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Abstract:ȱMembersȱ ofȱ theȱ Pestivirusȱ genusȱ (familyȱ Flaviviridae)ȱ causeȱ severeȱ andȱ economicallyȱ
importantȱdiseasesȱ inȱ livestock.ȱSerologicalȱstudiesȱhaveȱrevealedȱtheȱpresenceȱofȱpestivirusesȱ inȱ
differentȱcervidȱspecies,ȱ includingȱwildȱandȱsemiȬdomesticatedȱEurasianȱ tundraȱreindeer.ȱ Inȱ thisȱ
retrospectiveȱstudy,ȱserumȱsamplesȱcollectedȱbetweenȱ2006ȱandȱ2008ȱfromȱ3339ȱsemiȬdomesticatedȱ
EurasianȱreindeerȱfromȱFinnmarkȱCounty,ȱNorway,ȱwereȱtestedȱforȱantiȬpestivirusȱantibodiesȱusingȱ
anȱenzymeȱlinkedȱimmunosorbentȱassayȱ(ELISA)ȱandȱaȱsubsetȱofȱtheseȱbyȱvirusȱneutralizationȱtestȱ
(VNT).ȱAȱseroprevalenceȱofȱ12.5%ȱwasȱ found,ȱvaryingȱ fromȱ0%ȱ toȱ45%ȱamongȱdifferentȱherdingȱ
districts,ȱandȱ20%ȱinȱwesternȱFinnmark,ȱasȱcomparedȱtoȱ1.7%ȱinȱeasternȱFinnmark.ȱSeroprevalenceȱ
increasedȱwithȱage.ȱPestivirusȬspecificȱRNAȱwasȱnotȱdetectedȱinȱanyȱofȱtheȱ225ȱserumȱsamplesȱtestedȱ
byȱrealȬtimeȱRTȬPCR.ȱBasedȱonȱVNTȱresults,ȱusingȱaȱpanelȱofȱoneȱbovineȱviralȱdiarrheaȱvirusȱ(BVDV)ȱ
strainȱ andȱ twoȱ borderȱ diseaseȱ virusȱ (BDV)ȱ strains,ȱ theȱ virusȱ isȱmostȱ likelyȱ aȱ reindeerȬspecificȱ
pestivirusȱcloselyȱrelatedȱtoȱBDV.ȱAȱcharacterizationȱofȱtheȱcausativeȱvirusȱandȱitsȱpathogenicȱimpactȱ
onȱreindeerȱpopulations,ȱasȱwellȱasȱitsȱpotentialȱtoȱinfectȱotherȱdomesticȱandȱwildȱruminants,ȱshouldȱ
beȱfurtherȱinvestigated.ȱ
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1.ȱIntroductionȱ ȱ

Membersȱ ofȱ theȱ Pestivirusȱ genus,ȱ belongingȱ toȱ theȱ familyȱ Flaviviridae,ȱ causeȱ severeȱ andȱ
economicallyȱimportantȱdiseasesȱinȱlivestockȱ[1]ȱsuchȱas:ȱbovineȱviralȱdiarrheaȱvirusȱ(BVDV),ȱcausingȱ
bovineȱ viralȱ diarrheaȱ (BVD)ȱ andȱ mucosalȱ diseaseȱ (MD)ȱ inȱ cattle;ȱ classicalȱ swineȱ feverȱ virusȱ
(CSFV)/hogȱ choleraȱvirus,ȱ causingȱ classicalȱ swineȱ feverȱ inȱpigs;ȱandȱborderȱdiseaseȱvirusȱ (BDV),ȱ
causingȱborderȱdiseaseȱ(BD)ȱinȱsheep.ȱ

SeveralȱserologicalȱstudiesȱhaveȱrevealedȱtheȱpresenceȱofȱpestivirusesȱinȱaȱvarietyȱofȱfreeȬrangingȱ
andȱcaptiveȱwildȱcervidȱspeciesȱ[2,3].ȱTheȱobservedȱseroȬprevalenceȱhasȱvariedȱsignificantlyȱbetweenȱ
studies,ȱgeographicȱregions,ȱcervidȱspecies,ȱandȱproximityȱtoȱotherȱruminantȱspeciesȱknownȱtoȱharborȱ
e.g.,ȱBVDVȱorȱBDVȱ[4,5].ȱ
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Aȱfewȱserologicalȱstudiesȱhaveȱbeenȱcarriedȱoutȱinȱdifferentȱreindeerȱsubspeciesȱandȱpopulationsȱ
acrossȱtheȱArcticȱregion,ȱusuallyȱtargetingȱBVDVȱbutȱallowingȱforȱsomeȱcrossȬreactivityȱwithȱotherȱ
pestiviruses.ȱ Inȱ Sweden,ȱ severalȱ studiesȱ inȱ semiȬdomesticatedȱ Eurasianȱ tundraȱ reindeerȱ (R.ȱ t.ȱ
tarandus)ȱhaveȱrevealedȱaȱprevalenceȱrangingȱfromȱ0ȱtoȱ35%ȱ[5–7].ȱInȱNorwayȱaȱstudyȱinȱseveralȱwildȱ
cervidȱspeciesȱidentifiedȱaȱprevalenceȱofȱ4.2%ȱinȱwildȱreindeerȱinȱsouthernȱNorwayȱ[8],ȱwhileȱaȱstudyȱ
ofȱ48ȱcarcassesȱofȱemaciatedȱsemiȬdomesticatedȱreindeerȱfromȱFinnmarkȱCounty,ȱNorway,ȱrevealedȱ
aȱprevalenceȱofȱ33%ȱ(BVDVȱvirusȱneutralizationȱtest;ȱVNT)ȱ[9].ȱAȱstudyȱofȱSvalbardȱreindeerȱ(R.ȱt.ȱ
platyrhynchus)ȱfromȱtheȱArcticȱArchipelagoȱofȱSvalbardȱinȱtheȱ1990sȱrevealedȱnoȱseropositiveȱanimalsȱ
[10].ȱ

PestivirusesȱhaveȱneverȱbeenȱisolatedȱfromȱwildȱorȱsemiȬdomesticatedȱreindeer.ȱHowever,ȱoneȱ
isolateȱ(ReindeerȬ1)ȱwasȱobtainedȱfromȱaȱreindeerȱthatȱdiedȱwithȱsignsȱofȱsevereȱdiarrheaȱandȱanorexiaȱ
atȱDuisburgȱZooȱinȱGermanyȱinȱ1996ȱ[11].ȱPhylogeneticȱstudiesȱhaveȱrevealedȱthatȱtheȱstrainȱwasȱmostȱ
closelyȱrelatedȱtoȱBDVȱtypeȱ2ȱ(BDVȬ2)ȱstrainsȱisolatedȱfromȱGermanȱsheepȱinȱ1999ȱandȱ2000ȱ[11,12].ȱ

Inȱanȱexperimentalȱpestivirusȱinfectionȱ(BVDVȬ1)ȱofȱreindeerȱ[13],ȱtheȱanimalsȱdisplayedȱclinicalȱ
signs,ȱsuchȱasȱserousȱandȱmucopurulentȱnasalȱdischarge,ȱbloodyȱdiarrhea,ȱlaminitis,ȱandȱcoronitis,ȱ
thusȱindicatingȱthatȱthisȱspeciesȱisȱsusceptibleȱtoȱBVDV.ȱ

Studiesȱinȱtheȱearlyȱ80sȱrevealedȱthatȱnearlyȱ30%ȱofȱtheȱdairyȱherdsȱinȱNorwayȱhadȱantibodiesȱtoȱ
BVDVȱ [14].ȱAnȱ eradicationȱ programȱ forȱ cattleȱwasȱ initiatedȱ inȱ 1992ȱwithȱ largeȬscaleȱ serologicalȱ
screeningsȱfocusingȱonȱPIȱanimalsȱandȱtheȱenforcementȱofȱrestrictionsȱandȱculling.ȱInȱNovemberȱ2006,ȱ
NorwayȱwasȱconsideredȱfreeȱofȱBVDVȱ[15,16].ȱBDȱwasȱidentifiedȱinȱbothȱsheepȱandȱgoatsȱinȱNorwayȱ
inȱtheȱearlyȱ1980s,ȱbutȱtheȱdiseaseȱwasȱassociatedȱwithȱBVDVȱstrainsȱratherȱthanȱBDVȱstrains,ȱwhichȱ
haveȱ toȱourȱknowledgeȱneverȱbeenȱ identifiedȱ inȱNorwayȱ [14,17–20].ȱEvenȱ thoughȱ theȱeradicationȱ
programȱfocusedȱonȱcattleȱalone,ȱinfectionsȱfromȱsmallȱruminantsȱhaveȱalsoȱnotȱbeenȱreportedȱsinceȱ
theȱ1990s.ȱStudiesȱinȱgoatsȱinȱNorwayȱinȱtheȱ1980sȱrevealedȱlowȱprevalenceȱforȱpestivirusȱ(3.6%)ȱ[21]ȱ
andȱonlyȱaȱsingleȱPIȱgoatȱkidȱwasȱdiagnosedȱ[19].ȱ

FinnmarkȱCountyȱhostsȱapproximatelyȱ69%ȱofȱtheȱsemiȬdomesticatedȱreindeerȱinȱNorway,ȱwithȱ
anȱestimatedȱpopulationȱinȱ2017ȱofȱ147,500ȱreindeerȱ(downȱfromȱ170,000ȱreindeerȱinȱ2006ȱandȱ188,000ȱ
inȱ2008ȱatȱtheȱtimeȱofȱsampling).ȱReindeerȱareȱkeptȱunderȱsemiȬnomadicȱhusbandryȱconditions,ȱfreeȱ
rangingȱ butȱ herdedȱwithinȱwellȬdefinedȱ husbandryȱ districts,ȱwithȱ seasonalȱmigrationsȱ betweenȱ
summerȱpasturesȱinȱcoastalȱareasȱandȱwinterȱpasturesȱonȱtheȱinlandȱmountainȱplateau.ȱAnimalsȱareȱ
usuallyȱ gatheredȱ atȱ leastȱ twiceȱ aȱ yearȱ forȱ taggingȱ calves,ȱ antiȬparasiticȱ treatment,ȱ sorting,ȱ andȱ
slaughter.ȱ

Reindeerȱ mortalityȱ inȱ Finnmarkȱ Countyȱ reachedȱ 37%ȱ amongȱ calvesȱ duringȱ theȱ yearsȱ ofȱ
2005/2006.ȱAlthoughȱpredatorsȱaccountedȱforȱtheȱmajorityȱofȱmortality,ȱ11%ȱofȱcalfȱmortalitiesȱwereȱ
ofȱunknownȱetiologyȱ[22].ȱFecundityȱofȱsemiȬdomesticatedȱreindeerȱ isȱdifficultȱtoȱevaluateȱasȱtheyȱ
usuallyȱgiveȱbirthȱunattended,ȱwhileȱscavengersȱquicklyȱremoveȱabortedȱmaterials.ȱ Itȱ isȱ thereforeȱ
difficultȱtoȱassessȱtheȱroleȱofȱabortionȱorȱweakȬbornȱcalvesȱtoȱcalfȱmortalityȱ[23].ȱ

Theȱgoalȱofȱ thisȱstudyȱwasȱ toȱconductȱaȱretrospectiveȱcrossȬsectionalȱserologicalȱscreeningȱ inȱ
selectedȱreindeerȱhusbandryȱdistricts,ȱtoȱaddressȱprevalenceȱandȱtoȱidentifyȱriskȱfactorsȱforȱbecomingȱ
infectedȱwithȱpestivirus.ȱItȱwasȱalsoȱanticipatedȱthatȱaȱstudyȱofȱthisȱnatureȱcouldȱhelpȱidentifyȱwhichȱ
pestivirusȱspeciesȱand/orȱstrainsȱareȱcirculatingȱamongȱreindeerȱinȱNorwayȱandȱifȱreindeerȱcanȱserveȱ
asȱreservoirȱhostsȱforȱvirusesȱknownȱtoȱcauseȱdiseaseȱinȱlivestock.ȱ

2.ȱMaterialsȱandȱMethodsȱ ȱ

2.1.ȱSamplingȱ

Inȱthisȱretrospectiveȱstudyȱweȱusedȱbloodȱsamplesȱcollectedȱfromȱreindeerȱ(nȱ=ȱ3339)ȱfromȱ15ȱ
summerȱherdingȱdistrictsȱ atȱ fourȱdifferentȱ slaughterhousesȱ fromȱ 2004ȱ toȱ 2008ȱduringȱ theȱwinterȱ
slaughteringȱperiodsȱinȱFinnmarkȱCounty,ȱNorway.ȱBloodȱwasȱcentrifugedȱatȱ3500ȱrpmȱforȱ15ȱminȱ
andȱseraȱcollectedȱandȱstoredȱatȱ–20ȱ°Cȱuntilȱtesting.ȱ

2.2.ȱAnimalȱDataȱ
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Informationȱ onȱ gender,ȱ age,ȱ andȱ carcassȱweightȱwasȱ collectedȱ fromȱ eachȱ herdingȱ district.ȱ
Animalsȱwereȱgroupedȱintoȱtwoȱageȱclasses:ȱcalvesȱ(ǂȱ1ȱyear)ȱandȱadultsȱ(>ȱ1ȱyear).ȱ

Forȱeachȱreindeerȱherdingȱdistrictȱincludedȱinȱtheȱstudy,ȱinformationȱonȱtotalȱavailableȱreindeerȱ
pastureȱarea,ȱnumbersȱofȱadultsȱandȱcalves,ȱandȱmortalityȱratesȱwereȱobtainedȱfromȱtheȱ2008ȱReindeerȱ
HusbandryȱAuthorityȱReportȱ[24].ȱAnimalȱdensity,ȱi.e.,ȱtheȱnumberȱofȱanimalsȱperȱsquareȱkilometerȱ
ofȱavailableȱreindeerȱsummerȱpastureȱ(n/km2),ȱwasȱcalculatedȱforȱeachȱherdingȱdistrict.ȱDistrictsȱwithȱ
animalȱdensitiesȱlowerȱthanȱtheȱmeanȱreindeerȱdensityȱforȱFinnmarkȱ(4.6/km2;ȱrange,ȱ1.02–15.93/km2)ȱ
wereȱclassifiedȱasȱ lowȬdensityȱdistricts,ȱwhereasȱthoseȱwithȱaȱdensityȱhigherȱorȱequalȱtoȱtheȱmeanȱ
wereȱclassifiedȱasȱhighȬdensityȱdistricts.ȱ

2.3.ȱEnzymeȬLinkedȱImmunosorbentȱAssayȱ(ELISA)ȱ

AntibodiesȱtoȱpestivirusȱwereȱdetectedȱusingȱaȱcommercialȱblockingȱELISAȱ(SERELISA®ȱBVDȱ
p80ȱAbȱMonoȱBlocking,ȱSynbiotics,ȱLyon,ȱFrance)ȱthatȱdetectsȱspecificȱantibodiesȱtoȱaȱproteinȱhighlyȱ
conservedȱinȱsequenceȱbetweenȱallȱstrainsȱofȱBVDVȱandȱBDVȱ(p80/125ȱnonȬstructuralȱprotein)ȱ[25,26].ȱ
Competitionȱ percentagesȱ andȱ cutȬoffȱ valuesȱ wereȱ calculatedȱ accordingȱ toȱ theȱ manufacturer’sȱ
instructionsȱ forȱ testingȱsmallȱruminantȱsamplesȱ (i.e.,ȱsheepȱandȱgoats).ȱSamplesȱwereȱclassifiedȱasȱ
positiveȱifȱtheȱcompetitionȱpercentageȱwasȱgreaterȱthanȱ40%ȱandȱdoubtfulȱifȱitȱwasȱbetweenȱ20ȱandȱ
40%.ȱ

Toȱevaluateȱtheȱkit’sȱperformanceȱwithȱreindeerȱserumȱsamples,ȱweȱincludedȱinȱadditionȱtoȱtheȱ
positiveȱ andȱ negativeȱ bovineȱ controlȱ seraȱ suppliedȱ byȱ theȱmanufactures,ȱ fourteenȱ reindeerȱ seraȱ
previouslyȱclassifiedȱasȱhavingȱpestivirusȱantibodiesȱbyȱVNTȱ[9].ȱThisȱELISAȱkitȱhasȱpreviouslyȱbeenȱ
usedȱ toȱdetectȱ antibodiesȱ againstȱpestivirusȱ inȱ redȱdeerȱ (Cervusȱ elaphus)ȱ [8],ȱ andȱ otherȱ ruminantȱ
pestivirusȱELISAȱkitsȱwithȱtheȱsameȱproteinȱasȱantigenȱhaveȱbeenȱusedȱtoȱtestȱotherȱwildȱruminantȱ
populationsȱ[5].ȱ

2.4.ȱVirusȱNeutralizationȱTestȱ(VNT)ȱ

VNTȱwasȱcarriedȱoutȱtoȱinvestigateȱtoȱwhichȱruminantȱvirusȱtheȱreindeerȱhadȱbeenȱexposed.ȱAȱ
panelȱofȱ30ȱsamples,ȱrepresentativeȱofȱsixȱdifferentȱgeographicalȱlocationsȱ(threeȱinȱeasternȱandȱthreeȱ
inȱwesternȱFinnmark),ȱbothȱageȱgroupsȱandȱbothȱgendersȱwereȱselected.ȱFromȱeachȱherdingȱdistrict,ȱ
fiveȱsamplesȱwereȱselectedȱbasedȱonȱtheȱELISAȱresults:ȱtwoȱpositive,ȱoneȱdoubtfulȱandȱtwoȱnegatives.ȱ
Aȱpanelȱofȱthreeȱdifferentȱpestivirusȱstrainsȱ(BVDVȬ1ȱstrainȱNADL;ȱBDVȬ1ȱstrainȱ137/4,ȱandȱBDVȬ2ȱ
strainȱReindeerȬ1)ȱwereȱusedȱtoȱcompareȱtheȱcapacityȱforȱneutralizationȱofȱtheȱselectedȱreindeerȱtestȱ
sera.ȱPriorȱtoȱincubationȱwithȱtheȱvirusȱstrains,ȱtheȱseraȱwereȱheatȬinactivatedȱatȱ56ȱºCȱforȱ30ȱmin.ȱTheȱ
VNTȱwasȱperformedȱasȱdescribedȱpreviouslyȱbyȱKauttoȱandȱcoȬworkersȱ[5].ȱSamplesȱwereȱconsideredȱ
positiveȱ ifȱneutralizationȱwasȱobservedȱ inȱatȱ leastȱoneȱofȱ twoȱwellsȱ (replicates)ȱatȱaȱdilutionȱǃȱ1:4.ȱ
BVDVȱnegativeȱserumȱwasȱusedȱasȱaȱnegativeȱcontrol.ȱAntiȬBVDVȱpolyclonalȱseraȱ(VLAȱWeybridge)ȱ
andȱovineȱantiseraȱraisedȱagainstȱBDVȬ1ȱstrainȱX818ȱandȱBDVȬ2ȱstrainȱReindeerȬ1ȱ[12]ȱwereȱusedȱasȱ
positiveȱcontrols.ȱ

TheȱneutralizingȱtitersȱwereȱcalculatedȱaccordingȱtoȱtheȱSpearman–Kärberȱmethodȱ[27]ȱasȱtheȱ
serumȱdilutionȱnecessaryȱtoȱneutralizeȱtheȱvirusȱinȱ50%ȱofȱtheȱcellȱcultureȱwellsȱ(effectiveȱdoseȱ50%;ȱ
ED50).ȱ

2.5.ȱRealȱTimeȱReverseȱTranscriptaseȱPolymeraseȱChainȱReactionȱ(RealȬTimeȱRTȬPCR)ȱ

Aȱtotalȱofȱ225ȱreindeerȱseraȱfromȱallȱsampledȱdistricts,ȱ15ȱsamplesȱperȱdistrict,ȱincludingȱanimalsȱ
withȱstrongȱELISAȱpositiveȱsera,ȱasȱwellȱasȱweakȱpositive,ȱdoubtful,ȱandȱnegativeȱseraȱwereȱscreenedȱ
forȱtheȱpresenceȱofȱpestivirusȱRNAȱbyȱrealȬtimeȱreverseȱtranscriptaseȱpolymeraseȱchainȱreactionȱ(realȱ
timeȱ RTȬPCR).ȱ Wheneverȱ possibleȱ theȱ followingȱ proportions,ȱ 2+1+12,ȱ betweenȱ positive/weakȱ
positive,ȱdoubtfulȱandȱnegativeȱanimalsȱwereȱusedȱwhenȱselectingȱsamplesȱperȱdistrict,ȱresultingȱinȱ
aȱtotalȱofȱ185ȱseronegative,ȱ14ȱdoubtful,ȱandȱ26ȱseropositiveȱsamplesȱbeingȱtestedȱbyȱrealȬtimeȱRTȬ
PCR.ȱTotalȱRNAȱwasȱextractedȱusingȱQIAamp®ȱViralȱRNAȱMiniȱKitȱ(Qiagen,ȱVenlo,ȱTheȱNetherlands)ȱ
accordingȱ toȱ theȱ manufacturer’sȱ instructionsȱ andȱ elutedȱ inȱ aȱ finalȱ volumeȱ ofȱ 40ȱ ΐL.ȱ Reverseȱ
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transcriptionȱwasȱcarriedȱoutȱwithȱtheȱiScript™ȱcDNAȱsynthesisȱkitȱ(randomȱhexamerȱprimers)ȱfromȱ
BioRadȱ(Hercules,ȱCA,ȱUSA)ȱusingȱtheȱprotocolȱsuppliedȱbyȱtheȱmanufacturerȱ[5].ȱForȱtheȱfollowingȱ
realȬtimeȱPCR,ȱweȱusedȱtheȱpanȬpestivirusȱprimersȱOPES13A:ȱ5ȝȬGCTAGCCATGCCCTTAGTAGGAȱ
Ȭ3ȝȱ andȱ OPES14A:ȱ 5ȝȬȱ ATCAACTCCATGTGCCATTTACAGCȱ Ȭ3ȝȱ atȱ recommendedȱ primerȱ
concentrationsȱ[28]ȱandȱtheȱiQ™ȱSYBR®ȱGreenȱSupermixȱfromȱBioRadȱ(CA,ȱUSA),ȱinȱaȱtotalȱvolumeȱ
ofȱ20ȱΐlȱofȱPCRȱmixȱandȱ5ȱΐlȱofȱtemplateȱ(cDNA)ȱ[5].ȱTheȱPCRȱcyclingȱconditionsȱappliedȱwereȱasȱ
follows:ȱprimaryȱdenaturationȱatȱ95ȱºCȱforȱ10ȱmin,ȱandȱ40ȱtwoȬstepȱamplificationȱcyclesȱatȱ95ȱºCȱforȱ
15ȱsȱandȱatȱ60ȱºCȱforȱ1ȱmin.ȱAmplificationȱproductsȱwereȱverifiedȱforȱeachȱrunȱusingȱaȱmeltingȱcurveȱ
analysisȱofȱtheȱgradientȱofȱtemperatureȱbetweenȱ55ȱºCȱandȱ95ȱºC,ȱafterȱtheȱfinalȱcycle.ȱInȱaddition,ȱtheȱ
sizesȱofȱtheȱampliconsȱwereȱverifiedȱbyȱvisualizationȱinȱ1.5%ȱagaroseȱgel.ȱ

2.6.ȱStatisticalȱAnalysesȱ

StatisticalȱanalysisȱwasȱcarriedȱoutȱusingȱStata/SEȱ14ȱforȱWindowsȱ(StataȱCorp.,ȱCollegeȱStation,ȱ
TXȬUSA).ȱ Aȱ nonȬparametricȱ kernelȱ densityȱ estimationȱ ofȱ theȱ probabilityȱ densityȱ functionȱ forȱ
seroprevalenceȱwasȱperformedȱ toȱ analyzeȱ theȱdistributionȱ ofȱ serologicalȱ statusȱ betweenȱ samplesȱ
classifiedȱasȱpositive,ȱnegative,ȱorȱdoubtfulȱandȱtoȱdetermineȱwhetherȱdifferentȱcutȬoffȱcalculationsȱ
wouldȱhaveȱsignificantȱeffectsȱonȱresults.ȱ

Weightȱwasȱclassifiedȱintoȱ10ȱquantilesȱaccordingȱtoȱageȱandȱseroprevalenceȱinȱorderȱtoȱassessȱ
theȱrelationshipȱbetweenȱageȱandȱcarcassȱweightȱandȱtoȱverifyȱthatȱthereȱwereȱnoȱmajorȱdiscrepancies.ȱ

Prevalenceȱestimatesȱwereȱestablishedȱusingȱ theȱsurveyȱcommandsȱofȱSTATA;ȱwhereȱdistrictȱ
wasȱtheȱprimaryȱsamplingȱunitȱforȱtheȱmodelȱandȱdataȱwereȱstratifiedȱaccordingȱtoȱgeographicalȱarea,ȱ
carcassȱweight,ȱ andȱ ageȱ class.ȱ Estimatesȱwereȱ correctedȱ usingȱ theȱ followingȱ sampleȱweightingȱ
procedure:ȱ1/(Nȱsampledȱreindeer/Nȱtotalȱreindeerȱperȱdistrict).ȱ

Aȱmultivariableȱlogisticȱregressionȱmodelȱwasȱestablishedȱusingȱaȱbackwardsȱprocedureȱaddingȱ
initiallyȱ allȱ biologicalȱ andȱ ecologicalȱ variablesȱ (gender,ȱ age,ȱ weight,ȱ geographicalȱ area,ȱ animalȱ
density,ȱandȱyearȱofȱsampling)ȱandȱsubsequentlyȱremovingȱthoseȱwithȱaȱpȬvalueȱofȱtheȱlikelihoodȬ
ratioȱ testȱ>0.05.ȱDistrictȱwasȱusedȱasȱaȱclusterȱvariableȱ inȱ theȱanalysesȱandȱsampleȱweightingȱwasȱ
performedȱasȱforȱtheȱprevalenceȱestimates.ȱTheȱHosmerȱandȱLemeshowȱtestȱforȱgoodnessȱofȱfitȱwasȱ
carriedȱ outȱ [29].ȱ Aȱ classificationȱ tableȱ forȱ sensitivityȱ andȱ specificityȱ andȱ aȱ receivingȱ operatingȱ
characteristicȱ(ROC)ȱcurveȱwasȱcalculatedȱtoȱassessȱtheȱpredictiveȱqualitiesȱofȱtheȱmodel.ȱ

ELISAȱandȱVNTȱtiterȱresultsȱwereȱcategorizedȱasȱfollows:ȱELISAȱasȱpositiveȱifȱǃȱ40%,ȱotherwiseȱ
negative,ȱandȱVNTȱasȱpositiveȱifȱtiterȱǃȱ1:4,ȱotherwiseȱnegative.ȱTheȱagreementȱbetweenȱELISAȱandȱ
VNTȱresultsȱwasȱmeasuredȱusingȱtheȱCohen’sȱkappaȱ(Ύ)ȱtest.ȱAȱthresholdȱofȱpȱ=ȱ0.05ȱwasȱusedȱwhenȱ
appropriate.ȱ

3.ȱResultsȱ

3.1.ȱOverallȱResultsȱ

TheȱELISAȱclassifiedȱ418ȱofȱtheȱ3339ȱreindeerȱsamplesȱasȱpositiveȱ(12.5%)ȱwithȱanȱadditionalȱ89ȱ
samplesȱclassifiedȱasȱdoubtful.ȱTheȱdistributionȱofȱtheȱpercentageȱcompetitionȱvaluesȱofȱtheȱELISAȱ
results,ȱusingȱkernelȱdensityȱestimation,ȱisȱshownȱinȱFigureȱ1.ȱPositiveȱandȱnegativeȱresultsȱformedȱ
twoȱclearlyȱdistinguishableȱclustersȱandȱtheȱpositiveȱresultsȱwereȱconcentratedȱaboveȱaȱcompetitionȱ
percentageȱofȱ70%.ȱ ȱ

TheȱoverallȱseroprevalenceȱbyȱherdingȱdistrictȱlevelȱisȱshownȱinȱTableȱ1ȱandȱFigureȱ2Aȱ(calves)ȱ
andȱFigureȱ2Bȱ(adults).ȱSeroprevalenceȱvariedȱfromȱ0%ȱinȱdistrictȱ13ȱtoȱ44.8%ȱinȱdistrictȱ34.ȱTableȱ1ȱ
furtherȱ showsȱ animalȱdensitiesȱ andȱ theȱmeanȱ carcassȱweightsȱ accordingȱ toȱdistrict,ȱwhichȱ takenȱ
togetherȱareȱgoodȱ indicatorsȱofȱasymmetriesȱ inȱsampleȱcomposition.ȱSeroprevalenceȱ (ELISA)ȱwasȱ
1.7%ȱinȱeasternȱFinnmarkȱandȱ20.0%ȱinȱwesternȱFinnmark.ȱ ȱ

Extrapolationȱbasedȱonȱtheȱinverseȱofȱtheȱnumberȱofȱanimalsȱsampledȱperȱdistrictȱdividedȱbyȱtheȱ
totalȱnumberȱofȱanimalsȱinȱtheȱrespectiveȱdistrictȱshowedȱthatȱtheȱsamplesȱincludedȱinȱthisȱserosurveyȱ
wereȱ representativeȱ ofȱ 111,224ȱ animals,ȱ accountingȱ forȱ 66.0%ȱ ofȱ theȱ totalȱ reindeerȱpopulationȱ inȱ
FinnmarkȱCounty.ȱTheȱoverallȱseroprevalenceȱwasȱ12.5ȱtoȱ15.2%ȱbeforeȱextrapolationȱandȱ8.2ȱtoȱ10.2%ȱ
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afterȱextrapolation.ȱTheȱseroprevalenceȱrangedȱfromȱ1.9ȱtoȱ2.8%ȱinȱeasternȱFinnmarkȱandȱfromȱ18.1ȱ
toȱ21.2%ȱinȱwesternȱFinnmark.ȱ
ȱ
ȱ

ȱ
ȱ

Figureȱ1.ȱDistributionȱofȱpercentageȱcompetitionȱvaluesȱforȱ3339ȱreindeerȱseraȱtestedȱforȱantibodiesȱ
againstȱruminantȱpestivirusȱusingȱanȱELISA.ȱTheȱdensityȱcurveȱrepresentsȱaȱkernelȱestimationȱofȱtheȱ
probabilityȱdensity.ȱTheȱELISAȱcutȬoffȱvaluesȱareȱindicatedȱinȱtheȱgraphȱbyȱverticalȱlines;ȱtheȱdashedȱ
lineȱ(left)ȱindicatesȱaȱnegativeȱcutȬoffȱvalueȱofȱ20%ȱandȱtheȱdashȬdotȱlineȱ(right)ȱrepresentsȱaȱpositiveȱ
cutȬoffȱvalueȱofȱ40%.ȱPercentageȱcompetitionȱvaluesȱbetweenȱ20%ȱandȱ40%ȱwereȱconsideredȱdoubtful.ȱ
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ȱ
(a)ȱ

ȱ
(b)ȱ

Figureȱ2.ȱSeroprevalenceȱofȱpestivirusȱinfectionȱaccordingȱtoȱherdingȱdistrictȱandȱageȱgroupȱ(Mapȱa:ȱ
calves;ȱmapȱb:ȱadults)ȱinȱFinnmarkȱCounty,ȱNorway.ȱTablesȱ1ȱandȱ2ȱprovideȱdetailedȱinformationȱonȱ
ageȱdistributionȱwithinȱdistrictsȱthatȱshouldȱbeȱconsideredȱwhenȱextrapolatingȱtheȱseroprevalenceȱtoȱ
theȱgeneralȱpopulationȱinȱeachȱdistrict.ȱTheȱborderȱbetweenȱwesternȱandȱeasternȱFinnmarkȱisȱbetweenȱ
districtsȱ16ȱandȱ14A.ȱ

 ȱ
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Tableȱ1.ȱDistributionȱofȱruminantȱpestivirusȱseroprevalenceȱaccordingȱtoȱreindeerȱherdingȱdistrictȱinȱ
FinnmarkȱCounty,ȱNorwayȱ

Areaȱ Districtȱ Densityȱ Weightȱ Ageȱ Seroprevalenceȱ

ȱ ȱ (n/km2)ȱ Meanȱ (C/A)aȱ Nȱ+/totalȱ
(doubt)bȱ

(%)cȱ 95%ȱCIdȱ

Ea
st
ȱ

5Aȱ 1.0ȱ 20.3ȱ 90/33ȱ 1/185ȱ(1)ȱ 0.5ȱȬȱ1.1ȱ [0ȱ–ȱ2.6]ȱ
5Bȱ 4.2ȱ ȬȬȬeȱ 20/53ȱ 1/73ȱ(1)ȱ 1.4ȱȬȱ2.7ȱ [0ȱ–ȱ6.5]ȱ
6ȱ 2.1ȱ 19.5ȱ 110/5ȱ 4/119ȱ(1)ȱ 3.4ȱȬȱ4.2ȱ [0.1ȱ–ȱ7.8]ȱ
7ȱ 1.4ȱ 24.7ȱ 45/23ȱ 12/73ȱ(2)ȱ 16.4ȱȬȱ19.2ȱ [7.9ȱ–ȱ28.3]ȱ
13ȱ 4.4ȱ 21.8ȱ 175/73ȱ 0/256ȱ(2)ȱ 0ȱȬȱ0.8ȱ [0ȱ–ȱ1.9]ȱ
14Aȱ 4.3ȱ 31.8ȱ 10/56ȱ 1/66ȱ(0)ȱ 1.5ȱ [0ȱ–ȱ4.5]ȱ
16ȱ 7.9ȱ 24.2ȱ 150/426ȱ 4/588ȱ(7)ȱ 0.7ȱȬȱ1.9ȱ [0ȱ–ȱ3.0]ȱ

Eȱsubtotalȱ 2.9ȱ 23.5ȱ 600/699ȱ 23/1360ȱ(14)ȱ 1.7ȱȬȱ2.7ȱ [1.0ȱ–ȱ3.6]ȱ

W
es
tȱ

19ȱ 4.7ȱ ȱ 245/38ȱ 19/283ȱ(5)ȱ 6.7ȱȬȱ8.5ȱ [3.8ȱ–ȱ11.7]ȱ
27ȱ 14.9ȱ 20.9ȱ 211/241ȱ 74/452ȱ(13)ȱ 16.4ȱȬȱ19.2ȱ [13.0ȱ–ȱ22.9]ȱ
29ȱ 6.0ȱ 35.9ȱ 1/42ȱ 18/43ȱ(1)ȱ 41.9ȱȬȱ44.2ȱ [26.9ȱ–ȱ59.2]ȱ
33ȱ 11.2ȱ 23.9ȱ 10/145ȱ 71/234ȱ(15)ȱ 30.3ȱȬȱ36.8ȱ [24.4ȱ–ȱ42.9]ȱ
34ȱ 11.5ȱ 23.7ȱ 63/163ȱ 162/362ȱ(25)ȱ 44.8ȱȬȱ51.7ȱ [39.6ȱ–ȱ56.8]ȱ
35ȱ 5.5ȱ 19.2ȱ 194/28ȱ 4/224ȱ(5)ȱ 1.8ȱȬȱ4.0ȱ [0ȱ–ȱ6.6]ȱ
36ȱ 3.9ȱ 25.9ȱ 49/131ȱ 5/202ȱ(0)ȱ 2.5ȱ [0.3ȱ–ȱ4.6]ȱ
40ȱ 15.9ȱ 24.5ȱ 2/177ȱ 42/179ȱ(11)ȱ 23.5ȱȬȱ29.6ȱ [17.2ȱ–ȱ36.3]ȱ

Wȱsubtotalȱ 6.6ȱ 22.9ȱ 775/965ȱ 395/1979ȱ(75)ȱ 20.0ȱȬȱ23.7ȱ [18.2ȱ–ȱ25.6]ȱ
Totalȱ 4.1ȱ 23.2ȱ 1375/1634ȱ 418/3339ȱ(89)ȱ 12.5ȱȬȱ15.2ȱ [11.4ȱ–ȱ16.4]ȱ

aȱAgeȱdistributionȱbetweenȱcalvesȱ(ǂ1ȱyear)ȱandȱadultsȱ(>1ȱyear).ȱInformationȱonȱageȱwasȱonlyȱavailableȱ
forȱ 3009ȱ animals.ȱ bȱBracketedȱvaluesȱ representȱ theȱnumberȱofȱ animalsȱ classifiedȱ asȱdoubtfulȱ afterȱ
retesting.ȱ cȱSeroprevalenceȱ isȱpresentedȱ asȱ anȱ intervalȱbetweenȱ%ȱ calculatedȱ fromȱELISAȱpositiveȱ
animalsȱonlyȱandȱ%ȱincludingȱallȱdoubtfulȱresultsȱasȱpositives.ȱdȱConfidenceȱintervalsȱcalculatedȱforȱ
theȱmaximumȱintervalȱwhenȱanimalsȱclassifiedȱasȱdoubtfulȱwereȱincludedȱasȱifȱtheyȱwereȱpositive.ȱeȱ

Noȱinformationȱregardingȱweightȱwasȱavailableȱforȱanimalsȱsampledȱinȱdistrictȱ5B.ȱ

3.2.ȱAgeȱClassificationȱandȱWeightȱClassesȱ

Seroprevalenceȱincreasedȱfromȱtheȱlowestȱweightȱclassȱ(quantileȱ1;ȱseroprevalenceȱ=ȱ3.7%)ȱtoȱtheȱ
highestȱweightȱclassȱ(quantileȱ10;ȱseroprevalenceȱ=ȱ21.4%).ȱTableȱ2ȱshowsȱtheȱrelationshipsȱbetweenȱ
carcassȱweightȱandȱseroprevalenceȱwhenȱcarcassȱweightȱwasȱstratifiedȱintoȱ10ȱquantiles.ȱ

Tableȱ2.ȱDistributionȱofȱseroprevalenceȱinȱ10ȱcarcassȱweightȱquantilesȱandȱclassificationȱofȱageȱ

Carcassȱweightȱ ȱ Numberȱofȱanimalsȱ ȱ ȱ Seroprevalenceȱ
Quantileȱ Meanȱ(kg)ȱ [Min–Max]ȱ(kg)ȱ ȱ Calvesȱ Adultsȱ ȱ ȱ Nȱ %ȱ 95%ȱCIȱ

1ȱ 13.9ȱ [9.2–15.7]ȱ ȱ 352ȱ 5ȱ ȱ ȱ 22ȱ 6.2ȱ [3.7–8.7]ȱ
2ȱ 16.8ȱ [15.7–17.7]ȱ ȱ 255ȱ 18ȱ ȱ ȱ 13ȱ 4.8ȱ [2.2–7.3]ȱ
3ȱ 18.7ȱ [17.7–19.5]ȱ ȱ 232ȱ 34ȱ ȱ ȱ 13ȱ 4.9ȱ [2.3–7.5]ȱ
4ȱ 20.7ȱ [19.5–21.2]ȱ ȱ 195ȱ 95ȱ ȱ ȱ 18ȱ 6.2ȱ [3.4–9.0]ȱ
5ȱ 22.1ȱ [21.2–22.9]ȱ ȱ 142ȱ 182ȱ ȱ ȱ 36ȱ 11.1ȱ [7.7–14.5]ȱ
6ȱ 23.8ȱ [22.9–24.8]ȱ ȱ 108ȱ 236ȱ ȱ ȱ 47ȱ 13.7ȱ [10.0–17.3]ȱ
7ȱ 25.9ȱ [24.8–27.0]ȱ ȱ 65ȱ 281ȱ ȱ ȱ 55ȱ 16.0ȱ [12.1–20.0]ȱ
8ȱ 27.9ȱ [27.0–29.0]ȱ ȱ 15ȱ 269ȱ ȱ ȱ 59ȱ 20.8ȱ [16.0–25.5]ȱ
9ȱ 30.5ȱ [29.0–32.3]ȱ ȱ 11ȱ 247ȱ ȱ ȱ 41ȱ 15.9ȱ [11.4–20.4]ȱ
10ȱ 38.9ȱ [32.3–69.7]ȱ ȱ 1ȱ 265ȱ ȱ ȱ 45ȱ 16.9ȱ [12.4–21.4]ȱ

Dataȱfromȱ3008ȱanimalsȱwereȱusedȱsinceȱdataȱonȱweightȱandȱageȱwereȱnotȱavailableȱforȱallȱanimals.ȱ
Animalsȱwereȱclassifiedȱasȱcalvesȱ(ǂ1ȱyearȱold)ȱorȱadultsȱ(>ȱ1ȱyearȱold).ȱ

ȱ

ȱ
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3.3.ȱFactorsȱAffectingȱSeroprevalenceȱ

Carcassȱweightȱwasȱpositivelyȱcorrelatedȱwithȱseroprevalenceȱinȱcalvesȱandȱadultsȱupȱtoȱ35ȱkg,ȱ
irrespectiveȱofȱgenderȱorȱgeographicalȱ locationȱ (Tableȱ2).ȱNoȱ interactionsȱwereȱdetectedȱbetweenȱ
carcassȱweightȱandȱanyȱofȱtheȱotherȱvariables.ȱ

Theȱlogisticȱregressionȱmodelȱ(Tableȱ3)ȱshowedȱthatȱgeographicȱlocation,ȱageȱandȱgenderȱaffectedȱ
seroprevalenceȱ toȱ differingȱ extents.ȱ Ageȱ (oddsȱ ratioȱ =ȱ 5.57,ȱ CIȱ [2,668–11,629])ȱ clearlyȱ affectedȱ
seroprevalenceȱwithȱadultȱanimalsȱhavingȱaȱmuchȱhigherȱchanceȱofȱbeingȱseropositiveȱthanȱcalves.ȱ
Geographicȱ locationȱhadȱaȱminimalȱeffectȱ (oddsȱratioȱ=ȱ0.084),ȱwithȱanimalsȱ inȱwesternȱFinnmarkȱ
havingȱaȱslightlyȱhigherȱchanceȱofȱbeingȱpositive.ȱConcerningȱgenderȱthereȱseemedȱtoȱbeȱaȱslightlyȱ
higherȱchanceȱofȱmalesȱbeingȱpositiveȱthanȱfemalesȱ(oddsȱratioȱ=ȱ0.472).ȱDifferencesȱinȱseroprevalenceȱ
betweenȱvariationsȱinȱanimalȱdensityȱbyȱdistrictȱorȱyearȱofȱsamplingȱwereȱnotȱstatisticallyȱsignificantȱ
(pȱ>ȱ0.05).ȱ ȱ

Noneȱofȱ theȱadditionalȱ testsȱ indicatedȱ thatȱ theȱmodelȱdidȱnotȱ fitȱ theȱdata.ȱTheȱHosmerȱandȱ
LemeshowȱgoodnessȱofȱfitȱtestȱhadȱaȱchiȬsquareȱvalueȱofȱ0.46ȱandȱaȱpȱvalueȱofȱ0.977ȱ(inȱthisȱinstance,ȱ
theȱpȱvalueȱisȱsignificantȱifȱitȱisȱgreaterȱthanȱ0.05),ȱimplyingȱthatȱtheȱmodel’sȱestimatesȱfittedȱtheȱdataȱ
atȱanȱacceptableȱlevel.ȱ ȱ

Aȱclassificationȱtableȱwasȱcompiledȱtoȱdetermineȱtheȱaccuracyȱofȱtheȱlogisticȱregressionȱmodel.ȱ
ForȱaȱcutȬoffȱvalueȱofȱ50%ȱprobabilityȱ (pȱ=ȱ0.5),ȱ theȱmodelȱcorrectlyȱpredictedȱ theȱclassificationȱofȱ
88.4%ȱofȱtheȱsamples.ȱTheȱareaȱunderȱtheȱROCȱcurveȱwasȱ0.81.ȱ

Tableȱ3.ȱLogisticȱregressionȱmodelȱforȱriskȱfactorsȱassociatedȱwithȱbecomingȱinfectedȱwithȱpestivirusȱ

Pestivirusȱ
seroprevalenceȱ

Oddsȱ
Ratioȱ RobustȱSEȱ zȱ ȱ P>|z|ȱ ȱ 95%ȱCIȱ

Regionȱ(westȱtoȱeast)ȱ 0.084ȱ 0.062ȱ Ȭ3.36ȱ ȱ 0.001ȱ ȱ [0.020–0.356]ȱ
Ageȱ(calvesȱtoȱadults)ȱ 5.570ȱ 2.092ȱ 4.57ȱ ȱ <0.0001ȱ ȱ [2.668–11.629]ȱ

Genderȱ(maleȱtoȱfemale)ȱ 0.472ȱ 0.167ȱ Ȭ2.12ȱ ȱ 0.034ȱ ȱ [0.236–0.944]ȱ
Constantȱ 0.093ȱ 0.038ȱ Ȭ5.82ȱ ȱ <0.0001ȱ ȱ [0.042–0.207]ȱ

No.ȱofȱobservationsȱ 3009ȱ ȱ ȱ ȱ ȱ ȱ ȱ
Theȱstandardȱerrorȱwasȱadjustedȱforȱ15ȱclustersȱoverȱdistricts.ȱ
pȱvaluesȱ<ȱ0.05ȱwereȱregardedȱasȱstatisticallyȱsignificant.ȱ ȱ

NonȬsignificantȱinteractionsȱwereȱremovedȱfromȱtheȱmodelȱ

3.4.ȱVirusȱNeutralizationȱTestȱ(VNT)ȱ

VNTȱ resultsȱ areȱ summarizedȱ inȱ Tableȱ 4,ȱ inȱ whichȱ theȱ ED50ȱ valuesȱ areȱ presentedȱ asȱ theȱ
neutralizingȱtiterȱthatȱcorrespondedȱwithȱtheȱrespectiveȱlog2ȱED50.ȱVNTȱshowedȱthatȱsamplesȱnegativeȱ
accordingȱ toȱ theȱELISAȱwereȱunableȱ toȱneutralizeȱanyȱofȱ theȱruminantȱpestiviruses,ȱ thusȱbeingȱ inȱ
concordanceȱwithȱtheȱELISAȱresultsȱforȱtheseȱsamples.ȱDoubtfulȱsamplesȱhadȱonȱaverageȱlowȱtitersȱ
forȱBDV1ȱandȱBDV2ȱandȱnoneȱagainstȱBVDV1.ȱAllȱsamplesȱthatȱwereȱpositiveȱaccordingȱtoȱtheȱELISAȱ
hadȱhigherȱneutralizationȱ titersȱ forȱBDV1ȱ (averageȱ1:126)ȱandȱBDV2ȱ (averageȱ1:131)ȱ thanȱBVDV1ȱ
(averageȱ1:19).ȱTitersȱagainstȱBDV1ȱandȱBDV2ȱwereȱusuallyȱveryȱcloseȱtoȱeachȱotherȱ(withinȱ1ȱlogȱandȱ
nonȬstatisticallyȱrelevant),ȱwithȱtheȱexceptionȱofȱdistrictȱ16ȱwhereȱneutralizingȱtitersȱagainstȱBDV1ȱ
wereȱnotȱobserved.ȱ ȱ

TitersȱagainstȱBVDV1ȱwereȱconsistentlyȱmuchȱlowerȱinȱeveryȱdistrictȱthanȱthoseȱobservedȱforȱ
BDV1ȱandȱBDV2.ȱNoȱserumȱsampleȱneutralizedȱBVDV1ȱatȱaȱhigherȱdilutionȱthanȱitȱneutralizedȱtheȱ
BDV1ȱandȱBDV2.ȱ

Statisticalȱ analysisȱ ofȱ theȱ agreementȱ betweenȱ ELISAȱ andȱ VNTȱ showedȱ aȱ goodȱ correlationȱ
betweenȱtheȱtwoȱtests,ȱwhereȱsamplesȱwithȱincreasingȱcompetitionȱabilityȱ(ELISA)ȱalsoȱhadȱincreasingȱ
VNTȱtiters.ȱTheȱbestȱcorrelationȱbetweenȱtheȱELISAȱandȱtheȱVNTȱwasȱfoundȱwhenȱBDV2ȱwasȱusedȱ
inȱ theȱVNTȱ (Ύ=ȱ0.580ȱ forȱELISAȱandȱBVDV;ȱΎ=0.723ȱ forȱELISAȱandȱBDV1;ȱΎ=0.862ȱ forȱELISAȱandȱ
BDV2).ȱ

ȱ
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Tableȱ4.ȱVirusȱneutralizationȱtestȱofȱreindeerȱseraȱsamplesȱforȱruminantȱpestivirusesȱ

ȱ ȱ ELISAȱ ȱ VNTȱ(xࡄȱtiter)ȱ

Regionȱ Districtȱ xࡄȱ
%ȱcompet.ȱ ȱ BVDVȱ

NADLȱ
BDV1ȱ
137/4ȱ

BDV2ȱ
ReindeerȬ1ȱ

Eastȱ
5ȱ 64.8ȱ ȱ 6ȱ 68ȱ 130ȱ
7ȱ 78.4ȱ ȱ 12ȱ 192ȱ 96ȱ
16ȱ 76.2ȱ ȱ 6ȱ 6ȱ 192ȱ

Westȱ
19ȱ 84.2ȱ ȱ 66ȱ 264ȱ 132ȱ
34ȱ 85.5ȱ ȱ 6ȱ 160ȱ 144ȱ
40ȱ 79.5ȱ ȱ 18ȱ 128ȱ 160ȱ

ȱ
TOTALȱ
(positives)ȱ

78.1ȱ ȱ 19ȱ 136ȱ 142ȱ

ȱ
Doubtfulȱ

(allȱdistricts)ȱ
33.5ȱ ȱ 7ȱ 33ȱ 24ȱ

ȱ
Negativeȱ

(allȱdistricts)ȱ
Ȭ68.0ȱ ȱ <4ȱ <4ȱ <4ȱ

Aȱpanelȱofȱ30ȱsamplesȱrepresentativeȱofȱdifferentȱgeographicalȱlocations.ȱBothȱageȱgroupsȱandȱbothȱ
gendersȱwereȱselected.ȱFromȱeachȱdistrict,ȱfiveȱsamplesȱwereȱselectedȱbasedȱonȱtheȱELISAȱresults:ȱtwoȱ
seropositive,ȱoneȱdoubtful,ȱandȱtwoȱseronegative.ȱTheȱneutralizingȱtitersȱwereȱcalculatedȱaccordingȱ
toȱtheȱSpearman–Kärberȱmethodȱasȱtheȱserumȱdilutionȱnecessaryȱtoȱneutralizeȱtheȱvirusȱinȱ50%ȱofȱtheȱ
wellsȱ(effectiveȱdoseȱ50%;ȱED50).ȱAverageȱtitersȱwereȱcalculatedȱperȱdistrict.ȱ

3.5.ȱRealtimeȱRTȬPCRȱ

Noneȱofȱ theȱ reindeerȱ serumȱ samplesȱselectedȱ forȱ realȱ timeȱRTȬPCRȱwereȱpositive.ȱPestivirusȱ
positiveȱ controlsȱwereȱpositive,ȱwithȱ anȱ ampliconȱ ofȱ theȱ expectedȱ sizeȱ ofȱ aroundȱ 295ȱ baseȱpairsȱ
confirmedȱbyȱelectrophoresis.ȱ

4.ȱDiscussionȱ

TheȱpresenceȱofȱseropositiveȱanimalsȱinȱseveralȱdistrictsȱacrossȱeasternȱandȱwesternȱFinnmarkȱ
confirmedȱthatȱaȱpestivirusȱisȱenzooticȱamongȱsemiȬdomesticatedȱreindeerȱinȱNorway.ȱVNTȱresultsȱ
seemȱtoȱindicateȱthatȱtheȱvirusȱisȱmoreȱcloselyȱrelatedȱtoȱBDVȱthanȱtoȱBVDV1.ȱ

SerumȱsamplesȱclassifiedȱasȱpositiveȱandȱnegativeȱinȱtheȱELISAȱcomprisedȱtwoȱclearlyȱseparatedȱ
clusters,ȱwhereasȱ theȱprobabilityȱ ofȱ aȱ sampleȱ beingȱdoubtfulȱ (i.e.,ȱ 20–40%ȱ competition)ȱwasȱ lowȱ
(Figureȱ1).ȱFurthermore,ȱallȱsamplesȱclassifiedȱasȱnegativeȱinȱtheȱELISAȱandȱsubsequentlyȱtestedȱinȱ
theȱVNTȱfailedȱtoȱneutralizeȱtheȱactualȱvirusȱtested.ȱThus,ȱweȱbelieveȱthatȱtheȱELISAȱcutȬoffȱvaluesȱ
chosenȱwithȱthisȱserologicalȱkitȱcanȱbeȱappliedȱwhenȱtestingȱreindeerȱsamples.ȱTheȱviralȱenvelopeȱ
nonȬstructuralȱproteinȱp80ȱisȱhighlyȱconservedȱbetweenȱtheȱdifferentȱBVDVȱstrainsȱandȱrepresentsȱ
oneȱofȱtheȱmostȱimportantȱmarkersȱofȱcpȱBVDVȱ[25,26].ȱ

Theȱseroprevalenceȱinȱthisȱstudyȱrangedȱfromȱ0ȱtoȱ51%,ȱwithȱaȱmeanȱvalueȱofȱ12ȱtoȱ15%,ȱandȱ
increasedȱwithȱage.ȱThisȱisȱinȱlineȱwithȱpreviousȱstudies,ȱalthoughȱmeanȱvaluesȱofȱprevalenceȱvaryȱ
considerablyȱbetweenȱstudies.ȱStudiesȱinȱSwedenȱidentifiedȱaȱprevalenceȱofȱ35%ȱ(5],ȱwhileȱpreviousȱ
studiesȱinȱNorwayȱfoundȱaȱprevalenceȱbetweenȱ4%ȱ[8]ȱandȱ33%ȱ[9].ȱDifferencesȱinȱanalyticalȱmethods,ȱ
geographicȱregions,ȱandȱselectionȱcriteriaȱforȱtestȱanimalsȱfromȱtheȱherdsȱareȱsomeȱfactorsȱthatȱmightȱ
helpȱ explainȱ theseȱ differences.ȱ Itȱ is,ȱ however,ȱ beyondȱ doubtȱ thatȱ pestivirusesȱ areȱ circulatingȱ
continuouslyȱinȱmostȱtestedȱreindeerȱpopulations.ȱ

Figureȱ2Bȱshowsȱtwoȱclustersȱofȱrelativelyȱhighȱprevalenceȱinȱadults.ȱTheȱclusterȱaroundȱdistrictsȱ
33,ȱ34,ȱandȱ40ȱshowsȱaȱpatternȱalreadyȱdescribedȱforȱalphaherpesvirusȱinfectionsȱ[30],ȱinȱaȱstudyȱthatȱ
testedȱ theȱsameȱanimalsȱ forȱcervidȱherpesvirusȱ2.ȱWhileȱ theseȱareȱareasȱwithȱaȱhigherȱnumberȱofȱ
livestock,ȱasȱcomparedȱtoȱdistrictsȱinȱeasternȱFinnmark,ȱtheȱindicationsȱthatȱbothȱalphaherpesȬȱandȱ
pestivirusesȱcirculatingȱinȱtheȱreindeerȱpopulationsȱareȱreindeerȬspecific,ȱsuggestȱthatȱtheȱpresenceȱofȱ
domesticȱanimalsȱcannotȱexplainȱtheȱhighȱprevalenceȱinȱreindeer.ȱWhetherȱthisȱcouldȱbeȱtheȱresultȱofȱ
husbandryȱpractices,ȱ reducedȱareaȱ forȱ theȱanimalsȱ toȱgrazeȱ (temporaryȱhighȬdensityȱepisodes)ȱorȱ
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presenceȱofȱotherȱpredisposingȱfactorsȱthatȱmayȱincreaseȱinfectionȱwithȱtheseȱtwoȱviruses,ȱremainsȱ
unknownȱandȱshouldȱbeȱaȱtargetȱforȱfurtherȱinvestigations.ȱ

Carcassȱweightȱwasȱanȱimportantȱriskȱfactorȱforȱseropositivity.ȱTheȱmeanȱweightȱvalueȱforȱeachȱ
quantileȱ (Tableȱ2)ȱcanȱbeȱusedȱ toȱcorrectlyȱ interpretȱseroprevalenceȱatȱdistrictȱ levelȱ (Tableȱ1).ȱOurȱ
methodȱofȱexpressingȱtheȱresultsȱasȱaȱcrossȱinterpretationȱbetweenȱweightȱandȱseroprevalenceȱavoidsȱ
misclassificationȱofȱage.ȱThisȱcouldȱhaveȱaffectedȱtheȱdataȱfromȱ275ȱanimalsȱinȱthisȱstudyȱandȱresultedȱ
inȱmisinterpretationȱofȱtheȱresultsȱ(asȱshownȱbyȱsomeȱdiscrepanciesȱinȱtheȱweightȱquantilesȱshownȱinȱ
Tableȱ2,ȱi.e.,ȱcalvesȱinȱquantilesȱ5ȱtoȱ10ȱandȱadultsȱinȱquantilesȱ1ȱtoȱ4).ȱ

Theȱ strongȱ correlationȱ betweenȱ seroprevalenceȱ andȱ weight/ageȱ identifiedȱ inȱ thisȱ studyȱ isȱ
supportedȱ byȱ previousȱ studiesȱ [5,8]ȱ andȱ supportsȱ previousȱ findingsȱ ofȱ lifeȬlongȱ immunityȱ toȱ
pestivirusȱinfection.ȱMostȱlikely,ȱtheȱsourceȱofȱinfectionȱareȱPIȱanimals.ȱ

Geographicȱ originȱ (district)ȱ andȱ genderȱ seemedȱ toȱ haveȱ onlyȱ aȱ smallȱ impactȱ onȱ theȱ riskȱ ofȱ
infection.ȱWeȱ findȱ noȱ compellingȱ argumentȱ toȱ explainȱ theȱ slightlyȱ higherȱ likelihoodȱ ofȱ malesȱ
becomingȱinfectedȱasȱcomparedȱtoȱfemales,ȱsinceȱthereȱisȱnoȱspecialȱdifferenceȱinȱtheȱmanagementȱofȱ
malesȱandȱfemalesȱthatȱcouldȱaccountȱforȱthisȱdifference.ȱWeȱthusȱargueȱthatȱthisȱassociationȱmightȱ
beȱtheȱresultȱofȱaȱpossibleȱbiasȱinȱtheȱsamplingȱbetweenȱgenders.ȱInȱfact,ȱseveralȱstudiesȱofȱpestivirusȱ
infectionsȱinȱwildlifeȱhaveȱtriedȱtoȱassessȱtheȱeffectȱofȱgender,ȱoftenȱobtainingȱweakȱorȱnonȬsignificantȱ
associationsȱorȱsometimesȬcontradictoryȱassociationsȱ[31].ȱ

VNTȱresultsȱindicateȱthatȱtheȱvirusȱcirculatingȱinȱreindeerȱisȱmoreȱcloselyȱrelatedȱtoȱBDV1ȱandȱ
BDV2ȱthanȱBVDV1.ȱSinceȱBVDVȱwasȱeradicatedȱfromȱdomesticȱanimalsȱinȱNorwayȱinȱ2006ȱ[15],ȱandȱ
BDVȱhasȱneverȱbeenȱreportedȱinȱNorwayȱ[17],ȱtheȱVNTȱresultsȱmightȱthereforeȱindicateȱtheȱcirculationȱ
ofȱanȱunknownȱvirusȱmoreȱcloselyȱrelatedȱtoȱBDV.ȱTheȱrelativelyȱ lowȱtitersȱagainstȱtheȱBDV1ȱandȱ
BDV2ȱcouldȱindicateȱreducedȱaffinityȱ(i.e.,ȱheterologousȱviruses),ȱbutȱmayȱalsoȱsuggestȱaȱreductionȱofȱ
circulatingȱ antibodiesȱ overȱ time.ȱTheȱ lackȱ ofȱ newȱ outbreaksȱ ofȱBVDV1ȱ inȱ cattleȱ inȱNorwayȱ alsoȱ
supportsȱtheȱconclusionȱthatȱitȱisȱunlikelyȱthatȱreindeerȱwouldȱbeȱharboringȱthisȱvirusȱ(asȱconfirmedȱ
byȱlowȱtitersȱinȱourȱVNT).ȱReindeerȱhaveȱsporadicȱcontactȱwithȱbothȱcattleȱandȱsmallȱruminantsȱandȱ
oneȱcouldȱpresumeȱifȱBVDV1ȱwereȱcirculatingȱinȱreindeer,ȱitȱwouldȱhaveȱbeenȱdetectedȱduringȱroutineȱ
screeningsȱofȱlivestock.ȱ

RealȬtimeȱRTȬPCRȱfailedȱtoȱidentifyȱanyȱsampleȱpositiveȱforȱviralȱRNA.ȱDetectionȱofȱviralȱRNAȱ
isȱonlyȱpossibleȱ eitherȱ fromȱPIȱ animalsȱorȱ fromȱ transientlyȱ infectedȱ animalsȱ sampledȱduringȱ theȱ
periodȱofȱviremia,ȱwhichȱinȱcervidsȱmayȱlastȱlessȱthanȱ5ȱdaysȱ[32].ȱTheȱlackȱofȱdetectionȱofȱPIȱanimalsȱ
byȱRTȬPCRȱisȱnotȱsurprisingȱasȱtheseȱanimalsȱusuallyȱrepresentȱaȱveryȱsmallȱfractionȱofȱanyȱgivenȱ
hostȱpopulationȱ[33,34].ȱAȱstudyȱinȱSwedenȱincludingȱmoreȱthanȱ276ȱreindeerȱserumȱsamplesȱfromȱ
districtsȱwithȱhighȱpestivirusȱseroprevalenceȱalsoȱfailedȱtoȱdetectȱviralȱRNAȱbyȱrealȬtimeȱRTȬPCRȱ[5].ȱ ȱ

Theȱhighȱseroprevalenceȱinȱadultȱanimalsȱlikelyȱrepresentsȱcontinuousȱepisodesȱofȱtransmission.ȱ
Thisȱ requiresȱ theȱpresenceȱofȱPIȱanimals,ȱgeneratedȱbyȱ transplacentalȱ infectionȱ fromȱaȱ transientlyȱ
infectedȱmother.ȱSinceȱtheȱfetusȱmustȱbeȱinfectedȱduringȱearlyȱpregnancyȱtoȱbecomeȱPI,ȱandȱsinceȱthisȱ
periodȱcoincidesȱwithȱtheȱpeakȱofȱwinterȱwhenȱdomesticȱanimalsȱareȱhoused,ȱtheȱchanceȱofȱdomesticȱ
animalsȱcontributingȱtoȱtheȱmaintenanceȱofȱtheȱinfectionȱcycleȱinȱreindeerȱisȱsmallȱorȱnonȬexistentȱ[5].ȱ
ThisȱisȱfurtherȱsupportedȱbyȱtheȱabsenceȱofȱpestivirusȱinfectionsȱinȱdomesticȱruminantsȱinȱNorway.ȱ

Infectionsȱknownȱtoȱbeȱinvolvedȱinȱabortionȱorȱreducedȱsurvivalȱofȱnewborns,ȱsuchȱasȱherpesȱorȱ
pestivirusȱ infections,ȱshouldȱbeȱ furtherȱstudiedȱ toȱgainȱaȱbetterȱunderstandingȱofȱ factorsȱaffectingȱ
mortalityȱ andȱ reproductiveȱ success.ȱ Theȱ identificationȱ ofȱ abortionȱ relatedȱ toȱ pestivirusesȱ orȱ theȱ
mortalityȱofȱyoungȱanimalsȱdueȱtoȱmucosalȱdisease—bothȱoftenȱdescribedȱinȱcattleȱassociatedȱwithȱ
BVDVȱ[35]—isȱhoweverȱdifficult,ȱgivenȱthatȱabortedȱcalvesȱandȱdeadȱanimalsȱareȱquicklyȱremovedȱ
byȱscavengers.ȱ

Anotherȱimportantȱfactorȱthatȱremainsȱunknownȱatȱthisȱpointȱisȱtheȱpotentialȱpathogenicityȱofȱaȱ
reindeerȬspecificȱpestivirusȱtoȱotherȱruminantȱspeciesȱ(wildȱorȱdomesticated).ȱPIȱsheepȱwithȱBDV1ȱ
haveȱbeenȱ shownȱ toȱ transmitȱ theȱvirusȱ toȱ seronegativeȱ calvesȱandȱadultȱ cattleȱ [36,37].ȱGivenȱ theȱ
relativelyȱhighȱ seroprevalenceȱamongȱ reindeerȱandȱ theȱpossibilityȱofȱcontactȱwithȱcattle,ȱgoatsȱorȱ
sheep,ȱitȱmightȱbeȱthatȱthisȱtransmissionȱpotentialȱisȱreduced,ȱorȱthatȱtheȱvirusȱinȱquestionȱproducesȱ
mildȱorȱnoȱclinicalȱsignsȱinȱotherȱspecies.ȱ
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Inȱconclusion,ȱtheȱpresentȱresultsȱconfirmȱtheȱcirculationȱofȱaȱhithertoȱunknownȱpestivirusȱinȱtheȱ
semiȬdomesticatedȱreindeerȱpopulationȱofȱnorthernȱNorwayȱ thatȱseemsȱ toȱbeȱserologicallyȱcloselyȱ
relatedȱtoȱtheȱBDVȱgenotypeȱgroupȱ2.ȱCharacterizationȱofȱtheȱcausativeȱvirus,ȱitsȱinfectionȱbiologyȱ
andȱpathogenicȱimpactȱinȱtheȱreindeerȱpopulations,ȱasȱwellȱasȱitsȱpotentialȱtoȱinfectȱotherȱdomesticȱ
andȱwildȱruminants,ȱshouldȱbeȱfurtherȱinvestigated.ȱ
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