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Listeriosis outbreaks due to contaminated frozen
vegetables

2016 USA (multistate) 9 (3) Multiple frozen
vegetable products

2015-2018 EU (multistate) 47 (9) Frozen corn

Picture: © Kathrin Kober-Rychli



Risk assessment of L. monocytogenes in frozen
vegetables by EFSA (2020)

Frozen vegetables usually not RTE
- Consumption (without cooking) in salads or smoothies
- Unclear labelling
- 3,600 times greater iliness per serving of uncooked frozen
vegetables (for the elderly)

Picture: © Kathrin Kober-Rychli



Risk assessment of L. monocytogenes in frozen
vegetables by EFSA (2020)

Frozen vegetables usually not RTE
- Consumption (without cooking) in salads or smoothies
- Unclear labelling
- 3,600 times greater iliness per serving of uncooked frozen
vegetables (for the elderly)

Estimated prevalence of L. monocytogenes in frozen
vegetables is 11.4 %

Picture: © Kathrin Kober-Rychli



Limits: L. monocytogenes in food
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- = USA: zero-tolerance policy in RTE food



Limits: L. monocytogenes in food

K

- = USA: zero-tolerance policy in RTE food

= EU (EC 2073/2005 & EC 2024/2895):
» RTE foods for infants or for special medical purpose: absence in 25 g

» Other RTE foods able to support the growth of L. monocytogenes:
= absence in 25 g during the shelf-life
= or not exceeding 100 CFU/g during the shelf-life (must be
demonstrated to the authority)

» RTE foods unable to support the growth of L. monocytogenes:
100 CFU/g



Monitoring of L. monocytogenes
in the European Union
K

= EU regulation 2073/2005 on microbial criteria for foodstuffs
» food business operators are to comply with microbiological
criteria
* includes sampling and testing of the food processing
environments
= |SO 18593 (sampling technique)

= |SO 11290-1 and 11290-2 (analytical reference method
for L. monocytogenes)



Monitoring of L. monocytogenes
in the European Union

K

NS

EU directive 2003/99/EC on the monitoring of zoonoses
and zoonotic agents
» epidemiological investigation of food-borne outbreaks
= monitoring at appropriate stages of the food chain

EU member states designate a competent authority and
national reference laboratory

Official inspection of food businesses by authorities

Member states send data to EFSA/ECDC




Use of WGS in the European Union
(L. monocytogenes)

Status
EEA non-EU
her

= Currently no uniform surveillance system in the EU member t“’é"

countries "

= EU gives a framework, but member states can implement
more strict rules in their countries

= 2022: EU member states (and European Economic Area
(EAA) countries) are invited to submit WGS-typing data >
EFSA One Health WGS System

—> supporting real-time investigation of food-borne outbreaks
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Use of WGS in the European Union
(L. monocytogenes)

NS
&K - EU regulation 2025/179
- = applies from 23 August 2026
» collection and WGS of isolates of L. monocytogenes
associated with food-borne outbreaks

» member states are obliged to send sequencing
results to EFSA

= not obligatory for food businesses to send other isolates
from self-monitoring to reference lab
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Country

[3 Austria
[:] Other

Use of WGS for food safety in Austria — @
2

» Hardening of the laws since listeriosis outbreak associated &
with Quargel cheese in 2009 o
- WGS and subtyping of L. monocytogenes isolates A
standard in the reference lab since 2016
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Use of WGS for food safety in Austria

===

Hardening of the laws since listeriosis outbreak associated
with Quargel cheese in 2009

- WGS and subtyping of L. monocytogenes isolates
standard in the reference lab since 2016

» Austrian food companies are obliged to send all L.
monocytogenes isolates found in a food processing

environment or in products thereof to the Austrian Agency for
Health and Food Safety (AGES)

Country

[j Austria
[:] Other
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AGE S}{
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Country

[3 Austria
[:] Other

Use of WGS for food safety in Austria — @
2

)

9
1

22\ All L. monocytogenes isolates (from food contact surfaces, non-
Ot9)) food contact surfaces and product samples)

l AGE sl[

WGS and subtyping by —) Database of subtypes:
AGES MLST-ST &
cgMLST-CT
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Objectives of the project

Occurrence and prevalence of Listeria spp.
in a frozen vegetable processing facility
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Objectives of the project

Occurrence and prevalence of Listeria spp.
in a frozen vegetable processing facility

‘ Identification of hot spots and contamination
sources
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Objectives of the project

h Occurrence and prevalence of Listeria spp.
in a frozen vegetable processing facility

‘ Identification of hot spots and contamination
sources

Characterization of in-house Listeria spp.
= clones

mmmsm)  Using monitoring data including WGS data
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Publication

International Journal of Food Microbiology 410 (2024) 110479

Contents lists available at ScienceDirect

International Journal of Food Microbiology

'v&' |

ELSEVIER journal homepage: www.elsevier.com/locate/ijfoodmicro
L))
Diverse Listeria monocytogenes in-house clones are present in a dynamic il

frozen vegetable processing environment

Nadja Pracser °, Andreas Zaiser ®, Hui Min Katharina Ying ", Ariane Pietzka ©, Martin Wagner *"
Kathrin Rychli ™"

# FFoQSI GmbH-Austrian Competence Centre for Feed and Food Quality, Safety and Innovation, Technopark 1D, 3430 Tulln, Austria

° Unit of Food Microbiology, Institute for Food Safety, Food Technology and Veterinary Public Health, University of Veterinary Medicine Vienna, Veterinaerplatz 1, 1210
Vienna, Austria

¢ Austrian National Reference Laboratory for Listeria monocytogenes, Institute of Medical Microbiology and Hygiene, Austrian Agency for Health and Food Safety,
Beethovenstrasse 6, 8010 Graz, Austria
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Monitoring data set

Sophisticated self-monitoring data set:

5509 food product samples
3333 environmental swab samples

Frozen vegetable
processing facility

from a 2-year sampling period

19
Figure created with Biorender.com



Production process of (blanched ) frozen vegetables (simplified)

Fresh ) .
vegetables " Washing ’—P‘ Blanching

-

Bulk storage \
Q Mixing i Deep-freezing \4— Cooling E:

/v“’ﬂl.*

Packaging for
eamaes retail A
| -
— “+.| Products &
ingredients
(from other
facilities) o O

Figure created with Biorender.com



Monitoring data set

Purchase
(products purchased from
different processing facilities)

e

Production

>3

Mixing

Swab samples

T

Packaging

Product samples
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Monitoring data set

Purchase
(products purchased from
different processing facilities)

e

Production

>3

Mixing

T

Packaging

Product samples

Swab samples
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Monitoring data set

.\ = Sampling (in-operation) was done with polyurethane swabs
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Monitoring data set

.\ = Sampling (in-operation) was done with polyurethane swabs
D = Culture-dependent method:
Ord = [jsteria detection and isolation according to ISO 11290-

1:2017
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Monitoring data set

Sampling (in-operation) was done with polyurethane swabs

Culture-dependent method:
= [jsteria detection and isolation according to ISO 11290-
1:2017

Enumeration on a regular basis of L. monocytogenes
according to ISO 11290-2:2017 - ensuring safety of food
products
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Monitoring data set

\

.\
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20
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.

Sampling (in-operation) was done with polyurethane swabs

Culture-dependent method:
= [jsteria detection and isolation according to ISO 11290-
1:2017

Enumeration on a regular basis of L. monocytogenes
according to ISO 11290-2:2017 - ensuring safety of food
products

The frozen vegetable products were intended as non-RTE
and labelled with specific cooking instructions
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Monitoring data set

Monitoring data set (in-operation samples):

5509 food product samples
3333 environmental swab samples
(food contact and non-food contact surfaces)

Frozen vegetable
processing facility

Category L. monocytogenes Other Listeria spp.

2019 2020 2019 2020
Environmental swabs 17.69% 8.52% 51.08% 57.88%

Food samples 8.85% 3.64% 48.76% 43.61%

27
Figure created with Biorender.com



Monitoring data set

Category L. monocytogenes Other Listeria spp.

2019 2020 2019 2020
Environmental swabs 17.69% 8.52% 51.08% 57.88%

Food samples 8.85% 3.64% 48.76% 43.61%

Eumeration: L. monocytogenes < 10 CFU/g

- Compatible with 100 CFU/g at the time of consumption if cooking
instructions are followed
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Listeria hot spots based on prevalence data

~ .
E& Production area

Subarea A: L. innocua

/

_/\:)) Mixing area

Processing Line B: L. monocytogenes

Packaging area
Subarea C: L. monocytogenes

<
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WGS of all L. monocytogenes

Environmental swab samples Product samples
Number of L. monocytogenes Number of L. monocytogenes

454 isolates 493 isolates

1 l

URCRCRCRIE

Frozen vegetable S

processing facility

- MLST-ST
- cgMLST-CT

30
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Number

Occurrence of L. monocytogenes MLST-STs (n=34)
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Occurrence of L. monocytogenes MLST-STs (n=34)

swab samples
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Occurrence of L. monocytogenes MLST-STs (n=34)

product samples

swab samples

ductiop,

Purchase Pro




A highly dynamic processing environment!
Two years: 2019-2020

2019-January

MLST
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Identification of in-house clones

Most abundant MLST
ST1, ST8, ST20, ST26, ST37, ST224, ST451

!

cgMLST frequently & repeatedly isolated over the course of 2019 & 2020
+ location in processing facility

/ \

Five in-house clones

ST8-CT1349 Other prevalent STs
ST8-CT6243 = Many different cgMLST
ST20-CT3737 = Source: purchase products from
ST451-CT4117 other frozen food producers WE

ST224-CT5623
35



Identification of in-house clones

A ST451
Product Swab
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Identification of in-house clones
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Occurrence of in-house clones

Five in-house clones . ] ]
Main isolation sites:
- ST8-CT1349 ain isolatio

— Conveyor belts — —

= ST8-CT6243 _ )
= ST20-CT3737 E—) — Drains =

= ST451-CT4117 — Floor areas | _

- ST224_CT5623 Igure created wi lorenaer.com
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Occurrence of in-house clones

Five in-house clones - - : PR
 STECTI349 e Conveyor bets

. ST8-CT6243 - Lonvey A =
= ST20-CT3737 E—) — Drains =
= ST451-CT4117 — Floor areas el

- ST224-CT5623 Figure created with Biorender.com

Major contamination source: modular conveyor belts
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Occurrence of in-house clones

Five in-house clones

ST8-CT1349
ST8-CT6243
ST20-CT3737
ST451-CT4117
ST224-CT5623

I

Main isolation sources (food):
— Vegetable mix

— Broccoli

— Cauliflower

— Spinach

— Fried vegetable products

Figure created with Biorender.com
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Occurrence of in-house clones

Five in-house clones

Hypothesis: rough surface (e.g. broccoli,
cauliflower) are a favorable niche

ST8-CT1349

ST8-CT6243 —
ST20-CT3737

ST451-CT4117

ST224-CT5623

Main isolation sources (food):
— Vegetable mix

— Broccoli

— Cauliflower

— Spinach

— Fried vegetable products

Figure created with Biorender.com
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Identification of in-house clones: ST8 isolates

Tree scale: 0.01 ———

Whole genome SNP analysis of
226 ST8 isolates

!

18 different cgMLST

!

Min SNP 0 Max SNP 69
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Identification of in-house clones: ST8 isolates

Q

Whole genome SNP Analysis of 121
ST8-cg1349 isolates

B !

Min SNP 0 Max SNP 37

e scale: 0.01 ——

~[> 2clades
- 7% of ST8-cg1349 clustered with

- Clade 1 isolates found on same
processing line
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Identification of in-house clones: ST8 isolates

Tree scale: 0.01 ——

Q,

Whole genome SNP Analysis of 52
S18-cg6243 isolates

!

Min SNP O Max SNP 20

- 1 clade
- cgMLST sufficient for in-house
clone identification

44



A highly dynamic processing environment!

Do two sampling points share at least 1 common cgMLST type found in 2019 —
20207 If yes, the points are connected by a line

B Production: Room A

M Production: Room B

B Mixing: Room A (shutdown 2019)

m Mixing: Room B

M Packaging: Room A
Packaging: Room B

No containment of

subtypes within
rooms!
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Characterization of in-house clones:
Stress resistance genes (n > 100)

= MLST-ST specific gene
profile
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Only genes with differences in the pattern between MLST-
STs are shown 46



Characterization of in-house clones:
Virulence genes (n=99)

|:| absent

2
. present B
(=%
. insertion g
- g
. truncation s 5
. R o< *
. internal deletion
RL-20-00092-5T8-14340 [l 1 .
RL-19-00113-5T8-6243 [ 2 ® MLST-ST SpeCIfIC gene
RL-20-00308-5T8-14031 (M} 1 .
MRL-18-00585-5T37-5182 [l 12 p r0f| I e
MRL-18-00899-5T37-4866 [l 1
lineage Il MRL-19-00111-5T20-3737 [} 15
-MRL-19-00224-5726-7406 [l 8 .
[+ MRL-19-00133-5T4514117 I 1 =  All isolates harbored
- MRL-19-00571-5T224-4656 [l 3 . !
_f---MRL—19-00778-ST224-4656 [T 1 major viru lence genes
lineage | ~ - MRL-19-00115-5T224-5623 [} 5
~~MRL-19-00435-5T1-6758 [ 6
4}~MRL—20—00175-ST1-5375 B 3
0,005 --mre-1900a30sT17949 [N BER 1

Only genes with differences in the pattern between MLST-
STs are shown
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Main conclusions

= Recontamination of frozen vegetables after blanching

= Sources: Conveyor belts and purchased frozen vegetables/ingredients from other
producers

» WGS allowed tracing L. monocytogenes from the different sources

- Confirmed by a follow up study (Sampling after cleaning and disinfection)
— Exploring the occurrence of Listeria in biofilms and deciphering the bacterial
community in a frozen vegetable producing environment (Pracser et al. 2024)

= Conveyor belts were are a hard-to-clean niche
» Drains and conveyor belts acted as reservoirs for Listeria

= Detection of in-house clone ST224-5623 in study 2 which had
been identified in study 1
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Main conclusions

= Recontamination of frozen vegetables after blanching
= Sources: Conveyor belts and purchased frozen vegetables/ingredients from other
producers
» WGS allowed tracing L. monocytogenes from the different sources

- Confirmed by a follow up study (Sampling after cleaning and disinfection)

— Exploring the occurrence of Listeria in biofilms and deciphering the bacterial
community in a frozen vegetable producing environment (Pracser et al. 2024)
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Main conclusions

I Exploring the occurrence of
Listeria in biofilms and

EDITED BY

deciphering the bacterial

| community in a frozen vegetable

Pedro Rodriguez-Lopez,
Universidad Auténoma de Barcelona, Spain

S ot Mo, producing environment

University of Ljubljana, Slovenia

Weifan Wu,
paricullural Rescarch Service (USDA Nadja Pracser?, Eva M. Voglauer®, Sarah Thalguter?,
United States
Adeoye John Kayode, Ariane Pietzka?, Evelyne Selberherr®, Martin Wagner*® and
University of Fort Hare, South Africa . :
Y Kathrin Rychli**
*CORRESPONDENCE
Kathrin Rychli 'FFoQSI GmbH-Austrian Competence Centre for Feed and Food Quality, Safety and Innovation, Tulln,
kathrin.rychli@vetmeduni.ac.at Austria, ?Austrian National Reference Laboratory for Listeria monocytogenes, Institute of Medical

Microbiology and Hygiene, Austrian Agency for Health and Food Safety, Graz, Austria, *Clinical
Department for Farm Animals and Food System Science, Centre for Food Science and Veterinary
Public Health, University of Veterinary Medicine Vienna, Vienna, Austria

RECEIVED 20 March 2024
ACCEPTED 24 June 2024
PUBLISHED 10 July 2024

= Conveyor belts were are a hard-to-clean niche
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Main conclusions

@ Check for updates

OPEN ACCESS

EDITED BY
Efstathios Giaouris,
University of the Aegean, Greece

REVIEWED BY

Pedro Rodriguez-Lopez,

Universidad Auténoma de Barcelona, Spain
Sonja Smole Mozina,

University of Ljubljana, Slovenia

Weifan Wu,

Agricultural Research Service (USDA),
United States

Adeoye John Kayode,

University of Fort Hare, South Africa

*CORRESPONDENCE
Kathrin Rychli
Kathrin.rychli@vetmeduni ac at

RECEIVED 20 March 2024
ACCEPTED 24 June 2024
PUBLISHED 10 July 2024

Exploring the occurrence of
Listeria in biofilms and
deciphering the bacterial
community in a frozen vegetable
producing environment

Nadja Pracser?, Eva M. Voglauer?, Sarah Thalguter?,
Ariane Pietzka?, Evelyne Selberherr®, Martin Wagner*® and
Kathrin Rychli**

'FFoQSI GmbH-Austrian Competence Centre for Feed and Food Quality, Safety and Innovation, Tulln,
Austria, ?Austrian National Reference Laboratory for Listeria mono enes, Institute of Medical
Microbiology and Hygiene, Austrian Agency for Health and Food Safety, Graz, Austria, *Clinical
Department for Farm Animals and Food System Science, Centre for Food Science and Veterinary
Public Health, University of Veterinary Medicine Vienna, Vienna, Austria

Conveyor belts were are a hard-to-clean niche

Drains and conveyor belts acted as reservoirs for Listeria
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Main conclusions

f!) Check for updates
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Exploring the occurrence of
Listeria in biofilms and
deciphering the bacterial
community in a frozen vegetable
producing environment

Nadja Pracser?, Eva M. Voglauer?, Sarah Thalguter?,
Ariane Pietzka?, Evelyne Selberherr®, Martin Wagner*® and
Kathrin Rychli**

'FFoQSI GmbH-Austrian Competence Cents
Austria, 2Austrian National Reference
Microbiology and Hygiene, Austrian Agel
Department for Farm Animals and Food System Scie!
Public Health, University of Veterinary Medicine Vienna,

for Feed and Food Quality, Safety and Innovation, Tulln,
enes, Institute of Medica
Graz, Austria, *Clinical
“entre for Food Science and Veterinary
enna, Austria

= Conveyor belts were are a hard-to-clean niche
= Drains and conveyor belts acted as reservoirs for Listeria
» Biofilms supported survival but were not the main harborage site of

Listeria
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Main conclusions

LETTIEER Exploring the occurrence of
Listeria in biofilms and
deciphering the bacterial

University of the Aegean, Greece

—— community in a frozen vegetable
Universidad Autonoma de Barcelona, Spain H H

Sonja Smole MoZina, ’ prOd UC|ng enV| ronment

University of Ljubljana, Slovenia

Weifan Wu,

CWLC‘;“;@: Research Service (USDA), Nadja Pracser?, Eva M. Voglauer?, Sarah Thalguter?,

Adeoye John Kayode, Ariane Pietzka?, Evelyne Selberherr®, Martin Wagner*® and
University of Fort Hare, South Africa Kathrin Rychli Ik

*CORRESPONDENCE
Kathrin Rychli
kathrin.rychli@vetmeduni ac.at

RECEIVED 20 March 2024
ACCEPTED 24 June 2024
PUBLISHED 10 July 2024

= Conveyor belts were are a hard-to-clean niche

= Drains and conveyor belts acted as reservoirs for Listeria

» Biofilms supported survival but were not the main harborage site of
Listeria

» Detection of in-house clone ST224-5623 in study 2 which had been
identified in study 1
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Main conclusions

» Transmission risk: Suboptimal structure of the building
= WGS helped to show that subtypes were not contained in rooms or areas but
dispersed across the facility

» |nsufficient sanitation procedures were eliminated by the food producer - reduction of
Listeria spp. prevalence in 2020!
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Main conclusions

» Transmission risk: Suboptimal structure of the building
= WGS helped to show that subtypes were not contained in rooms or areas but
dispersed across the facility

» |nsufficient sanitation procedures were eliminated by the food producer - reduction of
Listeria spp. prevalence in 2020!

» Long-term colonization: five in-house clones

ST8-CT1349, ST8-CT6243, ST20-CT3737, ST451-CT4117, ST224-CT5623
= At company level: cgMLST sufficient for identification of in-house clones
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Main conclusions

» Transmission risk: Suboptimal structure of the building
= WGS helped to show that subtypes were not contained in rooms or areas but
dispersed across the facility

» |nsufficient sanitation procedures were eliminated by the food producer - reduction of
Listeria spp. prevalence in 2020!

» Long-term colonization: five in-house clones
ST8-CT1349, ST8-CT6243, ST20-CT3737, ST451-CT4117, ST224-CT5623
= At company level: cgMLST sufficient for identification of in-house clones

» Wide repertoire of stress resistance genes supported colonization
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Main conclusions

» Transmission risk: Suboptimal structure of the building
= WGS helped to show that subtypes were not contained in rooms or areas but
dispersed across the facility

» |nsufficient sanitation procedures were eliminated by the food producer - reduction of
Listeria spp. prevalence in 2020!

» Long-term colonization: five in-house clones
ST8-CT1349, ST8-CT6243, ST20-CT3737, ST451-CT4117, ST224-CT5623
= At company level: cgMLST sufficient for identification of in-house clones

» Wide repertoire of stress resistance genes supported colonization

= All isolates had major virulence genes and virulence potential
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Main conclusions

Recommendations to the food producer:
= replace conveyor belts

= avoid buying contaminated ingredients
» jdeally also restructuring of the building
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Most abundant MLSTs

19/10/2025

ST

20
451
37

26

224

Lineage

Serogroup

lla
lla

lla

IVb

lla

lla

llb

Serotype

1/2a and 3a
1/2a and 3a
1/2a and 3a

4b, 4d, and
4e

serotype 1/2a
and 3a

serotype 1/2a
and 3a

serotype
1/2b, 3b, and
7

Found in (our
dataset)

Mix, Spinach
Mix

Broccoli
Broccoli, Mix
Broccoli,
Clauliflower

Mix, broccoli,
cauliflower

Fried

CC

20
451
37

26

224
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Most abundant MLSTs

19/10/2025

MLST

451

20
37

224

26

Asscociated with/found in

food contact surfaces, human isolates,
dairy products, rabbit meat, natural or
urban environment

Meat samples, fruits and vegetables,
RTE vegetables

Romanian black market: fish
Dairy products

Meat, clinical samples, food production
environment

RTE vegetables, food production
environment

Natural environment, human, animal
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Characterization of in-house clones:
Growth under low temperatures and survival of freeze-thaw

Intrinsic growth rate at 4°C (™) >

Intrinsic growth rate at 30°C (h™") (@)
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MLST-ST specific
differences in growth
ability

No significant differences
between in-house vs.
non-in-house clones

All isolates survived three
freeze-thaw cycles
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Experimental set-up

Sampling was done after cleaning and disinfection

Biofilms

enumeration of
bacteria (QPCR)

Extracellular matrix:
e carbohydrates
e proteins
o extracellular (e€)DNA

Presence of Listeria
(culture-based)

enumeration of
bacteria (QPCR)

analysis of microbiota
(16S rRNA seq)

Microbiota
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Presence of Listeria in biofilms

Production
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Presence of Listeria in biofilms

Black arrow = biofilm detected

Production
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BCE
L. monocytogenes
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Biofilm:

21: shaker 1- metal tub
36: conveyor belt

39: air separator

Biofilms: 3 out of 40 65



Presence of Listeria in biofilms

Black arrow = biofilm detected

Production
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SCE NSNS EEEEEENEEEE EIEEEEEEEEEEEEEEE
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eDNA ]

BCE
L. monocytogenes
L. innocua

Biofilm: L. innocua:

21: shaker 1- metal tub 32: drain
36: conveyor belt 34, 35 : conveyor belt

39: air separator

Listeria: 3 out of 40
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Presence of Listeria in biofilms

Packaging Room A

Black arrow = biofilm detected

Purple arrow = biofilm + Listeria detected

Packaging Room B
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BCE
L. monocytogenes
L. innocua

Biofilm:

45: conveyor belt

50: screw conveyor

51: conveyor belt guide roller + L. innocua
54 filling funnel

57: metal funnel

63: conveyor belt guide roller + L. innocua

Biofilms: 6 out of 31
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Presence of Listeria in biofilms

Black arrow = biofilm detected
Purple arrow = biofilm + Listeria detected

Packaging Room A Packaging Room B

414243444546 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
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Carbohydrates
Proteins Bl B
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BCE
L. monocytogenes
L. innocua Listeria: 11 out of 31
Biofilm: L. innocua:.
45: conveyor belt 42: conveyor belt
50: screw conveyor 43, 46, 51, 63: conveyor belt guide roller
51: conveyor belt guide roller + L. innocua 61, 66, 71: drain
54 filling funnel
57: metal funnel L. monocytogenes:
63: conveyor belt guide roller + L. innocua 43: conveyor belt guide roller
64: drain

65, 68: conveyor belt
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