Modeling Variability and

Uncertainty in RiskAssessment:

a Case Study obalmonellain Low g, Foods
andits Use in DecisioiMaking

Organized by: Microbial Modelling and Risk Analysis PDG

All opinions and statements are those of the individual making the presentation
andnot necessarily the opinion or view of IAFP

International Association for

\ Food Protection.



Speakers:
FDA Centefor Food Safety and Applied Nutrition

A Dr. Sofia SantillanRarakos
OAO/DRDA/RIisknalysiBranch

A Dr. Régis Pouillot
OAO/DRDA/RIisknalysis Branch

A Jenny Scott
Senior Advisor, th®©ffice of Foodbafety

Moderator:
A Dr. YuhuarChen
FDA CFSAN/OAO/DRDA/RIsk Analysis Branch
Chair of MMRA PDG (202016)




Facilitated Discussion

A Questions should be submitted via the Text
Chat section at the bottom of the screen.

Avsg!l Qa (02 0SS KSEtR I




U.S. Food and Drug Administration www.fda.gov
FID/A

Protecting and Promoting Public Health

Modeling Variability and

Uncertainty in Risk Assessment:

a Case Study of Salmonella in Low a,, Foods
and its Use in Decision Making

Sofia Santillana Farakos
Régis Pouillot
Jenny Scott

IAFP WEBINAR June 8" 2016



U.S. Food and Drug Administration www.fda.gov
FID/A

Protecting and Promoting Public Health

Bef ore we st

The information and conclusions presented
In this webinar do not necessarily represent
new Agency policy nor do they imply an
Imminent change in existing policy
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Qutl i ne of t odayo

A Introduction

A Salmonella in low water activity foods
I Prevalence and levels of contamination
I Survival
I Predictive modelling

A Modelling uncertainty and variability when assessing risk
I The inference process
I Simulation
I Challenges
A Variability and uncertainty in risk management
I Usefulness when making decisions



rl.) ﬁ U.S. Food and Drug Administration www.fda.gov
r Protecting and Promoting Public Health

Variability and Uncertainty

Variability Uncertainty
Heterogeneity The unknown
A Not reduced by additional A Reduced by additional
data data

A May be better characterized
A Dose response,
A Growth, inactivation, serving storage times, serving
size, € size, €
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Quantitative Microbial Risk Assessment

Assess the risk of iliness from consumption of a product by a population

Hazard Identification

Describes hazard/host/food/food characteristics that impact the risk

v

v

Exposure Assessment Hazard Characterization
How often is the hazard ingested? For a given ingested dose, how
How many are ingested? likely is the adverse effect?

\Z

Risk Characterization

What is the probability of occurrence of the adverse effect? What is the

impact of interventions to change the risk?

To Bo o o B0 Io Io I»

Initial contamination
Initial concentration

Process
characteristics

Storage conditions
Serving size

Dose

Dose Response
Etc.
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Quantitative Microbial Risk Assessment:

An examgle
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Variability and Uncertainty in Risk

FDA/FSIS (2003).
Quantitative assessment
of the relative risk to
public health from
foodborne Listeria
monocytogenes among
selected categories of
ready-to-eat foods.
http://www.fda.gov/Food/
FoodScienceResearch/Ri

skSafetyAssessment/uc
m183966.htm
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DM = Deli meats; PM = Pasteurized Fluid Milk; HFD = High Fat and Other Dairy Products;

FNR = Frankfurters (not reheated); SUC = Soft Unripened Cheese; P= Paté and Meat Spreads;

CR = Cooked Ready-To-Eat Crustaceans; UM= Unpasteurized Fluid Milk; SS= Smoked Seafood;

F = Fruits; FR = Frankfurters (reheated); V = Vegetables; DFS= Dry/Semi-dry Fermented Sausages;

FSC = Fresh Soft Cheese; SSC = Semi-soft Cheese; SRC = Soft Ripened Cheese; DS = Deli-type Salads;

RS = Raw Seafood; PF = Preserved Fish; IC= Ice Cream and Frozen Dairy Products; PC = Processed 10
Cheese; CD = Cultured Milk Products; HC = Hard Cheese.


http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm183966.htm
http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm183966.htm
http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm183966.htm
http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm183966.htm
http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/ucm183966.htm

% ﬁ U.S. Food and Drug Administration www.fda.gov
r Protecting and Promoting Public Health

11



U.S. Food and Drug Administration www.fda.gov
FID/A

Protecting and Promoting Public Health

Salmonella in low a,, foods: Contamination level

Hazard Identification
Describes hazard/host/food/food characteristics that impact the risk A Prevalence

! Contamination

Exposure Assessment Hazard Characterization Ievel
How often is the hazard ingested? For a given ingested dose, how
How many are ingested? likely is the adverse effect? A Survival
v A Growth
Risk Characterization A Dose-Response
What is the probability of occurrence of the adverse effect? What is the A Consumptlon
impact of interventions to change the risk?

A Variability and uncertainty
A From year to year, from lot to lot, intra lot

12
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Salmonella in sesame seeds; Variability

012
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Van Doren, J.M., Blodgett, R.J., Pouillot, R., Westerman, A., Kleinmeier, D., Ziobro, G.C., Ma, Y., Hammack, T.S., Gill, V.,
Muckenfuss, M.F., Fabbri, L., 2013. Prevalence, level and distribution of Salmonella in shipments of imported capsicum and
sesame seed spice offered for entry to the United States: Observations and modeling results. Food Microbiology 36, 149-160.
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Salmonella in almonds; Variability

Intra Lot: Poisson distribution
Inter Lot: Log normal distribution
Year to year: same mean of the log, varying standard deviation
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Probability density functions of Salmonella contamination as predicted by the model.

Data: Unpublished data submitted to Federal Docket through Federal Register Notice FDA-2013_N-0747
https://www.federalregister.gov/articles/2013/07/18/2013-17211/assessment-of-the-risk-of-human-salmonellosis-associated-with-the-consumption-of-tree-nuts-request



U.S. Food and Drug Administration www.fda.gov
FID/A

Protecting and Promoting Public Health

Salmonella in low a, foods- “urvival Dala

Hazard Identification A Prevalence
Describes hazard/host/food/food characteristics that impact the risk . .
i A Contamination level
How often is the hazard ingested? Folirkz I?/I\i/setnhg]ggf/teerggg?fgc 't“,;)W
How many are ingested? :
: A Growth
7 A Dose-Response
Risk Characterization A .
What is the probability of occurrence of the adverse effect? What is the Consumptlon
impact of interventions to change the risk?
Variability and Uncertainty in survival:
A Experimental conditions
A Strain
A Temperature
A a,
A Food composition 15
A Survival model parameters
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Santillana Farakos, S.M., Schaffner, D.W., Frank, J.F., 2014. Predicting Survival of Salmonella in Low
Water Activity Foods: An Analysis of Literature Data. J Food Prot 77, 1448-1461.
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Salmonella spp. survival at various T and a,, on whey protein powder
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Santillana Farakos, S.M., Frank, J.F., Schaffner, D.W., 2013.
Modeling the influence of temperature, water activity and
water mobility on the persistence of Salmonella in low-
moisture foods. Int J Food Microbiol 166, 280-293.
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6X Strain, 2X Media, 3X Replicate
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Santillana Farakos, S.M., Pouillot, R., Anderson, N., Johnson, R., Son, I, Van Doren, J., 2016. Modeling
the survival kinetics of Salmonella in tree nuts for use in risk assessment. International Journal of
Food Microbiology 227, 41-50.
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How do we model this variability and

19
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/Step 1:
Inference

process
from data

Step 2:
Risk
assessment
process

~

Specific
Data

Variability

A Frequentist model:
NTwo passes
mixed models

A Bayesian
hierarchical models

(@)

Variability

A Uncertainty
analysis

A Second order
Monte Carlo
simulations

Uncertainty

Uncertainty

>

(One pass: Bayesian model) (see Albert et al., 2008)

20




rl.) ﬁ U.S. Food and Drug Administration www.fda.gov
r Protecting and Promoting Public Health

Inference: Frequentist

A Two passes (example: inactivation data)
i Obtain data from representative situ
I Model individual datasets for each strains/conditions - get a set of parameters
I Parameter variability distribution derived from this set of model parameters

Slope ~Normal(t 0. 0 0 7 8®B/8),

21



