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Sound Science

How ILSI Europe makes the diﬁereg‘é’“so\u{\onsﬁ
25
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ILSI| Europe In a Nutshell
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Microbiological Food Safety
Task Force: Objectives and Tools

‘Reviewing and

summarising
knowledge on
pathogen

.Understanding behaviour and

“Publishing
guidelines and
working on an
agreed
terminology

potential
detection,
control and
management
procedures

ecology and
assessing their
risk to
consumers

Ultimate goal is to
investigate microbial

iIssues in foods that
Devleltoping are related to public
tools to -
manage safety health risks
hazards and
risks in food
production
systems

Tools:
A Peerreviewed publications

A Workshops
A Webinars
A European projects




ILSI Europe, |AFP and ICFMH ‘Workshop on Participation
Next Generation MRASE# i

(Microbiological Risk Assessment) —

Integration of Omics Data into Assessment

13-14 May 2016, Athens, Greece

International Journal of Food Microbiology

Articles in press  Latestissue  Special issues  All issues 4 Sign in to set up alerts

Omics in MRA - the integration of omics in 2 rermapire N omeliem
microbiological risk assessment

Edited by Chris W. Michiels

Volume 287, Editorial + 4 papers (open access)

Pages 1-40 (20 December 2018)

https://lwww.sciencedirect.com/journal/internationajournalof-food-microbiology/vol/287
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Quantitative Microbial Risk Assessment

From Farm to Fork

[ . g . \
Hazard identification
potential adverse health effect
\_ J
4 ) 4 - )
Exposure assessment Hazard characterisation
dose at consumption P(ill) and severity
as function of dose
\. J \_ /
[ . . . \
Risk Characterisation
P(ill) and severity
S with variability y

WAGENINGEN

UNIVERSITY & RESEARCH

PRINCIPLES AND GUIDELINES FO
CONDUCT QWICROBIOLOGICAL RI
ASSESSMENT CAGBBI(1999)


http://upload.wikimedia.org/wikipedia/commons/8/89/Flag_of_WHO.svg

Omics 1T extra dimensions

DNA e > /[Who is there and what can ]\

happen?

What appears to be
happening?

| |
proteins €-mmmmmm e m e m— e 2 > [ What makes it happen? ]

proteomics

metabolites

metabolomics

What has happened and is
happening?

single strain - microbial consortia/

WAGENINGEN

UNIVERSITY & RESEARCH




How will my troublemaker(s) behave?

storage ~ proces storage

/ Exposure assessment
L evels and kinetics

Quantification of growth, inactivation, survival,
contamination

\_

WAGENINGEN

UNIVERSITY & RESEARCH




How could omics makes a difference?

>

v storage processi ng storage

APredicting pathogen behaviour variability

AUnderstanding dynamics in complex food eco  -systems

WAGENINGEN
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Strain variability
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Strain variability
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Strain variability and biomarker

AGenetic element only present
In heat resistant group

AGenetic biomarker for
robustness
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Mechanistic insight to fine  -tune EA

ABiomarkers for robustness can be used to make subgroups

AFine tune EA taking into account phenotypes of the subgroups

WAGENINGEN
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Mechanistic

AB. cereus group: seven major phylogenetic

ADifferences in Temp growth ranges between groups

Insight to fine

-tune EA

groups

% strains with growth at:

Group 4°C 5°C 7°C 8°C 10°C 15°C 20°C 37°C 40°C 43°C 45°C 50°C 55°C
VII 0 0 0 0 0 0 100 100 100 100 100 100 0
ITI 0 0 0 0 0 100 100 100 100 100 85 0 0
IV 0 0 0 0 100 100 100 100 100 83 58 0 0

I 0 0 0 0 75 100 100 100 100 25 0 0 0
V 0 0 0 14 100 100 100 100 100 0 0 0 0
II 0 0 73 87 100 100 100 100 100 0 0 0 0
VI 0 40 100 100 100 100 100 86 0 0 0 0 0

WAGENINGEN

UNIWERSITY & RESEARCH

Guinebretiere et al., 2008



Mechanistic insight to fine  -tune EA

AAlso clear difference in heat robustness

cgroup II group IV esmmmm group VI
e group II smsm  group V s croup VII
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WAGENINGEN 0.6 log reduction

UNIVERSITY & RESEARCH 90 ° C, 10 min treatment Luu Thi etal., 2013



Mechanistic insight to fine  -tune EA

AAlso clear difference in heat robustness

Group Tiogp=0.8 (°C) + SD  z-value (°C) = SD

III 96.6 £ 3.5 8.4+1.9
VII 94.3 £0.9 5.7 0.9
V 94.1+1.4 11.0 £ 3.8
IV 93.3+2.6 10.5 £ 3.1
II 91.4 2.7 10.2 £2.2
VI 88.5+2.4 12.0£2.9

ASubgrouping based on mechanistic insight provides more precision in EA
than when taking the group as a whole

WAGENINGEN

UNIWERSITY & RESEARCH

Luu Thi etal., 2013



Food ecosystem dynamics

AMicrobial communities affect dynamics of pathogens

AI\/Ietagenomics to understand ecosystem dynamics
D Characterise communities
D Elucidate transmission routes

WAGENINGEN
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Food ecosystem dynamics

AMeta data collection

b Food (pH, aw)

b Chain (Temp)
AMetagenomics

b relative abundance
AEnumeration

b counts

WAGENINGEN

UNIVERSITY & RESEARCH

Food sample analysis over time

Temperature
Py 00 N P TN @
\_/ : - G
i\ / = time
«mw— : o — =
N N
el xvlla
g ?
@ where
G| = L
£ s
k}
% L
N, : oot - >
Metagenomics Time Classic plate counts
Species proportions Quantitative results

Picture from M.

Ellouze



Food ecosystem dynamics

AMeta data collection

b Food (pH, aw)

b Chain (Temp)
AMetagenomics

b relative abundance
AEnumeration

b counts

ADatabase of kinetics of species or
relevant subgroups

WAGENINGEN

UNIVERSITY & RESEARCH

Food sample analysis over time
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1. Building the knowledge

Database and model

Quantitative resulfts

Picture from M.

Ellouze




Food ecosystem dynamics

APrediction

b Based on database and
models

Achallenges: low prevalence of

pathogens

WAGENINGEN

UNIVERSITY & RESEARCH

Food sample at time t0

Food and environmental
characteristics

Temperature

Meta-
: Plate counts -
rg:Lﬂ?sma:ffO results at t0 time
: Enumeration
Proportions
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. time
Prediction of the pathogen and
background flora with time
2. Predicting

Picture from M. Ellouze




Potential of omic data in EA

ABetter understanding of biology: behaviour of pathogens, food
ecosystems and its dynamics

ABiomarkers help to quantify strain variability
AHeIp to fine tune EA
AReducing uncertainty in EA

WAGENINGEN
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Joined efforts

Contents lists available at ScienceDirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro

Next generation of microbiological risk assessment: Potential of omics data
for exposure assessment

Heidy M.W. den Besten?, Alejandro Amézquita®, Sara Bover-Cid¢, Stéphane Dagnas®,
Mariem Ellouze®, Sandrine Guillou, George Nychas®, Cian O'Mahony"”,
Fernando Pérez-Rodriguez’, Jeanne-Marie Membré"+

at]
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Potential of omics data for Hazard Characterization

Annemarie Pielaat

Nabila Haddad, Nick Johnson, Sophia Kathariou,
Aline Métris, Trevor Phister, Chrysoula Tassou,
Marjon H.J. Wells-Bennik, Marcel H. Zwietering

Annemarie.Pielaat@Unilever.com Unilever:



Introduction Hazard Characterization in QMRA

Dose: 10° Salmonella Typhimurium

Dose Response Models: N -
e.g. Exponentlal b 0‘305 .. Susceptlble cases
5OGrd 1o | (Teunis et al. 2010)
0.20[ .
N
U Biological variability o PPN T
| PATC 1 S T R el S R

0.1 0.2 0.3 l | 0.4
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Introduction Hazard Characterization in QMRA

Output: Number of ill cases

FOKKE & SUKKE
2.5, 50 and 97.5% c_onfidence levels make an instant
and mean cases of iliness d|a nosis

Mix_ID Pathogen 2.5% | 50% 97.5% | Mean g
1 Salmonella TyphimuriuldT104 0 14 10,016 | 1,242
2 Salmonella TyphimuriurdT104 0 20 9,728 1,200
3 Salmonella TyphimuriuldT104 0 24 10,865 | 1,365
4 Salmonella TyphimuriuldT104 0 191 45,241 | 7,317
5 Salmonella TyphimuriudT104 0 135 31,893 | 5,176
6 Salmonella TyphimuriuldT104 0 99 53,206 | 6,459 .
7 Salmonella Typhimuriu@®T104 | 0 268 | 66,276 | 10,266 | think you have
8 Salmonella TyphimuriuldT104 0 128 29,284 | 4,709 diarrhea
9 Salmonella TyphimuriudT104 0 116 26,533 | 4,263 ’ 7
10 Salmonella TyphimuriuldT104 0 37 15,571 | 1,962 \
11 Salmonella TyphimuriuldT104 0 20 8,566 1,087
12 Salmonella TyphimuriuldT104 0 69 29,008 | 3,691
13 Campylobactespp 0 214 5,147 782
14 Campylobactespp 0 2,247 | 34,223 | 6,010
15 Campylobactespp 0 3,256 | 47,937 | 8,513 .
16 E. coli0157 0 1 195 31

Salmonella Montevideo 0.70 2,510 | 17,280 | 4,091

Number of ill cases per year in The Netherlands from the consumption of a
portion of mixed salacPielaat et al. (2014) J. Food Protection ————




NG-Omi ¢cs chalThenMaepp@mi ng Pr ouwu

Sequence data Hazard Identification
Typing data Exposure Assessment
Data | = ) [ Ris
SNP data Dose Response
Expression data Risk Characterization
Single cell data

multidim. genotypic info ~ —> reduced phenotypici® single risk

10 genes 10" characteristics 10
10™ SNPs survival in GIT No. il
etc growth rate

etc



NG-Omi ¢cs chadudpepagret ndeci s1 o

wAhal FaasSaaySyid Aa AYyiISYRSR
Difficult for new data sets to influence risk assessments directly

Data | I Risk

There are many questions and eve

i Doesadé ne wo g Eentiftayn@vchazard? Y change pol i

I How does presence/absence of a virulence gene characterise a
hazard/non-hazard?

i Howdoesao di f f er ent icharaGerisgeapsk? s si on

I How do we use molecular data analysis for probabilistic
calculations in QMRA?




NG-Omi ¢cs chadudpepagret ndeci s1 o

A Traditionally viewed/ regulated by serotype

I Dutch guideline of 2014
A for high risk ready to eat (RTE) foods, all STEC with (stx1 OR stx2) are considered unacceptak
GKATS FT2NI 29 NRA] F22R LINRPRdzOG&a ou2z2 060S O2
[(eae) OR (aaiC AND aggR)] AND belonging to serotypes (026, 0103, O111, O145, 0157, O]
045, 0121 en 0174) are considered unacceptable.

A Potential issues of biomarker focused regulation

Table 2: Example of sequence of a more and more stricter def inition of pathogenic
potential

STEC = (stx1 OR stx2)

STEC = (stx1 OR stx2) AND an attachment factor like genetic element
STEC = (stx1 OR stx2) AND known attachment factor

STEC = (stx1 OR stx2) AND (Eae OR (aaiC and aggR))

STEC = (stx1 OR stx2) AND (Eae)

(Haddad et al. 2018, IJFM)
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NG-Omi ¢cs chall engeo inThe 1 nu.

AThe incorporation of omics data that often has little biological
meaning into the risk models will require input from the risk
manager and will make the decision making process more
complex

AThere are concerns around the lack of standardization and
reproduciblility of current methods

APaucity of relevant data sets



Y

NG-Omicsn The potenti al so

ACan provide greater detail on pathogens
1 Pathogenicity
Virulence
Stress responses
Interaction with other systems (both humans and microbes)

AMay be used to identify biomarkers

AHow do we translate the biomarkers from human and cell culture or
animal model responses into the dose-response models?



Remarks and
references

Type of biomarker Example

(from literature) -

Type of response: Reproducibility
guantitative

value (fold)

Omic methods

qualitative response
(detection/identifica

=
LL
=2 Gene (CDS)
~~~
00
b, SNP
o :
o\ Genomics
N’
L Multiple copies
©
o
O
i) Transcriptomic MRNA
©
[®)
©
©
L . .
- Proteomic protein
wn
S
)
-
S
©
&
o Metabolomic metabolite
m

tion)

stx of Escherichia co Qualitative

stx of E. coli Qualitative

Neurotoxin genes of Qualitative
Clostridium
botulinum

SPi1 genes or hillA Quantitative
of Salmonella
enterica

TypA of Cronobacter Quantitative
sakazakii

Cereulide toxin of
Bacillus cereus

Quantitative

2 biological
replicates

3 technical
replicates, but no
biological replicate

Lindsey et al., 2016

Pielaat et al., 2015

Peck and van Vliet,
2016

Comparison
between two
different serotypes.
Elhadad et al., 2016

Comparison
between virulent
and nonvirulent
strains. Du et al.,
2015

BiestaPeters et al.
2010; Marxen et al.,
2015



Biomarkers: Network analysis

The main regulators in this data are

ssrB, hilA, phoP,

ompR and csgD

(Haddad et al. 2018, IJFM) e



Biomarkers and dose response

AHow do we correlate biomakers to responses and illness conditions

AHow do we quantify these correlations

P(ill)

0.9 -

0.8 -

0.7

0.6

0.5 -

0.4 -
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0.2

0.1

-----------
.........

.t
o

oo

o
.o

0.1

ot
o
ot
o

Log P(ill)

0.01 -

0.001 -

Uncertainty in the doseesponse relationship used in the WHHRO report, 2002

e s e 7 8 9 1 dose (cfu)
Log dose (cfu)



NGOmicsnWays forwardo

U Link with other data (eg epidemiological , process) —
THE UNEXPLAINED
NG Omics
=
@2 /3
_r~ t
Dose- = e Eeer
LoOK, UWALF THE WORK 5 Dok ! Epi Respons Process ih
ALL NoU NEED To Do & FILL IN THE
AR ConETD e
S8 TUE BoTTo 32
. Regrrogti'ﬂzt%r?lr?;hts obtainable from /

www. CartoonStock.com

U Systems biology

The presence of a biomarker (gene, metabolome, protein)
may by itself not always be a good predictor, since the
expression is influenced by a large variety of (biological)
factors & biomarkers are dependent.

@ Wiley Ink, inc./Distributed by Universal Uclick via Cartoonstack



Concluding remarks

A Omics is already changing the food industry

A In the next few years it is going to impact industry's ingredient and products
specifications, surveillance programs and detection methodologies

A May also increase the challenges for companies distributing products across differer
regulatory environment

A Ultimately though if we collaborate effectively between academics, regulatory
agencies and Industry the impact of Omics on MRA will improve the quality and
accuracy of our hazard characterizations

A Finally

A The views expressed in this presentation are those of the authors and do not
necessarily represent positions or policies of IAFP, ICFMH, ILSI, Nestle, PepsiCo
Unilever, NIZO or any authors affiliation.
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Luca Cocolin

Marios Mataragas , Francois Bourdichon , Agapi Doulgeraki |,
Marie - France Pilet, Balamurugan Jagadeesan , Kalliopi Rantsiou ,
Trevor Phister

X ‘1
UNIVERSITA r/—§
DEGLI STUDI J)\\

DI TORINO DISAFA lucasimone.cocolin@unito.it




Current Opinion in

Current Opinion in Food Science 2015, 2:43-50 FOOd
Science

Zooming into food-associated microbial consortia:
a ‘cultural’ evolution

Luca Cocolin' and Danilo Ercolini®
A Functional based ecology
studies (e.gmetagenomic$

SR,
® CrossMark

% Sequence based ecology studies
NWi th tehe (e.g- metagenetics nmalryesi s o
evolution We§1 ve ause we have

technically learn&t|to
our mental approacjh
to think at food @(:

, but also because
>d. We have evolved
tor their occurrence,

|l vitlies as

Technol

—>
Time
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Dynamics and Biodiversity of Bacterial and Yeast Communities
during Fermentation of Cocoa Beans

Jatziri Mota-Gutierrez,@ Cristian Botta, llario Ferrocino,® Manuela Giordano,® Marta Bertolino,® Paola Dolci,»

Applied and Environmental
Microbiology®
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Benefits for risk assessment: food pathogens monitoring
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