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ABSTRACT

Eight tools relevant to risk ranking of biological hazards in food were identified and assessed using two case
studies. Differences itheir performance were observed, related to the risk metrics, data requirements, ranking
approachmodel type, model variables and data integration. Quantitative stochastic models are the most reliable
for risk ranking. However, this approach needs good characterisation of input parameters. The use of
deterministic models that ignore variability maguk in risk ranking errors. The ordinal scoring approaches in
semiquantitative models provide ranking with more errors than the deterministic approacheé-dddlfand

Drug AdministratioR-iRISK was identified as the most appropriate tool for niakking of microbiological
hazardsTheBurden of Communicable Diseases in Eur(®€oDE) toolkit can be used in combination with the
outputs from FDARISK or as a togdown tool to rank pathogens. Uncertainty needs to be addressed and
communicated todecision nakes and stakeholders as one of the outcomes of the risk ranking process.
Uncertainty and variability can be represented by means of probability distributions. Techniques such as the
NUSAP (numeral, unit, spread, assessment and pedigyg@oach can alsbe used to prioritise factors for
sensitivity and scenario analysis or stochastic modelling. Quantitative risk ranking models are preferred over
semiquantitative models. When data and time constraints do not allow quantitative risk ranking, semi
quantitdive models could be uselyt the limitations of these approaches linked to the selection and integration

of the ordinal scores should be made explibicision trees should be usedly to show how decisions are

made about classifyindoodi pathogencombinatios into broad categories. BCoDE and HDASK, in
combination with a network of available predictive microbiology tools, databases and information sources, can
form a risk ranking toolbox and be applied based oiffitafor purpos® approach supporting timely and
transparent risk ranking.
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SUMMARY

The European Food Safety Authority (EFSA) asked the ParBiadogical Hazards (BIOHAZ]i) to

evaluate the performance and data requirements of the available risk rankingiijaolsnvestigate
methodologies for introducing uncertainty and variability in the risk ranking modet$(iii) to

design and devejoa risk ranking toolbox for the EFSA BIOHAZ Panel.

The BIOHAZ Panel identified eight tools relevant to risk ranking applications of biological hazards in
food: decisiontrees; théJnited States Food and Drug Administrati&fS{FDA) risk ranking toal the
pathogenproducepair attribution risk rankingobl (FPARRT); the EFSAfood of noranimal origin

risk ranking tool(EFONAGO-RRT); Risk RangermicroHibro; swift quantitative microbiological risk
assessmentsQMRA); FDA-IRISK; and theEuropean Centre foDisease Prevention and Control
(ECDQ Burden of Communicable Diseases in Europe (BCoDE) toolkit.

A detailed description of the tools, based on the conceptual risk ranking framework developed by the
BIOHAZ Panel and their use in two risk ranking catiedies showed clear differences among them
related to the risk metrics, the ranking approach, the model type, the model variables and data
integration method. In addition, risk ranking tools have different data requirements, and empirical data
requiremets increase moving from qualitative to quantitative risk ranking approaches. When applied
to the case studies of single pathdgeultiple foods Listeria monocytogenem readyto-eat(RTE)

foods) and multiple pathogens in a single food (leafy greens)seteetion of the risk metric was
found to significantly affect the risk ranking because the metrics medifi@rent things for example
probability of illness versus public health burddisébility-adjusted lifeyears (DALYS)). Itshouldbe

noted that the performance of the risk ranking tools selected was evaluated from a
statistical/theoretical perspective. Their implementation in practice may be constrained by limitations
in data, time and resources.

Fully guantitative stochastic models are the nrefible for risk ranking. However, this approach
needs a good characterisation of the input parameters. The evaluation of general approaches in risk
ranking showed that the use of deterministic models that ignore variability may result in risk ranking
errors, whichmay begreater for thdoodi pathogencombinatiors with the highest risk. When using
semiquantitative models with ordinal scoring, theodi pathogencombinatiors are classified into

broad sets of categories with little discrimination. There are considerable differences in risk ranking
comparedwith a quantitative stochastic model. The ordinal scoring approaches provide ranking with
more errors than the determitiisapproaches.

Among the quantitative tools that use a bott@mapproach for risk ranking, FDWRISK has been
identified as the most appropriate for the needshefEFSA BIOHAZ Panel.FDA-IRISK is a
technically sound,quantitative tool providing meanifig risk metrics, allowing effective data
management and scenario analysis. The evaluation of-iRIBK identified some limitations,
including the omission of a maximum population density and the lack of uncertainty assessment.
However, a new version of FDIRISK addressing most, if not all, of these issues will be avaiiable

the beginning o015 In addition, the BIOHAZ Panel concluded that BCoDE is a flexible, detailed
and useffriendly DALY calculator that can be used in combination with thgots from FDAIRISK

for a more effective calculation of DALYs or as a-ig@wvn tool based on epidemiological data to
rank pathogens.

The BIOHAZ Panel evaluated methodologies to account for uncertainty in the risk assessment
process. Uncertainty has bedgafined asfiall types of limitations in knowledge, at the time it is
collected. Uncertainty may arise from several factors in the risk ranking process, and includes
technical (inexactness), methodological (unreliability), epistemological (ignorance) canetab
(limited social robustness) aspects. Uncertainty in risk ranking needs to be carefully addressed and
communicated tolecision maker and stakeholders as one of the outcomes of the risk ranking process.
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Uncertainty and variability can be represenitedisk ranking by means of probability distributions,
for example using twalimensional Monte Carlo simulations. However, probabilistic representation is
difficult when sufficient data are not available for statistical analysis. Expert elicitation presetd
incorporate diffuse information into the corresponding probability distributions may be adopted.

The NUSAP fumeral, unit, spread, assessment and pedigggem aims tccharacteriseand
prioritise sources of uncertainty in a risk ranking model, and was used as an example of how to deal
with uncertainty when using a risk ranking tool. NUSAP is a generic method that can be applied to all
types of models and provides standardised scales for destmgbtimcertainty in various dimensions.
NUSAP uses expert judgement to evaluate the impact of uncertainty in individual model factors on the
outcome of the assessment, leading to a prioritisation of factors for further f@orkxample
sensitivity and sagario analysis, or stochastic modelling.

Quantitative risk ranking models respecting the rules of probability calculationcarmdctly
describing the main biological phenomena that determine the risk are preferred oveuaetitative
models with ordinbscoring. When data and time constraints do not allow quantitative risk ranking,
semiquantitative models could be used. In this case, the limitations of these applod@teto the
selection and integration of the ordinal scores, as identified irogiigon, should be made explicit
Decision trees should be usedly as a tool for showing how decisions about classifying pathdgens
food combination into broad categories are made (e.g. inclusion/exclusion; high/low). The BIOHAZ
Panel concluded that BO& and FDAIRISK, in combination with a network of available predictive
microbiology tools, databases and information sources can form a risk ranking toolduwxagpdied
based on dffit for purpos® approach supporting the timely and transparent dexedap of risk
ranking.

The BIOHAZ Panel recommended that the risk metrics used in risk ranking should have a meaningful
biological or epidemiological interpretation and have to be agogety the risk managers before
starting the risk ranking exercis@ framework encompassing uncertainty typology and evaluation
(e.g. the NUSAP approach) should preferably be part of each risk ranking process to formalise
discussions on uncertainty, considering practicality and feasibility aspects. In addition, gy strate
should be developed to progressively adopt the proposed methods in future risk ranking opinions
developed by the Panel

EFSA Journal 208;13(1):3939 3
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BACKGROUND

The setting ofpriorities plays a crucial role for the decisioraking process in food safety
management. In the face of finite resources, and a very large number of conflicting demands upon
those resources, the establishment of priorities is a necessity.

Risk ranking isa technique that can be used to identify, and thepetoyitise, the most significant

risks applying to a given situation. This methodology is also part of the overall EFSA Science strategy
2012 2016, and different complementary projects are runninghis topic, involving different EFSA

Units such aghe Biological Hazards and Contaminants Unit (BIOCONTAM) and Skentific
Committee andEmerging Risks Unit

The BIOHAZ Panel has already adopted scientific opinions where risk ranking wastestjin the
terms of reference, while the number of mandates that require a risk ranking exercise in the context of
risk assessment is expected to increase in the future.

An opinion on the development of a conceptual risk ranking framework on biologizatds has

been recently adopted by the BIOHAZ PafteFSA Panel on Biological Hazards (BIOHAZ), 2012b)

In this opinion the risk ranking exercisegtating to biological hazards undertaken in fourteen opinions
that were prodced by the BIOHAZ Panel were reviewed. It was concluded that there is no single and
universally applicablestandardsed methodology for risk ranking. A conceptual risk ranking
framework with nine separate stages was proposed to allow the adoption ofptbheriape risk
ranking methodology at each stage. Furthermore, nine risk ranking tools developed by other
institutions worldwide were described, although none of these could be recommended as the single
risk ranking tool for the BIOHAZ Panel.

In theadopted opinion it is also recommended that the development of a risk ranking toolbox based on
the proposed framework should be undertaken, since such a toolbox would support the construction of
consistent and transparent risk ranking models, and might #es BIOHAZ Panel in the provision of

timely answers to new mandates and food safety emergencies. The toolbox should be based on
different modules that correspond to the nine stages of the framework with each module providing
different option on risk mecs, ranking approaches, model types, variables and data integration
methods. The above structure will allow the design and construction of risk ranking models targeted to
the purpose of each mandate. At a first instance this toolbox will be of use BIOHAZ Panel, but

the intention is that it will serve also for Members States, National food safety authorities and other
food safetyrelated stakeholders.

In line with the above mentioned EFSA Science Strategy and as a complement to the Br@hbiZs

work, the Scientific Committee of EFSlAuncled a procurement call to perforencritical review of
methodology and applications for risk ranking and benefit ranking for prioritisation of food and feed
related issues, on the basis of the size of anticipated health impact. Although the latter call would not
be limited to biological heards, the results of this project is expected to provide additional insights on
risk ranking and support the development of a risk ranking toolbox for the BICR4A&I.

The overall objective of this sefdsk mandate in line with the European Commisginarities, is to
capitalise on and advance the previous experience of the BIOHAZ Panel as well as the scientific and
technical achievements for risk ranking through the development of a bespoke risk ranking toolbox.
Developing such a tool and getting teetpoint of being able to apply it requires time and expertise,
hence this proposal which will facilitate the provision of dedicated development time and resources for
this important initiative.

EFSA Journal 208;13(1):3939 7
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TERMS OF REFERENCE

1 To evaluate the performance and the datmirements of the available risk ranking tools.

1 To investigate methodologies for introducing uncertainty and variability in the risk ranking
models.

9 To design and develop a risk ranking toolbox for the EFSA BIOHAZ Panel.

EFSA Journal 208;13(1):3939 8
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ASSESSMENT

1. Introduction

In theremit of thePanel on Biological HazardBKOHAZ), risk ranking is aoherent, comprehensive,
transparent and evidenbasedscientific processto prioritise and evaluate riskassociated with
biological hazards in foods his aims tasupport decision makers in allocating resourcegrévent
and controlhealth risksRisk has been defined &a function of the probability of an adverse health
effect and the severity of that effect, consequential to a hazard(s) o(FA@/WHO, 200).

In a previous opinion about the risk ranking framewdhe BIOHAZ Panel proposed a conceptual
risk ranking framework (Figure Jgomprisingnine conceptual stages involved in risk ranking, from
defining what is to be ranked to the presentation of the restiltssk ranking (EFSA Panel on
Biological Hazards (BIOHAZ), 2012b)

f_' 1. Definition of what to be ranked Communication
Scopedefinition ‘ - between RA an®&M

2. Selection of risk metrics*

' 3. Riskranking approach

7. Restructure of model
based on data
availability

5. Model variables* i
6. Collectionand evaluation of data for modelriables

8. Dataintegratiori** i

\ 4

9. Presentation of the results

4. Choice of the model type

=

=

=

*ARi sk metricsodo is the idisabilityadjusteddife year$QALLY fi guality-adgukted (if® yearsy

incidence, etc.).
*Model variabl esd ar e t hrevalende epidemologralda)le d f or ri sk ranking
»** fData integrationo is the combination of model i nputs and

RA: Risk assessmeriRM: Risk management

Figure 1. The proposed conceptual risk ranking frameworklieBIOHAZ Panel

EFSA Journal 208;13(1):3939 9
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This framevork showsthatrisk managers and risk assesssiieuld be encouraged toiBa with each
other regardingthe aim of the risk rankingprocessand the communication of the resulls also
provides the abilityo adapt the appropriate risk ranking methodology by selecting different options at
each stage. The appropriate option should be selected based aimtbé the risk ranking and
available data. It was recommended that this conceptual risk ranking framewol#t Bhoused in
future risk ranking exercises in order to increase consistency and transpdrartbgmore the
proposed frameworkhould represent the basis for the development of aaigking toolbox(i.e. a
group of tools that could be used for riskking)sincesuch a toolbox would support the construction
of consistent and transparent risk ranking models.

In the previous opiniamine risk ranking toolsleveloped by institutions worldwideere identified
and reviewed. They differed in their degreecomplexity, level of quantification and approach to
model construction.

The present opinion is a folloup to the previous onand its scope isotcarry out a comparative
analysis of the performance of a selection of risk ranking tools on bioldwazalrds and highlight

their strengths and weaknesses. This exercise would allow the detection of the possible sources of
uncertainty of different tools. In the timeframe of this opinitre ultimate scope is to design a
toolbox based on the risk rankiagailable tools with proper adjustments that cover the needs of the
BIOHAZ Panel.

In order to address the terms of reference, the available risk ranking tools were identified and
described in detail basedn the conceptual risk ranking framework. The towlere furtherevaluated

using twocase stuigs a singlepathogenmultiple food setting Kisteria monocytogends readyto-

eat (RTE) foods) and multiple pathogens in a single food (Shagén-producingEscherichia coli
(STEC)” Salmonellaspp.,L. monogtogenesCampylobactespp., NorovirusCryptosporidiumspp.

and Giardia spp.) in leafy greens. The evaluation of the tools was based on their comparison with a
fully quantitative stochastic risk ranking approach usethe reference model. In a next [stehe
general approaches in risk rankjmgcluding a fully quantitative stochastic approach, a deterministic
approach and a semuantitative approach witkwo scoring systems were evaluated for various

foodi pathogen coftuinations using a common database. The incorporation of uncertainty and
variability in risk ranking was explored. The use of theneral, unit, spread, assessment and pedigree
(NUSAP) approach for the identification of the important uncertainty sourcesdesasribed and
applied in a risk ranking case study. The methogies of quantifying uncertainty in risk ranking
models verealso explored. The information gathered through these exercises was used to propose the
tools to be included in a risk ranking tbok. In addition, a prototype of a new risk ranking tthit

covers the gaps of therant version of the available tools was developed. The use of these tools in a
fifit for purpos® approach was presented. Finally, a supporting netwogkefictive merobiology

tools, databases and information sources was pegbasntpart of the risk ranking toolbder the
EFSABIOHAZ Panel

2. Description of selected risk ranking tools

From the tools that were evaluated in the previous opinion, some were considered too narrova

focus and therefore were not included in this assessment. In addition, some other tools have been
recently developed, so in the erfietfollowing eight tools that can be used to rank the risk of
microbiological hazards in foods weadentified

decision trees

United States Food and Drudministration (US-FDA) risk ranking toal the pathogen
producepair attribution risk ranking todP’ARRT);

1 EFSAfood of noranimal origin risk ranking todEFONAO-RRT);

4 Shiga toxinproducing Escherichia coli(STEC) is also known as verotoxigeniE. coli verocytotoxigenicE. li,
verotoxin producinge. coliandverocytotoxinproducingEscherichia col(VTEC).
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1 Risk Ranger
1 microHibro;
1 swift quantitative microbiological risk assessmes@RA);
1 FDA-IRISK;
i European Centre for Disease Prevention and ConEGDC) Burden of Communicable

Diseases in Europe (BCoDE) toolkit

Some of thee toolscan be classified asonforming to afbottomupd approachthat is,the agent is
followed through the food chain to produce a prediction of risk to human health relative to other
agents and/or food&thertools follow a fitop-downd approach, wherthe level of risk associated with
specific foods, hazasdor their combinations is based on information gathered from epidemiological
systems such as disease reporting and outbreak databases, while otloemtboigboth approaches
(EFSA Panel on Biological Hazards (BIOHAZ), 2012h)detailed description of the available risk
ranking tools based on tlwnceptual risk ranking framework of EFSA is presented in the following
paragraphs.

2.1. Decision trees

2.1.1. General description

Decision trees are simple tools that can be used for foetysigk assessment. The tool considta o

flow chart with alternative choices related to simple questions (typicaitly yes/no answers)
allowing decisions to be takeffior example in a risk ranking. It is mainly based on qualitative inputs
and it delvers a qualitative outcome. It is useful when the sources of information are qualitative or
consistin poor quantitative data, providing very high versatility. The tool provides a qualitative
indication of the risk associatedth a foodborne hazardcategorisedas, for example, high, medium

or low). Owingto its simplicity, it can be adapted to the needs of the users.

2.1.2. Risk metrics

The metric associatewvith a decision treeni a firisk ranking, which provides a qualitative,
categorisedesponse of the relative risk associatéth a hazard based (at least to a major extent) on
qualitative information. The ranking establishes typically terms suchihighd, fimediun,
fimoderaté, flowd and/orfinegligibled.

Decision treesallow a rapid corparison when there are many felbdrne hazards to be considered
and/or if there is a significant lack of quantitative information.

Decision trees arsimple to use, althougfexpert opiniol is often needed tosethemwhen scientific
informationis lackirg.

2.1.3. Risk ranking approach

A decision tree can followeither a fibottom-upo (or forward) or afitop-downo (or backward)
approach to public health risk ranking, adhering roughly to the standard microbial risk assessment
paradigm in thdormer, or following apublic healthbased risk ranking that reflects the illness at the
point of consumption in the latter.

2.1.4. Model type

Decision trees use gualitative method for risk ranking. The tool requires the user to select from
qualitative statements to provide a dedivgor categorical answer concerning factors that will affect
the food safety risk to a specific or generic population.
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Decision treeshould take uncertainty and variability into account. Since in a qualitative approach
there is no specific way in which uncertainty and variability in any input parametestained and
reflected in the final risk estimate, the overall assessramtbeevaluated in narrativémprecise,

terms such asmuchp, fiittleo, etc, or scored according to the available evideasdn the case of
evidencebased medicine. Another option is to include a number of scenarios that reflect the
uncertainty and variality .

2.1.5. Model variables

The decision tree allows the most appropriate variables (major factors) that should be considered in
decisioarmaking to be established’he adoption of explicit variables allows participants to make a
series of incremental juéments which together can be combined to form an overall picture of the
issue.

Typical input variables arleEFSA Panel on Biological Hazards (BIOHAZ), 201:2a)

I hazardcharacterisatioiidentification
9 effect of process
9 effect of postprocessing control system (Figute

Variables can be selected according to the ranking needs. For most vasabtasy is based on
categorical information as a response to simple questions which are relatively ettsy fiser to
answer.

2.1.6. Data integration

As explained in the previous opinion, the data integration step combines information colletted in
different stagesf the risk ranking process (model inputs)produce output resulia the chosen risk
metric (EFSA Panel on Biological Hazards (BIOHAZ), 2012Data integration in decision trees is
based on a set of interconnected questibygically, little or noquantitative informatioiis available

2.1.7. Presentation of the results

The pesentation othe resultsof a decision tree should be documented as fully as possible. This is
particularly important as decision trees can present considerable variations and, in order to ensure
transparency and reproducibility, theasoningunderlyingthe selection of different options must be
explained in detail.
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< COMPOSITE PRODUCT >

I

Microbicidal treatment in
package without
recontamination?

N\

Supports growth?
(consider the most
permissive component
and/or interface between
components)

Y.

S

Cooking before
consumption?

LOW RISK

4 ‘ 4

Further information to be verified to qualify the risk: . . - . .
1 Reliabili King b to inactivat Further information to be verified to qualify the risk:
n n nsumer n i
elablilly on cooking by consumers to inac |vae§ i Hygienic conditions in the preparation of the

h h .
the pathogens composite foods and ingredients.

9 Could significant growth occur before consumption
based on shelf life, storage temperature and/or
conditions of use by the consumer?

QPR: qualified presumption of risk

Figure 2: Flow chart providingrisk ranking ofhazards which usually need to grow in food to cause
illness(EFSA Panel on Biological Hazards (BIOHAZ), 2012a)

2.2. US-FDA risk ranking tool : the pathogeri produce pair attribution risk ranking tool or
P°ARRT

2.2.1. General description

The PARRT is a sempuantitative risk ranking software tool ferioritising, ranking and selecting
pathogeinproduce combinatian(Anderson et al., 201)bHigh-ranking combinations argrioritised

for more rigorous risk assessment mdidgl efforts. Ranking is based on criteria related to the
pathogen, human health and production/processing. A totkl dita categorieare used as input to
estimate nine criteréa some data categories are combined into a single criterion. Data describe the
strength of epidemiological associati@everity of diseasg@athogen characteristics that affect disease
risk and commodity charactstics that affect pathogen prevalence, behaviour and likelihood of
exposure by the consuming public. A total risk score is calculated for each of the selected pathogen
commodity pais as the sum of the nine criteria scores multiplied bgoaespondingctiteria
weighting. For the pathogécommodity pais included in the toph baseline ranking (default values)

can be run and compared with ranking based ondefared input. The user can define which criteria

to include, the default bins for each dataegaty, i.e. data limits for the four scoring bins (low,
medium, high, very high) and the weight of each criterion. The tool is available for free download
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(http://foodrisk.org/exclusives/rit/and is devieped in Microsoft Access formaittherefore this
software is needed to run the tool

2.2.2. Risk metrics

The PARRT calculates one type of risk metric, the total risk score, which is thedfais ranking

list. The score is the sum of each criterion multipligda weighting factor. The weighting factor is
included if the user considers one or more of the individual criteria more important than others. For
each of the nine criterian ordinal number weight can be assigned. In the baseline crjtenvesight

from 1 to 4 is usedut a weighting scheme from 1 to 100 or any range can be(Aesddrson etl.,

20113. A criterion can be excluded from the ranking by entering a zero weight. Thus, the score can be
evaluated by criteria category and, in addition, by changing weighting factors a sensitivity analysis is
possible.

2.2.3. Risk ranking approach

The PARRT follows a combinedbottom um andfitop-downd approach to public health risk ranking
without explicitly referring to it in the description of the tool. The botignpart roughlyadheredo

the standard microbial risk assessment paradigm by inclusion of criteria relapeeivédence of
contamination, growth potential/shelf life; consumption; relative infectivity/infectious dose;
susceptible population (reflecting risk groups and moreemevconsequences). The gwn
approach/criteria reflect the public health burden by inclusion of criteria relatettetegth of
epidemiological link reflecting the extent of reported illnesgidemiologicaldiseasereflecting the
fitrued extent of ilhess;hospitalisationand death ratesreflecting the public health burden. The
rationak for using selected criteria and approach for ranking in the tool is not explicitly explained
other than no tool was available and the purpose was to design a teabsphatadriven,
customizable, senquantitative, comparative risk assessment tool used to select priority pairs for
further risk assessment effortdnderson et al., 201)aPotential limitations of using a combined
approach are not discussed in the tool. Limitations may include that some criteria-¢oiteidy are
related or correlated wthh may bias the scores used for ranking.

2.2.4. Model type

The PARRT uses aemiquantitative method for risk rankingi,e. the quantitative datare divided

into four categories, where each category is given a score, meaning that the final model outcome is
preented on a senfjuantitative scale. The tool permits the user to refine the default bins for each of
the four numerical scores associated with each criterion and to enter weights for each criterion. The
Access software converts the quantitative data indiabase tables into a category scored a value
between 1 and 4 based on the defined bins. The criteria score is multiplied by the weighting factor and
the total sum of the criteria included in the run is calculated by the software. The total sum thore is
basis for ordering of thpathogeiicommodityfrom high to low risk.

2.2.5. Model variables

The PARRT includes 11 input variablgsine criterig) related to the risk or public health burden of
pre-selected pathogénommodity pairs. A total of 55 pathogemommodity pais are included in the
tool. Pathogeiicommodity pais wereselected by searching reports of outbreaks associated with fresh
produce from the Annual Listing of Foodborne Disease Outbreaks compiled by tBend& sfor
Disease Control and Premtion (CDC) from 1996 to 2006, the Foodborne Outbreak Database
sponsored by th€ener for Science in the Public Interest, issuesviairbidity and Mortality Weekly
Report (MMWR) from 1996 to 2008 and the peereviewed literature and publicly accessible
databases. Only data from outbreaks of confirraetiologythat occurred in the United States are
included.

The input variables arél) epidemiological link (number of outbreaks and total number of cases),
(2) epidemiological multiplier (to account for urperted and undiagnosed cas€8), hospitalisation
(percenage of cases),(4) death (percenage of cases),(5) susceptible populationg6) infectious
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doserelative infectivity,(7) contamination Prevalence of contamination(8) consumption fger cent
of population consuming per da@nd(9) shelf life and growth potential combined into one score

2.2.6. Data integration

To generate the overall rank per pathagemmaodity pair an algorithm that balances the score for
each criterion with the weight of thatiterion is used. The result is an overall numerical score for each
pathogeincommodity paitthat is produced by first multiplying each variaslscore by its weight and
then adding each of these nine values:

YOEIMET Q "YOE T D QWO

The algorithm is implemented in visual basic as iarbsoft Access database application, which can
be run using MerosoftAccess 2000, 2003 or 2007.

2.2.7. Presentation of the results

Tables in the database store raw data for each of the ninéacaitel contain the parameter value at

the commaodity, pathogen or commodlipathogen level. Other tables define the four bins (scdréy 1

for each of the nine criteria; these tables are linked to the raw data tables. The interface allows the user
to resetthe default bins for eight of the nine data categories (excluding the population susceptibility
category and the growth potential category), as well as to determine appropriate weights for each of
the nine data categories. When the user runs the appticasioking is performed based on user
specified inputs. A risk ranking summary report is generated that provides the list of pathogen
commodity pais ordered by total score in descending order as well as a legend documenting the user
inputs used to genegmathe list.

2.3. EFSA food of non-animal origin risk ranking tool (EFONAO-RRT)d (adapted from the
US-FDA risk ranking tool, PPARRT)

2.3.1. General description

EFONAGO-RRT was developed by the BIOHAZ Panel as a raiterion analysis model aimed at risk
ranking combingons of food of noranimal origin commodities and specific pathogda$SA
BIOHAZ Panel, 201} It is a semiquantitative tool that builds on the UFDA P’ARRT. Limited data
availability, the use of broad risk categories and the possilfitapplying qualitative or highly
uncertain data were the stated reasiomsdevelopng an approach close to théRRT model. The
general modelling approach is a sequantitative risk ranking that takes into accowvatiablessuch

as the strength of association beémthe food commodity andhe pathogen in question, the severity

and extent of disease in humans and pathogen and commodity characteristics known to affect disease
risk and/or probability of exposure. Thesgiablesare included in the modahd used talefineseven

specific criteria that can beategoriseds describing epidemiology and public health (criteria 1 to 3)

as well as probability of exposure and risk (criteria 4 to 7). The model outputs of the tool are based on
reported outbreaks associatedhaéonsumption of food of neanimal origin in theEuropean Union

(EU) Zoonoses Monitoring between 2007 and 2011. The model is implemented as a spreadsheet
model in McrosoftExcel which enables the user to modify data inputs and outputs.

2.3.2. Risk metrics

The EFONAO-RRT calculates one type of risk metric, the total risk score. This score is the basis for
ranking of pathogdarcommodity pais. For each criterion, available dat@rergrouped into scoring
categoriesbins,which were defined and assigned a numérimalinal score. The total risk score is the
sum of each criterion score multiplied by a weighting factor. Different weighting $aetable the

user to consider one or more of the individual criteria more important than others. A criterion can be
excluded from the ranking by entering a zero weighterBfore the score can be evaluated by criteria
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category to investigate how robust the result is to different scenarios in terms of criteria included in the
ranking or the weight put on the criteria.

2.3.3. Risk ranking approach

The EFONAGRRT follows a combinedibottomupd and fitop-downd approach to public health risk
ranking. The bottorup part roughlyadheredo the standard microbial risk assessment paradigm by
inclusion of the following criteria related to exqoe and riskprevalence of contaminatiopathogen
growth potential during shelf life;consumption; dosé response relationshipThe topdown
approach/criteria reflect the public health burden by inclusion of the following criseméagth of
epidemiola@ical link, reflecting the extent of reported outbreaks;idence of illnessreported cases
corrected by a hazagbecific multiplier reflecting théitrued extent of illnessandburden of disease
reflecting the public health burden pe@Q0 cases du risk groups and more severe consequences.

2.3.4. Model type

The EFONAGRRT uses a senrgjuantitative method for risk ranking. For each criterion, available
gquantitative dataregrouped into defined scoring categories and assigned a numerical, ordinal score.
The total sum of weighted criteria included in the run is calculated in the Excel spreadsheet. The total
final risk score is the basis for ranking of all combinations. loissible for the user to modify input

data and how output is calculated in the spreadsheet model. For instance, definitions of scoring
categories (bins) as well as the weights for each criterion can be modified. The total sum score is the
basis for orderingf the pathogeincommaodityfrom high to low risk.

2.3.5. Model variables

The EFONAORRT includes input data for 10 variablased tocategoriséhe seven criteria related to
health consequences or risk of the-peéected pathogen commodity pairs. A total of 32 pathogen
commodity pais are included in the tool. The pathogesmmaodity pais were selected by identifying
outbreaks associated withefh produce from the reported felbdrne outbreaks in EU Zoonoses
Monitoring between 2007 and 2011. Only data from outbreaks classified as moderate to very strong
(according to the number of cases) and that occurred in Europe are included. The criteria are
(1) strength of associations between food and pathoggnumber of reported outbreaks and cases),

(2) incidence of illnesgnotified humber of cases and disease multiplier for unejgorting from EU
Salmonellamultiplier or multipliers, anchored to EBdmonella(Scallan et al., 203}, (3) burden of
disease (DALY > per 1000 cases based on data from the Netherldhidwelaar et al., 20)p

(4) dosé response relationship (only three scoring levels)(5) prevalence of contamination

(6) consumption (percentageof consumers consumingt least onceany specific food belonging to
eachEFoNAO category duringhe study period)and (7) pathogen growth potential during shelf

life (combined score from growth potential and stiéd).

2.3.6. Data integration

The overall rank per pathogesommaodity pairincorporates all seven criteria scores and is estimated
via an algoithm that balances the score for each criterion with the weight of that criterion. The result
is an overall numerical score for each pathdgemmaodity pairthat is produced by first multiplying
each variablés score by its weight and then adding eactihe$e seven values:

YOEIDmET Q "YOE T D QWO

The algorithm risk is implemented iniéfosoft Excel.

® The DALY is a health gap measure that extends the concept of potential years of &fedastsult opremature death to

include equivalent years of i heal tihmote gdnérdl ermdlisalslity. Onen st at es
DALY is one lost year of healthy life (@fld HealthOrganizationdefinition). The DALY methodology has beensdebed
by Murrayand Lopez (1994a, b, 199@)the Global Burden of Disease (GBD) project
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2.3.7. Presentation of the results

For each combination of pathogen and commodity (rothg) score for each criterion as well as the
total score are shown in columns in the spreadsheet. The separate columns allow the contribution of
each criteidn to be evaluated and ranking can be achieved by sorting based on the total score column.

2.4, Risk Ranger

2.4.1. General description

Risk Ranger is a simple tool for food safety risk assessment developed by the Australian Food Safety
Centre(Ross and Sumner, 200ZThe tool is inExcel spreadsheet format and embodies established
principles of food safety risk assessment, i.e. the combination of probability of exposure te a food
borne hazard, the magnitude of hazard in a fooénmpresent and the probability and severity of
outcomes that might arise from that level and frequency of exposure. The tool requires the user to
select from qualitative statements and/or to provide quantitative data concerning factors that that will
affed the food safety risk to a specific population, arising from a specific food product and specific
hazard, during the steps from harvest to consumption. The spreadsheet converts the qualitative inputs
into numerical values and combines them with the qgtadivie inputs in a series of mathematical and
logical steps using standard spreadsheet functioreseTdalculations are used to generate indices of

the public health risk.

2.4.2. Risk metrics

Three types of risk metrics are calculated in Risk Ranger. Thasfitisefiprobability of iliness per
consumer per day, calculated as iR x Pey, Where Ry is the probability of a diseasmusing dose

being present in a portion of the product of interest angi® the probability of exposure to the
product per persoper day. This metric is not strictly a measure of risk, because it does not include the
severity of the illness resulting from exposure to the hazard. The second metritt@ahpredicted
illnesses/annum in population of interess, which does not diérentiate severity either, but provides
another measure that might be more readily understood than risk per day. The third metfics& the
rankingo, which provides a more uséiendly and robust index of relative risk and is calculated
based on théicomparativerisko estimate. Thdicomparativerisko in the population of interest is a
measure of relative risk which includes the severity of the illness and is independent of the size of the
population, but does consider the proportion of the populatiorsweming. Afcomparativerisko

of 1 represents the situatian which every person in the population consumes the product of interest
daily, and that each portion of the product contains a lethal dose of the hazafftiskhankingd

value is scaled logd@hmically between 0 and 100, where 0 represents no risk and 100 represents the
opposite extremevhere every member of the population eats a meal that contains a lethal dose of the
hazard every day. Th&isk rankingd scale is set based on a probabitifymild food-borne illness of

less than or equal to one case per 10 billion people (greater thamtcglobal population) per
100years as a negligible risk. THeomparativeriskd estimate that corresponds to this value is
2.75x 101 17 and thdirisk rankingd corresponding to this level is equated to zero. Analogously, the
upper limit offirisk rankingd at 100 corresponds tofleomparativerisko of 1.

2.4.3. Risk ranking approach

The Risk Ranger follows dibottom-upo (or forward) approach to public health risk ranking
correspondingoughly to the standard microbial risk assessment paradigm. The risk rankinges
on factors that affect the food safety risk to a specific population, arising from a specific fdadtpro
and specific hazard, during the steps from harvest to consumption.

2.4.4. Model type

Risk Ranger uses semiquantitative method for risk ranking. The tool requires the user to select
from qualitative statements and/or to provide quantitative data concéaaitogs that that will affect
the food safety risk to a specific population, arising from a specific food product and specific hazard,
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during the steps from harvest to consumption. The spreadsheet converts the qualitative inputs into
numerical values andombines them with the quantitative inputs in a series of mathematical and
logical steps using standard spreadsheet functioreseTdalculations are used to generate indices of

the public health risk.

2.4.5. Model variables

The Risk Ranger model includes 11umpariables related to the severity of the hazard, the likelihood

of a disease causing dose of the hazard being present in a meal and probability of exposure to the
hazard in a defined period of time. These variables(&ydazard severity, (2) susceptbility of the
consumer, (3) frequency of consumption (4) proportion of population consuming, (5) size of
population of interest, (6) proportion of product contaminated, (7) effect of process (8) potential

for recontamination after processing (9) effect of postprocessing control system(10) increase

from level at processing required to reach an infectious or toxic dose for the average consugner

and (11) effect of preparation for meal. For most variablesscoring is based oardinal weighting
factorstranslated to simple questions which are relatively easy for the user to answer.

2.4.6. Data integration

The logic and equations leading to the risk estimates are detailed below.

The fiprobability of illness per consumer per day is calculated as % Pex, Where Ry is the
probability of a diseaseausing dose being present in a portion of the product of interest,gisltRe
probability of exposure to the product per person per day.

P.¢ is defined as whichever is the larger value of the product of thewaluthe following variables

(V):
proportion of product contaminated (V€kxffect of process on the probability of contamination
(V7) x effect of postprocessing handling/storage (M)ncrease in the initial level of the factor
required to reach an ie€tious dose (V10} effect of preparation prior to eating (V11)

or, in the case of a process resultinghe elimination of the hazard
proportion of product reontaminated (V8x effect of posiprocessing handling/storage
(V9) x increase in the initidevel of the factor required to reach an infectious dose (YHject
of preparation prior to eating (V11)

Pexpis given by the product
frequency of consumption (V3 proportion of the population that consumes the product (4)

Thefitotal predicted illesses/annum in population of intetestcalculated as:

365 (.e. days per year¥ fiprobability of illness per consumer per @dayas described
above)x fraction of population considered in at risk class (¥29tal population (V5)

Thefirisk rankingd is calculated based on theomparativerisko estimate

probability of illness per day per consumer of interest (as described abbaejrd severity
(V1) x proportion of population consuming (V4)proportion of total population in population of
interes (V2)

2.4.7. Presentation of the results

The results of Risk Ranger tool are the values of the three risk metrics described above which are
presented in a simplexcel spreadsheet together with the selected values of the variables. The user has
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to calculate theabove risk metrics for each pair &fodi pathogenseparately and compare them
manually. There is no graphical representation of the results.

2.5. microHibro

2.5.1. General description

microHibro is a quantitative model based prevalence andoncentration data for pathogens at the
starting point of the risk assessment #meh using crossontaminationgrowth, survival, intervention
rates andlosé responseas key variables that would affect the outcome of the model.

microHibro is the resulbf a national and regional project focusedRRE products, which is being
expanding to new food categories. The main purpose is to offer aftoeasy tool to endisers, risk
managers, food business operators and risk assessors. The application havdlepadias a vie

based tool, considering as important features, flexibility, updatability and usability, underpinned in a
solid and validated mathematical structufidne software is developed by Hibro research group
(University of Cordoba, Spain) in collaration with Optimum Quality, a software developing spiihn
company (Technological Park of Cordoba, Spain). Hibro is in charge of administering, promoting and
improving microHibro software from both technical and applicative sides.

The mathematical struare of the exposure assessment model was translated intefaarsdy web-

based tool which is released asbata version in English and Spani¢imicroHibro 2.0 Beta,
www.microhibro.com) The software is licensed &seneral Public Licence5PL) or equivalent, with

open access. The application incorporates a module for growth predictions in different vegetable
matrices and microorganisms as well as a module which allbevsiserto design and simulat
exposure models to estimate the final coneginn at the moment of consumptidhallows models
selected by the user to be introduced into the application

microHibro is a stochastic modelling toathose risk modelling module can be used for risk
assessmentincorporating deterministic or quantitve values for initial concentration, growth,
inactivation, recontamination ardbsé responselnformation about the variables can be includsed

either deterministic or stochastic data. The flexibility of the tool would allmvaddition offurther
components. It provides an estimation of the risk and the probability of disease. Finally, the sensitivity
analysis tools can be then applied to assess how variables and factors can impact the number of cases,
i.e. public health.

2.5.2. Risk metrics

By inserting vambles as poirestimate values or distributionmicroHibro calculates outputs as
frequency distribution of microbial growth and of probability of illness. The risk metric used is the
fiprobability of ilines®.

2.5.3. Risk ranking approach

microHibro follows a bottorrup (or forward) approach considering the steps of initial microbial
concentration (including prevalence), growth, transfer, reductior@séresponse

2.5.4. Model type

microHibro is a quantitative model for simulating growth of microoigars in food matrices and
estimating the probability of iliness.

2.5.5.  Model variables (inputs)

The model allowshe carrying out of a probabilistexposure assessment basedonbjectoriented
system with four model variablese. growth, inactivation, trasfer anddosé responsgthat can be
defined by using either pohastimate or probability distributions of mass, temperature, pH, time, etc.
The types of distributions include continuoumrfnal, exponential, uniform and triangular) and
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discrete Binomial and Poisson) distributions. In the case of continuous distributions, the concentration
unit is log, colony-forming units (CFU); however, the discret@istributions, because of their discrete
nature, are defined by arithmetic unite, CFU.

Distributionsare defined by giving values to the parameters of the selected distribution. For example,
in the case of normal distribution, the parameters to be defined are the standard deviation and mean.
These are the input elements that can be selected:

1 Element 1:initial concentration, mass and prevalence. The initial concentration and
prevalence can be implemented as distributions selected from a list or as fixed values, whereas
mass can be includexhly as a fixed value.

1 Element 2:.growth The user can choas@l) a selection of published models availal{®,to
include additional models dB) to introduce a distribution among the ones available in the
tool or to include a fixed value. The mass can also be included.

1 Element 3 microbialtransfer. Information aha crosscontaminatiorcan be implemented. In
order to do so, either distributions (from a list of continuous and discrete ones) or fixed values
of the percentage of transfer of microorganisms and microbial concentration can be selected.
The mass and probaity of occurrence can also be included as fixed values.

1 Element 4 reductionin the concentration of microorganisms. Factors meaning a decrease in
microbial concentration can also be considered. The user can cl{ttpse selection of
published modelsvailable,(2) to include additional models ¢8) to introduce a distribution
among the ones available in the tool or to include a fixed value. The mass can also be
included.

1 Element 5dosé response models. Theaeedosé responsenodels available in thol or the
user can implement new models.

2.5.6. Data integration

microHibro allows a probabilistic exposure assessntenbe carried oubased on objeatriented
system with three basic types of predictive model: growth, inactivation andammotesnination. Ta
simulation method used in the application is based orvitiete Carlomethod which allows the
generation of random values from defined probability distributions. To this end, the inversion method
for generating random numbers was appliBdbert and Casella, 2004A detailed user manual is
availablein the welsite (vww.microhibro.con.

2.5.7. Presentation of the results

The application includes a basic tool for sensitivity analysis that all(lygshe comparison of the
inputs and outputs data graphically af@) the simulation different scenarios of the designed risk
model

With the first opton, the simulated values for input variabksch as temperature, pH, etire plotted
versus concentration and prevalence outputs derived from the simulated risk model in a scatter plot.

With the scenario analysis, the effect of specific input variafpeaperature, pH, etc.) on the final
concentration of microorganisme. output) is quantitatively assessed. The information obtained by
the sensitivity analysis may be used to identify critical control points and risk thresholds in the
analysednput vaiable. The application performs a set of simulatjaech using one of the defined
values which isfixed during the whole simulation while thhemainingvariables are allowed to vary.

The application returns graphs representing the changes in thetatatics of the final output with
respect to the values specified for #malysednput variable.

EFSA Journal 208;13(1):3939 20


http://www.microhibro.com/

&
~-efsam o
European Food Safety Authority Development of a risk ranking toolbox fihre EFSA BIOHAZ Pane

2.5.8. User interface

This tool is based on an objemtiented system. The types of objects are in the bar of design, at the
bottom of the application and represéme previously mentioned basic models (growth, inactivation,
crosscontaminatioi The user can design a processing line or specific food chain by dragging these
objects to the design space in the central part of the application. The risk model isnteprés the
design space asflaw chart where each basic model stands linearly behind another, according to how
they were initially placed. It is a very uskiendly, easyto-useinterface.

2.6. Swift quantitative microbiological risk assessment §QMRA) tool

2.6.1. General description

sSQMRA is a tool for food safety risk assessment developed by the Dutch National Institute for Public
Health and the Environment. The tool is in Excel spreadsheet format and is based on general
principles of food safety risk assessnt, providing a standardised environment for full quantitative
risk assessment. The model covers the food chain from retail to preparation and consumption and
carries on to infection and illness. The first vers{gwers and Chardon, 20L& deterministic ath
calculates th@robability of illness for a pathogé&mproduct combinatiofy estimating the exposure to

a foodborne hazard for a number of categories which are input for d rdepense relatiahip.
Recognising the limitations of simplified QMRA modelte tool is designed primarily for
comparative risk assessment, regardinth the final risk estimates and the intermediate results. The
second version of thiwol (SQMRAV2)is stochastic (considering variability but not uncertainty) and is
implemented sing the @RISK adéh to Excel(Evers and Chardon, 2012, 2013Blis second version
wasused in this assessment, as it included miaapyovementssuch aggrowth or inactivation during
storage by the consumer, an extended cooking module, a choice adosgaesponsemodels,
extended results presentation and reference anedafieed comparisodatased. The second version

also provides estimates for severity of illness, using DALY sasdof-illness The tool requires the

user to enter data on prevalence and catnaton of pathogens at retail, food consumption, effects of
storage, cooking and cressntamination in the kitchen, doséresponserelationship and, in
version2, on disease burden and cos$tiliness. The spreadsheet then converts the inputs irko ris
estimates using established algorithms.

2.6.2. Risk metrics

Several types of risk metrics are calculated by the sQMRA toeld&bcriptionbelowfocuses on the
second version of the tool. The output sheet of the tool provides summary information, whereas the
model sheet provides extended intermediate calculation results

Summary information on the scope of the risk assessment and input parameters

Attribution of exposure (probability of exposure and total exposure) and illness estimates over
different categories of storatpy the consumer (room temperature, fridge or freezer)

9 Attribution of exposure (probability of exposure and total exposure)llards estimates over
different pathways in the kitchen (survival of heatimgll-cooked, undercooked or raaross
contamination)

1 Contamination level (prevalence and number) at portion and population level in several steps
of the food chain

Infection, illness, disease burden and eofiliness at portion and population level
Variability of contamination and effect estimates at portion level

Statistical uncertainty in food consumption and retail data is included for illustrative purposes,
but not usedn the model calculations.
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2.6.3. Risk ranking approach

The sQMRA tool follows aibottom-upo (or forward) approach to public health risk based on the
standard microbial risk assessment paradigm, but restricted to theoemilsumption part of the
food chainKey outputs for risk ranking are:

1 contamination level (prevalence and number) at portion and population level in several steps
of the food chain, and comparedth a chosen reference model;

1 infection, illness, disease burden and -@aistiness at portion and population level, and
comparedvith a chosen reference model

2.6.4. Model type

sQMRAV2 uses auantitative, stochastic method for risk ranking. The tool requires the user to
provide quantitatie data concerning factors that will affect the food safety risk for consumers, arising
from a specific food product and specific hazard, during the steps from retail to consumption.

2.6.5. Model variables
The sQMRA tool model includes 14 categories of inputaldes. These categories are:

portions consumed

pathogen prevalence in retail

portion size

pathogen concentration

storage conditions

growth and inactivation characteristics of pathogen
crosscontamination parameters
preparation categories

probability of survival during preparation
endpointdosé responsenodel

dosé response parameters

probability of illness given infection

DALY per case

=A =4 =4 =4 =4 4 =4 =4 4 4 -4 4 4 4

costof-illness per case

For all variables, variability distributions are optional. The user can also enter detecministi
information by leaving the cells for standard deviations (and other variability statistics) blank.

2.6.6. Data integration
The model equations are fully descrilmdifollow standard QMRA methodology.

2.6.7. Presentation of the results

The results of SQMRA tool arée values of the risk metrics described ahovgEch are presented in

the RESULTS sheet. Several summary graphs and tables are availabléuilthe graphical
presentations focus on comparison of the risk in relation to different storage conditibns an
preparation methods for the food product. For risk ranking, spredefined reference datasets are
available in the tool, with the CARMA model f@ampylobacteon broiler mea{Nauta et al., 2007
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offered as default. The user can also enter additional scenarios. Once-defineat reference
pathogeiproduct combinatioms available in the tool, it can be selected wittirap-down list in the
RESULTS sheefior 1:1 comparisons with the model scenario.

2.7. FDA-IRISK

2.7.1. General description

The FDAIRISK is a comparative risk assessment system for evaluating and rankifigdtdoagen
pairs developed by the Food and Drug Administration (FChkpugh partnership and cabboration
with experts within and outside U§overnmentorganisations It is designed to estimate risks
associated with both microbial and chemical hazétéen et al., 2013

The FDAIRISK is a webbased quantitative risk assessment system that enables users to assess,
compare and rank the risks linked to multiple fopathogen pa#: a relative rapid quantitative risk
assessment. It is a modelling tool that integrates data on the hazard, data on the food supply system
(from primary production, through manufacturing and processing, to retail distribution) and data on
dosé responseand health effects, using the built mathematical logic/equations aidbnte Carlo
simulations. It enables also evaluation of impact of interventions applied all over the food supply

The webbased user interface enables users to define the food and #rd banterest, edit inputs,
update references and assumptions, and store, view and share data, information and risk $benarios.
version used in this assessment was FRISK 1.0 (hereafter referred to simply as FBRISK).

2.7.2. Risk metrics

To enable theomparisons of risks posed by different fopdthogen pas, iRISK is using DALY as a
common metric. DALY is an indicator of the time lived wildisability and the time lodtecause of
premature mortality A DALYs percase valués used as a measure bétaveraged burden of disease
per case of illness associateith each hazard, taking into account the relative frequency of each
potential health outcome. The final output BDA-IRISK, the annual DALYs, is obtained by
multiplying the DALYs per case by th annual expected number of cases for aifpathogen pair
under evaluation.

2.7.3. Risk ranking approach

The FDAIRISK follows afibottomupo (or forward) approach to public health risk ranking adhering
to the standard microbial risk assessment paradigm. Risk raiskiraged on factors that affect the
food safety risk to a specific population, arising from a specific food product and spedficd,
during the steps from primary production to consumption.

2.7.4. Model type

The FDAIRISK uses a guantitative method for risk ranking. The tool requires the user to specify
hazards, foods and populations of interest and inputs data related to the exsssgsment and
hazardcharacterisatiosomponents as defined @ODEXrisk assessment standard.

The FDAIRISK provides a risk assessment model framework and templates, and the uses tti@oose
suitable template for her/his risk scenario and provides evidence including the possibility for
documenting theationalebehind the selection of the evidence. A risk scenario is defined by seven
elementsdescribed below

2.7.5. Model variables (inputs)

The FDA-IRISK tool includesseveninput elements

1 Element 1: foods. The definition of food and its description will affect the process model.
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il

1

2.7.6.

Element 2: hazards. The type of hazard will affect process model optiomosédesponse
options provided withifFDA-iRISK for the hazard.

Element 3: population groups. The choice of the population group is assométethe

choice ofdosé responsenodel (e.g. twalosé responsenodels forL.. monocytogene®ne for
high-risk population and another for lefssk populaion), specific patterns of health effects

(e.g. pregnant women for abortion) and the consumption patterns (e.g. specific diet per age

group).

Element 4. process models. The process model describes the impact of the different process
stages (primary produon, food processing, food handlingtc) on the concentration and
prevalence of the hazard in the considered food. The outputs of the process model are the
probability distribution of the concentration of the hazard in a food serving and the prevalence
of contaminated servingdata required include the initial prevalence, distribution of the
hazard concentration and the unit mass, data related to process stages from farm to table of the
food supply chain up to the point of consumption. The number oéstdgpends on the food
definition, hazard characteristics and the scope of the risk assessment. For example, the initial
prevalence and concentration could be at retail level or at the primary prodaegbiience

the process model is designed as &seaf process stages, events or steps along thetdarm

fork continuum. At each process staghe user provides the expected impact of the
considered stage on the prevalence and concentration of the hazards and on the unit size of the
food. The effectsuch as increase/decrease of the prevalence, increase/decrease of the hazard
concentration in foodcan be expressed as a fixed value or as a probability distribution. The
process types and their data inputs are described in AppAndike template proposaine

process typegl) increase by growth(2) increase by addition (asosscontaminationfrom

the processing environmen{) decrease(4) pooling; (5) partitioning;(6) evaporation or
dilution; (7) partial redistribution that models part@bsscontaminationamong food units.

The total hazards load remains constd8); total redistribution: the total hazards load is
redistributed to all food unit¢9) no change.

Element 5: consumption models. The consumption models are defined in retatibe
specific population groups. For microbial hazards, the required inputs are the serving size
(fixed value or distribution) per each food eating occasion and the number of eating occasions
per year. For chemicals, the distribution of the average atajtthe food eaten daily over a
period of time or a lifetime and the number of consumers are required.

Element 6:dosé responsemodels. Thedosé responsanodels are defined in relation to the
specific population groups.

Element 7: health outcomes

Data integration

The equations leading to the risk estimates are not detailldARIRISK technical documentatiomn

relation to the integratioaf the different elements of the risk assessnmespecially for process types

it is said that the implemented gram uses previously published mathematical equationthdoy
International Life Sciences Institu@8010 and Nautg2005, 2008)without mentioning them. At this
step of FDA-IRISK reviewing it is not possible to describe precisely hBWA-IRISK integrates all
the different process types (séppendix A). However,further to the information existing in the
technical documentatiom, paper byChen et al(2013),and checkinghe model outputs, the following
integration procedure can Ipeoposed when the final concentration and prevalence are assessed (
graphical representation in Appendiy:

1. A dose distribution per serving is generated taking into account the variability of the hazard

concentration at the time of consumption (amomnigtaminated servings) and the variability of
serving size (among consumers from the same population group).
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2. A risk-perserving distribution is then derived using the population gispgzific dosé
responsenodel.

3. The arithmetic mean of risk per contamirmhterving is calculated from the risk per serving
distribution §tep2). The mean risk of illness per servinghencalculated by multiplying the
mean of risk per contaminated serving by the prevalence of contaminated units at the time of
consumption.

4. The expected annual number of cases of illness is then calculated by multiplying the mean risk
of illness per serving by the total annual number of eating occasions for the considered
population group.

5. Finally, the annual DALYs are derived by multiplying tepected annual number of cases of
illness by the DALY per case of illness.

Steps 1 to 5 of inputs integration are conducted per population group. The final output is the sum of
DALYs obtained for each population group.

2.7.7. Presentation of the results

The ouputs of the FDAIRISK annual cases and annual DALYs well as the inputaresummarised

in tables provided in grtable documentformat. Before creating the final report a filtering system
using the description of thdifferent scenarioss proposed tecenable the different possibilities of
ranking (comparisons).

2.7.8. User interface

FDA-IRISK is a webbased free software. It uses a tabbed interface to provide access to its
functionality. When clicking on a link or taliF-DA-IRISK opers the requested page in tlearrent
window. Only one window is used at a time. Before using HRISK it is recommended to follow

the quick start tutorial (downloadable fraime FDA-IRISK website). This tutorial is very useful to
understand the logic of the nested folders and tffiaitien of the scenarios. Therganisatiorof the
different folders is intuitive for usewith a minimum background on quantitative risk assessment.

2.8. ECDC Burden of Communicable Diseases in Europe (BCoDE) toolkit

2.8.1. General description

The BCoDE is a projeded and funded by the European Centre for Disease Prevention and Control
(ECDC) and by a European consortium with the purpose of estimating the impact of communicable
diseases (C§) in the EU and the European Economic Area (EEA) Member States [M& poject

has four main objectiveql) to promote evidenebased methods in epidemiology and decision
making; (2) to introduce tools for planning amdioritisation (3) to identify gaps in surveillance data
availability and quality;(4) to provide tols for communicating complex information to decision
makers.

The BCoDE project has developed a statahe software providing a usiiendly interface, the
BCoDE toolkit. The toolkit allows the calculation of the burden, expressed in DALYs of 32 CDs of
interestto ECDC. This is made available to MS national experts to allow the estimation of national
burden of CDs. The aim of the software is to assistiM&pplying the proposed BCoDE evidence
based approach for estimation of the burden of CDs, and to facititehmunication between data
generators and users through multiplsualisationoptions, ultimately fostering its value in health
policy formulation. The application is written in C++ using Qt C++ toolkit, version 4.8.4. All
computations are implemented in C++ and the interfaed@ ML with JavaScript.

Each selected disease generaanodel visible as a graphical outcome tree. By default, users input
country-specific notified data (optional The European Surveillance System (TESSy) data source) and
age and gendespecific multiplication factorsadjusting for undeestimation. The BGDE toolkit
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requires input of cases for 19 age groups (20 in case the congenital form is relevant, e.g. listeriosis)
and gender split (overall 38/40 inputd)necessarythe user is also allowed to edit population data as

well as parameters of the outcernee. The software will estimate the burden based on disease models
describing the natural history of the disease, ensuring sequelae are considered. Calculations are based
on Markov models and the number of iterations is chosen by the user. The owpatdiplays
diseasespecific results, impact of acute illness versus sequelae, gamteagespecific DALYs and

DALYs per 100000 persons with uncertainty intervals, years of life msta result opremature

mortality (YLLs), years lived with disabilf (YLDs) and DALY's per case.

Aggregated results enabling a comparative assessment of the impact of CDs are displayed as bubble
charts (DALYs/10@000) plotted against mortality, incidence and DALYs/case. Interactive tables and
bar charts ranking diseaseslauncertainty can be produced and exported

2.8.2. Risk metrics

The main risk metric produced by the BCoDE toolkit is the burden of disease expressed in DALYSs.
Other related metrics include DAIlsYper 100000, DALY s per case, YLD and YLL. These are
available foreach disease, age grogpxand outcomes of a given disease (the latter also includes data
on incidence and mortality). Uncertainty intervals (lower bound' pércentile and upper bound
97.5" percentile), median and mean are displayed next to albtheeanentioned outputs.

2.8.3. Risk ranking approach

The methodology underlying the BCoDE toolkit is incidence and pathogen, halsieth basically
entails a topdown approach. Risk ranking of infectious diseases involves listing these according to
their impact orpopulation healthFor ranking of fooebornepathogens, additional data on attribution

of the total disease incidence in a population to exposure by food in contrast to other patteways
necessary. If the risk assessment question is at a more detade(kelg. ranking the hazards in leafy
greens), even more detailed attribution data are nece&asly.data are currently difficult to obtain

for all food-bornehazards in the EU

Of interest for the purpose of tlopinion, the BCoDE toolkit allows flexility relating to population

data (main denominator) and incidence (main input). For example, numerous models of the same
disease can be created (and at will, changing the populations of the different models), allowing
scenario analysis expressing the $la given food or different foods or categories of food, according

to their risk of infecting humans in the same or different populations. This allows the tmlsedn

a bottomup approach, by using incidence estimates from the outputs of a gtiamtitsk assessment

tool (e.g.FDA-IRISK, sQMRA) as inputs for the BCoDE tool. The former tools can provide incidence
for a limited number of age groups (generalljl yea of age >60 yeas of ageand in between),
whereas the BCoDE toolkit requires input of cases for 19 age groups (20 in case the congenital form is
relevant, e.g. listeriosis) and male/female (overall 38/40 inputs). The user can redistridtDAthe

IRISK and sQMRA outputs accordirg the observed agsxdistribution in the EU/EEA as reported

to the ECDC TESSy database. This combination of tools would create a very flexible, powerful and
detailed approach to rank risks of pathogens in food at any desired level of detail withodgadi
pathogercombinatiors.

2.8.4. Model type

The BCoDE toolkit uses a quantitative method for rehkking. Both the default input and the optional
changes to the models are quantitative: number of cases, population under study, life expadtancy
disease model parameters are numerical and based on the best available evidence. Thalgotput is
fully numerical,with uncertainty expressed in confidence intervals.

2.8.5.  Model variables

Overall, sevensets of input variables are editable. Default vaesitare age andex specific (1)
number of cases an(R) multiplication factors adjusting undestimation. All other embedded
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variables are editable per gender and age gr@)population,(4) life expectancy and outcome tree
parameters (Bransitionalprobabilities,(6) disability weightsand(7) duration of outcomes.

2.8.6. Data integration

Each disease is represented by a model including the related health outcomes and its burden is
calculatecandexpressed in DALYs. These are not-aggighted and no timeistounting is applied.

2.8.7. Presentation of the results

Results are printable and exportabl@antable document formaind in Excel.
Results are presented in two tabs:

9 Detailed results a specific page presenting all results relative to each specific didéese.
user can browse diseases across a sdogih menu. For each disease the following is
presented:

T Results table. Columns include the following: cases, incidence, YLD, YLL and BALY
per year, DALY per case and DALY per 100000. Rows includetotal infected,total
acute, each sequela included in the outcome tree (also cases and deattspland
sequelae.

T Two coloured results charts. A bar chart including total DALYs, DALYs due to acute
disease and DALYs due to sequelae, all split between YLL and YLI[pieAchart
summarisinghe contribution of each sequelad acute to the total burden of the disease.

i Results details. Table with ageoup andsexspecificresults, including 2'%5and 97.8
percentiles for DALYs, DALYs per 10000 and DALYs per caseBar chart with age
group andsexspecificresults and percentile intervals.

1 Aggregated results results for all diseases asemmarised comparability and ranking is
allowed.

T Mortality/incidence comparison. Static bubble chart: each disease is reprebgnted
bubble of a different colouiThe diameter of the bubble represeDALY s per 100000.
Each bubble is plotted against incidence per @D (xaxis) and mortality per 10000
(y-axis). An interactive legend is available on the rgahd side: if a idease is
unselected, the chart will automatically reconfigure to the new highest parameters.

i DALY comparison. Similar to the previous bubble chargxis isincidence ped 00000
and yaxis is DALYs per case.

I Ranking results table. Final interactikenking summary table: each row is a disease and
columns include YLD, YLL, DALY, DALYs per case and DALY per 100000. When
clicking on the heading of column, the ranking changes according to the ranking of the
chosen column.

i Ranking results bar chart. Bxgssion of the previous table in a bar chart with percentile
intervals.

Examples of results are reported in Appendix
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3. Performance evaluation of the selected tools

The selected tools wemvaluated using twease stugs a singlepathogenmultiple food setting

(L. monocytogenem RTE foods) and multiple pathogens in a single food (ST&E&monellaspp.,

L. monocytogeneCampylobacteispp., NorovirusCryptosporidiumspp. andGiardia spp.) in leafy
greensThe PPARRT was not included in the evaluation since it was considered of the same structure
with theEFONAO-RRT.

As described in the previous section, the selected tools present significant differences in the risk
metrics, the ranking approach, the model type, tleelefis variables and data integration. The
objective of the evaluation of the tools in the two case studies performed in this section was to identify
potential problems in using the tools and demonstrate the effect of the above differences in the risk
ranking outputs. For this, the outputs of the different tools were also compared with a reference model
developed by th8IOHAZ Panel The reference model is a bottam, fully quantitative, stochastic,

risk ranking modelvhich follows the risk assessment pdigm and respestthe laws of probability

and calculus.

3.1. Development of a reference risk ranking model

The reference model is a retilconsumption model starting with the initial prevalence and
concentration of the pathogens in the food products at.ré&ta growth of the pathogens during
distribution and storage is calculated using the appropriate growth models based on the storage time
and temperature. The concentration of the pathogen in a contaminated food at the time of consumption
is calculated athe sum of the initial concentration and the growth during storage (ipdogle). In

order to take into account the maximum population density upper limit is set to the latter
concentrationIn the case ofood products that are cooked before caomgtion a decline of the
pathogen during cooking is taken into account. The dose (cells per serving) is calculated as the product
of the concentration at consumption time and the serving size using tkerPdistribution. The dose

is then inputto adosé responsenodel to calculate the probability of iliness from the consumption of a
contaminated serving. The probability of illness per serving is then estimated by multiplying the
probability of illness per contaminated servimgthe initial prevalence aetail. The total number of
illnesesper annum is calculated as the product of the mean probability of iliness per serving and the
total number of servings per annum. Finally, the total number of servingspema multiplied by

the DALYs per case testimate the total DALYs.

The structure of the reference model is shown in detail in FRyarel Tablel.

EFSA Journal 208;13(1):3939 28



=
~-efsam o
European Food Safety Authority Development of a risk ranking toolbox fihre EFSA BIOHAZ Pane

! Storage | !
temperature

o ‘ Reduction during
l | cooking (Rc) !

Growth during
storage (Gs) !

,,,,,,,,,,,, vy
[ Concentration at | i Concentration at | CooTTTTTTTTTTTTTT
| . ! consumption time ' Yy Dose (D) i
| retail (Cr) ; ; (Co) | | ;

Probability of | ; |
| iliness per |
. contaminated | ‘
i serving (Pllic) | | |

Prevalenceat | . T/

retail (Pr)
””””””””””””””” Probability of T
illness per serving | Total number of |
(1) . servings per |
<—|— annum (Ts) !
y
Total number of Total DALYS per
illnesses per > annum P
annum (Ti) T

DALYs per case

Figure 3: Structure of the reference model

Table 1: Variables and data integration used in the reference model

:/r;e:gble(a) Description Units Data integration
Pr Prevalenceat retail % T
Cr Concentratiorat retail CFU/g T
Gs Growth during storage CFU/g Calculated from growth model based ¢
the storage temperature and time
Rc Reduction during cooking CFU/g T
Cc Concentration at consumption time  Log log(Cr) + log(G9 i log(Rc) with
CFU/g log(Cr) + log(Gs)Olog(Nmax)
Ss Serving size g T
D Dose (cells per serving) CFU Poisson (Cex Ss)
Pillc Probability of iliness per contaminate i Calculated frondosé responsenodel
serving based on the dose
PlIl Probability of iliness per serving T Pcix Pr
Ts Total number of annual servings T T
Ti Total number of illnesses per annum i Mean Pix Ts
DALYs DALYs per annum Ti x DALYs per case

(a): Details of the variables are presented in the description afatfadases of the two case studies
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In the reference modebnly variability of the input variables was taken into account by introducing
the input variables with probability distributions as presented in the description of the datasets of the
two case studies. The model was rurEicel with @Risk usinghe Monte Carlo simulation with
30000iterations.

3.2. Application of the available tools to rank the risk ofL. monocytogene selected RTE
food categories

The available toolsdecision treesEFONAG-RRT, Risk RangemmicroHibro, SQMRA FDA-IRISK

and BCoDE, were evéauated through an application exercise on risk ranking. @honocytogenem
selected RTE food categoriélhe objective of the exercise wasapply the different tools using the
same dataset, identify problems in using the tools and evaluate the perderof each tool based on
specific criteria The dataset used for the exercise was mainly based on the FDA/FSIS report on
Quantitative assessment of the relative risk to public health fromfoonteL. monocytogeneamong
selected categories ®RTE foods (2003. The following five food categories were selected to be
included in the exerciseepresenting different processing/storage conditions, consumer preparation,
consunption patterns and risk at the time of consumption:

smokedseafood
soft ripened cheese

pasteurisednilk

frankfurters(reheated)

=A =2 =4 =4 =4

deli meats

Since the different tools require different input parameters, data extracted from FDA/FSIS report were
modified in order to be applicable to all tested todlse selection of datérom the FDA/FSIS report
doesnot aimto comparethe outputs of the testddols with that of the FDA/FSIS risk assessment
model butto build a realistic database whialould beapplicable to all risk ranking tools.

The basic common dataset used for taise studys presented in detail in Tab®e The starting point

of the execise was the retail level. The database consists of 10 input parar(iBtérs: prevalence of
the pathogen at retail levgR) the concentration of the pathogen at retail le{@l the growth of the
pathogen during domestic storagé) the reductionin the pathogen during consumer cooking in the
case of frankfurters(5) the serving size for each food catego(§) the total humber of annual
servings and?7) the population of interest (7) chosen for elderly populationre than65 yearsof
age; (8) the dosé responsebased on an exponential modEd) the DALYs per case(10) and the
costof-illnessper case As shown in Tab® parameters 1 to 6 were different for each food category
since they refer to the produethile parameters 7 td0 were thesame for all food categories since
they refer to the consumer population or the pathogen

Table 2: Common dataset used for the application exercise on risk rankingrainocytogeneis
selectedeadyto-eatfood categories

Smoked Softripened Pasteurised Frankfurters

Parameter seafood cheese milk (reheated) Deli meats
1. Prevalencat retail ¢6) 6.4 15 0.3 55 7.5

2. Concentration atetail 3800 37 7 3400000 4100
(arithmetic mean of

contaminated produdGFU/g)

3. Growthat domestic 0.482 0.000 0.985 0.848 0.425
storage lpg;o CFU/Q)

4. Reduction during cooking T T T 3 T

for frankfurters (og;, CFU/Q)
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Table2: Common dataset used for the application exercise on risk ranklnghadnocytogenes
selected readyo-eat food categoriggontinued)

Smoked Soft ripened Pasteurised Frankfurters

Parameter seafood cheese milk (reheated) Deli meats
5. Serving size (g) 61 35 228 76 60

6. Total number océnnual 4.10E+07 1.80E+08 1.80E+10 5.80E+08 2.80E+09
servings for elderly

7. Population of interest 32500000 32500000 32500000 32500000 32500000
(elderly)

8. Dosé responsgR of 8.4(Ei 12 8.4(Ei 12 8.4(Ei 12 8.4(CEi 12 8.4(Ei 12
exponential model)

9.DALYs/case 0.6 0.6 0.6 0.6 0.6
10.Costof-illness( 4/ c a 29114 29114 29114 29114 29114

DALY: disability-adjusted life years.

The above parameters were usedest all toolgo rank the risk of thehosenfive food categories.
Where necessary, parameters were translated accdaodihg requirements of each tool. In addition
for the quantitative toolEDA-IRISK, sSQMRA and microHibro, variabilityas taken into account for
the input parameters described below

Concentration of the pathogen at retail level

Data on the concentratiaf L. monocytogeneat retail from the FDA/FSIS report were fitted to the
log-normal distribution. The parameters of the distribution and the mean concentration for the
different food categories and the mean concentratioprasented iTable3.

Table 3: Parametevalues of thdog-normaldistribution for the concentration &f monocytogenes
at retail

Arith metic mean

Food category Log scale mean Logoscale SD (CFU/g)
Smokedseafood 2.459 0.987 3800
Softripened cheese 1.152 0.601 37
Pasteurisethilk 0.575 0.484 7
Frankfurtergreheated) 5.583 0.908 3400000
Deli meats 2.425 1.016 4100

SD: standard deviation.

Growth of the pathogen during domestic storage

Growth rates during domestic storage were estimasetyy thecardinal model with inflectiofCMI)
originally developed by Rosso et §1993:

‘ )

<

where T, Tmin and Tnax (°C) are the theoretical optimum, minimum and maximum temperature for
gr owt h, I e s pagopttisithe growgh, rateaanogtimam temperature. [Eamonocytogenes

the following cardinal parameters were usaslreported by Ross@t al. (1993): Ty, =37°C,

Tmin = 1.72°C andTax = 45.5°C. Growth of the pathogen during domestic storage was estimated with
an exponential primary model with no lag phase based opatameters for storage temperature,
storage timepptimum growth rate (expressed as minimum generation timeuGMog/Umay and
maximum population density presented in Tabfer the different food categories
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Table 4: Parameters used for the estimatiorLomonocytogenegrowth duringdomestic storage
for the different food categories

Generation

S Storage time : : Mean

torage time at Maximum
(hours) : : growth

Food category temperature . optimum population
o (exponential . (logwo
(°C) distribution) temperature density CFU/g)

conditions

Smokedseafood 6.5 Exp(96), max720 2.69 6 0.482
Softripened cheese 6.5 0.39 Infinite N/A 0.000
Pasteurisedilk 6.5 Exp(96), max 288 1.11 9 0.985
Frankfurterqreheated) 6.5 Exp(120), max 359 1.62 8 0.848
Deli meats 6.5 Exp(120),max 360 3.23 6 0.425

N/A: not applicable.

The above approach was used for sSQMRA and microHibro. In the c&&882eiRISK, which dasnot
provide the option of using a growth model, a custom probability for the total growth of the pathogens
during domestic storage, estimated based oragipeoachbelow, usingthe Monte Carlo simulation
(Figure4) was used.

l -
0.9 A
0.8 - /
0.7 A
>
= 0.6 -
I 7
_g 0.5 - s —— Smoked Seafood
o Y
= 0.4 A
o // — Pasteurized Milk
0.3 A
0.2 - —— Frankfurters (Reheated)
0.1 A —— Deli Meats
O T T T T T 1
0 05 1 15 2 25 3

Total Growth during domestic storage LogCFU/g

Figure 4: Custom probability for theotal growth of Listeria monocytogenesluring domestic
storage

Serving size

Variability in serving size folFDA-IRISK, sQMRA and microHibro tools was described with a
gamma distribution. The parameters of the distribution for the different food categrermesented
in Table5.
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Table 5: Parameters of the gamma distribution used to describe the variability in the serving size
for different food categories

Gamma distribution parameters

Food category a b Mean serving size (g)
Smokedseafood 4.76 12.74 61
Softripened cheese 1.65 21.10 35
Pasteurisedilk 2.99 76.20 228
Frankfurterqreheated) 1.37 55.6 76
Deli meats 4.83 12.40 60

3.2.1. Qualitative decision trees

Decision trees useith the opinion onpublic health risks represented by certain compgsitelucts

(EFSA Panel on Biological Hazards (BIOHAZ), 2012are used for the examples considarethis

Section The decision trees were originally used to rank risks in certain composite products, based on
food parameters impacting on growth/survival of the hazards involved, but were developed in order to
be similarly applicable to all other foodsThe one usedfor this specific example (i.e.

L. monocytogenein selected RTE food categorids)shown in Figure 2Section 21.7, and relates to
hazards that usually need to grow in food to cause illness

3.2.1.1. Input parameter

The decision tree input parameters were seldsésed on the dataset presentedable 3 The final
input parameters for the five food categories are shown in Bable

Table 6: Input parameters afecision trees for the five food categories

1. Microbial treatment in package with no recontamination? Qualitative score
Smokedseafood No
Softripened cheese No
Pasteurisethilk No
Frankfurters feheated) No
Deli meats No
2. Supports growth?

Smokedseafood Yes
Softripened cheese No
Pasteurisedhilk Yes
Frankfurters feheated) Yes
Deli meats Yes
3. Cooking before consumption?

Smokedseafood No
Softripened cheese N.A.
Pasteurisedilk No
Frankfurters eheated) Yes
Deli meats No

N.A.: question not applicable for this food (negative answéndprevious question).

3.2.1.2. Risk ranking outputs

The rankingusing the decision tree is shown in TaBl& he risk was qualified as low risk, moderate
risk or QPR(Qualified Presumption ofRisk) for L. monocytogenesAccording to the decision tree,
QPR means that the pathogen considered, if presenttheagotential to cause disease via
consumption of the food, and that the risk should be further qualtiisdd on hygienic conditioms
the preparation and/or atfie possible growth of the pathogen before consumptioren theshelf life,
storage tempeture or conditions ofise by the consumefEFSA Panel on Biological Hazards
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(BIOHAZ), 2012a) In this casesince it is considered thétere is a possibility for growth of the
pathogen before consumpticend that proper hygienic conditions may not be assuthed;isk for
the three foods classified as QPR (smoked seafood, pasteurised milk and delhasebhtgriurther
qualified as bimg high

Table 7:  Risk ranking outputs according to ttecision tree foListeria monocytogeneis selected
readyto-eatfood categories

Product Risk Ranking
Smokedseafood High 1
Softripened cheese Low 3
Pasteurisedilk High 1
Frankfurters iieheated) Moderate 2
Deli meats High 1
3.2.2. EFSA food of norranimal origin (EFONAO)

3.2.2.1. Input parameters

Input data used for the evaluatiaresummarisedn Table8. In contrast to when EFONABRT was
developedthis case study was not based on data from the EU. In the tool, category defimérens
strictly based on Eldata (e.g. for the epcriterig). Here, US data were usédstead The CDC
Foodborne outbreak online database was used to collect dagpanted outbreaks and cases in the
USA between 1998 and 20Q€DC, onling. Total cags and multipliers are based on Mead et al.
(1999. However, the same category definitions as in the original tool were used. In the original tool
inactivation is notconsidered. This means that in the present evaluatioffankfurters which
commonly are reheated before consumptimmly growth is considerednd notinactivation, which

may lead to an ovegstimation of the riskThe scores for the criteria are presenn Table9.

Table 8: Input data used for ranking of fiveadyto-eatfoods using theeFONAO-RRT (EFSA
BIOHAZ Panel, 2018

Soft

Criterion Input/data Smoked ripened Paste_urlsed Frankiurters Deli Comments
seafood milk (reheated) meats
cheese
1. Epi-link No of 0 0 0 3@ 7 CDC dat&”
outbreaks
No of cases 0 0 0 109 142
Score 1 1 1 3 4
2. Incidence No of cases 1259
Multiplier 2.0
Total case® 2493 2493 2493 2493 2493
Score 1 1 1 1 1
3. Publichealth DALY sper 600 600 600 600 600
burden 1000 cases
Score 3 3 3 3 3
4. Dosé IID 50 (I0g10 10.92 10.92 10.92 10.92 10.92
response CFU) based on
R=8.4H12
Score 2 2 2 2 2
5. Prevalence of Prevalence 6.4 1.5 0.3 55 7.5
contamination Score 4 4 3 4 4
6. Consumption Percentage 0.35 1.52 151 4.9 24
consuming
Score 1 2 4 3 3
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Table 8: Input data used for ranking of five reattyeat foods using the EFONARRT (EFSA
BIOHAZ Panel, 2013(continued)

Criterion  Input/data Smoked  Soft ripened Pasteurised milk Frankfurters Deli Comments
seafood cheese (reheated) meats
7. Growth Growth during 0.482 0 0.985 0.848 0.425
potential storagg(log; /)
Growthscore 4 1 4 4 4
Shelf life (day9 4to 30 No 41012 5to 15 5to 15 Estimated
growth mean and
maximum
domestic
storage times
Shelf life Score 4 T 2 3 3 According to
EFoONAO
opinion
scored

according to
longest shelf
life

IID 5o The dose needed to cause illness igbOf exposed humans.

(a): Used data for hot dogs. No Frankfurter outbreaks reported

(b): The CDC Foodborne outbreak online databduwgn:(/wwwn.cdc.gov/foodborneoutbreaksReported outbreaks in the
USA between 1998nd2006

(c): Totalnumber ofcaes as cited ihisteria FDA report(2003) wa estimated by Mead et #1999) under the assumption
of underreporting by a factor ofdhd that 9 % of cases are foodorne Estimated number of total cases using data in
Scallan et al(2011) under the assumption of unéeporting by a factor of 2.1, is891 cases. This difference would
not change theategorisationi.e. the score

3.2.2.2. Risk ranking outputs

Since the case study is of the type one pathogen and multiple tmadss for theriteria linked only
to the pathogen were the safoe all foodsand did not contribute to differencestital scores and
thus, rank. Criteria related to the food and which contributed to differences in risk scorespivere
link, prevalence of contaminatiortonsumption andgrowth potential. Theepi-link explained the
difference betweendeli meats andrankfurters, whereasonsumpion was a major contributor to the
risk score opasteurisednilk and a third place ranking.

Table 9:  Summary of criteria scores and total risk scores associated witlonocytogenes five
readyto-eatfood<®

oo Criterion - Scor_es -
Criterion Smoked Soft ripened Pasteurised Frankfurters Deli meats
number i
seafood cheese milk (reheated)

Epi-link 1 1 1 1 3 4
Incidence 2 1 1 1 1 1
Public health 3 3 3 3 3 3
burden

Dosé response 4 2 2 2 2 2
Prevalence of 5 4 4 3 4 4
contamination

Consumption 6 1 2 4 3 3
Growth 7 4 1 3 4 4

potential
(a): Scores were estimated by the EFONAO risk ranking tool using input data in Table 2 and equal weigtustéoiaall
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Table 10: Riskranking outputs of ESA food of noranimal originfor L. monocytogeneis selected
readyto-eatfood categories

Product Total score Ranking
Smokedseafood 16 4
Softripened cheese 14 5
Pasteurisethilk 17 3
Frankfurters feheated) 20 2
Deli meats 21 1

3.2.3. Risk Ranger

3.2.3.1. Input parameters

The input parameters of Risk Ranger tool were selected based on the dataset presented.ifdrable
some parameters, the options provided by Risk Ranger for the values did not match with the dataset.
In this casethe option with the closest value to the dataset was selected. The final input parameters for
the five food categories are shown in Tatle

Table 11: Input parameters of Risk Ranger for the five food categories

1. Hazard severity Score Numerical®
Smokedseafood MODERATE hazard 0.01
Softripened cheese MODERATE hazard 0.01
Pasteurisedilk MODERATE hazard 0.01
Frankfurterqreheated) MODERATE hazard 0.01
Deli meats MODERATE hazard 0.01
2. How susceptible is the consumer?

Smokedseafood GENERAL 1
Softripened cheese GENERAL 1
Pasteurisedilk GENERAL 1
Frankfurterqreheated) GENERAL 1
Deli meats GENERAL 1

3. Frequency ofcontamination

Smokedseafood Common (D %) 0.5
Softripened cheese Common (D %) 0.5
Pasteurisedhilk Common (D %) 0.5
Frankfurterqreheated) Common (D %) 0.5
Deli meats Common (D %) 0.5
4a. Effect ofprocess

Smokedseafood The process RELIABLY ELIMINATES hazards 0
Softripened cheese The process RELIABLY ELIMINATES hazards O
Pasteurisethilk The procesRELIABLY ELIMINATES hazards 0
Frankfurterqreheated) The process RELIABLY ELIMINATES hazards O
Deli meats The process RELIABLY ELIMINATES hazards 0
4b. Effect of preparation for meals

Smoked seafood Meal Preparation has NO EFFECT on the hazard 1
Soft ripened cheese Meal Preparation has NO EFFECT on the hazard 1
Pasteurised milk Meal Preparation has NO EFFECT on the hazard 1
Frankfurters (reheated) OTHER 1.006 03
Deli meats Meal preparation has NO EFFECT on the hazard 1
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Table 11: Input parameters of Risk Ranger for the five food categcmsinued)

5. Is there potential for recontamination?

Smoked seafood OTHER 0.064

Soft ripened cheese OTHER 0.015
Pasteurised milk OTHER 0.003
Frankfurters (reheated) OTHER 0.055

Deli meats OTHER 0.075

6. How effective is the posprocessing control system?

Smoked seafood NOT CONTROLLED 3.00

Soft ripened cheese WELL CONTROLLED 0.00
Pasteurised milk NOT CONTROLLED 10.00
Frankfurters (reheated) NOT CONTROLLED 10.00

Deli meats NOT CONTROLLED 3.00

7. How much increase is required to reach an infectious or toxic dose?

Smoked seafood OTHER 2.83E+06
Soft ripened cheese OTHER 5.05E+08
Pasteurised milk OTHER 2.00E+06
Frankfurters (reheated) OTHER 3.10E+08
Deli meats OTHER 3.75E+05
8. Frequency of consumption

Smoked seafood A few times per year 3

Soft ripened cheese A few times per year 3
Pasteurised milk Daily 365
Frankfurters (reheated) Monthly 12

Deli meats Weekly 52

9. Proportion of consuming population

Smokedseafood All (100 %) 1

Soft ripened cheese All (100 %) 1
Pasteurised milk All (100 %) 1
Frankfurters (reheated) All (100 %) 1

Deli meats All (100 %) 1

10. Size of consuming population

Smoked seafood OTHER 32500000
Soft ripened cheese OTHER 32500000
Pasteurised milk OTHER 32500000
Frankfurters (reheated) OTHER 32500000
Deli meats OTHER 32500000

(a): See Section 2.4.2 for description of risk metrics of the tool.

3.2.3.2. Riskranking output

The ranking of the three risk metrics provided by Risk Ranger is shown in T2blhe ranking

output was the same for the probability of illness per day per consumer of interest, the total predicted
illnesses/annum in population of interest and thenaslking metrics. The tool ranked the foods in the
following order of decreasingsk: deli meats, pasteurised milk, smoked seafcod, ripenedcheese

and frankurters
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Table 12: Risk ranking outputs of Risk Ranger far monocytogenem selectedeadyto-eatfood
categories

Product Probability of illness per day per consumer of interest Ranking
Smokedseafood 1.86Ei 09 3
Softripened cheese 2.44E1 13 4
Pasteurisedilk 1.5CEi 08 2
Frankfurterqreheated) 5.84Ei 14 5
Deli meats 3.18& 07 1
Product Total predicted illnesses/annum in population of interest  Ranking
Smokedseafood 22.04 3
Softripened cheese 0.003 4
Pasteurisedhilk 177.7 2
Frankfurterqreheated) 0.001 5
Deli meats 3767 1
Product Risk ranking Ranking
Smokedseafood 39 3
Softripened cheese 17 4
Pasteurisedhilk 44 2
Frankfurterqreheated) 13 5
Deli meats 52 1

3.2.4. microHibro

3.2.4.1. Input parameters

The input parameters aficroHibro were selected based on the dataset presented inZT atnelified
as described belawParameters can lentered as fixed or variable. For variable inpuateroHibro
proposes a limited choice of distributiomofmal, gamma, beta, exponential, uniform, trianguias
it alsodoesfor discrete onesb{nomial and Poisson), although the tool allotir inclusion of new
ones.

For prevalence and concentration at retaitroHibro can use the distributions mentioned above,
which can be truncated to a maximum and minimum values. The food portion size can be introduced
and taken into account in the calculationsr §oowth data,microHibro presents a selection of
published growth models for different purposes that can be seldoteddition, the user can also
introduce new growth models in the application and use them for the calculations. For inagiivation
can work with direct input of logreduction fixed values or distributions. Consumption can be
described by the distributions indicated this case stug the gamma distribution was used. Eating
occasions can be implemented as a fixed value.

For the probabity of illness,microHibro uses a log scale in the calculation so it actually provides the
mean of the log probability of illnesB.oséd responsas calculated as-value, but alternative models
can be included by the user and selected for the calculations.

3.2.4.2. Risk ranking outputs

The outputs frommicroHibro are presented Tablel13.
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Table 13: Riskrankingstochastioutputs ofmicroHibro forL. monocytogeneis selected RTE food
categories

Product Mean probability of illness Ranking
per day per consumer of interest

Smokedseafood 2.8%i 09 2

Softripened cheese 3.77EI 10 4

Pasteurisedhilk 2.6%1 09 3

Frankfurters eheated) 6.16E1 13 5

Deli meats 8.3&i 09 1

3.2.5. Swift quantitative microbiological risk assessmen{sQMRA)

3.2.5.1. Input parameter

Not all the inputsspecified in Table2 canbe entered directly into the SQMRA model; some- pre
processing of inputs is necessary as the tool only accepts inputs in one format (sed)T&bkonine

cases, prprocessing is straightforward, e.g. calculating the copsiomin portions per month from

the total population and the annual consumption, or specifying portions sizes by the mean and standard
deviation and not by the parameters of the underlying gamma distribution. In other cases, more effort
is needed and magquire considerable skills in quantitative microbiology, e.g. knowledge of growth
models. sSQMRA cannot accept direct input of-gggwth but calculates growth according to an
exponential growth model with a gammmedel for the impact of temperature on trewth rate. It

was assumed that all food is stored in the fridge. Cardinal growth parametersrionocytogenes

were taken from Augustin et §R005. Storage temperature was then empirically adjusted to achieve
average loggrowth in the deterministic model as specified for the different products in Table 8.

For softripenedcheese, storage temperature was séRttC to force the model into dieff mode.
The maximum population densityasset at 0° CFU/g for all food products except for frankfurters
for whichit was set at @,

Mean storage time was used as the averagheoimost likely range in the original report, while
maximum storage time was used as the maximum of the maximum range. For frankfaeters,
average storage time was calculated as the sum product of the full distrithgéioraximum was set
at 21days toprevent extremely skewed distributions.

Table 14: Input parameters specific to the sSQMRA models

Input parameter Comments
Prevalence at retail sQMRA models only variability

Concentration at retai sSQMRA cannot work with percentiles, only with legrmal distributions. Output
from the FDA model is highly skewa: and a lognormal distribution does not
adequately fit theedata. Only average was used

Growth during SQMRA cannot accept direct input of fggowth but calculates growticcording to

domestic storage an exponential growth model with a gammadel for the impact of temperature or
the growth rate
It was assumed that all food is stored in the fridge. Mean storage time was use!
average of the most likely range, while maximum storage twas used as the
maximum of the maximum range. For frankfurters, average storage time was
calculated as the sum product of the full distributitie maximum was set at 21
days to prevent extremely skewed distributions
Cardinal growth parameters wer&ea from Augustin et al. (2005),} =11.72°C;
Topt = 37AC opt (hE' at 37 °C)in smoked seafood: 0.5480ftripenedcheese: 0.000;
pasteurisednilk: 0.941; frankfurters (reheated): 0.480; deli meats: 1.033
Storage temperature was empiricabjjusted to achieve average-ggpwth as
specified for the different products
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Table 14:

Input parameters specific to the SQMRA modetntinued)

Input parameter

Comments

Growth during
domestic storage
(continued)

For soft ripened cheese, storagmperature was sett@ °C to force the model into
die-off mode.
Maximum population density set at 1E6; 1E8 for frankfurters.

Reduction during
cooking

Probability of survival calculated as”{Dlog-reduction). Only average value used ¢
using also % and 93" percentile has a major impact on the average reduction

Serving size Only mean wasised

Consumption Population size is 3.27; 13 % of total population specified in spreadsheet. sQMI
requiresnumberof servings per persormonths; this waadjusted to achieve the
specified number of serving annually

DALY s/costof- Direct inputs as specified

illness

Dosé response

r-value for dosgillness model as specified.

sQMRA: swift quantitative microbiological risk assessment

3.2.5.2. Risk ranking outputs

The outputs obtained after running the sQMRA tool in both the deterministic and stochastic

approaches are presented in Tabkarid 5.

Table 15: Risk ranking outputs of sSQMRA fokL. monocytogenein selectedreadyto-eat food
categoriesusing the deterministic pgpoach

Product Mean probability of illness per day per consumer of interest Ranking
Smokedseafood 4,761 08 2
Softripenedcheese 2.06E1 11 4
Pasteurisedhilk 1.00Ei 08 3
Frankfurters iieheated) 8.68E1 13 5
Deli meats 3.6 07 1
Product Total predicted illnesses/annum irpopulation of interest Ranking
Smokedseafood 1.95 3
Softripenedcheese 0.004 4
Pasteurisedhilk 180 2
Frankfurters iieheated) 0.001 5
Deli meats 1033 1
Product DALYs Ranking
Smokedseafood 1.2 3
Softripenedcheese 0.002 4
Pasteurisedhilk 108 2
Frankfurters iieheated) 0.001 5
Deli meats 620 1
sQMRA: swift quantitative microbiological risk assessment.
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Table 16: Risk ranking outputs of sSQMRA foL. monocytogene&n selectedreadyto-eat food
categoriesusing the stochastapproach

Product Mean probability of illness Ranking
per day per consumer of interest
Smokedseafood 9.6E1 08 2
Softripenedcheese 2.1Ei 11 4
Pasteurisedhilk 2.7Ei 08 3
Frankfurters ieheated) 8.8Ei 12 5
Deli meats 1.1Ei 07 1
Product Total predicted illnesses/annum Ranking
in population of interest
Smokedseafood 4 3
Softripenedcheese 0.004 5
Pasteurisedhilk 500 1
Frankfurters ieheated) 0.005 4
Deli meats 307 2
Product DALYs Ranking
Smoked seafood 2.4 3
Soft ripened cheese 0.002 5
Pasteurised milk 300 1
Frankfurters (reheated) 0.003 4
Deli meats 184 2

SQMRA: swift quantitative microbiological risk assessment.

The output result®f SQMRA are provided at a very detailed level, for different steps in the food
chain. They are therefore very useful to evaluate the impact of using different risk metrics for ranking
purposes. For a single pathogen in multiple food products, includingrBAndcostof-illnessas risk
metrics does not affect the rankjngevertheless, comparing the ranking results for different metrics
provides important insights.

3.2.6. FDA-IRISK

3.2.6.1. Input parameter

The input parameters ¢iDA-IRISK were selected based on the datgwesented in Tabl&/. The
input parameters iFDA-IRISK can be entered as fixed or variable. When the input has to be
considered as variahl€DA-IRISK proposes a limited choice of distributidoeta-PERT, empirical,
normal, triangular anduniform. For some parameters, the options provided=bBA-iRISK for the
distribution did not match with the datadetthis casempirical distribution was selected
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Table 17: Input parameters specific to tROA-IRISK model

Input parameter  Comments

Prevalencat FDA-IRISK use only fixed values of prevalence

retail

Concentration at FDA-IRISK can work with parametric distributionisetaPERT, normal triangular and
retail uniform) and norparametric distributioncumulative empirical distribution

For the initid concentrationit was assumethat the concentrations of lggCFU/g
follow normal distribution with the parameters:

Foods Mean SD
Smokedseafood 246 0.987
Softripenedcheese 1.15 0.601
Pasteurisedhilk 0.57 0.48
Frarkfurters ¢eheated) 5.58 091
Deli meats 2.42 1.02

Growth during FDA-IRISK accepts direct input of legrowth fixed values or distributions

domestic storage The growth was first calculated according to an exponential growth model with a ge
model for the impact of temperature on the growth rate (as described inl#able
SQMRA inputs parameters). As the temperature and duration of storage vary betwe
consumes, aMonte Carlosimulation model was run to obtain a cumulative empirical
distributions of logy growth (Figure4)

Reduction during FDA-IRISK accepts direct input of legeduction fixed values or distributions

cooking We used a cumulative empirical distribution to describe the variability efeldgction
during cooking ofrankfurters
Consumption Portion size

As gamma distribution is not implemented in FHIFASK, the cumulative empirica
distributions of the gamma distributions with parameter a and b were first calculate
Table 5)

Eating occasionger year are fixedalues in FDAIRISK
DALYs/costof- Direct inputs as specified
illness
Dosé response r-value for dosgiliness model as specified
DALY: disability-adjusted life yearsSD: standard deviatigrsQMRA: swift quantitative microbiological risk assessment

3.2.6.2. Riskranking atputs

Table 18 presents th&DA-IRISK output results using the deterministic approddie rankingorder
obtained with FDAIRISK using the DALY metrics wasdeli meats, pasteurised milk, smoked
seafood, softipened cheese and frfnkters.

Table 18: Risk rankingoutputs ofFDA-IRISK for L. monocytogeneim selectedreadyto-eatfood
categoriesising the deterministic approach

Product Mean probability of illness per day per consumer of Ranking
interest

Smokedseafood 4.76E1 08 2

Softripenedcheese 2.06Ei 11 4

Pasteurisedilk 1.0CEi 08 3

Frankfurters ieheated) 8.68i 13 5

Deli meats 3.6%1 07 1
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Table 18: Risk ranking outputs of FDARISK for L. monocytogenem selected readjo-eat food
categories using the deterministic approg@mntinued)

Product Total predicted illnesses/annum irpopulation of interest Ranking
Smokedseafood 1.95 3
Softripenedcheese 0.004 4
Pasteurisethilk 180 2
Frankfurters ieheated) 0.001 5
Deli meats 1033 1
Product DALYs Ranking
Smokedseafood 1.2 3
Softripenedcheese 0.002 4
Pasteurisetilk 108 2
Frankfurters ieheated) 0.001 5
Deli meats 620 1

DALY: disability-adjusted life years.

Table 19 presents thé-DA-iRISK output resultausing the stochastic approachhe order obtained
with FDA-IRISK usng the DALY metrics was pasteurised milk, deli meats, smoked seafood,
frankfurters and softipened beese

Table 19: Risk ranking outputs oFDA-IRISK for L. monocytogeneim selectedreadyto-eatfood
categoriesising the stochastic approach

Product Mean probability of illness per dayper Ranking
consumer of interest
Smokedseafood 6.25E1 06 1
Softripenedcheese 2.0ee1 11 5
Pasteurisedhilk 5.1CEi 07 2
Frankfurters ieheated) 1.4CEi 10 4
Deli meats 3.1%0 07 3
Product Total predicted illnesses/annum Ranking
in population of interest
Smokedseafood 256 3
Softripenedcheese 0.004 5
Pasteurisedhilk 9180 1
Frankfurters ieheated) 0.081 4
Deli meats 882 2
Product DALYs Ranking
Smokedseafood 14 3
Softripenedcheese 0.002 5
Pasteurisedhilk 5508 1
Frankfurters ieheated) 0.049 4
Deli meats 529 2

DALY: disability-adjusted life years.

3.2.7. Burden of Communicable Diseases in EuropeBCoDE)

3.2.7.1. Input parameters

Thereare currently no attribution data at the EU level for the proportion of listeriosis tfabds
borne or the foods associated with febdrne listeriosis. Therefore, using BCoDE in a idpwn
approach is not currentlgossible.Therefore, the BCoDE toolkit was used in combination with a
bottomup tool, i.e. the number of cases as predictechbysQMRA model, currently considered as
the tool that most precisely reflects the outputs of an unconstrained model.
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The following adaptations from the sQMRAitputwere made: study population was considered to be
men and 65geareiagel3 % of overall population, 3200000), which we redistributed to

thefive age categories according to the EU populationbéthmen and women; the numiexf cases

resulting from the sQMRAutput (total predicted illnesses/annum) were distributed to the TESSy
notified cases of | i 658 yearof aga(fivesaga gnoupsifomeacker. dhew o me n
other main denominator, life expectancy, remained the same.

We input in the BCoDE toolkit the resulting incidence tables and set@00 iterations; hencehe
Monte Carlo simulatiomvasrun 1000 times.

3.2.7.2. Risk ranking output

The ranking of the BCoDE toolkit is based on themberof cases of listeriosias a result othe
different foods. Absolute amount of DALYs, DAlsYer 100000, YLD and YLL per 10@00can be
expressed as a mean and median, as well as uncertainty interv8lar@.97.8 percentiles). The
foll owing out pu65seasaf agephpalatiendndare the niedian sults dilgble

20).

Table 20: Risk ranking outputs according to th€&DE for L. monocytogeneis selectedeadyto-

eatfood categories

Product DALY sper 100000 Ranking
Smokedseafood 0.04 3
Softripenedcheese 3.4528%Fi 05 5
Pasteurisedhilk 4.58 1
Frankfurters feheated) 4.6714FEi 05 4
Deli meats 2.81 2
Product DALY s Ranking
Smokedseafood 119 3
Softripenedcheese 0.011 5
Pasteurisethilk 1483 1
Frankfurters feheated) 0.015 4
Deli meats 910 2
Product YLD per 100 000 Ranking
Smokedseafood 0.002 3
Softripenedcheese 2.03Ei 06 5
Pasteurisedilk 0.27 1
Frankfurters ieheated) 2.73H06 4
Deli meats 0.16 2
Product YLL per 100 000 Ranking
Smokedseafood 0.03 3
Softripenedcheese 3.25605 5
Pasteurisedilk 4.31 1
Frankfurters fieheated) 4 40Ei 05 4
Deli meats 2.64 2

DALY: disability-adjusted lifeyears; YLD: years lived with disability; YLL: years of life lost as a result of premature

mortality.

3.2.8. Comparison of the different tools

3.2.8.1. Comparison ofisk metrics

The overall results of theeferencerisk assessment model and the different risk rankintg oo the

L. monocytogenesase studyn RTE foods are presented in Tabl As shown inTable 22 there are
significant deviations between the outputs of the different tools and the baseline models as well as
among the tools. This can be attributed to the differences among the tools descreetion 2

related to the risk metrics, the ranking aggwh, the model type, the model variables and data
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integration method. In the following paragraplascomparative analysis is performed in order to
identify the sources of the differences between the outputs of the different tools and the baseline
models

A comparison in the probability of illness per serving estimated fronrdfezencemodel and the
bottomup toolsFDA-IRISK, sQMRA, microHibro and Risk Ranger is presented in Fidrre

Deli Meats

Frankfurters
m Reference

®mRisk Ranger
MicroHibro

msQMRA

mi-Risk

Pasteurized Milk

Soft Ripened cheese

Smoked Seafood

-14 -12 -10 -8 -6 -4 -2 0
Log Probability of illness per serving

Figure 5: Comparison between the mean probabilities of illness per servingagsti from the
referencenodel and the bottorap toolsFDA-IRISK, sQMRA, microHibro and Risk Ranger

The FDA-IRISK provided in general higher probabilities of illness per servirigan the baseline
model for all tested producthat, according to the dataset used, supgarvth during storage (i.e.
smoked seafoodpasteurisednilk, frankfurters and deli meats). The higher predicted probabilities
from FDA-IRISK can be attributed to the fact that the current version of the t@s dot take into
account a maximum population density of the pathogen. As a result, the summation of the initial
concentration and the growth during storage may result in unrealistically high concesiétiba
pathogen at the time of consumption analstko higher probability of illness per serving. This can be
seen in the case of soft ripened cheese in whigtleria cannot grow and the output BDA-IRISK is
identical to that of the baseline model since the maximum population density is less important

The outputs 06QMRA were the closest to the reference model. This shows that the tool includes all
the main factors affecting risk and follows the risk assessment paradigm respecting the laws of
probability and calculus.

Significant deviations were olrsed between the outputs oficroHibro and the reference model.
These differences can be mainly attributed to the calculations of the mean probabilities of illness per
serving.microHibro uses a log scale in the calculation so it actually provides the ofidhe log
probability of illnesswhich can be significantly different from the arithmetic mean of the probability

of iliness. Another source of these deviationthes fact thatowing to the Monte Carlo process that is

run within the tool, imicroHibro a small number of iterationsagused.

Risk Ranger is also based othe bottomup approach but the model type is deterministic. Risk
Ranger providedin general lower values for the probability of illness per servittgn did the
reference model. This is mainhecausehis tool usesinglevalues of the input parameters and does
not take into account their variability. Another reason is that Risk Ranger does not usdoséull
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responseelationship. Instead, a threshold walis assumed for the contamination level that would
cause infection or intoxication to the average consuménout taking into account variability in the
dosé responseln addition, for some input parameteitse options for their value provided in thekr
spreadsheet are limited. In this catlee offered option with the closest value to input data was
selected.

Figure 6 presents a comparison between the deterministic outputs of the reference maéblAand
iRISK, sQMRA and Risk RangemicroHibro is notincluded in the comparison because the tool
cannot take into account initial prevalence in deterministicle The deterministic outputs &1DA-

IRISK and sQMRA were identicalwith the baseline models indicating that the differences are
associated with rorporation of the variability of input parameters. The outputs of Risk Ranger were
still different from the baseline modfr the reasons explained above but the deviations were smaller
thanin the stochastic baseline model

DeliMeats
Frankfurters (Reheated)
B Reference
Risk Ranger Pasteurized Milk
= sQMRA
Hj-Risk .
SoftRipened cheese
Smoked Seafood
-14 -12 -10 -8 -6 -4 -2 0

Log Probability of iliness per serving

Figure 6: Comparison of the determstic estimation of the probability of illness per serving
between the baseline model the Risk RangPA-iRISK and sQMRA

EFONAO anddecision tree tools provide ordinal or categorical risk metrics and thus cannot be
compared with the other tools.

In this case studyBCoDE was applied as a DALY calculator using the probability of illness estimated
by thesQMRA as input parameter. As shown in Tabk the DALY outputs of BCoDE were similar
but not identical to those estimated by sQMRZlectingthe different approach in DALY estimation.

3.2.8.2. Comparison ofisk rankings

The output of the tested tools can be used to rank the risk and compare the ranking for the different
tools. However, isk ranking requires a selection of a risk metric for each tool. €eelts of the
presentcase studyshowed that even for the same tool the risk ranking can differ significantly for
different risk metrics. An example is shownTiable 2, where the risk ranking froBDA-IRISK and

SQMRA based on the mean probability of @#s and total predicted illnesses/annum in population of
interest are presented. For both tools the ranking changed for the different risk metrics.
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Table 21: Riskranking fromFDA-IRISK and sQMRA based on the mean probability of illness and
total predicted illneses/annum in population of interest

FDA-IRISK SQMRA

Probability of T . Probability of Total

. . otal illnesses . . .

illness/serving illness/serving illnesses
Smokedseafood 2 3 2 3
Softripenedcheese 4 4 4 5
Pasteurisethilk 3 2 3 1
Frankfurters 5 5 5 4
Deli meats 1 1 1 2

An overall comparison of the rankings provided by the different tools is presented in Figure
rankings are based on DALYs f&IDA-IRISK, sQMRA, microHibro, Risk Ranger and BCoDE, on

the sum of scores fdEFONAO and on thecategorisatiorof risk for the decision tree. The figure
shows clearly that the ranking is significantly affected by the ranking approach, the model type, the
model variables and data integration method.

——
B Reference
Deli Meats BCoDE
Decision Tree
EFoNAO
Frankfurters Risk Ranger
(Reheated) . .
F MicroHibro
= sQMRA
Pasteurized Milk ® j-Risk
Soft Ripened
cheese
Smoked Seafood
0 1 2 3 4 5
Risk Ranking

Figure 7: Overall comparison of the rankingsopided bythe different tools
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Table 22: Output overview of the tested tools for the risk ranking.afionocytogeneis selectedeadyto-eatfood categories

Tool/risk metric - Product - - -
Smokedseafood Soft-ripened cheese Pasteurisedmilk Frankfurters (reheated) Deli meats

Reference model
Probability of illness/sering 1.83 07 2.06Ei 11 4.15Ei 08 515012 1.8&i1 07
Total illnesses 7.51 0.004 147 0.003 526
DALYs 451 0.002 448 0.002 316
Risk Ranger
Probability of illness/sering 1.8&109 244113 1.5CE1 08 5.841 14 3.18 07
Total illnesses 22 0.003 178 0.001 3767
DALYs® 13.2 0.002 106.8 0.0006 2.26
FDA-IRISK
Probability of illness/sering 6.25E1 06 2.06E1 11 5.1CEi 07 1.4CEi 10 3.15%E0 07
Total illnesses 256 0.004 9180 0.08 882
DALYs 154 0.002 5508 0.05 529
sQMRA
Probability of illness/sering 9.6(Ei 08 2.1E111 2.7(Ei 08 8.8(Ei 12 1.1 07
Total illnesses 4 0.004 500 0.005 307
DALYs 2.4 0.002 300 0.003 184
EFoNAO
Total Score 16 14 17 20 21
microHibro
Probabilityof iliness/sering 2.8%1 09 3.77Ei 10 2.6%Ei 09 6.16E1 13 8.38E1 09
Total illnesses 0.12 0.07 48 0.000t 235
DALYs 0.07 0.04 29 0.0002 141
Decisiontree
Risk evaluation High Low High Moderate High
BCoDE
DALYs 11.87 0.01 1483 0.015 910

DALY: disability-adjusted life years.

(a): DALYs were estimated manually by multiplying the total number of ilinesses per amntiva DALY per iliness case
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3.3. Application of the available tools to rank the riskof multiple pathogens inleafy greens

3.3.1. Input parameters used

The available tool$DA-IRISK, Risk Ranger, sQMRA, EFONA®RT, decision trees an8CoDE
werealsoevaluated through a secoodse studyn risk ranking of multiple pathogens in leafy greens.

The objective of the exercise was again to evaluate the different tools using the same dataset, identify
problems in using and evaluate the performance of eadhusimy specific criteria. The following
severpathogens were considered relevant for leafy greens and included in the case study

STEC

Salmonella

L. monocytogenes
Campylobacter

Norovirus

= =4 =4 =4 4 =4

Cryptosporidium
M1 Giardia

Available data from the literaturgere collected to generate a common dataset for all tools. As in the
case of the.isteria case studythe objective of this exercise was not to assess the risk but to compare
the different tools using a common realistic datasets@tiataare presented in datl in Tables23 to

27.

Table 23: Initial prevalence and concentration of pathogens in leafy g(eensed fromRobertson
and Gjerde, 200Baert et al., 2011; Wijnands et al., 2014

Pathogen Prevalence(%) I nitial concentration (CFU/g)
STEC 0.54 0.052
Salmonella 0.17 0.024

L. monocytogenes 1.77 250
Campylobacter 0.083 0.024

Norovirus 0.165 100
Cryptosporidium 4 0.03

Giardia 2 0.025

The above parameters were used as input in the tools evaluated to rank the risk of the seven pathogens.
Wherenecessary, parameters were translated according to the requirements of each tool. In addition
for the quantitative toolEDA-IRISK, sQMRA and microHibro, variability was taken into account for

the following input parameter3 ébles 2 to 27).

Table 24: Cardinal model parameters for the growth of STE&lmonellaand L. monocytogenes
during storagéderived from Rosso et al., 19%opsekiand Isobe20053, b. For the rest of pathogens
no change in the concertian during storage was assumed

Cardinal parameters STEC Salmonella L. monocytogenes
Tmin 4.9 5.7 1.72

Tmax 41.3 40 37

Topt 47.5 49.3 45.5

Mopt 2.5 1.96 0.76
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Table 25: Cumulative probability of the storage time for leafeens(Marklinder et al., 2004

Storagetime (days) Probability

0
0.61
0.88
0.93

1

~NWwWNEFE O

The storage temperature was defined witlgaanma distribution with the following parameters
a=7.15,b=1.03,min = 1.8, max=18.2.

Table 26: Cumulative probability of serving size for leafy greguderived fromCarrasco et al.,
2010)

Serving size (g) Probability
25 0
28 0.5
55 0.75
123 0.95
200 1

Table 27: Doséd responsgarameters used in the leafy greease study

Hazards Type pl p2 Dose response Probability References
type (illness|
infection)
Campylobacter  Beta Poisson 1.45H01  7.59E+00 Infection 33% (FAO/WHO,
2009
Cryptosporidium Exponential  5.73H 02 Infection 10% (Teunis et al.,
2002
Giardia Exponential  1.99H 02 Infection 10% (Teunis et al.,
1996
L. monocytogenes Exponential ~ 8.40H 12 lliness (U.S. FDA,
2003
Norovirus Exponential  5.00H 01 lliness 10% (Teunis et al.,
2008
Salmonella Beta Poisson 1.32H01  5.15E+01 lliness (FAO/WHO,
2002
STEC Exponential  1.13H03 lliness (Strachan et
al., 2009

pl = alpha; p2 = beta

3.3.2. Qualitative decision trees

Two decision trees from thapinion onpublic health risks represented by certain composite products
(EFSA Panel on Biological Hazards (BIOHAZ), 2012are used for this case stud¥) the decimon

tree related to hazards which usually need to grow in food to cause illness (used for the first case
study, see Figure 2 ar@ction3.2.1) and2) the decision tree related to hazards which may not need

to grow in food to cause illness. In this casalyg, the former was used far monocytogeneswhile

the latter was used for the other pathogens. Compeithdhe decision tree showed in Figure 2, the
second decision tree does not include a question related to the ability of the food to support the growth
of the pathogen, as this is not an important parameter to consider for these pathogens.

EFSA Journal 208;13(1):3939 5C



&
~-efsam o
European Food Safety Authority Development of a risk ranking toolbox fihre EFSA BIOHAZ Pane

3.3.2.1. Input parameters

The decision tree input parameters were selected based on data preséatddsrd to 27, Section
3.3.1 The final input parameters for the seven pathogens selected are shown 28Table

Table 28: Input parameters afecisiontrees for theseven pathogens selected

1. Microbial treatment in package with no recontamination? Qualitative score
STEC No
Salmonella No
L. monocytogenes No
Campylobacter No
Norovirus No
Cryptosporidium No
Giardia No
2. Supports growth?

STEC N.A.
Salmonella N.A.
L. monocytogenes Yes
Campylobacter N.A.
Norovirus N.A.
Cryptosporidium N.A.
Giardia N.A.
3. Cooking before consumption?

STEC No
Salmonella No
L. monocytogenes No
Campylobacter No
Norovirus No
Cryptosporidium No
Giardia No

N.A.: question not applicable fahis pathogen.

3.3.2.2. Risk ranking output

The ranking of the risk metrics provided by the EF8ginion on public health risks posed by
composite foods (2012% shownin Table29. The risk was qualified as QPRimilarly to whatwas
discussed irbection3.2.1.2for the firstcase stug, since itis considered that there is a possibility for
growth of the pathogen before consumptiandthat proper hygienic conditions may not be assumed,
the risk should be further qualified as being Highall pathogens

Table 29: Risk ranking outputs according to tldecision tree fothe seven pathogens in leafy greens

Product Risk Ranking (in both cases)
STEC High 1
Salmonella High 1
L. monocytogene: High 1
Campylobacter High 1
Norovirus High 1
Cryptosporidium High 1
Giardia High 1

STEC:Shiga toxinproducingEscherichia coli
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3.3.3. EFSA food of nonanimal origin risk ranking tool (EFONAO)

3.3.3.1. Input parameters

The input parameters of the EFONAO tool amenmarisedn Table30. Most of the parameter values
were extracted from the EFONAO opiniggFSA BIOHAZ Panel, 2010)3but since some of the
pathogens were not included in the opinion some data were collected from other, smuingisated
in Table 30

Table 30: Input data for case study. Dateefrom the EFoONAQopinion unles®therwise stated

Data Pathogen
Salmonella Campylobacter STEC Listeria.  Norovirus Cryptosporidium Giardia
Criterion 1 No outbreaks 7 0 0 0 24 0 0
Epidemiologic No cases 438 0 0 0 657 0 0
al link Score 4 1 1 1 4 1 1
Criterion 2 No cases 3741 69723 1670257
Incidence Multiplier 57.5 Not in opinion 209.6 N.A. 193.5 N.A.
Total cases 7117005 9000000 784166 18852364 1349034 167025
Score 3 3 2 1 4 3 3®
Criterion 3 DALY s per 49 409 143 28209 2.4 2.9 2.19
1000 cases
Public health  Score 2 2 3 4 1 1 1
burden
Criterion 4 IIID 50 (log10 Not in opinion
CFU)
Dosé Score 3 3 3 2 3 3 3
response
Criterion 5 Prevalence <1% <1% <1% >1% <1% >1% >1%
Prevalenceof Score 3 3 3 4 3 4 4
confamination
Criterion 6 Percerige 54.2 54.2 54.2 54.2 54.2 54.2 54.2
consuming
Consumption  Score 4 4 4 4 4 4 4
Criterion 7 Growth
(logid/g)
Shelf life
(days)
Growth Growth 3 1 3 3 1 1 1
potential/shelf score (G)
life Shelf life 2 2 2
score(S)
Sum of G 5 1 5 5 1 1 1
and Sscores
Combined G 3 1 3 3 1 1 1
and SScore

IID 5o The dose needed to cause illness iBHBOf exposed humanSTEC:Shiga toxinproducingEscherichia coli
(a): TESS data 2008

(b): Assuming same undeeporting aCryptosporidium

(c): Havelaaret al.(2012.

3.3.3.2. Risk ranking output

The ranking provided by the EFONAO tool of the selected pathogens is shown in3Tablee tool
rankedSalmonellaas the highest riskollowed by Norovirus. Thenin order of decreasingsk, two
groups resultedijrst, STECandListeria, and thenin the lowest risk grougCryptosporidiumGiardia
andCampylobacter
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Table 31: Scores and ranking of the selected pathogens in leafy greessmated by the EFONAO
tool

Criterion Criterion Salmonella Campylobacter STEC  Listeria  Norovirus Cryptosporidium Giardia
number scores scores scores  scores scores scores scores

Epi-link 1 4 1 1 1 4 1 1

Incidence 2 3 3 2 1 4 3 3

Public health 3 2 2 3 4 1 1 1

burden

Dosé 4 3 3 3 2 3 3 3

response

Prewalenceof 5 3 3 3 4 3 4 4

contanination

Consumption 6 4 4 4 4 4 4 4

Growth 7 3 1 3 3 1 1 1

potential Sum score 22 17 19 19 20 17 17
Rank 1 4 3 3 2 4 4

3.3.4. Risk Ranger

3.3.4.1. Input parameters

The input parameters of Risk Ranger tool were selected based on the plassated irsection3.2

For some parameters, the options provided by Risk Ranger for the values did not match with the
dataset. In this cas¢he option with the closest value to the dataset was selected. The final input
parameters related to the risk tnie of probability of illness per day per consumer of interest for the
seven pathogens are shown in T&@3eUnlike for the Listeria example in Section 3.2, in this case the

first criterion for hazard severity was not included as it is only related seget® calculate the risk
ranking output of Risk Ranger and not the probability of iliness or the total number of illnesses, which
were used in the case of leafy greens.

Table 32: Input parameters of Risk Ranger for the seven pathogens

2.How susceptible is theeonsumer?  Score Numerical®
Salmonella GENERAL 1
Campylobacter GENERAL 1
STEC GENERAL 1
L. monocytogenes GENERAL 1
Norovirus GENERAL 1
Cryptosporidium GENERAL 1
Giardia GENERAL 1
3. Frequency ofcontamination

Salmonella Common 0.5
Campylobacter Common 0.5
STEC Common 0.5
L. monocytogenes Common 0.5
Norovirus Common 0.5
Cryptosporidium Common 0.5
Giardia Common 0.5
4a. Effect ofprocess

Salmonella RELIABLY ELIMINATES hazards 0
Campylobacter RELIABLY ELIMINATES hazards 0
STEC RELIABLY ELIMINATES hazards 0
L. monocytogenes RELIABLY ELIMINATES hazards 0
Norovirus RELIABLY ELIMINATES hazards 0
Cryptosporidium RELIABLY ELIMINATES hazards 0
Giardia RELIABLY ELIMINATES hazards 0
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Table 32: Input parameters dRisk Ranger for the seven pathogens (continued)

4Db. Effect of preparation for meal

Salmonella NO EFFECT on the hazards 1
Campylobacter NO EFFECT on the hazards 1
STEC NO EFFECT on the hazards 1

L. monocytogenes NO EFFECT on the hazards 1

4Db. Effectof preparation for meal

Norovirus NO EFFECT on the hazards 1
Cryptosporidium NO EFFECT on the hazards 1
Giardia NO EFFECT on the hazards 1

5. Is there potential for

recontamination?

Salmonella OTHER 0.0017
Campylobacter OTHER 0.0083
STEC OTHER 0.0054
L. monocytogenes OTHER 0.0177
Norovirus OTHER 0.00165
Cryptosporidium OTHER 0.04
Giardia OTHER 0.02

6. How effective is the post

processing control system?

Salmonella WELL CONTROLLED 1.00
Campylobacter WELL CONTROLLED 1.00
STEC CONTROLLED 3.00

L. monocytogenes CONTROLLED 3.00
Norovirus WELL CONTROLLED 1.00
Cryptosporidium WELL CONTROLLED 1.00
Giardia WELL CONTROLLED 1.00

7. How much increase is required to

reach an infectious or toxic dose?

Salmonella OTHER 5.05E+01
Campylobacter OTHER 7.07E+01
STEC OTHER 3.61E+01
L. monocytogenes OTHER 1.26E+10
Norovirus OTHER 3.2Fi 03
Cryptosporidium OTHER 8.96E+01
Giardia OTHER 3.15E+02
8. Frequency ofconsumption

Salmonella Daily 365
Campylobacter Daily 365
STEC Daily 365

L. monocytogenes Daily 365
Norovirus Daily 365
Cryptosporidium Daily 365
Giardia Daily 365

(a): SeeSection2.4.2 for description of risk metrics of the tool

3.3.4.2. Risk ranking output

The ranking of the illness per dagr consumeprovided by Risk Ranger is shown in TaB&
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Table 33: Riskranking outputs of Risk Ranger ftite seven pathogens in leafy greens

Pathogen Probability of illness Ranking
per day per consumer
Salmonella 7.71Ei 07 5
Campylobacter 8.37Ei 06 3
STEC 8.9(Ei 08 6
L. monocytogenes 2.3%i 08 7
Norovirus 7.0%E1 06 4
Cryptosporidium 3.17E 04 2
Giardia 6.24E1 04 1

STEC:Shiga toxinproducingEscherichia coli
3.3.5.  microHibro

3.3.5.1. Input parameters

The input parameters used are those describ8eation 3.3.1.

3.3.5.2. Risk ranking outpugt
The outputs obtained after running thizroHibro tool are presented in Table. 34

Table 34: Stochastic isk ranking outputs ofmicroHibro for the mean risk per pan of the
pathogens considered

Qutcomes STEC Salmonella L. monocytogenes Campylobacter Norovirus  Cryptosporidium Giardia

Mean
probability of

illness per day 6.91Ei02 4.2Fi03 6.81Ei 10 7.44Ei1 03 1.36E1 01 9.58E1 03 3.7 02
per consumer

Ranking 2 6 7 5 1 4 3
microHibro

STEC:Shiga toxinproducingEscherichia coli
3.3.6.  Swift quantitative microbiological risk assessment§QMRA)

3.3.6.1. Input parameters

The input parameters used are those describ8editon3.2.

3.3.6.2. Risk ranking output

The outputs obtained after running the sSQMRA tool are presented in Table 35

Table 35: Riskranking outputs of SQMRA for the seven pathogerieafy greens

Outcomes STEC Salmonella L. monocytogenes Campylobacter Norovirus Cryptosporidium Giardia

Mean risk 1.64Ei05 5.3CEi06 6.64Ei 09 5.3CEi 06 1.7CEi 04 3.1IE 04 4.7 05
per portion

(sQMRA)

DALYs/ 143 49 1450 41 2.4 2.9 2.1
1000 cases

DALYs 236103 2.6Ei04 9.6E1 06 2.2E104 4.1Ei 04 9.0Ei 04 9.9E1 05
SQMRA

Ranks 1 4 7 5 3 2 6
SQMRA

DALY: disability-adjusted life years; SQMRA: swift quantitative microbiological risk assessment.
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3.3.7. FDA-IRISK

3.3.7.1. Input parameters

The input parameters used are the same as for sQMRBestien 3.2.6.1.

3.3.7.2. Riskrankingoutput
The outputs obtained after running the FPASK tool are presented in Table.36

Table 36: Riskranking outputs oFDA-IRISK for the seven pathogens in leafy greens

Outcomes STEC Salmonella L. monocytogene Campylobacter Norovirus Cryptosporidium Giardia
Meanrisk per portion7.19€i105 7.9%i 06 6.6CE1 09 4.9551 06 1.65E1 04 2.94E1 04 4.51Ei 05
DALY §1000 cases 143 49 1450 41 2.4 2.9 2.1
DALYs 0.01 395104 9.6Ei 06 2.0Ei04 4.0E1 04 8.5Ei 04 9.5Ei 05
Rankng 1 4 7 5 3 2 6

DALY: disability-adjusted life years; STEGhiga toxinproducingEscherichia coli

3.3.8. Burden of Communicable Diseases in EuropeBCoDE)

3.3.8.1. Input parameters

In order to estimate the burden of several selected pathogens transmitted from consumption of leafy
greens, we chose to consider Bi2A-iRISK outputs on the predicted number of illnesses per serving
asthemain data sources this tool provided similaesults to the sQMRA tooFor each disease, we
distributed thé=-DA-iRISK output according to the age aseixdistribution of the notified cases in the

EU, as used in the BCoDE project.

Moreover, we corrected tHeDA-IRISK outputs to reflect number of illsses per 1 million servings,
and used this ashe main denominator of the BCoDE toolkit (1 million servirg® million
population). We distributed this population (1 million) across age sedgroups according to
European demography.

3.3.8.2. Risk ranking output

The outputs obtained after running the BCoDE tool are presented in Tabtés3important to note
that at the momenthe BCoDE toolkit is not able to estimate the DALY Nafrovirus as this disease
is not part of the BCoDE project. However, it will pessible to creatad hocdisease models in a
simple buildingblock addition to the toolkit.

Another limitation in this exercise is related to the fact that the BCoDE toolkit only has a model for
STEC, not a gener&. colimodel; this might oveestimatethe burden of this disease.
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Table 37: Riskranking outputs of BCoDE toolkit fahe seven pathogens in leafy greethe Qutput
is very similar to that oFDA-IRISK becausaimilar models are used to calculate the DALYS)

(2]

£ 2 o

e 3 2 ¥ 2 Iy 2
Outcomes o= 5 g =] 3 S2 %

om IS k7 S 9 s S o =

; L I
llinesses per 1
million serving: 44 g 7.99 0.0066 495 N.A. 294 45.1
(input from
FDA-RISK)
DALYs 8.74E+00  3.7FEi0l 6.52E1 02 1.95E+00 N.A. 7.9Fi 01 1.21Fi 01
?&L(%%per 8.74E1 01 3.7FE 02 757E03  1.95501 N.A. 7.9 02 1.21Ei 02
I(')'(')Doggr ABEEI0l 244002  64E04  17E01 NA.  7.8%Fi02 1.2167 02
I(I)Jc;o%eor 3.8651 01 12102  6.9%F 03 1.9 02 N.A. 4,555 04 0.00E+00
DALYs percas 1 2@ 01 4.66E1 02 476E+01  3.945 02 N.A. 2.7(Ei 03 2.68Ei 03
Ranking
(according to
DALY S per 1 4 6 2 N.A. 3 5
100000)

DALY: disability-adjusted life years; STEGhiga toxinproducingEscherichia coli YLD: years lived with disability; YLL:
years of life lost as a resuf premature mortality.

3.3.9. Comparison of the outputs of the risk of multiple pathogens in leafy greens from the
different tools

As in the case dhe Listeria case studyin order to evaluate the performance of the different tools in
risk ranking the variougpathogens in leafy greens their outputs were compared with a fully
gquantitative reference risk assessment model wiaikbs intoaccountthe mainfactors affecting the
risk and follows the risk assessment paradigm respecting the laws of probability and cdloelus.
structure of the reference model was the same as usedlirstéa case studyndthe variability of

the input parameters was addmed using Monte Carlo simulations using @Risk with
30000iterations

3.3.9.1. Comparison ofisk metrics
The overall results of theeferencerisk assessment model and the different risk ranking tools for the
case studyf the different pathogens in leafy greens presented in TabRS.

A comparison in the probability of illness per serving estimated fronrdfezencemodel and the
bottomup toolsFDA-IRISK, sQMRA, microHibro and Risk Ranger is presented in Figkire
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m Reference Giardia

= Risk Ranger
g Cryptosporidium

MicroHibro

=sQMRA Norovirus

mi-Risk
Campylobacter
Listeriamonocytogenes
Salmonella
E. coli STEC

-10 -8 -6 -4 -2 0

Log Probability of iliness per serving

Figure 8: Comparison between the mean probabilitidsillmess per serving for the different
pathogens in leafy greens estimated from the baseline model and the-bpttoomis FDA-IRISK,
SQMRA, microHibro and Risk Ranger

In contrast to thd.isteria case studyin this cased=DA-IRISK provided very similar probabilities of
illness per serving comparedth the reference model for all tested pathogens. This can be attributed
to the fact that in thizase studygrowth of all pathogens during storage is limited and the final
concentrationat the time of consumption does not exceed the maximum population density. As a
result, ignoring the latter factor IRDA-IRISK does not affect the output.

The outputs o6QMRA were again almost identical those ofthe reference modelhe significant
deviations between the outputsrofcroHibro and thereferencemodel observed in theisteria case

study were confirmed in this case of multiple pathogens in leafy greens. The reasons for these
deviations remain the calculation problemsd thelimited numler of iterations in Monte Carlo
simulation performed with this tool.

As in the Listeria case studyRisk Ranger provided in general lower values for the probability of
illness per servinghan didthe referencemode| mainly becausdrisk Rangeuses the mean values of
the input parameters and does not take into account their variability, the simplicity dog#ie
responseelationship and the limited options for some input parameters.

EFONAO anddecisiontree tools provide ordinal or qualitagicategorical risk metrics and thus cannot
be compared with the other tools with regard to log probability of illness.

The BCoDE estimates of DALYs were slightly different from those derived fripA-iRISK.
Considering thatin this case studythe input & BCoDE was the number of illnessper 1 million
servings estimated ByDA-IRISK, the above differences show the different approach used by BCoDE
to estimate the DALYs comparedth FDA-IRISK.

3.3.9.2. Comparison ofisk rankings

Figure9 presents a comparison e rankings of the different pathogens in leafy greens provided by
the different tools. The rankings are based on DALY dA-IRISK, sSQMRA, microHibro and Risk
Ranger, on the sum of scores BFONAO and on thecategorisatiorof risk for the decisioriree.
BCoDE was not included in the comparison siitcgoes not include a disease model Kmrovirus;
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for the remaining six pathogens the ranking for BCoDE (Aa¥ TEC/STEC,(2) campylobacteriosjs
(3) cryptosporidiosis(4) salmonellosis(5) giardiags and(6) listeriosis

B Reference

Giardia -
Decision Tree
EFONAO
Cryptosporidium Risk Ranger
MicroHibro
Norovirus " SQMRA
B -Risk

Campylobacter

Listeria monocytogenes

Salmonella

E. coli STEC

0 1 2 3 4 5 6 7
Risk Ranking

Figure 9: Overallcomparison of the rankings of the different pathogens in leafy greens provided by
the different tools. The rankings are based on DALY$DA-IRISK, SQMRA, microHibro and Risk
Ranger, on the sum of scores EffoNAO and o thecategorisatiorf risk for the decision tree

The reference, th&DA-IRISK and the sQMRA models ranked pathogens identically and in the
following order:

STEC> Campylobacter Cryptosporidiunm> Norovirus> Salmonella> Giardia > L. monocytogenes

ExcludingNorovirus the same ranking was also provided by BCoDE, which is probably explained by
the fact thaFDA-IRISK results were used to feed the BCoDE model.

With microHibro, STEC andL. monocytogenewere also ranked first and last, respectiveiyt the
ranking of the rest of the pathogens was completely different. The ranking from Risk Ranger showed
the highest deviationsom the baseline model comparedth the other bottorup tools. EFONAO

also provided different rankings from the baselinedeloand showed limited discriminatory
capability. The decision tree categorised all of the pathogens as high risk

The significant dependence of the risk rankimgthe selected risk metrics was confirmed in ¢chse
study. The following table shows the rankings providedAiYA-iRISK based on the probability of
illness per serving and DALYs
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Table 38: Output overview of the tested tools for the risk ranking.ohonocytogenes selected RTE food categories

Tool/risk metric Pathogen . — —
STEC Salmonella L. monocytogenes Campylobacter Norovirus Cryptosporidium Giardia
Baselinemodel
Probability of illness/serving 2.3%FE0 05 5.8 06 3.51E1 08 5.22E1 05 1.65%Ei1 04 3.11E104 4.81Ei 05
DALYs® 3.36E1 03 2.86E1 04 5.0%i 05 2.14E1 03 3.96E1 04 9.01Ei 04 1.01Ei 04
Risk Ranger
Probability of illness/sering 8.9CEi 08 7.71Ei 07 2.34E1 08 8.37Ei 06 7.0%1 06 3.17E1 04 6.24E1 04
DALYs® 1.27Ei 05 3.78&i 05 3.3%i 05 3.4Fi 04 1.7CEi 05 9.1 04 1.31Ei 03
FDATIRISK
Probability of illness/sering 7.1%E7 05 7.9%E1 06 6.6C(Ei 09 4,951 05 1.65Ei 04 2.9 04 4.51FEi 05
DALYs® 1.0%Fi 02 3.9 04 9.57Ei 06 2.0%Fi 03 3.96E1 04 8.5Fi 04 9.47Ei 05
SQMRA
Probability of illness/sering 1.64Ei 05 5.3CEi 06 6.64E1 09 5.3CEi 05 1.7CEi 04 3.11E104 4. 721 05
DALYs® 2.3%0 03 2.6(Ei 04 9.6FEi 06 2.17E1 03 4.081 04 9.0ZEi 04 9.91Ei 05
EFoNAO
Total score 19 22 19 17 20 17 17
microHibro
Probability of illness/sering 6.91E7 02 4.2Fi 03 6.81Ei 10 7.44%E1 03 1.3eEi1 01 9.58 03 3.76E1 02
DALYs® 9.88E+00 2.07EI1 01 9.87Ei 07 3.0%FE1 01 3.2661 01 2,78 02 7.9CEi 02
Decisiontree
Risk evaluation High High High High High High High
BCoDE
DALY s® 8.74Ei1 03 3.7FI 04 6.52E1 05 1.9551 03 i 7.9Fi 04 1.21E1 04
DALY: disability-adjusted life years.
(a): DALYs per 1000 servings
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3.4. Evaluation of tools

The two application examples anmonocytogeneist RTE food categories and on multiple pathogens
in leafy greens allowed for a better understanding of the selected risk ranking tools. Based on the
above expriencethe tools were evaluated according to the following criteria:

1 Risk metrics the ability of a risk ranking tool to provide different risk metrics with
meaningful biological or epidemiological interpretation is of great importance. The application
examples showed that different metrics can lead to different risk rankings. Thus, it is
important to inform the risk managers on which basis metrics (or risk groups) peowieak
scientific basis for risk ranking and may result in misleading outputs

1 Model structure realistic risk rankings need to be based on models that follow the risk
assessment paradigm and respect the laws of probability and calculations

9 Description of input datahe application examples showed that the accuracy in the deearipti
of available data as input parameters is an important characteristic of a risk ranking tool

9 \Variability anduncertainty theimportance of variability in risk ranking was confirmed by the
application examples which showed differences between detetimirdad stochastic
applications of the tools. The inability of all selected tools to describe uncertainty was also
stressed

1 User interfacethe experience from the use of the different tools showed that the user interface
is important for effective data anagement, scenario analysis and documentation of the
process

Decision treesuse a qualitative approach which permits risk ranking based on descriptive categories
of risk (low, moderate, high) with no biological or epidemiological interpretation. The main
advantageof the decision treeagrethat they are able toategorisdoodi pathogen combinatiegwhen

limited information is available and are simple to communicate to risk managers. Hopenarse of

the structure of the decision treasis in practice not possible to include some factdtsat can
significartly affect the final risk. For example, the decision trees used in the application examples of
this opinior® selected from previous EFSA opiniéntack a number of significant risk factosuch

as the extent of initial prevalence and concentration, extent of growth during storage, the serving size
etc. In addition, arbitrary limits need to be defined in order to split data in arbitrary number of
categories for answering the questions @& ttees. The above limitations, in combination with the
absence of biological or epidemiological interpretation of the risk metric outpag result in
misleading risk ranking. Furthermore, as confirmed by both application exanimediscriminatory
cgpabilities of decision trees are very limited compangith semiquantitative and quantitative tools.
Uncertainty and variability can be qualitatively described thely are not easily includedin the
outputs of the decision trees. Although there is naaaiser interface, the simple structure of the
decision trees allows for easy data management and scenario analysis

EFONAO is a semiquantitativerisk ranking tool in arExcel spreadsheet form that uses a mixed
bottomup and topdown approach. Risk raimg with EFONAO is based on senguantitative risk

metrics (scores) calculated as the sum of scores of ordinal scoring criteria. The present tool does not
take into account factors that can significantly affect the final sgkh as the initial contamitian

level and the serving size. As a combined bottgmand topdown approachthe tool provides a
evaluation of risk based on certain selected criteria witliolldwing the risk assessment paradigm.
Advantages of the tool are that the scoring systéomvalfor using qualitative or uncertain input data

and that themulti-criterion model is easy to communicate to the risk managers. However, the missing
factors that affect the final risk, the ordinal scoring of the criteria, the correlation between some
criteria and the lack od biological or epidemiological interpretation of thekrimetric outputgnay

lead to erroneous risk rankings. EFONAO does not take into acuooaoattainty and variability. The

Excel spreadsheet requires much manual handling in order to enter, calculate and present results
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making data management and scenam@lysis complex. However,>RRRT, which is a tool with the
same structurdhas a much more advanced user interface

Risk Ranger is a semiquantitative risk ranking tool based on a bottopnapproach. It provides
meaningful outputs (risk metrics) such &g tprobability of illness per day per consumer of interest
and the total predicted illnesses/annum in population of intdrestmain advantage of the tool is that

it is simple and easy to use. However, them@a number of weak points ihe modebs variable and

data integrationThe serving sizewhich can be an important factor affecting the final ,risknot
included asaninput parameter. Serving size can be taken into acamuytindirectlyin the estimation

of the increase in theostprocessing contamination level that would cause infection or intoxication to
the average consumer. The maximum population density of pathogens following growth is also not
considered. As a resuthe sum of the initial concentration and the growthrauretail and domestic
storage can be unrealistically high, resulting in eegrmation of risk. Although the model structure

and data integration follow, in general, the logic of the standard risk assessment pattaeligrare

some weak points. In géoular, data integratiors simplisticcomparedwith full SQMRA models. For
example a threshold value is assumed for the contamination level that would cause infection or
intoxication to the average consumer without taking into account the adtsiresponse
relationship. For some input parameters the options for their value provided in the risk spreadsheet are
limited. In this casethe offered option with the closest value to data must be selected but this can
affect the risk ranking. The current viers of Risk Ranger is deterministic and does not take into
account variability and uncertaintidowever, he Excel form of the tool provides flexibility and it

could be combined with other software such as @Risk for taking into account variability/urgertai
using Monte Carlo simulatiorGuillier et al.(2013 extended Risk Ranger towards a probabilistic
version, distinguishing uncertainty and variabilidowever, his version requires an expert elicitation
proceduren whichthe expert is asked for twguantiles to assess variability aslas given quantiles

to incorporate an uncertainty levdbata management and scenario analysis with Risk Ranger is
complex. Each scenario (pathogproduct pairand/or differences in input parameters) requires a
different file to be stored which complicates quality assurance evaluation and comparison of different
scenarios.

FDA-IRISK is a quantitative, bottorap risk assessment tool providing meaningful risk metrics such
as the probability of illness per serving, the total annual number of illnesses and DALYs, which can be
used for risk ranking. The main weak point of the current @aref FDA-IRISK is that itdoes not

take into account the maximum population density of pathisggrowth, which may result ian
unrealistically high concentration of the pathogens at the time of consumpti@verestimation of

risk. Apart from the abee weaknesghe tooltakes into account theainfactors affecting the risk and
follows the risk assessment paradigm respecting the laws of probability and calculus. Tdaa usar

the tool in botha deterministic anda stochastic way. For the stochastapplications various
probability distributions are available for describing input déiteed, normal, betERT, uniform,
triangular uniform and empirical cumulative distributioff)he tool acceptenly input data describing

the increase or decreaseconcentration and prevalence, while specific growth or inactivation models
have to be run outside the tool. An advantagd-DA-IRISK is that the number of iterations is
automatically selected based on simulation convergence criteria and not setttecbpdfe user. All
probability distributions are assumed to describe variability since the current version does not include
uncertainty. Thd-DA-iRISK tool has the more advanced user interface among the tested tools in this
opinion. It is capablef modeling different steps in the food chain from farm to fork providing
flexibility in choosing different scenarios combining hazards, consumption patterns and processing
stages. In addition, each model run can be saved and shared online with other usérg, effiestive

quality assurance evaluation and comparison of different scenarios

sSQMRA is a quantitative, bottorap risk assessment tool in &xcel spreadsheet form that can be
used for risk ranking based on various meaningful risk metrics including probability of illness per
serving, total annual number of illnesses, DALYs andtof-illness sQMRA takes into account all
the factors affecting theisk and follows the risk assessment paradigm respecting the laws of
probability and calculus. The tool can provide both deterministic and stochastic outputs for risk
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ranking using single values or distributions for the input parameters, respecdtieghg\er, in the

latter case only a limited number of probability distributi@vailable for describing tisedata. This
limitation may lead to erroneous ranking outputs when input data are not in a form that can be
described by an available probability distition. An advantage of the tool is that growth of the
pathogens during storage can be estimated within the tool using the appropriate parameters in a
secondary cardinal model. In the stochastic applicati@ number of iteratiain the Monte Carlo
simulation procedure has to be settled in advance without taking into asbowtion convergence
criteria. This may result in differences in the outputs for different number of iterations and between
different simulationsAll probability distributions in SQMRA are assumed to describe variability since

the current version does not include uncertainty. Exeel spreadsheet form of the tool provides an
informative summary of input data and allows &lequate checks on input validigjowever, aveak

point of the tool is that the spreadsheet form makes file management very complex with each scenario
(pathogenproduct pairand/or differences in input parameters) requiring a different file to be stored
which complicates quality assurance and comparison fefrelift scenarios.

microHibro was initially developed as a microbial growth prediction todut with recent
developments the model can be used for quantitative risk assessment and risk ranking. In its current
form, the tool can estimatenly the probabiliy of illness and the number of illnesses. It takes into
account all the factors affecting the final risk following the risk assessment paradigm and respects the
laws of probability and calculus. The user can run the @ty in a stochastic way since the
deterministic application cannot take into account the prevalence of the pathogens. Various probability
distributions are available for describing input dawarfnal, gamma, uniform, exponential, triangular
Poisson)An advantage ofnicroHibro is that gravth or inactivation of the pathogens can be estimated
within the tool using the appropriate growth model. In the stochastic applicdti®@mumber of
iteratiors in the Monte Carlo simulation procedure has to be set in advant®ut taking into
accountsimulation convergence criteria. fhhe current version of the todhe Monte Carlo process is

very slow and may result in differences in the outputs for different number of iterations and between
different simulationsAll probability distributions ar@assumed to describe variability since the current
version does not include uncertaintyhe microHibro has an advanced user interface and the user can
design any step in the food chain from farm to fork. The advanced interfaces fdlogffective data
maragement and analysis of different scenarios combining hazards, consumption patterns and
processing stages. Furthermore, both risk assessment and growth/inactivation models can be saved and
shared online with other usendowever, the development for a rislssessment application is in
progress and there is a need for further improvements in the calculations and the presentation of the
results

BCoDE is a full topdown risk ranking tool that provides meaningful outputs such as DALYs, DALYs
per case, DALYs pel00000, YLD and YLL per 10@00. Risk ranking with BCoDE is based on a
limited number of input parameters, namely the age grandsexspecificnumber of cases, which
reduces complexity of the tool. Flexibility is ensured by the possibility of chgnglh other
parameters, such as population dasir§ the listeriosiscase studyf this opinion), life expectancy

and all parameters of the disease models (disability weights, transition probabilities and durations).
Variability and uncertainty of all vables (number of cases, disease model variables, population data)
are taken into account using Monte Carlo simulations (uphtee inputs are possible for each
variable) and outputs include mean, median" 26d 97.5 percentiles. BCoDE has an advad¢c
userfriendly and intuitive interface that allows effective data management and scenario analysis while
outputs are presented in communicatibendly visualsations such as tables, bubble charts and bar
charts. However, BCoDE is able to estimate DALonly from incidence data and does not take into
account transmission pathways: translation of source attribution to incidence must be performed
beforehand by the user. For a more specific application in a food safety context, incidence estimates
are needd at a higher level of resolutione. for specific food or group of foods within population
subgroups. These estimates can be provided by attribution models which are not currently included in
the tool. Alternatively, as we shaw theapplicationcasestudyof this opinion, BCoDE can be used in
combination with a bottorap risk ranking tool. In this caséhe number of illness for a specific
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food or food category estimated with a bottamapproach can be used as an input in BCoDE for a
more effectiveestimation of DALYs

4. Comparison of general risk ranking approaches stochastic deterministic and ordinal
scoring

The risk ranking tools evaluated in this opinion are baseddifferent approaches including
qualitative, semiuantitative with ordinal scoring, quantitative deterministic and quantitative
stochasticBecause othe additional differenceound between the toolsther than the approagkee

Section 2), their comgrison presented iBection 3 cannot provide adequate information about the
performance of the above approaches in risk ranking. In addition, there are no studies available in the
literature providing a comparatieyaluation of these approach&be objetive of this section was to
systematically compare stochastic, deterministic and ordinal scoring approaches in risk ranking.

4.1. Methodology of comparison

For the purpose of comparison of the different approaehgeneric stochastic risk assessment model
from retail to consumption was defined. A probability distribution was selected for each variable of
the model for the description of variability. In each parameter of the above distribaticmsge of

values was assigned to cover different fdwtards chacteristics. By randomly selecting a value
from the above ranges, a dataset of the model input parameters fopdtoajen combinati@ncan

be generated. Several hundreds of datasets representomgeapondinghumber of foodlpathogen
combinatiors were generated and the risk of each combination was estimated using stochastic,
deterministic and ordinal scorirmpproachesin the stochastic approactne variables of the model

were described with probability distributions and the final risk was estimated using Monte Carlo
simulation. In the deterministic approach, the variables of the model were described with single values
using different statisticaheasures (i.earithmetic mean, median, ?%ercentiles and 90percentiles)

for comparison. For the ordinal scoring approach, a score was assigned to the variables of the model
based on theicategorisatioron a continuous scale. The overall score wlsined by summing the
scores assigned to each variable.

The ranking of the fodgathogercombinatiors derived from the different approaches were compared
both graphically and using appropriate statistical measures. Assuming that the stochastic approach
provides the most realistic outputs since it takes into account the variability of the risk determinants,
the deterministic and ordinal scoring approaches were evaluated in relation to the stochastic one.

4.1.1. Genericrisk assessmenframework

There are many wayin which risk, and the individual factors of risk, have been defined and
evaluated. When reliable quantitative dati@ available, quantitative multiplicative mathematical
model may be used to estimate rigikom retail to consumption, the changescorcentration of
pathogens in the food are described using the available predictive microbiology models in
combination with the probability distributions of the temperatures of the food during transport and
storage of the food product. During storage and gajon, microorganisms present in one food
product can be transferred toRAIE food (crosscontaminatioh The range of possible transfer rate
values depend on the food characteristics and food handling by the consumer. Hoelzg0&Pal.
synthesisedvailable data and derived probability distributions and mathematical models of bacterial
transfers between food and environmental surfaces andveisa.When food products are cooked,

the survival of microorganisms is described thanks to the available predictive models in combination
with the probability distribution of temperatures and durations of cooking. To assess the concentration
at time of consumptin from this series of distributionMonte Carlo simulations are performed. The
exposure dose, number of pathogen cells in an ingested seivirtgtermined from the final
concentration of pathogens reached after the accumulated growth or survivaltedl@ileach step

and the quantity of food product. dosé responsenodel is then applied to calculate the probability of
infection/illness from that number of pathogen cells in a single serving. The total number of illnesses
in a population can be calctda by multiplying the mean probability of iliness per senbgghe total
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number of servings consumed by the population. Finally, the public health impact can be estimated by
translated the total number of illnesses in DALYS.

The structure of the generiisk assessmerframeworkis represented in the Figud®. Models
following this genericframeworkpredict, from the initial contamination level thetime the products

leave the retail stores), the potential amount of microbial hazard to be consueed wide range of
situations. To cover all relevant situations, a stochastidellingapproach is useavhere variable are
included and described by probability distributions of possible values rather than a single estimate
(Table39). At this stage ol variability is included and the parameters of the probability distributions
were assumed as perfectly known.
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DALY: disability-adjusted life years.
Figure 10: Risk assessmeframeworkand inputs

The generic risk assessmérameworkassumes the following:

9 Initial contamination at retail leveglHo): characterisedy three parameters, p (prevalence,
proportion of contaminated food product units), (mean of the concentration in food in
log;0 CFU/g or ml) ands, (the standard deviation of concentration indan logo, CFU/g or
mL). The concentration is assumed to benogmally distributed.

1 Change in concentration during transport to home and stor&Gg:characterisedby a log
gamma distribution with parameteng and s and derived from a predictive model with
maximum population density.

1 Crosscontaminatiorduring preparationgC): characterisedy a lognormal distribution with
parametersn and s.. It is assumed that a fraction of the microbial hazards present in the
handled food product unit is transferred t®&E food and all the transferred amount of the
microorganism will be ingested by the consumer.

EFSA Journal 208;13(1):3939 65



&
~-efsam o
European Food Safety Authority Development of a risk ranking toolbox fihre EFSA BIOHAZ Pane

1 Change in concentration during preparation (e.g. cookiBB): @ssumed to be legormally
distributed with parametem; andsr.

9 Portion size §): characterisedby a gamma distribution with a mean and standard deviation
noted respectively agandss.

Dosé responseanodel: an exponentiaosé responsenodel with fixed parameter r is used.
Consequence functioaverageDALY s per case is used.

Population at risk: we used the average number of eating occasions per year per person.
The mathematical equations and their combinations are preseritell&@39.

Table 39: Genericrisk assessmeifitameworkdescription

Variables Unit Distribution/formula Input parameters

Initial concentratior(Ho) Log;,cCFU/g  Normal myands,

Portion size g Gamma 4,b) m=ab
s.=bJa

ExpectedCFU per portion Ep) CFUlportion E,=S? 10Ho

Increase during storag€)® Logso Gamma (a,b) m=ab
s.=ba

ExpectedCFU per portion end of ~ CFU/portion E, =E,310°

storage Es)

CFU per portion end of storag&d) CFU/portion  PoissonEy)

Logso probability of transfer to RTE Log;g Normal mands,

©)

CFU transferred per portiofD;) CFU/portion  Binomial (X, 10%)
CFU remaining per portion () CFUlportion  Xp.=Xs1 Dy

Logso probability of survival during Log; Normal nkandsg

cooking

CFU surviving cooking(D2) CFUlportion  Binomial (X, 107)

Probability of infection(PInf) PInf=17 (17 r)®**P? r

Probability of illnesgPIIl) PIll = PInf x P(ll | infection) P(lll | infection)
Average probability of illness Arithmetic mean of probability of illnes$fonte
(APIIl) per contaminated serving Carlosimulation, 50000 iterations)

Annual probability of illness (API) APl =Px APIIl x FR FR: average number

of eating occasion pe
year per person
P:prevalence
Annual DALYsper 1E6 consumers ADALY=API x DALY x 1E6 DALY per case
consumers

DALY: disability-adjusted life years.
(a): Based on relevant predictive modelling

4.1.2. Generation of datasets for food pathogen combinatiors

In order to describe the differences in the variousifpathogen combinatien a range of values was
given to each input parameter of thariables in thegenericframeworkpresented in Tabl89. The
ranges of values of the parameters are shown in #bIBy randomly selecting a value from the
above ranges, a dataset of the input parametersafdrfoodi pathogen combinatiowas generated.
Initially, 700 datasets representing carrespondingnumber of food hazards combinati@ were
generatedFurther, the risk for these 700 combinations was assessed aistoghasticmodelling
approachwhich followed the generic framework presented in FigureTh@ results showed thdibr
some footlpathogen cambinatiors, the estimated risk was unrealistically high or low. In order to
make the example more realistic, 382 ofthe total 700 combinations were selected imatlided in
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the analysisfor which the final risk of illness per year per person was betwig* and 0.8 and the
correspondinddALYs were lower tharB00 per 1000000 persons per yeafrhis DALY reference
was obtained using the reported salmonellosis incidence rate, ZWQ0hse4EFSA and ECDC,
2014 and combining it with an average DALY value of 4900 and an underreporting factor of 30.

Table 40: Range ofparameters to generate input data for fgadhogencombinatiors in the
stochastianodelused

Ranges of the

Variables Unit Parameters
parameters values

Initial concentratior(Hg) Log;oCFU/g m 13to3

So 0.1to1.5
Prevalence P 10%to 1
Portion size g m 10 to 500

Ss 0.1to1l
Increase during storag&) Logio m, 0.3t03

Sq 0.1to1.5
Logo probability of transfer to RTE Lodgio m 15t0712
© Se 0.1to 1.5
Logso probability of survival during Logio nk 16t0713
cooking SR 0.1to 1.5

If RTE product (® %
of the simulated
scenario R= 0)
Probability of infection(PInf per r T 10 toT 2
CFU)
Probability of illnesgPIIl) Plll = PInf x P(ll | 1
infection)

Average number of eating occasions FR 1to 365
per year per person
DALY per case Year (00;0) DALY 13tol

DALY: disability-adjusted life years.

4.1.3. Risk ranking comparison

The stochastic approach was considered as the reference risk ranking approach and the deterministic
and ordinal scoring approaches were evaluated by comparingahkings with that of the stochastic
approach.

Both the Spearman rank correlation coefficient and Keridathu correlation coefficient were used
measures for comparing the rankings. Spearman rank correlation coefficient was first proposed as a
nonparametic rank statistics to measure the strength of association between two variables. It is
defined as:

where ¢ is the difference between the ranks of items i and N is the number of ranked items. Two
rankings are identical when theefficient is 1, and in inverse order when the coefficientlis

TheKendals tau rank correlation coefficient is defined as:

T ¢n p

&

506 prxc
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where C is the number of concordant pairs (pairs that are ranked in the same order in both rankings)
andN is the number of ranked items. Note that if two rankings are identieal\pthen Kendafs tau

value is 1 whereasijf the two rankings totally disagree §0), then Kendafs tau value i$1, and if

the two rankings are independent{ft/2),then Kendalis tau value is O.

Kendalbs tau can be used to find which method is better relativilgadd standard The higher
Kendalls tau value that measugrde correlation between the output ranking of a method and the gold
standard, the better theethod is concluded to be. Pairs of ranking whose Keisdtu value are
equal or higher than 0.9 can be considéeftectively equivalent

Although Kendalfs tau is considered as a useful measure for comparing two rankings, there is an
important problenwith this statistic Kendalfs tau equallypenaliseserrors that occur at any part of

the ranked listTherefore Kendalfs tau does not distinguish between the errors that occur towards the
top of the list from the errors towards the bottom of the 8gtce the footpathogen pag that are
placed at the top of the list are more importanhthase towards the bottom, there is a need to find a
measure that assigns more weight to the errors made towards the top of thakirigthe errors
towards the bttom. Yilmaz et al(2008 proposed a new rank correlation coefficient based on the
principle of average precision.

The average precision (AP) rank correlation coefficient is calculated as following:
T qnep

o} 6 Q
0 p Qp

nee

where C(i) is the number of items ababe rank i and correctly ranked with respect to the item at

rank i. Note that pis very similar tothe p upon which Kendalds tau is based; the only difference is

that, instead of comparing an item with any other ranked item, it is compaugdvith items above.

The values of pfall between 0 and 1, where 1 means that all items ranked by a method are ranked in
the same order as the items ranked by the reference method and 0 means that all items ranked above
another item are ranked incorrectly accordingthe reference method. The average precision rank
correlation coefficient values will fall betwedrl and +1 and interpreted in the same manner as
Kendalis tau.

In principle, when the ranking errors are uniformly distributed over the list, Kéndalland the
average precision rank correlation coefficient are equivalent. When there are more errors towards the
top of the list, then Kendd@ tau is always greater than the average precision rank correlation
coefficient (0> (Jp), and when there are fewerrors towards the top of the ligis Usp.

4.2. Results

4.2.1. Stochastic risk ranking approach: the reference approach

The structure of the stochastic application of the generic risk assedsameeivork,which was used
as the reference approach presented in Figurgl. In the stochastic approgakach variable of the
model was described with a probability distribution (TaB® and the risk of each fobdathogen
combination(Risk:p) expressed as average probability of illness per year amchtanhber of DALYs
per year for 1 million consumers was estimated using Monte Carlo simulation va@01i@rations.

Figure 12 presents the cumulative probability of illness per year for the 3927 fablogen
combinatios. The relatioship between the r&king of the 392 foopathogen combinatienand their

risk expressed itotal number of DALY per year for 1 million consumers is presentedrigure 12.
Table41 shows the statistics of the average probability of illness per year and total number o§ DALY
per year for 1 million consumers estimated with the stochastic approach
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Figure 11: Structure of the reference stochastic approach applied to the generated datasets of the
foodi pathogen combinatian For eacHood pathogencombination a single risk measure is derived:
Risks=p (expected total number of DALY per year fbmillion consumers). Circles represent random
variables and rectangles fixed values
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Figure 12: Cumulativeprobability of illness per year for the 392 fagathogen combinatien
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Figure 13: Relation between the ranking of the 392 fiypathogen combinatienand their risk
expressed itotal number of DALY per year for thillion consumers

Table 41: Statistics of the assessed the assessed risk 39%ftbdgen combinatien

Total number of DALY per year

Statistics Average risk of illness/year -
for 1 million consumers

Minimum 1.0 12 1.74E1 09
Maximum 7.24E1 01 2.90E+02

10" percentile 3.31Ei 09 3.61Ei 05

25" percentile 3.0FEi 07 5.61Ei 03

50" percentile 3.26Ei 05 7.58 01

75" percentile 1.4CEi 03 1.71E+01

90" percentile 2.3%i 02 8.97E+01

95" percentile 6.32Ei 02 1.49E+02

DALY: disability-adjusted life years.

In order to find out which parameters are influencing the obtained ranking the most, we calculated as a
first approach the Kendathu b correlation coefficients between the model outputs and the input
parameters (Figuré4 and Table 42 The model seems to be more sensitive todib®s response

model, growth potential, initial concentration, reduction during cooking and DALY parameters.
Moreover, particularly noteworthys the fact thathe rank of a particular fodgathogen pailis
influenced by the mean and standard deviation of the distribution describing the variability. This
shows clearly the expected bias on the risk estimates if variability is ignored.
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Figure 14: Kendalltau bcorrelationcoefficients between the assessed risk (stochappeoach) and
the input parameters,: potentialreduction (standard deviatiorg);: crosscontamination(mean), FR:
frequencyof consumption,l: crosscontamination(standard deviation)ls portion size (standard
deviation), gs. portion size (near), p: prevalence g.: potential reduction (mean),ly: initial
concentration (standard deviatiomaly: DALY (disability-adjusted life yeajs 4. growth potential
(mean),ly: growth potential (standard deviatiorgy: initial concentration (mean), dosé response
model parameter

Table 42: Kendalltau bcorrelationcoefficients between the assessed risk (stochastic approach) and
the input parameters

Kendall tau b correlation

Parameters Notation e
coefficients

Potential reductiongD) S, 10.109
Crosscontaminatior(SD) S 10.017
Crosscontaminatior(mean) me 10.016
Frequency of consumption FR 10.006
Portion size (mean) Mg 10.003
Portion size $D) S 0.013
Prevalence p 0.069
DALY DALY 0.138
Potential reduction (mean) m; 0.141
Growth potential $D) S 0.152
Growth potential (mean) mq 0.1%4
Initial concentration$D) S 0.1%
Initial concentration (mean) mg 0.241
Dosé responsg@arameter r 0.274

SD: standard deviatigrDALY:: disability-adjusted life years.
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4.2.2. Evaluation of the deterministic risk ranking approach

Most of the current risk rankings of the fagdthogen pas have been carried out using
methodologies that do not allow the inclusion of the variability and uncertainty inherent to food,
pathogen and consumer variables. As a consequence, sucbdoiegies can providenly a very
limited (and potentially biased) assessment of the relative risk associated with thpatboden
pairs.

A model following he generic risk assessmérameworkwas used in a deterministic way to check if

the deterministic approach leads to equivalent ranking as the stochastic approach. Instead of using
probability distributionsas in the stochastic approach for the initial concentration, growth potential,
crosscontaminatiorprobability, reduction during coakg and serving size, single values are used. In
order to investigate the effect of using different statistical measures of the probability distributions
describing the modé variables, the arithmetic mean, mediar" @ércentiles or prercentiles wiee
evaluated Further, the ranking obtained with the stochastic model naméeesence rankwas
compared with the four rankings derived from the deterministic approacted Rank(arithmetic
mean), Rank(P50), Rank(P75) and Rank(P90) in which the atithmean, median75" percentiles

and 98" percentiles were used, respectively, as inputs. The comparison was performed both
graphically and using the Kend&lltau and AP indexeBigure 15 shows the discrepancy between the
deterministic and stochastisk ranking.
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Figure 15: Comparison between the ranking obtained with the stochastic r(fsdédrence rand)
and the four rankings derived from the deterministic approsohed as Rank(arithmetic mean),
Rank(P50), Rank (P75) and Rank(P90) in which the arifomstan, mediariy5" percentiles and 90
percentiles were used, respectively,inputs

According to the Kendalh tau coefficient, the highest differences between deterministic and
stochastic are observed when the model was run with median as irp7 @3, Figure 15). The
Kendals tau values that measure the correlation between the output rankings provided by the
deterministic approaches and stochastic approach were 0.914, 0.885, 0.855 and 0.773 for rankings
using P90, arithmetic mean, P75 and A8&8pectively One can conclude thah generalthe use of

P90 provides thelosestrankingto the reference approachAs shown in the graphs, the difference
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between the deterministic and stochastic approaches vhdtgeen differentfood pathogen
combimatiors, i.e. some foodpathogen combinatienare positioned close to the diagonal line,
indicating that the ranking between deterministic and stochastic approaches are venA<lase
consequence, the performance of the diffes¢atisticalpoint estimagés(means or percentiles) used in

the deterministic approach will depeond the specific fooidpathogen combinatiomvolved in the
ranking and their position in the risk rang&ll the calculated average precision rank correlation
coefficient (AP, Figure B) are lower than the Kend&l tau coefficient showing that all the
deterministic approaches have more errors towards the top of the list when cowmipartbe errors
towards the bottom of the list. Indeed, even in the cagheoRank(P9Q)which showed the best
performancesome miss ranking can be obtained, i.e. for some combinations ranked close to 1 with
the stochastic model (highest risk combination) the deterministic approach may rank such combination
at lower risk as a difference 050 in the rank can be obtained (undstimation).

4.2.3. Evaluation of the semiquantitative risk ranking approach with ordinal scoring

Semiquantitative risk assessment models with ordinal scqingide an intermediary level between

the textual evaluation of qualitative risk assessment and the numerical evaluation of quantitative risk
assessment, by evaluating risks with a score. The ordinal scoring approach does not require the same
mathematicakkills as for quantitative assessments and can be applied with less precise data. The
system for assignment of a category fdoadi pathogercombinationused in this example uses nine
criteria: initial concentration, prevalence, portion size, number tfige@ccasions, increase during
storage, transfer to RTE during food handling, reduction during coollive responsenodel and

DALY s per case. For each variable, guantitative inputs on a continuous scale were assigned to a
limited number of categories.h€ categories were in general defined using a logarithmic, stale
shown in Table . The ordinal scores were defined in a linear (arbitrary) scale from 1 to 5 or using a
logarithmic transformation based tre formula:

where % = X/(Xmax 1 Xmin) @ndx = bin limit (Havelaar et a).2010. The overall score was obtained by
addingthe scores assigned for each criterion

Table 43: Categories and scores defined in the ordinal scoring approach

Inputs Bins(x) _Ordmal score Inputs Bins(x) _Ordmal score
Linear Logscaled Linear Logscaled
Initial 1.0e1 03 1 0.000 Prevalence 1.0E104 1 0.000
concentration 1.0Ei 02 2 0.200 1.0E1 03 2 0.250
(Ho) inCFU/g 1.0Ei01 3 0.400 1.0Ei 02 3 0.500
1.0E+00 4 0.600 1.0Ei 01 4 0.750
1.0E+01 5 0.800 3.0e101 5 0.869
Portion size in 1.0E+01 1 0.000 Average number of 1.0E+00 1 0.000
grams 3.0E+01 2 0.239  eating occasions per 1.2E+01 2 0.421
9.0E+01 3 0.477 year per person 5.2E+01 3 0.670
2.7E+02 4 0.716 1.0E+02 4 0.787
8.1E+02 5 0.954 2.1E+02 5 0.905
Increase 1.0E+00 1 0.000 Probability of transfer 1.06 05 1 0.000
during storage to RTE (C)
(G 1.0E+01 2 0.200 1.06 04 2 0.200
1.0E+02 3 0.400 1.0603 3 0.400
1.0E+03 4 0.600 1.0602 4 0.600
1.0E+04 5 0.800 1.0601 5 0.800
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Table 43: Categories and scores defined in the ordinal scoring appfoaatinued)

Inputs Bins(x) _ Ordinal score Inputs Bins(x) . Ordinal score
Linear Log-scaled Linear Log-scaled
Reduction 1.0E+00 1 0.000  Probability of infection 1.0Ei 12 1 0.000
during 1.0E+01 2 10.125 (PInf perCFU) 1.0E1 06 2 0.500
cooking 1.0E+02 3 10.250 1.0e104 3 0.667
1.0E+03 4 10.375 1.0Ei 03 4 0.750
1.0E+04 5 10.500 1.0Ei 02 5 0.833
DALY sper 1.0E104 1 0.000
case 1.0Ei 03 2 0.200
1.06102 3 0.400  Overall score= sum(inputs scores)
1.0ei 01 4 0.600
1.0E+00 5 0.800

The comparison between the stochastic and the ordinal scoring appritiadimear and logscaled
scoring is shown irFigure 16. The results showethat, when ordinal scoring is usethe food
pathogen combinati@nare placed into quite broad sets of categories and their rankings have
significant differences comparexith the stochastic approach. The ranking usingdogled scoring
system gives more categories but shows less simgilavith the reference ranking (Kendall
tau=0.638) than the ranking obtained with the linear scoring (Kedslakhu= 0.733) where both
rankings with ordinal scoring have more errors towards the top of the list (the average precision rank
correlation cofficients were 0.417 and 0.462espectively. According to the two measures of rank
correlation the ordinal scoring approach performed wveotisan the deterministic one. This can be
attributed to the fact that the use of scores and simple sum of scstesdimfa more complicated
mathematical formula induced additional errors on the risk estimate. In getieratomparison
showed that ordinal scoring approach has little resolwith high risks and low risks having a high
chanceof beingclassified n the same rank.
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Figure 16: Comparison between the ranking obtained with the stochaggroachnamed as
fireference rankand rankings derived from the ordinal scoring approacth imear and logscaled
scores

4.3. Concluding remarks

The analysis performed in thigction aimed at a systematic comparison of the general approaches in
risk ranking (i.e stochastic, deterministic, ordinal scoring). The results showed that both deterministic
and ordinal scoring approaches may provide rankings significantly differemt thhe stochastic
approach. The difference between the deterministic and stochastic approach depends on the statistical
measure used for the variable inputs. In addition, both deterministiordivhl scoring approaches
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showed more errors (i.differencesrom the stochastic approach) towards the top of the ranking list
which is important from the risk management point of view. Howeskthe two approacheshe
deterministiconeshowedsignificantly higher similarieswith the reference stochastic apach.

The use of deterministic models that ignore variability may result in risk ranking evidck, may be

greater for thefoodi pathogencombinations with the highest risk, as shown in the exaniple
deterministic approaches, the selectmthe point estimate used in the model can affect the risk
ranking. Among different possible point estimates (arithmetic mean, median@®d percentiles),

the use of a high percentile provides, in general, ranking results which are most similar to a stochastic
model. However, the performance of different point estimates in a ranking assessment will depend on
the data input for thespecificfoodi pathogercombinatiors involved therefore it is recommended to

use more than one point estimatEs examplearithmetic mean and a higher percentile as part of
sensitivity analysis to compare rankings

5. Uncertainty

None of the availableigk ranking tools selected for this opinion is able to take into account and
describe uncertainty in risk ranking. The ndedcharactese, document and explain uncertainty in
risk assessmerttas beemecognisedhy EFSA(2009. Although the number of published studies on

the various methods for incorporating uncertainty in risk assesssiectreasingless informatioris
available for risk ranking. The objective of this section is to present methodologies for identifying and
evaluating thauncertaintysources in risk assessment models as well to explore their applicability to
risk ranking models using a case study

5.1. Background

In the EFSA context, the terfiuncertainty is intended to covetall types of limitations in knowledge,

at the timeit is collected in the risk assessment process (EFSA, 2009). The need to address
uncertainty is expressed in the Codex Working Principles for Risk Analysis. These state that
&onstraints, uncertainties and assumptions having an impact on the risk assesdmould be
explicitly considered at each step in the risk assessment and documented in a transparerd manner
(CODEX, 2007%. The Scientific Committee of EFSA explicitly endorsed this principle in its guidance

on transparency in risk assessment (EFSA, 2009). Therdfoie recogised that in the risk
assessment process it is important to characterise, document and explain all types of uncertainty
arising in the process.

Ideally, the analysis of the uncertainty in a risk assessment would require:

identifying uncertainties;
descriling uncertainties;
evaluating uncertainties around individual factors in their own scales;

evaluating the impact of individual factors uncertainties on the assessment outcome;

=A =4 =4 =4 =

evaluating the combined impact of multiple uncertainties on the assessmiEoime
including evaluating how much the combined uncertainties downgrade the weight of the
evidence.

The last three steps can be conducted at three |elesistiptive, deterministiand probabilistic.

An EFSA Working GrougWG)"® is currently formulatig guidelines on how the uncertainty analysis
should be performed intearmonised and structured way

® Seehttp://www.efsa.europa.eu/smerscerwgs.htnior details.
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5.2. Typology of uncertainty

Organisations operating at the boundary between science and policy, such as EFSA, need to address
very complex issues that oftenvolve high stakes. Dealing with uncertainties in such issues also
implies a vision on the role of science in policy mak{Rgtersae et al., 201 Increasingly, it has

become clear that science cannot be véiee and that politics need to deal with issues that are
clouded with uncertainties, including value diversities. This implies that uncertainty is more than a
number and camclude the following dimensions:

technical (inexactness)
methodological (unreliability)

1
1
1 epistemological (ignorance)
1

societal (limited social robustness)

Communicating uncertainty to risk managersiich a way that they can adequately include different
possible outcomes of the risk assessment in their decisions is a key requirement and will be further
discussed in agpinion of the Scientific Committee amcertainty which will be published for puli¢
consultation in 2015. The preseginion will explore how uncertainty in risk ranking models can be
identified and characterisedand how the impact of uncertainty on the risk ranking results can be
evaluated qualitatively or quantitatively.

A typology for identifying andcharacterisingincertainty sources has been presented by Knol et al.
(2009, see Tablel4. The value of this classification is that it helps to define further actions to deal
with the identified uncertainties. It also offers a framework for transparent identification and
description of all uncertainties involved in a risk assessment, including aspects that have not been
included in the problem formulation or system boundaries. Soufcescertainty are related to the

risk assessment question. For example, if (representative) data are available for one specific country,
they would not be a source of uncertainty if the risk assessment was related to that country, but would
be if the riskassessment concerns other countries.

Table 44: Typology of uncertaintiefobtained from Knol et al. (2009))

Uncertainty characterisations Categories

Location: the location at which the Context: definitionsand boundass of the system that is being
uncertainty manifests itself in the assessed

assessment Model structure: structureand form of the relationships between tt

variables that describe the system

Parameters: constantsn functions that define the relationships
between variables (such as relative rigkseverity weights)

Input data: inputdataset (such as concentrations, demographic d
and incidence data)

Nature: the underlying cause of the  Epistemic: resulting from incomplete knowledge
uncertainty Ontic (process variability): resulting fromnatural and social
variability in the system

Range:expression of the uncertainty Statistical (range+ chance) specified probabilities and specified
outcomes
Scenario (range+ fiwhat ifo): specified outcomes, but unspecified
probabilities

Recognisedgnorance: unknown outcomes, unknown probabiliieancertainties are present, but no useful
estimate can be given

Methodological unreliability: methodologicatjuality of all different elements of the assessment; a qualitati
judgemenbf the assessment process which can basddroexamplejts theoretical foundation, empirical
basis, reproducibility and acceptance within the peer community

Value diversity among analystspotentialvaluelademess of assumptions which inevitalihyolved to some
degre@ arbitrary judgments by the analysts
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Further details on the uncertainty typology can be found in the technical report accompanying this
opinion (Bouwknegt and Havelaar, 20114

5.3. Evaluation of uncertainty sources: NUSAP approach

One approach to deal with uncertainties after itqtifleation andcharacterisatioris the NUSAP
system(van der Sluijs et al., 2005 his provides a structed approach to appreciating uncertainties in
modetbased health risk assessments. NUSAP standsiforeral, unit, spread, assessment and
pedgree. The first three dimensions are related to conventional technical approaches to uncertainty,
expressed in nungos (N) with appropriate units (U) and a measure of spread (S) such as a range or
standard deviation. Methods to address spread include statistical methods, sensitivity analysis and
expert elicitation. The last two dimensions are related to aspects ofaintgghatcan less readily be
analysed by quantitative methods. Assessment (A) expresses qualitative exgenejudgabout the
quality of the information used in the model. Pedigree (P) implies a-anitérion evaluation of the
process by which thinformation was produced. The background history by which the information
was produced is considered, in combination with the underpinning and scientific status of the
information. Qualitative judgments about the nature are supported bgadled pedigreenatrices,

which are then translated in a numerical, ordinal sd@dle. NUSAP output is a score per uncertainty
source for thestrengthof the information and its influence on the model outcofffeese two
parameters are combined for all uncertainty soumea diagnostic diagram, which will help to
identify the key uncertainties in the assessment, i.e. those sources witlnfolomation strengttand

a large influence on the model outcome. The NUSAP appralaetefore can be used to evaluate
uncertaintes that cannot be quantified, but can also be useful in identifying the most important
uncertainties for further quantitative evaluation and/or additional work to strengthen the evidence base
of the assessmemedigree matrices have been developed taat@imodel parameters and input data

as well as assumptions. Experts are asked to evaluate each uncertain parameter or input data and to
note down the rationale for their evaluation. Btr@ngth of the informatiois then summarised as the
median score ar all experts and dimensiortdowever, he noted rationales are of equal importance
when considering the results and the way forward.

In addition to parameters and input data, all models include a set of assumptions, which may be
explicitly stated or bemplicitly present in the model formulation. Identifying assumptions is a highly
useful method to assess the scientific validity and credibility of rroaletd results. All possible
assumptions should be included, e.g. processes kept out of the systerariesusimplifications of
reality, up or downscaling in the coupling of models, embedded mslhagement aspects (e.g.
conservative estimates), feedback loops not included, etc. A pedigree matrix for evaluating
assumptions is presented in Taldlg Section 5.4. The evaluation process is similar to that for
parameters. Note thatable 45 also includes a column to assess the influence on results of the
assumptions; the same scale can be used for assessing the strength of model parameters.

The analysis igompleted by presenting the information in diagnostic diagrams, which are presented
in the next section. Parameters or assumptions with low pedigree scores (i.e. high potential value
ladeness) and high influence on results are most critical to the madeéad further attention.

5.4. Case study on NUSAP teharacteriseuncertainty in the EFONAO model

To evaluate the uncertainty typology and NUSAP approach, a case study was selected by evaluating
the EFONAO-RRT model used for identifying and ranking pathogemddood combinations of most

public health concer(EFSA BIOHAZ Panel, 2013 Uncertainties were identified by reviewing the
approach as described ingtopinion and listing explicit and implicit assumptions and uncertainties.
The list of uncertainties was then finalised by discussions with expemtsthie \WGrisk ranking tools

and (re)phrased as assumptions. The assumptions were subsegbardigterisedoased on the
uncertainty typology from Knoekt al. (2009)(Table 46, Section 5.2). Sources of uncertainty were
characterisedin the following dimen®ns: location, nature, rangerecognised ignorance,
methodological unreliability and value diversity.
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To identify the uncertainty sources that were most important for the total uncertainty of the @FoNA
model, the NUSAP approach was applied in a worksheplving experts from the BIOHAZ Panel

and Scientific Committee. Thstrengthof each uncertainty source was scored according to four
criteria (see Tabld5 for the criteria used and the scores in this study). The median of all scores for
these four critea over all experts was the measurestiength of the informationExperts also
estimated the influence of the uncertainty on the model results. The median of this score, combined
with the median of thestrength gives an impression of the importanceanf uncertainty source:
sources with lowstrengthand large influence on the final results are most important for further
consideration. The model outcomes for evaluation Wkydehe identification of important microbial
hazards related to foods of nanimal origin and(2) the ranking of these hazards. Note that the
objective of the workshop was to evaluate the use of NUSAP in EFSA, rather than to evaluate the
EFoONAO-RRT. A detiled report of the workshop is provided in Bouwknagtl Havelaa(2014).

Table 45: The pedigree matrix used in the NUSAP workshop to assess the sta@hgtie
information foreach uncertain assumption and its iafiae on the results (effect)

Strength Effect
Influence of

Score .. .. I . Agreement Influence on
situational Plausibility Choice space
limitations among peers results

0 Choice The assumption is Hardly any A large majority  The assumption
assumptiorhardly very plausible alternative (90i 100 %) hasno or
influenced (based on available among peersf negligibleimpact

established have made the on the results
theory, verified same assumption

through peer

review)

1 Limited influence Plausible(based  Very limited Many experts The assumption
in choice on model with number of (75 %) would haslittle impact
assumption theoretical basis, alternatives have made the on the results

empirically available same assumption
verified data)

2 Choice The assumption is Limited choice Severakxperts The assumption
assumption acceptabl¢based from alternative (50 %) would has anoderate
moderately on a simple assumptions have made the impact on the end
influenced model, same assumption result

extrapolated data)

3 Important Assumption is Average number Fewexperts The assumption
influence in doubtful (based of alternatives (25 %) would has anmportant
choice assumptior on not verified have made the impact on the end

empirical data) same assumption result

4 Totally different  The assumption is Ample choice Controversial
assumption had  fictive or from alternative ~ assumption
there not been speculative assumptions hardly anyexpers

limitations

(1 %) would have
made the same
assumption

Sixteenassumptions relating to the EFONARRT were identified and analysed with the uncertainty
typology (Table46). The majority of uncertainty sourcesl(tut of 16) related to the parameter and
input data that were used. Furthermdrof the 16 uncertaintis were related to imperfect knowledge
(Pepistemi®), which could in theory be reduced by further studies. These uncertainty sources
resulted from the study boundaries set by the mandate, or from adatystshnical constraints (data
availability, limits in modelling techniques, etc.).
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Table 46: Characterisation of the 16 uncertainty sources by using the uncertainty typolbayled4

Nature

Range

Epistemic

Ontic

Statistical

Scenario

Recognised
ignorance

Method
unreliability

Value

diversity

Contextual uncertainty

Link between a pathogen and a typ&EBHNAO can be deduced
from outbreak data only

The added value of considering pathogen inactivation to assess
levels is negligible for each foodathogen pair

X

X

+

+

+

+

+

Contextual and modeluncertainty

The risk of a pathogen/food combination can be estimated by a
linear, unweighted combination of scores on seven parameters, ¢
divided in three or four categories that are represented by arbitra
numbers

Model uncertainty

Therisk of a pathogen/food combination can be estimated by a
combination of togdown and bottorup approaches

Assuming a prevalence score of 2 to the category defined as
funknown prevalenag implies that the prevalence cannot be
assumed to be zero f8higellaspp.,Yersiniaspp.,Staphylococcus
aureus Norovirus,hepatitis A virus KFIAV) andCryptosporidium

spp

Parameter and input data uncertainty

The estimated true numberithhessesby a specific pathogen in the
EU, without consideration of attribution to sources, is a valid
indicator of the risk of a specific pathogen in a specific food of na
animal origin

The prevalence of pathogens inEEloNAO samples is a valid
estimate for the prevalence in tBEONAO group under
consideration

The relative degree of underreporting of outbreak cases is the se
the USA and EU and for each fobgathogen pair

The incidence oNorovirus and bacterial intoxications in the EU is
similar to the Netherlands

The longest reported shelf life of food in a specific food group is
representative of all products in that group and pathogen growth
not affected by growth fpoilage organisms

+i
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Table 46: Characterisation of the 16 uncertainty sources by using the uncertainty typology of Tétuatddied)

Nature Range Recognised Method Value

Epistemic Ontic Statistical Scenario ignorance unreliability diversity
Available consumption data are representative of the whole EU X X + T +
Low numbers oSalmonellaspp.,Shigellaspp., STEC an¥ersinia X X + T +
enterocoliticacan cause disease without growth during storage in
retail or consumer 6s homes
Pathogerspecific DALY estimates published for the Netherlands . X X T + +
representative for the whole EU
DALYs per case foBhigellaspp. andy. enterocoliticafall within the X X + T +
same category &almonellsspp. and are the same for STEC O15
and STEC noiD157
All products will be eaten at the end of their shelf life X X T | +
With the exceptions dBacillus cereusndClostridiumperfringens X X T +i +

the overall prevalence of all pathogens in the diffeEer@NAO
groups, is assumed to be either lewi (%) or unknown
DALY: disability-adjusted life years; EFONAO: EFSA food of ranimal origin; STECShiga toxinproducingEscherichiacoli.
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During the workshop, there was intensive discussion on the NU®Athodology and on the
interpretation of the criteria and the scores. This discussion led to a revision of the definitions for the
fiinfluence on resultscategoriesas reflected in Table64 As a consequence of the time needed for
these discussions, onlf out of 16 assumptions could be evaluated. Figufeshows the scoring
results forthe strength of the informatidor these seven assumptions. Six out of seven sources had an
interquartile range coveringwwo score classes, thereby showing agreement anmmoogt experts.
However, the range of scores covered the full sdaler Classes) foithree assumptions anthree
classes fofour assumptions, indicating that for all assumptions, opinions diverging from the majority
view were expressed. One uncertainyurse (o 16, scored first of all assumptions), had an
interquartile range covering three classes. The median scores are concentrated around the midpoint of
the scale, which may reflect the divergence in scores by individual expert and may be relatked to la
of experience of the experts.

Assumption 16

Assumption 14

Assumption 12

Assumption 5

Assumption 4

Assumption 2

Assumption 1

0 1 2 3 4
Scientific Rigor

The white diamonds indicate the median score, the error bars indicate the minimum (left) and maximum (right) score and the
black rectanglgindicatethe interquartile range. Assumptions with higher scores (in the red zone) have lower strength of the
information compared with lower scores (green zone). Diamonds crossineaitie indicate the assumptions that have not

been scored.

Figure 17: Strength (scientific rigor) of the information forthe assumptions identified in the
EFONAO-RRT that yield uncertainty in the model outcome

Figures18 and19 show the strength and effect diagrams for the model outcomes hazard identification
and hazard ranking. Only assumptfiNo 40 was judged to be influential on the hazard identification,
whereasfour assumptiongNos 1, 2,5 and 12) were judged to have a moderate impact on hazard
ranking.
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Identification

Influence on result

Nos.12& 16

Nos. 5 & 14 No.1l/ No. 2
0 1 2 3 4

Scientific rigor

The xaxis displayghe median strength of the information (i.e. the white diamonds from Figure 18)attie the median
score for the influence on results. Values with a high score on influence on results and strength of the information (the red
zone) are critical assumphs in the model.

Figure 18: Strength(scientific rigor)and effect diagram for the seven assumptions of the EFGNAO
RRT scored during the workshop for the influence on hazard identification

Ranking

Influence on result

1 No.14 No.16 No.4

0 1 2, 3 4

Scientific rigor

The x-axis displays the median strength of the information (i.e. the white diamonds from Figure 19xibehe median
score for the influence on results. Values with a high score on influence on results and strength of the information (the red
zone) are Kgtical assumptions in the model.

Figure 19: Strength(scientific rigor)and effect diagram for the seven assumptions of the EFGNAO
RRT scored during the workshop ftire influence on hazard ranking
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The combination of uncertainty typology and NUSAP was found to behadpful by all participants

of the workshop. The procedure helped to systematically identify and evaluate the uncertainty sources
related to model outcomes and to assess their impact on the end results. A framework encompassing
uncertainty typology ancvaluation (e.g. by NUSAP) should be part of eask assessmertb
formalise discussions on uncertaintid®y doing this structurally and integrated with thisk
assessmerdctivities, experience grows and the process would eventually save time. Wiesstit

was recommended that practicality and feasibility aspects should always be considered when
incorporating uncertainty assessment inrtble assessmeipirocess.

The interpretation of pedigree criteria to assess the strength and effect (seé/7T alae found to be
difficult by participants. Part of the difficulty is caused by the difference in terminolsgy by
scientists working in philosophical sciences, who developed the NUSAP methodologihoard
working in the natural sciences. It was m@omended that a clear terminology is developed, which is
understood by all involved in the assessment. Preferably, a short training session with dummy
uncertainty sourcesould beconductedeforethe NUSAP workshop.

Much time during the workshop was dés@ to discussions on how to describe the sources of
uncertainty. Ideally, consensus on the phrasing/wording is obtained before the scoring starts. This
should be an iterative process that involves both the principal analyst(s) of the study to be evaluated
and the experteho will participate in the NUSAP workshop.

The aggregation of scores by all experts on all four criteria related sorémgth of the informatioaf

the assumptions in a single median (and a range around it) was considered to rkmdtadh
information. In the final report (Bouwknegnd Havelaar2014), the scores were also presented by
criterion. The pedigree criteriofiagreement among peersvas scored consistently best for all
assumptions; the criteriinfluence of situational thitation®, fplausibilityd and fichoice spaai

scored in general lower thanfiagreement among peérand showed larger variation. The criteria
considered in the scoring sfrength of the informatioare different in nature and addressing potential
issues may require different strategies. A more detailed summary description of the results of this
analysis, and possible the development of a rouligrion analysis within the NUSAP approach was
proposé in order to extract and use more of the information obtained during scoring of all criteria.

5.5. Quantifying uncertainty in risk ranking

In practice, theparametersand data used in risk ranking cannot beharacterisedorecisely; the
knowledge of the causglhenomena and available data are generally incomplete. Such uncertainty
propagates within the model and causes variability in its oytpatsnany values are possible for a
model parameter, the model outputs associated to the different values of thainimpaeameter will

be different. Following a qualitative analyqie.g. by the NUSAP methddthe quantification and
characterisationof the resulting output uncertainty is crucial, and it defines the scope of the
uncertainty analysis. Such quantitativealgsis could be initially focuesd on or even be restricted to

those parameters that are considered most influential on the model outcomes by the qualitative
analysis.

5.5.1. Principlesof uncertainty analysis

Uncertainty analysis consists of evaluating quantigdti the uncertainty or variability in the model
components (parameters, input variables, equations) for a specific situation, and generating an
uncertainty distribution for each output variable instead of a misleading single value. An important
consequere is that it provides tools to assess, for instance, the probability of onip&dbdgen
combinationis at higher risk than another combination. This makes uncertainty analysis a key
component of risk ranking.

Within a particular model, equations, paraemstand input variables are all subject to variability or
uncertainty. First, decisions have to be made on the model structure and on the functional relationships
between input variables and output variables. These decisions may sometimes be somewhat
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subjective, and it is not always obvious what their consequences will be. Thus sensitivity analysis
needs to be performed to establish the effects of one or several type of modelling approaches on the
output of the model. Second, parameter values are obtaioed statistical estimation procedures
based on empirical evidence or sometimes from literature reviews or expert opinion. Their quality is
inevitably limited by the variability and possible lack of appropriateness of the available evidence. The
uncertaintyand natural variability of parameters are the central point of many uncertainty analyses.

For each input, the uncertainty needs to be defined. The uncertainty can be described in different
ways. For a parameter, it is often given as the most likely yaitgeeor minus a given percentageit

is specified through a continuous probability distribution over a range of possible \Valgesera)

three characteristics may be considered for describing the uncertainty: nominal values, uncertainty
domains and mbability distributions. The uniform distribution, which gives equal probability to each
value within the uncertainty range, is frequently used in sensitivity analysis when the main objective is
to understand model behauio In uncertainty analysis, morftexible probability distributions are
usually needed to represent the input uncertainty.

In practice, uncertainty analysis consists of four steps:

definition of the distribution okachuncertain input factor
generatiorof N iterations fronthedistribution of uncertaiiput factors

1
1
1 computatiorof the model output for ead®et of iterations

i ana)lysisof the output distributions (computation of means, variances, quartiles, percentiles
etc).

The first step of an uncertainty analysis is to defthe probability distributions for the input
parameters. Tabléd7 gives an example of a risk assessment model inputs. A risk assessment model
usually describes the variability of the occurrence of a list of events using stochastic processes. It is
crucial to distinguish variability probability distributions from uncertainty distribution parameters.
Attention must be paid when choosing probability distributions. The range of input values usually has
more influence on the output than the distribution shamessome characteristics such as the degree

of symmetry or skewness may also play a role.

There is a large choice of probability distributions. The uniform distribution gives equal weight
each value in the uncertainty range. However, the extreme wvaluibe uncertainty ranges are less
likely than the central values and other distribution are needed. Th&neelh normaldistribution, a
symmetri@l distribution, is often convenient since it requires only the specification of two- well
understood paraners: a mean value and a standard deviation. For some ,itipatslistribution
should be asymmetid, for example if the input is greater than zerben lognormal, gamma or beta
distributions offer a large range of possibilities. In uncertainty analysrenal distribution is often
replaced by the truncatedrmaldistribution or by symmetric beta distributions, which give upper and
lower bounds to the possible values. Finalhe triangular distributions are often convenient for a
simple representatioof subjective beliefs, because they are defined entirely by their uncertainty range
(minimum and maximum) and their mdikely value.

The uncertainty analysis brings additional challenge to risk ranking. In FRfrthe uncertainty
probability densitydistributions of the model outputs for risks associated with thred patklogen
combinatiors are presented. The rankings depend on what statistic is usearacterisa risk whose
value is not known with certainty. If means are used (as a best ghestireefood pathogen
combinationswould be ranked -4-3. If, for example 99" percentiles are used (as a worst case), the
order becomes-3-1.
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Figure 20: Uncertaintyprobability densitydistributionsof the model outputfor risks associated with
three food pathogenFP) combinatiors. Note that thex-axis uses a hypothetical risk metric, therefore

no units are used

55.2.

Ranking in presence of uncertainty

First, a method is presented for comparing the risk assocwgtedwo food pathogencombinatiors.

For examplewe have two combinations A and B in presence of uncertainty on the parameters used to
assess the associated risk for consumers, which propagate through the model leading to uncertainties
in risk estimates. In this case, risk calculations shouléatethese uncertainties and so should the
ranking. For simplicity of illustrationlog-normally distributed uncertainty is assumed to be affecting

directly the risks for A and B.
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Figure 21: Probability density functions (PDF) and cumulative distribution funsti@@DF) of the
random variables DALYs for A and B. Above the™percentile B> A, below the 7% percentile

A>B.

Examining the distributions of the DALYs associateith A and B in Figure?l, distribution A DA)

anddistribution B OB), respectivelyone may observe that the DA is much more uncertain than DB
but the expected valus DB is greater than DA. On the other hand, there is a range in which the DB
percentiles are larger than the DA ones. For example, if one were to perform the rankingnbhsed
DALYs 95" percentile values, the conclusion would be that combination A is more risky than B,
contrary to what would happen if the rankings were based on the expected values

The drawback of comparing the expected values or specific percentleés tiee loss of information
about the distribution. In order to give full account of the difference between the distributions of DA
and DB one have to consider the random variablé MR whose PDF and CDF are shown in Figure
22.
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Figure 22: PDF and CDF of the randowariable (DA DB). The probability of DADB <0 is 0.678

In order to establish whether A is more risky than B, one can consider the probability IrAB
P(DAIDB <0) (0) that DA is greater tha®B; for example, in the present case rABR T
0.678=0.322, which means thawith a probability of 0.322A is more risky than B. To decide on
the relative importance of the two combinations A and B, one may choose a thr@h@dging
from 0.5 to 1 on the rAB value such th#trAB is larger than T, ten A is more risky than B,
otherwise no conclusion can lFawn Obviously, the lower the threshold, the higher the risk
associated with the decision. Howevitre choice of a simplealued threshold has some limitations
when considering multiple combinatis. These limitations can partially be overcome by referring the
comparison to a threshold range,[TU] in such a way that for the two components A an@&raldi

et al., 200%

1 ifrAB >Tu, then A is more risky than;B
1 ifrAB <TI, then B is more risky than;A
T if TI <rAB < Tu, then A is equally risky to B.

To extend the method to systems with a large numbers of components, a procedure for successive
ranking must be introduced to avdite combinatorial explosion of pairwise comparisons ydmg
example the Quicksort algorithm(Horae, 1962 implemented by Batdi et al (2009). Once the
probability distributions have been specified, representative samples are drawn from these
distributions using Monte Carlo sampling. The samples are drawn independently, and each sample is
generated by drawinindependently the value of each parameter.

After the sample of parameters values have been generated, the corresponding model output values are
computed. If the computation of the model output is time consuming, this step may be difficult to
carry out. h this casethe sample sizéN) must bechanged to a smalleralue because othe
computation time.

The last step of the analysis issmmmarisehe values of obtained outputs. Different quantities can be
easily calculated. For example, when the modslahaingle output variable, estimates of the expected
value and variance of can be computed. It is also useful to estimate the quartiles/percentiles associated
with the distribution and the probabilities that the output variable is lower than some ttgseghol
histogram representation of the output variable values can also provide more information than the
summary statistics.

5.5.3.  Example of uncertainty analysis

For this example, the generssessmerftameworkpresented irBection4 is applied to five fooid
pathogen combinatiom First the stochastic quantitative risk assessmigatuding only variability
was applied using inputs presented able47.
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