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Abstract

Consumers can be exposed to many foodborne biological hazards that cause diseases with varying outcomes
and incidence and, therefore, represent different levels of public health burden. To help the French risk manag-
ers to rank these hazards and to prioritize food safety actions, we have developed a three-step approach. The first
step was to develop a list of foodborne hazards of health concern in mainland France. From an initial list of 335
human pathogenic biological agents, the final list of “retained hazards” consists of 24 hazards, including 12 bac-
teria (including bacterial toxins and metabolites), 3 viruses and 9 parasites. The second step was to collect data
to estimate the disease burden (incidence, Disability Adjusted Life Years) associated with these hazards through
food during two time periods: 2008—2013 and 2014—2019. The ranks of the different hazards changed slightly
according to the considered period. The third step was the ranking of hazards according to a multicriteria deci-
sion support model using the ELECTRE Il method. Three ranking criteria were used, where two reflect the
severity of the effects (Years of life lost and Years lost due to disability) and one reflects the likelihood (inci-
dence) of the disease. The multicriteria decision analysis approach takes into account the preferences of the risk
managers through different sets of weights and the uncertainties associated with the data. The method and the
data collected allowed to estimate the health burden of foodborne biological hazards in mainland France and to
define a prioritization list for the health authorities.

Keywords: biological hazards, food, foodborne diseases, risk ranking, multicriteria decision analysis, burden

Introduction

ccording to the World Health Organization, around 200

diseases are of foodborne etiology, constituting a seri-

ous public health problem with a significant socioeconomic
impact (WHO, 2022).

Food contamination can occur at all stages of the food

chain and by various biological hazards. Among these

hazards responsible for foodborne diseases, bacteria, viruses,
and parasites are the most common. There is a wide range
of clinical outcomes associated with foodborne illnesses.
Most commonly, they manifest as gastrointestinal symp-
toms, but they can also produce neurological, obstetrical,
and immunological symptoms. The burden of foodborne
diseases is very unevenly distributed between low- and
high-income countries, in a given country as well as in the
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population, with children under five bearing the greatest
burden (WHO, 2022). Foodborne diseases are largely pre-
ventable and partially controlled, and thereby reducing
their disease burden. At the national level, it is important
to build and maintain adequate food systems and infra-
structures to respond to and manage food safety risks along
the entire food chain and to promote multi-sectoral actions
and collaborations among public health, animal health,
agriculture, and other relevant sectors. Effective and trans-
parent risk management by competent authorities is also
very important and necessary, as is the integration of food
safety into broader food policies. At the food business
operator level, it is necessary to ensure the safety of foods
as well as to provide supporting proof of good application
of hygiene practices and sufficient control of the main haz-
ards of their sector of activity (Federighi et al., 2020).
However, the food safety system is not set in stone and the
search for improvement is ongoing. For example, improve-
ment will concern better knowledge of the true burden of
foodborne biological hazards and their association with
food vehicles (Federighi et al., 2020). Given the large num-
ber of food-related risks, the public risk manager cannot
address all of them at the same time. In order to best allo-
cate means and resources, in particular for official controls,
while optimizing food safety, a risk prioritization tool is
essential.

The present work was carried out following a formal
request from the French risk managers (General Directorate
for Food; General Directorate for Competition Policy, Con-
sumer Affairs and Fraud Control; General Directorate for
Health). The aims of this study are (1) to identify the food-
borne biological hazards that are currently of health concern
in mainland France, (2) to estimate their burden, and (3) to
propose a transparent and data-based method for ranking
these hazards to help the risk manager to better target public
health policies and capacities.

For this purpose, a multicriteria decision analysis (MCDA)
approach is proposed, considering the different components
of the risk as well as the preferences of the risk managers
and the uncertainties associated with the data, in order
to help the decision-maker to establish the management
priorities.

Materials and Methods

Our general approach to ranking foodborne biological
hazards consisted of three steps. The first step was to
make a list of hazards that are of health concern in main-
land France. The second step was the collection of data to
estimate the health burden of diseases associated with
these hazards through food (incidence, Disability Adjusted
Life Years [DALYs]) and then calculate the burden. The
third step was the ranking of hazards according to a multi-
criteria decision support model using the ELECTRE Il
method (Roy, 1985). The criteria reflect the two compo-
nents of risk as defined by the Codex Alimentarius (1999):
the severity of the adverse effect and the probability of its
occurrence.

We tested several sets of parameters and criteria weights
that could be used to inform the manager of the impact of
choices on the final ranking.
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The effect of uncertainty on the risk ranking was also con-
sidered as described in the Supplementary Appendix S1.

Identification and selection of biological hazards

Initially, the identification of biological agents that are path-
ogenic to humans (bacteria, viruses, prions, parasites) was
based on the lists proposed by the Belgian Scientific Institute
of Public Health (Belgian Biosafety Server, 2021) (www
.biosafety.be). These lists were chosen because they are the
most exhaustive. They were drawn up in 2008 and list 335
biological agents that are pathogenic to humans. The resulting
list of 335 hazards is referred to as the “long list”. This long
list does not include mycotoxins and marine biotoxins, which
are considered chemical hazards.

The selection of biological hazards for health prioritiza-
tion was based on current knowledge of hazards, exposure
routes, and population susceptibility. This selection was
done in three steps.

In the first step, the “long list” of biological agents patho-
genic to humans was screened to select those transmissible
through food (“foodborne hazards list” in Fig. 1). Second,
the “foodborne hazards list” was screened against one of the
following four filters:

= Hazard considered in European regulations related to
zoonoses (European Commission, 2003) or microbio-
logical criteria (European commission, 2005);

* Hazard considered in the datasheet on foodborne micro-
biological hazards published by the French Agency for
Food, Environmental and Occupational Health and
Safety (Anses) (Anses, 2022);

* Hazard listed in the European Food Safety Authority
(EFSA) zoonoses reports in 2015 or 2016 (European
Food Safety Authority and European Centre for Disease
Prevention Control, 2017; European Food Safety
Authority and European Centre for Disease Prevention
Control, 2016);

= Hazard taken into consideration in a French Guide to
good practice for hygiene and for the application of the
HACCP principles, evaluated by Anses.

‘ Long list }

Transmitted by oral route

| « Foodborne hazards » list ‘

Four Criteria screening

| « Considered hazards » list |

Lack of data on characterization
and/or exposure and/or not relevant in metropolitan France

*
Retained hazards ‘ Non-Retained hazards

{ NewKnowledge -

FIG. 1. Methodology of selection of relevant biological
hazards.


http://www.biosafety.be/
http://www.biosafety.be/
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These filters correspond to significant foodborne haz-
ards that are considered either by food safety authorities
(at national or European level) or by food business
operators.

Foodborne hazards satisfying at least one of these four fil-
ters were retained and resulting in a shorter list of “considered
hazards.” For these hazards, the third stage was based on
expert opinion. Some hazards were not retained, -either
because of a lack of data on their characterization and/or
exposure (absence of epidemiological and contamination
data, low pathogenicity) or because they were not considered
relevant to the situation in mainland France (geographical dis-
tribution of the hazard, very minor foodborne transmission,
the health status of the animal disease, etc.). The lists of “con-
sidered” or” retained” hazards were established according to
the current state of scientific knowledge. The acquisition of
new knowledge on one of these aspects could lead in the
future to the inclusion of a hazard that is not currently
included or conversely, to the exclusion of a hazard that is
currently included. (Fig. 1).

Data collection and estimation of the foodborne diseases
burden

The foodborne diseases burden in mainland France was
assessed for the short list of considered hazards by combin-
ing the incidence and the severity (expressed in DALY) of
the resulting diseases as done by Augustin et al. (Augustin
et al., 2020).
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The annual incidence data for the 2008—2013 period was
taken from a study performed in France (Van Cauteren et al.,
2017) and from surveillance data collected by the National
Public Health Agency (Santé publique France) and by
National Reference centers.

For the 2014—2019 period, the performance of the French
disease surveillance system of each foodborne hazard was
taken into account. Incidence was either provided directly
from human surveillance data or corrected for under-
reporting/under-diagnosis factors using the multipliers estab-
lished by Van Cauteren et al. (2017) or expert opinion.

DALYs per case estimates for each pathogen were taken
primarily from published studies (Cassini et al., 2018; Havelaar
et al.,, 2015; Havelaar et al., 2012). For a given disease, the
DALY summarizes the impact of disease morbidity (“Years
Lost due to Disability” [YLD]) and mortality (“Years of Life
Lost” [YLL]) in a single measure (Devleesschauwer et al.,
2015).

The definition and the data sources for the criteria are
detailed in Table 1.

Risk ranking

Criteria. The health ranking of biological hazards is
based on two macro-criteria representative of the two com-
ponents of risk: The probability of occurrence of foodborne
infectious diseases and the severity of the hazards (Codex
Alimentarius Commission, 1999).

The probability of occurrence criterion is filled in by refer-
ence to annual incidence data for the period 2014-2019

TABLE 1. CRITERIA FOR RISk RANKING OF BloLoGIcAL HAZARD

YLD (“Years Lost Due to

Criterion (Code) YLL (*“Years of Life Lost™)

Disability™) Annual incidence

Definition
death from disease.
YLL is specific to a given disease
and a specific population.

1/Burden of Communicable
Disease in Europe (BCoDE/
ECDC) (Cassini et al., 2018)

2/Foodborne Disease Burden
Epidemiology Reference Group
(FERG/WHO) estimates (subre-
gion EUR A) (Havelaar et al

Data sources in
order of
priority

3/Havelaar et al 2012

Years of life lost due to premature  Years of life lost due to illness
related disabilities.

YLD is specific to a given dis-
ease and a specific population.

1/Burden of Communicable
Disease in Europe (BCoDE/
ECDC) (Cassini et al., 2018)

2/Foodborne Disease Burden
Epidemiology Reference
Group (FERG/WHO) esti-
mates (subregion EUR A)

(2015) (Havelaar et al., 2015)

Number of new annual sympto-
matic cases of a given disease
(common etiology and clinical
form) attributable to foodborne
transmission in the French
population

1/Estimations of incidence from
Santé Publique France (Van
Cauteren et al., 2017)

2/Observations: surveillance data
from Santé Publique France,
CNRs, hospital surveillance net-
works or laboratory networks. A
corrective factor may be applied
on expert advice depending on
the knowledge of the reporting
system

3/Havelaar et al., 2012

4/Expert opinions (Augustin et al., 4/Expert opinions (Augustin
2020) et al., 2020)

Direction of the  Risk increases with the value of Risk increases with the value of Risk increases with incidence

criterion the YLL the YLD
Nature of the Quantitative Quantitative Quantitative
criterion
Unit Average number of years/1,000 Average number of years/1,000 Number of new cases per year

cases cases (in log1o)
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(Table 1). The severity of the disease, associated to the haz-
ard, is assessed using YLL and YLD (expressed as years per
1000 cases) (Table 1). These criteria, therefore, make it pos-
sible to account for disease-associated mortality and
severity.

Aggregation of criteria: ELECTRE Ill.  The choice of the
multicriteria aggregation procedure is not straightforward (Gui-
touni and Martel, 1998). Outranking approaches appeared to
be the most suitable as it is difficult to provide explicit com-
pensation between the considered criteria. These methods can
compare objects in pairs on each criterion using an outranking
relationship. The aggregation of criteria was performed using
the ELECTRE Il method, one of the outranking methods.
ELECTRE Il explicitly takes into account indifference (q),
preference (p), and veto (v) thresholds to make this comparison
(see Supplementary Appendix S2). Thus, the ranking obtained
reflects the decision-maker’s preferences. In our illustration,
the working group served as a proxy for the actual decision-
maker.

Below the indifference threshold, the decision-maker is
not able to choose between the two interventions. Above the
preference threshold, the decision-maker indicates a strict
preference for one of the two interventions. These thresholds
are established specifically for each criterion. The veto,
above the preference threshold, illustrates that situations
may be considered unacceptable by the risk manager who
decides to disregard the other information. The working
group did not identify any such situations for the exercise, so
no veto thresholds were set for the criteria.

The values of the ELECTRE 11l model (weighting of cri-
teria, preference, indifference and veto thresholds have been
proposed by the working group to illustrate the approach.
The indifference (q) and preference (p) threshold values pro-
posed for the three criteria scales are shown in Table 2. The
decision-maker may choose other thresholds. Two scenarios
are considered for example.

In the first one, the thresholds are set to 0, which means
that any difference between two hazards compared on a cri-
terion scale is considered significant.

In the second scenario, we consider, for mortality a differ-
ence of ten YLL per 1000 cases allows the decision-maker
to distinguish between two hazards (p = 10). The preference
and indifference thresholds are higher for YLD. Under a dif-
ference of 10 YLD, two hazards will not be considered as
different (q = 10). A difference of more than 1000 YLD is
required to prefer one hazard to the other. Finally, given the
uncertainty in the estimates of disease incidence (Van
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Cauteren et al., 2017), a q value of 0.3 log;, cases per year
(twice the number of cases) and a p value of 0.5 log;y cases
per year (3.16 times the number of cases) have been used.

The relative importance of the criteria in the explanation of
the risk is translated by the weights given to these criteria. It is
up to the risk manager or decision-maker to set these weights.
To illustrate the approach, three sets of weights are tested
(Table 3) to test the influence of weighting on hazard rank.
These weight sets were identified according to the Simos
method (Roy and Figueira, 1998) described previously by
Anses (Anses, 2020). This method derives weights from experts
using three types of information: the order of the criteria, the
spread of these criteria, and the order of importance between
the most important criterion and the least important criterion.

The first set of weights (A) corresponds to a situation in
which the decision-maker wishes to give as much weight to
incidence (50) as to severity (YLL and YLD, that is, 25 and
25). The set of weight (B) distinguishes within severity the
impact of mortality (YLL) and morbidity (YLD) and gives
greater weight to mortality. Finally, the set of weights (C)
illustrates the choice to give more importance for decision-
making to the severity of the disease associated with the haz-
ard (YLL and YLD, 43 for each) than to the incidence of
that disease (14).

Results

Hazards selection

From the long list containing 335 hazards, we obtained a list
of 121 foodborne hazards including 47 bacteria, 13 viruses and
Prions, and 61 parasites. After the application of the selection
filters, the list of “considered hazards” contains 54 hazards.
We decided to add histamine in this shorter list because its lev-
els in food are regulated in the European Regulation 2073/
2005 on microbiological criteria for foodstuffs. Among them,
the expert panel did not retain 30 hazards (Supplementary
Appendix S3). Thus, the final list of “retained hazards” con-
sists of 24 hazards, including 12 bacteria (including bacterial
toxins and metabolites), 3 viruses, and 9 parasites (Table 4).

Foodborne diseases burden

Figure 2 illustrates the rank of pathogens in the health bur-
den of biological hazards in mainland France. Salmonella
and Campylobacter are the main contributors to the health
burden. The ranks of the different hazards differ only slightly
between the two considered periods, i.e., 2008—2013 and
2014-2019. Given the disease incidences estimation method,

TABLE 2. SCENARIOS OF INDIFFERENCE (Q) AND PREFERENCE (P) THRESHOLDS BY CRITERION

YLL YLD Incidence

Criteria (in DALYs/1000 cases) (in DALYs/1000 cases) (in logyp cases per year)
Scenario 1

Threshold q 0 0 0

Threshold p 0 0 0
Scenario 2

Threshold g 0 10 0.3

Threshold p 10 1000 0.5

DALY, disability adjusted life years; YLD, years lost due to disability; YLL, years of life lost.
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TABLE 3. SET OF DIFFERENT WEIGHTS ESTABLISHED FOR
THE THREE CRITERIA FOR THE ILLUSTRATION

Set of Annual YLL/1000  YLD/1000

weight incidence cases cases Total
Set A 50 25 25 100
Set B 25 50 25 100
SetC 14 43 43 100

these variations may be due to actual differences in actual
incidence or to changes in surveillance systems.

Figure 3 illustrates the association between foodborne
pathogens in 2019. Bacteria account for 81.5% of the food-
borne burden. Within bacteria, non-typhoidal Salmonella and
Campylobacter contribute to 66% of the burden. Foodborne
viruses account for 11.6% of the burden, whereas parasites
are associated with 6.9%.

Ranking with ELECTRE Ill method

The rankings of the 24 foodborne biohazards using the
outranking method are presented in Figure 4, which shows
the impact of the weights for the three criteria on the rank-
ing. The MCDA method defined equivalents between the
different hazards. Thus, 11, 10, and 15 different ranks were,
respectively, obtained with the scenario 2 thresholds for the
sets of weights A, B, and C (Fig. 4). It is noted that the
threshold scenario 1 leads, as expected, to more equivalents,
and thus fewer hazard groups. For example, the number of
groups for set (C) of weight decreases from 15 to 12 groups
while using scenarios 2 and 1, respectively.

Some hazards are minimally impacted. For example, his-
tamine and Cyclospora cayetanensis still have the lowest
level of risk regardless of the weighting of the three criteria.
This is explained by the fact that these hazards are not very
severe and present few cases in France. Other hazards are
strongly affected by the weight. As an example, Clostridium
botulinum is 14th out of 24 for the weight set A and 2nd for
the weight set (C). These ranking examples are presented as
an illustration of the method; the choice of weights is ulti-
mately up to the risk manager.

Discussion

This work introduces a transparent methodology to iden-
tify relevant foodborne biological hazards and proposes an
assessment of their health burden in mainland France. It also
paves the way for prioritization by the risk manager based
on the determinants of the burden and a multicriteria method
that allows the weights of the risk components to be objec-
tively defined and the rankings to reflect the preferences of
decision makers.

It is important to note that the selection of hazards results
from the application of filters related to food safety. For this,
we tried to remain consistent with the international definition
of a foodborne hazard and with the target geographical
perimeter, namely mainland France. The selection of hazards
could certainly be different in another territory. In the same
way, the evolution of scientific knowledge on hazards, the
acquisition of new data, the emergence of hazards and/or a
health crisis could also modify the selection. Similarly, the
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globalization of trade and markets, and climate change are
elements likely to modify the lists of hazards (Feliciano
et al., 2020). Indeed, it seems necessary to regularly update
and refresh the selections in light of appropriate scientific
monitoring. Thus, for example, the rationale for excluding
tick-borne encephalitis virus (TBEV) (see Supplementary
Appendix S4) from the retained hazards list because of the
exceptional nature of foodborne transmission in France may
now be reconsidered in the light of recent cases of foodborne
transmission in France (Gonzalez et al., 2022; Mailles et al.,
2023). More data are needed on the geographical distribution
and the incidence of foodborne cases in France. The same
observation and reasoning can also be made with Clonorchis
sinensis/Opisthorchis spp. whose involvement in foodborne
outbreaks in some Western European countries must consti-
tute a warning worth monitoring (Pozio et al., 2013; Robert-
son, 2018).

We estimated that foodborne diseases caused by 24 biologi-
cal hazards in mainland France resulted in 17,057 DALY
between 2008 and 2013 and 21,181 DALYSs between 2014
and 2019. Norovirus caused the most illnesses but Campylo-
bacter and Salmonella represent the highest foodborne disease
burden. These estimates are in line with our previous study
using a semi-quantitative approach (Augustin et al., 2020).
Similar findings have been reported by other industrialized
countries (Havelaar et al., 2015) and in particular recent stud-
ies from Denmark (Pires et al., 2020) and the Netherlands
(Lagerweij et al., 2020).

The foodborne disease burden was estimated according to
a top—down approach, using epidemiological data. The main
advantage is that it directly measures outcomes and impacts
of interest to public health. The main drawbacks are that sur-
veillance data remain incomplete (Van Cauteren et al.,
2017), depending on the effectiveness of epidemiological
information collection.

For the 2008—2013 period, the incidence estimates used in
this study are mainly derived from a French study conducted
by the National Public Health Agency (Van Cauteren et al.,
2017). In this study, different approaches have been used to
estimate the incidence of illness depending on the data avail-
able for each hazard (direct estimation, “pyramidal approach,”
syndrome data scaled down). For the 2014-2019 period, we
applied the same corrective factors established in this study to
estimate the incidence of illnesses from the surveillance data.
The underlying assumption is that the surveillance system did
not change during the last period. However, the uncertainty of
the epidemiological data is considered in the confidence score
for the ranking. As there is no French study estimating the
severity of foodborne diseases, different international sources
of data were used to estimate YLL and YLD (see Material and
Methods). Further research is needed to obtain specific DALY
estimates for France.

According to our results, there is no meaningful evolution
in the number of illnesses related to foodborne pathogens
between the two periods studied. For most foodborne dis-
eases, the estimated incidence falls within the credible inter-
val of previous estimates by Van Cauteren et al. 2017.The
observed changes for Campylobacter and Bacillus cereus are
not significant between these two periods, due to the many
sources of uncertainty. Concerning hepatitis E, the availabil-
ity of diagnostic tests and better knowledge of hepatitis E
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TABLE 4. INCIDENCE AND SEVERITY (YEARS OF LIFE LosT [YLL], YEARs LosT DuUE TO DisaBiLITY [YLD]) oF
FOODBORNE ILLNESSES IN MAINLAND FRANCE

YLL/ YLD/
Incidence  Incidence 1000 1000
Hazard Disease (Clinical Forms) 2008-2013 2014-2019 cases cases
Bacillus cereus Emetic poisoning and diarrheal toxin infection 69468° 188274° of 2.3"
Campylobacter spp. Acute gastroenteritis and complications 392177° 611815 7.7° 4,99
(Guillain-Barré syndrome, reactive arthritis,
irritable bowel syndrome)
Clostridium botulinum Foodborne botulism, infant botulism 21° 14°  2800¢ 100¢
Clostridium perfringens Diarrheal toxin infection 119632° 173041° 0.4 2.8"
Shiga toxin-producing Acute gastroenteritis and complications 17927% 17927¢ 5529  20.7¢
Escherichia coli (STEC) (Haemolytic uraemic syndrome (HUS) and
Thrombotic microangiopathy (TMA)
Histamine Histamine poisoning 167° 247° o 3¢
Listeria monocytogenes Invasive listeriosis, Perinatal listeriosis 402% 374° 3300¢ 4009
Non-typhoidal Salmonella  Acute gastroenteritis and complications 183002° 201582° 159 49
(reactive arthritis)
Shigella spp/ Acute gastroenteritis and complications 3449* 5386" 229 39
Enteroinvasive (HUS, reactive arthritis)
Escherichia coli (EIEC)
Staphylococcus aureus Emetic poisoning 73021° 52479" 03" 2.3
Non choleric Vibrio Acute gastroenteritis 0 20° o 3¢
(Vibrio cholerae non O1/
non 0139, Vibrio
parahaemolyticus)
Enteropathogenic Yersinia  Acute gastroenteritis 21330° 21330° 15 4°
(Y. enterocolitica, Y.
pseudotuberculosis)
Norovirus and other gastro-  Acute gastroenteritis 517593  517593° 1.8" 0.6"
enterititis viruses (astrovi-
ruses, enteroviruses,
rotaviruses)
Hepatitis A virus Hepatitis 2627° 3159° 5839  13.79
Hepatitis E virus Hepatitis 576° 2212¢ 377.39 75.59
Anisakis spp. and Gastrointestinal anisakidiosis 7 14° 0.5° 4.1¢
Pseudoterranova spp.
Cryptosporidium spp. Acute gastroenteritis 105° 189° 0.5° 4.1¢
Cyclospora cayetanensis Acute gastroenteritis 7° g 0.5¢ 4.1¢
Diphyllobothrium latum Diphyllobothriosis 3 3¢ 0.5° 4.1¢
Fasciola hepatica Fasciolosis 5 5¢ 0" 9200
Giardia duodenalis Acute gastroenteritis/irritable bowel syndrome 454° 303° 0.5¢ 419
Taenia saginata Teniasis 33006° 33006¢ 0.5¢ 419
Toxoplasma gondii Acquired toxoplasmosis, congenital 11785 11785 2" 60"
toxoplasmosis
Trichinella spp. Trichinellosis 11° 11¢ 20" 80"

V/an Cauteren et al., 2017.
PCorrected surveillance data.
“Surveillance data.

dExpert opinions.
*Dupouy-Camet et al., 2016.
"Havelaar et al., 2012.
9Cassini et al., 2018 (ECDC).
"Havelaar et al., 2015 (FERG).

have led to a considerable increase in the number of people
tested since 2010, resulting in an increased incidence of
recorded cases (Couturier et al., 2018).

In order to prioritize the management of foodborne haz-
ards, the burden factors are considered as criteria in a
MCDA model. The advantage of not aggregating the two
criteria. YLL and YLD responds to the criticism sometimes
leveled at the DALY. For some authors, it is more an

evaluative measure than a purely descriptive one (Solberg
et al. 2020).

The choice of this approach is consistent with the review
of methods for prioritizing biological, chemical and nutri-
tional risks related to food on the basis of public health risk
(Van der Fels-Klerx et al., 2018). The authors in the study of
Van der Fels-Klerx et al. (2018) highlight the value of
MCDA approach for comparing a large number of objects
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FIG. 2. Rank of the different foodborne biological hazards according to the burden of diseases expressed in DALY's
for two periods. DALY, Disability Adjusted Life Years.

by integrating qualitative and quantitative data, the uncer- et al (2020) to rank biological and chemical risks in food.
tainty associated with this data and the decision preferences Their risk-ranking framework includes eight criteria also
of managers. This is also the approach adopted by Eygue related to the severity and the likelihood. The authors use the
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FIG. 3. Sunburst diagram showing the repartition of the foodborne burden of diseases (FBD) (expressed in DALY) in
2019 according to types and sub-categories of biological hazards. DALY, Disability Adjusted Life Years.
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PROMETHEE outranking method, which is broadly based
on the same principles as ELECTRE Ill method, that is, the
use of preference and indifference thresholds and on the
upgrading relationship. The application of the different
methods to the ranking of alternatives may lead to different
results. The inconsistencies, often minor (Kangas et al.,
2001), are due to differences in both the preference estima-
tion process and the calculation techniques. This makes it
difficult to identify the best method among the available
upgrading methods (Garre et al., 2020; Polatidis et al.,
2014). The advantage of the ELECTRE Il method lies in
the use of a “veto threshold.” In the field of health risk man-
agement, the veto threshold is legitimized by the fact that the
risk manager may deem some situations unacceptable. The
proof of concept shows the decisive impact of the parameters
of the ELECTRE IIl method (sets of weights and preference
and indifference thresholds applied to the criteria) on the
ranks obtained. For the purposes of the exercise, we arbitra-
rily defined the value of these parameters. However, it is
essential that these values are established by the risk man-
ager using a formalized approach. It should be noted that the
manager can adjust the weights of the criteria according to
the objectives of the ranking.

Conclusions

In response to a formal request from the French Risk
Managers, we have developed a multicriteria approach to
rank food-related biological risks based on the severity and
incidence of hazards in order to help the manager to priori-
tize them. The risk manager still has some work to do in
order to propose a ranking of biological food hazards that
matches his or her vision of priorities. This work should
make it possible to identify two main elements: what are the
relative values of the number of cases and the severity crite-
ria, and at what point do we consider that management
should be different (p and q values)?

This approach is not limited to biological risks alone, as
we have also applied it to chemical risks and to food-hazard
combinations (Anses, 2020) with the aim of moving toward
integrated food safety management. Although we initially
chose the ranking criteria based on the Codex Alimentarius
definition of risk, the MCDA approach makes it possible to
add criteria of another nature, in particular socioeconomic
criteria, in order to go further in the objectification and trans-
parency of the decision-making process.
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