809
8900 o P
an w wnips|g
E|lauowes X BJaUOWES
| IR (] snaune g
1899 1 -
U0 S 1499
2 0 o 1299
8 pecoo | — o ¥2230
- ™~ N\ 66100
£ 320 — 1] e
0 ELAL TR ﬂ_ y ojueBoyed-Lou
0l 6200 c = -~
10402 — >
== 10102
6100 e} f o
6120
0299 Q m —
020 = (¢)] 0290
o3 ..m v 8299
2 3
- o
8190 o i
1£99 = -
502 - o,
700 c B,
22 ©
1£99 — oy
— ) £20
- o0 300
o A_“. 192
“dids eLajsl] c 800
a0 ~ dds euajsi]
| 55199 Ha9
] i 53100
5| #1390 HaR
5| 600 L
12420 832
T T T T T T T 12100
. 0 g n s b L




q
A - EURL Lm

anses

=597)

sequenced strains (n

Validation panel

=597)

Whole validation panel diversity (n

i

- o = =

[ - -}

]

ez

|

5]

5]

000432
1S
acls
8820
OLLLLS
EI1T18
18515
GE51S
ELL1S
L1220
02220
£4520
¥2120
6E20
G1¥20
GLP2D
41§20
04520
89520
aN
68920
£LIS
£4120
18122
00230
Zlk20
i)
20220
WZEDD
88£00
WrpLIS0|3
BauoLEs
SNEUNE ‘g

Cross-reactions

000199
ZEls

s

19990

[0MbIS
£I218
1518
58518
EL18
11290
02200
61500
142199
61690
L5100
51100
| 2159
04500
09030
68920
£1S

€819
15199
00299
ZID0
 E0KDD
| 10290
12890
8889

13

23/09/2023

4820
4400
1222
¥2g20
66100
6520
aluabioyed-uou
6230
10123
6130
$0220
0230
az3d
EJ2
£6100
$520
8100
1£2D
500
202
¥23
1E20
4920
132
802
“dds eUE)S
K20
65120
423
100
622

-1
]

P T
) o w -]

5

&

Fle)

=117)

480) and Not identified (n

(n=

00022
tELs
9e18
8390
ObLLLS
ELZLS
18515
GBGLS
ELLLS
41202
02222
E£500
¥2L00
62800
GLF32
G2r00
L1520
04522
89802
68322
€118
£8L00
(%]
00222
Zhrad
E0FDD
40202
ZEQD
B3EDD
W00
BJaudwes

SNaune ‘g
4920
4400
1220
¥Zz00
66100
6520
aiuaBoyed-Lou
6200
10102
6120
#0200
0222
aza0
EDD
£6100
¥500
8100
€20
500
€29
£02
4£20
a2
122
822
dds euajsi
({500}
G500
400
#1020
622
12132




Performance: strains not sequenced (n=606) \

A <
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Period of sampling l ' ‘Total
A B C | J
W CiW Cj|wW C

PCR assay result D E F G H K L M N O P Q R

Area of sampling
CC1, SD_CC1 positive
CC1, SD_CC1 negative

cc3

cca

Ccs

CcCceé

cc7

cc8

[e(e]

CC11-ST451
CC14-ST14-206-399
CC18
CC19-ST398-802-1308

Cc20
cca21
CcC26

Major food sectors at
risk for Lm

Period 2006-2022

Strains from 18
processing plant
environments

CC29

CC31
CC37, SD_CC37 positive
CC37, SD_CC37 negative

4

2

1

5 &
o n
CC59 i

3

1

Strains from ruminant
or raw milk production
i soccineive || : e > environments

cc77
ccs7
CC101

CC155

CC199 1 13
cc204 i

CC224 1 5

Ila 2 31
w s 14 23/09/2023
IVa 1 6

Total 237 {9 42/21 44{9 27{/2 6 1 14 6 6 3 1 6 3 38 55 38 33 5 606




Performance: strains not sequenced (n=606) o Rl cor
A 1 4

Period of sampling n } i i .

PCR assay result i A B C D E F G H I )
Area of sampling ;
CC1, SD_CC1 positive
CC1, SD_CC1 negative

anses

Ruminant, farm
78% coverage

CC11-ST451
CC14-ST14-206-399
CC18
CC19-5T398-802-1308
CC20
cc21
CC26
CC29
CC31
CC37, SD_CC37 positive
CC37, SD_CC37 negative
CC54
CC59
CcCc77
ccs7
Ccc101
CC121, SD_CC121 positive
CC121, SD_CC121 negative
CC155
CC199
CC204
CC224
lla
Ilb
Vb
IVa

H
I

1

1

15 23/09/2023

38 55 38 33 5



Performance: strains not sequenced (n=606)

Period of sampling

PCR assay result

>l b 3
5' .Total

D 0O P Q R

Area of sampling

LY 4

CC1, SD_CC1 positive
CC1, SD_CC1 negative
cc3
cca
Ccs
CcCceé
cc7
cc8
[e(e]
CC11-ST451
CC14-ST14-206-399
CC18
CC19-ST398-802-1308
Cc20
cc21
CC26
CC29
CC31
€C37, SD_CC37 positive
CC37, SD_CC37 negative
CC54
CC59
CcCc77
Ccca7
CC101
CC121, SD_CC121 positive
CC121, SD_CC121 negative
CC155
CC199
CC204
CC224
lla
b
Vb
IVa

19 42121 4419 27

q
A - EURL Lm

anses

Processing plant
94% coverage

16 23/09/2023



Performance: strains not sequenced (n=606) o Rl cor
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anses
PHP b S
Period of sampling n ;' Total
D E F O P Q R

K L M N

PCR assay result A B C
Area of sampling W C{W CiW C
CC1, SD_CC1 positive 10 q
CC1, SD_CC1 negative 20
cc3 i ;
cca
Cccs
CcCceé
cc7
cc8
[e(e]
CC11-ST451
CC14-ST14-206-399

G H | J
:
3

CC18
CC19-5T398-802-1308
CC20
cc21
CC26
CC29
CC31
CC37, SD_CC37 positive
CC37, SD_CC37 negative

. Not covered were
; sequenced

| ccmstn, sTi91,
o

CC207, CC217,
CC379, CCA415,
CC517 and CC991

ccs7
CC101

4
2
1
6
CC54
CC59 {
cc77
3
4

CC121, SD_CC121 positive
CC121, SD_CC121 negative i i
ccis5 i i 4 14
cc199 13
cc204 o
cc224

Ila 31
Ilb 1 17 23/09/2023

Vb 23
IVa
Total 237 9 42121 4449 27,2 6 1 14 6 6 3 1 6 3 38 55 38 33 5 606
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Direct CC detection

Various
contaminated
samples

W

anses

Soil sample

!

DNA extraction

l

Contains viable and
dead cells DNA

l

Detection of non-cultivable cells
Multiple CC detection

- -

B cureim

u Animal sample

Enrichment broth

v

Half
frazer 'K
(FHB)
- .
| |
DNA extraction
v
Contains only viable
cells DNA
v
Early warning for positive FHB
Early availability of typing data
Multiple CC detection

19

23/09/2023



Bead beating extraction principle

Listeria —

monocytogenes Organic matter
genomic debris 5 e

@), (J ¢ Inhibitor u

Genomic @, Listeria s enomic debris
markers O O‘/ PP-8

Mineral compound Half Fraser Animal Soi
Ol

Qo o} broth (HFB) mol
OO Q\ sample

Genomic debris

Kit used:

- QIAGEN DNeasy power soil pro
- QIAGEN DNeasy power food

- iHelix (https://www.ihelix.eu/)

¢ ++ Clonal complex

+ Molecular serotype

+ Genus marker
23/09/2023 20


https://www.ihelix.eu/

Bead beating extraction principle

« Beadbe

>

ating step

N—

]

@O

» Break soil compound
* Break micro-organism cell walls

o
0 0%
Ogoo

)

Homogenise

Tt it Tt S

/\o

&

bo

O
@)

O
ob

s

Sedimentation by
centrifugation

>

N
N—

@O @)
1.0

150 ©

Inhibitor removal

technology,

catch inhibitor

q
A n EURL Lm
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and not DNA

Purification and
washing by
elution on silica
membrane

21



CC detection by real time PCR Y

O Multiplex real

O‘A’ time PCR

High throughput

‘ @ real time PCR

“ EURL Lm



DNA concentration and amplification for trace detection o R oo

>

oo
)

. 5uL //////
SpeedVac X 14.000
Total volume
50 uL

Pre-amplification by 40 simultaneus
polymerase chain reaction (PCR)

X10 concentration .
Real Time PCR for CC

detection

23

23/09/2023



"\ 2 EURL Lm
\ Y 4 o

anses

6 — Validation

Rapid real time PCR typing of 30 Lm clonal complexes 24 23/09/2023



Naturaly
contaminated
sample

u "’e‘/
@+

Isolation on i

Sensitivity — experimental plan

Genolisteria
detection

Reference
method
High thrOUghput

Half Fraser

broth (HFB) Extrac:tlon iHelix

ALOA
selective
medium

Pure strain

l

— MLST CC

.

Fluidigm ®

.

q
A - EURL Lm
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Extraction
method not
defined yet

i

Fluidigm ®

25



Results

Rapid real time PCR typing of 30 Lm clonal complexes
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Sensitivit reliminary results
\} y (P y ) B cureim
University
S Placenta naturally
Faculty contaminated
samples
5_
»44
10—

Reference

method
62 15
Departmental / Real-time

veterinary laboratory dzctgcggn 20

4
W »)oubs —18
anses le Département

25—

. Reference method — enrichment Fraser ¥2 and Fraser + GenolListeria on pure strains

Direct real time PCR CC detection
— 27 23/09/2023



Y Limit of detection (preliminary results) B cureim
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Homogenised
placenta sample

Preliminary results let show a
LODg: between 100 and 1000
CFU/mL

28 23/09/2023



N Conclusions B cureim
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CC detection:

On pure strain

Summary: ANSES was accredited 1SO16140/17025 in 2021 and published the method*.
Aim: Discriminant, rapid, cost effective, informative, broadly accessible, frontline
method, scalable and open

In soil sample
In progress — application on research contaminated pasturage, sludge, river sediment

In placenta sample

Summary: Sensitivity analysis in progess (nine CC PCR tested already). Good method
sensitivity, presumptive LODg. between 100 and 1000 CFU/mL.

Aim: detect multiple contaminations, detect cross contamination between samples.

* Félix et al. 2022. Identification by high-throughput real-time PCR of 30 Listeria monocytogenes Clonal Complexes. Spectrum in
Microbiology, doi: 10.1128/spectrum.03954-22 29
23/09/2023
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In placenta sample
Extend sensitivity panel to reach at least one strain per targeted PCR, finalize LOD

tests. Publication on Lm genetic diversity related to ruminant abortion.

In soil sample
Collaborative project (not defined yet)

CC detection on food using selective medium (Fraser half broth)
One day typing method, multi contamination, study strain on the competition in

selective medium

CC detection in samples from food processing plants
High frequency sampling, multi contamination, trace contamination in processing plant

30 23/09/2023
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