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Abstract

This paper provides a non exhausting overview afyewarning systems for
emerging foodborne hazards that are operating envdrious places in the world.
Special attention is given to endpoint-focussedyeaarning systems (i.e. ECDC,
ISIS and GPHIN) and hazard-focussed early warnystesn (i.e. FVO, RASFF, OIE)
and their merit to successfully identify a food etgfproblem in an early stage is
discussed..

Besides these early warning systems which are basedonitoring of either disease
symptoms or hazards, also early warning systemgoarattivities that intend to
predict the occurrence of a food safety hazartsinery beginning of development or
before that are described. Examples are trend sisaljhorizon scanning, early
warning systems for mycotoxins in maize an/ or whaad information exchange
networks (e.g. OIE, GIEWS).

Furthermore, recent initiatives that aim to develpgedictive early warning systems
based on the holistic principle are discussed. @agsumption of the researchers
applying this principle is that developments owgdilde food production chain that are
either directly or indirectly to the developmentaoparticular food safety hazard may
also provide valuable information to predict theelepment of this hazard.

1. Introduction

The large number of food safety problems experiénoethe last decade in Europe
and elsewhere has brought to light the vulnergbitit modern food production
systems. Public trust in regulatory institutionspensible for the governance of food
safety has declined due to public distrust in hewhsrisks have been handled and
managed (Siegrist and Cvetkovich, 2000), in patribated to the high levels of
media exposure directed towards these problemsv@fr003).

In Europe, the European Commission responded sodéwelopment by issuing the
General Food Law (EU, 2002) which clearly descrittesfood safety framework in
the Europe Union including the role and responsigdl of the different parties
involved. It is anticipated that this new law walhsure improvement in the safety of
the food supply and will contribute to the restamatof public trust.

The process of decision-making on food safety risks been termedsk analysis
and consists of the major componemisk management risk assessmenandrisk
communication. Risk is defined as the likelihood that, under gatr conditions of
exposure, an intrinsic hazard will represent aahte human health. Hence, risk is a
function of hazard and exposure where hazard imeldfas the potential of an agent
or situation to cause an adverse health effectiés).Risk assessmenis a process
of evaluation, including the identification of thettendant uncertainties, of the
likelihood and severity of an adverse effect(s)efd(s) occurring to man or the
environment following exposure under defined cdodg to a risk source(s). A risk
assessment comprises: hazard identification, hazdraracterization, exposure
assessment and risk characterisat®isk managementis the process of weighing
policy alternatives in the light of the result ofrisk assessment(s) and of other
relevant evaluations, and, if required, of selectand implementing appropriate
control options (including, where appropriate, ntoring /surveillance activities).

Risk communication is the interactive exchange of information and napis
throughout the risk analysis process concerning ris
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The above presented definitions are in line with ithternational accepted principles
and definitions (FAO/WHO, 1995, FAO/WHO, 1997, E2000).

It is apparent that food safety risks can be reduidefood safety hazards are
recognised in an early stage and if necessary nr#gton is exchanged between
parties engaged in maintaining food safety.

Many information and monitoring systems on foodesahave been put in place on
international level (such as Rapid Alert System Food and Feed (RASFF) in
Europe; WHO-INFOSAN, etc.) and on national levetational monitoring and
survey programmes) which have demonstrated thefiuless in the control of food
safety risks. These systems have in common thgtgbeerally detect problems (i.e.
the presence of a (food safety) hazaafter they have occurred. Therefore any
intervention will be reactive. It is apparent ti{atonitoring) systems that do not
require an outbreak to stimulate control activitiest instead rely on signals
/information directly and /or indirectly associatetth the development of a hazard
are preferable.

Recently EFSA has defined the term “emerging risgki{uman, animal and/or plant
health) as a risk resulting from a newly identifiadzard to which a significant
exposure may occur or from an unexpected new aeased significant exposure
and/ or susceptibility to a known hazard (EFSA 200fence systems capable of
identifying or predicting the development of sudbks are called “emerging risk
identification systems,” which are synonymous teefpictive early warning systems”.
These predictive systems should not be confusdu nedctive early warning systems
which are based on monitoring known hazards.

The enforcement of food safety measures such ablisstiment of early warning
systems is executed to ensure safer food aiminmgdoce the number of foodborne
illnesses. By systematically collecting such infation, it is expected that the
outbreak of foodborne illness can be preventechiealy stage, hence providing the
opportunity to minimising the societal losses oft@mserved with such incidents.
(Buzby and Roberts 1997)

In this report we present an overview with exampmleghe various types of reactive
early warning systems that are in operation inotgiplaces in the world. In addition,
their possible use to predict the development eftthzard will be discussed, using
RASFF as an example. Furthermore, we will preseitteat examples of predictive
early warning systems (hence emerging risk idewifon systems) for the early
identification of food safety risks. Also new dewginents in this field will be
discussed.

2. Overview ofreactive early warning systems

2.1 Introduction

Effective surveillance systems are critical for tietection of accidental or intentional
contamination of the food supply chain. There atgremtly several types of
surveillance systems in operation in the develapetibns of the world. The various
surveillance systems in place track and forecastrgimy foodborne safety risks
through the collection, integration, analysis antkipretation of data followed by
dissemination of the information through reportdyigories and warnings. Some
examples are discussed in this paper. The focubeske surveillance systems may
pertain to different aspects of food safety. Foamegle, systems may record the
occurrence of diseases or intoxication as causqahthogens and toxicants present in
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foods. These are cases where the actualirsskhe end-point, has already occurred
before a report is filed. Other systems are hamaghted, measuring the presence of
the pathogen, toxicant, or other hazardous agestept in food and feed. This also
includes the occurrence of diseases in livestoak iy be potentially transmitted to
humans through consumption of derived edible prtedoc through animal-human
contacts.

2.2 Endpoint-focused systems

While in many nations, disease monitoring systeme ia place, the examples
mentioned below are particularly interesting beeatiey employ a combination of
expert opinion with surveillance data (ECDC epidemnitelligence and Dutch ISIS
systems), because they are specifically focuseidahrelated diseases (CDC- USA,
WHO), or because they employ various tools inclgdinternet for intelligence

(GPHIN).

2.2.1 The Dutch strategy for early warning againsinfectious diseases

The control of infectious disease in the Netherfaisdundertaken by regional public
health services, in collaboration with the regioraboratories. The National
Coordination Structure for Infectious Disease CalnficCl) coordinates the 40 public
health services and national institutions and s&poesible for the development of
guidelines, protocols and the coordination of oedlir management. The National
Institute of Public Health (RIVM) undertakes or popts surveillanceind outbreak
investigations at the national level.

Surveillance is undertaken on a continuous bassed3e data is collected from the
individual connected laboratories, analysed ancerpmeted and the outcomes
disseminated to those responsible for taking astibm protect public health.
Traditionally, analysis of surveillance data todketform of basic descriptive
epidemiology (time, place and person). Electroratadcollection can improve the
data analysis and timeliness of outbreak detecfitve. electronic reporting systeml
ISIS, which is the acronym for the Dutch nationaflectious Diseases Information
System, monitors and describes the day-to-day &sang frequency of all
communicable diseases in The Netherlands. Desaigpidemiological reports are
disseminated in a timely manner and early warniggads sent to professionals in
public health to facilitate rapid control. ISIS i&ities may be divided into notification
of clinical cases and laboratory surveillance. Toemer involves practitioners in
public health, the public health services (PHS3, Itispectorate of Health and RIVM,
reporting clinical cases as required by infectidlisease legislation. This is done
using a web-based application to ensure the nagaipt of information. The latter
consists of laboratory reports on pathogens frorrabiology laboratories, sentinel
studies and regular laboratory surveillance. Atldieatories connected to ISIS report
to a central database every night and standardtsefoy the clinical and laboratory
data are updated automatically at that time. Theseavailable through the internet.

Parts of the site are password-protected and chnbmnseen by experts. Besides
descriptive reports (time, place, person), earlymvey signals are generated. To this
end, algorithms are used that recognize eithedémze frequencies exceeding the
historical background, such as f®almonellaor a pre-determined threshold, such as
zero-tolerance for Hantavirus. For comparisonswlite historical background, the

number of incidences reported within a given tiraefe, e.g. 7 days or 4 weeks, are
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compared with the incidences in the same periotinvithe five previous years. In

this way, seasonal fluctuations in the incidencepathogens are also taken into
account. The relevance of these signals has totbgoreted by experts, and those
that are found relevant are subsequently transinttiethe professionals within the

electronic network, so that measures can be takéadowson, 2003).

RIVM are charged with the task of listing, evalagtiand informing the government
about all possible threats to public health. Toieah this, the “early warning
committee” hosted by RIVM checks data from relevdaia sources (ISIS, reference
laboratories, Pro-med, WHO outbreak verificatiost,liEU early warning and
response system, etc.). The committee discussss tlaga on a weekly basis in order
to signal infectious disease events that are thremtnational public health. This
committee includes various microbiological and epnblogical experts from RIVM,
including LCI, and the national Food and Commodigfety Authority (VWA). A
report is made and disseminated the same day tth lpgafessionals and government
officials.

Ramahat Langendoen and co-workers (2006) have aedluhe performance of the
early warning committee. These authors have peddrma retrospective study by
comparing literature reports of outbreaks in Thethddands and various other
European countries with the outbreaks that have bdessussed by the early warning
committee during the period 2002-2003. This conguari shows that the early
warning committee has discussed all relevant nationtbreaks. Of 51 international
outbreaks that the authors consider relevant fotiphealth in The Netherlands, the
early warning committee has not discussed threernational eventsi.¢. 6%),
including avian influenza, antibiotic resistancedaneasles. For avian influenza, the
particular virus strain at that time (2002) had padviously caused human disease. It
has been discussed later in 2003, though, as seporinfections of humans became
available. For measles, the reports have pertaméichited incidents on a regional
scale. In addition, an additionglost-hoc consideration is that these reports on
measles have appeared at a stage that would havetde late for measures. With
regard to antibiotic resistance, this pertains tdemded-spectrurg-lactamase
producing micro-organisms in Scotland, includigcherichia coliEnterobacteispp,
andKlebsiellaspp. This signifies that little attention has beaid by the committee
to emerging antibiotic resistance and infectiongquaed in hospitals. The authors
nonetheless conclude that the early warning coramitias recognized nearly all
threats linked with infectious diseases (Ramahanhgeadoen et al., 2006).
Interestingly, this study by Ramahat Langendoen emdavorkers (2006) has also
identified two international issues that could hdeen recognized more timely as
threats based on the information available, inclgdavian influenza and antibiotic
resistance. These issues also signify the utilitgamsidering the role of reservoirs,
I.e.animals and hospitals, in the emergence of infastiiseases.

2.2.2 European Centre for Disease Prevention and @tvol (ECDC)

Millions of people travel to, from and within theupean Union every day. Thus
communicable diseases are a major threat to phbétth. In order to monitor disease
and potential spread the European Commission édtadla Communicable Disease
Network (CDN) in 1999. This is currently based ah f@oc cooperation between
Member States within the legal framework of Deaiskil19/98/EC. However, the
effective control of communicable disease requaesibstantial reinforcement of this
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system, so in 2004 the European Parliament adaptatling legislation to create a
European Centre for Disease Prevention and CofE©DC). The primary function
of the ECDC is to provide a structured and systemapproach to the control of
communicable diseases and other serious healthtshire partnership with national
health protection agencies. The well known diseasgech as avian influenza,
HIV/AIDS and SARS as well as the detection and wayrof infectious foodborne
disease are within the ECDC remit.

For example, the ECDC carries out epidemic intefice for identification of
emerging health infections based on inputs invgh\both indicators and events from
member states' national and European-level labdeatand authorities, but also other
institutions, such as international organizatiombe aim is to identify emerging
threats, including those that may affect multiplemier states or that may be
transferred through transboundary movement. Thieseatls are discussed in daily
briefings by the epidemic intelligence team. Wiagsi can then be issued through the
Early Warning and Response System (EWRS) to EU meemtates. In addition,
contacts are maintained with the European Commmssamd World Health
Organization, among others (ECDC, 2006; Paqudt,e2@06).

The EWRS system has been recognized as a uniqudotothe dissemination of
information on unpredictable incidents, such as SARFurthermore, the SARS
incident showed that EWRS was able to report sggaghn early stagee. in March
2003. EWRS also helped informing member statesitaihe measures taken against
SARS by other members, facilitating coordinationnno¢éasures. In addition, this
information also aided the assessment of the imphthe measures in retrospect.
Following a review of its functioning in 2002-20@8d an exercise simulating of an
incident in 2005, the system has been adjustedisand be re-evaluated in 2007.
EWRS is considered to have an important role inith@ementation of the WHO
International Health Regulations 2005 in Europedli@metti et al., 2006).

2.2.3 Early Warning Activities in the USA

Although the US Center for Disease Control and &ngen (CDC) does not have a
specifically dedicated early warning system theeesgveral ‘early warning’ activities
performed by CDC. These include FoodNet, EFORS,ciBidt, the Foodborne

Outbreak Response Unit and PulseNet.

The Foodborne Diseases Active Surveillance NetwBdodNet) is a collaborative

project of the CDC, 10 of the centres involved e {CDC's Emerging Infections
Program (EIP), the U.S. Department of AgricultudsSPA), and the Food and Drug
Administration (FDA). The objectives of FoodNet lunde:

+« To determine the exact burden of foodborne diseases
+« To monitor foodborne disease trends in the USA
« To relate foodborne disease to specific foods

The Electronic Foodborne Outbreak Reporting SystEFORS) is CDC's internet-
based system designed for state health departmentsport foodborne disease
outbreaks. Besides the facilitation of quick regamnto early reports of outbreaks, the
reports collected through the centralized EFOR$esyslso allow for trend analysis
based on retrospective data. For example, a gceablished report oversees the
notified outbreaks of foodborne diseases duringfiheyear period of 1998-2002
(Lynch et al., 2006). Bacterial pathogens were daese of most of the outbreaks
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with known etiology,i.e. for which the details of their development wereown,
which comprised approximately one-third of the mpod outbreaks. During the five-
year period, the share of noroviruses among thevikrcauses increased from 3.6 till
15.0%, which likely correlates with improved loadalytical capacities for foodborne
viruses as previously described (Widdowson et28lQ5). Salmonella enteritidigs
an implicated agent decrease during this perioohalsly caused by implementation
of quality assurance in egg production. It wasialty at the end of this period, in
2001, that EFORS was implemented, which was amtiegp to lead to increased
timeliness of reporting, while other new supportiogls included an algorithm for
detecting increased in the outbreaks of food imdestwith Salmonella, Shigelleand
Escherichia col(Lynch et al., 2006).

CDC estimates that 50% of all reports on acutergesteritis can be attributed to
norovirus infection. Sequences of norovirus stragigained from clinical and
environmental samples are entered into the Caticiambase. This database has been
developed on the basis of PulseNet and facilitafgdemiologic studies by linking
cases and sources. Furthermore, it helps publithhedficials to identify more
quickly contaminated food products associated witovirus outbreaks.

CDC’s Foodborne Outbreak Response and Surveilldweie provides outbreak
reports and publications, an investigation tool&d reporting forms for use in the
investigation and reporting of foodborne associdteéss.

PulseNet is a national network of public healtholabories that performs DNA
“fingerprinting” (pulsed field gel electrophoresi®n bacteria that may be foodborne.
The network permits rapid comparison of these ‘@mpyint” patterns through an
electronic database at CDC. PulseNet Europe ibledtang a similar approach within
Europe with a close collaboration to the above maeet system.

2.2.4 WHO Early Warning Activities

The WHO has a global alert system that systematic@thers official reports and
rumours of suspected outbreaks from a wide rangdiftérent sources including
formal reports from ministries of health, nationaublic health institutes, WHO
regional and country offices, WHO collaborating tres, civilian and military
laboratories, academic institutes, and nongovertahenganizations (NGOs). The
WHO also uses informal sources to ensure that tth&ia collection system is as
comprehensive as possible. Indeed, informal sowacesunt for approximately 60%
of initial outbreak reports. The information gatberis primarily focussed on
communicable diseases (e.g. haemorrhagic feveoterelh meningitis, salmonellosis
and encephalitis) but also identifies related ctos such as food and water safety,
and chemical events. Most reporting now uses @eictr media to ensure the
information is collated and disseminated as rapagdlyossible.

The Global Public Health Intelligence Network (GRbllis a good example of the
application of modern electronic communicationsaim early warning rapid alert
system. The GPHIN initiative started in 1997 ad pAa co-operation between Health
Canada (i.e. Centre for Emergency PreparednessRasdonse) and WHO and is
managed by the Agency’s Centre for Emergency Peejpass and Response (CEPR),
which is part of the Public Health Agency of Canatlae GPHIN system is a secure
internet-based multilingual early-warning tool thebntinuously searches global
media sources for information about disease oukisraad other public health events.
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Once the raw information has been gathered itdm firocessed to determine whether
or not the outbreak is of international consequeara when relevant made available
to users worldwide (i.e. non-governmental ageneied organisations, government
authorities for example WHO, FAO, OIE ect). The ad&valuation enables four
different filtering levels (i.e. an automated “tggroring”, an “expert scoring”,
“relevance scoring” and “user scoring”) producirgidr made output fulfilling the
different users needs and requirements (EFSA, 2006)

Formenty and co-workers (2006) mention that GPHAN detected 39% of the 636
epidemic events verified by WHO during the peri@®2-2003, signifying the
importance of informal information sources, suchhasinternet, for news on
infectious diseases. In addition, particularly theent outbreak of sudden
asymptomatic respiratory syndrome (SARS) is meetiloss an example of the
effectiveness of the GOARN network. The first deices of SARS were observed
in China in November 2002, and rumours about whpeared to be avian influenza
picked up by GPHIN that time. Nonetheless, itlagsed until February 2003 before
the disease spread to other nations and more iat@mabout the true nature and
dimensions of SARS emerged (Buckeridge and CadQ({7). This subsequently
prompted GOARN to take a series of measures ilocothation with the local
authorities and the influenza reporting system Efiyécluding the deployment of
teams in the areas affected but also the surrogradeas that had still been
unaffected. Travel advice has been issued and®fiodertaken towards
characterization of the virus involved, so as wlifate its detection, which initially
has had to rely upon detection of symptoms suaieasited body temperature. Itis
noted, though, that the hardest hit areas whereSSARally disseminated had low
representations of GOARN and FluNet participamsl, that SARS could have been
reported earlier by the local authorities (Buckgeidind Cadieux, 2007; Michelson,
2005).

Furthermore, WHO'’s new International Health Regala adopted in 2005 require
that member states establish disease surveillatesrks within their nations.
Contrary to the three diseases that had not b&atbpreviously,.e. cholera, plague,
and yellow fever, the new regulations have a matersive list of notifiable diseases
of various categories, which are considered agjbafinternational importance.
These different categories include diseases tlmtldtalways be reported, such as
SARS, as well as those above a certain backgrosideét@rmined by dedicated
algorithms. In addition, unusual or unexpecteasasay have to be reported.
Members should also be able to respond to consuitaby WHO within 24 hours,
such as inquiries into reports on incidents of akgs causing concern (Rodier et al.,
2006).

2.2.5 WHO Surveillance Programme for Control of Fodborne Infections and
Intoxications in Europe

In 1980, a surveillance programme for the ContrblFoodborne infections and
intoxications in Europe was established as collatper WHO and FAO initiative.
This centre serves as an international focal gointhe collection and dissemination
of data and related information for all concernisl. mandate is to improve national
food control programmes including surveillance by:
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* identifying the causes of food-borne diseases ametinahting factors
contributing to the spread of these diseases
» dissemination of relevant surveillance information
» facilitating cooperation with national authoriti@s identifying programme
priorities and the use of resources to meet botbrgemcy and other needs in
the prevention and control of foodborne diseases.
Each member country has a designated contact pp{otfually the national authority
responsible for the surveillance and control of samicable diseases) to provide
information to the collaborative centre on foodlmrdisease investigation and
findings including the causal agents (a list ofrages provided), epidemiological and
clinical investigation data, vector or vehicle odrismission, cost benefit analysis (if
done) and prevention and control measures.
The Collaborating Centre reviews the data recefvech the participating countries.
This review includes analysis for regional and rinéional trends and reports its
findings back to the national centres. The repartigularly identifies causes of food-
borne diseases occurring in Europe, delineategattters contributing to the illness
and outlines preventive actions.

For example, Tirado and Schmidt (2001) provide @oant of the trends observed in
the data from the seventh report covering the pefi®93-1998. Among others,
Salmonellaand Campylobacterconstituted the most important pathogens involved
with food infections. In addition, in 85% of theports, the location at which the food
had been contaminated or consumed was family hangdaces where groups of
consumers are serveglg. mass caterers, restaurants, medical facilitied,sahools.
Incorrect temperature treatment, either by coole@age or by heat processing,
accounted for 32% of the reports. Faulty food prapjon at home was also
highlighted as the cause of botulism and trichosd, the latterfollowing
consumption of meat from wild boars or domesticalaughtered pigs. These authors
noted, however, variability in the numbers of répbetween seasons as well as
between nations. Based on these observationapthers recommend, among others,
education of domestic food processors and harmboizeof surveillance and
reporting systems (Tirado and Schmidt, 2001).

2.2.6 WHO International Food Safety Authorities Netvork (INFOSAN)

At the beginning of this millennium, various intational organizations, including

FAO, WHO, OIE, and Codex alimentarius, acknowledtied globalization increases

the likelihood that locally initiated food safetycidents can attain international
dimensions. In addition, Codex alimentarius issggndelines on how national

authorities should handle food safety emergenciésong others, these guidelines
require the establishment of a national contachtpfmr such emergencies. These
developments have led to the foundation of thermatiional Food Safety Authorities

Network (INFOSAN) in 2004 (WHO, 2006).

Member states have to appoint national focal ppwtsch disseminate information
from INFOSAN within their own country, and maintagontacts regarding food
safety issues with the INFOSAN secretariat androthembers. Each member state
may assign multiple focal points, given the fa@tttior example, different ministries
have oversight over distinct parts of the food niacture chain (WHO, 2006).
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In addition, one emergency contact point has tediablished in each member state,
which, besides the tasks of a focal point, is ablelentify emergencies and to act on
behalf of the national authorities. The emergenontact points has to inform
INFOSAN about the import and export of contaminateods and to indicate if it
needs assistance in solving the issue. Both repamt hazards (presence of a
contaminant in foods and feeds) or endpoints (tepdofood poisonings) can be
reported. The INFOSAN secretariat then takes asigcwhether to take action or
not, based on consideration of factors includirgdistribution of the hazard and the
impact on public health and society. The decismay entail the contacting of other
specific INFOSAN members that might have been &dfitor the entire network. In
addition, INFOSAN can provide support with advicedasupport for international
product recalls. Approximately ten reports aredbat each month by INFOSAN, of
which one is further processed as an alert to INKD&embers (WHO, 2006).

The member states’ task of emergency reportingghigroverlaps with that of their
reporting duties under the International Health iRatipns (IHR), which also cover
foodborne diseases (see section 2.2.4 on WHO sgiteNational focal points should
therefore establish links with their national IHBuaterparts. In a similar fashion, the
reporting of zoonotic diseases may overlap with thdies under the OIE’s
Terrestrial- and Aquatic- Animal Codes, for whicdh®, WHO and OIE recently
established the Global Early Warning Systems (GLEWS

The INFOSAN network not only serves as an emergeasgonse network, but also
provides a forum for exchange of information betwdés members, including the

publication of notes on topics of particular insre The notes that have been
published on its website cover topics such as, gmothers, avian influenza,

biotechnology Salmonellaand acrylamide (WHO, 2007a).

The usefulness of INFOSAN and national reportingteys in mitigation of

international dissemination of foodborne diseas#ustrated by a recently published
note on an outbreak of food infections in the UR. particular, this involved the

infection of consumers witlEscherichia coliO157:H7 following consumption of

spinach. A combination of modern pathogen charaetion techniques,

identification of spinach as the source of infegtiand precocious warning of other
potentially affected nations, in part through INFEN§ contributed to a timely

response (WHO, 2007b).

2.3 Hazard-focused systems

The examples provided below pertain to systems d¢bbate the reports by control
authorities of consignments that do not comply witlod safety standards (EU
RASFF); evaluate the implementation of such corggstems in member states and
identify possible points that are amenable to inmproent (EU FVO); or monitor
veterinary diseases, including those that may becarhuman health issue, such as
through consumption of derived edible products (OIE

2.3.1 FVO Early Warning Activities

The European Commission is responsible for ensuhiagCommunity legislation on
food safety, animal health, plant health and aniwelfare is properly implemented
and enforced. This task is the primary role offbed and Veterinary Office (FVO)
The mission of the FVO is to:

10/21



10

15

20

25

30

35

40

45

50

Running: Early warning of foodborne hazards

» promote effective control systems in the food safatd quality, veterinary
and plant health sectors;

* check on compliance with the requirements of EUdfeafety and quality,
veterinary and plant health legislation within teropean Union and in third
countries exporting to the EU;

» contribute to the development of EU policy in tleod safety and quality,
veterinary and plant health sectors,

* inform stakeholders of the outcome of evaluations.

The FVO must also audit/inspect food safety corgystems in countries exporting to
the EU to ensure compliance with EU standards. &hié role of the FVO does not
include early warning activities, the inadequaaé&dood safety control in different

countries subject to FVO audit could be used amdicator/early warning of future

food safety problems and the FVO recommendatiothsof{avhich are published in

the FVO reports) could be used as preventative umess The latter includes
recommendations to national authorities but alsdh# European Commission on
legislative changes that may be required to prewnteduce the likelihood of

foodborne illness in the future through Europeandfaw

2.3.2 (European) Rapid Alert System on Food and FE€RASFF).

The European Food Safety Authority (EFSA) hostsRapid Alert System on Food
and Feed (RASFF), as required by the General Foew I(EU regulation
178/2002/EC). Whilst a centralized EU reportingtegs had existed previously, the
provisions in the General Food Law ensured thabntey by RASFF members was
mandatory and done in a timely fashion. Membersluding national food control
authorities, are obliged to report their measuegsurding food safety to RASFF, such
as recalls of food and feed products and detemtiomports that do not comply with
food safety standards. These notifications cadibeled into two types. First, the
observations or measures that may have implicatifams other members are
designated “alert” notifications. On the other dariinformation” notifications
pertain to products that are considered to be withonsequences for other members,
for example in case the product has not been nedkeisewhere. Various types of
food hazards are commonly reported through RASH#¢luding chemical,
microbiological, and physical hazards. Membershef RASFF system will consider
the possible implications of these notifications fbeir own national food safety
policy and, if needed, undertake any measures.

Weekly summaries and annual reports of the RASFét ahnd information
notifications can be found on the European Commmssiwebsite. In addition, it
publishes annual reports of the notifications whiblesides an overview of the
numbers of reports in a particular year, provideoaats of noteworthy developments
within that year (http://europa.eu.int/comm/foodffidrapidalert/index_en.htm).

We have investigated the potential use of theserteor predicting trends in food
safety issues in an early stage by analyzing repstarting from mid 2003 in
retrospective. While the details of this study mgorted elsewhere (Kleter et al., this
issue), several issues that emerge from the datrtesl by RASFF are discussed
below.

Distinctive trends occurred for items that are fooidsper sebut that may come into
contact with foods and thereby transfer externangg) into food. For example, a
number of reports in 2005 pertained to heavy metadgating from kitchen utensils.
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This was followed by a sudden rise in reports & fnesence of the substance 2-
isopropyl-thioxanthone (ITX), which is a componagitink applied in printing of
packaging, in predominantly baby food and fruicgs. As regards ITX, EFSA has
assessed the safety aspects of its presence ia &wbboth national authorities and
industries have taken various risk-mitigating measyEFSA, 2005). In more general
terms, the EU is preparing to extend its curregtslation on substances that may
come into contact with food (Regulation 1935/20@}Eso that, among others, a
number of additional components that were receadtiected in foods are included
within its scope.

Another noteworthy development was the occurrenée uoauthorized dyes,
predominantly in spices and condiments, as wah ails and fats. Sudan dyes, which
have not been authorized for food use, initiallycamted for most of the
notifications, while their share in all dyes reporappeared to decrease progressively.
Another dye that has gone through a temporary *i2005 is Para Red, which, like
Sudan dyes, is commonly used for non-food purpbsefias not been authorized for
food. Para Red has mainly been found to occuricespnd condiments. Both Sudan
dyes and Para Red have been recognized as a probldma EU (EC, 2005; FSA,
2005). These developments may be indicative ofeadtrtowards the increased
occurrence of non-authorized alternatives of Sujeas.

In addition to the chemical hazards described abalso other types of hazards,
including mycotoxins and microbial hazards, haverbeonsidered in the study on
RASFF data, which are discussed in more detaihénreport of the study elsewhere
(Kleter et al., this issue).

The EU and national authorities have already takeasures against various observed
trends towards higher frequencies of notificatidos hazards linked with certain
products and substances. These trends in RASREFcdatbined with information on
the potential impact on health and trade nevertisetan provide a useful basis for
identifying hazards that are likely to increaséuture.

2.3.3 OIE World Animal Health Information System

The “Office International des Epizooties” is aneimtational organization that sets
standards for sanitary practices in trade, husharmeeding, therapy and diagnosis
of diseases in animals and animal products. Teeselards serve as reference for the
World Trade Organization in case of internationaldé disputes over animals or
animal products, as set out by the SPS agreemerdapitary and phytosanitary
measures. Member States of this organization haveotify certain veterinary
diseases that have been listed by OIE. A numbé¢hede diseases, such as bovine
spongiform encephalopathy (BSE), are also relet@ribod safety of animal edible
products.

In addition, there may be occurrences of animat¢aties that require urgency, for
which alerts are issued. Conditions of urgency ude| for example, the first
occurrence of a certain pathogenic strain in a ggggcal region; an unanticipated or
unexplained sudden increase in disease or deathgaamomals; or the emergence of
a disease with substantive impact. Exceptionafinations are also published weekly
in the journalDisease Informationwhich is also available from the OIE’s website
(http://www.oie.int/eng/info/hebdo/A_INFO.HTM  These reports include
information on the location where a disease haa bbserved; the number of animals
that have been affected and possibly destroyedhadstof diagnosis that have been
used and their outcomes; and measures that haumgdiem to control the disease.
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Recently, the OIE information system was upgradgdthe introduction of the
electronic World Animal Health Information SystemWAHIS). OIE members can
enter data electronically through WAHIS, which ea&ses efficiency compared to
paper-form-based notifications and which allowseotimembers to follow these
notifications in real-time. The Internet interfasemmarizes the information using
maps to illustrate the geographical distributiontloé diseases. In addition, the
information available through the website to theeagal public has also become more
extensive (Vallat, 2006).

3. Predictive Early Warning; Emerging Risk Systems

3.1 Introduction

While ‘early warning systems’ for threats to pubhlealth are reasonably well
developed and in operation, there is a dearth @ digtive early warning systems’.
There is little doubt that the former will alwaysnomand the greater resources as
public expectation will require public health agescto deal with the threats already
present before tackling threats which may (or may) remerge in the future.
Regardless, given the potential decrease in humatities, suffering and economic
loss which might be prevented by a relatively srimalestment in predictive activities,
there is little doubt that these activities shoatdd will increase in the future. The
need for the development of “Emerging Risk ldea#fion Systems” has been
acknowledged and recommended by the participarttseoF AO/WHO pan-European
conference on Food Safety and Quality ( FAO, 2002).

To date several emerging risk identification systeare operational and others are in
development. These and the potential to use egistionitoring systems as emerging
risk identification system will be discussed instlgection. The examples below
provide an account of systems that are either ftos specific food hazards, such as
the mycotoxin warning systems, and those that evadby-oriented, such as "horizon
scanning".

3.2 Early warning systems for mycotoxin in maize aaor wheat

The major mycotoxin-producing fungal genera &gkspergillus Fusarium and
Penicillium (Whitlow and Hagler, 2005). Molds can grow and otpxins can be
produced at pre-harvest, or during storage, trahspacessing or feeding. The initial
colonization of plants (wheat and maize) in thédfiey molds and their growth and
mycotoxin production are related to plant stresssed by weather extremes, to insect
damage, to inadequate storage practices and tty fesdding conditions (Whitlow
and Hagler, 2005). Many predictive models for tleewrence ofFusarium head
blight and the mycotoxin deoxynivalenol (DON), zdanone (ZEA), fumonisin B1
on wheat and/or maize have been developed andeang bsed in several countries
for management control of these natural toxins (@Hos et al., 2001; Hooker et al.,
2002; Hooker et al., 2003; De Wolf et al., 2004;ddan et al., 2004; Rossi et al.,
2003a,b; Detrixhe et al., 2003’ he computer models operational are generally based
on weather variables (temperature, rainfall andstnogé) and in some cases plant
development stage is included as well.

Reasonably successful predictive systems have eloped in this way
particularly in the United States, where diseassligtion models foFusariumhead
blight of wheat were revised based on weather, gopvth stage and disease
observations from seven states located in botmgpnd winter wheat production
areas. The final models used hourly temperaturaidity and rainfall to predict the
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risk of disease severity greater than 10%. The indel@oyed in 2004 also contained
variables that allowed users to specify type of ath{ginter vs. spring) and whether
winter wheat was planted into corn residue. Modelgacy was estimated to be near
80% based on data used to validate the model. ™uelmvas deployed for 23 states
in 2004 as part of the NationaFusarium Head Blight Prediction Center
(www.wheatscab.psu.efl(De Wolf et al., 2004).

Current research concerns the validation of théesysand the development of more
accurate models for scab risk prediction, basedadditional scab observations,
weather data for different time windows, and thegmnation of empirical observations
of epidemics with results from field and laboratstydies on scabs. Consideration is
being given to predicting the risk of other diseaseerities or of DON level in grain.
The current system was generally accurate in ftekting, but improvements in
accuracy are needed (Madden et al., 2004).

3.2.1 Limits of predictive mycotoxin models

Although successes in the prediction of the presesfcmycotoxins in wheat and

maize can be reported, further development is riee@derder to reach the accuracy
needed for a broad implementation in risk managéntieis anticipated that inclusion

of variables on agronomic criteria such as cromtron, crop variety, tillage etc,

human behaviour (e.g. habits, customs) and fiettl starage practices may improve
the present models.

3.3 European Commission’s Scientific Committee on rBerging and Newly
Identified health Risks (SCENIHR)

The European Commission’s Directorate on PubliclitHeand Consumer Affairs (DG
SANCO) recently established the Scientific Commitien Emerging and Newly
Identified health Risks (SCENIHR). This Committe@nsists of independent
scientific experts that provide advice in respottsguestions from the Commission
and other EU institutions, in addition to issueattthe Committee itself considers
relevant.

As part of the transparency pursued by the Euro@anmission, agendas, meetings
minutes, opinions etc. of this Committee are phiglts on its website
(http://europa.eu.int/comm/health/ph_risk/committ@ésscenihr/04_scenihr_en.htm
Topics that have been considered by this Commiticlade West Nile Virus, variant
Creutzfeld Jakob’s disease, electromagnetic fiets] nanotechnology. Whereas
these topics are not particularly confined to theaaof food safety, some of them,
such as vCJD and nanotechnology, have cross-cissngs.

3.4 DEFRA - Horizon Scanning

The UK Department for Environment Food and Ruraffak$ (DEFRA) has
developed a strategy for “horizon scanning” whishdefined by DEFRA asThe
systematic examination of potential threats, oppattes and likely future
developmentsvhich are at the margins of current thinking anérpling. Horizon
scanning may explore novel and unexpected isssesgh as persistent problems or
trends. Overall, horizon scanning is intended tgrove the robustness of Defra’s
policies and evidence base

With horizon scanning, DEFRA aims to focus on arefascientific research that are
not traditionally considered and that may providéimation on potential hazards
and opportunities. This may pertain, for exampe,inexpected or emerging issues,
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as well as to an analysis of existing trends wilhEBFRA’s remit. External sources
can provide ideas for research, which are evaluébedtheir pertinence to the
objectives of the horizon scanning program. Initamld for the prioritization of
issues, input will be used from workshops and otiiemnels of communication. A
description of the activities on horizon scanniagprovided on a dedicated website
(http://www.escience.defra.gov.uk/horizonscaniing

3.5 FAO Global Information and Early Warning System (GIEWS)

The Global Information and early warning system H®&IS) is a world wide
information exchange system connecting 115 goventsnel non-governmental
organisations (NGOs), research and media institgtimm which issues related to food
security are sharethttp://www.fao.org/giews/english/index.htnTjhe main objective
of GIEWS is to support policy-makers and policydgses with timely warnings of
possible changes in the food supply and demandoamdlated aspects to allow
effective measures to prevent the potential probkminteresting example of the use
of information by GIEWS is that of satellite infoathon to create an inventory of
agricultural land status and to forecast crop h&tryelds. Whereas this example does
not pertain directly to food safety hazards, ityides an excellent example of an
approach towards integration of information fromffetient sectors influencing
agricultural production with alerts by science-lmhs®nitoring systems and scientific
findings by experts working in the field.

The most recent FAO Programme Implementation Regestribes the progress in
GIEWS (programme 223P6), noting that the GIEWS vtellsas been overhauled in
2004. GIEWS has alerted 28 impending food secuariges, mainly in Sub-Saharan
Africa, in 2004-05. Positive developments are alsported for the quality and
timeliness of information provided through the wieb§FAO, 2007).

4. Emerging Risk Systems based on a holistic approda

As many factors inside and outside the food pradocthain (such as human
behaviour, trade, climate, regulation, technolagg) may have direct and/ or indirect
influence on the emergence and development of fwodb hazards, a systemic
approach (often referred to as “holistic” approatttgt includes these variables may
result in predictive system for the identificatiohan emerging food safety risk in an
early stage. Such predicting systems would allowhaities to take preventive
actions before the hazard has been picked up byitonoig and survey systems.
OECD argues for the potential of such an approach. (systemic in the report
“Emerging Systemic Risks in the 2&entury: an agenda for action (OECD, 2003)). It
is emphasised that the changes that will affedtsrisnd their management in the
future will occur in four contexts: demography, tBavironment, technology and
socioeconomic structures. The feasibility of a syst approach to identify emerging
risks in the food and feed chain is currently beexplored in several European
projects (EU B Framework projects, PERIAPW{w.periapt.net SAFE FOODS
(www.safefoods.)l SAFEFOODERA \Www.safefoodera.ngt and EMRISK
(http://www.efsa.eu.int/science/sc_commitee/sc_mgstil132/sc_minutes_14thplen
meetl.pdf as well in a Dutch project funded by the Dutchnigiry of Agriculture,
Nature and Food Quality (Emerging risk in the Dutclood chain,
www.kenisonline.wur.nl
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Within the PERIAPT project nine sectors have bessniified that have direct or
indirect effect on the development of a food safe#tzard . The sectors identified
were i) Science, technology & industry: ii) Natwed environment: iii) Government
and policies: iv) Consumer behaviour: v) Culturel aemography: vi) Public health
and welfare: vii) Agriculture: viii) Economy and)ixnformation (Noteborn & Ooms,
2005) which have been later modified by the EMRIgi§ject (EFSA, 2006). The
sectors proposed by EMRISK are generally the saitejt that industry has been
separated and combined with trade as an additiseetior entitled “industry and
trade.” In addition, consumer behaviour and welfsaee been combined with culture
and demography to form the sector entitled “popaatand social conditions.”
Within these sectors, critical factors (such asgfample, weather conditions for the
sector nature and environment) occur that may eridgige development of a hazard.
Hence such critical factors, referred to as “iattc”, are measurements and or
observations that provide information (reliablenstgve, quantifiable) on the nature
of a hazard (agent/process involved) and the soofdbe risk (EFSA, 2007). By
studying recent food safety crises, attempts ardemaken to identify such
quantitative indictors. The major challenge in satidies will be to identify the most
important determinants. This concept has beeniaply research teams in the
EMRISK project funded by the EFSA (EFSA, 2006),dying five recent (food)
safety incidents (acrylamide, avian influenza, BSHflatoxicosis, and
semicarbazide).In this study in total 217 indicaterere identified divided over 9
different sectors. The sectors having the mostatdrs were agriculture, population
& social conditions and environment & energy, coisipg 44% of all indicators
found. Based on this outcome a “holistic” emergiisty system was proposed by the
researchers.

Research teams in the EUY' 6P SAFE FOODS project and the Dutch project
“Emerging risk in the Dutch food chain” further éage this concept.

Although the above mentioned studies are still amg@and the results are to be
published it is evident that economic factors, €stific) innovations and human
behaviour often are linked to the development diazard or risk and that these
factors will be used in “holistic” based emergimgkrsystems Furthermore, it is clear
that the output of the conceived “holistic’emergimgk identification system will not
be a simple straight forward signal that can bedudieectly by the risk manager to
design interference strategies. Instead, analygexientific experts of the detected
signals and anticipated food safety risks, mosbaty with experts of different
disciplines, will be an essential step in the “biidi” emerging risk system. Large
expert databases such as developed in the SAFE BOORoject
(www.safefoods.nl/expérmay be very useful in the selection of the megtrapriate
expert.

5. Conclusions

Worldwide, various early warning systems existdarly identification of human and

animal diseases, of which only a limited numbersgrecifically dedicated to the early
identification of foodborne hazards. From exampmlescribed in this study, such as
the INFOSAN network, it is apparent that besides ¢hallenges of timely detection
of a hazard also rapid information exchange toveeieparties is a crucial element in
such systems. If warnings do not reach the retemathorities in time, this may

hinder timely and adequate prevention, interventiom control activities . The use of
advanced early warning systems such as GPHIN mdy tiecumventing this
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problem, for example by continuously collectingerant information from the

worldwide web. Besides collecting information, lsang the collected data and
selecting the most relevant information may alsabtsmated, but it is evident that
additional expert judgement will in any case bedeeke

Furthermore, institutions in charge of systems agnb identify emerging foodborne
hazards in an early stage should not only focughentechnical requirements to
collect and process information but should alsacdies how and where it should be
used, taking into account that a dynamic interachietween the risk assessor and the
risk manager in the various stages of process élate The challenge for such
systems will be to generate outputs that allowrible manager, in consultation with
the risk assessors and involved stakeholders, finedthe problem and set the terms
of reference for the scientific risk assessmeng, finst step in the risk analysis
framework (FAO/WHO, 1995, 1997).

In our investigation it became apparent that lifiieblic accessible information is
available on the performance of operational eadynmg or emerging risks systems.
It is not clear whether such evaluations have mopé&rformed or whether they have
not been published. Recent studies have shown ttaasparency of institutions
involved in the food safety governance has potembiancrease the public trust in
these institutions (van Dijke et al., in press) dhdt the consumers expect these
organisations to act pro-actively (van Kleef et ial press).

The authors realise that it will be difficult to antify the success of preventing a food
safety incident to occur without the knowledge wivauld have happened if nothing
was done. Nevertheless, defining sets of crit@riavialuate the performance of early
warning and emerging risk identification systemsaigprerequisite to justify the
investments made. This is most eminent for theistiol emerging risk systems
which are being developed. A detailed cost-berefélysis of the systems considered
in this review, however, is out of the scope o§ thiticle.

In addition, the assignment of the responsibility éarly identification of emerging
risks is a factor to be considered. The initiagieensidered by this review have been
under the responsibility of international organiazas, regional authoritieg(g.EU)
and national governments. This likely relateshise institutions’ remit to protect
public human and animal health. It is conceivdbé also the private sector can
contribute to the early warning of foodborne hagaydfactors influencing these
hazards. This may be done through the monitorifapards through the Hazard
Analysis Critical Control Points (HACCP) approaathich can also align with the
current trend towards verification of in-companyjesa controls by governmental
food inspection agencies. Furthermore, for thelfyranalogous topic of natural
disasters, the United Nations International Striateg Disaster Reduction envisages
an effective functioning of early warning systenaséd on a combination of risk
knowledge among the stakeholders involved; mompaf- and warning against-
hazards; timely and understandable communicatidrdesemination of information
on these hazards, and the capability to build porese to the identified hazards
[UNISDR, 2006]. This also involves participatioiR and communication with- the
local and international authorities, private secamd citizens in order to better
prepare them for response to threats. The effmotiss of the early warning systems
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therefore not only relies on the accurate and grdentification of hazards, but also
on the risk management measures taken to mitiggieeent the identified hazards
from becoming a real risk or even a disaster.
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