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A risk assessors “wish list”

Ready-to-use mathematical models

supporting
(Ad-Hoc) risk assessments along the food chain
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Current situation in the food safety modelling

1. Plenty of data and 2. Several software tools

models published for model based predictions

3. However...

and simulations
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Example: Bacillus anthracis

Literature:

v'Dozens of papers containing
estimated models of B.anthracis in
different food matrices (beef, milk,
egg,etc.)

v'Dozens of paper containing data
on growth/inactivation of B.anthracis
in different food matrices and culture
broth.

PMM-Lab

FDA-iRISK

food safety modeling tool

RESEARCH INSTITUTE o énghai) f
Tl (Ad-Hoc)
chmaise model-based
— predictions

ACTALIA i—

J

not possible!

Predictive microbial software tools:

Estimated models available for predicting the
growth or inactivation of B.anthracis

1 (20-21 °c), (280-500 MPa) Re-Implementation
of models
necessary |

Data records on growth/inactivation of B.anthracis

0
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Issues with re-implementing estimated models
e.g. conflicting / wrong model parameters in papers
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Issues when re-implementing estimated models
e.g. typos in model equations / formulas

LPD =a + bl temeid (2)

LPD = a + b * exp(-Temp/c)
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Issues when re-implementing estimated models
e.g. erroneous re-implementation

Model Definition | MICI’DbIa| Data I Flow 'u'arlablesl Memary Pnllcy|

annotatlons formulas units

Model Properties
Model type: (@) primary (") secondary (7 primary (secondary)
Formula from DE: Juneja_2010_GroundBeef BacillusAnthracic - ] [ Refresh ]
Formula Mame: |Twu Ahase Linear Inactivation Model with intersect ime-Juneja 2010 (v1429275346762) | Type: [inacﬁuaﬁmj‘wruiual - ]
Formula: |u’aluv.=_- =Y0-{Time-Time_intersect),D2%(Time }Tilﬂe_intersect}—{TimefD 1) +HTime-Time_intersect)D1%(Time =Time_intersect) | [ Apply ]
“\
Boundary Conditions: | \ | [ Apply ]
\

Farameter Linit Independent  Value e Min Max Description

Walue[* Mumber Content (count/mass) -¥ log10{count/q) Value 7 10.0  bacterial population at time t 4og10() transformed

Cl1 Time - min ] 0.033 D-value of first rate equation

K Time - min ] 42,3 D-value of second rate equation

J 0.0 5

Parameter Definition: elintersect  Time -= min ] .35 = time point of intersection of two linear inactivation rate

i1 Number Content {count/mass) -> lod 10(codxt/g) (& 7.0 o\ ritial bacterial population dog10() transformed

\

Model Name: |JL. neja_2010_GroundBeef BacdllusAnthracic /Y

¢ p—
Goodness of fit:

Ropter

Ju»ﬂe , Vijay K,/ _Thermakinactivation of Badillus anthradis Sterne in irradiated ground beef heated in a water bath or cocked on commerdial grills

parameter
values
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Proposal

Available online at www.sciencedirect.com

INTERNATIONAL JOURNAL OF
SCIENCE DIRECT* Food Microbiology

International Journal of Food Microbiology

www.elsevier.com/locate/ijfoodmicro

A strategy to establish Food Safety Model Repositories

C. Plaza-Rodriguez, C. Thoens, A Falenski, A. Weiser, B. Appel, A Kaesbohrer 2t loro

Federal Institute for Risk Assessment. Department Biological Safety. Unit Epidemiology,
Zoonoses and Antimicrobial Resistance. Max-Dohrn-Stralie 8-10. 10589 Berlin. (Germany).

Software

Model Tools Rules for
exchange model

formats V annotation

Community Contributions

Food Safety Knowledge Bases

http://www.researchgate.net/publication/273791203 A strateqy to establish Food Safety Model Repositories
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Detalls of proposed strategy

1. Establish a standardized file format (language) for estimated
models (and experimental data)

=> interdisciplinary work of modellers and software engineers

2. Establish rules for annotation of models (and data)

=» agreement of scientists aiming to share estimated models

3. Enable software tools to export / import in this file format, e.g.
PMM-Lab

=» task of software engineers

=»Estimated models (and data) could easily be shared by
those who create / re-implement them AND be validated /
deployed by all others
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Finally

Establish
community driven Food Safety Model Repositories

to enable sharing of models (and data)

FDA-iRISK
food safety modeling tool

PMM-Lab

micro

Estimated models
could be attached to
scientific papersin a
software independent

format

Estimated models
could be shared in a
publicly available
repository

Estimated models

could be used by

different software
tools
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Current achievements
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1.: Standardized file format: PMF-ML

v Based on SBML v3

Predictive Modelling Iin | |
Food Markuo L v' Mathematical expressions encoded
ood Markup Language s MathML

PMF-ML - -
( ) v Meta data encoded using domain-
Software Developer Guide specific controlled vocabularies

Version 1.1 Toe o [ 0ve
- (4 version="1.0" encoding="UTF-8" standalone="no"
& #comment Created by SBML Writer node wverszion 1 n 2015-09-10 at 14:09:10 MEZ with JSBML version..
= @ sbml
& xmin= http://www.sbml.org/sbml/level3d/versionl/core
& level 3
& xmin=:comp http://www.sbml.org/sbml/leveld/versionl/comp/versionl
% comp:required true
& version 1
+] B annotation
Matthias Filter {Chair) Federal Institute for Risk Assessment, Germany =0 m‘fef—d .
1 lmZ
& name Three-Phase Linear Model (Buchanan et al., 18%7) - 1iPMP Full Growth Models Eq 8 loglO()-.
Arvid Heise Federal Institute for Risk Assessment, Germany i) annotation
WD) 1istOfUnitDefinitions
o : . g3 listOfCompartments
Chnstian Thons Federal Institute for Risk Assessment, Germany - [ compartment
& id culture_broth broth culture_culture_medium
i i . : & constant true
Femando Perez-Rodriguez University of Cordoba, Spain & nane culture broth, broth culture, culture medium
=3 1istOfSpecie
Miguel Angel Cid Garcia Optimum Quality, Spain = "o o
i & constant
Miguel de Alba Aparicio Federal Institute for Risk Assessment, Gemany t oo L
ound. ion
& subst
& compa
E-C an ation
= E} listOfParameters
] parameter
& ig Time
& constant false
& value o
Contact: ® units .
o---[C) parameter
& id K
B B . - conatant true
Matthias Filter (matthias.filter@bfr.bund.de) - 0.014363402511347337
& unics dimensionless
- parameter
+---[J) parameter
+] parameter
#---[J) 1iztOfRules
B listOfConstraints

http://[sourceforge.net/projects/microbialmodelingexchange/
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2.: Rules for model annotation:
Learning from Systems Biology (MIRIAM Guidelines)

MANDATORY Information:
MIRIAM guidelines:

Model name
Model Identifier
Creator(s)
Creation date
Rights
Link to reference description
Concordance between model and information in reference description

PMF specific extension:

* PMF-Organism (Microorganism(s))
* PMF-Environment (Food matrix)
* Range of applicability (environmental parameters, time, prediction values)

NON-COMPULSORY INFORMATION:
*Model’s experimental raw data
*Goodness of fit
*Model uncertainties
*References to files containing data used for model generation or validation
*Range of application (e.g. other microorganisms / matrices)
*Experimental setup; details on food matrix and organisms.
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3.: Software tools supporting PMF-ML

PMM-Lab, (MicroHibro v2.0 Beta)

PMM-Lab

Created by BfR

File Edit WView MNode
O-HEG

& Node Repository

PMM-Lab Food-Lab  Help

|| § =~ AROCDODEPRQESZCOO0| &M >

= B A "2 KNIME_project &2

&

R

[ t;:' Monlinear Regression
4 |EE!!!E! PMM-Lab|

4 E Converters
2 XML To Table

4 # Editors
-pg DB Data Deleter
"* Data Creator
% Data Editor
;;; Formula Creater
i‘ﬂ Model Creator
- Model Editer

4 -/~ Model Fitting
- Model Fitting
¥ PMM Joiner

a4 __:E‘ Readers
é;m ComBase Reader
I[';'l; Data Reader
r}.;ﬂ Formula Reader
ﬁ;ﬁ Model Reader
.n.E NuML Reader
T OpenFSMR Converter
8 PMF Reader v2
£ SBML Reader
ﬁi:l Variable Data Reader
&g XL5 Data Reader
XLS Model Reader

a 4, Selectors & Viewers
s Data Selection
i3 Fitted Parameter View
tﬁ: Predictor View
(%, Predictor View JS
}, Primary Maodel Selection
31-' Secondary Model View
E%” Secondary Predictor View
% Tertiary Model Selection

[ —.‘ Writers

h PdfKeeper

< | m

=
4

PMF Writer v2

WRITE OUT
as
PMF-File

PMF Reader v2

READ IN
any
PMF-File

Primary Model
Selection

»;5«-,:

]
Look at model

- =
~
Primary Model
Model Reader Selection
> i m
Read Model from Look at model
internal DB
| | Options | Flow varabies | Memary Pokcy
i e o Display Optons
& - Drarw Unes. ¥ Dglay Hghighted Row
z - & [V Show Legend. Add Info 1 Legend
Be ol " Export a8 VG
S - " Show Confidence Intervel (Takes some tme!)
£ 3
% i g
2 »
249 * Set Marwal Range
g 3 1 -a MnX; 0.0 Mas X
2 Mn Y. y Max Y:
1 Vanables on Deplay
X Time » X Unit: h -
L 0 @ W 1w m 2 x om0 w0 o mm |V Vae v YUNE gi0(ounti) -
L Time ) X Traneforne » | ¥ Transform: -
= Baranyl model (Baranyl and Robens,1995) - IPMP Full Orowth Models Eq 6 (saim25) -
P Fiter
Formuda: w | DatalD: w Stats -
Select Colurns
(At | [vone | [(mwet | [ Customce | [ setcpsmalwian |
Selected EM Literstr Crganism Matrix ssE Msz RMSE Rsquared Temperature (°C) M ([pM])
Baranyt, 1. 1955 Mathematics ... samoneks 50 adture broth, troth aut....

File

00
0 25 S0 75 100 123 150 175 200 225 260 275 300 32 30 IS 400 425 480 478 S0 625 S50 678

Options

iow Variables | Memory Policy

Time [h]

[ Baranyi mogel (Baranyi and Roberts.1955) - IPMP Full Growth Models Eq 6 (saim25)|

Display Options
[ Draw Lines Display Highighted Row
ShowLegend [ Add Info in Legend

[ Exportas SVG

7] Show Confidence Interval (Takes some tmel)
Range

5] SetManual Range:

Mnx:[00 | Max:

w60 Jmac:

Variables on Display

Xi XUnit

¥: ¥ Unit: log10(countig)
X Transtorm: [ | ransform: [ =]

Filter

Select

Formua: |

Columns
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4.. Community driven food safety model repository

open_—
_FSMR

Powered by BIR and UE

MENU
OPEN FSMR

COPEN FSMR-DETAIL
SEARCH VIEW

MPROVE DATA

DOWNLOAD FILE FOR
MNEW EMTRIES

FILE UPLOAD

CONTACT FORM

open Food Safety Model Repository

a community driven search engine for predictive microbial models

4.

open FSMR

1-23/23

PMF-Organism

Bacillus cereus
Bacillus cereus
Bacillus cereus

Bacillus cereus

Bacillus cereus

Bacillus cereus
Bacillus cereus

Bacillus cereus

Bacillus cereus

Bacillus cereus

Bacillus cereus

FullTextSearch

PMF-Environment

Culture media
Culture media
Culture media

broth culture

broth culture

Brain Heart Infusion
broth

Various

Broth Medium

Beef

Poultry

Sausage

2.

1.

open

FSMR

Created by BfR and Ut

Search this site

PMF-Organism PMF-Environment Model-Type Model-DependentVariables Software
Choose v Choose Choose Choose v Choose \J 5 .
x Bacillus cereus
Model-Type Model-DependentVariables Software Feature Value
Growth Concentration, Rate, Doubling time Combase poLu D205
Growth Concentration, Rate, Doubling time Combase Model-Name CombasePredictor_Growth_BacilusCereus
Inactivation Concentration, Rate Combase
: : : : PMF-Organism Bacillus cereus
Growth S::sci%ntratlon, Lag time, Rate, Maximum popultion USDA PMP
- - - - PMF-Environment Culture media
Growth Conc_entratlon, Lag time, Rate, Maximum popultion USDA PMP
density Model-Creator ComBase Consortium; ifr.combase@ifr.ac.uk
Growth boundary model Logit(P) GroPIN Model-CurationStatus long term use
Growth boundary model Rate GroPIN ModekType Growth
Growth, Growth boundary
MRV
maodel Model-Foodprocess Storage
Growth, Growth boundary
model MRV Model-DependentVariables Concentration, Rate, Doubling time
Gm:dr' Growth boundary MEY Wodekindependent\Variables Init_level, time, temp, pH, aw, physiclogical_state
mode
Growth, Growth boundary Software Combase
model MRY
e
Croush Croudh honndan — Software-Link hitps://browser combase co/ComBase Predictor aspx?mo *4 Ubersetz

Core functionalities 1.

2.
3.
4.
5.

Filter models according to predefined filter (e.g. Organism, Software etc.)

Full-text search
Download of result list

Extended filter options via menu option: OPENFSMR-DETAIL
Details on each model visible in the right pane
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On the rise: software applications USING harmonized model files

Model File

Change File Uploaded file "Salmonella_GroundBeef Temp-MNaCl-5PP-NaL_InactivationSecondaryModel Juneja2003 PMP.pmf"” (2 KB) *

KNIME  weborta
PMM Model Plot

A
207

15 |

10|

i

10 20 30

- [In{count/g)]

40

50

60

70

L4

80 80 10

O—— pH=7.00

Q

temp = 20.00

) aw=1.00

co2=0.00

QO

PhysiologicalState =
0.00

-0+ +— | T —
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Next Steps
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Joint BfR / DTU / ANSES Initiative
,NextGen Food Safety Knowledge Integration Framework

1]

“ Extend and improve FORMAT to describe models
and simulations (e.g. risk assessment models, dose
response models, epidemiological models etc.)

“ Increase number of TOOLS SUPPORTING the
FORMAT (specifically existing modelling tools)

“ Advertise open MODEL REPOSITORIES (including
community contributions, curation)

“ Exploit models in decision support tools

Software
Tools

=> initiative needs funding
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