RISK ASSESSMENT AND RISK
MANAGEMENT FOR SAFE FOODS

Assessment needs inclusion of variability and uncertainty,
management needs discrete decisions

Marcel Zwietering

Laboratory of Food Microbiology
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History
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History QM/QRA
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QM = Quantitative Microbiology
QRA = Quantitative risk assessment / risk analysis
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Risk assessment

potential danger

N P(N)+severity

Probability and severity including variability
and uncertainty
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Risk assessment

Objective procedure

Initial contamination dose-response
Kinetics (disease probability/
severity as function of dose)

probability/severity 50.000.000 products
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Advice for Legislation / Management

LEGISLATION = LINE IN THE SAND

SCIENCE = VARIABILITY
(HETEROGENEITY)
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1.4 Minced meat and meat preparations intended to be | Salmonella 5 0

eaten raw

1.5 Minced meat and meat preparations made from | Salmonella 5 0
poultry meat intended to be eaten cooked

Absence in 25 g

EN/ISO 6579

Products placed on the market during
their shelf-life

LEGISLATION = LINE IN THE SAND
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Zero risk — Control - Variability -
Heterogeneity - Biology
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Variability in contamination

VARIABILITY AT MOMENT OF CONSUMTPTION:

TIME TEMPERATURE OF STORAGE
HYGIENE AT THE FARM
VARIABILITY IN PROCESSING
VARIABILITY IN ORGANISMS
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Sources of variability / heterogeneity

Experimental error
Biological variability
Cell history, physiological state
Genetic variability
Strain variability

Product specific effects
Variability in controlling factors, environment, humans, etc

QUANTIFY: REALISTIC PREDICTIONS
DETERMINE SOURCES

RANK IMPORTANCE
CONTROL WHERE POSSIBLE
BIOLOGICAL INSIGHT
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Variability in level at constant temperature

log(N)

N
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Fig. 4. Comparison of the predicted number of organisms and the measured number at 7°C. M Series
1 (lab 1): ¥ Series 2 (lab 1); ~-—- Model prediction.
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Initial number, growth, lag and infectivity

Variability in contamination Consumer variability

N

Pill=N_e () - r

M:b‘i(;r'-rmin‘)\2

Fridge variability/\

seasonal variability Biological variability
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Dose-Response: Large uncertainty
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Figure 3.19. Comparison of all dose-response models with reported outbreak data. MICROBIOLOGICAL RISK ASSESSMENT SERIES
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Probability distribution illness from a single
hamburger for E. coli 0157:H7 (Cassin et al. 1998)
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Log probability of illness

Exposure / dose response models with 44 parameters with
their statistical distribution that can all be criticised

g WAGENINGEN UNIVERSITY Quantitative risk assessment for Escherichia coli 0157:H7 in ground beef hamburgers.

wasenincenmrm Michael H. Cassin, Anna M. Lammerding, 1998. Ewen C.D. Todd, William Ross, R. Stephen
McColl. International Journal of Food Microbiology 41: 21-44
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Quantitative risk assessment for Escherichia coli 0157:H7 in ground beef hamburgers.
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The uncertainty and variability of the
cumulative probability of the prevalence !
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Fig. 8. Second-order cumulative probability for the prevalence of E. coli
O157:H7 on beef trimmings. (Heavy line represents no separation of
uncertainty and variability; thin lines represent successive simulations with
separation of uncertainty and variability).
Development and validation of a probabilistic second-order
exposure assessment model for Escherichia coli O157:H7
a WARENINGEN LRIVERSITY contamination of beef trimmings from Irish meat plants
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Advice for Legislation / Management

" Decision support !
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A. SUSCEPTIBILITY AND SEVERITY |

C. PROBABILITY OF FOOD CONTAINING AN INFECTIOUS DOSE

1 Hazard Severity

6 Probablity of Contamination of Raw Product per

Serving

10 What increase in the post-procssing contamination
level would cause infection or intoxication to the
average consumer?

SEYERE hazard - causes death to most victims -
MODERATE hazard - requires medical intervention in most cases

MILD hazard » sometimes requires medical attention
MINGR hazard - patient rarely seeks medical attention

2 How susceptible is the population of interest ?

SLIGHT - e.0. infants, aged
VEFIY - e.g.neanates, ey young. diabetes, cancer, alcoholic ete
EXTREME - 2.9, AIDS, transplants recipients, ete

B. PROBABILITY OF EXPOSURE TO FOOD

3 Frequency of Consumption

manthiy
8 Few times per year
OTHER -

If "OTHER" enter “number
of days between a 1009

4 Proportion of Population Consuming the Product

Al [10052) -
mast [755)

wery bem (53]

L]

Size of Consuming Population

Population considered:

16,489,032

Mlew South Wales
Morthern Territory
Queensland
Seuth Australia

Tasmania apecify:

f)?‘s?é'fn Australia 16,489,032
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Fare [1in 2 1000)
Infrequent (1 per cent]

Commaon (50 per cent)
11 (100 per cent)
OTHER

If "OTHER™ enter a percentage
value between 0 (none) and 100

T Effect of Processing

nane -
slight (10 fold increase)

madetate (100-fold increase]
significant (10,000-fold incréase)
OTHER

IT “oTnEr-, wnat Is tne
{multiplic-ative) needed to reach an
infartiaug dnan 3

1.E+02

11 Effect of preparation before eating

The process RELIABLY ELIMINATES hazards

The process USUALLY (993 of cases) ELIMINATES hazards

The process SLIGHTLY (50X of cases]) REDUCES hazards

MO EFFECT on the hazards
The process INCREASES (10 ) the hazards

The process GREATLY INCREASES: (10004 ] the ha2ards

OTHER

indicates the extent of risk
increase

1.00E-03

8 Is there potential for recontamination after

processing ?

If "OTHER™ enter a percentage
value between 0 (none) and 100

9 How effi

is the post-pi
system?

WELL CONTROLLED - reliable, effective, systems in place (no increase in [P
CONTROLLED - mastly reliable systems in place (3-fold increase)

NOT CONTROLLED - no systems, untrained staff (10 Fold increase)
GROSS ABUSE OCCURS - (0.9.1000-fold inorease)

MOT RELEVANT - level of rigk agent does not change

WaAaGENINGENNGZE
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Meal Preparation RELIAELY ELIMINATES hazards -
Meal Freparation USUALLY ELIMINATES (99%4) hazards

Meal Freparation SLIGHTLY REDUCES (50%) hazards

Meal Preparation has NO EFFECT on the hazards

If "other”, enter a value that indicates

the extent of risk increase 1.00E-02

RISK ESTIMATES

probability of illness per day per
consumer of interest
(Pinf x Pexp)

total predicted illnesses/annum in

population of interest R

RISK RANKING
(0 to 100)

Risk Ranger

A simple, spreadsheet-based, food safety risk assessment tool

*
Thomas Ross™, John Sumner

A. SUSCEPTIBILITY AND SEVERITY

C. PROBABILITY OF FOOD CONTAINING AN INFECTIOUS DOSE

6 Probablity of Contamination of Raw Product per

10 What increase in the post-procssing contamination

Serving level would cause infection or intoxication to the
1 Hazard Severity average consumer?
SEYERE hazard - causes death to most vietims B Fare [1in 2 1000) - none B

MODERATE hazard - equires medi tervention in most cases
MILD hazard - sometimes requires #ntion
MINGR hazard - patient rarely seeks medical attention

2 How susceptible is the population of interest ?

WER'Y - &.g.neanates, very young, disbetes, cancer, aleoholic et
EXTREME - £.9, AIDS, transplants recipients, et

B. PROBABILITY OF EXPOSURE TO FOOD

3 Frequency of Consumption

manthiy
8 Few times per year
OTHER -

If "OTHER" enter “number
of days between a 100g 10

4 Proportion of Population Consuming the Product

Al [10052) -
mast [765)

wery few [552]

)

Size of Consuming Population

Population considered:

16,489,032

Mlew South Wales
Morthern Territory
Queensland

specify:
16,489,032

Vietaria
Western Australia
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frequent (1 per cent]

Commaon (50 per cent)
Al (100 per cent]
OTHER

If "OTHER™ enter a percentage

value between 0 (none) and 100

T Effect of Processing

slight (10 fold increase)

madetate (100-fold increase)
significant (10,000-fold incréase)
OTHER

IT “oTnEr-, wnat Is tne
{multiplic-ative) needed to reach an
infartiaug dnan 3

1.E+02

11 Effect of preparation before eating

The process RELIABLY ELIMINATES hazards

The process USUALLY (993 of cases) ELIMINATES hazards

The = MO EFFECT on the hazards
The process INCREASES (10 2) the hazards

The process GREATLY INCREASES: (10004 ] the ha2ards

OTHER

indicates the extent of risk
increase

processing ?

The process SLIGHTLY [503 of cases) REDUCES hazards

1.00E-03

8 Is there potential for recontamination after

If "OTHER"™ enter a percentage

value between 0 (none) and 100
9 How effi

is the post-pi
system?

WELL CONTROLLED - reliable, e

ing control

&, systems in place (na i

CONTROLLED - mostly reliable systems in place (3-fold increase)
NOT CONTROLLED - no systems, untrained staff 10 fold increase]

GROSS ABUSE OCCURS « (0.9.1000-f0ld inorease)
MOT RELEVANT - level of rigk agent does not change
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Meal Preparation RELIAELY ELIMINATES hazards -
Meal Freparation USUALLY ELIMINATES (99%4) hazards

Meal Preparation SLIGHTLY REDUCES (50 hazards

Meal Preparation has NO EFFECT on the hazards

If “other™, enter a value that indicates

the extent of risk increase 1.00E-02

RISK ESTIMATES

probability of illness per day per
consumer of interest
(Pinf x Pexp)

1.42E-05

total predicted illnesses/annum in

population of interest R

RISK RANKING
(0 to 100)

JRI L2 v—

A simple, spreadsheet-based, food safety risk assessment tool

*
Thomas Ross™, John Sumner




Pathogen Sporigen Population exposure Dose-1% P1 value”

value®
Growth in food Norovirus E no growth in food is possible, highly infectious (probability
may not be needed of infection for a single particle of 0.5)
to cause illness Parasites — no growth in food is possible, ingestion of a few parasites
may cause infection
Salmonella — any exposed people 4.1 2.5-1073
(salmonellosis)
Shigella - any exposed people 8.8 1.2-1073
Campylobacter jejuni — adults 29 3.5-1073
(diarrheal disease)
EHEC (e.g. L. coli - children < 6 years 8.4 1.2.107?
0O157) (haemolytic children 6—10 years 41.9 2.4-107%
uremic syndrome)
Yersinia enterocolitica — no dose—response model available, involved in water-borne
infections and growth in water does not seem possible
micropiological

safety of foods: A
new tool and its
application to
composite products

Pietro Stella®*, Olivier Cerf®,

Marta Hugas",

Kostas P. Koutsoumanisc,
Christophe Nguyen-The®

John N. Sofos Antonio Valero*’

and Marcel H. Zwietering"

BREDSE RRE FlakEgtt X< ELER Dose-19%6 P1 valueP
value?2
£ 5 h T L JBA94I)LA — BRPOBELZ LOWMHEEHY . BEENAFL
5<T%H. &t (—EIZ & B : 0.5)
BF5IEREIT F&ER — BRROEREL LOWEEHY . BEOERTERLET IB515H5
HILERASER — 2TOEM 4.1 2.5 x 103
(FILERSEE)
TRHE — 2 THER 8.8 1.2 x 103
hArEOQnNys2—- _ BA 2.9 3.5 x 103
S ¥az (THEEWK
EHEC (#1; XB&o157) — GRERFIMDINE 8.4 1.2 x 103
(B MmtEREE) 6~10mND/MR 41.9 2.4 x 104
ILY=7 - — AE-REETILIZEL

IVTFRaYFH

BAKIZ K DBRICEET B, KPTOEBEEEFZIZLY

Ranking the microbiological safety of foods: A new tool and

its a ication to composite products
PPl P P Pietro Stella®*, Olivier Cerf®,

Marta Hugas”,

Kostas P. Koutsoumanisc,
Christophe Nguyen-The®

John N. Sofos', Antonio Valero*’
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Growth in food is Listeria - more susceptible 9.5-10° 1.1-107"

usually needed to monocytogenes sub-population
cause illness (severe listeriosis) less susceptible sub- 4.2-1 0'" 24107
population
Vibrio - adults 2.2-10* 4.6:1077
parahaemolyticus
(enterocolitis)
Clostridium | 1.5-10° 6.9:10
perfringens
Bacillus cereus | no dose—response model available, at least 10°—10°
(diarrhoeic) cells per serving of foods causing illness
microbiological

safety of foods: A
new tool and its
application to
composite products

Pietro Stella®*, Olivier Cerf®,
Marta Hugas",

Kostas P. Koutsoumanis®,
Christophe Nguyen-The®¢,
John N. Sofos’, Antonio Valero®
and Marcel H. Zwietering"

BREDHEE wRE FramEE X<EEH Dose-1% P1 valueb
value?2
BE. BhE VATUT S RZMER 9.5x 10° 1.1 x 1012
DHREIZIFE FE/ A4 E5RR — .
ooy | (EEUYRTUTE EREZMERME 4.2 x 1011 2.4 x 1014
DIETENHE
it JUA — BA 2.2x10* 4.6 x 107
()
VN | + 1.5x 106 6.9 x 10°
tLYRE n BAE—RIGETILIZEL, —BL-Y
(T~ #0) RIE105—10EDHEAHNIXFKIET S

RankinP the microbiological safety of foods: A new tool and
[

its application to composite products e —

Marta Hugas?,

Kostas P. Koutsoumanis®,
Christophe Nguyen-The®¢,
John N. Sofos', Antonio Valero®

WAGENINGEN UNIVERSITY g "
and Marcel H. Zwietering
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Growth in food is Clostridium no data available
needed for production botulinum

of toxins or toxic Staphylococcus — no data available

metabolites that aureus

may cause illness’
Bacillus cereus no data available
(emetic)
Bacteria producing — no data available
biogenic amines

microbiological

safety of foods: A
new tool and its
application to
composite products

Pietro Stella®*, Olivier Cerf®,
Marta Hugas",

Kostas P. Koutsoumanis®,
Christophe Nguyen-The®¢,
John N. Sofos’, Antonio Valero®
and Marcel H. Zwietering"
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RankinP the microbiological safety of foods: A new tool and
its application to composite products

Pietro Stella®*, Olivier Cerf®,
Marta Hugas?,

Kostas P. Koutsoumanis€,
Christophe Nguyen-The®¢,
John N. Sofos’, Antonio Valero®
and Marcel H. Zwieteringh
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Ranking the
microbiological
safety of foods: A
new tool and its
application to
composite products

Pietro Stella®*, Olivier Cerf®,
Marta Hugas?,

Kostas P. Koutsoumanis®,
Christophe Nguyen-The®¢,
John N. Sofos’, Antonio Valero?®
and Marcel H. Zwietering"
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Hazards for which growth in food is usually needed to cause illness

Microbicidal treatment
without recontamination?

b

M

T

Supports growth?*

|

Y

¥
Cooking before

consumption?

TN

LOW RISK MODERATE RISK" é

N

Ranking the microbiological safety of foods: A new tool and
its application to composite products

Pietro Stella™*, Olivier Cerf®,
Marta Hugas”,

Kostas P. Koutsoumanis®,
Christophe Nguyen-The?*¢,
John N. Sofos’, Antonio Valero®
and Marcel H. Zwietering"
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~ . efsam

European Food Safety Authority EFSA Journal 2013:11(1):3025

SCIENTIFIC OPINION

Scientific Opinion on the risk posed by pathogens in food of non-animal
origin. Part 1 (outbreak data analysis and risk ranking of food/pathogen
mmbinatious)l

EFSA Panel on Biological Hazards (BIOHAZ)™’
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European Food Safety Authority EFSA Journal 2013:11(1):3025
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EFSA Panel on Biological Hazards (BIOHAZ)™
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Ranking

s Pathogen FoNAO category
position :
S
First Salmonella spp. Leafy greens eaten raw as salads
Salmonella spp. Bulb and stem vegetables
Salmonella spp. Tomatoes
Second : :
Salmonella spp. Melons
Pathogenic E. coli Fresh pods. legumes and grain
Norovirs Leafy greens eaten raw as salads
Third Salmonella spp. Sprouted seeds
Shigella spp. Fresh pods. legumes or grain
Bacillus spp. Spices and dry powdered herbs
Norovirs Bulb and stem vegetables
Norovins Raspberries
Salmonella spp. Raspberries
Fourth Salmonella spp. Spices and dry powdered herbs
Salmonella spp. Leafy greens mixed with other fresh FolNAQO
Shigella spp. Fresh herbs
Pathogenic E. coli Sprouted seeds
Yersinia spp. Carrots
Norovirus Tomatoes
Norovirus Carrots
Fifth
Salmonella spp. Nuts and nut products
Shigella spp. Carrots
1 HILERSEE Yo THDERERR
HILERTRBE RESLUVEFX
HYILERTRE k< b
2 i HILERSEE b=
RRMEKEE ESPRAES. T4 RE
/A4 J)LA Yo THDERERR
3 fu JILERTREE RIFIEF
FARE AESPRAES, T4, RE
NFIILREBE RINA R, HBREERK
/A9 4J)LA BRELUVEEFX
/a9 4)LA SANI)—
4 HILEXRFERA SARN —
i3
YILERTEE RN R, HREEMR
JILERTREE ARADEFRLMOEFRNDI VIR
FRAFREE ERE
ILy=7 %
/A4 )LA k<
_— /8724 )LA S
2 .
YILERTEE TYVEBLUVF Y YER

FRAIE
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FSO: Food Safety Objective: norm set by government

Government
Industry
. . : . Dose/response,
Microbiological analysis : :
Epidemiology,

Quantitative microbiology

\ ICMSF ymption
H, - 2R + ZI < FSO

FSO

21=X2G + 2C
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Validation of control measures in a food chain using the FSO concept

M.H. Zwietering **, C.M. Stewart b RC. Whiting ¢, International Commission on Microbiological
Specifications for Foods (ICMSF)

H, - R + =I < FSO

Probability distribution
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M.H. Zwietering **, C.M. Stewart b RC. Whiting ¢, International Commission on Microbiological
Specifications for Foods (ICMSF)

H, - R + =l < FSO
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R
1
L(z) = % ) lIy(zo), — FSOIIL, Wiy, pso).

r=1

(1)
where  ||y(zi), — FSO||., =3, v(z. 1), —
FSO| 1s the sum over time of the absolute
difference between the model output at time ¢
and a FSO. The function 1ly,,, ) _gsoy 1s equal to
1 for inputs with all desirable replications and 0
otherwise.
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Fig. 5. Detailed characteristics of the FSO output distributions for chicken meat as obtained with the

top-down model (grey bars) and the bottom-up model approach (black bars).
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ANALYSIS of the risk analysis

® Variability of factors: better control
® Uncertainty of factors: more research

® | evel of factors: changes in chain
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Conclusions

® Variability / Uncertainty / Complexity
® There is a need to go in that direction

® There is also a need to link this to decisions
® Go deep but get back to the surface
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Thank you
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