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PREFACE 

Dr. Xavier Van Huffel 
Director Staff Direction for Risk Assessment FASFC 
 
 
The Scientific Committee of the Belgian Food Safety Agency has, since many years, 
the tradition to organize annually a scientific symposium to present the state of 
knowledge in regard to an actual theme related to risk assessment in the food chain 
and which offers the opportunity for interaction and exchange of ideas with 
stakeholders and peers. 

This year’s symposium is on ‘Risk ranking in the food chain’. The objectives of the 
symposium are to inform an international audience about the scientific approach and 
the applications of risk ranking in the food chain. 

The food chain is complex and numerous risks may constitute a threat for public, 
animal and plant health. It is practically impossible for the public authorities to 
consider simultaneously and similarly each individual risk given the limitations in 
financial resources. Therefore, choices have to be made. Using risk assessment and 
risk ranking it is possible to help private as well as public risk managers and decision 
makers to make adequate choices. 

During this symposium different aspects of risk ranking are discussed by international 
experts such as the methodology of risk ranking, its possibilities and limitations, its 
importance for policymakers, for stakeholders and for consumers.  

The Scientific Committee is grateful to the Food Safety Agency to support the yearly 
organization of a scientific event and thanks all speakers who have contributed to this 
symposium. 
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INTRODUCTION 

Prof. Em. Dr. Pharm. Carlos Van Peteghem1 

Prof. Dr. Claude Saegerman2 

1 Chair of the Scientific Committee of the FASFC - Prof. Em. Ghent University 
2 Member Scientific Committee FASFC - Professor University of Liège 
E-mail: carlos.vanpeteghem@UGent.be  
 
 

The food chain is complex and numerous risks may constitute a threat. Indeed there 
are a lot of public health, animal health, plant health, environmental and socio-
economical risks to be considered in the food chain.  

The allocation of resources with respect to food safety issues are limited and thus 
require that decision makers prioritize these issues appropriately (which risks merit 
more or less attention?).  

One of the tools to prioritize these issues is the use of “risk ranking”. In general, a risk 
ranking process follows several steps: (1) listing the risks to be ranked, (2) identifying 
risk attributes and determinants to be considered to assess the risks; (3) collecting 
data on risks; (4) choosing the appropriate method to rank risks; (5) performing the 
risk ranking and (5) reporting the risk ranking. Risk ranking is also a good starting 
point to initiate exchanges about how to reduce the health risks in the most effective 
manner. 

Risk ranking is a relative new approach and all partners involved in the food chain 
need to be informed on this matter (decision makers, risk assessors and 
stakeholders). This is also the main objective of this annual symposium of the 
Scientific Committee of the Belgian Food Safety Agency.  

In the morning session of this symposium, the state of the art will be explained 
including the results of a first survey concerning the needs and expectations of the 
decisions makers and stakeholders. In the afternoon session a number of practical 
examples concerning risk ranking in the food chain will be presented and discussed. 
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NEEDS AND EXPECTATIONS OF RISK RANKING IN THE FOOD 
CHAIN: A SURVEY AMONGST RISK MANAGERS AND 

STAKEHOLDERS 

N. Speybroeck1*, P. Depoorter2, X. Van Huffel2, C. Saegerman1 
1 Scientific Committee FASFC 
2 FASFC 
* Speaker: Prof. dr. Niko Speybroeck 
Professor Université catholique de Louvain - Member of the Scientific 
Committee of the FASFC 
E-mail: niko.speybroeck@uclouvain.be  
 

BIOGRAPHY 

Prof. Dr. Niko Speybroeck holds an MSc in Bio-engineering (1991, 
Ghent University, Belgium), an MSc in Biostatistics (2002, Hasselt 
University, Belgium) and a PhD in Applied Biological Sciences (2003, 
Ghent University, Belgium). Whilst researching his PhD, he was 
awarded a Marie Curie Fellow, to study at the Environmental Research 
Centre (UFZ) in Leipzig, Germany, allowing him to gain expertise in 
Ecological and Epidemiological Modelling. In 2004, Niko Speybroeck 
was bestowed the Merial Award from the Netherlands Society for 
Parasitology.  

Between 1993 and 1999, he worked in development co-operation 
projects in Zambia and for the African Union in Malawi. Thereafter he held a position at the 
Institute of Tropical Medicine in Antwerp (Belgium). Between 2004 and 2006, he was a 
DataTeam Coordinator at the World Health Organization (WHO) in Geneva, where he 
contributed to building up country-level capacities to collect and analyze data relevant to 
public health and to use these data to design and implement effective health policies.  

In 2007, Niko Speybroeck was appointed as a Professor at the Institute of Health and 
Society (IRSS) and the Faculty of Public Health at the Université Catholique de Louvain, with 
responsibility for teaching epidemiology and statistics. His main research interests are 
quantitative epidemiology and the study of vector-borne and foodborne diseases. He has 
published over 150 peer reviewed scientific papers. The impact of his research has resulted 
in an h-index of 21. N. Speybroeck is the editor of Malaria Reports and member of the 
editorial board of PloS ONE. Since 2009, he has been the Country Studies Task Force Chair 
in the Foodborne Disease Burden Epidemiology Reference Group (FERG) of WHO.  

Expertise: Biostatistics, Epidemiology, Modelling, Global Health, Vectorborne and Foodborne 
diseases.  

INTRODUCTION 

The food chain is complex and is exposed to numerous threats that may constitute a risk for 
public, animal and plant health. It is practically impossible to control (simultaneously and 
similarly) each individual risk, given the different types of risks and/or given the limitations in 
financial resources. Therefore, choices have to be made. Risk ranking has been used in the 
past as a tool to set priorities, assisting decision makers to focus on the most significant 
(public, animal or plant) food-related health problems and to develop strategies for 
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addressing them. Risk ranking also seems a logical starting point to initiate the reflection 
about how to reduce population health risks in the most effective manner. 

Both risk assessors (i.e., scientists) and risk managers can use risk ranking, but not 
necessarily in the same way and starting from the same needs (motivating force for 
performing and applying risk ranking in the food chain) and expectations (expected outcome 
of risk ranking in the food chain). Risk ranking is often performed by risk assessors as a self-
tasking initiative and not always with clear set goals from the beginning regarding prevention 
or management of the risks. On the other hand, risk managers may have to take measures 
before the risk ranking process has been initiated or completed. Little is known about the 
perception and view of policy makers and stakeholders on risk ranking. Therefore, a 
questionnaire was designed to identify their needs and expectations regarding risk ranking 
and also to understand how key players interact or not. 

METHODOLOGY 

An online questionnaire (Annex 1) was developed by a working group of the Scientific 
Committee of the FASFC in collaboration with the Staff Direction for Risk Assessment of the 
FASFC. Subsequently, the questionnaire was tested by two risk managers of the FASFC and 
two stakeholders from the Advisory Committee of the FASFC. It was slightly adapted 
according to their remarks. The questionnaire was sent electronically to 253 stakeholders 
and decision makers at national and European level, all of which have professional activities 
in the food chain. 

The questionnaire consisted of four different types of questions, namely: 1) personal 
information of the respondent; 2) the usefulness/need of risk ranking, 3) the expectations of 
risk ranking; 4) methodological issues concerning risk ranking. More details can be found in 
Annex 1.  

RESULTS AND CONCLUSIONS 

The results of this questionnaire are presented and discussed at the symposium on “Risk 
ranking in the food chain”. These results are a first step in addressing the knowledge gap 
concerning the needs and expectations of decision makers and stakeholders regarding risk 
ranking in the food chain. By better understanding these needs and expectations, future risk 
ranking activities may be designed in a more optimal way. 
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ANNEX 1: QUESTIONNAIRE 

Needs and expectations of decision makers and stakeholders regarding 
risk ranking in the food chain 

 

The goal of this survey is to identify the needs and expectations of decision makers and stakeholders 
regarding risk ranking in the food chain and to present the result at the Symposium of the Scientific 
Committee of the Belgian Food Safety Agency, entitled “Risk ranking in the food chain” on Friday 29 
November 2013, Brussels, Belgium (http://www.fasfc.be/scientificcommittee/symposium2013). 

For this survey, the terms that will be used are defined as follows: 

 Food Chain: any and all possible stages that are proceeded (1) during the course of breeding and 
rearing of animals and growing of crops, starting from the biological material and all necessary raw 
materials, (2) during the course of production of foodstuffs and feed, from the stage of production 
up to stage of consumption. 

 Hazard: A biological, chemical or physical agent with the potential to cause an adverse health 
effect in the food chain. 

 Risk: A function of the probability of an adverse health effect and the severity of that effect, 
consequential to a hazard(s) occurring in the food chain. 

 Risk ranking is a process of ranking risks as the proper starting point for risk-based priority 
setting and resource allocation for decision makers to focus attention on the most significant 
(public, animal or plant) health problems and develop strategies for addressing them. 

 A decision maker (or policy maker) is a person or group of persons being part of an entity having 
the authority to set the policy framework of an organization and might have an interest in or 
explicitly demand or be involved in the execution of risk ranking. 

 Stakeholders are any person, group or organisation with an interest in or affected by the 
policy making. 

 A need is the motivating force for performing and applying risk ranking in the food chain.  
 An expectation is the expected outcome of risk ranking in the food chain. 

This survey is divided into four different sections: 

 Personal information 
 Is risk ranking useful/needed? 
 Expectations of risk ranking  
 Methodological tools for risk ranking 

This anonymous survey is send to various stakeholders and decision makers at national or European 
level with responsibilities in the food chain. 

Each respondent should complete only one form available at the following URL address exclusively: 
https://docs.google.com/forms/d/19-bIyB78XH0J47ME7ZUKMEK6tMX6pFSvb4u10YlQ3XE/viewform 

Please, complete the following survey in your convenience before November 8th, 2013. 

Thanks a lot for your appreciated collaboration. 

 

On the behalf of Prof. Niko Speybroeck and Prof. Claude Saegerman, members of the Scientific 
Committee of the Belgian Food Safety Agency 
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Part 1: Personal information 

Question 1.1.: What is your profile? 

Click on the appropriate response:  

⃝ competent authority decision maker  

⃝ business operator in the food chain  

⃝ sector representative 

⃝ other (please specify.........................) 

 

Number of years of professional expertise: …………. 

Give maximum 3 keywords describing your expertise (in decreasing order of importance): 

- …………………………………..…….. 

- …………………………………..…….. 

- …………………………………..…….. 

 

Question 1.2.: Which area(s) is (are) in your field of competency (one or more categories are 
possible)? Click on the appropriate responses:  

⃝ Animal Health (food producing animal diseases and zoonoses) 

⃝ Public Health 

⃝ Plant health  

⃝ Food safety - Chemical Risks 

⃝ Food safety - Microbiological Risks 

⃝ Food safety - Physical Risks 

⃝ Animal Welfare 

⃝ Other (Please, specify: …………......................) 

 

Part 2: Is risk ranking useful/needed? 

Question 2.1.: Is risk ranking performed in your professional organisation? 

⃝ yes  ⃝ No   ⃝ I don’t know 
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If No or I don’t know:  Go to question 2.4. 

If yes: Describe the most recent applied example:  

...................................................................................................................................................................

............................................................................................................................................................ 

This last risk ranking exercise has been performed:  

⃝ last week    ⃝ last month        ⃝ last quarter ⃝ last year ⃝ before last year 

⃝ I don’t know 

 

Question 2.2.: What is (are) the reason(s) for conducting a risk ranking in your professional 
activities or organisation? Click on the appropriate response(s):  

⃝ Policy preparation 

⃝ Budgetary reasons  

⃝ Commercial reasons 

⃝ Public health reasons 

⃝ Other reasons (please specify: ……………………………………………...............) 

 

Question 2.3.: At which level risk rankings are conducted in your professional activities or 
organisation? Click on the appropriate response(s):  

⃝ Local level? 

⃝ Regional level? 

⃝ National level? 

⃝ European level? 

⃝ Global level? 

 

Question 2.4.: In case a structured risk ranking is not performed in your professional 
organisation, please specify the reasons (in decreasing order of importance): 

1 
………………………………………………………………………………………………………………..……. 

2 
………………………………………………………………………………………………………………..……. 

3 
………………………………………………………………………………………………………………..……. 
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Question 2.5.: Within each category selected in question 1.2 what are, to your personal 
opinion, the three main needs (topics, hazards, bottlenecks,...) to perform risk ranking? (please 
order these in decreasing order of usefulness/need)?  

EXAMPLE OF RESPONSE: 

Animal Health  

1. List of diseases in wild life to be monitored 
2. Reliable data to perform an evidence-based risk ranking 
3. Better diagnostics regarding tuberculosis 

 

The three main needs in each area under your competency are: 

Animal Health  

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Public Health 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Plant health 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Food Chain - Chemical Risks 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Food Chain  - Microbiological Risks 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Food Chain  - Physical Risks 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Animal Welfare 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

Other (Please, specify: …………......................) 

1. ……………………………………………………………. 
2. ……………………………………………………………. 
3. ……………………………………………………………. 

 

Part 3: Expectations of risk ranking  
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Question 3.1.: What do you expect from a structured risk ranking exercise? Please order these 
in decreasing order. EXAMPLE OF RESPONSE: e.g., Complete transparency, traceability, 
qualitative approach, quantitative approach, taken into account the uncertainty... 

1. ……………………………………………………………. 

2. ……………………………………………………………. 

3. ……………………………………………………………. 

 

Part 4: Methodological tools for risk ranking 

Question 4.1.: Have you had training in risk ranking methodology? 

⃝ Yes   ⃝ No 

 

Question 4.2.: Did you read/consult reports on risk ranking in the last year? 

⃝ Yes  ⃝ No 

 

Question 4.3.: Do you think it is necessary to further scientifically develop the risk ranking 
methodology? 

⃝ Yes   ⃝ No  ⃝ I don’t know 

 

Question 4.4.: Have you ever encountered problems regarding data collection? 

⃝ Yes   ⃝ No  ⃝ I don’t know  ⃝ Not concerned 

If yes: give the main reasons of problems in decreasing order of importance 

1. ……………………………………………………………………………………………………………
…………….. 

2. ……………………………………………………………………………………………………………
…………….. 

3. ……………………………………………………………………………………………………………
…………….. 

 

Question 4.5.: Have you ever encountered problems regarding data sharing? 

⃝ Yes   ⃝ No  ⃝ I don’t know  ⃝ Not concerned 

If yes: give the main reasons of problems in decreasing order of importance 

1. ……………………………………………………………………………………………………………
…………….. 

2. ……………………………………………………………………………………………………………
…………….. 
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3. ……………………………………………………………………………………………………………
…………….. 

Question 4.6.: Which are your three main suggestions to improve? 

A) interaction between decision makers and scientists in risk ranking in decreasing order of 
importance? 

1. ……………………………………………………………………………………………………………
…………….. 

2. ……………………………………………………………………………………………………………
…………….. 

3. ……………………………………………………………………………………………………………
…………….. 
 

B) interaction between stakeholders and scientists in risk ranking in decreasing order of 
importance? 

1. ……………………………………………………………………………………………………………
…………….. 

2. ……………………………………………………………………………………………………………
…………….. 

3. ……………………………………………………………………………………………………………
…………….. 
 

C) interaction between stakeholders and decision makers in risk ranking in decreasing order of 
importance? 

1. ……………………………………………………………………………………………………………
…………….. 

2. ……………………………………………………………………………………………………………
…………….. 

3. ……………………………………………………………………………………………………………
…………….. 

 

Many thanks for your kind collaboration! 

The results will be presented at the next Symposium of the Scientific Committee of the Belgian 
Food Safety Agency, Friday 29 November 2013, Auditorium Pacheco, Brussels, Belgium 

http://www.fasfc.be/scientificcommittee/symposium2013 
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RISK RANKING: CRITICAL INVENTORY OF EXISTING 
METHODOLOGIES 

Dr. Moez Sanaa 
Deputy Head of Methodology assistance and studies department – ANSES 
Member EFSA BIOHAZ panel 
E-mail: Moez.SANAA@anses.fr  
 

BIOGRAPHY 

Dr. Moez SANAA is currently working at the French Agency for food, 
environmental and occupational health and safety (ANSES). He is 
leading the methodology and quantitative risk assessment 
development mission. Dr. Moez SANAA has worked in the National 
Veterinary School of Alfort (France) 1993 − 2009 as Professor of 
Epidemiology, Biostatistics and Risk Analysis. He has a Veterinary 
Medicine degree as well as a Ph.D. from the University of Paris XI, 
France. His research activities include animal epidemiology, food 
safety, risk assessment methodology and risk analysis. He was 
involved in several research projects related to the risk associated to 
Listeria monocytogenes, Salmonella, EHEC and Campylobacter in 

dairy and meat products; and to animal diseases management. In addition to applied 
research activities, Dr. SANAA was involved in different projects related to risk assessment 
and management methodologies and tools including mathematical modeling in food 
microbiology and in public health, advanced statistical analysis tools and data and 
knowledge management system development. Dr. SANAA has developed a set of risk 
assessment tools for industry, government and food safety authorities. This gives him a large 
perspective of food safety issues from different points of view: researcher, expert at national 
and international levels, and organization of collective scientific expertise. 

Dr SANAA is a member of EFSA (European Food Safety Authority) Biohaz experts’ panel 
(2012-2015) and Animal Health and Animal Welfare experts’ panel (2006-2012). He 
participated and chaired several working groups and is coauthor of more than fifteen EFSA 
scientific reports and opinions. Since 2002, Dr. SANAA organizes several international 
workshops on microbial risk assessment and mitigation that involved overall more than 600 
participants from more than 30 different nationalities. 

INTRODUCTION 

Ranking public health, animal health, environmental and economical risks is important 
because, while there are risks everywhere, we have restricted resources for managing them. 
In perfect word, we would repeatedly review our priorities, deciding which risks merit more 
attention and which less. In practice, systematic reviews of risk priorities are rare. That is, we 
habitually muddle through; waiting until conditions bring a risk to our attention, then decide 
whether to treat it more or less seriously.  

RISK RANKING AND RISK-BASED RESOURCE ALLOCATION 

Interest in risk-based resource allocation for food safety, animal health and environmental 
issues has been growing the last ten years. Different approaches have already been 
developed by various organizations with different models and objectives. In principle, efficient 
allocation of resources should be based upon assessment of the cost-effectiveness of 
alternative risk reduction opportunities. But this requires being able to calculate the 
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effectiveness of different types and amount of investment. Currently, neither the methods nor 
the data are available to answer accurately the questions about the effectiveness of available 
risk reduction alternatives. Until these questions are answered, allocating resources based 
on risk ranking is the next best.  

Risk ranking is motivated by the hypothesis that if the relative risks associated to a range of 
food products can be established, then risk reduction efforts can be directed at the worst 
ranked food products. Food products at high risk are likely to have more and larger 
opportunities for risk reduction than food products at low risk. 

RISK RANKINGS APPROACHES AND METHODOLOGIES  

Different approaches for the ranking of public health, animal health, environmental and 
economical risks have already been developed by various organizations with different 
models and objectives. 

Considering the risk associated to food biological hazards, EFSA published in 2012 a 
Scientific Opinion on the development of a risk ranking framework on biological hazards. 
Nine risk ranking tools were identified and described. They differ in their purpose, the degree 
of complexity, level of quantification, and approach to model construction. EFSA Panel on 
Biological Hazards concludes that 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. 

Risk Ranking works by breaking down overall risk into risk scenarios and criteria (or 
attributes) and evaluating those criteria and their individual contributions to the overall risk. 
Despite variations in risk ranking methodologies, all risk rankings include the three 
fundamental requirements: the list of the objects to be ranked, criteria for assessment and a 
ranking step. The three main components are generally implemented within a risk ranking 
process that may be divided into different steps. For the purpose of our critical overview we 
choose a process with 6 steps: 

1. Define the risks to be ranked 
2. Identify the risk attributes and determinants that need to be evaluated 
3. Collect data and describe the risks in terms of their risk attributes and determinants 
4. Choose the evaluation method: qualitative, semi-quantitative or quantitative 
5. Perform the risk rankings 
6. Report the issues identified and the resulting rankings 

Steps 1 to 5 are intended to be iterative in the ranking process. 

Define the risks to be ranked  

The results of risk ranking exercises can be sensitive to the way in which risks are defined 
and grouped. Risk can be defined in many ways, including by hazards or agent responsible 
for harm (e.g. Campylobacter, Salmonella, Listeria monocytogenes…), by source (e.g. farm 
derived, processing derived), by pathway (food versus environmental, cheese, meat, 
salads…), the end point (e.g. infection, disease, death...), the group at risk (e.g. general 
population, elderly, …). 

Risk attributes and determinants 

There is no single measure of risk. Even when the risk ranking is focusing only on expected 
deaths, one must decide whether to treat all deaths as equal or, if not, how to weight them. 
For example, risk ranking outputs may differ significantly when risks are measured by 
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expected probability of premature death or by expected years of lost life. Indeed, the latter 
measure assigns extra weight to deaths of young people. Further choices arise when 
deciding how to take account of different kinds of morbidity, in the measure of risk. Different 
methods have been developed that provide a common metric for comparing health risks. The 
two most important metrics are quality-adjusted life years (QALYs) and disability adjusted life 
years (DALYs). 

Defining risk is complicated further when mortality and morbidity do not capture all the 
concern of citizens. The risk perception literature noticeably point out that risk is multi-
attribute notion; the number of attributes people care about is relatively large. Fortunately, 
the interdependencies among attributes make it possible to capture the variation of risks with 
just three independent main factors labeled unknown risk, dread risk and societal and 
personal exposure (Slovic, 1987). Unknown risks are unobservable, unknown, new, and 
delayed in their manifestation of harm. Dread Risks are characterized by perceived lack of 
control, catastrophic potential, fatal consequences, and the inequitable distribution of risks 
and benefits. Societal and personal exposure may include epidemiological indicators such as 
mortality and morbidity. Ignoring these risk attributes can imply missing issues that are 
critical to policy makers or their constituents. 

Even when risks are reduced to a single metric (e.g. DALYs) additional challenge to risk 
ranking arises (Figure 1). The rankings depend on what statistic is used to characterize a risk 
whose value is not known with certainty. If means are used (as a best guess) the three risks 
would be ranked 2-1-3. If for example 99th percentiles are used (as a worst case), the order 
becomes 3-2-1. 

 

Figure 1: risk metric distribution 

Once the risks have been defined, the collection of needed data can commence bringing 
further complications. Based on the nature and quality of available data risks can be 
estimated using “top-down” or “bottom-up” approaches (Figure 2). 

In “top-down” approach (or backward) first epidemiological surveillance data are used to 
provide the most accurate counts of illnesses: the total disease burden. Then outbreak and 
epidemiological investigation data are used to estimate the proportion of cases attributable to 
food transmission and the most common foods responsible for specific food borne illnesses 
(Source attribution).  
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Figure 2: top-down (epidemiologic risk assessment) and bottom-up (Risk assessment) 
approaches. 

The “bottom-up” (or forward) approach adheres in principle to the microbial risk assessment 
pattern and follows the biological hazard fates through the food chain to permit the prediction 
of health risk relative to other agents and/or foods. 

At this step it is crucial to distinguish risk attributes that describe the three main factors of risk 
perception (unknown risk, dread and societal and personal exposure) from risk determinants 
that describe the risk causal pathway. The risk determinant term which belong to the 
epidemiological jargon include all the disease risk factors. In risk assessment risk 
determinants represent the model inputs needed to assess the exposure and its health 
consequences. 

Data collection and organization 

At this step data and information are gathered from a variety of sources. Data and 
information are then synthesized and generally presented in risk summary sheets or reports. 
The summary sheets or reports are designed to inform equally the participants about each 
risk to make knowledgeable personal ranking judgments and contribute to group discussions. 

Qualitative, semi-quantitative or quantitative risk assessment 

The risk rankers should determine the type of risk assessment to be used - qualitative, semi-
quantitative or quantitative. Each of these approaches can be valid with the criteria for 
selection including: time availability, data availability and quality, resources availability to 
collect and analyze the data to build the model. The framework for risk assessment 
presented in Figure 2 is used in every case. 

In principle, when data are available, the risk determinants are assembled using 
mathematical or statistical models with a series of mathematical, statistical and biological 
assumptions: quantitative risk assessment. However, in most of the cases explicit 
information on risk determinants (e.g. Incidence, food transmission fraction, and food 
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attribution) are not available and criteria describing them may include elements of three 
sources of information; expert opinion, exposure assessment, and surveillance information. 
In this case no direct data are available and the risk is approached by scoring its different 
determinants: semi-quantitative risk assessment. A scoring model may be developed to 
incorporate all scores to yield a single risk “score.” In general, scoring models use 
multiplicative or additive means to calculate risk. Very often, scores are weighted based on 
the importance of a score to the overall risk. 

Perform the risk rankings 

Once the attributes and determinants of overall risk have been defined through head topics 
and subtopics, the evaluation should be established by the participants. The participants can 
be asked to review the collected data and information, to assign scores or provide a 
qualitative judgment. The ranking can be made automatically using formula or algorithm 
without the intervention of participants or by the participants individually or collectively. In 
some risk raking exercises, participants first study the materials on their own and complete 
initial individual rankings. They then work with other to produce group rankings. These 
groups give opportunities for participants to hear and consider different opinions and, thus, 
evaluate and refine their own views. After the group rankings, participants produce final 
individual rankings, characterize their group’s decision-making processes, and report their 
satisfaction with these process and the resulting rankings. In each of these three stages, 
risks may be ranked two different ways, holistic ranking procedure, or multi-criteria ranking 
procedure. 

CONCLUSION 

Robust scientific risk ranking is essential to effective risk management. The challenges in 
ranking risks include the data, score or statistic that need to be used, the variety of ways to 
define the risk and the differences among interested parties, regarding which consequences 
matter most. Addressing these challenges requires an understanding of risks, risk 
assessment, and decision making process. 
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ABSTRACT 

A multi-factor approach has been developed to assist risk managers in prioritizing foodborne 
hazards including zoonotic pathogens. The Multi-factorial Risk Prioritization Framework 
(MFRPF) considers four major risk factors: public health, consumer risk perceptions and 
acceptance, market-level impacts, and social sensitivity. The framework is based on 
systematic organization and analysis of data to produce metrics for each of the major risk 
factors.  Risk managers can analyse single or multiple risk factors at the level of a food-
pathogen pair or a particular pathogen. A number of operational tools have been proposed to 
assist decision makers in comparing foodborne hazards: information cards to provide 
systematic information that is not pre-processed or aggregated across factors, cobweb 
diagrams or graphical profiles of aggregate metrics for the four risk prioritization factors, and 
multi-criteria decision analysis that requires decision makers to place explicit values on 
different risk factors in order to rank priorities or choose management options.  

The MFRPF has been presented to risk assessors and managers in government 
organizations in Canada and the United States.  Feedback supports the overall approach but 
points to the need to refine some of the metrics that are used to characterize risks, 
particularly those for consumer and social factors.  Currently the framework is being refined 
in collaboration with three groups: the Ontario Ministry of Agriculture and Food (provincial 
mandate) and the Public Health Agency of Canada and the Canadian Food Inspection 
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Agency (national mandates). 

INTRODUCTION: 

Experts and stakeholders have pressed for the development of science- and risk-based 
methods for the analysis and prioritization of foodborne hazards. Clear guidelines have been 
established through Codex Alimentarius for science-based assessment of public health risks. 
However decisions about food safety priorities and risk management strategies are made 
within a socio-economic and political milieu and should aim to achieve effective mitigation 
strategies that are in the public interest. Consequences beyond public health outcomes alone 
need to be taken into account in the analysis and management of food safety risks. These 
include the potential for foodborne hazards to cause harm to economic and social wellbeing. 
A recent report from the Working Group of the Network of Heads of National Food Agencies 
in Europe (2012) recognized the need for “transparent, structured and documented” methods 
to take into account “other legitimate factors”, a phrase that was taken from Codex 
principles1. One of the key recommendations in the working group report was that the Heads 
of National Food Agencies should support efforts to develop “robust, evidence-based 
analysis of other factors [in addition to health risks]”. 

A number of structured, evidence-based approaches have been proposed or are being 
developed to assess impacts beyond public health and to integrate these factors into risk 
prioritization (e.g. König et al. 2010; Mokhtari et al. 2011 and 2012; Ruzante et al. 2010). The 
Multi-factorial Risk Prioritization Framework (MFRPF) presented here was developed as a 

joint effort by researchers and risk analysts to explore ways in which foodborne risks can be 
prioritized on the basis of a broad set of public health, economic and social factors. This 
framework is intended as a clear and transparent tool that risk managers can use to establish 
longer term priorities for risk management and public policies related to food safety. In the 
initial prototype, we proposed approaches to assess consumer, economic and social factors 
related to foodborne hazards and developed six case studies to illustrate our concepts. 
Through the case study analysis and feedback from risk managers, we have gained some 
practical perspectives on the challenges of multi-factor risk prioritization. We are continuing 
to modify and develop the framework in the next phase of our work.  

MULTI-FACTORIAL RISK PRIORITIZATION FRAMEWORK 

The Multi-factorial Risk Prioritization Framework captures four major risk dimensions at the 
level of food-pathogen pairs. Metrics for each risk dimension have been presented in detail 
with six case study examples in Ruzante et al. (2010).  Most of the risk metrics are aggregate 
values that are based on information from diverse sources (e.g. government statistics, expert 
judgments, consumer surveys). For example Disability Adjusted Life Years (DALYs) and 
Cost of Illness (COI) are the ranking metrics for public health impact. Information cards are 
used to summarize the ranking metrics and to provide additional context for risk managers. 
For example, the information card for Public Health Impact includes a description of the 
disease, a tree of health outcomes and annual statistics for incidence and case fatalities. 
Table 1 is a summary of the ranking metrics and lists the additional details that are provided 
on information cards.  

 

                                                 
1 “[risk management] decisions should be based on risk assessment, and should be proportionate to 
the assessed risk, taking into account, where appropriate, other legitimate factors relevant for health 
protection of consumers and for the promotion of fair practices in food trade (para. 32)…Risk 
management should take into account the economic consequences … of risk management options 
(para. 34)” Codex Working Principles for Risk Analysis for Food Safety for Application Governments 
(2007) 
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Table 1: Risk information in the Multi-factorial Risk Prioritization Framework 

Factor Metric(s) for ranking (units) Additional details on 
information cards 

Public Health 

Quantifies the impact and 
burden of disease 

 

• Disability-adjusted life 
years (years) 

• Cost-of-illness ($) 

• annual cases 
• annual fatalities 
• health outcomes tree 

Market Level  

Estimates potential economic 
losses due to foodborne 
disease and outbreaks (by 
food product) 

Total value at retail + value of 
exports minus value of 
imports ($) 

(economic importance of the 
domestic market) 

• farm gate receipts 
• key export and import 

markets 

Consumer Level 

Recognises that consumers 
may perceive and accept or 
reject foodborne risks 
differently based on 
characteristics of the risk as 
it affects themselves 

Delphi-based rating of five 
criteria related to consumers’ 
perception and acceptance 
of risk (averaged and 
normalized, 0 to 1 scale) 

Delphi scores for individual 
criteria 

Social sensitivity 

Accounts for society being 
sensitive about higher-than-
average risk to particular 
groups (consumers and 
businesses)  

Delphi-based ratings based 
on  

• vulnerable consumers  
• vulnerable firms  
(binary flag, 0 or 1) 

Rationale for sensitivity 
ratings 

 

It is challenging to compare and rank a number of food safety issues across multiple risk 
factors that are measured on different scales. An outranking method for multi-criteria 
decision analysis (MCDA) was used to rank the six food-pathogen pairs in the case studies. 
Different ranking scenarios were presented to risk managers based on different combinations 
of risk metrics (i.e. all six vs. subsets of factors) and on different weights (i.e. equal vs. 
unequal across the four major factors). The purpose of the scenarios was to demonstrate 
that the MCDA tool allows decision makers to incorporate their values and to present their 
analysis in a clear and transparent way. It is also a useful way to approach consensus 
building when groups of stakeholders are involved in the ranking discussion. 

Figure 1 shows the basic structure of the MFRPF and a number of tools to assist decision-
makers: information cards, cobweb diagrams and formal multi-criteria decision analysis. 
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Figure 1:  Basic components of the Multi-factorial Risk Prioritization Framework 

 

FINDINGS AND NEXT STEPS: 

Based on feedback to date, it is clear that most risk analysts and managers think that public 
health impact is the primary criterion that should be used to rank food safety issues (for some 
it is the only criterion for ranking). This may be due in part to the fact that the approaches to 
measure consumer perceptions and social sensitivity are based on social science methods 
that are less familiar than established methods for public health impact. However there is 
significant support for including factors beyond public health consequences in the ranking of 
food safety risks.  

Since the first prototype of our framework was presented in 2008, we have engaged in on-
going discussions with risk assessors and managers in Canada. A new project to refine and 
validate the MFRPF was initiated recently in collaboration with the Ontario Ministry of 
Agriculture, Food and Rural Affairs (provincial-level), the Public Health Agency of Canada 
and the Canadian Food Inspection Agency (CFIA). The CFIA has adopted the FDA i-Risk 
tool to estimate DALY values for food-hazard combinations. The agency has agreed to share 
DALY values and these values will be used as the ranking metric for public health impact. 
The parameters for economic, social and consumer-level impacts in the MFRPF will be 
adapted as appropriate for the CFIA food categories and to address recognized weaknesses 
in the current set.  

The MFRPF provides economic information about specific agri-food sectors. At the current 
time, it does not account for the portion of the sector that is at risk due to a particular 
pathogen or chemical hazard. The aim is to develop some indicators that can be used to 
infer the probable portion of economic value of a sector, which is at risk. Metrics for 
consumer acceptance of food-related risks and social sensitivity will be refined using survey 
methods in conjunction with the Canadian National Consumer Monitor, a large consumer 
panel that is recognized as representative of the Canadian population (Henson et al. 2008). 
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A multi-criteria risk prioritization algorithm will be developed in a format that allows flexibility 
in terms of the number of criteria and the weightings. The ranking algorithm will be tested 
and validated using a set of 15 to 20 food-hazard combinations. 
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ABSTRACT 

Classic use of socio-economics in risk ranking would be to examine what ought to be done 
through a process of examining the efficiency of resource use in managing a problem. A 
selection of interventions identified by epidemiological and technical studies can be valued 
and examined for their efficiency of managing a problem through tools such as cost-
effectiveness or cost benefit analysis. There is much merit in such work, however there is 
also value is examining and understanding what people are doing in the livestock food 
system in order to determine who holds the power at the points of risk and what these people 
or organisations can do to modify the risks being generated. Understanding the context of 
the food system and the people within it are therefore a powerful tool of prioritising action and 
adding value to risk management. This is a relatively new approach and the paper describes 
initial exploration of how to approach this subject. 

Keywords: Socio-Economics, Livestock Food Systems, Risks 

INTRODUCTION 

Socio-economics provides information for understanding problems in the food system 
through frameworks that allow an insight into the objectives and constraints of the people 
implementing the actions of greatest interest in improving disease control and livestock 
production general. In past times this has focussed at the farm level, but the livestock sector 
now involves components of input industries, farm level production and processing. All these 
components can have influences on the spread of diseases and also the nature of the impact 
of those diseases on society. This is particularly the case where diseases also affect 
humans, zoonoses and food-borne pathogens. 
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At the production level economic theory and tools are particularly important in planning in 
order to assess the implications of allocating resources in a particular way before deciding 
whether to act. As Upton (1996) states this is as “an essential part of rational decision 
making”. The use of formal procedures such as budgeting are practices that large 
commercial units use to guidance agricultural and production practices, having closer control 
of the system and interacting with service providers (Upton, 1996). Smaller scale farmers 
and agribusiness people may not use these formal methods frequently, either through lack of 
knowledge or time. It must be recognised that the data collection and the use of economic 
tools for analysis themselves have a cost which in a small scale operation may outstrip the 
benefits of their use in decision making. The implication is that economic theory and tools 
become more and more useful where the scale and complexity of the problem being dealt 
with increases. In this they provide a manageable framework that does not just rely on what 
can be remembered and assessed by one person. 

In this sense Upton (1996) also identified that planning tools are used in two different ways: 
to prescribe what farmers or agribusiness people ought to do in order to advise on how 
systems can be improved; and to predict how farmers and agribusiness people will respond 
to changes in prices, institutions or technology. The former is important in guiding the people 
actually involved in making decision on a livestock situation and the latter in guiding policy 
makers in decisions on how to facilitate the livestock sector. 

In this context there are two areas that socio-economics can contribute in the area of risk 
ranking. The first would be in the realm of estimating costs of interventions across the food 
system in order to reduce risks. The common frameworks for such work are cost-benefit 
analysis or cost-effectiveness analysis (Babo-Martins and Rushton, accepted). The basis of 
the cost benefit analysis requires careful analysis of the economics of food safety (see 
Caswell, 1991) and any type of economic analysis in general needs to be linked with careful 
epidemiological assessments of the risks posed by the hazards.  

A less well explored area of work is to describe the ongoing system, the milieu, and the 
drivers that lead to food systems risks. This is less about what ought be done and more 
about understanding what is happening what risks exist and whether there are tweaks of the 
system to improve its performance. The paper will explore this area in order to provide some 
direction on how this type of approach can be used to improve. The first section will present 
how the livestock food systems are changing and what additional risks this poses in terms of 
food safety. This is followed by a discussion on the institutional environment and in particular 
where points in the food system create points that encourage “rule breaking” behaviour. The 
final section discusses what can be done and how can this be related to risk ranking. 

LIVESTOCK FOOD SYSTEM 

The world population was estimated to be approximately 6 billion people in 2002 and is 
predicted to rise to 8.3 billion in 2030, and over 9 billion in 2050. In addition, this population is 
urbanising and the pace of that urbanisation is accelerating. In general urban populations are 
richer than rural ones, and richer populations demand greater amounts of meat relative to 
other food products. 

The large increases in human population have also been associated with changes in where 
people are found. The world now has more people in urban than rural areas and the urban 
based populations are dependent on others for their food, which for livestock means the 
slaughter and processing of meat and other livestock products. In the initial stages of the 
development of new livestock food systems there were problems with economically important 
diseases and this led to investment in veterinary services, education and research (Fisher, 
1998). However the response to diseases that cause less dramatic losses to production, yet 
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have serious impacts on human health, were not addressed in many developed countries 
until much later (Fisher, 1998 ; Waddington 2002).  

These initial investments in animal health and production, mainly associated with developed 
countries, were stimulated by large changes in livestock production and their associated 
value chains, perhaps best described as the first livestock revolution. The changes in the 
livestock sector created new disease problems, and also amplified the impact of contagious 
diseases. The response over time has been a combined public and private effort to control 
animal diseases in order to minimize their socio economic impact. In some cases this has led 
to the eradication of disease in a number of countries. 

During the 1990s there was a growing realization that the global livestock sector was in an 
increasing process of change. Classification systems detailed how the livestock production 
units were developing and where they were concentrating (Sere & Steinfeld, 1996; Steinfeld 
& Mäki-Hokkonen, 1995), and from these it was recognized that a new livestock revolution 
was ongoing, responding to the growing demands of urban populations in developing 
countries (Delgado et al, 1999). It was documented at an early stage that much of the growth 
in the livestock sector was coming from the intensive monogastric systems and to some 
extent from a growth in milk production. For reasons of food security these dramatic changes 
in livestock production were celebrated, some concerns were raised about poorer livestock 
producers being left behind (de Haan et al, 2001; Heffernan, 2002; Owen et al. 2005; FAO, 
2005) and issues on the potential negative impacts on the environment have been well 
investigated (de Haan et al, 1997; Steinfeld et al, 2006). What was not anticipated were the 
growing problems with the control of transboundary animal diseases and more specifically 
the resurgence of zoonotic diseases (Greger, 2007). 

Therefore over a period of around 200 years the world has moved from relatively simple 
livestock value chains to increasingly complex ones. In the simple livestock chains a high 
proportion of produce was either consumed in the farm household or in local and regional 
markets. In addition much of this food was processed within the household (see Figure 1). 

Figure 1. Simple livestock value chains (from Rushton, 2009). 
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In the complex food value chains, that are now dominant in many parts of the world, primary 
production has complex relationships with consumers through processing and marketing 
companies. The links in the chain are maintained by middle men, transport companies and 
finance groups. Where the value chains become integrated, i.e. owned and controlled by one 
company, the middlemen disappear. In addition, the consumer demands have become more 
sophisticated for processed food and food with zero risk of food-borne diseases (see Figure 
2). These livestock value chains can also be global. 
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Figure 2. A schematic diagram of the dominant complex livestock value chains (Rushton, 2009). 

££££

Input or
Service

Fresh
Product

Processed
Product

Processed
Product

Providers
of inputs 

and services

Products sold 
to consumers 

with 
sophisticated 
demands who 
do very little 

home 
processing

Producer Processor Marketers

Middlemen, financial services

Middlemen, transport, traders

 

The adoption of more complex livestock value chains has not been gradual, rather it appears 
to have been in jumps. The first of these probably occurred in the mid 19th century in Europe 
and North America with linkages to Australia, New Zealand and probably Argentina, and the 
second in the late 20th century mainly in Asia, but also in other developing countries. Both 
these jumps appear to be associated with societies in rapid transition from being largely rural 
to being urban and industrial. There is also an influence of the globalization of livestock and 
livestock product movement, associated with technological changes in transport and storage. 

There has been a more gradual change in support of the new livestock value chains by 
animal health systems. The initial successes were with the control and eradication of 
rinderpest and contagious bovine pleuropneumonia in the late 1800s (Fisher, 1998). The 
distribution of livestock diseases began to change more rapidly in the 1960s and 1970s as 
European and North American countries and Japan began to make serious inroads into the 
control of a range of both transboundary and endemic diseases2. This was achieved through 
significant investments in human skills, building on previous investments in veterinary 
organizations, education and infrastructure from the mid 19th century onwards.  The more 
recent investments however saw an intensified implementation of much more rigorous and 
organized programmes that used epidemiology and economics research to assist in 
decision-making. Towards the end of the 80s many of these developed countries had 
become recognized as free from the major transboundary diseases and were beginning to 
make assessments of how to protect themselves from potential re-entries or re-emergence of 
disease. On a worldwide level there were also successes that included the control and near 
eradication of rinderpest and the improved control of other transboundary diseases in 
developing countries with strong livestock export potential (Rushton, 2006). This would seem 
to indicate that methods of controlling disease, the production systems in which they are 
found and the methods used to assess their use are adequate.  

However, there have been some major setbacks and large areas of the world have not been 
included in these advances (Rushton et al, 2006) which include some major food borne 
issues such as: 

 the emergence of new diseases such as bovine spongiform encephalopathy (BSE) 
and highly pathogenic avian influenza H5N1; and  

 the impact of food borne pathogens such as E.coli O157 and salmonella. 

New problems relating to food-borne pathogens mean that the major impacts of livestock 
diseases are related to human health and welfare (Shaw, 2009). In developed countries 

                                                 
2 It is recognised that some diseases were controlled well before this period (see Fisher, 1980), 
however major breakthroughs were mainly made in the period suggested. 
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these impacts can be enormous, dwarfing the production losses due to disease. With other 
diseases there are large impacts due to food scares and trade restrictions, and implications 
in other larger aspects of the rural economy. This has raised questions about the how to 
prevent the entry of exotic, contagious diseases and the most appropriate way to control 
such diseases if they occur.  

ECONOMIC ANALYSIS OF THE LIVESTOCK FOOD SYSTEM 

More complex livestock food systems require approaches that go beyond classic economic 
analysis. They need to include a mix method approach of examining the economic 
profitability of businesses and people’s activities in the system, plus an understanding of the 
flow of information and the rules that are applied and enforced to people’s activities. 
Capturing both the standard economics and the institutional environment is often done 
through value chain analysis (Kaplinsky and Morris, 2000; Rushton, 2009), which covers a 
wide range of topics from local level incentives to work on livestock supply and value chains 
to government regulations that affect how any person involved in this chain may work.  

The main objectives of value chain analysis are identified to be the following: 

 Identify the main people or organisations in the livestock value chain from the input 
provider to the producer, trader, processer, retailer and then through to the final 
consumer. 

 Identify the different routes to market the livestock and livestock products, which 
could be what currently exists and what potentially is available or could be developed. 

 Assess how well the marketing chain is working. 

A value chain analysis can involve different groups of people: 

1. In the initial stages of the analysis the research works closely with the livestock 
producers to identify the important input suppliers, traders and markets of livestock 
and livestock products. Such contact will also allow an understanding of how familiar 
the producers are of the final demands for a livestock product. For example in 
isolated communities this can be very important, for example llama producers in the 
Altiplano of Bolivia were not aware that consumers paid a premium for meat free of 
sarcocystiosis, therefore their production practices did not alter to control this 
disease. 

2. The analysis also works with the livestock and livestock product traders and markets 
identified with the producers to determine what happens to the livestock and livestock 
products and who is involved.  

3. Once an understanding of a chain has been developed from input supplier to 
producer and onto the consumers, data gaps are identified and filled with either 
primary or secondary data.  

The initial value chain analysis can be presented and discussed with the producers and 
traders, and where necessary modified and possible weaknesses identified. If possible 
interventions are identified that are beyond the financial, human resource or logistical means 
of the actors in the chain then results should be presented to government organisations, 
either local or national authorities for the consideration of State intervention. 

A value chain analysis can be split into three basic steps: 

1. Description of the value chain. 
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2. Identification of important routes and people in the chain. 

3. Assessing the profitability, power and institutional environment of the key people and 
their organisations. 

The application of value chain analysis to risk and risk management in livestock food 
systems has been explored in Taylor and Rushton (2010) and also Taylor and Hinrichs 
(2012). What is missing from this work is a more careful examination of people’s behaviour. 

IMPORTANCE OF PEOPLE IN RISKS AND THEIR MANAGEMENT 

Actions taken by people are central to robust risk analysis, which is a modification of 
classical risk analysis approaches (Ahl et al, 1993) that take the primary focus as the 
biological aspects of disease agent and the host, or the economic orientated risk 
management models that view people as passive recipients of risk and risk management 
rather than actors intrinsic to a dynamic system that generates danger points (Hardaker et al, 
1996). The critical rationale is based on recognition that people act to bring the disease 
agent and host together. As such human action is inextricably linked with disease spread 
potential and its control. Further people’s actions emerge from the complex array of attitudes 
and beliefs held by people within the cultural milieu of their lives. 

The decisions and actions taken by people in the context of their social, cultural and physical 
environment are a pivotal area of concern for risk assessment and management. Different 
groups of people are active in the livestock product chain including, producers, traders and 
veterinary professionals. The ‘risk behaviors’ of different groups need to be included in 
models of how to manage risk. To have a stronger understanding of this it is argued that it is 
important to be guided by psychological theory. For example initial focus of investigations 
normally look at how formal rule systems (e.g. government guidance) are relevant to risk 
gathering information on explicit rules and formal rule enforcement structures followed by 
exploring attitudes and perceptions towards these. From a psychological perspective 
information needs to be gathered on: 

 Perception of disease risks 
 Beliefs about whether they take enough action at present to reduce risks 
 Experience of the risk of interest and its management 
 Commonly held attitudes/beliefs/’informal’ codes of behavior that sit outside official 

rules but influence safe practice 

In addition this component worked on how to document official rule structures (laws) and how 
they are enforced. The laws identified may federal, state or municipal, i.e. the socio-political 
environment that people work and live in. There were also attempts to collect data on private 
regulations3 and their importance across livestock chains and cultural norms and practices. 
Initial analysis has incorporated this information into matrices to allow an assessment of the 
relative importance of formal rules in a system that generates risk. The categorization is 
intended to facilitate clear reasoning for considering possible recommendations relating to 
formal rule structures.  

GOVERNANCE OF THE CHAIN 

Governance of a livestock value chain is important because it can influence how the chain 
develops in terms of upgrading the livestock product, process and functioning of that chain or 
by changing to a completely new chain. Private regulation across livestock value chains is 
                                                 
3 Private companies can also set rules and regulations that people working in chains have to abide by. 
The enforcement mechanisms are market orientated, often with punishments or no market access for 
those that do not comply to these private regulations, and in some cases rewards for people who go 
beyond the normal levels of compliance. 
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playing an increasingly important role in dictating the development of livestock production 
and processing standards. The enforcement mechanisms through the private sector are 
strong as they can be transmitted by price. This is particularly important when considering 
demands on the livestock sector for safer food and also for animals that have been produced 
a welfare friendly manner. The role of the private sector for animal health improvement 
needs to be taken into account when planning State level interventions (Henson, 1996).  
Therefore, a good understanding of the governance of livestock sector chains will allow 
public organisations to identify the key actors in the chains and develop strategies of how 
they can be involved to participate in changes in animal health practices and standards. 

USING THE INFORMATION ON THE LIVESTOCK FOOD SYSTEM FOR RISK 
RANKING 

Mapping of data collected to build on, expand and provide more clarity on the initial 
identification of the livestock commodities/chains also allows an initial estimate of where risky 
behaviors are taking place. It provides an ability to look at risk in different geographical points 
and also with sufficient information on seasonality the temporal issues of risk. 

The framework proposed views disease or pathogen potential as arising from interactions 
occurring within a complex system of diverse factors. These include, amongst other, 
pathogen variables, physical geography, formal rule systems and individual beliefs and 
attitudes of people acting within the system. A major challenge of the work is to represent a 
complex system defined by the data in a form that brings a better understanding of the 
problem and can be translated into useful interventions. The following describes our 
foundational and evolving work in developing matrices to present complex information in a 
readily understandable form and inform intervention strategies.  

Certain characteristics of the chains are about the historical nature of their development with 
trade being either well established or new. Data on these characteristics can provide a 
powerful impression of the ability of the people in the chain to manage livestock in general 
and also their ability to manage and contain disease. A matrix format representing these 
different dimensions can be used to guide identification and consideration of pertinent issues. 
In the following example a matrix was used to highlight the power of food supply as a driver 
as in the case of the upper Mekong Region which has to feed millions of people each day. A 
chain that is critical for food supply with some disease may be a politically acceptable 
solution. It may not be an acceptable veterinary technical solution. If this is the case the 
mindset has to be how do we manage, control and eradicate the disease within the existing 
chain without upsetting its primary function to supply food and it secondary function to 
employ people.  Table 1 summarizes the structure of the information searched for in the 
fieldwork. 

Table 1. Matrix to show the main characteristics of trade in poultry products. 

Type of Trade 
Importance of the chain People 
Food 

supply 
Disease 

transmission 
Who are 

they? 
What are their 

beliefs? 
What are their 
motivations? 

Local (near to 
border) 

Well 
established           
New/Recent           

Culturally related 
Well 
established           
New/Recent           

Economically 
driven 

Well 
established           
New/Recent           
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With the analysis of the data collected the table was expanded to include elements such the 
importance of the trade in the people’s livelihoods and their own abilities to affect the trade in 
general (see Table 2).  

Table 2. Matrix developed to examine the characteristics of the people involved in the trade. 

Who are 
they? 

What do 
they do? 

Number of 
people 

Power within the trade 
(N,L,M,H) 

Importance of the trade to 
livelihoods (N,L,M,H) 

% of income Alternative options 
      
 

The assigning of values for the power within the trade column is subjective, and requires 
careful questioning and thought about the role and actions of the people identified. In cases 
where the person or group of people identified set the rules of the trading system and are the 
conduit between the seller and the consumers their power would be high (H). A person or 
group of people who sell products into a larger trading system and have no strong 
commitment to or as a group their power in the trade would be low (L). There will also be 
workers in the system who generally have low levels of power. In the low to middle power 
groups these maybe groups of people who negotiate deals with buys, but do not set the rules 
on how the product is produced. With regards the importance of trade to livelihoods, this can 
be quantified if it relates to a proportion of the income. The element of alternative outcomes 
requires information on the job market and also business opportunities and some subjective 
judgment on the ability and willingness of the people identified to change their work 
circumstances. 

Additional components were added that indicate whether the people identified will be critical 
for potential interventions and if so how they could be contacted or engaged (see Table 3) 

Table 3. Matrix developed to examine the importance of people in potential interventions and an 
indication of how they need to be contacted or engaged. 

Who are 
they? 

Importance for potential intervention 
(N,L,M,H) 

Possible means of contact or 
engagement 

   
 

These structures are moving quickly into risk management, and it is recognized that there 
are strong similarities to risk analysis models for veterinary science, the differences in this 
case are: 

 Emphasis on the role of the chain as a primarily supplier of food and secondarily as 
an employer of people either in jobs or running businesses and the need to protect 
and maintain these functions. This has political, social and economic issues attached 
which are primary, it does not say disease is not important, only that it needs to be 
viewed within the context of a total system. 

o Contrast with an analysis that begins thinking only of disease and the need to 
remove it  

 Explicit identification of the people involved in the chains and the need to work with 
and understand these people if disease risks are to be reduced. Models of risk 
analysis give the impression that risk assessment and risk management go hand in 
hand followed by risk communication. This classic risk analysis is a useful framework, 
and has been successfully applied to study import risks in for well organized 
veterinary services. Its’ potential for use in less structured import and export 
scenarios would be heightened if it became a more dynamic tool where the distinction 
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between external expert and internal chain actor become blurred, i.e. risk 
assessment, management and communication become a continuum in space and 
time. To achieve this external teams need to be multi-disciplinary and have a strong 
rapport with the actors in the chain. 

In its entirety the framework moves from making an initial assessment of what poultry 
commodities could be important in terms of disease risk, then elaborating this primary 
formulation by firstly identifying at a macro level the major production clusters, movement 
corridors and consumption centers. Data can then be collected relating to the important 
variables driving the system and the complex inter-relationships between these factors. At 
the heart of the system are the actions of the people involved and the process allows the 
pinpointing of the most interesting points to and from the border regions and investigation of 
the underlying beliefs and attitudes of the people who are involved in the chains. 

RISK MANAGEMENT 

Taken that risk assessment is about the “systematic collection of information to determine 
the degree to which harm (to one’s self or others) is likely at some point in time” (O’Rourke 
and Bailes, 2006), and that the work detailed above is about moving from the general to the 
specific to identify people in risky activities there needs to be some thought on risk 
management. An obvious statement given the subject of the project and also the need to use 
the data collection and analysis into action if we are to move away from an intellectual 
academic exercise and add value to the poultry sectors we have been working with. For this 
purpose the authors have used a definition of risk management being “the implementation 
of a set of values and principles integrated with a set of operational procedures and supports 
that enable a dynamic sensitivity to a system’s4 needs, vulnerabilities and evolving behaviors 
associated with risk. The purpose of these procedures is risk minimization and the provision 
of safe, sound and supportive services.” (O’Rourke and Bailes, 2006) 

This definition is borrowed from psychology yet has central relevance to the project. From the 
original quote the word ‘system’ has replaced people, although an individual may be relevant 
if we are focusing on a key player with potential to behave in a risky way e.g. border 
wholesaler. Risk management is not possible unless there is a good enough understanding 
of the dynamic system – the vulnerabilities and evolving behaviors as described above.  

The process above is about defining the important, then making ‘the important measurable, 
not the measurable important’. For example, border wholesaler beliefs are important in 
directing behavior that is risky, so the question is how to measure these beliefs in a way that 
leads to possibilities for effective risk management. 

Borrowing psychological approaches to psychometric risk modelling, “the problem of risk 
assessment shifts from the prediction or classification of harmful behavior to the 
measurement of underlying latencies. A psychometric latency is best viewed as a potential. 
Thus, a latent trait of dangerousness is a measurable construct indicating the potential for 
dangerous behavior. The measurement is not direct but involves the modelling of a number 
of indicators to provide a reliable estimate of the trait.”  

It is well known that risk assessments often generate lists of risk factors or indicators, which 
are chosen for their perceived importance but not related to each other through any 
theoretically defensible structure. Risk scores are then commonly generated by a weighted 
or unweighted summation of the factors or indicators. Two serious limitations of this 
approach exist. First, this approach implies that the factors conform to an additive 
measurement model and yet this assumption is rarely tested. Second, the underlying latent 

                                                 
4 The authors have replaced people with system 
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structure, defined by the relationships between the factors, is rarely made explicit so the 
construct validity of the resulting scores is usually suspect. 

Fitting empirical data to an a priori model of systematic relationships between risk factors 
allows the construct validation of a risk assessment. It imposes a clear and transparent 
measurement model on the assessment procedure, which may utilize a mixture of veterinary 
scientific judgment and field data on disease presence. It also allows that the relationships 
between the risk factors, are explicitly modelled. This provides the means for examining the 
structure and meaning of the risk behavior under examination. 

Taking this more carefully back into a veterinary science realm many of the existing risk 
assessments have a tendency to focus on what is currently measured, so for example total 
poultry population rather than what might be more usefully measured in terms of risk 
potential, for example the number of poultry in different production and management 
systems. The project has succeeded in developing a model of the system underlying risk 
activity and attempting to tease out the relationship between risk factors where people’s 
behavior becomes a critical aspect. It is acknowledged that this model needs further testing 
for ease and understand of use.  

Within the current project the focus has been on explicating the dynamic system of 
interrelated factors underlying the potential for disease spread. A central aspect of this 
system is the action of individuals and groups and these behaviors arise from the beliefs that 
people hold about their world and their own circumstances. As such belief systems are a 
central target for risk management. Figure 2 presents a model for conceptualizing factors 
underlying risk behavior particularly related to disease spreads linked with trade and , as 
such, points to potential target areas for investigation and intervention. 

Figure 3. Relating individual and group behaviors towards risk and how this impinges on risk of 
spreading disease. 

INDIVIDUAL ATTITUDES  
BELIEFS  MOTIVATING 

FACTORS

GROUP HELD ATTITUDES 
BELIEFS MOTIVATING 

FACTORS

•Physical attributes
Age
Gender
Size, weight
Ethnicity

•Personal Characteristics
Personality Variables
Temperament
Self esteem
General health beliefs
General beliefs about risk-
taking/offending

•Resource base and livelihood options

INDIVIDUAL FACTORS
•Family and social network

Rules and enforcement
•Cultural practices

Informal/cultural codes/rules of 
behaviour

•Economic drivers (private)
Rules of transactions
Methods of enforcement

•Official rule structures
Methods and willingness to enfoce

•Political environment
•Availability and type of information

SOCIAL/PHYSICAL ENVIRONMENT

INDIVIDUAL/GROUP RISK BEHAVIOUR 
FOR SPREAD OF ZOONOSES

Strong reward motivated – ‘conscious’ 
rule breaking e.g. monetary gain

Less ‘conscious’/ignorant rule breaking 
e.g. culturally driven; lack of information

 

The model proposed for risk management therefore goes beyond the technical relationships 
of cause and effect, which tend to be linear in their relationship. The overall model has 
spatial characteristics with the powerful notions of production clusters, movement corridors 
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and consumption centers. It also examines and teases out the people involved at different 
points both in space and in time defining what their motivations are and by whose rules they 
abide by. Some of the motivations could be economic, requiring the collection of output and 
input data, but it is increasingly recognized that this alone will not given adequate power to 
predicting behavior. Social, cultural and psychological factors are increasingly used in micro-
economics to explain aberrations from the rational decision making, and the science of 
animal disease relates, particularly for those diseases that are spread and maintained by 
people, should logically be no different. Given this scenario it is important that the model 
takes account of rule structures under which people operate and that these structures are 
both informal (cultural), and formal both through market and legal forces.  

If we accept such models of risk then the range of potential interventions to manage risk 
rapidly increases and makes the possibility of more successful disease management a real 
possibility. We are no longer limited to technical interventions, but also interventions that may 
relate to education, communication and local regulation. At a higher level policy changes 
could about business and trade regulation. These will be touched on when examining how to 
deal with some of the more tractable problems in the region with regards cross border risk 
management 

CONCLUSIONS 

The paper presents a view that describing and understanding the institutional environment 
(see Ostrom, 2010) is a critical component of identifying people involved in risky points in a 
livestock food system. How these people behavior at this points can be driven by a mixture of 
economic drivers, cultural norms and in some cases ignorance. The rule and enforcement 
structure that people work in at these points are not necessarily under their control and may 
require the risk creation and management to involve people who are some geographical 
distance from the risk point. Understanding this milieu provides a powerful tool to adding 
value to risk ranking that goes beyond a technical and normative economic toolset and 
begins to explore the reality of what people face in managing risk. 
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ABSTRACT 

Hazard/risk ranking is a technique which is frequently applied in the opinions given by the 
Scientific Committee of the Belgian Food Safety Agency. In this paper a number of examples 
are presented in the field of animal diseases, foodborne zoonoses and carcinogenics and/or 
genotoxic contaminants. For each example the methodology, the results and the 
implementation of the risk ranking into a policy response is discussed.  In general; most risks 
of high and medium priority are addressed by control policy measures.  Financial limitations 
and unavailability of validated tests and official standards may interfere with the 
recommendations of the Scientific Committee for implementing the risk ranking into control 
policy. 
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INTRODUCTION 

The Scientific Committee (SciCom) of the Belgian Food Safety Agency is a scientific 
consultative body providing scientific opinions with regard to risk assessment and risk 
management in the food chain. It is composed of 22 members, nominated by Royal Decree 
for a mandate of 4 years, with complementary scientific expertise in disciplines related to the 
food chain. The Committee is scientifically and administratively supported by the Staff 
Direction for Risk assessment of the Agency. Opinions are prepared by ad hoc working 
groups composed of members of the Scientific Committee and external experts and are 
discussed and approved during the plenary sessions. The opinions are published on the 
website of the Agency. 

Each year the Scientific Committee issues between 25 and 30 opinions. Most of them are 
requested by the Chief Executive Officer of the Agency on specific topics related to control 
policy. Opinions may also result from self-tasking activities. 

In the present article an overview is given of a number of advices in which hazard/risk 
ranking has been applied by the Scientific Committee of the Belgian Food Safety Agency. 
The implementation of hazard/risk ranking in these opinions into policy is also discussed. 

Food safety risk ranking (also called food safety comparative risk assessment) is priority 
setting of a list of hazards or risks occurring in the food chain based on a set of criteria. The 
great challenge is to compare hazards or risks of a different nature and to rank them 
according to predefined criteria in a logical order or into groups of similar risk level in order to 
help the risk manager in his decision process. 

In this article examples are given of risk ranking in the field of animal diseases, foodborne 
zoonoses and carcinogenics and/or genotoxic contaminants.  

RANKING OF ANIMAL DISEASES IN THE CONTEXT OF SURVEILLANCE 

In 2009 Belgium could benefit from an alleviation of the surveillance programs for bovine 
brucellosis and leucosis, since the country was officially free of these two diseases since at 
least 5 years. This favorable evolution in the bovine sector enabled the Agency, within the 
budgetary limits set, to consider a renewed animal disease surveillance program. In that 
respect the Scientific Committee was asked, inter alia, to make up prioritized and 
documented lists of animal diseases, classified per animal species, which could be the object 
for further epidemiological surveillance. The ranking had to be done fast (within one month) 
especially for surveillance of bovine diseases as blood sampling during winter (2009/2010) 
had to start without delay.   

Method 

The Scientific Committee followed a pragmatic approach based on veterinary expert opinion 
to make up a list of diseases and rank them into three categories of importance.  Public 
health, animal health, economic, legal and epidemiological considerations were taken into 
account.  The ranking of bovine diseases was made up from the general point of view of 
optimal logistic organization of the winter screening campaign.  For other species already 
existing disease surveillance programs were taken into account  (poultry: avian influenza – 
swine: Aujeszky’s disease). The SciCom considered also the early detection of a limited 
number of emerging diseases and formulated proposals for syndromic surveillance programs 
(abortion surveillance in ruminants, respiratory syndrome disease surveillance in swine). 

Results 

In the following table a synthesis is given of the ranking of animal diseases drafted by the 
Scientific Committee in different advices (SciCom advices 26-2009 + addendum, 5-2010 and 



 

45 

 

10-2010). The Scientific Committee emphasized that these lists are neither complete nor 
definitive and should be reviewed as the epidemiological disease status evolves (e.g. 
emerging diseases). 

Table: Ranking of animal diseases for surveillance purposes  

 High priority Medium priority Low priority 

Bovine diseases1 
(via non coagulated 
blood or serum) 

Bluetongue, Bovine 
Viral Diarrhea (BVD),  
Infectious Bovine 
Rhinotracheitis 
(IBR), Q-fever 

 

 

Paratuberculosis, 
Neosporosis, West-
Nile fever, 
Toxoplasmosis, 
Leptospirosis, 
Salmonellosis 

Parafilariosis 

Mycoplasma bovis, 
Rift valley fever, 
Bovine 
hypodermosis, 
Epizootic 
haemorrhagic 
disease, Crimean–
Congo hemorrhagic 
fever 

Bovine diseases 
(via other samples)2 

/ 

 

 

Paratuberculosis, 
Indicator bacteria 
(Escherichia coli and 
Streptococcus bovis) 

Multiple resistant 
Staphylococcus 
aureus, 
Verocytotoxin 
producing 
Escherichia coli 

Swine diseases 3,4 

 

Salmonella,  

Brachyspira 
hyodysenteriae 

 

 

 

Toxoplasma, 
Yersinia 
enterocolitica, 
Hepatitis E, Indicator 
bacteria (Escherichia 
coli and enterococci),  
Multiple Resistant 
Staphylococcus 
aureus and other 
Methicillin Resistant 
Staphylococci 

Nipah virus 

Poultry diseases5 

 

Newcastle disease6  West-Nile fever, 
Indicator bacteria 
(Escherichia coli and 
enterococci), multiple 
resistant 
Staphylococcus 
aureus 

Chlamydiosis 

 

Small ruminant 
diseases7,8  

 

Q fever 

Bluetongue 

Paratuberculosis, 
West Nile fever, 
Visna Maedi, 
Caprine arthritis and 
encephalitis  

Caseus 
lymphadenitis, Rift 
valley fever, 

Crimean–Congo 
hemorrhagic fever9 

Equine diseases 

 

Equine infectious 
anemia 

Equine viral arteritis, 
West-Nile fever 

Babesiosis, African 
Horse Sickness,  
Hendra virus, Nipah 
virus, equine 
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 encephalitis viruses 

 
1.Not included in this table are existing surveillance programs for Brucellosis (risk-based) and Leucosis (risk-
based) in cattle. Tuberculosis is mandatory tested at purchase.  

2.There is a mandatory abortion protocol in cattle (testing for infectious origin of aborted animals). Brucellosis is 
monitored in tank milk. 

3.There is a legal obligation to monitor for Aujeszky’s disease in swine. 

4.SciCom recommended to implement an acute respiratory diseases protocol in swine (targeted sampling – follow-
up of swine influenza viruses, …) 

5.Avian influenza in poultry is followed-up via a risk-based mandatory sampling program. 

6.For vaccination efficacy control purpose. 

7.Brucella melitensis is monitored via surveillance on same samples as for Visna-Maedi control. 

8.SciCom also recommended to implement a mandatory abortion protocol in small ruminants.  

9.Crimean-Congo hemorrhagic fever virus infection is subclinical in ruminants; therefore it is, strictly speaking, not 
a “disease”. 

Implementation into policy 

The surveillance of animal diseases are complex programs composed in function of historical 
responses to specific epidemiologal situations.   It is difficult to verify the degree of 
implementation starting from a simple synoptic table.  Moreover, the Agency is not the only 
player in the field and other instances such as the Federal Public Service for Public Health, 
Food Safety and Environment and regional animal disease organizations (DGZ Vlaanderen, 
ARSIA) have their own focus. Presently, the Agency is preparing a new integrated animal 
disease surveillance program. 

In general, it can be noted that the diseases listed by the Sci Com as high priority (except for 
Brachyspira hyodysenteriae in swine,  Newcastle disease vaccination efficacy control in 
poultry, Bluetongue in small ruminants and Equine Infectious Anemia in equids) are included 
in a surveillance program by the Agency.   

In the list of diseases with medium priority there is no surveillance by the Agency of 
paratuberculosis (surveillance in dairy cattle on voluntary base by regional laboratories), 
neosporosis and toxoplasmosis (both included in the abortion protocol program), 
Leptospirosis (prevalence already estimated in a research project), salmonellosis and 
parafilariosis, Streptococcus bovis, Yersinia enterocolitica, hepatitis E, caprine arthritis and 
encephalitis, West-Nile fever in ruminants and equids and Equine viral arteritis. There are 
surveillance programs for West Nile fever (poultry and birds), Q fever in goats and sheep 
(tankmilk), antibiotic resistance in Escherichia coli indicator bacteria in ruminants, swine and 
poultry (species specific 3 year alternating programs), MRSA (poultry) and Visna-Maedi in 
sheep (on voluntary base). 

In the list of low priority diseases there are no diseases which are included in a routine 
surveillance by the Agency except for MRSA in ruminants (every 3 years). 

Budgetary limits, the absence of validated diagnostic methods or the lack of cooperation from 
the sector are the main reasons for not including certain diseases in a surveillance program.  

 



 

47 

 

RANKING OF FOODBORNE ZOONOTIC PATHOGENS 

In 2008 the Scientific Committee developed an evidence-based semi-quantitative method to 
prioritize a list of food- and water-borne zoonotic pathogens  (Sci Com advice 22-2008; 
Cardoen et al., 2009). 

Method 

 The method consisted of the following consecutive steps: 

- establishment of an exhaustive list of 51 (potential) food- and water-borne zoonotic 
pathogens based on literature review and on scientific expert elicitation. 

- selection of relevant pathogen evaluation criteria.  Five criteria were selected to 
evaluate the relevance of zoonotic pathogens. Two criteria concerned public health: the 
severity and the occurrence of the disease in the human population between 2003 and 2006. 
Two criteria dealt with the animal production sector: the occurrence of the disease in the 
concerned animal population between 2003 and 2006 and the severity of the disease for 
animals combined with economic and commercial impact of the disease for the sector. A fifth 
criterion concerned the importance of food as transmission vehicle of the zoonotic pathogens 
to humans and was related to the occurrence of these zoonotic agents in the food and/or on 
carcasses. 

- constitution of a ‘help information database for experts’ for each of the 51 zoonotic 
pathogens consisting of evidence-based quantitative or qualitative national and international 
data. 

- scoring of the impact of each zoonotic agent on the five criteria on a scale from 0 to 4 
by 35 scientific experts (risk assessors).  

- attributing a relative weight to the five criteria by food chain risk managers (Las Vegas 
methodology) making in this way the total weighted scores dependent on policy priorities. 

- calculation of scores: an average individual score per criterion for each zoonotic pathogen 
and an average total score for each zoonotic pathogen using a clustered bootstrap in R were 
given.  

- ranking of zoonotic pathogens according to their total (weighted) scores. 

- identification of groups of importance by classification and regression tree analysis 
using the mean total score per disease as input. 

The approach was original as it combined the input of risk assessors (scoring the hazards) 
and risk managers (weighting of the criteria). 

Results 

After ranking the zoonotic agents based on overall weighted scores and grouping them in 
four statistically different groups of importance, it appeared that the most important food-
borne zoonotic pathogens in Belgium were: Salmonella, Campylobacter spp, Listeria 
monocytogenes and verocytotoxigenic Escherichia coli. A second group of significant 
importance included Toxoplasma gondii, the agent of Bovine Spongiform Encephalopathy, 
Clostridium botulinum, Cryptosporidium parvum, Mycobacterium bovis, Echinococcus 
granulosus and multilocularis, Fasciola hepatica and Giardia intestinalis. Other zoonotic 
pathogens appeared of moderate importance such as Coxiella burnetii, Trichinella sp, 
Brucella abortus, … 
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Figure: ranking of food-borne zoonotic pathogens (Cardoen et al, 2009) 

 

 

Implementation into policy 

The most important zoonotic pathogens (Salmonella, Campylobacter spp, Listeria 
monocytogenes and verocytotoxigenic Escherichia coli) are addressed by control policy, 
either by sampling of animals of food or both. For other zoonotic pathogens the Scientific 
Committee made specific recommendations with regard to research or control (sampling for 
determination of prevalence or epidemiologic surveillance, adaptation of legislation, …). 

It is noted that in the group of most important and important zoonoses the zoonotic parasites 
(Toxoplasma gondii, Cryptosporidium parvum, Echinococcus granulosus, Echinococcus 
multilocularis, Fasciola hepatica, Giardia intestinalis) receive only marginal attention from the 
authorities. Budgetary limits are the main reason. 

RANKING OF RISK FACTORS FOR EMERGING INFECTIOUS ANIMAL DISEASES 

In advice 06-2013 the Scientific Committee of the FASFC ranked risk factors of emergence 
of (potentially) (re)-emerging infectious animal diseases. 

Method 

Via a Delphi survey conducted by 50 experts the effect of 33 risk factors on the emergence 
of a sample of 34 (potentially) (re-)emerging infectious animal diseases was evaluated.  The 
consensus expert opinions obtained through the 2 round Delphi survey were transformed 
into scores allowing the ranking of risk factors according to their impact on the risk of 
emergence of the studied animal diseases, either considered as one general group or 
subdivided into different subgroups (zoonotic diseases, vectorial diseases and exotic 
diseases).  
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Result 

Figure: ranking of risk factors for emerging animal diseases (cfr. Sci Com advice 01-2013) 

 
The x-axis represents the strength of the risk factor (expert score) on the emergence of 
animal diseases.  

When considering emerging animal infectious diseases as one group, the following 7 risk 
factors were judged to have an important impact (score ≥ 2): the general problems 
associated with the detection of emergence (such as lack of declaration, weak performance 
of diagnostic tests, …),  the existence of an animal reservoir of the animal disease,  the 
difficulties to control the disease by vaccination,  the geographical expansion of the 
pathogenic agent,  the asymptomatic carriage,  the increase in incidence of the disease in 
other countries and the epidemiological role of wildlife.  

When considering specific subgroups of emerging animal infectious diseases other risk 
factors were also judged to be important. For zoonotic diseases this was the case for an 
increase in demography and/or distribution of wildlife.  For exotic diseases the risk factors 
‘globalization in trade and transport’  scored high. For vectorial diseases also other risk 
factors associated with vector biology were judged to be important such as:  the presence of 
a vector, the changes in climate and metereology, the contact between domestic animals 
and wildlife, the changes in the ecosystems produced by man, the lack of knowledge of 
pathogenesis, the growth of the animal population concerned by the disease and the change 
in pathogenesis of the animal disease.   

The intensive production systems and the legislation/sanitary policy appeared to be 
protective factors against the risk of emergence of infectious animal diseases.  
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Implementation into policy 

In this study important risk factors of disease emergence were identified enabling to make 
recommendations for mitigation. Some risk factors are already addressed by the Agency i.e. 
a vector surveillance program is ongoing.  However further study is indicated to identify 
measurable and sensitive indicators for these risk factors in order to include them in an 
emerging risk forecasting system.  

An increase in incidence of specific risk factors should alert the risk managers precociously 
on the increased risk of emergence of specific types of infectious animal diseases and allow 
them to focus resources on the key situations as well as to develop effective prevention and 
surveillance strategies.  

RISK RANKING OF CARCINOGENIC AND/OR GENOTOXIC CONTAMINANTS IN 
FOOD 

In 2007 the Scientific Committee started a self-tasking study on carcinogenic and/or 
genotoxic risks in food.  In a first advice (Sci Com 26-2008) the topic was introduced and the 
concepts of “dose-response”, “margin of exposure” (MOE), “threshold of toxicological 
concern” (TTC) and “as low of reasonable achievable” (ALARA) were explained.  These 
concepts are important to assess and to rank carcinogenic and/or genotoxic risks.  

Depending upon the amount of available information different approaches can be used to 
estimate and to rank the risk of (genotoxic) carcinogens. The “margin of exposure” (MOE) 
method (supported by EFSA) is based on a ratio between a reference point extrapolated 
from the dose-response curve and exposure which are both subject to assumptions and 
uncertainties. The “threshold of toxicological concern” (TTC)  is a more pragmatic approach 
used when toxicological data are lacking. “Virtually safe” exposure reference values are 
assumed based on the toxicity of chemical substances with similar chemical structure. The 
ALARA principle  (as low as reasonable achievable) is not suited for risk ranking of 
chemicals. 

Method 

Based on the IARC (International Agency for Research in Cancer) classification, a non-
exhaustive list was composed of relevant carcinogenic and/or genotoxic chemical 
substances which can be found in food. Other selected relevant chemicals were added to 
this list. This list was subdivided into (1) process contaminants, (2) environmental 
contaminants, (3) residues from pesticides and pharmaceutical drugs, (4) natural 
contaminants and (5) residues from the migration of contactmaterials. Up till now only the 
process contaminants and the environmental contaminants were studied in more detail by 
the Scientific Committee. 

Process contaminants 

In advice 09-2010 the Scientific Committee treated the process contaminants as a first topic 
of carcinogenic and/or genotoxic risks in food. Process contaminants are undesired chemical 
substances that are formed during food processing i.e. during heating (acrylamide, 
heterocyclic aromatic amines, furan, chloropropanols, polycyclic aromatic hydrocarbons), 
fermentation (ethylcarbamate, biogenic amines) or storage (N-nitrosamines, benzene). The 
dietary exposure of the Belgian population to these contaminants and the coupled risks were 
considered.  
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Result 

A ranking of process contaminants was done in 3 classes (high concern, medium concern 
and low concern) based on the available toxicological information, the exposure, toxicological 
endpoints and/or the MOE). This resulted in the following relative ranking: 

 Of high concern: acrylamide, furan, 3-chloropropanediol (3-MCPD) and the 3-MCPD and 
glycidol esters; 

 Of medium concern: benzene, 1,3-dichloropropanol (1,3-DCP), N-nitrosamines (NDMA), 
polycyclic aromatic hydrocarbons (PAHs); 

 Of low concern: heterocyclic aromatic amines, ethyl carbamate, formaldehyde, 
semicarbazide, nitro-PAHs.  

This ranking takes only into account the presence of these contaminants in food. However, 
there might be other and sometimes more important exposure pathways for the considered 
contaminants. In addition, it is noted that besides the carcinogenic and/or genotoxic effects, 
other potentially harmful properties of these contaminants could be relevant (e.g. endocrine 
disrupting properties). 

Control policy 

Most of these process contaminants are controlled by the Agency in various matrices. Only 
glycidol esters (pending EC recommendation), 1,3 dichloropropanol, N-nitrosamines, 
heterocyclic aromatic amines, semicarbazide, nitro-PAHs and formaldehyde are currently not 
programmed. 

Environmental contaminants 

In advice 01-2013 the Scientific Committee treated a second list of carcinogenic and/or 
genotoxic risks in food and more specific the environmental contaminants.  

Method 

At first a list of environmental contaminants was made up by expert opinon. It contained the 
following substances: arsenic, cadmium, mercury and methylmercury, lead, 2-nitroanisole, 
polybrominated biphenyls, dioxins and dioxine-like polychlorinated biphenyls (Dl-PCB’s), 
non-dioxin like polychlorinated biphenyls (NDL-PCB’s) and forbidden pesticides (chlordane, 
heptachlor, dichlorodiphenyltrichloroethane (DDT) and metabolites, hexachlorobenzene 
(HCB), hexachlorocyclohexane (HCH) including lindane, polychlorophenols and their salts 
and toxaphene. 

A risk assessment has been realized for each contaminant taking into account different 
properties such as carcinogenicity and genotoxicity, the existing of toxicological reference 
values, exposure data and risk characterization. The main criterion for classification was the 
margin of exposure (MOE) or the percentage of tolerable daily intake (TDI). Others effects 
than carcinogenicity and/or genotoxicity (e.g. endocrine disruptors) were also taken into 
account for the classification. 

Result 

Given the low MOE values for arsenic and lead, the Scientific Committee considered these 
two compounds of high concern for food safety and as a first priority for action. 
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Benzene, cadmium, methylmercury, dioxins & dioxins like polychlorinated biphenyls (PCB), 
non dioxins like PCB’s, polycyclic aromatic hydrocarbons (PAHs) and toxaphene are 
classified as second priority (of medium concern).  

Nitro-PAH, 2-nitroanisole, polybrominated biphenyls, chlordane, heptachlor, 
dichlorodiphenyltrichloroethane (DDT) and metabolites, hexachlorobenzene, 
hexachlorocyclohexane (lindane included), polychlorophenols and their salts are classified as 
third priority (of low concern). 

Control policy  

Many of these contaminants of 1st, 2nd and 3rd priority are controlled by the Agency. Special 
attention is paid to the control of total and inorganic arsenic, lead, cadmium, dioxins & dioxin-
like PCB’s and non dioxin-like PCB’s in various matrixes. Methylmercury has been 
programmed for control in fish.2-nitroanisole is not controlled.  The absence of standards for 
certain contaminants / matrix combinations impede the installation of a control policy. 

GENERAL CONCLUSION 

Hazard/risk ranking is a technique which is frequently used by the Scientific Committee. It 
has been applied in different ways: from a more pragmatic and quick way (expert opinion 
based) to a more defined way by referring to (chemical) standards up to a very elaborated, 
time-consuming way (based on scientific evidence reference data and semi-quantitative 
evaluation of expert scores).   

Hazard/risk ranking has been performed by comparing relatively similar parameters within a 
group with common characteristics (either microbiological hazards or chemical hazards). The 
big challenge is however to compare completely different variables such as chemical with 
biological hazards and to find a common denominator for comparison.   

The successful application of hazard/risk ranking into control policy depends mainly on 
financial budget, availability of validated tests and official standards, legal aspects and 
overall strategic choices to be made by risk managers. 
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His work deals with different aspects of economics of biosecurity. He has 
been involved in research projects dealing with, for instance: 

 Prioritisation of pests and diseases (two extensive reviews and development of the 
Finnish plant pest ranking model) 

 Cost benefit analyses of plant pests and diseases (Colorado potato beetle, Bemisia 
tabaci, and common wild oat) 

 Costs of preventative biosecurity in disease free period on Finnish poultry farms 
 Cost sharing arrangements of animal and plant diseases and plant pests 
 Consumer preferences for food safety 
 Policy support, including member of working group preparing the national strategy on 

invasive species 

INTRODUCTION 

Prioritisation of resources is often necessary in both the public and private sectors, and 
biosecurity – protection against animal and plant diseases, plant pests and invasive species 
– is no exception. Risk ranking in the case of plant health can mean for instance ranking of 
farms, regions or sectors for surveillance, ranking of transport media for surveillance and 
inspections, ranking of control methods for cost-efficiency, or ranking of pests and diseases 
for prevention, control and surveillance. We concentrate on the last issue. 

By risk ranking we here mean a structured system that places plant pests and diseases into 
a ranking order by asking the evaluator a series of questions. The rank of the species 
denotes the risk that the species presents to the society. Such ranking has been carried out 
in several academic studies, but it is not just academic play. For instance, in Australia such a 
system has been applied in plant imports to over 2800 species. There are also aspirations 
towards such a system regarding animal diseases and plant pests in the EU. In Finland such 
a scheme for plant pests is under development, and should be finished by the summer 2014. 

This paper reviews some practices related to existing ranking protocols for plant pests and 
pathogens. We also highlight some strengths and weaknesses of the protocols. The paper is 
based on three studies: a literature review of biosecurity ranking systems by Heikkilä (2011); 
a literature review and collation of the TEASI-framework by Leung et al. (2012), and the 
current development of the Finn-Prio plant pest ranking model. 
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SOME RESULTS FROM THE LITERATURE REVIEWS 

Overall model structure 

Some characteristics of the reviewed studies from Heikkilä (2011) are shown in Table 1. The 
overall model structures often follow the full risk assessment structure, for instance the 
TEASI-structure of Leung et al. (2012) (Transport, establishment, abundance, spread, 
impact), but not always with all the components included. Leung et al. (2012) point out that 
scoring approaches have a reasonably broad coverage of TEASI components, with 50% of 
them including at least three components and 18% including all five. Component coverage 
was generally much greater compared to quantitative approaches, probably due to the fact 
that scoring approaches could be done much more quickly.  

There was also wide diversity in the methods used to combine scores across the 
components and subcomponents to obtain a risk score. Additive approaches were the most 
common, although adding scores between components does not make much sense. If, say, 
the establishment component is judged impossible, it should not matter how large the 
impacts might be. One should therefore at least multiply scores of the major components. 
Elaborate decision matrices have also been used, which may make sense, but could not be 
evaluated due to lack of transparency in the model descriptions.  

Table 1. Main characteristics of prioritisation studies reviewed in Heikkilä (2011) 

Geographical 
location 

Topic Year of 
publication 

Originality of models Number of 
organisms 

Number of 
questions 

Europe 33% Environment 44% 2005-2010: 56% New development 55% Mean: 83 Mean: 22 

USA/Canada 31% Human health 20% 2000-2004: 24% Application 26% Median: 37 Median: 17 

Australia/New 
Zealand 24% 

Plant health 19% 1995-1999: 13% Application or comparison with 
further development 13% 

Maximum: 
851 

Maximum: 55 

Asia 4% Animal health 9% pre-1995: 6% Comparative test 6% Minimum: 0 Minimum: 1 

Africa 3% Food safety 8%     

No application 5%      

 

Individual questions 

As Leung et al. (2012) point out, most scoring approaches do not estimate magnitudes of 
expected impact, nor of individual invasion components or subcomponents. Rather they rely 
on either binary (yes/no) answers or semi-quantitative scales. Heikkilä (2011) notes that the 
most typical point scale employed in the models was a Likert-type scale from 1 to 5. Some 
models use a scale 1 to 4 to avoid having a central value. In a study on the impact of scale 
Dawes (2008) found that there is no difference between 5- and 7-point scales, but a 10-point 
scale produced lower results. On the other hand, if the scale is very narrow, for instance 1 to 
3, it is less likely to produce clear differences between the species. Whatever the scale, it is 
important that there are clear verbal descriptions of each alternative. The widely used 
Australian Weed Risk Assessment has a specific guide to describe the alternatives in detail 
(Gordon et al. 2010). 

It has been argued that the higher the number of questions, the more precise the outcome. 
However, it also means that it is a more laborious job to undertake the assessment. The 
critical question therefore is: does the number of questions affect the outcome? It has been 
studied in a few papers, and the results have shown that there is a statistically significant 
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relationship between the risk score and the number of questions answered, but the fit is low 
(2 studies) – or that such a relationship does not exist (1 study). 

It has also been pointed out that the number of questions can be reduced without affecting 
the ranking. The problem is that a priori it is difficult to know which questions can be left out. 
It has been shown that models with few questions often reliably identify pests correctly, but 
also identify harmless species as pests, in other words their sensitivity is high but the 
specificity suffers (Gordon et al. 2008). This is consistent with precautionary principle, but not 
necessarily economically desirable. Furthermore, correlation among different questions 
should be assessed, and hence it should be determined whether the same property is being 
counted several times. Also the coverage of questions has been found to be uneven (Leung 
et al. 2012). Roughly half (39%) of the reviewed studies weighted questionnaire answers, 
although the methods of weighting were variable. 

Uncertainty 

In ranking there are several types of uncertainty associated with the different impacts, the 
quality and existence of current information, and regarding panel members’ information 
(Ryan 2006). In terms of the model, uncertainty can be related to data inputs or data outputs. 
Data input uncertainty refers to uncertainty regarding the information needed for the 
evaluation, for instance uncertainty regarding some characteristics of the organism. Leung et 
al. (2012) distinguish between stochasticity and epistemic uncertainty in relation to input 
uncertainty. Output uncertainty refers to how reliable the outcome of the ranking model is. 
Dealing with uncertainty regarding the model outcome can be regarded as validation of the 
model. There are several ways one can account for these uncertainties, presented in Table 2 
(after Heikkilä 2011).  

Table 2. Treatment of uncertainty in reviewed studies, simplified from Heikkilä (2011). 

INPUT UNCERTAINTY  
 Provide a score for uncertainty related to each 

answer or for the reliability of information used in 
answering the question (e.g. journal, observation, 
anecdotal)  

 It is not necessary to answer all the questions or 
can answer ”do not know”  

 Can answer multiple choices (a scale of answers) 
instead of a single choice  

 Use more than one evaluator  
 Specifically ask about uncertainty related to the 

species  
 Do not include the species if there is uncertainty  

OUTPUT UNCERTAINTY  
 Second round of panel evaluation, where results of 

the first round are fed back to the panel (or other 
experts)  

 Model sensitivity tested by changing the input 
values by a given percentage and calculating the 
impact on final results  

 Species with moderate risk scores are assigned to 
an ”evaluate further” category and a second round 
of evaluation  

 Results are given as a distribution instead of 
simple point scores  

 Results are validated by comparing some of them 
against known species, by subjecting them to 
expert evaluations or by comparing against results 
of other models  

 

Input uncertainty was not taken into account in 47% of the studies (Heikkilä 2011). When it 
was included, it was primarily by the model being built such that it was not necessary to 
answer a question if the answer was not known. In these cases the treatment of “do not 
know” answers differed markedly. Some models used the worst case scenario when no 
response was made, whereas others allocated mid points, while some gave no score at all 
for no information. As for output uncertainty, 36% did not include treatment of output 
uncertainty (validation) and in a further 12% there was no application, so it was not explicitly 
tested whether the model actually produces sensible results. When it was included, the most 
common validation was to test the model with species whose pest status is known, and 
assess whether the model produces acceptable results. 
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Leung et al (2012) note that in relation to uncertainty, stochasticity generally was not 
considered, whereas epistemic uncertainty was considered in some approaches, but varied 
in methodology. Analyses have been done separately, examining uncertainty associated with 
Australian WRA (Caley et al. 2006), but they are not usually part of the general procedure. 
Leung et al (2012) suggest that in developing or applying a scoring framework, clear 
guidance should be given as to what each alternative actually means (e.g. what is 
considered high and what is low) in order to reduce linguistic uncertainty. 

Feasibility of control 

Since entry, establishment and impact potential can be affected by human actions, not 
including those human actions in a social prioritisation exercise is likely to produce a sub-
optimal outcome. Therefore, feasibility of control should be accounted for in the model. 
Feasibility of control can be divided into two parts: preventability (before an invasion) and 
controllability or treatability (after an invasion). 36%-44% of the studies did not include either 
measure. Even when feasibility of control was included, it was mostly based on one or few 
questions. Only one study of those reviewed by Heikkilä (2011) included both preventability 
and controllability. Control of the population level was the most often included component 
(about 35%), followed by management of spread (15%), whereas prevention was included in 
less than 5% of the studies. 

Control can be included in the overall model by for instance dividing the risk score by the 
controllability score or by plotting the risk score against the effectiveness of control. It can 
also be included by directly asking questions regarding controllability and taking them 
somehow into account in total score aggregation.  

Lack of management can be argued to be one main shortcoming of the ranking approach 
from the perspective of resource allocation. More constructively, this is an area where further 
research and model development is required. A further issue related to control is the 
potential correlation in the outcome of control (Cox 2009). In other words, corrective control 
actions may simultaneously target a range of organisms – at the extreme it may be the case 
that controlling any one of them by itself is not socially beneficial, but since the same control 
deals with all of them, the control action becomes socially beneficial. Such joint production of 
control cannot be taken into account in the current ranking models. 

STRENGTHS AND WEAKNESSES 

Some strengths and weaknesses of ranking models arise from the two reviews, summarized 
in Table 3. In principle, the first four weaknesses listed in Table 3 are such that they can be 
accounted for when the model is developed. However, among the 78 models reviewed by 
Heikkilä (2011), there were only two models that included all invasion stages, control 
feasibility, input and output uncertainty and allowed weighting. A further three models 
included all but one of the above elements. Of course, all the models do not need to include 
all possible characteristics, but the results nonetheless indicate that many important 
characteristics (e.g. treatment of uncertainty) are missing from many of the models.  

The next four weaknesses (5-8) can be, to an extent, accounted for by applying the model 
properly and using the model results appropriately. Less can be done about the last two 
weaknesses, as these characteristics are at the heart of the ranking models. If they are 
considered to be so important that they cancel the strengths of the ranking model, then 
perhaps the semi-quantitative ranking model should be replaced by a more elaborate 
quantitative model. 
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Table 3. Strengths and weaknesses arising from the reviewed studies. 

Strengths: 
1. Allows comparison of species and hence more efficient resource allocation according to risk 
2. Provides a transparent base for decision-making 
3. Assists in conceptualising the problem 
4. Offers a (semi-)quantitative aid to multi-criteria decision-making 
5. Allows assessment of many species in a relatively short time  
6. Assists in involving scientists in the decision-making process 
7. Helps in detecting species that are surprisingly high or surprisingly low on the list 

 
Weaknesses: 

1. Models most often assess only natural characteristics, not the societal response, i.e. feasibility 
of control is too often not included 

2. If there is correlation among the questions, the results are biased towards the correlated 
questions 

3. Invasions are by nature uncertain, yet uncertainty is too often not accounted for 
4. Invasions are inherently dynamic heterogeneous processes, but the models do not account for 

temporal dynamics or spatial heterogeneity  
5. Grouping of the organisms may be challenging  
6. The outcome is time and space specific 
7. The ranking does not take into account the current level of investment, in other words a 

species being high on the list does not automatically mean that more should be invested in its 
control. 

8. Does badly when actions target multiple hazards, i.e. the current models are not action-
prioritisation tools 

9. Semi-quantitative scores are arbitrary, and not fully transparent 
10. Scoring and score aggregation are non-linear. For instance, a score of 4 is likely to represent 

a species more harmful than a score of 2, but not necessarily twice as harmful (Ryan 2006). 
 

Policy support 

Leung et al. (2012) examined to what extent the scoring approaches have been used in 
policy support. If the answer was not found in the paper presenting the model or its results, 
they contacted the authors by email and posed the question directly at them. It was found 
that 57% of the models were used for policy support. For 26% of the models the results are 
not known (the authors did not respond or their contact details were missing). For a further 
11% the issue was not applicable, and for only 6% it was confirmed that they have not been 
used for policy support. The use of ranking models in policy support is therefore relatively 
high. 

Do plant health protocols differ from the other studies? 

Heikkilä (2011) considered all biosecurity hazards, including animal and human diseases and 
invasive species. He concluded that the overall results of the review are representative of 
plant health prioritisation studies, which did not differ significantly from the other studies. The 
main differences were that there were relatively fewer plant health prioritization applications 
in Europe (and more in the USA and Canada), and the plant health studies evaluated 
relatively greater number of organisms per study. The Australian WRA dominates as the 
main model in the case of plant health, but there are also other models available – generally 
much more than in the case of animal health or food safety. 

Finn-Prio model 
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We have been developing a model for plant pest prioritisation in Finland. The project began 
in 2012 and will be completed by summer 2014, ranking about 100 species. While building 
the model, we have attempted to address the main weaknesses that have surfaced in the 
reviews. Among the main issues, the Finn-Prio model: 

 considers all invasion stages (in three sections: entry, establishment/spread and impacts); 
 is multiplicative between invasion stages and mixed (summation, multiplication) within stages; 
 takes uncertainty into account in each question, simulates a PERT-distribution of final scores; 
 considers economic, environmental and to an extent social impacts; 
 incorporates feasibility of control in the assessment. 

However, while building the model we have encountered also some challenges, including: 

 how the species’ vectors or potential vectors are included in the assessment; or what if the 
species itself is a potential vector for other pests; 

 how should existing policies be incorporated; the model should assess the species, not the 
existing policies, yet the policies should be incorporated in one way or another; 

 how to differentiate between establishment and spread; many characteristics relate to both 
invasion stages; 

 what should the spread component of the model actually measure; the speed with which the 
species spreads (regardless of the potential area), the extent to which it can spread (regardless 
of the speed); or a combination of both; 

 how to assess the impacts of species with multiple hosts accurately; 
 how to assess the social (and environmental) impacts and how to weight those impacts relative 

to economic impacts. 

CONCLUSIONS 

Heikkilä (2011) concluded that there generally seems to be a fair amount of prioritisation 
models available for practical application, especially in the case of invasive plants, but only a 
select few models are used extensively. Many studies employ previously developed models, 
particularly the Australian WRA. The studies have been conducted primarily during the last 
five or so years. Impacts, including specific economic impacts, are often accounted for in the 
model, but the level of their inclusion varies and, for instance, social and trade impacts are 
mostly missing. Treatment of uncertainty and feasibility of control are still fairly inadequate in 
most of the models. Yet, ranking models are relatively commonly applied in policy, unlike 
fully quantitative risk assessments. The models are also applied to a large number of 
species. Taking into account the limitations in time, data and resources available for 
assessment, such rapid risk assessment approaches will likely continue to be needed. 

REFERENCES 

Caley, P., Lonsdale, W.M. and Pheloung, P.C. 2006. Quantifying uncertainty in predictions of 
invasiveness with emphasis on weed risk assessment. Biological Invasions 8: 1595-1604. 

Cox, L.A. Jr. 2009. What’s wrong with hazard-ranking systems? An expository note. Risk 
Analysis 29 (7): 940-948. 

Dawes, J. 2008. Do data characteristics change according to the number of scale points 
used? An experiment using 5-point, 7-point and 10-point scales. International Journal of 
Market Research 50 (1): 61-77. 

Gordon, D.R., Mitterdorfer, B., Pheloung, P.C., Ansari, S., Buddenhagen, C., Chimera, C., 
Daehler, C.C., Dawson, W., Denslow, J.S., LaRosa, A., Nishida, T., Onderdonk, D.A., 
Panetta, F.D., Pyšek, P., Randall, R.P., Richardson, D.M., Tshidada, N.J., Virtue, J.G. and 
Williams, P.A. 2010. Guidance for addressing the Australian Weed Risk Assessment 
questions. Plant Protection Quarterly 25 (2): 56-74. 



 

61 

 

Gordon, D.R., Onderdonk, D.A., Fox, A.M., Stocker, R.K. and Gantz, C. 2008. Predicting 
invasive plants in Florida using the Australian Weed Risk Assessment. Invasive Plant 
Science and Management 1: 178–195. 

Heikkilä, J. 2011. A review of risk prioritisation schemes of pathogens, pests and weeds: 
principles and practices. Agricultural and Food Science 20 (1): 15-28.  

Leung, B., Roura-Pascual, N., Bacher, S., Heikkilä, J., Brotons, L., Burgman, M.A., Dehnen-
Schmutz, K., Essl, F., Hulme, P.E., Richardson, D.M., Sol, D. and Vilà, M. 2012. TEASIng 
apart alien-species risk assessments: a framework for best practices. Ecology Letters 15 
(12): 1475-1493. 

Ryan, M. 2006. Allocating Vote: Biosecurity - towards an 'economics-based' approach for 
setting priorities for the importation of goods. Presentation at New Zealand Agricultural and 
Resource Economics Society Conference. 25-27 August 2006. 

  



 

62 

 

A MULTIDISCIPLINARY AND EVIDENCE-BASED 
METHODOLOGY APPLIED TO PRIORITIZE DISEASES OF 

FOOD-PRODUCING ANIMALS AND ZOONOSES 

M.-F. Humbleta, S. Vandeputtea, A. Albertb, C. Gossetc, N. Kirschvinkd, E. 
Haubrugee, F. Fecher-Bourgeois f, P.-P. Pastoretg, C. Saegermana* 

a Research Unit in Epidemiology and Risk Analysis applied to Veterinary 
Sciences (UREAR), Department of Infectious and Parasitic Diseases, Faculty 
of Veterinary Medicine, University of Liege, B42, Boulevard de Colonster 20, 
B-4000 Liege, Belgium 
b Department of Medical Informatics and Biostatistics, University of Liege, CHU 
Sart-Tilman, 4000 Liege, Belgium 
c Department of Epidemiology and Public Health, University of Liege, CHU 
Sart-Tilman, 4000 Liege, Belgium 
d Integrated Veterinary Research Unit, Veterinary Department, Faculty of 
Sciences, University of Namur, rue de Bruxelles 61, B-5000 Namur, Belgium 
e Department of Functional and Evolutionary Entomology, University of Liege, 
Gembloux Agro-Biotech, University of Liege, Passage des Déportés 2, 5030 
Gembloux, Belgium 
f Political Economics and Health Economics, School of Management, 
University of Liege, Bât. B31 Economy, boulevard du Rectorat 7, 4000 Liege, 
Belgium 
g Rue de la Clissure, 7, 4130 Fontin (Esneux), Belgium 
*Speaker: Prof. dr. Claude Saegerman 
Professor University of Liege – Member of the Scientific Committee of the 
FASFC 
E-mail: claude.saegerman@ulg.ac.be  
 

BIOGRAPY 

Until September 2005, Claude Saegerman was the director of the 
scientific secretariat of the scientific committee of the Federal Agency 
for the Safety of the Food Chain (FASFC). Currently, he is a full 
professor and head of Research Unit of Epidemiology and Risk 
Analysis applied to Veterinary Sciences (UREAR-ULg), Chairman of 
the biosecurity cell at the Faculty of Veterinary Medicine, University 
of Liege, Belgium.  

Claude Saegerman was graduated as doctor in veterinary medicine 
in 1986. He got a master of sciences in epidemiology in 1992 and a 
PhD in veterinary sciences in 2004. He was recognized in 2005 as 

diplomate of the European College for Veterinary Public Health. It received several 
(inter)national scientific awards, the most recent being granted by the Belgian Royal 
Academy of Medicine for an original contribution to the knowledge of the emerging 
Bluetongue virus in Europe.  

Claude Saegerman is a member of several scientific committees like the Scientific 
Committee of the Federal Agency for the Safety of the Food Chain since 2008, the expert 
committee specialized in animal health of the French Agency for Food, Environmental and 



 

63 

 

Occupational Health and Safety since 1996, the Veterinary Ad Hoc Scientific Advisory Group 
on an inactivated Bluetongue vaccine at the European Medicines Agency since 2010, also 
member of several working groups of the European Food Safety Authority since 2010 
concerning the Bluetongue virus, the Schmallenberg virus and epidemiological indicators of 
the meat inspection. He is also member of the Emerging Risks Exchange Network from the 
European Food Safety Authority since 2010 and member of the Scientific Advisory Board of 
the United States Animal Health Association Committee (USDA) on Bee Informed 
Partnership Grant since 2011. He is the president of the Belgian Association of Animal 
Health and Epidemiology since 2007. He is ordinary member of the The Royal Academy of 
Medicine of Belgium since 2012. 

Current research is mainly conducted on the development of methods for early clinical 
detection and understanding dynamics of infection of emerging (vector-borne and/or 
zoonotic) diseases and rare events, also for prioritizing animal diseases, based on an 
interdisciplinary approach and use of evidence-based medicine, and evaluation of disease 
control measures (including cost-benefit analysis). The UREAR-ULg has a scientific output 
following an upward trend since its inception with a high score of publications referenced in 
the US National Library of Medicine since 2010. Along with the World Organization for 
Animal Health, (OIE), he was one of the editors of the bluetongue monograph. 

Expertise: Epidemiology, Risk analysis, Infectiology, Prevention and control of diseases, 
Mandatory diseases, Emerging diseases, Biosecurity. 

ABSTRACT 

The present prioritization process is based on a multi-criteria decision making including 
multidisciplinary experts’ opinion and evidence-based data. Hundred diseases were included 
in the process and five categories of criteria (N=57) were considered. International experts 
performed an intra- (N=40) and an inter-category (N=6) weighting of criteria. Information 
corresponding to each criterion/disease was collected through an evidence-based 
methodology. An overall weighted score was calculated for each disease based on 
deterministic (mean of each weight) and probabilistic (distribution functions of weights using 
Monte Carlo simulation) approaches. The consecutive ranking was established. A 
classification and regression tree analysis allowed the classification of diseases into 4 
subgroups in function of their relative importance. Few differences were observed between 
deterministic and probabilistic approaches. The present generic and predictive methodology 
is applicable in different contexts and to diseases affecting other species.  

INTRODUCTION 

Zoonotic agents are infectious [transmissible] agents which are not only confined to one host 
but which can cause an infection [infestation] (with or without clinical disease) in several 
hosts including humans (1). Nevertheless, all diseases affecting animals and humans are not 
strictly zoonotic but are qualified as common: both animals and man generally contract the 
infection from the same sources (soil, water, invertebrate animals and plants), however, 
animals do not play an essential role in the life cycle of the etiologic agent, but may 
contribute in varying degrees to the distribution and actual transmission of infections (2). 
According to the World Organization for Animal Health (OIE), 75% of the emerging diseases 
find their origin in domestic or wild animals, which prompts for a close collaboration between 
animal and public health authorities5. To achieve such a goal, the One Health strategy was 
recently developed to expand interdisciplinary collaborations and communications in all 
aspects of health care for humans, animals and the environment6. Such collaborations are 
                                                 
5 http://www.oie.int/eng/edito/en_edito_avr09.htm 
6 http://www.onehealthinitiative.com/mission.php 
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particularly evident when considering zoonoses. In the continuity of the ‘One health’ concept, 
a new strategy for animal health was recently adopted by the European Union (3). The 
categorization of animal-related threats is one of the pillars of this strategy. Such process 
aims at providing a tool for decision in matter of animal health for selecting the disease-
related threats that are worth being addressed by public policies, which is of particular 
importance if considering emerging infectious diseases. The process of disease prioritization 
has been defined as the ‘Organization of listed diseases into a hierarchy, considering their 
respective impacts’ (4). 

The main objectives of a prioritization process are to optimize financial and human resources 
for the surveillance, prevention, control and eradication of infectious diseases and to target 
the surveillance for an early detection of any emerging disease. The method presented here 
is based on the widely used multi-criteria analysis consisting in listing the criteria to assess 
pathogens, evaluating the pathogens on these criteria (scores), determining the relative 
importance (weight) of each criterion, aggregating scores and weights of criteria into one 
global score per pathogen (5). The originality of the present prioritization procedure is a 
reasoning based on multidisciplinary experts’ opinion (weighting process) and on evidence-
based data of the targeted diseases (animal diseases, zoonoses and transmissible diseases 
common to animals and man).  

METHODS 

List of 100 diseases  

A total of 100 diseases were included in the prioritization exercise. The species targeted 
were food-producing animals: cattle, small ruminants, swine, horses, poultry (included water 
birds such as ducks and geese), lagomorphs and wildlife (species endemic to Western 
Europe). The diseases were 86 diseases affecting the animal species under study and 
reportable to the OIE7. Highly pathogenic and low pathogenic avian influenza were 
considered separately. Twelve additional infectious diseases reported in Europe between 
September 2009 and September 2010, and notified by the International Society for Infectious 
Diseases8, were also included in the prioritization process: besnoitiosis, botulism, bluetongue 
(Bluetongue virus serotype16), hantavirosis (Puumala virus), hepatitis E, H1N1 influenza A, 
norovirus disease, European tick-borne encephalitis, Usutu virus disease, porcine post-
weaning multisystemic wasting disease (circovirus PCV2), equine atypical myopathy and 
disease caused by Escherichia coli O157:H7. Parafilariasis (Parafilaria bovicola) was also 
included in the procedure because it is considered as emerging in Western Europe (6). 
Furthermore, salmonellosis caused by Salmonella enteritidis was considered because of its 
impact on public health, this serovar being the most common in the EU (7).  Foot-and-mouth 
disease (FMD) was included in the zoonotic/common category despite its very low impact in 
public health and the limited number of human cases reported to date (8). 

Prioritization criteria  

Five aspects of a pathogen were considered: epidemiology, prevention and control, impacts 
on economy and trade, zoonotic character and impact on the society. The prioritization 
criteria were established according to a review of previous priority settings (e.g. DEFRA9, 9-
13) and literature but also according to the principles of evidence-based medicine which 

                                                 
7 http://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2011/  
8 http://www.promedmail.org/ (archives 20100215.0530, 20100803.2615, 20101227.4564, 20100729.2546, 
20100330.0996, 20100111.0128, 20090912.3211, 20100620.2072, 20091217.4273, 20091004.3453, 
20101106.4026, 20100209.0442) 
9http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/strategy/programme/prioritisatio
n.htm 
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promotes the collection, interpretation, and integration of valid, important and applicable 
scientific evidence (14). A total of 57 criteria were retained for the prioritization process and 
further submitted to the experts’ opinion. The distribution of criteria between 5 categories 
was: N = 17 for epidemiology (EP), N = 8 for prevention/control (PC), N = 16 for 
economy/trade (EC), N = 12 for public health (PH) and N = 4 for society (SO). The 57 criteria 
are summarized in Table I. A strict definition was detailed for each given coefficient and 
criterion. 

A particular classification of zoonoses proposed by Pitlik on the basis of interactions between 
host-species is included as a criterion in the PH category: type 1 are diseases transmitted 
from wildlifeto humans, type 1+ are transmitted from wildlife to humans with further human-
to-human transmission, type 2 are transmitted from wildlife to domestic animals then to 
humans and type 2+ are diseases transmitted from wildlife to domestic animals then to 
humans, with further human-to-human transmission (15). 

Table I: List of the 57 criteria retained for the prioritization process with corresponding weight 
attributed by experts 

Category of criteria Criteria 

Epidemiology (N=17) Morbidity rate (%); Case-fatality rate (%); Specificity of the pathogen; Mode of 
transmission; Incubation period; Clinical course; Persistence in the environment; 
Epizootic potential; Evolutive character of the pathogen; Clinical disease in cattle; Clinical 
disease in small ruminants; Clinical disease in swine; Clinical disease in equine; Clinical 
disease in poultry; Clinical disease in lagomorphs; Clinical disease in wildlife; 
Presence/absence of the vector(s)/reservoir(s) in the European Union;  

 Inter-category weight 

Prevention – control 
(N=8) 

Control of reservoir(s) and/or vector(s); Vaccination; Treatment; Availability and quality of 
diagnostic tools; Knowledge on the pathogen agent; Effectiveness of control measures 
other than treatment, vaccination and control of vectors; Effectiveness of prevention other 
than vaccination; Surveillance of the pathogen agent in the European Union or in the 
world   

 Inter-category weight 

Economy – trade 
(N=16) 

Losses of productivity (milk, eggs, growth); Additional costs: mandatory slaughtering; 
Additional costs: treatment, disinfection, labour; Limited importation-exportation; 
Disturbance of supply and demand  (fall in prices, etc); Impact on adjacent sectors 
(tourism, etc.); Impact on the cattle industry; Impact on the small ruminants industry; 
Impact on the swine industry; Impact the horse industry; Impact on the poultry industry; 
Impact on the rabbit  industry; Impact on wildlife industry; Zoonotic impact (cost of 
illness); Zoonotic impact (costs of prevention per person) 

 Inter-category weight 

Public health (N=12) Zoonotic/common agent; Classification of zoonoses; Disease knowledge in humans; 
Morbidity rate (%); Case-fatality rate (%); Mode of transmission; After-effects or negative 
impact on the patients' quality of life; Presence of a fight plan; Epidemic potential; 
Vaccination; Treatment; Availability and quality of diagnostic tools 

 Inter-category weight 

Society (N=4) Lowered consumption; Perception of the problem by the consumer; Potential impact on 
media; Impact on animal welfare and biodiversity 

 Inter-category weight 

 

Coefficients of criteria 
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For each criterion, a coefficient of 0 to 7 was assigned to every option, according to its 
importance, impact or rate. Coefficients were correlated to the severity: the more severe the 
impact, the higher the coefficient. For example, a ‘case-fatality’ rate < 1% equals to a 
coefficient of 1 and a coefficient of 7 corresponds to case-fatality rate > 90%. For the non-
zoonotic agents, a null coefficient was fixed for the criteria included in the PH category.  

For each disease, evidence-based information concerning the 57 criteria was gathered 
through different sources, including the consultation of OIE and Iowa State University fact 
sheets and the consultation of international organizations websites (OIE, the World Health 
Organization (WHO), The European Centre for Diseases prevention and control (ECDC), the 
Centers for Disease Control and Prevention (CDC), etc). Web searches on peer reviewed 
literature were conducted in PubMed and ISI web of knowledge. Useful information was also 
collected from scientific reference books (16, 17). Searches allowed gathering close to 100% 
of the information needed for the 57 criteria of the 100 diseases. 

Multidisciplinary panel of experts 

The main characteristic of the panel of experts consulted within the framework of the project 
was its multidisciplinarity. A total of 74 international experts were elicited according to their 
field of expertise: veterinary and human epidemiologists, Chief Veterinary Officers (CVO’s), 
economists, medical doctors, sociologists, experts in public health and in animal welfare. 
Two tasks were assigned to the experts. First, they were asked to give their opinion on the 
pertinence of the criteria proposed by indicating their degree of agreement. They were asked 
to assign a note of 1 if they strongly disagreed with the criterion, a note of 2 if they disagreed, 
a note of 3 if they simply agreed and a note of 4 if they strongly agreed. If case of strong 
disagreement, experts were asked to justify their decision and also to propose alternative 
options. The second task they were solicited for was related to the weighting of criteria. As 
within a same category, all criteria do not have the same importance in terms of risk and 
consequences, experts were thereafter asked to apply a Las Vegas methodology between 
the criteria according to their relative importance (or weight) (18). As the number of criteria 
differs between categories, the number of points to distribute was proportional to the number 
of criteria per category: N = 90 for EP and PH, N = 60 for PC and EC and N = 30 for SO. 
Such an approach was necessary to avoid that criteria classified as major by experts (in 
terms of points distributed) receive less points because they belong to a category including 
more criteria. Finally, 6 international experts, considered as multi-category, were asked to 
apply the Las Vegas methodology for the inter-category weighting by distributing 100 points 
between the 5 categories of criteria.  

Weighting of scores and ranking according to experts 

After experts weighted the different criteria, an overall weighted score was calculated for 
each disease (19). To perform the ranking, an aggregation method combining two types of 
weighting was performed. First, the intra-category weighting consisted in multiplying the 
coefficient (0 to 7) allocated to the criterion by the average of points (weight) distributed by 
the experts for that criterion. A global score for a category was obtained by summing the 
weighted scores obtained for each criterion. Secondly, multi-category experts performed an 
inter-category weighting. The mean number of points allocated by these experts to each 
category of criteria (weight) was multiplied by the global score obtained for each category 
after the first weighting. The overall weighted score of each disease resulted from the 
summation of global scores obtained from the 5 categories, as shown in two equations 
below:  

OWS = Σcat (GSCj x IrWj)   (Eq. 1) 

GSCj = Σcrit (Ci * IaWi)  (Eq. 2) 
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Where: OWS = overall weighting score of a pathogen; GSCj = global score of a category of 
criteria; IrWj = inter-category weight for each category of criteria (average for deterministic 
approach); Ci = initial coefficient per criterion; IaWi= intra-category weight for each criterion 
(average for deterministic approach); Cat = categories of criteria; Crit = criteria. 

Uncertainty analysis  

Uncertainty of the weighting process was estimated using a probabilistic approach: all 
weights are converted into a function (Table I) and computed using the @Risk software 
(version 5.5; Palisade Corporation, New York, USA).  Afterwards, functions are combined 
through an aggregation process (see previous section) using a Monte-Carlo simulation with 
1,000 iterations to obtain a function of the overall weighted scores per disease with a 95% 
confidence interval.  

Classification of diseases – CART analysis 

Different groups of importance were identified by a Classification and Regression Tree 
(CART10) analysis using the overall weighted scores per disease as input (probabilistic 
approach). This widely used methodology, developed by Breiman et al., can be applied to 
analyze either categorical (classification) or continuous data (regression) (11, 12, 20, 21). In 
this article, regression tree models were used as the target variable whereas ‘disease 
importance’ was the continuous variable (22) with the aim to obtain subgroups with minimal 
within-variance (grouping diseases with similar importance) using a technique called cross-
validation (11, 23). The default settings of the software, described in Steinberg and Golowya 
(2007), were used to develop the regression tree (24). 

RESULTS 

Experts’ opinion on criteria 

The response rate of the 74 experts on the procedure was 54% (i.e. 40 replies). Experts 
profile was established. Experts were classified according to the different categories of 
criteria as follows: N = 18 for EP, N = 16 PC, N = 14 for EC, N = 10 for PH and N = 13 for 
SO. Opinions of 6 cross-wise experts who assessed all categories of criteria (‘multi-category’ 
experts) were included individually in each category as well.   

Experts’ opinions on the proposed criteria were taken into account to adapt the list of criteria. 
For example, in the EP category, three rates were primarily proposed to experts: morbidity, 
mortality and case-fatality. They suggested deleting the mortality rate as the case-fatality rate 
better reflects the ‘gravity of the disease’. Some modifications were brought to the definitions 
of each criterion and its coefficients as well in order to clarify them.  

The relative weight of each category of criteria was: mean and median = 20 points for EP, 
mean = 19 and median = 18 points for PC, mean = 23 and median = 28 points for EC, mean 
and median = 25 points for PH and mean = 14 and median = 15 points for SO. Public health 
was considered as the most important category of criteria in terms of prioritization. The 
epizootic potential and the case-fatality rate (%) were regarded as the two major 
epidemiological indicators. Effectiveness of prevention and vaccination were weighted as the 
two most important PC criteria. Loss of productivity and limitation of importation and 
exportation were seen as the two major EC criteria by experts. Case-fatality rate and 
epidemic potential were weighted as the two most important PH criteria. The two main SO 
indicators were impact on animal welfare and biodiversity as well as lowered consumption. 
Nevertheless, within each category, differences between criteria were often scarce. On the 
other hand, the range in weights of each criterion was rather large as illustrated by the high 
                                                 
10 www.salford-systems.com 
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standard deviations, showing some variability between experts’ opinions. To take variability 
into account, a probabilistic approach was used to estimate the overall weighted score per 
disease. 

Ranking of diseases 

The final ranking of diseases, according to their overall weighted scores and using a 
probabilistic approach, is presented in Figure 1. Few differences were observed between 
deterministic (mean of each weight) and probabilistic approaches (function of weights) 
(Pearson correlation coefficient = 0.999; p-value < 0.0001). This is probably linked to few 
problems of subjective interpretation or to the dilution of individual discordances among the 
high number of experts. 

As mentioned earlier, FMD was considered as zoonotic, but strictly speaking, FMD could be 
included in the non-zoonotic category. In such case, it would take the lead of the non-
zoonotic ranking. Newcastle disease was included in the zoonotic/common category, which 
could be discussed as well because of its limited impact on PH. Diseases classified in the top 
5 are all zoonotic/common: 1) Nipah virus encephalitis, 2) Venezuelan equine encephalitis, 
3) highly pathogenic avian influenza, 4) West Nile fever and 5) botulism. 

Classification of diseases – CART analysis 

In the present study, the regression tree allowed the identification of 4 groups of diseases in 
function of importance, indicated by thresholds in Figure 1. 

Figure 1. Final ranking of the diseases to their overall weighted scores and using a probabilistic 
approach (N=100) 
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Hepatitis E [2]

Bovine spongiform encephalopathy [2]

Crimean Congo hemorrhagic fever [2]

Nairobi sheep disease [2]

Bovine anaplasmosis (Anaplasma marginale, A. bovis, A.caudatum, A. centrale and A.   phagocytophilum) [2]

Enzootic abortion of ewes (ovine chlamydiosis) [2]

Norovirosis [3]

Newcastle disease* [1]

Swine influenza (Influenza A H1N1) [3]

European tick-borne encephalitis [2]

Hantavirosis (Puumala virus) [2]
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Legend: The CART analysis allowed the grouping of diseases in 4 statistically different 
groups (using the overall weighted scores per disease as input): ‘high’, ‘significant’, 
‘moderate’ and ‘low’ importance, respectively). 

DISCUSSION 

The prioritization of diseases has gained major interest within the last years, especially from 
a preventive point of view and in the sector of public health. Such process is particularly 
interesting within the context of emerging diseases, as one never knows how severe the 
socio-economic consequences of their outbreaks can be. The present study not only 
targeted zoonoses, like previous priority settings such as the works of Cardoen and 
collaborators and Havelaar and co-workers (11, 12), but also included transmissible diseases 
common to man and animals, and reportable animal diseases. The prioritization process 
presented here was developed by an independent organism to avoid any bias that could 
result from the influence of stakeholders, as already observed in the past (25, 26). 

Several teams have proposed a prioritization process considering different categories of 
criteria. Previous studies sometimes focused on a specific aspect of infectious diseases such 
as the multi-criteria analysis designed by Mourits and co-workers to support the discussion 
on control measures (27). On the contrary, the methodology developed by the French 
Agency for Food, Environmental and Occupational Health & Safety (ANSES) included the 
major aspects of a disease (28), and considered two rankings also: one for animal health 
only and another for human health only. Nevertheless, the present study presents in addition 
a unique ranking including both types of diseases. 
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Trypanosomosis (Trypanosoma congolense, T. vivax) [0]
Bluetongue (BTV-16) [0]

Bovine genital campylobacteriosis (Campylobacter fœtus) [2]
Aujeszky’s disease [0]

Bluetongue (except BTV-16) [0]
Myxomatosis [0]

Surra (Trypanosoma evansi) [0]
Rinderpest [0]

African horse sickness [0]
Paratuberculosis [0]

Transmissible gastroenteritis [0]
Duck virus hepatitis [0]

Porcine reproductive and respiratory syndrome [0]
Contagious agalactia (Mycoplasma agalactiae, M. capricolum and M. putrefaciens) [0]

Besnoitiosis (Besnoitia besnoiti) [0]
Hemorrhagic septicemia (Pasteurella multocida) [0]

Sheep pox and goat pox [0]
Fowl cholera (Pasteurella multocida) [0]

Infectious bursal disease (Gumboro disease) [0]
Heartwater (Ehrlichia ruminantium) [0]

Theileriosis (Theleria parva and T. annulata) [0]
Equine infectious anemia [0]

Bovine viral diarrhea [0]
Rabbit hemorrhagic disease [0]

Avian infectious laryngotracheitis [0]
Postweaning multisystemic wasting disease (Porcine circovirus - PCV2 [0]

Turkey rhinotracheitis [0]
Avian infectious bronchitis [0]

Fowl typhoid (Salmonella gallinarum) [0]
Scrapie [0]

Equine piroplasmosis (Babesia caballi, Theileria equi) [0]
Marek’s disease [0]

Contagious caprine pleuropneumonia (Mycoplasma capricolum subsp. capripneumoniae) [0]
Atypical myopathy [0]

Peste des petits ruminants [0]
Contagious bovine pleuropneumonia [0]

Equine influenza [0]
Avian mycoplasmosis (Mycoplasma gallisepticum) [0]

Maedi-visna [0]
Enzootic bovine leukosis [0]

Caprine arthritis/encephalitis [0]
Equine rhinopneumonia (Equine herpesviruses 1 and 4) [0]

Equine viral arteritis [0]
Dourine (Trypanosoma equiperdum) [0]

Avian mycoplasmosis (Mycoplasma synoviae) [0]
Contagious equine metritis (Taylorella equigenitalis) [0]

Lumpy skin disease [0]
Ovine epididymitis (Brucella ovis) [0]

Infectious bovine rhinotracheitis/infectious pustular vulvovaginitis [0]
Trichomonosis (Tritrichomonas fœtus) [0]

Salmonellosis (Salmonella enterica subsp. enterica serovar Abortusovis) [0]
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importance
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Relative low
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The present approach included more diseases  compared with previous priority settings as 
the one performed by the English Department for Environment, Food and Rural Affairs, 
veterinary surveillance (DEFRA11) (N = 25) or the European Commission (N = 46) (13). 
Krause and collaborators applied a Delphi methodology of collecting opinion, but only 
prioritized 85 zoonotic or common diseases (9, 10). In our study, a Delphi methodology was 
initially planned but for time, rational and economic reasons, criteria were defined and 
established before being proposed to experts. The present methodology includes qualitative 
and semi-quantitative criteria, so it is not completely numerically-based, contrarily to the 
multi-criteria analysis developed by Kurowicka and collaborators: their methodology is 
applicable for quantitative criteria only and not always for all diseases, in all contexts. 
Furthermore, they used limited number of attributes for the pathogens (5). Even if relying on 
a quantitative approach, less arbitrary than a semi-quantitative approach, the model 
developed by the Dutch scientists is based on criteria reflecting the epidemiology and 
societal impact of zoonoses, but do not include risk perception by the general public or 
diseases targeting animal species (12). 

The present methodology requires multidisciplinarity, involving animal and human 
epidemiologists, Chief Veterinary Officers (CVO’s), experts in agricultural economics, in 
animal welfare and biodiversity as well as on the societal aspect. Other prioritization 
processes often restricted their panel of experts to epidemiologists and specialists of 
infectious diseases (9, 10).  

The decision to start from the disease and not from animal species goes against the 
methodology developed by Heffernan in 2009 who suggested that errors might be amplified 
throughout the weighting process (29). Nevertheless, by starting with the disease, the 
importance of species is balanced by the EC category, as the impact on the different 
industries is taken into account. If an industry is not well developed in a specific area, the 
impact will be minimized. When starting the prioritization process from the species and its 
particular importance in the area/country, it makes the model only applicable in this specific 
area, although if one starts from the disease itself, and takes into account the economic 
importance of this species industry in another category of criteria, the model can be applied 
anywhere in the world.  

Some methodologies applied a weighting system to criteria (DEFRA12, 9, 10, 30), as it is not 
appropriate to consider all criteria on the same scale. For example, the ‘human case-fatality 
rate’ should not be placed on the same scale as ‘classification of zoonoses’. It is interesting 
to note that even if individual experts differed in their views on the relative importance of the 
various criteria and indicators, veterinary epidemiologists as well as experts in public health 
reached to the conclusion that the epizootic/epidemic potential and case-fatality rate were 
the two most important criteria in their respective category of expertise. When considering 
the overall ranking of diseases, all diseases appearing in the top 20 are zoonotic/common, 
which is quite expected as their global score involves the whole public health aspect. The 
CART analysis also illustrates the correlation identified between PH and SO (data not 
shown), which is not surprising, as the consumer’s behavior might particularly be influenced 
when a zoonotic/common agent is involved (31). Nevertheless, CARTs might lead to slightly 
biased results in relation with the variable selection: the identification of distinct subgroups 
does not allow the estimation of net effects of independent variables as the subdivision of 
data into two groups is based on only one value of only one explanatory variable (32). In 
addition, a bootstrap or jackknifing analysis would have been also an alternative to estimate 
the uncertainty.   
                                                 
11http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/strategy/programme/prioritisatio
n.htm 
12http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/strategy/programme/prioritisatio
n.htm 
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The analysis can only be applied to the 100 diseases included in the model. Nevertheless, its 
predictive value is important. The model developed here could be presented as generic and 
should not be confined to the 100 diseases included in the present application or to exotic 
diseases as the methodology developed by ANSES (28). At the beginning of the century, a 
scientific team of UK established a list of 1,415 pathogens possibly affecting humans (33). 
Added to the pathogens involved in animal diseases, all these could be submitted to the 
prioritization process as well, with a preliminary categorization step. As specified in the 
previous work performed under the aegis of the European Council, the prioritization exercise 
should be performed regularly as the epidemiological situation of diseases constantly 
evolves: biotechnological improvements are constantly achieved in terms of vaccination, 
treatment and diagnostic tests for example (30). In addition, the elaboration of each criterion 
relied on evidence-based medicine through the consultation of more than 1,800 scientific 
references (34, Vandeputte et al., unpub. data). The critical point of the present methodology 
relies on the possible lack of independence between some criteria. Several of them may 
indeed be substantially dependent on each other. Although the coefficients for the ranges of 
morbidity and case-fatality rates were arbitrarily fixed, which may results in a loss of 
precision, they were accepted by experts. A Delphi methodology would have been more 
appropriate to reach a consensus on the criteria to be used. 

In conclusion, the present methodology is a generic tool applicable on different geographical 
scales in a great variety of contexts, as it is not restricted to a well-defined field of actions. 
The standardization of criteria ensures the transparency and the reproducibility of the model 
in other context and for other diseases. It allows for adaptations (vaccination becoming 
available, increased knowledge on a pathogen, viral mutations or genetic re-assortments 
increasing the host-specificity). In the same view, the model could be applied to diseases 
affecting domestic (dogs, cats, etc.) or exotic pets (reptiles, etc.). On the other hand, it could 
also be interesting to use the same approach for enzootic conditions in order to better re-
target the surveillance system and re-adapt control measures worldwide.  
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INTRODUCTION 

Risk ranking in food safety could be defined as the analysis and ranking of the combined 
probability of food contamination, consumer exposure and the public health impact of certain 
foodborne hazards. Risk ranking has been recognized as the proper starting point for risk-
based priority setting and resource allocation, because it would permit policymakers to focus 
attention on the most significant public health problems and develop strategies for 
addressing them. In a science- and risk-based system, resources for food safety should be 
deployed in a manner that maximizes the public health benefit achieved through risk 
reduction.  

In this work an overview of the EFSA BioHazard panel work on risk ranking is presented with 
specific emphasis on the EFSA opinion on the development of a risk ranking framework on 
biological hazards. The scope of this opinion was to develop a standardized risk ranking 
conceptual framework, in order to ensure consistency and transparency in the future 
opinions where it is requested to rank risks. In addition two opinions on risk ranking of 
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biological hazards on composite foods of animal origin and on foods of non-animal origin are 
presented as examples. 

DEVELOPMENT OF A RISK RANKING FRAMEWORK ON BIOLOGICAL HAZARDS 

Fourteen opinions of the EFSA BIOHAZ Panel related to risk ranking were selected as 
examples and reviewed. 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 emphasizing 
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. For 
this, a conceptual risk ranking framework is proposed. The framework consists of nine 
conceptual stages involved in risk ranking, from defining of what to be ranked to presenting 
the results of risk ranking. The first two stages (i.e. the definition of what to be ranked and the 
selection of the risk metrics) reflect the risk management objectives of the organization which 
has commissioned the risk ranking exercise and thus should, in most cases, be defined by 
the European Commission. The next six stages refer to the development of the risk ranking 
model and should be defined by the BIOHAZ Panel. This framework will 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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RISK RANKING OF CERTAIN COMPOSITE PRODUCTS OF ANIMAL ORIGIN 

A methodology based on the combination of two complementary approaches to rank 
microbiological risks in foods is presented. In the forward approach data on the pathogenicity 
of hazards and their behavior in food during processing and following steps, up to 
consumption, are used in decision trees to qualitatively estimate the risk associated with 
foods. In the backward approach risks are evaluated based on the analysis of data available 
on the past occurrence of hazards and foodborne outbreaks. The categorization of foods 
using the forward approach should prevail, and whenever it leads to a likely risk for a given 
food, the risk can be further qualified with the results from the backward approach. The 
methodology developed was applied to rank the public health risk posed by certain 
composite products, which contain both processed products of animal origin and products of 
plant origin (e.g., bread, cakes, chocolate). Despite limitations in the data available for these 
foods, valuable results were obtained. The method is therefore considered suitable for 
application with success to other types of food, and is proposed as a tool for risk managers 
to rank foods based on their potential food safety risks. 

RISK RANKING OF PATHOGENS IN FOODS OF NON-ANIMAL ORIGIN.  

Food of non-animal origin (FoNAO) is consumed in a variety of forms, and a major component of 
almost all meals. These food types have the potential to be associated with large outbreaks as seen in 
2011 associated with VTEC O104. A comparison of the incidence of human cases linked to 
consumption of FoNAO and of food of animal origin (FoAO) was carried out to provide an indication of 
the proportionality between these two groups of foods. It was concluded that outbreak data reported as 
part of EU Zoonoses Monitoring is currently the only option for EU-wide comparative estimates. Using 
this data from 2007 to 2011, FoNAO were associated with 10% of the outbreaks, 26% of the cases, 
35% of the hospitalizations and 46% of the deaths. If the data from the 2011VTEC O104 outbreak is 
excluded, FoNAO was associated with 10% of the outbreaks, 18% of cases, but only 8% of the 
hospitalizations and 5% of the deaths. From 2008 to 2011 there was an increase in the numbers of 
reported outbreaks, cases, hospitalizations and deaths associated with food of non-animal origin. In 
order to identify and rank specific food/pathogen combinations most often linked to human cases 
originating from FoNAO in the EU, a model was developed using seven criteria: strength of 
associations between food and pathogen based on the foodborne outbreak data from EU Zoonoses 
Monitoring (2007-11), incidence of illness, burden of disease, dose-response relationship, consumption, 
prevalence of contamination and pathogen growth potential during shelf life. Shortcomings in the 
approach using outbreak data were discussed. The top ranking food/pathogen combination was 
Salmonella spp. and leafy greens eaten raw followed by (in equal rank) Salmonella spp. and bulb and 
stem vegetables, Salmonella spp. and tomatoes, Salmonella spp. and melons, and pathogenic 
Escherichia coli and fresh pods, legumes or grain. 
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ABSTRACT 

In this presentation, two methods to rank chemical risks present in food will be discussed: a 
qualitative and a semi-quantitative method. Both methods are based on the principle that a 
public health risk is determined by the probability of an adverse health effect and the severity 
of that effect. The qualitative method is based on scoring the toxicity of and the exposure to 
chemicals from 1 to 10 for each parameter. This approach requires different modules for 
ranking risks related to acute or chronic exposure. In the semi-quantitative method the so-
called Risk Quotient (RQ) was used to rank the chemical risks. The RQ is the ratio of the 
exposure to the chemical during a certain period of time and the corresponding health based 
guidance value. This approach can be used for risks related to acute and chronic exposure 
to chemicals in food. Moreover, it is already used in (risk assessment) frameworks outside 
the food supply chain. 

The proposed methods can easily be used for those chemicals that have already been 
characterized in the past. In case little is known on the exposure to or toxicity of a certain 
(emerging) hazard one has to take a larger uncertainty into account. Strengths and 
weaknesses of both methods will be discussed. 

INTRODUCTION 

The goal of risk ranking is to identify (groups of) risks that need prioritization over other 
(groups of) risks. For risk assessors the (semi-)quantitative estimation of chemical risks in 
food is usually based on the probability of an adverse health effect and the severity of that 
effect. For risk managers, costs and health benefits (of risk reduction), size of population at 
risk, trading interests, risk perception etc. may also be taken into account for the prioritization 
of risks.  
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Risk ranking is a possible tool for governmental and regulatory organizations to prioritize the 
allocation of resources needed for risk reduction measures in the food chain and to 
determine which risks should be assessed in more detail (quantitatively). Moreover, a risk 
ranking tool can be used to record the process of risk ranking in a systematic way. 
Consequently, management decisions based on a recorded process are transparent and can 
be justified whenever resources need to be (re)allocated. However, it must be kept in mind 
that the process of risk ranking should be repeated regularly, especially whenever 
parameters (like the exposure to (groups of) chemicals) change over time. 

CONTENT OF THE PRESENTATION 

Two methods to rank chemical risks present in food will be presented: a qualitative and a 
semi-quantitative method. Both methods are based on the estimation of two important 
parameters: exposure and toxicity. In practice, for both methods a questionnaire and a 
guidance document are supplied to the risk assessor(s). In case of the qualitative method 
answers are scored and scores are counted up. In case of the semi-quantitative method 
answers are used to calculate a decimal fraction. 

Qualitative risk ranking 

In the qualitative method the (composite) parameters toxicity and exposure are scored. The 
toxicity of a chemical with chronic adverse health effects is scored from 0 to 10 (low to high 
potency). For example, for chronic (long-term) toxicity five numerical ranges of health based 
guidance values (e.g. an Acceptable or Tolerable Daily Intake, ADI or TDI) are given. These 
ranges are: <0.1, 0.1-1, 1.1-10, 11-100 and >100 µg/kg bw/day and correspond with scores 
8, 6, 4, 2 and 0, respectively. The highest score (10) is given to genotoxic carcinogens. The 
exposure to chemicals is estimated on the basis of three subparameters: concentration (of 
chemical in food ingredient/category), consumption (portion size of specified food 
ingredient/category) and frequency (of consumption of the food ingredient/category). Again 
numerical ranges are given for all parameters: five concentration ranges (scores from 1 to 5), 
five consumption ranges (scores from 1 to 5) and three frequency ranges (scores from -2 to 
0). The scores for these three parameters are added up (ranging from 0 to 10). Finally, the 
total score is determined by adding the scores for toxicity and exposure, consequently the 
total score ranges from 0 to 20. A schematic presentation is given in figure 1. 

Figure 1.  Schematic presentation of the qualitative method for risk ranking of chemicals in food. The 
total score equals Potency + Concentration + Consumption + Frequency. 

 

The contribution of toxicity and exposure to the end score is equal. This can be visualized by 
a so-called risk matrix. In the risk matrix the scores for potency and exposure are shown on 
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two axes. This enables the possibility of visualizing the separate contributions to the end 
score and defining a range of scores for low, medium and high potential chemical risks. This 
is depicted in figure 2, emphasizing that the ranges low (green), medium (orange) and high 
(red) are arbitrary. The cut-offs for these ranges should be decided by risk managers. 

Figure 2. Risk matrix with arbitrary ranges for low (green), medium (orange) and high risks (red). Cc 
= concentration, Cs = Consumption, F = Frequency (see also figure 1). 

 

Strengths and weaknesses of the qualitative method 

The qualitative method is simple to use for chemicals with chronic adverse health effects and 
it visualizes the outcome for the parameters that contribute to the end score: toxicity and 
exposure. For chemicals with an acute effect a different module will have to be developed 
because the applied ranges for the health based guidance values (HBGVs) are different to 
those used for chemicals with long-term effects. Moreover, the score for frequency becomes 
superfluous. In addition, an internal test revealed that the distinctive (discriminative) power of 
this method might be low because many chemicals might fall within the same range(s). 
Switching to the semi-quantitative method resolved most of these weaknesses and it was 
decided to test the distinctive power of the latter method in more detail. 

Semi-quantitative risk ranking 

In the semi-quantitative method the ratio of the exposure to the chemical during a certain 
period of time and the corresponding health based guidance value (HBGV) is determined. 
Variations on this approach are routinely used in the risk assessment of chemicals in various 
domains. For example, in the risk assessment of pesticides in food the acute exposure to a 
pesticide (determined in a deterministic or probabilistic manner) is expressed as percentage 
of the acute reference dose (ARfD) of this pesticide. The ratio is referred to as the Hazard 
Quotient [EFSA 2009, US EPA 2005]. Under the European Union’s Registration, Evaluation, 
Authorization and restriction of CHemicals (REACH) regulation, risk characterization for 
human health endpoints is done by comparing the ratio of the measured or modelled 
exposure level for a chemical to the health hazard information for the chemical [ECHA 2012]. 
This ratio is called the Risk Characterization Ratio (RCR). For non-threshold health effects 
(e.g. genotoxic carcinogens) the health hazard information is expressed as the Derived 
Minimal Effect Level (DMEL). For threshold human health effect endpoints, the health hazard 
information is expressed as the Derived No-Effect Level (DNEL). The US Environmental 
Protection Agency uses for the risk characterization of environmental effects of pesticides a 
so-called Risk Quotient [US EPA 2012]. The Risk Quotient (RQ) is calculated (in a 
deterministic manner) by dividing a point estimate of exposure by a point estimate of effects. 
For example, the estimated environmental concentration (EEC) is compared to an effect 
level, such as an LC50 (the concentration of a pesticide where 50% of the organisms die). For 
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estimating the risk of a chemical in food we prefer the term Risk Quotient. The RQ is derived 
by a simple equation: 

RQ =          
                            

If the RQ for a certain chemical is equal to or less than one, it is assumed that there is no 
appreciable risk that non-cancer effects will occur. If the RQ is greater than one, then 
adverse health effects are possible. However, one should keep in mind that the uncertainty 
related to the estimation of exposure and toxicity may undermine these (general) 
conclusions. Nevertheless, the larger the RQ value the more likely it is that an adverse effect 
may occur. 

First, the exposure to a chemical via food is estimated. Ideally, a dietary exposure has 
already been reported elsewhere and could be used instead of making a new estimate. 
Otherwise, the total (daily) exposure to a chemical can be calculated by multiplying the 
concentration of a chemical in (a) specified foodstuff(s) with the corresponding consumption 
of the particular foodstuff(s). Subsequently, the RQ can be calculated by dividing the total 
(daily) exposure by the HBGV (e.g. ADI, TDI, ARfD, etc.) 

It is relevant to add the following information to the RQ of a chemical present in food: the 
basis for the exposure (total dietary intake or selected food ingredients), anticipated under- or 
overestimations of exposure or toxicity and the population group for which the RQ has been 
calculated. These annotations are used to make sure that in any ranking list in which RQs 
are presented it is clearly visible that additional, relevant information is available. In table 1 
an example is given where these annotations have been combined into one tabular 
presentation. 

Table 1.  An example of presenting RQs for 7 chemical hazards in food consumed by different 
population groups (high consumers) for a prolonged period of time. In addition, 
uncertainties are expressed by using symbols representing an anticipated under- or 
overestimation (respectively minus or plus). In case uncertainty is low (e.g. actual and 
accurate data are used) this can be expressed by an asterisk. 

RQ Remark on 
uncertainty 

(exposure/HBGV)1 

Chemical 

 

Number of 
contaminated food 

ingredients 

Population 
group 

1.3 +/- A 2 (meat + milk) Adults 

1.2 +/+ B Total dietary 
intake estimated 

Children, aged 
x-y years 

1.1 */- C Bread + Cereals Adults 

1.0 +/* D Fruit + Vegetables Adults 

0.9 +/-- E Fruit + Vegetables Adults 

0.8 ++/- F Total dietary 
intake estimated 

Children, aged 
y-z years 

0.7 ++/* G Dairy products Baby’s 
 

1 under- or overestimations (- or +) are given for the numerator and the denominator. 
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Distinctive power 

In order to test the distinctive power of the semi-quantitative method two tests were 
performed. Firstly, we kept the denominator of the ratio (almost) constant by selecting 
chemicals (in this case veterinary drugs) with (almost) the same HBGV. This way the 
variation in the RQs is only determined by the nominator (the exposure). Secondly, we kept 
the consumption of a food ingredient (in this case lettuce) constant (for selected population 
groups) and varied the concentration and the HBGV by selecting pesticides (registered for 
use on lettuce) with an acute adverse health effect. 

- Veterinary drugs (HBGV constant). 
It will be shown at the symposium that the variation in the RQs of 33 veterinary drugs with 
similar HBGVs is large enough to be able to distinct the individual RQs. 

- Pesticides (consumption constant). 
It will be shown at the symposium that most of the 255 pesticides have RQs smaller than 0.1. 
However, the variation in the RQs of those pesticides with an RQ around 1 is large enough to 
be able to distinct the individual RQs. 

Application of RQ to contaminants 

In order to test the applicability of the semi-quantitative method in practice the RQs are 
determined for approximately 50 food contaminants that have been evaluated by the 
European Food Safety Authority (EFSA) over the past 10 years. These results are not 
available yet but will be presented at the symposium. 

Strengths and weaknesses 

The advantage of the semi-quantitative method (over the qualitative method) is that a 
common measure can be used for chemicals with an acute and/or chronic health effect. 
Whenever the HBGV (of a group of chemicals) or the consumption (of a certain food 
ingredient) was kept constant, the variation within the RQ was still sufficient to distinct and 
rank the RQs. Moreover, this approach is already used in other domains and for other 
purposes. The weakness, as for many semi-quantitative methods, lies in the fact that the RQ 
could (unintentionally) be seen and used as an absolute number. First of all, risks should not 
be ranked in an absolute manner but relatively to each other. Secondly, the additional 
information (as mentioned in table 1) should not be disconnected from the RQ. Another 
strength is the possibility to quantify nominator and denominator in a probabilistic way (so 
called Integrated Probabilistic Risk Assessment), thereby opening other doors. 

CONCLUSIONS 

Two methods to rank chemical risks present in food have been discussed: a qualitative and a 
semi-quantitative method. The qualitative method is simple but needs to be adapted for 
different situations (acute versus chronic exposure, different population groups). However, 
the contribution of the underlying parameters (toxicity and exposure) to the end score can 
easily be visualized in a risk matrix. The semi-quantitative method is also related to the 
above-mentioned parameters but the (numerical) information on exposure and toxicity is not 
converted into a score but used as such. The ratio (RQ) of the exposure to a chemical and 
the corresponding health based guidance value is determined. It is important to mention that 
RQs should not be treated as absolute numbers and additional information related to or used 
for the calculation of the RQ should be mentioned: a) uncertainties related to the estimation 
of exposure and toxicity and b) identification of the exposed population group(s). The semi-
quantitative method has more advantages than disadvantages and the possibilities of using 
the RQ in risk ranking will be further explored. 
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ABSTRACT 

EFSA provides scientific advice to the risk manager, at both European and Member State 
level for the identification of risks present in the food chain. Through the identification of 
emerging risks, EFSA also intends to anticipate future risks derived from changes in current 
food/feed production practices or factors impinging on food/feed production or changes in 
human exposure through food consumption. 

Since 2009, EFSA has been exploring a number of approaches and data sources for the 
identification of emerging risks. From this experience, three approaches are currently being 
used or developed.  

Firstly, the establishment of networks of experts both from representatives of the European 
Member States, but also from Stakeholders (Industry, NGOs and Consumer organisations), 
in order to exchange on potential emerging issues, gather further adding data, and also 
opinions on the relevance and importance of issues discussed. 

Secondly, the identification of data sources that can be analyzed in detail. Under this 
approach data on trade, food prices and food safety alerts has been examined, but found to 
be difficult to interpret in the context of emerging risks identification. More promising is the 
use of data sources for chemical production, i.e. the REACH database, for which a 
schematic approach is being developed for identifying chemicals of high toxicological 
concern that may be reasonably expected to find their way into the food chain, and for which 
food chain risk assessments do not currently exist. 

Thirdly, an approach is being developed for the identification of emerging biological risks for 
human, animal and plant health based on the identification and analysis of drivers (those 
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factors that influence the emergence of new risks). The use of general morphological 
analysis to construct likely future scenarios is being explored. 

Ranking of the importance of emerging issues identified through these processes is carried 
out by a Standing Working group of EFSA’s Scientific Committee. The aim is to identify 
priority issues on which to initiate actions, which may range from further monitoring, through 
research recommendations and data generation/gathering to risk assessment. The process 
is mediated through discussion of a number of criteria which are recorded for each issue 
under consideration. These criteria are: Novelty (is the issue identified really new ?), 
Soundness (how reliable is the information), Severity (what are the health consequences of 
exposure), Imminence (is this something already happening, or something anticipated for 
some point in the future) and Scale (will this affect a small or large proportion of the 
population ?). Using these criteria to characterise the issues under discussion, it has been 
possible to identify priority issues, which have led to concrete follow-up activities. These 
include the first European-wide survey on energy drinks consumption, an internal task force 
and a scientific workshop on developing a holistic approach to bee health risk assessment, 
and a foresight study on “omics” technologies.  

In addition, EFSA activities on emerging risks has allowed EFSA to provide DG-RTD with 
relevant contributions to Horizon 2020. Effective networking has proven to be essential for 
exchanging methods, data and evaluations of emerging risks. The engagement with Member 
States and Stakeholders has been reinforced and extended to international partners. Overall, 
our experience confirms that emerging risks identification requires a high level of expertise 
and solid knowledge networks for sharing information. Next steps include the completion of 
the expert consultations on biological and chemical emerging risks through the Standing 
Working Group on Emerging Risks, the continuation of the engagement with Member States 
and Stakeholders, the continuing appraisal and improvement of the procedure. 
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The subject of “risk ranking” treated at this ninth international symposium of the Scientific 
Committee of the Federal Agency for the Safety of the Food Chain is relatively new but of 
increasing importance; it is applicable to all  the partners involved in the food chain. More 
than 200 participants subscribed to this symposium manifesting a real and international 
interest in the subject.  Economic constraints induce a reduced allocation of resources with 
respect to food safety issues. Indeed some priority choices have to be made by decision 
makers.  

In this symposium, the state of the art on “risk ranking” was presented (methodologies, 
framework, socio-economic analysis), the needs and expectations of the decisions makers 
and stakeholders were described, and a number of practical examples of risk ranking in the 
food chain were discussed (e.g., invasive plant pathogens and pests, food producing animal 
diseases and zoonoses, microbiological and chemical risks in food, and emerging risks). 
Some examples of implementation of risk ranking in policy were also explained. 

We thank all the speakers, the numerous stakeholders, decision makers and consumers 
present at this symposium rendering the debate on risk ranking fruitful.  

At the end of this symposium, debate and voting some conclusions can be drawn, for 
instance: 

1. Each partner involved in the food chain (scientists, risk assessors, decision makers, 
stakeholders, consumers) can use risk ranking; 

2. An integrated framework of risk ranking should be depicted; 

3. The use of risk ranking requires an understanding of risks, risk assessment, and decision 
making process as well as consequences (impacts) of the risk; 

4. Before starting  risk ranking, clear objectives should be defined as well as the list of the 
risks to be addressed; 

5. Attributes and determinants to assess the risks could be identified; 

6. Data collection and data sharing concerning risks are challenging but also good 
opportunities to complete missing data and to share these data between actors involved 
in the food chain; 

7. Risk ranking must be scientific and based on evidence; 

8. The appropriated methodology to assess the risk ranking, which depends of the 
objectives fixed must be retained (continuum between qualitative and quantitative 
approaches); 

9. Risk ranking needs to identify and integrate uncertainty;  



 

84 

 

10. The process of risk ranking should be traceable at each step; 

11. The communication and reporting of practical examples of risk ranking serves to 
popularize its use; 

12. The use of risk ranking induces more structured contacts and exchanges of information 
and mitigation between partners of the food chain and should be promoted; 

13. Risk ranking should not be a unique exercise but should be regularly repeated and 
updated with time.  

After this symposium we hope that risk ranking will be better accessible and will be more 
widely used in the future to contribute to food safety. 
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