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Summary

Bluetongue (BT) is an infectious, viral and vediorne disease of a broad spectrum of
domestic and wild ruminants. Animals which are abtéel with the BT virus can develop severe
clinical symptoms. From origin is BT an African dase, but the virus has spread throughout
large parts of the world during the twentieth ceytin 2006, the first case of BT infection was
confirmed in Western Europe, including the Nethaatla Vaccination was assumed as the most
practical and effective control measure to combat Beveral inactivated BTV-8 vaccines
became commercially available in 2008. From thecDwtairy farmers decide more than 80%
to vaccinate his herd in 2008. Willingness of Dutatmer to vaccinate his herd in 2009 was
significantly lower, namely 42% in sheep, 58% ittlea19% in goat and 49% in hobby farms.
Despite of this low vaccination coverage, no nelWEB infections were reported that year.

The objective of this study is to estimate the patage Dutch dairy farmers that decide
to vaccinate for BTV-8 for the years 2008, 200912@&nd 2011, based on rational decision
making with complete information. We want to invgate the individual decision making of
dairy farmers on bluetongue vaccination given tagation in farm size and related net costs,
and the uncertainties of the BT status of theimf&arWe used rational decision making in this
study, therefore only economic and epidemiologdala are used, whereas other decision
criteria as net costs and the risk altitude offtinmer are excluded.

A stochastic decision tree is used to estimateptreentage Dutch dairy farmers that
decide to vaccinate. The decision tree in this axede study is called the BTV-8-tree. The
specific objective of the BTV-8-tree is to minimitee net costs of the Dutch dairy farmer.
This costs include vaccination costs or costs gkake (which include production losses,
treatment costs and diagnostic costs). In the BItké8 there is one decision needed to be
made each yeaftShould | vaccinate this year against bluetonguenot?’ This decision must
be made four times, i.e. in 2008, 2009, 2010 antill2@here are three different uncertain
events defined (1) whether or not BTV-8 is introeldian the Netherlands (only relevant in
2011), (2) whether or not the farm is infected &dwhether or not animals become diseased.
A farm is infected when BTV-8 invaded and replichia at least one animal. Animals are
diseased when they have averse health effectsncapsbduction effects, i.e. when costs are
involved. In the BTV-8-tree are two economic congatpes involved. This are the costs of
vaccination and the costs of disease.

When we analyse the BTV-8-tree, we can predict wiatfarmer will decide in 2008,
2009, 2010 and 2011. The Dutch government can nespa it and can make a subsequent
policy to control BT. The output of the BTV-8-trebow that the economic optimal decision is
that farmers only have to vaccinate their herd 008 (except for small farms, <20 cows). In
the subsequent years it is economic better noatzimate. This seems logical, because if we
assume that most farmers vaccinate in 2008, this eirculation in the vectors is relatively low
in the coming years (because there are no casegaefhlibey can get the virus), which result in
less infective vectors. With the sensitivity an&ys shown that the number of farmers that
decide to vaccinate not much change if we changantiection probabilities. This is because
the probabilities of infection are quite low. Thasts of vaccination are however sensitive to
changes. When the costs of the veterinarian aréuded, much more farmers decide to
vaccinate their herd.

In the BTV-8-tree rational decision making is us#dwe extent the BTV-8-tree and
include the psychological aspects and the riskepegice of the farmer, the results may change.
Because some farmers want to maximize the anim#éhmgeand/or are risk averse. These
farmers want to vaccinate their herd every year @mchot worry about the extra costs of
vaccination. Other farmers just decide not to vaaid, because the risk of introduction is quite
low and they want to take this risk. This wouldebgood research in the future.
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1. Introduction

Bluetongue (BT) is an infectious, viral and vediorne disease of a broad spectrum of
domestic and wild ruminants (Saegermeinal, 2008). Animals which are infected with
bluetongue virus (BTV) can develop severe clinmahptoms as a result of the infection and
can ultimately die (Elberst al, 2008b). However, a severe clinical picture isegatly only
seen in certain breeds of sheep and some speadleeo{Saegermaat al, 2008). In cattle and
goat causes BTV mostly sub-clinical infections eu& Rogers, 2009). Cattle are proposed to
be reservoir hosts of BTV because infected cattieally have a prolonged viremia and so
provide a source of virus that is available fongmission to other ruminant species (Brewer &
Maclachlan, 1994). The duration of this infectiqueziod varies between studies from 145 to
222 days (Schwartz-Cornét al, 2008). The number of animals died (mortality yathe
number of animals diseased (morbidity rate) andstheerity of the clinical signs (case fatality
rate), depends on various factors, such as breddage of infected animals as well as the
serotype and strain involved (Mellor & Wittmann,02).

BTV belongs to th@rbivirus genus of the familjReoviridae(Saegermaset al, 2008).
There are currently 24 serotypes worldwide, witprabable 28 serotype recently identified
among goats in Switzerland (Maclachlainal, 2009). The virus is transmitted IBulicoides
midges (Elberset al, 2008a), whereof high populations are observedpizootic zones
(Schwartz-Cornil et al, 2008). Enzootic zones are mainly tropical zondser&¢ BTV
transmissions occur throughout the year and subalimfection is common. Clinical diseases
usually occurs only when immunologically naive roarits are introduced in the zone (Smith
& Sherman, 2009).

BT has spread throughout large parts of the wordnd the twentieth century,
covering much of the Americas, Africa, southernasiorthern Australia and Europe. Mellor
& Wittmann (2002) have done a study on the progmsspreading around the world. They
found that BTV was reported only from parts of A&iand Cyprus in the beginning of the
discovery of the disease. Later on, BTV was datacin the USA (1952), Asia (1961) and
Australia (1957). While between 1956 and 1960 imopa (Spain and Portugal) a major
outbreak of BTV-10 was detected and a smaller eatbof BTV-4 occurred on several Greek
islands in 1979. By the late-twentieth century, ttistribution of BTV had expanded
dramatically and the virus was reported from mesgfions within a broad band around the
world stretching from approximately 358S to 408Megdigure 1). Since 1998, more serotypes
(BTV-1, BTV-4, BTV-9 and BTV-16) were detected ians of south Europe.

Figure 1: Map of the estimated global range of bluetongue virus prior to 1998 (Wilson & Méellor, 2009)

In August 2006, the first case of BT infection wamfirmed in Western Europe. The
serotype (BTV-8), which was responsible for thisboeiak, has a close similarity to strains of
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this serotype previously isolated from Africa. Dhgithe following months, this outbreak
spreads and infect animals on >2000 farms in thbeédends, Belgium, Germany, France and
Luxembourg. The first clinical BT suspicion thatsmeonfirmed by laboratory testing occurred
in the Netherlands in a sheep flock in the southeovince of Limburg on 16 August 2006
(Elberset al, 2008a). Because of the international press reledsthe Dutch Ministry of
Agriculture, Nature and Food Safety, neighbouringmber states as Belgium and Germany
came on full alert. Two days later, the first ladtory confirmed BT-outbreak in a cattle herd in
Belgium was announced and on 21 August, also Gegrrmanounced its first BT-outbreak in a
cattle herd. In France, the first laboratory canéid BT-outbreak in a cattle herd was
announced on 31 August. Because typical winter &zatpres in Western Europe are
considerably lower than the minimum temperatureiiredg for BTV transmission, many hoped
that the outbreak would be extinguished in the viiof 2006 (Elbergt al, 2009a). However,
during 2007, it became evident that BTV-8 had sssftdly overwintered in the region (Elbers
et al, 2009a). The virus spread exponentially within dhiginal affected countries in 2006 and
new cases occurring for the first time in Denma&witzerland, Czech Republic and the UK.
The 2007 outbreak was far more extensive thandh@006, and by the end of 2007 nearly
60,000 farms had been infected (see table 1). DO& dutbreak shows a reduction of about
half the number of outbreaks compared to 2007. This have several reasons: due to the
effective control strategies which were exploredrythat year or due to the fact that the vast
majority of susceptible animals in these areas B&Y antibodies as a result of natural
infection. It can also be a combination of thesamsther unknown reason, because there is no
scientific evidence for the real cause of the réidac

Table 1: BTV activity in Europe from 2006 to 2008; number (#) of registered farms per country;
x =No confirmed instances of local transmission) (Wilson & Méellor, 2009)

# Farms # Farms #Farms
From July 2006 ~ From July 2007 From July 2008
to July 2007 to July 2008 To July 2009
Country | BTV-8 BTV-8 BTV-1 BTV-6 BTV-8 BTV-16
The Netherlands 460 6442 1 14 58
Belgium 695 6870 X 27
Germany 952 23443 X 2487
France 7 19322 4469 24469
Luxembourg 8 1315 19
Denmark 1 15
Switzerland 7 X
Spain 12 1918 12
Czech Republic 2 21
UK 128 X X
Italy 3 X
Portugal 1 78
Austria 2
Greece 43
Sweden 28
Hungary 1
Ireland X

The major control measures applied during the BT&p&lemic include restriction of
animal movement, vector control applying insectsid slaughter of infected animals and
vaccination (Bhanuprakasét al, 2009). Prophylactic immunization against BT, whican
most easily be achieved by vaccination, was ass@®¢ide most practical and effective control
measure to combat BT infection (Bhanuprakeisal, 2009).

Several inactivated BTV-8 vaccines became commlercavailable in 2008 and
vaccination programs were rapidly initiated throogh most of the affected area. Some
countries used mandatory vaccination programs (B®lg Germany, Luxembourg and the
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Czech Republic) and others used voluntary vacanagirograms (England, Wales and the
Netherlands). Within the EU, mandatory vaccinapoograms are eligible for financial support
of the government, which covering 100% of the adstaccine purchase and 50% of the cost
of delivery (European Commission, 1990). Howeveachsschemes must first be approved by
the EU and may carry additional administrative regraents. This, in combination with delay
that may result from mandatory government-led vaobn programs, is the reason why not
every country choices for a mandatory vaccinati@mgmm.

The success of vaccination varied considerably frame country to the other. In
countries such as Belgium and the Netherlands wheate hit hard by BTV-8 in both 2006 and
2007, transmission during the 2008 season wasatestrto a handful of cases. However as
previous already mentioned, it is difficult to esste the importance of vaccination in
achieving this result as the vast majority of spibée animals in these areas would be
expected to already possess BTV antibodies as wdt rek natural infection and recovery
(Wilson & Mellor, 2009). In Germany, approximatelp% of cattle and 90% of sheep in the
infected areas were vaccinated, a fact which tlieféé German Ministry of Food, Agriculture
and Consumer Protection believed to be responsibl¢he far fewer cases of BTV-8 seen
during 2008 (Bundesministerium fur Erndhrung, Lamtdehaft und Verbraucherschutz, 2008).
In the UK was, despite the voluntary nature of ¥hecination program, a coverage of >80%
achieved within areas where BTV transmission hasnbeonfirmed in 2007. Although
coverage in areas where no BTV had been reportedasdow as 40% in some areas. To
summarize, where uptake was high and vaccine wasn&lered in time for protection to
develop before the seasonal peak of transmissiacgivation appears to have been broadly
effective in controlling BTV transmission.

Most EU countries used again vaccination as a ptexe strategy against BTV-8 in
2009. In the Netherlands, a new voluntary vacammagrogram was started, although now
without subsidizing. Willingness of Dutch farmeruaccinate was significantly lower, namely
42% in sheep, 58% in cattle, 19% in goat and 49%adhbby farms (Elberet al, 2009a).
Despite of this low vaccination coverage, no nelwBB infections were reported in that year
(CVI, 2010). Elberst al. (2009a) has find out the motives of dairy farmersaccinate or not.
The top-5 motives of dairy farmers to have thettleavaccinated are:

1) To prevent the disease and/or production losses

2) Itis recommended by veterinary practitioner

3) For welfare reasons

4) To make a contribution to the eradication campaign

5) Had a good experience with BTV-8 vaccination in plast
And the top-5 motives of dairy farmers against waaiion are:

1) No BT-related clinical problems so far

2) Farmer expects only a low level of disease andidyction losses

3) The costs of vaccination are too high

4) The balance between costs of vaccination agairsstilple losses without vaccination

5) Had a bad experience with vaccination campaigmiseérpast against other diseases
To find out how many farmers will have to vaccinetehe future, it is essential to know which
factors play an essential role in their decisiom, Wwhat are the motives of farmers to vaccinate
or not? With this information, we can get insightwhy farmers decided to vaccinate or not.
Measures to stimulate vaccination among thoseditahot want to vaccinate are: subsidized
vaccination, possibility to vaccinate their ownraals, more information on efficacy/safety of
vaccine and why animals had to be vaccinated agamability of a BT vaccine combined
with vaccine(s) against other diseases (Elbéeed, 2009a).

Although vaccination theoretical can control BT, jonaleconomic) constraints may
prevent its effectiveness (Schwartz-Coreit al, 2008). For many diseases, a certain
(vaccination) coverage is needed to control theadis. In other words, to achieve eradication
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of the virus, the number of seropositive animalsusth be sufficiently high. Therefore, what
the farmer decides, vaccinate or not, is importantvhat will happen to his farm, but also for
what will happen in the entire sector. The enteetasr is involved because if more farmers
decide to vaccinate, more cattle will be immunetfe BTV-8. In this case less virus will be
replicated, so lesSulicoideswill be infected, which result in a reduced spreéthe virus. As

a result the herd immunity, which means an indinechunity of non-protected individuals as a
result of reduced transmission in the populatioii, mcrease. At least 80% of the susceptible
livestock should be seropositive for BTV-8 at theleof 2008 (Europese Commissie, 2007).
This means that the herd immunity threshold shdddt least 80%, which is based on the
evaluation of the rate of spread of the diseasesured by the basic reproduction number R
Ro is defined as the average number of secondarytiafes produced by one infection
individual introduced into a fully susceptible pdgion (Anderson & May, 1979). Another
constrain is that the vaccine doesn’'t have a csE®positive protection, i.e. it protect
ruminants only against one serotype, namely BT Vi&refore, the vaccinated animals are not
protected against other BT serotypes. This can peobhlem, because as mentioned before,
there are new serotype invasions detected in Newtlope, including the Netherlands.
Furthermore, problems arises, because BT is abioamslary animal disease and not every
country applies the same regulations: in some Ebhlpee states, vaccination is mandatory and
in others voluntary. Which may cause problems betweountries, e.g. related to export of
animals and related products like cheese and daioglucts. The previous aspects has
consequences for the feasibility of eradication symetad of BT. If this problems or constrains
leads to new and large BT outbreaks, this will pidi cause economic consequences. Because
when cattle and sheep farms are infected, mosthetwill be costs involved.

The economic impact of an BT outbreak is relatividsge. Worldwide it has been
estimated that BTV causes a loss of $3 billion/y@dellor & Wittmann, 2002). In the
Netherlands, the net costs (costs minus benefitfledBTV-8 epidemic in 2006 is estimated at
32.4 million Euros and in 2007 169 million Eurose{thuis et al, 2009). The compulsory
indoor housing regulation resulted in 55% of to&mlonomic impact in 2006, transport
restrictions 36%, diagnosis costs 7% and the ptamlutosses plus treatment less than 2%. In
2007, 92% of the total economic impact was causegdrbduction losses and treatments and
only 6% by transport restrictions (Velthwesal, 2009). The distribution of the losses over the
various components in 2007 differed from 2006.

The cattle sector suffered most damage, namely @8%006) and 85% (in 2007) of the net
costs for BTV-8 (Velthuiset al, 2009). In Scotland, where BT have not been detkegét, is
estimated what the total direct costs of a BTV-8boeek are compared to the costs of
preventing an outbreak using a vaccination cordgtrdtegy. The estimated direct costs of a
BTV-8 outbreak in Scotland are £30 million per yé&cottish Government, 2008). Although
the symptoms of disease are expressed more ofsreap than in cattle, the losses to the cattle
sector from a BTV-8 incursion into Scotland wouldteed those to the sheep sector (Scottish
Government, 2008). The cost of a control strategywaccinate 80% of cattle and sheep
holdings throughout all Scotland is estimated tERBe million (Scottish Government, 2008).
So, the findings indicate that the costs of vadeimaare justified as protection against the costs
of a potential BTV-8 outbreak (Scottish Governm@®08). Although vaccinate costs can then
be lower than costs of an outbreak, it is also irtgmd to consider the probability of
introduction. When the probability of introductiovill be low, maybe you don’t have to make
costs for vaccination.

The objective of this study is to estimate the petage Dutch dairy farmers that decide
to vaccinate for BTV-8 for the years 2008, 200912@&nd 2011, based on rational decision
making with complete information. This is usefufammation for decision making by the
government, because a lack of this information teseaincertainty about the percentage of
seropositive ruminants of BTV-8. This percentagessential to eradicate BT.
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2. Objective and research questions

The objective of this study is to estimate the petage Dutch dairy farmers that decide to
vaccinate for BTV-8 for the years 2008, 2009, 2@I@ 2011, based on rational decision
making with complete information.

We want to investigate the individual decision nmgkiof dairy farmers on bluetongue
vaccination given the variation in farm size ankhtedd net costs, and the uncertainties of the
BT status of their farms. We used rational decismaking in this study, therefore only
economic and epidemiological data are used, wheyteess decision criteria as net costs and
the risk altitude of the farmer are excluded.

The questions to achieve the objective are:

1) Which decisions must be made by the farmer and When
Decision making is the most important part of thissearch. The decision has
implications for what will happen next. When you fexample decide not to treat an
animal against a disease, the chance that yourahmatomes diseased increase. But
have also the chance that your animal doesn’t beadiseased and then you will save
costs.

2) What are the uncertainties regarding the decisions?
Uncertainties are consequences of a certain dacigiten you for example decision not
to vaccinate, you have an uncertainty to becomectetl or not. So, when you make
decisions, you have to predict the sequent consegseto know what will happen with
the farm.

3) What are the probabilities of the defined unaigrties?
This are the values which indicate the chance oéréain consequence resulting from a
decision. This will later on used to determine ¢bsts of a certain decision.

4) What are the economic consequences of the oatcofrihe different decision alternatives
with the related uncertainties?

This is an economic value describing the net cofsésspecific decision. The net costs are
the total discounted costs minus the total disalibenefits. During the decision making
process, you will get a number of paths, whereohegarelated to a certain decision with
the subsequent uncertainties. Each path has hisecamomic value: the net costs that
unique situation. These economic impact is needeatetide the optimal decision which
the farmer have to made at the beginning of that.ye
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3. Model description
3.1 General approach

We use a stochastic decision tree to estimatedhmptage Dutch dairy farmers that decide to
vaccinate in the years 2008, 2009, 2010 and 201th &\Hecision tree one can make a decision
analysis, which is a prescriptive approach for peegho want to think hard and systematically
about a decision problem (Clemen & Reilly, 2001)décision tree is defined as a graphical
method of expressing, in chronological order, theraative actions available to the decision
maker and the choices determined by chance (Dildmui& Morris, 1997). So, a decision
analysis with a decision tree does not only gigelation, but also insight into the situation, the
uncertainty, the objectives and the trade offs rf@e & Reilly, 2001). A decision tree gives a
risk neutral solution.

Figure 2 shows a simple example of a decision toeexplain the general principle. The
decision problem in this example is to treat ammahior not against a disease? When you
decide not to treat, it costs at least €200 (treatroosts) and you have a probability of 1% that
your animal still dies, which results in additioralsts of €300. But you have also a probability
of 99% that your animal survives. When you decideto treat, it costs in 20% of the cases
nothing, because your animal will survive. But B8 of the cases, your animal will die, which
results in a cost of €300. The decision maker waatsninimize the net costs which is
expressed as the Expected Monetary Value (EMV). HWM& is defined as the summation of
the possible monetary outcomes multiplied by tpedbabilities (Dijkhuizen & Morris, 1997),
I.e. the probability weighted average value. Figutells us that the optimal decision is to treat,
because then you have the lowest EMV, namely €28@ad of €240 when you decide not to

treat.
- 1% 0.01 * (€200 + €300) =€5
C ‘ |
- 99% 0.99 * (€200 + €0} = €198
S rig 1
urvive 0 -‘

BU%_‘ 0.80 " (€0 + €300) = €240

Survive EU%* 0.20 * (€0 + €0) = €0

EMVyes = €5 + €198 = €203
EMWyo = €240 + €0 = €240
Figure 2: Example of simple decision tree: treatment or not?

There are four steps used to build and analyzed#utsion tree: determining the structure,
gathering the input values, analyzing the decisiea and performing a sensitivity analysis.

Deter mining the structure
In this step, the decisions, the uncertain evemtiste pay-off functions are determined. They
should be in chronological order.

Decisions

To make a decision tree, the decisions must berdeted specifically, and if more subsequent
decisions are involved the timing of the decisiesmportant. There are different kinds of
decisions, related to specific decision problemg. Eeatment of not, choose between red and
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black, follow route A, route B or route C or to dse between vaccinate or not. Choosing a
certain decision has consequences, which are mastgrtain events.

Uncertain events

Uncertain events in decision making are future &v&rhich influence the outcome of present
decisions but have not yet occurred and no onepecacisely predict what they will be like.
There are different kinds of uncertain events, gayr animals become diseased or not, you
win or you lose, your cow will become pregnant ot.nmhese consequences are expressed in
probabilities.

Pay-off functions

A pay-off function is an economic value describthg net costs of a specific decision with the
subsequent uncertain events. Each path in theidedige has his own economic value. When
a farmer choose to vaccinate, he has only the matioh costs and hopefully no costs of
disease. When a farmer choose not to vaccinatbabe’t vaccination costs, but probably he
has costs of disease when his farm will be infeetgd BTV-8.

Gathering theinput values

In this step, the input values are collected. Far $tochastic variables, we have to get the
minimal, maximal and most likely probabilities afudt the deterministic variable we have the
get the exact probability value. The input valaes gathered from literature, an economic
model and by asking experts.

The stochastic variables are subject to a probwbilistribution. When a distribution is
involved, the results will shown also the uncetiaebout the knowledge of the probability. In
this study, there a five stochastic variables: he@p#, costs of vaccination, costs of disease,
introduction of BTV-8 and infection with BTV-8. Hersize is stochastic because of when a
farm is relatively small, the costs of vaccinatenmd the costs of disease are lower. This results
in a relative small difference between vaccinatomot, which means a smaller benefit if you
choice to vaccinate your herd (the opposite isdvédir large farms). So, herd size may
influence the decision of the farmer to vaccinatenat. Herd size is included in the costs of
vaccination and the costs of disease, so theséndimectly also stochastic. Introduction of
BTV-8 and infection with BTV-8 are stochastic besawne can never predict this variables by
one value, because this is influenced by a numbfactors.

The deterministic variables are fixed and thus egped by one number. In this study, only the
probability of disease is a deterministic variable.

Analyzing the decision tree

In this step, the decision tree is created andesblwhereof figure 3 gives a schematic
overview. The decision tree have to build up inocimlogical order, from left to right. You start
always with a action node, i.e. a particular decisiThis decision has a number of uncertain
events which are include the event nodes. All theeutain events of one decision must be add
up to one. When for example the probability of beow disease will be 0.6, than the
probability of not becoming diseased will automaltic 0.4. Each path in the decision tree ends
up with a outcome node, which reflect the EMV ofspecific decision with the related
uncertain events. When the whole decision treeeated, one can start with analyzing. This is
always done in reverse direction, for right to.l&ft this way, you start analyzing with the most
recent decision.
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Figure 3: The construction of a decision tree

The program which we use to construct and analygealécision-tree is precision tree that also
includes @RISK. With this program you can make @clsastic decision tree. By adding
@RISK to the decision tree, all stochastic varialdlan be defined with a distribution function.
When simulation is running using @RISK, a sampld be drawn from each distribution
function during each iteration of the simulation.

Performing a sengitivity analysis
In this step, the decision tree was tested on e@ngiof the used parameters, i.e. what will
happened to the optimal solution if we change patara?

3.2 Decision treefor BTV-8 vaccination

General structure

The decision tree in our research study is caledBTV-8-tree. The specific objective of the
BTV-8-tree is to minimize the net costs of the Duttairy farmer. This means that de farms on
the end of the year the lowest net costs has haxagdthat specific year. This costs include
vaccination costs or treatment costs. The BTV-8-ineludes a time period of four years, from
May 2008 to May 2012. This is illustrated in figude starting in 2008 where the first

vaccination program started.

Vaccination? Vaccination? Vaccination? Vaccination?
N AN N N
— economic — economic — economic — economic
CONSeqUeNnces CONSeqUeNCes CONSeqUeNces CONSeqUeNces
Uncertainties: Uncertainties: Uncertainties: Uncertainties:
- Infection on the farm? - Infection on the farm? - Infection on the farm? - Inivoduction of BTV-87
- Animals hecome diseased? - Animals hecome diseased? - Animals become diseased? - Infection on the farm?
- animals hecome diseased?
May 2008 May 2009 May 2010 May 2011

Figure 4: General structure and time period of the BTV-8-tree
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The general structure of the BTV-8-tree for onerysasimplified shown in figure 5. This
structure comes back every year, with some speauifidifications for that particular year.

Vaccination? Farm infected? Animals dizseased?

Figure5: General structure of the BTV-8-treefor oneyear

Decisions
In the BTV-8-tree four decisions are included.

‘Should | vaccinate against bluetongue or not fespectively the years 2008, 2009, 2010 and
2011?

The moment of the decisions is before June, sinhng is regarded as the beginning of the BT
season (ministry of LNV, 2010).

Uncertain events

After the decision to vaccinate or not, there areé different uncertainties:

* Whether or not there is an introduction of BTV-8tle Netherlands. This uncertain events
is only relevant in 2011 and is defined as P (Tg Bn(NT). This is done upward of 2011,
because of if we assume that the replacement of daitle is about 33%, after three years
the whole herd is replaced and all the animalsansitive for BTV-8 again.

* Whether or not there is an infection on the farnhjolv is defined as P (I) and P (NI).
A farm is infected when BTV-8 invaded and replichten at least one animal. This
uncertain event is relevant, because the probgalttiat an animal becomes diseased
dependents on the status of infection on the farm.

* Whether or not that the animals become diseasedhvit defined as P (D) and P (ND).
Animals are diseased when they have averse heH#htse which causing production
effects, i.e. when costs are involved. This uncergaent is relevant, because this include
pay-off costs which are relevant for the decisind the outcomes.

Pay-off functions
The pay-off functions of the BTV-8-tree include tbests of vaccination and/or the costs of
disease. Other costs, like control costs are erdwsihce a farmer doesn’t have to finance them.

The costs of vaccination
The costs of vaccination when the farmer decideatzinate his herd, are calculated as:

Where C represents the call out fee of the veteanaHR the hourly rate of the veterinarian,
D the duration of the herd vaccination, HS the hsizk (humber of animals) which is

calculated with a RiskPert distribution (see lat&)the costs of the vaccine, M the costs of
dispense material and R the costs of registrafitye. costs are multiplied by two, because all
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animals should be vaccinated twice to get enouglteption against BTV-8. The input values
for the various items are obtained by an experG(A. Velthuis). In 2008, the government
covering 100% of the cost of vaccine purchase &% 6f the cost of delivery by subsidizing.
So, in that year are the costs significantly lower:

Costs V2008 =% *2*(C + HR * D + HS * (M + R))

Upward of 2009, there is no subsidizing and thdésctis the consecutive years are calculated
by using discounting.

The costs of disease
The costs of disease, which the farmer has if tiimas become diseased, are calculated as:

CostsD=P+T+D
Where P represents the total production loss, Trédament costs and D the diagnostic costs.
The total production losses are calculated as:
P=MO+EC+MP+NC+AB+NG+WL+LC+SC

Where MO represents the losses due to mortalitytHe@osts due to early culling, MP the loss
revenue due to reduced milk production, NC thedssassociated with increased number of
cycles before gestation, AB the losses associat#daortion, NG the financial consequences
due to no gestation, WL the losses due to weigsd, |@C the losses due to the lower birth
weight of calves and SC the losses due to stilllbaines. These separate production losses are
calculated as:

MO = MTRjistributiorlloo *PR* H%stribution * (SV + PV + DC)

Where MTR represents the mortality rate (per 10@hahmonths) which is calculated with a
RiskPert distribution, PR the period at risk, S\ slaughter value, PV the production value
and DC the cost incurred to send an animal foregnd (disposal costs).

EC = PO, * MBRuistributior 100 * PR * HSistribution * PV * HS

Where PQ represents the percentage of BTV-8-infected cowted earlier (percentage of
occurrence) and MBR the morbidity rate (animals 1@ animal months) which is calculated
with a RiskPert distribution.

MP = MBRistribution /100 * PR * HGistribution * AM * RM * 0.5 * DD * VM

Where AM represents the average milk production, RM relative reduction in milk
production, DD the number of days that the anirsatliseased (it is assumed that the milk
production is reduced during the first half of theriod, i.e. 0.5) and VM the value of the milk
that is not produced.

NC = PO, ; distribution * HSuistribution * (El1 + LC * Cly)

Where PQ represents the proportion of cows with an incréasember of cycles before
gestation (percentage of occurrence) which is tatled with a RiskPert distribution, £the
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costs of one extra insemination, L @e length of one cycle and CI the loss of a cgvi
interval per day.

AB = H&istribution* I:)03 ; distribution* (Ell + EI2 + C|6)

Where PQ represents the proportion of cows that abortstdweBTV-8 infection (percentage
of occurrence). We hereby assume that cows willogotulled due to abortions and that two
inseminations are needed for the subsequent gestati

NG = HSjistribution * POs * (PV + VC — FH —4SV)
Where PQ represents the proportion of animals without & @@drcentage of occurrence), VC
the loss value of the calf, FH the costs of feed hausing that are not made an8V the
increased slaughter value in relation to the avecagv.

WL = HSjistribution * POs * (EF — FR)
Where PQ@ represents the proportion of animals who exhibdight loss (percentage of
occurrence), EF the costs of the extra feed thaggsired for compensatory growth and FR the
drop in feed intake during the first days of digeas

LC = HSyistribution * POs * (EF —4VC)

Where PQ@Q represents the proportion of calves with a lowedybweight due to BTV-8
(percentage of occurrence) afdC the reduced price paid for the calf.

SC = H%istribution * PO? * (VC - FC)
Where PQ represents the proportion of reproductive anintatg have a stillbirth due to
BTV-8 (percentage of occurrence) and FC the costsried before sale of a young calf, i.e. the
feed costs.
The treatment costs are calculated as:

T= |\/lBRdistribution* HSdistribution * (CD *0.85 + Al *0.425 + AQ * 0-425)
Where CD represents the costs of the Non-Sterd\délinflammatory Drugs (85% of the
animals), A the costs of antibiotic 1 (42.5 % of the animas)l A the costs of antibiotic 2
(42.5% of the animals)
The diagnostic costs are calculated as:

D=C+HR*0.5

It is assumed that the veterinarian needs halfoamshto diagnose.

The costs for the consecutive years are calculatacing discounting.
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Assumptions
The following general assumptions are made in the-B-tree:

- Each year is only influenced by the previous yewt ot by the year therefore.

- When a herd is vaccinated, the probability of itifecis zero. It will be assumed that the
vaccine is 100% effective.

- When a farm doesn’t become infected, the probghihiat your animals become diseased is
zero. When there is no virus on the farm, i.e.famen will not become infected, than your
animals haven't become diseased. This becausentimala can’t come in contact with the
pathogen.

- When a farm is infected and you haven’t vaccinais year and you haven't vaccinate
previous year, the probability of disease is ortesTs assumed because in this situation is
it unlikely that the animals has antibodies agaiBBv-8.

- When a farm is infected and you have vaccinateipusvyear but this year you don’t
vaccinate, the probability of disease is zero (seotetical a farmer do never vaccinate
when he has vaccinate previous year). This is asgdubecause the most animals has
antibodies against BTV-8. So the virus has almoslility to survive on the farm.

- When there is no introduction of the bluetongueiwiin the Netherlands, the probability on
infection is zero. This is logic, because when éh&r no introduction, there are no
pathogens, so the chance of infection is zero.

3.2.1 Sructure of the BT V-8-tree for 2008

Decision
In this year, there is only one decision needdakttmnade:

‘Should | vaccinate in June 2008 against bluetongueot?’

This decision has to be made by the farmer. A aer decision has a number of uncertain
events who are explained in the next section. Vear is the first time with the ability to
vaccinate the animals in the Netherlands, so it iseeded to take vaccination effect of the
previous year into account. The general structdr¢he BTV-8-tree for 2008 is shown in
figure 6.

Vaccination? Farm infected? Animals dizeased?
FM| Y]
.\-@ P [ND| ¥, M1 <
P (1] MY, 02007 YES F'[DINW]*
P 1] MY, MD2007 ) F’[DIW.U*
F [ M| MY
.\@ P[ND|N".".NI]*

Figure 6: The structure of the BTV-8-tree for 2008
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Uncertain events

In this year, there are seven different uncertaitt@mes involved. P (NI | ¥ the probability
that your farm will not be infected with BTV-8 in0@8 under the condition that you did
vaccinate in 2008. P (1 | NV, D200% the probability that your farm will be infectedth
BTV-8 in 2008 under the condition that you did maccinate in 2008 and that your animals
did became diseased in 2007. P (I | NV, ND20@7)he probability that your farm will be
infected with BTV-8 in 2008 under the condition tty@u did not vaccinate in 2008 and that
your animals did not became diseased in 2007. H (W) is the probability that your farm
will not be infected with BTV-8 in 2008 under theralition that you did not vaccinate in 2008.
P (ND | V, Nl)is the probability that your animals did not beeodiseased in 2008 under the
condition that you did vaccinate in 2008 and thairyfarm will not be infected with BTV-8 in
2008. P (D | NV, I)s the probability that your animals did becomsedised in 2008 under the
condition that you did not vaccinate in 2008 arat §our farm will be infected with BTV-8 in
2008. P (ND | NV, Nl)is the probability that your animals did not beeodiseased in 2008
under the condition that you did not vaccinate @& and that your farm will not be infected
with BTV-8 in 2008.

Pay-off functions

The pay off functions depend on the decision aedithitcomes of the uncertain events. When a
farmer decides to vaccinate, vaccination cost haviee paid. When a farmer decides not to
vaccinate, they have perhaps costs of diseasdhisutiependents on the infection probability

of the farm. It is also possible that the farm widit become infected, so the animals did not
become diseased.

3.2.2. Sructure of the BTV-8-treefor 2009

Decision
In this year, there is only one decision needdakttmade:

‘Should | vaccinate in June 2009 against bluetongueot?’

This decision has to be made by the farmer. A @aer decision has a number of uncertain

events who are explained in the next section. Tfexteof vaccination and disease of the

previous year (2008) are taken into account. Whernnelude this, it creates a more realistic

situation. Due to the effect of the previous y#agere are three different basic models instead of
one. The three different basic models are (seedigyu

- Situation 2008: V + ND - Model 2009A
- Situation 2008: NV + ND - Model 2009B
- Situation 2008: NV + D - Model 2009C
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Vaccination? Farm infected? Animals diseased?

P Y]
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Figure 7: Thestructure of the three basic models (2009A, 2009B, 2009C) of the BTV -8-tree for 2009

Uncertain events

In 2009, no virus introduction was observed (CV01@), so all animals did not become
infected and diseased in this year. This is thdependent of the decision to vaccinate or not.
The three basic models of 2009 involved togethee wiifferent uncertain outcomes. P (NI | V)
is the probability that your farm will not be infed with BTV-8 in 2009 under the condition
that you did vaccinate in 2009. P (I | NV, V2008D2008)is the probability that your farm
will be infected with BTV-8 in 2009 under the cofidn that you did not vaccinate in 2009,
that you did vaccinate in 2008 and that your amsm@ild not became diseased in 2008.
P (NI | NV, V2008, ND2008ijs the probability that your farm will not be icted with BTV-8

in 2009 under the condition that you did not vaatenin 2009, that you did vaccinate in 2008
and that your animals did not became diseased 8.2 (I | NV, NV2008, ND2008js the
probability that your farm will be infected with B/F8 in 2009 under the condition that you did
not vaccinate in 2009, that you did not vaccinat2@08 and that your animals did not become
diseased in 2008. P (NI | NV, NV2008, ND20@8Xhe probability that your farm will not be
infected with BTV-8 in 2009 under the conditiontilyau did not vaccinate in 2009, that you
did not vaccinate in 2008 and that your animals dimt became diseased in 2008.
P (I | NV, NV2008, D2008)s the probability that your farm will be infectedth BTV-8 in
2009 under the condition that you did not vaccinat2009, that you did not vaccinate in 2008
and that your animals did became diseased in 2BOENI | NV, NV2008, D2008)s the
probability that your farm will not be infected WiBTV-8 in 2009 under the condition that you
did not vaccinate in 2009, that you did not vac@ra 2008 and that your animals did become
diseased in 2008.
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P (ND | V)is the probability that your animals did not beeodiseased in 2009 under the
condition that you did vaccinate in 2009. P (NDV)Ns the probability that your animals did
not become diseased in 2009 under the conditidnythadid not vaccinate in 2009.

Pay off functions

The pay off functions are dependent of the decidionthis year there no virus circulation was
observed in the Netherlands, so no farm did bedafeeted which result in no disease cost.
When a farmer decides to vaccinate, then they balyethe vaccination cost. When a farmer
decides not to vaccinate, they have no costs.

3.2.3 Sructure of the BTV-8-treefor 2010

Decision
In this year, there is only one decision needdakttanade:

‘Should | vaccinate in June 2010 against bluetongueot?’

This decision has to be made by the farmer. A @aer decision has a number of uncertain
events who are explained in the next section. Tfexteof vaccination and disease of the
previous year (2009) are taken into account. Bexabtithere was in 2009 no virus introduction
and therefore no disease, there are in 2010 ormydifferent basic models (see figure 8):

- Situation 2009: V + ND - Model 2010A

- Situation 2009: NV + ND - Model 2010B

Vaccination ? Farm infected? Animals diseased?
PRI W)
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® . el
20104 1] v, w2009, MO2009 |
P [ NO] Y, 1, ¥2009
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F [ RI| MY, Y2003, MD2009 )
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P MO ¥
® —
20110B
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Figure 8: The structure of the two basic models (2010A, 2010B) of the BTV-8-treefor 2010

Uncertain events

The two basic models include together nine diffen@mcertain outcomes. P (NI | \§ the
probability that your farm will not be infected WiBTV-8 in 2010 under the condition that you
did vaccinate in 2010. P (I | NV, V2009, ND20d8)the probability that your farm will be
infected with BTV-8 in 2010 under the condition ttlyau did not vaccinate in 2010, that you
did vaccinate in 2009 and that your animals did rmcame diseased in 2009.
P (NI | NV, V2009, ND2009is the probability that your farm will not be icted with BTV-8

in 2010 under the condition that you did not vaaténin 2010, that you did vaccinate in 2009
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and that your animals did not became diseased 09.2B (I | NV, NV2009, ND20095 the
probability that your farm will be infected with B/F8 in 2010 under the condition that you did
not vaccinate in 2010, that you did not vaccinat2009 and that your animals did not became
diseased in 2009. P (NI | NV, NV2009, ND20@®Xhe probability that your farm will not be
infected with BTV-8 in 2010 under the condition tilyau did not vaccinate in 2010, that you
did not vaccinate in 2009 and that your animalsmtitbecame diseased in 2009.

P _(ND | V)is the probability that your animals did not beeodiseased in 2010 under the
condition that you did vaccinate in 2010. P (NDV,N , V2009)is the probability that your
animals did not become diseased in 2010 underaheitton that you did not vaccinate in 2010,
that your farm will be infected in 2010 and that uyadid vaccinate in 2009.
P (D | NV, I, NV2009)s the probability that your animals did becomgedsed in 2010 under
the condition that you did not vaccinate in 20h@t tyour farm will not be infected in 2010 and
that you did not vaccinate in 2009. P (ND | NV, Mlthe probability that your animals did not
become diseased in 2010 under the condition thatdye not vaccinate in 2010 and that your
farm will not be infected in 2010.

Pay off functions

The pay off functions are dependent of the decisiW@hen a farmer decide to vaccinate, they
have only the vaccination cost. When a farmer decidot to vaccinate, they have perhaps
costs of disease. This depends on the infectiobgiibtty of the farm, which is also influenced
by the previous year. In the previous year (200®)¥armer has vaccinate his herd, because
there was no virus circulation. This will resultarhigher amount of susceptive animals, which
may influence the decision of the farmer to vadena not. It is also possible that the farm
will not be infected, so the animals did not becatiseased.

3.2.4 Sructure of the BTV-8-treefor 2011

Decision
In this year, there is only one decision needdaktmnade:

‘Should | vaccinate in June 2011 against bluetongueot?’

This decision has to be made by the farmer. A aer decision has a number of uncertain
events who are explained in the next section. is ykar also the effect of vaccination and

disease of the previous year (2010) are takenaiotount. Furthermore, in this year there will

be also a probability of introduction of the BTW8us inserted. Due to the consequences of
the previous year, there are three different basidels in 2011 (see figure 9):

- Situation 2010: V + ND - Model 2011A
- Situation 2010: NV + ND - Model 2011B
- Situation 2010: NV + D - Model 2011C
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Vaccination? Wirus introduction? Farm infected? Animals diseased?
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Figure 9: The structure of the three basic models (2011A, 2011B, 2011C) of the BTV-8-treefor 2011
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Uncertain events

The three basic models included together 14 difterencertain outcomes. P (13 the
probability of BTV-8 introduction in the Netherlas\dP (NT) = 1 - P (T)s the probability of
no BTV-8 introduction in the Netherlands.

P (NI | V) is the probability that your farm will not be icted with BTV-8 in 2011 under the
condition that you did vaccinate in 2011. P (I [ NV V2010, ND2010)s the probability that
your farm will be infected with BTV-8 in 2011 unddéne condition that there is BTV-8
introduction in the Netherlands in 2011, that ydd dot vaccinate in 2011, that you did
vaccinate in 2010 and that your animals did not abex diseased in 2010.
P (NI | NV, T, V2010, ND2010)s the probability that your farm will not be icted with
BTV-8 in 2011 under the condition that the therdi8v-8 introduction in the Netherlands in
2011, that you did not vaccinate in 2011, that gi@lvaccinate in 2010 and that your animals
did not became diseased in 2010. P (I | NV, T, NMPIND2010)is the probability that your
farm will be infected with BTV-8 in 2011 under tendition that there is BTV-8 introduction
in the Netherlands in 2010, that you did not vaat@nin 2011, that you did not vaccinate in
2010 and that your animals did not became diseias2@10. P (NI | NV, T, NV2010, ND2010)
is the probability that your farm will not be infed with BTV-8 in 2011 under the condition
that there is BTV-8 introduction in the Netherlamal2011, that you did not vaccinate in 2011,
that you did not vaccinate in 2010 and that youmafs did not became diseased in 2010.
P (1| NV, T, NV2010, D2010is the probability that your farm will be infectedth BTV-8 in
2011 under the condition that there is BTV-8 intrciibn in the Netherlands in 2011, that you
did not vaccinate in 2011, that you did not vactna 2010 and that your animals did became
diseased in 2010. P (NI | NV, T, NV2010, D20i9jhe probability that your farm will not be
infected with BTV-8 in 2011 under the condition ttithere is BTV-8 introduction in the
Netherlands in 2011, that you did not vaccinat2(fl, that you did not vaccinate in 2010 and
that your animals did became diseased in 2010.1R Y/, NT) is the probability that your
farm will not be infected with BTV-8 in 2011 und#re condition that there is no BTV-8
introduction in the Netherlands in 2011.

P (ND | V)is the probability that your animals did not beeodiseased in 2011 under the
condition that you did vaccinate in 2011. P (NDM,N, I, V2010)is the probability that your
animals did not become diseased in 2011 under mditcan that you did not vaccinate in 2011,
that there is BTV-8 introduction in the Netherlamd2011, that you farm will be infected and
that you did vaccinate in 2010. P (D | NV, T, I, 2DA0Q)is the probability that your animals
did become diseased in 2011 under de conditionythatid not vaccinate in 2011, that there is
BTV-8 introduction in the Netherlands in 2011, tlgati farm will be infected and that you did
not vaccinate in 2010. P (ND | NV, Nig the probability that your animals did not beeom
diseased in 2011 under de condition that you didvaocinate in 2011 and that you farm will
not be infected in 2011.

Pay off functions

The pay off functions are dependent of the decisi@hen a farmer decide to vaccinate, they
have only the vaccination cost. When a farmer daecidot to vaccinate, they have perhaps
costs of disease, but this dependents on the inttimsh of BTV-8 and the infection probability
of the farm. It is also possible that the farm wiit be infected, so the animals did not become
diseased.
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3.3 Gathering theinput values

The input values for the various items are obtaibgdexperts (A.G.J. Velthuis and A.R.W.
Elbers) and by literature (Velthuet al, 2009 and Elberst al, 2009b).

Herd sizeinput

Figure 10 gives an overview of the herd size the.number of dairy cows on a farm after 1000
iterations. It is a RiskPert distribution with inde a minimal value, a most likely value and a
maximal value. The distribution is based on thtad# LEI/CBS. The median is set on 72
dairy cows, but this is the average number of deanys on a farm in the Netherlands.
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Figure 10: Number of dairy cowson a farm after 1000 iterations

Financial input

In table 2, you can see the epidemiological in@lues for the cost calculation of vaccination
and disease. Some input values are a value winérare a distribution.
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Table 2: Epidemiological input valuesfor the cost calculation of vaccination and disease

Variable Description | Value | Distribution Min. | ml. | Max. Unit
C call out fee of the veterinariagn ~ 20.85 € /s
HR hourly rate of the veterinarigh ~ 116.17 Duis
D duration of the herd vaccinatign 1 hours
HS herd size RiskPert(min;ml;max) 11 72 234 # [ farnj
V costs of the vaccine 0.40 € / doses
M costs of dispense material 0.02 € / animal
R costs of registratior 0.0b € / animal
MTR mortality rate RiskPert(min;ml;max) 0,0 0,00 4,80animals / 100 animal months
PR period at risk 6 months
SV slaughter valug 525 € / animal
PV production value 78% €/ animal
DC disposal costs 26.0p € / animal
PO, BTV-8-infected cows culled earlier 0.03 projam animals / yea
MBR morbidity rate RiskPert(min;ml;max) 0.0 0.80 1a/0 animals/ 100 animal months
AM average milk production 26.90 kg milk / animhdhy
RM relative reduction in milk production 20 kylk / animal
DD # days that animal is diseasgd 9 days
VM value of milk that is not produced 0.06 i/ milk
PO, cows with an increased number of cycles beforéatjea RiskPert(min;ml;max 0.00 0.40 0.67 profmortanimals / yea
El, costs of the first extra insemination 23.[75 / a@imal
LC, length of one cycle 30 Days / cygle
Cly loss of a calving interval per day 9 € [ arlima
PO, cows that aborts due to an BTV-8 infectipn Rigkfpan;ml;max) 0.00] 0.00 0.12 proportion animajgAr
El, costs of the second extra inseminatjon 13.85 [ arimal
Clg length of six cycleg 101.9 €/ animal
PO, animals without calf 0.0% proportion animajgAr
VC loss value of calf 163.06 € / animal
FH costs of feed and housing that are not made 3.57 € / animal
ASV increased slaughter value in relation to avecaye 45.80 € [ animdl
PG, animals who exhibit weight logs 0.07 propartamimals / yea
EF costs of extra feed that is required for comptarg growth 5.60 € [ animal
FR drop in feed intake during the first days ofedise 2.00 € / animal
PG, calves with lower body weight due to BTV18 0.03 proportion animals / yedr
AVC reduced price paid for calf 24.46 € [ animal
PO, reproductive animals that have a stillbirth du®10v/-8 0.004 proportion animals / yegr
FC costs incurred before sale of young calf, he.feed costs 3.5 € / animal
CD costs of Non-Steroidal Anti-Inflammatory Drugs 5.00 € / anima
A costs of antibiotic 1 25.00 €/ animal
A, costs of antibiotic 2 75.00 €/ animal
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Figure 11 gives an overview of the simulated co$tgaccination per year after 1000 iterations.
It is a RiskPert distribution with include a minimalue, a most likely value and a maximal

value. In 2008, the costs of vaccination are carsioly lower, this is because the government
subsidized a part of the costs in that year. Upwafd2009, there is no subsidizing, The costs
of the consecutive years are each year somewhhemhdue to the discounting effect. The

variation in the costs is due to the variation @nchsize of the farms. In 2008, the variation is
less than in other years, because in that yeacdbes of the vaccine are fully subsidized and
these costs are direct related to the herd sizthegoensure the greatest variation.

sty 2008 sty 2004 m— costs V2010 m— cozts W 2011
Minirnurn 137 4500 Minirnuri 297 0450 Minirnurn 3083610 Minirmurn 322 50RO
Maxirnurn 1518000 Mlaxirmurn 4949,3800 Mlaxirmurn 134040  Maxirumm B, 1840
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Figure 11: Simulated costs of vaccination per year after 1000 iterations

Figure 12 gives an overview of the simulated costdisease per year after 1000 iterations. It is
a RiskPert distribution with include a minimal vaJta most likely value and a maximal value.
Each year are the costs somewhat higher due itbeunting effect. De variation in the costs
of disease is due to the variation in herd sizéneffarms.
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Figure 12: Simulated costs of disease per year after 1000 iterations
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Probability input for the uncertain events

The probability input consist of probability of farinfection (P (1)), probability of animals
diseased (P (D)) and probability of introduction({), which are the uncertain events. Table 3,
4, 5 and 6 gives the probability input for eachryesp. 2008, 2009, 2010 and 2011. An expert
was ask to get these values (A. Elbers).

Table 3: Probability input for 2008

Praobability Value Distribution min. ml. max.

P (NI'|V) 1,00

P (1| NV, D2007) RiskPert(min;ml;max) 0,000 0,070 0,100
P (1| NV, ND2007) RiskPert(min;ml;max) 0,000 0,020 0,050
P (NI, NV) 1-P (I1|NV,D2007)-P (1| NV, NDRQ)

P (ND|V) 1,00

P (D]|NV,I) 1,00

P (ND | NV, NI) 1,00

Table 4: Probability input for 2009

Probability Value
P (NI'|V) 1,00
P (NI'| NV, V2008, ND2008) (=2009A) 1,00
P (NI | NV, NV2008, ND2008) (=2009B) 1,00
P (NI | NV, NV2008, D2008) (=2009C) 1,00
P (ND|V) 1,00
P (ND | NV) 1,00

Table5: Probability input for 2010

Probability Value Distribution min. ml. max.
P(NI|V)=1-P(1]|V) 1,00
P (1| NV, V2009, ND2009) (=2010A) RiskPert(min;mbx) 0,000 0,003 0,010
P (NI | NV, V2009, ND2009) (=2010A) 1-P (1] NV2009, ND2009)
P (I | NV, NV2009 ,ND2009) (=2010B) RiskPert(min;mhx) 0,000 0,005 0,010
P (NI | NV, NV2009, ND2009) (=2010B) 1-P (1] NMV2009, ND2009)
P(ND|V)=1-P(D|V) 1,00
P (ND | NV, I, V2009) 1,00
P (D | NV, I, NV2009) 1,00
P (ND | NV, NI) 1,00

Table 6: Probability input for 2011

Probability Value Distribution min. ml. max.
P (T) RiskPert(min;ml;max) 0,000 0,100 0,200
P (NT) 1-P(T)
P (NI |V) 1,00
P (1| NV, T, V2010, ND2010) (=2011A) RiskPert(mmim;max) 0,000 0,010 0,020
P (NI'| NV, T, V2010, ND2010) (=2011A) 1-P (IMNT, V2010, ND2010)
P (1| NV, T, NV2010, ND2010) (=2011B) RiskPert(nmii;max) 0,000 0,015 0,030
P (NI'| NV, T, NV2010, ND2010) (=2011B) 1-P (I| NV, T, NV2010, ND2010)
P (1| NV, T, NV2010, D2010) (=2011C) RiskPert(nmm;max) 0,000 0,026 0,050
P (NI'| NV, T, NV2010, D2010) (=2011C) 1- P (IYNT, NV2010, D2010)
P (NI'| NT) 1,00
P (ND|V) 1,00
P(ND|NV,T,I,V2010) 1,00
P (D|NV,T,I, NV2010) 1,00
P (ND | NV, NI) 1,00
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3.4 Analyzing the decision tree

When we analyse the BTV-8-tree, we can predict wheatfarmer will decide on whether to
vaccinate his herd against BTV-8 or not in 2008)2®010 and 2011. The Dutch government
can respond on it and can make a subsequent polmyntrol BT. We have run the BTV-8 tree
1000 times, because you need enough repetitiogstta reliable conclusion. Because the tree
was large, automatic running was not possible. &lojterations are performed by hand.
Therefore it was not possible to run the BTV-8 tme@re often.

When we solve the whole BTV-8-tree for 1000 iteyasi they give the economic
optimal decision to vaccinate 967 times, whichqsiealent to 96.7%, in 2008. The 33 farms
wherefore it is not economic better to vaccinat2d08 are all small farms (<20 dairy cows). In
2009, 2010 and 2011 all 1000 iterations suggesttmotaccinate. So, in these years it is
economic better to take the low risk that your aalgimight become diseased.

Figure 13 gives an overview of the net costs iA80As you can see, it is economic
better to decide to vaccinate, because than theasét are significantly lower. In the box plot
for the decision not to vaccinate (NV2008), there some outliers which has less net costs
than for the decision to vaccinate (V2008), thesethe small farmers (<20 dairy cows). But
there are also much outliers that result in highcosts, these are most large farmers. So, when
you decide not to vaccinate the net costs has magdhtion, because the costs of disease are
dependents highly on the herd size. The cost ofimatton dependents however also on the
herd size, but by these costs has the herd sizénlidsence.

Table 7 gives a total overview of the different idems with the related EMVSs. In this
table you can see the different net costs whichheane if you decide to vaccinate or not, with
taking into account the situation in the previogsry The net costs are split up in minimal
value, median value, mean value and maximum vdibe.last column shows the difference
between the median EMV between the decision novdccinate minus the decision to
vaccinate. In 2008 this difference has a negataleey i.e. in that year the economic optimal
decision is to vaccinate your herd. Furthermdnegugh the insertion of the situation of the
previous years, you can see what the effect is.n\jlo&i decide not to vaccinate in all years
and you got double trouble because your animalerbediseased, then the net costs are very
high (with a median of approximately 17,000 eufd)is is the result of two times disease (in
2008 and 2010, in 2009 there was no virus ciroudti This corresponds to figure 7, because
there you can see that the median of the costssefsk is approximately 8,500 euro. When
you are lucky and you decide not to vaccinate andanimals did not become diseased, your
net costs are quite low.
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Figure 13: Net costsin 2008
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Table 7: Total overview of the different decisionswith therelated EMVs: result of 1000 iterations

Decison Decision Situation previous year (s) EMV (net) costs Median
year V Vyes
2008 2009 2010 Min Median Mean M ax Vo

2008 Yes 141 197 212 553

No 53 732 920 5672 - 535
2009 Yes Y 436 516 522 698

No \Y 141 197 212 553 319

Yes NV+D 1215 8360 10216 58531

No NV+D 921 8016 9906 58322 344

Yes NV+ND 299 374 380 548

No NV+ND 4 55 70 407 319
2010 Yes \Y, V 745 872 883 1149

No \Y, \Y, 436 516 522 698 356

Yes V.  NV+ND 447 514 520 659

No V  NV+ND 141 197 212 553 317

Yes NV+D V 1522 8703 10577 58975

No NV+D V 1215 8360 10216 58531 343

Yes NV+D  NV+ND 1224 8349 10213 58526

No NV+D  NV+ND 921 8016 9905 58322 333

Yes NV+ND V 607 730 741 998

No NV+ND Y, 299 374 380 548 356

Yes NV+ND  NV+ND 309 372 377 508

No NV+ND  NV+ND 4 55 70 407 317
2011 Yes V V V 1069 1261 1278 1680

No \Y, \Y, \Y; 745 872 883 1149 389

Yes \Y vV NV+ND 759 889 901 1172

No \Y V  NV+ND 436 516 522 698 373

Yes V. NV+ND Y 770 903 914 1191

No V. NV+ND vV 447 514 520 659 389

Yes V. NV+ND NV+D 1459 9226 11258 63921

No vV NV+ND NV+D 1136 8854 10893 63535 372

Yes V  NV+ND NV+ND 461 531 537 683

No V  NV+ND NV+ND 138 155 159 257 376

Yes NV+D \Y, V 1846 9097 10972 59462

No NV+D \Y VvV 1522 8703 10577 58975 394

Yes NV+D V  NV+ND 1537 8719 10594 58996

No NV+D V  NV+ND 1215 8360 10216 58531 359

Yes NV+D  NV+ND V 1548 8733 10608 59013

No NV+D  NV+ND VvV 1224 8349 10213 58526 384

Yes NV+D  NV+ND NV+D 2236 17069 20952 121832

No NV+D  NV+ND NV+D 1913 16678 20586 121447 391

Yes NV+D  NV+ND NV+ND 1239 8366 10231 58547

No NV+D NV+ND NV+ND 917 7985 9853 58082 381

Yes NV+ND V Y 931 1119 1136 1529

No NV+ND Y, Y, 607 730 741 998 389

Yes NV+ND vV NV+ND 622 747 758 1021

No NV+ND V  NV+ND 299 374 380 548 373

Yes NV+ND  NV+ND Y 633 761 772 1040

No NV+ND  NV+ND Y 309 372 377 508 389

Yes NV+ND  NV+ND NV+D 1321 9085 11116 63773

No NV+ND  NV+ND NV+D 998 8710 10750 63387 375

Yes NV+ND NV+ND  NV+ND 324 389 395 531

No NV+ND NV+ND NV+ND 0 13 17 113 376
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3.5 Performing a sensitivity analysis

We have performed a sensitivity analysis for thebpbility of infection and the
vaccination costs. For the probability of infectianthe question: what will happen if the
chance on infection will increase? The infectionlability is only increased in this sensitivity
analysis, because these probabilities are quite Tdwg sensitivity analysis is only possible by
increasing all the infection probabilities with th@me multiplication in all years. There are two
different scenarios created. For scenario 1, &iction probabilities are multiplied two times
and for scenario 2 are all infection probabilitresiltiplied three times. These results of this
analysis, which are shown in table 8, are a logicalsequence when the infection probabilities
are increased. In the default situation nearlyfaliners vaccinate in 2008. When we increase
the probability of infection, more farmers will dde this. In 2009, all farmers don’t vaccinate,
because in that year there wasn’t any virus intctdo. In 2010 some of the large farmers will
vaccinate because of the higher chance of infechio011, none of the farmers vaccinate.

For the vaccination costs is the question: whéithajppen if the farm can vaccinate his
animals by himself, i.e. the farmer has only thetemf the vaccine. There is one scenario
created, called scenario 3. For scenario 3, thradds costs of vaccination for the farmer are:
2*HS * (V+ M + R). The results of this analysshich are shown in table 8, are a logical
consequence when we omit the veterinary costs. Kéoneers decide to vaccinate, because of
the vaccination costs are quite low compared withrisk of disease and the subsequent costs.

Table 8: Percentage of Dutch dairy farmsthat decide to vaccinate in a specific year with different scenarios.
Scenario 1 = infection probabilities multiplied two times; scenario 2 = infection probabilities multiplied
threetimes, Scenario 3 = omission the veterinary costs

% Dutch dairy farmers
Default Scenario 1 Scenario 2 Scenario 3
Year: 08 09 10 11 08 09 10 11 08 09 10 11 08 09 10 11
Farmsize |
<50 0 0O 0O O 100 0 O O 100 0 O O 100 0 9 1
50-100 97 0O 0 O 100 0 O O 100 0 O O 100 0 10 1
>100 97 0O 0 O 100 0 3 O 100 0 8 O 100 0 10 1

34



4. Conclusion and discussion

The output of the BTV-8-tree shows that the ecomoaptimal decision regarding to
vaccination is that farmers should vaccinate theird in 2008. In the subsequent years it is
economic better not to vaccinate. This seems lgdgierause if we assume that most farmers
vaccinate in 2008, the virus circulation in the toes is relatively low in the coming years
(because there are no cases whereof they can @atirtks), which result in less infective
vectors.

In 2008 the vaccination campaign was partly subsitliby the EU, so the costs of
vaccination in that year where considerably lowkant the subsequent years without
subsidizing. In addition, the farmers (and the goment) were warned by the outbreak with
the large impact in the previous year. These acenwtivations to vaccinate in 2008 and not in
another year. In 2009, there was no virus circoiain the Netherlands, probably due to the
fact that the vast majority of susceptible animvadsild have already BTV-8 antibodies through
the outbreaks in previous years and the vaccinatid2008. So vaccination wasn’'t needed in
2009. The BTV-8-tree suggests that the dairy herd(d10 and 2011 is sufficiently protected
against BTV-8, so vaccination isn’t needed. The fmabability of introduction and infection
plays hereby also a role, because if a herd widbbee diseased, the costs would be high. The
vaccination costs are significantly lower than tiosts of disease. So, if you decide not to
vaccinate, you have to be almost sure that younalsi doesn’'t become diseased (otherwise
you have high costs). When almost all farmers gigdte in one vaccination campaign (2008)
then is the risk of an outbreak in the coming y&arfiuch less likely. Because the virus
circulation is very low and the most animals haveibedies against BTV-8. Seeing the
probability of infection is very low, it is econominot optimal to vaccinate, because the
probability that your animals become diseasedn®at zero.

The introduction and infection probabilities arerché#o estimate. We have asked an
expert to get a good estimating of this probab#itiBut the future is uncertain and things can
happen which we cannot judge in advance. For exartipgre is also a risk of a major outbreak
in another EU country, which will increase the aauction and infection probability in the
Netherlands considerably. We have tried as mughoasible to take these consequences into
account. During the conversation with the expertdigeussed a lot of scenarios; hereby we
came up with for example the insertion of the idtrction probability in 2011. However, with
the sensitivity analysis is shown that the numbdiaomers that decide to vaccinate not much
change if we change the infection probabilities.e@Wtwe multiply the probabilities 3 times
(this is 300%), we see not much change with respedhe default situation. This is also
because the probabilities of infection are quite.lo

We assumed that the reason behind the optimal nettmn decision is located in the
area of herd replacement. When a herd is vaccinat@008 and a herd replacement of 33%
consists, the herd is in three years fully replaaed therefore fully susceptive to BTV-8. If we
know this, it is better to enlarge the BTV-8-trgedbfew years. In this way, we can investigate
when a farmer have to vaccinate his herd againaisg that the farmer vaccinated his herd in
2008).

The costs of vaccination are sensitive to changégen the costs of the veterinarian are
excluded, much more farmers decide to vaccinate bexd. This is an important outcome,
because most farmers are able to vaccinate hisbyetdemselves. One can develop a course
with certification that the farmer entitled to vatate his own herd. However, we must consider
that this has some constrains. Firstly, this afsplies a cost. Secondly, this strategy results in
missed costs for the veterinarian. And thirdlycan harm animal welfare, because the farmer
has less experience with applying a vaccination.
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The method which is used in the study is a goodlitodecision making. A decision
tree is easy to understand and you can use panantksributions, when you are uncertain
about the knowledge of the probability. Howeveg grobabilities are estimations, so is it not
realistic data. For the economic optimal solutiegarding to vaccination, we have run the
BTV-8-tree 1000 times. Due to practical reasonshaee run the BTV-8-tree not more often.
This was because the BTV-8-tree was too large totlhem automatically. So all iterations
were performed by hand. But 1000 iterations givegaod reflection of the situation.
Furthermore, the BTV-8 tree has restrictions, feample you cannot take all aspects into
account. In the BTV-8-tree we used rational deaisizaking. Therefore only economic and
epidemiological data are used, whereas other deciwiteria are excluded. If we extent the
BTV-8-tree and include the psychological aspects @@ risk preference of the farmer, the
results may change. Because some farmers wantxonma the animal welfare or are fully
risk averse. These farmers want to vaccinate tied every year and do not worry about the
extra costs of vaccination. Other farmers just dieanot to vaccinate, because the risk of
introduction is quite low and they want to takesthsk. This would be a good research in the
future.

The BTV-8-tree and especially the costs of vacammasind disease depends on the herd
size. When a individual farmer use the BTV-8-triee,can fill in his own herd size instead of
the distribution of the average herd size in théhBiands. In this way, he gets an farm specific
solution, so the BTV-8-tree is usable for individdacision making of a Dutch farmer.

This study can be helpful for researchers who wamto a similar study for sheeps or
for another disease. They can use the method agdensme input values of this study. Also,
the Dutch government can respond on this studycandmake a subsequent policy to control
BT. During policy making the government can usergsailts of this study. At the moment, the
Dutch policy stimulates every year to vaccinateirsgaBT, but in this study is shown that you
don’t have to vaccinate your herd every year. thage effective that all farmers vaccinate their
herd in the same year, because this result innésstive vectors, because they cannot take the
virus from the environment. In this way, BT hasat@nce to survive. When the government
one year encourage the farmers to vaccinate andekieyear they do not, more farmers will
decide to vaccinate because they save the costacofnation for one year. Thus, with this
strategy we control BT in an more efficient way qared to the situation that every year a part
of the farmers vaccinate and the vector get theodppity to spread BT among the ruminants
which are not vaccinated.
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