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Abstract
Twoalternativeemergency-vaccination strategieswithamarkervaccinethatcould havebeen
appliedinthe 1997/98DutchClassical SwineFever(CSF)epidemicwereevaluated inamodified
spatial,temporalandstochasticsimulationmodel,InterCSF.Instrategy 1,vaccination wouldonly
beappliedtoovercomeashortageindestructioncapacities.Destruction ofallpigsonvaccinated
farms distinguishesthisstrategyfrom strategy2,whichassumesintra-communitytradeof
vaccinatedpigmeat.
InterCSFsimulatesthespreadofCSFbetweenfarms throughlocalspread and3contacttypes.
Diseasespreadisaffected bycontrolmeasuresimplemented throughdifferent mechanisms.
Economicresultsweregeneratedbyaseparatemodelthatcalculatedthedirectcosts(includingthe
vaccination costs)andconsequential lossesfor farmers andrelated industries subjected tocontrol
measures.Thecomparison (usingepidemiological andeconomicresults)betweenthe different
emergency-vaccination strategieswithanearliersimulated preventive-slaughter scenarioledto
somegeneralconclusionsontheDutchCSF-epidemic.Bothemergency-vaccination strategieswere
hardlymoreefficient thanthenon-vaccination scenario.Theintra-community tradestrategy
(vaccination strategy2)wastheleastcostlyofallthreescenarios.
Keywords: Classical SwineFever;Pig-microbiological disease;Simulationmodel;Diseasecontrol;
Emergencyvaccination;Economics
1. Introduction
Outbreaksofanimaldiseasesuchasclassical swinefever (CSF)mayhavesevereconsequenceson
thenationaleconomyandaskfor adequateandimmediateresponse.Preventivevaccinationis
forbidden intheEUandemergencyvaccination isonlyallowedifallothermeasurestoeradicate
CSFfailed. However,withtheimminentintroduction ofamarkervaccine,offering thepossibility
toserologicallydistinguishinfected from vaccinatedpigs,emergency vaccination isdiscussedagain
asapossiblesupplementary controlmeasure.
We improved the simulation model InterCSF, which was developed to simulate the 1997/98
DutchCSFepidemic,(Jalvingh et al., 1999)by adding emergency-vaccination as adisease-control
mechanism. InterCSF specifically was developed to answer "what-if questions (Nielen et al.,
1999). Vaccination costs were incorporated in EpiLoss (Meuwissen et al., 1999) for the present
study, to be able to calculate the direct costs and consequential losses for farmers and related
industriessubjected tocontrolmeasures.
The main goal of this paper was to analyse the epidemiological and economic consequences of
twopossible emergency-vaccination campaigns that could havebeen used in the Dutch CSF 199798epidemic.They are compared with an earlier simulated preventive-slaughter strategy (Nielen et
al. 1999),whichwewillcall(inthispaper)the"non-vaccination"(NV)scenario.
* Corresponding author:Tel:*31-317-484065;Fax:*31-317-482745;
E-mail-address: Marie-Josee.Mangen@a!g.abe.wag-ur.nl
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2.MaterialandMethods
2.1Generaloutline
InterCSFisaspatial,temporal and stochastic simulation model (Jalvingh et al., 1999).InterCSF
simulates disease spread from day to day from infected farms through 3 contact types (animals,
vehicles,persons) and through local spread up to 1000m.All Dutchpig farms areknown bytheir
geographical co-ordinates. The main disease-control mechanisms that influence the disease spread
inInterCSFare:diagnosis of the infected farms, depopulation of infected farms, movement control
areas, tracing and preventive slaughter (see Jalvingh et al. (1999) for more details). Emergency
vaccination wasincorporated inthebasescenario suchthatitreflected thestart situation of thereal
epidemicascloselyaspossible(seeMangenetal.(2000)forfurther details).
2.2.Vaccinationeffects
Vaccination hastwoeffects: reduction invirus spread of aninfected farm andprotection against
infection ofasusceptibleherd.
Forvirusreduction onaninfected farm, twokindsofinfected farms weredistinguished.The first
categoryconsisted ofinfected farms thatwerenevervaccinated andoffarms thatwerefirst infected
and later vaccinated. The second category was farms that were vaccinated and became later
infected.
Forthefirst categoryof infected farms, weassumednoreduction invirusspread.Allparameters
remained asdescribed inJalvinghetal.(1999).Inshort,theinfectious period startedbetween 5and
10daysafter infection. Theinfectivity ofthefarm remainedthesameforthetotalinfectious period,
whichendedonthedaythatthefarmwasdepopulated.Theintervalbetweeninfection anddetection
was modelled with a single probability distribution, based on observations of the real Dutch CSF
epidemic.Theselected interval couldbeinfluenced downward bycertain events (seeTable 1).The
detection probabilities of non-vaccinated farms were used as a base to estimate the detection
probabilities for all vaccinated farms (Table 1).Vaccination as such could also influence detection
because infected farms could be detected earlier due to clinical inspection on the vaccination day.
Thedetectionprobabilitydepended onthetimesinceinfection andthesourceofinfection (Table2).
For a direct animal contact we defined a higher probability of detection for the first weeks after
infection than for all other contacts. If an infected farm was not detected during vaccination, we
assumed that the virus was spread mechanically and massively over the farm during vaccination.
After theincubation timeof 1 week,thelargenumberof sickanimalscouldagainleadtoapossible
earlier detection (Tielen; Personal communication). In both cases, we assumed that 2 days after
suspicion, the diagnosis was established. For all other events, more time consuming tests are
necessary; so, we defined 7 days after suspicion before diagnosis would be given (de Smit et al,
1999).
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Table 1.
Probability of detection based on acontrol event (such as traced contacts, surveillance, preventive
slaughter, end-screening and welfare slaughter) depending on the time since infection and the farm
specific vaccination status in amovement-restricted zone.
Time
Probability ofdetection bycontrolevent(diagnosisdate7daysafter event)
since
Traced
Surveillance
Preventive
End-screening
Welfare
infection
contacts'
(3kmradius)8
slaughter3
slaughterb
(days)
NV IVd Vf NV IVd VIe NV IVd Vf NV IVd VIe NV IVd VIe
c

0-14
15-28
29-42
>42

0
1
1
1

c

.9
1
1
1

0
0
0
0

0
0
.25
1

c

.9
1
1
1

0
0
0
0

0
1
1
1

c

.9
1
1
1

0
.5
1
1

0
.25
.5
1

c

.9
1
1
1

0
.5
1
1

0
0
0
1

.9
1
1
1

0
.5
1
1

Basedmainlyonclinical inspection.
Basedmainlyonserology.
C
NV:Novaccination;farm alreadyhasan(undetected)infection (Jalvinghetal., 1999).
d
rV:Vaccination ofafarm already infected (butnotyetdetected).
e
VI:Vaccination ofafarm whichlaterbecomes infected
b

Table2.
Probability of detection due to vaccination, relative to the time since infection on an (undetected)
infected farm and depending on the source of infection
Time between infection
entrance and
vaccination
(days)
0-14
15-28
29-42
>42
b

Probability of detection related to vaccination (diagnosis
Vaccination day b
Vaccination day a

0.05
0.5
0.9
0.99

0.25
0.9
0.99
0.99

date 2days later)
1 week after
vaccination
0.9
0.95
1
1

Farminfected bydirectanimalcontact.
Farminfected bytransport orpersoncontact.

For vaccinated farms infected after vaccination (the second category), a reduction in virus spread
was expressed by a reduction factor. This reduction factor depended on the time interval between
vaccination and infection and was modelled with a probability distribution, based on EU
experiments (see Appendix in Mangen et al. (2000)). The reduction factor was multiplied by the
probabilities of transmission for a simulated contact and for local spread.
For the farms in the second category, we assumed no change in the latent period but the
infectious period was reduced to at most 1month. Only small outbreaks typically are expected on
vaccinated farms. Assuming that vaccinated pigs show no or few clinical signs when infected,
detection could onlybeby serological screening (Table 1).
Susceptible farms also were classified in two categories: non-vaccinated and vaccinated farms.
We defined a non-vaccinated susceptible farm as one without protection against a possible
infection, whereas a vaccinated susceptible farm was partly protected. The degree of protection
depended on the time interval between vaccination and a possible infection and was expressed as a
protection factor, modelled by a probability distribution (See Appendix in Mangen et al. (2000)).
Similar to the reduction factor, the protection factor was multiplied by the probabilities of
transmission for a simulated contact and for local spread. However, if an infectious pig was moved
to a susceptible vaccinated farm, the protection factor was not considered. We assumed that this
farm always became infected but could hardly ever become infectious.
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In the EU field experiments, horizontal transmission was significantly reduced 3 weeks after
vaccination for both marker vaccines (Anonymous, 1999). In our base emergency-vaccination
scenarios, we assumed that maximum protection and reduction was reached after 21 days. For
sensitivity analysis (not shown in this paper),this time interval was reduced by 5days to 16,as well
as increased by 5 days to 26 days. In an additional analysis,only 1 week was assumed to be needed
tobuild upthe maximum protection level (simulating alive-virus vaccine).
2.3 Simulated emergency vaccination alternatives
Two emergency vaccination strategies were simulated, thedelayed destruction strategy (DD) and
the Intra-Communitytrade strategy (ICT).DD assumed no acceptation of vaccinated pig meat as
fresh meat, the actual EU policy. Destruction of allvaccinated herds distinguished DD mainly from
ICT, which assumed intra-community tradeof vaccinated pig meat.For more details seeMangen et
al. (2000).
2.4 Vaccination costs
To be abletocomparethe emergency vaccination alternatives with each other, both epidemiological
and economic parameters were needed. A separate model (EpiLoss) usingthe output of the
InterCSF model asinput generated economic results.EpiLoss calculated the direct costsrelated to
the specific events on pig farms (e.g.depopulation, welfare slaughter...) andthe consequential
economic losses suffered by the farmers andby therelated industries, subjected to control
measures.For details see (Meuwissen et al., 1999).Vaccination related costs wereconsidered asa
separate cost factor. Preparation costs travel costs and bio-security costs wereestimated tobe EUR
272per farm visit of avaccination team.The vaccine and thevaccination application costs were
estimated tobeEUR 3.10 per treated pig (EUR 2.27/vaccine and EUR 0.83/application). Inthe case
of ICT,vaccination continued on sow farms until themovement restrictions werelifted. Extra costs
to vaccinate breeding sows and newborn piglets wereassumed tobeEUR 0.19/farrowing place/day.

3. Simulation resultsand discussion
In earlier simulated non-vaccination strategies, seeNielen etal (1999),starting preventive slaughter
on the first day of detection was the most effective scenario (Table 3).Inthe real epidemic
preventive slaughter started only 2months later.
Table 3.
Key features of thereal and the simulated 97/98 Dutch CSFepidemic and of the preventive
slaughter scenario,now called non-vaccination scenario (for more details see Jalvingh et al. (1999)
and Nielen et al. (1999)).
Real epidemic or simulated
scenario
Real CSF epidemic
Simulated CSF epidemic
Non-vaccination scenario
(NV)

#

Detected
farms
429
374
70

Key features (median for simulations)
# Preventively
Duration of
slaughtered
epidemic
farms
(days)
1247
>365
743
306
450
164
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*10 6 EUR
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Table4.
Comparison of two emergency vaccination strategies for the Dutch 1997-98CSF epidemic.
Delayeddestruction (DD) Intra-communitytrade
(ICT)
50%
5%-95%
50%
5%-95%
#Detected farms
58
48-92
68
57-133
#Preventively slaughtered
1177
1084-1930
farms
Durationofepidemic(days)
108
99-177
258a
236-322
#Vaccinated farms
1038
958-1602
1135
1043-1961
Directcostspaidfor(*10bEUR):
Stampingoutinfected herds
7
5-10
10
8-15
Preventiveslaughter
141
130-184
Welfare slaughter
169
157-250
290
253-423
Breedingprohibition
5
4-7
Costsoforganisation
39
36-54
44
39-66
Consequential losses(*106
201
185-276
138
123-206
EUR)
Vaccinationcosts(*106EUR)
3
3-4
5
5-8
Total(*106EUR)
567
522-769
484
429-708
Theepidemiclengthwas 138days+ 120daysextra(post-vaccination zone),see(2)for moredetails.
Both emergency vaccination strategies were as effective asNV,but the95 percentile was less
severe for DD and ICT(Table 4)than for NV (232 detected farms). DD wasmore effective than
ICTor NV,ascan be seenby the lower number of detected farms and the shorter duration of the
epidemic,Tables 3and 4.In caseof ICT,no farm waspreventively slaughtered. ICTwas less costly
than DD orNV. Incaseof DD, thecosts for preventive slaughter and theconsequential losses for
farmers andrelated industries arehigher than for ICT.Thecost for welfare slaughter inDD is lower
compared toICT.In caseof DD, all vaccinated farms had tobepreventively slaughtered, leading to
high preventive slaughter costs;butthereduced length of theepidemic and theincreased number of
empty farms were leading tolow welfare slaughter costs.Incase of ICT,extra costs for preventive
slaughter were avoided; farms and related industries, subjected tocontrol measures, could partly
continue with theirbusiness,which reduced theirconsequential losses.
Assuming noextracostsorlossesfor thepost-vaccination zonecouldleadtoanunderestimation of
thecalculated costs for the ICT strategy. Further weused averagepigprices of 1997for welfare
slaughtering and assumed rational consumer behaviour. All three assumptions maybe too
optimistic and could leadto anunder- oroverestimation of the calculated costs and losses,
depending on themarket reactions and theconsumer behaviour.

4. Conclusion
Thecomparison of different emergency vaccination alternatives may lead to some general
conclusions onthe Dutch 1997/98CSF-epidemic.First of all vaccination costs are minor compared
to all other costs and losses that occur during an epidemic.Both emergency vaccination strategies
were atleast aseffective asthe earlier simulated most effective non-vaccination strategy.
Emergency vaccination seems tobe asafety strategy, having less severe worst replications than
earlier simulated non-vaccination scenarios. DDwas more effective than ICT,but ICT was less
costly than DD.
This paper could give us an idea what might have happened, if we would have applied emergency
vaccination as an additional control measure in the specific 97/98 Dutch CSFepidemic. On the one
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hand,ahighlydenselypopulatedpigarea.Ontheotherhand,37undetected infected farms onthe
dayofthefirstdetection.
Acknowledgement
TheauthorsthankDonKlinkenbergandArjan Stegemanforhelpwithsomeoftheparameter
estimations.Further,wethanktheSTW-usergroupfortheircontributions.Thefirst author
acknowledgesfinancial supportfrom theTechnology Foundation (STW)inUtrecht,the
Netherlands.
References
- Anonymous, 1999. Report - Large scale laboratory trial on marker vaccines against
Classical Swine Fever. (98/S 192 - 129475/EN). EU Reference Laboratory for Classical
Swine Fever, Institute of Virology, School of Veterinary Medicine Hannover, Hannover,
Germany.
- JalvinghA.W.,NielenM.,MauriceH.,StegemanA.J.,EibersA.R.W.,Dijkhuizen A.A.,
1999.Spatialandstochasticsimulation toevaluatetheimpactofeventsandcontrol
measuresonthe 1997/98classical swinefever-epidemic intheNetherlands - 1 . Description
ofsimulationmodel.PVM42, 271-295.
- MangenM.-J.J.,NielenM.,JalvinghA.W.,Dijkhuizen A.A.,2000.Simulationoftwo
different emergencyvaccinationcampaignswithmarkervaccineinthecontroloftheDutch
CSFepidemicin 1997/98.In:Thrusfield, M.V.andGoodall,E.A.(Eds.).Proceedingsofthe
annualmeetingoftheSocietyforVeterinaryEpidemiology andPreventiveMedicine,
Edinburgh,UK,pp.48-59.
- MeuwissenM.P.M.,HorstS.H.,HuirneR.B.M.,Dijkhuizen A.A., 1999.Amodelto
estimatethefinancial consequences ofclassical swinefever outbreaks:principlesand
outcomes.PVM42,249-270.
- Nielen M.,Jalvingh A.W., Meuwissen M.P.M., Horst S.H., Dijkhuizen A.A., 1999.Spatial
and stochastic simulation to evaluate the impact of events and control measures on the
1997/98 classical swine fever epidemic in the Netherlands - II. Comparison of strategies.
PVM42, 297-317.
- Smit de, A.J., Eblé, P.L., de Kluijver, E.P., Bloemraad, M., Bouma, A., 1999. Laboratory
decision-making duringtheclassical swinefever epidemicof 1997-1998intheNetherlands.
Prev.Vet.Med.42,185-199.

-138

