Risk and economic consequences
of
contagious animal disease introduction

Stellingen
1.

Het combineren van modellen die respectievelijk de kans op insleep, verspreiding en
economische gevolgen van besmettelijke dierziekten beschrijven, resulteert in een
bruikbare aanpak voor de evaluatie van preventiestrategieen.
Dit proefschrifi

2.

Expertkennis vormt, mits op zorgvuldige wijze gekwantificeerd en ge'interpreteerd, een
waardevolle aanvulling op de vaak Schaars aanwezige informatie over insleep en
verspreiding van besmettelijke dierziekten.
Dit proefschrifi

3.

Voor export-georienteerde landen zoals Nederland is het investeren in monitoring- en
bestrijdingsprogramma's van landen met een lagere diergezondheidsstatus een mogelijk
kosten-effectieve maatregel om de eigen diergezondheid te beschermen.
Dit proefschrifi

4.

In het algehele streven naar een betere diergezondheidsstatus in de Europese Unie is
geen plaats voor protectie van gegevens en ervaringen die opgedaan zijn bij het
bestrijden van epidemieen.

5.

Gedifferentieerde heffingen zijn een goed instrument om het risicogedrag van
veehouders te beinvloeden en leiden tot een meer rechtvaardige verdeling van de kosten
voor politionele diergezondheidszorg, mits de differentiatie een direct verband heeft met
de risico's op insleep en verspreiding van ziekten.

6.

Virussen zijn al verder met de Europese eenwording dan de meeste Europeanen.

7.

Het tegelijkertijd bereiken van de deels conflicterende milieu-, welzijns- en
gezondheidsdoelen in de Nederlandse varkenssector zou wel eens net zo moeilijk
kunnen zijn als het verkrijgen van een fraudebestendig en klantvriendelijk paspoort.

8.

Parapenten draagt bij tot het ontwikkelen van helicopterview. Het verdient derhalve een
vaste plaats in het onderricht van jonge onderzoekers (en hun begeleiders).

9.

Zolang informeren naar de kleur van het kalfsvlees bij veel restaurants nog een glazige
blik oplevert, is niet te verwachten dat diervriendelijk geproduceerd kalfsvlees een
belangrijk marktaandeel zal innemen.

10.

Zonder risico geen geluk.
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Abstract
Risk and economic consequences of contagious animal disease introduction
Risico op en economische gevolgen van insleep van besmettelijke dierziekten
Horst,H.S., 1997
The research described in this thesis focused on risks and economic consequences of the
introduction of contagious animal diseases into the Netherlands, in particular of Classical
Swine Fever (CSF) and Foot-and-Mouth Disease (FMD). Special emphasis was placed on
the development of a virus introduction model. Using an integrated approach, this model
was then combined with an existing model describing virus spread and an economic model
focusing on quantification of losses due to epidemics. As objective quantitative
information on underlying aspects of virus introduction was only scarcely available,
additional information to base the proposed simulation model on was required and
therefore obtained from experts. In order to elicit this information in an objective and
quantitative way, various questionnaire techniques were evaluated and combined within a
computerized design. In particular the questionnaire techniques Conjoint Analysis and ELI,
which had not or only scarcely been used in the area of animal health economics thus far,
proved to be useful methods to elicit expert knowledge. These techniques were used to
elicit the relative importance of risk factors related to virus introduction (Conjoint
Analysis) and probability density functions on the duration of the interval first infectionfirst detection (ELI). The expert knowledge thus obtained formed, combined with
quantitative data obtained from databases and experiments described in the literature, the
input on which the virus introduction model was based. This Monte Carlo simulation
model, called VIRiS (Virus Introduction Risk Simulation), simulates the introduction of
virus into the Netherlands. The results show that important causes of outbreaks are the
import of live animals and trucks used for export and re-entering the country. These two
factors together are expected to account for more than 70% of the primary outbreaks of
CSF and FMD in the Netherlands. Insights and results obtained by VIRiS were combined
with outcomes of models describing spread and economic consequences of epidemics. In
this way alternative prevention strategies were evaluated as to their ability to reduce annual
losses due to outbreaks. For example, the complete elimination of risks related to the risk
factor 'returning trucks' reduces the expected annual losses due to FMD and CSF
epidemics together by approximately US$ 9 million. The approach presented in this thesis
is general and may be used for other diseases and countries as well.
PhD-thesis,

Department

of Economics

and Management,

Wageningen

University, Hollandseweg 1, 6706 KN Wageningen, the Netherlands.

Agricultural

Voorwoord
Begin 1994 begon ik aan de vliegtocht die promotie-onderzoek heet. Nu, bijna 4 jaar later, lijkt
met de afronding van het proefschrift de vlucht op een doellanding uit te lopen. Dat ik heb leren
vliegen (en niet ben neergestort of doelloos blijven zweven) is aan een groot aantal mensen te
danken, waarvan ik er hier een paar met name wil noemen. In de eerste plaats prof, dr ir A.A.
Dijkhuizen en dr ir R.B.M. Huirne, mijn promotor en co-promotor. Aalt en Ruud, ik ben blij dat
jullie mij ervan hebben weten te overtuigen dat onderzoek misschien toch wel iets voor mij was.
Jullie positieve en stimulerende begeleiding heb ik altijd zeer kunnen waarderen. Aan ideeën nooit
gebrek! De laatste loodjes waren af en toe best zwaar maar mijn eindconclusie luidt toch:
Onderzoek op een dergelijk praktisch en toegepast onderwerp is gewoon leuk!
Stimulerend waren ook de bijeenkomsten met de Klankbordgroep. In het bijzonder wil ik hier
de heren Van Norel, De Veer en De Leeuw noemen; zonder hun initiatief was het project nooit van
de grond gekomen. Heren bedankt! Dat de laatstgenoemde mijn co-promotor heeft willen worden,
beschouw ik als een blijk van vertrouwen en een groot compliment.
Dit proefschrift had niet tot stand kunnen komen zonder de welwillende medewerking van een
groot aantal deskundigen op het gebied van de besmettelijke dierziekten. Workshopdeelnemers,
het waren interessante en leerzame avonden die mij een schat aan informatie hebben opgeleverd!
Mijn vlucht werd zeer veraangenaamd door de plezierige sfeer op de vakgroep en de
collegialiteit onder de 'jonge onderzoekers' c.q. 'tijdelijken'. Altijd in voor een praatje of een
geintje maar ook altijd de interesse en bereidheid om mee te denken als ik daar behoefte aan had.
Miranda en Saskia, ik ben blij dat jullie mij bij de promotie als paranimfen terzijde willen
staan. Zie het als een blijk van dank mijnerzijds voor de bijdrage die jullie elk op eigen wijze
hebben geleverd aan dit proefschrift (en Miranda, ik heb er alle vertrouwen in dat jij me binnen no
time volgt).
Na uren computeren, denken en overleggen was het voor mij altijd een verademing om lekker
aan de gang te kunnen gaan met de paarden van de familie van Laar. Johan en Hennie (en niet te
vergeten de kids), jullie hebben een belangrijke bijdrage geleverd aan de totstandkoming van dit
proefschrift!
Ook het thuisfront heeft zieh gedurende de afgelopen jaren niet onbetuigd gelaten. Ouders en
broers, zowel de bemoedigende woorden als de (soms feile) discussies kon ik zeer waarderen. En
mams, laten we vooral blijven streven naar de ideale combinatie van 'economisch haalbaar en
'respect voor het dier'!
Tot slot een speciaal woord van dank voor Maarten. Positief kritisch en beslist niet alleen vanaf
de zijlijn heb jij mijn vorderingen gevolgd. Jouw steun en vertrouwen waren en zijn voor mij heel
waardevol.
1

Suzan Horst
Wageningen, november 1997
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Chapter 1

GENERAL INTRODUCTION
1.1

INTRODUCTION

The further integration within the European Union (EU) towards one single market has
major consequences for contagious animal disease control. In order to maintain trade
relations with partners inside and outside the EU, countries increasingly require a diseasefree status to be obtained and maintained, without applying preventive vaccination
programs. Important diseases in this respect are the so-called 'List A diseases', defined by
the Office International des Epizooties (OIE) as 'communicable diseases which have the
potential for very serious and rapid spread, irrespective of national borders, which are of
serious socio-economic or public health consequences and which are of major importance
in the international trade in livestock and livestock products' (FAO/OIE/WHO, 1992).
Examples of important List A diseases are Classical Swine Fever (CSF) and Foot-andMouth Disease (FMD). EU regulations demand strict adherence to a prescribed set of
actions for the eradication of outbreaks of these diseases: measures include the
establishment of surveillance zones with complete standstill of all animals, stamping-out of
infected herds, etcetera. In some cases export bans on live animals are imposed. The recent
CSF epidemic in the Netherlands has shown the great economic impact when an epidemic
occurs in a region with a high density of animals and farms, and an export-oriented
production.
Clearly, the best way to minimize losses from epidemics is to prevent introduction of
the virus into the country. Preventive measures are very costly and may affect all stages of
the production chain. Such measures should be based on the best information available.
More insight into the factors related to virus introduction may support policymakers in the
development of a (cost-)effective disease prevention program. In order to make sound
economic decisions and to simplify and standardize the evaluation of existing and new
prevention programs, integration of epidemiologically based risk analysis and economics is
essential. Real-life experiments on virus introduction are too risky, too time-consuming,
and too costly, and therefore not a realistic option. In addition to evaluating past epidemics,
simulation modelling is a worthwhile alternative to provide information and insights.
Joint action by the Dutch government and private industry has resulted in a research
project aimed at gaining more insight into the risk and economic consequences of virus
1
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introduction into the Netherlands. More precisely, insight into the following issues was to
be obtained:
1. the factors that influence the losses due to epidemics of contagious animal diseases such
asCSFandFMD;
2. the economic benefits, in terms of reduction in expected losses, of alternative prevention
strategies.
Considerable research has already been done on various aspects of introduction and spread
of contagious animal diseases. Literature on this subject having been published so far tends
to focus only on the consequences resulting from a primary outbreak, i.e., the situation
after the initial outbreak. These studies generally do not deal with the risk of occurrence of
such an outbreak. Furthermore, most researchers focus on particular aspects only; an
integration of risks and economic consequences is usually lacking.
Therefore the research goal of this study was the development of an approach which
integrates risk and economic consequences of disease introduction. Inherent to such an
approach is the combination of models of disease introduction, further spread, and
economic consequences of epidemics. As suitable models describing the spread of
epidemics within a country were already available for major diseases such as FMD and
CSF (Jalvingh et al., 1996; Saatkamp, 1996), most attention was given to the development
of a model describing the introduction of virus into the Netherlands, and subsequently to
the combination of all available information in the integrated approach mentioned above.

1.2

OUTLINE OF THE STUDY

The project involved the following steps:
1. Design of a suitable approach
Chapter 2 provides a general overview of the problem under study and combines
existing knowledge and techniques in a proposal for an integrated modelling approach.
2. Qualitative and quantitative elicitation of aspects involved in virus introduction
Epidemics of contagious animal diseases such as CSF and FMD occur irregularly over
time, place and magnitude, which makes it very difficult to derive general properties
and predictive values for modelling purposes. Furthermore, circumstances may change
(for example, new trading partners, better disease prevention and eradication programs)
which makes the value of historical information for predictive purposes questionable.
2
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Therefore, besides 'objective' information originating from databases and experiments,
also 'subjective' expert knowledge was used to provide model input. The major issue
when using expert knowledge is how to derive quantitative data that mirror the
knowledge of the experts involved as closely as possible. Chapters 3 to 5 address this
topic. Chapter 3 describes a pilot experiment with the questionnaire technique 'Conjoint
Analysis'. This technique is well known and widely used in consumer and marketing
studies but was also expected to be useful for the elicitation of expert knowledge on the
relative importance of risk factors related to virus introduction. Chapter 4 describes the
results of the final Conjoint Analysis experiment and discusses the usefulness of the
technique for elicitation of expert knowledge. Chapter 5 gives a description of an
extensive workshop experiment which provided the expert data needed to complete the
data for the computer model.
3. Modelling virus introduction
Based on the information derived from 'objective' (databases, experiments described in
the literature) and 'subjective' (experts) information sources, a simulation model was
developed which describes the introduction of virus into the Netherlands. The model,
called VIRiS (Virus Introduction Risk Simulation), is a Monte Carlo simulation model.
The Monte Carlo approach uses random drawings from specified input distributions
which enables a realistic representation of the variation and uncertainty involved in the
input information and the system to be modelled. The VIRiS-results provide the
distribution of the number of primary outbreaks in a 5-year period, their regional
location, and the country and risk factor that causes them. Chapter 6 gives a description
of the VIRiS model and its properties.
4. The integrated approach
In Chapter 7 all elements of the preceding chapters come together. The various models
describing introduction, spread and economic consequences are combined and used to
evaluate prevention strategies on their ability to reduce the expected annual losses due
to primary outbreaks of CSF and FMD. The results provide insight into the economic
window which is available for implementation of such strategies.
5. General discussion
In the general discussion (Chapter 8) an evaluation of the entire project is given in
which the techniques used and the results obtained are discussed and recommendations
for further research are given.
3
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OUTLINE FOR AN INTEGRATED MODELLING APPROACH CONCERNING
RISKS AND ECONOMIC CONSEQUENCES OF CONTAGIOUS ANIMAL
DISEASES'

ABSTRACT
Outbreaks of contagious animal diseases pose a major threat to livestock production. Especially
outbreaks of diseases that are on list A of the OIE are feared because these outbreaks will often
result in serious economic losses, especially for major exporting countries such as The
Netherlands. Management decisions in this area may have a large impact, but are usually based
on scarce and unreliable information. Extensive research has been done on contagious animal
diseases but an integrated model which combines the various aspects of outbreaks and risks
with economic consequences is still missing. A flexible model with the possibility of
evaluating the consequences of various strategies can be an important tool to aid in policy and
decision making. In this paper a modelling approach is proposed which should lead to such an
integrated model. In the paper the approach (a general framework) is outlined and several
techniques to be applied are discussed. Subjective mathematical probability seems to be an
appropriate technique as a basis for the model. In developing the model, special emphasis
should be given to gathering the input data, which could include the use of expert panels.
Promising techniques to deal with expert panels mainly originate from the area of marketing
and consumer science and include conjoint analysis and the elicitation of subjective probability
distributions.

2.1

INTRODUCTION

In 1994, Belgium and Germany were badly hit by outbreaks of Classical Swine Fever
(CSF). More than 7.4 million pigs were killed and destroyed, the total costs of this
operation estimated at almost 75 million ECU (Vanthemsche, 1995). However, these are
only the direct costs (operational costs, market support, sanitary actions). Indirect costs,

paper by Horst, H.S., Dijkhuizen, A.A. and Huirne R.B.M.
published in Netherlands Journal ofAgricultural Science 44 (1996): 89-102
5
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resulting from market disruption due to export restrictions, are often much higher and
account for the major part of the total economic losses due to outbreaks of CSF and other
'list A' diseases (Berentsen et al., 1992; Dijkhuizen, 1988).
List A diseases are defined by the FAO/OIE/WHO Animal Health Yearbook
(FAO/OIE/WHO, 1992) as 'communicable diseases which have the potential for very
serious and rapid spread, irrespective of national borders, which are of serious socioeconomic or public health consequences and which are of major importance in the
international trade in livestock and livestock products'. Besides CSF, some other wellfeared (because of their economic impact) viral diseases on this list are: African Swine
Fever (ASF), Foot-and-Mouth Disease (FMD), Swine Vesicular Disease (SVD), Newcastle
Disease (ND) and Avian Influenza (AI). Outbreaks have to be reported to the OIE (Office
International des Epizooties) and eradication has to take place according to EC regulations,
laid down in so-called 'Council Directives'. For instance, with respect to CSF, the
following measures are required (CEC, 1980): rapid detection, confirmation

and

subsequent stamping-out of infected herds, tracing of risky herds (i.e. possibly infected
herds), establishment of protection (3 km) and surveillance (10 km) zones around infected
herds with complete movement standstill of all animals, and a continuous epidemiological
surveillance within these zones.
Because of the great economic impact of outbreaks, adequate disease prevention and
eradication is of major importance. Improvements may be made in various areas, for
example the tracing of contact herds (by improvement of I&R systems, Saatkamp, 1996) or
the operational management of outbreaks (by using programs such as EpiMAN, Sanson,
1993). A simulation model which is flexible enough to analyse the effects of different
strategies (such as the two described above) could be a useful tool to support policy makers
in this area. Therefore this paper proposes a modelling approach which (1) integrates the
risk and economic consequences of outbreaks, (2) starts after an outbreak occurs in a
'foreign' country that could lead to the introduction of the disease into one's 'home' country,
and (3) follows the disease/infection through all the various levels of the productionmarketing chain. The structure of the paper is as follows: Firstly a brief overview of related
research is presented (with no intention to be complete, only to present the reader with
some background information). Then a basic idea of the system is introduced, followed by
a discussion concerning the various phases of introduction of virus into one's 'home'
country. Next, the general outline of an integrated model is discussed, with emphasis on
modelling uncertainty and gathering input information. The paper concludes with further
discussion of the issues and concluding remarks.

6
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2.2

BACKGROUND

Extensive research has been done on contagious animal diseases, roughly to be divided into
the following areas of interest: (1) the agent that causes the disease, (2) the mechanism of
disease transmission, (3) economic consequences of outbreaks, and (4) prevention and
eradication programs. Several studies focus on only one of these areas. Studies on vaccines
(Terpstra and Wensvoort, 1988) belong to area 1, while studies by, for example, De Jong
(1994) primarily focus on the second area: the transmission of the disease. Sanson et al.
(1994) used stochastic simulation to model the transmission of FMD virus. The resulting
spatial simulation model, called InterSpread, was included in a decision support system,
called EpiMAN, developed for use in FMD control in New Zealand (Sanson, 1993).
There is a large number of studies that show overlap in certain areas. Especially studies
from a veterinary point of view often combine areas 1 and 2. Examples are laboratory
studies to gain insight into the influence of vaccination regime on immune response
(Corthier, 1978), or studies in which the influence of various levels of virulence on
symptoms and detection of infected animals is evaluated (Wensvoort and Terpstra, 1985).
Although areas 1 and 2 are still important, the existence of dense populations of livestock
in certain countries (within the European Union (EU) e.g. The Netherlands, Belgium,
Germany and Italy), the increasing importance of international trade of livestock and
livestock products, and the fact that countries are allowed to implement trade bans by only
the slightest suspect of outbreaks (to protect their own animal health status, or as some
might say, protect their national livestock production), induced the interest in economic
consequences in combination with prevention and eradication programs (areas 3 and 4).
Studies in these areas include, among others, Berentsen et al. (1992), Caporale et al.
(1981), and Davies (1993). Berentsen et al. (1992) used a simulation approach to determine
the economic consequences of alternative strategies to prevent and control FMD in The
Netherlands. In this study, also the influence of outbreaks on export was taken into
account. This aspect becomes increasingly important, especially for countries that suffer
from outbreaks on a more or less regular basis and for countries that are historically free of
certain diseases and wish to maintain that status. The latter concerns for example countries
blessed with physical isolation, such as Australia and New Zealand. Risk assessment
studies, concerning import of livestock products, are becoming of major importance.
General outlines for developing a quantitative risk assessment study when international
trade is involved are given by Miller et al. (1993) and MacDiarmid (1993). Other studies in
this area include Heng and Wilson (1993) and Wilson and Banks (1993).

7
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It can be concluded that many researchers have explored the area of contagious animal
diseases and their control. Many attempts have been made to construct models which could
support decision makers in a useful way (among others Berentsen et al. (1992); Sanson
(1993)). Although these attempts have led to a number of useful models, an integrated
model which includes the various aspects of outbreaks of contagious diseases and which
combines risks with economic consequences is still not available. In the remaining part of
this paper, an attempt will be made to describe a modelling approach which does integrate
these aspects.

2.3

SCOPE AND DEFINITIONS

To structure the ideas on modelling risk and economic consequences of contagious
diseases, a system, a 'geographic world', is assumed which contains small units (the small
blocks), surrounded by a 'border' (Figure 2.1). The part enclosed by the border might be
seen as a population. The border divides the world into an endogenous part (the
population) and an exogenous part. The
exogenous world is regarded as being
uncontrollable and unpredictable. There
are all kinds of contacts possible between
the endogenous and the exogenous world;
animals, human beings and commodities,
all pass the border on a frequent base.
Also between the small units within the
borders all kinds of connections

are

possible. Some connections (but not all)
are presented in the diagram by arrows. If
somewhere in the exogenous world an
outbreak of a contagious animal disease
occurs, there is a probability that the
pathogen will spread into the endogenous
world

(the

population)

and

cause

outbreaks in the small units.
Figure 2.1
Schematic outline of a geographic system containing an exogenous and an endogenous part.
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or another. Risk factors are factors which can be responsible for this transport. The
definition of risk factors as used in this paper is rather broad and includes all factors that
can be responsible for the pathogen transport. Using this definition, also vectors (defined
by Ahl et al. (1993) as 'organisms which can carry and transmit disease') and commodity
factors (defined by the same authors as 'parameters specific to an animal or animal product
which affect the likelihood that the unit, if contaminated, will carry, maintain and transmit
an agent after arrival in the country of destination) can be seen as risk factors. From the
literature it becomes clear that most diseases of list A of the OIE have many risk factors in
common. Risk factors can be roughly divided into four groups: livestock (including
livestock products), human beings, materials and air. The relative importance of these
groups differ per disease, e.g. 'air' is an important factor for FMD (Mann and Sellers,
1989), while feeding of swill (organic waste, belonging to the group 'livestock products') is
said to be the major cause of several outbreaks of ASF (Becker, 1987).
The first outbreak occurring within the population (the endogenous world) is commonly
defined as the primary outbreak. After this outbreak, the pathogen can spread to other units
(also endogenous) via the risk factors, and cause secondary outbreaks. As indicated by the
arrows in Figure 2.1, there are contacts between the block units within the endogenous
world. That means that the status of one unit may influence the status of a neighbouring
one. For example, if the units represent individual farms, a farm with a poor hygienic status
and regular import of animals may increase the risk of infection for a neighbouring farm.
Using the diagram in Figure 2.1, it is possible to modify the scope of the problem under
consideration by adjusting the border line (thus adjusting what is considered to be a
'population'). When considering a primary farm, the border will be the fence around the
farm and the small block units the different stables. Expanding the scope, the blocks could
present farms and the border could be one of a province, or a country. Expanding even
further, the population could be the EU, with the member states as small blocks.
Concerning the approach described in this paper, the endogenous area covers not only
the 'home' country, but also several other countries, indicated as contact regions. A contact
region is defined as a (part of a) country which has a direct or indirect contact with the
home country which, when the region suffers from an outbreak, can lead to the
introduction of a virus (due to risk factors) into the home country. The problem of how the
virus has entered these contact regions and caused an outbreak has not been incorporated
because this is part of the exogenous world.
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