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TheCooperativeAgreementBetweentheCaliforniaDepartmentofHealth
ServicesandLocalVectorControlAgencies

AlecCGerryMalcolmAThompsonLawrenceRBronsonandVickiLKramer

ExtensionVeterinaryEntomologyUniversityofCaliforniaRiversideCA92521
CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWay218B

OntarioCA91764

HISTORYOFTHECOOPERATIVEAGREEMENT

Theearly1960swerewitnesstoadramaticriseinpopular
andscientificconcernabouttheeffectsthatpesticidesmighthave
onhumanhealthandontheenvironmentGovernmentalregulations
overtheuseofpesticidesincreasedinresponsetotheseconcerns
Bythemiddleofthedecadeitwasbecomingclearthatthe
beneficialuseofpesticidestocontrolvectorswasinjeopardyas
localpublichealthagencieswerefindingitdifficulttocomplywith
increasinglystringentgovernmentregulationsInprotectingthe
publicfromthedangersofpesticidesbothrealandperceived
thepublicwasbeingplacedatincreasedriskfromdiseases
transmittedbymosquitoesandothervectors

Duringthemid1960ssomeCaliforniapublichealthleaders
beganseekingameanstocomplywithstateandfederalregulations
regardingtheuseofpesticideswhileprotectingthejudicialuseof
pesticidestocontroldiseasevectorsandpestsIn1967the
CaliforniaStateBoardofHealthadoptedapolicystatemententitled
RecommendedStandardsRelatingtotheUseofPesticidesin
VectorControlThispolicystatementstressedthatpesticideuse
shouldbelimitedtothosevectorpopulationswhichcannotbe

controlledpracticablybyothermeansTheStateBoardofHealth
clearlyrecognizedtheneedfortheevolutionofvectorcontrolfrom
arelianceonpesticideapplicationtoaprogramofintegratedpest
managementIPMthatincludedsourcereductionandpublic
educationinadditiontothejudicioususeofpesticidesThe
standardspresentedinthispolicystatementwerecompatiblewith
thepesticideuserequirementsoftheCaliforniaDepartmentof
Agricultureandwereintendedtoserveasconditionsforfuture
cooperativeagreementsbetweentheDepartmentofPublicHealth
andlocalvectorcontrolagencies

OntherecommendationoftheStateBoardofHealththe

DepartmentofPublicHealthpublishedadocumententitled
AcceptablePesticidesandTheirUsebyCaliforniaMosquito
AbatementDistrictsandOtherOfficialMosquitoControl
AgenciesThisdocumentincludedanofficiallistofpesticides
tobeusedforvectorcontrolinCaliforniaandspecifiedhowthese
pesticidesweretobeusedLiketheStateBoardofHealththe
DepartmentofPublicHealthemphasizedtheuseofpreventive
measuresdirectedtowardtheeliminationofmosquitosourceswhile
alsorecognizingthatthejudicialuseofpesticideswasneededfor
mosquitocontrolagenciestomeettheirlegalrequirementtoprotect
thepublicfromdiseasetransmittingmosquitoesandothervectors

PresentaddressExtensionVeterinaryEntomologyUniversityofCaliforniaRiversideCA92521

Thisdocumentalsodirectedthatagenciesapplyspecificprinciples
ofpesticideusetoprotectthehealthofhumansdomesticanimals
wildlifeandothernontargetorganismsTheseprinciplesincluded
precisionoftargetingandtimingtoensurepesticideapplication
onlytoareasactuallyproducingorharboringvectorsandtheuse
ofproperformulationanddosageofpesticidestoprotectpublic
healthandminimizenontargeteffects

Concurrentwiththesepublicationsstateandlocalpublichealth
leadersmadeconvincingargumentstotheDepartmentof
Agriculturethatpesticidesusedforvectorcontrolwerecriticalto
protectthepublicfromvectortransmitteddiseasesandfurthermore
thatthesepesticidesposedlittleornosignificantrisktohuman
healthortheenvironmentwhenproperlyusedaspertheproduct
labelatlowdosageratestypicalofvectorcontroloperationsThe
DepartmentofAgricultureagreedandamendeditsregulationsto
allowlocalagenciesworkingcooperativelywiththeDepartment
ofPublicHealthtoapplypesticidesforvectorcontrolthatwere
definedasinjuriousmaterials

ThefirstCooperativeAgreementbetweentheCalifornia
DepartmentofPublicHealthandlocalvectorcontrolagencieswas
establishedin1967Thepurposeofthisagreementwasto

Providefortheprotectionofthepublichealthandcomfort
throughacoordinatedprogramofsafeeffectiveandeconomical
useofpesticidesinthecontrolofmosquitoesbyqualifiedlocal
governmentalmosquitocontrolagenciesorganizedandoperated
inaccordancewithprovisionsoftheCaliforniaHealthandSafety
Code

Bysigningthiscooperativeagreementlocalvectorcontrol
agenciescooperatingagencies agreedto1usethosepesticides
listedontheDepartmentofPublicHealthofficiallistofpesticides
onlyinthemannerspecified2maintainpesticideusereportsfor
reviewbyappropriategovernmentalagenciesand3ensurethat
pesticideusedidnotresultinharmfulresiduesonagricultural
productsInreturncooperatingagencieswereauthorizedtouse
pesticideslistedontheDepartmentofPublicHealthofficiallist
ofpesticideseventhoughthesepesticidesmaybedefinedas
injuriousmaterialsbytheDepartmentofAgriculture
Cooperatingagencieswerealsograntedsignificantexemptionsfrom
thelegalrequirementsforpropertyownerconsentandnotification
ofpersonsonpropertytobetreatedpriortoapesticideapplication

Duringthefirstyearofthecooperativeagreement49local
vectorcontrolagenciessignedthisagreementwiththeDepartment
ofPublicHealthWomeldorf1976andby1969nearlyalllocal
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vectorcontrolagencieshadsignedacooperativeagreementBy
1974thenumberofcooperatingagencieshadincreasedto73and
theDepartmentofPublicHealthincludedinthecooperative
agreementaprogramtoprovidefortrainingandcertificationof
pesticideapplicatorsasrequiredbythe1972amendmentstothe
FederalInsecticideFungicideandRodenticideActFIFRAas
amendedWomeldorf1976

From1974through1991revisionstothecooperative
agreementwerecoordinatedbetweentheDepartmentofnow
HealthServicestheDepartmentofnowFoodandAgriculture
theDepartmentofFishandGameandcooperatingagencies
involvedinvectorcontrolIn1991theCaliforniaDepartmentof
PesticideRegulationwasformedandallpesticiderelatedstatutory
authoritywastransferredtothisdepartmentfromtheDepartment
ofFoodandAgricultureDPR2001Thelocalenforcementof
pesticideusewasretainedbytheCountyAgricultural
CommissionersToprotectthebenefitsofthecooperative
agreementandinrecognitionofthesharedresponsibilityofthe
DepartmentofHealthServicestheDepartmentofPesticide
RegulationandtheCountyAgriculturalCommissionerstoprotect
humanhealththesethreeagenciessignedamemorandumof
understandingMOUtoaddresstheuseofpesticidesinvector
controlThecurrentMOUAnon1995assuresthateachagency
isabletoexerciseappropriatelegalauthoritytoprotectpublichealth
whileeliminatinganyduplicationofeffortPrinciplesofagreement
areestablishedintheMOUthatidentifytherolesofthethree
signatoryagencieswithrespecttopesticideuseandreporting
registrationofpublichealthpesticidescertificationofpublichealth
pesticideapplicatorsandreportingofsuspectedadverseeffects
ofpesticidesonnontargetorganismsThisMOUessentiallyshifts
someregulatoryauthorityforpesticideusebyvectorcontrol
agenciesfromtheDepartmentofPesticideRegulationtothe
DepartmentofHealthServicesandservesasthebasisforthe
cooperativeagreementbetweentheDepartmentofHealthServices
andvectorcontrolagencies

REQUIREMENTSOFTHE
COOPERATIVEAGREEMENT

ChangesinFederalandStatestatutescoupledwithchanging
departmentalresponsibilitiesandrelationshipshaveresultedin
somesignificantchangesfromthefirstcooperativeagreementFor
exampletheDepartmentofHealthServicesnolongerpublishes
anofficiallistofpesticidesforuseinvectorcontrolPesticides
usedforvectorcontrolmustnowbelabeledforthisuseandmust

beusedinaccordancewiththeproductlabeling
During2002therewere73vectorcontrolagenciesthatwere

signatorytothecooperativeagreementSignatoryagenciesmust
agreeto

1Calibrateallapplicationequipmentandmaintainall
calibrationrecordsforreviewbytheCountyAgricultural
Commissioner

2Maintainpesticideapplicationrecordsforatleasttwo
yearsforreviewbytheCountyAgriculturalCommissioner

3SubmitamonthlypesticideusereportonDepartmentof
PesticideRegulationformPRENF060totheCountyAgricultural
Commissioner

4Reportanyconspicuousorsuspectedadverseeffectsupon
humansdomesticanimalsorothernontargetorganismstothe
CountyAgriculturalCommissionerandtheDepartmentofHealth
Services

5RequireemployeecertificationbytheDepartmentof
HealthServicestoverifyemployeecompetencetousepesticides
invectorcontroloperationsandtomaintaincontinuingeducation
unitinformationforthoseemployeesparticipatingincontinuing
education

6 BeinspectedbytheCountyAgriculturalCommissioner
onaregularbasistoensurethattheagencyisincompliancewith
stateandfederallawsandregulationspertainingtothestorageand
useofpesticides

Thecooperativeagreementincludestherequirementslisted
aboveinordertomeetthelegislativeintentinprovidingthemany
broadexemptionstoCalifornialawsandregulationsdescribed
belowprovidedtovectorcontrolagenciesandalsotoensurethat
allstateandfederalpesticideuserequirementsaremet

BENEFITSOFTHECOOPERATIVEAGREEMENT

UndertheinterdepartmentalMOUtheDepartmentofHealth
Servicesagreedtocontinueoversightoftheexamination
certificationandcontinuingeducationofemployeesoflocalvector
controlagencieswhohandleuseorsupervisetheuseofpesticides
inpublichealthprogramsforthemanagementofvectorsAlocal
vectorcontrolagencymaynotenterintoacooperativeagreement
withtheDepartmentofHealthServicespursuanttoHealthand
SafetyCodeSection116180unlessagencyemployeesresponsible
fortheapplicationofpesticideshavereceivedpesticideapplicator
certificationfromthedepartmentThisprogramensuresthat
employeesofcooperatingagenciesareproperlytrainedinthesafe
applicationofpesticidesandthattheyreceivecontinuingeducation
thatmeetsallstateandfederalstandardsAgencypersonnelbenefit
byreceivingcontinuingeducationthatistargetedtowardthesafe
handlingandapplicationofpesticidesusedinpublichealthvector
controloperationsinCaliforniaIn2002therewere1143
employeesat103agencies73oftheseagenciesweresignatoryto
thecooperativeagreementwhoheldapesticideapplicator
certificationfromtheDepartmentofHealthServices

Inadditiontothebenefitofatargetedcontinuingeducation
programcooperatingagenciesalsoreceiveanumberofsignificant
exemptionstostatelawsandregulationsthatwouldapplytoany
otherpersonoragencyinvolvedintheapplicationofpesticides
Theseexemptionsaregrantedduetotheuniquepublichealthrole
oflocalvectorcontrolagenciesFurthermorepesticidesusedby
theseagenciesposelittleornosignificantrisktohumanhealthor
theenvironmentwhenproperlyusedaspertheproductlabelin
targetedcontroloperationsatlowdosageratestypicalofmosquito
andvectorcontroloperationsRose2001

Exemptionsforcooperatingagenciescanbefoundinvarious
statutorycodesaswellasinTitle3oftheCaliforniaCodeof
Regulations3CCRThefollowingareexemptionscurrently
grantedtocooperatingagencies

EducationCodeSection17613Cooperatingagenciesare
exemptedfromthenotificationandpostingrequirementsfor
pesticideapplicationsataschoolfacilitysection17612School
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districtsdonothavetoprovideannualorpreapplicationnotification
toparentsandstaffofanintendedpesticideapplicationbya
cooperatingagencySchooldistrictsarealsonotrequiredtopost
warningsignsatschoolfacilitiesthataretreatedbyacooperating
agency

FoodandAgricultureCodesection11408eTheuseof
pesticidesbyacooperatingagencyisexcludedfromthedefinition
ofagriculturaluseAsaresultofthisexclusioncooperating
agencypersonnelarenotrequiredto

Holdanagriculturalpestcontroladvisorlicensesection
1141012001
RegisterwiththeCountyAgriculturalCommissioner
section12002
Placepesticideuserecommendationsinwritingsections
1141112003

ObtainanoperatoridentificationnumberfromtheCounty
AgriculturalCommissioner3CCR6622
Maintainpesticideuserecordsinaccordancewith3CCR
6624andsubmitamonthlysummaryofpesticideuse
reporttotheAgriculturalCommissionerasper3CCR
6627NoteThecooperativeagreementrequiresthe
maintenanceofpesticideuserecordsandthesubmission
ofmonthlypesticideusereportstotheCountyAgricultural
Commissionertherebyannullingthisexemption

HealthandSafetyCodesection251747a3Cooperating
agenciesarenotrequiredtopayafeeforanyhazardouswaste
generatedordisposedofasaresultoftheircontrolorregulatory
activitiessections251741and252055

3CCR6400c2and6400eRestrictedMaterials
Exemptscertainpesticidesusedbycooperatingagenciesfrombeing
designatedasrestrictedmaterialsbytheDirectorofthe
DepartmentofPesticideRegulationThisexemptionprecludes
therequirementtohaveapermitissuedbytheAgricultural
Commissionerforeachuseofthesepesticides3CCR6420

3CCR6620aVectorControlExemptionExempts
cooperatingagenciesfrom3CCR6614ProtectionofPersons
AnimalsandProperty6616ConsenttoApplyand6618
NoticeCooperatingagenciesmaythereforeapplypesticides
registeredforthepurposeofvectorcontrolinresidentialareaseven
thoughtheremaybeareasonablepossibilityofcontaminationto
nontargetpersonsorpropertyInadditioncooperatingagencies
arenotrequiredtogetpropertyownerconsentorprovide
notificationtoapropertyoperatorpriortoapesticideapplication
Theseexemptionsareundoubtedlythemostimportantbenefit
providedtovectorcontrolagenciesthatareboundbythe
cooperativeagreementandreflectthegeneralunderstandingthat
vectorcontroloperationsprotectpublichealthandthatrapidcontrol
orsuppressionofvectorsoverwidegeographicareasisessential
toachievethisprotectionCooperatingagencieshaveneitherthe
timenortheresourcestoprovidenoticeoracquireconsentpriorto
theapplicationofapublichealthpesticide

3CCR6651VectorControlExemptionExempts
cooperatingagenciesfrom3CCR66506656Article3Protection
ofBeeswhenpesticidesaredilutedinonehalfgallonofwateror

moreperacretreatedCooperatingagenciesarenotrequiredto
providepriornotificationofpesticideapplicationtobeekeepers
withapiarieswithinonemileoftheapplicationsiteCooperating
agenciesarealsonotrequiredtoprovidenoticetotheAgricultural
Commissionerpriortotheapplicationofpesticidesinalegally
definedcitrusbeeprotectionarea

3CCR6760EmployerResponsibilityandExceptions
Cooperatingagenciesareexemptedfrom3CCR67606776Article
3FieldWorkerSafetywhenconductingareawidepesticide
applicationsCooperatingagenciesarenotrequiredto

Providehazardcommunicationinformationtoagricultural
fieldworkers3CCR6761
Ensurethatpersonsarenotpresentinareastobetreated
3CCR6762
Providetrainingintheareasofpesticideexposureand
personalrightstoagriculturalfieldworkers3CCR6764
Identifyanearbyemergencymedicalfacilitythatwilltreat
workersexposedtopesticides3CCR6766
Provideadecontaminationfacilityforagriculturalfield
workersthatiswithin mileofthepesticideapplication
area3CCR6768
Preventreentryofpersonsintoatreatedfield3CCR
6770677167726774
Postwarningsignsaroundtreatedfields3CCR6776

Insummarythecooperativeagreementbetweenthe
DepartmentofHealthServicesandlocalvectorcontrolagencies
hasprovidedcooperatingagencieswiththeflexibilitytoperform
theirlegallymandatedroletocontrolpublichealthvectorswhile
ensuringthatallstateandfederalrequirementsregardingthe
applicationofpesticidesaremet
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InvestigationandManagementofEpizooticPlague
intheTruckeeDonnerAreaCalifornia

JamesRTuckerMarkGNovakLarryLBronsonandCharlesRSmith

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection8633BondRdElkGroveCA95624

ABSTRACTInSeptember2002anepizooticofplagueanddieoffofchipmunksTamiassppwereidentified
inTruckeeCaliforniaincludingDonnerMemorialStateParkAninvestigationoftheapparentdieoffandsubsequent
suppressionofrodentfleaswascarriedoutintheparkscampgroundanddayuseareastoreducetheriskofhuman
exposuretofleascarryingYersiniapestisFortyninesciuridrodentsrepresentingsixspecieswerecapturedand
examinedforfleasAnaverageof101fleasperanimalwasobservedindicatingtheneedforfleareductionmeasures
Diazinoninsecticidewasappliedtothecampgroundanddayuseareausinghanddustingofrodentburrowsandbait
stationsLiquiddeltamethrinwasalsousedincarpetedbaitstationsnearDonnerLakeInsecticideapplicationwas
sustainedfor14daysPosttreatmentevaluationindicatedthattheaveragefleaindexwasreducedto09fleasper
animalParkpersonnelreopenedthedayuseareahoweverparkofficialsdecidedtokeepthemaincampgrounds
closeduntilthespringof2003

INTRODUCTION

PlaguewasintroducedintoCaliforniaatthebeginningofthe
TwentiethCenturyandbecameestablishedinthestatessylvatic
rodentpopulationsby1908Link1955Sinceitsintroduction
thecausativeagentofplaguethebacteriumYersiniapestishas
beenidentifiedinhumanswildcarnivoresdomesticpetsand
commensalorwildrodentsin49ofCalifornias58counties

CaliforniaDepartmentofHealthServicesCDHSPlagueRecords
19092002

Plagueepizooticsamongsylvaticrodentsresultedinhuman
casesintheLakeTahoeareaandtheSierraNevadaMountainsas

earlyas1936Meyer1942Sincethe1970sincreasing
developmentandrecreationalactivitieshaveartificiallyenhanced
rodenthabitatandfoodavailabilityandsubsequentlycontributed
tounnaturallydensepopulationsofplaguesusceptiblerodentsand
aresurgenceofplagueactivityintheSierraNevadaSmithand
Lusk1990PlaguerecordsmaintainedbyCDHSindicatethat
plagueactivitywithintheTruckeeDonnerareaispartofanapparent
geographicalplaguefocusthatencompassestheTahoeTruckee
andTahoeValleyecologicalsubsectionsandmuchofthebatholithic
andvolcanicflowsthatsurroundtheareaWithinthisfocusa
cyclicaldiseasepatternexiststhatischaracterizedbyperiodic
epizooticdieoffsofsusceptiblerodentspeciesseparatedbyinter
epizooticquiescentperiodsSmithetal1994

Epizooticplagueamongwildrodentsinresidentialand
recreationalareasincreasestheriskoftransmissiontohumans

throughthebitesofinfectedrodentfleasandfromplagueinfected
domesticcatsIntheseareasepizooticplaguenecessitatesaprompt
responsefromlocalandstatehealthofficialsInaccordancewith
CaliforniasstatewidepublichealthmandatestheCDHSVector
BorneDiseaseSectionVBDSoverseesanintegratedplague
surveillanceandcontrolprogramSmithetal1994andmay
recommendcontrolmeasurestotheresponsibleagencywhen
evidenceofanepizooticisdetected

RECENTPLAGUEHISTORYINTHE

TRUCKEEDONNERAREA

CHRONOLOGYOFEVENTSFOR

EPIZOOTICPLAGUE2002

January2003

EpizooticactivityatseveralTahoeTruckeeDonner
recreationalareasduring19992001promptedsuppression
measurestoreduceplaguevectorsfleasandlowerthepublichealth
riskTheaffectedrecreationalareasweretemporarilyclosedand
fleasuppressionmeasureswereundertakenatLoggerscampground
10milesnorthofTruckeein1999MartisCreekLakecampground
5mileseastofTruckeein2000andtheTallacVisitorCenter
SouthLakeTahoein2001Intheseareasinfectedchipmunks
TamiasamoenusandTsenexamplifyplaguetransmissionthrough
theirfleasEumolpianuseumolpiandCeratophyllusciliatusto
moresusceptiblegroundsquirrelsSpermophilusbeecheyiandS
lateralisThelocallyabundantgroundsquirrelfleasOropsylla
montanaandOidahoensisarecompetentplaguevectorsandpose
anincreasedriskoftransmissiontohumansparticularlywhenthe
fleasnaturalhostssuccumbtodiseaseThispaperdescribesthe
mostrecentepizooticactivityintheTruckeeDonnerareaandthe
plaguesuppressionmeasurestakenatDonnerMemorialStatePark
DMSP

ThefirstevidenceofplagueactivityintheTahoeDonnerarea
during2002wasacoyoteCanislatranssampled10miles
northeastofTruckeewhichtestedserologicallypositiveforplague
antibodyonApril30OnJuly26ablackbearUrsusamericanus
capturedfromHomewoodLakeTahoePlacerCountytested
serologicallypositiveEpizooticactivityintheTruckeeDonner
regionbecameapparentwhenaYpestispositivechipmunkT
amoenuswasfoundalongtheparkswesternboundaryinTruckee
onAugust9OnAugust10Ypestiswasidentifiedinalymph
nodeaspiratefromahospitalizeddomesticcatthatresidednear
thenorthshoreofDonnerLakeadjacenttoDMSP
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Basedondirectevidenceofplagueactivityadjacenttothepark
andcircumstantialevidencefromwithintheparkieunconfirmed
reportsofdyingrodentsparkofficialsdecidedtocloseDMSPon
August27topermitacomprehensiveevaluationofthepotential
riskforplaguetransmission

Additionalbacteriologicevidencetosupportanextensive
plagueepizooticintheTruckeeDonnerareacontinuedafterthe
parkwasclosedOnAugust28Ypestiswasidentifiedinthe
carcassofaTamoenusfoundataprivateparklocatedabout2
milesnorthofTruckeeOnSeptember2and3twoadditionalY
pestispositiveTamoenuscarcasseswererecoveredfromtheday
useareaofDMSPandtheTahoeDonnersubdivisionjustnorthof
thepark

PLAGUERISKANALYSISANDSURVEILLANCEATDMSP

OnSeptember112002VBDSbiologistsconducted
surveillanceatDMSPtodeterminetheextentofthediseaseactivity
andtoassessthepublichealthriskAstandardizedriskassessment
developedbyCDHSwasusedtoratevariousriskfactorsthatare
pertinenttoplagueexposuretheareasplaguehistoryabundance
ofsusceptiblespeciespresenceofreservoirspeciesfleaindex
averagenumberoffleashostphysicalsignsofanepizooticin
progressrodentdieoffandhumanexposurepotentialRating
scoresforthesecriteriatogetherwithsupportinglaboratory
evidencecanprovideasufficientindicationofpotentialexposure
risktowarrantvectorsuppressionrecommendations

EightyfiveliveanimaltrapsNationalandShermanwere
baitedwithoatmealandpeanutbutterandsetthroughouthighuse
areascampgroundsdayuseareavisitorcenterandstaffhousing
intheparkThetrapswereplacedduringtheeveningofSeptember
10andcollectedthemorningofSeptember11Rodentswere
abundantatalllocationsintheparkFortysixrodents54trap
successrepresentingsixspecieswerecapturedAllanimalswere
lightlyanesthetizedandcombedforectoparasitesAllfleaswere
collectedandidentifiedtospeciesBloodsamplesweretakenfrom
7Tamoenus1Tsenex3Sbeecheyi6Douglasssquirrels
Tamiasciurusdouglasiiand4northernflyingsquirrels
GlaucomyssabrinusTwentyfivegoldenmantledground
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52
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14

Chipmunks Golden

mantled

ground
squirrel

66

squirrelsSlateraliswerecapturedandcombedforectoparasites
howevernobloodsampleswerecollectedbecausehistorical
evidenceindicatesthisspeciesisverysusceptibletoplagueand
liveanimalswithplagueantibodiesarerarelyfound

SerumantibodytoYpestiswasdetectedinoneTsenexand
oneTamoenuschipmunkfromtheparkcampgroundantibody
titers1512and1256respectivelyThepercentageofrodents
infestedwithfleaswashighandvariedbyspeciesfrom83to
100 ChipmunksweretypicallyinfestedwithEeumolpiandC
ciliatusfleasGroundsquirrelsharboredOmontanaandO
idahoensisFleaswerepooledaccordingtofleaandhostspecies
withfleasfromserologicallypositiveanimalspooledseparately
Atotalofninepoolsweresubmittedforbacteriologicaltestingall
werenegativeforYpestis

ThehighpretreatmenthostfleaindicesFig1ofchipmunks
andgroundsquirrelsthepresenceofbacteriologicallyand
serologicallypositiverodentswithinandaroundtheparkandthe
parkshighrecreationalusecontributedtoasufficientlyhighrisk
analysisscoretoindicatethatfleasuppressionmeasureswere
necessarytomitigatethepotentialhazardofplaguetransmission
tohumans

0

Califomia

ground
squirrel

FLEAMANAGEMENTATDMSP

OnSeptember25VBDSinitiatedfleasuppressionmeasuresat
DMSPwithassistancefromparkstaffandWashoeCoNevada
MosquitoandVectorControlSuppressionproceduresincluded
dustingrodentburrowsanddeployingdustbaitstations4x18
PVCtubesOnehundredfortylbsofdiazinonPrentox2dust
wereappliedintorodentburrowsthroughoutDMSPAdditionally
65lbsofdiazinonwereutilizedin181dustbaitstationsplaced
throughouttheparkscampgrounds

LiquiddeltamethrinAgrEvoSuspendSCdilutedto006
inwaterwasusedtotreat61carpetedbaitstationsPVCtubes
linedwithcarpetplacedattheparksdayuseareaalongthe
southeasternshoreofDonnerLakeTheefficacyofthisformulation
waspreviouslydemonstratedatMartisCreekLakecampground
whereitprovidedgoodknockdownandeffectivefleasuppression
fromonetosixweeksafterapplicationBronsonandSmith2002

101

09

Average

0pretreatment

0posttreatment

Figure1Pretreatment91102andposttreatment10802fleaindicesof
chipmunksandgroundsquirrelsatDMSPTruckeeCalifornia
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Allbaitstationsweremaintainedonsitefor14daysDMSPstaff
rebaitedandrechargedthedustbaitstationsasnecessary

Posttreatmentrodentandfleasurveillancewasconductedon

October8Theposttreatmentfleaindexwassubstantiallylower
thanthepretreatmentfleaindexFig1indicatingeffectiveflea
suppressionwasachievedReductionintheoverallfleaindex
allowedDMSPpersonneltoreopenthedayuseareahoweverpark
officialsdecidedtokeepthemaincampgroundscloseduntilthe
springof2003

DISCUSSION

Sincethemid1900sinsecticideshavebeenappliedthrough
baitstationsandhanddustingofrodentburrowstoeffectively
controlplagueduringemergencyepizooticsituationsKartman
1958Barnes1982Murray1964andMurrayandBarnes1966
recognizedthatincreasingsciuridrodentpopulationsinrecreational
settingsintheSierraNevadaencouragesepizooticactivityFrequent
plagueepizooticsandassociatedhumancasesduringthe1970s
and1980swithintheregionledtoacooperativeplagueprevention
projectwiththeCaliforniaDepartmentofParksandRecreation
CDPRthatprovidedintegratedplaguemanagementstrategiesfor
bothPlumasEurekaandDonnerMemorialStateParksCDHS
statusreporttoCDPR1988Thesestrategiesincludedmonitoring
ofplagueactivitythroughsurveillancehabitatmodificationand
maintenancecontroloffleavectorsrodentpopulation
managementandprovidingsafetytrainingandcontinuingeducation
toparkpersonnelonendemicplague

Thehistoricalevidenceofrecurringplagueactivitywithinthis
geographicalfocusCDHSplaguerecords19092002suggests
thattheTruckeeDonnerareawillpresumablyrequirecontinued
attentionandcommitmentfromlocalandstateofficialsA

reevaluationoftheparksrodentpopulationsandtheirfleaindices
isplannedforthespringof2003toassess1theresidualefficacy
ofthefallfleasuppressionefforts2thepreseasonriskforhuman
plagueexposureand3arationaleforcontinuingintegratedplague
managementstrategies
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FeasibilityofaDisposableBaitedTrapforEyeGnatControl

BrankaBLothropArturoGutierrezGenevaGinnandMinLeeCheng

CoachellaValleyMosquitoandVectorControlDistrict43420TraderPlaceIndioCA92201
2WestValleyMosquitoandVectorControlDistrict13355ElliotAveChinoCA91710

ABSTRACTEyegnatcontrolintheCoachellaValleyhasincludeduseofapoisonbaitandattractantbaitMulla
andAxelrod1977Inthelast10yearstheCoachellaValleyMosquitoandVectorControlDistricttheDistricthas
usedthecollartrapinauniqueprogramcalledtrappingoutThecollartrapusesaliquideggbaittoattractand
removeeyegnatsfrominfestedareasThecostbenefitanalysesoftheeyegnatcontrolprogramindicatedthatthe
Districtneededtocontinuetomaintainaneffectivecontrolprogramhoweverthelaborandexpensesassociatedwith
theuseofthecollartrapneededtobereducedTheDistrictstafflookedintoanalternativetrapdesignanddeveloped
thedisposabletrap

Thispaperpresentsacomparisonbetweentwotrapdesignsregardingefficacyandcostoflaborandmaterialused

EYEGNATSURVEILLANCE

TheeyegnatsHippelatessppareshinyblackordullgray
stockybuiltsmallflies1525mmwithyelloworangeordark
brownlegsAdulteyegnatsfeedonbodysecretionsandexcretions
soreswoundsandabrasionshumansandanimalsplantjuicesand
decayingorganicmatterMulla1959Eyegnatsaremechanical
vectorsofhumanconjunctivitiscommonlyknownaspinkeye
Since1912thecorrelationbetweenoutbreaksofpinkeyeand
abundanceofeyegnatsinsouthernCaliforniawasdocumented
especiallybyTinkhamandMullaJamesandHarwood1969

TheCVMVCDhasbeenusingTinkhamtrapsforeyegnat
surveillanceforover20yearsAbundancesamplingisconducted
weeklywith61trapsthatareplacedat14locationsthroughoutthe
CoachellaValleyAnoticeablereductionintheeyegnatpopulation
hasbeennoticedinrecentyearsThisreductioncoincidedwitha
drasticchangeinlanduseintheCoachellaValleywherelargeareas
ofagriculturallandhavebeenconvertedtoresidentialdevelopments
whereeyegnatproductionislowercomparedtoagriculturalland

TRAPDESIGN

CollarTrap

Thecollartrapismadeofatwoquartclearplasticjarjoined
byablackcollarwitheight17mmdiameterholesandaclear
funnelintheupperjarThetrapissecuredwithametalwireto
woodenstakesortreesThelowerjarisfilledwith700mlofegg
baitonaweeklybasisAxelrodetal1993Bothjarsarereplaced
andwashedata68weekintervalThetrapsrequireintensivelabor
especiallytosetupdisassembleandwashthejarsThetrappatent
rightprecludesitsdistributiontoathirdparty

DisposableTrap

Thedisposabletrapisa3litterPETEsoftdrinkbottlewith
thecapandeight17mmdiameterholesthataremadebyusingan
aluminumsheettemplateandhotsolderingironwithV4intipThe

trapissecuredtoatreewithaAinchnylonropeormetalwireAt
countryclubsatenitepropionateplasticblacktubewithmatching
holesisusedtoobscurethetrapcontentThetrapisfilledwith15
litersofeggbaitandevery36weeksdependingontheair
temperaturethetrapisreplacedwithanewone

MATERIALANDMETHODS

Forcomparison25disposableand25collartrapsweresetup
inadripirrigatedcitrusorchardwithmidsizetrees3mapart
ThreetestswereconductedNovember2000MayJune2001and
JuneJuly2002Eachtypeoftrapwassetupin4positionsineach
testInthefirstpositionthetrapsweresetinalternatingorder3
mapartThesecondandthirdpositionswerealternatingadjacent
sidesoftheroad 35mapartInthefourthpositiondisposable
andcollartrapswereplacedatoppositesidesoftheorchard 15

30maparttoaccountforspatialeffects
Forthreeconsecutivedayseachtrapwasretrievedandreplaced

withanewonewithfreshbaitTheliquideggbaitfromeachtrap
wasstrainedthroughseveraldifferentsievesizesanddrained
throughafilterpaperTheeyegnatsandfliesoneachfilterpaper
werecountedandrecorded

RESULTSANDDISCUSSION

TrappingResults

7

Tocomparethetwotypesoftrapsweusedtheaveragenumber
ofeyegnatsandfliestrapdayforalltestsTherewasnoattempt
toidentifythespeciesofcollectedeyegnatsorfliesIn2001and
2002whenthetrapscollectedenoughnumbersofeyegnatsflies
separatemultiwayclassificationanalysesofvarianceANOVA
MicrosoftExcelsoftwareversion6022wereconductedondata
fromeachofthetestswithtraptypeandpositionwithinthehabitat
asmaineffects

Eyegnats Theaveragenumberofeyegnatsinall3years
testsandfourpositionswashigherinthecollartrapsFigure1
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Figure1Theaveragenumberofeyegnatspertrapdayin2000
2001and2002

TheANOVAtestforstudiesin2001indicatedsignificantlyhigher
numbersofeyegnatsinthecollartrapsinpositions12and3
whilestudiesin2002indicatedsignificantlyhighernumbersfor
positions1and2

FliesTheaveragenumberofflieswashigherincollartraps
intheyear2000forthepositions23and4intheyear2001and
2002forthepositions1and4Figure2TheANOVAtestfor
studiesin2001indicatedsignificantlyhighernumbersoffliesin
thecollartrapsforposition1whilein2002thestudiesindicated
significantlyhighernumbersoffliesonlyinthedisposabletraps
forposition4

January2003

Averagenumberofthe
2000

Averagenumberoffliespertraplday
2001

SIT TION

DISPOS

COLLAR

Averagenumberoffilespertraplday
2002

Figure2Theaveragenumberoffliespertrapdayin20002001
and2002

CostAnalysis

Thecostanalysisthatincludedmaterialforbuildingthe
disposablecollartraplaborrequiredforbuildingandservicing
bothtraptypesispresentedinTable1Thecostanalysisindicated
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Table1Thecostanalysisincludesmaterialforbuildingdispos
ablecollartraplaborinvolvedwithbuildingandservicingtraps
andmiscellanies

thattheprojectedannualoperationalcostforthedisposabletrap
was50lowercomparedtothecollartrap

RECOMMENDATIONS

Thetestswereperformedover3consecutiveyears
encompassed3differentbreedingseasonsand4testingpositions
foreachtestTheresultsindicatedthatthecollartrapwasmore
effectiveforcollectingeyegnatsandincertaincircumstancesfor
fliesHoweverprojectedannualoperationalcostofthedisposable
trapislessthan50comparedtothecollartrapTojustifytheuse
ofthedisposabletrapprimarilyintheagriculturalsectionofthe
ValleyandhaveaneffectiveeyegnatcontrolprogramtheDistrict

needstoincreasetheeffectivenessofthedisposabletrapThefirst
recommendationistoincreasethenumberofdisposabletrapsin
theagriculturalareaandplacebetween5000to8000trapsThe
otherfactorthatneedstobeconsideredtoincreasetheefficacyof
thedisposabletrapsistoinsurereplacementofthetrapswithin3
6weeksdependingontheseason

Ifthedisposabletrapistobeusedinthecountryclubsthe
samerecommendationsneedtobefollowedThenumberofthe

trapsper18holegolfcourseneedstobeincreasedfrom54to62

REFERENCES

AxelrodHMullaMSandDMandeville1993Hippelates
eyegnatattractantandtrapdesignProcCalifMosqVector
ControlAssoc617075

JamesMTandRFHarwood1969HermsMedical

EntomologySixthEditionTheMacmillanCompanypp1
484

MullaMSandHAxelrod1977Attractancyofputrefiedanimal
andplantproteinstotheeyegnatHippelatescollusor
DipteraChloropidaeJMedEntomolVol13no45497
500

MullaMS1959SomeimportantaspectsofHippelatesgnats
withabriefpresentationofcurrentresearchfindingsProc
CalifMosqVectorControlAssoc4852

Collar Disposable

MaterialTrap 346 048 208

LaborTrap 1195 073

Totalcosttrap 1541 121 329

withblackplastictube
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SuccessintheSink

KennethTownzenDavidWhitesellRonaldMcBrideDanKiely

1CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection8633BondRoadElkGroveCA95624
2ColusaMosquitoAbatementDistrictPostOfficeBox208ColusaCA95932

SutterYubaMosquitoandVectorControlDistrictPostOfficeBox726YubaCityCA95992

NorthofSacramentointheheartoftheSacramentoValleyisthe1200squaremilericebowlofCalifornia
InsidethisareainColusaGlennButteandSutterCounties95oftheStatesriceproductiontakesplacenearly
415000acresAlsofoundhereare35000acresofnationalwildliferefuge18000acresofstatewildlifeareasand
nearly40000acresofprivatelyownedduckclubsNearly40ofthericebowlareaisuncontrolledformosquitoes
IntheverycenterofthismosquitoproducinghabitatbetweenColusaandGrayLodgeistheButteSinkFigure1
PreviouslyuncontrolledthisareawasannexedintotheColusaMosquitoAbatementDistrictCLSAin1963

ThisreportdescribesthemosquitoproblemsassociatedwiththeButteSinkareaofColusaandSutterCounties
andasuccessfulefforttoobtaincooperationandfundingformosquitocontrolPrimarilythereportdescribesthe
eventsrelatedtoCLSAastheyhad30ofthe36clubsintheirdistrictEachofthirtysixduckclubssignedacooperative
agreementbytheendofOctober2002agreeingtopayforadultmosquitocontrolrelatedtofloodingofhabitatfor
duckhuntingThepaymentssupportedapplicationsofNaledTRUMPETECtosuccessfullycontrolproductionof
adultOchlerotatusmelanimomCulextarsalisandAnophelesfreeborniAdultmosquitowaschosenoverlarval
mosquitocontrolwithconsiderationtooverallcostsofproductsthepossibilityofpoorkillindeepwaterandthick
vegetation

TheButteSinkisa20000acreirrigatedseminaturalwetland
areathatincludesover40privatelyownedduckclubssomeare
locatedinButteCountyanAudubonbirdsanctuaryandaUS
Fish WildlifewaterfowlrefugeInadditionseveralthousand
acresofriceareproducedintheareaAfterriceharvestthefields
arerefloodedfordecompositionofthericestrawandduckhunting
habitatDuringtheunsuccessfulcontrolofmosquitoesduringthe
2001seasonownersoffarmlandorchardsandhomesadjacentto
thesinkreportedintolerableadultmosquitoproblemsthereby
reducingtheirlandvaluesandqualityoflifeOver32000adult
mosquitoeswerecollectedfromonetrapinatwonightperiodduring
thetimeofhighestproductionComplaintsfromcitizenswere
primarilydirectedtowardsSutterYubaMosquitoandVector
ControlDistrictSUYAHowevercomplaintsandthreatsofclass
actionlawsuitswenttoCLSAandtheDepartmentofHealthServices
CDHSWiththeapproachofWestNileVirusintoCalifornia
themanagersofCLSAandtheSutterYubaMosquitoandVector
ControlDistrictSUYAweredeterminedtotakeallnecessarysteps
tominimizetheproblemandobtainmosquitocontrolfundingfrom
therecreationalhuntingandbirdingareas

Intheearlysummerof2002someoftheclubsirrigatedto
producefeedandhabitatforducksAllclubsfloodedpriortothe
duckhuntingseasonbeginningthefallfloodupaboutmid
AugustIttooksomeclubs21daystofloodreachingshooting
levelandtwomonthsfortheentiresinktoreachshootinglevel
ThecontinuousproductionofOcmelanimonwastremendousin
thesewetlandareasCountsof500larvaeperdipwerecommon
BythesecondweekoffloodingcountsonCxtarsalisandAn
freeborniwereat10to20perdipoverwideareas

Tocomplicateandincreasethemosquitoproblemtherehas
beenatendencyforconversionofricefieldsandotherfarmlandto

wetlandsandduckhuntingclubsMosquitoproductionismuch
moreextensiveinsummerandfallfloodedwetlandsthaninrow

cropsorriceRicefieldsproduceunacceptablenumbersof
mosquitoesbutmosquitonumbersaremoderatedbybuildupof
mosquitoeatingfishandotheraquaticpredatorsThisconversion
towetlandshasbeenacceleratedbecauseofthemanystateand
federalandpaymentprogramsandprivategrantsofferedtothe
landownerOftentheCaliforniaWaterfowlAssociationCWA
andotherwetlandsupportorganizationsofferfreeconsultingand
projectmanagementtolandownersSomeoftheincentiveprograms
asofJanuary2003arelistedinTable1

Awareoftheeverincreasingmosquitoproblemandtheimpact
onlocalcommunitiestheCLSABoardaskedtheDistrictManager
whatcouldbedoneFollowingisachronologyofthemajorevents
atCLSAfollowingthe2001mosquitoseason

2001NovemberCDHSandtheDistrictManagerreviewed
fortheBoardthedistrictpowerslawsregulationsandBoard
responsibilitiesasfoundintheCaliforniaHealthandSafetyCode
HSCodeTheColusaCountyDistrictAttorneyattendedthis
meetingandgavesupporttotheBoardaffirmingthestrong
abatementpowersfoundintheHSCode

2002JanuaryTheBoardadoptedaresolutiondirectingthe
managertotakeallnecessarystepsincludinglegalabatementif
necessarytohavetheclubspayforthemosquitocontroltheSUYA
Boarddidthesame

JanuaryTheBoardadoptedamanagerialproposaltoenter
intocooperativeagreementswithduckclubsassessingthem1800
acreupfrontwithanymoneynotusedforcontrolreturnedtothe
clubattheendoftheyear

JanuaryAletterwassenttoallclubsaskingthemtosignan
enclosedcooperativeagreementacceptingresponsibilitytopay



Agency Program Description

USFishandWildlifeService ConservationEasementProgram Payslandowners4060ofthefair
marketvalueoftheland

CaliforniaDepartmentofFishandGame PermanentWetlandEasementProgram Payslandowners5070offair
marketvalueoftheland

NaturalResourcesConservationService WetlandReserveProgram Payslandowner2000acreto
retirefarmlandPays100ofthe
costofrestoringlandtowetlands

CaliforniaDepartmentofFishandGame CaliforniaWaterfowlHabitatProgram
PresleyProgram

Payslandowners20acreyearfor
10years

USFishandWildlifeService PartnersforFishandWildlifePrograms Pays50ofrestorationcosts
NaturalResourcesConservationService WildlifeHabitatIncentiveProgramWHIP Pays75ofrestorationcosts
DucksUnlimited ValleyBayProgram Pays50ofrestorationcosts
NaturalResourcesConservationService ConservationReserveProgramCRP Pays22acrefor10yearsfor

waterfowlenhancement

UnitedStatesDepartmentofAgriculture ConservationReserveEnhancement

ProgramCREP
Payslandownerofirrigated
cropland160acreofriceor100
acreforothercropsfor10yearsto
foregofarmingandestablishupland
habitatPays50toestablish
habitat

NaturalResourcesConservationService WaterBankProgram Financialincentivestopreserve
restoreandimprovewetland
habitatsTenyearagreements

January2003
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Table1Incentiveprogramsforlandownerstoconvertfarmlandtowetlands

forthecontrolprovidedbyCLSATheagreementwasbetween
theclubCLSAandSUYAAcopyoftheHSCodewasalso
includedintheletter

March TheDistrictsmetwiththeButteSinkWaterfowl

AssociationCWAandDucksUnlimitedtodiscusstheproblem
theissuesandthepayment

MayTheDistrictsmetwithalloftheduckclubownersto
discusstheagreementandmosquitoproductionontheirclubs

May28Intensivesurveillancesamplinganddocumentation
ofmosquitoproductioninthesinkbegan

June3 DateofthefirstmosquitocontrolbygroundULV
Individualclubsbecomeinaccessiblewiththefallfloodupbutcan
becontrolledbygroundrigduringthesummerirrigationMosquito
controlwasrequiredbecauseofthesummerfloodingrequirements
ofsomestateandfederalincentiveprogramsBillingstatements
weresenttoclubsforthecostofcontrolAllsummerflooding
relatedmosquitocontrolwascontrolledbygroundULVand
eventuallypaidforbytheclubs

August3AsecondmeetingwithclubownerswasheldClub
ownersproposedapayforcontrolasneededagreementThey
wouldpayforcontrolapplicationsastheyweremade

August7Arevisedcooperativeagreementhighlightingpay
forcontrolasneededwassenttoallduckclubsbyregistered
mail

August15TheAudubonSocietyandoneclubadjacenttothe
AudubonwerethefirsttosigntherevisedagreementsAmajority
oftheclubssoonsignedagreements
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August20ThefallfloodupintheButteSinkbegan
August26 Lettersweresenttoanumberofclubswith

notificationoffirstlarvalproduction
August31 Thefirstaerialadulticideapplicationofthe

insecticideTRUMPETECwasmade

September19Abatementnoticesweredeliveredtotheseven
thathadnotsignedagreementsTheseclubssignedagreements
beforeabatementhearingswereheld

October1 Bythisdate30clubsinCLSAand6inSUYA
hadsignedtheagreementstopayformosquitocontrolontheir
properties

Duringthe2001mosquitoseasonandfollowingamultitude
ofphonecallsduckclubmeetingsregisteredmailingsintensive
surveillanceandspecialboardmeetings36duckclubssignedthe
cooperativeagreementswithCLSAandSUYANocontrolcosts
wereassessedthe6duckclubsintheSutterYubaDistrictbecause

theclubsoptednottoflooduntilafterthemosquitobreedingseason
Theprogramandagreementsresultedintheaerialapplicationof
TRUMPETECover64000acresforcontrolofadultmosquitoes
Someclubsweresprayedonceandothersupto5timesdepending

Table2AircraftandapplicationinformationformosquitocontrolintheButteSink2002

ontheavailabilityofwaterandflooduppracticesThetotalcosts
of40000foraircraftandmaterialwasreimbursedtoCLSAalmost

doublingthechemicalbudgetParametersofaircraftapplication
areshowninTable2

Mosquitocontrolduringthe2002seasonwasconsideredthe
mostsuccessfuleverachievedinthehistoryoftheButteSink
mosquitocontrolComplaintsandlighttrapcountsweredown
Landownersandduckclubmanagersdescribedthe2002mosquito
controlasthebesttheyhadeverseenEvenaduckhunterwas
heardtosaythatthiswasthebestopeningofduckseasoneverand
therewerenomosquitoes

IndeedtherewasSuccessintheSink
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Aircraft

Speed
Nozzles

Swath

Applicationrate
RateofApplication
Material

Costperacre

CessnaAgWagon
120mph
2MicronairAV5000Rotaryatomizers
500ft

121acresperminute
1ozacre

TrumpetEC78Naled
0625
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EvaluationsofBarrierSprayUsingFormulationsofPyrethrin
andPyrethroidInsecticides

HughDLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseasesSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

ABSTRACTExperimentswereconductedatacitrusorchardduckclubandresidentialhabitattodeterminethe
abilityofbarrierpesticidetreatmentstodisruptmosquitodispersalCOCDCstyleandunbaited20cmdiameter
suctiontrapswereusedtomeasurechangesinabundanceandmarkreleaserecapturewasusedtomeasuredispersal
patternsMortalityofmosquitoesfromexposuretotreatedvegetationwasquantifiedusingbioassayIncitrustrials
usingPyrenoneCSat15and461ha57and84controlwasachievedontheseconddayoftreatmentinsidethe
perimeterbarrierAttheduckclubweusedDemandICSatarateof251haandachieved90controlwithintreated
vegetationTheexperimentathabitatsborderingaruralresidentialcommunitywasunsuccessfulduetothecollapseof
regionalmosquitoabundance

INTRODUCTION

EvidencefromtrappingstudiesLothropandReisen2001
Lothropetal2002hasindicatedthatCxtarsalismosquitoes
typicallyaredistributedcontagiouslyoverthelandscape
congregatingattheecotoneofelevatedvegetationAggregationof
mosquitoeswithintheenvironmentprovidestheopportunityto
optimizecontrolbyfocusingapplicationsatdistinctterrainfeatures
orvegetationtypesForexampleif90ofthemosquitoesare
aggregatedwithin10oftheenvironmentcontrolcouldbe
optimizedbydirecting100ofcontroltowardsthissegmentof
thepopulation

IntheCoachellaValleyvernalamplificationofvirushasbeen
focaloriginatingatmarshesalongthemarginoftheSaltonSea
withsecondarylatesummerandautumnalamplificationoccurring
nearduckclubslocatedaroundthedeltaoftheWhitewaterChannel

Limitationsofaccessintothemarshesandofapplicationof
adulticidesnearfishhabitatpreventsthewidespreaduseofULV
ultralowvolumeformulationsforadultcontrolwithinthese
habitatsTheselimitationsfrequentlypreventadulticide
applicationsintendedtointerruptencephalitisvirustransmission
earlymtheseasonandtherebypreventitsspreadtopopulated
uplandareasLowvolumeresidualbarriertreatmentsfocus
pesticideapplicationsandavoiddriftintosensitivewetlandareas
Theaddedbenefitofbarriertreatmentisthatitremainsinplace
throughoutthenightwhereasULVimpactsonlyadultsflyingat
thetimeoftreatment

METHODS

Fieldworkwasdoneatacitrusorchardduckcluband
residentialhabitatsneartheSaltonSeaRiversideCountyCalifornia
incollaborationwiththeCoachellaValleyMosquitoandVector
ControlDistrictCVMVCD

TECHNIQUES

Mosquitocollection Hostseekingfemaleswerecollected
usingdryicebaitedCDCstyletrapsoperatedwithoutlightson

metalstandardsat15mheightCOtrapsFlyingmosquitoes
weresampledwithoutattractantbydowndraftsuctiontraps30
cmdiameterthatwerepositionedwiththetrapentranceatca1m
height

Markreleaserecapture Adultmosquitoesforreleasewere
transferredto5galcageswheretheirnumberwasestimatedby3
replicatecountsusingthestripmethodMosquitoeswereoffered
wettowelingbutnotsugarandthentransportedtothefieldwhere
theyweremarkedwithfluorescentdustandreleasedwithin24hours
ofcaptureTrappedmosquitoeswereanesthetizedwith
triethylamineandthenexaminedunder1OXmagnificationand
ultravioletlighttoidentifymarkedindividualsUnmarkedfemales
werecountedtodeterminetheabundancepatternofthenatural
population

BarriersprayAdulticideswereappliedinaccordancewith
labelrestrictionsbycertifiedpersonnelfromtheCVMVCD
Equipmentincludedrolleranddiaphragmpumpsthatproduced
250psiand350psirespectivelycombinedwithaGunJetAAl2
SprayingSystemsCowitha6orificediskhavinganoutputof
2gallonsperminuteWatersensitivecardswereclippedtothe
canopyofthevegetationtoprovideconfirmationofcoverage

BioassayMosquitocidalactivityoftreatedvegetationwas
bioassayedbystaplingtreatedleavesto30mmX80mmcardsand
placingthemin37mmX100mmcardboardtubeswithfiberglass
windowscreencoversatbothendsEqualnumbersofmaleand
femaleCxtarsalisfromaCoachellaValleycolonywereintroduced
intothecontainersandheldovernightat25Cafterwhichmortality
wasrecorded

AnalysisImpactoftreatmentwasmeasuredbycomparing
countspreandpostsprayusingMullasformulaMullaetal1971
thatcomparessprayandcontrolsitespreandposttreatment

Experimentaldesign Experiment1Fig1wasdoneata
citrusorchard500mfromtheshoreoftheSaltonSeaOurobjective
wastointerruptthedispersalofmosquitoesfromshoreline
emergencesitesintotheorchardAbundancewasmonitoredusing
18COtrapsineachof5regionsshorelineintermediatedesert
brushorchardperimeterorchardinteriorand1kminlandfrom
theorchardnotshowninfigurePyrenoneCS6Pyrethrin
60PiperonylButoxideBayerCorpwasusedbecauseofits
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CO2trap

Suctiontrap
Barrier

Figure3Mapofstudysiteforexperiment3

regulatedtoleranceoncitrusTwoexperimentswereconducted
with4nightsoftrapping1nightofpretreatmentsamplingfollowed
by2daysofperimeterbarrierspraywithreleaseofmarked
mosquitoesfollowedbyonenightofposttreatmenttrapping
Applicationratesforexperiments1and2were15and461ha
respectivelyBioassaywasconductedaftereachtreatmentTo
elucidatemortalitypatternsatthetreatedorchardecotonewe
conductedtwotestsalongtheeastsideoftheorchardusingsuction
trapstodemonstratefocalchangesinabundanceInthefirsttest
trapswereset6mapartattheendof15alternaterowswiththe
central5trapsusedascontrolsInthesecondtest5controltraps
wereset30mfromthelasttreatedtrap

Experiment2Fig2wasdoneataduckclubnearthe
communityofMeccaThetargetvegetationwasTamarixand
PlucheanoncropandwastreatedwithDemandCS97
LambdaCyhalothrinSyngentaCorpat251hawitha
recommendedtreatmentcycleof7daysOurobjectivewastoblock
movementofmarkedmosquitoestotrapsplacedinandbeyond
thetreatedbarrierWeplaced12COtrapswithina08by16km
rectangularperimeteraroundthereleasesiteand4setsofpaired
suctiontrapsonthefrontandbacksidesofthetreatedstripsof
vegetationTheCOtrapswereintendedtomeasuredispersalof
markedmosquitoesandregionalabundanceMarkedmosquitoes
werereleasedbetween1900and1930hondays1and3withan
additionalreleaseonday4tosupplementthelownumberreleased
onday3Theinsidefaceofthevegetationwassprayedonday3at
1600h

Experiment3Fig3wasdoneonthesouthsideofthe
communityofMeccaWeusedDemandat251hatotreata
Neriumoleandernoncropwindbreaktoblockthemovementof
mosquitoesdispersingnorthfromtheduckclubslocatedsouthof
Meccawhichweretheonlymajorbreedingsourcesatthattimeof
yearMarkedmosquitoeswerereleased200msouthoftown
between1830hand1930honday1and3FourCOtrapswere
placedoutsidethetreatedbarrier06to11kmdistantfromthe
releasesiteand5wereplaced1blockinsideoftownparallelto
thetreatedbarrier350mto580mdistantfromthereleasesite

Eightsuctiontrapswereplacedalongthetreatedsideofthe
vegetationTreatmentwasdoneonday3of4sampledays

RESULTS

BARRIERSPRAYEXPERIMENTS

Experiment1Thetwosuccessivetrialsattheorchardshowed
similarpatternsofreductioninCxtarsalisabundanceFig4
WedesignatedtheshoreStrapsascontrolsbecausetheywere
furthestfromthetreatedbarrierandtheprimarysourceof
mosquitoesThegreatestreductionintrial1wasattrapsinthe
interiorIandintrial2intrapsattheperimeterPTherealso
wasacomparativereductionintrapsoutsidethebarrier0perhaps
becausemosquitoesweremovingamongadjacentblocksof
vegetationandcomingincontactwiththepesticideThesecond
trialwithanincreaseddosageshowedanincreasedreductionin
alltrapswithinthetreatedareaMarkreleaserecaptureresults
werelessclearinbothtrialswithmarkedmosquitoesmoving
throughthebarrierfrombothdirectionsThebioassayFig5for
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Figure5Bioassayresultsinpercentmortalityforexperiments
1trial22and3

trial2treatmentshowed86mortalityformosquitoesheldin
proximitytotreatedleavesInthetwosubsequentresidualtrials
thecontrolsshowedaparalleldecreaseinabundanceindicating
theywereinfluencedbyadjacenttreatedvegetationasinthebarrier
trialsThisconfoundedtheabundanceresultsbutthebioassay
resultswereusefulwith30residualcontrol

Experiment2Ourdesigndidnotcreateacompletely
protectivebarrierandconsequentlymosquitoabundancewas
assessedprimarilywithinthetreatedbarrierusingthe8suction
trapsMosquitoproductionwaslocalizedtothesouthand
northwestofthestudysitewhichresultedinsimilarpretreatment
abundanceamongall12COtrapsDispersalofmarked
mosquitoeswasnotuniformwithtrapstothesoutheastandwest
recapturingthelargestnumbersofmosquitoesreleased
pretreatmentPosttreatmentreleasesfollowedthesamepattern
exceptfortrapsinthetreatedvegetationtothewestwhichhad

lowerrecaptureControlinthetreatedbarriercomparedtoregional
COtrapaveragewas75inCOtrapsand90insuctiontraps
Abundancedecreasedbymorethanonenaturalloginsuctiontraps
aftertreatmentfortwosuccessivenightsFig6Thebioassayfor
thistrialproduced100mortalityintreatedcagesInterestingly
controlmortalitywithuntreatedleaveswasalsoelevatedperhaps
indicatingafumiganteffectfromArrowweedleaves
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Figure6Experiment2reductioninnaturallogofabundance

insuctiontrapscomparedtoCOtrapcontrols

Experiment3UsingMullasformulacontrolwas7atCO
trapssetoneblocknorthofthetreatedbarrierSuctiontrapsdid
notcollectsufficientnumberstomeasureabundancechangesat
thetreatedbarrierThebioassayinthistrialproduced875
mortalityadjustedto195whenmortalityrelatedtooleander
leavesinthecontrolwassubtracted

DISCUSSION

101182

15

EInCO2T
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Overallbarriertreatmentsseemedtodisruptthedispersalof
mosquitoesresultinginlocalizedreductionsinhostseekingand
flyingfemaleabundanceIneachexperimentthelimitednumber
ofsampledaysposttreatmentwasintendedtoinvestigateimmediate
changesandnotresidualactivityOurprotocolsweredirected
towardselectingpesticidesandmethodsthatmightinterrupt
mosquitodispersalbutsubstantialsustainedreductioninregional
abundancenecessarytointerruptvirustransmissionwillrequire
thetreatmentoflargerareasforlongerperiodsInexperiment1
abundancewasreducedinsideandatadjacentvegetationoutside
thebarrierItfollowsthatreductionofaportionofacontiguous
movingpopulationwillresultinreductioninadjacentareasbecause
ofthelossofmovementfromthekillzoneInexperiment2the
reductionatthetreatedvegetationindicatedthatthismethodmight
produceregionalreductionevenwithoutacontinuousbarrierThis
isacriticalfindingforlargeareaapplicationswhereelevated
vegetationisdiscontinuousandmayformecologicalislands
bringingmosquitoesandbirdstogethertoenhancevirus
transmissionResultsatsite3wereconfoundedbythecollapseof
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regionalmosquitoabundanceInthisexperimentthesparseness
oftheoleanderalongmuchofthebarriermayhaveprovidedan
inadequatelandscapetargetforsprayandmaynothavestimulated
thecongregationofmosquitoesAdditionallyitmaybenecessary
totreatamoreextensivebarrierasmosquitoescouldhaveentered
townbyanalternateroutethatdidnottakethemthroughthebarrier

Infutureexperimentswewillrefineandextendourmethods
to

1Increasepumppressuretoimprovespraypenetrationby
producinguniformdropletssmallenoughtoincreasethetimethey
aresuspendedintheair

2Comparedifferentpyrethroidformulations
3Increasethesizeofreleasedcohortstobetterdescribe

interruptionofdispersalbybarriers
4Extendbioassayswithpositiveandnegativecontrolusing

filterpapertodiscoveranymortalitycausedbybruisedplants
Giventhelimitedscaleofourpreliminaryexperimentsand

thepositiveresultsinExperiments1and2wefeelthereis
justificationtopursuethislineofinvestigationwithtreatmentareas
ontheorderof1squaremileovera10daydurationWeexpectto
seemoresignificantreductioninregionalabundanceaswellas
enhancedprotectionofdesignatedcoreareas
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SummaryofMosquitoborneEncephalitisVirusSurveillanceinCalifornia19982002

DeniseBSteinleinStanHustedWilliamKReisenVickiLKramerRobertEChiles
CarolGlaserCindiCossenEvelynHTuSabrinaGilliamLuciaTHuiBruceFEldridgeKenBoyce

SherylYamamotoJamesPWebbHughDLothropKennFujiokaAngelaBriscoMicheleJayRussell
AshleyHouchinMartinCastroAlHomSunitaQuickMilesChristopherRogersAlineCornelius

KellyMcCaugheyCandiceKohlmeierandThomasWScott

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices1616CapitolAvenueMS7307
POBox942732SacramentoCA942347320

DavisArbovirusResearchUnitCenterforVectorborneDiseasesUniversityofCalifornia
DavisOldDavisRoadDavisCA95616

2SacramentoYoloMosquitoandVectorControlDistrict8631BondRdElkGroveCA95624
OrangeCountyVectorControlDistrict13001GardenGroveBlvdGardenGroveCA92843

4SanGabrielValleyMosquitoandVectorControlDistrict1145NAzusaCanyonRoadWestCovinaCA91790

ABSTRACTAfiveyearsummary19982002ofhumanequidsentinelchickenmosquitoandwildbird
surveillanceforStLouisencephalitiswesternequineencephalomyelitisCaliforniaencephalitisandWestNilevirus
ispresentedThisdocumentextendsthesummarybyHuietal1999forStLouisencephalitisandwesternequine
encephalomyelitisactivityinCaliforniafrom19691997andaddsmapsofreportedarboviralactivitybycountysince
1969AcaseofprobablevaccineinfectionofahorsewitheasternequineencephalomyelitisisdetailedTheextension
ofthestatewidesurveillancesystemtoincludeWestNilevirusinCaliforniaalsoisdescribedThedatafrom1998
2001providesthebackgroundlevelofarboviralactivityinCaliforniapriortotheintroductionofWestNilevirusin
2002TheCaliforniaMosquitoborneEncephalitisVirusSurveillanceProgramcombinesinformationonclimate
variationmosquitoabundanceandinfectiontransmissiontosentinelchickensandreportsofhorseandhumancases
tomeasuretheriskofarbovirustransmissiontohumansKramer2001 Thepurposeofthecurrentpaperisto
summarizesurveillanceinformationgatheredduringtheprevious5yearstherebyupdatinghistoricalsummariesby
UniversityofCaliforniaBerkeleyfrom1943 1987Reeves1990andbytheDepartmentofHealthServicesfrom
19691997Huietal1999

HUMANCASESURVEILLANCE

INTRODUCTION

UntiltheconfirmedWestNilevirusWNpositivecasein2002
nohumancasesofarboviralinfectionhadbeenreportedin
Californiasince1997Huietal1999Figure1Table1Samples
fromsuspecthumancasesofasepticmeningitisandencephalitis
havebeentestedfordecadesbytheCaliforniaDepartmentofHealth
ServicesCDHSViralandRickettsialDiseaseLaboratoryVRDL
forantibodiestoStLouisencephalitisSLEandwesternequine
encephalomyelitisWEEvirusesInrecentyearstheDavis
ArbovirusResearchUnitDARUattheUniversityofCalifornia
DavisUCDhastestedsamplesfromCDHSforarangeof
arbovirusesIn2000CDHSinitiatedtestingforWNafterits
introductionintotheUnitedStatesin1999Hustedetal2000

1998

In1998140humanseraandorcerebrospinalfluidspecimens
weretestedandnonewerepositiveforarboviralinfectionTable
1TheCaliforniaEncephalitisProjectCEPwasstartedinJuly
1998bytheVRDLthroughfundingfromtheCentersforDisease

ControlandPreventionCDCtodeterminetheetiologyof
unexplainedencephalitiscasesSpecificallytheCEPexamined
thepatientdemographicsexposuretoarthropodsandexpanded
arboviraltestingtoincludepolymerasechainreactionPCR
serologyandisolationfor15viralagentsKrameretal1999

1999

In1999127patientswereenrolledintheCEPnonewere
positiveforarboviralinfectionTable1OutsideoftheCEP
programtherewere14suspectcasesofWEEandorSLEfrom
ImperialandRiversidecountiesHustedetal2000Although
noneofthesewasconfirmedthisandpreviousstudiesonthe
seroprevalenceofWEEandSLEinhumansinCoachellaValley
Reisenetal1996andImperialValleyReisenandChiles1997
promptedanadditionalsurveyinthesecountiesSevenhundred
twentyninehumanseraweretestedfromfourmedicalfacilities
159ofthesamplestestedhadaSLEIgGenzymelinked
immunoassayEIAindexgreaterthanoneand15hadaWEE
IgGEIAindexgreaterthanoneGlaser Kohlmeierperscomm
TheseresultsweresimilartoReisenetalsfindings1926
WEEand188164 SLEusingthesametechniqueandwere
remarkablysimilartoanearlyserosurveyinImperialCountyJozan



Year Humans Mosquitoes Chickens Horses Dead

Birds
WEE SLE WNV WEE SLE CE WNV WEE SLE WNV WEE EEE WNV WNV

1998 0 0 NA 53

KE42
RI11

1

RI1

0 NA 101

BU5IM26
KE30PL4
RI28SB6
SL1SUYB1

2

LA1OR1
NA 0 0 NA NA

140tested 3557pools 134Flocks 5tested NA
1999 0 0 NA 0 0 0 NA 3

RI2TU1
25

IM14RI8SB3
NA 0 0 NA NA

141tested 3566Pools 190Flocks 1tested NA

2000 0 0 0 0

I
30

RI30
0 0 0 49

IM11RI36582 I
0 0 1

VE1
0 0

226tested 3901pools 170Flocks 16tested 20tested
2001 0 0 0 0 70

RI70

9

KE8
SA1

0 3

RI3
82

IM11RI51
0 0 0 0 0

210tested 3501Pools 194Flocks 15tested 18tested
2002 0 0 8

CC1
LA1

LA2
OR1

SF1

SM1

VE1

26

IM19
RI9

8

IM8

17

RI1

0 52

IM40RI8
584

45

IM43
RI2

0 0 0 1

LA1
0

431tested 4879Pools 207Flocks 83tested 653tested

Total
0 0 8 81 109 10 0 159 183 0 0 1 1 0

18

Keytocounties
BUBUTTE
KEKERN
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SASACRAMENTO
SLSOLANO

TUTULARE
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Figure1LocallyAcquiredMosquitoborneVirusActivityinCalifornia19982002

Table1SummaryofArbovirusDetectioninCalifornia19982002
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1977Collectivelythesedataindicatethathumansarefrequently
infectedwithSLEinsoutheasternCaliforniabutfewinfections
resultinseriousdisease

2000

In2000CEPenrollmentincreasedto370patientswhotested
negativeforWEEandSLEWhenWNactivitywasdetectedinthe
easternUnitedStatesin1999testingwasexpandedtoinclude
antibodyagainstWNOfthe370patientsenrolledintheCEPin
2000sixhadtraveledtotheeasternUSwithintheexpected
arbovirusincubationperiodandtwopatientsreportedmosquito
bitesWNantibodywasnotdetectedinanyofthepatientsHusted
etal2001

VRDLalsotested226serumandorcerebrospinalfluid
specimensfrombothCEPandnonCEPpatientsfrompatients
exhibitingsignsofasepticmeningitisorencephalitisforWEEand
SLENoneshowedevidenceTable1ofrecentarboviralinfection
egelevatedIgMantibodyresponseorafourfoldriseinantibody
betweenpairedseraHustedetal2001

2001

In2001VRDLtestedspecimensfrom210patientswith
negativefindingsforSLEandWEEOfthese167wereCEP
patientsTable1AllCEPpatientswerenegativeforantibodies
forWNeventhoughsixpatientshadtraveledtotheeasternUnited
StateswithintheWNincubationperiodand28reportedrecent
mosquitoexposureHustedetal2002

2002

ForthefirsttimeinCaliforniatherewasevidenceofWN
infectioninhumansOnAugust102002a31yearoldfemale
fromLosAngelesCountybecameillwashospitalizedandlater
releasedAfterspecimenswerescreenedbytheLACountyHealth
DepartmentandVRDLthepatientwaslabeledaprobablecaseof
WNUponconfirmationbyDARUshewasdiagnosedasa
confirmedcaseofWNmeningitisThepatientreportednotravel
historyoutsideofLosAngelesCountyduringtheincubationperiod
priortoonsetofillnessHustedetal2003

OtherWNactivityinCaliforniaincludedsevenimportedcases
twocasesofWNencephalitisaTexasresidentinLosAngeles
CountyandaSanMateoCountyresidentwhotraveledto
WisconsinonecaseofWNmeningitisanOrangeCountyresident
whotraveledtoNebraskatwocasesofWNfeveraSanFrancisco
CountyresidentwhotraveledtoWashingtonDCandaVentura
CountyresidentwhotraveledtoFloridaandtheBahamasand
onecaseofWNassociatedacuteflaccidparalysisaKansasresident
whotraveledtoLosAngelesTable1Hustedetal2003

MOSQUITOPOOLS

INTRODUCTION

Everyyearsince1969localagenciesinCaliforniahave
submittedmosquitopoolstoCDHSforarboviraltestingformore
detailedinformationontheadventofthisprogramseeReeves

1990In1969theprogrambecamestatewidetesting3591
mosquitopoolsInthepast33yearsCDHSortheCenterforVector
borneDiseaseResearchCVBDRatUCDhavetestedanaverage
of4010poolsayearrangingfromalowof1801poolsin1970to
ahighof7818poolsin1972In1998CVBDRassumed
responsibilityfromCDHSforstatewidemosquitotestingUpon
receiptattheCVBDRmosquitoesweretestedforarbovirusesby
aninsituenzymeimmunoassayusingVerocellcultureGrahamet
al1986ResultsweresenttoCDHSandincludedintheweekly
ArbovirusSurveillanceBulletinASB

1998

In19983557poolscomprisedof154463mosquitoesusually
50femalesperpoolfrom25agenciesweretestedforarboviruses
byCVBDROfthepoolstested42poolsofCulextarsalisfrom
KernCountyand11poolsofCxtarsalisfromRiversideCounty
53totalwerepositiveforWEEFigure3Table1Onepoolof
CxtarsalisfromRiversideCountywaspositiveforSLEFigure
2Table1Krameretal1999

1999

In19993556poolscomprisedof145511mosquitoesfrom
24agenciesweretestedforarbovirusesbyDARUanewunitwithin
CVBDRTherewerenopositivemosquitopoolsTable1Husted
etal2000

2000

In2000therewere3901poolscomprisedof160947
mosquitoessubmittedby28agenciesforarboviraltestingby
DARUOfthese30poolsofCxtarsalisfromRiversideCounty
werepositiveforSLEFigure2Table1Hustedetal2001

2001

In2001therewere3501poolscomprisedof145338
mosquitoessubmittedby26agenciesfortestingTherewasan
increaseinarboviralactivityfromthepreviousthreeyearswith70
poolspositiveforSLE67poolsofCxtarsalisand3poolsof
CulexquinquefasciatusfromRiversideCountyFigure2Table
1AlsoninepoolsofOchlerotatusmelanimonfromKern8pools
andSacramento1poolcountieswerepositiveforCalifornia
encephalitisCEFigure1Table1Hustedetal2002
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Figure2NumberofYearswithSLEPositiveMosquitoPoolsinCalifornia19692002
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Figure3NumberofYearswithWEEPositiveMosquitoPoolsinCalifornia19692002
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CaliforniaencephalitisisararehumandiseaseinCalifornia
ThefirstisolationofCEwasfromhumansinKernCountyin1943
HammonandReeves1952Sincethenothercloselyrelated
pathogenssuchasJamestownCanyonandLaCrosseviruseshave
beengroupedwithCEintheCaliforniaserogroupTaxonomically
theCaliforniaserogrouplieswithinthegenusBunyavirusinthe
familyBunyaviridaeWhereasothermembersoftheCalifornia
serogroupoftencausehumanillnesscasesduetoinfectionbythe
prototypeCEstrainlastfoundin1943werenotdiagnosedagain
until1996InJuneof1996aMarinCountymanwasthefirst
persontobeidentifiedwithdiseaseassociatedwithCEvirusin53
yearsEldridgeetal1997Figure1Interestinglythisfirsthuman
casereportedsince1943wasfollowedfiveyearslaterbythefirst
mosquitopoolisolationsofCEinCaliforniasince1990Figure
1Table1Hustedetal2002

2002

In2002therewere4879poolscomprisedof200578
mosquitoesfrom31agenciessubmittedtoDARUforarboviral
testingOfthese28poolswerepositiveforWEEImperialCounty
19RiversideCounty9Figure3Table18werepositivefor
SLEImperialCountyFigure2Table1and1waspositivefor
CERiversideCountyFigure1Table1Hustedetal2003

Allbut4WEEpositivepoolswerecomprisedofCxtarsalis
theother4wereCxquinquefasciatuspoolsfromImperialCounty
WEEpositivepoolswerecollectedfromJune5toSeptember23
Hustedetal2003

StLouisencephalitispositivepools8werecollectedfrom
ImperialCountyfromJuly9toSeptember17fourofthesepools
wereCxtarsalisandfourwereCxquinquefasciatusOneCx
quinquefasciatuspoolcollectedonAugust20thfromRiverside
CountywaspositiveforCETable1Hustedetal2003

SENTINELCHICKENS

INTRODUCTION

SentinelchickenflockshavebeentestedbyCDHSsince1979
formoredetailedinformationontheadventofthisprogramsee
Reeves1990Duringthefirstyeartherewere31flocksOverthe
past23yearstheaveragenumberofflockshasbeen109andflock
numberhasrangedfrom22in1981toapeakof207flocksin
2002Thenumberofhensperflockwasreducedfrom25to10in
199192FlockswerebledbiweeklyandseraweresenttotheVRDL
fortestingbyenzymeimmunoassayEIAandindirectfluorescent
antibodyIFAtestsWhenneededseraweresenttoDARUfor
plaquereductionneutralizationtestPRNTResultswereincluded
intheweeklyASB

Nosurveillanceprogram

0years

12years

310years

1120years

Over20years

Figure4NumberofYearswithSentinelChickenSeroconversionstoSLEinCalifornia19802002
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1998

In199819840chickenseraweretestedfrom134sentinel

flocksCollectionsweremadebiweeklyandsenttotheVRDLfor
serologyOnehundredonechickensseroconvertedtoWEEinnine
countiesButte5Imperial26Kern30Placer4Riverside28
SanBernardino6Solano1SutterYuba1Figure5Table1
andtwochickensseroconvertedtoSLELosAngeles1Orange
1Figure4Table1Krameretal1999

1999

In199919978chickenseraweretestedfrom190sentinel
flocksSeroconversionstoSLEweredetectedin25chickensfrom

Imperial14Riverside8andSanBernardino3counties
Figure4Table1ThreechickensseroconvertedtoWEE
RiversideCounty2TulareCounty1Figure5Table1Husted
etal2000

2000

In200018650chickenseraweretestedfrom170chicken

flocksinCaliforniaaswellas2225serafromNevadaOregon
UtahWashingtonandArizonaTherewere49seroconversionsto
SLEfromflocksfoundinImperial11Riverside36andSan
Bernardino2countiesFigure4Table1Therewereno
seroconversionstoWEEFigure5Table1Hustedetal2001

In200120087chickenseraweretestedfrom194chicken

flocksfromCalifornia750seraweretestedfromNevadaOregon
andUtahTherewere62seroconversionstoSLEinchickensfrom

Imperial11andRiverside51countiesFigure4Table1
RiversideCountyalsohad3chickensseroconverttoforWEE
Figure5Table1Hustedetal2002

2001

2002

In200220087chickenseraweretestedfrom207chicken

flocksTherewere45seroconversionstoSLEfromImperial43
andRiverside2countiesFigure4Table1Seroconversions
occurredfromJuly8toOctober28

Therealsowere52seroconversionstoWEEfromImperial40
SanBernardino4andRiverside8countiesFigure5Table
1SeroconversionsoccurredfromJuly8toNovember15Husted
etal2003

NONDHSSENTINELCHICKENTESTING

Threeagenciesperformedtheinitialscreeningoftheirsentinel
flockseraattheirownlaboratoriesSacramentoYoloMosquito
andVectorControlDistrictmaintainedsentinelflocksandtested

thefollowing119981780serasamplesfrom8flocks21999
1961serasamplesfrom9flocks320001124serasamplesfrom

Nosurveillanceprogram

0years

12years

310years

1120years

Over20years

Figure5NumberofYearswithSentinelChickenSeroconversionstoWEEinCalifornia19802002
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9flocks420011221serasamplesfrom9flocksand52002
1490serasamplesfrom10flockswithnoseropositivesSan
GabrielValleyMVCDtested1011flocksthatrangedfrom4365
birdstotalfrom19982001byEIAnonewasfoundpositivefor
SLEorWEEInadditionGreaterLosAngelesVCDdidsomeof
theirowntestingin2001and2002

FREERANGINGBIRDTESTING

UCDARBOVIRUSFIELDSTATION

UCDresearchershavelivetrappedbirdsinKernandRiverside
Countiessince1996Reisenetal2000Reisenetal2002Birds
werecollectedbymistnettingorbaitedtrapsbledbandedand
releasedSeraweretestedforWEEandSLEbyanewEIAwith
positivesconfirmedbyPRNTChilesandReisen1998

In19984292birdsrepresenting65specieswerecaughtin
KernCountyThirtythreebirdsin9specieswerepositiveforWEE
Table2InthesameyearinRiversideCounty2846birds
representing71specieswerecapturedOfthese35birdswereSLE
positive7speciesand11birds7specieswereWEEpositive
Table2

In1999collectionsfocusedonbaitedtrapsandonly1035
birdsrepresenting24speciesweretestedinKernCountyOfthese
CaliforniaquailCallipeplacalifornicawastheonlyspecies
positiveforWEE14positives173samplesnobirdswereSLE
positiveTable2InRiversideCounty1462birdsrepresenting
28speciesweretestedonlyGambelsquailsCallipeplagambelii
werepositiveforWEE13positives847samplesnonewas
positiveforSLETable2

In20001878birdsrepresenting65speciesweretestedinKern
CountyOftheseonlythehousefmchCarpodacusmexicanus
waspositiveforWEE4positives487samplesnonewasSLE
positiveTable2InRiversideCounty1700birdsrepresenting
73speciesweretestedTwoWEEpositiveswerefoundin2species
and40SLEpositiveswerefoundin9speciesofbirdsTable2

In20011523birdsrepresenting51speciesweretestedinKern
CountyOftheseonlythehousefinch2positives339samples
andthemourningdoveZenaidamacroura2positives30
sampleswerepositiveforWEEnobirdswereSLEpositiveTable
2InRiversideCounty1026birdsrepresenting47specieswere
testedOneWEEpositivewasfoundinGambelsquail297
samplesand38SLEpositiveswerefoundin9speciesofbirds
Table2

In20022636birdsrepresenting53speciesweretestedinKern
CountyNoneofthesewaspositiveforWEEorSLEInRiverside
County2133birdsrepresenting57speciesweretestedOneWEE
positivewasfoundinGambelsquail445samplesand16SLE
positiveswerefoundin5speciesofbirdsTable2

MOSQUITOANDVECTORCONTROLDISTRICTS

SacramentoYoloMVCDtestedwildbirdsfromtheStoneLakes

NationalWildlifeRefugefrom19982002forSLEandWEEby
EIAwiththefollowingresults1998783birdstestednopositives
1999132birdstested1positiveWEE2000828birdsno

positives20011466birdsnopositivesand20021105birds
nopositivesAlso102CanadageeseBrantacanadensiswere
screenedforWEEandSLEin20021waspositiveforWEEAll
positiveswereconfirmedatDARUbyPRNT

OrangeCountyVectorControlDistrictOCVCDperformed
wildbirdtestingfrom19872002Birdswerecapturedusing
AustraliancrowtrapsandbledbiweeklySpecimensweretested
usingthehemagglutinationinhibitionHIassayFurtherdetails
onbirdcapturesampleprocessingandresultsfromOCVCDs
SLElivebirdsurveillanceprogramfrom19871996werepublished
previouslyGruwelletal2000In19982277samples1032
recapturesweretakenfromhousefinchesand19083 ofthese

testedpositiveforSLETable3NonewaspositiveforWEE
SeropositivebirdsforSLEweretrappedinallmonthsexceptMarch
NovemberandDecember

In1999wildbirdtestingcontinuedwith3528housefinch
samples1681recaptures8023 werepositiveforSLEand
728housesparrowsamples515recaptures1014 was

positiveforSLETable3SeropositivebirdsforSLEweretrapped
inMayJuneOctoberandDecember

In20003149housefinches1564recapturesweretested
and3010 werepositiveforSLETable3Nosampleswere
positiveforWEESeropositivebirdsforSLEweretrappedin
FebruaryMayandOctober

In20012818housefinches1191recapturesweretested
and4014 werepositiveforSLETable3Nosampleswere
positiveforWEESeropositivebirdsforSLEweretrappedin
FebruaryMayandOctober

In20022588housefinches1159recapturesand8031
werepositiveforSLETable3Inaddition35crows1recapture
werecapturedand257 werepositiveforSLENosamples
werepositiveforWEEorWNSLEseropositivebirdsforSLE
weredetectedinMarchAprilandAugust

SanGabrielCountyVCDtestedwildbirdsbyEIAfrom1998
2000In1998therewasoneSLEpositivefrom75birdstested
ThispositivewasconfirmedbyHItestingatOrangeCountyVCD
In1999and200015and36birdsweretestedrespectivelynone
waspositiveforarboviruses

EQUINECASES

INTRODUCTION

Equinesurveillanceforarboviruseshasbeeninplacesince1954
Reeves1990Horsesshowingneurologicalsignshaveseraand
orbraintissuespecimenssubmittedbyveterinarianstoVRDLfor
testingIn2000testingwasshiftedtoDARUSince1969there
havebeen69reportedcasesofWEEinhorsesinCaliforniaA
peakof18equinecaseswasreportedin1979Thelastreported
positiveWEEhorsecasewasin1997

1998

Specimensfrom5horseswithneurologicalsignsweresubmitted
byveterinarianstoVRDLNoneofthesewerepositivebyserology
orantigentestingTable1Krameretal1999



Kern Americanrobin Turdusmigratorius 35 0 0 2 57

Blackheadedgrosbeak Pheucticusmelanocephalus 12 0 0 1 83
Brewersblackbird Euphaguscyanocephalus 39 0 0 1 26

Californiaquail Callipeplacalifornica 296 0 0 12 41
Californiathrasher Toxostomaredivivum 25 0 0 1 40
Housefinch Carpodacusmexicanus 911 0 0 9 10

Mourningdove Zenaidamacroura 89 0 0 3 34

Northernmockingbird Mimuspolyglottos 29 0 0 1 34

Redwingedblackbird Agelaiusphoeniceus 246 0 0 1 04

Songsparrow Melospizamelodia 453 0 0 2 04
Riverside Abertstowhee Pipiloaberti 44 0 0 1 23

Brownheadedcowbird Molothrusater 184 0 0 1 05

Commongrounddove Columbinapasserine 176 2 11 2 11

Gambelsquail Callipeplagambelii 459 23 50 2 04

Greattailedgrackle Quiscalusmexicanus 9 1 111 0 0

Housesparrow Passerdomesticus 239 6 25 3 13

Leastbittern Ixobyrchusexilis 6 1 167 1 167

Mourningdove eniiamacroura 22 1 45 0 0

Purplefinch Carpodacuspurpureus 4 1 250 0 0

Snowyegret Egrettathula 1 1 100 0 0
Sora Porzanacarolina 4 0 0 1 250

Kern Housefinch Carpacusmexicanus 487 0 0 4 08
Riverside Abertstowhee Pipiloaberti 42 2 48 0 0

Americankestrel Falcosparverius 1 1 100 0 0

Commongrounddove Columbinapasserine 90 8 89 0 0

Gambelsquail Callipeplagambelii 317 12 38 1 03
Housefinch Carpodacusmexicanus 50 3 60 0 0

Housesparrow Passerdomesticus 160 9 56 0 0

Loggerheadshrike Laniusludovicianus 1

91 0 0

Mourningdove Zenaidamacroura 29 2 69 0 0

Plainpigeon Columbalivia 13 2 154 0 0

Warblingvireo Vireogilvus 50 0 0 1 20

Kern Housefinch Carpodacusmexicanus 339 0 0 2 06

Mourningdove Zenaidamacroura 30 0 0 2 67
Riverside Brownheadedcowbird Molothrusater 122 1 08 0 0

Commongrounddove Ci7umbinapasserine 35 4 11 0 0

Gambelsquail Callipeplagambelii 297 122 411 1 03
Housesparrow Passerdomesticus 118 1 08 0 0

Loggerheadshrike Laniusludovicianus 5 2 400 0 0

Mourningdove Zenaidamacroura 55 5 91 0 0

Northernmockingbird Mimuspolyglottos 4 1 250 0 0
Redwingedblackbird Agelaiusphoeniceus 2 1 500 0 0

Songsparrow Melospizamelodia 43 1 23 0 0

Riverside Commongrounddove Columbinapasserina 88 3 34 0 0

Gambelsquail Callipeplagambelii 445 9 20 1 02
Greenbackedheron Butoridesstriatus 2 1 50

Loggerheadshrike Laniusludovicianus 1 1 100 0 0

Mourningdove Zenaidamacroura 332 2 06 0 0
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Table2SummaryofWildBirdTestingbyUCDavisforSLEandWEE19982002

Wildbirdtestingpositives19982002

County
1998

1999
Kern

Riverside

2

01

January2003

Common

Name

Scientific

Name
Samples
Total SLE

Total

Positive WEE

Total

Positive

Californiaquail
Gambelsquail

Callipeplacalifornica
Callipeplagambelii

173

847

0

0

0

0

14

13

81

0



Year

Common

Name

Scientific

Name

Samples
Total SLE

Total

Positive WEE

Total

Positive

1998 Housefinch Carpodacusmexicanus 2277 19 083 0 0

1999 Housefinch Carpodacusmexicanus 3528 8 023 0 0

Housesparrow Passerdomesticus 728 1 014 0 0

2001 Housefinch Carpodacusmexicanus 2818 4 01 0 0

2002 Housefinch Carpodacusmexicanus 2588 8 03 0 0
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Table3SummaryofWildBirdTestingbyOrangeCountyforSLEandWEE19982002

1999

OnespecimenwassubmittedandtestednegativeforWEE
Table1Hustedetal2000

2000

In200016specimensweresubmittedfortestingofthese15
specimensshowednosignofarboviralinfectionbyWEEEEEor
WNTheremainingsampletestedpositiveforeasternequine
encephalomyelitisEEEFigure1Table1Hustedetal2001
EasternequineencephalomyelitisvirusandWEEarebothmembers
ofthefamilyTogaviridaegenusAlphavirusAlthoughrelatedEEE
ismuchmorevirulentinhorseswhencomparedtoWEEInthe
easternUSEEEismaintainedandamplifiedinatransmission
cycleinvolvingCulisetamelanuramosquitoesandwildbirds
Infectionsinequinesandhumansoccurwheninfectedbirdsare
feduponbymosquitospeciesotherthanCsmelanuraandthen
subsequentlyfeeduponhumansandorequinesMorris1998

A16montholdhorsefromVenturaCountywaseuthanizedafter
exhibitingneurologicalsignsFranklinetal2001Isolationsof
EEEweremadefrombrainsamplessenttotheNationalVeterinary
ServiceLaboratoryUSDepartmentofAgricultureinAmesIowa
VRDLandDARUSequencingstudiesbyseverallaboratories
indicatedthattheisolatefromthishorsebrainwassimilartothe

vaccinestrainusedbyFortDodgeThehorsehadahistoryoftravel
toUtahsouthernCaliforniaandasfareastasTexasforshow
purposesallgeographicareaswestofthedistributionofEEE
andnohorsesattheseshowswerefromEEEendemicareasor

wereknowntohaveEEEThishorseand27othersresidinginthe
samebarnhadbeenvaccinatedwithacommercialfourwaymulti
dosevaccineforEEEWEErhinopneumonitisandtetanusone
weekbeforethehorseshowedthefirstsignofillnessNatural
infectionbioterrorismandimportationwereallexcludedas
possiblecausesofinfectionQuitepossiblyinfectionwasfromthe
fourwayvaccineadministeredtothehorsewhichmayhave
containedliveEEEvirusFranklinetal2001

2001

In200115horsesweretestedforWNandWEEnonewas
positiveTable1Hustedetal2002

2002

In200283horsespecimensweresubmittedtotheVRDLfor
testing1horsefromNebraskawasfoundserologicallypositive
180forWNThisspecimenwassubmittedbytheLosAngeles
CountyHealthDepartmentbutwasconsideredanimportedcase
ratherthanlocallyacquiredHustedetal2003

WESTNILEVIRUSSURVEILLANCE

INTRODUCTION

25

WestNilevirusamemberoftheJapaneseencephalitis
serogroupwithinthefamilyFlaviviridaewasintroducedintothe
UnitedStatesin1999Duringthefirstyeartherewere62reported
humancasesofWNand7deathsfrom4statesHustedetal2000

InresponsetothepossiblespreadofWNtothewestcoast
CaliforniaexpandeditsarbovirustestingprogramtoincludeWN
in2000CDHSinitiatedadeadbirdsurveillanceandWNtesting
programMcCaugheyetal2002Aletterwassenttoover600
agenciesrequestingbirdcarcasssubmissionsFurthermoreroutine
sentinelchickenserologicaltestingwasenhancedBecauseSLE
andWNarecloselyrelatedWNantibodiescrossreacttotheSLE
antigenusedinthescreeningEIAThereforeallspecimenspositive
forSLEwerealsotestedforWNandthevirusessubsequently
distinguishedbyPRNTRoutinemosquitopoolhumanequine
andratiteencephalitistestingwerealsoexpandedtodetectWN
Through2002noWNpositivedeadbirdshadbeendetectedin
CaliforniaInthefirstyear2000ofdeadbirdtesting40dead
birdswerereportedfrom10countiesand20metthecriteriafor
testingHustedetal2001In2001thenumberofdeadbirds
reportedincreasedto68from19countiesand18weretestedTable
1Hustedetal2002In2002WNvirussurveillanceinCalifornia
wassupportedbyagrantfromtheCentersforDiseaseControland
PreventionCDCNotificationsweresenttwiceayearto
approximately600agenciesandgroupsexplainingtheprogram
andrequestingtheycontactCDHSwhendeadbirdsespecially
crowswerefoundRecipientsofthemailingincludedCalifornia
DepartmentofFoodandAgricultureDepartmentofFishandGame
UnitedStatesFishandWildlifeServiceswildliferehabilitation

andrefugecentersNationalAudubonSocietylocalhealth
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departmentsmosquitoandvectorcontroldistrictsenvironmental
healthofficersveterinariansandanimalcontrolNecropsiesof
submittedcarcasseswereperformedbytheCaliforniaAnimal
HealthFoodandSafetyCAHFSlabSpecimenswereforwarded
toDARUfortestingviaplaqueassayonVerocellculture

In2002thedeadbirdsurveillanceprogramsignificantly
increaseditsreportingandtestingabilitiesbyestablishingtheWest
NileVirusHotline1877WNBIRDandtheCaliforniaWestNile
VirusSurveillanceInformationCenterwebsitehttp
wwwwestnilecagovOnJune26aCDHSnewsreleaseentitled
CaliforniaDepartmentofHealthSeeksPublicHelpforWestNile
VirusSurveillancewasreleasedSubsequentlytherewereseveral
newspaperarticlesandradiointerviewsinformingthepublicof
thepossiblearrivalofWNtoCaliforniaandprovidingthedead
birdsurveillanceprogramshotlineAtotalof3666deadbirds
werereportedfrom56counties653birdsfrom45countiestested
negativeforWNTable1Hustedetal2003

TheauthorswouldliketothanktheMosquitoandVectorControl
AssociationofCaliforniaandlocalvectorcontrolagencieslocal
healthdepartmentswithvectorprogramsstaffofDHSVRDLand
theInfectiousDiseasesBranchDARUSacramentoYoloMVCD
OrangeCountyVCDandGreaterLosAngelesVCDWorkdone
attheUniversityofCaliforniaDaviswasfundedinpartby
ResearchGrant1R01AI39483fromtheNationalInstituteof

AllergyandInfectiousDiseasestheCoachellaValleyMosquito
AbatementDistrictandtheMosquitoResearchProgramDivision
ofAgricultureandNaturalResourcesUniversityofCalifornia

WorkdoneattheCaliforniaDepartmentofHealthServiceswas
fundedinpartbyaWestNilevirusgrantthroughtheCentersfor
DiseaseControlandPreventionEpidemiologyandLaboratory
CapacityProgram
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Figure6WEEEquineCasesinCaliforniafrom19692002
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SurveillanceforMosquitoBorneEncephalitisVirusActivityandHuman
DiseaseinCalifornia2002

StanHustedVickiLKramerAshleyBHouchinRobertEChilesCarolGlaser
MicheleJayRussellWilliamKReisenBruceFEldridgeCindiCossen
EvelynHTuThomasWScottKellyMcCaugheyWilliamCReeves

MartinCastroAlHomandLuciaHui

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices
601North7thStreetMS486POBox942732SacramentoCA942347320

DavisArbovirusResearchUnitCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
2ArbovirusFieldStationCenterforVectorborneDiseaseResearch

UniversityofCaliforniaDavisBakersfieldCA93312
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

ABSTRACTIn2002theCaliforniasurveillanceprogramformosquitoborneencephalitisvirusactivitytested
humansequidsmosquitoessentinelchickensanddeadbirdstodetectarbovirusactivityTherewere431suspected
humancasesofasepticmeningitisencephalitisatypicalGuillainBarreacuteflaccidparalysisfebrileillnessAllwere
testedforStLouisencephalitisSLEwesternequineencephalomyelitisWEEandWestNilevirusWNinfection
EightwerediagnosedtohaveWNinfectionSevenwereimportedcasesandonecasewasaresidentofLosAngeles
CountyAdultmosquitoabundancewasmonitoredwithNewJerseylighttrapcollectionsandreportedbylocalagencies
totheCaliforniaDepartmentofHealthServicesCDHSFiftylocalagenciesmaintained207sentinelchickenflocks
Therewere45chickenswhichseroconvertedtoSLEand52toWEEThirtyoneagenciessubmitted4879mosquito
poolsforvirustestingTwentyeightpoolswerepositiveforWEEeightwerepositiveforSLEandonewaspositive
forCalifomiaencephalitisEightythreeequidswithencephalitisweretestedforWEEandWNinfectionOnewas
diagnosedashavingWNinfectionThesourceofinfectionwasNebraskaAtotalof3666deadbirdswerereported
toCDHSand653weretestedandfoundnegativeforWNinfection

TheCaliforniaMosquitoBorneEncephalitisSurveillance
ProgramisacooperativeeffortoftheDivisionofCommunicable
DiseaseControloftheCaliforniaDepartmentofHealthServices
CDHStheUniversityofCaliforniaatDavisandBerkeleythe
MosquitoandVectorControlAssociationofCalifornialocal
mosquitoandvectorcontrolagencieslocalhealthdepartments
physiciansveterinariansandotherinterestedpartiesCollaborating
agenciesintheWestNilevirusWNsurveillanceprograminclude
theCaliforniaDepartmentofFoodandAgricultureCDFA
CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFS
CaliforniaDepartmentofFishandGametheUSFishandWildlife
ServiceandtheCentersforDiseaseControlandPreventionCDC

ProgramComponents
1Diagnostictestingofspecimensfromhospitalizedpatients

exhibitingsymptomsofviralmeningitisorencephalitis
2Enrollmentofpatientsdiagnosedwithencephalitisintothe

CDHSCaliforniaEncephalitisProjectCEPwhichevaluates
demographicsexposuretoarthropodsandlaboratoryanalysesto
determineetiology

3Diagnostictestingofspecimensfromequidsthatexhibited
clinicalsignsofviralneurologicdiseasecompatiblewitharboviral
infectionofwesternequineencephalomyelitisWEEWNand
otherarbovirusesasappropriate

4Monitoringandtestingofmosquitoesforthepresenceof

HUMANDISEASESURVEILLANCE

January2003

StLouisencephalitisSLEandWEETestswerealsodonefor
WNCaliforniaencephalitisCEdengueandotherarboviruses

5SerologicalmonitoringofsentinelchickensforSLEand
WEEantibodiesinareasofCaliforniawhereencephalitisvirus
activityhasoccurredhistoricallyChickenserafromgeographic
areaswhereSLEseroconversionsoccurredandotherselectedareas
ofthestatewerealsotestedforWN

6Surveillanceanddiagnostictestingofdeadbirdsespecially
crowsforWNinfection

7WeeklyreportingintheCDHSArbovirusSurveillance
BulletinofthearbovirustestingresultsinCaliforniaandactivity
throughouttheUnitedStates

Arbovirusdiagnosticproceduresusedin2002inCalifornia
aresummarizedinTable1

TheCDHSViralandRickettsialDiseaseLaboratoryVRDL
testedseraandorcerebrospinalfluidspecimensfrom431patients
forantibodiestoWNSLEandWEEIncludedinthisserieswere

132casesofasepticmeningitis251casesofencephalitis11cases
ofatypicalGuillainBarreacuteflaccidparalysisand37casesof
febrileillness
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Table12002ArbovirusDiagnosticProceduresforCalifornia

SourceCaliforniaDepartmentofHealthServices

CAHFSCaliforniaAnimalHealthandFoodSafety
DARUDavisArbovirusResearchUnit

EIAEnzymeImmunoassay
IFAIndirectFluorescentAntibody
IgMELISAIgMEnzymeLinkedImmunoabsorbentAssay

Key

Ofthe431tested251wereenrolledintheCEPForeachpatient
enrolledabatteryoftestswasconductedincludingpolymerase
chainreactionserologyandviralisolationfor15agentsTesting
foradditionalagentswaspursuedasclinicalsymptomologyand
exposurehistorywarrantedextensivetestingforarboviruseswas
conductedforcaseswithknownmosquitoexposureandthosewith
atravelhistorytoanareaofWNactivity

OnelocallyacquiredhumanWNcasewasdetectedin2002in
aresidentofLosAngelesCountyandsevenimportedcaseswere
identifiedThelocallyacquiredcasea31yearoldfemalewas
diagnosedwithasepticmeningitisinAugustsherecoveredfully
ThepatientreportednotraveltoareaswhereWNhadbeendetected
norhadshereceivedabloodtransfusionororgantransplant

Preliminarylaboratorytestingforinfectionwasconductedby
theLosAngelesCountyHealthDepartmentandVRDLFurther
confirmatorytestingwasconductedattheUCDavisArbovirus
ResearchUnitDARUandCDCSevencasesimportedinto
CaliforniawereidentifiedTheseincluded1a45yearoldmale
withWNmeningitisfromHoustonTXwhovisitedLosAngeles

PRNTPlaqueReductionNeutralizationTest
VBDSVectorBorneDiseaseSection

VPHSVeterinaryPublicHealthSection
VRDLViralAndRickettsialDiseaseLaboratory

2a57yearoldmalewithprobableWNencephalitisresidentin
ContraCostaCountywhohadtraveledtoChicagoIL3a70
yearoldmalewithWNmeningitisresidentinOrangeCountywho
hadtraveledtoNebraska4a20yearoldfemalewithWNfever
residentinSanFranciscowhohadtraveledtoWashingtonDC
5a66yearoldmalevisitingSanMateoCountywithWN
encephalitishadjustcomefromMilwaukeeWI6a54yearold
maleresidentofKansaswithacuteflaccidparalysiswhowasvisiting
LosAngelesand7a50yearoldmaleresidentofVentura
CountywithWNfeverwhohadtraveledtoFloridaandthe
Bahamas

EQUINESURVEILLANCE

29

Serumandbraintissuespecimensfrom83equidsdisplaying
neurologicalsignsweresubmittedforarboviraltestingtoDARU
OnetestedpositivetoWNwhichwasimportedfromNebraska
withonsetofillnessinSeptembertheequidrecovered

Criteria PrimaryTest ConfirmatoryTest VirusTested

SLEWNVWEE

MosquitoPools
CollectionsbyLocal

Agencies

insituEIAusingverocellculture
DARU

X X X

ChickenSera
LocalAgency

SentinelFlocks
EIAVRDL

IFAVRDLPRNTas
neededDARU

X X X

EquineSera
Perrequestofthe

veterinarian
PRNTDARU X X X

EquineTissue ScreenedbyVPHS CellCultureDARU X X X

DeadBirds ScreenedbyVBDS
Immunohistochemistryonheart

kidneyliverCAHFS
CellCultureonkidney

lungDARU
X

OtherAnimals ScreenedbyVPHS
PRNTforseraDARUCellCulture

fortissueDARU
X

HumanSera ScreenedbyVRDL
EIAforSLEandWEEIgM

ELISAforWNVVRDL
PRNTDARUNRDL X X X

HumanSpinalFluidif
noserumavailable

ScreenedbyVRDL
EIAforSLEandWEEIgM

ELISAforWNVVRDL
PRNTDARUNRDL X X X
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Table12002ArbovirusDiagnosticProceduresforCalifornia

SourceCaliforniaDepartmentofHealthServices

CAHFSCaliforniaAnimalHealthandFoodSafety
DARUDavisArbovirusResearchUnit

EIAEnzymeImmunoassay
IFAIndirectFluorescentAntibody
IgMELISAIgMEnzymeLinkedImmunoabsorbentAssay

Key

Ofthe431tested251wereenrolledintheCEPForeachpatient
enrolledabatteryoftestswasconductedincludingpolymerase
chainreactionserologyandviralisolationfor15agentsTesting
foradditionalagentswaspursuedasclinicalsymptomologyand
exposurehistorywarrantedextensivetestingforarboviruseswas
conductedforcaseswithknownmosquitoexposureandthosewith
atravelhistorytoanareaofWNactivity

OnelocallyacquiredhumanWNcasewasdetectedin2002in
aresidentofLosAngelesCountyandsevenimportedcaseswere
identifiedThelocallyacquiredcasea31yearoldfemalewas
diagnosedwithasepticmeningitisinAugustsherecoveredfully
ThepatientreportednotraveltoareaswhereWNhadbeendetected
norhadshereceivedabloodtransfusionororgantransplant

Preliminarylaboratorytestingforinfectionwasconductedby
theLosAngelesCountyHealthDepartmentandVRDLFurther
confirmatorytestingwasconductedattheUCDavisArbovirus
ResearchUnitDARUandCDCSevencasesimportedinto
CaliforniawereidentifiedTheseincluded1a45yearoldmale
withWNmeningitisfromHoustonTXwhovisitedLosAngeles

PRNTPlaqueReductionNeutralizationTest
VBDSVectorBorneDiseaseSection

VPHSVeterinaryPublicHealthSection
VRDLViralAndRickettsialDiseaseLaboratory

2a57yearoldmalewithprobableWNencephalitisresidentin
ContraCostaCountywhohadtraveledtoChicagoIL3a70
yearoldmalewithWNmeningitisresidentinOrangeCountywho
hadtraveledtoNebraska4a20yearoldfemalewithWNfever
residentinSanFranciscowhohadtraveledtoWashingtonDC
5a66yearoldmalevisitingSanMateoCountywithWN
encephalitishadjustcomefromMilwaukeeWI6a54yearold
maleresidentofKansaswithacuteflaccidparalysiswhowasvisiting
LosAngelesand7a50yearoldmaleresidentofVentura
CountywithWNfeverwhohadtraveledtoFloridaandthe
Bahamas

EQUINESURVEILLANCE

29

Serumandbraintissuespecimensfrom83equidsdisplaying
neurologicalsignsweresubmittedforarboviraltestingtoDARU
OnetestedpositivetoWNwhichwasimportedfromNebraska
withonsetofillnessinSeptembertheequidrecovered
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Table2Participationbylocalagenciesinthestatewidemosquitoborneencephalitissurveillance program2002

Alameda AlamedaCoMAD ALCO
Butte ButteCoMVCD BUCO
Colusa ColusaMAD CLSA

ContraCosta ContraCostaMVCD CNTR
Fresno ConsolidatedMAD CNSL
Fresno FresnoMVCD FRNO
Fresno FresnoWestsideMAD FRWS

Glenn GlennCoMVCD GLEN

Imperial CoachellaValleyMVCD IMPR

Imperial ImperialCoEnvironmentalHealth IMPR

Imperial QuechanIndianReservation IHSY

Inyo OwensValleyMAP OWVY
Kern DelanoMAD DLNO

Kern KernMVCD KERN
Kern WestSideMVCD WEST

Kings KingsMAD KNGS
Lake LakeCoVCD LAKE

LosAngeles AntelopeValleyMVCD ANTV

LosAngeles GreaterLosAngelesCoVCD GRLA

LosAngeles LongBeachEnvironmentalHealth LONG

LosAngeles LosAngelesCoWestVCD LACW

LosAngeles SanGabrielValleyMVCD SGVA

Madera MaderaCoMVCD MADR

MarinSonoma MarinSonomaMVCD MARN

Merced MercedCoMAD MERC

Monterey NorthSalinasMAD NSAL

Napa NapaMAD NAPA

Orange OrangeCoVCD ORCO

Placer PlacerCoVCD PLCR

Riverside CoachellaValleyMVCD COAV

Riverside NorthwestMVCD NWST

Riverside RiversideCoEnvironmentalHealth RIVR

SacramentoYolo SacramentoYoloMVCD SAYO

SanBernardino SanBernardinoCoVCP SANB

SanBernardino WestValleyMVCD WVAL

SanDiego SanDiegoCoDeptofHealth SAND

SanJoaquin SanJoaquinCoMVCD SJCM

SanMateo SanMateoCoMAD SANM

SantaBarbara SantaBarbaraCoastalVCD SBCO

SantaClara SantaClaraCoVCD STCL

SantaCruz SantaCruzCoMVCD SCRZ

Shasta BurneyBasinMAD BURN

Shasta ShastaMVCD SHAS

Solano SolanoCoMAD SOLA

Stanislaus EastSideMAD EAST

Stanislaus TurlockMAD TALK

SutterYuba SutterYubaMVCD SUYA
Tehama TehamaCoMVCD TEHA

Tulare DeltaVCD DLTA

Tulare TulareMAD TALE

Ventura CityofMoorpark MOOR
Ventura VenturaCoEnvironmentalHealth VENT

Total

ty
NewJersey Mosquito
LightTrap Pools

22 61

25 30

3

18 70

12 44

9 51

10 27

4 40

359

12

8

20 507

12

9 8

124

10

14 360

346

24

11

5 12

21

18 16

17

49

12

24 1014
12 310

13

44 456

19 39

13 48

50 233

22 19

22

18

7

6

18 76

13

21 313

38 143

9

12 33

10

4 5

19 29

633 4879

Coun Agency

SourceCaliforniaDepartmentofHealthServices

Agency
Code

No No NoSera

Flocks Chickens SamplesTested

3 21 286

7 84 1128
1 10 150

4 40 559

4 40 444

2 20 212

2 20 226

1 13 183

3 30 518

3 28 307

1 5 10

0 0

2 16 161

9 90 1247
3 30 336

3 30 341

2 20 269

5 35 552

4 40 797

4 40 581

18 210 1406
10 60 1268
2 20 200

7 75 983

6 35 453

1 10 150

2 10 139

1 10 135

3 30 420

9 80 1511
6 60 817

6 66 996

10 99 1589
7 70 1137
3 30 457

3 30 506

4 48 670

3 30 390

4 38 616

2 20 285

1 10 139

2 20 200

5 55 741

2 24 195

1 12 169

4 48 619

7 70 971

2 20 220

6 60 751

2 20 241

1 10 160

4 40 498

207 2032 27339
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SourceCalifomiaDepartmentofHealthServices

Figure1Countiesthatsubmittedweeklyadultmosquito
occurrencereportstoCDHS

SourceCaliforniaDepartmentofHealthServices

ProceedingsandPapersoftheSeventyFirstAnnualConference

AdultMosquito

SurveillanceusingNew

JerseyLightTraps2002

SubmittingCounties

SourceCaliforniaDepartmentofHealthServices

Sentinelflocksurveillanceonly

Sentinelflocksandmosquitopools

Table3MosquitoesCulexspptestedforWNVWEEandSLEbysubmittingcountyandagency2002

50agencies
207flocks

31agencies
4879mosquitopools

31

Figure2Countieswhichsubmittedchickenseraandormosquito
poolsforSLEWEEWNandCEtestingCalifornia2002

Cxerythrothorax Cxpipiens Cxquinquefasciatus Cxtarsalis Total

County Agenc ools moss ols moss ols moss ols mosS 001S moS

Alameda ALCO 61 3050 61 3050

Butte BUCO 11 579 11 579

ContraCosta CNTR 11 550 9 450 50 2500 70 3500

Fresno CNSL 2 27 11 411 30 1110 43 1548

Fresno FRNO 20 827 31 1200 51 2027

Fresno FRWS 27 1309 27 1309

Glenn GLEN 33 1650 33 1650

Imperial IMPR 28 1235 51 2059 208 9312 287 12606

Kern KERN 21 471 335 10675 356 11146

Kings KNGS 7 350 7 350

Lake LAKE 1 17 92 4408 93 4425

LosAngeles GRLA 43 1762 236 8655 63 2097 342 12514

LosAngeles LACW 21 858 21 858

LosAngeles LONG 189 6162 145 5711 334 11873

LosAngeles SGVA 1 31 10 348 11 379

Madera MADR 11 550 1 50 12 600

Merced MERC 3 115 3 150 9 391 15 656

Merced TRLK 122 5879 122 5879

Orange ORCO 36 723 13 300 49 1023

Riverside COAV 4 166 81 2922 852 37701 937 40789

Riverside NWST 148 6375 111 4183 259 10558

Sacramento SAYO 24 664 214 9525 238 10189

SanBernardino SANB 4 192 18 437 16 378 38 1007

SanDiego SAND 32 1580 16 800 48 2380

SanJoaquin SJCM 63 2241 140 5501 203 7742

SanMateo SANM 18 660 1 21 19 681

SantaBarbara SBCO 3 100 8 261 11 361

Shasta SHAS 17 900 59 3192 76 4092

Stanislaus TRLK 2 65 152 7197 154 7262

Sutter SUYA 96 4316 96 4316

Tulare DLTA 6 245 27 1099 33 1344

Ventura MOOR 5 32 5 32

Ventura VENT 20 914 4 56 5 152 29 1122

Yolo SAYO 2 39 167 7919 169 7958

Yuba SUYA 3 57 38 1794 41 1851
Total 149 6574 156 5797 864 30936 3132 134349 4301 177656

January2003

SourceCalifomiaDepartmentofHealthServices

Figure1Countiesthatsubmittedweeklyadultmosquito
occurrencereportstoCDHS

SourceCaliforniaDepartmentofHealthServices
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AdultMosquito

SurveillanceusingNew

JerseyLightTraps2002

SubmittingCounties

SourceCaliforniaDepartmentofHealthServices

Sentinelflocksurveillanceonly

Sentinelflocksandmosquitopools

Table3MosquitoesCulexspptestedforWNVWEEandSLEbysubmittingcountyandagency2002

50agencies
207flocks

31agencies
4879mosquitopools

31

Figure2Countieswhichsubmittedchickenseraandormosquito
poolsforSLEWEEWNandCEtestingCalifornia2002
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Table4MosquitoesOtherCulexspptestedforWNVWEEandSLEbysubmittingcountyandagency2002

Cxerraticus

County Agency pools mosqs pools mosqs pools mosqs

Fresno CNSL 1 24

Imperial IMPR 1 6

Lake LAKE 7 200

LosAngeles GRLA 2 45

LosAngeles LONG 1 43 10 192
Merced MERC 1 32

Riverside NWST 48 1761
Sacramento SAYO 1 12
SanBernardino SANB 1 10

Total 1 6 1 43 71 2276

SourceCaliforniaDepartmentofHealthServices

Table5MosquitoesCulisetaspptestedforWNVWEEandSLEbysubmittingcountyandagency2002

Csinornata Csparticeps Total

County Agency pools mosgs ools mosqs pools mosqs ools mosqs

Imperial IMPR 1 5 1 5

LosAngeles GRLA 6 198 2 39 8 237

LosAngeles LACW 1 19 2 89 3 108

Riverside COAV 21 380 21 380

SantaBarbara SBCO 3 115 1 10 4 125

Total 10 332 24 474 3 49 37 855

SourceCaliforniaDepartmentofHealthServices

Table6MosquitoesOchlerotatusspptestedforWNVWEEandSLEbysubmittingcountyandagency2002

Ocmelanimon

County Agency pools mosqs pools mosqs pools moss

Butte BUCO 19 990

Glenn GLEN 7 350

Kern KERN 151 6594
Kings KNGS 1 50

Lake LAKE 24 1196
LosAngeles LONG 1 50

Merced TRLK 32 1548
Riverside COAV 18 900

Sacramento SAYO 15 390

SanJoaquin SJCM 30 1111
SantaBarbara SBCO 4 158 1 22

Stanislaus TRLK 5 227

Sutter SUYA 6 229

Yolo SAYO 32 1173
Total 341 14808 4 158 1 22

SourceCaliforniaDepartmentofHealthServices

Cxrestuans Cxstigmatosoma

Octaeniorhynchus Ocwashinoi Total

pools mosqs

19 990

7 350

151 6594
1 50

24 1196
1 50

32 1548
18 900

15 390

30 1111
5 180

5 227

6 229

32 1173
346 14988

Total

pools mosqs

1 24

1 6

7 200

2 45

11 235

1 32

48 1761
1 12

1 10

73 2325
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Table7MosquitoesAedessppAnopheleshermsiandPsorophoracolumbiaetestedforWNVWEEandSLEbysubmittingcounty
andagency2002

Coun Aenc

Imperial IMPR

LosAngeles GRLA

Riverside COAV

Riverside NWST

Sacramento SAYO

SantaBarbara SBCO

Total

SourceCaliforniaDepartmentofHealthServices

Fortylocalagenciesfrom33countiesconductedweeklyadult
mosquitocollectionsfromin2002using633NewJerseylighttraps
distributedstatewideTable2andFigure1Datafromthese
collectionswereforwardedtoCDHSandcollatedweeklyintothe
AdultMosquitoOccurrenceSummaryReportfromApril3
October30

Mosquitospecies

Culextarsalis

Totals

ProceedingsandPapersoftheSeventyFirstAnnualConference

Aealbopictus Aevexans

ools moss sools moss

2

ADULTMOSQUITOSURVEILLANCE

MOSQUITOTESTING

38

I

2 38 101

ThirtyonelocalmosquitocontrolagenciesTable2Figure
2inCaliforniasubmittedatotalof200578mosquitoes4879
poolsTables37tobetestedforarbovirusesatDARUTwenty
fourpoolsofCulextarsalisand4poolsofCulexquinquefasciatus
werepositiveforWEEFourpoolsofCulextarsalisand4poolsof
CulexquinquefasciatuswerepositiveforSLEand1poolofCulex

Table8WEESLEandCEisolatesfrommosquitopoolsduring2002

Datecollected County Agency

5Jun Riverside COAV

12Jun Imperial IMPR

20Jun Riverside COAV

25Jun Imperial IMPR

10Jul Imperial IMPR

16Jul Riverside COAV

24Jul Imperial IMPR

12Aug Riverside COAV

20Aug Imperial IMPR

26Aug Riverside COAV

5Sep Imperial IMPR

9Sep Riverside COAV

17Sep Imperial IMPR

23Sep Riverside COAV

Culexquinquefasciatus 11Jun Imperial IMPR

9Jul Imperial IMPR

24Jul Imperial IMPR

20Aug Riverside NWST

SourceCaliforniaDepartmentofHealthServices

66 3075

34 1087

23

Anhermsi

ools moss

WEE

1

3

I

6 239

3 98

2 32

Pscolumbiae

ools moss

4 91

4

4185 11 369 8 162

quinquefasciatuswaspositiveforCETable8andFigure3All
positivemosquitopoolswerealsotestedforWNandnonewas
positiveNegativepoolswereassumedtobenegativeforWN
infectionWEEandSLEvirusisolatesfrompooledmosquitoes
overthepasttenyearsaresummarizedinFigure4

CHICKENSEROSURVEILLANCE

Fiftylocalmosquitoandvectorcontrolagenciesmaintained
207sentinelchickenflocksanincreaseof13flocksfrom2001
Table2andFigure2Bloodspecimensfromeachflockwere
collectedandtestedbiweeklyAtotalof24082chickenserafrom
48agenciesinCaliforniaweretestedforantibodiestoSLEand
WEEbyVRDLTheSacramentoYoloMosquitoandVector
ControlDistrict1589samplestheSanGabrielValleyMosquito
andVectorControlDistrict1268andtheGreaterLosAngeles

1

6

1

8

1

1

1 50

1 50

3 150

50

300

50

384

50

30

26

150

27

28 1317

VirusIsolated

SLE

71

ools moss sools moss

1

1

1

1

3 150

1 50

8 365

50

15

50

50

33

Total

ools moss

70 3166
8 277

38 1158
3 98

1 23

2 32

122 4754

CE

ools moss

1 50

1 50
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Figure3CollectionsitesofmosquitopoolspositiveforWEESLEorCEandlocationof
sentinelchickenflockswithatleastoneormoreseroconversionstoWEEorSLECalifornia
2002
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DistrictsHealthDepts 2 1 1

Pools 28 8 1

16

35

1997

Year

53

1998

El WEEandSLE

El WEEandCE

00

30

1999 2000

SourceCaliforniaDepartmentofHealthServices

Figure4IsolationsofSLEandWEEfrompooledmosquitoesinCalifornia19932002
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Table9ChickenseroconversionstoSLEandWEEbylocationandweekMondayofweekshownbelowbled2002

Coun

Imperial

Imperial
Imperial

Imperial

Imperial
Imperial
Riverside

Riverside

Coun

Imperial

Imperial

Imperial
Imperial

Imperial
Imperial

Imperial
Riverside

Riverside

SanBernardino

Aenc C

IMPR ElCentro

IMPR Holtville

IMPR Niland

IMPR Niland

IMPR Seeley
IMPR Westmoreland

COAV Mecca

COAV NorthShore

Aenc Ci

IMPR ElCentro

IMPR Holtville

IMPR Imperial
IMPR Niland

IMPR Niland

IMPR Seeley
IMPR Westmoreland

COAV Mecca

COAV Oasis

SANB Needles

SourceCaliforniaDepartmentofHealthServices

Location

Nichols
Zenos

QuechanReservation
Bonowr

Wister

Campbell
WestMo

Adohr

Jessup
TreatmentPlant

WEE

CountyVectorControlDistrict40testedtheirownsentinelflocks
forantibodiestoSLEandWEEforatotalof3257additional
serumsampleswhichwereallnegative

Atotalof45seroconversionstoSLEwererecordedin2002

insentinelchickenflocksinImperial43andRiverside2
countiesTable9Figure3ThefirstSLEseroconversionwas
detectedinonechickenbledonJuly8inImperialCountyThe
lastseroconversionsfor2002wereinImperialCountyon
November12NoneoftheseratestedbyVRDLorDARUwas
positiveforWNAllspecimenswerescreenedforWNVRDL
alsotested686chickenseradirectlyforWNusingindirect
fluorescentantibodytestandDARUconductedWNneutralization
testson88chickenseraTherewere52seroconversionstoWEE

inImperial40Riverside8andSanBernardino4counties
Table9ThefirstWEEseroconversionsweredetectedin3
chickensbledonJuly8inImperialCountyThelastseroconversion
for2002wasinImperialCountyonNovember25NoWEE
seroconversionswerefoundinsamplesfromothercounties
SeroconversionstoSLEandWEEinsentinelchickensfrom1993

2002aresummarizedinFigure5
ExoticNewcastleDiseaseENDinfectedthousandsof

chickensinsouthernCaliforniain2002CDHScooperatedwith
theCDFAbyrequestingthatlocalagenciesprovideserafortesting
ofthesentinelflocksforENDTestkitsweresenttoeachlocal

agencysothatacloacalswabcouldbetakenfrom5chickensper
flockThesampleswerethensenttoCAHFSinSanBernardino
fortestingAlltestswerenegative

SLE

Location 78 729 85 812 819 92 916 10141028

Nichols

Zenos 1

Bonowr

Wister

Campbell
WestMo

Gordon 1

Desert 1

2

3 3 1

1 1 5 1

4 3

1 6 1

1 3 1

78 722 729 812 92 916930 10141125

1 3 1

1 2 2 1

3

5 4 1

1 1 1 1

1 3 1 1 1

4 1

3 1

3 1

3 1

Total3 21 4 5 2 12 1 3 1

3 2

Total 1 7 2 4 5 15 5 1 3 2

Total

5
6

3

10

4

7

5

4

4

4

52

DEADBIRDSURVEILLANCEFORWESTNILE

Total

2

8

13

7

8

5

1

1

45

TheCDHSWNdeadbirdsurveillanceprogramwasinitiated
in2000supportedbyaCDCgrantIn200168deadbirdsfrom
19countieswerereportedand18weretestedandnegativefor
WNTheprogramwasexpandedin2002McCaugheyetal2002
Atollfreehotlinewascreatedfordeadbirdreportingbythepublic
TheCaliforniaWNwebsitewaslaunchedandfeaturedanonline

deadbirdreportingsystemCDHSpressreleasesprovided
informationontheextentofthedeadbirdsurveillanceand

encouragedthepublictoparticipateintheprogrambyreporting
deadbirdsContactinformationwasgatheredandcompiledfor
eachcountyinCaliforniaVBDSpublichealthbiologistsgave
presentationstolocalagenciestoencourageparticipationinthe
programThehotlinereceived3666deadbirdsreportedfrom56
countiesin2002Sixhundredfiftythreebirdsfrom45counties
weretestedforWNandallwerenegative

Deadbirdcallswerescreenedtodetermineifthecriteriafor

WNtestingweremetThecriteriawerethebirdmusthavebeen
deadforlessthan24hoursatthetimeofthereportandbeatarget
speciesFromJanuarytoJulythetargetspecieswerelimitedto
raptorscrowsjaysmagpiesandravensThetargetspecieswere
expandedinAugusttoincludefinchessparrowsblackbirdsand
cowbirdsSubsequenttothedetectionofthehumancaseinAugust
inLosAngelesCountythetargetspecieslistwasexpandedto
includeallbirdsexceptchickensandpigeons
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Figure5SeroconversionstoSLEandWEEinsentinelchickenflocksinCalifornia19932002
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Thenumberofcallstothehotlineincreaseddramaticallyin
AugustandSeptemberduetoheightenedpublicawarenessFigure
6fromthespreadofWNacrosstheUnitedStatesIn2002there
were4156humancasesfrom39statesandtheDistrictofColumbia
with284fatalities

CDHScollaboratedwithover130localagenciesforthe
collectionofdeadbirdsincludingmosquitoandvectorcontrol
animalcontrolveterinarianszooandenvironmentalhealth
CarcassesweresubmittedtoCAHFSandselectedtissueswere

testedforWNVBDSstaffnotifiedreportingpartiesofthetest
resultsbymailStatewidedeadbirdtestingendedonNovember
302002ThreeagenciesSacramentoYoloMVCDSanDiego
CountyDepartmentofHealthandSantaClaraCountyVector
ControlDistrictcontinuedtofunddeadbirdtestingduringthe
winterseason

WEEKLYARBOVIRUSSURVEILLANCEBULLETIN

CDHSpublished33weeklybulletinsreportingarbovirustest
resultsofhumansequidsmosquitoessentinelchickensanddead
birdsThebulletinprovidedupdatesonnationalWNactivityThe
bulletinwasdistributedfromApril25toDecember20tolocal
stateandfederalpublichealthandvectorcontrolagencies
universitiesinCaliforniaotherstatehealthdepartmentsandthe
CDC

CALIFORNIAWESTNILEVIRUSSURVEILLANCE

WEBSITE

InJanuary2002CDHSincollaborationwithCDFA
MVCACandtheUniversityofCaliforniaatDavislaunchedthe
CaliforniaWNwebsitewwwwestnilecagovThewebsite
entitledCaliforniaWestNileVirusSurveillanceInformation

Centerincludedpressreleasesarbovirussurveillancebulletins
theCaliforniaMosquitoBorneVirusSurveillanceandResponse
PlanothereducationalandinformationalmaterialsandWN
websitelinksThewebsitealsoservedasameansforthepublicto
reportdeadbirdsusingtheonlineform
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TheCaliforniaWestNileVirusDeadBirdSurveillanceProgram

KellyMcCaugheySunitaQuickMilesLeslieWoodsRobertEChilesAlHom
VickiLKramerMicheleJayRussellBenSunWilliamKReisenThomasScottLuciaHui

DeniseSteinleinMartinCastroAshleyHouchinandStanHusted
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ABSTRACTTheCaliforniaDepartmentofHealthServicesCDHSWestNilevirusWNdeadbirdsurveillance
DBSprogramwasenhancedin2002AtollfreehotlineandCaliforniaWNwebsitefeaturinganonlinedeadbird
reportingsystemwerecreatedforpublicreportingofdeadbirdsTheCDHSreceived3666reportsofdeadbirds
from56countiesin2002653birdsfrom45countiesweretestedforWNandfoundnegativeAftertheonelocally
acquiredhumanWNcaseinLosAngelesCountytheaviantargetspecieslistwasexpandedtoincreasesurveillance
efficacyCDHScollaboratedwithover130localagenciesincludingmosquitoandvectorcontrolagenciesanimal
controlagenciesveterinarianszoosandenvironmentalhealthagenciesforthecollectionofdeadbirdsThispaper
reviewstheDBSprogramaddresseschallengesfortheprogramin2002andproposesmeasurestoimprovethe
programintheupcoming2003seasonAnticipatedchallengesfortheDBSprogramforthecomingyearwillalsobe
discussedThechangeinlaboratorymethodsin2003willextendthelengthoftimethatdeadbirdsaretestable
therebyincreasingthesubmissionrateandallowingmorebirdsfromruralcountiestobetested

ANOVERVIEWOFTHEDEADBIRDSURVEILLANCE

DBSPROGRAM

TheCaliforniaDepartmentofHealthServicesCDHSWest
NilevirusWNdeadbirdsurveillanceprogramwasexpandedin
2002Thisprogramwassupportedlargelybyagrantfromthe
CentersforDiseaseControlandPreventionTheWNhotline877
WNVBIRDwascreatedinApriltoincreasethereportingofdead
birdsbythepublicwhichnumberedonly68in2001Hustedet
al200118ofwhichweretestedforWNIn2002thehotline
received3666reportsofdeadbirdsfrom56countiesAtotalof
653birdsfrom45countiesweretestedforWNwithnegative
findingsTable1Figure1

CDHSbiologistsattheVectorBorneDiseaseSectionin
Berkeleyscreenedthepubliccallsandcoordinatedthecollection
ofcarcassesbylocalagencieswhichincludedmosquitoandvector
controldistrictsveterinaryofficesenvironmentalhealthpublic
healthanimalcontrolandhumanesocietyagenciesThe
generalizedsubmissioncriteriaforWNtestingin2002wasthat
thebirdhaddiedwithinthelast24hoursatthetimeofthereport
andthatthebirdwasoneofthetargetgroupsTable1Birds
acceptedfortestingduringthespringandearlysummerwereraptors
predominatelyowlsandhawksandbirdsintheFamilyCorvidae
duetotheirhighmortalitywheninfectedwithWNTheAmerican
crowCorvusbrachyrhynchosthecommonravenCorvuscorax
theyellowbilledmagpiePicanuttallitheWesternscrubjay
AphelocomacalifornicaandtheStellersjayCyanocittastelleni
arespeciesfromtheFamilyCorvidaecommonlyfoundin

CaliforniaSparrowsfinchescowbirdsandblackbirdswereadded
totargetgroupsacceptedforWNtestinginitiatedinAugustof2002

Thelocalagenciespackagedthecarcassesforshippingby
anovernightcourierorinsomecasesdeliveredthedeadbird
directlytooneoffourCaliforniaAnimalHealthandFoodSafety
CAHFSLaboratoriesDeadbirdsweretestedforWNatCAHFS

byimmunohistochemistryperformedonheartkidneyandliver
tissueKidneyandlungtissuesamplesfromeachdeadbirdalso
weresentbyCAHFStotheUniversityofCaliforniaDavisArbovirus
ResearchUnitDARUforWNisolationusingVerocellculture
Thereportingpartyofeachdeadbirdwasnotifiedofthetestresults
bymailorphonewithinapproximatelythreeweeksfromthetime
oftheirreport

ACCOMPLISHMENTSIN2002

Increaseddeadbirdreportingin2002wasdueinparttothe
followingtheextensivemediacoveragegeneratedbyover4000
WNhumancasesthroughouttheUnitedStatesincludingColorado
theCaliforniatollfreeWNhotlineFigure2thecreationofa
CaliforniaWNwebsitewwwwestnilecagovwhichfeaturedan
onlinedeadbirdreportingsysteminadditiontoinformationon
WNpresentationsbyCDHSbiologistsonWNtomanylocal
agenciesthroughoutCaliforniainanefforttoincreaseagency
participationandeducationthreeCDHSpressreleasesonWN
whichincludedinformationontheWNhotlinethelocallyacquired
humancaseinCaliforniapostcardmailingsbyonemosquitoand
vectorcontroldistrictandstrongpubliceducationeffortsbyother
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Table1TargetdeadbirdgroupsreportedtoDHSandtestedforWNbycounty2002

Reporteddeadbirdsfromnontargetgroups

OtherCountiesthatReportedTestedTargetDeadBirdGroups 10Reports

Amador3jays1Calaveras1jayGlenn1crow1owlImperial3hawks3Inyo1hawkKern1crow1hawk11owl1Lake1crow
1Lassen1jayMadera1crow1hawk2jays1owlMendicino2crow11jay1owl1ravenModoc1jayMono1jayMonterey2
crows12hawk21jay1magpieNevada1jayPlumas1crow11jaySanBenito1crowSierra1jay1Siskiyou1crowTrinity1
crow1hawk1Tuolumne1jayUnknown1jay

OtherDeadBirdGroupsReportedTested

104Blackbirds11158Finches42434Sparrows1141410OtherSpecies62

Crow Hawk Jay Magpie Owl Raven Total

County R T R T R T R T R T R T R T

Alameda 11 5 2 2 5 2 1 2 1 1 22 10

Alpine
Butte 5 1 5 1 1 13

ContraCosta 9 3 4 13 3 1 2 1 1 30 7

ElDorado 1 1 1 8 3 1 1 11 5

Fresno 15 5 28 6 1 44 11

Humboldt 13 1 2 1 1 2 1 18 3

Kings 4 1 3 2 7 3

LosAngeles 168 60 17 12 20 2 2 8 6 6 3 221 83

Marin 15 1 4 1 3 22 2

Mariposa
Merced 4 5 1 3 2 14 1

Napa 2 2 1 2 1 1 1 7 3

Orange 69 26 6 1 1 3 7 5 86 32

Placer 3 1 1 8 1 3 1 1 16 3

Riverside 53 15 6 2 3 1 5 1 69 17

Sacramento 156 27 11 2 164 33 106 24 7 4 8 452 90

SanBernardino 20 13 2 1 3 1 3 1 29 15

SanDiego 34 15 7 3 4 1 8 2 4 1 58 21

SanFrancisco 4 1 4 2 1 1 10 3

SanJoaquin 16 6 1 6 2 3 2 1 1 27 11

SanLuisObispo 5 2 3 1 8 3

SanMateo 4 1 4 2 3 1 14 1

SantaBarbara 11 2 3 1 2 1 1 17 4

SantaClara 33 14 1 14 2 1 3 52 16

SantaCruz 2 1 7 2 1 10 3

Shasta 11 13 2 2 1 1 27 3

Solano 14 2 5 1 1 3 1 23 4

Sonoma 13 2 4 1 1 1 1 20 3

Stanislaus 7 3 10 6 6 3 1 1 24 13

Sutter 8 1 3 2 1 1 12 4

Tehama 1 1 1 3 1 1 6 2

Tulare 12 2 1 7 1 20 3

Ventura 11 3 2 1 3 1 1 1 18 5

Yolo 44 7 5 2 38 12 14 2 3 1 104 24

Yuba 3 1 2 1 1 6 2

OtherCounties 12 4 9 7 16 2 1 4 1 1 43 14

Total 793 225 86 36 417 89 157 35 57 22 50 171560 424

OtherSpecies 2106 229

GrandTotal 3666 653
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ScarceCaliforniaDewlueatofHealthSauces

Counties56that
reporteddeadbirds

Counties47that
reportedandsubmitteddead
birds

Figure1StatemapofdeadbirdsreportedandtestedforWNbycounty2002
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33

225 224
174

2002HOTLINEACTIVITY

CowrrhandRaptors

15

districtswhichresultedinanincreaseindeadbirdreportsfrom
thecorrespondingcountiesTable2

Anotheraccomplishmentin2002wastheincreaseintesting
capabilityduetothestrongcommitmentbytheCAHFSandDARU
laboratorypersonneltocoordinateandcompletethetestingofthe
653birdsOtherhighlightsincludedCDHSstaffworkingtocompile
contactinformationspecificforeachcountyinCaliforniaand
collaboratingwithover130localagenciestocoordinatethe
collectionandshipmentofdeadbirdsforWNtesting

SeverallocalagenciesnotifiedtheirconstituentsoftheDBS

programinearlyspring2002resultingin405deadbirdreportsto
theCDHShotlineinAprilFigure2Howeverthesubmission

AddedSparrowFinchesBlackbirdsendCoubirds
LAWomanAcquiresWN

771

110

970

73

550

172

i

238

2902Totals

3666BirchReported
653BirdsTested

96 102

12

Month

Figure2DeadbirdsreportedtothehotlineandsubmitedforWNtestingbymonth2002

Reported

Tested

January2003

criterialimitedbirdsacceptedfortestinginthespringtoonlyraptors
andcorvidswithfewexceptionsTable1

DeadbirdreportstoCDHSdecreasedfromMayuntilaLos
AngelesCountyresidentwasdiagnosedwithWNmeningitisin
Augustcausingincreasedpublicawarenessandconcernof
acquiringWNDuringthemonthsofAugustandSeptember771
and970deadbirdreportsweremaderespectivelytoCDHSFigure
2ThespeciesofbirdsacceptedforWNtestingwereexpandedin
Augusttoincludesparrowsfinchescowbirdsandblackbirds
whichincreasedthenumberofdeadbirdstestedforWN
AdditionallyinanefforttoincreaseWNsurveillanceafterthe
occurrenceoftheonelocallyacquiredhumancaseallwildbird
speciesexcludingpigeonswereacceptedfortestingfromLos
AngelesCounty
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Table2TargetdeadbirdgroupsreportedtoDHSandtestedforWN2002

BirdGroups

Blackbird

Crow

Finch

Hawk

Jay
Magpie
Owl

Raven

Sparrow
Other

STAFFING

Reported

TargetSpeciesTotals 2251 6140

GrandTotals 3666 10000

CHALLENGESFORTHEDEADBIRDSURVEILLANCE

PROGRAMIN2002

AmajorchallengefortheDBSprogramin2002wasstaffing
oftheCDHShotlineduetotheunexpectedhighnumberofcalls
Onefulltimestaffpositionwasaddedin2002tocoordinatethe
DBSprogrambuttheassistanceofotherstaffbiologistswas
requiredwiththehotlineduringhighvolumecallingperiodsIn
2003theCDHShotlinewillbemanagedbythreestaffdevoted
solelytothehotlineduringthesummermonthsbecausethehotline
isanticipatedtoreceive5000deadbirdreportsand1000
submissions

Heightenedstaffefficiencywasessentialasthesummer
progressedStaffmemberswererequiredtodirectlyansweralarge
volumeofcallsinordertominimizetheamountofvoicemail

messagesandalsoneededtopromptlycoordinatethecollection
andshipmentofbirdcarcassesAnexpandedAccessdatabase
willbecreatedtoeliminaterepetitioninvolvedwithfillingout
submissionformsbyhandthusexpeditingthedeadbirdreporting
processAdditionallyarouteronthephonesystemwillbeinplace
tobetterdirecthotlinecallsThecallrouterwillalsoinclude

informationinSpanishtobetterservethediversepopulationof
CaliforniaThesemeasurestostreamlinehotlinecallsshouldallow

thestafftohandleagreaternumberofdeadbirdreportsand
submissionsintheupcomingseason

Anonlinedeadbirdreportingsystemwascreatedonthe
CaliforniaWNwebsitein2002Howeveronlinereportsrequired
diligenceonthebehalfofthestafftocheckoftenfornewreports
whichtendedtoarrivesporadicallyAnimprovementuponthe
onlinereportingsystemfor2003willbeanalerttostaffviaemail
whenanonlinereporthasbeenmadetoensureanimmediate
responseTheCaliforniaWNwebsitewillalsobeimprovedto
becomemoreuserfriendlyandaestheticallyappealingPictures
ofcommonbirdspecieswillbeaddedtothewebsitetoaidinthe
identificationofdeadbirdsbythepublic

11
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337

260

1746
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FRIDAYANDWEEKENDREJECTIONS

AreducedsubmissionrateofbirdsreportedonFridaysand
weekendswasasignificantproblemfortheDBSprogramMany
localagenciesdidnothaveaccesstoa70Cfreezerordryiceand
thereforewereunabletostorebirdcarcassesovertheweekendto

shiponMondayAdditionallytheovernightcourierwouldonly
pickuppackagesbeforenooninmostruralareasandtheonly
CAHFSlaboratorythatacceptsdeliveriesonSaturdaysisCAHFS
CentralinDavisEvenifabirdcouldhavebeencollectedona

Fridayitwouldnothavebeenabletobeshippedtoalaboratoryin
atimelymannerduetothecomplicationslistedpreviouslyItwas
difficultformanyruralcountiestoparticipateintheDBSprogram
in2002becauseoftheshorttimeframeallowedforcollectionand

shippingofdeadbirds
ThereshouldbeadecreaseinFridayandweekendrejections

in2003duetochangesinlaboratorytestingmethodsDARUwill
betestingforWNusingareversetranscriptasepolymerasechain
reactionPCRmethodthusallowingvirustobedetectedinbirds
thathavebeendeadforuptofourdaysUnlikepreviousyears
ruralcountieswilluseblueiceinsteadofdryicetosubmitdead
birdsforWNtestingbecauseofthechangeintestingmethods
thereforeallowingincreasedsubmissionsfromruralcountiesdue
totheextendedtimeforshippingandtheeliminationoftheneed
fordryice

NEEDFORENHANCEDLOCALAGENCYSCREENING

Localagencieswereencouragedtorejectbirdsupon
inspectionthatdidnotmeetthecriteriaforWNtestingeg
decomposedwrongspeciesopeninginchestcavityCDHSplans
toencourageenhancedscreeningbylocalagenciesin2003thereby
reducingthenumberofrejectionsbyCAHFSandunnecessary
shippingcosts
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BIRDIDENTIFICATION

AkeyelementintheDBSprogramwasensuringtheproper
identificationofbirdstestedforWNThiswillbecomevery
importantoncebirdsbegintestingpositiveforWNItwasoften
difficulttoaccuratelyidentifybirdsfrompublicinformation
providedthroughthehotlineThereisaneedforconfirmationof
birdidentificationbyeitherlocalagenciesorbyCAHFSlaboratory
staffin2003

Posterswithpicturesofvariouscommonbirdspecieswillbe
distributedtothelocalagenciesandtotheCAHFSlaboratories
Thelatterwillbeartheresponsibilityofconfirmingorcorrecting
theidentificationofbirdstestedforWNAlsoin2003CAHFS
willfaxbackthedeadbirdsubmissionformtohotlinestafftosignify
receiptofthecarcassandtoconfirmorcorrectthebirdspecies
whichwillprovideaneasywaytoensurethatdeadbirdswere
receivedandwerecorrectlyidentified

OtherimprovementsthatwillbemadebyCDHSpriortothe
2003seasonincludeeffortstoinformmorelocalagenciesatthe
countyandcityleveloftheDBSprogramandhotlinenumber
becausemanycallerscomplainedaboutthenumberofcallsmade
priortoreceivingthehotlinenumberRadioandtelevisionpublic
serviceannouncementsregardingWNandtheDBSprogramalso
willbedistributedforincreasedpublicawarenessAdditionally
CDHSwillgatherinformationonwildliferehabilitatorstobetter
servethepublicreportingsickorinjuredbirdswhichcannotbe
collectedforWNtestingduetoCaliforniaFishandGameandUS
FishandWildlifeServicepermitrestrictionsIn2003thezipcodes
wherereporteddeadbirdsarefoundwillberecordedinorderto
geocodedatabaseinformation

POTENTIALPROBLEMSIN2003

FUNDING

StatewideWNdeadbirdtestingendedfortheseasonon
November302002andallallocatedmoniesfortheDBSprogram
wereutilizedTestingduringthewinterwasconductedinfour
countiesSacramentoSanDiegoSantaClaraandYolothrough
thesupportoflocalagenciesTheCentersforDiseaseControland
PreventiongrantfortheDBSprogramwillbeavailableonApril1
2003Inordertoensurefundingfordeadbirdtestingthroughout
the2003seasonCDHSwilllimittestingtoonlycorvidsandraptors
untilmidsummerorthearrivalofWN

PRIORITIESOFVECTORCONTROLAGENCIES

TheDBSprogramgreatlydependsuponlocalvectorcontrol
agenciestocollectandshipdeadbirdswhichcouldcreateaproblem
nextseasonduetoseveralfactorsIfthenumberofbirdssubmitted
fortestingincreasesin2003asanticipatedsomevectorcontrol
agenciesmaynothavesufficientstafftocollectandshipalldead
birdsfoundintheirdistrictAdditionallytheprioritiesofthe
mosquitoandvectorcontrolagenciesmaychangeoncethefirst
signsofWNareobservedlocallyinCaliforniaTheremaybea
shiftinprioritiestomosquitocontrolbythelocalagenciesand

theremaynotbesufficienttimeforthecollectionofdeadbirds
CDHSandvectorcontrolagenciesneedtoenlistthehelpofanimal
controlagenciestoprovidebackupsupporttothevectorcontrol
agenciesincollectingandshippingbirdsforWNtestingAcover
letterandquestionnairewillbesenttoallanimalcontrolandhumane
societyagenciesTheinformationgatheredfromthequestionnaires
willbedistributedtotherespectivevectorcontrolagenciesAnimal
controlagenciesthatexpressinterestinparticipatingintheDBS
willbesentshippingboxesandsubmissioninstructions

CAHFSLABORATORYWORKLOADSANDEXOTIC
NEWCASTLEDISEASEEND

AsofJanuary82003thefollowingcountieswere
quarantinedduetoeitherconfirmedENDcaseswithinthecounty
orbecauseofthegeographicproximitytoareasinwhichENDhas
beenconfirmedImperialLosAngelesOrangeRiversideSan
BernardinoSanDiegoSantaBarbaraandVenturaThequarantine
prohibitsthemovementofallbirdsandbirdproductsfromthe
quarantineareaeventhoughENDalmostexclusivelyaffects
domesticavianspeciesAllENDtestingforCalifomiaisconducted
atCAHFSSanBernardinothusincreasingthelaboratorys
caseload

PermitshavebeenobtainedbyCDHStoshipbirdtissues
fromCAHFSSanBernardinotoCAHFSCentralinDavisforWN
testingAllbirdswithinthequarantinezonearesenttotheSan
Bernardinolaboratoryfortissuecollectionandareconcurrently
testedforENDbyPCRTissuesarethenforwardedbytheSan
BernardinolaboratorytoCAHFSCentralandthendeliveredto
DARUForallcountiesoutsidethequarantinezonelocalagencies
willdeliverdeadbirdstothenearestCAHFSlaboratoryandthe
carcasseswillthenbetransportedtoCAHFSCentralforWNtesting
orwillshipthebirdsdirectlytoCAHFSCentralTheexpected
turnaroundtimeforWNtestingthiscomingseasonisexpectedto
beapproximatelyoneweekThebottleneckinWNtestingwill
probablybeperformingthenecropsies

CONCLUSIONS

TheDBSprogramin2002wassuccessfulinincreasingthe
amountofdeadbirdsreportedandtestedDuringthewintermonths
CDHSstaffwillmakeimprovementstosolveorlessenproblems
thatoccurredin2002Theuseofacomputerdatabasewillincrease
hotlineefficiencyandtherewillbesufficientstaffingtohandlethe
increaseinvolumeofdeadbirdreportsAnimprovedsystemof
reportingthereceiptandidentificationofdeadbirdssubmittedto
CAHFSforWNtestingwillbeinplaceforthe2003seasonAnimal
controlandhumanesocietyagencieswillbecontactedand
encouragedtoparticipateinthecollectionandshippingofdead
birdstoassistmosquitoandvectorcontrolagencies
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ABSTRACTApreviousretrospectiveevaluationoftheCaliforniaMosquitoborneVirusSurveillanceand
ResponsePlanwasextendedbyevaluatingvariousmethodsforcalculatingriskfortransmissionofwesternequine
encephalomyelitisvirusWEEandStLouisencephalitisvirusSLEtohumansWeevaluatedtheriskmodelusing
historicaldatafromseveralareasofCaliforniatodeterminewhethercalculatedrisklevelswouldhaveapproximated
actualconditionsduringyearswithnoenzooticandepidemicvirusactivityRiskduetoweatherrelatedfactorswas
assessedintwoways thefirstabiweeklymethodbasedsolelyonconditionsduringtheprevioushalfmonthwas
comparedtoacumulativemethodinwhichwaterandtemperaturerelatedriskwasbasedonaccumulatedlevelsforthe
yearpriortoandincludingtheprevioushalfmonthForSLEinversionofwaterrelatedrisksothatdrierconditions
resultedinassessmentofhigherrisklevelsalsowasconsideredandforWEEtheeffectoftreatinghorseandhuman
casesasseparateriskfactorsorcombinedasasinglefactorwasevaluatedGenerallythecumulativemethodfor
assessmentofweatherrelatedriskequallyormoreaccuratelyreflectedactualconditionsduringthestudyperiodsand
requiredfewercalculationsanddatamanipulationsthanthebiweeklymethodInversionofwaterrelatedriskfactors
forSLEresultedinamoreaccuraterepresentationofactualvirusactivityduringallstudyperiodsincludingperiods
withoutvirusactivityaswellasenzooticandepidemicperiodsTreatinghorseandhumancasesasseparaterisk
factorsforWEElimitedtheearlyseasonpredictiveabilityofthemodelbutappropriatelyincreasedriskduringepidemic
periodswhenequineandhumancaseswereoccurring

INTRODUCTION

TheCaliforniaMosquitoborneVirusSurveillanceand
ResponsePlanwasdevelopedbytheCaliforniaDepartmentof
HealthServicesCDHStheMosquitoandVectorControl
AssociationofCaliforniaMVCACandtheUniversityof
CaliforniaUCtoprovideasemiquantitativeassessmentofrisk
fortransmissionofwesternequineencephalomyelitisvirusWEE
andStLouisencephalitisvirusSLEtohumanswithinthestate
CDHSetal2002Theriskmodelincludedintheplan
incorporatesenvironmentalconditionsmosquitoabundance
enzooticvirussurveillancefactorshumanandequinecasenumbers
andtheproximityofvirusactivitytothehumanpopulationonce
theactivityhasbeendetected

Overallriskasdefinedbytheresponseplanisstratifiedinto
threelevels1normalconditionsduringwhichroutinevector
controlandvirussurveillanceactivitiesareconducted2emergency
planningconditionsduringwhichpubliceducationandvector
controlareintensifiedinresponsetoescalatingvirustransmission
riskand3epidemicconditionsduringwhichhumancasesare
occurringandvectormanagementandvirussurveillanceefforts
shouldbemaximized

Thisstudyextendsapreviousevaluationoftheresponseplan
Barkeretal2002byevaluatingtheplanforadditionalyearsand
locationsandbyconsideringmultiplecalculationmethodsforrisk
factorsbasedonenvironmentalconditionsandhorseandhuman
cases

MATERIALSANDMETHODS

January2003

StudyperiodsTheresponseplanwasevaluatedforyears
andlocationswithvaryinglevelsofvirusactivitytodetermine
whetheritwouldhaveprovidedearlywarningduringyearswith
impendingvirusactivityandaccuratelyreflectedconcurrentvirus
activityonceithadbeendetectedAlsotheplansabilityto
representlowriskconditionsduringyearswithoutvirusactivity
wasevaluatedThefollowingyearsandlocationswereselected
forevaluationCoachellaValley20002001SLEenzootic
activityGreaterLosAngeles1984SLEepidemicKernCounty
1952WEESLEepidemic1989SLEepidemic19831996and
1998WEEenzooticactivity1989noWEEactivity1995noWEE
SLEactivitySacramentoandYoloCounties1993WEEenzootic
activityandSutterandYubacounties1993WEEenzootic
activity

AnexpandeddescriptionofthisresearchhasbeenpublishedintheAmericanJournalofTropicalMedicineandHygieneBarker
etal2003
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ResponseplanoverviewTheriskmodeldevelopedaspart
oftheresponseplanhasbeendescribedpreviouslyBarkeretal
20022003CDHSetal2002Individualriskfactorsincludedin

themodelareenvironmentalconditionstemperature
precipitationandrunoffadultvectormosquitoabundance
vectorinfectionratessentinelchickenseroconversionsequine
casesforWEEhumancasesandproximityofvirusactivityto
thehumanpopulationEachofthesefactorsavailableatthetime
ofassessmentisassignedavaluefrom15andallvaluesare
averagedtodeterminetheoverallrisklevelwhichalsoisona
scalefrom15Overallriskforvirustransmissionfallsinto1of

3categoriesnormalseason1025emergencyplanning
2540orepidemicconditions4050

EnvironmentalconditionsRiskbasedonenvironmental

conditionswasassessedintwowaysThefirstdescribedbyBarker
etal2002wasabiweeklymethodbasedsolelyonprecipitation
runoffandtemperaturelevelsduringtheprevioushalfmonthand
thesecondwasacumulativemethodbasedonaccumulatedwater

yearprecipitationandrunoffbeginningOctober1oftheprevious
yearandaccumulatedcalendaryeardegreedaysForeachhalf
monthofeachstudyperiodcumulativeprecipitationrunoffand
degreedayvalueswerereportedasapercentageoftheirrespective
30yearaveragesForeachstudyareathresholdsforrisk
assessmentweredeterminedbydividingthepercentagesforthe
secondhalfofJuneintoquintilesThesamethresholdsalsowere
appliedtopercentagevaluesforallprevioushalfmonthsandhigher
riskvalueswereassignedtowetterandwarmerconditionsThe
riskvalueforenvironmentalfactorsforthesecondhalfofJune

wasappliedtoallsubsequenthalfmonthsbecausebythattime
runoffhasgenerallyreacheditsannualpeaksummerrainfallin
mostareasisnegligibleandtheaccrualperiodforenvironmental
factorsincludestheearlyseasonvirusamplificationperiodThus
thecumulativelevelforenvironmentalfactorsinlateJune

establishesriskforvirustransmissionthereafter

ForSLEathirdmethodforassessmentofenvironmentalrisk
wasevaluatedThismethodwasthesameasthecumulativemethod

describedaboveexceptthatriskduetowaterrelatedfactorswas
invertedsothatdrierconditionswereassignedhigherrisklevels
ThereasonforconsideringthisadditionalmethodwasthatSLE
epidemicshavebeenassociatedhistoricallywithhotdryconditions
Monath1980

OthersurveillancefactorsRiskformosquitoandvirus
surveillancefactorswasassessedusingthethresholdsdefinedby
theresponseplanCDHSetal2002Forriskassessmentthe
averagenumberofCulextarsalisfemalestrapnightduringeach
studyperiodwasexpressedasapercentageoftheprevious10
yearaverageIffewerthan10yearsofcollectionrecordswere
availableallavailableyearswereincludedinthecalculationof
averages

OverallriskforWEEwascalculatedwithhorseandhuman

casesasseparatefactorsorcombinedasasinglefactortodetermine
whichmethodprovidedamoreappropriatedepictionofactualvirus
activitylevels

RESULTSANDDISCUSSION

45

WEEriskForeachyearduringwhichenzooticorepidemic
WEEactivitywasdetectedatleastonemethodofriskassessment
basedonthemodeloutlinedintheresponseplanprovidedearly
seasonwarningofthependingvirusactivityaswellassome
indicationofconcurrentvirusactivityonceithadbeendetected
Table1Thecumulativemethodofriskassessmentfor
environmentalconditionsprovidedanequallyormoreaccurate
depictionthanthebiweeklymethodofactualWEEactivityduring
moststudyperiodsandrequiredfewercalculationsfordetermining
riskassessmentthresholdsAlsobecausethismethodincorporated
valuesfortheentireyearpriortotheperiodofassessmentthe
levelsforconsecutivehalfmonthsgenerallywerelessproneto
erraticfluctuationsthanlevelsbasedonthebiweeklymethod

Combininghorseandhumancasesintheriskmodelwould
haveelevatedearlyseasonrisklevelsforallstudyperiodsusually
resultinginappropriateindicationsofemergencyplanning
conditionsduringyearswhensubsequentvirusactivitywasdetected
Howevertheelevationofearlyseasonriskassessmentsalso
resultedininappropriatelyhighrisklevelsintheemergency
planningrangeduringyearsinwhichWEEactivitydidnotoccur
suchas1989and1995inKernCountyTable1Separationof
thetwofactorswouldhavecausedoverallrisktoremain

appropriatelywithinthenormalrangeduringallofthehalfmonths
during1989and1995butalsowouldhavehadtheundesiredeffect
oflimitingrisklevelsduringotheryearswhenWEEactivitywas
detectedTable1Forboththebiweeklyandcumulativemethods

DatafortemperatureprecipitationanddegreedayswereobtainedfromthewebsiteoftheUniversityofCaliforniaStatewideIntegratedPest
ManagementProgramathttpwwwipmucdavisedulastaccessed8292003

zRunoffdataforallstudyareasexcepttheCoachellaValleywereobtainedfromtheCaliforniaDataExchangeCentermaintainedbytheCalifornia
DepartmentofWaterResourcesathttpcdecwatercagovDatafortheCoachellaValleywereobtainedfromNWISWebDatafortheNation
maintainedbytheUnitedStatesGeologicalSurveyathttpwaterdatausgsgovnwislastaccessed8292003
AdultCxtarsaliscollectionrecordswereobtainedfromtrappingdataprovidedbyCoachellaValleyMVCDGreaterLosAngelesCountyVCD
KernMVCDSacramentoYoloMVCDandSutterYubaMVCD

4VirusisolationratesforCxtarsalisandsentinelchickenseroconversionrateswerecollatedfromannualsummariesintheProceedingsand

PapersoftheMosquitoandVectorControlAssociationofCaliforniaweeklyArbovirusSurveillanceBulletinspublishedbytheVectorBorne
DiseaseSectionoftheCaliforniaDepartmentofHealthServicesdataprovidedbyindividualMVCDsandfromReevesandHammon1962
InformationonequineandhumancaseswasobtainedfromannualsurveillancesummariesintheProceedingsandPapersoftheMosquitoand
VectorControlAssociationofCalifornia

Humanpopulationdensitiesforareaswithdetectedvirusactivitywerebasedonsubjectivedeterminationsmadebythestaffofeachindividual
MVCD
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COAVSOO 8 13 8 13 33 63

COAV2001
11RN1952

CHLA1984

tkERN1989

0 14 0 29 0 43

29 100 29 100 0 100
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KERN1989 0 NA 4 NA 0 NA 4 NA

KERN1995 0 NA 13 NA 0 NA 30 NA

198 0 63 20 63 0 50 0 50

0 14 27 43 9 29 82 43

1998 0 0 8 13 0 0 23 0

BAY1993 0 63 18 75 0 50 45 75

SYX993
kiI 1952

9 100 18 100 18 100 73 100

0 100 11 100 0 90 22 100
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Table1Percentagesofhalfmonthsatorabovetheemergencyplanningrangeoverallrisk25duringperiods
precedingandimmediatelyfollowingdetectionofWEEactivityforvariousriskcalculationmethodsVirusactivity
levelsdetectedduringthestudyperiodareindicatedbythefollowingcolorswhitenoactivitygrayenzootic
activityandblackepidemicactivity

HM halfmonthEP emergencyplanningconditionsNAnotapplicable

treatinghorseandhumancasesasseparatefactorsresultedinfewer
halfmonthsintheemergencyplanningrangepriortothedetection
ofWEEactivityTable1Theonlyperiodwhentreatinghorse
andhumancasesasseparatefactorswouldhaveincreasedthe
overallrisklevelwasduringthe1952epidemicinKernCounty
whenbothhorseandhumancaseswereoccurringsimultaneously

SLERiskEachofthe3riskcalculationmethodsevaluated

forSLEreachedemergencyplanningconditionsduringsomeor
allofthehalfmonthsfollowingthedetectionofSLEactivityTable
2Atleastoneofthethreemethodsalsowouldhaveprovided
earlywarningofpendingSLEactivityduringallstudyperiods
except2001intheCoachellaValleywhennoneofthemethodsof

HM halfmonthEP emergencyplanningconditionsNA notapplicable

riskassessmentwouldhaveprovidedanearlywarningofthe
enzooticSLEactivitythatoccurredduringthesummerTable2

Thecumulativemethodwithinvertedriskassessmentfor

waterrelatedfactorsdrierconditionsahigherriskprovidedthe
bestearlywarningofpendingSLEactivitywiththeexceptionof
theepidemicyearof1952inKernCountyTable2During1952
conditionsdifferedmarkedlyfromthecurrentsituationinKern
Countyintermsofwatermanagementpracticesmosquitocontrol
andexpectedannualvirusactivitysothemodelsabilitytobetter
reflectconditionsduringmorerecentperiodswasgivengreater
consideration

Table2Percentagesofhalfmonthsatorabovetheemergencyplanningrangeoveralrisk25during
periodsprecedingandimmediatelyfollowingdetectionofSLEactivityforvariousriskcalculation
methodsVirusactivitylevelsdetectedduringthestudyperiodsareindicatedbythefollowingcolors
whitenoactivitygrayenzooticactivityandblackepidemicactivity



Month
Half
month

I

Environmental
conditions

Adult
mosquito

abundance

Mosquito
infection
rates

Chicken
seroconversions

Equine
cases

Human
cases

Proximity
of
virus
activity
to

populated
areas

1

Percent
contribution
of
each

factor
to

overall
risk

January
1

2 X X X 33

February
1 X X X 33

2 X X X 33o

March
1 X X X 33

2 X X X 33

April
1 X X X 33

2 X X X X 25o

May
1 X X X X 25

2 X X X X X 20

June
1 X X X X X 20

2 X X X X X 20

July
1 X X X X X X X 14

2 X X X X X X X 14

August
1 X X X X X X X 14

2 X X X X X X X 14

September
1 X X X X X X X 14

2 X X X X X X X 140

October
1 X X X X X X X 14

2 X X X X X X 17

November
1 X X X X 25

2 X X X 33

December
1 X X X 33

2 X X X 33
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Duringallstudyperiodsthecumulativemethodwithinverted
waterriskprovidedthebestindicationofconcurrentvirusactivity
asevidencedbyhigherpercentagesofhalfmonthsintheemergency
planningrangeimmediatelyfollowingdetectedvirusactivityTable
2During1995inKernCountywhenvirusactivitywasnot
detectedinversionofwaterrelatedriskagainprovedtobethebest
methodofriskassessmentresultinginloweroverallrisklevels
thatreachedemergencyplanningconditionsduringonlyasingle
halfmonthTable2

ContributionsofindividualriskfactorsTheinfluenceof

individualriskfactorsonoverallriskvariesduringasurveillance

seasondependingonthenumberoffactorsbeingmonitoredata
particulartimeTable3Duringatypicalseasontheonlyfactors
availableduringlate terandearlyspringareenvironmental
conditionsandpassivelymonitoredhumanandhorsecasesHuman
andhorsecasesalmostneveraredetectedduringthisperiodand

seasonasaresultearly risklevelsaredrivenprimarilyby
environmentalconditionsDuringspringadditionalvirus
surveillanceisinitiatedincludingmosquitotrappingsentinel
chickenmonitoringandmosquitopooltestingandadditionofthese
factorstoriskcalculationsduringtheearlyperiodswhentheyare
nearlyalwaysnegativeusuallyresultsinareductionofriskuntil

Table3Contributionsofindividualriskfactorsintheresponseplanasapercentageofoverallrisk
forWEEduringarepresentativesurveillanceseasonintheSacramentoYoloMVCDduring1993

BecauserisklevelsduringthefirsthalfofJanuary1993wouldhaveresultedfromconditions
duringthesecondhalfofDecember1992theselevelswerenotincludedinthestudy



48 ProceedingsandPapersoftheSeventyFirstAnnualConference January2003

virusactivityisdetectedAlsoasmorefactorsareavailablefor
inclusioninriskcalculationstheinfluenceofindividualfactorsis
effectivelyreducedTable3

FutureconsiderationsAlthoughtheretrospectiveconditional
simulationsutilizedinthisstudyhaveprovidedsomeindicationof
therelevanceoftheresponseplansriskmodeltheCalifornia
MosquitoborneVirusSurveillanceandResponsePlanwillcontinue
tobeevaluatedandmodifiedprospectivelyduringupcoming
surveillanceseasonsAlsotheimminentarrivalofWestNilevirus
WNinCaliforniawillnecessitatemodificationoftheriskmodel

toincludedeadbirdsurveillanceEidsonetal2001andwildbird
serosurveysasadditionalriskfactors

Acentraldatabasecurrentlyisbeingdevelopedtostore
historicalandcurrentmosquitocollectionandvirussurveillance
recordsfromagenciesthroughoutthestateUsingthesehistorical
datawithcurrentdatafromtheweeklyelectronicsubmissionsof
MVCACmemberagenciesCDHSandtheUCDavisArbovirus
ResearchUnititwillbecomepossibletointegratetheresponse
planintoCaliforniassurveillancewebsitesothatMVCACmember
agenciescancontinuouslymonitortheoverallriskforSLEWEE
orWNactivitywithintheirlocalareaandthroughoutCalifornia
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WildBirdArbovirusSurveillanceintheCoachellaValleyCalifornia

SarahWheelerWKReisenandREChiles

ArbovirusResearchUnitCenterforVectorborneDiseasesSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

Awildbirdarbovirussurveillanceprogramhasbeeninplace
intheCoachellaValleyCAsince1996In2002therewere8
trappinglocationsspreadthroughouttheCoachellaValleyFig1
Threedifferentwildbirdcollectingdeviceswereusedatthese8
sitesgroundtrapssparrowtrapsandmistnetsGroundandsparrow
trapsaregrainbaitedwirestructureswithgroundlevelcone
entrancesthatattractgrainivoressuchassparrowsdovesquail
blackbirdsandfmchesMistnetsaretenfeettall40feetlongand
placedalongbirdflightpathsBirdseitherdonotseeordonot
anticipatethesenetsandbecomeentangledwithinthemMistnets
snaremanydifferentspeciesofbirdsandoftencatchthosenot
attractedtograinbaitedtrapsincludingbutnotlimitedtowrens
warblersflycatchersandotherinsectivorousbirdsEachcaptured
birdisfittedwiththeproperUSGSbanditsageandsexrecorded
anda01ccsampleofbloodisobtainedbyjugularpuncturewitha
28gsyringeandmixedwith09ccofphysiologicalsalineBlood
samplesareclarifiedbycentrifugationandtheseraissenttothe

Figure1Mapofstudysites

DavisArbovirusResearchLaboratorywheretheyarescreenedfor
antibodiestoWestNileWNwesternequineencephalomyelitis
WEEandSaintLouisencephalitisSLEvirusesusinganenzyme
immunoassayEIAChilesandReisen1998AllpositiveEIAs
areconfirmedwithaplaquereductionneutralizationtestPRNT

During20021887serafrom67birdspeciesweretestedfor
antibodypresenceTable1ThespeciesfoundpositiveforSLEin
2002wereagreenheronButoridesstriatusaloggerheadshrike
LaniusludovicianusandGambelsquailCallipeplagambelii
AllofthepositivesamplesforWEEwerefromGambelsquail
NegativeresultsfromthelargenumberofmourningdovesZenaida
macrouraandcommongrounddovesColumbinapasserina
testedwereunexpected

Resultsduring2002coincidedwithpreviousyearsReisenet
al2000Reisenetal2002inthatfreerangingavian
seroprevalencepatternsgenerallyagreedwithpatternsof
seroconversionsbysentinelchickensinbothfrequencyand

ThecollectionbandingandbleedingofwildbirdswereconductedunderProtocol8141approvedbytheAnimalUseandCareAdministrative
AdvisoryCommitteeoftheUniversityofCaliforniaDavisCaliforniaResidentScientificCollectionPermit80104902bytheStateofCalifornia
DepartmentofFishandGameandMasterStationFederalBirdMarkingandSalvagePermitNo21615fromtheUSGeologicalSurveyBird
BandingLaboratory

AddresscorrespondenceArbovirusFieldStation4705AllenRdBakersfieldCA93312emailarbo123@pacbellnet



NumberofSera

Tested WEEPos SLEPos

2001

Mosquitopools 800 0 70

Sentinelchickensera 1620 0 33

Wildbirdsera 1023 1 39

2002

Mosquitopools 1320 8 0

Sentinelchickensera 2160 7 2

Wildbirdsera 1887 7 3

50

Table1Surveillanceresultsfrom2001and2002
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distributionPositivebirdswerelimitedintheirdistributionto

sitesneartheSaltonSeaandwerenotfoundnorthofMeccaThe

resultsfromquailwereinagreementwithpreviousyearsand
indicatedthatthisspeciesisagoodsentinelbecauseitfrequently
isfeduponbyinfectedhostseekingCulextarsalisfemalesShrikes
frequentlyfeeduponsmallbirdsanditmaybethisrouteofinfection
thathasledtothehighseroprevalenceinLludovicianusoverthe
lastseveralyears3of7havetestedpositiveWetypicallycollect
veryfewgreenheronsandthispositivewasanewrecordforour
samplingprogramalthoughleastbitternsIxobrychusexilisfrom
thesametrappingsitehavebeenfoundinfected

Thecurrentresultsprovideusefulbackgroundinformationon
infectionfrequencyshouldWNinvadeCaliforniathiscoming
summerSamplingwillcontinueatthecurrentlocationstomonitor
birdinvolvementinvirusamplificationattheSaltonSeaupland
duckclubsagriculturalhabitatsandurbanandsuburban
communities
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TrapConstruction

SurveillanceforAdultMosquitoPopulationsinSanMateoCountyCalifornia

TheSanMateoCountyMosquitoAbatementDistrict
SMCMADencompasses13citiesontheeastsideoftheSan
FranciscoPeninsulaTheDistricthasusedNewJerseyLightTraps
NJLTsforover30yearstomonitorpopulationsofadult
mosquitoesInrecentyearsmosquitocollectionsinNJLTshave
declinedtoverylowlevelsForthepast5yearsonlyoneofthe
trapshascollectedmorethan1mosquitotrapnightMosttraps
averagedlessthan05mosquitoestrapnightSimilardeclinesin
thenumberofadultmosquitoescollectedinNJLTshavebeen
reportedinotherurbanareasinCaliforniaandmaybeduetothe
increaseincompetinglightsourcesReevesandMilby1989
WegbreitandReisen2000Duetothelownumbersofmosquitoes
collectedNJLTshaveceasedtobeausefulindicatorofthesuccess

oflarvalcontrolprogramsinSanMateoCountyInparticular
lighttrapcollectionsreveallittleinformationaboutdistributionor
densityofCulexpipiensinthecountyThisspeciesisamajor
focusofcontroleffortsaccountingfor34ofmosquitorelated
servicerequestsItiscommonlyencounteredinlarvalsamples
fromcatchbasinsandothersourcesBecauseofitspotentialasa
vectorofWestNilevirusthisspeciesisamajorpublichealth
concernandinformationonitsdensityanddistributionisvitalto
monitoringcontrolThisandotherspeciescommonlyencountered
inlarvalsamplesOchlerotatuswashinoiOcsquamigerandOc
sierrensisareonlyrarelyencounteredinlighttrapcollections

Carbondioxidebaitedtrapscanbeusefulinmonitoringadult
populationsofawiderangeofspeciesTheadvantagesofthese
trapsformonitoringadultmosquitoesinurbanareashavebeen
welldocumentedReisenandReeves1990Reisenetal1999
Reisenetal2001Reisenetal2002Howeverthegreater
investmentrequiredinstafftimeandmaterialsdryicebatteries
hasinhibitedtheirwidespreadusebymosquitoandvectorcontrol
districtsinthepastIn2002theSMCMADbeganinvestigating
carbondioxidebaitedtrapsasawaytoincreasethesensitivityof
samplingforadultmosquitoesThefollowingisadescriptionof
thisdistrictsexperiencewiththesetraps

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010

TrapswereconstructedbyDistrictstafffollowingthedesign
oftheOrangeCountyVectorControlDistrictCummingsandMeyer
1999ThedesignofthebatterycompartmentwasmodifiedThe
originaldesignusedametalbrackettohold3batteriesinsidea
plasticsoapdishabovethebodyofthetrapThenewbattery
compartmentissimilartoaflashlightandconsistsofa6lengthof
15diameterPVCpipewiththreadedcapsateachendAmetal
boltwasinsertedthroughaholeinthecenterofeachendcapto
formbatterycontactpointsTrapswerepoweredbyrechargeable

ChindiAPeaveyandAngelaRory

nickelmetalhydridebatteriesRadioShackPhoenixAZA15
literinsulatedplasticthermosheldthedryiceforeachtrap

Trapsweredeployedevery2weeksfor1yearTheywere
retrievedapproximately24hoursafterdeploymentEachtrapwas
baitedwith253lbsofdryiceTrapswerepoweredwith3D
cellbatterieswhichwererechargedaftereveryuseTraplocations
areshowninFigure1

TrapResults

Carbondioxidebaitedtrapsdramaticallyimproved
surveillanceforadultmosquitoesCollectionsaveraged78
mosquitoestrapnightrange0195Table1Culexpipienswas
themostcommonlycollectedspeciesfollowedbyOchleratatus
sierrensisCulextarsalisCulisetaincidensCsinornataCx
particepsandCxerythrothoraxDuringthesameperiodthe
districts18NJLTscollectedanaverageof007femalemosquitoes
trapnightrange07Thespeciesmostfrequentlycollectedin
NJLTswereCxtarsalisCxerythrothoraxCsincidensCs

Figure1LocationofCarbonDioxidebaitedTrapssetin2002
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Allspecies

Table1ComparisonofnumbersofmosquitoescollectedincarbondioxidebaitedtrapsandNewJerseylighttrapsin2002

Species
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CarbonDioxidebaitedTraps
Total No

Collected TrapNight

Culexpipiens 2139 46

Oclerotatussierrensis

Males 962 21

Females 309 07

Culisetaincidens 307 07

Culextarsalis 260 06

Culisetaparticeps 155 03

Culexerythrothorax 104 02

Culisetainornata 62 01

3625 78

0195

0204

024

021

045

024

07

AllmosquitoescollectedwerefemaleswiththeexceptionofOchlerotatussierrensis

inornataandCsparticepsCulexpipienswasoneoftheleast
commonlycollectedspecies

InitiallycarbondioxidebaitedtrapswereplacedatNJLT
sitestodeterminewhethersimplychangingthetypeoftrapwould
besufficienttoimproveadultsurveillanceAtmostsitescarbon
dioxidetrapsplacednexttoNJLTsdidnotcollectsignificantly
highernumbersofmosquitoesHoweverwhenCOtraps
wereplacedintreesorbushesneartheNJLTcollectionsincreased
dramaticallyTheNJLTswereusuallylocatedadjacenttobuildings
duetotheneedforelectricaloutletsSuchlocationswereoften

quiteopenandexposedCarbondioxidebaitedtrapscanbeplaced
inshelteredlocationsalongtreelinesorinbushes

MappingofCOtrapresultsrevealedgeographic
patternsinmosquitoabundancethatwerenotevidentfromNJLT
resultsFigure2CulisetainornataandCxtarsaliswerefound
primarilyalongtheshoreofSanFranciscoBayCulisetaincidens
wasmostprevalentinresidentialareasinthenorthernhalfofthe
districtCulexpipienswasfoundprimarilyinthedevelopedflat
landseastoftheCoastRanges

Thehigheryieldofmosquitoesincarbondioxidebaitedtraps
comparedtoNJLTsgreatlyincreasedtheeffectivenessofthe
Districtsmonitoringsystemandallowedustoimproveourcontrol
programDeploymentofCOtrapsbroughttolightsomelarval
sourcesthathadpreviouslybeenthoughttobeunimportantFor
exampleCOtrapsat2sitescollectedlargenumbersofCx
pipienswhereNJLTshadcollectednomosquitoesforthepast
severalyearsExtensivelarvalsurveillanceatonesuchsiterevealed
mosquitolarvaeintanksataclosedsewagetreatmentplantAt
anothersitelarvaewerefounddevelopingincatchbasinsina
nearbycommercialdevelopmentCarbondioxidebaitedtrapsalso
providedmoreeffectiveevaluationofcontrolatpreviously
identifiedlarvalsourcesOneoftheNJLTswasstationedatahotel

withalonghistoryofmosquitoproblemsAlthoughtherewere
severalknownsourcesofmosquitodevelopmentatthissiteNJLT
collectionswereextremelylowanddidnotvarysignificantlywith

NewJerseyLightTraps
Total No

Range Collected TrapNight Range

0129 31 0006 03

2

2

53

58

52

71

45

00004

0004

001

001

001

001

0009

331 0065

01

01

05

07

025

049

05

seasonortimingoflarvalcontrolServicerequestsfromhotel
guestsandmanagementweremoreindicativeofmosquito
populationfluctuationsthanNJLTyieldsPlacingacarbondioxide
baitedtrapinthisareaallowedthedistricttomonitormosquito
populationsandledtothedetectionofnewsourcesTechnicians

Figure2MosquitoSpeciesCollectedinCarbonDioxidebaited
Traps2002
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wereabletodetectmosquitobreedingandrespondbeforereceiving
servicerequests

Costofconstructionanddeployment

Trapswereconstructedbydistrictstaffduringwintermonths
atacostof3500eachMostmaterialswerereadilyavailableat
localhardwarestoresTheMabuchimotorsforthetrapswere
purchasedfromPeckPolymersSanteeCA

Batteriescanbeasignificantoperatingexpenseanddeterrent
touseofcarbondioxidetrapsPriorto2002thedistricttried
usingrechargeablealkalinebatterieswhichhadtobereplaced
frequentlywhentheyfailedtoholdachargeNickelmetalhydride
batterieswereputintousein2002Thesebatteriesdonothave

memoryandthereforedonotneedtobefullydischargedbefore
rechargingTheycanberechargedupto2000timesTheirhigher
initialcost 1000eachisoffsetbygreaterdurabilityand
longevity

Dryiceispurchasedfromalocalcompanyforapproximately
090trapSeventyfivepoundsofdryicewillfillapproximately
30trapsTheDistrictspendsapproximately650yearondryice
Thethermosesfilledwithdryicearecarriedincardboardboxes
coveredwithathickinsulatingblanketThiswasfoundto
significantlyreducetheamountoficelosttosublimationduring
transportwhiletrapsaredistributed

Carbondioxidebaitedtrapsrequiredmorestafftimethan
NJLTsbecausetheymustbecollectedthedayaftertheyaresetTo
compensateforthisthetrapsweresetevery2weeksandtechnicians
assistedincollectingtrapswithintheirzones

UseofCOtrapsrequiresasubstantialinvestmentof
timeandmoneybuthasyieldedfarmoreusefulresultsthanNJLTs
inthisurbandistrictThedramaticdifferenceininformation

gatheredfromthesetrapshasmorethanmadeupfortheextraeffort
involvedThestaffiscurrentlyplacingandcollecting30traps
every2weeksManyofthedistrictsNJLTshavenowbeenremoved
6arestillinoperationTheNJLTscontinuetobeusefulinrural
areasThedistrictcurrentlymaintainsNJLTsadjacenttomarshes
inWoodsideandSanBrunoandateachofthedistricts3sentinel

chickencoops
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ARegionalbasedStudytoEvaluateLymeDiseaseTransmission
RiskinSouthernCalifornia

RenjieHuToddWWalkerandKennethJLinthicum

CaliforniaDepartmentofHealthServicesInfectiousDiseasesBranchVectorBorneDiseaseSection2151
ConventionCenterWaySuite218BOntarioCA91764

ABSTRACTLymediseaseLDiscurrentlythemostcommonvectorbornediseaseintheUnitedStatesIn
CaliforniaIxodespacificusCooleyandKohlsthewesternblackleggedtickistheprincipalvectorfortransmission
oftheLDspirocheteBorreliaburgdorferisensulatoInthesouthernportionofthestateIpacificustickshavebeen
foundfrequentlyinnaturalhabitatsinmountainsandalongthefoothillshoweverwellplannedlongtermstudieson
theseasonalactivityofthetickandthetransmissionriskofLDarelackingHereweprovidedetailsaboutaregional
basedstudyplanTheobjectivesofthisstudyaretoelucidatetheseasonalityof1pacificusunderdifferentenvironmental
conditionstodetectandfurtheridentifytheBorreliasppinfectingtheticksandultimatelytodefinethescopeand
transmissionriskofLDinsouthernCalifornia

INTRODUCTION

LymediseaseLDwasfirstrecognizedasanewdiseasefrom
LymeConnecticutin1975Steereetal1977In1982theCenters
forDiseaseControlandPreventionCDCinitiatednationwideLD
surveillanceandinJanuary1991theCouncilofStateand
TerritorialEpidemiologistsdesignatedLDanationallynotifiable
diseaseCDC1991During19912000atotalof132438cases
werereportedfrom49statesandtheDistrictofColumbiaCDC
2002Thehighestnumberwasin2000when17730caseswas
reportedMontanaistheonlystatefromwhichnohumaninfection
hasbeenreportedLDiscurrentlythemostcommonvectorborne
diseaseintheUnitedStatesInCaliforniathefirsthumanLDcase

wasdiagnosedin1978inahikerfromSonomaCountyNaversen
andGardner1978In1989passivesurveillanceforLDhuman
caseswasinitiatedbytheCaliforniaDepartmentofHealthServices
DHSAsof2001atotalof2122caseswasreportedfrom54
outof58countiesthroughoutthestate

BorreliaburgdorferisensulatoistheetiologicagentofLD
SincethediscoveryofBorreliaburgdorferiJohnsonSchmidHyde
SteigerwaltandBrennerin1981Burgdorferetal1982Johnson
etal198410differentBorreliaspporgenomicgroupswithin
theBburgdorferisensulatocomplexhavebeenidentified
reviewedbyWangetal1999Amongthosehoweveronly3
appearedtobecloselyassociatedwithLymeborreliosisworld
wideBorreliaburgdorferisensustrictoisassociatedwitharthritis
whereasBgariniiandBafzeliiaremostlyassociatedwith
neuroborreliosisandlatecutaneoussymptomsrespectivelyAssous
etal1993VanDametal1993Borreliaburgdorferisensustricto
hasbeentheonlyagentassociatedwithhumanLDcasesinthe
UnitedStatesBorreliagariniiandBafzeliihavebeenmost
commoninEuropeanandAsianLDpatientsPosticetal1998
reportedthehighlevelofdiversityamongnucleotidesequencesof
ribosomalgenerrfrrlintergenicspacerregionandtherrsgene
from18atypicalCalifomiaisolatesofBburgdorferisenuslato

TheyalsodescribedanewspeciesBorreliabissettiiItispossible
thatneworpreviouslyunknownspeciesofBorreliamaycontribute
toLD

HumansacquireLDspirochetesprimarilythroughthebiteof
aninfectedtickSeveralmembersoftheIxodesricinusLinnaeus
complexareprovencompetentvectorsfortransmissionofLD
spirochetesworldwideLaneetal1991IntheUnitedStates
IxodesscapularisSaytheblackleggedtickisthemajorvector
forhumanLDintheNortheastandupperMidwestWallisetal
1978Spielmanetal1985IntheWestincludingCaliforniaand
OregonIxodespacificusCooleyandKohlsthewesternblack
leggedtickistheprincipalvectorresponsibleforthetransmission
ofBburgdorferifromwildanimalstohumansBurgdorferand
Keirans1983Burgdorferetal1985

IxodespacificusiswidelydistributedthroughoutCalifornia
andhasbeencollectedfrom55outof58countiesinthestateThis

tickisathreehostspeciesandreportedlyfeedsonabout80species
oflizardsbirdsandmammalsArthurandSnow1968Furman
andLoomis1984Theimmaturestagesofthetickielarvaand
nymphfeedprimarilyonlizardssmallmammalsandbirds
whereastheadultstagefeedsonmediumtolargesizedmammals
suchasjackrabbitsanddeerArthurandSnow1968Laneetal
1981Environmentalparameterssuchastemperaturehumidity
vegetationcoverandhabitattypeareimportantforthesurvivalof
IpacificusInadditionavailabilityandspeciescompositionof
wildlifehostsintheenvironmentmaycontributesignificantlyto
thelifecycleofthetick

ExtensivestudiesontherelationshipsamongBburgdorferi
IpacificusandhumanLDexposureriskhavebeenconductedin
severalareasofnorthernCaliforniaInthenorthcoastalareasof

CaliforniaIpacificusnymphsaremoreimportantintransmitting
BburgdorferitohumansthanadultticksareCloverandLane
1995NymphalIpacificusticksarehostseekingduringspring
andsummermonthsMarchthroughJulywhenmorepeopleare
outdoorsintickhabitatswhereasadultsaremostactiveduringthe
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wintermonthsbetweenNovemberthroughMarchTallenklint
EisenandLane1999alsoreportedthattheBorreliainfection
rateinnymphsishigherthanthatinadultsTheyfoundthatin
MendocinoCountytheinfectionrateinthenymphswasashighas
413insomelocalitieswhereasonlyapproximately4ofadult
tickswerefoundtobeinfected

InsouthernCaliforniahumancaseshavebeenreportedfrom
everycountyOurticksurveillancedatahaveindicatedthatI
pacificusisfrequentlyfoundinnaturalhabitatsinmountainsand
alongthefoothillsthroughouttheregionInformationaboutthe
seasonalactivityofIpacificusishoweverlackingIn1992Webb
etalreportedthefirstdiscoveryofBburgdorferiinticksinthe
southernportionofthestateTheisolatewasobtainedfrom1of

20IpacificustickscollectedfromSkeetClubCanyonSan
ClementeonFebruary201991Othershavealsodocumentedthe

detectionofBburgdorferiintickscollectedintheregionpers
commwithJCloverandDHefteventhoughthespecificidentity
ofthesespirochetesrequiresfurtherclassificationItisapparent
thataconcertedefforttodefinethescopeandtransmissionriskof
LDinsouthernCaliforniaisneeded

STUDYPLANANDOBJECTIVES

InordertoevaluatethetransmissionrisksofLDinsouthern

Californiawedevelopedaregionalbasedplanincollaboration
withseveralcountyvectorcontrolagenciesandresearch
laboratoriesattheUniversityofCaliforniasystemTheobjectives

Figure1GeographicallocationofthestudysitesinSouthernCalifornia

ofthisstudyareto1elucidatetheseasonalactivityoflpacificus
2detectandidentifyBorreliasppinIpacificus3determine
theinfectionrateofIpacificuswithBorreliainfectionand4
definethescopeandtransmissionriskofLD

TICKSAMPLINGSITES

55

SurvivalandhostseekingactivitiesofIpacificuscanbe
influencedbyvariousenvironmentalfactorsincludingdifferent
habitattypesDuringthesummerof2001weconductedsite
evaluationsincollaborationwithLosAngelesCountyDepartment
ofHealthServicesLosAngelesCountyWestVectorControl
DistrictandRiversideCountyDepartmentofEnvironmental
HealthBasedonourfieldobservationsandthefollowing
considerations1historicalrecordsofthepresenceoflpacificus
2potentialpublichealthimportanceasdemonstratedbytheir
accesstoandknownusebyhumanpopulationsand3distinctively
differentecosystemswedecidedtochoose6separatesitesin3
geographiclocalesinsouthernCaliforniaforticksamplingFigure
1Locale1whichincludesCharmleeCountyParkandTapia
StateParkislocatedinLosAngelesCountyatthewesternendof
theSantaMonicaMountainsCharmleeCountyParkisatthe
southerncoastalsideofthemountainrangeTapiaStateParkisat
thenortherninlandvalleysideofthemountainrangeLocale2is
GriffithParkLosAngelesCountywhichisatthefareasternendof
theSantaMonicaMountainsLocale3islocatedinRiverside
CountywithinSanBernardinoNationalForestincludingsitesat
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theSantaRosaMountaintheSpitlerPeakTrailandtheThomas
Mountain

TICKSAMPLINGMETHODS

Ticksamplingisbeingconductedatthechosensitestwice
monthstartinginNovember2001CollectionsaremadebyDHS
staffandparticipatingcollaboratorswithintheirrespectivestudy
sitesThesameindividualsconductticksamplingoneach
succeedingcollectiondateTicksarecollectedbyusingastandard
flaggingtechniqueThistechniquetypicallyconsistsofasquare
meterflannelmaterialthatisdraggedoverlowvegetationbrushy
andgrassyareaorleaflitterForeachsiteoneareaisdesignated
foratickseasonalactivitystudyandanonremovalticksampling
methodisappliedAnotherareaisdesignatedfortickcollection
andaremovalsamplingmethodisusedThereisnooverlap
betweennonremovalandremovalsamplingareas

NonRemovalcollectionsofticksIxodespacificusticksare
sampledalongroadsandtrailsforaminimumperiodof1person
hourofactiveflaggingieonepersonfor60minutestwopeople
for30minuteseachetcTheflagisexaminedperiodically
approximately5minuteintervalsTominimizethedirectimpact
ofticksamplingprocedureontheabundanceassessmenttickson
theflagareidentifiedtospeciestheirdevelopmentalstagesand
sexescountedandarereleasedatthesiteofcollection Tick

abundanceisexpressedasthetotalnumberoftickscollectedperson
hourofactiveflaggingThiswillbeusedasquantitativedatato
determinethetemporaldistributionofticksandwillbecompared
witheachsiteInadditionmeteorologicalandenvironmentaldata
ecologicalparametersatallstudysiteswillbeanalyzedThese
includebutarenotlimitedtodailymaximumandminimum
temperaturehumidityandprecipitationrecordsThecorrelation
betweentheseenvironmentalfactorsandtickabundancewillbe

establishedforabetterunderstandingoftheecologyofpacificus
insouthernCalifornia

RemovalcollectionsofticksIxodespacificusticksare
collectedandplacedinlabeledvialsTheseticksareconfirmedto
speciesidentificationandsenttoourcollaboratorsattheUniversity
ofCaliforniasystemforBorreliasppdetectionandidentification
ForeachsitetheinfectionrateofthetickswithBorreliasppis
determinedFurthermorewewillestablishanAcarologicalRisk
IndexARIwhichisthecombinationoftickabundanceand
infectionrateTheARIforeachsitecanbecomparedtoevaluate
ranktheirrespectiveLDtransmissionrisks

Weanticipatethatresultsderivedfromthismultiyearstudy
willprovidemuchneededinformationaboutthegeographicaland
temporaldistributionof1pacificusinsouthernCaliforniaThe
studymayallowfurthermolecularcharacterizationoftheBorrelia
strainsfoundin1pacificusintheregionThisinformationwill
enhancepublichealtheffortstominimizeLymediseasetransmission
riskinsouthernCalifornia
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ASurveyofIxodespacificusonBirdandLizardHosts
InNorthernCalifornia

StanWrightDebbieLemenagerDaveWoodwardNormanAndersonandMacThompson
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aSutterYubaMosquitoandVectorControlDistrict701BogueRoadYubaCityCA95991

3LakeCountyVectorControlDistrict410EsplanadeLakeportCA95453
CaliforniaDepartmentofHealthServices VectorBorneDiseaseSection601North7hStreet

SacramentoCA95814

ABSTRACTLizardsandbirdsweresurveyedforthetickIxodespacificusfromfivelocationsinthreebioregions
acrossnorthernCaliforniaDataonprevalenceofinfestationofhostspeciesratiooflarvaetonymphsandestimates
onproportionsofthetickpopulationsupportedbyhostspeciesareofferedAnewIpacificuslizardhosttheGilberts
SkinkEumecesgilbertiisidentifiedintheSierraNevadaandtennewavianhostsarerecordedfromacrossCalifornia
TheSouthernAlligatorLizardElgariamulticarinataisidentifiedastheprincipalhostforimmaturestagesofI
pacificuswithinallthreebioregionsLizardsareparasitizedbyimmature1pacificuswithalarvaltonymphalratioof
21whilejaysandcrowshavea11ratioandsparrowsandthrusheshavegreaterthana201ratioBirdswere
observedtobesignificanthostsforimmaturestagesof1pacificuswithsomespeciesinfestedatlevelsequaltolizards
withinallthreemajorbioregions

INTRODUCTION

SomemembersoftheIxodesricinuscomplexparticularlyI
ricinusIpersulcatusIscapularisandIpacificushavelowhost
specificityTheimmaturestageslarvalandnymphalofthese
speciesoccuronlizardsgrounddwellingbirdsandsmallmammals
FurmanandLoomis1984LaneandLoye1989Manweileretal
1990TalleklintandJaenson1994Kollarsetal1999
Importantlyhostpreferencefortheimmaturestagesdependslargely
onhostavailabilityandotherecologicalfactorsofagivenhabitat
Oliveretal1996

InwesternNorthAmericaIxodespacificusparasitizesabroad
rangeofvertebratehostsincludingreptilesbirdsandmammals
ArthurandSnow1968identified55vertebratehoststhroughout
therangeof1pacificusincluding5speciesofbirds6speciesof
lizardsandtheNorthwesternGarterSnakeThamnophisordinoides
FurmanandLoomis1984identified52vertebratehostspeciesin
Californiathatinclude14speciesofbirdsand5speciesoflizards
withimmaturestagesoccurringmostcommonlyonalligatorlizards
fencelizardsandgroundinhabitingbirdsWebbetal1990
reportedIpacificuslarvaeon23hostspeciesinCaliforniathat
includes4speciesoflizardsand2speciesofbirds

TheimportanceoflizardsandbirdsashostsforIpacificus
observedinthesebroadsurveyworksisreflectedinmorefocal
investigationsintheSierraNevadaandCoastalRangeofnorthern
CaliforniaForexampleastudysiteintheSierraNevadafound
lizardshadsignificantlygreaterinfestationsofIpacificusthandid
birdsandadded3newavianhostsManweileretal1990Arecent
studyintheCoastalRangenotedagainthatlizardsaretheprimary
hostforimmaturestagesof1pacificusandaddedanadditional5
newavianhostsSlowikandLane2001aFinallyinthenorthern
SierraNevadaWrightetal2000identified8speciesofbirds

parasitizedby1pacificusimmaturestagesadding4newavian
hostrecordsThesestudiesidentifiedlizardsastheprimaryhosts
fortheimmaturestagesofIpacificusfollowedbybirdsand
rodents

Thepresentreportpresentsresultsofsurveysconductedat
fivesitesacrossnorthernCaliforniaoverfiveyearstoidentifyand
quantifylizardandavianhostsforthelarvalandnymphalstagesof
IpacificusThereportalsopresentsdataontherelativeinfestation
ofhoststhelarvalnymphalratiofortheprincipalhostspeciesand
offersestimatesofthe1pacificuspopulationsupportedbylizards
andbirdsforsitesintheSierraNevada

MATERIALSANDMETHODS

SamplingSites

Thelizardandbirdsurveyswereconductedoverseveralyears
19982002duringthespringMarchthroughJunehostseeking
periodforimmaturestagesoflpacificusLocationsforthesurveys
wereselectedacrossnorthernCaliforniainPlacerSacramento
SutterYoloandLakeCountiesFivesitesarelocatedwithin3
differentbioregionsinnorthernCaliforniathatincludethenorthern
SierraNevadatheSacramentoCentralValleyandthenorthern
CoastalRangeBothlizardsandbirdsweresurveyedwithinthe
AuburnStateParksandRecreationDistrictandtheFolsomState
ParksandRecreationDistrictintheSierraNevadaLizardand

birdsurveyswerealsoconductedinHuffCanyonoftheSutter
ButtesintheCentralValleyandinCacheCreekcanyonofthe
CoastalRangeFinallyalizardonlysurveywasconductedatPutah
CreekandabirdonlysurveywasconductedatClearLakeState
ParkintheCoastalRange



January2003 ProceedingsandPapersoftheSeventyFirstAnnualConference 59

Eachsitewasselectedbasedonthefollowingcriteria1Ahabitat
dominatedbyoakQuercuswithsubstantialoakleaflittermiddens
2specificlocationwithmesicsunprotectedtopographyoraspect
andfinally3eachsitepreviouslyestablishedtohaveapopulation
ofIpacfcuslizardsandgroundforagingandnestingbirdsA
briefhabitatandvegetationdescriptionofthesurveysitesfollows
DriversFlatandOrrCreekarelocatedintheSierraNevadafoothills

atanapproximateelevationof610m2000ftThepropertyin
partbelongstotheAuburnStateParksandRecreationDistrict
ThedominantvegetationisblueoakQdouglasiiblackoakQ
kelloggiiPonderosapinePinusponderosaDouglasfir
PseudosugamenziesiiPacificmadroneArbutusmenziesiigray
pinePsabinianaandpoisonoakToxicodendrondiversilobum

MississippiBarandWillowCreekintheSierraNevada
foothillshaveanelevationofapproximately66m218ftThe
propertyispartoftheFolsomStateParksandRecreationDistrict
Thedominantvegetationisblueoakgraypineinteriorliveoak
QwislizeniiCaliforniabuckeyeAesculuscalifornicaandpoison
oakNeartheriverisFremontcottonwoodPopulusfremontii

HuffCanyonintheSutterButteshasanelevationof366m
1200ftandisprivatelyownedThesiteisvegetatedprimarily
withblueoakvalleyoakQlabatacoyotebrushBaccharis
pilularislargemanzanitaArctostaphylosmanzanitaCalifornia
falseindigoAmorphacalifornicaCalifornialaurelbay
UmbellulariacalifornicainteriorliveoakandpoisonoakThe
canyonhasanorthsouthorientationwithcanyonwallsatthebase
ofwhichaseasonalcreekflowsSomewetadaptedvegetation
occursnearthecreekincludingFremontcottonwoodvariouswillow
sppCaliforniamaidenhairfernsAdiantumjordaniiand
DutchmanspipeAristolochiacalifornica

CacheCreekandBearCreekinCapayValleyhaveanelevation
of366m1200ftThevegetationconsistsofamixedblueoak
andgraypineforestwithapoisonoakandCaliforniabuckeye
understoryNearthecreekisFremontcottonwoodwillowsSalix
speciesandblueelderberrySambucusceruleaSteepeastwest
canyonwallsprotectthesitefromdirectsun

ClearLakeStateParkhasanelevationof427m1400ft

ThesiteisvegetatedwithblueoakgraypineCaliforniabay
UmbellariacalifornicaCaliforniabuckeyeandpoisonoakThe
samplesiteswereonnorthandeastfacingslopeswellshadedand
coveredwithdenseoakandpineleaflitter

BirdSampling

BirdsweresampledatDriversFlatevery2weeksduringspring
MarchthroughJunefrom1997to2000Birdsweresampledat
CacheCreekevery2weeksfromMarchthroughJune2000and
2002SamplingforbirdsatMississippiBarSutterButtesand
ClearLakewasconductedevery2weeksfromMarchthroughJune
2002

Birdswerecapturedusing3mx12mmistnets Fourteen

netswereplacedateachlocationadjacenttovegetationandoak
leaflitterNetswereopenfor4hrseachsampledaybeginning
justaftersunriseCapturedbirdswerebandedontherighttarsus

usingUSGSissuedbandseachwithauniquenumberthat
permanentlyidentifiesthebandedindividualEachbirdwas
carefullyinspectedforticksaroundtheeyesearsbillandthroat
backofheadandlegsandfeetMeasurementswererecordedon
billlengthculmenlengthwingchordandtailNotesweremade
onfatdepositsfeathermoltandwearagesexandsexualstatus
EachbirdwasweighedbeforereleaseThesecharacterswereused
toaccuratelydetermineagesexstatusandhealthofbirdsPyle
1997

Adissectingmicroscope10Xto70Xwasusedtolocateand
facilitateremovaloftickswithforcepsCollectedtickswere
transferredtoethylalcoholandstoredinvialsforlateridentification
usingkeysFurmanandLoomis1984Webbetal1990andDurden
andKeirans1996Afterinspectionthebirdswerereleasedatthe
siteofcollection

LizardSampling

SamplingforlizardswasconductedduringthespringMarch
toJune1997to2002atDriversFlatandanearbylocationOrr
CreekinPlacerCountyWillowCreekandadjacentMississippi
BarSacramentoCoHuffCanyonandadjacentNorthButtein
SutterCoandatCacheCreekandPutahCreekYoloCo
Lizardswerecollectedbyhandorbynooseastheyforagedinleaf
litterorfrombarkontreesorastheyrestedunderbarkorrocks
Samplingforlizardswasconductedfrommidmorningtomid
afternoononsunnydaysMeasurementswereobtainedfromnose
toventandventtotipoftailfromeachlizardSexwasdetermined
inSceloporusspplizardsusingpostanalscalesandinElgariasp
lizardswhenpossiblebyevertingthehemipenisStebbins1985
CapturedlizardsweretemporarilymarkedatDriversFlatOrrCreek
andWillowCreekusingliquidpaperofvariouscolorsTwotypes
ofmarkswereusedInthefirstseriesofcapturesnumberswere
painteddirectlyonthedorsalsurfaceofthelizardmakingthem
easytospotontreesorrocksusingbinocularsIntheeventthat
theobviousmarksmayhaveincreasedpredationonourlizards
weturnedtoamoreobscuremarkthesecondseasonThesecaptures
hadonlyonescaleorlateracombinationofscalesonthehead
frontalprefrontalfrontoparietalparietalinterparietalornuchal
markedwithcoloredliquidpaperRecordswerekepttoprevent
duplicatemarkings

Thebodyofeachcapturedlizardwascarefullyinspectedusing
ahandlensormicroscope10Xto15XCollectedtickswere
removedwithforcepsandtransferredtoethylalcoholandstored
inglassvialsforlateridentificationAllticksandmiteswere
removedfromeachanimalpriortoreleaseatthesiteofcapture
Eachsampletripreturnedtothesameareaandthesametrees
rocksandlogswereinspectedLogsandrockswereturnedand
thenreplacedForaginglizardswerereplacedonthesametreeor
leaflitterataboutthesamelocationofcapture

Estimatesofpopulationsizesoflizardsandbirdswere
generatedusingtheSchnabletechniqueCox1996ofrepeated
markingandrecaptureItwasexpectedthatthepopulationremained
fairlyconstantwithinthesampleperiodsthatoccurredduringMarch
toJune



Table1MeandensityofIxodespacificusonlizardsandbirdsinnorthernCalifomia
NorthernSierraNevada CentralValley NorthernCoastRange
Placer cramento Sutter Yolo Lake

Species nRangeMeannRangeMeannRangeMeannRangeMeannRangeMean
SouthernAlligatorLizard 1200157576 2 08400 2 29 550 7225337100
WesternFenceLizard 58 020245660301451011137029029830 0

SagebrushLizard 0 0 4 04 125 0 0

WesternSkink 0 0 2 0 0 1001 010 0

GilbertsSkink 11 06 063 0 0 0 0

CalifomiaQuail 0 0 3 02 133 3 02 067 2012600
WildTurkey 1 2 200 0 0 0 0

AcomWoodpecker 0 0 0 1003 04 0

NuttallsWoodpecker 0 2 0 0 1 0 0 1 0 0 7 01 014

StellersJay 1 1 100 0 0 0 0

WesternScrubJay 2 0 0 0 0 1007 150 6 18 300
AmericanCrow 0 0 0 0 1 4 400
OakTitmouse 9 01 011 5 0 0 15012 1001701 01743010263
WhitebreastedNuthatch 3 0 0 0 0 3 01 033 8 05237
BewicksWren 17 06 141 8 05 175 4 37 425 1 4 400 1 0 0
HouseWren 0 3 01067 0 0 0
HermitThrush 22 020 114 5 020601401228616012112 4013500
SwainsonsThrush 0 1 0 0 4 0 0 4 02 075 1 0 0
AmericanRobin 1 0 0 0 6 05 167 2 0 0 0
Wrentit 9 01 011 0 0 0 0
EuropeanStarling 0 0 0 9 07 089 3 0 0

OrangecrownedWarbler 33 02 021 1 0 0 1 0 0 1 01 100 0
NashvilleWarbler 4 05 125 0 1 0 0 0 0

SpottedTowhee 23 05 169130507710 09 24010022250 6 05350
CalifomiaTowhee 0 2 0 0 5 014360 5 04 080 1 20 200

FoxSparrow 4 0 0 0 2 37 500 0 0

SongSparrow 0 0 0 6 04 067 0

WhitecrownedSparrow 3 0 0 0 10 05 170 0 2 12 150

GoldencrownedSparrow 16 03 025 0 6 01 0171609 1871409 121
OregonJunco 7 0 0 0 1 1 1004603 006 0
BlackheadedGrosbeak 1 1 100 0 10 03 090 0 0

LazuliBunting 2 0 0 2 0 0 14 04 064 0 0
BrewersBlackbird 0 0 0 1401 007 1 0 0
BullocksOriole 0 0 1 0 0 1201 008 2 0 0

PurpleFinch 3 01 033 0 0 0 0
HouseFinch 0 0 3 03 100 5 02 040 0
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RESULTS

WeidentifyanewlizardhostrecordforIpacificusthe
GilbertsSkinkEumecesgilbertiandseveralnewavianhosts
recordsincludingtheWildTurkeyMeleagrisgallopavoAcorn
WoodpeckerMelanerpesformicivorusNuttallsWoodpecker
PicoidesnuttalliiAmericanCrowCorvusbrachyrhynchos
AmericanRobinTurdusmigratoriusEuropeanStarlingSturnus
vulgarisWrentitChamaeafasciataBrewersBlackbird
EuphaguscyanocephalusBullocksOrioleIcterusbullockiiand
theHouseFinchCarpodacusmexicanusTable1

Basedontheprevalenceandintensityofinfestationlizards
wereobservedtobetheprincipalhostforbothlarvalandnymphal
stagesofIpacificusacrosseachofthethreebioregionssampled

Fivespeciesoflizardswereidentifiedashostsforimmaturestages
ofIpacificusthatincludetheSouthernalligatorlizardElgaria
multicarinataWesternfencelizardSceloporusoccidentalis
SagebrushlizardSgraciosusWesternskinkEumeces
skiltonianusandtheGilbertsskinkEgilberti

Elgariamulticarinatahadthegreatestprevalenceandheaviest
densityofinfestationsofimmaturestagesofIpacificusineachof
thethreemajorbioregionssurveyedThemeandensityof
infestationsofEmulticarinatafromtheCoastalRangerangedfrom
ahighof37ticksanimalattheCacheCreeksitetoalowinthe
SierraNevadaof4ticksanimalattheFolsomsiteSceloporus
occidentalisrangedfromahighintheCoastalRangeof83ticks
animalfromCacheCreektoalowof24ticksanimalattheSierra

NevadaFolsomsiteEumecesspplizardswereveryinfrequently
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parasitizedwithrangesfrom01to06ticksanimalfromtheCache
CreeksitetotheSierraNevadasitesrespectivelyTable1

Grounddwellingbirdsasagroupwereobservedtobe
importantsecondaryhostsforbothlarvalandnymphalstagesofI
pacificusThesebirdsrepresentadiversegroupincluding31
speciesacross15familiesFivespecieswereidentifiedas
significanthostsacrossall3bioregionsincludingtheSpotted
TowheePipilomaculatesHermitThrushCatharusguttatusand
theBewicksWrenThryomanesbewickiiAdditionallytheOak
TitmouseBaeolophusinornatuswasheavilyinfestedintheCoastal
RangethoughonlyrarelyinfestedintheSierraNevada

TheHermitThrushCguttatushadthegreatestmeandensity
ofinfestationsofbothstagesofIpacificusineachofthethree
majorbioregionsThemeandensityinfestationsofCguttatus
fromtheCoastRangerangedfromahighof5ticksanimalfrom
theLakeCountysitetoalowof06ticksanimalattheFolsomsite
and11attheDriversFlatsiteintheSierraNevadaIntheSutter

ButtesCguttatushadaninfestationof3ticksanimalForthe
BewicksWrenTbewickiiinfestationrangedfromahighinthe
SutterButtesof42ticksanimaltoalowof14intheSierraNevada

TheSpottedTowheePipilomaculateswasmoreheavilyinfested
intheSutterButtesandtheCoastalRangerangingfrom24ticks
animaland35ticksanimalrespectivelytoalowintheSierra
Nevadaof07to17ticksanimalTable1

Theratiooflarvaetonymphsonhostswasobservedtovary
amongspeciesbutheldconstantfromonebioregiontoanother
BothofthelizardspeciesEmulticarinataandSoccidentalishad
aratioof2larvaeto1nymph21intheSierraNevadaandCoastal
RangesitesBirdspeciessuchasWhitebreastedNuthatchSitta
carolinensis12WesternScrubJayAphelocomacalifornica
11andOakTitmouse11hadaneitherequalratiooflarvaeto
nymphsorweredominatedbynymphsLarvaltonymphalratiosin
birdspeciessuchastheWhitecrownedSparrowZonotrichia
leucophrys161HermitThrush221andSpottedTowhee251
showinfestationsdominatedbylarvae

Ixodespacificuswastheonlyspeciesoftickcollectedfrom
lizardssampledfromallsitesThemajorityoftickscollectedfrom
birdswerealsoIpacificus98 excluding5identifiedonlyto
genusbutotherspeciesremovedfrombirdsinclude
HaemaphysalisleporispalustrisfromLazuliBuntingsPasserina
amoenaandWhitecrownedsparrowsArgasbrevipesfromAcorn
WoodpeckersMelanerpesfonnicivorusandIxodesbrunneusfrom
theOakTitmouseRhinonyssidaemiteswerecollectedfromthe
nasalcavityofoneWesternScrubjay

Repeatedmarkingandrecapturingoflizardsfromonesitein
theSierraNevadayieldedanestimatedpopulationsizeforS
occidentalisofca160animalswithinaroughly2acreareaandan
estimatedpopulationsizeforEmulticarinataofca70animals
Combiningthetwospeciesoflizardsyieldedaroughapproximation
of230animalsUsinganaverageinfestationofanylizardcaptured
duringthesamplewindowof4ticksanimalweestimatethatca
230lizardsmayhavesupportedz1000immatureticksatthissite
atanyonetimeduringthesampleperiod

Repeatedmarkingandrecapturingofoneresidentbirdspecies
theSpottedTowheePmaculateswithrelativelyheavyinfestations
yieldedanestimatedpopulationsizeofca20animalsUsingan

averageinfestationof12ticksanimalweestimatethatthisone
speciesoftowheeapproximatelysupports24immatureticksor
about25ofthatsupportedbylizardsatthissiteatanyonetime
duringthesampleperiodPopulationsofmigrantbirdssuchasthe
thrushescouldnotbeestimatedusingSchnabletechniqueas
recaptureratesweretoolow

DISCUSSION

Thissurveyoflizardandbirdhostsforimmaturestagesof
Ixodespacificusacrossthreemajorbioregionsofnorthern
Californiafurtherestablishestheverystrongpropensityofthistick
speciestoparasitizethetwomostcommonlizardspecies
SceloporusoccidentalisandespeciallyElgariamulticarinata
Basedonestimatesoflizardpopulationsizethese2speciesappear
tosupportthelargestproportionamongsmallvertebratesofthe
immaturestagesofIpacificusintheSierraNevada

Thissurveyalsoestablishesthatbirdsasataxonomicunit
collectivelycontributesignificantlyashostsforimmaturestages
ofIpacificusIndividualbirdspeciessuchastheHermitThrush
BewicksWrenandtheSpottedTowheeareparasitizedbythe
immaturestageofpacificusatnearlyequivalentlevelstothatof
Sceloporuslizardsinthesamehabitatsbutsupportfewerticksdue
totheirsmallernumbersinthearea

TwotimesasmanylarvaeasnymphsofIpacificuswere
collectedfromlizardsintheSierraNevadaandtheCoastalRange
sitesThelarvalnymphalratioonlizards21doesnotrepresent
theratiocollectedfromflaggingleaflitterwherelarvalnumbers
farexceed100stotthoseofnymphsFullyengorgedIxodid
femalescanlaythousandsofeggsthathatchintolarvaebut
relativelyfewwillsurviveandsuccessfullyfindhostsandmoltto
nymphsDensityoflarvaeinthelitterisassociatedwithlocations
wherehostdeerdropengorgedfemaleticksWecollectedlarge
numbersoflarvaeclumpedinandbelowdeerbedsandevenfound
engorgedfemaleIpacificuswithindeerbedsNymphshowever
arecollectedapartandindividuallyatdistancesdownslopefrom
deerbedsItisthereforeexpectedthatsignificantlyfewernymphs
existinthehabitatoftheselizardsYetratiosfoundonourlizards

indicatethatnymphsdisproportionallyparasitizedthem2tolrather
than100stolThesefindingspresenteitherapreferenceby
nymphsofIpacificusforlizardhostslizardpreferencefornymph
habitatorotherbehaviorsthatplacelizardsincloserjuxtaposition
withnymphsthanlarvae

SomebirdspeciesincludingtheWesternScrubJayandOak
Titmouseexhibitedequallarvalandnymphalinfestationswhile
theSpottedTowheeandHermitThrushhad25timesthenumber
oflarvaeasnymphsfromthesamesitesThesedifferencesmay
indicatevaryinghostbehaviorssuchasforageareamicrohabitat
targetforforagingandrestingornestingspotsThelizardsand
birdsinfestedwithimmaturestagesofIpacificusalldependon
leaflittermiddensforfoodandthereforehaveopportunitiestobe
parasitizedThedifferencesweobservedinlevelofinfestation
andtheratioofimmaturestagesmayreflectdifferentforaging
strategiesamongthesesmallvertebrates

BothElgariaandSceloporuslizardsforageintreesandon
thegroundbutwithdifferentstrategiesElgariamulticarinata
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activelyseekpreyprimarilyinsectsidentifyingthemusing
chemicaldetectionTheymaycruisealongthesurfaceoftheground
orclimbtreesandwillreadilyenterburrowsorburrowitselfthrough
leaflitterSceloporusoccidentalisisprimarilyasitandwaitor
ambushpredatorSceloporusalsofeedlargelyoninsectsbutmay
remainmotionlessontreetrunksforlongperiodsoftimeorrestin
crevicesofbarkUnlikeElgariaspSceloporussppregulatesits
bodytemperaturebybaskingthatrequiresperiodsofstasisand
malesalsodevotemuchtimetodefendingaterritoryThe
behavioraldifferencesofthese2lizardspeciesmaycontributeto
theobserveddifferencesinlevelsofinfestationwithimmaturestages
ofIpacificus

Allofthegrounddwellingbirdswefoundinfestedwith
immaturestagesofIpacificusareknowntoforagetosomeextent
onorwithinleaflitterThegroupinfestedwithequalnumbersof
larvaeandnymphsincludesthejaysandcrowswhichareknown
tostorefoodwithinleavesorburyfoodbelowthesoilsurface
MembersofthecrowandjayfamilyCorvidaeforageanddigfor
insectsinleaflitterbyswingingtheirbillssidetosidetomove
leavesandmiddensthenpinchinginsectsandeventickswiththeir
billsIsenhartandDeSante1985andAddisonetal1989The
WhitebreastedNuthatchandOakTitmousefeedlargelyintrees
gleaninginsectsfromcrevassesinbarkbutmayalsofeedinleaf
litterbyprobingwiththeirbilltofindinvertebratesseedsandnuts
SlowikandLane2001bfoundIpacificusnymphshostseeking
andrestinginbarkcrevassesandmossgrowingontreesprimarily
oaksthathadleaflitterattheirbasesSincenymphsonlywere
detectedintreespreferentialforagingintreesbynuthatchesand
titmicecouldexplainthehighnymphtolarvalratioontheseand
othertreeforaginghostsThesebirdsallnestwithintrees

Thegroupofgroundfeedingbirdsthatwereinfestedprimarily
withlarvaeincludesthethrushesandsparrowsThesebirdsforage
forinsectsbyhoppingontheleaflitterandthenvigorously
scratchingwithbothfeetdiggingintothelitterandbelowthesoil
surfacetoexposeinsectsthattheywillcollectwiththeirbills
MembersofthethrushfamilysuchastheHermitThrushand
AmericanRobinfeedmostlyoninsectsandrobinsareknownto
bepredatorsofticksWilkinson1970Thisgroupofbirdsmay
activelyseekdeerbedsasforagelocationsforticksandother
ectoparasitesthatmaybeassociatedwithdeerbedsMostsparrows
includingSpottedTowheesandalsotheHermitThrushnestonthe
groundunderthicketsoftenwithinleaflitterThisalsomaymake
themavailabletohostseekingticks

Finallyitisrelevanttonotethatmanyofthebirdsinfested
withimmaturestagesofIpacificusarelongdistancemigrants
SpeciessuchastheHermitThrushSwainsonsThrushand
AmericanRobinarecapableoftransportingattachedticks
considerabledistancesbeforedetachmentThesebirdswillseek

outsimilarforagingsitesnamelyleaflitterpatchesduringtheir
migrationsthatwouldbesuitableforengorgedtickstodropand
moltThereforebirdsverylikelyhavebeenandwillcontinueto
transportimmaturestagesofIpacificustosuitablehabitats
throughoutthewest

OurobservationsofheavyinfestationbyIpacificusonlizards
innorthemCaliforniaarguethat2speciesEmulticarinataandS
occidentaliscontributeasubstantialsupportforthisparasiteand
maybecriticalprincipalhostsforlarvalandnymphalsuccessThe

inabilityoftheselizardstoreservoirBorreliaburgdorferi
spirochetescoupledwiththeirabilitytosuppressinfectionin
previouslyinfectedIpacificussubsequentlyfeedingontheselizards
directsattentiontoothersecondarilyinfestedhostsforthe
maintenanceofthisdiseaseinCaliforniaLaneandQuistad1998
Wrightetal1998

Birdsespeciallygrounddwellingleaflitterforaging
specialistsappeartoplayasignificantroleashostsforboth
immaturestagesofIpacificusinnorthernCaliforniaThisavian
contributionashostsforIpacificusisconsequentialinthe
distributionofthisparasitethroughoutitsrangeandinmaintaining
geneflowincludingthattoisolatedpopulationsKainetal1997
Birdsshouldfurtherberecognizedaspotentialtransportersand
distributorsofinfectedticksthroughouttherangeofthisvector
andmayaccountfortheapparentdisjointdistributionofLyme
borreliosisWebbetal1992andehrlichiosisVredevoeetal
1999inIpacificuspopulationsinCaliforniaFinallybirdspecies
shouldnotbeignoredaspotentialreservoirsthemselves
contributingtotickinfectionswithspirochetesandrickettsiaein
manyofthevariedhabitatsofCalifornia

Acknowledgements

WethankMarySchiedtandJoyceFYoungCalifornia
DepartmentofFishandGameDaveMcClainandIlanaMcPhee
SacramentoYoloMosquitoandVectorControlDistrictBonnie
RyanandTerrySandersonLakeCountyVectorControlDistrict
MartinCastroCaliforniaDepartmentofHealthServicesRobin
WacksUSForestServiceThomasScottUniversityofCalifornia
DavisMargaretNashTimManolisSethandSamuelWrightwho
providedassistanceinthecaptureofbirdsandlizardsWealso
thankPeteandMargitSandsforpermissiontotraplizardsand
birdsontheirpropertyintheSutterButtesWeappreciatethe
strongsupportofManagersDavidBrownSacramentoYolo
MosquitoandVectorControlDistrictRonMcBrideSutterYuba
MosquitoandVectorControlDistrictandArthurColwellLake
CountyVectorControlDistrict

REFERENCESCITED

AddisonEMRDStricklandandDJHFraser1989Gray
jaysPerisoreuscanadensisandcommonravensCorvus
coraxaspredatorsofwinterticksDermacentoralbipictus
CanadianFieldNaturalist103406408

ArthurDRandKRSnow1968IxodespacificusCooleyand
Kohls1943itslifehistoryandoccurrenceParasitology58
893906

CoxGW1996LaboratoryManualofGeneralEcology7thed
WmCBrownPublishers278pp

DurdenLAandJEKeirans1996NymphsoftheGenusIxodes
AcariIxodidaeoftheUnitedStatesTaxonomy
IdentificationKeyDistributionHostsandMedical
VeterinaryImportanceMonographsThomasSayPublications
inEntomologyEntomologicalSocietyofAmericaLanham
Maryland95pp



January2003 ProceedingsandPapersoftheSeventyFirstAnnualConference 63

FurmanDPandECLoomis1984TheTicksofCalifornia

AcariIxodidaBulletinoftheCaliforniaInsectSurveyVol
25UniversityofCaliforniaPressBerkeleyandLosAngeles
239pp

IsenhartFRandDFDeSante1985Observationsonscrub

jayscleaningectoparasitesfromblacktaileddeerCondor
87145147

KainDEFAHSperlingandRSLane1997Population
geneticsoflxodespacificusAcariIxodidaeusingallozymes
JMedEntomol34441450

KollarsJrTMJHOliverJrPGKollarsandLADurden
1999SeasonalactivityandhostassociationofIxodes
scapularisAcariIxodidaeinsoutheasternMissouriJMed
Entomol366720726

LaneRSandJELoye1989LymediseaseinCalifornia
InterrelationshipofIxodespacificusAcariIxodidaethe
westernfencelizardSceloporusoccidentalisandBorrelia
burgdorferiJMedEntomol264272278

LaneRSandGBQuistad1998Borreliacidalfactorinthe
bloodofthewesternfencelizardSceloporusoccidentalis
JParasitol8412934

ManweilerSARSLaneWMBlockandMLMorrison
1990SurveyofbirdsandlizardsforIxodidticksAcariand
spirochetalinfectioninNorthernCaliforniaJMedEntomol
2710111015

OliverJrJHFWChandlerJrAMJamesLOHueyGN
VogelandFHSandersJr1996UnusualstrainofBorrelia
burgdorferiisolatedfromIxodesdentatusincentralGeorgia
JParasitol82936940

PyleP1997IdentificationGuidetoNorthAmericanBirdsPart
1ColumbidaetoPloceidaeSlateCreekPressBolinasCA
728pp

SlowikTJandRSLane2001aBirdsandtheirticksin
northwesternCaliforniaminimalcontributiontoBorrelia

burgdorferienzootiologyJParasitol874755761

SlowikTJandRSLane2001bNymphsofthewesternblack
leggedtickIxodespacificuscollectedfromtreetrunksin
woodlandgrasshabitatJVectEcol262165171

StebbinsRC1985AFieldGuidetoWesternReptilesand
AmphibiansHoughtonMifflinCompanyBoston336pp

TalleklintLandTGTJaenson1994TransmissionofBorrelia

burgdorferislfrommammalreservoirstotheprimaryvector
ofLymeborreliosisIxodesricinusAcariIxodidaein
SwedenJMedEntomol316880886

VredevoeLKPJRichterJrJEMadiganandRBKimsey
1999AssociationofIxodespacificusAcariIxodidaewith
thespatialandtemporaldistributionofequinegranulocytic
ehrlichiosisinCaliforniaJMedEntomol365551561

WebbJrJPSGBennettandGLChallet1990Thelarval

ticksofthegenusIxodesLatreilleAcariIxodidaeof
CaliforniaBullSocVectEcol15173124

WebbJrJPCLFogartySGBennettandTJSmith1992
ThefirstrecordofBorreliaburgdorferifromatickIxodes
pacificusinsouthernCaliforniaProcCalifMosqVector
ControlAssoc609194

WilkinsonPR1970Apreliminarynoteonpredationoffree
livingengorgedfemaleRockyMountainwoodticksJMed
Entomol74493496

WrightSARSLaneandJRClover1998Infestationofthe
southernalligatorlizardSquamataAnguidaebyIxodes
pacificusAcariIxodidaeanditssusceptibilitytoBorrelia
burgdorferiJMedEntomol3510441049

WrightSAMAThompsonMJMillerKMKnerlSL
ElmsJCKarpowiczJFYoungandVLKramer2000
EcologyofBorreliaburgdorferiinticksAcariIxodidae
rodentsandbirdsintheSierraNevadafoothillsPlacerCounty
CaliforniaJMedEntomol376909918



64 ProceedingsandPapersoftheSeventyFirstAnnualConference January2003

EcologicalConditionsAssociatedwithTickborneRelapsingFeverinInyoand
MonoCountiesCalifornia20002002
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UniversityofCaliforniaatIrvineDepartmentsofMicrobiology MolecularGeneticsIrvineCA92697

ABSTRACTDuring20002002therewasatotalof17humantickbornerelapsingfevercasesfrom6sitesin
InyoandMonoCountiesCaliforniaBothofthecasesreportedfromtheInyoCountysitewereconfirmedcases
Therewere9confirmedcasesand6suspectcasesfromMonoCountyThecasesoccurredatelevationsrangingfrom
2134to2804mOrnithodoroshermsitickswerecollectedfrom3ofthe6sitesThreeticks1nymphand2adults
werecollectedfrom2sitesinMonoCountyand26ticks10nymphsand16adultswerecollectedfromthesitein
InyoCountyCarbondioxidetrapsprovedtobeunsuccessfulincollectingorattractinganyticksThe27Ornithodoros
hermsispecimensfromtheInyoandMonoCountycasesitesweretestedbyusingBorreliahermsiispecificprimersin
apolymerasechainreactionand2nymphalticksfromtheInyoCountysitetestedpositive

INTRODUCTION

TickbornerelapsingfeverTBRFisasystemicdisease
causedbyaspirochetalbacteriumBorreliahermsiiDavisAt
elevationsabove1500minthewesternUnitedStatesBhermsii
istransmittedbythebiteoftheargasidtickOrnithodoroshermsi
WheelerHerms MeyerHermsandWheeler1936Thesesoft
ticksandrodentsparticularlychipmunksTamiassppactas
reservoirsforBhermsiiOrnithodorushermsimayhavealifespan
ofseveralyearsandremaininfectiveforlifeHerms1939Pratt
andLittig1962Transstadialtransmissiontosubsequenttickstages
andtransovarialtransmissiontoprogenyareknowntooccurTick
bornerelapsingfeveralsooccursinwesternCanadaMexico
CentralAmericaSouthAmericaeasternEuropethe
MediterraneanAfricatheNearEastandcentralAsiaThe

incubationperiodforthediseaseinhumansis5to15dayswith
symptomsincludingcyclesoffeverlastingfrom2to9daysfollowed
byperiodswithoutfeverlasting2to4days

Tickbornerelapsingfeverisareportablediseasein
CaliforniaDuring19912002therewere98humanTBRFcases
inCaliforniaCaliforniaDepartmentofHealthServicesCDHS
2001andunpublisheddataThenumberofcasesrangedfrom3
to18yearwithamedianof7casesyearTheageofcasesranged
from2to85yearswithamedianageof34yearsSeventynine
percentofthecasesoccurredfromJunetoSeptemberAlthough
TBRFcaseshavebeenreportedfrom20ofthe58countiesin
CaliforniamostcasesduringthistimeperiodwerefromMono
NevadaPlacerSiskiyouandFresnoCountiesDuring20002002
17confirmedandsuspectTBRFcaseswerereportedand
investigatedinInyoandMonoCountiesCDHS2002and
unpublisheddata

BACKGROUNDANDMETHODS

Caseinterviewswereconductedtodeterminethesitewhere

TBRFwasmostlikelycontractedSiteswereinvestigated
approximately30daysaftercasespotentiallycontractedTBRF
anddataassociatedwiththesitesandthecaseswereobtainedand

analyzedtoassistinthepreventionandcurtailmentofTBRF
transmissionatthatsiteBuildingsassociatedwiththecaseswere
investigatedforthepresenceof0hermsiandrodentactivityThe
locationofsiteswasdocumentedwithGlobalPositioningSystem
instrumentsandvegetationtypedeterminedusingCalifornia
VegetationClassificationGeographicInformationSystemfromthe
CaliforniaSpatialInformationLibrarywwwgiscagov

At2ofthesitesCOdryicebaitedtrapswereusedinan
attempttocollect0hermsiFig1Thesetrapsconsistedofa2
literinsulateddryicecontainersupported51cmaboveasheet
ofwhiteclothapproximatelyametersquareCarpettapewasplaced
ontheexposedsurfaceoftheclothtocaptureanyticksthatwere
attractedtotheCOsourceThecontainerwasfilledwith18kg
ofdryiceThecontainerprovidedanapproximateCOflowrate
of500mlmin

Casesreportedasconfirmedwereclinicallydiagnosedwhile
casesreportedassuspectwerenotclinicallydiagnosedbuthad
symptomsreportedtoinvestigatorsthatwererepresentativeofthose
forTBRFSome0hermsiweretestedwithprimersspecificfor
BhermsiibypolymerasechainreactionPCRattheDepartment
ofMicrobiology MolecularGeneticsUniversityofCalifornia
IrvineBriefdescriptionsoftheecologyassociatedwithcasesare
discussedbelow
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Figure1COtrapdesignedtoattractandcaptureticks

MONOCOUNTY

Site 1

AbarracksatanInyoNationalForestfacilityhashadahistory
ofsuspectandconfirmedTBRFcasessince1986Fig2The
facilitywaslocatedatanelevationof2320mTheareaassociated
withthesitehadaJefferyPineVegetationtypeThebarracks
builtin1975wasatwostorywoodstructurewith5wingsanda
totalof10roomsEachofthe5wingshad1roomupstairs1room
downstairsandabathroomatthestairslandingbetweentherooms
The5wingswereaccessedfromacentrallargetwostoryopenor
commonroom

Figure2AbarracksataForestServicefacilityMonoCounty
CaliforniaSite1Thesiteofseveralconfirmedandsuspect
TBRFcases
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In20001confirmedcaseand1suspectedcasewerereported
afteragroupofornithologistsstayedinthebuildingDuringJuly15
21200125individualsconductinganarchaeologicaldigwithin
theareaoccupiedthebarracksorcampednearthebuildingFour
oftheindividualswhosleptinthebarracksdevelopedafebrile
illnessOneoftheindividualswasdiagnosedwithTBRFtheother
3wereneverdiagnosedandconsideredsuspectTBRFcases

Attemptsweremadetocollect0hermsifromthebarracks

bysearchinginandunderfurnitureandbytheuseofCObaited
trapsTwotrapswererunfrom 1500to0900hrsAlthoughno
tickswererecoveredtherewasconsiderableevidenceofwildrodent

activityinandaroundthebarracksaswellasthroughoutthefacility
NumerouschipmunksTamiasspwereobservedatthefacility

AdditionalTBRFcasesassociatedwiththefacilityhavebeen
reportedfromsitesotherthanthebarracksAsuspectTBRFcase
occurredinthespringof2001TheindividualwasaForestService
employeewhoresidedinacabinwithwoodsidingatthefacility
Fig3Notickswererecoveredafterasearchofthecabin

During20021confirmedTBRFcasewasreportedThe
individualwasaForestServiceemployeewhocampedduring

Figure3TickbornerelapsingfevercasecabinataForest
ServicefacilityMonoCountyCaliforniaSite1

AugustandSeptemberatacampground21kmfromthefacility
anddidnotstayorsleepovernightinanyofthefacilitysbuildings
ItwasconcludedthatthiscasemostlikelycontractedTBRFwhile
campingnearthefacility

Site2

TwoconfirmedTBRFcaseswerereportedfromaonestory
cabinwithwoodsidingintheInyoNationalForestFig4The
cabinwaslocatedatanelevationof2134mTheareaassociated

withthesitehadaSingleleafPinyonVegetationtypeBoth
individualsstayedinthecabinfromMarch30April32002Access
totheinteriorofthecabinwasnotavailablebutobservations

indicatedthestructurewasnotrodentproofinadditionidealrodent
habitatexistedproximaltothecabin
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Figure4TickbornerelapsingfevercasecabinMonoCounty
CaliforniaSite2

Site3

OneconfirmedTBRFcasewasreportedfromanotherone
storycabinwithwoodsidinglocatedinthevicinityofSite2Fig
5TheindividualstayedinthecabinfromJune22232002There
wasnoindicationofrodentactivityinthecabinandtheownerhad
rodentproofedthecabinhoweveridealrodenthabitatexisted
proximaltothecabinTheownerhadcollected2Ohermsiadult
inthecabin1wasdeadThetickswerefoundintheopenin
thelivingroomandbathroomandnotassociatedwithfurniture
beddingorabedroomThedeadtickwaskeptasavoucher
specimenandtheliveadultticktestednegativeforthepresence
ofBhermsiibyPCRTheownerreportedthatoverthelast8
yearsseveralothergueststhathadstayedinthecabinexhibited
TBRFsymptoms

Figure5TickbornerelapsingfevercasecabinMonoCounty
CalifomiaSite3

Site4

Twoconfirmedcasesand1suspectTBRFcasewerereported
fromnearMammothLakesin2002atanelevationof2210m
TheareaassociatedwiththesitehadaJefferyPineVegetationtype
Bothconfirmedcasesweresummerresidentsofatwostorycabin
withwoodsidingFig6Theonsetoftheillnessforthe2
confirmedcaseswasJuly14andAugust22002OnJuly26
2002oneOhermsinymphwascollectedfromthebunkbedthat
thecaseindividualssleptinThisspecimenwasnottestedforB
hermsiibutwaskeptasavoucherspecimenThesuspectcase
campedinatentnearthecabinduringtheweekofJune172002

Site5

Figure6TickbornerelapsingfevercasecabinMonoCounty
CaliforniaSite4

OneconfirmedTBRFcasewasreportedfromnearLake
GeorgeDuringthesummerof2002thecasestayednearthelake
inatwostorycabinwithwoodsidingFig7Duringthestaythe
individualtookeveningnighthikesandtooknapsinthewoods
duringthesehikesThecabinwasatanelevationof 2804m

TheareaassociatedwiththesitehadaLodgepolePineVegetation
typeTherewasnoobservedindicationofrodentactivityinthe
areasofthecabinwhereaccesswasobtainedTheownerreported
thatmicewereoccasionallytrappedinthecabinbuttheywerenot
asevereproblemTheareaaroundthecabinwaslandscapedand
didprovideidealrodenthabitatAftertheinvestigationitwas
concludedthattheindividualmayhavecontractedTBRFwhile
nappinginthewoodsduringoneofthehikes
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Figure7TickbornerelapsingfevercasecabinMonoCounty
CaliforniaSite5

INYOCOUNTY

Site6

TwoconfirmedcasesofTBRFwerereportedfromindividuals
occupyingacabinwithwoodsidingwestofBishopatanelevation
of2482mTheareaassociatedwiththesitehadaJefferyPine
VegetationtypeThecabinFig8had3storiesanexposed
basementalivingroomkitchenlevelandanupstairswith2
bedroomsThecasesstayedinthecabinfor1nightJune2223
2002ThecabinhadbeenunoccupiedafterJune23OnJuly25
18Ohermsi7nymphsand11adultswerecollectedfromthe
bedthatthecasessleptinSomeofthetickswereobserved
ovipositingonthebedlinenOneadulttickwascollectedfroma
bedintheunusedbedroomTherewasevidenceofrodentactivity
inandaroundthecabinSubsequentlyonthenightof3031July

Figure8TickbornerelapsingfevercasecabinInyoCounty
CaliforniaSite6
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CObaitedtrapsweresetinbothbedroomsThefollowingmorning
notickswerecapturedinthetrapsbut5ticks2nymphsand3
adultswerecollectedfromthebedmentionedabovewherethe
caseshadsleptAlsoasingleadulttickwascollectedfromthe
carpetunderthebedOnenymphaltickwascollectedfromthe
bedintheotherunusedbedroomAtotalof26tickswascollected
fromthecabinTwoofthenymphalticksfromthebedroomwhere
thecaseshadslepttestedpositiveforBhermsiibyPCR

DISCUSSION

SeventeenhumanTBRFcasesfrom6siteswerereportedand
investigatedduring20002002inInyoandMonoCountiesTwo
confirmedcaseswerefromInyoCountyand9confirmedand6
suspectcaseswerefromMonoCountyTwentynineOhermsi
11nymphsand18adultswerecollectedfrom3sitesinthe2
countiesTwentysixOhermsi10nymphsand16adults
including2Bhermsiiinfectednymphaltickswerecollectedfrom
thesiteinInyoCounty

Allofthesiteswereatanelevation 2100mTwoofthe

caseshadbeencampingwithnoassociationwithamountaincabin
anotherofthecaseshadstayedinacabinbutwouldtakeevening
hikesandnapsinthewoodswhereitispossiblethatthecasecould
havecontractedTBRFTheremaining14caseshadsleptina
mountaincabinorbuildingwithnootherexplanationofwherethey
couldhavecontractedTBRFNoneofthestructureswererustic
extremelyrundownorabandonedAllwerefurnishedandhad
electricityrunningwaterandtoiletfacilitiesNoneofthestructures
wereutilizedoroccupiedonacontinuousbasisTherewasevidence
ofrodentactivityin3ofthe7cabinsorbarracksassociatedwith
casesRodentactivitycouldnotbedeterminedat1ofthesites
becauseofthelackofentrythoughbasedonobservationsfrom
theexteriorofthestructureitwasnotrodentproofandrodents
weremostlikelyinhabitingthecabin

Ornithodorosspparelonglivedandcansurviveforlong
periodswithoutfeedingOnceOhermsiareestablishedinacabin
theycouldcontinuetosurviveformonthsandevenyears
transmissionofTBRFtoanoccasionalhumanoccupantcouldoccur
eventhoughrodentsnolongerwereactiveinthestructure

Recommendationsaboutrodentproofingstructuresand
rodentmanagementwereprovidedtotheForestServiceandthe
ownersofthecabinsItwassuggestedthattickcontrolwouldbe
difficultbecauseofthereclusivenatureofOhermsiandtoensure

safeandeffectivepesticideapplicationscommercialpestcontrol
professionalsshouldbeconsultedandhired

Followupinvestigationsofthesecasesandsiteswillcontinue
Theadditionaldataobtainedmayaidpublichealtheffortstoreduce
theoccurrenceofthisdiseaseinthese2countiesandotherpartsof
thestate
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WilliamCReeves

2003NewInvestigatorAward

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheMosquitoandVectorControl
AssociationofCaliforniainhonorofthelongandproductivescientificcareerofDrWilliamCReeves
ProfessorEmeritusSchoolofPublicHealthUniversityofCaliforniaatBerkeley

TheAwardispresentedtotheoutstandingresearchpaperdeliveredbyanewinvestigatorbasedon
qualityofthestudythewrittenreportandpresentationattheannualconference

Therewerethreecompetitorsfortheawardatthe2003SeventyFirstAnnualConferencewithfirst
placeawardedtoLauraGoddard
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ExtrinsicIncubationPeriodofWestNileVirusinFourCaliforniaCulex

DipteraCulicidaeSpecies
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ABSTRACTWecomparedthepotentialoffourCaliforniaCulexspeciesasvectorsofWestNileWNvirusby
examiningtheirsusceptibilitytoinfectionandextrinsicincubationperiodietimefrominfectionuntiltheycan
transmitvirusCulextarsalisCxstigmatosomaCxpipienspipiensandtwopopulationsofCxpquinquefasciatus
werefedartificialviremicbloodmealsheldat28Candtransmissionwasattempteddailyforsevento10femalesper
groupfor12ormoreconsecutivedaysSpeciesvariedintheirsusceptibilitytoinfectionandabilitytotransmitvirus
CxtarsalisandCxstigmatosomawerehighlysusceptibletoinfectionCxppipiensandCxpquinquefasciatus
BakersfieldweremoderatelysusceptibleandCxpquinquefasciatusCoachellaValleywasrefractoryWNvirus
transmissionwasfirstdetectedfivetoeightdayspostexposuretovirusTransmissionratesthenincreasedtoday12
and13forallspeciestestedexceptCxpquinquefasciatusCoachellaValleyforwhichtherewasonlyoneWNvirus
positivetransmissionondaysix

INTRODUCTION

The1999outbreakofWestNileWNvirusinNewYork
markedthefirstknowntransmissionofthisvirusintheWestern

HemisphereCentersforDiseaseControlandPrevention1999
SinceitsintroductionWNvirushasspreadacrosstheUnitedStates
atanalarmingratefromNewYorkto43otherstatesandtheDistrict
ofColumbiaAsofJuly2003over4100humancaseswith284
deathswerereportedandmorethan11000equinecasesofWN
weredocumentedCentersforDiseaseControlandPrevention
2003TheexpandingrangeofWNandrisingincidenceofmedical
andveterinarycasesindicateaneedtounderstandpatternsofWN
transmissionasfundamentalinformationforthedesignand
facilitationofstrategiesformosquitocontrol

WNvirusisageographicallywidespreadarbovirusinthe
familyFlaviviridaegenusFlavivirusPorterfield1980Itis
endemictoAfricawestemAsiatheMiddleEastandEuropeWN
virusismaintainedinanenzootictransmissioncycleamonginfected
wildbirdsandmosquitoesacyclethatisconceptuallysimilarto
twovirusesendemictoCaliforniaitscloserelativeStLouis
encephalitisSLEvirusandtheAlphaviruswesternequine
encephalomyelitisWEEvirusHumansandhorsesaredeadend
hostsforWNbutpotentiallymaydevelopencephalitisand
occasionallysuccumbHayes1989

AsWNcontinuestoexpanditsrangetowardtheWestCoast
itisimportanttoevaluatethevectorcompetenceofCalifornia
mosquitoesanddeterminetheirpotentialroleintransmissionIn
thepresentstudyweevaluatedthevectorpotentialforWNvirus
offourcommonCaliforniaCulexspeciesByassayingdaily
infectionandtransmissionwedeterminedthedurationofthe
extrinsicincubationperiodsorthetimefromvirusexposuretothe
timewhenmosquitoeswereabletotransmitvirusWeexamined
fourspeciesthatareknowncompetentlaboratoryvectorsofWN
virusCxtarsalisCxstigmatosomaCxpipienspipiensandCx
pquinquefasciatusGoddardetal2002Cxtarsalisoneofthe
mostmedicallyimportantmosquitoesinNorthAmericaisthe

METHODS
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primaryvectorofWEEandSLEvirusesinCaliforniaReevesand
Hammon1962andisacompetentvectorofJapaneseencephalitis
virusanotherflavivirusthatiscloselyrelatedtoWNvirusReeves
andHammon1946Cxstigmatosomaisanabundantspeciesin
CaliforniathathasbeenfoundnaturallyinfectedwithWEEvirus
ReevesandMilby1990andisacompetentlaboratoryvectorof
SLEvirusReevesetal1954Cxpipienswasidentifiedasa
majorvectorofWNvirusduringthe1999NewYorkoutbreak
Turelletal2000andmayserveasahostforvirussurvivalduring
thewinterintemperateclimatesNascietal2001Membersof
theCxpipienscomplexinCaliforniaCxppipiensandCxp
quinquefasciatuspotentiallymayfillthesameroleonthewest
coastasCxpipiensdoesontheeastcoast

Theextrinsicincubationperiodmeasureshowrapidlyvirus
caninfectreplicateanddisseminatetothesalivaryglandsthereby
indicatinghowquicklyamosquitocantransmitvirusTheextrinsic
incubationperiodisanimportantfactorinarbovirusepidemiology
becauseitdetermineshowlongamosquitomustsurviveafter
ingestinganinfectiousbloodmealtobecomeaneffectivevector
DefiningpatternsofinfectionandtransmissionofWNvirusfor
competentvectorsisnecessaryforpredictingthepotentialrolesof
thesemosquitoesinWNvirustransmissioninCaliforniaDetails
ofvectorvirusinteractionsarefundamentalinformationfor

designingtargetedvectoranddiseasecontrolprograms

Allexperimentalworkwasconductedinthebiosafetylevel3
containmentfacilityattheCenterforVectorborneDisease
UniversityofCaliforniaDavis

VirusWNvirusstrain352611AAF92399isolatedfroma

flamingoinNewYorkandpassagedtwiceinVeroAfricanGreen
Monkeykidneycellswasusedtoinfectmosquitoes

MosquitoesFourCulexspecieswerecollectedfromdifferent
locationsinCaliforniaCxtarsaliswerecollectedfromYolo

CountyCxstigmatosomafromChinoSanBernardinoCoCxp
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pipiensfromShastaCoandCxpquinquefasciatusfrom
BakersfieldKernCoandCoachellaValleyRiversideCoWe
definedmembersoftheCxpipienscomplexbasedongeographic
locationofcollectionandonpreviouslydescribedhybridzonesin
CaliforniaUrbanellietal1997Mosquitoescollectedfrom
northernCaliforniawereconsideredCxppipiensandthosefrom
theSanJoaquinValleyandsoutheasternCaliforniawereconsidered
CxpquinquefasciatusTheFgenerationforeachspeciesexcept
Cxstigmatosomawasrearedinthelaboratoryandusedfor
experimentalinfectionCxstigmatosomawerewildcaughtadults
ofunknownage

MosquitoinfectionFourtofivedayoldmosquitoesexcept
Cxstigmatosomaofunknownagewerefedonhangingblood
dropletsdefibrinatedrabbitbloodMicrobiologicalMediaSan
RamonCAcontaining25sucroseand10plaqueforming
unitsPFUsofWNvirus10mLofbloodEngorgedmosquitoes
wereincubatedat28Caphotoperiodof16hlight8hdarkand
provideda10sucrosesolutionincottonwicks

ExperimentaltransmissionEverydaypostinfectionten
orfewermosquitoeswerestarved24hoursimmobilizedby
exposuretotriethylamineandtheirproboscisinsertedintoa
capillarytubecontaining11fetalbovineserumFBSand10
sucrosesolutionfortenminutestoassesstheirabilitytotransmit
virusperosAitken1977Capillarytubecontentswereexpelled
into250mlofmosquitodiluentphosphatebufferedsalinePBS
20FBSantibioticsandfrozenat80CuntilassayedIndividual
mosquitobodieswerefrozenat80CpriortobeingassayedThe
numberofmosquitoesattemptingvirustransmissioneachdayand
thelengthofeachexperimentdependedonthenumberofengorged
mosquitoessurvivingSevenCxtarsalisweretestedeveryday
exceptday12n5sevenCxstigmatosomaweretesteddaily
exceptdayfourn10daysixandelevenn8day13n3
andday14n5tenCxppipiensweretesteddailyexceptday

PositiveforWNV

Daypostbloodmeal

16n6tenCxpquinquefasciatusfromBakersfieldand
CoachellaValleyweretesteddaily

PlaqueassaySalivaandbodysampleswereassayedforvirus
byplaqueassayinsixwelltissuecultureplasticplatescontaining
VerocellsMosquitobodiesweregroundindividuallyin05mlof
mosquitodiluentPlaqueassayswereconductedbyadding100ml
ofthegroundmosquitosuspensionorsalivasampletoconfluent
cellmonolayersPlateswereincubatedat37Cfor15htoallow
forvirustoattachandentercellsCellcultureswerecoveredwith

a2agaroseoverlaycontaining0005neutralredAfter96h
and120hofincubationat37Cina5COatmosphereplaques
werecounted

StatisticalAnalysisInfectionandtransmissionrateswere
dividedintotwogroupsofdayonethroughnineandday10through
thelastdayEachgroupwascomparedamongallspeciesbythe
FisherExacttestusingSAS82SASInstituteIncCaryNC

Differenceswereconsideredstatisticallysignificantatalpha5005

Figure1DailyinfectionandtransmissionratesforCxtarsalis

RESULTS

TransmissionbyCxtarsaliswasfirstdetectedonday5post
exposuretovirusFig1TransmissionratesbyCxtarsalisfor
thefirstninedaysweresignificantlyhigherthanratesforallspecies
testedexceptforCxppipiensindicatingCxtarsalisfromYolo
CountywereabletotransmitWNvirusrelativelysoonafter
infectionCxtarsalistransmissionrates50occurredfromdays
tentoday12InfectionratesforCxtarsalisduringthefirstnine
daysweresignificantlyhigherthanallotherspeciesexceptCx
stigmatosomaResultscouldnotbeobtainedbeyondday12
becauseofthesynchronousdeathofexperimentalmosquitoes
beginningatdaytenTheYoloCoCxtarsalismayhavebeen
sensitivetotherearingtemperaturesorpathogeniceffectsofthe
virus

OTnromuesionrxo

IKwaicoMkt
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Cxstigmatosomatransmissionwasfirstdetectedatdayeight
andsteadilyincreasedto100byday13Fig2Peaktransmission
ratesoccurredfromday12today13Cxstigmatosomainfection
ratesfordaysonethroughnineanddaystenthrough14were
significantlyhigherthantheratesofallotherspeciestested
Infectionrateswere100forall14daysexceptfordayone57
anddayfour90

PositiveforWNV

PositiveforWNV

Figure2DailyinfectionandtransmissionratesforCxstigmatosoma

TransmissionwasfirstdetectedatdaysixforCxppipiens
withpeaktransmissionoccurringdaysninethrough12Fig3
TransmissionratesweresignificantlyhigherthanratesforCxp
quinquefasciatusBakersfieldandCxpquinquefasciatus
CoachellaValleyfordaysninethrough16Infectionratesfor
daysonethroughnineanddaystenthrough16wereonly
significantlyhigherthanCxpquinquefasciatusCoachellaValley
TransmissionforCxpquinquefasciatusBakersfieldwasfirst
detectedondaysevenwithpeaktransmissionoccurringonday13
Fig4Onepositivetransmissionwasrecordedondaythreewhich
mayhavebeentheresultofaleakymidgutHoukandHardy
1979orexperimentalcontaminationofthetransmissionsample

Daypostbloodmeal

AMto11

Daypostbloodmeal

CxpquinquefasciatusBakersfieldtransmissionratesfordays
tenthrough15weresignificantlylowerthanthoseofallother
speciestestedexceptCxpquinquefasciatusCoachellaValley
CxpquinquefasciatusCoachellaValleywererefractorytoWN
virusinfectionTransmissionratesweresignificantlylowerthan
thoseofallspeciestestedfordaysonethroughnineanddaysten

Figure3DailyinfectionandtransmissionratesforCxppipiens

through16Fig5Transmissionwasonlydetectedondaysix
10 andthistransmissionwasnotassociatedwithapositivebody
CxpquinquefasciatusCoachellaValleyalsohadsignificantly
lowerinfectionratescomparedtoallspeciestestedforall16days

DISCUSSION

ThesusceptibilitytoWNvirusinfectionandthedurationof
theextrinsicincubationperiodsvariedamongCulexspecies
ExtrinsicincubationperiodsrangedfromfivetoeightdaysThese
relativelyshortperiodsmaybeattributedtoseveralfactorsOne
factormaybetherelativelywarmincubationtemperatureof28C
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PositiveforWNV

PositiveforWNV5
41

Increasingambienttemperaturegenerallydecreasesthetime
requiredforWNvirusreplicationCorneletal1993andthis
variesmarkedlyamongvirusesReisenetal1993Weexpect
thatifmosquitoeswereheldatlowertemperaturesthanwestudied
thatthedurationoftheextrinsicincubationperiodwouldbe
elongatedChamberlainandSudia1961Infectionratesand
extrinsicincubationperiodsalsomaybeaffectedbyvirusdose
wherealowinfectiondosecanresultinlowinfectionand

transmissionratesandalongextrinsicincubationperiodKramer
etal1981Jupp1974Weusedarelativelyhighdoseof10
PFUsofWNviruspermLbecausethattiteriscomparabletothe
viremiaofaninfectiousavianhostKomaretal2003Because
wemaintainedaconstantincubationtemperatureandinfectious
doseforallspeciestestedinourstudyweattributedifferencesin
infectionandtransmissionpatternstovariationinsusceptibilityof

Daypostbloodmeal

Figure4DailyinfectionandtransmissionratesforCxp
quinquefasciatusBakersfield

F
a

t

Daypostbloodmeal

0iamfflOSMaraw

wowannrta

11111thactmit

Figure5DailyinfectionandtransmissionratesforCxpquinquefasciatus
CoachellaValley

mosquitospeciestovirusinfectionHardyetal1983Midgut
andsalivaryglandbarrierstoinfectionandreplicationexistin
mosquitoesthatcanaffecttheirvectorcompetenceAfteramosquito
ingestsaninfectiousbloodmealvirusentersandreplicatesinthe
midgutepithelialcellsVirusthendisseminatestothehemocoel
whereitinfectsandreplicatesinvarioustissuesincludingthe
salivaryglandsVariationintheseprocessescanaffectthehost
competenceofthevectorspeciesandthereforetheepidemiology
ofanarbovirusForexamplemosquitospecieswithlow
transmissionratesandalongextrinsicincubationperiodmustexist
athighdensityorhaverelativelyreducedmortalitytoensurethat
enoughmosquitoessurvivethroughtheextrinsicincubationperiod
totransmitvirus

CxtarsalisfromYoloCountywasthemostefficientlaboratory
vectorofWNvirusinthisstudyIthadtheshortestextrinsic
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incubationperiodofthefourspeciestestedandsomeofthehighest
transmissionratesThisspecieshighsusceptibilitytoWNvirus
infectionindicatesrapidviralentryandamplificationinmosquito
tissuesandtheabsenceofmidgutandsalivaryglandinfection
barriersCxstigmatosomademonstratedhighsusceptibilityto
infectioncomparabletoCxtarsalishoweveritwasunableto
transmitvirusasquicklyasCxtarsalisAftertendaysofincubation
Cxstigmatosomatransmissionrateswerecomparabletothoseof
CxtarsalisTherelativelylatestartintransmissionforCx
stigmatosomadespitesignificantlyhighinfectionratesindicates
rapidviralentryandreplicationinthemidgutbutslowescapeand
disseminationtothesalivaryglandsThelongextrinsicincubation
periodmeansthatCxstigmatosomamustsurviveatleasteight
daystobeaneffectivelaboratoryvectorofWNvirusthreedays
morethantheminimumforCxtarsalis

Resultsforinfectionandtransmissionratesformosquitoesin
theCxpipienscomplexwerevariableAlthoughallthreegroups
initiatedtransmissionondaysixorsevenCxppipienswasmore
susceptibletoWNvirusinfectionwithsignificantlyhigher
transmissionratesaftertendaysofincubationCxp
quinquefasciatusfromCoachellaValleydemonstratedsignificant
midgutinfectionandescapeorsalivaryglandinfectionbarriers
Differencesinvectorcompetenceamongmosquitoeswithinthis
complexindicatethatthereisepidemiologicallyrelevantvariation
inthegeneticstructureofpopulationsacrossCaliforniaGenetic
componentsaffectingmidgutandsalivaryglandbarrierstovirus
infectionwereevidencedbythesignificantlydifferenttransmission
andinfectionpatternsobservedamongCxppipiensandthetwo
populationsofCxpquinquefasciatusAdditionalstudiesare
neededtodeterminetheextentofgeneticvariationamong
mosquitoesintheCxpipienscomplexandamongpopulationsof
otherspeciesinCaliforniaCorneletal2003Understandingthese
geneticdifferenceswillhelptobetterdefineentomological
processesaffectingvectorcompetenceandtheepidemiologyof
WNvirus
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cupswiththosethatcontainbreedingandnonbreedingTheresults
areshowninTable1

Fromtheverysmalldifferencesofthemeasuredqualityfeatures
betweentheBCandNBCdataforeachfactorotherfactorsnot
knownmustbeimportantforcupselection

ThegradingscaleTable2wasanattempttocompareeachof
thecemeterieswiththeamountofmosquitobreedingcausedby
theirmaintenancepracticesienotemptyingcupswithwaterona
weeklybasisThisscalecomparesthetotalnumberofgravesthe
numberofgravesthathavecupscupswithwaterandcupsthat
havelarvae

Thespeciesofmosquitoescollectedinthelarvalstageandas
adultsaredepictedinTable3

Figures619comparethepercentofeachtypeofmosquito
larvaeandadultsfoundateachcemeteryinsummerandwinter
Thedatainthesefiguresarebasedonprojectionofgravessampled
Abargraphcomparingthefollowingdatawasmadeforeachofthe
cemeteriesintheCountyNumberoftotalgravesineachcemetery
numberofgravesthathavecupsnumberofcupsthathavewater
numberofcupsthathavelarvaepresentandstatusofallgraves
surveyed

Table1Acomparisonofaveragesof68samplestakenfromcupswithbreedingandnonbreedingforpHtemperature
conductivityanddissolvedoxygen

Temperature Dissolved0
pH CelsiusC Conductivity MgLiter

BreedingCups68 767

NonbreedingCups68 773

Difference 006

173 035

169 030

04 005

101

102

001

Table2TheCemeteryGradeCard

Location

TotalNumber Numberof Numberof Numberof

ofGraves Graves Cups Cupswith
withCups withWater Breeding Grade

AnaheimCemetery
HollyCrossAnaheim
MelroseAbbeyMemorialParkAnaheim
WestminsterMemorialPark

ElToroCemetery
LakeForestAscension

OrangeHolySepulcher
FairhavenMemorialParkSantaAna

BreaMemoryGardens
CostaMesaHarborLawnMtOlive

FullertonLomaVista

CypressForestLawn
CoronaDelMarPacificView

HuntingtonBeachGoodShepherd

10000
250

20000
69000
8300
5800
33000
45000
16000
20000
28000
35000
20000

22000

2600
10

2760
41400

996

5348
20790
9810
14000
11400
8680
12250
18400
21560

019 A2039 B419 C2038 D39100 F

1742
3

1791
10880

588

503

6195
7538
1260
1493
3440
5516
1932
1315

57522
00

115942
393395

40040
1603

2450118
304131
86862
30827
42549

2482
00

53925

D

A

F

C

F

A

C

D

C

B

C

B

A

B

Table3ThepercentageoflarvaecupsandadultsCDCCOtrapscollectedforeachspecies

Species

Culisetaincidens
Culisetainornata

Culexquinquefasciatus

Culisetaincidens
Culextarsalis

Culexquinquefasciatus

Larvae

75

5
20

5

5

90

Adults

80

0
20

5

15

80

Time

NovMar20002001

AprOct2001
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MATERIALSANDMETHODS

Samplingwasdonebycountingequalnumbersofgravesites
atthefourcomersandcenterofeachof14cemeteriesLarvae

weresampledwithamodifiedturkeybasterandawhitelonghandled
cupFig3AdultsweresampledusingaCDCCO2trapFig4
Thelarvaeandadultsweresampledeverytwoweeksoveratwo
yearperiodSeeGISmapofcemeterylocationsFig5Using
two2meterstheYSI550DOdissolvedoxygenandmodelYSI
63pHtemperatureconductivity68breedingcupsBCwere
sampledand68nonbreedingcupsNBCweresampledThe
samplingusingthetwo2meterswasdoneeverymonthovera
periodofoneyear

Figure4CDCCObaitedmosquitotrap

Itwasfoundthattherearemajordifferencesineachcemeterys
procedureforflowerremovalandtheemptyingofwaterfromthe
cupsTheseproceduresoftenhaveadirecteffectonthenumbersof
mosquitoesproducedieifthecupswereemptiedonceeachweek
therewasnomosquitoproduction

Therewasagreatdifferenceinthenumberofmosquitolarvae
foundinthecupssampledThismaybeduetotemperatureofthe
waterpredatorschemicalsfromflowersherbicidesbacteriablue
greenalgaeandwaterqualitywhichwasdeterminedbycomparing
thepHdissolvedoxygenconductivityandtemperatureofwaterin

n

RESULTSANDDISCUSSION

Figure3Mosquitolarvaecollectedwithamodifiedturkeybasterandthenplacedinastandarddipper

InaS

ArsdEbi

uiiiis0iAitictdYKh5ACMu

rAtiuAAiA

ASNtE5

Figure5OrangeCountycemeterylocations
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CemeteriesasaSourceforMosquitoBreedinginOrangeCountyCalifornia

RalphHavickhorst

OrangeCountyVectorControlDistrict13001GardenGroveBoulevardGardenGroveCA928432102

INTRODUCTION

OrangeCountyhaschangedfromacitrusorchardvegetable
anddairyfarmenvironmenttooneofbusinessandurban
developmentThecemeteriesthatwerehereandthemorerecent
onesarenowsurroundedbyhousingThismakesthosepeopleliving
inproximitytothecemeteriesmorevulnerabletothenuisanceand
diseasesthatmayresultfrommosquitobites

Theoldercemeteriesusuallyhaveasinglegalvanizedcupat
theendofthegravesitesetdirectlyintothesoilwiththetopflush
orslightlybelowtheearthssurfaceIfthecupisusedonlytwoto
threetimesperyearitoftenbecomesovergrownwiththegrass
whichmakesitdifficulttofindandtoemptythewaterMost
cemeteriesuseanoverheadirrigationsystemthatcontinuesto
resupplythecupswithwaterMosquitoesthatfindthesecupsare
protectedbytheovergrowthofgrassesandareabletocomplete
theirreproductivecycleFig1

Thenewercemeteriesuseadifferentmethodorcupwithina

cupOneissunkintothesoilasapermanentfixtureandthesecond
cupfitsintoitlikeasleeveThiscupcaneasilybepickedupand
turnedupsidedownandemptiedwhichmostcemeteriesnowdoon
aweeklybasisFig2

Inthelate1950sIconductedasurveyofOrangeCounty
cemeteriesformosquitobreedingbecausewewerereceivingan
excessivenumberofservicerequestsfromhomesinproximityto
cemeteriesThissurveywaspublishedin1970Shanafelt1970
PreviousmosquitostudiesatcemeteriesinCaliforniaincludethose

Figure1Galvanizedcupsthatarenotdumpedonaregular
basismaybecontinuousmosquitoproducers

byAarons1948Dhillon1980DhillonandMulla1982Kelly
1941andMuliaetal1978

Mostofthecemeteriesinthe1950susedgalvanizedcupsset
directlyinthegroundandusuallycouldnotbeeasilyemptiedThe
mosquitoproductionasaresultwasexcessiveenoughthatwehad

tosendateamofatleast10operatorswalkin4amongtherows and

sprayingeachcupwithdieseloilFlitMLO orweedoilThis

significantlyreducedthenumberofservicerequestsinproximityto
thecemeteriesandwasreducedtoalmostnothingwithinthreeweeks
Werecommendedthatthecemeteriesemployeesturncupsoverat
leastonceaweek

Figure2Examplesofthenewercupsthatmanycemeteriesuse
thatareeasilyemptiedresultinginreducedmosquitoproduction
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AedesalbopictusRecoveredinNurseryNearGilroyCalifornia

NoorSTietzePhD

SantaClaraCountyVectorControlDistrict976LenzenAveSanJoseCA95126

ABSTRACTDuringthesummerof2001immatureandadultAedesalbopictuswerediscoveredatanursery
nearGilroyCaliforniafollowingtheinitialdiscoveryofAealbopictusintroductioninshipmentsofluckybamboo
attheLosAngelesandLongBeachharborsMadonetalInPressJVectorEcologyThenurseryspecializingin
orchidsandluckybambooDracaenahadrecentlyobtainedshipmentsofthelatterfromTaiwanandmainlandChina
thatwerefoundtocontainlivelarvalpupalandadultspecimensThirdand4tinstarlarvaeandpupaewerepipetted
fromStyrofoamshippingcontainersandtransportedtothelaboratorywheretheywereidentifiedasAealbopictus
SpecimenswereprovidedtotheCDCviaCDHSandtoTomZavortinkattheUniversityofSanFranciscofortaxonomic
confirmationControleffortsweremadetoeliminatestandingwaterdevelopmentalsitesandpyrethrinbasedadulticide
wasappliedwithinaweekofthediscoveryDuetothepresenceoforchidsinthenurseryaPyrenone cropspraywas

selectedtoavoidinjurytothecostlyplantsPosttreatmentsamplingusingovijarsbased onadesignbyEricT
SchreiberandattemptsusingcarbondioxidebaitedtrapsrecoveredonlyCulexpipiensSincefurtherattemptsfailed
torecoverlarvaeorpupaefromshippingcontainersandothercontainerhabitatsatthenurserythecontroleffortswere
deemedasuccessItisunlikelythatthistropicalmosquitospecieswouldsurviveandreproduceinthevicinityofthe
nurseryduetothedryenvironmentalconditionsandlackofpotentialdevelopmentalsites

EditorsNoteAbstractwassubmittedinMarch2002
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yearwilldemonstratetheeffectivenessoftheVMinthefieldat
elementaryschoolswitha150000budgetForthethirdyearthe
VMwillcontinueschoolvisitationswiththecurriculumadjusted
toaonehourprogramreachingmoreclassroomsperdayStaffing
includestheVMCoordinatorGrantAdministratorEducation

ProgramAssistantandaparttimestaffmembertoassistinthe
ExploritoriumResourceCenterTheprogramisrestrictedtofifth
gradersforeaseofevaluationpurposesThestatisticalanalysisis
uniformbynotcomparingdifferentagegroupsandgradelevelsIf
theprogramispermanentlyaccepted46tgraderswillalsobe
includedAfterthefirstacademicyearofexperienceinthefield
theDistrictsBoardofTrusteeswillevaluatetheVMeffectiveness

anddecidetoeitheracceptornotacceptitasapermanentaddition
totheDistrictsEducationandCommunityOutreachProgram

Thisinnovativemobilescienceprogramwillincreasethe
numberofelementarystudentsparticipatingwithouta
commensurateincreaseincostsTheprogramwillincreasethe
numberofstudentsreachedannuallyfromthecurrent3567to

15000Forthesecondyearthecurriculumwillbereducedtoa
onehourprogramattaining30000studentstherebyreachinga
majorityofthe141000fifthgradestudentsin34citieswithinthe
DistrictboundaryFortyonesuperintendentsofschoolshave
approvedtheappliedsciencebasedprogramandhavecommitted
theirschooldistrictsandrespectiveelementaryschoolsAtotalof
82schools286classroomsand9159studentswillbereached
fromSeptember2002throughApril2003TheVMwillprovide
betterutilizationofDistrictstaffandtaxpayermoneyforcommunity
outreach

TheVMismadepossiblethankstothegeneroussupportfrom
MediamobilesIncMeryGriffinProductionsAccurateImage
IncWellsFargoFoundationValentBioSciencesRohmandHaas
WellmarkInternationalAventisEnvironmentalScienceHandicaps
IncSamsClubFoundationWalMartFoundationFennimore
ChemicalsVopakCarolinaBiologicalSupplyCompanyand
MercuryMessengerService



January2003 ProceedingsandPapersoftheSeventyFirstAnnualConference 87

TheVECMobilesThreeYearPilotProgram

StephanieMiladin

GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670

TheMobileEducationUnitMEUknownastheVECMobile
VMisthefirstofitskindinthenationaimedatteachingfifth
gradeelementaryschoolstudentsaboutvectorsandvectorborne
diseasesThisunique35foottravelingRecreationVehicleRV
classroommakessciencecomealiveforyoungstersStudents
exploretheworldofvectorsastheynavigatethroughthemobile
vehiclessimulatedestuarylearningaboutmosquitobeeandfish
biologyneighborhoodsourcesvectorbomediseasetransmission
controlmethodsandsurveillanceeffortsInteractivecomputer
gameslivespecimensbasicscientificequipmentandtargeted
handsonprojectsencouragescientificthinkingasstudentsdevelop
theoriesaboutvectorsImplementationofthisthreeyearpilot
programbeganJanuaryof2000

ToaugmentthecurrenteducationalprogramtheVMwas
createdandissponsoredthroughtheGreaterLosAngelesCounty
VectorControlDistrictandoperatedsubsidizedbytheGreater
LosAngelesMosquitoandVectorControlPublicHealthand
EducationalFoundationanonprofitpublicbenefitcorporation
ThisFoundations501c3taxexemptstatusallowstaxdeductible
contributionsfromprivateindustrytohelpfundthisprojectTo
datetheFoundationhasreceived23825ingrantfundingand
133728ofinkindsupportStartingFebruary2003biannual
statisticalanalysiswillbeprovidedtograntorsdemonstratinghow
theVMcurriculumactivelyengagesstudentslearning

Themainobjectivesofthisprogramaretoreachunder
representeddisenfranchisedinnercityyoungstersinneedof
interactivescienceprogramstosupplementtheindividual
classroomvisitationsbytheEducationProgramSpecialistandto
raisepublicawarenessofGLACVCDTheVMwillempower
youngstersandtheirfamiliestodetectandremovevectorsources

aroundtheirhomessignificantlyreducingthechanceofdisease
transmissionbymosquitoesandothervectorsandstrengthen
existingandcreatenewcommunitypartnerships

OnemonthpriortotheVMarrivalteachersandstudents
receiveaprogramorientationpackagethatfamiliarizesandprepares
theclassroomteacherandstudentsfortheupcomingVM
experienceThefollowingmaterialsareincludedapretestand
posttestsheetforeachstudentcomparingthetwoscoresand
measuringtheeffectivenessofalllessonswithintheprograma
28pageVectorInspectorActivityBookforeachstudenta22
pageTeachersGuidetotheVectorInspectorActivityBookan
18pageoverviewoftheactualVMcurriculumashortteacher
questionnairerequestingfeedbackfromtheclassroomteacheron
theVMprogramseffectivenessandanaddressedpostagepaid
envelopetomailpreandposttestsheetsandtheteacher
questionnairebacktotheDistrictTheVMcurriculumfulfillsthe
CalifomiasStateBoardofEducationsciencecontentguidelines

Onefifthgradeclassapproximately40studentsandone
teacherspendtwohoursvisitingtheVMandtheoutdoor
ExploratoriumResearchCenter Twentystudentscirculate
throughfourdifferentstationswithintheVMStation1Whats
AnAdultMosquitoallowsstudentstoconstructa3Dfemale

mosquitobycorrectlychoosingbodypartsthatrelatetoamosquitos
physicalandbehavioralrequirementsStation2WhereDo
MosquitoesComeFromallowsstudentstoidentifytheactual
stagesofthemosquitolifecycleunderamacrovideoandalsorelate
habitatchangestophysicalcontrolmethodsStation3WhyAre
MosquitoesDangerousallowsstudentstointeractwitha
programmedCDROMcomputerlearningthefunctionsofa
femalemosquitoproboscisandthetransmissioncycleofStLouis
encephalitisStation4WhatIsBiologicalControlallowsstudents
toobservemosquitolarvaebehaviorandequatefishpredator
morphologyandpreybehaviorStudentsmakeobservationsand
formulateconclusionswhileexperiencingbiologicalcontrolof
mosquitoes5larvaeareaddedtoafishtankcontaining
mosquitofishgoldfishandcatfish

WhilethefourteamsareonboardtheVMtheother20
studentsareoutsideunderthemobilevehicleawningwhich
shelterstheExploratoriumResearchCenterStudentscan
investigatespecificscientificandentomologicaltopicsand
interactiveexhibitsindetailatthefollowingfivedisplaysWhats
AVector allowsstudentstomanipulatedoorsandswitchesona
foursectionedinteractivedisplayinstructingstudentshowto
answerquestionsandprovidesasurveyoftheworldsvectorsNot
InYourNeighborhoodallowsstudentstoviewpicturesofmosquito
breedingsourcesandprovidesaformtocompleteaftertheylook
forsourcesintheirownbackyardandneighborhoodStudentscan
earnaCertificateofRecognitioniftheycompleteandreturntheir
VectorInspectorMosquitoBreedingSourceHuntsheettothe
DistrictTheWorldofInsectsallowsstudentstoviewseveral
insectcollectionsfromaroundtheworldwithmagnifyingglasses
Collectioninstructionswillalsobeprovidedforstudentswhowant
toattemptactualinsectcollectingHowWeLookForDiseases
allowsstudentstoobserveandexamineactualinsecttrapsin
operationandexplainshowvectorbornediseasescanbemonitored
andorpredictedHowDoBeesCommunicate allowsstudents

towatchliveEuropeanhoneybeesinsideaPlexiglassbeehive
Thefirstyearofthispilotprograminvolvedestablishingthe

GreaterLosAngelesMosquitoandVectorControlPublicHealth
andEducationFoundationresearchinganddevelopingprogram
materialsandthecurriculumThefirstyearbudgetwas130000
ForthesecondyeartheFoundationobtainedgrantfundingand
outfittedthedonated35footVMtosustaintheprogramThesecond
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Figure7Stabilityof2mutuallyincompatible
WolbachiastrainsinapopulationBothstrainshave
nofitnesseffectsF 10cause100CIH0
andaretransmitted100u0ARandommating
modelBlackcirclesdenotestrainAwhitecircles
denotestrainBStrainAisinitiallyslightlymore
frequentthanstrainBStrainArapidlyeliminates
strainBin8generationsBmetapopulationmodel
Parametersarethesameasin7ABlackdenotes

strainAgraydenotesstrainBIncreasingdarkness
correspondstoincreasingfrequencyBothstrains
areintroducedintooppositesubpopulationsatan
initialfrequencyof10atthesubpopulationlevel
Bothstrainsspreadthroughmigrationuntiltheycome
intocontactCIpreventsthespreadfurtherspread
buttheboundaryzonebetweenthestrainsisstable

innaturalpopulationsforseveralspeciesofDrosophilaTurelli
andHoffmann1995Hoffmannetal1998andforCulexpipiens
complexmosquitoesRasgonandScottInpress

EstimatesofWolbachiaintroductionthresholdshowever
areaffectedbypopulationsubdivisionandsimplemodelsmay
notbeadequatefordeterminingthisvalueMetapopulation
dynamicscanbeadvantageousfordiseasecontroleffortsIna
subdividedpopulationtheWolbachiaintroductionthresholdcan
beeffectivelyreducedcomparedtothatpredictedbyarandom
matingmodelasinfectioncanbecomeestablishedlocallywitha
relativelysmallinitialintroductionandthenspreadintoadjacent
subpopulationsbymigration

MetapopulationdynamicscanalsobedisadvantageousIf
themigrationratebetweensubpopulationsistoolowthespread
ofinfectionintoadjacentsubpopulationscanbeverysloworeven
completelystoppedinfectionmaybecomefixedlocallybutmay
notspreadtoallepidemiologicallysignificantindividualsormay
takeanunacceptablylongtimetospreadIfthemigrationrateis
toohighmovementofuninfectedindividualsintothe
subpopulationcanswampoutandeliminateinfectionThiscritical
migrationratemvariesaccordingtoWolbachiavertical
transmissionCIandfitnesseffectsaswellasonthemagnitudeof
theintroductionTocounteracttheswampouteffectitmaybe
necessaryfortheinitialintroductiontobemanytimeslargerthan
thatpredictedbytherandommatingmodelthusmakingdisease
controleffortsmoredifficult

Populationsubdivisioncanexplainapparentcoexistence
ofmultiplemutuallyincompatiblestrainsinapopulationwhichis
impossibleaccordingtotheassumptionsoftherandommating
modelandmayhelptoexplainfieldobservationsofbidirectional
incompatibilityasseeninEuropeanCulexpipienscomplex
mosquitoesLaven1957Guillemaudetal1997Thisinformation
mustbetakenintoaccountinappliedWolbachiabaseddisease
controlstrategiesasthestableboundaryzonebetween2
incompatiblecytotypescanactasabarriertogeneflowandkeep
transgenesfromspreadingthroughouttheentirepopulation

Theresultsofthisstudyindicatethatathorough
understandingofvectormetapopulationdynamicsiscriticalfor
designingWolbachiabasedstrategiesforvectorbornedisease
controlCriticalareasoffuturestudyincludequantifyingmigration
andgeneflowinnaturalvectorpopulationsdefininggeneticand
geographicboundariesofindividualsubpopulationsand
determiningatwhatgeographicscaleWolbachiareleasesmustbe
attemptedItiscriticaltorememberthatvectorpopulation
subdivisionisjustoneecologicallycomplexfactorthatwillaffect
thesuccessofWolbachiaintroductionsintovectorpopulationsto
controldiseaseOtherfactorsofimportanceincludebutarenot
limitedtovectorpopulationregulationDobsonetal2002vector
populationagestructureRasgonetal2001Rasgonetal2003
assortativematingstabilityoftransgeneconstructsinthefield
andmanyothersNowthatthemolecularscienceunderpinning
transgenicdiseasecontrolisbecomingmaturethefuturesuccess
ofthesetypesofstrategieswillrelyonathoroughunderstanding
ofvectorinsectecologyScottetal2002Combiningmolecular
sciencewithecologicalstudieshasthepotentialtoresultinthe
developmentofnovelcosteffectiveandefficientvectorborne
diseasecontrolstrategiesforthetwentyfirstcentury
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Figure5EffectofmigrationrateonWolbachia
metapopulationspreadpHandFareasstatedinFigure
3IncreasingdarkcolordenotesincreasingWolbachia
frequencyAllinitialintroductionsweremadeby
introducinginfectedindividualsintosubpopulationat30
relativetothesubpopulation1Alowmigrationm
0001Infectionbecomesestablishedinthesubpopulation
butmigrationistoolowtospreadintoadjacentareasB
Moderatemigrationm 01Infectionbecomes

establishedinsubpopulation1andspreadsinawaveof
advanceintoadjacentareasultimatelyspreading
throughouttheentirepopulationCHighmigrationm
022Themigrationratehaspassedacriticalthreshold
andinfectionisswampedoutbyuninfectedindividuals
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Figure6Criticalmigrationratemabovewhich
infectionisswampedoutandeliminatedmvaries
accordingtoWolbachiaparameterspHandFandwith
themagnitudeoftheinitialintroductionFigure6shows
howmcntchangesforparametervaluesintherangeof0
p020H05and09 F10in01increments
andwithinitialintroductionsat20and50atthe
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IntheconditionwhereF10andp0foranyvalueH
10overtheintroductionmagnitudessimulatedhere
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Currenttheorystatesthatinarandomlymatingpopulation
2mutuallyincompatibleWolbachiastrainscannotcoexist one

strainwillalwaysrapidlyoutcompeteandeliminatetheother
HoffmannandTurelli1997Figure7AHowevermultiplebi
directionallyincompatiblecrossingtypeshavebeenobservedin
naturalpopulationsofEuropeanCulexpipienscomplexmosquitoes
onasmallgeographicscaleLaven1957Guillemaudetal1997
Populationsubdivisioncanhelptoexplainthisapparentparadox
Onalocalscaleitistruethat2mutuallyincompatiblestrainscannot
coexisthowevertheycanpotentiallycoexistinadjacent
subpopulationsFigure7Bshowstheboundaryzonewhere2
mutuallyincompatibleWolbachiainvasionfrontsmeetThis
boundaryzonebetweenthe2strainsisstableovertimeandis
artificiallymaintainedbymigrationofinfectedindividualsintothe
zonefromeitherinvasionfrontCIwillpreventthespreadof
differentstrainsintoareasinfectedwiththeoppositecytotypebut
samplesdrawnfromaroundthezoneofcontactwillcontain
individualsinfectedwitheithertheAorBstrainThisgivesthe
appearancethat2incompatiblestrainscoexistinthesamearea

Populationsubdivisiondoesnotaffectthefrequencythat
infectionwillreachinthepopulationifWolbachiasuccessfully
invadesIfonesstudygoalismerelytodeterminethisstable
equilibriumfrequencyforaparticularWolbachiastrainsimple
modelsareadequatetothetaskThisapproachhasbeenvalidated
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RESULTS

InallcasespopulationsubdivisionhasnoeffectonWolbachia
stableequilibriumlevelsSimplemodelsthusareadequatefor
predictingthefrequencythatinfectionwillultimatelyreachinthe
populationfollowingasuccessfulinvasion

Wolbachiaintroductionthresholdlevels

DependingonthevaluesforverticaltransmissionCIand
fitnesseffectsWolbachiainfectionmustsurpassacertainthreshold
levelforinfectiontosuccessfullyinvadethepopulationIfthe
initialintroductionisbelowthislevelinfectionwillbelostfrom
thepopulationFigure3Populationsubdivisionmayallow
introductionsbelowthethresholdleveltobesuccessfulbecause

introductionsthatarebelowthresholdascalculatedfortheentire

populationmaybelocallyabovethresholdinanindividual
subpopulationFigure4Iftheinitialintroductionisconcentrated
inasinglesubpopulationinfectioncanbecomeestablishedlocally
andthenspreadintoadjacentsubpopulationsbymigrationof
infectedindividualsThiseffectivelylowerstheintroduction
thresholdfortheentirepopulationFigure4B

Thiseffectishighlydependentontheeffectivemigration
ratebetweensubpopulationsIfthemigrationrateistoolow
infectionmaybecomelocallyestablishedinanindividual
subpopulationbutwillnotspreadFigure5AIfthemigration
rateisincreasedinfectioncandispersethroughouttheentire
populationFigure5BHoweverifmigrationbecomestoogreat
andpassesacriticalvalueratherthenspreadinginfectionwillbe
swampedoutbyuninfectedmosquitoesmigratingintothe
subpopulationandbelostFigure5CThiscriticalvaluefor
migrationmdependsbothonWolbachiaparametersgHand
FandonthemagnitudeoftheinitialintroductionFigure6
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Figure4Comparisonbetweenrandommatingand
metapopulationdynamicsWolbachiaparametersinA
andB HandFareasstatedinFigure3ARandom
matingdynamicsWhitecirclesdenoteintroduction
threshold1145 Blackcirclesdenotedynamics
wheninfectedindividualsarereleasedbelowthis

thresholdpointat5 resultingininfectionlossB
MetapopulationdynamicsIncreasingdarkcolor
denotesincreasingWolbachiafrequencyArelease
magnitudeequivalentto5ofthetotalpopulation
similarto4Aisconductedbutreleaseisconcentrated
insubpopulation5Whileareleaseatthislevelisnot
sufficientforinfectioninvasionascalculatedacross

thetotalpopulationitexceedstheintroduction
thresholdforanindividualsubpopulationInfection
reachesstableequilibriumof9937insubpopulation
5thenspreadsbymigrationtoadjacentsubpopulations
inawaveofadvancem 005

0

1
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Pisgloballystableandrepresentstheequilibriumfrequency
infectionwillreachinthepopulationfollowingasuccessful
invasionPisunstableandrepresentsthefrequencyinfection
mustexceedforinvasiontooccurintroductionthresholdIfthe

initialintroductionislessthanPinfectionwillbelostFigure3

Metapopulationmodel

Themodelcansimulatethedynamicsofupto2different
WolbachiastrainsAandBandisbasedontheorydevelopedby
HoffmannandTurelli1997Anindividualmosquitocanbe
uninfectedWinfectedwithasingleWolbachiastrainAorB
orbeinfectedwithbothWolbachiastrainsABforatotalof4
distinctcytotypesForWolbachiainfectionparametersthe
terminologyissimilartotheprevioussectionwithsome
modificationsTable1showstheparametersandsimplifying
assumptionsusedinthemodelThemetapopulationissetupasa
lineararrayofsubpopulationsIassumedthatinagivengeneration
migrationcantakeplaceinnearestneighborfashionie
individualscanmoveintoimmediatelyadjacentsubpopulations
butnotfurtherThemodelassumesrandommatingwithinasingle
subpopulationNTo1representsthetotalnumberofmosquitoes
ofallcytotypesatgenerationtinsubpopulationiThefrequency
ofeachcytotypeCwhereCABABorWinsubpopulationi
atgenerationtisdenotedasX Thenumberofmosquitoesin
subpopulationiofcytotypeCatgenerationtisdenotedAr and

iscalculatedas

PABA
PABB

PABW
PA

NB

HAAB
HBaB
HAB
HBA
HWA
HWB
HWAB
F
F
F

N Xt Mi
Ct G Tott

Parameter Definition

4

Itisnownecessarytotakeintoaccountmigrationintoandoutof
eachsubpopulationLetmequaltherateofmigrationwherem0
equalsnomigrationandm 1equalscompleterandommating

panmixiaLetMequalthenetnumberofmigrantsofcytotypeC
intosubpopulationiatgenerationt05suchthat

NTtN
MCt05

m
71

Nc 5

Bycombiningequations4and5thenumberofindividualsof
cytotypeCinsubpopulationiatgenerationt05canbecalculated
as

N N
Ct

M
Ct05

ThetotalnumberofmosquitoesofallcytotypesCinsubpopulation
NT0tt05 canbefoundbysimplysummingthenumbersof

mosquitoesofeachcytotypeThefrequencyofeachcytotypeCat
generationt05isthencalculatedas

NNi1105
Ct05 i

Nrott05

9

FrequencyofAovaproducedfromABfemales
FrequencyofBovaproducedfromABfemales
FrequencyofWovaproducedfromABfemales
FrequencyofWovaproducedfromAfemales
FrequencyofWovaproducedfromBfemales
HatchrateofembryosproducedfromAovafertilizedbyABsperm
HatchrateofembryosproducedfromBovafertilizedbyABsperm
HatchrateofembryosproducedfromAovafertilizedbyBsperm
HatchrateofembryosproducedfromBovafertilizedbyAsperm
HatchrateofembryosproducedfromWovafertilizedbyAsperm
HatchrateofembryosproducedfromWovafertilizedbyBsperm
HatchrateofembryosproducedfromWovafertilizedbyABsperm
FecundityofAfemalesrelativetoWfemales
FecundityofBfemalesrelativetoWfemales
FecundityofABfemalesrelativetoWfemales

7

FinallythefrequenciesofeachcytotypeduetoWolbachiadynamics
insubpopulationiatgenerationt1arecalculatedas

nx
1ti 14BXABt5 PAB 8

11

051

Table1ParametersforthemetapopulationWolbachiadynamicsmodelIfeachinfectiontypebehavesindependentlyoftheother
thenthemodelcanbesimplifiedaccordinglyFABFAFBPABAP8PAPAB B PA1p andflWMArsHHAB HB

HBAB HBA HAandHWAB HA
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Figure2Matingoutcomesfromcrossesinwhich
mosquitoesareinfectedwith2incompatibleWolbachia
strainsC compatiblecrossI incompatiblecross
Offspringcytotypefromcompatiblecrossesaresimilar
tothematernalcytotype

introducedinfectionsmaybehaveCurrentavailablemodelsof
Wolbachiadynamicsinnaturalpopulationspredict3kindsof
informationthatarecriticalforusingWolbachiainanapplied
mannertocontroldisease1theunstableequilibriumiethe
introductionthresholdofinfectedindividualsthatmustbereleased

forinfectiontobecomeestablishedinthepopulation2thestable
equilibriumfrequencythatinfectionwillultimatelyreachand3
howlongingenerationsthisinvasionwilltakefromagiven
introductionlevelTurelliandHoffmann1999Figure3

Foreaseofcalculationandanalysisthesemodelsmake
numeroussimplifyingassumptionsthatmaynotbeecologically
realisticOneimportantassumptionisthattheinsectpopulationis
panmicticorrandomlymatingTurelliandHoffmann1999While
thisassumptionmayreasonablyholdinnaturalpopulationsona
localspatialscaleitisunlikelytoholdtrueoveralargergeographic
areaOveralargegeographicareanaturalvectorpopulationscan
bemorerealisticallydescribedasmetapopulationsoraseriesof
separatesubpopulationsconnectedbyvaryingdegreesofmigration
Urbanellietal19951997Toassesstheimpactofvector
populationsubdivisiononWolbachiapopulationdynamicsa
spatiallyexplicitmetapopulationmodelofWolbachiaspreadwas
developedIcomparedthepredictionsofthismodeltothoseof
thecurrentrandommatingmodelanddiscussedthesignificance
ofpopulationsubdivisionforappliedWolbachiabaseddisease
controlstrategiesVectorpopulationsubdivisioncanmakeapplied
Wolbachiaintroductionsintovectorpopulationseasierormore
difficultdependingonconditions

100
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m060

z040

3020

000

Figure3ThepredicteddynamicsofWolbachiaspreadaccording
totherandommatingTurelliHoffmannmodelwhereu005
H 01andF 095Blackcirclesdenotedynamicswhere
infectedindividualsareintroducedjustabovethepredicted
thresholdpointof1145 Infectionispredictedtoreacha
stableequilibriumof9937 Whitecirclesdenotedynamics
whereinfectedindividualsareintroducedjustbelowthis
thresholdpointresultinginlossoftheinfectioninthepopulation
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and
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PROCEDURES

ThedynamicsofWolbachiainarandomlymatinginsect
populationhavebeenmodeledextensivelyTurelliandHoffmann
1999Infectionparametersaredefinedasu uninfected

offspringfromaninfectedfemaleCu 0iftransmissionis100

HrelativehatchrateofanincompatiblevscompatiblecrossH
0ifCIis100 F relativefecundityofaninfectedvs

uninfectedfemaleF1ifthereisnoeffectonfecunditys1
Fands 111Assumingdiscretegenerationsthefrequency
ofinfectedadultspatgenerationt1hasbeenshowntobe

P
t

1SFP sl1PpttP
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Equation1predictstwoequilibriumvalues
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PopulationSubdivisionCanHelporHinderWolbachiaIntroductions
IntoVectorPopulations

JasonLRasgont

DepardnentofEntomologyUniversityofCaliforniaatDavisDavisCA95616

ABSTRACTWolbachiaspparematernallyinheritedendosymbiontsassociatedwithcytoplasmicincompatibility
CIiereducedegghatchwhenaninfectedmalemateswithanuninfectedfemaleWolbachiainducedCIisof
interestasapotentialmechanismtodrivetransgenictraitsintovectorpopulationstocontrolvectorbornediseasesFor
simplicitycurrentmodelsofWolbachiaspreadassumearandomlymatingpanmicticvectorpopulationNatural
vectorpopulationscanbemorerealisticallydescribedbymetapopulationdynamicsiemultiplesubpopulations
connectedbysomedegreeofmigrationAspatiallyexplicitmetapopulationmodelofWolbachiaspreadwasdeveloped
toassesstheimpactofpopulationsubdivisiononWolbachiadynamicsRegardlessofthetypeofmodelusedWolbachia
frequencymustexceedathresholdpointforinvasiontotakeplaceIntroductionlevelsthatwouldbeinsufficientfor
Wolbachiainvasioninarandomlymatingpopulationcanbesufficientforinvasioninasubdividedpopulationbecause
infectioncanbecomefixedlocallythenspreadtoadjacentareasbymigrationHoweverthiseffectishighlydependent
onthemigrationratebetweensubpopulationsIfmigrationistoolowinfectionmaybecomefixedinalocalsubpopulation
butwillnotspreadintoadjacentareasIfmigrationistoohighinfectioncanbeswampedoutbyuninfectedindividuals
enteringtheareaTheorysuggeststhatinarandomlymatingpopulationoneWolbachiastrainwillalwaysoutcompete
andeliminatetheotherHoweverattheboundaryzoneof2Wolbachiainvasionfrontspopulationsubdivisioncan
artificiallymaintain2incompatiblestrainsinasubpopulationbymigrantsenteringthesubpopulationfromeachinvasion
frontTheseresultsindicatethatanunderstandingofmetapopulationdynamicsiscriticalfordesigningWolbachia
basedstrategiesforvectorbornediseasecontrol

BACKGROUNDANDOBJECTIVES

Wolbachiaspparematernallyinheritedbacterial
endosymbiontsthatinfectawidevarietyofinvertebratetaxa
Wolbachiainfectionisassociatedwithavarietyofhostreproductive
alterationsincludingparthenogenesismalekillingfeminization
ofmalesandcytoplasmicincompatibilityCIStouthameretal
1999CIcompletelyorpartiallysterilizesmatingsbetween
infectedmalesanduninfectedfemalesMatingsbetweeninfected
femalesandinfectedoruninfectedmalesarefertileFigure1
Infectedfemalesthereforehaveareproductiveadvantageallowing
WolbachiatospreadrapidlythroughhostpopulationsTurelliand
Hoffmann1999Crossingpatternscanbecomemorecomplex
withmultipleWolbachiastrainsFigure2

ThespreadofWolbachiahasappliedinterestforthecontrol
ofvectorbornediseasesandpestinsectpopulationsPettigrewand
ONeill1997Theevolutionofinsecticideresistanceinimportant
vectorspeciesisbecominganincreasingproblemHemingwayand
Ranson2000andtherearenovaccinesavailableforimportant
vectorbornediseasessuchasmalariaanddengueBeaty2000
Toaddresstheseconcernsresearchisnowunderwaytocreate
geneticallymodifiedvectorarthropodsthatareunabletotransmit
pathogensPettigrewandONeill1997Howeverthereisasyet
nofeasiblemethodtospreadordriveengineeredgenetictraits
intovectorpopulationstoahighenoughfrequencytointerrupt
pathogentransmissioncyclesBecauseoftheabilityforWolbachia

CurrentaddressDepartmentofEntomologyNorthCarolinaStateUniversityRaleighNC27695

InfectedOffspring

InfectedOffspring

d UninfectedOffspring

e NoOffspring

Figure1Matingoutcomesfromall4possiblecrosses
betweenmosquitoesinfectedwithasinglestrainof
WolbachiaBlack infectedwhite uninfected

infectiontospreadrapidlythroughpopulationsWolbachiamaybe
usefulasamechanismtodriveintroducedtransgenictraitsinto
vectorpopulationstocontroldiseaseTurelliandHofftnann1999

BeforeWolbachiacanbeutilizedinanyvectorbornedisease
controlstrategyitisessentialtounderstandthedynamicsof
infectioninnaturalvectorpopulationsinordertopredicthow
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AnegativeEIAresultforSGAdoesnotnecessarilyreflecta
lackofCxtarsalisexposureUnderexperimentalconditionsa
minimumthresholdofapproximately200biteswasfoundnecessary
forseroconversionSentinelchickensthatweresampledinOctober
wereinalllikelihoodsubjectedtoatleastsomedegreeofCx
tarsalisexposureduringtheseasonItispossiblethatantibody
levelswanedbytheendoftheseasonamongchickensthat
seroconvertedaroundthetimeofpeakmosquitoabundanceOther
possiblereasonsforthelackofantibodiestoCxtarsalisSGA
amongsomesentinelsincludediversionofmosquitoesbycompeting
attractantsinthevicinitysuchasmosquitotrapsthepresenceof
largepopulationsofotherdomesticanimalsorplacementofthe
coopinamannerthatmaypartiallyblockmosquitoaccesssuchas
placementupagainstawallAllofthesefactorswerefoundtobe
presenttovaryingdegreesatmanyofthestudyflocksitesand
warrantfurtheranalysis

SerafromCxtarsalisexposedchickenscrossreactedwith
CxpipiensSGAalthoughthereactivitywaslessthanthatobserved
withhomologousSGASerafromtheCxpipiensexposedchicken
wasmorecrossreactivewithCxtarsalisSGAthanserafromthe

AeaegyptiexposedchickenSeracollectedfromtheformer
chicken11weeksaftertheinitialmosquitoexposureexceeded
thepositivecutoffvaluewhentestedagainstCxtarsalisSGAwhile
allserafromthelatterchickentestednegativeThesignificanceof
thesefindingswhentestingsentinelchickensthatarepresumably
exposedtoavarietyofmosquitospeciesremainstobedetermined
InthepresentstudyserologicevidenceofexposuretoCxtarsalis
SGAamongsentinelchickensfromCoachellaValleyMVCDserved
asanindicatorofriskforSLEvirusexposureWiththeanticipated
establishmentofWestNilevirusontheWestCoastitisimportant
thatarboviralsurveillancebeoperatedathighlevelsofsensitivity
Thisnewtestprovidesatoolforevaluatingthesensitivityofflock
sitesfordetectionofcirculatingarbovirusesandhopefullywilllead
toidentificationofastandardizedsetofcriteriathatmaximizea

flocksmosquitoexposureIdeallyarecombinantsalivarygland
proteinthatisspecificforCxtarsaliscouldbedevelopedtoensure
areadilyavailablesupplyofantigenfortheEIAToprovidea
highlysensitivesurveillancesystemusingsentinelchickensthegoal
shouldbetoprovidemaximumexposureofsentinelchickensto
attractpotentialarboviralvectors
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District

SGA

Positive Tested

Total

April

43

October

SacramentoYoloMVCD 21002

28

488855
SutterYubaMVCD NA

71

297041
MarinSonomaMVCD NA 146322

Status SGA SGA Total

SLE 43 4 47

SLE 28 64 92

Total 71 68 139
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Twentysites53 hadanelectriclightsourcewithin50ft
ofthecoopThiscouldbeapotentiallycompetingmosquito
attractantalthoughmostoftheselightsourceswerenotregularly
usedOnly20of3853 flockshadmosquitotrapswithin100ft
ofthecoopThisprecludedattemptstocorrelatemosquito
abundanceattheflocksiteswithseroconversiontoSGAor

arbovirusesatthesesitesAccessibilityoftheinteriornestand
roostingareaofthecooptomosquitoesdefinedastheapproximate
percentageoftheperimeterwithoutbarrierstomosquitoentrance
ieasolidwallrangedfrom5100mean65 For12of38

32 coopsonly50oftheperimeterofthenestingandroosting
areawasmosquitoaccessibleAsimilarestimatewasmadeofthe
accessibilityofCOorNJlighttrapstomosquitoesatsiteswhere
trapswerelocatedwithin50ftofthecoopOfthe18siteswitha
trappresent844 trapswereaccessibleonlythrough550of
theirperimeterusuallyasaresultoftheirproximitytoawall
blockingtheradiusoflightvisibilityorCOdiffusion

TheEIAwasusedtomeasuretheantibodyresponsetoCx
tarsalisSGAamongsentinelchickensinordertoestimatetheir
relativeexposuretoCxtarsalisNinetyeightpercentofsentinel
chickensinSacramentoYoloMVCDwereseronegativeforCx
tarsalisSGAinApril2002comparedto45inOctober2002
TheOctober2002seroprevalencevariedwidelyamongflocksin
MarinSonomaSacramentoYoloandSutterYubaMVCDsTable
1ThecorrelationbetweenyearendseroprevalencetoCxtarsalis
SGAandsomeoftheflocksitecharacteristicswasexaminedThere

Table1AntibodySeroprevalencetoCxtarsalisSalivaryGlandAntigenatSentinelFlockStudy
Sites2002

Specimenswerenotavailablefortesting

OddsRatio24695ConfidenceInterval75897pvalue00001

wasessentiallynocorrelationbetweenthepercentageofthecoop
perimeterthataffordedaccesstocoopinteriorandCxtarsalisSGA
seroprevalenceItwasnotpossibletoevaluatetheeffectofmosquito
abundanceandtrapdistanceateachMVCDduetothelackoftraps
atsomeflocksitesAttheoneMVCDwheredatawereavailable
therewasasmallpositivecorrelationbetweenCxtarsalisSGA
seroprevalenceanddistancefromtheflocksitetothenearest
mosquitotrapcorrelationcoefficient 0535pvalue 0172
indicatingthatsentinelchickenswithtrapsintheimmediatevicinity
receivedlessmosquitoexposureThecorrelationbetween
seroconversiontoCxtarsalisSGAandmosquitoabundanceat
thissameMVCDwasnegligibleVariationintrapdistancefrom
theflocksitesandinthetypeoftrapsusedbyMVCDsmakes
uniforminterpretationoftheabundancedatawithrespectto
potentialflockexposuredifficult

AhighnumberofsentinelchickensinCoachellaValleyMVCD
seroconvertedtoSLEduring2001whichmadeitpossibleto
evaluatetheassociationbetweenSLEandCxtarsalisSGA

seroconversionsSerumspecimenswereavailablefrom47ofthe
5192 sentinelchickensfromthisdistrictthatseroconvertedto

SLEin2001Ofthe71chickensthatwereseropositiveforCx
tarsalisSGA4361 wereSLEpositivecomparedto4of68
6 thatwereseronegativeforCxtarsalisSGAChickensthat
wereseropositiveforCxtarsalisSGAweresignificantlymore
likelytobeSLEpositivecomparedtochickensthatwere
seronegativeforCxtarsalisSGATable2

Table2AssociationbetweenAntibodytoStLouisEncephalitisVirusandCulextarsalis
SalivaryGlandAntigenamongSentinelChickensinCoachellaValleyMVCD2001

NoteOfthe47specimensfromSLEpositivechickens46wereobtainedwithin14daysof
theSLEseroconversiondateand1wasobtained42dayspriortotheSLEseroconversion
date
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Serumspecimensfromlaboratoryhousedchickenswithno
mosquitoexposureandthosewithknownexposuretoonlyCx
tarsaliswereusedtovalidatetheassaySerumspecimenswere
alsoobtainedfromtwochickensexposedexclusivelytoeitherCulex
pipiensorAedesaegyptiTheseserawereusedtoevaluatecross
reactivitywithCxtarsalisSGASerafromchickensexposedto
CxtarsalisonlywerealsotestedagainstCxpipiensSGAextract
toevaluatethepotentialforcrossreactivity

RESULTSANDDISCUSSION

ThreeCxtarsalisexposedchickensdevelopedastrong
antibodyresponsetoSGAby6weeksafterbeingfedonbyan
averageof260CxtarsaliseachFigure1Inaseparatefeeding
trialtwochickensseroconvertedafterbeingfedonby
approximately180Cxtarsaliseachwhilethreeunexposed
chickensdidnotFigure2
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OnsitesurveyswereconductedatallflocksitesinCoachella
Valley9MarinSonoma7SacramentoYolo9SutterYuba
8andShasta5MVCDsThemeannumberofchickenspersite
was97Approximatelyhalfoftheflockswerelocatedin
agriculturalhabitat20whichconsistedprimarilyofrowcrops
riceandpastureOtherhabitattypesincludedsuburban7riparian
3marshland2andothers6suchasaseasonalwetlandand
desertFoliagewaspresentatalmostallsiteswithtreesat3079
ofsitesTreesorotherfoliageprovidedshadeto2668 of

sitesPermanentwatersourcesotherthanthechickenswater
sourcewereuncommonExamplesofpermanentwatersources
includedponds4andcattletroughs2Oneormorenon
permanentwatersourcessuchasditchescontainersandflooded
agriculturalfieldswereobservedatnearlyeverysiteDomestic
animalssuchascowshorsessheeppigsdogscatsandpoultry
otherthansentinelchickenswerepresentwithin50ftofthesentinel
flocksat1847 ofthesites
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Figure1ChickenAntibodyResponsetoCulextarsalisSalivaryGlandAntigen
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Figure2ChickenAntibodyResponsetoCulextarsalisSalivaryGlandAntigen
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SentinelChickenImmuneResponsetoCulextarsalisSalivaryGlandAntigen
AMarkerforRiskofArboviralInfection

RosalieTTrevejo

SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

ABSTRACTApproximately2000sentinelchickensaredeployedannuallythroughoutCaliforniabyMosquito
andVectorControlDistrictsMVCDforsurveillanceofwesternequineencephalomyelitisandStLouisencephalitis
SLEvirusactivityThesensitivityofthissurveillancesystemanditspublichealthvaluecouldbeincreasedby
developmentofobjectivecriteriatoassistinpositioningflockswhereexposuretomosquitovectorsisgreatestAn
enzymeimmunoassayEIAtodetectantibodiestoCulextarsalissalivaryglandantigenSGAinchickenswasused
tomeasuremosquitoexposureamongflocksinnorthernandsouthernCaliforniaTheseroprevalencetoCxtarsalis
SGAwasapproximatelytwiceashighinflocksintheSacramentoValleyRegionasinflocksintheCoastalRegion
TheseroprevalencealsovariedamongflockswithinMVCDsTherewasapositivecorrelationbetweenseroprevalence
toCxtarsalisSGAandmosquitotrapdistancefromthecoopscorrelationcoefficient 0535pvalue 0172
indicatingthatsentinelchickenswithtrapsintheimmediatevicinityreceivedlessmosquitoexposureSentinelchickens
fromsouthernCaliforniathatwereseropositiveforCxtarsalisSGAweresignificantlymorelikelytobeSLEpositive
comparedtochickensthatwereseronegativeforCxtarsalisSGAThisnewtestcanbeusedtoevaluatethesensitivity
offlocksitesfordetectionofarbovirusactivityandtoidentifyfactorsthatmaximizeaflocksexposuretomosquitoes

INTRODUCTION

InCaliforniasentinelchickensareanimportantpartofthe
surveillancesystemtodetectwesternequineencephalomyelitis
WEEandStLouisencephalitisSLEvirusactivityTheseviruses
aretransmittedmainlythroughthebiteofinfectedCulextarsalis
althoughothermosquitospeciesplayasecondaryroleReevesand
Milby1990

Previousstudieshaveusedsimilarmethodologiestostudythe
humanantibodyresponsetotheSGAofvariousbitingarthropods
Personswithhypersensitivitytomosquitobiteshavebeenshown
tohaveelevatedIgEandIgGantibodiesalthoughevidenceofan
antibodyresponsewasnearlyubiquitousinthoseover2yearsof
ageKonishi1990Pengetal1995Adoseresponserelationship
wasfoundbetweenthetickengorgementindexasurrogatefor
ticksalivadoseandantiticksalivaantibodylevelsamongpersons
bittenbyticksinahighlyLymediseaseendemicareaofNewYork
Schwartzetal1993AntibodylevelstoIxodespacificuswere
elevatedamongpersonsresidinginLymediseaseendemicareas
innorthernCaliforniaandwerecorrelatedwithseropositivityto
BorreliaburgdorferiLaneetal1999Arecombinantsalivary
proteinfromthesandflyLutzomyialongipalpiswasdevelopedto
conductserologictestingtoidentitypopulationsatriskfor
leishmaniasisBarraletal2000

Theobjectivesofthisstudywereto1measuretheantibody
responseofsentinelchickenstoCxtarsalissalivaryglandantigen
SGA2determineifSGAexposureisassociatedwithriskof
arboviralinfectionand3identifyphysicalcharacteristicsatflock
sitesthatcontributetoSGAexposureItwasequallyimportantto
identifysiteswithpoorSGAexposureassuchsitesarelikelytobe
lesssensitivefordetectionofarbovirusactivityThisinformation
couldbeusefulinallocatingresourcestomaintainandimprove
thepublichealthvalueofsentinelchickenflocksEvidenceoflow

SGAexposurecoulddemonstrateaneffectivemosquitocontrol
program

PROCEDURES

StudysiteswereselectedinnorthernandsouthernCalifornia
BloodsampleswerecollectedbiweeklyfromflocksinSacramento
YoloMosquitoandVectorControlDistrictMVCDin2001and
2002andfromselectedCoachellaValleyMVCDflocksin2001
EndoftheseasonspecimenswerecollectedfromflocksinSutter
YubaMVCDin2001and2002andMarinSonomaMVCDin2002

Thesesentinelflocksiteswerevisitedatleastoncetocompletea
questionnaireonenvironmentalcharacteristicsmosquito
abundanceandthehistoryofflockseroconversionstoWEEand
SLEviruses

Serumspecimensweretestedbyanindirectenzyme
immunoassayEIAin96wellplatescoatedwithCxtarsalisSGA
extractWellswereblockedwith2caseininphosphatebuffered
salinewith005Tween20PBSTSeraweredilutedinPBST
with05bovinealbuminBABiotinylatedgoatantichicken
IgGheavyandlightchainconjugatedilutedinPBSTwith01
BAwasusedwithaperoxidaselabeledavidinbiotincomplex
VectorLaboratoriesBurlingameCAtoamplifyantibody
detectionAftera20minincubationwiththeABTSsubstrate

KirkegaardandPerryLaboratoriesGaithersburgMDtheplates
werereadat405nmSpecimensweretestedintriplicatewithtwo
wellscoatedwithSGAextractandathirdSGAfreewellThe

recordedvalueforeachspecimenwastheaverageoftheoptical
densitiesforthetwoSGAcontainingwellsminusthevalueofthe
SGAfreewellSpecimenswereconsideredpositivewhenthey
exceededthemeanplus3standarddeviationsofthenegativecontrol
serumwellsontheplate
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GuidelinesforContributors

ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

TheProceedingsistheProceedingsandPapersoftheMosquitoandVectorControlAssociationofCaliforniaOne
volumeisprintedeachyearandincludesthepresentationsgivenattheAssociationsannualconferencePublicationof
submittedpapersisalsoencouraged

CONTRIBUTIONSAmanuscriptforpublicationinthe
ProceedingsisencouragedfromeveryspeakerArticlesshouldbe
originalcontributionsinthefieldofmosquitoandvectorecologyand
controlandprovideinformationtobenefitthediverseinterestsin
technicaldevelopmentoperationsandprogramsandmanagement
documentationPleasedonotsubmitpapersthathavebeenpreviously
publishedorarebeingconsideredforpvblicationelsewhereAn
excessivenumberofpapersononesubjectorbyanyoneauthorare
generallydiscouragedAlthoughpreferenceisgiventopapersaccepted
ontheprogramagendaacceptabilityforpublicationrestsonmerit
determinedonreviewbytheEditorandthePublicationsCommittee
AnonmemberauthorwishingtopublishinthyProceedingsisrequired
topaytheregistrationfeefortheconference

MANUSCRIPTFORMATManuscriptsmustbetypeddouble
spacedonlyononesideofthepagewithodeinchmarginsonall
sidesA312computerdisketteshouldasobesubmittedwhich
includesyourmanuscriptandimagesofalltablesfiguresor
photographsCommonIBMcompatiblewordprocessingprograms
suchasMicrosoftWordorWordPerfectispreferredOnehardcopy
plustwocopiesofthetablesfiguresandorphotographsshould
accompanythedisketteTheseshouldbesubmitttdtotheProceedings
Editorwithin60daysfollowingtheendoftheconferenceArticles
receivedafterthattimemaybereturnedforresubmissionforthenext
ProceedingsAuthorsshouldrefertorecentissuesoftheProceedings
andPapersoftheMosquitoandVectorCortrolAssociationof
CaliforniaandtheJournaloftheAmericanMosquitoControl
AssociationforguidanceAuthorsoftechnicalpapersshouldfollow
thebasicrecommendationsaspresentedintheScientificStyleand
FormatTheCouncilofBiologyEditorsManualforAuthorsEditors
andPublishersLatestEdition

TheProceedingssubscribestothescientificabbreviationsof
mosquitogenericnamesusedbytheAmericanMosquitoControl
AssociationTheusageandalistofthesescientificnamesare
discussedintheJournaloftheAmericanMosquitoControl
Association54851989Bilettergenericabbreviationsareused
forCulicidaeCommonAbbreviationsetalegieetcarenot
italicizedUseofthemetricsystemwithEnglishmeasurementsin
parenthesisisencouragedAvoidfootnotesintext

ThepapersintheProceedingswillappearforthemostpartas
submittedEditoriallibertieswillbeexercisedinthoseinstanceswhere

improvedclarityisneededandwherestyleisincorrectArticles
requiringextensiveeditingandnotconformingtostyleandinstructions
willbereturnedtotheauthorforcorrection

SUBMITTEDPAPERSManuscriptsotherthanpresentations
attheconferencesubmittedforpublicationintheProceedingswill
betreatedasRefereedorPeerReviewedArticlesThesewillbe

sentforreviewtoatleasttwoormorescientistsproficientinthe
subjectFollowingtheircommentsandadvicetheEditorwill
determinewhethertheseshouldbepublishedasPeerReviewed
articles

TITLEThetitleauthorsnamesorganizationmailingaddress
emailaddressandtelephonenumbershouldappearatthetopofthe
firstpage

ABSTRACTAnAbstractisrequiredandshouldprovideabrief
summaryofthepaperTheEditormayrefusetopublishAbstractsor
Summariesalone

PAGENUMBERINGNumberpagesconsecutivelyincluding
tablesandfiguresInsertthetablesandfiguresasseparatepages
followingthefirstplacetheyarereferencedinthetext

TABLESTablesshouldbetypedonseparatesheetsplacedin
correctsequenceinthetextandshouldbelimitedtothosestrictly
necessaryTablesshouldbepreparedwithregardtotheultimateprinted
sizeofone3 ortwocolumns614 Eachtableshouldbe

referencedatsomepointwithinthetextAvoidlongandcomplex
tables

ILLUSTRATIONSFiguresgraphslinedrawingsand
photographsmustbemailedflatFiguresshouldbenumbered
consecutivelyTitleslegendsorotherheadingsshouldbetyped
doublespacedonaseparatesheetofpaperAswithtablesillustrative
materialsmustbeplannedtofitreasonablywithinaoneortwocolumn
formatFigurenumbersinadditiontotheauthorsnameshouldbe
writteninbluepencilonthebackofeachillustrationFiguresgenerated
ondotmatrixprintersorphotocopiesreproducedpoorlywillnotbe
acceptableforpublicationSincemostfiguresmaybereducedtoone
columninwidththeoriginallinesandprintingmustbelegiblewhen
reductionbecomesnecessary

LITERATUREREFERENCESCITEDAlphabetizereferences
bytheauthorssurnamesWithinthealphabeticalordersequence
shouldbebyyearbeginningwiththemostrecentpublicationdate
Includeonlypublicationsthatarecitedinthetextandthestyleof
citationsshouldconformtotheformatinthelatestissueofthe

Proceedings
PROOFANDREPRINTSAuthorswillreceiveagalleyproof

aswellasorderformsforreprintsMajorrevisionsatthisstagewill
notbeacceptableProofswithcorrectionsifanyandreprintorder
formsshouldbereturnedwithin10daystotheMVCACoffice

MosquitoandVectorControlAssociationofCaliforniaMVCAC
AttentionEmilyYoung
660JStreetSuite480
SacramentoCA95814

91644008269164424182FAX
emaileyoung@mvcacorg

EditorMinooBMadon

GreaterLACountyVCD
12545FlorenceAvenueSantaFeSpringsCA90670

56294496565629447976FAX
emailmmadon@glacvcdorg
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