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SCIENTIFIC OPINION 

Scientific Opinion on the development of a risk ranking framework on  
biological hazards1 

EFSA Panel on Biological Hazards (BIOHAZ)2 3 

European Food Safety Authority (EFSA), Parma, Italy 

ABSTRACT 
The risk ranking exercises related to biological hazards undertaken in fourteen risk assessments of the 
EFSA/BIOHAZ Panel were reviewed. The aim was to suggest risk ranking tools to be used in future risk 
assessments and to analyse strengths and weaknesses of different approaches to risk ranking. It was concluded 
that there is no universal methodology for risk ranking. A conceptual risk ranking framework with nine separate 
stages is proposed to allow the adoption of the appropriate risk ranking methodology at each stage. Further, 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. It is recommended that the risk ranking 
exercise should take a structured approach and be transparently and consistently documented so to be 
reproducible. The importance of the proper correspondence between the time frame and the requirements of the 
risk ranking exercise was stressed as well as the interaction between the risk managers and the risk assessors in 
the definition of the risk ranking purpose and the presentation of the results. Furthermore the development of a 
risk ranking toolbox based on the proposed framework should be investigated, since such a toolbox would 
support the construction of consistent and transparent risk ranking models. 

© European Food Safety Authority, 2012 
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SUMMARY 
The European Food Safety Authority (EFSA) asked the Panel on Biological Hazards i) to reflect on 
the lessons and experiences from risk ranking exercises undertaken by the BIOHAZ Panel, in 
particular describing successful approaches and challenges; ii) to suggest risk ranking tools related to 
biological hazards to be used in risk assessments; iii) to analyse strengths and weaknesses of different 
approaches to risk ranking on biological hazards. 

A comparative study of fourteen previous opinions adopted by the BIOHAZ Panel presented different 
types of risk ranking. These opinions differ widely in methodology reflecting that models are fit for 
purpose. The availability of data and the time frame can affect the selection of the methodology. 
Therefore there is no universal methodology for risk ranking. The harmonization in model structure 
and presentation of the results will increase consistency and transparency of the risk ranking models.  

Therefore the BIOHAZ Panel proposed a conceptual risk ranking framework comprising nine separate 
stages. The proposed framework allows the adoption of the appropriate risk ranking methodology by 
selecting different options at each stage. At the same time it provides the basis for a consistent 
presentation of model structure where all the components are clearly defined and the reasons for the 
selection of each component are described. 

Nine risk ranking tools developed by other institutions worldwide were described. They differ in their 
purpose, the degree of complexity, level of quantification, and approach to model construction. None 
of the available tools could be recommended to be used as universal use risk ranking tool for 
biological hazards. However for future mandates, some of the presented available tools with proper 
adjustments to answer specific questions could be used. 

The Panel recommended that the risk ranking exercise should take a structured approach and be 
transparently and consistently documented so to be reproducible. A correspondence between the time 
frame and the requirements of the risk ranking exercise is needed. 

The Panel also stressed the importance of interaction between the risk managers and the risk assessors 
in the definition of the risk ranking purpose and the presentation of the risk ranking results. 

In the future this conceptual framework might be translated into a guidance document with more 
details on the risk ranking methodology. Furthermore the development of a risk ranking toolbox based 
on the proposed framework should be investigated, since such a toolbox would support the 
construction of consistent and transparent risk ranking models. 
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TERMS OF REFERENCE  
EFSA requests the BIOHAZ Panel: 

 To reflect on the lessons and experiences from risk ranking exercises undertaken by the 
BIOHAZ Panel, in particular describing successful approaches and challenges 

 To suggest risk ranking tools related to biological hazards to be used in risk assessments 

 To analyse strengths and weaknesses of different approaches to risk ranking on biological 
hazards 

 

APPROACH TAKEN TO ANSWER THE TERMS OF REFERENCE 
Under the time frame of this mandate it is not possible to develop a full risk ranking tool. The present 
opinion will focus on the development of a standardised risk ranking framework, in order to ensure 
consistency and transparency in the opinions where it is requested to rank risks. The framework will 
be built upon previous exercises carried out by EFSA. In addition available risk ranking tools will be 
investigated.  
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In this context of risk analysis as a pillar of EU food safety policy, national food safety authorities 
have recently begun to look to risk ranking as a mean of informing broad priority setting. 

Using a structured risk ranking framework, the variables which are considered in the decision process 
and the weights assigned to those variables can be clearly defined and the basis for their justification 
can be examined. The explicit nature of such frameworks can result in decisions that are both 
transparent and more defensible. The use of structured risk ranking models can also provide decision-
makers with a logical framework for making comprehensive assessments in a way which deals 
consistently with the matrix of factors considered to be relevant to a given issue. The adoption of a 
standardised framework which structures judgements according to clear and explicit variables, 
therefore, is likely to improve consistency in the decision making process. 

1.2. Scope of the opinion 

The scope of the present opinion is to develop a standardised risk ranking conceptual framework, in 
order to ensure consistency and transparency in the future opinions where it is requested to rank risks. 
The tool will be built upon experiences done by EFSA, such as the previous scientific opinions 
containing risk ranking approaches which are reviewed in this document, as well as the risk ranking 
tools developed by food safety agencies worldwide. The risk ranking framework developed in this 
opinion focuses on public health outcomes and does not considered other factors that may be relevant 
for decision makers such as public risk perception and/or economic and practical feasibility of 
ensuring a risk reduction, as these factors are considered to be a part of the risk management 
framework as described by WHO (2006). 

The risk ranking conceptual framework developed by the BIOHAZ Panel is also in line with EFSA 
Science Strategy 2012-2016 which outlines the key challenges and demands the organisation will be 
facing in the forth coming years. In order to address all areas of EFSA remit adequately, the Scientific 
Committee of EFSA has outsourced a project9 to critically review suitable methodology, tools and 
appropriate proposals for ranking risks and benefits for diet and health, food and feed, in support of 
the implementation of a structured and transparent framework for the prioritisation of requests for 
scientific work of EFSA. 

                                                      
9  Call for proposals - CFP/EFSA/SCOM/2012/01: Critical 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. 
www.efsa.europa.eu/en/art36grants/article36/cfpefsascom201201.htm 

http://www.efsa.europa.eu/en/art36grants/article36/cfpefsascom201201.htm
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Figure 3:  Decision tree for categorisation of risk in composite products due to pathogens whose 
growth may not be needed in the food in order to cause illness. 
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Figure 4:  Decision tree for categorisation of risk in composite products due to pathogens whose 
growth is usually required in the food in order to cause illness. 
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Figure 5:  Decision tree for categorisation of risk in composite products due to pathogens whose 
growth is needed in the food for production of toxins or toxic metabolites that cause illness. 
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2.2. Scientific Opinion on the public health hazards to be covered by inspection of meat 
from poultry 

The scope of this opinion was to evaluate and propose changes to the current meat inspection in 
poultry in order to optimize the identification and monitoring of poultry meat-borne hazards of public 
health relevance without jeopardizing neither the detection of certain animal diseases nor the 
verification of compliance with rules on animal welfare at slaughter (EFSA Panel on Biological 
Hazards (BIOHAZ), 2012c). 

The BIOHAZ Panel developed a decision tree that was used for risk ranking of the poultry-meat borne 
hazards (Figure 6). The first step in the decision tree aimed at identifying and excluding those hazards 
that are introduced and/or for which the risk for public health risk relates exclusively to growth that 
occurs during processing steps after carcass chilling. The reasons for excluding such hazards for 
further assessment were that: 1) the scope and target of meat inspection are focused on the food-safety 
risks of the final poultry carcass at the end of slaughter when the carcasses are chilled, but before they 
are further processed; and 2) hazards introduced and/or for which the risk relates to growth during 
post-chill processes are better controlled later on in the food-production chain through for instance 
HACCP programs. 

 



Development of a risk ranking framework on biological hazards 
 

EFSA Journal 2012;10(6):2724 18 
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1  Risk of infection through handling, preparation or consumption of poultry meat. 
2  Current controls: any hazard-specific control measures implemented at farm and/or slaughterhouse level before chilling of 

the carcasses. 

Figure 6:  Flowchart providing risk ranking of different hazards 

The identified hazards are ranked as shown in Table 2.  
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Brucella suis, Clostridium botulinum and Clostridium perfringens, Taenia solium (cysticercosis), 
Echinococcus spp., Listeria monocytogenes, Mycobacterium spp., Toxoplasma gondii, verotoxigenic 
Escherichia coli (VTEC), Yersinia enterocolitica. In this Opinion Yersinia enterocolitica is defined as 
human enteropathogenic Y. enterocolitica with biotype/serotype combinations that have their main 
reservoirs in pigs, in particular biotype 4/serotype O:3, biotype 2/serotype 9, but also biotype 
2/serotype O:5,27. 

An important inclusion criterion for the public health hazards were that the hazards should be meat 
borne, all others were excluded from the risk ranking.   

A classification tree to systematically identify relevant foodborne hazards to be considered in a public 
health risk assessment related to meat inspection for pigs and pig carcasses. Using this approach the 
hazards were ranked (Table 3 and Figure 7).  

The risk ranking was a top down approach and the variables used were: 

 Human incidence (in the EU EFSA/ECDC zoonoses report)  

 Case fatality rate (lethality, from ECDC) 

 Prevalence on pig carcases (EU baseline studies for Salmonella, EFSA zoonoses reports for 
Toxoplasma, Yersinia, Trichinella)  

 Source attribution estimates from pork (findings in literature, expert opinions and previous 
EFSA opinions). 

A qualitative risk assessment of foodborne hazards was conducted using data on prevalence in/on 
chilled carcases, incidence and severity of disease in humans, and source attribution of hazards to 
pork, with the chilled carcasses as the target. Based on this assessment presently in the EU, Salmonella 
spp. were considered of high relevance, Yersinia enterocolitica, Toxoplasma gondii and Trichinella 
spp. as of medium relevance. 

.
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Table 3:  Preliminary qualitative hazard prioritization 

Preliminary qualitative evaluation of the risk level: 
probability of occurrence against severity of consequences  

Severity of consequences  
High severity of 
consequences: human 
cases >10/100000, and 
case-fatality <0.1%  

Medium severity of 
consequences: human 
cases 1-10/100000, and 
case-fatality <0.1%  

Low severity of consequences:  

human cases <1/100000, 
and case-fatality >0.1%  

human cases <1/100000, 
and case-fatality <0.1% 

Pr
ob

ab
ili

ty
 o

f o
cc

ur
re

nc
e 
 High probability:  

Prevalence on chilled carcass >5%  
HIGH RISK  
Salmonella  

         

Medium probability:  
Prevalence on chilled carcass 0.1-5% 

MEDIUM RISK  
Campylobacter

3
  

MEDIUM RISK  
Yersinia enterocolitica  

MEDIUM RISK  
L. monocytogenes

5
  

VTEC
4
  

LOW RISK  
Toxoplasma  

Low probability  
Prevalence on chilled carcass <0.1%  

      LOW RISK  
Cl. botulinum

1,5
  

LOW RISK  
Sarcocystis suihominis

1,2
  

T. solium cysticercus  
Trichinella  
Cl. difficile

1,5
  

Cl. perfringens
1,5

  
Mycobacterium  
Staph. aureus (MRSA)

5
  

HEV
1,2

  
 

The final risk ranking diagram is shown in Figure 7 below.  
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Figure 7:  Final ranking of the main risks associated with chilled pork carcasses in the EU. 
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There are five main mathematical modelling approaches that have been developed for attributing 
disease on a population level using microbial subtyping (MLST). Table 5 summarises the results from 
published studies using modelling attribution approaches based on MLST subtyping. 
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Table 5:  Summary of published studies using MLST subtyping for source attribution 

Attribution 
Model 

Source Animal 
Dataset 

Clinical 
Dataset 

Species % Attribution 
to chicken 

% Attribution to 
Other Sources 

Comments Reference 

Asymmetric 
Island 

1145 isolates from 
10 previous studies 

1255 from NW 
England; Jan 
2000 till Dec 
2002 

C. jejuni 56.5 35.0 (cattle) 
4.3 (sheep) 
2.3 (wild animals) 
1.1 (environment) 

 (Wilson et al., 2008) 

Population 
structure 

5247 from Scotland 
July05 to Sept06 
(9.6% C. coli) 

999 From 
Scotland and 
3419 from 
PubMLST 

C. jejuni 58 38 (ruminants) 
4 (wild bird & 
environment) 

 (Sheppard et al., 2009) 

Asymmetric 
Island 

As above As above C. jejuni 78 38 (ruminants) 
4 (wild bird & 
environment) 

 (Sheppard et al., 2009) 

Population 
structure 

As above As above C. coli 40 40 (sheep) 
14 (cattle) 
6 (pigs) 
1 (turkey) 

 (Sheppard et al., 2009) 

Asymmetric 
Island 

As above As above C. coli 56 40 (sheep) 
2 (cattle) 
<1 (pigs) 
<1 (turkey) 

 (Sheppard et al., 2009) 

Population 
structure 

680 
contemporaneous 
isolates from 
Scotland 

225 from rural 
children in 
Grampian 
2000-06 

C. jejuni and 
C. coli 

19 42 (cattle) 
24 (wild birds) 
12 (sheep) 
3 (pigs) 

Rural children 
<5 years 

(Strachan et al., 2009) 

Population 
structure 

As above 85 from urban 
children in 
Grampian 
2000-06 

C. jejuni and 
C. coli 

43 35 (cattle) 
6 (wild birds) 
15 (sheep) 
1 (pigs) 

Urban children 
<5 years 

(Strachan et al., 2009) 

Modified Hald 793 isolates  
 

481 from 
Manawatu, 
New Zealand 

C. jejuni 80 10 (cattle) 
9 (sheep) 
4 (environment) 

 (Mullner et al., 2009b) 
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Attribution 
Model 

Source Animal 
Dataset 

Clinical 
Dataset 

Species % Attribution 
to chicken 

% Attribution to 
Other Sources 

Comments Reference 

Dutch Model 521 isolates As above C. jejuni 52 17 (cattle) 
10 (sheep) 
5 (wild bird) 
11 (water) 

 (French and the Molecular 
Epidemiology and 
Veterinary Public Health 
Group, 2008) 

Modified Hald 
Model 

521 isolates As above C. jejuni 67 23 (cattle) 
8 (sheep) 
1 (wild bird) 
<1 (water) 

 (French and the Molecular 
Epidemiology and 
Veterinary Public Health 
Group, 2008) 

Island Model 521 isolates As above C. jejuni 75 17 (cattle) 
4 (sheep) 
2 (wild bird) 
<1 (water) 

 (French and the Molecular 
Epidemiology and 
Veterinary Public Health 
Group, 2008) 
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2.7. Scientific Opinion on risk assessment of parasites in fishery products 

The aim of this opinion was to assess the food safety risks related to parasites in fishery products, in 
particular the food safety concerns due to possible allergic reactions in consumers to parasites that 
may be present in fishery products; to evaluate alternative treatments for killing viable parasites in 
fishery products; set criteria for when products are eaten raw almost raw or cold smoked do not 
present a health hazard with regard to the presence of parasites (EFSA Panel on Biological Hazards 
(BIOHAZ), 2010d). 

In the EFSA opinion about fish parasites a table was presented about the risk profile of aquaculture 
practices in farmed fish species with potential for infection by parasites of public health importance. 
The table about the risk profile is an example of qualitative risk ranking. 

The criteria considered were susceptibility of certain fish species to parasites of public health 
importance coupled with the production system, feeding practices (for larvae and adult fish), 
processing methods and grow-out time span. 

The aquaculture practices at risk for transmission of parasites are shown in Table 6, and these are 
linked to the different farmed species (yes/no). 
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Table 6:  Risk profile for aquaculture practices in farmed fish species with potential for infection by parasites of public health importance.  

 

Fish species 

Production system Larval 
feeding 

Adult feeding Larval/juvenile 
stages 

Grow-out 
time span 

Processing 

M
on

ito
ri

ng
 d

at
a 

av
ai

la
bl

e 

Su
sc

ep
tib

le
 fo

r 
pa

ra
si

tic
 

in
fe

ct
io

n 
in

 w
ild

 

O
ve

ra
ll 

ri
sk

 o
f p

ar
as

ite
 

in
fe

ct
io

n 
 

Open Closed Live food Fresh food10 pellet Wild Farmed months 

C
ag

es
 

Po
nd

s 

Fl
ow

-t
hr

ou
gh

 
ta

nk
s 

R
ec

ir
cu

la
tio

n 
ta

nk
s 

R
ot

ife
rs

, 
A

rt
em

ia
 

Fi
sh

 
(a

nc
ho

vi
es

, 
sa

rd
in

es
) 

    

G
ut

te
d 

U
ng

ut
te

d 

Se
aw

at
er

  

Atlantic salmon X      X  X >24 X  Y A. simplex; P. decipiens; 
Metagonimus spp.;  

Negligible 

Pacific salmon 
and rainbow 
trout 

X      X  X 12 X  N A. simplex; P. decipiens, 
Diphyllobothrium spp. 

Not known 

Sea bass X  X  X  X  X11 14-18 X  N A. simplex; P. decipiens Not known 
Sea bream X    X X X  X 12-16 X  N A. simplex; P. decipiens Not known 
Tuna X       X  12 X  N A. simplex; P. decipiens Not known 
Turbot X    X  X  X >24 X  N A. simplex; P. decipiens Not known 

Cod X    X X X X X >24 X  N A. simplex; P. decipiens; 
Cryptocotile spp. 

Not known 

Fr
es

hw
at

er
  

Trout X X X X   X  X 12 X  N Diphyllobothrium spp Not known 

Eel  X  X   X X  >24 X X N - Not known 

Common carp  X   X X    >24  X N C.sinensis; O.felineus; 
Metagonimus 
takahashii; Haplorchis 
taichui; Echinochasmus 
fujianensis 

Not known 

Grass carp and 
bighead carp 

 X   X X    >24  X N C. sinensis; Haplorchis 
taichui 

Not known 

 

Practice with increased potential for parasite infection of fish Y N 

                                                      
10  Negligible risk if frozen for more than 24 hours 
11  In some extensive systems (valliculture), larvae/juvenile stages could be wild 
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2.8. Scientific Opinion on foodborne antimicrobial resistance as a biological hazard 

The objective of this opinion was to identify, from a public health perspective, the extent to which 
food serves as a source for the acquisition, by humans, of antimicrobial-resistant (AMR) bacteria or 
bacteria-borne antimicrobial resistance genes, to rank the identified risks and to identify potential 
control options for reducing exposure (EFSA, 2008a). 

This EFSA scientific opinion includes an example of exposure assessment template about food as a 
source of antimicrobial resistant bacteria. The risk pathway presented starts at the point of retail sale, 
thus there is no need to include the earlier production stages of farm, transport and lairage, abattoir and 
further processing.  

The criteria considered were probability of bacteria being present in food at retail and the probability 
that bacteria present in food at retail are resistant to an antimicrobial class of interest are combined, 
multiplicatively, to provide an overall probability of the food at retail being contaminated with 
antimicrobial-resistant bacteria. This is combined with the probability that the food is purchased and 
consumed. The end-point of the risk pathway is the probability of a human being exposed to the 
antimicrobial -resistant bacteria of interest due to the consumption of the food of interest. Data are 
estimated either using available data or expert opinion. A diagram is reported in Figure 8. 

 

Figure 8:  Example of a risk pathway for assessing the contribution of different foods to the 
occurrence of AMR bacteria in meal components. 

In this preliminary risk ranking, the risk of preparing a meal with food components that are 
contaminated with AMR bacteria is simply presented by cross-tabulation. This eliminates the need to 
apply seemingly simple, but arbitrary combinatorial rules. An example of case studies about chasing 
food contaminated with fluoroquinolones-resistant Campylobacter is reported in Table 7. 
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Table 7:  Examples of the risk of purchasing food contaminated with fluoroquinolone-resistant 
Campylobacter. 

 

2.9. Opinion of the Scientific Panel on Biological Hazards on the revision of the 
Geographical BSE risk assessment (GBR) methodology 

The aim of this opinion was to review and update the GBR method, an indicator of the likelihood of 
the presence of one or more bovines being infected with Bovine Spongiform Encephalopathy (BSE), 
pre-clinically as well as clinically, at a given point in time, in a country (EFSA, 2007). This was 
performed by taking into account the World Organisation for Animal Health (OIE) Terrestrial Animal 
Health Code and quantitative surveillance data and models. In this opinion the risk assessment method 
was updated taking into account quantitative surveillance data and models (e.g. BSurvE). 

Essentially, any GBR exercise attempts to point out the likelihood that the BSE-agent was imported 
into the country under consideration (external challenge) and, if the BSE-agent was introduced into a 
country, whether it is likely that it would have been recycled and amplified or was the BSE/cattle 
system of that country able to eliminate the agent (i.e. internal stability). In addressing these issues a 
number of factors are taken into account including: the structure and dynamics of the cattle population, 
trade of cattle and meat and bone meal (MBM), the use of MBM and bans, the use of specified risk 
materials (SRM) and bans, the surveillance of BSE, the rendering and feed processing and use of feed. 
Under the SSC GBR method the country was assigned a GBR category between I to IV. 

A schematic overview of the methodology for evaluating the stability is given in Figure 9. 

Prevalence of FQ-
resistant Campylobacter 

Frequency of consumption of purchased food items 
Daily (>50%) Weekly (5-50%) Monthly (0.5-5%) Rarely (<0.5%) 

High (>1%) 
 

Raw broiler meat    

Medium (0.01-1%) Raw beef 
Raw pork 

Raw sheep 
Raw turkey 

Offal 
Private water supplies 

Raw milk 
Raw dairy 

Low (<0.01%) Processed milk 
Processed dairy 
Processed cheese 
Eggs 
Fish 
Vegetables 
Soft fruit 
Juices 
Cereals 
Community water 
supplies 

Processed beef 
Processed pork 
Processed sheep 
Processed poultry 
Raw shellfish 

Game Raw cheese 







Development of a risk ranking framework on biological hazards 
 

EFSA Journal 2012;10(6):2724 34 

from the data provider must be requested for any other use of the data. Currently, the EFSA 
Comprehensive Database is the best available source of food consumption information providing data 
on a EU-wide basis and will be very useful in the risk assessment work conducted by EFSA.  

The collection of accurate and detailed food consumption data derived from a harmonised 
methodology across Europe is therefore still a primary long term objective for EFSA and has been 
recognised as a top priority for collaboration with the EU Member States. 

2.13. Conclusions from the comparative study of the BIOHAZ opinions on risk ranking  

Fourteen opinions of the BIOHAZ Panel related to risk ranking were selected as examples and 
reviewed. An overview of the selected opinions is presented in Table 8.  

The selected opinions cover a wide variety of purposes and include ranking of single hazard in 
multiple food products (e.g. the opinions on Salmonella and VTEC in foodstuffs), multiple hazards in 
a single food product (e.g. the opinion on meat inspection in swine and poultry) and multiple hazards 
in multiple food products (e.g. the opinion on composite products, and the one on fish parasites). In 
one opinion, the purpose was to rank different countries in relation to a single hazard (the opinion on 
association between TSEs in animals and humans). The review showed that in each opinion a different 
risk ranking methodology was developed. Risk ranking models were based on different risk metrics, 
ranking approaches, model types, variables and data integration methods. The risk was expressed 
using a variety of risk metrics mainly related to probability of an adverse effect. However, none of the 
opinions used summary measures of public health like QALYs or DALYs or metrics for monetary 
valuation of public health. The risk ranking approaches included top-down in most cases (seven 
outputs), bottom-up (the opinions on fish parasites, on foodborne AMR and TSE) and combinations 
(the opinions on Salmonella and VTEC in foodstuffs and the one on composite products). Most of the 
risk ranking models were qualitative using decision trees for data integration. Three opinions have a 
semi-quantitative approach (the one on composite products, on foodborne AMR and TSE). In one 
opinion (Salmonella serotypes) a fully quantitative model was developed. The model variables used 
included epidemiological, disease severity, hazard characterization and dose response variables. Data 
were collected from various sources including national and international databases, literature reviews, 
predictive microbiology tools and expert opinion.  

The risk ranking exercises of the reviewed opinions differ widely in methodology emphasising the fact 
that models are tailored to fit the purpose for which they are developed. In addition, the availability of 
data largely determines the variables in the model development while the given time frame for risk 
ranking exercises can affect significantly the decision on the selection of the methodology. As each 
model has to be specifically tailored to each specific purpose, data availability and time frame there is 
no universal methodology for risk ranking. The identification of successful risk ranking approaches 
and tools among those examined in this opinion requires a comprehensive review of each model 
taking into account its purpose, the available data and the time frame of each mandate. This is a very 
time consuming process which was not feasible under the timeline of this mandate. 

The structure of the risk ranking models was different in each opinion. The harmonization in model 
structure and presentation of the results is an important challenge for the BIOHAZ Panel since this 
will increase consistency and transparency of the risk ranking models. The development of the risk 
ranking conceptual framework would contribute to this harmonization. This framework should allow 
the development of different methodologies but at the same time provide the basis for a consistent 
presentation of model structure where all the components of the models are clearly defined, the 
reasons for the selection of each component and how the final conclusions were reached should be 
described. 
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Table 8:  Table about comparison of risk rankings developed in EFSA opinions 

Ref. in 
the text 

Opinion What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data integration 

2.1 PH risks linked to 
composite products 
containing food of 
animal origin 

(1st approach) 

Multiple hazards in 
multiple foods 

Probability 
of illness per 
annum  

Top down Semi-
quantitative-
Tabulation 

1)  outbreak data  

2) prevalence data  

3) EU RASFF alerts 
notifications 

EU reports, 
Literature review 

Reasoned opinion  

2.1 PH risks linked to 
composite products 
containing food of 
animal origin 

(2nd approach) 

 

Multiple hazards in 
multiple foods 

Probability 
of illness per 
serving  

Bottom up Qualitative Processing effect, growth 
potential, cooking effect, 
infectivity, ability to 
sporulate, production of 
toxins 

Literature review, 
available 
modelling tools 

Decision tree 

2.2 Meat inspection in 
poultry 

Multiple hazards in 
single food (meat 
borne hazards) 

Likelihood 
of 
transmission 
from meat to 
humans 

Top down Qualitative 
Tabulation 

Human incidence  

Case fatality rate 
(lethality) 

Prevalence on poultry 
carcases   

Source attribution from 
pork 

Literature review, 
EFSA/ECDC 
zoonoses report 

EU/EFSA 
Baseline studies 

Decision tree 
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Ref. in 
the text 

Opinion What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data integration 

2.3 Meat inspection in 
swine 

Multiple hazards in 
single food 

(meat borne 
hazards) 

Likelihood 
of 
transmission 
from meat to 
humans 

Top down Qualitative 

Tabulation 

Human incidence  

Case fatality rate 
(lethality) 

Prevalence on pig carcases   

Source attribution from 
pork 

Literature review, 
EFSA/ECDC 
zoonoses report 

EU/EFSA 
Baseline studies 

Decision tree 

2.4 Targets for 
reduction of 
Salmonella in 
poultry12 

Single hazard in 
single food  

(Salmonella serovars 
of public health 
significance linked 
to certain poultry 
populations) 

Strength of 
the 
association 
of particular 
Salmonella 
serovars 
found in 
humans to 
exposure to 
poultry 
foodstuffs 
(e.g. eggs, 
meat) 

Top down Qualitative Data on:  

(1) prevalence in humans , 
animals and derived 
foodstuffs,  

(2) virulence of different 
serovars,  

(3) Resistance to AM 
treatments. 

EFSA/ECDC 
zoonoses report 

EU/EFSA 
Baseline studies 

Literature review 

 

Expert synthesis 
and opinion 

                                                      
12  This point refers to four different outputs 

http://www.efsa.europa.eu/en/efsajournal/pub/1546.htm
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Ref. in 
the text 

Opinion What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data integration 

2.4 Quantitative 
estimation of the 
public health impact 
of setting a new 
target for the 
reduction of 
Salmonella in 
broilers/turkey 

Multiple hazards in 
multiple foods  

(Salmonella 
serovars)  

Percent 
transmission 
from 
different 
reservoirs 

True number 
of human 
salmonellosis 
cases per 
serovar 

Top down Quantitative Output variable: 

True number of human 
salmonellosis cases per 
serovar in food/animal 
source; 

Input variables:  

Number of reported 
human cases of 
Salmonella serovar i in 
country k; 

Underreporting factor in 
country k; 

Outbreak factor in country 
k; 

Prevalence of Salmonella 
serovar i in all putative 
food reservoirs j; 

Amount of food from 
reservoir j available for 
consumption in country k 
(accounting for trade); 

Estimated by the model: 

Serovar and food reservoir 
specific parameters 

EFSA/ECDC 
zoonoses report  

EU/EFSA 
Baseline studies 

EUROSTAT 

Bayesian 
inference 
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Ref. in 
the text 

Opinion What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data integration 

2.5 Association between 
TSEs in animals and 
humans 

Multiple hazards in 
multiple foods  

Zoonotic potential 
of multiple TSE 
agents in different 
animals 

Likelihood 
of 
transmission 
to humans 

Top down 

 

Qualitative 

Tabulation 

Bradford Hill criteria Literature review Reasoned opinion 

2.6 Quantification of the 
risk posed by broiler 
meat to human 
campylobacteriosis 
in the EU 

Single hazard in 
single foods  

One hazard in 
multiple exposure 
pathways 

Percent 
transmission 
via different 
pathways 

Top down Review of 
different 
models:  

1) 
outbreaks; 

2) case-
control 
studies 

3) 
molecular 
typing 

1) number of outbreaks; 

2) attributable fractions; 

3) MLST types in different 
reservoirs 

1) EU SR 

2) literature 
review 

3) literature 
review 

Reasoned opinion 

2.7 RA of parasites in 
fishery products 

Multiple hazards in 
multiple foods  

Parasites of public 
health importance in 
fishery products 

Likelihood 
of 
transmission 
of parasites 
of public 
health 
importance 
to 
aquaculture 
species 

Bottom-up Qualitative, 
tabulation 

Aquaculture practices Expert opinions, 
literature data 

Tabulation 
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Ref. in 
the text 

Opinion What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data integration 

2.8 Foodborne AMR as 
biological hazard 

Multiple hazards in 
multiple foods  

Risk of food as a 
source of AMR 
bacteria for humans 

Probability 
of the food 
being 
contaminated 
with AMR 
bacteria 

Bottom up Semi-
quantitative 

cross-
tabulation 

prevalence of bacteria in 
food at retail  

probability of bacteria to 
be resistance to AM class 

available data or 
expert opinion 

Tabulation 

 

2.9 Geographical BSE 
risk assessment 
(GBR) methodology 

Single hazard in 
single food 

Presence of BSE in 
a given country 
system  

Likelihood 
of presence 
of BSE 
presence in a 
given 
country 

Bottom up Semi-
quantitative 

Level of external 
challenge (import of 
bovine animals or MBM) 

Level of internal challenge 
(SRM removal, rendering, 
feeding) 

Governmental 
reports of a given 
country 

Calculation on 
spreadsheet table  

2.10 Salmonella in 
foodstuffs 
(SCVMPH) 

Single hazard in 
multiple foods  

High risk food 
categories 

Risk of 
illness per 
serving of a 
foodstuff 

Top down 
and bottom 
up 

Qualitative the reported prevalence of 
salmonellae,  

the incidence of human 
salmonellosis including 
the serotypes implicated,  

 the food technologies 
and/or preparation and 
handling applied. 

Literature and 
zoonosis reports 

Expert synthesis 
and opinion 

2.11 E. coli (VTEC) in 
foodstuffs 

Single hazard in 
multiple foods  

High risk food 
categories 

Higher risk 
of illness per 
serving of a 
foodstuff 

Top down 
and bottom 
up 

Qualitative  risk factors for human 
exposure to HP-VTEC are 
linked to either direct or 
indirect exposure to 
ruminants and ingestion of 
food commodities 
contaminated by faecal 
contents from ruminants 
or humans. 

Literature review Expert synthesis 
and opinion 





Development of a risk ranking framework on biological hazards 
 

EFSA Journal 2012;10(6):2724 41 

3.1. Definition of what to be ranked 

Risk ranking models may be developed to fulfil a wide variety of purposes. In the initial stages of 
developing a model, it is essential to have a clear conception of what the model is intended to achieve 
and to define what to be ranked. The fundamental purpose for which the model is required will 
essentially determine which factors should be considered in the ranking process. 

The following three levels can be identified in a risk ranking process based on hazard-food 
combinations: 

- Level 1: Single hazard in multiple food products (ranking of foods) 

- Level 2: Multiple hazards in a single food product (ranking of hazards) 

- Level 3: Multiple hazards in multiple food products (combined ranking of hazards and foods) 

The selection among the above levels is very important since it will determine the variables and data 
required for the risk ranking. For example in the case of single hazard in multiple food products (Level 
1) the risk can be ranked without taking into account  the severity of the hazard while information on 
the consumption of the different food are important. In contrast, for multiple hazards in a single food 
product (Level 2) risk ranking is not affected by consumption but severity of the hazard must be taken 
into account. In general as the level increases the risk ranking exercise is getting more difficult.   

Often the number of hazards and foods which the risk managers are responsible for may be too large 
to make overall risk ranking feasible. This problem can be overcome by categorisation of the hazards 
and/or foods under consideration, followed by ranking of categories on a single or number of axes. 
Any practical process of risk ranking must group hazards into a manageable number of categories. 
Defining such categories requires value choices that can have important implications for the rankings 
that result. The development of an explicit basis for the selection of the risk-categorisation scheme is 
very important for using the results of a risk ranking project as an input into risk management. 

Morgan et al. (2000) addressed the problem of grouping risks into categories and presented the 
following requirements to categorisation of hazards which could be also applied for the categorisation 
of foods, see Table 9: 

Table 9:  Desirable Attributes of an Ideal Risk-Categorization System for Risk Ranking (Morgan et 
al., 2000) 
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EFSA has recently published a report describing steps towards a hierarchical food classification 
system that appears to be a useful starting point for future BIOHAZ mandates (EFSA (European Food 
Safety Authority), 2011a). As the system is hierarchical, it can be applied at different levels of detail 
without loosing consistency. It is expected that food consumption data in the EU, an important 
element of exposure assessment, will increasingly become available in the proposed format. 

The top-level categories are shown in Figure 11 and they include 3 subcategories. 

 
 
 

 

Figure 11:  The exposure hierarchy is aggregated at the top level into 20 categories (the blue pyramid 
indicates that these are hierarchy elements) 
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the rankings may be unclear. The ranking process, therefore, has to be centred on a set of agreed-upon 
variables. 

In general the variables that can be used for risk ranking can be grouped in the following categories. 

Hazard characterization is the qualitative and quantitative evaluation of the nature of the adverse 
effects associated with the hazard (refs general texts on risk assessment/ this is a standard risk 
assessment definition). However, the definition of hazard characterisation may vary and also the type 
of variables used. This needs to be clearly defined and stated in each particular risk ranking exercise. 
Hazard characterisation can be described by different types of variables describing different facets of 
the adverse effect of a hazard. In the following different types of variables are listed which can give 
information on the adverse effect of a pathogen such as epidemiological variables, disease severity and 
other characterization variables. 

3.5.1. Epidemiological variables 

An important element for deciding the qualitative or quantitative size of the risk is the magnitude of 
the disease (or other adverse health effect) in question. A commonly used measure for this is the 
number of reported cases in specific MSs and such figures may be found in national databases or 
annual reports. The reported incidence of common foodborne enteric diseases are also reported to 
ECDC and published by EFSA in the EU Summary Reports.  

These data, however, have some limitations. Firstly, they only include the reported number of cases, 
which is well-known to be only a fraction of the illnesses occurring in the population. In addition, the 
degree of underreporting varies widely between MSs given a false impression of the real disease 
occurrence in EU. In a risk ranking exercise, it is considered important to consider underreporting to 
the extent possible in order to provide the best estimate for the true number of cases occurring in the 
population. Different approaches for estimating the burden of illness have been described (De Wit et 
al., 2001; Majowicz et al., 2010; Scallan et al., 2011; Tam et al., 2012). Also recently, Havelaar 
(Havelaar et al., 2012b) have estimated the true burden of illnesses in EU due to Salmonella and 
Campylobacter (Havelaar et al., 2012.  

Secondly, for the vast majority of cases, the actual food source/vehicle carrying the pathogenic 
organism is not known. However, if different hazard-food pairs are to be ranked, it is important to 
have an estimate of the proportion of the total burden of illness that can be attributed to the different 
food sources and possible other sources such as water and direct contact with infected animals or 
humans. Different methods for source attribution are available and have been described by Pires et al. 
(EFSA, 2008b; Pires et al., 2009). Common for the methods are that they attempt to attribute the 
burden of disease at the population level, and do not describe causation of disease at the individual 
level. Methods for source attribution of foodborne diseases include e.g. use of microbial subtyping 
(Hald et al., 2007; Little et al., 2010; Mullner et al., 2009a), comparative exposure assessment (Evers 
et al., 2008; FDA, 2003), analysis of foodborne disease outbreak data (Pires et al., 2010a; Pires et al., 
2012) and systematic review of case-control investigations of sporadic illness (Domingues et al., 
2012) (Domingues et al., 2011). However, for many pathogens sufficient data for source attribution 
are missing. In such situations, expert elicitation can be used (Havelaar et al., 2008; Hoffmann et al., 
2007). 

At the EU level, source attribution estimates for human salmonellosis based on the subtyping approach 
(Hald et al., 2012; Pires et al., 2011) and estimates for human salmonellosis and campylobacteriosis 
using outbreak data (Pires et al., 2011; Pires et al., 2010b) are available. The microbial subtyping 
approach involves characterization of isolates of the pathogen by phenotypic and/or genotypic 
subtyping methods. The principle is to compare the distribution of subtypes in potential sources (e.g. 
animals and food) with the subtype distribution in humans and it is enabled by the identification of 
strong associations between some of the dominant subtypes and a specific reservoir or source, 
providing a heterogeneous distribution of subtypes among the sources. Depending on the purpose of 
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the risk ranking, a limitation of the subtyping approach is that human cases are attributed to the 
reservoir level i.e. food animals (e.g. pigs) or a broad food category (e.g. imported pork) and not to a 
specific food item (e.g. pork chops) consumed, making it impossible to assess the impact of specific 
foods. The approach requires a collection of temporally and spatially related isolates from various 
sources and humans, and is consequently facilitated by an integrated foodborne disease surveillance 
programme focused on the collection of isolates from the major food animal reservoirs of foodborne 
diseases and from humans (Pires et al., 2009).The latest study conducted so far at the EU level has 
applied data from the harmonised Salmonella monitoring in poultry - laying hens, broilers and 
turkeys- (EFSA Panel on Biological Hazards (BIOHAZ), 2010a, 2012a), the EU wide Salmonella 
baseline study in pigs (EFSA (European Food Safety Authority), 2009) and human salmonellosis data 
for both sporadic cases and outbreaks and other food/animal data reported in the EU summary reports 
(EFSA and ECDC, 2011). The data quality and requirements are considered the biggest limitation of 
this approach.  

In contrast to the subtyping approach, an advantage of using data from outbreak investigations is that 
these data are observed at the public health endpoint and thereby provide a direct link between the 
foods consumed at the observed illnesses i.e. the data may allow for an assessment of the impact of 
specific hazard-food combinations. The main limitations are that the method implicitly assumes that 
the importance of different foods are the same for sporadic occurring and outbreak related cases, 
which is not true for all pathogens e.g. Campylobacter (Pires et al., 2010; Pires et al., 2012). In 
addition, the approach requires that a sufficient amount of outbreaks are investigated and reported 
limiting the approach to rather large countries or to multi-state analyses. For the studies conducted at 
the EU level, foodborne disease outbreak data reported by the MSs to EFSA (BIOMO unit) have been 
applied. 

Source attribution estimates are often requested in the work of the BIOHAZ Panel and have recently 
been used in several BIOHAZ opinions (EFSA Panel on Biological Hazards (BIOHAZ), 2011a, 
2011b, 2011c, 2012b). 

3.5.2. Disease severity variables  

Variables for the severity of human disease have been measured in the clinical setting for medical 
reasons that include essential diagnostic, therapeutic and prognostic considerations in individual 
patients or patient groups. For these purposes including the risk ranking of food-borne hazards, the 
many very specific medical scoring systems of disease severity in individual patients have little or no 
use. Rather, simple descriptors of outcome variables, such as hospitalisation rates and duration, and 
mortality rates are commonly used to account for disease severity.  

To inform estimates of disease burden in a given population in DALYs, generic instruments to 
measure health related quality of life are available. These include instruments such as the SF-36 and 
the Euroqol-5D, which have been calibrated in population panels. Based on these data, regression 
models are available to transform any set of scores on these instruments into disability weights. 
Furthermore, for many disease outcomes of interest, disability weights are available from a variety of 
sources including WHO and different national projects. Further information on a European approach 
to estimate the burden of infectious disease can be found on the ECDC website:          
http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/project/pages/project.aspx. 

3.5.3. Dose-response variables  

Description of the dose-response variables involves consideration of the factors related to the 
pathogen, the host and the matrix which affect the dose required for infection (WHO, 2009). 
Pathogen-related factors should be analysed with a view to determining the characteristics of the 
pathogen that affect its ability to cause disease in the host. The analysis should take into account the 
relevant mechanisms that cause illness (infectious, toxico-infectious, toxigenic, invasive or not, 
immune-mediated illness, etc.). There is huge variation in the dose response among pathogens (Table 
11), which can affect the risk ranking of biological hazards. Host-related factors are the characteristics 

http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/project/pages/project.aspx






http://eur-lex.europa.eu/pri/en/oj/dat/2000/l_028/l_02820000203en00500053.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:344:0048:0049:EN:PDF
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Figure 14:  Core steps for performing a systematic review based on EFSA guidance (adapted from the 
Cochrane Handbook for Systematic Reviews of Interventions, Higgins and Green (editors), 2009) 

3.6.3. Predictive microbiology  

Predictive microbiology is another important source for data collection in risk ranking especially for 
models the exposure assessment model variables related to the behaviour of pathogens. Predictive 
microbiology has been established itself as a scientific discipline that uses mathematical equations to 
summarize and make readily available quantitative information on the microbial responses in various 
foods under different conditions (McMeekin et al., 2008). Development of models to predict survival, 
growth or inactivation of microorganisms in foods has been a most active research area within food 
microbiology during the last 25 years (Ross and Dalgaard, 2004). Microbial growth and inactivation 
models are now sufficiently detailed and accurate to make important contributions since scientists and 
regulators can make reasonable predictions of the relative risk posed by a hazard in a particular food 
or by a food process. However, predictive microbiology has limitations. Most of models have been 
developed based on laboratory media and the predicted values may not truly represent the real world if 
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represents a possible decision or occurrence. The tree structure shows how one choice leads to 
the next, and the use of branches indicates that each option is mutually exclusive. A decision 
tree can be used to clarify and find an answer to a complex problem. The structure allows 
users to take a problem with multiple possible solutions and display it in a simple, easy-to-
understand format that shows the relationship between different events or decisions. The 
furthest branches on the tree represent possible end results (from 
www.investopedia.com/terms/d/decision-tree.asp#axzz1rfTGXiyo). In qualitative risk 
assessment, it is crucial that the approach used is transparent and repeatable. 

 Multi-criteria analysis has been described in section 2.4.3. In the data integration step, scores 
for each scenario to be evaluated are combined with the appropriate weights and are combined 
to produce a final risk estimate using simple additive or multiplicative models. Scores can be 
presented as such, or can be normalized if the results are naturally bounded between a 
minimum and a maximum value. 

 In quantitative approaches, model equations guide the integration of input parameters and 
other model factors to produce risk estimates. Uncertainty and variability are important factors 
to take into account in any risk assessment, be they qualitative, semi-quantitative or fully 
quantitative. Techniques include stochastic simulation, sensitivity and scenario analysis. Many 
guideline documents are available that provide detailed information on the importance and 
approaches to consider these aspects (EFSA Panel on Animal Health and Welfare (AHAW), 
2009; WHO, 2009). 

3.9. Presentation of the results 

In the presentation of the results, the risk ranking exercise should be documented as fully as possible. 
It is imperative that all processes undertaken to produce the final output are fully documented in a 
transparent way such that the process of risk ranking is reproducible. The reason of the selection of the 
different options in each stage of the process must be explained in detail. Managers should be fully 
informed of the strengths and limitations of the risk ranking to ensure its best use. The risk ranking 
results should be presented in an objective manner with all assumptions fully acknowledged and their 
impact thoroughly considered or recognized. It is very important that the presentation of the risk 
ranking results explicitly address sources of variability and sources of uncertainties separately 
wherever possible. Finally, the need for additional data to improve the risk ranking output should be 
explicitly discussed. 

3.10. Interaction between managers and risk assessors  

As in any risk analysis process, risk ranking applied to food safety requires continuous exchange of 
information between risk assessors and risk managers. The interfacing between the risk manager, the 
requestor and the risk assessor, should be done at the early stage of presenting the scientific request, in 
order to clarify the purpose, the assumptions and the methodology applied. 

Once available information has been used to fully identify the hazards, and decide on and assess the 
appropriate risks, this may be followed by further discussion with stakeholders, leading to corrections, 
amendments, and additions as appropriate, resulting in the final risk assessment. 

3.11. Application of the conceptual risk ranking framework 

The application of the risk ranking framework can be done according to the steps shown in the 
diagram in Figure 15 from the BIOHAZ scientific opinion on reflecting on the experiences and lessons 
learnt from modelling on biological hazards, which has been modified from the flowchart based on the 
guidance on good practice in conducting scientific assessments in animal health using modelling by 
EFSA Panel on Animal Health and Welfare (EFSA Panel on Animal Health and Welfare (AHAW), 
2009). 

http://www.investopedia.com/terms/d/decision-tree.asp#axzz1rfTGXiyo
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2.1 Set up of a 
working group (WG)  

Chairman propose experts for WG 

2.2 First WG meeting 

EC/ chairman presents the clarified mandate and its purposes to the WG

Mandate needs
 further clarification?

YES

Panel and EC discuss/clarify mandate 
(including identification of background, objectives and questions)

Panel invites selected  experts

Panel and WG discuss strategic approaches to respond to the mandate (determination of 
expected answers in relation to timelines)

2.3 Second WG 
meeting with 
participation of the EC 
(if required)

Panels, WG clarify better the WG approach, solve unclear details of the mandate and/or its 
purpose with EC

Panel and WG discuss further the adaptation of the strategic approach

Panels, WG inform the EC of the current  outcome of the  work 

PHASE ACTORS �± TASKS 

Secretary forwards mandate to Panel

Procedural sequence to integrate modelling in the elaboration of risk assessments 

STEPS

Panel and WG decide if a quantitative assessment is needed or not 
(If not follow the procedure except points for the modelling)

Panels and WG decide if a quantitative assessment is needed or not
(if not yet definitely decided in 2.2)

(If not follow the procedure except points for the modelling)

NO

Panel informed of the new mandate 

Mandate clarified (defined and accomplishable goals, purpose, question, expected answers and timelines agreed including deadlines)

WG formed 

Tasks distributed and action plan proposed

Mandate preliminarily clarified (ToR/goal/target/aim/problem/question understood) 

WG chairman and other Panel members (including modelling advice) designated

Potential strategic approaches described (including draft road-map, potential models and their expected contribution, required and 
available resources, sources of information/ data)

Panel comments on WG composition (by email/Extranet)

Defined and accomplishable goals, specific purpose, question, expected answers, 
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Figure 15:  Process of risk assessment modelling (EFSA Panel on Animal Health and Welfare (AHAW), 2009). 
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4. Available Risk Ranking tools related to biological hazards developed worldwide 

In this chapter the risk ranking prototypes developed by different food safety agencies worldwide are 
presented, considering the approach taken, the data and criteria used and the risk metrics. 

4.1. Risk Ranger from Australian Food Safety Centre  

The Risk Ranger tool14 developed by the Australian Food Safety Centre is in Microsoft Excel 
spreadsheet software format and embodies established principles of food safety risk assessment, i.e. 

 the combination of probability of exposure to a food-borne hazard; 

 the magnitude of hazard in a food when present 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 eleven qualitative statements and/or to provide quantitative 
data concerning factors that that will affect 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 
quantitative inputs in a series of mathematical and logical steps using standard spreadsheet functions. 
Those calculations are used to generate indices of the public health risk (Ross and Sumner, 2002). The 
approach taken in the development of the tool is bottom-up, so that the model has a predictive capacity 
risk levels. The eleven statements and weighting values used in the current model are: 

1. Hazard severity 

2. How susceptible is 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. Is there a potential for recontamination? 

9. How much increase from level at processing is required to reach an infectious or toxic dose 
for the average consumer? 

10. How effective is the post-processing control system? 

11. Effect of preparation for meal 

  

                                                      
14  www.foodsafetycentre.com.au/docs/RiskRanger.xls 



http://ezips.rivm.nl/


http://foodrisk.org/default/assets/File/FDA_Risk_Ranking_Tool.mdb


http://www.thefsrc.org/firrm.htm
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Table 14:  Summary of Scoring Principles 

Sub-Score Type of Information Used 
Probability 
"Pa" or "6a" 
Scale of Consumption 

Based on amount consumed of the respective food per person per day using 
data from Canadian and American studies; The greater the consumption, the 
higher the score  

Probability 
"Pbi" or "6bi" 
Accidental Contamination 

Based on frequency of chemical use and frequency of contamination with 
biological hazards. The greater the frequency and amounts, the higher the score  

Probability 
"Pbii" or "6bii" 
Deliberate Contamination 

Based on expert opinion of the sabotage appeal, influenced by logistical ease 
and expected terror; The greater the sabotage appeal, the higher the score  

Probability 
"Pc" or "6c" 
Consumer Exposure 

For biological hazards, based on likelihood of organism surviving to 
consumption, given the location of its introduction relative to inactivation steps 
(e.g. thermal or chemical treatments). For chemical hazards, based on 
processing steps that would reduce concentration, chemical half-life, pre-
harvest intervals, drug withdrawal periods. The greater the likelihood of 
exposure, the higher the score.  

Impact 
"Ia" or "7a" 
Consumer Illness 

For biological hazards related to the amount relative to the infective-dose. For 
chemical hazards, related to the amount of exposure relative to maximum 
residue limits (MRLs) The greater the amount relative to infective-dose or 
MRL, the higher the score.  

Impact 
"Ib" or "7b" 
Severity of Illness 

For biological hazards, based on data of average health costs per case including 
treatment, hospitalization, lost days and statistical values of life. For chemical 
hazards based in toxicity including acute and chronic impacts The greater the 
health impacts, the higher the score.  

Impact 
"Ic" or "7c" 
Difficulty to Limit Impact 

Based on the difficulty to detect contamination, the distribution of the food, 
difficulty to determine and eliminate the source, the amount of secondary 
spread and indirect economic impacts. The greater the difficulty to limit impact, 
the higher the score.  

Overall risk-score Pa x Pb x Pc x Ia x Ib x Ic 

4.7. A Multi-Factorial Risk Prioritization Framework for Food-borne Pathogens 

The Multi-Factorial Risk Prioritization Framework considers four factors that may be important to risk 
managers: public health, consumer risk perceptions and acceptance, market-level impacts, and social 
sensitivity. Canadian case studies are presented for six pathogen-food combinations: Campylobacter 
spp. in chicken; Salmonella spp. in chicken and spinach; Escherichia coli O157 in spinach and beef; 
and Listeria monocytogenes in ready-to-eat meats (Ruzante et al., 2010). Risk ranking is facilitated 
through the development of a knowledge database presented in the format of info cards and the use of 
multi-criteria decision analysis (MCDA) to aggregate the four factors. The framework is based on the 
systematic organization and analysis of data on these multiple factors. The basic building block of the 
information structure is a three-dimensional cube based on pathogen-food-factor relationships. Each 
cell of the cube has an information card associated with it and data from the cube can be aggregated 
along different dimensions (Henson et al., 2007). 

4.8. Disease burden of foodborne pathogens 

Ranking of foodborne pathogens in the Netherlands was performed using DALYs as the risk metrics 
(Havelaar et al., 2012a). The model estimates the incidence and duration of acute disease by fourteen 
pathogens, as well as the incidence and duration of sequelae and fatalities. Disability weights were 
elicited in a specific study, using a representative panel of lay persons from the Netherlands (Haagsma 
et al., 2008). DALYs are calculated in the Analytica software. Results are combined with data from an 
expert elicitation to attribute cases and DALYs to major pathways and food groups (Havelaar et al., 
2008). 





http://foodrisk.org/exclusives/sQMRA
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countries included in the field test study will become available. Disease reports outlining the 
methodological choices, the data sources and the variables selected (e.g. multiplication factors 
adjusting for under-estimation, disability weights) are being developed for presentation at a workshop 
involving Member States. Based on the results from the field test study, a toolkit will be developed 
and distributed to interested EU Member States to facilitate calculation of their national burden of 
disease. 

One of the important outcomes of the study, beyond generation of disease burden estimates, will be 
the identification of gaps in data availability and quality, proposals for ways to improve in these areas 
and improvement of methodology to adjust for underreporting in notification data. Moreover, once the 
baseline DALY estimates will be computed, it will be possible to expand to dynamic studies and 
develop sensitivity analysis depending on different variables (e.g. risk factors, interventions to name 
some) and to develop forecasting scenarios. Up-to-date information can be found on the ECDC 
website: 
http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/project/pages/project.aspx. 

4.10.2. WHO 

4.10.2.1. Initiative to estimate the Global Burden of Foodborne Diseases 

The WHO Department of Food Safety and Zoonoses (FOS) launched an Initiative to Estimate the 
Global Burden of Foodborne Disease in collaboration with multiple partners in October 2006 with the 
Foodborne Disease Burden Epidemiology Reference Group (FERG) as its advisory body. The FERG 
is an independent expert group charged with assembling estimates of the global burden of foodborne 
disease by 2013 (according to age, sex and region) and operates through several task forces. Three task 
forces assemble burden estimates in the areas of enteric diseases, parasitic diseases and diseases 
caused by the ingestion of chemicals and toxins through systematic reviews; a fourth task force aims 
to attribute the burden of diseases to food and specific food sources; and a fifth task force focuses on 
supporting countries with tools and capacity building to estimate the national foodborne disease 
burden. A recently established sixth task force is to convert results of (a) the global epidemiological 
reviews for mortality, morbidity and disability in each of the major foodborne diseases and (b) 
epidemiological data resulting from the FERG country studies into DALYs. This task force will also 
develop tools for countries to estimate the national burden of foodborne disease. More information can 
be found at: http://www.who.int/foodsafety/foodborne_disease/ferg/en/index.html. 

4.11. Conclusions from the review of the available risk ranking tools: the need for developing 
a risk ranking toolbox for EFSA 

Nine available risk ranking tools were identified and reviewed (Table 15). Some of them are general 
and can be used to various hazards-foods combination while some others are specific to certain food 
categories. They differ in their degree of complexity, level of quantification, and approach to model 
construction. Various methodologies were applied in each tool using different risk metrics, ranking 
approaches, model types, variables and data integration methods. 

Among the tools adopting a bottom-up approach, the majority of them were based on a semi-
quantitative structure of the model (Risk Ranger, iRisk by IFT, Food Safety Universe Database), and 
expressing the risk with numerical scores. Only iRisk used a different metrics based on annual pseudo-
disability adjusted life years (pDALY). The example of risk ranking tool with a quantitative structure 
was the stochastic multi-criteria model developed by the EmZoo consortium.  

Five tools were based on a top-down approach (the Risk Ranking Tool for fresh produce from FDA, 
the Foodborne Illness Risk Ranking Model (FIRRM), the Multi-Factorial Risk Prioritization 
Framework for foodborne pathogens, the Disease burden for food pathogens, the swift sQMRA tool). 
Among these, DALY metrics was used in the Multifactorial Risk Prioritization, in the FIRRM model 
and in the Disease Burden for food pathogens developed in the Netherlands. The latter two examples 

http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/project/pages/project.aspx
http://www.who.int/foodsafety/foodborne_disease/ferg/en/index.html
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was characterised by a quantitative model structure, as the swift sQMRA tool which also differently 
adopted the expression of relative risk as metrics. 

As in the case of all risk ranking models the appropriateness of each of the available tools to answer a 
risk ranking question depends on the purpose of risk ranking and the availability of the data. 
Regarding future risk ranking exercise on biological hazards, the possibility to use some of the 
presented available tools with proper adjustments to answer specific questions could be considered. 
The selection of an available risk ranking tool for EFSA opinions should be based on whether all 
appropriate variables have been included in the model, whether the data underlying is reliable, how 
uncertainty and variability is managed, how probabilities are inferred and the degree on which the 
results fit the purpose of the risk ranking. However, none of the available tools could be recommended 
to be used as a general risk ranking tool for biological hazards due to the differences in purpose and 
data availability of the risk ranking questions received by the Panel. 

The conceptual risk ranking framework presented in this opinion (Figure 10) can be used as the basis 
for the development of a risk ranking toolbox. Such a toolbox should be generic and allow the 
adoption of different risk ranking methodologies in order to fit the variety of risk ranking purposes of 
the received mandates. 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 metrics, 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. Developing 
such a tool and getting to the point of being able to apply it will be complex and time-consuming but it 
will significantly increase consistency and transparency related to risk ranking. 
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Table 15:  Table about comparison of risk ranking tool developed worldwide 

Reference 
to the text 

Tool What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data 
integration 

4.1 Risk Ranger  from 
Australian Food Safety 
Centre  

Food product/hazard 
combination 

Numerical scores 
related to risks 

bottom-up Semi-
quantitative 

 Hazard severity 
 Susceptibility of the consumer 
 Frequency of consumption 
 Proportion of population 
consuming 
 Size of population of interest 
 Proportion of product 
contaminated 
 Effect of process 
 potential for recontamination 
 increase from level at 
processing to reach an 
infectious or toxic dose for the 
average consumer 
 effectiveness of the post-
processing control system 
 Effect of preparation for meal 

Qualitative and 
quantitative inputs 
from the users 

Tabulation 

4.2 Ranking tool developed 
by EmZoo consortium 

Emerging foodborne 
zoonosis 

Normalized 
scores related to 
emerging 
zoonotic 
pathogens 

bottom-up Quantitative 
(stochastic 
multi-criteria 
model) 

 Probability of introduction into 
the Netherlands 
 Transmission in animal 
reservoirs 
 Economic damage in animal 
reservoirs 
 Animal-human transmission 
 Transmission between humans 
 Morbidity (disability weight) 
 Mortality (case-fatality ratio) 

published 
literature 

internet sources of 
public health and 
veterinary 
organizations  

expert opinions 

Normalised 
MCA score 
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Reference 
to the text 

Tool What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data 
integration 

4.3 Risk Ranking Tool for 
fresh produce from 
FDA  

 

Pathogens/fresh 
produce categories 

Numerical scores 
of pathogen-
commodity pairs 

Top-down semi-
quantitative  

 Epidemiological Link;  
 Disease Multiplier;  
 Hospitalization and Death 
Rates;  
 Susceptible Population;  
 Prevalence of Contamination;  
 Relative Infectivity;  
 Consumption;  
 Shelf-Life/Growth Potential 

Foodborne 
disease outbreak 
(epidemiological) 
data 

Tabulation 

4.4 iRisk: a RR framework 
prototype from IFT 

 

Hazards/food 
combination 

(both microbiological 
and chemical hazards) 

 

Annual pseudo-
disability adjusted 
life years 
(pDALY) 

Bottom-up semi-
quantitative 

User inputs about hazard 
prevalence, concentration, and 
changes in concentration at each 
of the 3 food system stages: 
1- primary production;  
2- processing;  
3- distribution, storage, retail, 

foodservice, and home 

Expert elicitation 
framework and 
envisioned 
information from 
several sources: 
expert panel 
opinion, evidence 
databases, value 
models, 
assessment 
assumptions, and 
policy options 

CSFII 
(Continuing 
Survey of Food 
Intakes by 
Individuals) data 

Tabulation 

4.5 Foodborne Illness Risk 
Ranking Model 
(FIRRM) from Food 
Safety Research 
Consortium 

pathogen-food 
combinations 

Costs of illness 
and QALY loss 

Top down quantitative Incidence, valuation of health 
impacts, and food attribution 

Surveillance data 
on pathogen 
illnesses 

Outbreak data 

Expert elicitation 

Tabulation 
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Reference 
to the text 

Tool What was ranked Metrics Approach Model 
structure 

Model variables Data collection Data 
integration 

4.6 Food Safety Universe 
Database from Ontario 
Min. of Agriculture and 
Foods  

 

Pathogen-food 
combinations 

Risk scores bottom-up Semi-
quantitative 

 Scale of Consumption 
 Accidental or deliberate 
Contamination 
 Consumer Exposure 
 Severity of Illness 
 Difficulty to Limit Impact 

 Data from 
Canadian and 
American 
studies about 
food 
consumption 
 Expert opinion 

Tabulation 

4.7 Multi-Factorial Risk 
Prioritization 
Framework for 
foodborne pathogens 

Pathogen-food 
combination 

DALY and cost of 
illness 

Top down Semi-
quantitative 

 public health impact 
 market impact,  
 consumer risk acceptance and 
perception, 
 social sensitivity 

 Data from 
Public Health 
Agency of 
Canada  
 data from the 
Ontario 
Ministry of 
Agriculture and 
Food. 
 Canadian 
studies 

Tabulation, 
MCDA 

4.8 Disease burden for food 
pathogens 

foodborne pathogens in 
the Netherlands 

DALY Top down quantitative  Incidence and duration of acute 
disease 
 Incidence and duration of 
sequelae 
 Disability weights 
 Incidence of fatal cases 
 Idealised life expectancy 
 Attribution to major pathways 
(food, environment, human-
human contact, animal-human 
contact and travel) 
 Attribution to 11 food groups 
within the food pathway 

 Surveillance 
data 
 Cohort studies 
in the 
Netherlands, 
international 
literature 
 Expert opinion 

Quantification 
of DALYs 





Development of a risk ranking framework on biological hazards 
 

EFSA Journal 2012;10(6):2724 77 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

 

General conclusions: 

 Risk ranking has been recognized as the proper starting point for risk-based priority setting 
and resource allocation.  

 Due to its significance in priority setting risk ranking has been established as an important 
component of risk management frameworks. 

ToR 1. To reflect on the lessons and experiences from risk ranking exercises undertaken by the 
BIOHAZ Panel, in particular describing successful approaches and challenges 

 Fourteen opinions of the BIOHAZ Panel in which a risk ranking was used were reviewed as 
examples. Based on this review it was concluded that: 

 The risk ranking purposes in most of these opinions were different (e.g. single hazard in 
single food, multiple hazards in multiple foods, single hazard in different countries). 

 The risk ranking exercises differed widely in methodology emphasising the fact that 
models are tailored to fit for purpose. 

 The risks were expressed using a variety of risk metrics (e.g. probability of illness per annum 
or per serving, incidence, QALY, DALY).  

 Most risk ranking models were qualitative using decision trees for data integration. In 
only two opinions a fully quantitative model was developed. 

 There is no universal methodology for risk ranking as each model has to be specifically 
tailored to each specific purpose, data availability and time frame. 

 The harmonization in model structure and presentation of results will increase consistency 
and transparency of the risk ranking models and remains an important challenge. 

 In order to ensure harmonisation a conceptual risk ranking framework comprising nine 
separate stages has been developed in this opinion. 

ToR 2. To suggest risk ranking tools related to biological hazards to be used in risk assessments 

 Nine risk ranking tools were identified and reviewed. They differed in their degree of 
complexity, level of quantification, and approach to model construction. Various 
methodologies were applied in each tool using different risk metrics, ranking approaches, 
model types, variables and data integration methods. 

 None of the available tools could be recommended as universal use risk ranking tool for 
biological hazards due to the differences in purpose and data availability of the risk ranking 
exercises usually requested to the BIOHAZ Panel.  

 For future risk ranking exercises on biological hazards, the possibility to use some of the 
available tools with proper adjustments to answer specific questions could be investigated. 
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ToR 3. To analyse strengths and weaknesses of different approaches to risk ranking on 
biological hazards 

 The identification of successful risk ranking approaches and tools among those examined in 
this opinion requires a comprehensive review of each model taking into account its purpose, 
the available data and the time frame of each mandate. This is a very time consuming process 
which was not feasible under the timeline of this mandate. 

 Overall, the strengths and weaknesses of a risk ranking method depend on whether all 
appropriate variables have been included in the model, whether the data underlying is reliable, 
how uncertainty and variability are managed, how probabilities are inferred and the degree on 
which the results fit the purpose of the risk ranking. 

Recommendations 

 The risk ranking exercise should take a structured approach and be documented as fully as 
possible. It is imperative that all processes undertaken to produce the final output are fully 
documented in a consistent and transparent way such that the whole risk ranking process is 
reproducible. 

 The conceptual risk ranking framework presented in this opinion should be used in future risk 
ranking exercises in order to increase consistency and transparency.  

 The proposed framework provides the ability of adopting the appropriate risk ranking 
methodology by selecting different options at each stage. The appropriate option should be 
selected based on the risk ranking purpose and the available data.  

 Whenever possible quantitative risk ranking approaches are preferable. 

 The given time frame should be in correspondence with the requirements of the risk ranking 
exercise. 

 All the components of the risk ranking models should be clearly defined, the reasons for the 
selection of each component and how the final conclusions were reached should be described. 

 The interaction between the risk managers and the risk assessors in the definition of the risk 
ranking purpose and the communication of the risk ranking results should be encouraged.  

 The conceptual framework proposed in this opinion could be translated into a document with 
more details on the risk ranking methodology, providing tools for future risk ranking 
exercises. This could be useful for future opinions. 

 The development of a risk ranking toolbox based on the proposed framework should be 
investigated, since such a toolbox would support the construction of consistent and transparent 
risk ranking models. 
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