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overview

outbreaks of L. monocytogenes in Australia and
New Zealand and risk management

risk assessments of L. monocytogenes in ready-to-
eat foods

elements of risk assessment

data sources and approaches for microbial food
safety risk assessment
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outbreaks of L. monocytogenes in
Australia and New Zealand and risk
management
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outbreaks in Australia

* 1990

— 6 mother-infant pairs, maternity ward, no fatalities
(chicken liver paté?)

e 1991

— 2-3 cases, mild gastroenteritis, NZ smoked mussels
e 1998/99

— 6 cases, aged-care facility, fruit salad
e 2009

— ~13invasive cases, 3 miscarriages; 26 cases febrile gastro-
enteritis, chicken wraps and other cooked chicken
products
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L. monocytogenes epidemiology in
Australia

 mostly sporadic cases or very small outbreaks
(2 — 3 people)

e mostly in elderly (since 1990)

e foods most often implicated are

— cooked, diced chicken
— processed meats, paté
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Listeriosis in Australia
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L. monocytogenes epidemiology in
New Zealand

Population in 1997: 3.8 M; in2011: 4.4 M
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outbreaks in New Zealand

e only one outbreak reported since 2001, occurred in
2009 but source is unknown

e smoked mussels involved in one earlier outbreak
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Conclusions: Listeria Epidemiology
in Oceania

e Listeriosis incidence, and case-fatality ratio, in
Australia and New Zealand is similar to other
Western nations

e Listeriosis in Australia has lower prevalence in the
very young (compared to many other nations)

— most cases are among the elderly (possibly due to active
consumer education)
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Risk management

e “zero tolerance” is applied

e Australia considering Codex, or EFSA, type
regulations (i.e., up to 100 cfu.g? in foods that
prevent growth; predictive models to identify ‘non-
growth’ foods

— based on relatively high LD, for L. monocytogenes

e Australian recall guidelines recognise ‘non-growth’
foods
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risk assessments of
L. monocytogenes in ready-to-eat

foods
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USDA (FSIS); USFDA

e Comparative risk of Listeria monocytogenes in
selected ready—to-eat foods (2003)

— estimated that processed meats contribute ~60% of cases
of listeriosis in USA
e Comparative Risk Assessment for Listeria
monocytogenes in Ready-to-eat Meat and Poultry
Deli Meats (2010)

— role of contamination at retail highlighted

USDA (FSIS); USFDA
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Meat and Livestock Australia

» Listeria monocytogenes in ready-
to-eat meat products: risks and
their management (2004). 248pp

e estimated that processed meats
contribute ~50% of cases of
listeriosis in Australia

* available on request, including
model; summary in:

— Ross et al., (2009). Int. J. Food
Microbiol., 131:128-137)
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NZFSA Risk profiles

e http://www.foodsafety.govt.nz/science-risk/risk-
assessment/risk-profiles/

* [Listeria monocytogenes in:
— ice cream
— low moisture cheeses
— processed ready-to-eat meats
— ready-to-eat salads
— soft cheeses

NZFSA YR97° 07274

e http://www.foodsafety.govt.nz/science-risk/risk-
assessment/risk-profiles/
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Other L. monocytogenes risk
assessments

e several others in published literature, e.g.,
— Peeler and Bunning (1994) Pasteurised milk
— Bemrah et al., (1998) Camembert cheeses

— Mataragas et al., (2010) processed pork

ZFNHD . LM R 5 il

o NRXETHEINT-FHI
— Peeler and Bunning (19944F) KB E3I/LY
— Bemrah etal., (1998%) HIARN—JLF—X

— Mataragas et al,, (20104F) MIKHA

16




elements of risk assessment
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risks and hazards

* hazard
— something that could cause harm
* risk
— the likelihood that harm will occur (i.e. that the
hazard will be manifest)
together with

— the severity of harm, i.e., how many affected, how
sick they become
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“Risk”

o differentiates trivial or unlikely hazards
from those that are likely to have greater
and more serious consequences

e j.e., it quantifies the importance of hazards
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microbial food safety risk
assessment

origins in WTO (GATT) Uruguay Round (1995)
— to facilitate trade between nations

— SPS and TBT provisions require

* protection of health and natural resources as only reasons for
import restrictions

e (i.e. not protection of local industries)

e any restrictions must be “science-based”
US regulations requiring cost-benefit assessment of
new laws

can be applied to many kinds of ‘hazards’
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risk assessment

* framework for systematic synthesis of knowledge
and data, to gain new insights

to
[ e provide support/insight for ( ‘risk management’) ]

decisions

e epidemiology can be just as good for estimating
food safety risk but not as useful for risk
management
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other applications

e allocation of resources

e identification of optimal food management
strategies, involving all stage of the food chain from
“farm to fork”

e attribution of sources of food-borne illness

* augmenting HACCP
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Benefits of risk assessment for risk
management

e structured approach aids critical thinking and
understanding

e a database of knowledge is established

e a powerful decision support tool

e the bases of decisions are documented

* it is progressive and is both a framework and a data repository
which can be built upon and improved continuously

e agreed framework for demonstration of
11 . 7 . . .
equivalence in international trade

« identifies ‘date gaps’, i.e. research needs.
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risk analysis framework

three integrated o Risk

activities Management Assessment

Risk

Communication
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US risk analysis framework

Define

Problem/ ‘

Context
Evaluate Engage . |dentify
Effects Stakeholder

Options
Take ‘ Make
Actions Decisions
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Risk management process

e identify that a food safety problem requiring
management exists

e conduct a risk assessment to:

e determine the relationship between the hazard and
human health

e potential control/management options

e establish criteria consistent with protection of
public health
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data sources and approaches for
microbial food safety risk
assessment




microbial food safety risk
assessment

e techniques not well established

e Codex Alimentarius Commission gave remit for
establishment of approaches to FAO/WHO

e series of ‘expert consultations’
e CAC/GL30(1999)
* JEMRA reports

— http://www.codexalimentarius.net/web/jemra.jsp

B OWMENFRI) AV i

o FRRMMEILSN-DLDTIEGEL

o OA—TYIAEZARHFAO/WHOIZfH35E

« —EDIFEMR~DFEM

e CAC/GL 30* (19994F)  *pRINCIPLES AND GUIDELINES FOR THE

CONDUCT OF MICROBIOLOGICAL RISK
ASSESSMENT

o JEMRA*$REZE  *rao/wHo A RMAEMEMY RV FHEMARLE

— http://www.codexalimentarius.net/web/jemra.jsp

29




30




rules of “good” risk assessment

1. Microbiological Risk Assessment should be soundly
based upon science

9. A Microbiological Risk Assessment should explicitly
consider the dynamics of microbiological growth,
survival, and death in foods and ...
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microbial food safety risk

e function of probability and severity of illness(es)

» probability of iliness depend on exposure:
— how often the food is consumed
— how much is consumed per meal
— prevalence of pathogen in food
— concentration of pathogen in food
— virulence of the pathogen
— susceptibility of the host

e severity of consequence depends on pathogen
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Food Safety Risk Assessment:
components

Hazard Identification
Exposure Assessment
Dose-Response Assessment
Risk Characterisation

Uncertainty/Variability Analysis

what do we still need to know?; how much
confidence do we have in our estimate?
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Risk assessment process

HAZARD
IDENTIFICATION

EXPOSURE DOSE~RESPONSE
ASSESSMENT ASSESSMENT
RISK

CHARACTERISATION
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hazard identification




Hazard ldentification

definition of the problem, including evidence for a
problem, hazard and food involved, etc.

often based on epidemiological data, food survey data,
etc.

infection reports (clinical experience)
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exposure assessment
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Exposure Assessment

e estimation of how often people are exposed to the
hazard/food combination and

e the amount of the hazard they are exposed to

* routes of exposure
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Exposure assessment: Conceptual
model and data sources

exposure.

— how often eaten, how much eaten, and by
whom?

— how often contaminated, how heavily
contaminated?

— how did the contamination arise?
— how did the hazard level change?
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Complex/Variable Food Chains

primary - -. . |
producton proeeTe " - distribution and
retail, home preparation
storage
primary public health
production e
distribution and
‘ retail, home
‘ o ! storage
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distribution and
retail, home
storage
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Conceptual Model for Exposure to
L. mono in Australian processed meats
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Development of the Model

» conducted in parallel with FAO/WHO risk assessment of
L. monocytogenes in RTE foods - mutual benefits

« model is microbial ecology “rich”, e.qg.
temperature affects on shelf life/spoilage modelled

interaction between lactic acid bacteria and
L. monocytogenes modelled
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Conceptual Model

detailed steps from production to consumption
allowed mitigation options to be simulated
‘fudge’ factors not used, defensible assumptions

outputs:
— risk of listeriosis per serving

— total predicted cases in Australia, from processed
meats, per year
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Predicted number of

cases per year
(95% CI)

Processed meats
Patés/liverwursts

Cooked sausages®

43 (54.5 to 31.2)
0.36 (0.48 t0 0.25)

0.24 (0.3210 0.17)

*

Total 44 (55 to 31)
ETILDTIRT v
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Conceptual Model: Predictive

microbiology
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Conceptual Model: Predictive
microbiology
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proportion of total counts

94

lactic acid bacteria growth or
remaining lag time estimated

15 stationary phase reached
or is product spoiled?

L. monocytogenes growth or remaining
lag time estimated
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Predictive microbiology

e “quantitative microbial ecology of foods”

e relates food formulation, processing/storage
conditions, and time to expected changes in
microbial numbers

e very good models exist for L. monocytogenes growth
and growth limits (e.g., Mejholm and Dalgaard,
2009%*)

e links many steps/inputs in the conceptual model
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modelling Listeria monocytogenes
growth rates and growth limits

e regulations for L. monocytogenes risk management
differentiate food that do or do not support growth

e options to decide this are:
e pH<4.4 ORaw<0.92
e challenge testing

e predictive microbiology
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Mejholm and Dalgaard (2009)

 best model available
e most comprehensive (12 factors)
most well-validated
* most accurate

. most accessible

e predicts growth rate and growth limits (for specified
levels of confidence)

e free for download

Mejholm and Dalgaard (20094F)
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hazard characterisation

(dose-response assessment)
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Dose-Response Assessment

the relationship between the amount ingested and
probability, and severity, of illness caused
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Complex/Variable Food Chains
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Dose ingested ose Probability-of-Infectio Probability of Illness
In serving Model per Serving
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Dose response relationships-
data problems

For known hazards, unethical to do feeding trials, so:

rely on old, human feeding trials
(but were mostly healthy, adult, males)

epidemiological data

dose data often very poor, long delay between exposure
and recognition of outbreak

animal models

uncertain relationship to human response

relevant animal models very expensive
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modelling ‘dose-response’

e assume that each organism has an equal probability of
causing infection

* (agrees with single-hit theory, endorsed by JEMRA)

e thereis an upper limit beyond which increased dose does
not increase risk of infection

* these characteristics described by ‘exponential’ or ‘Beta-
Poisson’ models

e relationship is dose vs probability (i.e., not dose vs response)

e can choose different responses, e.g., infection, morbidity, or
mortality
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Dose-P.

exponential model

infection
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risk characterisation

JATHE




Risk Characterisation

synthesis of the exposure assessment and the dose-
response assessment to estimate the risk
(probability of illness, severity of illness) to public
health;

may also include definition of factors that most affect
the risk and ways to minimise the risk
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Risk Characterisation

synthesis of exposure assessment and hazard
characterisation within a ‘conceptual model’ of the
whole food chain

— commonly not enough information
— commonly rests on many assumptions
— often very mathematical

— semi-quantitative methods also sought
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MFSRA: Risk char’'n approaches

gualitative <= quantitative

(descriptive) (mathematical)

deterministic € stochastic

(fixed values) (distributions of values)

approach taken depends on data available, resources available,
importance of the risk questions
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risk assessment approaches

can be

e qualitative

— but limited inference

YRAYFHED 7 TO—F

- EMER
— UL, REMGHE

68




Risk assessment matrices

e decision trees

e use a matrix of hazard levels and probability
levels

e assume that both are known
e subjective decisions have to be made

e basis of those decisions is not transparent
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RA Tools: ICMSF (1986) Matrix

e designed for determining sampling intensity related to product risk

Type of Hazard

Conditions under which the food is expected to be handled
and consum ed are sampling, in the usual course of events

Cond itions reduce
hazar d levels (e.g.
kill pathogens)

No change in risk
(refrige ration)

may increase risk
(e.g. conditions
allowing pathogen
growth)

“utility” (e.g.reduced shelf life,
spoilage)
indicator organisms detected (low,

indirect haz ard)

moderate hazard - not usually life
threatening (ie. usually no sequelae,
illness normally of short duraction,
symptoms are se If-limiting but can cause
sever e discomfort)

serious hazard - incapa citating but
notusually life threatening, sequelae rare,
moderate duration

severe hazard for all consumers sensitive
sub -populations (e.g. c ausing life
threatening illness or sbstantial chronic
sequelae orillness of long duration)
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Type of Hazard

Conditions under which the food is expected to be handled

and consumed are sampling,

Conditions reduce

hazard levels (e.g.

kill pathogens)

No change in risk
(refrigeration)

in the usual course of events

may increase risk
(e.g. conditions
allowing pathogen
growth)

"utility” (e.g. reduced shelf life,
spoilage)

indicator organisms detected (low,
indirect hazard)

moderate hazard - not usually life
threatening (ie. usually no sequelae,
illness normally of short duraction,
symptoms are self-limiting but can cause
severe discomfort)

serious hazard - incapacitating but
notusually life threatening, sequelae rare,
moderate duration

severe hazard for all consumers sensitive
sub-populations (e.g. causing life
threatening illness or sbstantial chronic
sequelae or illness of long duration)
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3

6

12

15
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gualitative: risk matrices
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Risk matrices

Click to edit Master text styles

— Second level
¢ Third level

— Fourth level
» Fifth level
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RA tools: ‘Risk Ranger ”spreadsheet

based on Codex food safety risk assessment principles (but no
details of uncertainty/variability)

many steps modelled discretely

their relative effect can be gauged,
risks can rise and fall within a single assessment

uses spreadsheet to automate calculations, including logical tests

relative risk calculated on a continuous scale of 1 - 100; avoids
limited and subjective categories

still many assumptions, simplifications, need for knowledge

a good teaching tool for risk assessment
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free for download: http://www.foodsafetycentre.com.au/riskranger.php

free for download: http://www.foodsafetycentre.com.au/riskranger.php
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stochastic modeling
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risk assessment

will typically rely heavily on:
— mathematical modelling techniques
— computational power

— scientific knowledge and data

* e.g., predictive microbiology models, markers
of virulence, virulence mechanisms
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Complex/Variable Food Chains
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Risk Assessment

 now widely applied in all areas of
business and formal decision processes

« usually highly mathematical - often using
stochastic simulation modelling (relies on
computer power to simulate all possible
combinations of circumstances, as well
as their likelihood)
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Distributions
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Approaches: Monte Carlo simulation

Use probability distributions for inputs

— Randomly “samples” from the specified
distributions of each input in the model.

— Repeated sampling generates a distribution for
the output

— effectively uses computing power to do
hundreds of thousands of “what-if” examples
to generate an overall representation of the
risk under a wide range of circumstances
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Stochastic modelling
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Sensitivity analysis

sensitivity anaiysis 04 02 0 0.2 0.4 06 0.8
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WHO/FAO MFSRA Guidelines

http://www.fao.org/food/food-safety-quality/scientific-advice/jemra/guidelines1/en/

WHO/FAO EmDMEMFHIIRIE
DHARZAY

http://www.fao.org/food/food-safety-quality/scientific-advice/jemra/guidelines1/en/
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summary




MFSRA: summary

e risk is a product of hazard, probability of
exposure and severity of adverse effects
— FEC]UiFES exposure assessment and
— dOSE-FESpOﬂSE assessment

 needed to support risk management

* must be objective, science/data-based,
‘transparent’
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MFSRA: summary

 internationally endorsed principles now
established

e various methods available
— stochastic simulation methods preferred if data is
available
* many risk assessments/risk profiles available
for L. monocytogenies in ready-to-eat foods
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thank you for your attention,
and questions
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