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The ditferent stages

1. Deftine the question to be answered

1.1 W
1.2 W
1.3 W

hich hazard (F. coli stx+, . cols O157, EHEC,..)
nich food? (fresh minced steak, 20% myo steak, ...)
hich population (children <5 years, <15 years, ...)

1.4 W]

or rare,

hat i1s the exposure scenario (product consumed raw

)

1.5 What purpose(s)? Decision-making based on the

response (Determine the impact of the control measure, ,

calcnlate the residual risk, ...)

C
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The different stages (2)

2. Define the structure of the QMRA model
2.1 What is the starting point of the model?

2.2 Which stages of the manufacturing process,
transport and storage, and consumer preparation

should be included?

2.3 What data s available? What data do I need to
acquirer

2.4 Processing of data before use in the QMRA



The ditferent stages (2)

2. Define the structure of the QMRA model
2.1 What 1s the starting point of the model?

Must be upstream of the control measure

Often starts from the point where the most knowledge is
available

2.2 Which stages of the manufacturing process, transport
and storage, and consumer preparation should be included?

2.3 What data is available? What data do I need to acquire?
2.4 Processing of data before use in the QMRA



The different stages (2)

2. Define the structure of the QMRA model

2.2 Which stages of the manufacturing process, transport
and storage, and consumer preparation should be included?

Starting from the production diagram

Selecting the steps that have an assumed impact on the
hazard

What basic phenomena (growth, destruction, mixing,

partitioning, shrinkage, cross-contamination) come into
consideration?



The different stages (2)

2. Define the structure of the QMRA model

2.2 Which stages of the manufacturing process, transport and
storage, and consumer preparation should be included?

1. Receiving MPs

2. MPs storage

This work is used to define the

3. Preparation of the mix Mixture modelling assumptions.
- Storage of raw materials has no
4. Storage of the mix Growth effect on contamination.
- There is no cross-contamination
5. Cooking the mix Destruction (everything comes from the raw
materials)
6. Putting in trays Score -
7. Cooling Growth

8. Consumption




The different stages (2)

2. Define the structure of the QMRA model

2.3 What data s available? What data do I need to
acquirer



The ditferent stages (2)

2. Define the structure of the QMRA model
2.3 What data is available? What data do I need to

acquire?

1. Receiving MPs

Self-checking data ingredient 1

3. Preparation of the m

X

Mixture

4. Storage of the mix

5. Cooking the mix

Scientific literature data ingredient 2

Mix size, recipe

Growth

Duration, T, secondary growth pattern (Tmin, ...)

Destruction

Duration, T, secondary destruction model,...)

6. Putting in trays

Score

7. Cooling

8. Consumption

Growth

Tray size

Duration, T, secondary growth pattern (Tmin, ...)

Portion size




The different stages (2)

2. Define the structure of the QMRA model

2.4 Processing of data before use in the QMRA
Workshop_AQRI1.r (Variability characterisation work)



The tool used :

ﬁtdl Str phl S: http://cran.at.r-project.org/web/packages/ fitdistrplus/index.html

Pouillot, R., and M.-L. Delignette-Muller. 2010. Evaluating variability and uncertainty separately in

microbial quantitative risk assessment using two R packages. International Journal of Food Microbiology
142:330-340.

Delignette-Muller, M. L., & Dutang, C. (2015). fitdistrplus: An R package for fitting distributions. Journal
of statistical software, 64(4), 1-34.

File Edit Code View Plots Session Build Debug Profile Tools Help

S - OF 2t - = Go to filefunction = Addins -
9 represent_each_metadatar =] Environment History  Connec
Sourceon Save | O - =+ Run | *= Source ~ * I | & ToConsole | = Tos
ay L EArs.litisiy - sremEn
46 ggplot(temp_dataframe) + axis.text.y = element_hT
47 geom_rect(aes(xmin = -15.5, ymin = nr#4 - 1.4, panel.grid.minor.x = els
48 Xmax = -3, ymax = nr-4 + 1.4)_._ fﬂl = "bTlue™, color = NA) panel.grid.major.x = ele
gg geom_po'lgg%on(z(lesgx, y[,) group = r'n"}é fﬂG] = blue™, color = NA) + panel.grid.major.y = ele
geom_rect (aes(xmin = 0, ymin = nr*2 - 0.7, . . _
51 xmax = n/25, ymax = nr*2 + 0.7), fi11 = "blue", color = n pjlane'l.gr"nfl.mlnor.y. g;(
52 geom_text(aes(-15, nr#4, Tabel = variable), color = "white", hjust = 0, plot.margin = margin(20,
53 geom_text (aes(n/25, nr*2, label = n), color = "white® hiust — 1 =iza . )]
54 scale_x_continuous (breaks = seq(0, x1, x2), labels 4 Install Packages
55 theme_minimal() +
56 theme( Install from: 7 figuri itaori
. . : 7 Configuring Repositories
7 axis.title.x = element_blank(
=g = Q. [ Repository (CRAN) v|

T4 (Top Level) & : X
Packages (separate multiple with space ar comma):

Console  Terminal Jobs |‘fitdistrp|us| | 1
C:/Users/Lguillier/Desktop/Projets/CARE/rStrainSelect/ . ]
+ geom_polygon(aes(x, y, group = nr), till = “blue”, colof Installto Library: [
+ geom_rect(aes(xmin = 0, ymin = nr*2 - 0.7, C:/Program Files/R/R-3.6.1/library [Default] Y|
+ xmax = n/25, ymax = nr*2 + 0.7), fi11 = "

+ geom_text(aes(-13, nr*4, Tabel = variable), celor = "wh] 7 |nstall dependenciss

= 8.5, check_overlap = TRUE) + 1
+ geom_text(aes(n/25, nr*2, Tabel = n), color = "white",

check_overlap = TRUE) + '
+ scale_x_continuousi{breaks = seq(0, x1, x2), labels = seq Install Cancel f

+ theme minimal(l +



http://cran.at.r-project.org/web/packages/fitdistrplus/index.html

Asymmetry coetfticient

Skewness

1/ x 20 — w)?
skewness = >

0}

MNegative Skew Positive Skew



2. How to identify candidate
distributions?

Flattening coetticient

Kurtosis (measure of "peakedness")

1/ x T — w)*

0-4

kurtosis =




Skewness and kurtosis

Skewness and kurtosis plot for a continuous variable
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It's up to youl!

HHHHHHHHHHH
# | Portion size
HHHHHHHHH

# 1. importing data
data<-read.csv("portions.csv",header=TRUE,sep=";")

# 2. Which distribution laws?
descdist(data$Portion) # Cullen & Frey graph

# 3. Adjustment
f_gamma<-fitdist(data$Portion, "gamma") # Gamma distribution adjustment
f_Inorm<-fitdist(data$Portion, "Inorm") # Fit lognormal distribution

plot(f_gamma)
plot(f_Inorm)
summary(f_gamma)
summary(f_Inorm)

hist(rgamma(1000,f_gammas$estimate[1],f_gammaS$estimate[2]))
S

# 1l Microbiological contamination data ingredient 1
HIF



Which distribution fit the best the datar 5 Howo fadssibuion
L] L]
By graphic observation:
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Quantitative risk assessment
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Make a representation of the model

1. Receiving MPs

Self-checking data ingredient 1

Scientific literature data ingredient 2

3. Preparation of the m

iX

Mixture

N

4. Storage of the mi

5. Cooking the mix

6. Putting in trays

7. Cooling

8. Consumption

Mix size, recipe

Growth

Duration, T, secondary growth pattern (Tmin, ...)

Destruction

Duration, T, secondary destruction model,...)

Growth

Duration, T, secondary growth pattern (Tmin, ...)

Portion size |




Make a representation of the model

Self-checking data ingredient 1 (NO1)
Scientific literature data ingredient 2 (N02)

1. Receiving MPs

recipe (pl, p2)
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Make a representation of the model

(cf. DAG_AQR.pdf)
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Describe the mathematical relationships of the nodes and between the node:

(see Variables and equations QMRA.pdf)

Initial contamination ingredient 1

Concentration in ingredient 1

Concentration in the mix

Average temperature of the cold room

SD of storage temperature of raw materials

Storage temperature of raw materials

Storage time

Ratkowski model constant

SN01

NO

Estimated from self-checks
(autocontroles_ingl.csv)and R log,, (cfu/g)
script (formation_AQR1.r)

Estimated from self-checks
(autocontroles_ingl.csv) and R log,, (cfu/g)
script (formation_AQR1.r)

Normal (Myo; , Snoz ) logy, (cfu/g)
log10((10N°1 p1+10N°2 p2)) log,, (cfu/g)
4 °C
1 °C
Normal (M+; ,S11 ) °C
10 hours
0.033 -



Your turn to play

QMRA xlIsx
Measuring the impact on risk of different scenarios:

- Reduction of the initial average NO1 contamination by
0.5 log,

- Increase in heat treatment time (t2) from U(5-6) to U(6-7)
- Treatment temperature (T2): increase from 70 to 73°C

- Cooling temperature (T3) from 6°C to 4°C

What control measure do you retain?



Thank you!

Density

COF
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0004 0008 g0y,
-

g
B s
0 50 100 150 200
Data
Empitical and theoraticg CDFs
°
3
©
3
o
3
s

000 g 200

Empirical quantiies

Empirical probabiies

100 150 9

50

10

00 02 04 g4 0g

Q-Q piot

5 100

Theoretical quantites

P-P piot

Theoretical probaiies

150




Variables and equations of the AQR model Abbreviation Definition Unit
Initial contamination ingredient 1
Estimated from self-checks
autocontroles_ingl.csv
Average Mo ( —né ) log,, (cfu/g)
and R script
(workshop_variability.r)
Estimated from self-checks
autocontroles_ingl.csv
Standard deviation Syot ( N8 ) log,, (cfu/g)
and R script
(workshop_variability.r)
Concentration in ingredient 1 Ny, Normal (M5, , Syo; ) log,, (cfu/g)
Initial contamination ingredient 2
Average M0z -1,3 log,, (cfu/g)
Standard deviation Snoa 0,3 log,, (cfu/g)
Concentration in ingredient 2 Ny, Normal (M, » Sy, ) log,, (cfu/g)
Preparation of the mix
Share of ingredient 1 pl Unif(0.7 - 0.8)
Share of ingredient 2 p2 1-pl
Concentration in the mix NO log10((10 No1, p1+1ONOZ. p2)) log,, (cfu/g)
Storage of the mix
Average temperature Mt 4 °C
SD temperatures St 1 °C
Storage temperature of the mix T Normal (M1 ,S11) °C
Storage life of the mix t1 10 hours
Growth model parameter a 0.033 -
Average Tmin Mmin -2 °C
SD of Tmin Stmin 0.25 °C
Minimum growth temperature Tmin Normal Mrmia 5 Stmin ) °C
Cooking
Average cooking temperature M2 65 °C
SD of the cooking temperature Stz 2 °C
Cooking temperature T2 Normal M2 ,St2) °C
Cooking time t2 Uniform(5,06) minutes



Reference temperature Trer 70 °C
Mean reduction time at Tref Mbref 1 minutes
SDreduction time at Tref Sbref 0,01
Decimal reduction time at Tref Dyt Normal Mbref , SDref ) minutes
Value of z z 8 °C
Cooling
Storage temperature of the cooked food T; Normal (6,1.5) °C
Shelf life t3 140 hours
Consumption
Estimated from the survey
Parameter scale of the Gamma law paraml (portions.csv) and R script
(workshop_variability.r)
Estimated from survey
Parameter rate of the Gamma law Param2 (portions.csv) and R script
(workshop_variability.r)
Quantity consumed in the tray portion Gamma (param1, param?2) g
Dose response
Dose-response parameter r 1.10-10
Equations
Growth rate during storage of the mix i (a(T1 -Tin ))? ht
Contamination before cooking N No +log10(exp(u1 -t1 )) logio cfu/g
Contamination after cooking N> N -(t2.102Treh/2) /Dref logio cfu/g
Growth rate during storage of cooked food Y3 (a (T3 -Tmin))? hl
Contamination after storage N3 min(9, NZ-H);))gm (exp(us ts logio cfu/ g
Dose ingested dose 10 N3+ portion cfu
Risk for 1 batch risk ((1-exp(-t* dose)) Probability
Mean risk mean_risk
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Initial prevalence and concentration

e Contamination prevalence = 6,29 %

* Initial conc at factory (log CFU/g)

* Max=5,7

* Mean=-0,28 ‘ L. monocytogenes o...(1) "l New(1) sl |‘_:'|--
’

- SD=0,9
* Min=-1,4

Initial Mode!

Initial Model

VARIABLES

Prevalence
(%)

DISTRIBUTIONS

Range: [0, 1000] Distribution
Range: [--] Minimum
Range: [0,100] Maximum
Mu
Sigma

ormal v
14
57

4!.28

09

Cancel




Modelling exposure and concentration

DISTRIBUTION

M

. Name DISTRIBUTION 2
Growth Models (@) 100.00/ 5 Range: [0, 100] Category: Growth Model

« Type: Deterministic model /
lag e

h) |:] 5005 Range: [0,10000] :

Antunes et al. (2019) (Gilthead sea bream / Shewanella putrefaciens) ' « Name: Perez-Rodriguez et al. (2017); All
m 100~ ) » Description: Square-root model for growth rate of Listeria

Antunes et al. (2019) (Gilthead sea bream / Lactic Acid Bacteria) (Dimensionless) |:] ALK Range- [0101 monocytagenes derived from literature and combase data for
t smoked fish

Chung et al. (2019) (Crab / Vibrio parahaemolyticus) (h} E 24 .00 % Range: [0,10000] « Microorganism: Listeria monocytogenes

» Foods:
* Pérez-Rodriguez et al. (2017) (Heat-treated meat / Listeria monocylogenes) =" |:| 500/% Range: [1.5,30] o Smoked and gravad fish: t includes other fish species, under
(°c) reduced oxygen packaging and normal atmosphere
Initial Madel | Perez-Rodriguez at-al (20425 -ACookadumaat and sausage / Listeria mo = References:

Primary Function:

o Name: Baranyi & Roberts (1994)_log10(mu)

o Equation: yO+(umadin(10)*-lag+(In{1-
expl-umax*t)rexp(-umax*(t-lag))pumax))-(1m*In{ 109 In(1+
((exp(m*umax*{-lag+(In(1-exp(-umax*t)+exp(-umax*(t-lag)))

pow(10,m*(ymax-y0))i)
o Coefficients:

| Perez-Rodriguez et al. (2017); All (Smoked and gravad fish / Listeria monot

Chorin et al. (1997) (Brain-hearf infusion broth / Bacillus ce:

Cos

. . . . o References:

Costa et al. (2020) (Brain-heart infusion broth / Lactobacillu 3 A dmamic approacdo predicting bacterial growth in food.

. . DISTRIBUTION JBzsef Baranyi SXerry A Roberts International Journal of
Fang et al. (2013) (Cantaloupe / Listeria monocytogenes) BIRES Food liere®alogy. 23, 277-294. (1994)

Functi :
Gumudavelli et al. (2007) (Egg yolk / Salmonella Enteritidis . \ : - e eI ma v
CONCENTRATION
SORTIE USINE




Modelling exposure and concentration

DISTRIBUTION
Growth

TRANSPORT CONSOMMATION
Growth 1 Growth

CONCENTRATION
SORTIE USINE




Environmental parameters at each step

* Durations step (hours):
e Retail: max =729/ min =24 / Mean = 462 -> TRIANGULAR
e Transport: max=4/min=0,5 -> UNIFORM
* Consumption: max =720/ min =24 / Mean = 153

* Temperature step (°C)
* Retail: max=23/min=0/Mean=3,54/SD=1,72
e Transport: max=9,5/min=4/Mean=7
e Consumption: max=17/min=0/Mean=7/SD=2,7 ->NORMAL

r:_:'] 10000/ 5 Range: [0, 100] Distribution Triangular |~
lag x € r|  Triangular[50;5,200] Minimum 24
m 1.00 Range: [0,10] Maximum

Fh] XET Triangular[462;24,729] Mean

TEI,“p X E7| Normal[3.54,1.72;0,12]

Apply



Mode
Dose-Response Models x

FAO/WHO (2004);Listeria monocytogenes; Susceptible population (Listeria monocytogenes)

e dose réponse

— | Dose response model for Escherichia coli O157:H7 (Escherichia coli O157-HT)

o ——

—Io del FAO/WHO (2004); Listeria monocytogenes; Non-susceptible population (Lisferia mo 11es)
3
L
—

Uose reponse

VARIABLES DISTRIBUTIONS
serving =
(@) 10.00 < Range: [0,300] Distribution
Minimum
Maximum
‘ ‘ Transfer ‘ ‘ Inactivation /(Dnse Response Appl‘f Cancel

4 i . . 4 1



Launching simulations / model outputs

//\\ .
% OMm

Iterations: 1000
1 Q* %

New Input vs Output | %
L. monocytogenes on sm... Listeriosis — Risk - illness/serving
4 = Initial model %) o6
@ NO - log ufc/g =
E Prevalence = 10 % =
- ) Nt-log ufclg T 04
- Retail H
- [ Prevalence = 9.47 %
-~ lag-h T o2
- xy m=1 Dimensionle;
I t-h .
- |~ Temp-°C o e o e O e o o e — e — e o e
-~ £ Nt-log10(count) g B 2y
Transport i G
- || Prevalence =9.47
- xy lag=5h
- t-h
] E Temp -°C 0.02231439513304 0.08774428750143 0.78106269426929 6.357618e-8 0.12540536126326
~ [p Nt-log10(count)
- [ Prevalence =9.45 - -
. % lag=5h 0.0000050035102 | 0.00002375809326 || 0.00016808707323 | 0.00118718330141 | 0.00852256576905 _ 0.02231439513304 || 0.06142479702694 | 0.10727439007692 | 0.1718298449868 | 0.26543290917838 || 0.51305078411501
- xy m =1 Dimensionles
- N t-h
» D Temp—“c #Servings #Cases
- p Nt-log10(count)
4. | Listeriosis
L [ Prevalence = 9.46
- |/ serving-g
- p Risk -illness/servit
L. monocytogenes on sm...
L. monocytogenes on sm...




Entrées vs sorties

Results:
L. monocytogenes on sm...
iti i o
¢ @ Initial model Consumption — Temp - °C
- = Retail
i~ o Transport (&
4. = Consumption — _— . ) o .
; E Prevalence = 9.5 % |\§' Listeriosis — Nt - iliness/serving vs. Consumption — Temp -°C
' g
=
S o
= ® Contaminated s... ® Non-contaminat...
[/~ Temp -°C =
o Nt-lzﬂ(count} 05 °
4.\ Listerio °
P Prevalence = 9.7% 0 04 °
. serving - [ ] S & 9 2 7
erving - g o [ ] x: ) “2, Q 5
- ) RISK=TMess/servi E o % © % % % %
g 08 (e
.
e | wen [ ** e T
7.343 725 = L 93 2905
01 .‘ pos
L) [
J
I T e I T T
00 —&—0— .

2.676 3.464 -10 0 10 20 8.636 9.565 10.83 13.99




Case study : Listeria
monocytogenes in sausages

Perez-Rodriguez et al. (2017) cooked meat and sausage



Initial contamination

Input

Distribution/

varnable Description model /value Unit

No Initial Normal (1.05, Logw CFU/g
concentration 0.44)

P Prevalence 7.5 %

w Sausage weight 100 Grams

First storage

At the end of the first storage; in average the mean
concentration increase of 0,43 log ufc/g

Second storage

Input o s Distribution/ 2
variable Description model/value i
tat Storage at the Uniform (0, 36)

factory duration
Tet Storage 5

temperature at

the factory
Retail
Input i Distribution/ .
variable Description model /value Unit
tr Storage time at  Uniform (2, 6) h

retailing

Tr Temperature at Normal distribution °C

retailing (3.7, 1.78)

Transport

Input ysiais Distribution/ .
variable BescHprion model/value Uns
trr Transport to home Uniform (0.25,2) h
time
T Transport to home Triangular °C
temperature distribution (10; 4;
25)
Conservation
Inp_ut Description Distribution/ Unit
variable model/value
ty Household storage| Normal (103,2, | h
time 624
Th Household Normal (6.62, 2.56) °C
temperature

Consumption

Input o o
umiakic Description
S, Serving size
(50,

Dose Response model

Equation:
1-exp(-r x pow
(10, dose)
x serving)

Distribution/
model/value

Unit

Normal distribution Grams

5)



Questions

* What is the distribution of the risque of listeriosis by portion (median, minimum, maximum) with 1000
iterations ? For sensitive population ? For population > 65 years old?

* If the temperature varies between 0°C et 3°C during transport between retailing and consumer home, what
is the impact on the risk of listeriosis?



