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before finalisation.



x

ACKNOWLEDGEMENTS

This guidance was prepared with the support of the RTI1 International Food 
Safety Centre where the work was led by Juliana Ruzante and Barbara Kowalcyk,2  
with key contributions from Jennifer Hoponick Redmon and Katherine Woodward. 

The Food and Agriculture Organization of the United Nations would like to 
thank Dr John Bassett, Mr Michael Batz (Food and Drug Administration,3  
the United States of America), Dr Henry Chin (retired), Ms Jessica Cox (Department 
of Homeland Security, the United States of America), Dr Arie Havelaar (University 
of Florida), Mr Greg Paoli (Risk Sciences International), Dr Fernando Sampedro 
(University of Minnesota), and Dr Nga Tran (Exponent) for their participation and 
invaluable contribution to the development of this guidance. 

The FAO is also grateful to who reviewed this guide, namely Enrique Pérez 
Gutiérrez (Pan American Health Organization, the United States of America), 
Zhaoping Liu (China National Center for Food Safety Risk Assessment, China), 
Esther van Asselt (Wageningen University, the Netherlands) and Robert G. Ahern 
(Inter-American Institute for Cooperation on Agriculture, Costa Rica).

Various FAO staff provided technical inputs and insights during the entire 
process of the publication’s development, in particular: Sarah Cahill, Jeff LeJeune,  
Markus Lipp, Catherine Bessy, Vittorio Fattori, and Kang Zhou.

A special thank you to FAO for the financial support that enabled this project  
and to the support staff at RTI International.

1	 RTI Project No. 0215184; 23/01/2017.
2	 Dr Kowalcyk was affiliated with RTI International when this document was developed.
3	 Mr Batz was affiliated with University of Florida when this document was produced.



x i

ABBREVIATIONS AND ACRONYMS

ADI Acceptable Daily Intake

CAC Codex Alimentarius Commission

CDC Centers for Disease Control and Prevention

COI Cost-of-Illness

DALY Disability-Adjusted Life Year

DDT Dichlorodiphenyltrichloroethane

DSP Okadaic Acid

EFSA European Food Safety Authority

FAO Food and Agriculture Organization of the United Nations

FERG Foodborne Disease Burden Epidemiology Reference Group

GEMS Global Environmental Monitoring System

INCHEM Chemical Safety Information from Intergovernmental Organizations

INFOSAN International Food Safety Authorities Network

IPCS International Programme on Chemical Safety

IRIS Integrated Risk Information Surveillance System

JECFA Joint FAO/WHO Expert Committee on Food Additives

LD50 Median Lethal Dose

LOAEL Lowest-Observed-Adverse-Effect Level

MCDA Multi-Criteria Decision Analysis

NOAEL No-Observed-Adverse-Effect Level

NORS National Outbreak Reporting System

NSP Brevetoxins

PAHs Polycyclic Aromatic Hydrocarbons

PBDEs Polybrominated Diphenyl Ethers

PCBs Polychlorinated Biphenyls

PCDDs Polychlorinated Dibenzodioxins

PCDFs Polychlorinated Dibenzofurans

PHAH Polyhalogenated Aromatic Hydrocarbon

PSP Saxitoxin

QALY Quality-Adjusted Life Year

QRA Quantitative Risk Assessment



x i i

RfD Reference Dose

sQMRA Swift Quantitative Microbial Risk Assessment

TTC Threshold of Toxicological Concern

WHO World Health Organization

YLD Years Lived with Disability

YLL Years of Life Lost



x i i i

EXECUTIVE SUMMARY

Risk analysis is internationally accepted as a key component to support  
decision-making around food safety. Several countries have started implementing 
risk-based food safety systems. Central to the risk-based approach is an assessment 
of food safety risks. Food safety risk ranking is the systematic analysis and ordering 
of foodborne hazards and/or foods in terms of public health risks, based on the 
likelihood and severity of adverse impacts on human health in a target population. 
Risk ranking provides national food safety authorities with the scientific basis to 
make informed regulatory decisions; enhance disease surveillance; determine how 
food inspections are allocated; oversee inspection and enforcement food safety 
efforts; inform the public of food safety threats; and continue to improve the 
safety of the foods produced and consumed in the country based on the public 
health impact of hazards and/or foods. The use of risk ranking to identify which 
food safety issues have the greatest public health impact facilitates objective,  
evidence-based, transparent decision-making and planning. 

The objective of this guidance is to provide direction to national food safety 
authorities on how to start ranking the public health risk posed by foodborne hazards 
and/or foods in their countries. The guidance focuses on the ranking of microbial and 
chemical hazards based exclusively on their impact on public health and represents 
the first step toward a systematic and evidence-based approach to identify the 
most significant risks in the area of food safety. This guidance was developed with  
a wide audience in mind, including but not limited to microbiologists, toxicologists, 
chemists, environmental health scientists, public health epidemiologists, risk analysts, 
risk managers, and policy makers. The application of the proposed framework  
is illustrated by two hypothetical case studies, one microbial and another chemical.

The guidance presents and describes in detail a ranking approach that is composed 
of three iterative steps:

Step 1: Define the Scope

1A)  Define the Purpose

1B)  Select What Will Be Ranked

1C)  Screen Foods and/or Hazards for Overall Relevance and Risk Potential

Step 2: Develop the Approach

2A)  Select the Risk Ranking Method

2B)  Select the Metrics for Ranking Risks

2C)  Collect and Evaluate Appropriateness of Data

Step 3: Conduct the Risk Ranking Analysis and Report Results
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The first step is to define the scope (i.e. the purpose of the risk ranking exercise; 
why it is needed). Clear statements of concern, purpose and objective are needed  
to help guide the effort. It is also in this first step that the hazards and/or foods 
to be ranked are selected and screened for relevance and overall risk potential. 
Screening is critical to keep the process manageable going forward. This guidance 
document also provides example decision flowcharts that can be used to screen foods  
and hazards when defining the scope.

The second step is the development of the risk ranking approach. This process 
involves the selection of the risk ranking method and the metrics to estimate the 
two dimensions of risk (i.e. likelihood and severity, as well as their uncertainty and 
variability), as well as the collection and evaluation of data needed to estimate risk. 
Selection of the approach is an iterative process and should be driven by the scope, 
availability of data, professional expertise, and technical and financial resources.

The third and final step is conducting the risk ranking analysis and reporting  
the results. Results must be discussed in detail, and information on the assumptions 
and limitations of the method, metrics and data used needs to be made clear. 
The risk ranking results (i.e. relative ranking of public health risks) can then  
be incorporated into prioritization efforts where other factors, such as social, 
economic and political factors are taken into consideration in a systematic manner 
to further inform decisions. Uncertainty should also be part of the discussion  
of how the risk ranking is used in risk prioritization. Reducing uncertainty may be 
part of the planned follow-up activities. 

The proposed approach can be considered a starting point, since risk ranking  
is a complex, iterative and data-driven process that must evolve as new data and 
information become available. We invite countries to provide us feedback to support 
the improvement of this guidance so it can be a robust and pragmatic document that 
can be used as the basis for developing and implementing a risk-based food safety 
system in your country.
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CHAPTER 1
INTRODUCTION

“National food safety authorities must deal with numerous food safety issues, often 
simultaneously. Resources inevitably are insufficient to manage all issues at any given 
time and ranking of issues in priority for risk management, as well as ranking risks 
for assessment, are important activities for food safety regulators.”

FAO/WHO, 2006 

Efforts to improve food safety to protect public health from microbial and chemical 
hazards remain a significant challenge globally (FAO/WHO, 2006). Food safety 
is a complex discipline encompassing a wide range of foods, potential hazards 
and a multitude of production and processing systems; in addition, it must adapt 
to constant changes in food production and processing, and host susceptibility,  
as well as food consumption patterns. With limited human and financial resources, 
it is impossible for national authorities to efficiently address all food safety 
threats. Therefore, it is important to rank food safety concerns and prioritize 
efforts so that resources can be allocated to most efficiently minimize foodborne 
illness risks, where risk is defined to be a function of the likelihood and severity 
of an adverse event (Box 1). However, risk management decisions are often 
undertaken in an ad hoc and subjective manner. Without an objective, structured 
and scientific approach to analysing food safety issues, policy decisions can  
be difficult to effectively justify and communicate.

Risk analysis is internationally accepted as a key component of decision-making 
around food safety. Several countries have started implementing risk-based food 
safety systems. Central to the risk-based approach is an assessment of food safety 
risks. Food safety risk ranking is the systematic analysis and ordering of foodborne 
hazards and/or foods in terms of the public health risk based on the likelihood and 
severity of adverse impacts on human health in a target population. Risk ranking 
provides national food safety authorities with the scientific basis to make informed 
regulatory decisions; enhance disease surveillance; determine how food inspections are 
allocated; oversee inspection and enforcement food safety efforts; inform the public 
of food safety threats; and continue to improve the safety of the foods produced and 
consumed in the country based on their risk to public health. The use of risk ranking 
to identify which food safety issues have the greatest public health impact facilitates 
objective, evidence-based, transparent decision-making and planning.
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     B O X  1     

UNDERSTANDING RISK

>> Risk is defined to be “the function of the probability of an adverse health effect  
(i.e., likelihood) and the severity of that effect consequential to a hazard(s) in food” 
(CAC, 1999).

>> Risk can be evaluated by hazard (e.g. Salmonella, dioxin), food vehicle (e.g. poultry), 
pathway (e.g. food, animal, environmental, human-to-human), and at various points  
in the food continuum (e.g. farm, processing) as well as for one or more target 
populations (e.g. total population, children, pregnant women, seniors).

FAO/WHO, 2006

The integral role of risk ranking in supporting decision-making and the development 
and implementation of a risk-based food safety system has been the focus of several 
national and international publications, including the Codex Alimentarius (Codex)4 
and an IMNRC (2010) report that served as the basis for one of the more sweeping 
regulatory reforms in the area of food safety in the United States.5 However, the 
multitude of hazards and foods, complexity of the methods, data needs, and resource 
intensive nature of risk ranking efforts often pose barriers to wider adoption. 
Further, three key publications–the Codex guidance on ranking and prioritization of 
hazards in animal feed (CAC, 2013), the European Food Safety Authority’s review 
of risk ranking efforts (EFSA 2015; EFSA, 2012a), and a third party technical report 
developed for EFSA on methods for ranking food safety risks (van der Fels-Klerx  
et al., 2015)–demonstrate the need for more guidance in this area. For example, 
EFSA (2012a) found that most risk ranking efforts varied widely with regard 
to purpose, methodology, and risk metrics, and concluded that no universal 
methodology for risk ranking exists because each approach must be tailored 
to the specific purpose, data availability and time frame of a given evaluation. 
These findings illustrate the complexity and sometimes overwhelming number 
of possibilities and approaches that could be taken to develop a risk ranking.  
Therefore, the Food and Agriculture Organization of the United Nations (FAO)  
is working to provide scientific recommendations and facilitate the use of risk 
ranking in national food safety programmes.

1.1	 OBJECTIVES

The objective of this guidance is to provide direction to decision-makers on how to 
start ranking the public health risk posed by foodborne hazards and/or foods in their 
countries. The primary focus is microbial and chemical hazards in foods, but the 
overall approach could be used for any hazard. This guidance was developed with  

4	 The Codex Alimentarius was established by FAO and the World Health Organization in 1963 to develop harmonized 
international food standards, which protect consumer health and promote fair practices in food trade. Codex standards ensure 
that food is safe and can be traded. The 188 Codex members have negotiated science-based recommendations in all areas 
related to food safety and quality. For more information, please see http://www.fao.org/fao-who-codexalimentarius/en/.

5	 The Food Safety Modernization Act (FSMA) makes risk-based initiatives a core feature of the U.S. FDA’s activities and shifts 
the agency’s mode of operation from reactive to preventive.
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a wide audience in mind, including but not limited to microbiologists, toxicologists, 
chemists, environmental health scientists, public health epidemiologists, risk 
analysts, risk managers, and policy makers. Political will and a strong commitment 
to modernize food safety are key to the successful development and implementation 
of any risk ranking effort at the country level.

1.2	 HOW THIS GUIDANCE DOCUMENT WAS DEVELOPED

To develop this guidance, RTI International, on behalf of FAO, convened a  
three-day meeting of subject matter experts in Washington, DC, in April 2016.  
At the meeting, the experts:

>> agreed on what steps comprise a risk ranking effort;

>> provided guidance on how to start the risk ranking process;

>> recommended an approach to risk ranking; and

>> discussed how currently available microbial and chemical risk ranking methods 
and tools could be most effectively used.

This guidance is a summary of the discussions, conclusions, and recommendations 
that emerged from that meeting. This document was reviewed by the experts who 
attended (Annex A). We also invite users of this guidance to provide additional 
feedback and real-life experiences that can shape this document further into a more 
pragmatic guidance to risk ranking in the area of food safety.

1.3	 THE ROLE OF RISK RANKING IN RISK ANALYSIS

Risk analysis is a science-based, systematic, disciplined approach that can be used 
to address food safety problems. As shown in Figure 1, it has three components 
(FAO/WHO, 2006):

>> risk assessment: the scientific evaluation of risk;

>> risk management: a decision-making process that considers results of risk 

FIGURE 1.	 MODIFIED RISK ANALYSIS FRAMEWORK

RISK
ASSESSMENT

RISK
MANAGEMENT

RISK COMMUNICATION

Source: Adapted by FAO/WHO, 2006.
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assessment, but may also include other considerations such as cost, feasibility 
for implementation, and willingness to change; and

>> risk communication: the approach to communicating the results of both risk 
assessment and risk management to stakeholders.

National governments and international organizations support the use of the Codex 
risk analysis framework as a way to promote improvements in public health, provide 
a basis for expanding international trade in foods, and tackle the growing number 
of food safety concerns (FAO/WHO, 2006).

PRELIMINARY RISK 
MANAGEMENT ACTIVITIES

> Identify food safety issue
> Develop multi-factor risk pro�le*
> Establish risk management goals

If necessary:
> Commission risk assessment
> Rank risk/prioritze food 

safety issues*

MONITORING 
AND REVIEW

> Monitor outcomes of risk 
management measure(s)

> Review risk management 
measure(s) where indicated

  

IDENTIFICATION AND
SELECTION OF RISK

MANAGEMENT OPTIONS

> Identify possible options
> Evaluate options based on explicit 

factors and criteria*
> Select preferred option based 

on balanced consideration 
of all factors*

  

IMPLEMENTING OF RISK
MANAGEMENT DECISION

> Validate risk management measure(s)
where necessary

> Implement selected risk management
measure(s)

> Verify implementation
  

* These steps re�ect 
the guidance prepared 
in this document.

Source: Adapted by FAO/WHO, 2006.

FIGURE 2.	 GENERIC FRAMEWORK FOR RISK MANAGEMENT
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Risk ranking is part of risk analysis. It is an important tool with which risk managers 
can gather additional and more detailed scientific information on the public health 
impact to help inform their decisions, and is therefore typically described as being 
part of the preliminary risk management activities (Figure 2); however, it can be 
undertaken at any point during the risk analysis process and may or may not  
be part of a risk assessment (FAO/WHO, 2006). For example, risk ranking provides 
science-based information that can be used to:

>> identify the most significant public health risks;

>> help identify the most appropriate interventions to reduce contamination  
in food;

>> identify food safety issues that require regulatory action;

>> target inspections of food establishments in different parts of the food supply chain  
(e.g. farms, slaughterhouses, processing facilities, retail, food service);

>> target sampling and testing programmes for domestic and imported foods;

>> evaluate the likely importance of emerging food safety issues; and

>> develop consumer guidance.

Annex B provides examples of risk ranking efforts conducted throughout the world 
to inform regulatory priorities and address specific risk management questions 
and needs. Risk ranking is a separate but important precursor to completing 
prioritization efforts. In prioritization, foodborne hazards (or food safety issues) 
are systematically analysed and ordered based on the consideration of public health 
impacts (resulting from risk ranking), and other factors such as social, economic, 
political concerns (Box 2).

     B O X  2     

RISK RANKING VS. PRIORITIZATION

The terms “risk ranking” and “prioritization” are often used interchangeably, but they 
have different meanings. Although these terms have not been defined by the Codex,  
it is important to make a clear distinction between them, as this guidance focuses 
exclusively on approaches to ranking (not prioritizing) microbial and chemical risks  
in food. Therefore, for the purpose of this guidance, we will follow these conventions:

>> Risk ranking is the systematic analysis and ordering of foodborne hazards and/or foods 
in terms of the public health risk based on the likelihood and severity of adverse impacts 
in a target population. 

>> Prioritization is the systematic analysis and ordering of foodborne hazards or food safety 
issues based on a consideration of public health impacts resulting from risk ranking 
and other factors such as social, economic and political considerations. Prioritization 
produces an action list for risk managers and provides a broader perspective that can 
better inform risk management decisions. 

Both processes are evidence-based and need to follow similar principles of transparency 
to be tenable and reproducible. Results from the final ranking and prioritization might be 
similar or very distinct depending on the weight of different factors and the number and 
type of stakeholders involved in the prioritization process.
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CHAPTER 2
PROPOSED RISK RANKING 
APPROACH

This guidance document presents a recommended approach to risk ranking that 
provides an objective and systematic way to rank risks in foods based on their public 
health impact (Figure 3). The proposed approach was developed with input from 
FAO and the expert panel. It focuses on microbial and chemical hazards, although 
it can be adapted for other hazards (i.e. allergens, physical hazards). The proposed 
approach should be considered a starting point since risk ranking is a complex,  
data-driven process that is iterative. The results of this effort can then be used  
in the prioritization process (Section 2.4) to further inform decisions.

The steps of this proposed risk ranking approach are summarized as follows:

Step 1: Define the Scope (Section 2.1)

1A) Define the Purpose (Section 2.1.1)

1B) Select What Will Be Ranked (Section 2.1.2)

1C) Screen Foods and/or Hazards for Overall Relevance and Risk Potential 
(Section 2.1.3)

Step 2: Develop the Approach (Section 2.2)

2A) Select the Risk Ranking Method (Section 2.2.1)

2B) Select the Metrics for Ranking Risks (Section 2.2.2)

2C) Collect and Evaluate Appropriateness of Data (Section 2.2.3)

Step 3: Conduct the Risk Ranking Analysis and Report Results (Section 2.3)

2.1	 STEP 1: DEFINE THE SCOPE

The first and most fundamental step in risk ranking is defining the scope, which 
will guide all activities. The scope needs to be defined by the risk managers and 
should precede the technical analysis. Defining the scope includes identifying the 
risk management question(s), applicable foods and/or hazards, the population  
in question, availability of resources (technical and financial), as well as the 
timeframe for completing the work. It is necessary to subsequently screen foods  
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and/or hazards for relevance and potential risk, narrow the focus, and to further develop 
the risk ranking approach. Ideally, experts from different disciplines and sectors  
(e.g. academic researchers, consumer groups, industry) would provide input 
into defining the scope (Box 3). To optimize the usefulness of the results,  
risk managers will need to maintain effective communication with technical experts and 
stakeholders throughout the risk ranking process and, if necessary, make adjustments 
to the scope. Defining the scope is an iterative process that results in a risk ranking 
approach that meets the risk manager’s needs given the current environment.

STEP 1
���������������

SCREENING

HAZARDS AND/OR FOODS
TO BE RANKED

SELECT WHAT WILL BE RANKED

HAZARDS FOODS

STEP 2
��������������������

STEP 3
�������������
�������
��

����
�
��������������������

SELECT
METRICS

SELECT
THE RISK
RANKING 
METHOD

COLLECT AND
EVALUATE DATA

ANALYSIS

RESULTS

Source: Authors’ own elaboration.

FIGURE 3.	 PROPOSED RISK RANKING APPROACH
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2.1.1	 DEFINE THE PURPOSE

The first step to defining the scope is identifying the salient risk management 
questions and goals for the risk ranking. Simply put, why are you doing it?  
We suggest drafting a Statement of Concern and a Statement of Purpose and 
Objectives that describe in simple terms the motivation for conducting the 
risk ranking exercise and the management goals that need to be addressed.  
When clearly articulated, such statements can provide the foundation for developing 
the risk ranking exercise, improve transparency, and provide context to the analysts 
conducting the effort. Examples are provided in Box 4.

     B O X  3     

STAKEHOLDER ENGAGEMENT

It is always advisable to engage stakeholders early and often in the risk ranking process.
In addition to promoting transparency and building trust, engaging with stakeholders can 
facilitate communicating the risk ranking results. Stakeholders may also be able to provide 
data that can be used in the risk ranking process. For example, industry stakeholders may 
have useful data (e.g. volume of production, contamination rates, production practices) that 
they may be willing to share in certain circumstances (e.g. blinded data provided through 
an association). Similarly, local and regional officials might also have insights into handling 
practices used in certain areas of the country that might increase or decrease the risk 
associated with certain foods.

     B O X  4     

AN EXAMPLE OF A STATEMENT OF CONCERN AND A STATEMENT OF PURPOSE AND OBJECTIVES

Statement of Concern: Aquaculture is an important agricultural sector in our country 
with high levels of fish being consumed domestically and exported globally. Microbial 
and chemical contamination of aquaculture is an increasing public health concern; a few 
outbreaks have been detected in the country causing several illnesses and attracting 
the attention of the media. Further, several other countries have started to implement 
food safety standards. To better understand the magnitude of this problem in domestic 
aquaculture, targeted surveillance efforts need to be implemented.
Statement of Purpose and Objectives: This risk ranking effort is being performed to identify 
which aquaculture products and what hazards have the greatest public health impact and 
therefore should be the focus of a targeted surveillance effort in the next year.

To define the scope, it is necessary to characterize what scenarios are relevant in 
conjunction with the risk management question(s). For instance, risk managers 
might want to increase their regulatory control and oversight on products that 
pose the greatest public health risks to children, or might want to identify the 
most significant public health risks associated with foods that are often consumed  
by the general population. Recent outbreaks linked to a certain food product 
might be the focus of risk manager concern, trying to understand the potential 
hazards associated with the product in order to develop preventive measures.  
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Below, we list some questions that can help shape the scope:

>> Is the concern about new or emerging risks?

>> Is the concern about hazards intentionally added to and/or unintentionally 
found in foods? 

>> Is the concern about a recent outbreak of a foodborne illness or any specific 
food recalls?

>> Has there been a recent outbreak of a foodborne illness or any specific food 
recalls?

>> Is likelihood of illness a primary concern, regardless of the severity?

>> Is severity of illness a major concern (e.g. death, chronic disease), regardless  
of the frequency?

>> Are specific subpopulations, such as children, pregnant women, the elderly,  
or immunocompromised individuals, at greater risk?

>> Is the concern about specific behavioural or lifestyle factors linked to increased 
risk (e.g. anglers)?

>> Is the concern about where the food was produced and processed?  
Foods produced or processed in the country? Foods imported into the country? 
Foods destined for export for consumption in another country? Foods from 
specific production systems (e.g. intensive or extensive)?

>> Is the concern about a specific food production and/or processing characteristic 
(i.e. organic versus conventional production; fresh, frozen, or canned; a specific 
cut of meat)?

>> Is the concern about a specific supply chain?

>> Are hazards approved for use in foods (e.g. approved pesticides or food additives) 
or those used illegally of special interest a concern?

>> Is the concern related to a recent public outcry or increased media attention?

Finally, identifying the intended audience is critical to define the scope of the risk 
ranking. For example, a risk ranking designed to provide advice to consumers on 
how to manage individual food safety consumption risks will likely be different 
than a risk ranking designed to inform decision-making around the allocation  
of inspection resources.

2.1.2	 SELECT WHAT WILL BE RANKED

The foods and hazards to be evaluated in the risk ranking process should be based 
on the goals of the risk ranking and defined by the risk manager and policy makers. 
Typically, a risk assessments focus on one hazard/one food, whereas risk ranking 
analyses typically consider multiple hazards, multiple foods, or multiple hazards 
and multiple foods (EFSA, 2012a; Figure 4).
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The selection of the foods and hazards to include in the ranking process is based 
on a variety of concerns or factors described previously, including the outcomes of 
interest (e.g. high severity, high likelihood, high risk). The risk manager will need 
to determine which foods are relevant: all food commodities (e.g. dairy, meats, 
produce, fish, etc.), a subset of foods (e.g. dairy), or a specific food (e.g. fluid 
milk). The risk manager will also need to determine which hazards are relevant:  
all known microbial and chemical hazards, a specific type of hazards (e.g. microbial 
or chemical), a subgroup of hazards (e.g. heavy metals), or a specific hazard  
(e.g. lead). Risk managers will likely need to rely on the expertise of their technical 
experts to identify an initial list of potential foods and hazards.

Identifying potential foods and hazards can be time consuming and resource 
intensive. Technical experts can rely on several sources of information to formulate 
the list of hazards and foods. A list of the most common chemical and microbiological 
food safety hazards relevant to public health are provided in Annex C. The list was 
devised based on several sources, including WHO’s recent burden of disease study 
(WHO, 2015), EFSA’s scientific opinions on the risks associated with several types 
of meat (EFSA 2013a; EFSA 2013b; EFSA 2013c; EFSA 2013d; EFSA 2012b; and 
EFSA 2011), and other studies published internationally (Hoffmann et al., 2015; 
ECDC 2015; Scallan et al., 2011; Kemmeren et al., 2006). However, it is important 
to note that the list in Annex C is not comprehensive; some contaminants relevant 
in certain countries may not be listed. Consequently, it is important to critically 
evaluate this listing and modify or edit as needed. Annex D contains potential 
sources of information for identifying other possible food safety hazards as well as 

Single hazard (a) in single food (x) (risk assessment)

Single hazard (c) in all foods (r-z)

Single hazard (e) in multiple foods (w-z)

Multiple hazards (i-m) in a single food (s)

All hazards (a-o) in a single food (u)

Multiple hazards (j-n) in multiple foods (w-y)

All hazards (a-o) in all foods (r-z)

r

s

t

u

v

w

x

y

z

a b c d e f g h i j k l m n o

Fo
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 p
ro

du
ct

s

Hazards

Source: Authors’ own elaboration.

FIGURE 4.	 HYPOTHETICAL REPRESENTATION OF THE POSSIBLE FOCUS OF A RISK RANKING
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other helpful resources for ranking risks. Once the potential list of hazards for each 
ranking is concluded, we recommend that it be reviewed by in-country food safety 
experts to ensure that critical hazards have not been omitted.

An important, but often overlooked, consideration in the selection of foods 
and hazards is the development of a categorization system. Food and hazard 
categorization schemes can make the risk ranking process more manageable 
and provide context for interpreting results, but they are only useful if they are 
consistent with the objectives of the risk managers. The list below adapted from 
Morgan et al. (2000), identifies important attributes to consider in selecting an ideal 
risk categorization scheme that can be applied when developing food and hazard 
categorization schemes. 

>> Logically Consistent

>> Exhaustive so that no relevant risks are overlooked.

>> Mutually exclusive so that risks are not double counted.

>> Homogenous so that all risk categories can be evaluated on the same set  
of attributes.

>> Administratively Compatible

>> Compatible with existing organizational structures and legislative mandates 
so that lines of authority are clear and management actions at cross purposes 
are avoided.

>> Relevant to management so that risk priorities can be mapped into risk 
management actions.

>> Large enough in number so that regulatory attention can be finely targeted, 
with a minimum of interpretation by agency staff.

>> Compatible with existing databases, to make best use of available information 
in any analysis leading to ranking.

>> Equitable

>> Fairly drawn so that the interests of various stakeholders, including the 
general public, are equally represented.

>> Compatible with Cognitive Constraints and Biases

>> Chosen with an awareness of inevitable framing biases.

>> Simple and compatible with people’s existing mental models so that risk 
categories are easy to communicate.

>> Few enough in number so that the ranking task is manageable.

>> Free of observational bias, in which better understood risks are categorized 
more finely than less understood risks.

Importantly, food and hazard categories must be comparable in terms of scale; 
for example, broad categories for foods and hazards (e.g. meats, parasites) 
should not be compared with narrowly defined categories (e.g. pasteurized milk,  
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Mycobacterium bovis) and vice versa. The determination also needs to be made about 
inclusion of foods with multiple ingredients (e.g. complex foods such as a chicken 
salad or a steak burrito) and how they will be categorized. Further, establishing the 
food and hazard categorization scheme early in the scoping process will help inform 
data collection. Existing databases (e.g. consumption data, prevalence/concentration 
data, outbreak data) will often have differing categorization schemes that will need to 
be mapped to the categorization schemes used in the risk ranking; this will introduce 
some uncertainty into the process and should be considered as the categorization 
schemes are developed. Annex E presents examples of food categorization schemes 
used in previous risk ranking efforts, and schemes used for food source attribution 
that meet several of the attributes listed by Morgan et al. (2000).

2.1.3	 SCREEN FOODS AND HAZARDS FOR OVERALL RELEVANCE  
AND RISK POTENTIAL

It may be tempting to include all foods and hazards that appear to match the 
goals and objectives for the risk ranking, but this is not practical and, frequently,  
not appropriate. Therefore, it is important to screen the foods and hazards to be included 
in the model based on the stated scope to reduce to a manageable list. The definition  
of a “manageable list” will depend on the resources available to conduct the risk ranking 
(e.g. staff, expertise, data, time) and the desired method for conducting the ranking. 
For example, ranking 100 food-hazard pairs may be manageable in one resource 
setting but less manageable in another. Similarly, ranking a list of 100 food-hazard  
pairs may be manageable using qualitative methods, but not if quantitative methods 
are used.

In screening foods and/or hazards, it is important to be aware of the impact  
of misclassification at this stage in the risk ranking process. Lack of data and/or 
high levels of uncertainty could result in screening out relevant and/or potentially  
high risk foods and/or hazards. It might be useful to determine, in advance, how 
such foods and hazards would be handled.

Below are two approaches that can be used to narrow down to the most relevant 
food and/or hazards that will be ranked. We recommend going through this process 
even if you believe you have a “manageable list” so that time and resources are not 
spent on foods and/or hazards that are later determined not to be relevant.

2.1.3.1	Screen for Relevance

Foods and hazards should only be included in the risk ranking if they are relevant; 
that is, if they are a potential source of risk to public health. The Bradford Hill 
Criteria (see Table 1) provide a structured framework for assessing a causal link 
between exposure and effect and have been broadly used in epidemiologic research 
(Hill, 1965). When adapted for food safety risk ranking, the Bradford Hill Criteria 
can be used to screen foods and hazards for relevance and provide a transparent 
and science-based approach to justifying the inclusion/exclusion of selected foods  
and/or hazards in the risk ranking exercise.
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TABLE 1	 ASSESSING CAUSAL LINK BETWEEN A FOOD AND/OR HAZARD AND ILLNESS

BRADFORD HILL CRITERIA DEFINITION

Strength There is a strong relationship between exposure to the food-hazard pair  
and acute and/or chronic illness (e.g. outbreaks, case-control studies).

Consistency There are multiple observations of a hazard being likely to occur in a food 
(e.g. recalls, positive test results, prevalence studies).

Specificity There is evidence that a specific population developed illness after exposure 
and there is no other plausible explanation for the cause of the illness.

Temporality There is evidence that exposure to a food-hazard pair precedes acute  
and/or chronic illness (e.g. outbreaks, sporadic cases, cohort studies).

Dose-Response There is evidence of a direct relationship between increasing levels of 
hazard exposure and the risk of acute and/or chronic illness.

Plausibility It is biologically plausible that the hazard can occur in the food and/or 
cause acute and/or chronic illness in humans.

Coherence The food-hazard pair “makes sense” given current knowledge about the food 
supply and food safety. 

Experimental Evidence There is experimental evidence suggesting that hazard exposure causes 
acute and/or chronic illness (e.g. animal models) or that the hazard can 
occur in the food (prevalence studies).

Analogy The food supports the growth/maintenance of a similar hazard  
(e.g. if STEC O157 is a known hazard for food, then STEC non-O157 should 
also be considered; for chemicals, if one metal is identified in foods,  
it is possible that other metals are also present) or a hazard is associated 
with a similar food (e.g. Cyclospora in raspberries and strawberries;  
benzene may be found in butter or cheese). 

Developing a decision flowchart based on the Bradford Hill Criteria, with yes/no 
outcomes and/or well-defined cut-offs, could be helpful for screening potential 
foods and/or hazards for inclusion in the risk ranking (see Figure 5). For example, 
suppose you are interested in conducting a risk ranking of emerging risks and that 
Klebsiella pneumonia in poultry is on the list of potential food-hazard pairs for 
the risk ranking because of some recent media attention. Since Klebsiella has not 
been traditionally viewed as a foodborne pathogen in your country, you are unsure  
if it should remain on the list. You could review the available evidence on Klebsiella 
in poultry and use the decision flowchart in Figure 5 to determine, in a transparent 
manner, if it should remain on the list or be removed. Figure 5 is an example decision 
flowchart and may need to be modified to reflect what is relevant in your situation 
and scope.

Available evidence should be reviewed to determine if foods and/or hazards meet 
the decision flowchart criteria; however, this does not need to be an exhaustive 
evaluation. Importantly, the risk team will need to decide how to handle foods  
and/or hazards for which there is no evidence. For example, suppose a certain 
chemical has been detected in food but the “level of concern” (e.g. benchmark 
dose) has not been established. Including this hazard will require more resources; 
however, it will reduce the chance that a relevant public health hazard is excluded 
from the ranking. Experts could be consulted to determine whether the hazard  
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Exclude from ranking

No

Is there a relationship between exposure 
to the hazard and acute and/or chronic illness?

No

Yes

Is foodborne exposure a signi�cant source 
of illness in the country?

No

Yes

Yes

Has the hazard caused 
outbreaks in the country?

Has the hazard been detected
in the country?

Include in the ranking

No

Yes

Is the hazard likely to be present in the food
at the point of consumption?

No

Yes

Does the hazard persist
or grow in the food?

No

Yes

Source: Authors’ own elaboration.

FIGURE 5.	 EXAMPLE OF A DECISION FLOWCHART TO BE USED WHEN SCREENING MICROBIAL  
AND CHEMICAL HAZARDS
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is likely to be present at levels of concern. Another option would be to compare  
the concentration found in food with national or international health-based 
standards for certain hazards in foods (e.g. Maximum Levels for contaminants and 
toxins in foods; CAC, 2011) to determine whether the hazard should be included 
(i.e. food concentration above the standard) or excluded (i.e. food concentration 
below the standard). This process is in essence a high-level ranking but, in the case 
of chemicals, might be necessary at this stage to reduce the number of contaminants 
to a manageable number. 

It is important to note that few food-hazard pairs would likely meet all the Bradford 
Hill Criteria, and it would probably not be feasible to evaluate all food-hazard pairs 
on all criteria; nonetheless it provides guidance on criteria that can be considered 
when screening foods and/or hazards that have been initially identified by risk 
managers and food safety experts. At a minimum, foods and hazards should be 
limited to those that are relevant to the country’s diet (e.g. consumed by a significant 
percentage of the population), and meet the plausibility and coherence criteria.  
An example of how to apply this for microbial and chemical hazards is provided 
in Figure 5, and in one of the case studies described here, there is also another  
option (Figure 16).

STEP 1 SUMMARY

>> Draft a Statement of Concern and a Statement of Purpose and Objectives to clearly define 
the scope, targeted population, and audience of the risk ranking.

>> Use different data sources and input from local experts and stakeholders to produce  
a comprehensive list of potential hazards that are representative of your country (see Annex C  
for potential list of hazards).

>> Define the hazards and/or food categories in a logical and consistent manner so results can 
be mapped to risk management actions and existing data can be leveraged.

>> Screen foods and/or hazards to obtain a manageable list for the risk ranking.  
Make sure assumptions and definitions are clearly stated so they are reproducible.
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2.2	 STEP 2: DEVELOP THE APPROACH

With the scope finalized, the approach for ranking the risks according to their 
public health impact needs to be developed. Developing the approach consists of 
three stages: choose the risk ranking method, select the metrics for ranking the 
risks, and collect the data. The process for developing the approach is not linear  
(i.e. the stages can be conducted in any order) and is often iterative (i.e. stages may 
need to be revisited). For example, the development of the risk ranking approach 
may be driven by the data available in one situation while being driven by a preferred 
method in another. Regardless of how the approach is developed, it is important to 
evaluate its feasibility given the time, data, technical expertise, and financial resources 
available. For example, the preferred approach may be to conduct a country-specific 
quantitative risk ranking using disability adjusted life years (DALYs) as the metric, 
but data are lacking, and there are insufficient resources to collect the needed inputs, 
making the approach infeasible. However, in revisiting the selection of the risk 
ranking approach, it may be determined that there are sufficient regional data from 
the WHO Foodborne Disease Burden Epidemiology Reference Group (FERG) 
DALY estimates to start the risk ranking, and expert elicitation could be used to 
address data gaps. There are obvious trade-offs in each step that need to be weighed 
against the scope and the available resources to reach an approach that meets the 
needs of the risk managers.

2.2.1	 SELECT THE RISK RANKING METHOD

There are many methods and tools that can be used to conduct food safety 
risk rankings, which have been described and evaluated elsewhere (van der  
Fels-Klerx et al., 2015; EFSA, 2012a). Annex F describes selected methods identified 
during the expert meeting as relevant for this guidance. Briefly, risk ranking methods 
are generally categorized as qualitative (outcomes without numerical values),  
semi-quantitative (numerical outcomes without a unit of measurement), 
or quantitative (numerical outcomes with specific units). Qualitative or  
semi-quantitative methods are faster and require fewer resources; however, they 
involve more arbitrary decisions to be made to combine different lines of evidence as 
there is no underlying consistent mathematical framework. Therefore, the final results 
may not truly reflect the risk estimate. Such methods also result in a loss of information 
by taking simple yes or no decisions by binning continuous data. It has been shown 
that binning may result in risk ranking results that are very different from quantitative 
models (EFSA, 2015). Many view quantitative methods as the gold standard,  
but such approaches may not be feasible given available resources or appropriate for 
the goals of the risk ranking. Further, it is important to note that the quality of the 
outputs from a quantitative analysis is directly related to the quality of data used in 
the analysis so, in cases where data quality is a concern, it may be more appropriate 
to use qualitative approaches. The selection of the risk ranking method should take 
into consideration these trade-offs as they relate to the goal of the risk ranking  
and should be made in collaboration with risk managers and other stakeholders.

is likely to be present at levels of concern. Another option would be to compare  
the concentration found in food with national or international health-based 
standards for certain hazards in foods (e.g. Maximum Levels for contaminants and 
toxins in foods; CAC, 2011) to determine whether the hazard should be included 
(i.e. food concentration above the standard) or excluded (i.e. food concentration 
below the standard). This process is in essence a high-level ranking but, in the case 
of chemicals, might be necessary at this stage to reduce the number of contaminants 
to a manageable number. 

It is important to note that few food-hazard pairs would likely meet all the Bradford 
Hill Criteria, and it would probably not be feasible to evaluate all food-hazard pairs 
on all criteria; nonetheless it provides guidance on criteria that can be considered 
when screening foods and/or hazards that have been initially identified by risk 
managers and food safety experts. At a minimum, foods and hazards should be 
limited to those that are relevant to the country’s diet (e.g. consumed by a significant 
percentage of the population), and meet the plausibility and coherence criteria.  
An example of how to apply this for microbial and chemical hazards is provided 
in Figure 5, and in one of the case studies described here, there is also another  
option (Figure 16).

STEP 1 SUMMARY

>> Draft a Statement of Concern and a Statement of Purpose and Objectives to clearly define 
the scope, targeted population, and audience of the risk ranking.

>> Use different data sources and input from local experts and stakeholders to produce  
a comprehensive list of potential hazards that are representative of your country (see Annex C  
for potential list of hazards).

>> Define the hazards and/or food categories in a logical and consistent manner so results can 
be mapped to risk management actions and existing data can be leveraged.

>> Screen foods and/or hazards to obtain a manageable list for the risk ranking.  
Make sure assumptions and definitions are clearly stated so they are reproducible.
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For each of these methods, risk must be estimated as a function of severity 
and likelihood in one of two broad ways: top-down or bottom-up (Figure 6).  
In the top-down approach, the metrics for likelihood and severity (Section 2.2.2) 
are estimated using population attributable fractions derived from information 
gathered from epidemiological systems, such as surveillance or cohort studies. 
Thus, a top-down approach relies on the availability of epidemiological data.  
In the bottom-up approach, estimates are derived using the classic risk assessment 
paradigm that assesses risk using exposure and dose-response information. In theory, 
both approaches should result in similar estimates for likelihood and severity;  
in reality, significant data gaps and uncertainty in the metrics make that unlikely.  
The approach selected will likely depend on the risks under consideration and 
available data. For example, there are typically less epidemiologic data for chronic 
outcomes, making the bottom-up approach more appealing, whereas there are 
typically more epidemiological data for acute outcomes, making top-down more 
appealing (Devleesschauwer et al., 2018).

Source: Devleesschauwer et al., 2018.

Raw
Material Processing Distribution

and storage Consumption

RISK

Disease

BOTTOM-UP APPROACH TOP-DOWN APPROACH

FIGURE 6.	 APPROACHES TO ASSESSING RISK

As mentioned previously, risk ranking methods can vary significantly in terms  
of complexity and required resources, so it is important to consider available time, 
data, and technical expertise when choosing a method. The decision flowchart 
presented in Figure 7 illustrates how those parameters could be used to influence 
your choice of method. Case studies presented in sections 3.1 and 3.2 demonstrate 
how such flowcharts can be used to select an appropriate risk ranking method.  
The decision flowchart is a work in progress and needs to be further tested.

2.2.2	 SELECT THE METRICS FOR RANKING RISKS

Risk is calculated as a function of the likelihood of illness (probability that illness 
occurs) and the severity of illness (magnitude of consequences associated with 
illness). There are several metrics that can be used to characterize severity and 
likelihood (Table 2); these can be expressed qualitatively, semi-quantitatively,  
or quantitatively, and may be different for microbial and chemical hazards, as described 
below. Ideally, the choice of metric(s) would be driven by the goals and objectives 
of the risk ranking; however, in practicality, it may be driven by available data  
and/or resources.
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Source: Authors’ own elaboration.

Quantitative
suggested#

Semi-quantitative
suggested#

Qualitative
suggested#

Is the intention to obtain results
in a short period of time (less than a year)?

No

No

Do you have access to risk assessors able
to conduct deterministic and/or probabilistic

quantitative risk assessments?
No

Yes

No

Is the intention to rank a large number
of hazards and/or foods (over 100)?

Yes

Is there data* available on the hazards
and/or food being evaluated?

Yes

Yes No/Some

* Data may be from primary or 
secondary data sources, including 
expert judgment, and may include:
  - incidence;
  - prevalence;
  - dose-response;
  - hospitalization rate;
  - mortality rate;
  - consumption rate;
  - incidence of sequelae;
  - growth models;
  - undereporting factor;
  - underdiagnosis factor;
  - food source attribution;
  - toxicological reference values 

(ADI, TDI,   RfD, etc); and
  - concentration of hazard.

# Selection of the risk ranking 
method depends on a number of 
factors and the selection should 
be based on the needs of the 
speci�c scenario rather than 
solely on this simpli�ed �owchart.

FIGURE 7.	 PRELIMINARY DECISION FLOWCHART FOR THE SELECTION OF RISK RANKING METHODS 
IN THE AREA OF FOOD SAFETY
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TABLE 2	 POTENTIAL METRICS FOR RISK RANKING OF MICROBIAL AND CHEMICAL HAZARDS

LIKELIHOOD SEVERITY 

Number of illnesses YLD/case

Estimated incidence/population YLL/case

Population attributable fraction DALY/case

Probability of illness/consumer/day QALY/case

Number of outbreak cases Number of hospitalizations

Cost of illness/population Number of deaths (i.e. mortality rate)

Consumption (per capita, annual, number of servings) Number of cases with sequelae

Volume of imports (could serve as a proxy for consumption 
if a large portion of the food is imported)

Probability of sequelae

Prevalence in foods (percent positive, percent above 
concentration threshold or action level)

Duration of acute and chronic illness

Concentration level in foods Duration of morbidity

Cost of Illness/case

Toxicity Benchmarks (LD50, RfD, NOAEL, ADI, LOAEL, TTC)

Risk Benchmarks (Hazard index, Margin of Exposure, 
Excess Lifetime Risk, Slope Factor)

Summary measures of population health, such as DALYs and quality-adjusted life 
years (QALYs), are often the preferred metrics for estimating risk because they 
incorporate likelihood (e.g. the number of cases) and severity (e.g. DALY/case).  
For example, a mild disease (i.e. low DALY/case) caused by a highly prevalent 
risk may have a lower total DALY than severe disease (i.e. high DALY/case) that 
is caused by a hazard that is rare. Developing DALY and QALY estimates are 
resource- and data-intensive, which can be a barrier to use and require epidemiologic 
data on acute and chronic health outcomes, which may not always be available. 
Utilizing existing DALY estimates, such as those derived by FERG (WHO, 2015),  
is an option; however, these estimates are not country specific and have been 
developed for microbial hazards and only a few chemical hazards.

In selecting severity metrics, it is important to consider both acute and chronic 
health effects. Surveillance data can be used to estimate hospitalization and mortality 
rates, which are common severity metrics for acute effects for microbial hazards. 
The lethal dose for 50 percent of the population (LD50) and acute toxicity endpoints 
(e.g. skin rashes, respiratory distress, eye corrosion) are common metrics for acute 
effects associated with chemical hazards. Microbial hazards have been associated 
with chronic health effects, but data are limited (Batz, Henke, and Kowalcyk, 2013); 
in these cases, the probability of sequelae derived from the published literature can 
be used as a metric. For chemical hazards, a health-based guidance value such as the 
acceptable daily intake (ADI) or reference dose (RfD) are used as common health 
metrics to represent the maximum daily intake that may occur without causing 
adverse chronic health effects. RfDs can be obtained from several international 
sources (e.g. U.S. EPA IRIS (US EPA, 2019), IPCS INCHEM (IPCS, 2019)).  
If RfDs are not available, a No-Observed-Adverse-Effect Level (NOAEL),  
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which represents the maximum dose at which no adverse health effect occurs, or 
Lowest-Observed-Adverse-Effect Level (LOAEL), which represents the lowest 
dose that causes an adverse effect, can be used as severity metrics. Non-cancer 
health benchmarks for chemical hazards often focus on chronic health endpoints. 
As exposure exceeds health-based guidance values, however, the likelihood  
of acute health effects also increases. For chemical cancer endpoints, a slope factor 
(e.g. from U.S. EPA IRIS) is used to estimate excess lifetime cancer risk with 
consumption in a quantitative human health risk assessment. To assess whether  
a chemical may cause cancer, the use of semi-quantitative classification schemes can 
be employed as well. For example, the International Agency for Research on Cancer 
(IARC) evaluates scientific research findings to classify chemicals as carcinogenic 
(Group 1), probably carcinogenic (Group 2A), possible carcinogenic (Group 2B),  
or not classifiable (Group 3).

As stated previously, the choice of metric(s) for likelihood and severity should  
be driven by the questions the risk manager would like to answer with the risk 
ranking, the types of hazards being evaluated, and the availability of data. For example,  
if the risk manager is only concerned with microbiological risks that cause death, 
mortality rates may be the best metric for severity. In contrast, if the risk manager 
wants to identify microbial risks that carry the highest burden in terms of morbidity 
and mortality and data are available, a summary measure of population health  
(i.e. DALY and QALY) would be the best choice.

2.2.3	 COLLECT AND EVALUATE APPROPRIATENESS 
OF DATA

The goal of the risk ranking exercise should be 
to obtain results that are reliable, scientifically 
valid, repeatable, and transparent. Achieving this 
goal requires timely, representative data. The data 
requirements for a risk ranking varies according to 
the approach selected to estimate risk (top-down, 
bottom-up), the method selected (qualitative, 
semi-quantitative, quantitative), the hazards being 
considered (microbial, chemical), and the metrics 
selected. It will most certainly be the case that data  
(i.e. evidence) for the risk ranking will be obtained from 
multiple sources, such as surveillance programmes, 
literature, databases, and expert elicitation.  
Since evidence will vary in quantity and quality, 
analysts must select, weigh, and integrate it according 
to best practices (Box 5) so that estimates of risk are 
as accurate and precise as possible, and uncertainty 
and variability are well characterized, even if the risk 
ranking is qualitative.

UNDERREPORTING AND UNDERDIAGNOSIS

Data on reported cases, which are often 
used to estimate likelihood and severity,  
have diagnosis and reporting biases that likely 
underestimate likelihood and overestimate 
severity. Many cases of foodborne illness 
do not seek medical attention and few,  
if any, are reported to public health agencies. 
More severe cases are more likely to seek 
medical attention and get reported. Similarly, 
there are limitations to using outbreak data to 
estimate attribution rates. Very few foodborne 
illnesses are associated with outbreaks and, 
consequently, those that are may not be 
representative of all illnesses. Uncertainty 
adjustments, such as underdiagnosis and 
underreporting multipliers, can be used to 
offset these biases. For example, in the United 
States, population-based surveys were used 
to estimate the rates of underdiagnosis 
and underreporting multipliers and develop 
appropriate multipliers. FERG also plans to 
produce their own estimates.
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     B O X  5     

WEIGHT OF EVIDENCE ASSESSMENT (EFSA, 2017)

In 2017, EFSA published a guidance on the use of weight of evidence approaches  
in scientific assessments using both qualitative and quantitative approaches.  
Three attributes are core to assessing the weight of evidence: 

>> Reliability: extent to which the information comprising a piece or line of evidence  
is correct.

>> Relevance: contribution a piece or line of evidence would make to answer a specified 
question, if the information comprising the line of evidence was fully reliable.

>> Consistency: extent to which the contributions of different pieces or lines of evidence 
to answering the specified question are compatible.

The document provides a good guidance for analysts conducting risk ranking to incorporate 
uncertainty and variability into their analysis.

Ideally, in the top-down (or surveillance) approach, hazard-specific epidemiologic 
and source data would be obtained through in-country active surveillance systems. 
However, few countries have such systems and must rely on data from reported 
cases (i.e. passive surveillance), sentinel surveillance sites, cohort and case-control 
studies, and the published literature. Chronic sequelae have been associated with 
foodborne pathogens (e.g. Brucella spp and the occurrence of orchitis and 
Toxoplasma gondii and the occurrence of hydrocephalus, chorioretinitis, and central 
nervous system abnormalities), but data on the incidence and duration of these are 
limited (Batz, Henke, and Kowalcyk, 2013). Information on the source of illness  
is also needed if risks are being categorized by pathway or vehicle. However, for 
the majority of foodborne illnesses, the food source or vehicle is unknown. Source 

attribution studies can be used to estimate the 
proportion of illnesses that are associated with 
specific foods. For example, outbreak data have been 
used in the United States to estimate the proportion 
of cases attributed to various foods (USDA and  
FSIS, 2015; Painter et al., 2013) and other methods 
including the use of expert elicitation have also been 
used for that purpose (Hald et al. 2016; Hoffmann  
et al., 2007; Batz et al., 2005; Pires et al., 2009).

Estimates of likelihood and severity of the risk can 
also be calculated by modeling pathway-specific 
exposures and hazard-specific outcomes, respectively 
(bottom-up approach). In this case, exposure  
is estimated by modeling the likelihood and level  
of the hazard in the food at the point of consumption, 
and the likelihood that the food is consumed.  
Data on the prevalence and concentration of hazards 
in foods from production to consumption and 

PREVALENCE AND CONCENTRATION STUDIES

Published prevalence studies can be helpful 
sources of data to inform risk ranking efforts; 
however, you need to be aware of some of 
their potential limitations. These studies often 
involve small sample sizes and do not report 
contamination levels, the limit of detection,  
or the sensitivity and specificity of the diagnostic 
test used. These types of studies also frequently 
fail to capture the variation associated with 
different seasons, products, producers, and 
regions. Prevalence and concentration data 
provided by the industry would represent 
large sample sizes and can also be valuable,  
but might not represent a wide range of 
producers, products and processes used 
throughout the food industry.
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consumption trends are needed. National food surveillance systems, results from 
imported food testing, as well as government reports and peer review literature, 
are good sources of information (Annex D). Processing and post-processing data 
on product formulation, storage conditions, control measures, probability of cross 
contamination, and consumer practices are also needed to estimate the prevalence 
and concentration of hazards in foods. The food industry could be a valuable source 
of this information and should be engaged in the process. Consumption data can be 
obtained through surveys, expert elicitation, or from industry; production volume 
data can also be used as a surrogate. The probability of hazard-specific outcomes  
is estimated using dose-response models and disease-outcome trees.

After collecting and evaluating the available data, data gaps will most certainly  
be identified. How these gaps are addressed will largely be driven by the needs of the 
risk manager, the available financial resources, and the willingness to make decisions 
with great uncertainty; two options are discussed below. It should be noted that 
significant data gaps may require a re-evaluation of the metrics or approach initially 
selected; however, this is part of the iterative process of defining your approach  
to risk ranking (Figure 3).

One way to address data gaps would be to use regional or international data as 
a surrogate in these situations. For example, when the focus is microbiological 
hazards, the WHO FERG estimates might be a good place to start (See Annex G, 
WHO, 2015); countries could benefit from these robust quantitative measures 
without needing to collect the different inputs. Of course, WHO does not have 
DALY estimates for all hazards that need to be ranked, and therefore complementary 
approaches will be required. For example, the FERG regional estimates could be 
used as anchors or parameters to guide expert opinion on developing estimates for 
countries within the region and/or for developing estimates for hazards not covered 
by FERG but of interest to the country (see Section 3.1).

Expert elicitation can also be used to fill data gaps by quantifying subject matter 
knowledge in a structured manner. For example, an elicitation could be used to obtain 
expert-based estimates on the prevalence and concentration of a certain hazard in a 
particular food or information on food source attribution; experts could be asked 
about their “best” central judgement and, potentially, their quantitative uncertainty 
around this “best” estimate (e.g. 90 percent or 95 percent credible intervals).  
There are several methods to formally elicit expert opinion (Cooke, 1991; Cooke 
and Goossen, 2007; Hoffmann et al., 2007; Pires et al., 2013; Pires et al., 2009; Batz 
et al., 2005; Pires et al., 2014), ranging from individual interviews or online surveys 
where experts do not interact in face-to-face meetings where the objective is to arrive 
at consensus. There are limitations to using expert elicitation to fill data gaps–it does  
not provide empirical data or empirical estimates; the study design needs to be 
carefully conducted to avoid bias by factors, such as the expert’s background and 
scientific expertise (Pires et al., 2014; Hoffmann et al., 2007). However, when 
conducted properly, it is an acknowledged method to complement data gaps. 
Hoffmann et al., (2007) provides an example of a survey tool designed to elicit 
food source attribution information for burden of foodborne illness estimates.  



24

FAO GUIDE TO
RANKING FOOD SAFETY RISKS AT THE NATIONAL LEVEL

Regardless of the approach used to fill data gaps or the use of lower levels of evidence 
data (e.g. another’s country disease prevalence or a single study with small sample size)  
(Box 5), it is crucial that the limitations of the approach be clearly identified and 
communicated during the risk ranking effort as well as in its final report. 

Important but often overlooked considerations during data collection are the accuracy 
and precision of the data. Accuracy refers to how close the estimate is to true value.  
The difference between the estimate and the true value is called bias. Precision refers to the 
degree of agreement among estimates among different samples. Estimates that are precise 
have lower variability. Combined, bias and variability constitute uncertainty (error).  
All data have some level of uncertainty associated with them, and this uncertainty needs 
to be considered in the selection process. For example, illnesses associated with outbreaks 
are often used to estimate likelihood even though the majority of foodborne illnesses 
are not associated with outbreaks. Therefore, using outbreak illnesses introduces bias 
into the risk estimates. Illnesses ascertained through an active surveillance system are 
also biased since many illnesses are undiagnosed, but the bias is relatively less than that 
with outbreak illnesses. The acceptable level of uncertainty will likely depend on the 
scope of the risk ranking and should be discussed with the risk managers.

STEP 2 SUMMARY

>> The development of the risk ranking approach is an iterative process.

>> Choose your method based on the resources available and level of complexity and accuracy 
required.

>> Select the metric that will most accurately reflect severity and likelihood and meets the risk 
manager’s goals for the risk ranking.

>> Metrics for microbial and chemical hazards might be distinct.

>> Country data are ideal; however, if data from your country are not available, regional or 
international estimates (e.g. WHO FERG estimates, GEMS database) can be used instead. 
Data can also be obtained from literature review.

>> The risk ranking effort will be as good as the data used to inform it. Timely, representative, 
and unbiased data are essential for accurate and precise estimates. Even with high quality 
data, uncertainty and variability will be present and need to be taken into consideration.

>> Expert elicitation is a powerful tool that, if used adequately, can be very helpful in addressing 
data gaps.

>> Clearly state the limitations associated with the approach selected, limitations of the metrics, 
biases of the data, and try to quantify or describe the uncertainty in the data even if in  
a narrative (qualitative) manner.
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Regardless of the approach used to fill data gaps or the use of lower levels of evidence 
data (e.g. another’s country disease prevalence or a single study with small sample size)  
(Box 5), it is crucial that the limitations of the approach be clearly identified and 
communicated during the risk ranking effort as well as in its final report. 

Important but often overlooked considerations during data collection are the accuracy 
and precision of the data. Accuracy refers to how close the estimate is to true value.  
The difference between the estimate and the true value is called bias. Precision refers to the 
degree of agreement among estimates among different samples. Estimates that are precise 
have lower variability. Combined, bias and variability constitute uncertainty (error).  
All data have some level of uncertainty associated with them, and this uncertainty needs 
to be considered in the selection process. For example, illnesses associated with outbreaks 
are often used to estimate likelihood even though the majority of foodborne illnesses 
are not associated with outbreaks. Therefore, using outbreak illnesses introduces bias 
into the risk estimates. Illnesses ascertained through an active surveillance system are 
also biased since many illnesses are undiagnosed, but the bias is relatively less than that 
with outbreak illnesses. The acceptable level of uncertainty will likely depend on the 
scope of the risk ranking and should be discussed with the risk managers.

STEP 2 SUMMARY

>> The development of the risk ranking approach is an iterative process.

>> Choose your method based on the resources available and level of complexity and accuracy 
required.

>> Select the metric that will most accurately reflect severity and likelihood and meets the risk 
manager’s goals for the risk ranking.

>> Metrics for microbial and chemical hazards might be distinct.

>> Country data are ideal; however, if data from your country are not available, regional or 
international estimates (e.g. WHO FERG estimates, GEMS database) can be used instead. 
Data can also be obtained from literature review.

>> The risk ranking effort will be as good as the data used to inform it. Timely, representative, 
and unbiased data are essential for accurate and precise estimates. Even with high quality 
data, uncertainty and variability will be present and need to be taken into consideration.

>> Expert elicitation is a powerful tool that, if used adequately, can be very helpful in addressing 
data gaps.

>> Clearly state the limitations associated with the approach selected, limitations of the metrics, 
biases of the data, and try to quantify or describe the uncertainty in the data even if in  
a narrative (qualitative) manner.

2.3	 STEP 3: CONDUCT THE RISK RANKING ANALYSIS  
AND REPORT RESULTS

The next step is to estimate and rank the risks based on the metrics for severity and 
likelihood using the selected method. There is a significant body of literature on 
how to estimate risk and conduct risk rankings for microbial and chemical hazards; 
the main methods are summarized in Annex F. Further, this guidance will present 
two case studies (Section 3) that, together with Annex F, will guide the selection 
of the risk ranking method.

Results from a risk ranking exercise must be interpreted with caution, taking into 
consideration the bias, uncertainty, and variability inherent in the metrics, and the 
data and method used in the analysis. The steps, assumptions, and processes used 
to conduct the risk ranking should be well documented to ensure transparency and 
reproducibility. It should be noted if local and/or regional variations in hazards 
and foods consumed were taken into consideration. It is also imperative to explain 
the strengths and limitations of the approach, so decision makers can take that 
into consideration. Reporting of results must be objective and include an executive 
summary with the main conclusions and limitations of the risk ranking exercise. 
The presentation of the results should be tailored to the targeted audience and easy 
to communicate.

Relative risk ranking charts are an appealing way to present the results of the risk 
ranking and can be easily understood (Figure 8). Plotting the two dimensions of 
risk (i.e. severity and likelihood) on a scatterplot provides high-level information 
of the relative risk ranking for each of the hazards and might be enough to inform 
risk management decisions. Depending on the scope of the risk ranking, it may 
be appropriate to present multiple risk ranking charts (e.g. overall, by age group, 
by hazard type, by food). It is possible that you will need to plot your data on a 
logarithmic scale and/or normalize your data (See Microbial case study, Section 3.1), 
since the difference between hazards and/or foods might be so dramatic that you 
will not be able to visually identify the differences (Figure 9). It is also important 
to keep in mind the risk metrics that were selected and how they might affect the 
interpretation of the scatterplot. For example, higher RfDs represent lower risk, 
making the interpretation of the scatterplot less intuitive; inverting the axis provides 
the standard visual that may be more intuitive for the targeted audience (Figure 10).
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STEP 3 SUMMARY

>> Results from a risk ranking exercise must be interpreted with caution, taking into 
consideration the bias, uncertainty and variability inherent in the metrics, the data and 
method used in the analysis.

>> Plotting the severity and likelihood metrics into a two-dimensional graph is a very effective 
way to present results.

>> Assumptions and limitations need to be clearly described.

Source: Authors’ own elaboration.
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STEP 3 SUMMARY

>> Results from a risk ranking exercise must be interpreted with caution, taking into 
consideration the bias, uncertainty and variability inherent in the metrics, the data and 
method used in the analysis.

>> Plotting the severity and likelihood metrics into a two-dimensional graph is a very effective 
way to present results.

>> Assumptions and limitations need to be clearly described.

2.4	 PRIORITIZATION

Once the risk ranking has been conducted, the prioritization of food hazards and/or 
food safety issues is the next logical step and a critical part of the decision-making 
process. It is the systematic analysis and prioritization of opportunities to reduce 
risks from foodborne hazards and/or foods, based on public health impacts and 
other factors (Box 2). Prioritization produces an action list for the risk manager.  
The process acknowledges the fact that risk management decisions need to be 
made in an environment where factors besides public health may need to be 
considered when making a decision. Those factors may be related to social-cultural 
considerations, consumer perceptions, economic considerations (e.g. trade impacts), 
and availability of interventions to control the risk. Therefore, it provides a broader 
perspective than risk ranking. Prioritization is not addressed in this guidance since 
another FAO report describes this effort in detail and provides guidance on how  
to consider multiple factors when making decisions (FAO, 2017).
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This section presents two case studies to help the general understanding of how 
the proposed risk ranking approach can be used in practice. The first case study 
focuses on microbial hazards and the second one on chemical contaminants in fish.  
They both follow the three steps described in this guidance document. The case 
studies are hypothetical examples and do not represent any specific country.

3.1	 MICROBIAL CASE STUDY

The National Ministry of Health and Agriculture in Country X is responsible 
for food safety oversight and has been charged with identifying areas where 
targeted resources and control measures could have the greatest impact on public 
health. In the Ministry, there are food inspectors, microbiologists, chemists, and 
epidemiologists, but limited expertise in risk analysis. The risk ranking needs to be 
conducted quickly using existing information because there are no funds to collect 
data to inform the risk ranking. Further, the country has a passive surveillance 
system and most foodborne illness cases are not reported.

3.1.1	 STEP 1: DEFINE THE SCOPE

The first step in the risk ranking process is to define the scope, which includes: 
(1) defining the purpose, (2) selecting what will be ranked, and (3) screening for 
relevance.

Define the purpose

Risk managers from the National Ministry of Health and Agriculture convened  
a 2-day meeting with food safety experts to define the purpose of the risk ranking. 
In the first day of the discussions, risk managers expressed their need to rank, 
by public health importance, all foodborne hazards and all foods using a fully 
quantitative method that could provide them with an estimate of risk to the overall 
population. After discussion and considerations regarding the level of effort needed, 
risk managers agreed to restrict the focus of the risk ranking to selected microbial 
pathogens and foods that are most frequently associated with the pathogens of 
highest public health impact in the country. Risk managers and food safety experts 
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agreed on a Statement of Concern and a Statement of Purpose and Objectives for 
the upcoming risk ranking effort:

>> Statement of concern: Food contaminated with microbial hazards causes 
significant public health impact and has been attracting the attention of the media. 
Further, several cases of foodborne illness have to occur for our surveillance 
system to detect an outbreak. However, there are too many foods, too many 
microbial hazards, and few resources to address the issue. The government needs 
to be able to focus its limited resources on the hazards that have the greatest 
public health impact and identify the major food categories most commonly 
associated with those “high impact” hazards.

>> Statement of purpose and objectives: Identify the microbial hazards that have 
the greatest public health impact in the general population and then identify 
what major food categories are more frequently associated with the top two 
pathogens.

Select what will be ranked

Once the Statement of Concern and a Statement of Purpose and Objectives have 
been identified, the technical team at the Ministry had to identify the major 
food categories and microbiological hazards to be included in the risk ranking.  
For the food categories, they decided to utilize their existing food categorization 
scheme. The scheme is composed of 11 groups used to classify food-producing 
establishments for the purposes of inspection (Table 3). The potential list of microbial 
hazards provided in Annex C of this guidance was used as a starting point (Table 4).  
The technical team reviewed the hazard list and confirmed with food safety  
experts and epidemiologists that no relevant microbial hazards are being excluded 
from the analysis.

TABLE 3	 FOOD CATEGORIZATION SCHEME USED IN THE RISK RANKING

FOOD CATEGORIZATION

Beef Game Produce

Deli/Other meats Eggs Beverages

Pork Dairy products Baked goods

Poultry Seafood
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TABLE 4	 LIST OF 46 POTENTIAL MICROBIAL HAZARDS CONSIDERED FOR THE RISK RANKING

POTENTIAL MICROBIAL HAZARDS

Bacteria Virus

Bacillus cereus Hepatitis A virus

Brucella spp.* Norovirus

Campylobacter spp. Rotavirus

Clostridium botulinum Parasites

Clostridium perfringens Anisakis spp.

Coxiella burnetii Ascaris spp.

Cronobacter sakazakii Clonorchis sinensis

Escherichia coli–Enteropathogenic (EPEC) Cyclospora cayetanensis

Escherichia coli–Enterotoxigenic (ETEC) Cryptosporidium spp.

Escherichia coli–Shiga-toxin producing (STEC) Echinococcus granulosus

Francisella tularensis Echinococcus multilocularis

Leptospira spp. Entamoeba histolytica

Listeria monocytogenes Fasciola spp.

Mycobacterium bovis Giardia spp.

Salmonella enterica–serotype Paratyphi A Intestinal flukes

Salmonella enterica–serotype Typhi Opisthorchis spp.

Salmonella spp.–non-typhoidal Paragonimus spp.

Shigella spp. Taenia saginata

Staphylococcus aureus Taenia solium

Streptococcus spp. group A, foodborne Toxoplasma gondii

Vibrio cholerae Trichinella spp.

Vibrio parahaemolyticus Other

Vibrio vulnificus Prions

Yersinia enterocolitica

Yersinia pseudotuberculosis

Screen foods and/or hazards for overall relevance and risk potential

The Ministry had limited financial resources and was unable to conduct a ranking 
of all 46 hazards from Table 4. Therefore, the list needed to be reduced further.  
The risk analysts developed a decision flowchart using some of the Bradford Hill 
Criteria to facilitate, in a transparent manner, the screening process (Figure 11).
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Exclude from ranking

No

Is there a relationship between exposure 
to the hazard and acute and/or chronic illness?

No

Yes

Is foodborne exposure a signi�cant source 
of illness in the country?

No

Yes

Yes

Has the hazard caused 
outbreaks in the country?

Has the hazard been detected
in the country?

Include in the ranking

No

Yes

Is the hazard likely to be present in the food
at the point of consumption?

No

Yes

Does the hazard persist
or grow in the food?

No

Yes

Source: Authors’ own elaboration.

FIGURE 11.	 DECISION FLOWCHART FOR INCLUDING OR EXCLUDING MICROBIAL HAZARDS
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Members of the risk ranking team and food safety experts from industry and 
academia reviewed each of the 46 pathogens using the decision flowchart; at the end 
of the process, 14 pathogens were selected to be included in the final risk ranking 
(Table 5).

TABLE 5	 SELECTED PATHOGENS TO BE INCLUDED IN THE RISK RANKING

PATHOGENS

Brucella spp. Mycobacterium bovis Taenia saginata

Clostridium perfringens Norovirus Taenia solium

Coxiella burnetii Salmonella spp.–non typhoidal Toxoplasma gondii

Hepatitis A virus Shiga toxin-producing E. coli (STEC) Trichinella spp.

Listeria monocytogenes Shigella spp.

3.1.2	 STEP 2: DEVELOP THE APPROACH

The process for developing the risk ranking approach includes (1) selecting  
the method, (2) choosing the metrics for severity and likelihood, and (3) collecting 
and evaluating the appropriateness of data. This is not a linear process (i.e. the stages 
can be conducted in any order) and is often iterative. In this case study, the technical 
team decided to start the process by collecting and evaluating the appropriateness 
of the data.

Collect and evaluate appropriateness of data

In reviewing the available data, the team could not find in-country data to estimate 
the likelihood and severity of illness. However, data from WHO’s FERG (Annex G) 
were available for 11 of the 14 pathogens selected for the evaluation, with the 
exception of C. burnetii, C. perfringens and T. saginata. Therefore, the team decided 
to conduct an expert elicitation to (i) estimate the incidence and DALY/case for 
those three pathogens and (ii) obtain feedback on the appropriateness of WHO 
estimates for the remaining 11 hazards for Country X.

In-country experts from governmental agencies, industry, and academia were 
invited to participate in a two-day meeting to review WHO’s data. At the end of 
the meeting, experts were able to provide estimates for the incidence and DALY/case  
for C. burnetii, C. perfringens and T. saginata by comparing with the other 
foodborne hazards evaluated by WHO. In their deliberations, the experts agreed 
that it is adequate to use the DALY/case estimate for the subregion for all 11 other 
pathogens; however, for 7 of the 11 pathogens, the WHO foodborne disease estimates 
were not appropriate because they did not reflect the incidence in Country X. 
Therefore, expert opinion was also used to quantify the incidence per 100 000 for the  
seven pathogens for which WHO incidence rate was not an adequate proxy.
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Select the metrics for ranking risks

Since data from FERG were being used to rank pathogens, incidence per 100 000 
were selected to represent likelihood and DALY/case to estimate severity. DALYs 
integrate measures of morbidity and mortality and have been the metric of choice 
to quantify the burden of illness.

Select the risk ranking method

Since data from FERG were being used to rank pathogens, the risk ranking method 
was an extension of the FERG method (i.e. top-down, quantitative method to 
estimate the burden of disease).

3.1.3	 STEP 3: CONDUCT THE RISK RANKING ANALYSIS AND REPORT RESULTS

Total DALYs per 100 000 were calculated by multiplying the incidence per 100 000  
by the DALYs per case (Table 6). A risk scatterplot for the 14 hazards was also 
constructed (Figure 12). However, there was very little spread in the data, and it 
was difficult to visualize the differences between the hazards. Therefore, the data 
were transformed to a logarithmic scale and plotted (Figure 13) to provide greater 
detail. Data could have also been normalized and plotted on the logarithmic scale 
(Figure 14). The following formula was used to normalize the data:

=
x – xmin

xmax – xmin

x'

In this particular example, Figures 12 and 13 did not offer additional information 
than the data presented in Table 6. However, the graphs served as aids to the risk 
manager and decision maker to quickly visualize the relationship between severity 
and likelihood for the different hazards being evaluated. These types of graphs 
could be particularly helpful when the metrics selected to estimate severity and 
likelihood cannot be directly multiplied to provide an estimate of risk and/or when 
the individual metrics might be considered in ranking the efforts. An example would 
be when volume of exports and number of hospitalizations are chosen as measures  
of likelihood and severity, respectively. These measures should not be multiplied 
to estimate risk, and therefore scatterplots would be very helpful in providing 
useful information to decision makers. Similarly, the scatterplots would be helpful 
if decision makers want to prioritize hazards that have more severe outcomes, 
regardless of their likelihood of occurring. 
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TABLE 6	 WHO MEDIAN ESTIMATES FOR THE 14 SELECTED FOODBORNE HAZARDS PLUS ESTIMATES 
FROM EXPERT ELICITATION FOR PATHOGENS NOT EVALUATED BY WHO

SELECTED HAZARDS INCIDENCE  
PER 100 000

DALY/CASE TOTAL DALYS  
PER 100 000

Brucella spp. 1* 0.3 0.30 

Hepatitis A virus 5 0.1 0.50 

Listeria monocytogenes 0.1* 8 0.80 

Mycobacterium bovis 0.9* 2 1.80 

Salmonella spp. - non typhoidal  600* 0.03 18.00 

Norovirus 1 350* 0.002 2.70 

STEC 8 0.02 0.16 

Shigella spp. 20 0.009 0.18 

Taenia solium 0.6* 4 2.40 

Toxoplasma gondii 60 0.08 4.80 

Trichinella spp. 0.8* 0.2 0.16 

C. burnetii 0.01* 1* 0.01 

C. perfringens 150* 0.009* 1.35 

T. saginata 0.05* 0.0005* 0.00 

*Data were obtained via expert elicitation.

Source: Authors’ own elaboration.
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In Figure 13, Salmonella spp-non-typhoidal, T. gondii, Hepatitis A, STEC, 
Shigella, and C. perfringens appear in the upper-right quadrant, indicating that 
these pathogens are associated with the highest risk to public health. Since the goal 
of the risk ranking is to identify the top two foodborne pathogens and the major 
food categories associated with it, Salmonella spp-non-typhoidal and T. gondii were 
selected based on their total DALYs.

The next task was to identify the major food categories associated with Salmonella 
spp-non-typhoidal and T. gondii. Data from passive surveillance systems were 
reviewed to identify potential outbreaks associated with those two pathogens, but 
the data were sparse, and most outbreaks did not have an identified food vehicle. 
Therefore, another expert meeting was organized to fill the data gaps. The experts 
reviewed the outbreak data available and using their knowledge attributed the 
proportion of Salmonella spp-non-typhoidal and T. gondii illnesses associated 
with each food category. Using this information, the number of illnesses associated 
with each food-hazard pair was estimated. Total DALYs for each food-hazard pair 
were calculated by multiplying the number of illnesses by the DALYs per case.  
The data are summarized in Table 7. A risk scatterplot for the 14 hazards was also 
constructed (Figure 14).

Source: Authors’ own elaboration.
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TABLE 7	 NUMBER OF ILLNESS FOR SALMONELLA SPP-NON-TYPHOIDAL AND T. GONDII FOR THE 
MAJOR FOOD COMMODITIES CONSUMED IN COUNTRY X

FOOD CATEGORY NUMBER OF 
SALMONELLA SPP-NON-
TYPHOIDAL ILLNESS

TOTAL DALYS NUMBER OF  
T. GONDII 
ILLNESS

TOTAL DALYS

Beef 50 1.4868 4 866 389.2644

Deli/Other Meats 9 0.2583 361 28.88088

Pork 26 0.7749 8 609 688.7194

Poultry 160 4.788 785 62.8236

Game 7 275 218.2572 4 281 342.4781

Eggs 99 126 2 973.7827 0 0

Dairy Products 33 194 995.8095 500 39.96048

Seafood 9 094 272.8215 112 8.98968

Produce 53 201 1 596.0231 1 479 118.3006

Beverages 7 730 231.903 7 0.58296

Baked Goods 137 4.095 0 0

Total Illnesses* 210 000 6 300 21 000 1 680

*Population of Country X is 35 000 000.

Based on Total DALYs, Salmonella in eggs, produce, and dairy products has the 
highest public health impact. As shown in Figure 15, these results are largely driven by 
the number of cases rather than the severity of illness. T. gondii in pork, beef and game 
presents the highest risk to public health from a severity perspective. Risk managers 
used this information to determine where to implement targeted control strategies. 

Source: Authors’ own elaboration.
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3.2	 CHEMICAL CASE STUDY 

Country Y is a small island country that subsists heavily on local seafood for its 
diet. Recently, negative media attention around health problems and chemical 
contaminants in domestically produced seafood has caused public concern.  
The Ministry of Health and Agriculture has been tasked with developing dietary 
guidelines and advisories for seafoods that pose the highest risk to public health 
from chemical contaminants. There are some exotic seafood species consumed  
by indigenous people in the country, but it is limited to a narrow geographic area 
and, as such, not considered for the dietary guidelines. 

3.2.1	 STEP 1: DEFINE THE SCOPE

The first step in the risk ranking process is to define the scope, which includes 
(1) defining the purpose, (2) selecting what will be ranked, and (3) screening  
for relevance.

Define the purpose

Risk assessors tasked with performing the risk ranking met with risk managers and 
stakeholders to define the purpose and objectives of the risk ranking. The following 
Statement of Concern and Statement of Purpose and Objectives and objectives  
were drafted:

>> Statement of Concern: Some seafood products in Country Y may contain levels 
of metals and other inorganic compounds that pose a risk to human health, 
particularly for the local fishing populations that subsist on the seafood they 
catch. To help safeguard public health, the Ministry of Health and Agriculture 
has been tasked with developing dietary guidelines and advisories for seafood 
that poses the highest risk to public health from chemical contaminants.  
To achieve this, the food safety risk managers must identify the highest risk 
chemical contaminants and which seafood products are most likely to be affected.

>> Statement of Purpose and Objectives: Identify the chemical contaminants  
(i.e. metal and inorganic compounds) in seafood that pose the greatest risk  
to public health and the main seafood products associated with those 
contaminants.

The answers to these questions allowed the Ministry to develop consumption guidelines 
and advisories to help safeguard public health and educate worried consumers.

Select what will be ranked

A comprehensive literature review was conducted to identify common metal and 
inorganic compounds detected in seafood within Country Y and neighbouring 
countries. Further, the list was sent to experts in the field and a couple more 
compounds were added to produce a potential list of chemical contaminants  
in seafood (Table 8).
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TABLE 8	 LIST OF POTENTIAL CHEMICAL HAZARDS THAT COULD BE PRESENT IN SEAFOOD

POTENTIAL CHEMICAL HAZARDS

Aluminium Chromium Manganese Strontium

Ammonia Cobalt Methylmercury Sulfate/Sulfide

Antimony Copper Molybdenum Thallium

Arsenic Fluoride Nickel Tin

Barium Iron Nitrate/Nitrite Uranium

Beryllium Lanthanum Selenium Vanadium

Boron Lead Silicon Zinc

Cadmium Lithium Silver

Chloride Magnesium Sodium

The risk managers, together with risk analysts, also had to determine which 
seafood products to include in the risk ranking. The technical team first reviewed 
the available data on the type and amount of seafood caught in the country.  
The team then spoke with relevant stakeholders, including local fishermen  
and the Ministry of Agriculture, to obtain additional information on the  
following questions:

>> What are all the seafood products caught or produced in the country?

>> What are the most consumed seafood products in the country and in the local 
populations?

Similar to the process above for hazards, a comprehensive list of potential seafoods 
to include in the risk ranking was developed based on the amount caught, produced, 
and consumed in the country (Table 9).

TABLE 9	 LIST OF POTENTIAL FOODS (SEAFOOD) TO BE CONSIDERED FOR THE RISK RANKING

SEAFOOD TO BE CONSIDERED FOR THE RISK RANKING
Bream Cod Sole Mussels

Carp Flounder Grouper Oysters

Perch Haddock Tuna Scallops

Salmon Herring Lobster Squid

Trout Mackerel Crab Shark

Eel Plaice Shrimp and prawn

Barramundi Pollack Octopus

Sardines Rays Clams
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Screen foods and/or hazards for overall relevance and risk potential

To determine whether or not to include each initial chemical in the risk ranking 
process, analysts asked a single question:

Is the chemical contaminant present in foods consumed or produced in the 
country?

Generally, publicly available data on chemical contaminants in foods are limited,  
but data are needed to answer this question. The technical team successfully enlisted 
the help of the expert researcher at the local university who had just submitted to 
a peer-review journal an article on chemicals in local seafood. After reviewing this 
report and speaking with the expert, the chemical list from Table 8 was further 
screened. The results of the university report identified detectable levels of four 
chemicals in at least one seafood product: cadmium, methylmercury, lead, and 
arsenic, and thus, those chemicals were selected to be included in the final evaluation.

To determine whether or not to include a food from Table 9 in the final food list 
for risk ranking, the technical team developed a decision flowchart (Figure 15).  
It was assumed that processing did not increase chemical contamination. Since the 
chemicals detected were metals, food preparation steps such as cooking would not 
further reduce contaminant concentrations, and it was assumed that any sediment or 
soil would be washed off the seafood prior to consumption. Based on the decision 
flowchart exercise, the food list was narrowed down to those that had detectable 
levels of chemical contaminants (N = 10). Any chemical contaminants that were not 
detected above the laboratory reporting limit were excluded from further evaluation. 
This initial step is an inclusion step based on any detection, rather than the level 
of detection. To be conservative, the technical team decided to include all 10 foods 
that had detectable levels of contaminants in the risk ranking because some of the 
contaminants being considered could potentially pose a health risk even if they were 
consumed in moderation (Table 10).

TABLE 10	 FINAL LIST OF FOODS TO BE INCLUDED IN THE RISK RANKING

FOODS TO BE INCLUDED IN THE RISK RANKING
Bream Clams Flounder Mussels

Carp Shark Tuna Lobster

Mackerel Sardines

Further, rather than consider all four hazards in all ten foods, hazard-food pairs were 
screened one more time based on whether or not a given hazard was detected in a 
given food in known testing databases (e.g. WHO GEMS, RASFF, EFSA Monitoring 
– See Annex D), recent peer-reviewed journal articles, or based on expert elicitation. 
Ten pairs were selected to be included in the risk ranking (Table 11).
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Chemicals were excluded from further evaluation if there was no detectable chemical 
contamination on food, and it was also clear that food processing or packaging 
would not introduce contamination of that chemical. Chemicals were also excluded 
if detectable contamination was found, but the concentrations were clearly below 
known health-based guidance values. If the chemical contaminant was detected 
above health-based guidance values, it was unclear, or there was no established 
guidance value, it was included in the risk ranking process even if food preparation 
reduced the concentration, food processing did not add more contamination  
(or it was unknown), and the chemical did not knowingly cause health effects.  
We included the chemical in the risk ranking process in these cases to ensure that 
these uncertainties were considered. If further evaluation indicated these chemicals 
were of lesser concern, the risk ranking process would show this finding by listing 
the chemical further down the risk ranking list.

3.2.2	 STEP 2: DEVELOP THE APPROACH

The second step in the risk ranking process is to develop the approach, which 
consists of three stages: (1) select the risk ranking method, (2) select the metric 
for ranking risks, and (3) collect the data. As stated previously, this is not a linear 
process (i.e. the stages can be conducted in any order) and is often iterative.  
In this case study, the technical team decided to start the process by selecting  
the risk ranking method.

Select risk ranking method

The risk manager chose a bottom-up approach to perform risk ranking because 
outbreak or epidemiological data for chemicals in foods is rarely available.  
While probabilistic risk assessments methods are the gold standard for risk ranking 
approaches for chemicals, it was infeasible to conduct one in this situation given 
the lack of data and available resources. Therefore, a decision was made to use  
a simplified approach using expert elicitation to complete the risk ranking exercise.

Select the metric for ranking risks

Metrics were then selected for the two dimensions of risk. Consumption rate  
is chosen as a proxy for likelihood of exposure, and reference dose (RfD) is selected 
to estimate severity. The technical team selected RfDs because they are based  
on toxicological testing and identify a quantitative non-cancer value for the 
maximum acceptable daily dose of each chemical. The higher the RfD, the lower 
the risk, because it means a person can ingest a higher quantity of the chemical before 
there is increased risk of non-cancer health effects. Using a human health toxicity 
benchmark to estimate severity allows the various chemicals to be compared against 
one another to understand their relative toxicity, even in the absence of specific 
chemical concentration data.
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Collect and evaluate appropriateness of data

Country Y did not have detailed consumption data for the population  
of interest. Consequently, local knowledge was leveraged using expert elicitation  
for commonly consumed foods and consumption categories to include in the 
ranking. Expert elicitation from a governmental nutritionist was used to identify 
high-end consumption patterns for the general population. High-end consumption 
values (e.g. 95th percentile) were obtained using expert elicitation and may vary from 
consumption rates for the average population or children (Table 12).

TABLE 12	 CONSUMPTION DATA FOR FOODS INCLUDED IN THE RISK RANKING

FOOD LOCAL CONSUMPTION (GRAMS/TYPICAL SERVING)
Bream 130

Carp 100

Mackerel 65

Clams 35

Shark 80

Sardines 88

Flounder 115

Tuna 77

Mussels 120

Lobster 130

RfDs were obtained from the U.S. EPA’s Integrated Risk Information Systems 
(IRIS–https://www.epa.gov/iris) and are provided in Table 13. Because there is 
no RfD available for lead–but it is known to have adverse effects on cognitive 
development in children and a threshold has not been identified that is acceptable 
for exposure–the RfD was assumed to be zero.

TABLE 13	 REFERENCE DOSES (RFDS) FOR THE FOUR CHEMICAL COMPOUNDS INCLUDED  
IN THE RISK RANKING

CHEMICAL COMPOUND SEVERITY ORAL RFD (mg/kg/day)
Cadmium 1E-03

Methylmercury 1E-04

Lead NA–Assume 0

Arsenic 3E-04



46

FAO GUIDE TO
RANKING FOOD SAFETY RISKS AT THE NATIONAL LEVEL

3.2.3	 STEP 3: CONDUCT THE RISK RANKING ANALYSIS AND REPORT RESULTS

Using the quantitative data collected for likelihood and severity, a graph  
was developed for food-hazard pairs by plotting severity (RfD) versus likelihood 
(consumption amount) (Figure 16). The graph shows typical consumption  
of the seafood products of interest in Country Y along with the relative severity 
of the metals that may be present in certain food-hazard pairs. As the likelihood  
of exposure increases along the x-axis and RfD decreases along the y-axis,  
food-hazard pairs increase in risk. For example, Lead-Bream is one of the highest 
consumed foods with the lowest (most severe) RfD, suggesting it may be one of 
the highest risk foods. On the other hand, Cadmium-Mackerel is consumed in 
lower amounts and has a relatively higher (less severe) RfD, suggesting it may be a 
relatively lower risk food.

Based on the results, three food-hazard pairs were identified as the highest risk 
for public health: tuna (methylmercury), flounder (lead) and bream (lead).  
Four food-hazard pairs were identified as moderate risk (arsenic in clams, sardines, 
lobster, and mussels). Cadmium was identified to be of potential concern in mackerel, 
shark and carp, but the RfD was higher (i.e. less harmful to health) compared  
to the other chemicals of concern. These results informed a related prioritization 
effort to identify where resources for developing dietary guidelines and advisories 
should be focused.

Source: Authors’ own elaboration.
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Understanding the relative severity and likelihood of each chemical posing an issue 
in foods is useful for decision-making. This information can be paired with available 
concentration data to further evaluate which chemical hazards are of higher concern 
based on their toxicity.
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CONCLUSION

The objective of this guidance was to provide direction to National Food 
Safety Authorities on how to start ranking microbial and chemical risks  
in a more systematic and structured manner to better inform food safety decisions.  
The risk ranking approach presented here provides a logical framework for making 
relative risk comparison assessments in a way that is transparent and evidence based.  
However, it is important to note that the results may not be actual estimates  
of risk, but rather relative rankings. To obtain more accurate estimates of risk 
and the associated uncertainty and variability, full quantitative risk assessments 
using high quality and representative data would need to be conducted.  
Further, microbial and chemical hazards could theoretically be evaluated and ranked 
together, but from a practical standpoint, this may not be possible due to the lack 
of data and uncertainties associated with the data necessary to quantify a metric for 
likelihood and severity that could be applied to both hazard types. As with risk 
assessments, risk ranking will highlight innumerable data gaps and research needs. 
Those gaps should be used to guide and inform data collection and research efforts 
to improve the risk estimates.

The food supply and our knowledge are in constant flux. Organisms mutate;  
new and more virulent strains emerge. Novel production systems and processes 
might help control the hazard or introduce chemical and microbial hazards not 
previously found in foods. Novel data and information are produced addressing 
some of the data gaps and changing safety standards. The population demographics 
also change, including life expectancy, birth weights, and percentage of the 
population that is immunocompromised, potentially making certain individuals 
more susceptible to specific hazards (FAO/WHO, 2006). For all these reasons, risk 
ranking should not be a one-time effort but rather an ongoing activity that is core 
to a risk-based food safety system.

Finally, the effort must be backed by political will and a recognition from high levels 
of the government to determine how risk ranking results can be used in decision-
making on an ongoing basis. This risk ranking guidance is a work in progress,  
but we hope it will enable countries to more effectively inform food safety priorities.




















































































































