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Before we starté 

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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Outline of todayôs webinar 

Å Introduction 

ÅSalmonella in low water activity foods 

ïPrevalence and levels of contamination 

ïSurvival  

ïPredictive modelling  

ÅModelling uncertainty and variability when assessing risk  

ïThe inference process 

ïSimulation 

ïChallenges 

ÅVariability and uncertainty in risk management 

ïUsefulness when making decisions 
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Uncertainty 

The unknown 
 

ÅReduced by additional 

data 

 

 

ÅDose response, 

storage times, serving 

size, é 

 

 
In many cases, factors are both variable 

and uncertain 

Variability 

Heterogeneity  
 

Å Not reduced by  additional 

data 

 

Å May be better characterized 

 

Å Growth, inactivation, serving 

size, é 

Variability and Uncertainty 



Å Initial contamination 

Å Initial concentration  

Å Process 

characteristics 

Å Storage conditions 

Å Serving size 

Å Dose 

Å Dose Response 

Å Etc. 
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Hazard Identification 

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

Exposure Assessment 

How often is the hazard ingested? 
How many are ingested? 

Hazard Characterization 

For a given ingested dose, how 
likely is the adverse effect? 

Risk Characterization 

What is the probability of occurrence of the adverse effect? What is the 
impact of interventions to change the risk? 

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

Quantitative Microbial Risk Assessment 
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Understanding extremes 

 

CAN HELP RISK 

MANAGEMENT  

Log Risk Per Serving FAO/WHO (2002). Risk Assessment of Salmonella in eggs and broiler 

chickens. Technical report. Microbiological Risk Assessment Series, no 2. 

Rome, Food and Agriculture Organization of the United Nations and World 

Health Organization: 327 

Quantitative Microbial Risk Assessment:  

An example 
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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  

Variability and Uncertainty in Risk 

Assessment 

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


Salmonella in low aw foods 
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Å Prevalence 

ÅContamination 

level 
Å Survival 

Å Growth 

Å Dose-Response 

Å Consumption 
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Salmonella in low aw foods: Contamination level 

Å Variability and uncertainty 

Å From year to year, from lot to lot, intra lot 

Hazard Identification 

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

Exposure Assessment 

How often is the hazard ingested? 
How many are ingested? 

Hazard Characterization 

For a given ingested dose, how 
likely is the adverse effect? 

Risk Characterization 

What is the probability of occurrence of the adverse effect? What is the 
impact of interventions to change the risk? 



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. 

Salmonella in sesame seeds; Variability 

95% confidence limits for 

observed values  

Observed between 

shipment distribution 



Probability density functions of Salmonella contamination as predicted by the model. 

 Intra Lot: Poisson distribution 

 Inter Lot: Log normal distribution 

 Year to year: same mean of the log, varying standard deviation  

Salmonella in almonds; Variability 

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 



Å Prevalence 

Å Contamination level 

ÅSurvival 
Å Growth 

Å Dose-Response 

Å Consumption 
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Variability and Uncertainty in survival: 

Å Experimental conditions 

Å Strain  

Å Temperature 

Å aw 

Å Food composition 

Å Survival model parameters 

Salmonella in low aw foods- Survival Data 

Hazard Identification 

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

Exposure Assessment 

How often is the hazard ingested? 
How many are ingested? 

Hazard Characterization 

For a given ingested dose, how 
likely is the adverse effect? 

Risk Characterization 

What is the probability of occurrence of the adverse effect? What is the 
impact of interventions to change the risk? 
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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. 

Nuts ~46 weeks 

PB ~3 minutes 

Seeds ~46 weeks 

PB ~0.4 seconds 
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Salmonella spp. survival at various T and aw on whey protein powder 

21 °C 50 °C 

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. 



18 
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. 

~ 0.5 log 

~ 1.5 log 

6X Strain, 2X Media, 3X Replicate  
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How do we model this variability and 

uncertainty for use in risk assessment? 
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Specific 

Data 

Uncertainty 

Variability 

Step 1: 

Inference  

process 

from data 

Uncertainty 

Variability 

Step 2:  

Risk 

assessment 

process 

Å Uncertainty 

analysis 

Å Second order 

Monte Carlo 

simulations  

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

Å Frequentist model:  

      ñTwo passesò  

      mixed models 

Å Bayesian 

hierarchical models 



Inference: Frequentist 

Å Two passes (example: inactivation data) 

ïObtain data from representative situations (strain, stress, é) 

ï Model individual datasets for each strains/conditions  get a set of parameters 

ï Parameter variability distribution derived from this set of model parameters 
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Slope ~Normal(ī0.0078388, 0.00178) 


