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An Overview of Risk Assessment

What comes before and after predictive modeling
of growth and inactivation?

Dr. Yuhuan Chen, FDA CFSAN



Before | start...

The information and conclusions presented in this
webinar do not necessarily represent Agency
policy nor do they imply an imminent change in
existing policy.
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Review: Webinar Parts | and Il

Modeled Growth

0 Used Heat Inactivation Model

O L. monocytogenes — ground beef

B No sodium lactate or sodium diacetate o+ I N T T T

D-valies - mn

‘ 2

MODELED INACTIVATION

60 62 64 66 68 70 T2 W4

Temperature (°C) D-value (min) Temperatue ()
73.7 0.06 ——
73.8 0.06
73.9 0.06

O Assume 5-log reduction is adequate for safety,
approximately 0.3 minutes are needed to achieve a 5 log
reduction.

B Actual product temperature at geometric center is 74°C for 1.5
minutes.

Predicted results from growth modeling and inactivation modeling (discussed in
Webinars I&ll) together with knowledge of pathogen initial level & level of concern,
and other factors, inform determination of food safety risk.

www.fda.gov
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Biological and Process Variability

= Webinar part Il showed variability in thermal resistance
among L. monocytogenes strains (Aryani et al., 2015)

= “The average” does not adequately capture, as examples:
— the behavior of pathogen in food, e.g., growth
— the effect of the pathogen reduction process

— the initial levels of pathogen

www.fda.gov 16



Variability Matters: an Example

Frequency

0.0
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www.fda.gov

A) Poisson distribution for the initial level
of pathogen

B) Normal distribution of doubling time

Assumption: level of concern 5 log CFU/g

Variability incorporated into exposure
assessment through Monte Carlo
simulation

(Schaffner and Chen, 2001) .



Variability Matters: an Example (cont.)

Frequency

o o o o
Ihl

www.fda.gov

%

[ =]

Never 2.0 4.0 6.0 8.0

Hours until 10° microbes/g

A certain number of samples
never reach 5 log CFU/g

The time required to reach 5 log
CFU/g varies (for positive samples)
— average ~ 6.5h
— aslittleas 3.0 h
— aslongas 9.0 h

Important to consider the
variability in decision, e.g., for
storage time, for in-process hold
time.

(Schaffner and Chen, 2001)
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What comes before and after predictive modeling
of growth and inactivation?

= Before: initial prevalence and level, etc.

= Predictive modeling
— growth
— Inactivation
— cross-contamination
— Other aspects of microbial behavior in foods

= After: connect contamination in food to other components
of a risk assessment

www.fda.gov 19



Risk Assessment: Estimating Risk of llilness to Consumers

‘ Prevalence I ‘ Concentration I
b| Exposure |-1 ‘ Dose response |

‘ Consumption I ‘

( Expected number of cases per year or per serving)

www.fda.gov 20



Consumption Example: Alfalfa Sprouts

Cumulative Distribution

= Eating occasions (servings) | i
per year in the U.S. : il
8.52 x 107 (85.2 million)

= Amount consumed per
serving: variable

+0.8
+0.6

o4

Source:

= NHANES What We Eat in
America database 0 5 1’0 1% 2’0 25 :alu 35 40 455 50

Amount per serving (g)

+0.2

0

www.fda.gov 21



L. monocytogenes Dose-Response Variability

www.fda.gov

logsa(Prob) of listeriosis

Dose-Response Relationship: Example 1

-10

Pregnant
women

Healthy adults

T
10
logof Doss)

T
20

Lognormal-Poisson models for
U.S. total population and sub-
populations:

= 11 subgroups (solid lines)

= Total population (dashed line)

(Pouillot et al., 2015)
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Dose-Response Relationship: Example 2

) l 8 ///////////////

.7 //
.6 "

.5 /

.4 "‘
.3 /
.2 /

.1 //

Dose (log10
(log10) Dose (log10)

Salmonella dose response
median (middle curve) and 95% confidence interval (uncertainty, lower/upper curves)

(model parameters from WHO/FAO, 2002) ,,

www.fda.gov



www.fda.gov

Risk Assessment Paradigm

Hazard Identification

Describes hazard / host / 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?

(Codex working principles, 2007)

24
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Salmonella — Sprouts Risk Assessment

Risk Analysis

AN INTEENATIONAL HNENAI

An Official Publication of the Society for Risk Analysis

Original Research Article  open Access &) @) & &

Risk Assessment of Salmonellosis from Consumption of Alfalfa
Sprouts and Evaluation of the Public Health Impact of Sprout
Seed Treatment and Spent Irrigation Water Testing

Yuhuan Chen, Régis Pouillot, Sofia M. Santillana Farakos, Steven Duret, Judith Spungen, Tong-Jen Fu,
Fazila Shakir, Patricia A. Homola, Sherri Dennis, Jane M. Van Doren, ... See fewer authors ~

irst published: 16 January 2018 | https://doi.org/10.1111/risa.12964

25



Salmonella — Sprouts Risk Assessment
Policy Context

" Informs development of guidance to industry

— Guidance provides recommendations to assist operations covered by
Subpart M in complying with the requirements in the Produce Safety
Rule

— Draft Guidance announced in Federal Register Notice 01/23/17

— FR Notice indicated developing a risk assessment model to evaluate
the public health impact of seed treatment and testing of spent
irrigation water in a sprout production system, and FDA’s intention to
make it available following peer review

www.fda.gov 26



Risk Assessment Charge

Evaluate risk of human salmonellosis associated with alfalfa sprouts consumption and the
public health impact of different log pathogen reduction levels for treating seeds intended for

sprouting, alone or in combination with spent irrigation water testing

Public ? 1
Health - 1

luswileal] paaS

www.fda.gov 27



Typical Sprout Production Process

Seed Receipt -> Seed Storage

-2 Initial Seed Rinse - Seed Treatment

—>Pre-germination Seed Soak > Germination and Growth

—> Microbial testing of SIW (or in-process sprouts)
—>Harvest >Wash/Drain Sprouts = Bulk Cool/Spin Dry

-> Pack and/or Package ->Cooling & Storage - Distribution

(FDA draft guidance 2017,
Adapted from NACMCF 1999)

www.fda.gov 28



Public Health Concerns

= Qutbreaks of foodborne illness attributed to the
consumption of sprouts reported in the U.S. and
worldwide, for example:
— Worldwide: 15 outbreaks in eight countries between 1973-
1998 (Taormina et al., 1999)

— U.S.: 46 outbreaks, accounting for 2,474 cases, attributed to
sprouts between 1996 and 2016 (Gensheimer and Gubernot,
2016)

www.fda.gov 29



Public Health Concerns

= Sprouts produced under conditions that favor pathogen growth
= Sprouts are often consumed raw

" Qutbreaks identified were diverse - associated with many
different sprout varieties and attributed to a variety of
pathogens

" Salmonella was the most common pathogen reported for
sprout-associated outbreaks; the majority of the outbreaks
were attributed to alfalfa sprouts.

www.fda.gov 30



Components of the Salmonella-Alfalfa Sprouts Risk Assessment

www.fda.gov

racterization model

Initial condition

Soaking/sprouting,

Gpruut conta minaiinn

et S T

2

Seed growth /spread
Seed batch treatment multiplier (e.g., 4) during sprouting
e o o 3
. e
- — . .,
-
S P "% Alsaimoneila 7= Fo Py Py
inactivated
If test
negative * .
SIW sampling overage = 80% ‘:::::’u _— *| i Non-
Production batch of sprouts ' m Batch contaminated
/ servin \
o | \' g )
Dose
3 Postharvest | Ppartial o -
spread/mixing | in750g | i sponse
¥ e
: e
Total spent -®
irrigation water —~— !
Py & o None Contaminated Risk
Covered by SIW ——— S
during sampling ‘—/ — IEESES !
batch is removed water yea I']
—> PPy Serving prevalence: \ /
Py<Fy
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Definitions: Size of Seed Batch and Seed Units

www.fda.gov

Seed Lot

» Contaminated units |«

32



Process Model: Salmonella Dynamics during Sprout Production

www.fda.gov

Seed treatment

Salmonella

i Salmonella
Prevalence in o |
batches . nitia evg
(2.35% )

Uniform (1,12) CFU/unit

Salmonella BetaPert(0.03,0.11,0.54) log,,/h
R

o i Bt 0. doublings, Uniform (3,
Irrigation

SIW testing

Spent irrigation
water (SIW)

Unit (7x25g) . Unit (7x25g)

0 CFU 0CFU

(Adapted and expanded on process model by Montville and Schaffner 2005)

(Cross-
contamination)

33



Model Inputs Example: Pathogen Transfer Distributions

1.0

0.8

Density
0.6

04

:
r
3

-2 -1 0 1 2 0.0 0.2 04 0.6 0.8 1.0

A B

A: differences in pathogen concentrations (log,, CFU/g) between in-process sprouts and SIW;
B: proportions of cells transferred from the sprouts to the SIW (spent irrigation water)

(Data extracted from literature; approach adapted from Montville and Schaffner, 2005)

www.fda.gov
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Model Mathematical Notations and Equations

Exp osure Mo dule
Imital conditions for seeds
[nital unit size
Baich size

My ()
Af. (o)

25¢

Il rnd S S10 22 T e 1 Tlailfeemid S 911k

Linits per batches

Linits per 6.8 kg batches

Inital batch prevalence
Prevalence of contarminated urits
[nitial number of positive units pe
Iritial level s in positive it

Total number of cells in positive Iy

T e i ni
Logy g reduction from seed treatrng
Probability of survival
Mumber of cells in positive batch |
Mumber of cells in positive writs

Mumber of positive units per oonty
hi sirfection
Prevalence of contaminated batch
Muliiplier
In-process pathogen spread multipy

Mumber of positive units
Mumber of cells in posi

Garowith
Pathogen growth: grow ... .
Maximum growth: number of geng
Cirovath atl time ¢
Maximum popul ation density
Time of 5TW sampling
Duration aof cell grow th during
Mumber of cells in each unit at the
Mumber of cells in each unitat the

rrigation
Cowverage of production batch by irrigation water during sampling
Murnber of positive wits touched by spent irrigation water

Probability 0 have a positive unit wouched by spent irngation water
Corresponding number of cells in sampled in-process sprouts

Yield of sprouts
Ratio of volume of waler 1o seeds/in-process sprouts perirrigation cycle

.’\"_1

i
€, (CFU

W

LJE‘I

Choice: 0,20, 40, 60, 80, ar 100 { %)
~ HypergeometniclPosiNy, Ny - Na, [Ny = 8])
{ Mg = N2l Ny =[ N 4] 0! 5

SEA i The fraction corresponds Lo the

probability o observe 0 success in the hyper peometric proces)
Sum of Cs poells (at the time of STW sampling ) present in N positive
units randorml y sampled among the Na positive units
Uniformit, 71 times
[volume Uniform (1, 5]:|]|‘

Differences in pa
and sprouts Posiharvesi
Proportion of cell]  Extent of misingpathogen spread
SIW festing
Murnber of cells i
Probability to hay  Size of partial mixing of sprouts
Volume water usq

Volume of 5TW 14

Mumber of cells i

Number of contaminated units in the partial mixing
Corresponding number of cells in partial mix

Probability to hay
Probahility o de

Probability 1o have a contaminated partial mix

M, |Ranging from no spread, to partial spread, o complete spread from ong
o more contaminated wits [M, ] to the entire production batch
(My)]"

M i M i w W

Ny ~HyperGenmetticPos(Ny, N No, [Mp My

G Ssurn of cells Gy, (end of production) present in Ny positive units
mndomly sampled among the Ny positive units

The risk assessment considers separately variability and uncertainty in model inputs

and predicts the risk of iliness as well as uncertainty in the risk estimate

Batch kept follow] Risk Prediction
Parameler of the beta-Poisson dose-response model

Prevalence post-if  Rigk per contaminaled serng

Size of a batch of Eating occasions per year
Size of a unit of &

Expected number of cases
I

@, B Median estimales evaluated using o = 011,324, f = 5145, |lower U]
bound (2 5th) evaluated using o = 0094, & = 4375 upper CT bound

(97.5th) evaluated usinga = 0.1,817, f =Fl.“n..'iﬁ]"
R | - BetaFunetonie, £+ C, )/ BetaFunctionice, 7
Ny BAZE4HT
N o« mean Py = R)

www.fda.gov
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Inputs

Simulation
Sprout:

Alfslfa

Number of herations

30000

Random seed

1234

Sampling function

Hypergeometric

Uncertainty:

Yes

[ Secund

Uncertainty Dimension:

1000

Results

4{ U.S. FOOD & DRUG
'\\_\" ADMINISTRATION

Web-based Model User Interface

Sprout - Version 0.6 (Beta)

MNumber of Significant Digits:

Contamination
Sample size (g)

25
Minimal Concentration (cfu)

1

Per

Positive Sample -

Minimal Spread Mukiplier

1

Maximal Spread Multiplier

5

Uncertainty in the Prevalence

Yes -
The ucertainty in the prevalence iz estimated using a beta function
with beta(0.5,0.5) a= a prior

Maximal Concentration (cfu): Minimal

APPLY CHANGES

Batch Prevalence before water sampling (%)

mean

Expected Mumber of Cases

Cases
mean 13669.01
medizn 12128.80
23599.03

Lower Cl

Upper CI 412635.39

Growth

Maximal Population Density (leg10(CFU)/g)

4

Minimal nb Generatian

3

Maximal nb Generation

16

Proportion of no growth

02

Minimal growth rate (log10/hour)

0.02

Mode growth rate (log10/houwr)

0.11

Maximal growth rate (log10/hour)

0.54

Production
Minimal Batch size (Ib)

15

Maximal Batch size (Ib)
50

Disinfection (log10)
0

+/-(log10)

0

Minimal Weight Increase

6

Maximal Weight Increase

7

Min Volume Water Multiplier

1

Proportion of detected batches (%)

mean median 1pct  99pct

Use 'Ctrd + F5 to reset.

Test

Propaortion Irrigation Batch

1

Volume Water Tested (T)

075

Probability Detection One Cell

1

Proportion of contaminated batches that are detected (%)

mean

FOUA

Lagg=d in a5 spraut Lo

To Risk
Number of Servings

85200000

Proportion of Cooked Serving

]

Size if Partial Mixing (g)

730
Minimal mixing (Sample: no mixing; Batch:
Total mixing)

Sample -
Maximal mixing (Sample: no mixing; Batch:
Total mixing)

Eatch -

The zize of Minimal mixing should be equal or larger than the size ¢
Maximal mixing. Examplea: Sample-Batch: from ne to total mixing,
PartialBatch: from partizl to total mixing, Batch-Batch: total mixing
(no uncertainty)}

Mote: The cutputs considar Dose-Reaponse uncartainty

median  1pct  99pct

36



Predicted Impact of Seed Treatment

Predicted reduction in contaminated production batches, and reduction in risk to consumers

Scenario, % batches Predicted % reduction
seed treatment contaminated cases/yr in cases/yr
No treatment 5.2 76,600
[1.8, 12.0]* [15,400, 248,000]
1-log reduction 2.3 12,100 / 34 \>
[0.81, 5.5] [2,900, 39,300] [80, 85]
\\ /
3-log reduction 0.032 139 99.8
[0.011, 0.077] [33, 448] [99.76, 99.83]

* Confidence Interval (uncertainty in the risk estimate)

www.fda.gov 37



Predicted Impact of Spent Irrigation Water (SIW) Testing

Predicted reduction in contamination of sprout production batches

% reduction in Predicted

. cases/yr

Scenario, % batches batches /Y
irrigation coverage | contaminated contaminated -

5.2 [1.8, 12.0] [15,400, 248,000]

3.0[1.1, 7.0] 42 [37, 44]
- S/ 1.9 [0.66, 4.5] 64 [54, 65]
1.4 [0.45, 3.2] 75 [64, 77]

1.0 [0.33, 2.7] 82 [69, 83]

Test volume: 0.75L

0.8 [0.26, 2.3] 86 (72, 87] 12,100
[2,400, 41,200]

In SIW testing, how you take samples is important. Representative sampling is
critical

www.fda.gov 38



Predicted Impact of Interventions:
Combined Seed Treatment and SIW Testing

Scenario, % batches Predicted % reductionin  Log,,change
seed treatment contaminated cases/yr cases in cases
No treatment 52 76,600
(1.8, 12.0] [15,400, 248,000]
1-log reduction 3,560 96 0 -14 )
+ SIW test 0.63 [821, 11,400] [93, 96] [-1.2,-1.4]
[0.22, 1.7]
3-log reduction 0010 45 - -3.2
+ SIW test [0.0033, 0.026] [10, 146] [-3.1, -3.3]
5-log reduction 0.00010 0.45 -~ 5.3
+ SIW test [0.000033, [0.10, 1.5] [-5.1, -5.3]
0.00026] \- |

www.fda.gov
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Predicted Impact of Interventions: Combined Seed Treatment and SIW Testing

Contour plot, log,, reduction in predicted cases/year

(=

S - Y *

—

80
|

40
l
e E.—

Proportion of batch covered by spent irrigation water (%)

i
o
£
i
SN \ i* 1 g
— = o Ll
-,,_,.. Lp i L
(= ! !
o . * \ " L -
T T T | | T
0 1 2 3 4 5

Seed treatment log,, reduction level

www.fda.gov 40



Concluding Thoughts

= Risk assessment provides a framework within which to

— represent sprout production, and integrate a multitude of data and
information on a large number of factors to predict effectiveness of
control measures

— understand the impact of seed treatment and SIW testing on reducing a
microorganism of public health significance

— quantify the impact of variability and uncertainty in the outcomes of the
risk assessment
= Web-based user interface can be useful to make a complex

model more accessible

— provides a means to evaluate assumptions and alternative scenarios, and to
engage SMEs and risk managers during and after model development

www.fda.gov
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- Panel Discussion



Summary from Webinar |
B

0 Various Tertiary Models Exist

O Some of which were demonstrated in this webinar series
0 Select Model Based Upon Your Unique Situation and Parameters

0 Be Careful with Assumptions and Interpretation

O Read and follow guidelines and disclaimers

0 Validate and Verify



Summary from Webinar |l

S
0 Predictive Modeling is a valuable tool for the food
industry to use.

Ot can be used in a variety of situations to access food safety
risk.

Ot is important to understand the limitations of predictive
modeling to make the best food safety assessment.



Panel Discussion: Question 1
B

0 When can we use predictive modeling as part of validation?

0 How can we use predictive modeling as part of validation?

O Hazard analysis

O Design of critical limits

O Corrective actions

O Reassessment of HACCP and/or Food Safety Plan
O Other aspects



Panel Discussion: Question 2
2

0 How much variability is there between the responses of
the strains of the same bacteriq, e.g., growth rate, or
death rate?



Panel Discussion: Question 3
I

1 Given the various sources of variability and uncertainty
in modelling, how confident can we be in the model
predictions and how do we incorporate that into
decisions?



Panel Discussion: Question 4
2

1 When can stakeholders engage in the risk assessment
process?



Panel Discussion: Question 5
N

1 How much do we know about the relative susceptibility to
infection from food-borne pathogens of different groups of
people in society, e.g., immunocompromised, pregnant, aged,
other factors¢ Where do we find this information?



Panel Discussion: Question 6
I

0 Where can we find more information about practical
applications of predictive modeling and risk assessment?



Dr. Tom Ross Dr. Peter Taormina Dr. Marcel Zwietering Dr. Betsy Booren Dr. Yuhuan Chen

AUDIENCE QUESTIONS &
ANSWERS




Acknowledgements
N

0 David Tharp
0 Sarah Dempsey
0 Erin Johnson

0 Tamara Ford




Practical Applications of Microbial Modelling
Webinar Series

. 4
Recordings
£ bi O (Q&A Document Now Availablel)
oT webinar https:/ /www.foodprotection.org /upl/downloads/library /qa-11-29-webinar.pdf
series W
O (Q&A Document Now Available!)

https: / /www.foodprotection.org /upl/downloads/library /3-5-18-webinar-slides.pdf

v Part Ill = Risk Modeling
O Recording to be posted on IAFP website

https:/ /www.foodprotection.org /resources/webinar-archive /



https://www.foodprotection.org/upl/downloads/library/3-5-18-webinar-slides.pdf

	Practical Applications of Microbial Modelling Webinar Series 
	Practical Applications of Microbial Modelling�Webinar Series 
	Practical Applications of Microbial Modelling
	Dr. Bala Kottapalli, moderator
	Webinar Housekeeping
	Webinar Housekeeping
	Agenda
	Dr. Yuhuan Chen
	Dr. Betsy Booren
	Dr. Peter Taormina
	Dr. Marcel Zwietering
	Dr. Tom Ross
	An Overview of Risk Assessment�	What comes before and after predictive modeling         �of growth and inactivation?
	Before I start…
	Review: Webinar Parts I and II
	Biological and Process Variability
	Variability Matters: an Example
	Variability Matters: an Example (cont.)
	What comes before and after predictive modeling     of growth and inactivation?
	Risk Assessment: Estimating Risk of Illness to Consumers
	Consumption Example: Alfalfa Sprouts
	Dose-Response Relationship: Example 1
	Slide Number 23
	Risk Assessment Paradigm
	Salmonella – Sprouts Risk Assessment
	Salmonella – Sprouts Risk Assessment �Policy Context
	Risk Assessment Charge
	Typical Sprout Production Process
	Public Health Concerns
	Public Health Concerns
	Slide Number 31
	Definitions: Size of Seed Batch and Seed Units
	Process Model: Salmonella Dynamics during Sprout Production 
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Concluding Thoughts
	Acknowledgements
	Panel Discussion
	Summary from Webinar I
	Summary from Webinar II
	Panel Discussion: Question 1
	Panel Discussion: Question 2
	Panel Discussion: Question 3
	Panel Discussion: Question 4
	Panel Discussion: Question 5
	Panel Discussion: Question 6
	Audience Questions & Answers
	Acknowledgements
	Slide Number 54

