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DedicationoftheSeventyThirdAnnualMVCACConferencetoDrWilliamCReeves
December21916 September182004

InafewmomentsBillReisenisgoingto
reviewthebrilliantscientificcareerofDr
WilliamCReevesandIwanttoleaveBill
asmuchtimeasIcantodothatsoIlltryto
bebriefIdohoweverwanttodiscussthe
specialrelationshipBillReeveshadto
MVCACandtoillustratesomeofhismany
importantcontributionstothisassociation

DrWilliamCReeveswasneveran

officerinMVCACHeneverworkedforamosquitoabatement
districtHewasneveratrusteeofamosquitoabatementdistrict
HewasneveranassociatememberIknowofonlyonecommittee
heeverservedonDisasterAid1985Neverthelessoverthe
historyofMVCACanditspredecessororganizationsfew
individualsapproachtheimpacthehadonMVCACandmosquito
abatementinCaliforniaandelsewhere

BillwasanativeCalifornianabsolutelydedicatedtothenotion
thatprotectionofCaliforniacitizensfromviralencephalitidesand
othermosquitobornediseaseswastightlylinkedtomosquito
abatementItishardtoencapsulatethefeaturesofBillslong
careerthatresultedinhisenormousimpactonmosquitocontrol
butIlltryHehadarareabilitytoconceiveandconductoriginal
biologicalresearchhefirmlybelievedintheapplicationofresearch
resultstoimportantpublichealthproblemsandheaggressively
pursuedopportunitiestoworkcooperativelywithCalifornia
mosquitoabatementdistrictsMADsButthattellsonlypartof
thestoryIbelievethattofullyappreciatejustwhathe
accomplishedduringhis65yearcareeronemustgobacktothe
beginningofhisentryintotheworldofmosquitobiologyand
controlin1939

BillReevesisfirstmentionedintheCaliforniaMosquito
ControlAssociationproceedingsofitsannualmeetingin1939
AtthetimeheattendedhisfirstmeetinghewasMrReevesa
researchassistantworkingwithProfessorWilliamBHermsIn
1939mosquitotransmissionofarboviruseswasnotanaccepted
conceptandthemostoftheexperimentsconductedonvirus
infectionandtransmissionwerewithAedesaegyptiAtthe1940
meetingBillpresentedapaperonthebiologyofAedesvaripalpus
AtthissamemeetingMalcolmMerrillpresentedapaperentitled
ThemosquitoasapossiblevectorofequineencephalitisBill
madesomeremarksafterDrMerrillspaperbutneithermentioned
themosquitoCulextarsalisAlsoatthismeetingThomasHG
Aitkenpresentedapapersummarizingthepossibleroleofcertain
Californiamosquitospeciesintransmissionofequineandhuman

TheContributionofWCReevestoMVCAC

BruceFEldridge

UniversityofCaliforniaDavis

1

encephalomyelitisbuttheonlyCulexmosquitohementionedwas
Culexpipiens

In1941thecourseofmosquitoabatementinCaliforniawas
changedforeverbecauseBillReevespresentedtheresultsofhis
workintheYakimaValleyofWashingtonstronglysuggestingthat
Culextarsaliswasthemostlikelyvectorofbothwesternequine
encephalomyelitisvirusWEEandSaintLouisencephalitisvirus
SLECoincidentallyinthispaperhefirstpresentedhisideas
aboutvectorincriminationandoverwinteringofarbovirusesTo
appreciatethebrillianceofthisworktheclearandlogical
explanationofthedataandthepersuasiveinterpretationofthe
resultsIstronglyurgeyoutofindacopyofthe1940Proceedings
andreadBillslandmarkpaperbasedonapaperheandhis
colleagueshadpublishedinthejournalSciencethatsameyear
Thesignificanceofthispaperisevenmoreastonishingwhenyou
realizethatBillwasonly23yearsoldatthetimeIwasinterested
tonotethatitwasreportedthatBillspaperwasillustratedwith
lanternslidesandthatProfessorHermsgavehimanattaboy
withThatwasaveryexcellentpaperBill Thatmaybeoneof
thegreatestunderstatementsinthehistoryofMVCAC

ArticlesBillwrotefortheProceedingsintheyearsjustbefore
andjustafterWorldWarIIexemplifyBillsphilosophyofscience
andserviceandsetthestageforthecontributionshemadeinthe
yearsfollowingthisperiodThemanyscientificcontributionshe
madewillbereviewedbyBillReisenandIllnotdwellonthem
furtherBillsemphasisonappliedresearchwaspresagedbyan
articlewhichalsoappearedin1941titledSomesuggestionsfor
thecontrolofCulextarsalisinCalifornia

HisideasaboutcooperativestudiesbetweenUniversityof
Californiafacultyandmosquitoabatementagenciesarefirstfound
inapaperpublishedinthe1946ProceedingsentitledA
preliminaryreportoftheresultsofplannedcooperativefield
studiesInthispaperBillexplainedthatscientistsfromthe
HooperFoundationwhereBillworkedatthetimeandtheDr
MorrisMosquitoAbatementDistrictdiscussedmisunderstandings
stemmingfromonecooperatingorganizationamosquito
abatementagencywantingascompleteacontrolprogramas
possibleandanotherorganizationUCwantingmostly
accumulationofscientificdataonthebiologyanddisease
relationshipsofmosquitoesThisturnedouttobethefirstofdozens
ofhighlysuccessfulcooperativeprojectsBillengagedinwith
variousmosquitoabatementagencies

BillReevesdirectcontributionstoMVCACextendbeyond
researchprojectsHetraveledalloverthestatetovisitMADsand
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examinepracticessuchasplacementoflighttrapsandsentinel
chickenflocksandadvisedthemontheirmosteffectiveuseHe
participatedinanumberofevaluationsofmanyotherpractices
relatingtomosquitobornediseasesurveillanceHespoketo
trusteesHepresentedlecturesatcontinuingeducationsessions
BillsroleinthedevelopmentandimplementationoftheCalifornia
mosquitobornediseasesurveillanceprogramcouldbeasubject
allbyitself

From1939to2004IdontbelieveBillReevesmissedasingle
annualconferenceandheattendedthevastmajorityofquarterly
meetingsDuringthistimehegave67presentationsatannual
conferencesTheyincludedtalksonarbovirussurveillance
arbovirusecologydiseasepreventionandmosquitobiologyand
controlMostofthesetalkssummarizedresultsofresearchbutin
thelateryearsofhiscareerhepresentedmanytalksthatexpressed
hisviewsonthefutureofmosquitoabatementinCalifornia

Onthebasisofhisdedicationtomosquitoabatementand
preventionofmosquitobornediseaseshewasthefirstrecipientof
theMVCACMeritoriousServiceaward1981andwaselected
anhonorarymemberthatsameyear

IhavereallyonlyskimmedthesurfaceofBillscontributions
toMVCACIpromisedtobebriefbutIdowanttotouchonBills
lightersideForsomereasonBillwasconsideredsomewhatgruff
andunapproachablebysomeKnowingBillasIdidIfindthis
difficulttounderstandItmaybethatsomepeoplebelievedthis
becauseofasituationthateventuallygrewinthetellingtobecome
aMVCAClegendThissituationmightbereferredtoasthelegend
oftheorchidsandBigChickenandLittleChickenManyofyou
knowthisstorywellbuttherebemanythatdonotIdontthinkit
wouldbeappropriateformetodivulgetherealnamesofBig
ChickenandLittleChickenbutIwilltrytooutlinethemainpoints
ofthestoryandifyouareinterestedinknowingallthedetailsI
wouldreferyoutoourmostrecentpastPresidentwhoknowsthe
storywell

Itseemsthattwomosquitoabatementagencymanagersknew
Billhadanimpressiveorchidgreenhouseathishomeandasked
himonceifhehadanysparesthathewouldbewillingtopartwith
Muchtotheirsurprisethenexttimehesawthemhehadtwo
beautifulpottedorchidplantsforthemandheprovidedthem
detailedinformationonhowtocareforthemTheorchidswere

acceptedwiththanksandmovedtotheownersrespectivedistrict

ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

officesOvertheensuingmonthorsobothplantswereseriously
neglectedandthetwodistrictmanagerswereshockedtofindthat
theyhaddiedEachtimeBillsawthetwoneworchidgrowershe
askedthemhowtheplantsweredoingandeachtimetheyboth
saidfine Thiswentontosuchanextentthatthemanagers

consciencesbegantobotherthembutneithercouldbringhimself
toconfesstoBillthattheorchidplantsweregoneTheyevenwent
totheextremeofhavingphotographsofthemselvestakenposed
inanurseryalongsideaparticularlyhealthorchidplantandsent
copiesofthephotographstoBillHewasntfooledEventually
theyenlistedathirdpartytobreakthenewstoBillBecausethey
wouldntadmittheirmalfeasancedirectlytoBillhenamedthem
LittleChickenandBigChicken BillReevesgreatlyenjoyed
tellinghisversionofthestoryandheconsideredbothBCand
LCclosefriends

HereisananecdoteofmyownBillandIusedtogoon34
daytripstovariouswesternstateseveryyeartocollectlarval
mosquitoesBillownedalargestainlesssteelThermosjugandit
washispracticetohaveitfilledwithfreshcoffeeatbreakfasteach
morningsowecouldtakeamidmorningcoffeebreaksittingona
logoraboulderinaforestorothersceniclocationsomewhere
Onemorningwewerebeingservedbreakfastbyayoungblond
womaninLeeViningCaliforniaBillhadplacedtheThermoson
thetablebutasthewaitressbroughtusbreakfastandthenmore
coffeeororangejuicesheseemedtobeignoringitBillwaskind
ofgrumpythatmorningbecausewehadnotbeenverysuccessful
thedaybeforeandIcouldseehewasgettingimpatientwithher
WhensheapproachedwiththecheckBillreachedovertothe
Thermosandgaveitavigoroustaptaptap Withoutaword

thewaitressreachedoverandgaveitherowntaptaptap I

couldseethecolorrisinginBillscheeksandIwassteelingmyself
foraneruptionwhensheputherarmaroundBillandsaidDid
youthinkIwasgoingtoforgetyourcoffeehoney Haveyou

everwatchedapersonmelt
ItiseasytogethyperbolicwhentalkingaboutBillsimportance

toMVCACanditsprogramsbutitisalsoalmostimpossibleto
overstatehiscontributionsWhenJohnnyCarsondiedIwas
impressedbyanumberofthingsthatweresaidabouthimOnein
particularimmediatelymademethinkofBillIfyouknewBill
Reevesconsideryourselfluckybecauseanotheronelikehimwill
notcomealongthiswayinaverylongtime



JanuaryFebruary2005 ProceedingsandPapersoftheSeventyThirdAnnualConference 3

ATributetotheLifeandTimesofWilliamCReeves1916 2004

INTRODUCTION

IwasespeciallyflatteredandpleasedwhenIwasrequested
tosharethepodiumwithBruceEldridgetoparticipateintodays
tributetoDrWilliamCReevesProfessorandDeanEmeritus

SchoolofPublicHealthUniversityofCaliforniaBerkeleyBill
wasmybossmentorandfriendforalmost25yearswhowithJim
Hardytaughtmeaboutarboviruseshowtothinkcriticallyand
instilledinmetheimportanceofappliedresearchtowards
enhancingmosquitocontrolinCalifornia

MychargetodaywastoprovideanoverviewofBills
illustrious60yearcareerinpublichealthandpointouthisimportant
contributionsthatshapedourfieldDetailedaccountsofBills
careerandaccomplishmentshavebeensummarizedinthe
proceedingsofasymposiumpublishedathisretirementasa
supplementtotheAmericanSocietyofTropicalMedicineand
HygienecelebratinghiscareerJohnson1987andinhisoral
autobiographicalhistoryavailablethroughtheBancroftLibrary
atUCBerkeleyReevesWC1993WilliamCReevesRegional
OralHistoryOfficeUniversityofCaliforniaBerkeleyAvailable
fromtheOnlineArchiveofCaliforniahttparkcdlihorgLarkL
13030kt3j49n66k

ArbovirusFieldStation4705AllenRdBakersfieldCA93314

WilliamKReisen

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunology
SchoolofVeterinaryMedicineUniversityofCaliforniaDavis

ABSTRACTThe2005meetingoftheMVCACisdedicatedtoDrWilliamCReevesProfessorandDeanEmeritus
SchoolofPublicHealthUniversityofCaliforniaBerkeleywhopassedawayon18Sep2004Billwasaleaderin
thefieldofarbovirologyforover6decadesatthestatenationalandinternationallevelsHeandhisresearchteams
discoveredthatwesternequineencephalomyelitisandStLouisencephalitisviruseswereamajorcauseofsummer
neurologicalillnessandthatthesevirusesweremaintainedinnaturebyCulexmosquitoesandwildbirdsHisfield
studiesdevelopedCOasanattractantfortrappinghostseekingmosquitoesexploitedthefrequentinfectionof
barnyardchickensasasentinelsystemwerethefirsttousefluorescentdusttomarkmosquitoesandcarefully
resolvedthetransmissioncyclesofwesternequineencephalomyelitisStLouisencephalitisandothervirusesin
CaliforniaThesediscoveriesredirectedmosquitocontroleffortstofocusonCulextarsalisCoquillettandledtothe
currentintegratedsurveillanceandcontrolprogramsusedbytheMVCACtothisdayBillstrainingprogramat
Berkeleywasthecruciblewhichforgedthecareersofmanyoftodaysleadersinarbovirologypublichealthand
infectiousdiseaseepidemiologyThestateofCaliforniahonoredhiscontributionsandservicetopublichealthathis
retirementin1987byCaliforniaLegislatureResolutionNo127ofCommendationHewasveryproudofthefact
thathehadattendedeveryMVCACannualconferenceandDepartmentofHealthServicesVectorControlAdvisory
meetingeverheldTheMVCAChashonoredhiscontributionstomosquitocontrolbybestowingtheMeritorious
ServiceAwardin1981establishingtheReevesYoungInvestigatorAwardin1998andissuinganHonorary
Membershipin2003HiscolleaguestheMVCACandIespeciallywillmisshiscontinuoussupportgreatideasand
endlessenthusiasm

BILLSLIFEANDCAREER

WilliamCarlisleReeveswasbornonDecember21916ona
smallorangeranchinRiversideCaliforniawherehespenthis
earlylifelearningtolovetheoutdoorsandinsectsAnearlylove
ofentomologyearnedhimthenicknameofBillybugsand
directedhislatereducation

AtBerkeleyBillssummerworkfocusedonUSDAforestry
surveyswherehesupervisedfieldcrews undoubtedlyan
experiencethatshapedhismanagementstylethatwasalways
straightforwardanddirectAftercompletinghisBSinEntomology
atUCBerkeleyBillsinitialgraduatestudiesfocusedon
mosquitoesandfactorsthatstimulatedegghatchinAedessierrensis

SynopsisofWCReevesEducation

1934HSDiploma Riverside

PolytechnicalHighSchool
1936AARiversideJuniorCollege
1938BSUCBerkeley Entomology
1943PhDUCBerkeley Medical

EntomologyandParasitology
1949MPHUCBerkeley
Epidemiology
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LudlowUnfortunatelyforBillbutfortunatelyforCalifornia
andscienceingeneralhisresultsanduniqueideaswerescooped
leavinghimwithoutagraduateprojectAboutthistimeDrWilliam
McDHammoninvitedBilltojoinaninterdisciplinaryteamheaded
fortheYakimaValleyofWashingtontoinvestigaterecentoutbreaks
ofhumanandequineencephalitisTheseseminalstudies1941
42unraveledtheepidemiologyofwesternequine
encephalomyelitisWEEandStLouisencephalitisSLEinthe
westernUSAandresultedinthefirstisolationsofWEEandSLE

fromCulexpipiensLandCxtarsalisCoquillettandthefirst
incriminationofwildbirdsasreservoirsofthesevirusesHammon
1941Hammonetal1941Hammonetal1945Hammonand
Reeves1947Reevesetal1952ReevesandHammon1944
TheseearlystudiesformedastrongbondbetweenHammonand
ReevesexpandedBillsinterestsinmosquitoestoincludethe
virusestheytransmitandlaunchedhisresearchandteachingcareer
atUCBerkeleythatissummarizedbelow

WCReevesCareeratUniversityofCalifornia

ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

19391940AgentUSDAForestInsectInvestigations
193941TAMedicalEntomologyandParasitology
DeptofEntomology
194149ResearchEntomologistUCSanFrancisco
HooperFoundationalsoLectureratnewUCBerkeley
SchoolofPublicHealth

194987ProfessorofEpidemiologyUCBerkeley
SchoolofPublicHealth

o 196771Dean

o 197185HeadPrograminEpidemiology
19872004ProfessorandDeanEmeritusUC

BerkeleySchoolofPublicHealth

Uponcompletionofthe
YakimastudiesBillandHammon

organizedasimilarinterdisciplinary
team to focus on summer

encephalitisproblemsinKern
Countybecauseoftheunusually
high incidence ofsummer

neurologicaldiseaseinhumansand
equines and the excellent

cooperationbytheKernMosquito
Abatement DistrictMAD
EstablishmentoftheBakersfield

FieldStationandhavingindepth
ecologicalandepidemiological
studiesunderwaypositionedBill
andhisteamtocarefullydocumentconditionsthatledtothe1952
epidemicofWEEandSLEcenteredintheSanJoaquinValley

TheseKernCountystudiesweresummarizedinBillsfirst
monographthatremainsaclassictothisdayReevesandHammon
1962Recognitionoftheimportanceofquantitativesamplingto
trackmosquitopopulationsandvirusactivityresultedinthe
developmentofmanyofthesurveillancetechniquesandvirus

Billsortingmosquitoesatthe
BakersfieldFieldStationca

1950

isolationmethodsthatweusetodayincludingCOtocollect
mosquitoesReeves1951Reeves1953sentinelchickensto
monitortransmissionHammonetal1948precipitintestingto
determinebloodmealhostsReeves1944ReevesandHammon
1944fluorescentduststomarkmosquitoesfordispersalstudies
Reevesetal1948andlaboratoryhostcompetencestudiesto
helpincriminatevectormosquitoesHammonetal1943Hammon
andReeves1943aHammonandReeves1943bandavianhosts
Hammonetal1951 Billsideasaboutcombiningclimate
variationandenzooticsurveillanceinformationintoanearly
warningsystemtoforecastyearswithhighoutbreakriskarestill
inplaceandformthebasisofthecurrentstatewideplanhttp
westnilecagovwebsitepublications
2005camosqresponseplanpdf

MorerecentlyBillsteaminvestigatedavarietyofencephalitis
ecologyandinterventionapproachesincludinggeneticcontrol
Reisenetal1981Reisenetal1982Reisenetal1985aand
aeriallowvolumeadulticideapplicationsReisenetal1984
Reisenetal1985bSchaeferetal1985Thesewerefollowed
bystudiesonthepotentialimpactofglobalwarmingonvector
bornediseasesReevesetal1994Parallelinvestigationson
mosquitobiologycombinedwithhispreviousandrecentstudies
ontheecologyandcontrolofencephalitisvirusesinCalifornia
weresummarizedinBillssecondmonographReeves1990The
followingphotowastakenatapartycommemoratingthe
completionofthissecondmonograph

ShownfromlefttorightareJohnCombsmanagerofDeltaMAD
andinitiatoroftheprojectBillReevesBillReisenMarilyn
MilbyJimHardyandSisterMonicaAsman

EvenretirementdidnotseemtoslowBilldownAfter

attainingEmeritusstatusBillwithBruceEldridgeJimHardy
LauraKramerandaseriesofstudentslaunchedindepthstudies
ontheecologysystematicsandepidemiologyofCaliforniagroup
virusestransmittedbysnowpoolmosquitoesCampbelletal
1991aCampbelletal1991bEldridgeetal1991Eldridgeand
Reeves1990Krameretal1992Billfrequentlycontributedto
thisprojectbycollectingmosquitoesat10000ftelevationsquite
afeatforaseniorcitizenwithbloodpressureproblems
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Inadditiontohisimportantresearchprogramsadministration
oftheSchoolofPublicHealthandcontinuedteaching
responsibilitiesBillsomehowfoundtimetoparticipateinstate
nationalandinternationalagencyprogramsandplanningA
samplingoftheseislistedbelow

WCReevesServicetoStateNationaland
InternationalOrganizationsfromalistof33

194578ViralCommissionArmedForces
EpidemiologicalBoard
194987ConsultantEcologicalInvestigations
ProgramCDC
196673ChairArbovirusResearchReagent
CommitteeNAIADNIH
199193CommitteeonMicrobialThreatstoHealth
InstituteofMedicineNAS

199596SpecialEmphasisPanelonresearchon
EmergingViralThreatsDivIntHlthInstituteof
Medicine

19602004ExpertPanelonVirusDiseasesWHO
197185AdvisoryScientificBoardofGorgas
MemorialInstTropMedPrevMed
19462004VectorControlAdvisoryCommittee
CalifDeptHlthSvcs
19772004AdvisoryCommitteeonMosquito
ResearchtothePresidentoftheUniversityof
California

Billwasalwaysfocusedonthefutureofpublichealththe
needforcontinuedvigilanceagainstemergingproblemsandthe
trainingofnewscientistsasfarbackashisPresidentialAddress
totheAmericanSocietyofTropicalMedicineandHygieneReeves
1972Thisfarforwardthinkingtookplaceatatimewhenmost
ofhiscolleagueswereconsideringtheeradicationofinfectious
diseasesespeciallymalariaandtheredirectionofresearchand
trainingresourcestooldageandrelatedissuesHistoryhasproven
himrightandtodayourbattlewithemergingproblemssuchasthe
invadingWestNilevirusSARSandavianinfluenzahas
intensifiedOtherexamplesofhisparticipationinnationallevel
planningmeetingsaresummarizedbelow

TheUSCapacitytoAddressTropicalInfectious
DiseaseProblemsBoardonScienceand

TechnologyforInternationalDevelopmentOffice
ofInternationalAffairsNationalResearchCouncil

andtheInstituteofMedicineNationalAcademyof
Sciences1987NationalAcademyPressWash
DC1987p1172
WCReevesConcernsaboutthefutureof

medicalentomologyintropicalmedicineresearch
AmJTropMedHyg198940569570
LederbergJShopeREandOaksSC
EmergingInfectionsMicrobialThreatstoHealthin
theUnitedStatesInstituteofMedicineMate

AcademyPressWashingtonDC1992pp1
294

Billsinternationallyacclaimedresearchandtrainingprograms
andaccomplishmentsresultedinwidespreadacclaimandalarge
numberofprestigiousawardssomeofwhicharelistedbelowOf
particularinterestwasrecognitionofhiscontributiontoboth
medicalentomologyandtropicalmedicineasindicatedbyhis
receivingboththeHoogstraalandWalterReedMedalsfromthe
AmericanSocietyofTropicalMedicineandHygieneASTMH
inthesameyear

WCReevesMajorHonorsandAwards
selectedfromalistof22

197071PresidentASTMH

1973RMTaylorAwardforAchievementin
ArbovirologyACAVASTMH
1975CertificateofAppreciationforPatriotic
CivilianService USArmy
198081DistinguishedTeachingAwardUC
Berkeley
1981MeritoriousServiceAward CMVCA

1982MedalofHonorforDistinguished
ContributionstoMosquitoControlAMCA
1982JohnSnowAwardAPHA

1987CaliforniaLegislatureResolutionNo
127ofCommendation

1987HoogstraalAwardACMEASTMH
1987WalterReedMedalMeritorious

AchievementinthefieldofTropicalMedicine
ASTMH

1988GoldHeadedCaneAwardAVES
AVMA

1991AlumnusoftheYearAwardSchoolof

PublicHealthUCBerkeley

Billcontinuedtobeactiveinourfieldpracticallytotheday
ofhispassingInfacthisfinalpublicationfocusedonfinetuning
encephalitisvirussurveillanceinCaliforniabydevelopingatest
toseeifsentinelchickenswerebeingbittenbyCulexmosquitoes
Trevejoetal2005Billsexcellentideasandpracticalanddirect
solutionstocomplexissueswillbesorelymissedandimpossible
toreplace

ThanksBillforthecontinuoussupportthelastingfriendship
thegreatideasandtheendlessenthusiasm

Acknowledgement

SpecialthanksareduetoBruceEldridgeforreadingthe
manuscript
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Introduction

WilliamKReisen

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616

WestNilevirusFamilyFlaviviridaegenusFlavivurus
WNVinvadedsouthernCaliforniaduringthesummerof2003
Reisenetal2004beingfoundinitiallyinImperialValleynear
ElCentroduringearlyJulyWNVthenamplifiedenzooticallyat
WetlandsalongthemarginoftheSaltonSeainRiversideCounty
andbylatesummerinvadedeasternLosAngelesandSan
BernardinoinareasnearlargeAmericancrowroostsatWhittier
NarrowsalongtheSanGabrielRiverandatthePradoBasinalong
theSantaAnaRiverrespectivelyFig1ByNovemberWNV
hadamplifiedatandaroundthesecommunalcrowroostsand
dispersedthroughoutsouthernCaliforniatotheMexicanborder
AsingledeadAmericancrowfoundinAppleValleynorthofthe
SantaMonicaMountainswastheonlydetectionofthevirus
indicatingnorthwarddispersal

WNVsuccessfullyoverwinteredinsouthernCaliforniaduring
200304ThefirstdetectionsofWNVactivityweredeadAmerican
crowsfoundinFebruaryneartheWhittierNarrowsroostand
positiveCulextarsalisCoquillettpoolscollectedinAprilfromthe

Distributionof1stNilevir
California5DecO3

Positivespecimens
M mosquitopool
B Deadbird
C Sentineldacken

Figure1DistributionofWNVinCaliforniaasofDecember2003

AddresscorrespondencetotheArbovirusFieldStation4705
AllenRdBakersfieldCA93314

7

CoachellaValleyneartheSaltonSeaInearlysummervirus
amplifiedtoepidemiclevelsnearcrowroostsineastLosAngeles
andSanBernardinoandthenatcrowroostsinwestLosAngeles
alongtheLosAngelesRiverdrainagesystemInlateJunethe
viruswasdetectednorthoftheTehachapiMountainsandbylate
summeritwasreportedfromeverycountyinCalifornia

TheArbovirusUnitwithintheCenterforVectorborne
DiseasesUniversityofCaliforniaDavisincollaborationwith
theCoachellaValleyGreaterLosAngelesCountyKernand
SacramentoYoloMosquitoandVectorControlDistrictsandthe
CaliforniaDepartmentofHealthServiceshavebeenstudyingthe
invasionofCaliforniabyWNVAtthe2004annualmeetingof
theMosquitoandVectorControlAssociationofCaliforniawe
summarizedourfindingsduringthefirstyearofthisinvasionand
describedchallengesinviralandserologicaldiagnostics The

currentsymposiumdescribesourcontinuingresearchduringthe
secondyearoftheinvasionfocusingonvirusdispersaland
amplificationandonfactorsenablingthesuccessofthisinvading
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virusThetitlesofthetalkspresentedandthespeakersarelisted
belowThesetalkssummarizethecombinedeffortsofalarge
numberofUniversityofCaliforniaDepartmentofHealthServices
andlocalagencypersonnelwhosehardworkproducedthevolume
andqualityofthedatapresented

WestNileVirusinSoutheasternCaliforniaHughLothrop

OverWinteringandAmplificationofWNVinSouthLos
AngelesJenniferWilson

DispersalandAmplificationofWNVinNorthLos
AngelesPaulOConnor

InvasionofKernCountybyWestNileVirusRichard
Takahashi

InvasionofSacramentoandYoloCountiesVeronica

Armijos

VectorandHostCompetenceImportanceofVirulence
inBirdsforWNVTransmissionWilliamReisen

ImpactofWNVonWildBirds WhoLivesandWho

DiesSarahWheeler

ConclusionsWilliamReisen

Acknowledgements

Thisresearchprogramdescribedinoursymposiumwasfunded
bygrantsfromtheNationalInstitutesofAllergyandInfectious
DiseasesNIHCentersforDiseaseControlandPreventionOffice
ofGlobalProgramsNOAACaliforniaDepartmentofHealth
ServicesandtheUniversitywideMosquitoResearchProgram
Additionalfundsresearchspaceandlogisticalsupportwere
generouslyprovidedbytheCoachellaValleyMVCDGreaterLos
AngelesCoVCDKernMVCDandtheSacramentoYoloMVCD
DeadbirdswerenecropsiedbytheCaliforniaAnimalHealthand
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tissuesandmosquitopoolsweretestedintheArbovirusLaboratory
attheCenterforVectorborneDiseasesCVECunderthedirection
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GarciaandYingFangCVECSentinelchickenseraweretested
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providedbyCountyPublicHealthDepartmentsaswellasCDHS
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WestNileVirusSurveillanceintheImperialandCoachellaValleys2005

HughDLothropMarcKensingtonArturoGutierrezBrankaBLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicine
UniversityofCaliforniaDavisCA95616

CoachellaValleyMosquitoandVectorControlDistrict43420TraderPlaceIndioCA92201

GEOGRAPHY

ArbovirussurveillanceintheCoachellaandImperialValleys
isacollaborativeeffortbytheCaliforniaDepartmentofHealth
ServicesCDHSUniversityofCaliforniaDavisCenterfor
VectorborneDiseasesCVECtheCoachellaValleyMosquito
andVectorControlDistrictCVMVCDandtheImperialCounty
HealthDepartmentVectorControlICHDVC

ThepositionsofthetwovalleysrelativetotheSaltonSeacan
beseeninFigure1Darkenedareaslocatedinthenorthwestportion
oftheCoachellaValleyandscatteredthroughouttheImperial
Valleyarecreatedbydenseroadgridsinresidentialandurban
areasSaltmarshesandmanagedwetlandsalongthemarginof
theSaltonSeainbothvalleyshistoricallyhavebeenproductive
sourcesforCulextarsalisCoquillettIntheCoachellaValleythese
marshesandwetlandscontinuetobefociofannualarbovirus

transmissionReisenetal1995howeverintheImperialValley
thesefeatureshavenotbeenshowntobeperennialfociforarbovirus
activityLothropetal1994WestNilevirusWNVwasdetected
initiallyinImperialCountyatornearthesewetlandsitesduring
2003Reisenetal2004

SURVEILLANCEMETHODS

SurveillanceintheCoachellaValleyconsistedof10flocksof

10chickenseachwith2correspondingCObaitedCDCstyletraps
EVStrapsagridof40EVStrapsaroundthenorthernshoreof

ProceedingsandPapersoftheSeventyThirdAnnualConference 9

theSaltonSea9to11gravidtrapslocatedinurbanareasincluding
MeccaanduplandcommunitiesandtheDHSdeadbird
surveillanceprogramSurveillanceintheImperialValleywas
dividedbetween4flockslocatedatSeeleyElCentroBrawley
andHoltvillemaintainedbyICHDVCand3flocksalongthe
marginoftheSaltonSeamaintainedbyCVECandCVMVCD
Selectionofthesesiteswasbasedupongeographicaland
ecologicalparameterssupportedbyhistoricalarbovirusactivity
andjuxtapositiontohumanpopulationsFlocksandEVStraps
weresampledbiweeklyfromMarchthroughNovember
Mosquitoeswereidentifiedenumeratedtospeciespooledand
senttotheCVECforvirustesting

CHRONOLOGY

WNVoverwinteredsuccessfullyinsoutheasternCalifornia
withthefirstindicationofthevirusintheCoachellaValleyfound
in2poolsofCxtarsaliscollectedinEVStrapsnearNorthShore
on14AprilFig2Positivepoolscontinuedtobecollectedin
thisareathroughearlyMayBythemiddleofMay6of10
chickensseroconvertedatNorthShoreandbytheendofMay
positivepoolswerefoundneartheshorelinesouthofMeccaand
onthewestshorenearOasisTwodeadmallardducksalsowere

foundinCathedralCitylateinMayDuringearlyJunevirus
detectionremainedconfinedtotheshorelinesouthofMeccaand

ontheWestshorenearOasisWiththeexceptionofadead
AmericanCootfoundatamanagedwetlandsonepositivechicken

Figure1TheSaltonSeabasinshowingthepositionofthegFigure2CoachellaValleysurveillanceshowingallpositivesites
CoachellaandImperialValleys
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wasdetectedatthePalmDesertflockBytheendofJunechickens
werepositiveatThermalMeccaOasisandalongthecentral
northernshorelineoftheSaltonSeaDuringearlyJulyevidence
ofvirusactivitywaslimitedtotheareafromMeccatoOasisin
chickensandmosquitopoolsbutbytheendofJulytheflockat
thewetlandsnearIndioseroconvertedcoupledwiththecollection
ofpositivepoolsatthatsiteAtthesametimeseropositivechickens
andorpositivepoolswerefoundatThermalandsouthofMecca
neartheSeaTheextentofvirusactivityremainedthesamein
earlyAugustbutbytheendofAugustithaddisseminatedintothe
residentialareasofthevalleyandwasdetectedinchickensat
CathedralCitymosquitopoolsofCxquinquefasciatusSayinPalm
DesertandLaQuintaadeadowlinPalmDesertandahouse
sparrowinIndioAtthesametimechickensseroconvertedat
IndioMeccaandsouthofMeccaneartheSeaByearly
SeptemberonlychickensatIndiohadseroconvertedbut7human
caseswerereportedfromPalmSpringstosouthofThermalBy
theendofSeptembervirusactivitynolongerwasdetectedbythe
surveillancesystemeventhoughtemperaturesremainedwarmand
Cxtarsalisabundanceincreasedinassociationwiththeflooding
ofwetlandssouthofMecca

IntheImperialValleyWNVactivitybeganinearlyJuneas
detectedbypositivemosquitopoolsandseroconversionsinthe
flockatWisterWildlifeRefugeneartheSaltonSeashorenorthof
NilandFig3andinamosquitopoolnorthofBrawleyatthe
FinneyRamerRefugeBymidJuneviruswasdetectedin
mosquitopoolsalongtheshorefromWistertowestofWestmorland
andatFinneyRamerDuringthistimechickensseroconvertedat
WisterandWestmorlandByearlyJulyviruswasfoundthroughout
theValleyatSeeleyandHoltvilleaswellasWestmorland
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Figure3ImperialValleysurveillancepositivesites

southwestofNilandatSonnyBonoNationalWildlifeRefuge
NWRandFinneyRamerAtthistimetheonlyhumancasefor
ImperialCountywasreportedinaresidentnearSeeleyInlate
JulyseroconversionscontinuedinflocksatWestmorlandSonny
BonoBrawleySeeleyandHoltvilleVirusactivityinearlyAugust
wasdetectedattheWestmorlandchickenflockandinadead

domesticgoosesouthofElCentroInearlySeptemberflocksat
WestmorlandSeeleyandElCentrohadadditionalseroconversions
whileinlateSeptemberonlytheWisterflockwaspositivein
additiontoapositivemosquitopoolfromSeeleyThelastevidence
ofvirusactivitywasapositivechickenatSonnyBonoNWRon
November1

SUMMARY

IntheCoachellaValleyarbovirussurveillanceindicatedthat
WNvirusactivitywasfocalandfollowedasimilarpatternof
amplificationanddispersalasdocumentedforStLouisencephalitis
SLEandwesternequineencephalomyelitisWEEinprevious
yearsConsistentWNVactivitywasdetectedearlierthanrecords
forSLEorWEEEarlyseasonactivitywaslimitedtomosquito
poolscollectedaroundthenorthernmarginoftheSaltonSeawith
theexceptionoftheducksinCathedralCityandanAmericanCoot
inIndioand1surveillancechickeninPalmDesertMidsummer

thevirusdispersedupthevalleyandwasfoundattheflockin
PalmSpringsbythebeginningofSeptemberHumancaseswere
reportedimmediatelyfollowingthisdispersalandwere
predominantlylimitedtotheuppervalleywhereCxtarsalisis
rareVirusactivityendedwiththeseroconversionof1chickenin



Coachella

Culextarsalis

TotalNumber

32402
Poolspositive

71

MIR

219

Cxquinquefasciatus 4939 4 081

Cxerythrothorax 1086

Culisetainornata 600

Aedesvexans 205

Imperial
Cxtarsalis 14125 33 234

Cxerythrothorax 3605

Cxquinquefasciatus 794

Cxerraticus 118

Aevexans 1124

Csinornata 252

Ochlerotatusdorsalis 34
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PalmSpringsonSeptember20
IntheImperialValleyWNVactivitystartedlaterandwas

lessfocalAlthoughthefirstactivitywasdetectedalongtheshore
oftheSaltonSeainearlyJuneothersitesthroughouttheValley
becameactivewithinamonthViruscontinuedtobeactive

throughoutthevalleyuntillateSeptemberasdetectedin
surveillanceflocksandmosquitopoolsAfterSeptemberthere
waslittleactivitywithonly1mosquitopoolatSeeleyinOctober
and1seropositivechickenatSonnyBonoNWRNovember1

Therewerenopositivemosquitopoolsorchickenconversions
forSLEorWEEineithervalleyorthestateofCaliforniaduring
2004Only4of75positivemosquitopoolsfromtheCoachella
Valleyandnoneofthe33positivepoolsfromtheImperialValley
wereCxquinquefasciatusThenumberofmosquitoesofeach
speciestestedforvirusinfectionisshowninTable1andwaslargely
proportionaltospeciesabundancealthoughgreateremphasiswas
giventospeciesinlowabundanceThiswasthesecondyearthat
WNVamplificationfailedtoattainepidemiclevelsalthough
widespreadenzootictransmissionwasdetectedinbothvalleys

Table1Summaryofmosquitonumbersviruspositivemosquito
poolsandminimuminfectionrateper1000MIRforCoachella
andImperialValleys
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TheOverwinteringandAmplificationofWestNileVirus
intheSouthernPortionofGreaterLosAngeles

JenniferWilsonMinooMadonWilliamKReisen

1GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670
zUniversityofCaliforniaDavisArbovirusFieldStation4705AllenRoadBakersfieldCA93312

ABSTRACTWestNilevirusWNVinvadedthesouthernportionoftheGreaterLosAngelesCountyVector
ControlDistrictGLACVCDinSeptemberof2003Thesurveillanceindicatorsofthisinvasionwereperidomestic
birdserafollowedbymosquitopoolsanddeadcrowsVirusactivitywascenteredintheWhittierNarrowscrow
roostaswellastheRioHondoandSanGabrielRiverCorridorsflowingoutofthenaturepreserveFig1The2004
seasonfollowedthisprogressionofWNVamplificationalongtheriversandcreeksinLosAngeles

WhittierNarrows
NaturePreserve

Legend

aPositiveMosquitoPools

PositiveDeadBirds

SouthernSection

hydrolicfeatures
NorthemSection

GLACVCDNorthernSection

shadedarea

GLACVCDSouthernSection

Figure1MapofGLACVCDboundaryshowingWestNilevirusactivity

INTRODUCTION

WestNilevirusWNVmadeitsinroadstothesouthernarea
oftheGreaterLosAngelesCountyVectorControlDistrict
GLACVCDlatein2003Thisareaishighlyurbanizedwith
denseresidentialandcommerciallandusewiththreeriversystems
transectinginanorthsouthdirectionAprimarydistinguishing
featureofthesouthernGLACVCDlandscapeistheWhittier
NarrowsNaturePreserveoneofthelargestopenspacesreserved
inthisareawheretheRioHondoandSanGabrielRiversconverge
attheWhittierDamDuringtheepizooticof2003itbecame
apparentthatthecrowroostingbehaviorobservedwithinthis
preservewasconcentrictothemarkedcrowdieoffinthe
neighboringcitiesofMontebelloPicoRiveraandWhittierWNV
activitywasalsodetectedalongthetwoassociatedrivercorridors
in5mosquitopoolsofCulexquinquefasciatusSayandatprivately
ownedchickenranchesabuttingtheriversystems
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MATERIALSANDMETHODS

Duringthe2003and2004surveillanceseasonsWNV
transmissionactivitywasmonitoredusingmosquitopoolssampled
withCOencephalitisvirussurveillanceEVStrapsand
gravidtrapsReiter1983withrabbitchowbrewersyeastinfusion
asanattractantsentinelchickensparticipationintheCalifornia
DepartmentofHealthServicesDeadBirdSurveillanceProgram
andserasamplesfromperidomesticbirdscapturedingrainbaited
modifiedAustraliancrowtrapsCoresiteswereestablishedin3
representativeareasofthedistrictWhittierNarrowsMachado
LakeandRowlandHeightsandallsamplingmethodswere
engagedandsampledtwicemonthlyInadditionrandommosquito
samplingwasdonealongnorthsouthandeastwesttransectsof
thedistrictboundariesinresidentialandcommercialproperties

Mosquitoeswereidentifiedtospeciesseparatedbysexand
submittedtotheCenterforVectorborneDiseasesCVECatthe
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UniversityofCaliforniaDaviscampustotestforwesternequine
encephalomyelitisWEEStLouisencephalitisSLEorWNV
viralRNAbyRTPCRMaximumlikelihoodestimationsMLE
werecalculatedbiweeklyusingPooledlnfRate20software
Biggerstaff2004Peridomesticbirdswerecapturedbanded
sampledbyjugularvenipuctureandwithdrawalof01ccblood
andreleasedThewholebloodwasdilutedwith09ccsaline09
sodiumchloridecentrifugedandtheserawasfrozenat70C
priortobeingshippedtoCVECforWNVSLEandWEEantibody
screeningbyEIASentinelchickensamplesweretakenbybrachial
venipuncturesamplesweretransferredontofilterpaperand
allowedtodrythenshippedtotheCaliforniaDepartmentofHealth
ServicesCDHSViralandRickettsialDiseaseLaboratoryVRDL
forWNVWEEandSLEantibodyscreeningbyEIAandIFA
DeadbirdswereshippedfornecropsytotheCaliforniaAnimal
HealthandFoodSafetyCAHFSlaboratoryandsubsequenttissue
samplesweresenttoCVECforWNVRNAscreeningbyRTPCR

HumancaseswerereportedbytheLosAngelesCounty
DepartmentofHealthServicesLACoDHSAcute
CommunicableDiseaseControlACDCandreportedas
epidemiologicinformationEquinecaseswerereportedbythe
LACoDHSVeterinaryPublicHealth

WinteractivitywasmonitoredthroughtheuseofCO
EVStrapsplacedinundergroundstormdrainsystemsUSDS
continuedbimonthlytrappingofcoresitesandallaviansampling
methods

RESULTSANDDISCUSSION

The2003WNVepizooticspannedfrom16Septto4Dec
withdetectioninmosquitopoolsand25deadwildbirdsThe
majorityoftheactivitywascenteredalongthenorthernportionof
theRioHondoandSanGabrielRiverCorridorsinthecitiesof

PicoRiveraMontebelloandWhittierWilsonetal2004

Thoughmosquitosentinelchickenperidomesticbirdactivity
anddeadbirdsweremonitoredthroughthewintermonthsno
furthervirusactivitywasdetecteduntil8Marthefollowingyear
intwoperidomesticbirdserumsamplescollectedfromWhittier
NarrowsandSantaFeSpringsDuringthisperiodfrom4Dec03
to8Mar0453mosquitopoolsweresubmittedfromcoresites
andUSDS162peridomesticbirdserumsamples13deadbirds
and120sentinelchickensamplesweretested

The2004WNVepizooticbeganneartheSanGabrielRiver
corridorinlateAprilandprogressedeastwardalongCoyoteCreek
andSanJoseCreekrespectivelyBytheendofMaytherewere
12WNVpositivepools11urbanCxquinquefasciatusandone
CxtarsaliscollectedfromWhittierNarrows78WNVpositive
deadcrowsandoneWNVpositiveblackphoebeTheepidemic
beganinJunewhentwoWNVhumancasesoccurredinthetwo

citiesoffocalcrowmortalityandWNVpositiveCx
quinquefasciatuspoolswithinthesouthernareaofGLACVCD

TheepizooticcontinuedtospreadsouthwardalongtheSan
GabrielRiverCorridortowardsthecoastofLongBeachandthen
westwardwithcrowsandCxquinquefasiatusmosquitopools
preceedinghumancasesSentinelchickensdidnotprovidean
earlyindicationofvirustransmissionasthefirstseroconversions
weredetectedinmidJulycorrespondingonlytothepeakinWNV
positivecrowsandthebeginningoftheepidemicOnthecontrary
WNVpositivedeadbirdsprovedtransmission7weeksbefore
humancasesoccurredbutdidntprovidethesamelocalityof
transmissioninformationandthereforedidntfocuscontrolefforts

InmidAugustMLEsforgravidtrapcollectionsof
Cxquinquefasciatuspeakedat3981000Fig2whileabundance
wasonthedeclineat29femalestrapnightMLEsforEVStrap
collectionsofCxquinquefasciatuspeakedamonthlaterbutalso
whenabundancewaslowat10femalestrapnightFig2This
trendofinfectionratebeinginverselyrelatedtoabundancewas
trueforallspeciesinbothtraptypes

80

70

60

50

40

30

20

10

0

l

1Iff
HumanCases
ChickenSeroconversons

fir GravidMLE11000
EVSFTN

I
WNCrows
GravidFTN

alEV8MLE11000

Figure2BiweeklyWestNilevirusactivityinthesouthernareaofGLACVCD
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Culexquinquefasciatusinfectionratesdroppedto211000
andlowerinOctoberforbothtraptypesafteraperiodofearly
raincoincidingwiththelastWNVpositivecrowandhumancases
NoWNVactivitywasdetectedafter17Octinmosquitooravian
sampling

CONCLUSION

TheabundanceofWNVpositivecrowsinurbanareaswith
Cxquinquefasciatusastheprimaryvectorspeciesfueledthe
amplificationandspreadoftheWNepidemicinthesouthernpart
ofGLACVCDThisamplificationtookplacealongthesameriver
corridorswhereWNVfirstemergedin2003andtheinitialspread
ofthevirusin2004continuedalongtheriverandcreeksystemsof
GLACVCDAreaswithahighincidenceofWNVpositivedead
birdsalsohadhigherMLEsandincidenceofhumancases
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DispersalandAmplificationofWestNileVirusinthe
NorthernSectionoftheGreaterLosAngelesCountyVectorControlDistrict

PaulOConnorJacquieSpoehelMinooMadonWilliamReisen

GreaterLosAngelesCountyVectorControlDistrict16320FoothillBlvdSylmarCA91342
2GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670

3CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616

ABSTRACTWestNileVirusWNVactivitywasfirstfoundintheGreaterLosAngelesCountyVectorControl
Districtin2003butinitiallyremainedconfinedtothesouthernportionoftheDistrictTheoverwinteringand
subsequentamplificationofWNVinthispartoftheDistrictareaddressedinaseparatepaperinthissymposium
ThispaperdescribesthedispersalandamplificationofWestNilevirusinthenorthernsectionoftheGreaterLos
AngelesCountyVectorControlDistrictGLACVCD

ThefirstindicationofWNVactivityoccurredinthelatterpartofMay2004withtherecoveryofadead
AmericancrowfromtheSanFernandoValleycommunityofNorthHillsthattestedpositiveforWNVThisevent
wasfollowedinorderbythecollectionofWNVpositivemosquitopoolshumaninfectionsandlastlychicken
seroconversionsCulexquinquefasciatusSaywasthemostwidespreadandfrequentlyinfectedspeciesofmosquito
collectedintheareaNofurtherWNVactivitywasdetectedafterOctoberbyanyofthesurveillancemethods
employed

INTRODUCTION

ThenorthernregionofGLACVCDcontainstheareaslocated
northoftheintersectionoftheGoldenStateFreewayInterstate
Highway5andthePasadenaFreewayStateHighway110and
includesincorporatedareasoftheCityofLosAngelesintheSan
FernandoValleyandthecitiesofGlendaleBurbankSan
FernandoandSantaClaritaFig1Inordertopresentamore
completepictureofarbovirusactivitywithintheDistrictandto
highlightdifferencesthatoccurredbetweenthenorthernand
southernregionsofourDistrictdataarepresentedseparatelyfrom
thesouthernportion

MATERIALSANDMETHODS

StudyAreasThevalleyareasarecircumscribedbysections
oftheTransverseRangesincludingtheSantaMonicaSanGabriel
SantaSusannaandVerdugoMountainsandtheSanRafaelHills
AlthoughtechnicallypartoftheLosAngelesmetropolitanarea
theareacoveredislargelyasuburbanresidentialareawithsome
densecommercialdistrictsandlightindustryThemostlyconcrete
linedLosAngelesRiverflowsthroughtheregionandanetwork
ofconcretelinedfloodcontrolchannelsandundergroundstorm
drainscarrystreetrunofftotheriver

SepulvedaBasinandHansenDamaremixedusewetlands
thatareassociatedwithfloodcontrolbasinsfortheLosAngeles
RiverBothareascontainlargeparksandgolfcoursesTwoother
twowetlandsChatsworthandVanNormanareclosedtopublic
useCoveringmorethan4100acresGriffithParkoneofthe
largestmunicipalparksintheUnitesStatescontainsamajorzoo
golfcoursesequestriantrailsandnaturalareasamongfoothills
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andcanyonsattheeasternedgeoftheSantaMonicaMountains
TheparkborderstheLosAngelesRiverwestoftheCityof
Glendale

Fourmethodsofsurveillancewereemployedtodetect
arbovirusactivitysentinelchickenflockscollectionofadult
mosquitoesdeadbirdcollectionandserasamplingofperidomestic
birds

ThreesentinelchickenflockswerelocatedinGriffithPark
EncinoSepulvedaBasinandVistaValenciaGolfCourseinSanta
ClaritaSentinelchickenbloodsampleswerecollectedonfilter
paperdriedandsenttotheCaliforniaDepartmentofHealth
ServicesCDHSViralandRickettsiaDiseaseLaboratory
VRDLtotestforantibodiestoWNVWEEandSLEbyEIA
andIFACDHS2005

MosquitosurveillanceutilizedCObaitedCDCtrapsand
ReitergravidfemaletrapsCummings1992usinganagedground
rabbitchowandbrewersyeastinfusionasanattractantMosquito
poolsweresenttotheUCDavisCenterforVectorbomeDiseases
CVECwheretheywerescreenedforWEESLEandViralRNA
byRTPCRCDHS2005Additionally5NewJerseyLighttraps
wereoperatedaspartoftheStatessurveillanceprogramMonthly
maximumlikelihoodestimationsMLEofinfectionrateswere
calculatedformosquitomonthlypooldatausingPooledlnfRate
version20softwareBiggerstaff2004Threecoresites
establishedattheLosAngelesZooinGriffithParktheSepulveda
BasininEncinoandChatsworthReservoirweresampledona
biweeklybasisforpopulationestimatesandsubmissionofmosquito
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Jan Feb Mar Apr MayJun

WNPools

CxquinquefasciatusFTAU

poolsfortestingTransectssomeofwhichwereseveralmiles
longwereestablishedfortrappingadultmosquitoesinorderto
getabetterregionwidesampleinresidentialandotherurban
habitatsThesetransectsweretrappedapproximatelytwicea
monthaswereotherhistoricaltrapsitesinknownmosquitoprone
habitats

TheDistrictalsoconducteddeadbirdsurveillancein

conjunctionwiththeCDHSWNVDeadBirdSurveillance
ProgramDeadbirdsweresenttotheCaliforniaAnimalHealth
andFoodSafetyCAHFSlaboratorieswherenecropsieswere
preformedTissuesampleswerethensenttoCVECwherethey
weretestedforWNVbyRTPCRCDHS2005

RESULTS

Jul Aug Sep Oct NovDec

EmsWNPools

NoWNDeadBirds

ThefirstindicationofWNVactivityoccurredinnorthern
GLACVCDinthelatterpartofMay2004withtherecoveryofa
deadAmericanCrowfromNorthHillsthattestedpositiveforWNV
byRTPCRAsmuchas138deadbirdstestedpositiveforWNV
inJulythehighestnumberforanyonemonthperiodFig2
HoweverbirdmortalityespeciallyinAmericanCrowpopulations
continuedtobehighthroughoutthesummerandtheapparentpeak
inJulymayhavebeenartificialsincetestingofdeadbirdsfrom
knownpositiveareasdeclinedduetothelargenumbersofbirds
beingreportedFromMaytoOctoberatotalof277deadbirds
testedpositiveforWNV
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Figure22004WestNilevirusactivityinthenorthernsectionoftheGLACVCDPoolnumbers
representcollectionsfromallspeciessubmittedThevastmajorityofpositivepoolswerefromCx
quinquefasciatus
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AWNWpositivepoolof21gravidCulexquinquefasciatus
SaywascollectedinearlyJuneapproximately2weeksafterthe
firstpositivedeadbirdwascollectedTherewasatotalof153

WNVpositivepoolscollectedfromsixmosquitospeciesduring
theperiodfromMaytoOctoberTable1Thenumberofpositive
poolsincreasedsharplyfrom5inJuneto45inJulywhilethe
MLEforthesemonthsremainedrelativelylow091000and602
1000respectivelyAugusthadthehighestnumberofpositive
pools63andthehighestMLE3361000Thenumberof

17

positive sdeclinedinSeptember31buttheMLEremained
relatively h1481000comparedtoJuneandJulyInOctober
thenumberofpositivepoolsfurtherdeclinedto17Figure2and
theMLEwas471000

CulexquinquefasciatusnumberspeakedinJunewith535
femalestrapnightandremainedfarmoreabundantthroughout
theyearthantheothertwospeciesshownFig3Culex
stigmatosomanumbersvariedlittlethroughouttheperiodwith
femalestrapnightrangingfrom17to45Culextarsalisnumbers

Table1WNNpositivemosquitopoolsbyspeciesfromthetwonorthernGLACVCDcoresitescomparedtonorthernvalleyresidential
andwetlandhabitats
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Figure32004MonthlymosquitoabundanceforthreespecieswiththehighestnumberofWN
poolsinnorthernGLACVCD
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WNTotal Total

Submitted
Culex

quinquefasciatus

CDCCOTrap
GravidTrap

o

00

16

37

16

58 kr

33

108

161

511

Cxstigmatosoma 3
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1 1 5 45
Cxtarsalis 1 1 2 42
Cxerythrothorax 2 2 138
Cxthriambus 2 2 22
Cxrestuans

2
Anopheleshermsi 1 1 27
Culisetaincidens 39
Cuinornata 5
Cuparticeps 7
WNTotal 11 54 75 13 153

Totalnorthernsectionpoolssubmitted 999
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wereaboutthesameasCxstigmatosomaformostoftheyear
exceptforpeaksof248and73femalestrapnightthatoccurred
inMayandSeptemberThesepeakswerecausedbyhigherthan
normalpopulationsofthisspeciesatChatsworthReservoir

ThefirsthumancasesintheareaappearedinJulywitha
likelydateofonsetintheearlypartofthemonthTherewerea
totalof76casesduringa4monthperiodfromJulytoOctober
withapeakof43casesinAugustHumaninfectionsclosely
followedthemosquitoinfectionratesestimatedbytheMLEs
Figure4

ThefirstsentinelchickenseroconvertedinlateJuly

approximatelythreeweeksafterthesuspectedonsetofthefirst
humancaseBecauseofthebiweeklybleedingscheduleitis
possiblethatsentinelchickenswereinfectedconcurrentlywiththe
onsetofhumaninfectionhoweverthesedatadidnotprovidean

earlywarningofvirusactivityAtotalof15chickensseroconverted
betweenJulyandSeptemberatGriffithParkandintheSepulveda
BasinNochickensattheVistaValenciaflockinSantaClarita
convertedbuttherewerelownumbersofWNVpositivedeadbirds
andcrowsfromthisarea

EarlyseasonWNVpositivedeadbirdandmosquitopool
samplessuggestedaclusteringnearcrowroostsintheNorthHills
andVanNuysareaAstheseasonprogressedpositivedeadbird
findsspreadrapidlythroughouttheareaWestNileviruspositive
mosquitopoolsandhumancasesappearedtoradiateoutmore
slowlyfromthiscentralclusterThegreatestnumberofpositive
mosquitopoolsandcaseonsetdatesoccurredinAugustSeptember
andOctobersawagradualdeclineinallcategoriesofsurveillance
indicatorsandnoWNVactivitywasdetectedintheareain
NovemberorDecember
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Deadbirdsandmosquitopoolcollectionsweremuchbetter
surveillancesystemsthansentinelchickensTheroleandefficacy
oftheperidomesticbirdsamplingprogramisstillbeingevaluated
andisnotaddressedhere

DISCUSSION

TheinvasionofWestNilevirusintothenorthernregionof
theGLACVCDoccurredsomewhatearlierandwithgreater

intensitythanSaintLouisencephalitisepidemicsthatoccurredin
thepastMurrayetal1985Reisenetal1992Inthisregion
WNVpresentlyhasadecidedlysuburbanandurbandiseasecycle
withCxquinquefasciatusasthemainvectorItwillbeinteresting
toseewhatfutureroleifanythatwetlandspeciessuchasCx
erythrothoraxmayplayinthemaintenanceofWNVintheregion
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ABSTRACTWestNilevirusWNVinvadedKernCountyduringlateJuneearlyJuly2004andwasconcurrently
detectedbyallsurveillancemethodsHumancasesweredetectedconcurrentlywithenzootictransmissionindicators
HumanandhorsecaseswereclusteredwithinBakersfieldhoweverhighestincidencerateswerefoundinthesmall
ruralfarmingcommunitiesofArvinandShafterWNVwasamplifiedsimultaneouslyinruralandurbantransmission
cyclesandminimuminfectionratesinCulextarsalisandCxquinquefasciatusexceeded5infectedfemales1000
duringAugustandSeptember

INTRODUCTION

During2003WestNilevirusWNVinvadedsouthern
CaliforniafromImperialtoLosAngelescountiesincludingSan
BernardinoCountyborderingeasternKernCountyKernThe
viruswasdetectedinmosquitopoolsJuly16inImperialCounty
sentinelchickensAugust4inImperialandRiversidecounties
deadbirdsSeptember3inLosAngelesCountyasinglehorse
onsetOctober17SanDiegoCountyandthreelocallyacquired
humancasesinImperialRiversideandLosAngelescounties
During2003onlyasingledeadbirdfromtheMojaveDesertnorth
oftheSanBernardinoMountainstestedpositiveBylateJune
2004WNVappearedinCalifornianorthoftheTehachapimountain
rangeandintheCentralValleyforthefirsttimeThispaper
discussestheintroductionofWNVVirusintoKernitsdetection
byvarioussurveillanceandreportingmethodsanditsprogressive
dispersalthroughoutthecountyduring2004

MATERIALSANDMETHODS

BackgroundSurveillanceinformationinKernwasgathered
byseveralentitiesincludingfourseparatemosquito vector

controlagenciestheEnvironmentalHealthsectionofKernCounty
DepartmentofPublicHealthEdwardsAirForceBaseineastern
KernCountyandtheArbovirusFieldStationABFSofthe
UniversityofCaliforniaDavisUCDDataandresultsinthis
reportwerecollectedlargelywithintheboundariesoftheKern
MosquitoandVectorControlDistrictKMVCDthelargest
mosquitocontroldistrictinKernCountycovering1650square
milesOthermosquitocontrolagenciesincludeDelanoMosquito
AbatementDistrictMADSouthForkMADandWestSide
MVCDSamplinglocationsareshowninFig1

DeadBirdsKMVCDandotheragenciesinKernparticipated
intheCaliforniaWNVDeadBirdSurveillanceProgram
administeredstatewidebytheCaliforniaDepartmentofHealth
ServicesVectorBorneDiseaseSectionCDHSVBDSDead
birdsreportedtotheCDHSVBDSdeadbirdhotlinebythepublic
werepickedupbythevectorcontrolagencyandsubmittedtothe
CaliforniaAnimalHealthandFoodSafetyCAHFSCentral
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InvasionofKernCountybyWestNileVirus

Figure1MapofwesternKernCountyshowingthelocationsof
samplingsitesduring2004

laboratoryatUCDfornecropsyTissueswereforwardedtothe
UCDCenterforVectorborneDiseasesCVEClaboratoryfor
testingbyreversetranscriptasepolymerasechainreactionRT
PCRandorvirusisolationfromVerocellculture

MosquitoesMosquitoeswerecollectedbydryicebaited
CDCtrapsSudiaandChamberlain1962andbyReiterCummings
gravidtrapsCummings1992PersonnelatKMVCDandthe
ABFSplacedthetrapsthroughoutKernCountyCollectionswere
identifiedtospeciesandprocessedforvirusinaccordancewith
ProceduresforProcessingMosquitoesforArbovirusDetection
2004anannualprotocolpublishedbyCDHSThepoolswere
submittedtoCVECfortestingbymultiplexRTPCRChilesetal
2004

SentinelChickensChickensfrom15flockswerebled

biweeklyperCDHSInstructionsforSentinelBloodSamples
January2004Individualbloodsampleswerecollectedfrom
eachchickenonfilterpaperstripsandsenttoCDHSViral
RickettsialDiseaseLaboratoryVRDLfortestingforIgGantibody
byanindirectenzymeimmunoassayEIAPositiveswere



City Birds
Bakersfield 65

DelanoMcFarlandMcKittrickShafter Wasco 9

EdwardsNorthEdwardsMohave Ridgecrest 7

Glennville Kernville 3

Tehachapi 2
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confirmedbyindirectfluorescentantibodyassayIFAandend
pointplaquereductionneutralizationtestPRNT

HumansandEquinesHumancasedatawereprovidedby
theEpidemiologysectionoftheKernCountyDepartmentofPublic
HealthandbytheCaliforniaArbovirusSurveillanceBulletins
publishedbyCDHSVBDSEquinecasedatawereprovidedfrom
reportsgeneratedbytheCDHSNeterinaryPublicHealthSection
DivisionofCommunicableDiseaseControlDCDC

RESULTS

WNVwasdetectedinitiallyintheCentralValleyinawestern
scrubjaycollectedinKernonJune222004Overall87dead
birdstestedpositiveforWNVinKernduring2004Mostofthe
positivebirdswerewesternscrubjays28andAmericancrows
25othersrepresentedwereCoopershawks6Brewers
blackbirds4commonravens3barnowls3housesparrows
3Stellersjays3Americanrobins2northernmockingbirds
2hermitthrush1lessernighthawk1northernwaterthrush
1redtailedhawk1Americankestrel1westernbluebird
1andwoodpecker1

Sixtyfiveofthe87positivebirdsfoundinKernwerecollected
inorneartheCityofBakersfieldatthesouthernendoftheSan
JoaquinValleySJVTable1NinewerefoundintheSJVcities
ofDelanoandMcFarlandWascoShafterandMcKittricklocated
northandwestofBakersfieldwhereas7positiveswerefoundin
thedesertcitiesofEdwardsNorthEdwardsMohaveand
RidgecresteastandnortheastoftheTehachapimountainrange
ThreepositiveswerefoundinthecitiesofGlennvilleandKernville

locatedintheSierraNevadamountainrangenortheastof
BakersfieldTwowerefoundnearthecityofTehachapieastof

Table1DeadbirdstestingpositivefromdifferentareasofKern
County

BakersfieldintheTehachapimountainrange
Chronologicallythefirst8deadbirdswerefoundwithinthe

cityofBakersfieldThenextbirdwasfoundinthecityof
TehachapiacityrelativelyclosetootherCaliforniacountieswith
WNVactivitythepreviousyearSubsequentlypositivedeadbirds
werefoundscatteredaroundthecountywithnoclearpattern
Becausethedeadbirdsurveillanceprogramreliesonthepublicto
reportdeadbirdsBakersfieldmayhavehadthehighestnumber
ofpositivebirdssimplybecauseitisthemostpopulatedcounty

thatisprimarilyrural
FromMarchthroughMay2004957Culexquinquefasciatus

Say3065CxtarsalisCoquillettand4467Ochlerotatus
melanimonDyarsubmittedin229poolstestednegativeforWNV
HoweveronJune302004apoolofCxtarsaliscollectednear
thecityofArvintestedpositiveforWNVThedayafterdiscovery
ofthisinitialpositivemosquitopoolagravidtrapsetinaNW
BakersfieldsuburbanyardcollectedWNVinfectedCx
quinquefasciatusDuring2004214outof1333Kernmosquito
poolstestedpositiveforWNVTable2WestNileviruswas
detectedin4ofthe6speciessubmittedfortestingCxtarsalis
CxquinquefasciatusOcmelanimonandCxthriambusDyar
Minimuminfectionratesper1000MIRs1000forCxtarsalis
andCxquinquefasciatusapproachedorexceeded51000during
theJulySeptemberperiodofepidemicactivity

Atotalof101chickensfrom15flocksseroconvertedtoWNV
inKernand89oftheseroconversionswerewithintheboundaries
ofKMVCDThefirstchickenseroconversioninKernoccurred
beforeJuly192004eastofthecityofArvinsoutheastof
BakersfieldDuringthefollowingtwoweekstheentireArvinflock
seroconvertedtoWNVBytheendofAugust20047additional
flocksfromArvinnorthtothecityofDelanoKernsnorthern
borderhadseroconvertedinanortherlytrendBytheendof
SeptemberflocksinandaroundtheKernNationalWildlifeRefuge
onthenorthernfringeofKernhadseroconvertedtoWNV
Transmissioncontinuedatthesesitesthroughoutthesummeras
evidencedbyflocksthatseroconvertedearlyintheyearand
continuedtoconvertthroughlateOctoberwhenthesurveillance
washalted

ThefirstreportedhumaninfectionwithWNVinKernwasan
asymptomatic63yearoldmaleinitiallydetectedbyaBakersfield
bloodbankandconfirmedbyCDHSonJuly272004Theearliest
symptomaticWNVattributedhumancasewithaknowndateof

onsetwasa34yearoldBakersfieldfemalewhosesymptoms
initiallymanifestedonJune19Subsequently60humancases
werereportedinKernbyCDHSThirtyoneofthesecaseswere
classifiedasWestNileFeverWNF14asWestNileneuroinvasive
diseaseWNNDand15wereofunknownstatusduetoincomplete
reportingThemeanageofthecaseswas48range783and
68werebetweentheagesof39and70Twentyfiveofthe
caseswerefemalesand33casesweremalesTwoofthecases

wereofunknowngenderFortyfour73 ofKernshumancases

werefromthecityofBakersfieldTable3Bakersfieldsinfection
ratewas157100000whileShafteranearbysmallercityhadan
infectionrateof438100000Table3Theinfectionratefor
KernCountyasawholewas83100000comparedtoCalifornias
rateof24100000

ThefirstconfirmedequinecaseofWNVinKernCounty
occurredinanorthwestBakersfieldsuburbjustoutsidethecity
limitsTheonsetofsymptomswasJuly152004andthehorse
survivedSubsequently46KernCountyequinecaseswere
reportedbyDCDCofwhich20resultedindeathoreuthanization

ofthehorseThirtyfiveofthe46KernCountycaseswerestabled
withinthecityofBakersfieldTable4



Month Species Pools TotalMosquitoes WN Pools MIR1000

March Culextarsalis 15 580 0 0

Arvin

Ochlerotatusmelanimon 22 1038 0 0

April Culexquinquefasciatus 23 496 0 0

KernCounty

Culextarsalis 35 1166 0 0

818

Ochlerotatusmelanimon 41 1871 0 0

May Culexquinquefasciatus 21 461 0 0

Culextarsalis 40 1319 0 0

Ochlerotatusmelanimon 32 1558 0 0

June Culexquinquefasciatus 59 2166 0 0

Culextarsalis 72 2790 1 04

Ochlerotatusmelanimon 10 354 0 0

July Culexquinquefasciatus 104 4054 11 27

Culexstigmatosoma 1 38 0 0

Culextarsalis 95 1078 20 49

Ochlerotatusmelanimon 22 925 0 0

August Culexerythrothorax 2 67 0 0

Culexquinquefasciatus 140 5486 42 77

Culextarsalis 101 4274 38 89

Culexthriambus 2 47 1 213

Ochlerotatusmelanimon 12 441 1 23

September Culexquinquefasciatus 190 7679 59 77

Culexstigmatosoma 4 83 0 0

Culextarsalis 166 7165 32 45

Ochlerotatusmelanimon 23 1148 0 0

October Culisetainornata 4 91 0 0

Culexquinquefasciatus 58 2402 6 25

Culextarsalis 26 1058 3 28

Ochlerotatusmelanimon 13 598 0 0

Entity Population Humancases Casesper100000
Bakersfield 279672 44 157

Shafter 13692 6 438

Arvin 14499 4 276

Lamont 13300 2 150

Wasco 22858 2 88

KernCounty 724900 60 83

California 34144000 818 24
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Table2WestNileVirusminimuminfectionratesinKernCountymosquitospecies2004

Table3WestNileVirusHumanCasesper100000inKernCountyCalifornia

PopulationstatisticsfromKernCouncilofGovernmentsviaCaliforniaDepartmentofFinanceRecords
Includestwocasesofunknownlocationandwithincompletereporting



Entity NoEquineCases DeadorEuthanized

Bakersfield 35 14

Arvin 3 0

McFarland 1 1

Rosamond 1 1

Shafter 2 0

Taft 1 1

Tehachapi 2 2

Wasco 1 1

KernCounty 46 20

California 536 228

JanuaryFebruary2005

Table4DistributionofequinecaseswithinKernCounty

DISCUSSION

TheinvasionofKernCountywassuddenwithlittletime
betweentheinitialdetectionofenzooticactivityandtheonsetof
humancasesViruswasdetectedindeadbirdsandmosquitoes
duringthelastweekofJuneinbothurbanandrurallocations
followedwithin2weeksbyseroconversionsinsentinelchickens
andthefirsthorsecaseConsideringthetimerequiredfora
diagnosticIgGantibodyriseinchickensandthe2weekbleeding
schedulethesehensprobablywereinfectedclosetothedateof
theinitialdetectionofvirusinmosquitoesHumancaseswere
reportedimmediatelyafterenzootictransmissionwasdetectedand
beforeemergencycontroleffortscouldbemountedtointerrupt
transmissionSamplingweeklymayhaveallowedaslightearlier
warningbutwouldhavedoubledsurveillancecosts

DeadbirdsprovedtobeeffectiveinearlydetectionofWNV
providingthefirstindicationofWNVinKernandcontinuedto
provideevidenceofviralamplificationthroughouttheseason
Deadbirdsweretheonlyindicatorofthevirusinareaswhere
othersurveillancemethodswerenotbeingdeployedWith87
WNVpositivebirdscollectedKernranked10hamongthe58
countiesinthestateThiswasunexpectedbecauseAmericancrow
populationswerelowandwidelydispersedinmostofthecounty
SincetheintroductionofWNVintotheUnitedStatesin1999
crowswereshowntobesusceptibleandindicatorsofvirusactivity

Mosquitocollectionswerealsoagoodindicatorforearly
detectionofWNVwithpositivepoolscollected8daysafterthe
firstpositivebirdwascollectedKernrankedsecondwith214
positivemosquitopoolsintermsofthenumberofWNVpositive
poolsamongthe58countiesinCaliforniaMinimuminfection
ratesper1000peakedduringAugustandSeptemberduringwhich
KernwasnearoraboveanMIRof51000withCxtarsalisand

CxquinquefasciatusMostpositiveCxtarsalispoolswere
collectedinruralareaswhereasCxquinquefasciatuswereinfected
mostfrequentlyinurbanareassuggestingtheoccurrenceofparallel
andconcurrentruralandurbancyclesTherapidinvasionof
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Bakersfieldwasunexpectedanddidnotfollowthegradual
amplificationanddispersalofvirusfromruraltourban
environmentsasdocumentedpreviouslyReisen1984

Kernhad101WNVantibodypositivesentinelchickens
Generallytheflocksseroconvertedfollowingasouthtonorthtrend
AllchickenflocksofKMVCDandsomeofDelanoMADand

WestSideMADhadbeeninfectedbytheendofNovemberNear
theArvinfocustheentireoriginalsentinelflockandadditional
replacementbirdsbecameinfected

AlthoughthecityofBakersfieldhadthemosthumancasesof
WNVsomeofthesmalleroutlyingcitiesinKernhadamuch
higherincidenceper100000populationOnesmallcityShafter
hadanincidenceof438100000andthecountysonlydeathof
2004OverallKernhadahumanincidenceof82100000which
washigherthanthestateaverageof24100000andhigherthan
the38100000reportedinLosAngelesCountyIntermsofthe
numberofWNVpositivecasespercountyKernranked5inthe
statewith60humancasesInterestinglythe14caseswith
confirmedWNNDreportedduringthe2004WNVoutbreakwere
actuallyfewerthanthe29casesthatoccurredduringthe1989St
LouisencephalitisoutbreakTueller1990

Kernhadoneofthehighestnumberofequinecasesinthe
statewith46Twentyoftheequineseitherdiedorwereeuthanized
bytheirownersThenumberofWNVaffectedhorsesrankedKern
County3amongCaliforniacounties

The2004epidemicoccurredduringLaNinahotanddry
conditionsCurrentlyweareexperiencinganElNinodrivencool
andwetwinterandmuchofthesouthernSJViscurrentlyflooded
ItwillbeinterestingtoseeifWNVwillagainamplifytoepidemic
levelsorifcoolweatherandacquiredimmunitywithinthewild
birdpopulationswillresultindecreasedtransmissionlevelsduring
thesummerof2005
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WestNileVirusinSacramentoandYoloCounties2004

VeronicaArmijosStanWrightWilliamReisenKaraKelleySherylYamamotoDaveBrowne

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
2SacramentoYoloMosquitoandVectorControlDistrictElkGroveCA95624

ABSTRACTWestNilevirusWNVarrivedintheSacramentoValleyregioninJune2004WNVinfectionwas
detectedin21mosquitopools165deadbirds26chickensand23wildbirdsfromJunethroughDecemberinthe
countiesofSacramentoandYoloDuringthefirstyearofWNVinvasionitappearedthatearlyintheseasonmigrant
birdsarrivedinSacramentofromareaswhereWNVwasactiveDetectionofWNVindeadbirdsandmosquito

poolsdemonstratedthepresenceofthevirusinSacramentoandseroconversioninchickenswasevidencethatthe
viruswasbeingtransmittedlocally

INTRODUCTION

AlthoughWestNilevirusWNVinvadedCaliforniaduring
2003activitywasrestrictedtoareassouthoftheTehachapi
MountainsReisenetal2004Duringthesummer2004WNV
amplifiedtoepidemiclevelsinsouthernCaliforniaandthenrapidly
progressednorthwardthroughoutCaliforniaAlthoughwestern
equineencephalomyelitisWEEandStLouisencephalitisSLE
virusespreviouslywereendemicintheSacramentoValleyReeves
1990theiroccurrencehasbeenintermittentinrecentyearswith
themostrecentincreaseinWEEVenzootictransmissiondetected

in1993Reisenetal1995 Thecurrentpaperdescribesthe
introductionofWNVintoSacramentoandYolocountiesduring
thesummer2004andidentifiesmosquitoandavianhostspecies
initiallyinvolvedinenzootictransmission

MATERIALSANDMETHODS

WestNilevirussurveillanceinmosquitoesdeadbirdsand
chickenswasconductedatdifferentsitesthroughoutthetwo
countiesMosquitosurveillancewasconductedfromMayto
October2004at15sitesweekwithatotalof283sitessampled
throughoutSacramentoandYolocountiesEncephalitisvirus
surveillanceEVStrapsbaitedwithCORoheandFall1979
andgravidfemaletrapsCummings1992wereoperatedfrom
duskthroughdawnSamplesweretransportedtotheSYMVCD
laboratoryforspeciesidentificationenumerationandpoolingfor
virustestingPoolsconsistingof50femaleofthesamespecies
weretestedattheUCDavisCenterforVectorborneDisease

ArbovirusLaboratoryCVECusingamultiplexRTPCRsystem
thattestedsimultaneouslyforWNVWEEVandSLEV

DeadbirdsreportedbythepublictotheCaliforniaDepartment
ofHealthServicesCDHSDeadBirdHotLinewerepickedup
bySYMVCDpersonnelandtransportedtotheCaliforniaAnimal
HealthandFoodSafetyCAHFSlaboratoryatDavisfornecropsy
TissuesthenweresenttoCVECfortestingforWNVbyasingleplex
RTPCRassay
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Tenchickenflocks10henseachweresampledbiweekly
fromMaythroughOctoberandthenmonthlyfromNovemberto
AprilSerawerescreenedbyenzymeimmunoassayEIAat
SYMVCDandthenconfirmedbyDHSpersonnelusingaPRNT

FreerangingbirdseroprevelancewasmonitoredatStone
LakesNationalWildlifeRefugeSLNWRCenterforEquine
HealthCEHattheUniversityofCaliforniaDavisandLaguna
CreekSLNWRislocatedinsouthSacramentoCountyTheCEH
isanequineresearchfacilitylocatedinthesouthUCDaviscampus
andhousedaherdof250horsesLagunaCreekislocatedinthe
cityofElkGroveintheSacramentoCountyandissurroundedby
pondsandtreesontheSacramentoYoloMVCDpropertyWild
birdswerecapturedyearroundusing10to15Japanesestylemist
nets3x12m2modifiedAustraliancrowtrapsand4ground
trapsbaitedwithgrainMcClure1984Birdswerebandedwith
auniqueUSGSmetalbandanda01ccbloodsampletakenfrom
jugularorbrachialveinsSerawerescreenedforWEEorFlavivirus
antibodybyenzymeimmunoassayEIAChilesandReisen1998
andthenconfirmedandidentifiedbyendpointPRNT

RESULTS

WNVinvadedSacramentoandYolocountiesduringthe
summer2004VectorabundanceandseroprevalenceofWNVin
surveillanceindicatorsacrosstimeareplottedinFigures1and2
ThefirstindicationofWNVactivityoccurredonJune242004
whenserafrom2of20Cliffswallowsand1of10Purplemartins
testedpositivefortheWNVantibodyBothbirdspeciesare
summerresidentsandthereforeitwasnotpossibletodetermine
thesiteortimingoftheseinfectionsOnJuly8adeadWestern
scrubjaycollectedfromthetownofWiltontestedpositive
establishingthepresenceofWNVMosquitotrapsweresetaround
theWiltonareaandonJuly23threepoolsofCulextarsalis
CoquillettandtwoofCxpipiensLtestedpositiveindicatingan
ongoingtransmissioninthisarea
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ByAugustpoolsofCxtarsalis7andCxstigmatosoma
1testedpositiveforWNVOf163deadbirdstested52were
WNVpositivewithmostbeingcorvidsn46885 Sentinel

chickensremainednegativebutthreeof201wildbirdseratested
positiveforWNVinfection

WestNileviruscontinuedtoamplifyduringSeptemberwith
7of251mosquitopoolsand78of274wildbirdstestingpositive
Nineteenchickensfrom4flocksseroconvertedonSeptember8
TheseWNVseropositivechickenswereinfectedmostlikelyduring
earlytolateAugustconcurrentwiththeincreasednumberofdead
wildbirds
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InOctoberWNVactivitydiminishedashostseekingand
gravidfemalemosquitopopulationsdeclinedFig1withtheonset
ofdiapauseAlthoughthenumberofpositivemosquitopoolswas
lowandthenumberofpositivedeadbirdsdeclinedto17sentinel
chickenscontinuedseroconverting7andfouradditionalwild
birdsamplestestedpositiveforWNVAlthoughWNVsurveillance
continuedintoNovembernopositivesweredetectedIn
Decemberserafromagoldencrownedsparrowandafoxsparrow
testedpositiveforWNVantibodiesBothbirdsarewinterresidents
andpresumablybecameinfectedafterenteringCalifornia

During2004212 of1231mosquitopoolstestedpositive
forWNVThehighestnumbersofpositivepoolswerefoundin
Cxtarsalis1360 andCxpipiens630 otherpositive
speciesincludedCxstigmatosoma15 andCxerythrothorax
15 Fig2

Deadbirdswerefrequentlyreportedbythepublic165of
446deadbirdstestedpositiveforWNVduringthesummer2004
Overall92n 165ofpositivebirdswerecorvidsTable1
includingWesternscrubjay47oftotaltestedAmericancrow
25 andYellowbilledmagpie52

Table1WNVpositivedeadbirdspeciesfoundin
SacramentoandYolocountiesfromJanuarytoDecember
2004

Species tested

Americancrow 117

Westernscrubjay 150

Yellowbilledmagpie 102

Barnowl

Redtailedhawk

Otherspecies
GRANDTOTAL

5

6

66

446

osnitive
29

70

53

1

6

6

165

1u
25

47

52

20

100

9

37

AlthoughchickensdidnotseroconvertuntilSeptemberby
theendoftheyear26chickensin7of10flockstestedpositivefor
antibodiestoWNVTheflocksthathadpositiveseroconversions
wereMerrit6chickensWinters5Natomas4Galt4
Folsom3ElkGrove3andHood1

Flavivirusantibodywasfoundin1of2340wildbird
samples11positivespecieswithhighestnumberofpositives
10foundinrockpigeonsTable2Positivesampleswere
collectedfromresidentspeciesRockpigeonsHousefinchBlack
phoebeWesternscrubjaySongsparrowAmericangoldfinch
winterresidentsGoldencrownedsparrowFoxsparrowand
summerresidentsCliffswallowPurplemartinAshthroated
flycatcherTable2

Table2PositiveWNVSLEwildbirdsinSacramentoand

YolocountiesfromJanuarytoDecember2004

Species
Cliffswallow

Purplemartin
Rockpigeon
Goldencrownedsparrow
Ashthroatedflycatcher
Housefinch

Foxsparrow
Blackphoebe
WesternscrubJay
Songsparrow
Americangoldfinch

tested

41

10

141

219

14

320

90

90

51

299

13

positive
2 48

1 100

10 70

1 05

2 143

2 06

1 11

1 11

1 19

1 03

1 76

DISCUSSION

ThefirstindicationofWestNileVirusinSacramentoCounty
wasthedetectionofantibodiesintwomigrantcolonialbird
speciesthecliffswallowandpurplemartinThesetwoclosely
relatedspecieswhichwinterinCentralandSouthAmericaare
summerresidentsinSacramentoCountyThecolonialnestsites
ofthesetwospeciesareoccupiedeveryyearbythesame
individualsandtheiroffspringasdemonstratedbymultiple
recapturesofbandedbirdsfromthesecoloniesBloodsamples
frompreviousyearsgavenoindicationofWNVinthepopulations
SoitappearedthatmembersoftheSacramentopopulationwere
likelyfirstexposedtoWNVeitherontheirwintergroundsin2003
duringtheirspringmigrationthroughsouthernCaliforniaorat
theirbreedinggroundsinSacramentoduringthespring2004
Becausethesebirdswereserologicallypositiveweconcludethat
theysurvivedpreviousinfectionandmostlikelywerenolonger
viremicWedonotknowiftheywereviremicuponarrivalin
SacramentoCountyHoweverthedetectionofantibodyinspring
migrantsdoesprovideproofofprincipalthatsomeavianmigrants
fromsiteswithactiveWNVtransmissiondidarriveinSacramento

CountypriortothedetectionofWNVineitherresidentbirdsor
mosquitoesFurtherstudiesarerequiredtoestablishtheroleof
migrantsinvirusintroduction

ThesequenceofWNVdetectioninthedifferentsurveillance
systemsillustratedtheprogressionofWNVamplificationin
SacramentoCountyAlthoughantibodywasdetectedinspring
migrantsthearrivalofWNVwasestablishedfirstbythedetection
ofRNAindeadbirdsandtheninmosquitoesSerological
indicatorssuchasantibodypositivewildbirdsandsentinelchicken
seroconversionsoccurredlatermostlikelybecauseofthefocal
natureofsamplingandthedelayrequiredafterinfectionfora
diagnosticriseinantibodytiterSomeofthedeadbirdspecies
includedraptorssuchastheRedtailedhawkwhichareknownto
preyonbirdsespeciallythosetooilltoescapepredationAntibody
rateswerehighestinRockpigeonsandadultchickensneitherof
whichdevelopsignificantviremiasordiefromWNVinfection
Seroconversionsamongmarkedpigeonsandchickensverifiedthat
viruswasbeinglocallytransmittedAlthoughmosquitopopulations
andvirusactivitydeclinedbyDecemberWNVantibodywas
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detectedinbirdspeciesthatwinterinSacramentoCountyThis
progressionofeventsdescribesthemodeofintroductionandlocal
amplificationofWNVinSacramentoandYolocountiesHow

WNVoverwintersandbecomesestablishedlocallywillbethefocus
ofinvestigationsduring2005
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VectorandHostCompetenceImportanceofVirulenceinBirds
forWestNileVirusTransmission
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ABSTRACTExperimentalinfectionsofCulexmosquitoesfromsouthernCaliforniawithWestNilevirusWNV
showedthatCxstigmatosomawasthemostcompetentlaboratoryvectorfollowedbyCxtarsalisandCx
quinquefasciatusAlthoughestimatesvariedmarkedlyamongandwithinpopulationsmosquitoesgenerallywere
lesssusceptibletooralinfectionwithWNVthancloselyrelatedStLouisencephalitisvirusrequiringviremiatiters
51ogplaqueformingunitsPFUofWNVpermlforinfectionExperimentalinfection of13speciesofCalifornia

birdsindicatedthat7specieswerecompetenthosts6ofthesespecieswereintheorderPasseriformesincluding
WesternscrubjaysSpeciesintheordersGalliformesandColumbiformeswerenotcompetenthostsMortality
amongbirdspecieswassignificantlycorrelatedwithaveragepeakviremiatiterondays24afterinfectionField
infectionratesinCxquinquefasciatusandtheincidenceofhumancaseswererelatedtothedistributionofcorvids
beinghighestinLosAngelesandKerncountiesandlowestintheCoachellaValley

INTRODUCTION

WestNilevirusWNVFamilyFlaviviridaegenusFlavivirus
invadedsouthernCaliforniaduring2003successfullyoverwintered
andthenamplifiedtounprecedentedepidemiclevelswithin
southernCaliforniaincludingKernCountyduring2004Among
theecologicalandepidemiologicalfactorsthathaveinfluenced
thesuccessofthisinvadingvirusthecompetenceofavianand
mosquitohostsforWNVinfectionseemedespeciallyimportant
becauseCulexvectormosquitoeshaverequiredgreaterviraltiters
forinfectionGoddardetal2002Turelletal2002Reisenetal
2004athancloselyrelatedStLouisencephalitisSLEHardy
andReeves1990TransmissionofWNVhasseemedeffective
becauseinfectedbirdsespeciallycorvidsproduceextremely
elevatedviremiasinresponsetoinfectionKomaretal2003Brault
etal2005Howeverthiselevatedviremiaresponsecomesat
thepriceofincreasedmortalityKomaretal2003Reisenetal
2005andthereforepossibledepopulationCaffreyetal2003
Inthecurrentpaperwedescribetheimportanceofelevatedavian
WNVviremiaintheinfectionofCaliforniaCulexmosquitoeswith
WNVandrelatethesedatatomosquitofieldinfectionratesand
theoccurrenceofhumandisease
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WilliamKReisenYingFangandVincentMartinez

MATERIALSANDMETHODS

VirusTheNY99strainofWNVwasusedinbothmosquito

andbirdinfectionexperimentsThequantityofviruswithinavian
bloodmosquitotissueandexpectoratesampleswasdetectedby
plaqueassayusingVerocellcultureKrameretal2002

MosquitoesOurstudyfocusedonthethreeCulexspecies
thatwereinfectedmostfrequentlyinnatureduring2003Reisen
etal2004bCulextarsalisCoquillettCxpipiensLCx
quinquefasciatusSayandCxstigmatosomaDyarMosquitoes
werecollectedasimmaturesoradultsfromRiversideLosAngeles
KernandYolocountiesandtransportedtotheArbovirusField
StationEggswerecollectedfromfieldcollectedadultfemales
andrearedunderinsectaryconditionssothatallmosquitoestested
werenulliparousandapproximately3 8doldwheninfected

MosquitoeswereinfectedbyfeedingoneitherdonorbirdsHouse
finchesorHousesparrowson2 3dayspostinfectiondpior
cottonpledgetssoakedwithasolutionofvirusheparinizedchicken
bloodand25sucroseEngorgedmosquitoeswereheldfor2
weeksat26Cafterwhichtransmissionwasattemptedusingthe
capillarytubemethodAitken1977 Medianinfectiousdose

wasestimatedbyinterpolationafterplottingthepercentageinfected
followingfeedingona10folddilutionseriesofWNVasafunction
ofviraldose

MostofthisresearchhasbeenacceptedforpublicationelsewhereReisenetal2005
2ThecollectionandinfectionofwildbirdswasdoneunderProtocol11184approvedbytheAnimalUseandCareAdministrative
AdvisoryCommitteeoftheUniversityofCaliforniaDavisCaliforniaResidentScientificCollectionPermitNo80104902from
theStateofCaliforniaDepartmentofFishandGameandFederalFishandWildlifePermitNoMB0828120fromtheDepartment
oftheInteriorAnimalUseandCareAdministrativeAdvisoryCommitteeProtocolNo11187approvedproceduresforusingwild
birdsandchickensformosquitoinfectionexperimentsUseofarboviruseswasapprovedunderBiologicalUseAuthorization0554
byEnvironmentalHealthandSafetyoftheUniversityofCaliforniaDavisandUSDAPermit47901

AddresscorrespondencetoArbovirusFieldStation4705AllenRdBakersfieldCA93314
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Avianinfection ThirteenspeciesofCaliforniabirdswere
collectedinKernorRiversideCountiesandtransportedtothe
ArbovirusFieldStationforexperimentalinfectionBirdswere
inoculatedsubcutaneouslyinthecervicalregionwithca1000
plaqueformingunitsPFUofWNVandthenbleddailyfor5 8

dpitomonitortheviremiaresponseandmortality

RESULTSANDDISCUSSION

Mosquitoinfection Culexstigmatosomawasthemost
competentlaboratoryvectorforWNVfollowedindescending
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viremiasduringdays23postinoculationof logmland
wereconsideredtobecompetenthostswhereas6species
indicatedbydashedlineshadlowerviremiasandwereconsidered
incompetenthostsFig3Viremialevelsforeachspecieswere
correlatedsignificantlyr 082df 10P005withmortality
observedduringeachexperimentFig4iebirdspecies
producinghighviremiasalsoexhibitedthehighmortalityMortality
amongorangecrownedwarblerswas100 agreeingwellwith
theirelevatedviremiaprofilesaswellasourrepeatedinabilityto
detectantibodiesinfieldcollectedbirdsduringtheirnorthernor
southernmigrationWheeleretal2003Wheeleretal2004
Thesevernalmigrantscouldbeveryimportantinvirusdispersal
becauseduringtheirnorthboundmigrationtheyfrequentlyrestat
wetlandsinsouthernCaliforniawhenvirusactivityisbeginning
eachyearIfthesebirdsbecameinfectedtheycouldcontinuetheir
northernmigrationwhileviremicWhentheybecometooweak
fromtheinfectiontocontinuethemigrationtheyremainalivefor
adayorsoandtherebycoulddistributevirustohostseekingCulex
atthesitewheretheybecamesickSuchamechanismcouldexplain
therapidwidescaledispersalofWNVintonorthernCalifornia
during2004
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Figure4Avianmortality deadplottedasafunctionofaverage
maximumviremiapostinfectionlogPFUWNVml

Relationshiptohumandisease BecauseCulexrequired
elevatedavianviremiasforeffectiveinfectionandtransmission
thegeographicaldistributionofresidentavianspecieshaving
elevatedviremiasmayimpactCulexminimuminfectionratesand
thereforetransmissiontohumansThreebiomesofsouthern

CaliforniawhereWNVwasactiveduring2004werecharacterized
bydifferentaviancommunitiesassociatedwithdifferentCulex

infectionandWNVcaseincidenceratesduring2004Fig5
Basedonmapsprovidedbythebirdbreedingsurveyhttp

theSECaliforniadesertshadfew

corvidsLosAngeleselevatedAmericancrowpopulationsand
KernCountymoderateWesternscrubjayandAmericancrow
populationsInaccordancewiththesemeasuresofcorviddensity
CoachellaValleyhadthelowestCulexinfectionratesandthelowest

humanWNVincidencerateswithinCaliforniaVirusamplification

hereseemedtorelyonHousefinchandHousesparrowpopulations
andinfectionsinCxtarsalisfewCxquinquefasciatuspoolswere
positive6oftotalpositiveInmarkedcontrastelevatedcorvid
populationsinKernandLosAngelesCountiesresultedincombined
CxtarsalisandCxquinquefasciatusMIRs51000forthe
summerandamarkedlyhigherincidenceofhumaninfectionThese
highercaseincidencerateswererelatedtohigherdensityhuman
populationsaswellastheextensiveinvolvementofurbanCx
quinquefasciatuspopulationsintransmissionInKernandLos
AngelescountiesCxquinquefasciatusaccountedfor50and92
ofthepositiveCulexpoolsdetectedduringthe2004transmission
seasonrespectively

Locality

Total Infection
Pools mosquitoes WNV Rateper

tested tested positives 1000
CoachellaValley
KernCounty
LosAneles

556 18269 67 367
816 32218 171 531

1201 43444 294 677

Area
Populationsize Incidenceper

per100pQWNVcases 100DG0
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aBasedon2000censusfigures

Figure5AreasofsouthernCaliforniahavingaviancommunities
withvaryinglevelsofAmericancrowsAMCRsandWesternscrub
jaysWESJsTablesshowassociatedCulexmosquitoinfection
ratesduringMaySeptember2004andtheincidenceoflaboratory
confirmedhumancasesthroughOctober2004
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Basedonourlaboratoryandfieldfindingsinsouthern
CaliforniaareasoftheCentralValleysupportinglargepopulations
ofAmericancrowsWesternscrubjaysandYellowbilledmagpies
maybeespeciallyvulnerabletoWNVamplificationduring2005
AreasaroundintheSacramentoValleyandalongtheSacramento
andStocktonRiverssupportinglargecrowpopulationsFig6
experiencedWNVintroductionduring2004andmayhavevirus
amplificationreachepidemiclevelsduring2005
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o100500
O5001000

1000
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Figure6AbundanceofAmericancrowsinCaliforniaasestimated
bytheAudubonSocietysChristmasbirdcounthttpJ
wwwauduhonorgbirdchchrindexhtml
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WestNileVirusinWildBirdsWhoLivesandWhoDies

SarahSWheelerRyanCarneyBrianCarrollStanWrightVeronicaArmijosJenniferWilson3Sandra
GarciaYingFangWilliamKReisenh
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ABSTRACTDataontheprevalenceofWestNilevirusWNVantibodiesinwildbirds wascomparedwith
concurrentlycollecteddataondeadbirdstestingpositiveforWNVaspartoftheCaliforniaDeadBirdSurveillance
ProgramFielddatawererelatedtotheresultsofexperimentallaboratoryinfectionsAtotalof12198birdswere
testedforFlavivirusantibodyduring2004ofwhich831individualswereconsideredFlaviviruspositiveHouse
sparrowsHousefinches2speciesofquailand3speciesofdovesweremostfrequentlyWNVantibodypositive
AmericancrowsandthreeothercorvidspeciespredominatedthedeadbirdspeciesreportedfromCaliforniaWestern
scrubjaysHousesparrowsHousefinchesaswellasMourningdovesandCaliforniaquailwerecollectedaliveand
WNVantibodypositiveandalsoreporteddeadandWNVpositiveOfthesespeciesMourningdovesandCalifornia
quailwerefoundtosurviveWNVtestinfectionsOrangecrownedwarblersinfectedwith10plaqueformingunits
oftheNY99strainofWNVsuccumbedtoinfectionwithin47dayspostinfectionInterestinglythesebirdsproduced
anaveragepeakviremiaof10PFUmlsufficienttoinfectmostmosquitoesandtherebyamplifyvirus

INTRODUCTION

TherapiddispersalofWestNilevirusWNVthroughout
Californiaduring2004stimulatedmuchconcernastotheimpact
ofthisvirusonpopulationsofwildbirdsToaddressthisconcern
wecompareddataontheprevalenceofantibodiesinwildbirds
thatsurvivedWNVinfectionwithconcurrentlycollecteddataon
deadbirdstestingpositiveforWNVaspartoftheCaliforniaDead
BirdSurveillanceProgramFielddatawererelatedtotheresults
ofexperimentallaboratoryinfections

MATERIALSANDMETHODS

WildbirdsamplingstationswerelocatedintheCoachella
ValleyGreaterLosAngelesKernCountyandSacramentoYolo
countiesBirdswerecollectedbymistnetsandorgrainbaited
trapsandabloodsampletakenbyvenipunctureanddiluted110
insalineSeraweretestedforantibodiesagainstFlaviviruseither
StLouisencephalitisSLEorWNVusinganenzyme
immunoassayEIAwithpositivesconfirmedandspecifically
identifiedusingaplaquereductionneutralizationtestChileset
al1998Serologicallypositivebirdssurvivedinfectionand
developedadetectableimmuneresponseBirdsreportedtothe
CaliforniaDepartmentofHealthServicesCDHSbythepublic
werenecropsiedbytheCaliforniaAnimalHealthandFoodSafety
laboratoriesSelectedtissuesorbuccalswabsweresubmittedto

theCenterforVectorbomeDiseasesCVEClaboratoryfortesting
forWNVRNAusingasingleplexassaywithaTaqManplatform
Chilesetal2004BirdsthattestedpositiveforWNVrepresented
individualsthatdidnotsurviveWNVinfectionordiedfromother
causeswhileinfectedwithWNV

Atotalof12198birdsfrom216speciesTable1weretested
forFlavivirusantibodyduring2004ofwhich831individuals
exhibitedapositivenegativeratio2inourEIAandwere
consideredFlaviviruspositiveHousesparrowshousefinches2
speciesofquailand3speciesofdovesweremostfrequently
Flaviviruspositiveagreeingwithobservationsduring2003when
WNVfirstenteredsouthernCaliforniaWheeleretal2004Wilson
etal2004Newspeciesfoundpositiveforantibodyincluded
westernscrubjaysandwhitecrownedsparrowsThecollection
ofWNVantibodypositivewesternscrubjayswasofparticular
interestbecauseoftheextremesusceptibilityofmanymembersof
thefamilyCorvidaetoWNVinfectionTherepeatedsamplingof
WNVantibodypositivewhitecrownedsparrowswasunexpected
becausethiswinterresidentspecieshasnevertestedpositivefor
antibodiesagainstSLEorwesternequineencephalomyelitisvirus
WEEMilbyandReeves1990Reisenetal2000Speciesthat
wereoccasionallyantibodypositiveindicatedthatsomeindividuals
survivedWNVinfectionbutthesedatadonotprovideenough
informationtoquantifysurvivorship

Americancrowsandthreeothercorvidspecieswerethe
predominantdeadbirdspeciesreportedfromCaliforniaTable2
SeveralfactorsaccountforthehighnumbersofdeadAmerican
crowsFirstlythisspeciesishighlysusceptibletoWNVandalmost
allindividualssuccumbtoinfection56dayspostinfectionKomar
etal2003Braultetal2005SecondlyCDHSinstructedthe
publictofocusonreportingdeadcrowsandinitiallyonlyAmerican
crowsRaptorsHousefinchesandHousesparrowswerebeing
testedfromsouthernCaliforniauntilNovember12004when
testingwasopenedtoallavianspeciesAllspeciesreportedfrom
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RESULTSANDDISCUSSION
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Table1CombinedserologicalfindingsfromtheCoachellaValleyGreaterLosAngelesKernandSacramentoYolowild
birdsamplingstations

Continued

EIARESULTS PRNTRESULTS

Species Family Number

Sampled

Flavirus

Positive

WNV

Positive

PRNTNeg Pending

Sharpshinnedhawk
Accipiterstriatus

Accipitridae 2 1 0 0 1

Coopershawk
Accipitercooperii

Accipitridae 9 2 0 0 2

Greatblueheron

Butoridesvirescens

Ardeidae 1 1 1 0 0

Leastbittern

Ixobrychusexilis

Ardeidae 25 13 8 5 0

Blackheadedgrosbeak
Pheucticusmelanocephalus

Cardinalidae 7 2 1 1 0

Ringedturtledove
Streptopeliarisoria

Columbidae 1 1 0 1 0

Whitewingeddove
Zenaidaasiatica

Columbidae 7 3 0 2 1

Commongrounddove
Columbinapasserina

Columbidae 96 25 5 4 16

Rockpigeon
Columbalivia

Columbidae 485 80 35 15 30

Mourningdove
Zenaidamacroura

Columbidae 1032 81 24 25 32

Westernscrubjay
Aphelocomacalifornica

Corvidae 208 20 10 0 10

Abertstowhee

Pipiloaberti

Emberizidae 42 1 1 0 0

Californiatowhee

Pipilocrissalis

Emberizidae 33 1 0 0 1

Goldencrownedsparrow
Zonotrichiaatricapilla

Emberizidae 123 1 0 0 1

Lincolnsparrow
Melospizalincolnii

Emberizidae 65 1 0 1 0

Savannahsparrow
Passerculussandwichensis

Emberizidae 69 1 0 0 1

Songsparrow
Melospizamelodia

Emberizidae 534 2 0 2 0

Whitecrownedsparrow
Zonotrichialeucophrys

Emberizidae 847 16 0 0 16

Americangoldfinch
Carduelistristis

Fringillidae 13 1 1 0 0

Housefinch

Carpodacusmexicanus
Fringillidae 2060 177 61 24 92

Cliffswallow

Petrochelidonpyrrhonota

Hirundinidae 41 1 0 0 1

Purplemartin
Prognesubis

Hirundinidae 10 1 1 0 0

Greattailedgrackle
Quiscalusmexicanus

Icteridae 5 1 1 0 0

Redwingedblackbird
Agelaiusphoeniceus

Icteridae 13 1 1 0 0

Brownheadedcowbird

Molothrusater

Icteridae 193 4 1 3 0
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Table1CombinedserologicalfindingsfromtheCoachellaValleyGreaterLosAngelesKernandSacramentoYolowild
birdsamplingstations

Continued



CommonName

EIARESULTS PRNTRESULTS

Species Family Number

Sampled

Flavirus

Positive

WNV

Positive
PRNTNeg Pending

Loggerheadshrike
Laniusludovicianus

Laniidae 24 1 0 0 1

Northernmockingbird
Mimuspolyglottos

Mimidae 56 4 0 0 4

Californiathrasher

Toxostomaredivivum

Mimidae 68 4 0 0 4

Commonyellowthroat
Geothlypistrichas

Parulidae 92 1 0 0 1

Housesparrow
Passerdomesticus

Passeridae 1731 242 80 11 151

Domesticchicken Phasianidae 7 4 1 0 3

Californiaquail
Callipeplacalifornica

Phasianidae 450 40 0 0 40

Gambelsquail
Callipeplagambellii

Phasianidae 668 96 47 18 31

Bewickswern

Thryomanesbewickii
Troglodytidae 39 1 0 0 1

Blackpheobe
Sayornisnigricans

Tyrannidae 90 1 0 0 1

Ashthroatedflycatcher
Myiarchuscinerascens

Tyrannidae 14 2 0 0 2

180otherspecies various 3038 0 0 0 0

GrandTotal

9

12198 831 280 112 443

CommonName ScientificName Family Total

Americancrow Corvusbrachyrhynchos Corvidae 1669
WesternscrubJay Aphelocomacalifornica Corvidae 624

Yellowbilledmagpie Picanuttalli Corvidae 303

Stellersjay Cyanocittastelleri Corvidae 68

Housefinch Carpodacusmexicanus Fringillidae 38

Commonraven Corvuscorax Corvidae 35

Housesparrow Passerdomesticus Passeridae 35

Coopershawk Accipitercooperii Accipitridae 31

Redtailedhawk Buteojamaicensis Accipitridae 27
Barnowl Tytoalba Tytonidae 27

Brewersblackbird Euphaguscyanocephalus Icteridae 20
Americanrobin Turdusmigratorius Turdidae 19

Lessergoldfinch Carduelispsaltria Fringillidae 18

Sharpshinnedhawk Accipiterstriatus Accipitridae 17

Americankestrel Falcosparverius Falconidae 15

Europeanstarling Sturnusvulgaris Sturnidae 15

Goldencrownedsparrow Zonotrichiaatricapilla Emberizidae 13

Northernmockingbird Mimuspolyglottos Mimidae 13

Redshoulderedhawk Buteolineatus Accipitridae 11

Californiatowhee Pipilocrissalis Emberizidae 11

Foxsparrow Passerellailiaca Emberizidae 10

Westerntanager Pirangaludoviciana Thraupidae 10

Blackheadedgrosbeak Pheucticusmelanocephalus Cardinalidae 9

Californiaquail Callipeplacalifornica Phasianidae 9
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Table2DeadbirdsfoundWNVpositivebytheCAdeadbirdsurveillanceprogramin2004

Continued



CommonName ScientificName Family Total

GreatHornedowl Bubovirginianus Strigidae 9

Mourningdove Zenaidamacroura Columbidae 8

Acornwoodpecker Melanerpesformicivorus Picidae 8

Westernscreechowl Otuskennicottii Strigidae 7

Westernbluebird Sialiamexicana Turdidae 7

Mallard Anasplatyrhynchos Anatidae 6

Blackbilledmagpie Picahudsonia Corvidae 6

Spottedtowhee Pipilomaculates Emberizidae 6

Pinesiskin Carduelispinus Fringillidae 6

Hermitthrush Catharusguttatus Turdidae 6

Swainsonsthrush Catharusustulatus Turdidae 6

Northernflicker Colaptesauratus Picidae 5

Whitetailedkite Elanusleucurus Accipitridae 4

Whitecrownedsparrow Zonotrichialeucophrys Emberizidae 4

Annashummingbird Calypteanna Trochilidae 4

Blackphoebe Sayornisnigricans Tyrannidae 4

Osprey Pandionhaliaetus Accipitridae 3

domesticgoose Anatidae 3

Cedarwaxwing Bombycillacedrorum Bombycillidae 3

Darkeyedjunco Juncohyemalis Emberizidae 3

Songsparrow Melospizamelodia Emberizidae 3

Americangoldfinch Carduelistristis Fringillidae 3

Yellowrumpedwarbler Dendroicacoronata Parulidae 3

Rufoushummingbird Selasphorusrufus Trochilidae 3

Pacificslopeflycatcher Empidonaxdicilis Tyrannidae 3

Northerngoshawk Accipitergentilis Accipitridae 2

Turkeyvulture Cathartesaura Cathartidae 2

Rockpigeon Columbalivia Columbidae 2

Savannahsparrow Passerculussandwichensis Emberizidae 2

Eveninggrosbeak Coccothraustesvespertinus Fringillidae 2

Purplefinch Carpodacuspurpureus Fringillidae 2

Hoodedoriole Icteruscucullatus Icteridae 2

Redwingedblackbird Agelaiusphoeniceus Icteridae 2

Loggerheadshrike Laniusludovicianus Laniidae 2

Commonyellowthroat Geothlypistrichas Parulidae 2

Orangecrownedwarbler Vermivoracelata Parulidae 2

Wilsonswarbler Wilsoniapusilla Parulidae 2

domesticchicken Phasianidae 2

Mountainquail Oreortyxpictus Phasianidae 2

Westernsandpiper Calidrismauri Scolopacidae 2

Swainsonshawk Buteoswainsoni Accipitridae 1

domesticduck Anatidae 1

GreatBlueheron Ardeaherodias Ardeidae 1

Greenheron Butoridesvirescens Ardeidae 1

Snowyegret Egrettathula Ardeidae 1

Commonnighthawk Chordeilesminor Caprimulgidae 1

Lessernighthawk Chordeilesacutipennis Caprimulgidae 1

Killdeer Charadriusvociferus Charadriidae 1

Pinyonjay Gymnorhinuscyanocephalus Corvidae 1

Blackchinnedsparrow Spizellaatrogularis Emberizidae 1

Nutmegmannikin Lonchurapunctulata Estrildidae 1

Peregrinefalcon Falcoperegrinus Falconidae 1

Bankswallow Ripariariparia Hirundinidae 1

Barnswallow Hirundorustica Hirundinidae 1
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Continued



CommonName ScientificName Family Total

Cliffswallow Petrochelidonpyrrhonota Hirundinidae 1

Westernmeadowlark Sturnellaneglecta Icteridae 1

Californiagull
Ringbilledgull

Laruscalifornicus
Larusdelawarensis

Laridae

Laridae

1

1

Townsendswarbler Dendroicatownsendi Parulidae 1

Yellowwarbler Dendroicapetechia Parulidae 1

Doublecrestedcormorant Phalacrocoraxauritus Phalacrocoracidae 1

Bronzeturkey

6

Phasianidae 1

Ruffedgrouse Bonasaumbellus Phasianidae 1

Redbreastedsapsucker Sphyrapicusruber Picidae 1

Piedbilledgrebe Podilymbuspodiceps Podicipedidae 1

Americancoot Fulicaamericana Ralidae 1

Commonmoorhen Gallinulachloropus Ralidae 1

Virginiarail Ralluslimicola Ralidae 1

Pygmynuthatch Sittapygmaea Sittidae 1

Variedthrush Ixoreusnaevius Turdidae 1

GrandTotal 3230

Species NumberInfected Dead PeakViremia

log10PFUml
Westernscrubjay 12 83 920

Orangecrownedwarbler 6 100 80

Whitecrownedsparrow 7 29 78

Housefinch 36 67 73

Blackcrownednightheron 3 67 64

Housesparrow 6 17 60

Commongrounddove 6 0 53

Mourningdove 20 0 48

Brownheadedcowbird 9 0 42

Cattleegret 4 25 42

Californiaquail 6 0 38

Chicken 5 0 23
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zipcodesnearourwildbirdcollectionstationswerereportedand
testedFinallycrowsarelargeconspicuousbirdsthatgenerally
liveinurbanareasthussuccumbingtoinfectionwherethereisa
greaterchancethatsomeonewillreportthecarcass

IncontrasttourbanLosAngelesandBakersfieldwherethere
wererespectively256and56deadbirdsthattestedpositivefor
WNVthedeadbirdprogramdidnotfunctionwellintheCoachella
ValleyHereonly6WNVpositivedeadbirdswerereporteddespite
highlevelsofWNVenzooticactivitydetectedbywildbird
serologysentinelchickenseroconversionsandpositivemosquito
poolsLothrop2005Thelikelycauseofthisunderreportingby
thedeadbirdprogramisthatmostvirusactivitywasdetectedin
ruralsouthernCoachellaValleywherethereareveryfewAmerican
crowsandlowhumanpopulationdensity

WesternscrubjaysHousesparrowsHousefinchesMourning

dovesandCaliforniaquailwerecollectedaliveandseropositive
andalsowerereporteddeadbythepublicandtestedWNVpositive
Becausethesespeciesappearedonbothlistsitmaybeinferred
thatnotallindividualssuccumbedfollowinginfectionThese
conclusionsweresupportedbyourexperimentalinfectionstudies
Table3InterestinglyallMourningdovesandCaliforniaquail
survivedexperimentalWNVinfectionsproducingonlymoderate
viremiasAppearanceofthesespeciesonthedeadbirdlistsuggest
sthatalthoughWNVdoesnotgenerallycausedeathinthesespecies
somemaymoresusceptiblesuchasoldorotherwiseimmune
compromisedbirdsorbirdsweakenedbycoinfectionwithother
parasitesWildHousefincheswerefrequentlyfoundinfectedwith
severalspeciesofavianmalariaReisenetal2001

Neitherthefreerangingwildbirdserologynordeadbird

Table3Testinfectionfindingwhereeachbirdwasinfectedwith1000plaqueformingunitsPFUofNY99WNV



JanuaryFebruary2005 ProceedingsandPapersoftheSeventyThirdAnnualConference 37

programsprovidedmuchinformationonendangeredspeciesand
neotropicalmigrantsWehavenoinformationregardingWNV
seroprevalenceinendangeredspeciesbecausethewildbird
samplingstationsdonothandleendangeredspeciesandtherewere
nonefoundpositivebythedeadbirdprogramAmongneotropical
migrantsthesurvivorshipofwarblersfamilyParulidaeisofgreat
concernIntheCoachellaValley294neotropicalwarblersfrom9
speciesweretestedforantibodieswithnegativeresultsNegative
serologicalfindingsmayindicatethataspeciesisnotfrequently
bittenbymosquitoesorthatitsuccumbsrapidlytoinfectionOnly
11WNVpositivedeadwarblerswerereportedstatewide3Yellow
rumpedwarblers2Orangecrownedwarblers2Wilsonswarblers
2Commonyellowthroats1Yellowwarblerand1Townsends
warbler

WerecentlyfoundthatOrangecrownedwarblersinfectedwith
10plaqueformingunitsTable3oftheNY99strainofWNV
succumbedtoinfectionwithin47dayspostinfectionInterestingly
thesebirdsproducedanaveragepeakviremiaof10PFUml
sufficienttoinfectmostmosquitoesandtherebyamplifyvirus
Reisenetal2005Thereforeitmaybepossiblethatwedonot
detectantibodypositivewarblersbecausetheyarenotsurviving
WNVinfectionItcouldalsobepossiblethatinthespringwhen
mostmigratorywarblersweresampledthesebirdshadnotcome
incontactwithvirusorhadcontractedtheviruslocallybutdid
nothavetimetoformdetectableantibodiesbeforemovingoutof
theareaIfinfectedinsouthernCaliforniathesebirdscould
dispersevirustonorthernCaliforniabeforesuccumbingto
infectionWeintendtoinvestigatethispossibilityduring2005by
testingmigrantscollectedintheCoachellaValleyforthepresence
ofvirusinadditiontoantibodiestodetermineiflocallyinfected
birdsarebeingmissedbyourcurrentmethodsMigrantstraversing
theSaltonSeaandthesurroundingdesertduringnorthward
migrationfrequentlyrestatthenorthshoreareaforseveraldays
beforecontinuingtheirmovementuptheinlandrouteofthePacific
flywaySacramentoYoloandKernstationswillalsoattemptto
trackthesebirdsandtheirinfectionstatusastheyprogress
northward

SUMMARY

Inconclusionoursamplingstationsprovidedinformation
aboutseroprevalenceratesofsampledspeciesbutdatawerelimited
tothosespeciesthatcouldbecaughtbymistnetsorgrainbaited
trapsandtothosespeciesthatsurviveWNVinfectionIncontrast
theCaliforniadeadbirdprogramhasprovidednewinformation
aboutspeciessuccumbingtoWNVinfectionbutisbiasedtowards
largeconspicuousspecies
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Summary

WilliamKReisen

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616
AddresscorrespondencetotheArbovirusFieldStation4705AllenRdBakersfieldCA93314

WestNilevirusWNVoverwinteredsuccessfullyinsouthern
Californiaduring20032004butthemechanismforpersistence
wasnotestablishedThreemechanismsseemedtobepossible

1ContinuedtransmissionBecauseCulexquinquefasciatus
Saydonotenterwinterdiapausebutratherundergoacoldinduced
quiescencelowleveltransmissionbyinfectedfemalesmay
continueinsouthernCaliforniaMosquitogonotrophicactivity
andtransmissionwouldsubsideduringcoolweatherandbe
reinitiatedimmediatelyfollowingperiodsofwarmtemperature
InagreementRTPCRpositivedeadAmericancrowswerecollected
inLosAngelesasearlyasFebruaryhoweverpositivemosquito
poolswerenotrecoveredfromthisareauntilMay2004despite
thetestingof8430Cxquinquefasciatusfemalesin231pools

2VerticaltransmissionBecauseCulexfemalesthatundergo
reproductivediapausedonottakebloodmealsinfectionofthese
femalesmustoccurbyverticaltransmissionfromtheirinfected
femaleparentVerticaltransmissionbyintrathoracallyinoculated
femaleshasbeendemonstratedinthelaboratoryDohmetal2002
Goddardetal2003aswellasinthefieldbythecollectionof
infectedmalesMilleretal2000andthiswasconsideredtobe
themechanismresponsiblefortheinfectionofoverwinteringCx
pipiensfemalescollectedinNYNascietal2001 Although
verticalinfectionhasbeendetectedinthefieldinCaliforniaduring
summerbytheisolationofWNVfromCxquinquefasciatusmales
collectedasimmaturesunpublishedattemptstodetectvirusin
overwinteringadultshavebeenunsuccessfulinCoachellaValley
LosAngelesandKernCounty

3ChronicinfectionsinbirdsAlthoughpersistentWNV
infectionsinwildbirdscanbedetectedatalowratefor6weeks

afterexperimentalinfectionunpublishedwehavenodatato
indicatethattheseinfectionseverrelapseandproduceperipheral
viremiassuitabletoinfectbloodfeedingmosquitoesInproofof
principalreinfectionexperimentswithStLouisencephalitisvirus
Housefinchesproducedarapidantibodyresponsefollowing
challengewithhomologousvirusresultedinsterilizingimmunity
Reisenetal2003aAttemptstoexperimentallycompromisethe
avianimmunesystemtotriggerrelapsesalsowerenotsuccessful
Reisenetal2003b

SusceptibleCxtarsalisseemedcapableofWNVmaintenance
andamplificationthroughoutsouthernCaliforniaandexhibited
comparableminimuminfectionratesamonggeographicalareas
withdifferentaviancommunitiesIncontrastelevatedviremias

ininfectedAmericancrowsandWesternscrubjaysseemedcritical
indrivingWNVintolesssusceptibleCxquinquefasciatus
populationsandthismayhavebeencriticalfortheepidemic
transmissionofWNVinLosAngelesandBakersfieldThesedata
collectivelyindicatedthattheremaybeparalleloroverlapping
transmissioncyclesofWNVinCaliforniainvolvingHousefinches

andCxtarsalisinruralareassuchastheCoachellaValleyand
withinKernCountyandAmericancrowsandCxquinquefasciatus
insuburbanandurbanareasofLosAngelesandBakersfield

Surveillancemethodstomonitorviruswithinthesecycles
likewiseseemedtodifferineffectiveness TestingCxtarsalis
collectedbydryicebaitedtrapsandsentinelchickensseemedto
workbestinruralareasdeadbirdreportsandtestingwereless
effectivebecausetherewerefewresidentstoreportdeadbirdsas
wellaslowerdensitiesofcorvidsIncontrasttestingCxpipiens
complexfemalescollectedbygravidfemaletrapsanddeadbirds
weremosteffectiveinurbanareasyieldingtheearliestandmost
frequentlypositivefindingsResultsfrombothsentinelchicken
andfreerangingwildbirdserologyweredelayedbecauseofthe
2weekperiodnecessaryforthebirdstoproducediagnostic
serologicaltitersfollowinginfectionandbecauseseparating
antibodyduetoWNVandSLEinfectionswasproblematic

AmplificationofWNVduringthespringof2004wasfollowed
inearlysummerbyrapidvirusdispersalthroughouttheCentral
ValleyandeventuallyallofCaliforniaAmplificationwasgreatest
inKernCountyespeciallyintheBakersfieldareaandsurrounding
smalltownssuchasArvinandShafterRapiddispersalofvirus
fromfociinsouthernCaliforniatotheremainderofCalifornia

mayhavebeenassociatedwithinfectioninnorthboundmigrating
birdsOnespeciesofwarblerwasfoundtobehighlysusceptible
toinfectionproducingelevatedviremiasaswellasmortality

Depopulationofcorvidsandacquiredimmunitybysurviving
residentbirdsseemedcriticalinslowingtransmissionduringlate
summerespeciallyinLosAngeleswhere39of117birdstested
forantibodyduringDecember2004wereFlaviviruspositiveby
anenzymeimmunoassayWNVtransmissioninCoachellaValley
asdetectedbypositivemosquitopoolsornewseroconversionsin
sentinelchickensdeclinedbylateAugustanddidnotincreasein
responsetotheresurgenceofCxtarsalispopulationsassociated
withthefloodingofwetlandsmanagedforwaterfowl

BasedonourobservationsinsouthernCaliforniaitmaybe
possibletopredictwhatmayhappeninCaliforniaduring2005
MostlikelytheepidemicwillsubsidesouthoftheTehachapi
MountainsbecausemanybirdshavediedorarenowimmuneIn
contrastenzootictransmissionmostlikelywillintensifyto
epidemiclevelsinCentralValleydrivenbyAmericancrows
WesternscrubjaysandYellowbilledmagpiesandincreased
mosquitoabundanceassociatedwiththewetnorthernCalifornia
climatePeakWNVtransmissionwilloccurlaterinsummerin

theCentralValleythaninSouthernCaliforniabecauserelatively
coolerspringtemperatureswilldelaymosquitoabundance
increasesandvirusextrinsicincubationMosthumaninvolvement

willremainfocalperiurbanandassociatedwithcommunalcrow
rooststhatdrivevirusintoperidomesticCxpipienspopulations
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CollectivelythesedataindicatethattheongoingWNVepidemic
couldworseninCaliforniaduring2005
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EvaluationofRAMPWestNileVirusTestinNorthernTulareCounty

YolandaLourenco

DeltaVectorControlDistrictPOBox310VisaliaCA93279

ABSTRACTThispaperwillreflecttestresultsanddatarelatingtofirstyearutilizationoftheRAMPWestNile
VirustestbytheDeltaVectorControlDistrictTheRAMPsystemwasusedprimarilyforearlydetectionofWest
NileVirusinthewildbirdpopulationCollectionmethodspreservationprocessingandconfirmationofresultsby
theCaliforniaDepartmentofHealthServiceswillbepresentedTheDistrictprovidessurveillanceandcontroltothe
northwestquadrateofTulareCountyencompassing18512km712miwhichisdedicatedprimarilytoagriculture
TheDistrictservesthecitiesofVisaliaDinubaExeterFarmersvilleandWoodlake

TheRapidAntigenCaptureAssaytoDetectWestNileVirusin
SantaClaraCountyCA2004

NoorTietzeDanielStrickmanMichaelStephensonVictorRomanoWilliamShipwayMikePhillips
andPaulRobinson

SantaClaraCountyVectorControlDistrict976LenzenAvenueSanJoseCA95126

ABSTRACTDuring2004about240deadbirdsweresampledforWestNilevirusWNVinSantaClaraCounty
DetectionofWNVwasattemptedfrom31birdspeciesusingtheVecTestantigenassayPCRorsometimesbothThe
VecTestyielded23WNVpositivebirds18Americancrowsand5WesternscrubjaysTherewere184negatives
usingtheVecTesttakenfrom21birdspecieswhichincludedothercorvidsRavenYellowbilledmagpieandStellers
JayraptorsHousesparrowsetcPCRbasedresultsCaliforniaDepartmentofHealthServicesVectorBorne
DiseaseSectionyielded41WNVpositivesfrom9birdspeciesand37negativebirdsfrom13birdspeciesIn
AmericancrowstheVecTesthadanoverallaccuracyof793 sensitivityof666andspecificityof933based
onacomparisontoPCRresultsTheWesternscrubjayhadaVecTestaccuracysensitivityandspecificityof5750
and100 respectivelyThePositivePredictiveValuefortheVecTestoncrowswas889 whilethatofWestern

scrubjayswas100 TheNegativePredictiveValuesforcrowsandscrubjayswere78and375respectively
ThesedatastronglysuggestrestrictingfutureWNVVecTestsamplingtotheAmericancrowandWesternscrubjay
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UsingtheRAMPTesttoDetectWestNileVirusinDeadBirdsandMosquitoesinthe
SanGabrielValleyCalifornia

AngelaBrisco

SanGabrielValleyMVCD1145NAzusaCanyonRoadWestCovinaCA91790

ABSTRACTIn2004southernCaliforniaresidentsfacedanunprecedentedepidemicofinfectionswithWestNile
virusStafffromtheSanGabrielValleyMosquitoandVectorControlDistrictusedResponseBiomedicalCorporations
RAMPtesttoassesswhetherdeadbirdsandsamplesofadultmosquitoeswereinfectedwiththevirusTherapid
turnaroundhelpeddirectsurveillanceandcontrolactivitieswhenadiseaseproblemseverelytaxedresourcesthroughout
theState

PreliminaryEvaluationofImmunochromatographicTestsforWestNileVirus

MinLeeChengPhDandAmandaJColombo

WestValleyMosquito VectorControlDistrict13355ElliotAvenueChinoCA91710

Twotypesofcommerciallyavailablelateralflowimmunochromatographictestshavebeenusedtoscreenmosquito
poolsanddeadcrowsforthepresenceofWestNilevirusTheresultsofpreliminaryevaluationofthesetwotestsand
theirpotentialusefulnessindiseasesurveillancewillbethefocusofdiscussion
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SubmissionstoCVEC

WestNileVirusTestinginSanMateoCounty

AngelaRoryandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94546

INTRODUCTION

WestNilevirusWNVisamosquitobornepathogenthat
cancauseseriousillnessinhumansandhorsesThisviruswas

firstdetectedinNorthAmericain1999inNewYorkCityItspread
acrosstheUnitedStatesoverthenext4yearsarrivinginsouthern
CaliforniainJuly2003TheSanMateoCountyMosquito
AbatementDistrictSMCMADbegansurveyingforthevirusin
wildbirdsandmosquitoesin2002TheDistrictparticipatesina
statewidesurveillanceprogramWildbirdcarcassesaresubmitted
totheUniversityofCaliforniaDavisCenterforVectorborne
DiseasesUCDCVECfortestingbyPCRTaqManassayand
virusisolationResultsfromthesetestsmaytake2weekstoa
monthtoobtainIn2003SMCMADbeganconductinginhouse
testingforWNVindeadbirdsandmosquitopoolsTworapid
immunochromatographicassaysthatdetectWNVantigenare
availableVecTestMedicalAnalysisSystemsIncCamarillo
CAandRAMPRapidAnalyteMeasurementPlatform
ResponseBiomedicalCorpBurnabyBritishColumbiaCanada
Thesetestsgiveresultswithin15minutesto2hoursenablingan
immediateoperationalresponseTheVecTestwaspurchasedin
Julyof2003In2004SMCMADpurchasedtheRAMPtest
reportedtohavegreatersensitivityandspecificityFongetal
0000

WestNileviruswasdetectedforthefirsttimeinSanMateo

CountyinAugustof2004Thispaperdiscussesthedistricts
experiencewithinhousetestingforWNVAdescriptionofthe
virusdistributioninbirdspeciesseasonalityandgeographywithin
thecountyisalsoreviewed

MATERIALANDMETHODS

TheSMCMADreceived135callsfromlocalresidents

reportingdeadbirdsduring2003and2004Sixtyfourofthese
birdsmetsubmissioncriteriasetforthbytheCaliforniaHealth
ServicesDepartmentCDHSandweresenttoCaliforniaAnimal
HealthandFoodSafetyCAHFSThefirstpositivebirdcarcass
inthecountywascollectedonJuly282004Viruswasdetected
inthecrowbyPCRAtotalof14birdsand3squirrelshadvirus
detectablebyPCRin2004

In200431mosquitopoolsweresubmittedtoCVECfor
testingMosquitospeciestestedincludedCulexpipiensLCx
tarsalisCoquillettCxerythrothoraxDyarandOchlerotatus
dorsalisMeigenNoneofthemosquitoessubmittedtodatehave
testedpositiveforWNV
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InHouseTesting

TheSMCMADbeganconductinginhousetestinginJulyof
2003usingtheVecTestThistestisrelativelyinexpensivegives
resultswithin15minutesanddoesnotrequireanyspecialized
equipmentItisusedbyagenciesthroughoutthestateandhas
beenrecommendedbyboththeCDCandCDHSThistestwas
usedon24wildbirdsduring2003and2004Carcassesof17
birdsweresubmittedtoCAHFSforconfirmatorytestingThree
ofthe17werepositivebyPCRTable1TheVecTestfailedto
detectvirusinanyofthebirdstestedTable2

Table1NumberofbirdstestedbyPCRthatwerealsotestedby
VecTestorRAMP

VecTest

RAMP

ofBirds

Tested

24

29

AlsoTested

byPCR
17

22

Positive

byPCR
3

9

Table2ResultsofVectestandRAMPonbirdstestingpositiveby
PCR

VecTest

RAMP

BirdsTested

24

29

Positive

0

0

TheVecTestwasalsousedon76mosquitopoolsMosquito
speciestestedincludedCxpipiensCxtarsalisandCx
erythrothoraxAllpoolstestednegativeforthevirusbythistest

In2004thedistrictpurchasedtheRAMPWestNileVirus
TestTheRAMPtestrequiresa3000investmentinequipment
Howeveritisreportedtobetentimesmoresensitivethanthe
VecTestFongetal0000Thetestisreadbyamachinethat
measurestheamountoffluorescenceemittedbythesampleand
isdisplayedinquantitativeunitsResultsfortheVecTestare
determinedvisuallybytheappearanceofalineonadipstick

TwentyninebirdsweretestedbytheDistrictusingtheRAMP
systemin2004Carcassesfrom22oftheseweresubmittedto
CVECforconfirmatorytesting9testedpositiveforWNVTable
1TheRAMPtestfailedtodetectvirusinanyofthebirdstested
Table2
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TheRAMPsystemwasusedon71mosquitopoolsbelonging
to3speciesCxpipiensCxtarsalisandCxerythrothoraxAll
mosquitoeswerenegativeforWNVbythistest

DistributionofWNVinWildBirds

SpeciesInfectedThespeciesdistributionofbirdspositive
forWVNisshowninFigure1ScrubjaysandStellarsjayswere
themostcommonlyinfectedspeciesaccountingfor50ofthe
positivebirdsViruswasdetectedin7ofthe1547 jaystested
Fig1Crowsmadeup55ofthebirdstestedbyPCRHowever
only39 ofthe35testedhaddetectablevirusNinesquirrels
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weresubmittedforPCRtesting333 testedpositiveTwo
DovesoneOwlandoneThrushalsotestedpositiveforWNVby
PCR

SeasonalityIn2004thedistrictbeganreceivingcalls
regardingdeadbirdsinFebruaryFig2Thepeaknumberof
callswasreceivedinAugustThiswasprobablyinfluencedby
presscoveragefollowingthefirstpositivebirdonJuly28The
numberofbirdstestingpositiveforvirusalsopeakedinAugust
Fig2ThiscorrelateswiththepeakindensityofCxpipiens
adultscollectedinCO baitedtrapsThisspeciesisthemost
prevalentmosquitoinSanMateoCountyinsummermonthsand
isexpectedtobethemostsignificantvectorofWNVinthisarea

Dove Owl Thrush

Figure1SpeciesdistributionofanimalstestedforWestNilevirusbyPCR

Sep Oct Nov Dec

Negative

Positive

pNegative

Positive

Figure2TemporaldistributionofbirdssubmittedfortestingbyresidentsofSanMateoCountyand
hostseekingCulexpipiensfemalesasmeasuredincarbondioxidetrapsin2004
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GeographicdistributionThemajorityofpositivebirdswere
foundinthemostdenselypopulatedareasofthecountyFigure
3Therewerelimitednumbersofcallsreportingdeadbirdsin
thelesspopulatedareasHowever1positivebirdwasfoundalong
thecoastandthevirusisassumedtobepresentthroughoutthe
county

CONCLUSIONS

NeitherRAMPnorVecTestdetectedthepresenceofvirusin
wildbirdsormosquitopoolsinSanMateoCountyBothtestsare
knowntobelesssensitivethanPCRfordetectionofWNV

howeverthenumberofspecimenswassmallFurthermoremuch
ofthetestingwasdoneearlyintheseasonbeforeWNVhadbeen
detectedinthecountybyPCR
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InSanMateoCountyjaysappeartobemoreimportantthan
crowsorravensasindicatorsofthepresenceofWNVSquirrels
mayalsobeimportantsentinelsalthoughthenumbertestedto
dateissmall

Basedoninformationreceivedfromotherdistrictsthedistrict

hasdecidedtocontinuetousetheRAMPsystemforsurveillance
ThistestgivesrapidresultsandislesssubjectivethantheVecTest
systemRAMPtestingwillbelimitedtocrowsravensand
mosquitopools

FongWKPCHarrisCloneyandPLynn0000Multiple
EvaluationoftheRAMPWestNileVirusTestResponse
BiomedicalCorppamphlet

Alameda

a tCruz

0 i

REFERENCECITED

ContraCosta

CdiimiaVedabeneDiaeese9areillaxMapaledby@ninedicks261 meD1

Figure3GeographicdistributionofdeadbirdstestingpositiveforWestNilevirusin
SanMateoCountyin2004
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ToVecTestTorNotandCanWeRAMPItUp

JodiHoleman

ConsolidatedMosquitoAbatementDistrict2425FloralAvePOBox278SelmaCA93662

In2004theConsolidatedMosquitoAbatementDistrict
CMADintensifieditssurveillanceprogrambyincorporatingthe
useofboththeVecTestandtheRAMPsystemastoolstodetect
WestNilevirusWNVwithinthedistrictWithWNVrapidly
spreadingthroughsouthernCaliforniaandexpectedtoreachthe
CentralValleybymidseason2004thesurveillanceprogramwas
expandedtoincludeinhousetestingofbothmosquitoesanddead
birds

Deadbirdswerecollectedfromwithinthedistrictaswellas

fromoutlyingareasinFresnoCountythatdonothavemosquitoor
vectorcontrolprogramsThedistrictencompasses1058sqmiles
intheCentralValleyprimarilyinFresnoCountyAnybirdscalled
intotheDepartmentofHealthServicesDHSWNVdeadbird
hotlinewithinthisareawerepickedupbyCMAD

Followingthe2004seasonthedistrictevaluatedtheuseof
boththeVecTestaswellastheRAMPsystemtodetermine
whethereithertestwillbeusedinthe2005season

VECTESTT

Atthetimeofcollectionthebirdsconditionwasevaluated

forinhousetestingIfthebirdappearedtohavediedwithinthe
last48hoursnotdesiccatedcoveredinmaggotsorantsanddid
nothavebloodinitsoralcavityitwassuitableforinhousetesting
BirdsweretestedusingtheVecTestfrommidJulytotheendof
theseasoninmidOctober

TheVecTestisadipstickimmunochromatographicassay
thatusesmonoclonalantibodiesboundtocolloidalgoldBurkhalter
etal2003toindicatethepresenceofWNVantigensA
homogonenizedsampleofupto50femalemosquitoesoranoral
swabfromadeadbirdismixedwithgrindingsolutionFromthis
solutiona250i1sampleistakentobeusedwiththedipstickThe
monoclonalantibodieswithattachedcolloidalgoldbindtoany

WNVantigenpresentinthesampleThisnewcomplexmigrates
throughtheteststripuntilitisblockedbyWNVproteinsAtthis
pointifthesamplecontainsWNVareddishpurplelineisvisible
Burkhalteretal2003

TheVecTestissimpletouseandtheresultsarereadywithin
15minutesTheVecTestTMcanbeperformedinlessthantensteps
frombeginningtoendThereisa30minutewaitingperiodwhile
theswabsampleisincubatedingrindingsolutionanda15minute
waitingperiodtoreadtheresultsThetestissimpleenoughtobe
conductedbyallpersonnelhandlingdeadbirdpickupsInstructions
arefollowedandproperlabtechniquesareappliedtominimize
errorandcontamination

Resultsaredeterminedbythepresenceorabsenceofapurple
lineMuchlikeapregnancytestasinglelineindicatesasampleis
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WNVnegativeandtwolinesindicateitisWNVpositiveHowever
interpretationofresultsissubjectiveThepurplecontrollinewas
alwaysclearlyvisiblehoweverthesecondpurplelineinthetest
zonewasntalwaysasclearlydefinedTestzonesdisplayingafaint
purplehazeoftenleadtoincorrectinterpretationoftheresults

TheVecTestpresentedanotherpotentialproblembecause
itisrecommendedbyDHSonlyfortestingcrowsandmosquitoes
In2004thedistricthad85deadbirdspositiveforWNVOfthose
birds46wereWesternscrubjaysAphelocomacalifornicaand
28wereAmericancrowsCorvusbrachyrhynchosApproximately
54ofallWNVpositivebirdsinthedistrictwereWesternscrub
jayswhileonly33wereAmericancrowsDeadbirdresultsRT
PCRprovidedtothedistrictbytheUniversityofCaliforniaCenter
forVectorborneDiseasesCVECwerethencomparedwithin
houseVecTestresults

Ofthe67birdsthatweretestedusingtheVecTestT51were
confirmedRTPCRpositivesOfthose51positivestheVecTest
wasabletodetect18Theprimarybirdspeciestestedwere
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OtherbirdstestedincludedaBlackheadedgrosbeak
PheucticusmelanocephalusStellersjayCyanocittastelleri
LoggerheadshrikeLaniusludovicianusNorthernmockingbird
MimuspolyglottosCockatielandMallardduckAnas
platyrhynchosTheVecTestTMwasabletodetectthevirusinthe
mallardduck

TheVecTestTMprovidedaquickandeasywaytodetectWNV
indeadbirdsThisenabledCMADstafftopotentiallytestevery
birdthatwascalledintoDHSwithinthedistrictboundarieswithout
consumingtheentireday

RAMP

TheRAMPsystemofferedsimilaradvantagesand
disadvantagestotheVecTestTMTheRAMPwasalsosimpleto
userequiredminimaltrainingandresultswereavailablewithin
90minutesAlthoughtheincubationtimeforsolutionabsorption
anddryingwaslongertherewasbettercorrelationwiththeRT
PCRresultsfromCVEC

TheRAMPsystemeliminatedtheproblemofsubjectivity
byutilizingtheRAMPreaderTheRAMPreadermeasures
fluorescenceinRAMPimmunoassayapplicationsBurkhalter
etal2003TheRAMPreaderisalwaysconsistentindetermining
ratiovaluesbetweenthetestzoneandthecontrolzoneTheresults
aregiveninunitsandpresetvalueshavebeenestablishedto
determinetherangeofWNVpositivesandnegatives

AlthoughtheRAMPsystemisrecommendedbythe
manufacturerResponseBiomedicalformosquitoesandcrows
theresultsindicatedanacceptablelevelofsensitivityforother
corvidssuchasthewesternscrubjayTheRAMPsystemyielded

WesternScrubJay

RAMP

Sensitivity 57

Specificity100

AmericanCrow

RAMP

RTPCR

RTPCR

bettercorrelationwithRTPCRresultsthandidtheVecTestTMFig
2howeversignificantlyfewertestswererun

Duringthe2004seasonthedistrictusedtheRAMPsystem
totest16mosquitopoolsTwoofthe16poolswerepositivefor
WNVAsecondsamplefromthosepoolswasneversubmittedfor
RTPCRconfirmationAseparatepoolwassubmittedtoDHSfrom
oneoftheareasthatRAMPtestedpositivebutreturnednegative
forWNV

SUMMARY

ItisclearthatboththeVecTestTMandtheRAMPsystemare
valuabletoolsinthefightagainstWNVTodrawanydefinite
conclusionsontheuseofeithertestwithinthedistrictwouldbe

prematuregiventhelimitednumberoftestsconductedbyCMAD
Howeversomeinitialvalueassessmentscanbemadewithresults

availableBothtestshaveshowntheabilitytorapidlydetectWNV
tosomedegreeThissmallwindowofopportunitycanresultin
immediatemosquitoabatementresponsetoareaswherethevirus
ispresentandhelppreventtransmissionofthediseasetohumans
Furthermoreastatewideefforttocollectandcompileresultson
theuseofbothtestscouldproveevenmorevaluableinthelong
termeffortstocombatWestNileVirus
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Figure2SensitivityandspecificityofRAMPvsRtPCRresultsinwesternscrubjaysandAmerican crows

BurkhalterKLRLindsayRAndersonADibernardoH
WhiteMDrebotWFongandRNasci2003Evaluation
ofCommercialAssaysforDetectingWestNileVirusAntigen
Response Biomedical Technical Papers http
wwwresponsebiocom
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RAMPandVecTestAComparativeStudy

PiperKimball

MarinSonomaMosquitoandVectorControlDistrict595HelmanLaneCotatiCA94931

ABSTRACTTheWestNilevirusWNVepidemicof2004becamethemainconcernforallorganizedmosquito
controldistrictsinCaliforniaandreliablesurveillancetoolswereoftheutmostimportanceWhilemanydistricts
wereprovidedwiththeVecTestMedicalAnalysisSystemsbytheCaliforniaDepartmentofHealthServicesother
districtsdecidedtotryoutanothercommerciallyavailableantigenassayRAMPResponseBiomedicalBoth
assaysweredevelopedtodetectWNVinmosquitopoolsandcorvidsThispresentationfocusesoncomparingthe
sensitivityandspecificityofbothassaysfromdatacompiledbyninemosquitocontroldistrictsthroughoutCalifornia

DiagnosticAssaysforDetectingWestNileVirusinOralSwabsfromDeadBirds
EvaluationofRTPCRandCommercialImmunochromaticAssays

KerryPadgettBarbaraCahoonYoungRyanCarneyLeslieWoodsDeryckRead
StanHustedandVickiKramer

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection850MarinaBayParkwayRichmondCA94804
2CenterforVectorborneDiseasesUniversityofCaliforniaOldDavisRoadDavisCA95616
3CAHFSCentralLabUniversityofCaliforniaWestHealthSciencesDriveDavisCA95616

CAHFSSanBernardinoLab105WestCentralAvenueSanBernardinoCA92408

DepartmentofHealthServicesVectorBorneDiseaseSection1616CapitolAvenueMS7307POBox997413SacramentoCA95899

ABSTRACTOralswabswereevaluatedasadiagnosticsamplefordetectingWestNilevirusWNVindeadbirds
inCaliforniaToassesswhetheroralswabsinviraltransportmediaVTMcouldreplaceorsupplementkidney
tissueforWNVtestingoralswabsandkidneytissuefromAmericanCrowsweretestedinparallelbyRTPCRatthe
UCDavisCenterforVectorborneDiseasesOralSwabsamplesweresubmittedbyeitherastateveterinarypathology
laboratoryCaliforniaAnimalHealthandFoodSafetyLaboratory CAHFSorbylocalvectorcontrolagencies
RTPCRoforalswabssubmittedbyCAHFSandbylocalvectorcontrolagenciesyieldedsimilarresultsaskidney
tissueLocalvectorcontrolagenciesandhealthdepartmentsalsotestedavianoralswabswithtwocommercial
antigenbasedimmunochromaticassaysVecTestandRAMPandresultswerecomparedtoRTPCRofkidney
tissuetoassesssensitivityandspecificityVecTestandRAMPassaysweremostsensitiveandspecificwhenusedfor
detectingWNVinoralswabsfromAmericanCrowsFalsenegativeresultswerecommonforotherbirdspecies
BothVecTestandRAMPassayswerehighlyspecificforWNVwithfewfalsepositiveresultsTestingdeadbirdoral
swabsbyeithercommercialimmunochromaticassaysorbyRTPCRmayincreaseefficiencyallowforfasterreporting
ofPCRresultsandcansavevaluableresources
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Highlightsof2004WestNileVirusSurveillanceActivitiesinSouthernCalifornia

WestNilevirusWNVisamosquitotransmittedpathogen
thatmaypotentiallycauseseverehumanillnessandinsomecases
evendeathInnaturethevirusismaintainedinmosquitobird
transmissioncycleBecausecertainbirdfeedingmosquitospecies
mayalsofeedonhumanhorseandmostofothermammalsthey
caninadvertentlytransmitthevirustothesehostsuponblood
feedingresultingintheirillnessIn2004statewidesurveillance
effortsindicatedthatWNVactivitiesbeganandmostintensivein
southernCaliforniaTheviruswasfirstdetectedinFebruaryfrom
adeadAmericancrowcollectedinLosAngelesCountyInthe
followingmonthsWNVwasalsodetectedfromdeadbirds
collectedinnearbycountiesBothWNVpositivemosquitopool
andchickenserumwerefirstdetectedinMayfromRiverside
CountyDuringthesamemonththefirst5humancaseswere
diagnosedfromSanBernardinoCounty Of830humancases

identifiedinthestateduring2004morethan85werefromthe
southernregion

DuetotheearlydetectionofWNVactivitiesinsouthern
Californialocalhealthdepartmentsandvectorcontrolagencies
immediatelybegantheexecutionoftheirplansindealingwiththis
significantpublichealththreatBothWNVsurveillanceandcontrol
effortswereenhancedbytheseagenciesBasedonsurveillance
dataareaswithgreaterexposurerisksofWNVwereidentified
PromptedbypotentiallysevereconsequencesofWNVinfection
severalvectorcontrolagenciesdecidedtoconductmosquito
adulticidinginsomeoftheareaswithincreasedexposurerisksto
WNVandfrequentpublicusetolowerthemosquitopopulations
Resultsfromtheseapplicationsareprovidedelsewhereinthis
publicationbythoseagenciesinvolvedandshouldbeveryhelpful
toguideotheragenciesfacedwithsimilardecisionsinthecoming
yearsSomecountiesinsouthernCaliforniaalsoconducted

monthlycountywidemultiagencyWNVTaskForcemeetings
Theseprovidedgreatopportunitiesforinformationsharingand
forfurtherplanningincontrolandpreventionofWNVtransmission
Membersattendingthesemeetingsincludedindividualsfrom
countydepartmentofhealthenvironmentalhealthpublichealth
veterinariananimalcontrolofficeofemergencyserviceslegal
councillawenforcementagriculturecommissionersofficevector
controlprogramordistrictsandlocaluniversitiesStafffrom
CaliforniaDepartmentofHealthServicesVectorBorneDisease
SectionandStateOfficeofEmergencyServicesalsoparticipated
inthesemeetingsandprovidedcoordinationandassistance

Thefollowingisthelistofotherspeakerstheiraffiliations
andthetitlesoftheirpresentationsatthesymposiumentitledWest
NileVirusOutbreakandMosquitoControlStrategiesinSouthern
California

RenjieHu

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection
2151ConventionCenterWaySuite218BOntarioCA91764

JackHazelriggPhDGreaterLosAngelesCountyVector
ControlDistrict

GreaterLosAngelesCountyVectorControlDistrictResponse
StrategiestoWestNileVirusOccurrencein2004

KennFujiokaPhDSanGabrielValleyMosquitoandVector
ControlDistrict

WestNileVirusintheSanGabrielValleyLosAngelesCounty
CAin2004

RobertSaviskasLosAngelesCountyWestVectorControl
District

WestNileVirusExperienceattheLosAngelesCountyWest
VectorControlDistrictin2004

KarenMellorAntelopeValleyMosquitoandVectorControl
District

WestNileVirusActivityinAntelopeValleyLosAngeles
CountyCAin2004

NelsonKerrCityofLongBeachVectorControlProgram
WestNileVirusinSouthernCaliforniaALocalHealth

Departmentsresponse

LawrenceShawOrangeCountyVectorControlDistrict
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JoannaWisniewskaRosalesPhDNorthwestMosquitoand
VectorControlDistrict

WestNileVirusSurveillanceandMosquitoControlat
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BrankaLothropPhDCoachellaValleyMosquitoandVector
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ControlMeasuresandWestNileVirusintheCoachellaValley
Californiain2004

JWakoliWekesaPhDSanBernardinoCountyVector
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WestNileVirusandMosquitoControlinSanBernardino
Californiain2004
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In2004CaliforniatookitsturnastheepicenterofWestNile
virusWNVactivityintheUSA831humancasesand26deaths
werereportedCaliforniaandCountyofLosAngelesDepartment
ofHealthServices2005Thefirstinfectedbirdandhumancase
reportedfromLosAngelesCountyoccurredinthejurisdictionof
theSanGabrielValleyMosquitoandVectorControlDistrictthe
District

TheDistrictisapproximately805kmwithapopulationof
136millionItcomprises23citiesandunincorporatedcounty
areasandislocatedineastLosAngelesCountyalongthefoothills
oftheSanGabrielMountainsIn200334birdsinfectedwith

WNVwerefoundwithinthejurisdictionoftheDistrictbutno
infectedmosquitoeswerefoundandnohumaninfectionswere
reportedThenumbersincreasedsubstantiallyin2004The
incidenceofinfectionintheDistrict79per100000popwas
considerablyhigherthanthoseforthecountyandstate31and
23per100000poprespectivelyHerewedescribetheepidemic
ofinfectionswithWNVintheDistrict
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ABSTRACTIn2004asignificantepidemicofinfectionswithWestNilevirusoccurredinsouthernCalifornia
ThejurisdictionoftheSanGabrielValleyMosquitoandVectorControlDistricttheDistrictexperiencedthehighest
incidencerate79per100000populationoverallofthefivevectorcontroldistrictsinLosAngelesCountydespite
mosquitotrapcountsthatdidnotexceed30trapnightTheDistrictexpendedsignificantresourcesbeyondits
normaloperatingbudgettopreventadditionalhumancasesinitsjurisdictionandparticipatedinaregionaleducation
campaigntopreservepublichealth
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Figure1DeadbirdsbyweekofreportingSanGabrielValley
MosquitoandVectorControlDistrictversusLosAngelesCounty
California1Jan30Sep2004
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THEEPIDEMIC

DeadBirdsDeadbirdswerethefirstindicationin2004that

WNVwasbeingtransmittedintheDistricttheybegandying
severalweeksbeforetherestofthecountyFig1ThefirstWNV
positivebirdwascollectedonFeb24week9buttestresults
werenotavailableuntilApril1week14Theportionofthe500
casesthatwerereportedtotheDistrictduringweek22
overwhelmedourtelephonesystemTable1illustratesthe
magnitudeofinfectionamongwildbirdsduringthistimetesting
sampleswaslargelydiscontinuedbecauseofthehighpercentage
ofWNVpositivesthatwasobserved

SentinelChickensAspartoftheStatesencephalitis
surveillanceprogramtheDistrictmaintains11flocksofsixsentinel
chickensplacedthroughoutitsjurisdictionIn2004allofthe
chickensdevelopedantibodiestoWNVThefirstseroconversion
wasdetectedonJune8week24byaninhouseEIAAlthoughit
appearsthatinfectedmosquitoeschickensandhumansallbecame

Table1SummaryofbirdstestedbytheStateofCalifornia
DepartmentofHealthServicesforinfectionswithWestNilevirus
intheSanGabrielValleyMosquitoandVectorControlDistrict
LosAngelesCountyCalifornia229May2004



50 ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

detectableatonceFig2onlythechickenswereidentifiedtimely
themosquitoesandhumanwerenotconfirmeduntiltheendof
Juneweek27

HumanInfectionsThefirstcaseofhumanillnessinLos

AngelesCountywasreportedfromtheDistricfThedateofonset
was9Junebutthecasewasnotconfirmeduntillateinthemonth

Fig2TheoverallincidenceintheDistrictwas79per100000
popwhichwasconsiderablyhigherthantheratesfortheCounty
31per100000popandtheState23per100000pop
Incidenceratesamongindividualcitiesvariedfrom0to277per
100000popthecasefatalityratefortheDistrict280percent
waslowerthantheratefortherestoftheCounty498percent
andtherestoftheState332percentCasesdidnotappear
clusteredspatiallyortemporally
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Becausetestsusedtoconfirmhumaninfectionsandthe

vagariesassociatedwithreportingcasesathreeweeklagbetween
diseaseonsetanddiseaseidentificationwastypicalInmanycases
bythetimewewereableconductsurveillanceinthevicinityofa
reportedcasewhohadgiventhehealthdepartmentpermissionto
becontactednomosquitoeswerepresentAsmorecasesoccurred
itbecameimpossibletovisiteachone

Timelyfollowupofhumancaseswasalsohamperedbyour
havingtolearnaboutandaccommodatetheHealthInsurance

PortabilityandAccountabilityActHIPAATheinterpretation
ofthelawdesignedtoprotectconfidentialityaffectedthemanner
andtypeofdatawereceivedandwhichdatawewereableto

distributeInretrospectwespenttoomuchtimeattemptingto
reconcilehumancasedatawereceivedfromvariousagencies
duringthisepidemicwildbirdmortalitygaveustheearliest
indicationoftheproblem

MosquitoesPriorto2004theDistricthadnevercollected

withinitsjurisdictionapoolofmosquitoesthatwaspositivefor
anymosquitobornevirusInJuneJuly2004mosquitoesinfected
withWNVwerecollectedfromatleasthalfofthe24citiesinour

jurisdictionbuttrapcountsdidnotexceed30pertrapMinimum
infectionratesduringthesemonthswereparticularlyhighdespite
alownumberofmosquitoesCulexquinquefasciatusSay204
CulextarsalisCoquillett417Bothcarbondioxideandgravid
trapsusedwereequallyeffectiveatcollectingWNVpositive
mosquitoes

MonitoringTemperatureThelastepidemicofStLouis
encephalitisSLEoccurredinsouthernCaliforniain1984
Becausedatathatarecollectedfromothersitesvaryinreliability
therecordsfromtheLosAngelesCivicCenterareregularlyused
tomakecomparisonsbetween1984andagivenyearWehave
observedthatthecloseratemperaturecurveforagivenyear
approximatestheonefor1984themorelikelyitisthatwewill
haveproblemswithSLEFig3MarchthroughMay2004closely
approximated1984andmayhavehelpedcreateconditions
favorablefortheproliferationofWNV

Figure3MeannighttemperaturebymonthLosAngelesCivicCenter20041984and5year
mean
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EFFECTSONDISTRICTOPERATIONS

EquipmentandStaffWestNileviruscertainlyimpacted
theDistrictsoperationsAsyetanotherexampletheDistricts
websitereceived45489hitsinAugust2004followedby29719
inSeptemberand21817inOctoberfromthroughouttheworld
Twofulltimestaffandtwicethenormalnumberofsummerhelp
werehiredanewtelephonesystemwasinstalledandradiotime
andnewspaperspacewerepurchasedTheexpenseofthese
modificationsadded105percenttoouroperatingbudgetandwas
fundedbyreserves

PublicEducationTheimpactofWNVonthepublicandon
ourprogramwassignificantThisDistrictbeganaWNVoutreach
programin2001inanticipationthatWNVwouldeventuallyimpact
SouthernCaliforniaOurongoingprogramrevolvesaround
constantinteractionswithcityandcommunityleadersthecreation
anddistributionofliteratureattendanceatlocalfairsandevents

classroompresentationsspeakingengagementsagencystaffsafety
trainingandworkwithlocalandregionalmedia

In2004weexpandedouroutreachactivitiesandparticipated
withseveralotherDistrictsandHealthDepartmentsinthesouthern
CaliforniaareainaregionalWipeOutWestNilepublicrelations
campaigndesignedtopoolourfinancialresourcesandreachthis
broadmediamarketwiththesamecomprehensivemessageAs
thecampaigntargetedregionalmediaallphonecallsweredirected
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WNVImpactonOutreachActivities

rerwwarmom

totheCaliforniaDepartmentofHealthServicestollfreenumber
toalleviatetheconfusionthatmultiplephonenumberswouldcause
Fromthereresidentswereabletoreportbirdsgetanswersand
findtheirlocalmosquitoandvectorcontroldistrict

Figure4depictsourinhouseoutreacheffortscomparedto
moretypicalyearsNotethatin1999whenAfricanizedhoney
beeswerefirstdetectedintheSanGabrielValleyanunprecedented
workloadwasproduceduntil2004

Ourunderlyinggoalwastosaturatethepublicwithinformation
concerningWNVthroughallavailablemediaietheradioprint
inretailoutletsandthroughoutthecommunity

In2004wespokedirectlytonearly66000peopleand
providedover953000piecesofliteratureWecreateda4page
fullcolornewspaperinsertthatwasdeliveredtoeveryhousehold
intheDistricteitherthroughthenewspaperdeliveryorthrough
directmailandprintedwellover100000WNVbrochuresthat
weredistributedinbulkacrossthedistrict

Duringtheheightoftheseasonwereceivedmultiplecalls
mostdaysfrombothlocalandregionalmediaforinterviews
Coverageoverallwasfairandrelativelyaccuratehoweverless
experiencedreporterssometimescausedconfusionbymaking
incorrectstatementsorgeneralizations

AcoordinatedregionalWipeOutWestNileoutreach
campaignwasspearheadedbytheGreaterLosAngelesCounty
VectorControlDistrictSeveralvectorcontrolagenciesinsouthern

Figure4ImpactofWestNilevirusonoutreachactivitiesintheSanGabriel
ValleyMosquitoandVectorControlDistrictLosAngelesCounty
California2004
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Californiapooledtheirresourcesandhiredafirmtoproducea
campaignthatnosingleagencyhadthetimeorresourcesto
accomplishFigure5summarizesthesuccessoftheWipeOut
WestNileCampaignMuchofthevalueoftheprogramwasin
thetimeandresourcesdonatedbybusinessesandmediaoutlets
Radiotimewasadditionallypurchasedtoensuremultilingualreach
tothebroadestofaudiences

Althoughthetotalcostofthecampaignwas219500the
firmestimatedthetotalvalueincludingsponsorshipsorganizations
paidmediaandpublicserviceannouncementsat1455483Total
estimatedreachimpressionswas23509859people

In2004theBoardofTrusteesauthorizeda55000
expenditurebeyondourcurrentoutreachbudgetof20000
givingustheabilitytoreachallofourhouseholdsdirectlydirect
mailandhugenumbersofresidentsfromthroughoutsouthern
Californiaindirectlyregionalmediacampaignwiththesame
criticalmessage

Evaluatingtheeffectivenessofanyoutreachprogramisa
difficultandexpensiveexercisewhichwecouldnotjustifyinlieu
ofusingthosefundsforeducationOneoptionistolookat
incidenceratesofWNVinfectioninpeopletoevaluatewhichareas
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VlfpeOutWestNileCampaign

IReached aValue

Eunts

wereimpactedthemostNotwithstandingtheeffectsofMother
Naturetwomajorfactorscontributedtodecreasedinfectionrates
foragivenenvironment theeffectivenessofsurveillanceand

controlmeasuresandthepublicswillingnesstofollowthe
recommendedprecautionsiesuccessofoutreach

Coloradowasthestatehardesthitin2003withanincidence

rateofnearly647casesper100000popCaliforniaand
particularlysouthernCalifornialedthenationinWNVcases
thisyearalthoughourincidenceratewassignificantlylowerat
23per100000pop

WesawourfirstindicationofWNVtransmissioninLos

AngelesCountyonFeb24andwouldhaveexpectedtoseehigher
incidenceratesasaresultofthelongerseasonThelowincidence
rateinLosAngelesCountyismostcertainlyatestamenttothe
effortsanddedicationofmosquitoandvectorcontrolstaff

REFERENCECITED

CaliforniaDepartmentofHealthServices2005Californiawest
NileVirusURLhttpwwwwestnilecagovlastaccessed
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MosquitoControlatOrangeCountyVectorControlDistrictDuringaWNVCrisis

LawrenceHShaw

OrangeCountyVectorControlDistrict13001GardenGroveBoulevardGardenGroveCA92868

ABSTRACTDuringthe2004seasontheOrangeCountyVectorControlDistrictOCVCDsteppedupeffortsin
thecontrolofmosquitoesduetotheintroductionofWNVintoOrangeCountyTwentyyearsearliertheDistricthad
setasidefundsforjustsuchanemergencyThisfundingallowedtheDistricttoincreasestaffingSeasonalstaff
startedworkinAprilandworkedthroughOctoberFulltimeoperationalstaffconcentratedeffortsonmosquito
controlcompletingothervectorservicerequestastimepermittedCoordinationbetweenlaboratoryandoperational
divisionsworkedtoidentifymosquitobreedingsitesThedrainagecyclehadbeenreducedtoanaverageof7days
Mosquitotrapcountsrecordeda72reductioninadultmosquitopopulationsthroughoutOrangeCounty
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MosquitoandWestNileVirusSurveillanceatNorthwestMosquitoandVectorControl
Districtin20022004

JoannaWisniewskaRosalesandGregoryAWilliams

NorthwestMosquitoandVectorControlDistrict1966ComptonAveCoronaCA928813318

ABSTRACTTheresultsofa3yearlongmosquitoandWestNilevirusWNVsurveillanceprogramattheNorthwest
MosquitoandVectorControlDistrictinCoronaCaliforniaaresummarizedMosquitoabundancethroughoutthe
Districtareain20022003and2004wasmeasuredwith12NewJerseylighttrapsNJLTsand25CObaited
encephalitisvirussurveillancetrapsEVSTsOfthethreeyearsmosquitoesweremostabundantin2003andleast
numerousin2004WhilethenumbersofallCulexspecieswerereducedmarkedlyin2004Culexquinquefasciatus
SaydominatedEVSTcatchin2002and2003andCulexerythrothoraxDyarweremostcommonlycollectedin
EVSTsin2004Thechangeinthemeannumbersandspeciescompositionofmosquitoesin2004isattributedtothe
urbanizationofruralareasintheDistrictdairiesbeingreplacedwithhousingtracksandtotheDistrictsincreased
mosquitoabatementeffortsTheantibodiestoWNVwerefirstdetectedintheDistrictareainaliveHousefinch
CarpodacusmexicanusinSeptember2003TheninlateOctoberthroughearlyNovember2003theviruswas
isolatedfrom4deadbirdsincluding3AmericancrowsCorvusbrachyrhynchosandoneHousefinchThefirst
WNVpositivemosquitopoolwascollectedonMay132004andthefirstsentinelchickenseroconversionsoccurred
betweenMay20andJune32004Overallin200442deadbirds15livewildbirdstestedfortheantibodyto
WNVonly56sentinelchickensand22mosquitopoolstestedpositiveforWNVMostandtheearliestofthe
positiveWNVsurveillanceresultswereobtainedfrommosquitoesandbirdscollectednearandaroundtheSantaAna
River

INTRODUCTION

TheNorthwestMosquitoandVectorControlDistrict
NWMVCDhasbeenprovidingmosquitosurveillanceandcontrol
servicesinthecitiesofNorcoCoronaLakeElsinorepartsofthe
cityofRiversideandseveraladjoiningunincorporatedcommunities
forover40years TheNWMVCDserviceareaencompasses
approximately605kmwithnearly400000residentsWestNile
virusWNVwasfirstdetectedinCaliforniainJuly2003ina
poolofCulextarsalisCoquillettcollectednearElCentroImperial
CountyReisenetal2004Sincethenithasspreadthroughthe
ImperialandCoachellaValleystothecityofRiversideandwithin
theNWMVCDboundaryAntibodiestoWNVwerefirstidentified
inNWMVCDareainabloodsamplecollectedfromaliveHouse
finchfromoneofthewildbirdtrapsoperatedbyNWMVCDin
theCanyonCrestareainthecityofRiversideonSeptember22
2003WestNileviruswasfirstisolatedintheDistrictfromadead

crowonOctober212003

In2003andin2004increasedeffortswereexertedbythe
DistricttobettersurveyformosquitoesandWNVaswellasto
controlmosquitoesThesurveillanceprogramincludedmosquito
collectionswithNJLTsandcarbondioxidebaitedencephalitisvirus
surveillancetrapsEVSTsaswellastestingofmosquitopools
sentinelschickenswildbirdsandbirdcarcassescollected

throughouttheDistrictMosquitocontroleffortsweremostly
focusedonincreasedmosquitobreedingsourceinspectionand
treatmentHoweversomeadulticidingwasemployedinselect
areas
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NewJerseyStyleLightTraps

MATERIALSANDMETHODS

Thepopulationdynamicsofadultmosquitoesin20022003
and2004weremonitoredwithNJLTsMulhern1942at12fixed
locationsthroughouttheDistrictFig1Thetrapsweresetat3
urban6suburbanand3ruralareasasdescribedbyMianand
Reed2002andwerecheckedweeklyfromAprilthroughOctober
andbiweeklyfromJanuarythroughMarchandinNovemberand
DecemberThetrapswereequippedwith25wattincandescent
lightbulbs235lumensandplacedapproximately24mabove
groundlevelThemosquitoestrappedwerecountedandsorted
accordingtosexandspecieswithareportsubmittedtothe
CaliforniaDepartmentofHealthServicesCDHStobeincluded
inthestatewideadultmosquitooccurrencereport

EncephalitisVirusSurveillanceTraps

Hostseekingfemalemosquitoesweremonitoredin2002
2003and2004usingcarbondioxidebaitedEVSTswithoutlight
orrainshieldsCummingsandMeyer1999Eachtrapwas
operatedatanapproximateheightof125mandCOwaspresented
ina37literStyrofoam insulatedbucketwith4to5openingsat
thebottomdiameter4mmTheopeningswerelocated18cm
abovetrapentry

Atotalof25standardfixedtraplocationswereselectedto
bestmonitormosquitoinfestedareaswithintheDistrictFig1
ThetrapswereoperatedfromdusktodawnJunethroughNovember
in2002AprilthroughDecemberin2003andallyearin2004In
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Figure1Distributionofsentinelchickenflocks0andwildbirdtrapsoperatedbyNWMVCDAand
SAWAOCWD and0withintheboundariesofNWMVCDdarkgrayareain2003and2004Open
circles0markSAWAOCWDoperatedtrapswherebirdspositiveforWNVantibodieswerefound
ArrowspointtolocationswherebirdspositiveforWNVantibodieswerefoundTagsattachedtothe
arrowsindicatedatesoffirstseroconversionsatthoselocationsGreytagscorrespondtosentinelchicken
seroconversionswhilewhitetagsdemarcatewildbirdseroconversionsTagswherenoyearisindicated
indicateseroconversionsthatoccurredin2004

2002thetrapsatdifferentlocationsweresetonalternatingweeks
sothateachlocationwassampledonceeverytwoweeksIn2003
and2004trapsatalllocationsweredeployedweeklyMaythrough
Octoberduetomuchlowermosquitoabundancetheywere
deployedbiweeklyinJanuaryFebruaryNovemberandDecember
BeginningAugust262004twentyadditionallocationsalongthe
SantaAnaRiverFig1weremonitoredweeklywithEVSTs

55

AllmosquitoescollectedinEVSTswereanesthetizedwith
triethylamineTEAandsortedbyspeciesandsexPoolsof12
to50mosquitoeswereshippedovernightondryicetothe
UniversityofCaliforniaDavisCenterforVectorborneDiseases
CVECfortestingFemaleCulexerythrothoraxDyarCulex
quinquefasciatusSayCulexstigmatosomaDyarandCxtarsalis
Coquillettwereincludedforvirusisolation
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SentinelChickenFlocks

Sixsentinelchickenflockscomprisedoftenwhiteleghorn
birdseachweremaintainedatdifferentlocationsthroughoutthe
DistrictFig2Bloodsampleswerecollectedbiweeklyfrom
AprilthroughOctoberin2002AprilthroughDecemberin2003
andJanuarythroughDecemberin2004Thesampleswereplaced
onfilterpaperstripsairdriedandsubmittedtotheDHSViraland
RickettsialDiseaseLaboratoryVRDLfortesting

WildBirds

BeginninginApril2003fourmodifiedAustralianCrowtraps
McClure1984werebuiltandsetupinCoronaNorcoCanyon
CrestandLakeElsinoreFig2Thetrapswerebaitedwithwild
birdseedGoldenStateCommoditiesPOBox458Oakdale
CA95361andwatertoattractHousefinchesandHousesparrows

67CxerythrothoraxandCxtarsalis

614Crtarsalis

ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

PasserdomesticusTheywerecheckedtwiceaweekThebirds
wereidentifiedtospeciesandsexbandedbledandreleasedat
thesiteWealsocollectedandtestedbloodsamplesofBrown
headedcowbirdsMolothrusaterobtainedfrommodified
AustraliancrowtrapsoperatedbytheLeastBellsVireo
ConservationProjectoftheSantaAnaWatershedAuthority
SAWAandbytheOrangeCountyWaterDistrictOCWDBird
bloodsamples01 02mlfromeachbirdwerecollectedfrom
thejugularveinwitha1mlinsulinsyringefittedwitha28gauge
2inchhypodermicneedleEachsampledissolvedin09mlof
075bovineserumalbuminPBSphosphatebufferedsaline
diluentwassubmittedtotheOrangeCountyVectorControlDistrict
LaboratoryforSaintLouisencephalitisSLEandwesternequine
encephalomyelitisWEEantibodytestingbyserum
hemagglutinationinhibitonasdescribedbyGruwellatal2000
ThesampleswerealsotestedforantibodiesspecifictotheWNV
byablockingELISAdevelopedbyJozanetal2003

Figure2DistributionofNewNJLTsNandEVSTsAwithintheboundariesoftheNWMVCDdark
grayareain2004OpentrianglesmarktraplocationsalongtheSantaAnaRiverwheretrappingbegunin
lateAugustArrowspointtolocationswheremosquitopoolspositivefortheWNVwerefoundTagsattached
tothearrowsindicatedatesin2004andspeciesoffirstWNVpositivemosquitopools
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DeadBirds

ThroughtheparticipationofNWMVCDwiththeCDHSDead
BirdSurveillanceProgramdeadbirdsreportedtotheDistrictwere
pickedupandsubmittedtotheCaliforniaAnimalHealthandFood
SafetyCAHFSLaboratoryinSanBernardinofortissue
processingandtoCVECforWNVtesting
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DataAnalysis

ForyeartoyearcomparisonsTable1Figs3and4mosquito
abundancedatawereblockedbyyearandanalyzedusingrepeated
measuresANOVAwiththecollectionyearasthemaineffect
Abundancemeasurementswererepeatedwithineachtraplocation
StudentNewmanKeulsmethodwasutilizedformultiple
comparisonsofmeansFormonthlycomparisonsthedatawere
blockedbyyearandmonthandanalyzedwith2wayrepeated
measuresANOVATheHolmSidaktestwasemployedfor
multiplecomparisonsofmeans

Table1FemalemosquitoescollectedinthecarbondioxidebaitedEncephalitisVirusSurveillanceTraps
EVSTandNewJerseyLighttrapsNJLTatstandardlocationsin20022003and2004Mosquitonumbers
callectedinthesametraptypethatsharethesameletterarenotsignificantlydifferenta005

Mosquito
Species

MeanNumberofFemalesperTrapNight
EVST NJLT

2002 2003 2004 All 2002 2003 2004 All

Anophelesfranciscanus
Anopheleshermsi
Culexerythrothorax
Culexquinquefasciatus
Culexstigmatosoma
Culextarsalis

Culisetaincidens

Culisetainornata

Culisetaparticeps
Ochlerotatuswashinoi

Total

000

152a

877a

3539a

939a

1961a

005a

008a

043a

000a

000

118a

2448a

4528a

476ab

1687a

022a

031a

025a

002a

000

076a

1066a

316b

049b

884b

004a

006a

007a

003a

000

102

1511

2232

326

1318

010

015

019

002

000a

002a

002a

003a

009a

009a

004a

001a

001a

000a

001a

007a

013b

030b

014a

024b

009b

003b

004a

001a

000a

003a

003a

007a

005a

013ab

004a

000a

001a

000a

004

000

006

013

010

015

005

001

002

000

7525a 9337a2412b 5535 031a 104b 037a 056
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MosquitoSurveillance

MosquitoesweremostabundantintheDistrictserviceareain
2003with104and9337femalestrapnightcapturedintheNJLTs
andEVSTsrespectivelyTable1BasedontheEVSTresults
mosquitoeswereleastabundantin2004alpha 005withthe
yearmeanof2412femalestrapnightTherewere037females
trapnightcollectedinNJLTsin2004Theoverallmeansfor2002
were7525and031femalestrapnightinEVSTandNJLT
respectivelyMosquitospeciescollectedinNJLTsandEVSTs
includedCulexquinquefasciatusCxtarsalisCxstigmatosoma
CxerythrothoraxCulisetainornataWillistonCsparticeps
AdamsCsincidensThomsonAnopheleshermsiBarr
GuptavanjiAnfranciscanusMcCrackenandOchlerotatus
washinoiLanzaro EldridgeInallyearsCulexspecieswere
mostabundantcomprising79ofNJLTand98ofEVST
collectionsOftheremainingspeciesAnhermsicontributed18
totheEVSTcollectionswhile18oftheNJLTcatchwas

comprisedofCulisetasppBasedontheEVSTresultsCx
quinquefasciatuswerethemostabundantspeciesin2002and2003
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RESULTS
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whileCxerythorthoraxdominatedtrapcatchin2004andthere
wasamarkeddecreaseintheabundanceofallCulexspeciesin
2004Table1InallyearsCxtarsalismosquitoesweremost
commonlycollectedinNJLTsfollowedbyCxquinquefasciatus
CxstigmatosomaandCxerythrothoraxCulisetaincidenswere
alsoabundantinNJLTcatchTemporalpatternsofabundanceof
thefourCulexspeciesvariedamongyearswiththelowestnumbers
ofmosquitoesoccurringinJanuarythroughMarchandin
NovemberthroughDecemberFigs3and4alpha 005
GenerallybasedontheEVSTdatathemeannumbersofCx
erythrothoraxpeakedearliestintheseasonaroundMayfollowed
byCxtarsalisJulythroughSeptemberCxstigmatosomainJuly
andCxquinquefsciatusinSeptemberFig4Thosetemporal
patternsdidnotexactlymatchthoseoftheNJLTsCxtarsalishad
onepeakinMayandoneinSeptemberOctoberandCx
quinquefasciiatusnumberswerehighestinJulyFig3

Fortheadditional20EVSTsitesalongtheSantaAnaRiver
themeannumberoffemalestrapnightwas826forCx
erythrothorax488forCxtarsalis153forCxquinquefasciatus
and042forCxstigmatosomaAllspeciesweremostabundant
atthebeginningofthesamplingperiodinAugustandthentheir
numbersdecreasedgraduallyFig5inmannersimilartothat
observedforthestandardEVSTsFig4

0
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Cxstigmatosoma

Cxerythrothorax

i
0

Aug Sep Oct

Month

Figure5MeannumbersoffemaleCulexspptrapnightcollectedin20CObaitedEVSTsalongtheSantaAna
Riverin2004
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CageLocation NoofChickens
inCage

NoPositive

forWNV

ProbableDateofInfection

CoronaAirport 15 13 Jun31 Jun153Jun303Jul142

AllCulex Cxt Cxq

Jul281Sep221Oct221Dec81
CoronaTemescalForestFireStation 10 10 Jun301Jul144Jul283Aug252
LakeElsinoreWaterTreatmentFacility 10 5 Aug111Aug251Sep82Oct61
RiversideHighgrove 19 9 Jul144Jul284Aug111
RiversideRanchoJurupaPark 14 11 Jun31Jun153Jun305Jul141

652089 1346233 52320876

Sep221

RiversideWoodcrest 8 8 Jun302Jul143Aug112Sep221
Total 76 56

5190

Year NoMosquitoPoolsSubmitted NoWNVPositivePools

Cxt Cxq Cxs Cxe AllCulex Cxt Cxq CxsCxeAllCulex

2002 863115 1245229 481721 NA 25810065 0 0 0NA 0

2003 1354923 1897631 652089 1346233 52320876 0 0 0 0 0

2004 942612 421115 5190 1968212 33712127 13 3 1 6 23

Total 31510650 35513975 1184000 33014445 111843068 13 3 1 6 23

JanuaryFebruary2005

WestNileVirusSurveillance

Atotalof1118mosquitopoolscomprisedof43068
mosquitoesweresubmittedtoCVECforWNVtestingin2002
2003and2004Table2Eventhoughthegreatestnumberof
mosquitoesweresubmittedfortestingin2003WNVwasisolated
onlyfromthepoolsofmosquitoescollectedin2004Thefirst
WNVpositivemosquitopoolintheDistrictserviceareawas
collectedatPradoBasinonMay13Fig1Itwasoneofthe12
poolsofCxerythrothoraxsubmittedfromthatareaonthatdate
AdditionalWNVpositivemosquitopoolswerethencollectedfrom
June7throughSeptember2fromotherriparianandwetland
habitatsalongtheSantaAnaRiverFig1OnlyoneWNV
positivemosquitopoolwasfoundoutsideofthatgeneralareaIt
consistedof15CxquinquefasciatuscollectedinLaSierraon
July28EventhoughCxerythrothoraxwasthemostcommon
mosquitospeciescollectedin2004Culextarsalishadamuch
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higherminimuminfectionrateper1000mosquitoesMIR1000
withCxerythrothoraxMIR1000 073andCxtarsalisMIR

1000 498Moreoverwithonly5poolsof190Cx
quinquefasciatusmosquitoessubmittedtheMIR1000forthat
speciesequaled526

Noneofthebloodsamplesfromoursentinelchickens
submittedin2002and2003testedpositiveforWNVIn200456
outof76chickensmaintainedin6sentinelflocksthroughoutthe
DistrictareaFig1testedpositiveforthevirusTable3The
firstinfectedchickenswithprobableseroconversiondateofJune
3wereidentifiedintwoflocksclosesttotheSantaAnaRiver

Fig2TwoadditionalflocksbecameinfectedonJune30further
southoftheRiverAflockinHighgrovenorthoftheSantaAna
RiverseroconvertedonJuly17andfinallychickensinLake
ElsinoreflockfurthersouthoftheriverbecameinfectedonAugust
11TransmissionofWNVcontinuedthroughearlyDecemberas
shownbyaseroconversionofachickenintheCoronaairportflock

Table2MosquitopoolssubmittedforWestNileVirusWNVtestingin20022003and2004andWNVtestresults

CxeerythrothoraxCxqCxquinquefasciatusCxsCxstigmatosomaCxtCxtarsalis

Table3SentinelchickencagelocationsandWestNilevirustestingresultsfor2004

Numbersinparenthesesrefertothenumberofchickensinfectedonthecorrespondingdates
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onDecember8TwoflocksTemescalForestFireStationand
WoodcrestshowednonewseroconversionsafterAugust25and
September22respectivelybecausetherewerenonewchickensto
infectafterthosedatesallchickensatthosesitesseroconverted
andnonewerereplaced

In2003oneadultmaleHousefinchtestedpositiveforthe
WNVantibodyWisniewskaRosalesetal2004In2004
additional15birdstestedantibodypositiveTable4These
included8Brownheadedcowbirds1CaliforniaTowheeand6
HousefinchesThefirstthreeBrownheadedcowbirdswerebled

attheOrangeCountyWaterDistrictinthePradoBasinFig2
TheywerebledonMarch1March8andApril14Additional
birdsincludedtwojuvenileHouseFinchestrappedonJuly15on
theNorthwestMVCDpremisesanotherjuvenileHousefinch
capturedonJuly16atCanyonCrestthreeBrownheadedcowbirds
trappedatRanchoJurupaParkonJuly27aBrownheadedcowbird
caughtatHiddenValleyNatureReserveonJuly29twoHouse
finchestrappedonNWMVCDpremisesonAugust6andaHouse
finchandaCaliforniatowheecaughtatNorcoAnimalShelteron
August12

During200353deadbirdsweresubmittedtotheCAHFS
laboratoryOfthesethreeAmericancrowsonecollectedOctober
20andtwoNovember3andaHousefinchcollectedOct22
testedpositiveforWNVAllfourbirdswerefoundintheportion
ofthecityofRiversideservicedbytheDistrictIn2004we
collectedandsubmittedatotalof105deadbirdsincluding90
AmericancrowsFortytwoofthesebirdswereWNVpositive
whichcomprised50ofalldeadbirdstestedThelastWNV
positivecrowwasfoundonJuly72003AfterJuly7CDHS
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MosquitoSurveillance

DISCUSSION

Incomparisontothe2002and2003collectionsthemean
numbersofmosquitoescollectedinEVSTsin2004weremuch
lowerTable1ThepatternwasnotthesamefortheNLJTswhere
mosquitocollectionswerelowestin2002andhighestin2003
ThedifferenceinNJLTcatchbetween2002and2004wasentirely
duetothelargernumbersofCxtarsalisandCxquinquefasciatus
collectedinthosetrapsin2004Thisdifferencemaybeattributed
totherelocationin2004oftwosuburbanNJLTswiththelowest

trapcatchtonearbylocationsfurtherawayfromcompetinglight
sourcesCompetinglightsourcescreatebackgroundillumination
thatmaygreatlyreduceNJLTcountespeciallyintheurbanand
suburbanareasMilbyandReeves1989Whenthemeannumbers
ofmosquitoestrapnightwerecalculatedforNJLTswithdatafrom
thosetwolocationsexcludedthemeannumberoffemalestrap
nightwas030forboth2002and2004withthemeanforCx
tarsalisdroppingfrom013to009

Themainreasonforthemarkeddecreaseofmeannumbersof

femalestrapnightinEVSTsin2004mayhavebeenthedecreasing

Table4BirdscapturedbledandtestedfortheWestNileVirusWNVantibodiesin2003and2004

haltedfurthertestingofdeadbirdsinourareaFortyoneofthe
WNVpositivebirdswereAmericancrowsOnewasanAmerican
ravenThemajority13oftheWNVpositivedeadbirdswere
collectedintheareasofthecityofRiversideservedbytheDistrict
Agreatmajorityofthebirdswerefoundincloseproximitytothe
SantaAnaRiverespeciallyearlierintheseason

BirdSpecies

Barnswallow

Brownheadedcowbird

Californiatowhee

Europeanstarling
Greentailedtowhee

Housefinch

Housesparrow
Redwingedblackbird
Savannahsparrow
Songsparrow
Spottedtowhee
Whitecrownedsparrow

Total

NoBirdsBled

2003 2004

No Recaptured
Multiple

2003 2004 2003

0 1 0 0 0

60 163 0 55337 0

5 16 0 4250 0

0 1 0 0 0

0 1 0 0 0

160 151 28175 22146 56350
72 70 797 101429 8111
2 2 0 0 0

0 1 0 0 0

0 9 0 0 0

1 0 0 0 0

0 1 0 0 0

300 416

NoWNV

Single
2004 20032004

0 0 0

95583 0 8

4250 0 1

0 0 0

0 0 0

26172 1 6

20286 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

35117 91210 64213 145349 1 15

InmultiplerecapturesbirdscapturedmultipletimesarecountedonceInsinglerecpaturesbirdscapturedmultiple
timesarecountedeachtime

ForBrownheadedcowbirdsrecapturesrefertomultiplebleedingsofsentinelbirdsincages
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numberofdairiesintheareaThenumberofdairiesin2002was

73anddownto70in2003Itdroppedto43in2004andbythe
endoftheyearitwascloseto24ThedairiesintheDistrict
serviceareacontainbarnwashpondsthatbreedlargenumbersof
CxqinquefasciatusAsthedairiesmoveoutbarnwashponds
aredrainedandtheareasareclearedandpopulatedwithhousing
tracksAlsothedecreasednumberofcowsresultsinadecreased

amountoforganicpollutantsbeingdischargedintotheSantaAna
RiverThisinturnresultsinfewernutrientsavailableintheriver
formosquitobreedingThedramaticdecreaseintheCx
quinquefasciatuscollectionsin2004supportsthishypothesisIn
2002and2003CxquinquefasciatusdominatedEVSTcatchwhile
Cxerythrothoraxweremostprevalentin2004 Culex

erythrothoraxmosquitoesarecommonlyfoundinwetlandareas
containingcattailsTyphasppandbullrushSchoenoplectus
californicusandnotinstreetdrainsinresidentialareasorinbarn
washponds

Thedecreasednumberofmosquitoestrapnightin2004may
alsobeattributedtotheincreasedeffortsofourvectorcontrol

techniciansinmosquitobreedingsourceinspectionandtreatment
Closeto35000sourceinspectionswereconductedin2004as
comparedto23670inspectionsin2003and13655in2002Also
in2004increasedeffortswereexertedininspectingcatchbasins
thatarebecomingmorecommonintheareaIn2004therewere
7026catchbasininspectionsascomparedto2679and1874in
2003and2002respectivelyFinallymosquitobreedingsources
in2004weretreatedwithmethopreneformulationsofgreater
longevityAltosid30daybriquetswerereplacedwithAltosidXR
90daybriquetspartiallyin2003andalmosttotallyin2004

WestNileVirusSurveillance

SincetheintroductionofWNVinCaliforniainJune2003
antibodiestoWNVwerefirstdetectedintheNWMVCDareaina

liveHouseFinchonSeptember222003inthecityofRiverside
Fig2SubsequentlybetweenOctober21andNovember32003
theviruswasisolatedfrom3AmericancrowsandaHousefinch

thatwerefoundwithinorincloseproximitytothecityofRiverside
In200442additionalWNVpositivedeadcrowswerecollected
intheNWMVCDserviceareabetweenMay13andJuly7The
firstWNVpositivemosquitopoolwascollectedonMay132004
andthefirstsentinelchickenseroconversionsoccurredbetween

May20andJune3Table3Thefirsthorsewasdiagnosedwith
aWNVinfectiononJune202004inthecityofNorcoThefirst
humanWNVcaseoccurredinRiversideCountyonJune132004
Itmaybethenconcludedthattestingoflivebirdsfortheantibodies
totheWNVprovedtobethemostsensitivemethodofdetection
ofthearrivalofthevirusfollowedbythedeadbirdsurveillance
andtestingofmosquitopoolsandsentinelchickens

MostandtheearliestdetectionofWNVpositivemosquito
poolsdeadbirdslivebirdsandsentinelchickenseroconversions
inNWMVCDareaoccurredintheriparianandwetlandhabitats
surroundingtheSantaAnaRiverHumanandhorseWNVcases
seemedtohavefollowedasimilarpatternThiscouldonlybe
expectedsincethesehabitatsbreedalotofmosquitoesandthere
wasacrowroostlocatedintheHiddenValleyNatureReserve
areaalongtheriverTheroostmayhavecontributedtothedisease
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amplificationinthatareaduetothethousandsofcrowsarriving
therenightlyfromneighboringhabitatsandmostprobablybringing
theviruswiththemInfectedcrowsattheroostmayhavethen
transmittedthevirustohealthycrowsandotherbirdspeciesthrough
mosquitoesfeedingonthemandalsothroughdirectexchangeof
bodyfluidswithhealthycrowsorthroughthesharingoffoodand
waterKomaretal2003Birdsinfectedatorneartheroost
wouldthenbeabletotakethevirusoutoftheareatootherlocations

alongtheirflightroutesandhomehabitatswheretheywouldbe
abletoinfectmosquitoesthatwouldinturntransmitthevirusto
otherbirdsorotheranimalssuchashorsesandtohumansSuch

patternofWNVamplificationandinfectionwouldresultinthe
virusbeingmostprevalentalongtheriverandappearinginother
areasfurtherawayatalatertimewhichisthepatternweobserved
Theexistenceofthepatternisfurthercorroboratedbythefactthat
althoughtheriparianwetlandhabitatalongtheTemescalwash
andnearLakeElsinoreWaterDistrictfacilitybredplentyof
mosquitoesLakeElsinorewasthelastareawheresentinelchicken
seroconversionsoccurredTherewerenoWNVpositivemosquito
poolsordeadbirdsfoundinthatareain2003and2004andnone
ofthelivebirdbloodsamplescollectedtheretestedpositivefor
theWNV
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ControlMeasuresandWestNileVirusintheCoachellaValleyCalifornia2004

BrankaBLothropPhDJamesSaulnierTianyunStevenSuandDonaldGomsi

CoachellaValleyMosquitoandVectorControlDistrict43420TraderPlaceIndioCA92201

ABSTRACTAppropriateandtimelyresponsetosurveillancedataisthekeytopreventinghumanandanimal
diseasesassociatedwithWestNilevirusWNVandotherarbovirusesTheresponsemustbeimmediateandeffective
mosquitocontrolifincreasinglevelsofvirusactivityaredetectedinthebirdormosquitosurveillancesystemsIn
2003southeasternCaliforniahadahighprobabilitytobethefirstregiontodetectWNVinCaliforniaandthat
predictionwasprovenInspring2004WNvirusactivitycontinuedandtheCoachellavalleyMosquitoandVector
ControlDistrictCVMVCDorganizedacomprehensiveandtimelycontrolprogramintheCoachellaValleythat
includedgroundandaeriallarvicidingandadulticidingandatthesametimeencouragedevaluationofmosquito
fishuseasacontrolmeasureinspecifichabitatssuchasduckpondsAllcontrolmeasureswerebasedonsurveillance
datafortheCoachellaValleyandriskassessmentvaluescalculatedbyusingtheCVMVCDMosquitoBorneVirus
SurveillanceandEmergencyResponsePlanaswellastheCVMVCDWNVActionPlan

WestNileVirusandMosquitoControlinSanBernardinoCountyCaliforniain2004

JWakoliWekesaChrisNwadikeJoeKrygierandJoanMulcare

SanBernardinoCountyvectorControlProgram2355E5hStreetSanBernardinoCA92410

ABSTRACTThefirstactivityofWestNilevirusWNVinSanBernardinoCountywasapositivecrowcollected
inRialtoinOctober2003andbytheyearend9additionalbirdshadtestedpositiveIn2004WNVpositivedead
birdswerecollectedinthesameareaofthecountyasthepreviousyearThespatialtemporaldistributionpatternof
deadbirdsoverlappedwiththatofWNVpositivemosquitopoolssentinelchickenseroconversionshorseinfections
andhumancasesTheoutbreakcausedsignificantimpactonourcommunitiesandinfluencedouroperationand
surveillanceactivitiesWewillprovideinformationonhoweffectiveourcomprehensiveWNVplanworkedin
respondingtothisepidemicanddiscussstrategiesforthenextseason
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SurveillanceforMosquitoBorneEncephalitisVirusActivityandHumanDisease
IncludingWestNileVirusinCalifornia2004

AlbertHomLaurenMarcusVickiLKramerBarbaraCahoonCarolGlaserCindiCossenElizabethBaylis
CynthiaJeanEvelynHTuBruceEldridgeRyanCarneyKerryPadgettBenSun

WilliamKReisenLeslieWoodsandStanHusted

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices1616CapitalAveMS7307
POBox997413SacramentoCA958997413

UCDavisCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
ArbovirusFieldStationCenterforVectorborneDiseaseResearchUniversityofCaliforniaDavisBakersfieldCA93312

SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720
2CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFSUniversityofCaliforniaatDavisCA95616

TheCaliforniaArbovirusSurveillanceprograminvolves
cooperativeeffortsbymanygroupsandindividualsfromthelocal
mosquitoandvectorcontroldistrictstheUniversityofCalifornia
DavisCenterforVectorborneDiseasesCVECtheCalifornia
AnimalHealthandFoodSafetyLaboratoryCAHFSthe
MosquitoandVectorControlAssociationofCaliforniaMVCAC
countyandlocalpublichealthdepartmentsphysiciansand
veterinariansthroughoutCaliforniatheDepartmentofFoodand
AgricultureCDFAandtheDivisionofCommunicableDisease
ControlincludingtheVectorBorneDiseaseSectionVBDSthe
VeterinaryPublicHealthSectionandtheViralandRickettsial
DiseaseLaboratoryVRDLoftheCaliforniaDepartmentofHealth
ServicesCDHS

TheinvasionofWestNilevirusWNVwasinfullforcein
2004TheepicentersofactivitywereinsouthernCaliforniabut
theinvasionrapidlyspreadnorthwardandbytheendofSeptember
evidenceofWNVactivitywasdetectedinallofthe58countiesin
CATheabilityofCaliforniasextensivearbovirussurveillance
programtoindicateriskoftransmissiontohumansandhorsesprior
totheonsetofcaseswasthoroughlytestedCollectivelytheuse
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Table1MosquitopoolsandsentinelchickenflockstestedforArboviruses2004

ofsentinelchickensmosquitocollectionswildbirdserologyand
deadwildbirdreportingvalidatedtheeffectivenessofthe
surveillanceprogramTheseasonsfirstdetectionofWNVactivity
wasadeadcrowcollectedon224inthecityofSanGabrielThe
surveillanceprogramprovidedearlywarningofvirusactivitiesin
variousregionsofthestateandhelpedfocusmosquitocontrol
effortsinthemostcriticalareas

Surveillanceprogramelementsinclude1mosquito
populationmonitoringandtestingforStLouisencephalitisSLE
WestNilevirusWNVandwesternequineencephalomyelitis
WEEvirusinfections2serologicalmonitoringofsentinel
chickensforevidenceofencephalitisvirusactivity3surveillance
submissionanddiagnostictestingofbirdcarcassesforWNV4
testingofdomesticanimalsthatexhibitclinicalsymptoms
compatiblewithSLEWNVorWEEinfection5capturerelease
andrecaptureofwildbirdserologyand6serologicaltestingof
patientspresentingsymptomsofviralmeningitisorencephalitis
Table1indicatesthelocalagencyparticipationinthestatewide
programandTable2liststhearbovirusdiagnosticproceduresused
bythetestinglaboratories

Continued

Adult

Mosquito
Surveillance

WNVSurveillance

Mosquitoes SentinelChickens

County Agency

NoofNew

JerseyLight
Traps

Nopools
tested

No

mosquitoes
tested

WNV

pools

No No Nosera

flockschickenstested

WNV

sera

Alameda

Alpine
Amador

Butte

Calaveras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Fresno

Fresno

Glenn

AlamedaCoMAD

ButteCoMVCD

ColusaMAD

ContraCostaMVCD

ConsolidatedMAD

FresnoMVCD

FresnoWestsideMAD

GlennCoMVCD

15

26

4

18

23

8

10

5

157

19

417

122

39

56

6851

765

20649

4524

1601
2674

1

13

1

3 21 294

7 77 912

1 11 140

4 41 560

6 64 883

2 21 320

2 20 340

2 26 306

50

24

1

19
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Adult

Mosquito
Surveillance

WNVSurveillance

Mosquitoes SentinelChickens

NoofNew No

JerseyLightNopoolsmosquitoesWNV No No NoseraWNV

County Agency Traps tested tested pools flockschickenstested sera

Humboldt

Imperial CoachellaValleyMVCD 3 65 620 42

Imperial ImperialCoEnvironmentalHealth 245 9753 33 4 53 280 14

Inyo OwensValleyMAP 55 1617 3 30 383

Kern ArbovirusFieldStation 211

Kern DelanoMAD 8 2 19 239 10
Kern KernMVCD 20 1134 53697 214 9 119 1273 90
Kern SouthForkMAD 1 10 110

Kern WestsideMVCD 17 3 150 3 30 421 1

Kings KingsMAD 9 3 150 4 40 509 2

Lake LakeCoVCD 365 16935 17 2 20 272 1

Lassen

LosAngeles AntelopeValleyMVCD 13 6 34 8 62 587 14

LosAngeles GreaterLosAngelesCoVCD 17 2437 87257 342 5 146 1193 45

LosAngeles LongBeachEnvironmentalHealth 432 13848 30 4 50 479 23

LosAngeles LosAngelesCoWestVCD 238 8611 12 20 130 41 39

LosAngeles SanGabrielValleyMVCD 71 1966 24 11 70 99 46

Madera MaderaCoMVCD 5 20 1000 2 21 196
Marin MarinSonomaMVCD 12 48 2145 5 55 431

Mariposa
Mendocino

Merced MercedCoMAD 18 305 12929 1 6 36 509
Modoc

Mono

Monterey NorthSalinasMAD 18 1 12 3 34 388

Napa NapaMAD 18 6 64 834
Nevada

Orange OrangeCoVCD 1886 59534 164 1 10 138 3
Placer PlacerCoVCD 15 165 3216 4 6 60 828 25

Plumas

Riverside CoachellaValleyMVCD 8 1595 57437 71 10 197 1565 70

Riverside NorthwestMVCD 12 430 15842 23 6 80 906 55
Riverside RiversideCoEnvironmentalHealth13 303 13156 9 6 94 974 33

Sacramento SacramentoYoloMVCD 23 1227 38528 16 5 50 16 15
SanBenito

SanBernadino SanBernardinoCoVCP 23 280 9297 63 9 152 1517 71

SanBernardino WestValleyMVCD 267 8538 65 7 30 485 37

SanDiego SanDiegoCoDeptofHealth 92 4410 3 30 500
SanFrancisco

SanJoaquin SanJoaquinCoMVCD 23 531 20410 2 6 72 963 11

SanLuisObispo SanLuisObispoCo 207 9633 1 3 31 370

SanMateo SanMateoCoMAD 6 29 1136 4 30 380

SantaBarbara SantaBarbaraCoastalVCD 198 7705 6 64 998

SantaClara SantaClaraCoVCD 36 16 718 4 41 526 4

SantaCruz SantaCruzCoMVCD 7 24 915 1 10 140

Shasta BurneyBasinMAD 6 2 20 180

Shasta ShastaMVCD 20 146 6605 11 5 55 708 5

Sierra

Siskiyou
Solano SolanoCoMAD 25 2 24 311

Solano SacramentoYoloMVCD

Sonoma MarinSonomaMVCD 7 2 22 633

Stanislaus EastSideMAD 2 16 225 3
Stanislaus TurlockMAD 21 635 24816 3 7 85 1340 9

Sutter SutterYubaMVCD 20 307 14382 8 5 50 974 12

Tehama TehamaCoMVCD 9 4 169 2 22 197 12

Trinity
Tulare DeltaVCD 12 76 2827 3 6 72 856 3

Tulare TulareMAD 10 2 20 284 8

Tuolumne

Ventura CityofMoorpark 5 1 5 95

Ventura VenturaCoEnvironmentalHealth 19 7 204 4 40 709 1

Yolo SacramentoYoloMVCD 14 5 5 50 12 11

Yuba SutterYubaMVCD 19 2 20

Total 617 14809 1136 253 2787 29498809

JanuaryFebruary2005 ProceedingsandPapersoftheSeventyThirdAnnualConference 67



68 ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

Table2ArbovirusdiagnosticproceduresforCalifornia

Abbreviations Agencies CAHFSCaliforniaAnimalHeathandFoodSafetyLaboratory
CVECUniversityofCaliforniaDavisCenterforVectorBorneDisease
VBDSVectorBorneDiseaseSection
VPHSVeterinaryPublicHealthSection
VRDLViralandRickettsialDiseaseLaboratory

Assays EIAenzymeimmunoassay
PRNTplaquereductionneutralizationtest
IFAimmunofluorescentantibody

Viruses SLEStLouisencephalitis
WEEwesternequineencephalomyelitis
WNVWestNilevirus

The2004surveillanceseasonbeganinAprilwiththe
deploymentofsentinelchickenflocksandthebeginningof
mosquitocollectiondatafortheAdultMosquitoOccurrenceReport
AMORThirtyfourweeklyArbovirusSurveillancebulletinsand
44adultmosquitooccurrencereportswithafiveyearaverage
summaryweredisseminatedtoallprogramparticipantstoprovide
detailedsurveillancesummariesPositivefindingsincluding
serologymosquitoesanddeadbirdswerecommunicated
immediatelytosubmittingagencies

HUMANDISEASESURVEILLANCE

In2002theCDHSViralandRickettsialDiseaseLaboratory
VRDLinitiatedaregionalpublichealthlaboratorynetworkto
enhancehumanWNVtestinginCaliforniaTheregionallaboratory
networkconsistsofVRDLaswellas33countypublichealth
laboratoriesSpecimensforpatientsthatmetdiagnostictesting
guidelinesweretestedforWNVwithintheregionallaboratory
networkThelocallaboratoriestestedforWNVwithan

immunofluorescentassayandoracapture1gMMACELISAassay

thenforwardedpositivespecimenstoVRDLforrepeatand
confirmatorytestingOver2800specimensfor2389patients
weretestedforWNVatVRDLin2004

VRDLalsocollaboratedwiththreemajorcommercial
referencelaboratoriesandtheregionallaboratoriesofKaiser
PermanentetoascertainadditionalsuspectWNVcasesInaddition
specimensweresubmittedthroughtheCaliforniaEncephalitis
ProjectCEPwhichprovidescomprehensivetestingformany
agentsknowntocauseencephalitisincludingWNVAsymptomatic
blooddonorsinfectedwithWNVwereidentifiedthroughblood
bankswhichtestedalldonationsforWNandreportedtotheCDHS
InfectiousDiseasesBranchIDB

ThefirsthumanWNVcaseof2004wasidentifiedinearly
Juneina40yearoldfemalefromSanBernardinoCountywho
hadanonsetofWestNilefeverWNFinmidMayIntotal829
humanWNVinfectionswereidentifiedfrom23countiesin

Californiain2004comparedwith3WNVinfectionsfrom3
countiesin2003Sixtysixofthe829WNVinfectionswere
detectedinblooddonorsfifteenofwhichlaterdevelopedclinical
symptomsconsistentwithWNF

Screening PrimaryTest ConfirmatoryTest VirusTested

SLEWNVWEECE

Humansera

Screenedbylocal
publichealthlabsand

VRDL

EIAforWNVIgMIgG
VRDL PRNTCVECNRDL x

Humancerebrospinal
fluid ScreenedbyVRDL

EIAforWNVIgMIgG
VRDL PRNTCVECNRDL x

Equinesera
Perrequestofthe

veterinarian EIACVEC PRNTCVEC x x

Equinetissue
ScreenedbyVPHS

andCDFA

VirusisolationinVERO

cellsCVEC x x

Birdcarcasses

ScreenedbyVBDS
necropsyandtissue
removalbyCAHFS

RTPCRusingaprimary
setofprimersonkidney
tissueandcellcultureon

organpoolsCVEC

RTPCRusingasetof
secondaryprimers

CVEC x

Otheranimalssera ScreenedbyVPHS

PRNTforseraCVEC

virusisolationCVEC x

Mosquitopools
Collectionsbylocal

agencies

insituEIAusingvero
cellculturesCVEC x x x x

Chickensera

Localagencysentinel
flocks EIAVRDL

IFAPRNTasneeded
VRDL x x x
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Table2ArbovirusdiagnosticproceduresforCalifornia

Abbreviations Agencies CAHFSCaliforniaAnimalHeathandFoodSafetyLaboratory
CVECUniversityofCaliforniaDavisCenterforVectorBorneDisease
VBDSVectorBorneDiseaseSection
VPHSVeterinaryPublicHealthSection
VRDLViralandRickettsialDiseaseLaboratory

Assays EIAenzymeimmunoassay
PRNTplaquereductionneutralizationtest
IFAimmunofluorescentantibody

Viruses SLEStLouisencephalitis
WEEwesternequineencephalomyelitis
WNVWestNilevirus

The2004surveillanceseasonbeganinAprilwiththe
deploymentofsentinelchickenflocksandthebeginningof
mosquitocollectiondatafortheAdultMosquitoOccurrenceReport
AMORThirtyfourweeklyArbovirusSurveillancebulletinsand
44adultmosquitooccurrencereportswithafiveyearaverage
summaryweredisseminatedtoallprogramparticipantstoprovide
detailedsurveillancesummariesPositivefindingsincluding
serologymosquitoesanddeadbirdswerecommunicated
immediatelytosubmittingagencies

HUMANDISEASESURVEILLANCE
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thenforwardedpositivespecimenstoVRDLforrepeatand
confirmatorytestingOver2800specimensfor2389patients
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VRDLalsocollaboratedwiththreemajorcommercial
referencelaboratoriesandtheregionallaboratoriesofKaiser
PermanentetoascertainadditionalsuspectWNVcasesInaddition
specimensweresubmittedthroughtheCaliforniaEncephalitis
ProjectCEPwhichprovidescomprehensivetestingformany
agentsknowntocauseencephalitisincludingWNVAsymptomatic
blooddonorsinfectedwithWNVwereidentifiedthroughblood
bankswhichtestedalldonationsforWNandreportedtotheCDHS
InfectiousDiseasesBranchIDB

ThefirsthumanWNVcaseof2004wasidentifiedinearly
Juneina40yearoldfemalefromSanBernardinoCountywho
hadanonsetofWestNilefeverWNFinmidMayIntotal829
humanWNVinfectionswereidentifiedfrom23countiesin

Californiain2004comparedwith3WNVinfectionsfrom3
countiesin2003Sixtysixofthe829WNVinfectionswere
detectedinblooddonorsfifteenofwhichlaterdevelopedclinical
symptomsconsistentwithWNF
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Ofthe779WNVpositivepatientswithsymptoms391were
classifiedasWNF284asWestNileneuroinvasivedisease

WNNDieencephalitismeningitisoracuteflaccidparalysis
and104wereofunknownclinicalpresentationTable3The
medianageforallcaseswheredatawereavailablewas52years
range2 94yearsThemedianageforWNFcaseswas50
yearsrange291yearsandforWNNDcases58yearsrange
4 91yearsOfthe779cases48362 weremaleThere

weretwentysevenWNVrelatedfatalitiesreportedThemedian
ageofthe27fatalitieswas76yearsrange2691yearsFigure1
showstheincidenceper100000populations

WNVIncidenceper100000population

Tehama

SanBernardino

Glenn

Kern

Riverside

Shasta

Butte

LosAngeles
Lassen

Orange
Fresno

Lake

Others

178

115

113

90

72

37

34

34

29

22

18

17

Figure1IncidenceofHumanWNVcasesin2004

Table3HumancasesofinfectionwithWestNilevirus

ClinicalClassification

County WNF WNND Unknown

Butte

Fresno

Glenn

Imperial
Kern

Lake

Lassen

LosAngeles
Merced

Orange
Placer

Riverside

Sacramento

SanBernardino

SanDiego
SanJoaquin
SanLuisObispo
SantaClara

Shasta

Tehama

Tulare

Ventura

Yolo

2

2

1

41

1

4

15

1

129 125 52

1

20 29 13

63 40

2

124 62

2

2

1

1

1

1

5

6

3

6

4

9

2

Total

Total

7

11

3

1

59

1

1

306

1

62

1

109

3

187

2

2

1

1

5

10

3

2

1

391 284 104 779

X15

31

5

1

0

1111111111

1
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EQUINESURVEILLANCE

Atotalof141seraandbraintissuespecimensfromhorses
displayingneuroogicalsignsweresubmittedtoCAHFS
laboratoriesandCVECforarboviraltesting

WestNilevirusinfectionwasdetectedin540horsesfromthe

following32countiesAlpine3Butte18Colusa6Fresno
21Glenn12Inyo3Kern47Kings1Lake4Lassen
4LosAngeles16Mendocino3Merced3Orange2
Placer26Riverside102Sacramento84SanBernardino
36SanDiego2SanJoaquin19Shasta30Siskiyou5
Solano1Sonoma1Stanislaus7Sutter11Tehama44
Trinity1Tulare13Ventura3Yolo1andYuba11
countiesTable4andFig2Positiveequinesprovidedthefirst
indicationofWNintwocountiesAlpineandInyoOfthe540
infectedhorses22843 diedorwereeuthanatizedFollowup
investigationsrevealedthatamongthe540horses12wereproperly
vaccinatedwiththeWNVvaccine115wereimproperly
vaccinated395wereunvaccinatedand18wereofunknown
vaccinationhistory

Table4SummaryofWNvirusSurveillanceinCalifornia2004

Alameda

Aline

Amador

Butte

Calaveras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Glenn

Humboldt

Ino

Kern

Lake

Lassen

LosAneles

Madera

Marin

Mariosa

Mendocino

Merced

Modoc

Mono

Montere

Nevada

Orane

Placer

Plumas

Riverside

Sacramento

SanBenito

7

15

3

1

60

1

1

331

1

64

1

116

3

3

18

6

21

12

3

47

1

4

4

16

3

3

2

26

102

84

23

3

9

118

10

21

19

3

22

116

75

16

1

12

87

11

30

13

840

7

18

6

13

29

1

6

12

6

26

225

47

26

139

153

5

1

14

32

214

17

408

1

164

4

104

21

50

25

19

56

101

2

1

167

25

158

15
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Continued

SanBernardino

SanDieo

SanFrancisco

SanJoaquin

SanLuisObiso

SanMateo

SantaBarbara

SantaClara

SantaCruz

Shasta

Sierra

Siskiou

Solano

Sonoma

Stanislaus

Sutter

Tehama

Tulare

Tuolumne

Ventura

Yolo

Yuba

197

2

3

1

1

6
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3

2

1
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2

19
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5

1

1

7

11

44

1

13

3

1

11

289

34

14

57

15

15

7

46

36

90

3

34

17

49

82

28

115

9

48

34

23

26

13

128

2

1

11

3

8

3
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11

4

5
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12

11

1

11
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Figure2EquineWNVcasesin2004
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ADULTMOSQUITOSURVEILLANCE

Fortytwolocalagenciesfrom33countiesinitiatedmosquito
collectionsusingNewJerseylighttrapsinApril2004Trapcatch
countsfromthesesourceswereforwardedtoVBDSandcollated

weeklyintotheAMORfromApril7toNovember3

MOSQUITOTESTING

Fortyonelocalmosquitocontrolagenciessubmittedatotal
of554724mosquitoes14809mosquitopoolscollectedfrom
dryicebaitedandGravidtrapsforvirusisolationsThis
submissionratesetstherecordforthelargestnumberofpools
submittedfromanypreviousyearsMosquitopoolsweretested
forarbovirusesatCVECusingaTaqManmultiplexRTPCR
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Tables5678and9Ofthese1136poolstestedpositivefor
WNV Nootherarbovirusesegwesternequine
encephalomyelitisandStLouisencephalitisweredetectedin
2004

ThefirstWNVpositivemosquitopooloftheseasonwas
obtainedfrom2poolsofCulextarsalisCoquillettcollectedon
April14thfromNorthShoreRiversideCountyandthelastfrom
apoolofCxquinquefasciatusSaycollectedonNovember4th
fromWestminsterOrangeCountyAtotalof1136mosquitopools
representing3generaand9speciescollectedfrom20counties
testedpositiveforWNOfthe1136positives741wereCx
quinquefasciatus315Cxtarsalis41CxstigmatosomaDyar
19CxerythrothoraxDyar13CxpipiensL3Cxthriambus2
Ochlerotatusmelanimon1Ocsquamigerand1Anopheleshermsi
VBarr GuptavanjiWNisolationfromAnhermsiCxthriambus

Table5MosquitoesCulexspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Cxerythrothorax Cxpipiens CxquinquefasciatusCxstigmatosoma Cxtarsalis Total

County Agencypools mosqs pools mosqs pools mosqs pools mosqs pools mosqs pools mosqs
Alameda ALCO 67 3331 68 2817 20 649 155 6797
Butte BUCO 1 13 1 7 7 245 9 265

ContraCosta CNTR 91 4540 29 1420 278 13823 398 19783
Fresno CNSL 7 296 75 2506 39 1701 121 4503
Fresno FRNO 11 385 28 1216 39 1601
Fresno FRWS 9 450 43 2034 52 2484

Imperial IMPR 50 2358 18 769 155 5805 223 8932

lnyo INYO 22 708 31 834 53 1542

Kern KERN 2 67 598 22764 5 121 551 22470 1156 45422
Kern WEST 3 150 3 150

Kings KNGS 3 150 3 150

Lake LAKE 35 1639 24 909 261 12317 320 14865

LosAngeles ANTV 1 10 2 14 1 10 4 34

LosAngeles GRLA 420 19686 1555 56363 71 1348 177 5380 2223 82777

LosAngeles LONG 63 2621 256 7874 3 41 110 3312 432 13848

LosAngeles LACW 183 6360 4 108 187 6468

LosAngeles PASA 1 17 1 17

LosAngeles SGVA 1 33 50 1537 9 181 60 1751

Madera MADR 18 900 2 100 20 1000

Marin MARN 43 1967 1 23 2 58 46 2048

Merced MERC 3 97 124 4800 141 6225 268 11122

Monterey NSAL 1 12 1 12

Orange ORCO 268 10389 1184 39575 39 890 160 5291 1651 56145
Placer PLCR 6 270 30 903 10 47 56 1625 102 2845

Riverside COAV 77 3513 231 5273 1186 46857 1494 55643

Riverside NWST 258 11115 52 1405 3 56 113 3233 426 15809

Riverside RIVR 179 8688 17 344 16 539 82 3170 294 12741

Sacramento SAYO 71 3062 352 9501 19 277 573 23307 1015 36147

SanBernardinoSANB 15 533 81 2527 15 294 138 5489 249 8843

SanBernardinoWVAL 9 299 216 7161 24 572 18 506 267 8538

SanDiego SAND 34 1700 5 84 40 1993 79 3777

SanJoaquin SJCM 2 61 271 10929 1 45 209 7655 483 18690

SanLuisObispoSLOC 132 6364 17 730 4 111 4 110 157 7315

SanMateo SANM 4 184 13 523 5 142 22 849

SantaBarbaraSBCO 25 1103 12 478 3 46 75 3451 115 5078

SantaClara STCL 12 573 4 145 16 718

SantaCruz SCRZ 16 671 7 225 1 19 24 915

Shasta SHAS 2 43 63 2918 3 105 77 3531 145 6597

Solano SAYO 0 0

Stanislaus TRLK 121 5762 273 10594 8 327 9 151 194 7171 605 24005

Sutter SUYA 1 50 5 137 232 11579 238 11766

Tehama TEHA 4 169 4 169

Tulare DLTA 59 2433 2 33 15 361 76 2827

Ventura VENT 2 65 5 139 7 204

Yolo SAYO 0 0

Yuba SUYA 1 1 13 15 0

Total 1984 892061330 49021 4626 158824 251 5563 5067 202578 13258 505192
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forarbovirusesatCVECusingaTaqManmultiplexRTPCR

ProceedingsandPapersoftheSeventyThirdAnnualConference 71
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Table6MosquitoesCulexspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table7MosquitoesAedesvexansCoquillettidiaperturbansCulisetasppOrthopodomyiasigniferaandPsorophoracolumbiae
testedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table8MosquitoesOchlerotatusspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004
Ocdorsalis OcmelanimonOcnigromaculisOcsierrensis Ocsquamiger Octaeniorhynchus OctahoensisOcwashinoi

County Agencypoolsmosqspools mosqspools mosqspools mosqspools mosqspools mosqspoolsmosqspoolsmosqs
Alameda ALCO2 54

Butte BUCO

ContraCosta CNTR

Fresno FRWS

Imperial IMPR

Inyo INYO

Kern KERN

Lake LAKE

Marin MARN

Merced MERC

Orange ORCO

Placer PLCR

Riverside NWST

Sacramento SAVO

SanDiego SAND

SanJoaquin SJCM

SanLuisObispoSLOC
SanMateo SANM

SantaBarbara SBCO

Stanislaus TRLK

Solano SAYO

Sutter SUYA

Yolo SAVO

Yuba SUYA

Total

5 230

2 34

2 97

17 835

7 287

35 1537

10 500

13 618

4 190

2 75

179 8102
39 1853

37 1807

7 226

38 1136

25 833

28 799

28 2616

27

13

410 187551 13

1 17

1 4

3 80

5 101

7 235

3 123

2 20

12 378

5 155

8 400

14 668

27 1223

2 52

2 52

15 427

1 11

1 19

29 1360

32 1517

78 3334

Total

pools mosqs

2 54

10 500

18 848

4 190

2 34

2 75

179 8102
40 1870
2 97

37 1807
27 817

10 282

1 11

43 1248
8 400

25 833

49 2318
7 287

48 2205
28 799

0 0

28 2616
0 0

570 25393

Aevexans CqperturbansCsincidens Csinornata CsparticepsPscolumbiaeTotal
County Agencypoolsmosqspoolsmosqspoolsmosqs poolsmosqs poolsmosqspoolsmosqspoolsmosqs
ContraCosta CNTR

83

2 26

2

22

2

1

47

724

6

50

2

24

2

4

1

1 18

4 83 2 26

1 18

Fresno CNSL 1 21 1 21

Imperial IMPR 18 705 2 82 20 787
Kern KERN 8 126 8 126
Lake LAKE 4 178 1 22 5 200

LosAngeles GRLA 133 3394 7 189 7 147 147 3730

LosAngeles LACW 50 2105 1 38 51 2143

LosAngeles SGVA 10 215 10 215

Orange ORCO 108 2250 14 233 6 89 128 2572
Placer PLCR 1 14 11 28 2 41 14 83
Riverside COAV29 731 67 974 1 6 97 1711
Riverside NWST 1 22 1 22
Riverside RIVR 9 415 9 415
Sacramento SAYO 18 652 29 469 1 12 48 1133
SanBernardinoSANB 2 20 17 374 3 60 22 454

SanDiego SAND 4 183 4 183

SanJoaquin SJCM 22 859 1 28 23 887
SantaBarbaraSBCO 6 172 7 250 13 422
Shasta SHAS 1 8 1 8
Solano SAYO 0 0
Stanislaus TRLK 1 5 1 7 2 12
Yolo SAYO 0 0
Total 103 3574 1 8 372 9266 104 1686 22 520 3 88 605 15142
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Table6MosquitoesCulexspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table7MosquitoesAedesvexansCoquillettidiaperturbansCulisetasppOrthopodomyiasigniferaandPsorophoracolumbiae
testedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table8MosquitoesOchlerotatusspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004
Ocdorsalis OcmelanimonOcnigromaculisOcsierrensis Ocsquamiger Octaeniorhynchus OctahoensisOcwashinoi

County Agencypoolsmosqspools mosqspools mosqspools mosqspools mosqspools mosqspoolsmosqspoolsmosqs
Alameda ALCO2 54

Butte BUCO

ContraCosta CNTR

Fresno FRWS

Imperial IMPR

Inyo INYO

Kern KERN

Lake LAKE

Marin MARN

Merced MERC

Orange ORCO

Placer PLCR

Riverside NWST

Sacramento SAVO

SanDiego SAND

SanJoaquin SJCM

SanLuisObispoSLOC
SanMateo SANM

SantaBarbara SBCO

Stanislaus TRLK

Solano SAYO

Sutter SUYA

Yolo SAVO

Yuba SUYA

Total

5 230

2 34

2 97

17 835

7 287

35 1537

10 500

13 618

4 190

2 75

179 8102
39 1853

37 1807

7 226

38 1136

25 833

28 799

28 2616

27

13

410 187551 13

1 17

1 4

3 80

5 101

7 235

3 123

2 20

12 378

5 155

8 400

14 668

27 1223

2 52

2 52

15 427

1 11

1 19

29 1360

32 1517

78 3334

Total

pools mosqs

2 54

10 500

18 848

4 190

2 34

2 75

179 8102
40 1870
2 97

37 1807
27 817

10 282

1 11

43 1248
8 400

25 833

49 2318
7 287

48 2205
28 799

0 0

28 2616
0 0

570 25393

Cxerraticus Cxrestuans Cxthriambus Total

County Agency pools mosqs pools mosqs pools mosqs pools mosqs

Kern

LosAngeles
Placer

Riverside

SanDiego

KERN

GRLA

PLCR

COAV

SAND

4 83

2 26

2

22

2

1

47

724

6

50

2

24

2

4

1

47

750

6

83

50

Total 4 83 2 26 27 827 33 936
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Table6MosquitoesCulexspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table7MosquitoesAedesvexansCoquillettidiaperturbansCulisetasppOrthopodomyiasigniferaandPsorophoracolumbiae
testedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

Table8MosquitoesOchlerotatusspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004
Ocdorsalis OcmelanimonOcnigromaculisOcsierrensis Ocsquamiger Octaeniorhynchus OctahoensisOcwashinoi

County Agencypoolsmosqspools mosqspools mosqspools mosqspools mosqspools mosqspoolsmosqspoolsmosqs
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SanJoaquin SJCM

SanLuisObispoSLOC
SanMateo SANM

SantaBarbara SBCO

Stanislaus TRLK

Solano SAYO

Sutter SUYA

Yolo SAVO

Yuba SUYA

Total
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Mosquitospecies County Agency WNV

poolsmosquitoes

AgencyWNV

Orange ORCO6 122

LosAngeles

Riverside NWST1 18

Lake LAKE

RIVR 1 50

LosAngeles

Sacramento SAYO 1 6

SanBernardino SANB 8 196

Orange ORCO

WVAL7 207

Riverside

Shasta SHAS 1 50

Tulare DLTA 1 12

Culextarsalis Imperial IMPR 33 1034

SanBernardino

Kern KERN 94 4363

SanJoaquin

Lake LAKE 7 311

Shasta

LosAngeles GRLA 17 594

Sacramento SAYO

LONG8 197

Stanislaus TRLK

SGVA2 74

Yolo

Merced MERC1 50

Fresno

Orange ORCO4 141

Placer PLCR 3 131

Kern

Riverside COAV67 2901

LosAngeles GRLA

NWST14 364

SGVA

RIVR 5 62

Sacramento SAYO 8 438

SanBernardino SANB 30 1063

Orange

SanJoaquin SJCM 1 44

Riverside

Shasta SHAS 6 211

Stanislaus TRLK 2 74

SanBernardino

Sutter SUYA 7 311

Tulare DLTA 1 50

Tulare

Butte BUCO1 50

Lake

Yolo SAYO 4 160

Culexthriambus LosAngeles GRLA 2 94

Placer PLCR 1 2

OchlerotatusmelanimonKern KERN 1 50

Sutter SUYA 1 50

OchlerotatussquamigerSanLuisObispoSLCO 1 50

Totals 113644081

Mosquitospecies County AgencyWNV

poolsmosqs pools mosqs

poolsmosqs

Anopheleshermsi LosAngeles GRLA 1 20

Culexerythrothorax Lake LAKE 1 48

LosAngeles GRLA4 195

73 1825

LONG 1 30

35 841

Orange ORCO1 50

Riverside NWST5 154

Sacramento SAYO

RIVR 3 150

4382

Sacramento SAYO 1 50

SanBernardino WVAL3 129

Culexpipiens SanJoaquin SJCM 1 50

Shasta SHAS 4 186

6 80

Sacramento SAYO6 188

Stanislaus TRLK 1 46

Yolo SAYO 1 50

Culexquinquefasciatus Fresno CNSL 13 476

FRNO 1 26

Kern KERN 119 5263

LosAngeles GRLA 312 11497
SGVA22 616

LACW12 430

LONG21 667

Orange ORCO153 5946
Riverside COAV4 78

NWST3 93

SanBernardino SANB 25 895

WVAL55 2073
Tulare DLTA 1 46

Culexstigmatosoma Lake LAKE 9 390

LosAngeles GRLA 6 78

Anfranciscanus Anfreeborni Anhermsi Anpunctipennis Total

County Agencypools mosqspoolsmosqs poolsmosqs pools mosqspoolsmosqs
LosAngeles ANTV 2

LosAngeles GRLA 43 1340 43 1340
Orange ORCO 73 1825 1825
Placer PLCR 35 841 2 12 853

Riverside NWST 2 27 27

Sacramento SAYO 119 4301 2 81 4382
SanBernardinoSANB 2 23 1 19 6 67 109

SanLuisObispSLOC 1 38 38

SantaBarbaraSBCO 1 19 21 975 994

Total 6 80 155 5161 145 4234 4 93 43 9568

JanuaryFebruary2005

Table9MosquitoesAnophelesspptestedforWNWEEandSLEvirusesbysubmittingcountyandagency2004

OcmelanimonandOcsquamigerrepresentedthefirsttimethe
virushasbeenisolatedfromthesespeciesinthenationTable10

SENTINELCHICKENSURVEILLANCE

In2004fiftyfivelocalmosquitoandvectorcontrolagencies
maintained253sentinelchickenflocksin38countiesTable1
Chickenswerebledbiweeklyanddrybloodspotsweresentto

Table10WNvirusisolatedfrommosquitopools2004
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Continued

VRDLfortestingAtotalof29498chickenseraweretestedfor
antibodiestoSLEWNVandWEEbyVRDLTheSacramento
YoloMosquitoandVectorControlDistrict1600samplesLos
AngelesCountyWestVectorControlDistrict2290andtheSan
GabrielValleyMosquitoandVectorControlDistrict1498
samplestestedtheirownsentinelchickenflocksforantibodiesto
SLEWEEandWNVforatotalof5388additionalserum
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samplestobringthetotalnumberofchickenseratestedto34886 Table11SentinelchickenseroconversionstoWN2004

ThefirstWNVseroconversionsoccurredonMay17tDry
bloodspotsandseracollectedon517from6chickensinaflock
locatednearNorthShoreRiversideCountytestedpositivefor
flavivirusoninitialELISAscreeningandtheseraconfirmedthis
resultThefirstbleeddateforthesebirdswasApril19thAtotal
of809seroconversionstoWNVwererecordedamong133flocks
from22countiesTables4and11Imperial56LosAngeles
167Riverside158SanBernardino108Glenn19Kern
101Butte50Sutter12Tehama12Orange3SanJoaquin
11Ventura1Placer25Sacramento15Shasta5Yolo
11Tulare11Fresno25SantaClara4Stanislaus12
Kings2andLake1DetectionofantibodiestoWNVinsentinel
chickenswasthefirstindicationofWNVinGlennCountyFigure
3showsseroconversionsforSLEWEEandWNVbyyearsince
1995

TheCDHSWestNilevirusdeadbirdsurveillanceprogram
DBSPacollaborativeprogrambetweenCDHSandover130
localagenciesandsupportedbyaCDCgrantwasestablishedin
2000In2004theDBSPwasacriticalcomponentofthearbovirus
surveillanceprogramasitwastheonlysurveillanceelementto
detectearlyWNVactivityineverycountyinCalifornia

Publiceducationstrategieswereutilizedtoeducatelocal
agenciesandthepublicaboutWNthroughout2004TheFight
theBitecampaignmaterialsoriginallydesignedfortheoutbreak
inColoradoweremodifiedforuseinCaliforniaAdditionally
presentationsbyCDHSbiologistsweregiventolocalagencies
andthegeneralpublictoencourageparticipationinthedeadbird
surveillanceprogram
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County AgencyTotalflocksPositiveflocksSeroconversions
Butte BUCO7 7 50

Fresno CNSL 6 4 24

Fresno FRNO2 1 1

Glenn GLEN 2 2 19

Imperial COAV3 3 42

Imperial IMPR 4 4 14

Kern DLNO2 1 10

Kern KERN9 9 90

Kern WEST3 1 1

Kings KNGS4 1 2

Lake LAKE 2 1 1

LosAngeles ANTV 8 3 14

LosAngeles GRLA 7 6 45

LosAngeles LACW20 11 39

LosAngeles LONG4 3 23

LosAngeles SGVA11 11 46

Orange ORCO1 1 3

Placer PLCR 6 4 25

Riverside COAV10 10 70

Riverside NWST6 6 55

Riverside RIVR 6 6 33

Sacramento SAVO5 5 15

SanBernardino SANB 9 9 71

SanBernardino WVAL7 3 37

SanJoaquin SJCM 6 2 11

SantaClara STCL 4 1 4

Shasta SHAS 5 3 5

Stanislaus EAST 2 1 3

Stanislaus TRLK 7 2 9

Sutter SUYA5 5 12

Tehama TEHA 2 2 12

Tulare DLTA 6 2 3

Tulare TLRE 2 1 8

Ventura VENT 4 1 1

Yolo SAVO5 2 11

Totals 192 134 809

113
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1 40
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Figure3Sentinelflockseroconversionstoarboviruses19952004



JanuaryFebruary2005 ProceedingsandPapersoftheSeventyThirdAnnualConference 75

Thetollfreehotline1877WNVBIRDreceivedover
137000callsandgenerated93055deadbirdsubmissionreports

WOfrom58counties34an11foldincreaseascomparedwiththe
previousyear8650reportsfrom45countiesFigure4showsthe
numberofcallstothehotlinedeadbirdsreportedtestedand
positivesbymonth

In2004thenumberofdeadbirdssubmittedfortestingwas
8195ofthese564werepositiveforWNV3232positive
5729testedTable12Thesenumbersfarsurpassthethroughput
ofWNVtestingindeadbirdsin2003In2003only54of
birdstested96positive1765testedforWNVwerepositive
representing5outof51countiesTable12Deadbirdreporting
viatheCaliforniaWestNileVirusWebsitewwwwestnilecagov
wasencouragedasanalternatetoalleviatethehighvolumeof
callstothehotline

In2004localagenciesbeganscreeningbirdsforWNVusing
twocommerciallyavailablerapidassaysRAMPRapidAnalyte
MeasurementPlatformResponseBiomedicalCorpandVecTest
MedicalAnalysisSystemsToensuretheseassayswerereliable
forWNVsurveillanceCDHSandCVECcomparedresultsofrapid
assaysandRTPCRoftissuesInAugustitwasdeterminedthat

50000
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40000
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w30000
ra

F

20000

10000

0

VecTestwasavalidtestforWNVinAmericancrowsthespecificity
andsensitivitywerecomparabletotheRTPCRgoldstandardAt
thistimeCDHSacceptedVecTestresultsofAmericancrowsOf
the3232deadbirdsthatwerepositiveforWNV85weretested
viaVecTestand3147weretestedviaRTPCR

IntotalWNVactivitywasdetectedineverycountyviaa
deadbirdTable12WNVwasfoundin3232birdcarcasses
Alameda23Alpine3Amador9Butte118Calaveras10
Colusa21ContraCosta19DelNorte3ElDorado22
Fresno116Glenn75Humboldt16Imperial1Inyo12
Kern87Kings11Lake30Lassen13LosAngeles840
Madera7Marin18Mariposa6Mendocino13Merced
29Modoc1Mono6Monterey12Napa6Nevada26
Orange225Placer47Plumas26Riverside139
Sacramento153SanBenito5SanBernardino289San
Diego34SanFrancisco14SanJoaquin57SanLuisObispo
15SanMateo15SantaBarbara7SantaClara46Santa
Cruz36Shasta90Sierra3Siskiyou34Solano17
Sonoma49Stanislaus82Sutter28Tehama115Trinity
9Tulare48Tuolumne34Ventura23Yolo26andYuba
13

laCalIsreceived

ElDeadlidsreported
Birdstested

BirdsWNVf4

1a

Jan Feb Mark Apr May Aug SepJun Jul

Month

Figure4SummaryinformationfromtheDeadBirdSurveillanceProgram2004

ThenumberofcallswasnottalliedforJanuarythroujlApril

Nov Dec
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WESTNILEVIRUSACTIVITYIN

SOUTHERNCALIFORNIA

SouthernCaliforniawasthecenteroftheWestNilevirus

epidemicTheviruswasfirstdetectedinFebruaryfromadead
AmericancrowinLosAngelesCountyTheviruswasalsodetected

Table12DeadbirdsreportedandtestedforWestNilevirus2004

County
Alameda

Alpine
Amador

Butte

Calaveras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Glenn

Humboldt

Imperial

Inyo
Kern

Kings
Lake

Lassen

LosAngeles
Madera

Marin

Mariposa
Mendocino

Merced

Modoc

Mono

Monterey
Napa
Nevada

Orange
Placer

Plumas

Riverside

Sacramento

SanBenito

SanBernardino

SanDiego
SanFrancisco

SanJoaquin
SanLuisObispo
SanMateo

SantaBarbara

Corvid

ReportedTestedPositive
326 37

28

1267 142 115 367

30

49 z19 118 22

527 56 9 1624
8 1 0

M

14

222 3020 385

1181 133 i99 1362

293 81 72 57

71 17 14 129

11 0 32

60 116 5 82

672 92 i61 1081

110 19 9 146

159 137
31 55

24107 1064 I818 7130

HO 106

351 436

132 129 95

210 36 18 235

10 20

23

151

50
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NonCorvid

1172 46 x1

70 8 16

129

19 3 71

125 28 122 203

3555 287 179 1077

653 159 42 738

13 6 64

Reported TestedPositive

467

31

5044 200 131

3284 256 142 2140

28 7 i0 93
w

8505 359 288 2918

462 172 21 862

39 8 1

59959 80 46

161 29 10

184 29 10

191 49 6 304 13

694

fromdeadbirdscollectedfromneighboringImperialOrange
RiversideSanBernardinoSanDiegoandVenturacountiesIn
MaymosquitopoolsandchickenserafromRiversideCountytested
positiveforWNand5humancaseswerediagnosedinSan
BernardinoCountyTheseeventstriggeredrapidandintensified
surveillanceandmosquitocontroleffortsbylocalagenciesThe
southerncountiesalsohadthelargestshareofthehumanWNV

10

49 r10

1

40

32

13

67 26

6

19

17

E11

12

2

1

97 46

28 120
49W 8

11

12 5

127
162 13

27 13

30 11

25 5

476 20

Allbirds

Reported Tested Positive

1498 83 23

13 3 3

98 14 9

1634 147 118

207 12 10

71 22 21

2151 105 19

22 7 3

607 41 22

2543 173 116

350 84 75

200 49 16

43 1 1

142 29 12

1753 159 87

256 25 11

279 41 30

86 19 13

31237 1153 840

166 16 7

787 60 18

47 9 6

227 33 13

445 72 29

24 2 1

69 11 6

618 33 12

121 36 6

328 32 26

4632 384 225

1391 70 47

95 41 26

6854 249 139

5424 305 153

121 19 5

11423 386 289

1324 334 34

317 35 14

1293 110 57

671 54 15

660 49 15

495 62 7

continued
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County

SantaClara

SantaCruz

Shasta

Sierra

Siskiyou
Solano

Sonoma

Stanislaus

Sutter

Tehama

Trinity
Tulare

Tuolumne

Ventura

Yolo

Yuba

unknown

Total

Corvid

ReportedTestedPositive

58791 4317 2729

NonCorvid

Reported TestedPositive
439

108
667

22
38

307

477

983

268

539

4

503

19

106

18
94

11

642 63

654 58

133 18

136 0

1 14

6 24

109 79
57 25

117 113

66 45

7

21

13

85

804

204

166

515

91

737

364

107

91

25

3

25

3

3

51

13

5

8

11

9

31

42

12

0

0

34037 1411 503

Allbirds

Reported Nested Positive

1557

550

1033

9

123

824

1244

1787

472

705

37

1018

110

1379

1018

240

227

171

59

101

4

42

38

117

122

62

125

11

75

39

105

70

18

0

46

36

90

3

34

17

49

82

28

115

9

48

34

23

26

13

0

92828 5728 3232

casesAmongthe829humancasesreportedin2004inCalifornia
330197116and64caseswerefromLosAngelesSan
BernardinoRiversideandOrangecountiesrespectively

BecauseoftheearlydetectionofWNVin2004andthe
detectionin2003localhealthdepartmentsandvectorcontrol
districtsstartedearlyinpreparationandexecutionoftheirresponse
plansSeveralcountiesincludingLosAngelesSanBernardino
andRiversideconductedmonthlycountylevelmultiagencyWNV
TaskForcemeetingsThesemeetingsprovidedopportunitiesfor
informationupdateandexchangeaswellasforfurtherplanningin
controlandpreventionofWNVStafffromCDHSVBDSandthe
StateOfficeofEmergencyServicesalsoparticipatedinthese
meetingsandprovidedcoordinationandassistance

Severallocalagenciesusedadultmosquitocontrolmeasures
tolowertheadultmosquitopopulationsinsomeoftheareaswith
increasedriskstoWNbythepublicForexampleSanBernardino
CountyVectorControlProgramstaffappliedadulticideseither
ScourgeorPyrenone255inFontanaColtonLomaLinda
GrandTerranceNeedlesRedlandsandSanBernardinoSan

GabrielValleyVectorControlDistrictpersonnelappliedScourge
attheLosAngelesCountyArboretumandSantaAnitaRacetrack
inArcadiaandGreaterLosAngelesCountyVectorControlDistrict
staffappliedScourgealongtheSanGabrielandRioHondo
RiversTheseapplicationsdecreasedmosquitopopulations
reducingtheriskofWNVtransmissiontohumansanddomestic
animals

WESTNILEVIRUSINTHEUNITED

STATES

Theendof2004hadidentifiedWNVactivityin47states
PuertoRicoandtheDistrictofColumbiaThe2004WNV

epidemicandepizootictransmissionresultedinreportsof2432
humancasesofWNVdisease87fatalSignificanthumandisease
activitywasrecordedfromthesefollowingstatesCalifornia829
Arizona390Colorado276andTexas152

Inaddition5660deadcorvidsand1414otherdeadbirds

withWNVinfectionhavebeenreportedfrom46statesandNew
YorkCityWNVinfectionshavebeenreportedinhorsesin37
states1429sentinelchickenflocksin14statesand8263
mosquitopoolsin38statesDCandNewYorkCity
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FactorsAffectingtheProbabilityofMosquitoborneVirusActivityinCaliforniaVector
ControlDistricts19832003

ChristopherMBarkerWilliamKReisenandBruceFEldridge

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

ABSTRACTCaliforniavectorcontrolagencieshaveanongoingneedforidentificationofriskfactorscontributing
totheprobabilityofwesternequineencephalomyelitisWEEandStLouisencephalitisSLEactivitywithina
particularyearThisstudyusedlogisticregressionanalysistoidentifyimportantpredictorsofWEEandSLEactivity
infivevectorcontrolagenciesinCaliforniaThevariablesconsideredincludedseasonaltrapcountsforCulex
tarsalisCoquillettmeteorologicalfactorstemperatureandprecipitationindicatorsofagencysurveillanceeffort
budgetandnumberofsentinelchickenflocksandtheSouthernOscillationIndexThisstudyshowsthatearly
seasonwinterandspringpredictorshavesignificanteffectsontheprobabilityofsubsequentseroconversionto
WEEandSLEWinterprecipitationandspringmosquitoabundancehadthegreatesteffectontheprobabilityof
WEEseroconversionwhilewintertemperatureandsummermosquitoabundancehadthegreatesteffectonthe
probabilityofSLEseroconversionThepotentialeffectofElNinoeventsontheprobabilityofWEEseroconversion
isalsodiscussed

INTRODUCTION

SincetheformalinceptionofaCaliforniastatelevelarbovirus
surveillanceprogramin1969theactivityoftwomosquitoborne
encephalitisvirusesofpublicandveterinaryhealthinterestwestern
equineencephalomyelitisWEEfamilyTogaviridaeandStLouis
encephalitisSLEfamilyFlaviviridaehasbeenmonitored
intensivelybyvectorcontrolagenciespublichealthpersonnel
anduniversityresearchersResponseplansandsurveillance
guidelineshavebeendraftedperiodicallytoprovideguidelines
forresponsesbyappropriateagenciesduringperiodsofincreased
riskforvirusactivityWalsh1987Reisen1995abutmostof
thesedocumentshavenotprovidedspecificquantitativeestimates
ofvirustransmissionriskAnotableexceptionisthesemi
quantitativeriskmodelintroducedintherecentCalifornia
MosquitoborneVirusSurveillanceandResponsePlanCalifornia
DepartmentofHealthServicesetal2004butthisplangives
equalweighttoallriskfactorswithoutaccountingforthevarying
degreestowhicheachcomponentriskfactorcontributestooverall
risk

Manyfactorsaffectarbovirusamplificationandtransmission
Temperatureaffectstheratesofmosquitodevelopmentandofvirus
replicationandprecipitationaffectsavailabilityofmosquito
breedinghabitatdirectlyasrainfallandindirectlythroughwinter
snowpackintheSierraNevadamountainsthatlaterappearsas
runoffthatcreatesbreedinghabitatsBroaderinfluencessuchas
theElNinoSouthernOscillationENSOaffectweatherpatterns
throughoutCaliforniatovaryingdegreesInmanyareashumans
alsoplayanimportantroleindeterminingtheamountofavailable
mosquitobreedinghabitatthroughirrigationstrategiesandcontrol
ofwaterreleasesfromreservoirsThesurveillanceeffortofeach

individualmosquitoorvectorcontrolagencyalsoisexpectedto
affectthelikelihoodofvirusdetectionDevelopmentofamodel

thatincorporatesthesefactorstopredictperiodsofvirusactivity
wouldenablemosquitoandvectorcontroldistrictstopreparefor
periodswhenWEEorSLEactivityismostlikelyandwillallow
agenciestoconservefinancialresourcesduringperiodswhenthe
probabilityofarbovirusactivityislowerOtherstudieshaveused
multiplelogisticregressiontoidentifyimportantpredictorsfor
vectorbornediseasessuchasRossRiverVirusWoodruff2002
andvisceralleishmaniasisElnaiem2003

Inthisstudylogisticregressionwasusedtoquantifytheeffects
ofanumberofpotentialpredictorsontheprobabilityofdetection
ofWEEandSLEinfiveareasofCaliforniawiththefollowing
objectives1todeterminetheeffectofspringandsummer
mosquitoabundanceontheprobabilityofdetectingactivityoftwo
arbovirusesWEEandSLEand2toidentifyotherimportant
predictorsofWEEandSLEactivityegvectorcontroldistrict
effortmeteorologicalfactorssuchasprecipitationandtemperature
orENSOsignals

MATERIALSANDMETHODS

StudyAreasThisstudywasconductedusingdatafromfive
vectorcontrolagenciesinCaliforniaFig1Theseagencieswere
selectedbecausetheyrepresentavarietyofecologicalzonesand
eachagencyhashadawelldocumentedandextensivesurveillance
programformosquitobornevirusesduringtheperiodfrom1983
2003CoachellaValleyMosquitoandVectorControlDistrict
CVMVCDislocatedinCaliforniaswarmsoutheasterndesert
whereannualprecipitationisverylowandtemperaturesarevery
highGreaterLosAngelesVectorControlDistrictGLACVCD
isinanurbancoastalregionwithmoderateannualrainfalland
moderatetemperaturesKernMVCDisinthesouthernendof
CaliforniasGreatCentralValleywhereannualrainfallislowand
temperaturesarehighparticularlyinsummerSacramentoYolo
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andSutterYubaMVCDsareinthenorthcentralportionofthe
GreatCentralValleywhereannualrainfallislowtomoderateand
temperaturesarecoolduringwinterandhotduringthesummer
SacramentoYoloMVCDandKernMVCDalsoincludethe

SacramentoandBakersfieldurbanareasrespectivelywithintheir
boundariesInalloftheseagenciesthereisverylittlerainfall
fromMayOctober

DataCollection Informationonsentinelchicken

seroconversionsandnumbersofflocksforeachagencywas
primarilyobtainedfromannualreportsbytheCalifornia
DepartmentofHealthServicesVectorborneDiseaseSection
CDHSVBDSpublishedintheannualProceedingsandPapers
oftheMosquitoandVectorControlAssociationofCaliforniaProc

PapersMVCACandfromlongtermsummariesbyHuietal
1999andSteinleinetal2003Supplementalinformationwas
foundintheAnnualProgressReportsoftheArthropodborneVirus
ResearchUnitAVRUoftheUniversityofCaliforniaBerkeleys
SchoolofPublicHealthweeklyArbovirusSurveillanceBulletins
publishedbyCDHSVBDSandotherelectronicdatasources
previouslytransferredfromtapebackupsfromAVRU

vw

Figure1Vectorcontrolagenciesincludedinthisstudy

KernMVCD

CoachellaValley
MVCD

79

Themosquitocollectiondatausedinthisstudywereobtained
fromhistoricalarchivesmaintainedbytheindividualvectorcontrol
agenciesPaperandorelectronictrapbytrapmosquitocollection
recordswereobtainedfromeachagencyfortheperiodfrom1983
2003Forrecordsthatwereinpaperformatthecollectionswere
enteredintoaMicrosoftAccess2000databaseMicrosoft
CorporationRedmondWANumbersofCulextarsalis
CoquilletttheprincipalvectorofWEEandSLEReevesand
Hammon1962wereaveragedovermonthsandquartersofeach
yeartogetanaveragenumberofmosquitoestrapnightThese
monthlyandquarterlyaveragesofCxtarsalistrapnightforeach
yearwereexpressedasapercentageofthelongtermaveragefrom
19832003Thesepercentageswerethevariablesconsideredfor
inclusioninthelogisticregressionmodel

Agencyannualbudgetsandlandareascoveredwereobtained
fromMVCACyearbooksEachbudgetwasadjustedto2003US
dollarsbeforedividingbytheareatogetabudgetsquaremile
Theconversionto2003USdollarswasdonebymultiplyingthe
budgetsproportionoftheUSGDPpercapitainthestudyyear
bytheUSGDPpercapitain2003Williamson2004



Variable Description
Adjustedbudget Agencysannualbudgetsqmileadjustedto2003USdollars
Agencyvariables 4binaryagencyvariables1ifagency0else
Seasonaldegreedays Numberofdegreedaysforwinterspringorsummerquartera
SouthernOscillationIndex MeanofmonthlyDecemberFebruarystandardizedSOIs
Numberofchickenflocks Numberofsentinelchickenflocksmaintainedbytheagency
Cxtarsalisfemalesseasonal Cxtarsalisfemalestrapnightforspringorsummerquarter
Cxtarsalisfemalesmonthly MonthlyCxtarsalisfemalestrapnightforAprilOctober
Precipitationfallwinter CumulativewateryearprecipitationcmfromOctoberMarch
Precipitationwinter CumulativeprecipitationcmfromJanuaryMarch
Precipitationwinterspring CumulativeprecipitationcmfromMarchMay
Precipitationmonthly MonthlycumulativeprecipitationcmforJanuaryMay
WEEpreviousyear WEEseroconversionsinpreviousyear1ifyes0ifno
SLEpreviousyear SLEseroconversionsinpreviousyear1ifyes0ifno
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Precipitationandtemperaturedatawereobtainedfrom
selectedrepresentativestationswithineachagencyUCIPM2004
Table1Usingthesetemperaturedatadegreedaysalsowere
calculatedforeachstudyareausingthesinglesinemethodwitha
lowerthresholdof73Ctheaverageofthelowestandhighest
estimatesofthezerodevelopmentthresholdforCxtarsalis46
100CReisen1995bDegreedaysweresummedoverquarters
forpotentialinclusioninthelogisticregressionmodeland
precipitationwassummedovermonthsandfromOctoberMarch
JanuaryMarchandMarchMayforpotentialinclusioninthe
models

Table1Meteorologicalstationsselectedtorepresentthestudy
areasSmallnumbersofmissingobservationsfromtheprimary
stationswerereplacedbyneighboringbackupstationsseetable
footnotes

StudyArea
CoachellaValleyMVCD
GreaterLACountyVCD
KernMVCD

SacramentoYoloMVCD

SutterYubaMVCD

Temperature Precipitation
IndioFireStation

SantaAnaFireDepartment
BakersfieldAirport
SacramentoExecutiveAirporte
MarysvilleFireDepartment

adatasourceUCStatewideIPM2004 seereferences

citiesforbackupstationsIndioandThermalCA
ecitiesforbackupstationsSantaAnaandTustinCA
dcitiesforbackupstationsShafterCA
ecitiesforbackupstationsDavisCA
citiesforbackupstationsYubaCityandNicolausCA

method singlesinelowerthreshold 73C

expressedasapercentageofthe21yearaveragefrom19832003

Asummaryofallpotentialpredictorsconsideredforinclusion
inthemodelsispresentedinTable2

DataanalysisSeparatelogisticregressionmodelswerefit
forWEEandSLEusingRversion201RDevelopmentCore
Team2004Toaccountforthedifferencesinbaselineprobability
ofseroconversiondetectionforeachagencyduetofactorssuch
ascoopdesignfixedeffectsfortheagencieswereincludedinall
modelswithKernMVCDasthereferenceagencyAlsobecause
virusactivityinoneyearseemedtoincreasethepotentialforvirus
activitythefollowingyearasingleautoregressivetermwas
includedinallmodelsasabinaryindicatorofseroconversionto
therespectivevirusduringthepreviousyear

Foreachvirusallothervariableswereaddedsinglytothe
baselinemodelEachofthesemodelswascomparedtothebaseline
modelusingalikelihoodratiotestandfactorsproducingsignificant
reductionsindeviancealpha005wereretainedforfurther
considerationinaforwardstepwiseselectionprocedureFactors
causingthelargestchangeindeviancewereaddedfirstthen
combinedwithothersignificantpredictorstodetermineifthey
resultedinafurthersignificantreductionindevianceBiological
andpracticalimportancewasalsoconsideredinadditionto
statisticalsignificanceinselectingthefinalmodelforeachvirus
ModelfitwasassessedusingtheHosmerLemeshowgoodnessof
fitstatisticHosmerandLemeshow2000

RESULTS

WEEregressionmodelThemodelselectionprocedurefor
WEEresultedinamodelwiththebaselineautoregressiveand
agencytermsplusJanuaryMarchcumulativeprecipitationand
AprilJuneaverageCxtarsalisfemalestrapnightasapercentage
ofthe21yearaverageThismodelhadadevianceof9118on95
dfcomparedto11043on97dfforthebaselineWEEmodel
meaningthatthelikelihoodratioteststatisticcomparingthetwo
modelswasequalto1925on2dfp0001TheHosmer
Lemeshowgoodnessoffitstatisticwasequalto785withp045
suggestingthatthemodelfittheobserveddatawellAddingthe

Table2PotentialpredictorvariablesfordetectionofWEEorSLEseroconversionsinsentinelchickens
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DecemberFebruaryaverageSouthernOscillationIndextothe
modelinsteadofJanuaryMarchprecipitationyieldedafitsimilar
tothatofthemodelchosendeviance90392on95dbutthe
modelwithprecipitationwasselectedbecauseprecipitationisa
morefamiliarandinterpretablepredictor

SLEregressionmodelThemodelselectionprocedurefor
SLEresultedinamodelwiththebaselineautoregressiveandagency
termsplusJanuaryMarchcumulativedegreedaysandJulyAugust
averageCxtarsalisfemalestrapnightasapercentageofthe21
yearaverageThismodelhadadevianceof6148on95df
comparedto7220on97dfforthebaselineWEEmodelmeaning
thatthelikelihoodratioteststatisticcomparingthetwomodels
wasequalto1072on2dfp001TheHosmerLemeshow
goodnessoffitstatisticwasequalto513withp074suggesting
thatthemodelfittheobserveddatawellAddingtheAprilJune
degreedaystothemodelinsteadofJulyAugustCxtarsaliscounts
yieldedafitsimilartothatofthemodelchosendeviance61852
on95dfbutthemodelwithCxtarsaliswasselectedbecause
ofcorrelationbetweenthetwoquarterlydegreedayfactorsr
063

WEEeffectmeasuresProbabilitiesofWEEseroconversion

areplottedagainstJanuaryMarchcumulativeprecipitationinFig
2TheprobabilityofWEEseroconversionincreaseswith
precipitationandishigherforayearinwhichtheprecedingyear
hadatleastoneWEEseroconversionLikewisetheprobability
ofWEEseroconversionalsoincreaseswithAprilJuneCxtarsalis
abundanceandtheprobabilityofWEEseroconversionishighest
fortheCVMVCDFig3Oddsratiosandconfidenceintervals
areshowninTable3

SLEeffectmeasuresProbabilitiesofSLEseroconversion

areplottedagainstJanuaryMarchcumulativedegreedaysinFig
4TheprobabilityofSLEseroconversionincreaseswithdegree
daysapproachingcertaintyforthehighernumbersofdegreedays
intheCVMVCDThepointestimatesindicatethattheprobability
ofSLEseroconversionishigherforayearinwhichthepreceding
yearhadatleastoneSLEseroconversionbuttheconfidence
intervalfortheoddsratioincludes1indicatingthatthiseffectis
notsignificantforthesamplesizeinthisstudyTable4The
probabilityofSLEseroconversiondecreaseswithincreasingJuly
AugustCxtarsalisabundanceandbasedonpointestimatesthe
probabilityofSLEseroconversionishighestfortheCVMVCD
Fig5althoughthewideconfidenceintervalsfortheoddsratios
showthatthiseffectwasnotsignificantinthisstudyTable4

DISCUSSION

TheriskforbothWEEandSLEseroconversionsdependson
CxtarsalisabundanceasmeasuredbyNewJerseylighttrapcounts
buttheeffectoftheabundanceismostsignificantatdifferenttimes
oftheyearforthetwovirusesTheprobabilityofseroconversion
forWEEisaffectedpositivelybyCxtarsalisabundanceinthe
springAprilJunewhichistheperiodofenzooticamplification
forthevirusDuringthisperiodthevirusisnotnormallydetected
bysurveillancetoolssuchassentinelchickensbutthismaybe
themostcriticalperiodforcontrollingthevectorpopulationsto
limittheprobabilityofsubsequentWEEseroconversions
ConverselytheprobabilityofSLEseroconversionisnegatively

associatedwithJulyAugustCxtarsalisabundancewhichwasan
unexpectedresultTheJulyAugustperiodisthetransmission
periodfollowingthespringamplificationperiodoftheSLEannual
cycleandistheperiodduringwhichthevirusisoftendetectedby
surveillancetoolsInareasliketheCVMVCDwheresummer

temperaturesareveryhighmosquitosurvivaloftendeclinesduring
thehottestsummermonthsJulySeptemberreducingtheir
abundanceThissametemperatureincreasealsoincreasestherate
ofvirusreplicationandthusdecreasesthevirussextrinsic
incubationperiodsoperhapsthisisthereasonforthenegative
associationbetweenlatesummerCxtarsalisabundanceandthe

probabilityofSLEseroconversionInanycaseitseemsillogical
thathavingfewermosquitoesaloneresultsingreaterriskforSLE
transmissionsothisvariablemustbeasurrogateforanother
variablethatwehavenotincludedWewillbeexaminingthisin
additionalstudies

WealsofoundthatbothSLEandWEEseroconversion

probabilitiesareaffectedbywintermeteorologicalfactorsThis
isencouraginginlightoftheneedforearlypredictionofvirus
activitytoallowvectorcontrolagenciestoprepareappropriately
forperiodsofelevatedriskWithearlywarningofconditions
favorableorunfavorabletoactivityofWEEorSLEagencieswould
knowwhethertosupplementorconservefinancialresourcesand
whetheranincreaseinearlyseasonvectorcontroleffortsisneeded

BasedonthisstudyriskforWEEseroconversiondepends
moreheavilyonwinterprecipitationthantemperaturewhilethe
oppositeistrueforSLEThisagreeswithpreviousresearchthat
indicatesthatSLErequiresahighertemperatureforreplication
andtransmissionthanWEE15and10CrespectivelyReisenet
al1993Perhapsmostyearsmeetthetemperaturerequirements
forsufficientamplificationofWEEmeaningthatwhetherornota
particularyearhasWEEactivitywouldbeprincipallydictatedby
otherfactorswhilethetemperaturerequirementsforSLEactivity
aremetlessfrequentlyandthusaresubjecttoagreatertemperature
influencethanWEEWinterprecipitationandresultingsnowpack
onlypartiallydeterminestheextentofmosquitobreedinghabitat
duringthefollowingvirustransmissionseasonWaterforirrigation
andwildlifehabitatsisintensivelymanagedthroughoutmostof
Californiaanddecisionsaboutwaterallocationandmethodof
deliveryundoubtedlymodifythedirecteffectsofprecipitationon
mosquitohabitatavailabilityWewillexaminethesefactorsmore
closelyinfuturestudies

Anotherinterestingeffectthatwasnotincludedintheselected
modelforWEEwastheeffectoftheDecemberFebruarySouthern
OscillationIndexSOIontheprobabilityofsubsequentWEE
seroconversionTheSOIisthestandardizeddifferencebetween

sealevelpressureatTahitiandDarwinAustraliaandisanimportant
indicatorofElNinoSouthernOscillationeventsthatinfluence

weathereventsinCaliforniaandelsewhereAnegativeSOIis
associatedwithElNinoeventsthataregenerallyassociatedwitha
precipitationincreaseinCaliforniaFortheWEEmodelthat
includedtheDecemberFebruarySOIinsteadofJanuaryMarch
precipitationtheassociationoftheSOIwiththeoddsofWEE
seroconversionwasnegativeandsignificantindicatingthatWEE
seroconversionsarelikelytobeassociatedwithElNinoconditions
ThepredictivevalueoftheSOIforWEEwassimilartothevalue
ofCaliforniaDepartmentofHealthServicesMosquitoandVector
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Figure2ProbabilitiesofseroconversionforWEEbyJanuaryMarchcumulativeprecipitationforyearsinwhichthepreviousyearhad
atleastoneWEEseroconversionsolidlineandinwhichthepreviousyearhadnoWEEseroconversionsdashedlineProbability
calculationsarebasedonthemedianAprilJuneCxtarsaliscountsforeachagencyandeachchartisplottedovertherespective
agencysprecipitationrangebetween1983and2003
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Figure3ProbabilitiesofseroconversionforWEEbyrelativeAprilJuneCxtarsaliscountsfor
ayearinwhichtheprecedingyearhadaWEEseroconversionforeachagencyProbability
calculationsarebasedonthemedianJanuaryMarchcumulativeprecipitationforeachagency
andthechartisplottedoverarangeofpercentagevaluessharedbyallagencies

Table3OddsratiosandconfidenceintervalsfortheselectedWEEmodel

Factor OddsRatio 95CI pvalue

Intercept 0001

WEEpreviousyear 294 101851 0047

Coachella 792 1474285 0016

LosAngeles 014 001167 0120

SacramentoYolo 061 009410 0610

SutterYuba 097 013712 0975

JanMarprecipitation 136a 105176 0018

AprJunCxtarsalis 113 104122 0003

basedontheWaldstatisticbhatSebhat
abasedonanincreaseof5cm

bbasedonanincreaseof10inCulextarsalisrelativetothe21yearaverage
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Figure4ProbabilitiesofseroconversionforSLEbyJanuaryMarchdegreedaysforyearsinwhichthepreviousyearhadatleastone
SLEseroconversionsolidlineandinwhichthepreviousyearhadnoSLEseroconversionsdashedlineProbabilitycalculationsare
basedonthemedianJulySeptemberCxtarsaliscountsforeachagencyandeachchartisplottedovertherespectiveagencysdegree
dayrangebetween1983and2003SutterYubaMVCDdidnothaveanySLEseroconversionsduringthestudyperiodandisnot
included

Table4OddsratiosandconfidenceintervalsfortheselectedSLEmodel

Factor OddsRatio 95CI pvalue
Intercept 0018

SLEpreviousyear 306 0701334 01364

Coachella 017 0001181 0413

LosAngeles 010 000271 0174

SacramentoYolo 059 005717 0677

SutterYuba NA NA NA

JanMardegdays 195a 110346 0023

JulSepCxtarsalis 088 078099 0040

basedontheWaldstatisticbhatSebhat
abasedonanincreaseof50degreedays
bbasedonanincreaseof10inCulextarsalisrelativetothe21yearaverage
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Figure5ProbabilitiesofseroconversionforSLEbyrelativeJulySeptemberCxtarsaliscounts
forayearinwhichtheprecedingyearhadanSLEseroconversionforeachagencyProbability
calculationsarebasedonthemedianJanuaryMarchcumulativedegreedaysforeachagencyand
thechartisplottedoverarangeofpercentagevaluessharedbyallagenciesSutterYubaMVCD
didnothaveanySLEseroconversionsduringthestudyperiodandisnotincluded

JanuaryMarchprecipitationbutprecipitationwasincluded
becauseoffamiliarityandeaseofinterpretation
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GettingConnectedProgressforSurveillanceDataExchange

BruceEldridge

DepartmentofEntomologyandCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616

ThecurrentoutbreakofhumandiseasescausedbytheWest
NilevirusinCaliforniahasproventhattherapidexchangeof
surveillancedataassociatedwithviralactivityisavitalcomponent
ofthepreventionofhumancasesthroughmosquitoabatement
Thisisnotonlytrueofdataexchangedamongvariousstateand
localagenciesinvolvedinpreventionandcontrolbutalsoofdata
suppliedtothepublicinatimelymannerTheelectronicCalifornia
VectorborneDiseaseSurveillanceSystemacollaborativeeffort
amongMVCACCaliforniaDepartmentofHealthServices
CDHSandtheUniversityofCaliforniaCenterforVectorborne
DiseasesCVECcontinuedtoevolvein2004andtoimproveits
servicetoagenciesneedingbothcontemporaryandhistorical
surveillancedataOneofthemostimportantimprovementsfor
2004wastheestablishmentofhighspeeddataconnectionsbetween
thesurveillanceserversmaintainedbyCVECatUCDavisand
selectedtestinglaboratoriesandresearchcollaboratorsHighspeed
connectionsshouldgreatlyimprovetherapidandefficientuseof
thissystemFigure1showsthecurrentstatusofsurveillanceservers
anddatabasesandtheagenciescurrentlyconnectedviadirect
connectionsandvirtualprivatenetworksVPN

HighspeedconnectionstothesurveillanceserversThe
surveillanceserversatCVECareaclusterofindividualmachines

runningsoftwareprogramscalledserversthatproducethegeneral
surveillancewebsitetheWestNileviruswebsitemapsthatappear

1 1
CDHS

Viral RickettsialDiseasesLaboratory
VectorBorneDiseaseSection

1
ArbovirusResearchLaboratoryCVEC

ArbovirusFieldStationBakersfield
ScrippsInstitutionofOceanography

SacramentoYoloMVCD

PlacerMAD

DirectCDHS

CVEC

Connection

onthewebsitesanddatathatarestoredinSQLdatabasesThe
mapsandthewebsitesdependonthedatabasesformuchoftheir
informationandthedatabasescanalsobeaccesseddirectlyMost
ofthenewconnectionsuseVPNoperatingovertheInternetWith
thistypeofconnectiondataareencryptedatthesendingendand
decryptedatthereceivingendsothatinterceptionofdataby
snoopingpartiesisdifficultifnotimpossibleConnectionsofthe
CDHSViralandRickettsialDiseaseLaboratoryBranchVRDL
andtheCDHSVectorBorneDiseaseSectionVBDSinRichmond
tothesurveillanceserverswereinstalledusingspecialdedicated
linesoperatingthroughfirewallsatbothendsoftheconnection
AgencieswithVPNconnectionsincludetheCVECArbovirus
ResearchLaboratoryARLtheSacramentoYoloMosquitoand
VectorControlDistrictthePlacerMosquitoAbatementDistrict
theArbovirusFieldStationinBakersfieldandtheScripps
InstitutionofOceanographyinLaJolla

DatainputUntilthisyearsurveillancetestingdatawere
inputtothesurveillanceserversusingavarietyofmechanisms
largelyinvolvingtransferviaemailofentiredatabasescontaining
tablesoftestdataAlthoughtheseconnectionswerefasterthan
usingconventionalmailorfaxessometimeinvariablyelapsed
beforetheemailrecipientdownloadedthedataandittook
additionaltimetomanuallyappendthedatareceivedintothecentral
databaseIftheemailsweresentoveraweekendthetimelagwas

CVECUCDAVIS

Web
Server

Replication
Server

Replication
Database

Server

Database
Server

Central
Database

Figure1HighspeeddataconnectionstoandfromthesurveillanceserversatUCDavis
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evenlongerWiththeimplementationofdirectconnectionsnew
datacanbeenteredintothecentraldatabasedirectlybythetesting
laboratoriesDirectdataentryhasseveraladvantagesotherthan
speedBecauseeachdatarecordmustbeenteredonlyonceerrors
arereducedandresourcesneededtobothenterandeditdataare

savedThesummerof2004markedthebeginningofdirectentry
ofmosquitopooltestdataintothecentraldatabaseand
arrangementsfordirectentryofsentinelchickendatafromVRDL
shouldbeinplacebyFebruary2005

DataoutputInparallelwiththeestablishmentofdirect
connectionsfordatainputseveralVPNconnectionshavebeen
installedpermittingaccesstobothcurrentandhistorical
surveillancedataToprotecttheintegrityofthecentraldatabase
dataforoutputarecontinuallyreplicatedtoaseconddatabasethe
replicationdatabasewhichisanexactcopyofthedatafromthe
centraldatabaseThemoststraightforwardapproachforusersto
obtaindataisbyusingMicrosoftSQLclientsoftwareBecause
thesurveillancedataarehostedbyMicrosoftSQLServersoftware
datadownloadsareeasybysendingsimpleSQLstatementstothe
serverovertheVPNconnectionOtherchoicesaretheuseof

dedicatedfrontendssuchasVectorControlManagementSystem

ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

andinhousefrontendsbuiltwithprogramminglanguagessuchas
VisualBasicDelphiorJavaDataaccessisalsoeasyusing
projectscreatedinMSAccess

WebsitesThegeneralsurveillancewebsitehttp
vectorucdaviseduandtheWestNilevirushttpwestnilecagov
websitesarebothhostedonthesurveillanceserversbutthecontent

fortheformerismaintainedbyChrisBarkerofCVECthelatter
byLaurenMarcusofDHSBeforetheadventofthedirectDHS
connectionmaintenanceoftheWNviruswebsiterequirede
mailingofupdatedHTMLdocumentsfromVBDStoCVECNow
thecontentisupdateddirectlyandnewdataareavailablevirtually
immediately

Thetransitionfromstaticsnapshotstylesurveillancemapsto
dynamicinteractivemapscreatedwithEnvironmentalSystems
ResearchInstitutesESRIsArcIMSalsowascompletedduring
early2004NowvisitorstotheCaliforniavectorbornedisease
surveillancewebsitecanviewmapsinawindowthatwillallow
themtocontrolthelookofthemapUserscanaddorremove
layerszoomtothescaleoftheirchoiceorquerythedataonthe
maptofindcollectiondatesspeciesoravarietyofother
information
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TheDevelopmentoftheCaliforniaDepartmentofHealthServicesWestNileVirus
WebsitewwwwestnilecagovasaToolforLocalAgenciesInformationDistributionto

thePublicPassiveSurveillanceandPublicEducators

LaurenMarcusBruceEldridgeStephenLewisChrisBarkerTeresaNastoffnCarolCrawford
LisaRichmanRosannaWestmorelandStanHustedandVickiKramer

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection850MarinaBayParkway
zDepartmentofEntomologyUniversityofCaliforniaatDavisOldDavisRoadDavisCA95616

CenterforVectorborneDiseasesUniversityofCaliforniaatDavisOldDavisRoadDavisCA95616
DivisionofHealthEducationandPromotionCenterforDiseaseControl

5EmergencyCommunicationSystemECSOfficeofCommunicationCentersforDiseaseControlandPrevention
6NorthropGrumman CenterforDiseaseControlInformationTechnologySupportContractCITS

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection1616CapitolAvenueMS7307
POBox997413SacramentoCA95889

ABSTRACTTheCaliforniaWestNileVirusWebsiteinitiallydevelopedin2002hasbeenexpandedintoa
multifacetedtoolforenhancedsurveillanceandinformationdistributionIn2004thewebsitewasredesignedwith
theaidoftheCentersforDiseaseControlandPreventionCDCtoincreaseusabilityAnewlocalagencytoolbar
providesconfirmationofsubmissiondatafromlocalagenciestotestingsitesAdditionalinformationonprotection
techniquesandmosquitorepellentusewasaddedandusnowavailableinavarietyoflanguagesPubliceducators
nowhaveaccesstotheabovecurrentCaliforniaWestNilevirusdatapamphletsandpublicserviceannouncements
tocirculatewithincommunitiesTheseimprovementshaveallowedtheCaliforniaDepartmentofHealthServices
CDHStostreamlineoursurveillanceprogramandreachabroaderaudienceforpreventionpurposes

UsingRemoteSensingandGeographicInformationAnalysisTechniquesfor
SurveillanceandAbatementofMosquitoesinRelationtoWestNileVirusActivityin

MontereyCountyCalifornia

KristaHanniDarrylTylerDennisBorondaandCindySchmidt

MontereyCountyHealthDepartment1270NatividadRoadSalinasCA93906
MontereyCountyInformationTechnology1550MoffetRoadSalinasCA93905

NorthernSalinasValleyMAD342AirportBoulevardSalinasCA93905
NASAAmesResearchCenterMailStop2424MoffettFieldCA94035

ABSTRACTWestNileVirusWNVsurveillanceabatementandresponseareprimarilytheresponsibilityoflocal
governmentagenciesincludingpublichealthdepartmentsandmosquitoabatementagenciesIthasbeendifficultfor
theseagenciestoplanlocalizedabatementandsurveillanceactivitiesforWNVduetothetemporalandspatial
variabilityofWNVhostsreservoirandaccidentalandtheenvironmentandstatewidepredictivemodelsoftenlack
specificityforlocalagencydecisionmakersAriskassessmentwasconductedin2003bylocalagenciesinMonterey
CountyCAandNASAthatusedgeographicinformationsystemsandremotesensingtechnologytopredictareasof
potentialhighestWNVmorbidityandmortalityforaffectedhumanpopulationsandfortargetinglimitedresources
forWNVabatementandsurveillanceactivitiesLandsat7imagesandgeographiclayerswereusedtomapthe
extentsofpotential1WNVvectormosquitobreedingsourceareas2adultvectorhabitatareasand3higher
riskmosquitovectorsourceandhabitatareasinMontereyCountyCaliforniaThepredictivecapabilitiesofthe
modelwereassessedusing2004WNVactivityasdeterminedbyhumanandanimalsurveillanceandvectoractivity
usingmosquitoreportstoandactivitiesofthecountymosquitoabatementandpublichealthagenciesAreasofWNV
activityin2004generallycorrelatedwiththemodelspredictionsThemodelthusprovidedanexcellentassessment
forenhancingongoingsurveillanceactivitiespriortolocalarrivalofWNV
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DevelopingandUsingaDigitalInspectionRecordingandManagementSystemfor
MonitoringWestNileVirusandOtherVectorborneAgents

KennFujiokaPhD

SanGabrielValleyMosquitoandVectorControlDistrict1145NAzusaCanyonRoadWestCovinaCA91790

ABSTRACTThispresentationcoversthetechnicalhardwareandsoftwareaspectsofautomatingthepaperbased
inspectionandtreatmentrecordingmethodcurrentlyusedbymostmosquitoandvectorcontroldistrictsThebenefits
ofusingaStructuredQueryLanguageSQLdatabasetoeffectivelyaidinreportingandmanagingoutbreaksofWest
NilevirusWNVandothervectorbornediseasesisdiscussedTheSpatialDataServerSDSdisplaysinformation
containedintheSQLDatabaseasamapWhenthesystemisadoptedmorebroadlythendatacanbeaggregatedto
givearegionstateornationwideviewofthespreadandeffectoftreatmentsonWNV
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UseofGravidTrapsforCollectionofCaliforniaWestNileVirusVectors

JulieAChristiansenCharlesSmithMinooBMadonJohnAlbrightWilliamHazeleurJackHazelrigg
SusanneKluhRoryDMcAbeeFSMulliganIIIWalterLealandAnthonyJCorner

MosquitoControlResearchLaboratoryDepartmentofEntomologyUniversityofCaliforniaatDavis
9240SRiverbendAvenueParlierCA93648USA

ConsolidatedMosquitoAbatementDistrict2425FloralAveSelmaCA93662
GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670

4ShastaMosquitoandVectorControlDistrictPOBox990331ReddingCA96099
HonoraryMaedeDuffeyLaboratoryDepartmentofEntomologyUniversityofCaliforniaDavisCA95616USA

ABSTRACTMostCaliforniamosquitoabatementdistrictsusecarbondioxidebaitedtrapstocollectpredominantly
hostseekingCulexfemalesforarboviralsurveillanceandtoassessoverallabundanceofdiseasevectorandnuisance
mosquitoesTheinvasionofWestNilevirusWNVhascalledfortheneedtoisolatevirusfromandmonitor
populationsizesofmorediversemosquitovectorspeciesandparticularlyCulexpipienssensulatuThispastseason
weevaluatedtheefficiencyofgravidtrapsusingBermudagrassandrabbitchowinfusionsincollectionofCx
tarsalisandCxpipienscomplexandotherWNVvectorsinShastaFresnoandLosAngelesCountiesBermuda
grassandrabbitchowinfusedgravidtrapswerehigherbutnotsignificantlymoreefficientincollectionofCxpipiens
slandmuchlessefficientincollectionofCxtarsalisthanCObaitedtrapsinallthreecountiesinbothurbanand
rurallocationsHoweverproportionatelymoreWNVinfectedCxpipiensslwerecollectedinthegravidtrapsthan
intheCObaitedtrapsGravidtrapsusingappropriateovipositionattractantsaredesperatelyneededtoenhance
collectionefficiencyofvirusinfectedCxtarsalis

INTRODUCTION

FormanyyearsmosquitoabatementdistrictsinCaliforniahave
usedcarbondioxidebaitedCDCstylelighttrapsPfunter1979
tocollectmosquitoesinordertosurveyforabundanceandpresence
ofarbovirusesinmosquitopopulationsThistypicallyfocusedon
collectingCulextarsalisCoquillettwhichisthemostimportant
vectorofWesternequineencephalomyelitisWEEandStLouis
encephalitisSLEinCaliforniaReeves1990Goddardetal
2002In2004howeverWestNilevirusWNVestablisheditself
asathreattopublichealthinCaliforniaMosquitoabatement
districtsrespondedtothisthreatwithincreasedsurveillanceand
controlofmanymoremosquitospeciesfocusingonwhatis
believedtobetheprimaryvectorinotherpartsofthecountry
CulexpipienssensulatuTurelletal2000Goddardetal2002
WithCxpipiensslandCxtarsalisthepotentialmajorvectors
ofthisdiseaseinCaliforniaaneedhasarisenforefficientmethods
totrapthesemosquitoes

TheuseofCDCtrapsisinherentlyflawedforvirussurveillance
astheyprimarily65 collectunfednulliparousfemalesBarr
etal1986ReisenandPfunter1987Reisenetal1995which
havenothadcontactwithaviremichostAmoreeffectivemeans

ofvirussurveillancewouldbetosamplewithgravidtrapsReiter
1983whichshouldcollectproportionatelymoregravidfemales
thathaveingestedabloodmealandsurvivedthroughthevirus
eclipsephaseHardyetal1983Previousstudiesconductedby
othershaveshownthatcurrentlyavailablegravidtrapsuse
attractantsthatdonotreadilyattractCxtarsaliseveninareas

wheretheyareabundantasindicatedbyCOtrapsInaddition
theseattractantshaveofferedverylittleimprovementincollection
ofCxpipienssloverCDCstyleCONewJerseylighttraps
Mulhern1942orrestingboxesMyer1985Thepurposeof
thisstudywastoconfirmtheabovefindingsandobtainbaseline
dataforlaterevaluationusingnovelattractantsWeperformed
experimentstoevaluatetheefficacyofgravidtrapsusingBermuda
grassandrabbitchowinfusionsaswellasCOCDClight
trapstocollectCxpipiensslandCxtarsalismosquitoesin
urbanandruralsitesinShastaFresnoandLosAngelesCounties
duringthespringandsummerof2004Thesethreeareasof
CaliforniawereselectedastheyrepresentallmembersoftheCx
pipienscomplexasindicatedbyDVDratiosSundararaman1949
anddiagnosticPCRassaySmithandFonseca2004Innorthern
CaliforniaCxpipiensistheonlymemberpresentinsouthern
CaliforniaCxquinquefasciatuspredominateswhilebothforms
aswellashybridsoccurintheCentralValleyTabachnikandPowell
1983Urbanellietal1997Cornetetal2003

Trapping

MATERIALSANDMETHODS

TrappingwasperformedinnorthernShastaCosouthern
LosAngelesCoandcentralFresnoCoCaliforniabyrespective
mosquitoabatementdistrictpersonnelDistrictsusedmodified
gravidtrapsbasedonReiter1983andCObaitedCDClight
trapsPfunter1979Eachdistricthadfourcollectionsitestwo
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eachinruralandurbansettingsatleast2milesapartfromone
anotherThesecollectionsiteswerealsoselectedbasedonahistory
ofhavingabundantnumbersofbothCxtarsalisandCxpipiens
slAteachcollectionsitethethreeovipositiontrapsandtheCO
trapwereseparatedbyroughly100m

StartinginMarchonlytwoofthethreeovipositiontrapsat
eachsitewereusedOnewasinfusedwithwithrabbitchow

yeastandtheotherwithrabbitchow yeast lactalbumen

hydrolysateInJunewhenBermudagrassbecameavailableall
threetrapsateachsitewereusedTheinfusionstestedfromthen
onuntiltheendoftheseasonwererabbitchow yeastBermuda
grassyeastandBermudagrassyeastlactalbumenhydrolysate
Ovipositiontrapsweresetouteverytwoweeksandcountswere
takenofeachmosquitocollectedadultsdrownedontheattractant
surfaceandeggraftslaidOvipositionattractantswererotated
amongthethreetrapslocatedateachsiteeverytwoweekcollecting
period

AttractantPreparation

Therabbitchowinfusionswereusedbasedonrabbitchow

efficacyinpreviousstudiesBeehlerandMulla1993Lampman
andNovak1996Therabbitchow yeastinfusionRCmix
consistedof121gPurinaRabbitChowPurinaMillsStLouis
MOand69gofyeastUSBiochemicalCorpClevlandOHin
10LoftapwaterTherabbitchow yeast lactalbumen

hydrolysateRCLwaspreparedasaboveexceptfortheaddition
of60glactalbumenhydrolysateUSBiochemicalCorp
ClevelandOH

TheBermudagrass yeastinfusionBGwasprepared
followingthemethodsdescribedbyIsoeetal1995which
consistedof225gofdriedgroundBermudagrasscollectedin
VisaliaCalifornia2004and135gofyeastin10Loftapwater
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TheBermudagrass yeast lactalbumenhydrolysateBGL
waspreparedasaboveexceptfortheadditionof135gof
lactalbumenhydrolysate

Allfouroftheinfusionmixeswereallowedtomaturefor7

12daysatitsworkingconcentrationatwhichtime25Lofeach
infusionwasusedineachofthefourovipositiontrapspertrapping
location

VirusIsolation

Poolsofmosquitoes50collectedwithinthejurisdictionof
theConsolidatedMosquitoAbatementDistrictweresenttothe
UniversityofCaliforniaDavisCenterforVectorborneDiseases
CVECforexaminingthepresenceofWNvirusRNAbyRT
PCRForassessmentofvirusactivitythroughoutthedistrict
mosquitoesforvirussurveillancewerecollectedfromgravidand
CDCstyleCOtrapsfrombothinsideandoutsidethestudyareas
MosquitoesofeachspeciesthatwerecollectedinCDCstyleCO
trapswerekeptseparatefrommosquitoescollectedingravidtraps
sothatminimuminfectionratecomparisonscouldbemadebetween
thetwotraptypesMinimuminfectionrateswerecalculatedon
thebasisofminimumnumbersinfectedperthousand

RESULTSANDDISCUSSION

EarlyseasontrappingMarchthroughMayyieldedno
significantdifferencebetweenrabbitchowRCinfusionandrabbit
chowwithlactalbumemhydrolysateRCLdatanotshownThis
promptedustodiscontinuetheuseofRCLonceBermudagrass
infusionbecameavailableWhenthedatafromallthreeCalifornia

locationswerepooledtogethertherewasnosignificantdifference
P0272betweenthenumberofadultfemalescollectedwithRC
BGorBGLFig1

25000

20000

15000

10000

5000

0000

InfusionComparisonJunethroughOctober

BG BGL

Infusion

RC

CxpipienssIfemales
Cxtarsalisfemales

Figure1ComparisonofadultfemalescollectedfromJunethroughOctober2004fromoviposition
trapscontainingBermudagrassinfusionBGBermudagrasslactalbumenhydrolysateBGL
orrabbitchow
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AllinfusionmixturescollectedlownumbersofCxtarsalis

CarbondioxideCDCstyletrapscollectedsimilarnumbersofCx
pipiensslastheRCovipositiontrapdidfromMarchtoOctober
foralllocationsCDCstyletrapscollectedsignificantly
P227x10moreCxtarsalisthantheRCbaitedoviposition
trapforthesameperiodFig2

Figure2Comparisonofadultmosquitoescollectedfromrabbit
chowbaitedovipositiontrapsRCversusCDCstyleCObaited
lighttrapsfromMarchtoOctober2004

BothmosquitopopulationspeakedinJulyasindicatedby
eachtraptypeThisindicatesthatovipositiontrapswiththese
attractantswerenotmoreefficientatcollectingCxpipienssl
mosquitoesandweremuchlessefficientatcollectingCxtarsalis

femalesthanCDCstyleCOtrapsWhiletheovipositionandCDC
styleCOtrapscollectedsimilarnumbersofCxpipienssl
minimuminfectionratesfrompoolsofCxpipiensslmosquitoes
collectedincentralCaliforniawereconsistentlyhigherfrom

ovipositiontrapsthaninCDCstyleCObaitedlighttrapsFig3

MinimumInfectionRates

35

30
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0

GravidMIR

COMIR

July AugustSeptemberOctober

Figure3MinimuminfectionratesofCulexpipiensslmosquito
poolscollectedbyConsolidatedMosquitoAbatementDistrictfrom

CDCstyleCObaitedlighttrapsCOMIRandovipositiontraps
GravidMIR

ThetrapsshowedvariabilityincollectionofCxpipienssl
wheneachofthethreelocationswereexaminedseparately
TrappingnumbersfromReddingShastaCoindicatethatthere
wasnosignificantdifferencebetweenBGandBGLforurbanor
ruralsitesandthatthebermudagrassinfusionscollectedmore

thanRCinfusionsinbothurbanandruralsettingsTheCO
baitedtrapshoweveroutperformedallgravidtrapinfusionsin
ruralsiteswhileperformingpoorlyinurbanareasFig4Inthe
CentralValleytherewasalsonodifferencebetweenBGandBGL

forbothurbanandruralsitesHowevertheCOtrapsperformed
poorlyinbothurbanandruralsitesFig5InLosAngelesthere
wassimilarlynosignificantdifferencebetweentheBGandBGL
trapsforruralorurbanareasInLosAngelestheRCtrapwasthe
bestatcollectingurbanmosquitoeswhiletheCOtrapwas
significantlytheworstInruralareastheBGandBGLdidnot

collectsignificantlymoremosquitoesthantheCOtrapwhilethe
RCcollectedtheleastthoughnotsignificantlylessthantheCO
trapFig6
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Figure4Culexpipiensslcollectedfromovipositiontraps
containingBermudagrassinfusionBGBermudagrass
lactalbumenhydrolysateBGLrabbitchowRCorCDCstyle
CObaitedlighttrapsinurbanandrurallocationsinnorthern
California
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Figure5Culexpipiensslcollectedfromovipositiontraps
containingBermudagrassinfusionBGBermudagrass
lactalbumenhydrolysateBGLrabbitchowRCorCDCstyle

CObaitedlighttrapsinurbanandrurallocationsincentral
California
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Figure6Culexpipiensslcollectedfromovipositiontraps
containingBermudagrassinfusionBGBermudagrass
lactalbumenhydrolysateBGLrabbitchowRCorCDCstyle
CObaitedlighttrapsinurbanandrurallocationsinsouthern
California

Thesedifferencesmaybeduesimplytothevariabilityoffield
studiesorbasedonrealgeneticdifferencesinchemicalperception
amongmembersoftheCulexpipienscomplexwiththelatteroption
beingtantalizinglyinterestingThedatasofarsuggeststhatCx
pipienswhichoccursinnorthernCaliforniaismoreruralandis
morestronglyattractedtowaterbodiescontaininginfusionsof
bermudagrassConverselyCxquinquefasciatuswhich
predominatesinthesouthismoreurbanandismorelikelyto
ovipositonwatercontaininginfusionsoffermentedprocessed
rabbitfoodAmoremixedresponseinattractivenessoftrap
infusionsoccursinthecentralvalleywherebothsubspeciesand
hybridsofthetwoalloccurinsympatryinruralandurbansettings

OverallBermudagrassinfusionseemstoholdthemost
promiseatthispointforsurveillanceofWestNilevirusin
populationsofCxpipiensslasitcollectedthesimilarnumbers
ofmosquitoesastheCDCstyleCObaitedtrapsyetwithmany
moreviruspositiveindividualsSurveillanceusingonlytheCDC
styleCObaitedtrapsmaygreatlyunderestimatetheamountof
WNviruspresentinpopulationsofCxpipiensslConversely
ovipositiontrapsusingtheseattractantsareverypoortoolsforuse
insurveillanceofCxtarsalis
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MosquitoSurveillanceandControlatanUrbanZoo

ChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010

WestNilevirusWNVpresentsasignificantrisktoanimals
heldinzoosTheviruswasfirstrecognizedattheBronxZooin
NewYorkCityin1999In2002theSanMateoCountyMosquito
AbatementDistrictSMCMADwasaskedbytheSanFrancisco
ZootheZootoprovideadviceonmosquitocontrolTheSan
FranciscoZooislocatedinthecityandcountyofSanFrancisco
andisnotcoveredbyanyestablishedmosquitocontroldistrictIt
isownedandoperatedbyanonprofitorganizationwhichissolely
responsibleformosquitocontrolonthepropertyPersonnelatthe
zoohadbegundevelopingacontrolprogrambyidentifying
potentialmosquitobreedingsitesThezoohadpurchased2
MosquitoMagnettrapsThetrapswereplacednearanimals
consideredatspecialriskforWNVsuchasflamingoesContents
ofthecollectingbagswereremovedbiweeklyandstoredforfuture
identificationAllanimalsfounddeadonzoogroundsboth
collectionsandurbanwildlifesuchasbirdsorsquirrelswere
senttoCornellUniversityforvirustesting

InMarch2002SMCMADstaffconductedasitevisitTo

obtainpreliminaryinformationaboutthedistributionand
abundanceofmosquitoesatthezoostoredcollectionsfromthe

MosquitoMagnettrapswerecountedandidentifiedtospecies
TheDistrictthenset35carbondioxidebaitedtrapsonzoogrounds
TrapswereretrievedthefollowingdayFurthertrappingwas
conductedinAugustOctoberandNovember

TheZooislocatednexttothePacificOceanjustsouthof
GoldenGateParkItwasbuiltonbeachdunesandhasgenerally
welldrainingsoilsandamaritimeclimateCooldampairfrom
theoceanstronglyinfluencetheclimatePrecipitationaverages
20inyearFogenvelopestheareaeveryeveningandoftenlingers
formuchofthefollowingdayDuringwintertemperaturesaverage
about50FThewarmestweatherusuallyoccursinSeptember
andOctoberwithaveragedailytemperaturesaround60FLake
Merceda50acrereservoirfringedbytulesislocated14mile
southeastofthezooFig1Asewagetreatmentplantliesonthe
southernboundaryofthezooacrossaparkinglotTheplantis
entirelyundergroundandwascompletelyrenovated5yearsago

WestNileviruswasdetectedinwildbirdcarcassesforthe

firsttimeintheSanFranciscoBayareaSantaClaraCountyin
Julyof2004ViruswasfirstdetectedinSanFranciscoCountyon
August172004andbytheendoftheyear14wildbirdcarcasses

SanFranctcoZoo

Treame

Plant

Figure1SanFranciscoZoo
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hadtestedpositiveintheCountyFig2OnNovember22004
adeadbirdpositiveforWNVwascollected2misoutheastofthe
zoonearLakeMerced

Marin

MOSQUITOMAGNETCOLLECTIONS

SanFranciscoZoo

SanFranciscoCounty

Alameda

Figure2GeographicdistributionofdeadbirdspositiveforWest
NileVirusontheSanFranciscoPeninsulain2004insert San

FranciscoCounty

CollectionsfromMosquitoMagnettrapsfromAugust
throughDecemberof2002wereexaminedThreespeciesmade
upthebulkofmosquitoescollectedduringthatperiodCuliseta
incidensThomsonCulisetaparticepsAdamsCulexpipiens
L6325 and12oftotalrespectivelyFigure3shows
theseasonalityandspeciesdistributionofmosquitoesinthese
collectionsCulisetaincidenswasthemostprevalentmosquitoin
thetrapsduringeverymonthfromAugustthroughDecemberThe
densityofall3speciesreacheditspeakinSeptember

TheMosquitoMagnettrapshadbeenshiftedbetween
specificlocationsatthezooTrapshadbeenmostconsistently
maintainedintheflamingoenclosureandthepenguinareabecause
theseanimalswereconsideredparticularlyatriskCasesofavian
malariaoccurregularlyamongthezoospenguinsCulexpipiens
isanefficientvectorofthispathogenwhichsuggeststhatthe
penguinsareregularlyexposedtothisspeciesHowevermosquito
densityinMosquitoMagnettrapsinthepenguinenclosurewas
consistentlylowCulexpipienswasrareinthesetrapsThepenguin
enclosureanditssurroundingsarequiteopenWindssweepthrough
theenclosurethroughoutthedayinallseasonsHoweverthe
penguinssleepinalcovessetintoanartificialhillmadefrom
concreteThesealcovesmayalsoserveassheltersforhostseeking
mosquitoes

97

QCsircirt
cspanic

aCxpioiet

Figure3SpeciespresentinMosquitoMagnettrapsatSan
FranciscoZooin2002
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CARBONDIOXIDEBAITEDTRAP

COLLECTIONS

Carbondioxidebaitedtrapswereseton4occasionsin2003
March22August1October10andNovember14Culiseta
incidenswasthemostcommonlycollectedspeciesduringMarch
andAugustmakingup5090ofthemosquitoescollectedFig
4HoweverinOctoberandNovemberCulexerythrothorax
becamethemostcommonspeciescollected

Mar Aug

CsIncldens

Csparticeps

Cxplplens

Cxerythrothorax

Oct Nov

Figure4SpeciesDistributionoffemalemosquitoesincarbon
dioxidetrapsatSanFranciscoZooin2003
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Figures5and6showthespeciesdistributionofmosquitoes
collectedinCO2baitedtrapsinMarchandOctoberInMarch
CsincidenswasthemostabundantmosquitoinCO2baitedtraps
ItwascollectedthroughoutthezoogroundsDensityofCs
incidenspeakedinAugustHighdensitiesatspecificsiteshelped
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tofocusinspectionsandidentifyproblemareasForexample
containersstackedoutdoorsnearthemaintenancebuildingwere
foundinfestedwithmosquitolarvaeWaterinthebasementofan
oldpumphousewasanothermajorsourceofmosquito
development

Figure5Speciescompositionofmosquitoescollectedincarbondioxidebaitedtrapsin
March2003Sizeofcircleindicatestotalnumberofmosquitoescollectedpertrapnightat
eachsite

Figure6DistributionofmosquitoesincarbondioxidebaitedtrapsatSanFranciscoZoo
inOctober2003Sizeofcircleindicatestotalnumberofmosquitoescollectedpertrap
nightateachsite
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Culexpipienspopulationswerelowthroughoutthezoo
HoweverthisspeciesisamuchmoreefficientvectorofWestNile
virusandpresentsamoresignificanthealthrisktohumansand
animalsatthezoo

InOctoberalarmingnumbersofCxerythrothoraxDyarbegan
appearingintrapsonthesoutheasternsideofthezooCulex
erythrothoraxisalsoanefficientvectorofWestNilevirusLarvae
developintulemarshesanddonotgenerallytravelfarfromthe

siteoflarvaldevelopmentTodeterminewhetherthesemosquitoes
couldbecomingfromtulemarshessurroundingLakeMerced
additionaltrapsweresetinthisareaThesetrapsrevealedvery
highpopulationsofCxerythrothoraxupto3000trapnight
Fig7CollectionsofCxerythrothoraxweregreatestalongthe
southeasternboundaryofthezooCulexerythrothoraxadultswere
alsocollectedatafewsitesnearsmallpondswithpatchesoftule
orcattails

1Vt h

2

7S120

4174

1540

014

Figure7NumberofhostseekingCulexerythrothoraxfemalesincarbondioxidebaitedtrapsinOctober2003
Sizeofcircleindicatestotalnumberofmosquitoespertrapnightateachsite
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EvaluationofMosquitoandArbovirusActivityinOrangeCounty California

During2004

ChristophCSchwedesRobertFCummingsStephenGBennettCarrieFogartyRalphHavickhorst
JimFranciscoJulisaNevarezArtTilzerandJamesPWebb

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditsarbovirussurveillanceprogramin2004by
collectingandpoolingmosquitoestestingavianbloodsamplesdrawnfromwildbirdsandsentinelchickensaswell
astestingdeadbirdscollectedfromvariousanimalcontrolagenciesandthepublicEvidenceofWestNilevirus
WNVinfectionwasdetectedin180wildbirds253deadbirds164mosquitopoolsand4of10sentinelchickens
intheCountyByyearsend64confirmedhumancases3fataland2deadhorseswerereportedduetoWNV
Overall46ofallwildbirdsamplesand83ofmosquitopoolstestedpositivetoeitherWNVantibodiesorWN
virusrespectivelyCulexquinquefasciatusSaywasthemostabundantlytrappedmosquitoaccountingforthe
majorityofsubmittedpools1246of1963andpositivepools153of164HousefinchesCarpodacusmexicanus
SayandHousesparrowsPasserdomesticusLwerethemostfrequentlysampledwildbirds2908of3884and
togetherhadthehighestWNVseropositiverate159of180during2004NoStLouisencephalitisSLEor
westernequineencephalomyelitisvirusWEEactivitywasdetectedbyanysurveillancemethod

INTRODUCTION 374atonesiteinnorthOrangeCountyFullertonduringJuly
AugustwhiletheyearlyMLEof25wasfoundforallspecies

The789squaremilesofOrangeCountywithitshuman testedTable1

populationofapproximately3millioncomprisesofavarietyof
ecotypesincludingurbansuburbanriparianfloodchannels
parklandcoastalmountainsandestuariesUSCensusBureau
2004TheOrangeCountyVectorControlDistrictOCVCD
employedanintegratedsurveillancesystemthroughouttheyear
comprisedofavianserosurveillancesentinelchickensandwild
birdstestingdeadbirdsandmosquitoesandmonitoring
veterinarianandphysicianreportsforWNVinfections

MOSQUITOSURVEILLANCE

Mosquitoeswerecollectedweeklyat75 93trapping

locationsthroughouttheCountycombiningCDCCOhost
seekingtrapsandReiterCummingsgravidfemaleovipositional
trapsCummingsandMeyer1999Bloodfedmosquitoeswere
alsoaspiratedatknownrestingsitesandatlocationsofservice
requestsTrapnumberanddistributionacrosstheCountywas
increaseddramaticallyandfocusedinresponsetotheactivitylevels
ofWNVin2003Fig1 Mosquitopoolsubmissionsfrom
OCVCDincreasedfrom574in2003to1963in2004Of1963

mosquitopoolssubmittedtotheCenterforVectorborneDiseases
CVECattheUniversityofCaliforniaDavis164testedpositive
forWNVTable1Culexmosquitoesweretheonlyspeciesfound
tobeWNVpositiveandoftheseCxquinquefasciatusSay
comprisedthemajority153of164WNVwasfoundinmosquito
poolsthroughoutthecountyFig2

Mosquitocountsvariedtemporallythroughouttheyear
peakinginJunehoweverWNVinfectionratesincreasedtotheir
highestratesinlatesummerearlyfallAugustOctoberascounts
decreasedFig3Dependingonthelocalityandtimeperiod
MinimumLikelihoodEstimateMLEcalculationsforpositive
mosquitopoolsBiggerstaff2004werefoundtorangeashighas

DistrictBirdTraps
GravidTraps
ActiveCO2Traps

Figure1MapofOrangeCountybirdandmosquitotraplocations
usedin2004



JanuaryFebruary2005

25

20

15

10

5

n
Jun Jul Aug

ProceedingsandPapersoftheSeventyThirdAnnualConference

Table1WNVpositivemosquitopoolsfor2004byspecies

MosquitoSpecies
Cxquinquefasciatus
Cxerythrothorax
Cxtarsalis

Cxstigmatasoma
Others

Totals

Total Number Pools TrapType

Mosquitoes Pools WNVPos Gravid CO2 MLE

41858 1253 153 939 61 39

10320 264 1 01 999 01

5315 162 4 25 975 08

927 40 6 951 49 69

5529 244 0 201 799 00

63949 1963 164 49 351 25

CsincidensCsinornataCsparticepsAnhermsiOcsquamigerOctaeniorhynchusOcwashinoiandAe
albopictus

Figure2Comparisonofsensitivitystrengthandseasonaleffectivenessof3arboviralsurveillancetechniques
DatarepresentsthenumberoffirsttimeWNVpositivesamplesforeachcategorypermonth
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Figure3Mosquitopopulationsizebyspecieswithcorresponding
MLEdatafrompooledsamples

SENTINELCHICKENS
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Theonlysentinelchickenflock10chickensmaintainedby
OCVCDwaslocatedinariparianareaofhistoricallyhigh
mosquitowildbirdandarbovirusactivityalongtheSanDiego
CreekwatershedincentralOrangeCountyThechickenflockwas
bledbiweeklythroughouttheyearandbloodsamplesweretested
forSLEWEEandWNVantibodiesattheCaliforniaDepartment
ofHealthServicesViralandRickettsialDiseasesLaboratory

CDHSVRDLandtheOCVCDlaboratoryNosentinelchickens
seroconvertedforWNVantibodiesuntilAugust10wellafter
detectionofWNVinthecountyFig6Threechickenstested
seropositivebytheCDHSVRDLenzymaticimmunoassayEIA
Reisenetal1994andbytheOCVCDsblockingELISAHall
1995Jozanetal2003Oneadditionalchickenwasfound
positivebyblockingELISAattheOCVCDthatwasnever
confirmedbytheCDHSVRDLtestNochickenstested
seropositiveforeitherSLEorWEEantibodies
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Figure6Timelineofarboviruseventsbymonthincludingfirst
andlastWNVpositivewildbirdssolidcircledeadbirdssolid
triangleandinitialsentinelchickenseroconversionsolid
diamond

WILDBIRDSEROSURVEILLANCE

Wildbirdserosurveillancewasintensifiedfor2004by
increasingthetotalnumberofactivetrapsfrom11to18Fig1
WildbirdswerecapturedinmodifiedAustraliancrowtrapsbaited
withfreshwaterandwildbirdseedMcClure1984andeachsite
wassampledbiweeklyBirdswerecollectedfromeachtrap
bandedidentifiedtospeciesandsexandbledbycollecting02
mlofbloodSampleswereprocessedintheOCVCDlaboratory
usingahemagglutinationinhibitionassayHAIGruwelletal
1988

Serosurveillancefocusedmainlyontwoabundantpasserine
speciesHousesparrowsPasserdomesticusLandHousefinches
CarpodacusmexicanusSayThesetwospeciesweretheprimary
birdssampled2908of3884butavarietyofotherspecieswere
alsotrappedandtestedTable2WNVantibodypositivebirds
weredetectedfromMarchthroughDecember2004Figure4

TheDistrictswildbirdserosurveillanceprogramwasthefirst
arbovirussurveillancemethodtodetectWNVactivityduring2004
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Figure4Graphofwildbirdsamplestestedpermonthwith
correspondingpercentagepositiveforWNV

Birdcountsthroughouttheseasonremainedsufficientlyhighfor
sensitiveserosurveillanceAlthoughthenumbersofbirdssampled
permonthpeakedinJuneandJulythenumberofbirdstesting
positiveforWNVrosesteadilypeakinginSeptemberat128
Figure4WNVantibodieswerepresentinserumsamplesofeight
birdspeciesTable2PositivesampleswerefoundfromMarch
2totheendoftheyearmakingthismethodofsurveillancethe
OCVCDsmostsensitiveandconsistentarbovirusdetectionmethod
Fig2

DEADBIRDSURVEILLANCE

DeadBirdswerecollectedfromthepublicviadeadbirdcall
insandthroughcooperationwithvariousanimalcontrolagencies
Ofthe1038birdscollectedorsubmitted435werefitfortesting
ofthose253turneduppositiveforWNVbyVecTestStoneetal
2004theOCVCDsimmunohistochemistryIHCtestJozanet
al2003andorpolymerasechainreactionPCRbyCVEC
WNVwasfoundin54speciesofbirdwiththeAmericanCrow

Table2Wildbirdserasampledatafrom2004bybirdspeciesandnumberpositiveforWNV

BirdSpecies
HouseFinch

HouseSparrow
BrownheadedCowbird

CaliforniaTowhee

AmericanCrow

Otherspecies
Totals

NoBlood NumberPositive

Samples SLE WEE WNV

2296 0 0 119 52
612 0 0 40 65

410 0 0 512
113 0 0 2 17
23 0 0 5217

430 0 0 921
3884 0 0 180 46

PositiveSpeciesNutmegMannikinWhitecrownedSparrowGreenHeron
NonPositiveSpeciesBlackheadedGrosbeakScrubJaySongsparrowdoveshawkswarbler

JanuaryFebruary2005

096
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comprising76192of253ofpositivedeadbirdsDeadbirds
werefoundpositiveforWNVfromtheendofAprilthroughthe
endofDecemberFig5Collectioninareasofcontinualpositive
submissionswasabortedtoallowfordiversionoftemporarily
limitedresourcestoallowfortestingofsamplesfromareasnotyet
confirmedforWNVactivity
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FOCUSANDINTEGRATION

CraigParkinthecityofFullertonwasoneoftheOCVCDs
firstmonitoringsitestoshowWNVactivitywithallthreedetection
methodsmosquitoeswildbirdsanddeadbirdsTheMLEfor
viruspositivemosquitoescollectedfromthissiteaveraged68for
theentireyearandpeakedat374duringthemonthsofJulyand
AugustThislocalitycontinuedtoshowevidenceofarbovirus
activitythroughouttheyearaftertwoWNVpositivewildbirds
weredetectedinMarchDeadbirdswerealsofoundinthearea

fromMayNovember2004Thissitewasanexampleofhowthe
riskofhumaninfectioninafocalhabitatcouldfarexceedlevelsin

otherareasofthecounty
WildbirdscollectedfromsitesalongtheLosAnglesOrange

CountyborderfirstshowedsignsofWNVactivityinearlyMarch
andcontinuedtoshowevidenceofnewinfectionintoDecember

Areaswithhighratesofarbovirusactivitycoincidedwithriparian
corridorswhichweremostlikelyactingasdistributionsystems
forinfestationtootherurbanareasMosquitopooldatahelpedto
provideaverydetailedimageofWNVvirusactivitylocationand
relativetransmissionprevalenceAdetailedrepresentationof
arboviralactivityisdepictedinFig7bycombiningmultipledata

i

Figure7MapofOrangeCountywithdistributionofWNVpositivesamplescollectedin2004
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sourcesfromtheOCVCDsarbovirussurveillanceprojectThis
informationwasinvaluableindeterminingareasofhighinfection
riskfocusingmosquitocontroleffortsandincreasingpublic
awareness
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WestNileVirusintheMoabMosquitoAbatementDistrictGrandCountyUtah

RobertAPhillips

MoabMosquitoAbatementDistrictPOBox142MoabUT84532

ABSTRACTWestNilevirusWNVwasfirstdetectedintheMoabMosquitoAbatementDistrictGrandCounty
UtahinadeadAmericancrowSeptember8andadeadBlackbilledmagpieOctober7of2003Noother
humansanimalssentinelchickensormosquitoeswerefoundpositivethatyearThefirstdetectionofWNVin
2004wasapositiveCulextarsalisCoquillettpoolcollectedJuly27AdeadBlackbilledmagpieJuly306outof
9sentinelchickens8outof40Cxtarsalispoolsand125outof318CulexerythrothoraxDyarpoolstested
positiveforthevirusin2004Probableinfectionratespeakedat351000forCxtarsalisonAugust10and43
1000forCxerythrothoraxonOctober19Thelocalbiologyofmosquitopopulationsanddiseasetransmission
andtheimplicationsofveryhighinfectionratesinCxerythrothoraxpopulationsthroughOctoberarediscussed

TheCaliforniaWestNileVirusDeadBirdSurveillanceProgram
ChallengesandSolutionsin2004

RyanMCarneyKerryPadgettBarbaraCahoonYoungLeslieWoodsDeryckReadWilliamReisen
VickiKramerandStanHusted

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection850MarinaBayParkwayRichmondCA94804
zUniversityofCaliforniaCenterforVectorborneDiseasesOldDavisRoadDavisCA95616

CAHFSDavisLabUniversityofCaliforniaWestHealthScienceDriveDavisCA95616
4CAHFSSanBernardinoLab105WestCentralAvenueSanBernardinoCA9240892408

sArbovirusFieldStation4705AllenRoadBakersfieldCA93312
6CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection1616CapitolAvenueMS7307

POBox997413SacramentoCA958997413

ABSTRACTThe2004wasawatershedyearfortheestablishmentofWestNilevirusWNVinCalifornia
ConsequentlytheCaliforniaDepartmentofHealthServicesCDHSrespondedbydramaticallyexpandingand
enhancingtheDeadBirdSurveillanceProgramDBSPtofacilitatetheearlydetectionofWNVandtomonitorthe
ongoingtransmissionthroughoutthestateOver90000deadbirdswerereportedtotheprogramin2004viathe
WNVwebsitewwwwestnilecagovandtollfreehotline1877WNVBIRDDeadbirdsreportedtotheprogram
werescreenedbyconditionspeciesandlocationandthroughcoordinationwiththeCenterforVectorborneDiseases
CVECCaliforniaAnimalHealthandFoodSafetylaboratoriesCAHFSandover130localagenciesmorethan
5000birdsweresubmittednecropsiedandtestedin2004Theresultwasanoverthirtyfoldincreaseinthenumber
ofWNVpositivedeadbirdsfromthepreviousyearandbyOctoberWNVhadbeendetectedinover3000dead
birdsfromall58countieswithinthestateReportsofpositivedeadbirdresultsweremadeonaweeklyorbiweekly
basisbyCDHSwhichincludedimmediatenotificationtoallapplicablelocalagenciesTheDBSPalsoemployed
threenovelmethodsin2004thatsuccessfullytriagedthethroughputofbirdspecimensandincreasedthesensitivity
ofthetestingprogramFirstsubmissionswerelimitedinzipcodeswithpreviouslypositivedeadbirdsSecondthe
listofacceptablespecieswasexpandedbeyondcorvidsandraptorswithintargetedareasinordertoincrease
surveillancesensitivityThirdacommercialimmunochromaticassayVecTestwasintegratedintothetestingand
reportingsystemOthersignificantchangesinvolvetherestructuringoftestingprotocolandtimetablestofacilitate
quickerturnaroundtimesfortestresultsandreportingimproveddatamanagementandcommunicationwithand
betweentestinglaboratoriesbiweeklyupdatesonallWNVstatisticsontheCDHSwebsiteandinitiatinglimited
testingonexoticbirdspeciesandtreesquirrelsBycreatingasystemthatwasresponsiveanddynamicinnaturethe
DBSPwasabletoaccommodatetheexplosivenatureofWNVactivityandtherapidlychangingneedsofthepublic
localagenciesandtestinglaboratoriesin2004TheDBSPwasakeycomponentinrecognizingthepresenceand
transmissionofthevirusthroughoutthestateandprovidedthefirstindicationoftheviruspresenceinninetypercent
ofthecountiesinCaliforniaUtilizingdataandinformationaccumulatedduring2004developmentsandenhancements
totheprogramin2005willbediscussed
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TestingforWestNileVirusinCaliforniaduringthe2004SurveillanceSeason

BarbaraCahoonYoungNicoleKahlMarziehShafiiSiranooshAshtariSherylYamamoto
EmilyGreenAaronBraultWilliamReisen

1CenterforVectorborneDiseaseResearchUniversityofCaliforniaDavisCA95616
2SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624

3ArbovirusFieldStationUniversityofCaliforniaBakersfieldCA

ABSTRACTDuringthearbovirussurveillanceseasonof2004theCenterforVectorborneDiseaseLaboratory
tested14781mosquitopools1132WNVpositiveand5149birds3098WNVpositivewhereasduringthe
2003surveillanceseason10114mosquitopools32WNVpositiveand1768birds96WNVpositiveweretested
Herewereviewthedemandsandchallengesrequiredtorapidlytransitionourlabfromtheuseofmoreconventional
andtimeconsumingassaytechniquesegvirusisolationandenzymeimmunoassaysinsituEIAusedduring2003
andpreviousyearstoamorerapidmolecularbasisiereversetranscriptionpolymerasechainreactionRTPCR
forvirusdetectionandtorespondtotherapidincreaseinspecimenvolumeandthegreaterneedforqualitycontrol
andtestaccuracyBeforetransitioningsolelytoRTOCRtechnologyweperformednumerousparallelassaysthat
demonstratedthegreatersensitivityofRTPCRcomparedwithinsituEIAca65agreementWefurtherdetermined
thattheuseofRTPCRgreatlydecreasedthetimerequiredforspecimenreportingturnaroundtimewhileitledto
asubstantialincreaseinourthroughputFortestsofwildbirdspecimensweemployedscreeningandconfirmatory
RTPCRassaysFortestsofmosquitopoolsweadaptedthescreeningRTPCRtoamultiplexformatthatenabledthe
simultaneousassayofthreedifferentvirusesWNVSLEWEEconfirmationswereperformedbysigleplexRT
PCRInotherstudiesweusedRTPCRtoassesstheaccuracyoftworapidtestsVecTestandRAMPinthe
detectionofWNVinoralswabsfromcorvidsversusnoncorvidsAdditionalstudiesoftheuseofrapidtests
versusRTPCRinthedetectionofWNVinmosquitopoolsareunderwayOuroverallexperienceatteststothe
superiorperformanceofRTPCRinaccurateandhighvolumetestingofarbovirusesinmosquitoandaviantissues
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WestNileVirusakaKunjinVirusinAustralia

RichardCRussell

UniversityofSydneyandICPMRWestmeadHospitalWestmeadNSW2145Australia

ABSTRACTKunjinvirusKUNVisanendemicflavivirusinAustraliaandisrecognizedasasubtypeofWestNile
virusWNVbeingcloselyrelatedgeneticallyandantigenicallybutitisconsideredtobeofminormedicaland
veterinaryimportanceHumaninfectionsaregenerallyassociatedwithmildfebrileillnessrarelyencephalitisand
nofatalitieshavebeenreportedAlthoughalsocloselyrelatedtothemedicallymoreimportantMurrayvalley
encephalitisvirusMVEVKUNVappearstohaveasignificantlydifferentepidemiologyinAustraliaWhilethere
isevidencethatKUNVandMVEVhavevectorsandvertebratehostsincommonandbothvirusesareofteninvolved

togetherindiseaseoutbreaksKUNVismoreactiveinapparentlynonendemicregions

KUNVhasbeenisolatedfrommosquitoestrappedinmoststatesofAustraliaalthoughitappearstobeendemiconly
inthenortherntropicalregionsActivityunmiresouthernregionsappearsassociatedwithheavyrainfallandflooding
anditisthoughtthevirusisintroducedfromnorthernendemicfocibymovementofviraemicwaterbirdsparticularly
oftheOrderCiconiiformeswhicharethelikelyavianhostsCulexspeciesparticularlyCxannulirostrisSkuseare
thoughttobetheprincipalvectorsofendemicandepidemicactivityalthoughthereisevidenceofverticaltransmission
inOchlerotatusspeciesthatmayindicateanimportantsurvivalmechanismprovidingforreactivationofvirusfollowing
floodingSurveillanceifKUNVactivityinAustraliaisundertakenthroughchickensentinelserosurveillanceand
virusisolationfrommosquitocollectionsbutvariouslyaccordingtostateandregionVectorcontrolisvirtuallynon
existentinthedaceofendemicorepidemicactivitywitharelianceongovernmentalhealthwarningsforpublic
healthprotection

BecauseKUNViscloselyrelatedtoWVNtherehasbeenconcernwithinAustraliathatWNVNYcouldexploitthe
samevectorsandavianhostsifintroducedtoAustraliaandasitappearstobeconsiderablymorevirulentitmay
representagreatermedicalandveterinarythreatthanKUNVAlthoughnoimportedhumancaseshavebeendetected
inAustraliaandtheprospectoftheactivevirusarrivinginamigratingbirdafteratranspacificjourneyisremotethe
possibilitiesofintroductionwithtravelinghumansandimportedanimalsdoexistastheydidfortheUSAin1999
IndeedahorseimportedfromNorthAmericaCanadaviaUSAin2002serconvertedafterarrivalandwhilein
quarantineconfinementinSydneyLesslikelyistheprospectofaninfectedmosquitobeingintroducedbecauseof
Australiaslocalquarantinerestrictionsparticularlythecompulsorydisinsectionofaircraft

AccordinglythedevelopmentofserologicalandmolecularassaystodifferentiateWNVandKUNVinfectionstudies
todeterminethesusceptibilityoflocalbirdsandvectorcompetenceinvestigationsofpotentiallyimportantmosquitoes
arecompletedunderwayorintendedThequestionofpotentialcrossprotectionbetweenKUNVandWNVby
naturalinfectioninvertebratehostsorbyimmunizationwithvaccinesderivedfromthevirusesisentertainingthe
mindsofthoseconcernedfortheintroductionofWNVtotheeasternseaboardofAustraliawhereKUNVisseldom

activeandlittleprotectiveimmunityexistsThefutureawaitsus
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PopulationDynamicsofCulexMosquitoesandAdulticidingSprayEfficacyatThree
EcologicalReservesinOrangeCountyDuring2002 2003

RobertFCummingsGregWilliamsEricWeisMattRobinsonAmberMillsRalphHavickhorstTianyunSu
RichardMeyerandJamesPWebb

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTThepotentialformosquitobornediseasetransmissiontohumanslivingnearthreeartificialwetlands
UniversityofCaliforniaEcologicalReserveIrvineRanchWaterDistrictMarshandBonitaCreekMarshinIrvine
Californiawasassessedin2002and2003Fourmarkreleaserecapturetrialswereconductedtoexaminethedispersal
andpopulationecologyoftwomosquitospeciesCulexerythrothoraxDyarandCulextarsalisCoquilletatthese
wetlandsTheeffectivenessoftheOrangeCountyVectorControlDistrictsadulticidingmosquitocontrolprogram
wasevaluatedattheEcologicalReservetheonlysiteundertreatmentMeandispersalandsurvivorshipofunsprayed
cohortswere06kmand082dayforCxerythrothoraxand11kmand095dayforCxtarsalisrespectively
SprayingreducedthenumbersofeachspeciesintheReserveby95 butcountsreturnedtoprecontrollevelswithin
threedaysposttreatmentsupportingthehypothesisthatartificialwetlandsproduceuncontrollablenumbersoflong
livedmosquitoescapableofvectoringarboviraldiseases

INTRODUCTION

AsReeves1990notedurbanexpansionhasnoteliminated
mosquitobreedingsitesinCaliforniabuthasactuallyplacedmore
Californiansinproximitytoenvironmentswherethereisahigh
probabilityformosquitobornediseasetransmissionorperiodic
attackbylargenumbersofnuisancevectorsThroughoutsouthern
Californiacontinuedhumanpopulationgrowthhascreatedland
usageconflictsbetweendevelopersandenvironmentalistsMeyer
1992Unfortunatelyconstructedwetlandslocatednearhousing
developmentsanddenselypopulatedareascanproducelarge
mosquitopopulationswhichcauseanuisanceandmayposea
serioushealthhazardasvectorsofpathogenscausingdiseasesin
humansWaltonetal1998Russell1999Walton2002

HostseekingCulexerythrothoraxDyarCxtarsalis
CoquillettandthemalariavectorAnopheleshermsiBarrand
Guptavanjiareroutinelycollectedinlargenumbersatfreshwater
marshesinOrangeCountywithCxerythrothoraxadults
comprising 90ofthewetlandsourcedmosquitoescaptured
bytheOrangeCountyVectorControlDistrictOCVCDoverthe
yearsCopeetal1986Bennettetal1992Cummingsetal2002
Thesespeciesarelikelytobecomemoreabundantelsewherein
thecountyasmoreconstructedwetlandsaredevelopedtoimpound
andfilterurbanrunoff

Thepurposeofthisstudywastoinvestigatethedispersaland
thepopulationcharacteristicsofsurvivorshipreproductivesuccess
bloodfeedingpreferencesandefficacyoftheOCVCDsmosquito
controlprogramonadultfemalemosquitoesassociatedwiththree
wetlandsUniversityofCaliforniaIrvineUCIEcological
ReserveIrvineRanchWaterDistrictIRWDMarshandBonita
CreekMarshalongtheSanDiegoCreekWatershednearUpper
NewportBackBayduringthespringandsummermonthsof2002
and2003Fig1
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FourmarkreleaserecaptureMRRtrialswereconductedin
2002toestimatethedispersalpatterndistancetraveledand
survivorshipofCxerythrothoraxandCxtarsalisfemalesatthese
wetlandsForeachtrialsprayoperationswerehaltedinthestudy
areaforeightconsecutivenightstoallowenoughtimeforthe
releasedmosquitoestodisperseHostseekingfemaleswere
collectedfromeachwetlandinatotalof50dryicebaitedtraps
SudiaandChamberlain1962onthenightspriortorelease
Mosquitoeswerephotographedineachnetusingadigitalcamera



andthepicturesweredownloadedintoacomputerwherethey
werecountedlaterwiththeaidofAdobePhotoshopTMVersion50
softwareThenumberofdeadmosquitoescountedinthenets
aftereachreleasewasthensubtractedfromthecomputeraided
countstodeterminethenumberofmarkedmosquitoesactually
releasedineachtrial

Mosquitoesdispersingfromthereleaseareaswererecaptured
in40COsuctiontrapsatpreviouslyselectedsitesinthe
threewetlandsandtheoutlyingtransectsalongJamboreeRoad
andUniversityDriveFig1Capturedmosquitoeswerereturned
tothelaboratoryeuthanizedwithcarbondioxideidentifiedto
speciesandcountedat40xunderadissectingmicroscopeMarked
specimenswereidentifiedunderadissectingmicroscopewithan
ultravioletBUVBfluorescentlightwavelength 365nm

ReproductivestatusDetinova1962wasdeterminedtocompare
theagecompositionandhencebreedingsuccessoffemale
mosquitoesinthisstudyBloodengorgedfemaleswereseparated
andstoredinindividualvialsinan80CfreezerTheirblood
mealswerelatertestedbyasandwichELISAtestChowetal
1993attheUCDavisKearneyAgriculturalCentertodetermine
thetypeofhostfeduponbyeachfemalemosquito

TheeffectivenessoftheOCVCDssprayprogramonreducing
mosquitonumbersduringroutineadulticidingeffortsattheUCI
Reservein2002and2003wasmeasuredinfiveadulticidingcontrol

trialsTrapsweresetupforeightconsecutivenightsatthesame
designatedsitesusedintheMRRtrialstoassessthedifferences
betweentheprespraycountsandthepostspraynumbersinthe
UCIandIRWDmarshesandthetwotransectsoutsidethewetlands

Dataadjustmentswereusedaccordingtothetypeof
calculationsneededtemporalorspatialtherebyaccountingfor
samplingwithoutreplacementtrapfailuresanddifferenttrap
densitiesBrenneretal1984Nelsonetal1978Daily
survivorshipwasestimatedusingtheregressionmethoddescribed
inMilbyandReisen1989wherelongitudinalsurvivorshipofa
markedcohortofmosquitoeswascalculatedfromthedeclinein
therecapturerateandregressedasafunctionofcohortagein
daysThepercentreductionsinmosquitonumbersforeachspray
effectivenesstrialwerecalculatedusingthemethodofRetnakaran
1980thereciprocalofAbbottsFormulaAbbott1925where
countsatthetreatedsprayedsiteswerereferencedtochangesat
theexperimentalcontrolnotreatmentBonitaCreekWetland
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RESULTS

ThisstudyshowedthatthedispersalofCxerythrothorax
femaleswasgenerallylimitedtositeswithintheirwetlandhabitat
ForexamplemostfemalesreleasedattheUCIReservewere
recapturedwithintheReserve910 andrelativelyfewventured
intoanonwetlandhabitat34 Most683 flewlessthan

05kmandonly59flewmorethan10kmfromtheirrelease
pointTheoverallmeandailytravelMDTbymarkedfemalesin
thisstudywas058kmandoncedispersedtheymovedrelatively
littleovertime0032kmdayThemaximumdistanceanyadult
femaleofthisspeciesflewwas174km

Numbersdeclinedataconstantrateandtherelationship

betweenlogtransformednumbersandtimewaslinearNearly
halfofallindividualswererecoveredwithintwodaysofrelease
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andthelongestdurationbetweenreleaseandrecoverywas22days
1specimenThemarkedpopulationshadacombined7day
meandailysurvivalrateof082Thelengthofthegonotrophic
cycleforCxerythrothoraxwasestimatedtobe7days

AlthoughsubstantiallyfewerCxtarsalisfemaleswere
releasedthanCxerythrothoraxfemales1315versus34159
estimatedtheywerefoundtohave

dispersedthroughouttherecapturegridincomparativelyequal
proportionsAbouthalf510 oftherecapturedCxtarsalis
specimenswererecoveredoutsidetheUCIReserveandatdistances
greaterthan10kmfromthereleasepointTheMDTforCx
tarsaliswasestimatedat106kmnearlytwicethevalueobtained
forCxerythrothorax058kmThelongestdistancetraveledby
oneCxtarsalisfemalewas185kmslightlymorethanthelongest
Cxerythrothoraxflight174km

Populationtrendsbetweenthesetwospeciesweremarkedly
differentAlthoughnoCxtarsalisfemaleswererecoveredafter
10dayspostreleasefemalesofthisspecieshadahigher7day
meandailysurvivalratecomparedtoCxerythrothoraxfemales
095versus082Thelengthofthegonotrophiccycleforthe
CxtarsalispopulationattheUCIReservewasestimatedtobe5
days2dayslessthanthelengthforCxerythrothorax

Hostselectionwasalsofoundtobesignificantlydifferent
CulextarsalisfemaleswerefoundtofeedexclusivelyonbirdsIn
contrastmammalsmadeupthemajorityoftheidentifiedblood
mealsourcesforCxerythrothorax650 whiletheremaining
350werefoundtohavecomefromavianhostsHumansmade

up180ofthetotalbloodmealsourcesforCxerythrothorax
andnoneforCxtarsalis

Theeffectsof4sequentialnightsofadulticidingsprayona
markedcohortofCxerythrothoraxreleasedintheUCIReserve
werefoundtohavedecreasedthe7daymeandailysurvivalby
415 from082fortheuntreatedgroupsto048Theactionof
thesprayonthiscohortwassuchthatonlyanestimated059of
theoriginalpopulationremainedaliveattheendof7days
comparedtoanestimated249fortheuntreatedpopulations
Thisisanexampleofhowanadulticidingsprayprogramcan
effectivelydisruptadiseasetransmissioncyclebyreducingthe
vectorpopulationbelowsustainablelevelsfortransmissionto
continue

Therewasalsoa4daydeclineof 950innumbersof

unmarkedCxerythrothoraxfemalesandnearlya900reduction
incountsofunmarkedCxtarsalisfromsprayingduringthesame
timeperiodRecruitmentadditionsofnewlyemergedfemales
fromthebreedingsourcequicklyrestoredtheunmarked
populationsintheReservetoprespraylevelswithin3days

Barretal1986foundparityratesinfemaleCx
erythrothoraxcollectedattheUCIReservetobearound150
manytimeshigherthanthe25reportedhereTheOCVCD
changeditsmethodofmosquitocontrolintheReservein1991
fromanunsuccessfullarvicidingefforttoamoreeffective
adulticidingprogramThedatafromthisstudyindicatethatbecause
ofadulticidingthereproductivesuccessrateoffemaleCx
erythrothoraxattheUCIReservehasdecreasedsubstantiallyas
feweradultshavebeenabletosurvivelongenoughtoreproduce

Tempelis1989Reisenetal1992andWaltonetal1999
havereportedmammalianhostsrates 800inbloodmeal



110 ProceedingsandPapersoftheSeventyThirdAnnualConference

identificationstudiesofCxerythrothoraxThisstudyrecordeda
lowervalue650 butstillconfirmedastrongpreferenceby
CxerythrothoraxfemalesformammalianhostsOneinteresting
findinginthisstudywastherelativelylargepercentage180
ofbloodmealsfromhumansCulextarsaliswasagainfoundto
feedprimarilyonavianhostsasdocumentedbyReisenandReeves
1990

CONCLUSION

Multipurposeconstructedwetlandsmayoffermanypotential
benefitsincludingwaterqualityimprovementswetlandcreation
wildlifeconservationandrecreationProperlydesignedartificial
wetlandsmustemphasizeminimizingmosquitobreedingby
includingproperwaterandvegetationmanagementstrategiesin
theirdesignCurrentlycostbenefitanalysesforconstructed
wetlandsdonotincludethecostsassociatedwithmosquito
abatementandvectorcontrolisoftenanafterthoughtForexample
annualcostsformosquitocontrolatthreeconstructedtreatment
wetlandsinsouthernCaliforniaandArizonarangedbetween5250
and6665perhectarein19971999Walton2002Relyingon
adulticidingeffortsisthelastchoiceAlthoughhighlysuccessful
atcontrollingmosquitoeswhenproperlyexecutedroutine
adulticidingisexpensivestirsupenvironmentalhealthissuesand
mustbedonerepeatedlyMosquitonumbersreturnedquicklyto
prespraylevelsoncetreatmentwasstopped

Culextarsalisadultswerefoundinthisstudytobecapableof
bitingmoreoftenthanCxerythrothoraxinasimilarlengthof
timeAdditionallytheirhighermeandailysurvivalrateindicated
thatmembersofthisspecieswerelonglivedandcouldpotentially
vectordiseaseagentsrepeatedlywithinseveralweeks

WestNilevirushasbeenfoundattheIRWDMarshin125
1of80ofthebatchesofCxtarsalismosquitoestestedin2004
Additionally11532of279ofthewildbirdsand404of
10ofthesentinelchickenshavetestedantibodypositivetoWN
virusin2004atthiswetlandTheproximityoflargenumbersof
wildbirdsmosquitoesandpeoplemakesthelowerSanDiego
CreekWatershedareaapotentiallyriskyplaceforarboviraldisease
transmissiontopeople

Theincreaseduseofartificialwetlandsforhabitatmitigation
andwaterreclamationpurposescombinedwithresidential
developmentclosetothesehabitatswillposeasignificant
challengetotheOCVCDinitsmosquitoandarboviraldisease
controleffortsinthecomingyearsFurtherstudieswillbeneeded
toevaluatethediseaseriskatotherartificialwetlandsasmoreare
builtinOrangeCounty
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ABSTRACTAmendmentstothefederalCleanWaterActadoptedin1987requirestatestodevelopandimplement
nonpointsourcepollutionmanagementprogramstoabatepollutantscarriedbyStormwaterandurbanrunoffA
principalcomponentoftheseprogramsistheimplementationofbestmanagementpracticesBMPs atermfirst

adoptedinthe1970storepresentactionspracticesorstructuresusedtoreducetheflowratesandorconstituent
concentrationsinrunoffImprovingthequalityofwaterrunoffthroughuseofBMPshoweveristechnologically
stillinitsinfancyandisfurthercomplicatedbystakeholderandactivistgroupswithconflictinginterestsandpriorities
Publichealthagenciescompriseonesuchgroupwhoisconcernedaboutpossibledeleteriouseffects onthepublic
healthresultingfromBMPimplementationBecauseoftheirplacementwithinurbanandsuburban areasstructural

BMPsmayincreasethenumberofvectorhabitatsincloseproximitytohumansIn1998theCaliforniaDepartment
ofHealthServicesVectorBorneDiseaseSectionandseverallocalvectorcontrolagenciesbeganto assesspublic
healthimplicationsofstructuralBMPsTheresultsoftheseeffortshavecontributedsubstantiallytohowsubsequent
BMPshavebeendesignedimplementedandmaintainedThearrivalandrapidspreadofWestNilevirushad
underscoredtheimportanceofaddressingthevectorproductionprobleminBMPsandhasallowedthisissue togain
nationwiderecognitionHowevermanycriticalproblemsremainunresolvedInthis paperwewilldiscussthe

advancesmadebyvectorcontrolwithintheCaliforniawaterrunoffmanagementcommunitywithemphasis oncurrent

BMPdesignsaswellasexistingandfuturechallenges

ProceedingsandPapersoftheSeventyThirdAnnualConference JanuaryFebruary2005

CurrentStatusofWaterRunoffManagementandMosquitoProductioninCalifornia

MarcoEMetzger

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWay218BOntarioCA91764
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MosquitoProductioninStormwaterTreatmentDevicesin
SouthLakeTahoeCalifornia

JonathanKwanMarcoMetzgerMitchShindelbowerzandCurtisFritz

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection1616CapitolAve
SacramentoCA95899

2ElDoradoCountyVectorControl1170RufusAllenBlvdSouthLakeTahoeCA96150

ABSTRACTInresponsetoincreasingevidenceofmosquitoproductioninstormwaterbestmanagementpractices
BMPsacollaborativeprojectwasinitiatedinandaroundthecityofSouthLakeTahoeCaliforniaTheprimary
objectivewastodocumentmosquitoproductioninselectedBMPstructuresandtodetermineiftheseBMPsprovide
habitatssuitableforextendedmosquitobreedingseasonsofcertainspeciesMosquitoproductioninselectednatural
sitesinthesurroundingareawasusedtogaininsightonnaturallyoccurringpopulationsspeciescompositionand
seasonalabundanceThirtytwoprojectsiteswereselectedincluding17BMPsofthreedesigntypes drysystems
systemswithsumpsvaultsorbasinsandmanmadevegetatedtreatmentsystemsVTS and15naturalsites

BetweenDecember2003andOctober2004thepercentagesofweeklysitevisitsinwhichmosquitoproductionwas
observedwere17indrysystems242insumpsvaultsbasins104inVTSand94atnaturalsitesNatural
siteswereobservedtoholdwaterandbreedmosquitoesmostfrequentlyduringthecoldermonthsofearlyspring
whereasBMPsweremorelikelytoholdwaterandbreedmosquitoesduringthewarmersummerandfallmonths
TheimplicationsofmosquitoproductioninurbanandsuburbanBMPsaswellaspossibleextendedmosquito
breedingofcertainspeciesfortheriskofhumaninfectionwithmosquitobornediseasesarediscussed

INTRODUCTION

In1997litigationbetweentheCaliforniaDepartmentof
TransportationCaltransandseveralenvironmentalorganizations
resultedinarequirementthatCaltransconductanextensivebenefit
coststudyofstormwatertreatmentdevicesinsouthernCalifornia
ThisundertakingbecameknownastheBestManagementPractice
BMPRetrofitPilotProgramStormwatertreatmentcontrolssuch
asstructuralBMPsaremandatedunderFederalCleanWaterAct
andCaliforniaStatePorterCologneActlawsandarebeing
implementedatanacceleratedpacetocomplywithdeadlines
Copeland19992003StormwaterBMPsaredesignedtomitigate
theharmfulenvironmentalimpactsofurbanizationonreceiving
waterwayscausedbybothincreasedwaterrunoffvolumeandthe
concomitanttransportofpollutantsThemajorityofstructures
implementedbyCaltranscontrolbothwatervolumeandpollutant
dischargesbytemporarilydetainingrunoffandallowingpassive
treatmentmechanismssuchastrappingsettlingadhesionand
biologicalprocessestoimprovewaterqualityMetzgeretal2002
CDOT2004

In1998theCaliforniaDepartmentofHealthServicesVector
BorneDiseaseSectionCDHSVBDSraisedconcernthatcertain
BMPscouldimpactpublichealthbyincreasingavailablehabitat
foraquaticstagesofdiseasevectorsparticularlymosquitoes
CH2MHill1999ChandaandShisler1980DorothyandStaker
1990FloridaCoordinatingCouncilonMosquitoControl1998
Kluhatal2002McLean2000Metzger2004Metzgeretal
20032002OCarroll1978Santanaetal1994Schimmenti1979

Schmidt1980SmithandShisler1981Asaresultin1999CDHS
VBDSenteredintoacontractualagreementwithCaltranstoprovide
technicalexpertiseonvectorsandvectorbomediseasespotentially
associatedwithBMPsItwastheintentofthisagreementtoprotect
publichealthbydocumentingandwherepossiblemitigating
vectorproductionandharborageattheseBMPsIncollaboration
withseverallocalsouthernCaliforniavectorcontrolagencies
CDHSVBDSestablishedacomprehensivemosquitosurveillance
andmonitoringprogramdevelopedvectorabatementprotocols
andrecommendeddesignmodificationstoreduceoreliminatethe
potentialforBMPstoproduceorharborvectorsCDHS2002

TheLakeTahoeBasinisofspecialconcernwithregardtothe
implementationofBMPsLakeTahoeisoneofthethreeclearest
alpinelakesintheworldbutitsclarityisthreatenedbyboth
waterborneandairbornepollutantssuchassuspendedsolids
nutrientsandhydrocarbonsInparticularcertainnutrientscause
algalgrowthwhichdecreasesLakeTahoesclarityandinterferes
withnaturalecosystems LakeTahoehasbeenlosing
approximately05mofclarityayearleadingsomeresearchersto
believeitcouldbecomeaturbidordinarylakewithinasingle
generationTahoeRegionalPlanningAgency1980Inaneffort
toslowthisdegradationtheUnitedStatesFederalGovernment
andTahoeRegionalPlanningAgencyTRPAcreatedstrict
constituentlimitationsforstormwatereffluentthatdrainstothe

lakeTable1Clinton1997TahoeRegionalPlanningAgency
1980StatehighwaysringLakeTahoes72milecircumference
soroadsideprojectsaimedatimprovingwaterqualityarean
importantcomponentofthiscomprehensiveeffort
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VBDScurrentlyrecommendsthatstormwaterBMPshold
waterforlessthan72hourstheminimumtimerequiredforcertain
mosquitospeciestocompletetheirlifecycleunderoptimum
conditionsCaliforniaDepartmentofHealthServices2002
Metzgeretal20032002Howevermanytypesofstormwater
BMPscurrentlyinuseintheTahoeBasinexceedthis
recommendationandcanbecomehighlyconducivetomosquito
productionIn2003VBDSCaltransandElDoradoCounty
VectorControlEDCVCinitiatedacollaborativeprojecttoassess
mosquitoproductioninselectedBMPstructuresinandaroundthe
cityofSouthLakeTahoeCaliforniaTheprimaryobjectiveof
thisprojectwastodocumentthepresenceseasonalityandspecies
compositionofmosquitoesinBMPscomparedtothosepresentin
naturalsitesinthesurroundingarea

Studyarea

Table1NationalPollutantDischargeEliminationSystemNPDESpermitsurfacedischargelimitsforLakeTahoe
stormwatertreatment

Constituent

Turbidity
TotalNitrogen
TotalPhosphorous
TotalIron

OilandGrease

NTU nephelometricturbidityunits
mgL milligramsperliter

METHODSANDMATERIALS

ThecityofSouthLakeTahoeCaliforniaislocatedat
approximately1908meterselevationineastcentralCalifornia
alongtheCaliforniaNevadaBordersouthofLakeTahoeinthe
SierraMountainRangelatitudeN38579180longitudeW
120624228 Thecitycoversapproximately26square
kilometersThecitystopographyvariesfromleveltomountainous
withvegetationrangingfromwillowstomanzanitashrubstoaspens
toconifersAverageannualrainfallisapproximately66cmthe
majorityofwhichaccumulatesbetweenNovemberandMarch
Averageannualsnowfallatlakelevelis318cm

Mosquitosources

Inthisstudyamosquitosourcewasidentifiedasanareathat
hadthepotentialtoholdstagnantwatersufficienttobreed
mosquitoesAsitewasdefinedasasingleareaofstandingwater
Poolsofstandingwaterwithinonemeterofeachotherwere
consideredasinglesiteTheexceptionstothisrulewerelargewet
basinsmeadowsandmarsheswhichwereconsideredonesite

ThirtytwositesinoraroundthecityofSouthLakeTahoe
wereselectedfortheprojectconsistingof17BMPsmanmade
sitesand15naturalsitesFiveBMPswerebuiltandmaintained
byCaltransandtheremaining12wererandomlyselectedfroma
listprovidedbyEDCVCofknownmosquitosourcesThenatural

MaxconcentrationallowedinsurfaceHdischarges
20NTU

05mgL
01mgL
05mgL
20mgL

siteswerechosenatrandomfromanEDCVClistofhistorically
problematicsites

TheBMPschosenwereseparatedintothreegroupstypes
basedondesignandfunctiondrysystemssystemswithsumps
vaultsorbasinsandvegetatedtreatmentsystemsVTSDry
systemsaredesignedtodraincompletelyfollowingastormevent

Figure1DigitizedmapofSouthLakeTahoeCAwithgeo
referencedprojectsitesblackasteriskBMPsiteblacktriangle

naturalsite

andtoremaindryExamplesincludedetentionbasinsvegetated
swalesinfiltrationdevicesandmediafiltersSystemswithsumps
vaultsorbasinsincludethoseBMPswithfeaturesthathold

permanentorsemipermanentstandingwaterExamplesinclude
aboveandbelowgroundmediafiltershydrodynamicseparators
andvaulttypedevicesVegetatedTreatmentSystemsarewetlands
thathavebeenconstructedormodifiedtoreceiveandtreatrunoff

Metzger2004
All32sitesintheprojectweregeoreferencedFigure1using

aTrimbleGeoExplorer3GPSdeviceWaypointdatawas
convertedintoMicrosoftAccessdatabasefilesandshapefilesusing
PathfinderOfficesoftwareTheshapefileswereimportedinto
ArcView32aforGISmappingDigitizedmapsegstreetand
topographicaloftheTahoeBasinareawereprovidedbytheEl



5DrySystems 00 4308 4167

5SumpsBasinsVaults 1091 574385 582417

7VTS 00 351923 351042

15NaturalSources 24727 441128 68944

DoradoCountySurveyorsOfficeMicrosoftExcelandMicrosoft

iiioAccess wereusedtocompileandanalyzethedata

Datacollection

JanuaryFebruary2005

EachstudysitewasvisitedweeklyfromDecember2003to
October200448weeksDatawerecollectedateachsiteon
eachofthefollowingfeaturesvariablesBMPtypeiedrysystem
sumpvaultorbasinVTSnaturalhabitattypeegpoolspring
meadowmarshditchetcwaterflowandturbidityexposureto
sunandorshadebottomtypeegcementrocksmudetc
vegetationpresentegcattailsmarshormeadowgrassalgae
pineneedlesetcmosquitopresenceienumberdipand
specieslarvicideuseifanyiechemicalusedquantityrate
andequipmentuseddailyhighandlowtemperatureandrainfall
datafromtheNationalOceanicandAtmosphericAdministration
weatherstationlocatedattheSouthLakeTahoeAirport

Immaturemosquitoeswerecollectedusingastandarddipstick
witha47liter1pintcupThenumberofdipsforeachsitewas

Table2Numberofweeks positiveformosquitobreedingatprojectsitesitemizedintodifferentBMPtypesin
SouthLakeTahoeCAovertheWintermonthsSummermonthsandoverall48weeksDec03 Oct04

MosquitoSource

VegetatedTreatmentSystem
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0
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t

0

0

0

aa
E

Z

H

d
0

00
0

E

m

E
E

Wintermonths

Dec03Anr04

120

100

80

00

40

20

ProceedingsandPapersoftheSeventyThirdAnnualConference 115

0

o ao Go aQ 40 cGV 0 Cy
P0 fie 04

c

oG
0 0o

dependentonareaandvegetationandkeptconstantthroughout
theprojecteg2dipsforacatchbasin1dipevery2metersfor
largersitesDipsweretakenateachsitetodeterminewhether
immaturemosquitoeswerepresentImmaturemosquitoeslarvae
andpupaecollectedwerecountedandidentifiedtospeciesTo
helpprotectpublichealthintheTahoebasinBMPsthatharbored
immaturemosquitoesweretreatedwithmethopreneAltosidEC
topreventthesuccessfuldevelopmentofadults

Atotalof1536visitsweremadetothe32studysitesduring
the48weekstudyperiodOf816sitevisitstoindividualBMPs
immaturemosquitoeswerecollectedon97119 occasions

SeparatedbyBMPtypeimmaturemosquitoeswerecollectedon
fourof24017 visitstodrysystems58of240242 visits

tosumpsandbasinsand35of336104 visitstoVTS

Immaturemosquitoeswerecollectedon68of72094 visitsto

naturalsitesTable2

Summermonths

Mav04Oct04

RESULTS

Totalmonths

Dec03 Oct04

Dry

ItSumpsVaultsBasins
0VTS

Natural

Total

Mosquitospecies

Figure2NumberofpositivedipswhereimmaturemosquitoeswereobservedduringweeklyprojectsitevisitsVTS Vegetated
TreatmentSystem
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Duringthecoldestmonthsaveragedailytemperature33F
betweenweeks1and20December2003toApril2004immature
mosquitoeswerecollectedfromBMPsonlyonceieunderground
vaultoverthecourseof11009 visitsNoimmature

mosquitoeswereobservedatdrysystemsandVTSduringthis
periodIncontrastimmaturemosquitoeswerecollectedduring
24of33073 visitstonaturalsitesAftersnowmeltbetween

weeks21and48May2004toOctober2004averagedaily
temperature 53Fimmaturemosquitoeswerecollectedon4of
13031 visitstodrysystems57of130438 visitstosumpsIOW
andbasinsand35of182192 visitstoVTSImmature

mosquitoeswerecollectedon44of390113 visitstonatural

sitesduringthisperiod

TemperatureandmosquitoproductioninSouthLakeTahoeCA
Dec2003 Oct2004

15

h 9o
6ryA
Date

ee

DailyHigh

DailyLow

Figure3DailytemperatureandmosquitoproductioninSouthLakeTahoeCAfromDec2003toOct
2004Naturalsiteshaveatendencytobreedmosquitoesinthecoldermonthswhereasthemanmade
siteshaveatendencytobreedmosquitoesmoreregularlyinthewarmermonths
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Rainfallandmosquitoproductionin
SouthLakeTahoeCADec2003 Oct2004

A

cA

Date

rainfallinches

Figure4MonthlyrainfallandmosquitoproductioninSouthLakeTahoeCAfromDec2003toOct
2004Naturalsiteshaveatendencytobreedmosquitoesinthewettermonthswhereasthemanmade
siteshaveatendencytobreedmosquitoesmoreregularlyinthedriermonths
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Eightspeciesofmosquitorepresentingfourgenerawere
collectedfromstudysitesFigure2ThegenusCulexwas
representedbyasinglespeciesCxtarsalisthegenusCuliseta
bytwospeciesCsincidensCsinornatathegenusAedesby
twospeciesAetahoensisandAecinereusandthegenus
OchlerotatusbythreespeciesOccataphyllaOcincrepitusand
OchexodontusOverallCulexandCulisetamosquitoeswere
observedmostoftenespeciallyinsumpsvaultsandbasins

Whenaveragedailytemperatureswerelowandmonthly
rainfalltotalswerehighaveragemonthlyrainfallgreaterthan254
cmweeks1to20immaturemosquitoeswerepresentmore
frequentlyinnaturalsitesWhentheaveragedailytemperatures
werewarmerandmonthlyrainfalltotalsdroppedmosquito
productionwasmorefrequentinBMPsFigures3and4

Figure5NaturalsitewithstagnantsnowmeltwaterontheleftApril12004andthesamesitedrieduponJune102004

Percentageofweeklyvisitswithimmaturemosquitoespresentfor
an11monthspanDec2003 Oct2004
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Figure6Numberofweeks positiveformosquitobreedingatprojectsitesitemizedintodifferent
mosquitobreedingsitetypesinSouthLakeTahoeCAoverthewintermonthssummermonthsand
overall48weeksDec03 Oct04VTS VegetatedTreatmentSystem

Dec03Apr04

DISCUSSION

ThisstudyprovidespreliminaryevidencethatcertainBMPs
intheTahoeBasinincreaseavailablehabitattomosquitoesthat
mayallowopportunisticspeciestoextendtheirbreedingseason
BMPsthatarepoorlydesignedimproperlyconstructedor
inadequatelymaintainedmayretainwatersuitableformosquitoes
HistoricallythemosquitobreedingseasoninSouthLakeTahoe
endedaroundthemonthofJunehoweverwiththewidespread

deploymentofBMPsparticularlybelowgrounddevicesprotected
fromweatherextremesmosquitoesmaybecapableofbreeding
yearroundandoverwinterasadultsCDHSunpublisheddata
Thispotentiallyincreasestheriskofdiseasetransmissionto
residentscompanionanimalsandwildlifeItmayalsocreatea

Dec03Oct04

DDrySystem

SumpVaultsBasins

oVTS

Natural
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financialburdenforthecitybyincreasingyearlycostsforvector
control

Theextensionofthemosquitobreedingseasoncanbe
attributedtoseasonaltemperatureandrainfallThefluctuations
intemperatureandrainfallappearedtobedependentvariablesof
whenandwheremosquitoeswouldbreedFigure3and4During
thecoldermonthsfromDecember2003toApril2004natural
sitescontainedstagnantcoldclearwatermostlyfromsnowmelt
preferredbythesnowmeltmosquitogeneraAedesand
OchlerotatusIncontrastduringthewarmermonthsofMay2004
toOctober2004thenaturalsitesdriedFigure5whileurban
irrigationfilledtheBMPscreatingmosquitobreedinghabitats
throughoutthecityFig6

ThemosquitoesidentifiedatstudysitesTable3correspond
withspeciescommonlyfoundinSouthLakeTahoeThese
mosquitospeciesdifferintheirpreferredseasonandhabitatfor
breedingThemajorityoftheCulexandCulisetaspeciesinSouth
LakeTahoebreedinwarmmurkywaterstypicalofmanyBMPs
TwoofthesemosquitospeciesCxtarsalisandCsinornataare
directlyinvolvedwithdiseasecyclesthatcanbetransmittedto
humansInCaliforniaCxtarsalisamosquitothatprefersto
breedinwarmerweatheristheprimaryvectorofStLouis
encephalitisSLEandwesternequineencephalomyelitisWEE
andhasprovenitselftobeaneffectivevectorforWestNilevirus
WNVGoddardetal2002ReevesandHammon1962Culex
tarsalisisalsocapableofflyingconsiderabledistancesupto26
kmwithestimatesindicatingtheycanfly3240kmifassistedby
windsThisisanimportantvariableinthedistributionand
transmissionofmosquitobornevirusesDurso1996

Table3CommonmosquitospeciesfoundinSouthLakeTahoe

Genus Species
Aedes

Culiseta

Culex

Ochlerotatus

ventrovittis

inornataa

incidens

impatiens

particpeps
tarsalis

pipiensquinquefaciatus
stigmatosoma
territans

restuans

cataphylla

increpitus
hexodontus

tahoensis

ThesespeciesareknownpotentialvectorsforWestNilevirus
ThesespecieswerecollectedfromtheBMPsandnaturalsites
duringtheproject

Culisetainornataisamosquitothatisalsoactiveduringthe
coldermonthsandhasthepotentialtomaintainWNVSLEand
WEEtransmissioncycleswhenCulexmosquitoesaredormant
Goddardetal2002TempelisandWashino1967Andersonand
Galloway1987Tempelis1964Anothermethodofmaintaining
themosquitobornediseasecyclewhenmostmosquitoesare
dormantisthemosquitosabilitytosearchandoverwinterin
undergroundBMPdevicesThreeundergroundBMPswere
checkedduringthewintermonthsandonewasfoundtohouse
CxtarsalisandCsincidens

Thedesignofthedrysystemsallowsforcompletedrainage
within72hoursfollowingastormeventAconstructionflawwith
oneofthedrysystemsitesallowedittoholdstagnantwaterfor
mosquitobreedingTheVTShadmanycattailsandwillowsin
andaroundtheedgeofthepondthatcreatedidealbreedinghabitat
formosquitoesHoweverduetothelowwatertablemanyVTS
becamedrylikethenaturalsitesasthetemperatureincreasedand
rainfalldecreasedinthesummerBydesignwaterinsumpsbasins
andvaultsneverfullydrainsAttheseprojectsitestherewasalways
atleastafewcentimetersofwaterthatmosquitoescouldcapitalize
uponforbreeding

Cityplannerstransportationagenciesandothersshould
considerthepotentialforBMPstosupportmosquitobreeding
habitatwhendesigningandconstructingthesedevicesinareas
wherepeopleliveBMPsarebeinginstalledatanacceleratedrate
inandaroundthecityofSouthLakeTahoeinanefforttocomply
withNationalPollutantDischargeEliminationSystemNPDES
runoffregulationsStateWaterResourcesControlBoard1999
SouthLakeTahoeisthemostpopulouscityaroundLakeTahoe
andthusintheoryhasthepotentialtocreatethemostrunoff
pollutionintothelakeInorderforSouthLakeTahoeto

accommodateanincreasingnumberofresidentsandvisitorsit
willneedtoconstructnewneighborhoodscommercialproperty
andpublicuseareasManyofthesedevelopmentprojectswill
requiretheinstallationofcurbsandguttersthatdrainintocatch
basinsandundergroundBMPsIftheseBMPsfailtodrain
completelytheirproximitytohumanresidencesmaycontribute
toincreasedtransmissionofmosquitobornediseaseagentssuch
asWNVTohelppreventanyoutbreaksofmosquitobornediseases
vectorcontrolagenciesshouldbeconsultedwhenthese

developmentsareintheirblueprintphaseaswellasaftertheyare
inplaceandoperationalTheseagenciescanofferimportant
perspectivesthatcancurtailanythreatsandpreventunnecessary
mitigationcosts

Mosquitoproductiondifferedbyseasoninmanmadeversus
naturalsitesWinterprecipitationinSouthLakeTahoeduringthe
studyperiodwasbelowaverageforthepreceding9yearsUnder
normalconditionsnaturalsitesmaynothavedriedupasearlyin
theyearastheydidforthisprojectandwouldhavecontinued
breedingmosquitoeswellintothesummerFurtherdatacollection
overseveralyearsisnecessarytobetterdefinetheseasonal
mosquitoproductioninBMPsinSouthLakeTahoe
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MosquitoOccurrenceinUndergroundUtilityEnclosuresPastandPresent

CharlesMMyers

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWaySuite218BOntarioCA91764

ABSTRACTUndergroundutilityenclosureshavebeenrecognizedformorethanthirtyyearsaspotentialbreeding
sourcesforvectorsIn1972acooperativestudywascarriedoutbytheCaliforniaDepartmentofHealthServices
CDHSPacificGasandElectricCoandSouthernCaliforniaEdisonCoSCEtodeterminethepotentialfor
mosquitoproductioninsubsurfaceelectrictransformervaultsFollowingthisstudyrecommendationsforconstruction
practicesandmanagementactionswereagreedtobyanumberofelectricutilitiesintheWesternUnitedStatesin
ordertopreventmosquitoproductionDueprimarilytothepassageoftimeandtherelativeinaccessibilityofthe
transformervaultsitappearsthatlittlehasbeendonetofollowupontheseearlierrecommendationsMeanwhilethe
numberoftransformervaultsalonehasgrownfromafewtensofthousandstomanyhundredsofthousandsin
CaliforniaTheauthorhasalsoeitherobservedorbeeninformedbyoperationalmosquitocontrolpersonnelthat
othertypesofutilityvaultsutilizedbycabletelevisiontelephoneandotherpublicutilitiesmayalsoserve asbreeding
sourcesforvariousvectorspeciesCDHShascontactedSCEstaffandisintheprocessofsettingupandcoordinating
studiestoupdatethesurveillanceinformationanddesignandmanagementrecommendationsagreedtoearlierThe
cooperationandinputofotherutilitiesandlocalvectorcontrolagencieswillbesoughtduringthis process
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TheSignificanceofUndergroundStormDrainsforMosquitoControl
inUrbanLosAngeles

SusanneKluhJackEHazelriggMichaelWShawandMinooBMadon

GreaterLosAngelesVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670

ABSTRACTUndergroundstormdrainsystemsUSDSinSouthernCaliforniahavelongbeenknowntoproduce
significantnumbersofthesouthernhousemosquitoCulexquinquefasciatusSayHoweveraroutinecontrolprogram
wasnotimplementeduntiltheimpendingintroductionofWestNilevirusWNVSurveillancedataduringthe2004
WNVepizooticandepidemicemphasizesthesignificanceofCxquinquefasciatusintheurbantransmissioncycle
andthustheimportanceofitscontrolGreaterLosAngelesVectorControlDistrictGLACVCDcurrentlyemploys
10fulltimevectorcontrolspecialiststotreatmosquitopopulationsintheUSDSThispaperdiscussestheimportance
ofthesetreatmenteffortsinthestruggletopreventhumandiseaseaswellastheneedtoidentifyallpotentialbreeding
sourcesinresidentialneighborhoods

INTRODUCTION

The19992001reassessmentofmosquitooccurrenceand
abundanceintheUndergroundStormDrainSystemUSDS
demonstratedagainthatthesesystemsarecapableofproducing
largenumbersofCxquinquefasciatusSayInresponsethe
GLACVCDdevelopedandimplementedanUSDStreatment
programusingtheLAvectorUSDSLarvicideApplicatorKluh
etal2001Inthespringof2002acrewoffourvectorcontrol
specialistsVCSwasinitiallyassignedtothetaskofmonitoring
andcontrollingtheDistrictsextensiveUSDSandinearly2003
anticipatingtheintroductionofWNVinsouthernCalifornia6
additionalVCSwereaddedtotheUSDSstafftoimprovecoverage
WestNileviruswasfirstdetectedwithinGLACVCDboundaries

onSeptember162003whenamosquitopoolofCx
quinquefasciatustestedpositiveforthevirusAtotaloffourpools
allcomprisedofCxquinquefasciatusmosquitoestestedpositive
forWNVinSeptemberandOctober2003Wilsonetal2004
TheseearlyfindingsconfirmedexpectationsthatCx
quinquefasciatuswouldbeamajorfactorintheurbantransmission
cycleofWNVinsouthernCaliforniasincetheCxpipiensLthe
northernhousemosquitowasdeterminedanimportantspeciesin
theamplificationofWNVinthenortheastNascietal2001
ThereforeevaluatingtheefficacyofUSDStreatmenteffortsafter
thefirstcompletemosquitoseasonofWNvpresenceintheLos
Angelesareain2004isofgreatimportancetodeterminethefuture
oftheUSDSprogram

MATERIALSANDMETHODS

Routineapplicationswerebeingconductedusingthe
LAvectorUSDSLarvicideApplicator anAmfloHydroblast
steamcleaningtoolandsiphonFig1Truckmounted
compressorsFig2provided100psiofpressureandat18ofa

ASOturnnozzleopeningthedropletsizevariedbetween2040m
EachapplicationofBacillussphaericusBsVectolexWDG
BacillusthringiensisisralenesisBtiVectobac12AS through
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Figure1LAvectorUSDSLarvicideApplicatorAmfloHydro
blaststeamcleaningtoolandsiphon

Figure2Truckmountedaircompressor
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theopeninginthemanholecoverFig3takesabout6seconds
andtreatmentwasappliedateverymanholecoverofabreeding
systemapproximatelyevery158m

Figure3Treatmentthroughmanholecoveropening
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TheimpacttheUSDStreatmentprogramhasonmosquito
populationsemergingfromthesesystemscanbestbeevaluatedin sioanareathathasbeenmonitoredcontinuouslypriortothe
establishmentofaroutinetreatmentprogramForconvenience
reasonsmonitoringsitesFig4wereoriginallyselectedinrelative
proximitytotheDistrictheadquartersinSantaFeSpringsand
thesesiteswereusedforvarioustreatmenttrialsandexperiments
duringthedevelopmentalphaseoftheprogramresultinginthe
collectionofcontinuoussurveillancedatasince1999Adult

mosquitopopulationsweremonitoredusingencephalitisvirus

surveillanceEVSCObaitedtrapsNewhouseetal1966
placedintoeachsystemjustbelowthemanholecoveraswellas
abovegroundgravidtrapsReiter1983Cummings1992All
adultmosquitoeswereidentifiedtospeciescountedandsubmitted
totheuniversityofCaliforniaDavis CenterforVectorborne

DiseasesCVECfortestingforWNVSLEandWEEinfections
Mosquitosurveillanceandcontrolactivitieswerecarriedout

intwoareasoftheDistrictInonecommunityinsanFernando
ValleythathadaclusterofWNVhumancasesaheavilymosquito
breedingUSDSwastreatedandevaluatedusingbothbelow
groundEVStrapsandabovegroundEVSandgravidtrapsIn
anothercommunityofwithaclusterofhumancasesinthePico
RiveraWhittierareaoftheLosAngelesBasinbothtreatmentfrom
BsBtitoBoldenBear1111oilandtreatmentintervalsfrom
monthlytoweeklywereevaluated usingtheaforementioned
methodology

Figure4UndergroundstormdrainsystemUSDSstudytrialarea
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RESULTSANDDISCUSSION

Sinceestablishingaroutinetreatmentprogrammeanmosquito
numberstrapnightclearlydemonstrateadrasticoverallreduction
ofUSDSmosquitooccurrenceinthesurveillanceareaIn2000
and2001meanmosquitonumberstrapnightwerejustbelow250
butevenaftertheinitialimplementationoftheUSDStreatment
program4VCSin2002meanmosquitotrapnightcountswere
almostcutinhalfSubsequentlyenhancingtheprogramwith
additionalmanpowerinthespringof2003andtoenablestaffto
respondtoknownbreedingsitesinamoretimelyfashionand
mosquitonumberswerereducedtojust8adultstrapnightin2004
Fig5ThedatathusindicatethatGLACVCDsapplication
methodcanprovideadequatemosquitosuppressionwhenmosquito
breedingUSDSareidentifiedandtreatedatappropriateintervals

Additional

staff

Figure5LABasinUSDSSurveillanceAreamosquito averages

August October

DuringthesignificantWNVepizooticepidemicinsouthern
Californiain2004anareaintheSanFernandoValleywithacluster
ofconfirmedWNVpositivehumancaseswasfoundtohavea
heavilybreedingUSDSFig6Thissystemwastrappedandthe
mosquitoescollectedweresubmittedtoCVECfortestingforvirus
isolationControlwasimplementedimmediatelyandaboveand
belowgroundtrappingwascontinuedtoassesstheefficacyof
controlmeasuresOnthenightofJuly3020041097Cx

Figure6SanFernandoValleyWNVpositivemosquitopools
humancases
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quinquefasciatusweretrappedinanEVSCObaitedtrapset
belowgroundwithinthebreedingsystemand105and48
mosquitoeswerecollectedinanabovegroundEVSCObaited
andagravidtraprespectivelyTwoweeksafterthetreatment
adultmosquitonumbersbelowgroundweresubstantiallyreduced
to6mosquitoestrapnightandabovegroundEVSCObaitedand
gravidtrapnumbersdecreasedto22and8mosquitoestrapnight
eventhoughnoadditionalabovegroundcontrolmeasureshadbeen
takenAnareawidesurveyofUSDSrevealednoadditional
breedingsystemsandtheaveragenumberofmosquitoestrapnight
wasreducedto4TheUSDSwasincludedintheroutinetreatment

scheduleandmosquitonumbersintheareahaveremained
substantiallylowerFig7Duringtheentiresurveillanceperiod
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Figure7MosquitooccurrenceatSanFernandoValleyUSDS
beforeandaftertreatment

mosquitoeswerecollectedandsentforvirustestingWhenthe
problemwasfirstdiscoveredatotalof18poolsweresubmitted
15frombelowand3fromabovegroundtrapsOfthesea
significantnumber12pools67 testedpositiveforWNvirus
Twoweekslateronly2poolsweresubmittedandboth100
wereWNpositiveNotwithstandingthesmallnumberofmosquito
poolsthisincreasemaybeduetothepresenceofolderfemalesin
theareatheintervalshortenoughtonoticetheimpactlarvicidal
operationsintheareaOlderfemalemosquitoesareofcoursemore
likelytohavehadbloodmealsandthereforetheprobabilityof
infectionishigherHoweveradultmosquitoabundanceremained
lowduringthenextfewweeksandinfectionratesstartedtodrop
Fig8Afasterdropininfectionratescouldonlyhavebeen
achievedbytargetingpersistantadultpopulations
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Figure8MosquitopoolssubmittedandWNVpositiveatSan
FernandoValleyUSDSbeforeandaftertreatment
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Figure9LABasinareawithclusteringofWNhumancases

Afterexperiencingtheimpactofasingleheavilybreading
USDSonmosquitoabundanceandWNVoccurrenceinaSan
FernandoValleyneighborhoodsimilarclusteringofhumancases
inthePicoRiveraWhittierareaintheLosAngelesBasinFig9
drewsuspicionsuponUSDSinthoseneighborhoodsAthorough
investigationoftheUSDSintheareashowedthatwhileafew
systemswereproducingmoderatenumbersofmosquitoesoverall
occurrencewaslow8mosquitoestrapnightFig10

1719212325272931

Figure10USDSmosquitosurveillanceinthePicoRiveraWhittier
areaoftheLosAngelesbasin

Neverthelesstreatmentscheduleswerechangedfrommonthly
treatmentwithBsBtibasedformulationstoweeklytreatment
withpetroleumoilGoldenBear1111 inanattempttofurther
reducemosquitonumbersintheUSDSAsaresultoftheintensified
treatmentefforttheUSDSmosquitonumbersinthetrialarea
droppedtozerohoweveraverageadultmosquitonumbersin
abovegroundgravidtrapsdidnotchangesignificantlyThe
reductioninnumbersofadultsattheendofSeptemberwas
observedonawiderscalewithintheDistrictandwasprobably
weatherrelatedFig11Theresultsofthistrialprovethat
intensifiedeffortstoreduceUSDSmosquitopopulationseven
belowalowthresholddonotfurtherreducemosquitoabundance
aboveground
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Figure11AveragemosquitoespertrapnightintheLABasin
trialareaaboveaswellasbelowground

CONCLUSION

91162004 9302004

ThedataillustratethatGLACVCDsUSDSlarviciding
programachievesaneffectivelevelofmosquitosuppressionin
systemstreatedMoreovertheresultsalsodemonstratethatdue
tothevastnessandcomplexityoftheUSDSwithintheDistrict
boundariesnotallmosquitobreedingsystemshavecurrentlybeen
identifiedandthereforecontinuedsurveillanceeffortsintheUSDS

willhavetobealongtermpartoftheoverallprogramuntilall
systemshavebeensurveyedandevaluatedIdentificationand
abatementofmosquitobreedingwithinUSDSliketheoneinthe
SanFernandoValleywilldrasticallyreduceoverallmosquito
occurrenceandabundanceinDistrictneighborhoodsHowever
itwillalsocontinuetobeofimportancetoidentifyandreduce
abovegroundbreedingsourcesinordertoensureoveralllow
mosquitoabundancewithintheGLACVCDboundaries
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StudiesonCanyonFlyBiologyandEcologyinSouthernCalifornia

AlecCGerryandBradleyAMullens

UniversityofCaliforniaRiversideDepartmentofEntomology

ABSTRACTCanyonfliesFanniabenjaminicomplexaresmallfliesthatarefoundthroughoutthewesternUnited
StatesthefemalesofwhichexhibitamarkedattractiontoanimalsandpeopleThesefliesprobablyfeedonbody
secretionssweateyesecretionsetcfromwhichtheyobtainnutrientsrequiredtodevelopeggsThisattraction
toanimalsandhumansmakesthemanuisancewheretheyarepresentinparticularlylargenumbersStudiesconducted
insouthernCaliforniatoassessadultcanyonflyactivityshowedadistinctseasonalanddiurnalpatternwithcanyon
flyabundancepeakinginearlysummeranddailyactivitypeaksintheearlymorningandlateafternoonhours
Studiestodetermineresponseofcanyonfliestoanumberofcommonattractantsdemonstratedamarkedresponseto
carbondioxidewhichcouldbeusedinconjunctionwithsuctiontrapstocapturelargenumbersofthefliesFinally
itwasfoundthatatleastonememberofthebenjaminicomplexFanniaconspicuawaslayingeggsinlargenumbers
anddevelopingonanexoticgroundcovercalledredappleApteniacordifolia

MosquitoControlinaSubterraneanOasisintheSanFranciscoBayArea

JamesHCountsJr

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA

ABSTRACTTheSanMateoCountyMosquitoAbatementDistrictislocatedintheSanFranciscoBayareaOfthe
20speciesofmosquitoesoccurringinthiscountyCulexpipiensListhemostabundantItaccountforapproximately
70oftimeandresourcesdevotedtomosquitocontrolandsurpassesCxtarsalisCoquillettasthemostimportant
potentiallocalvectorofWestNilevirusLarvaldevelopmentoccursprimarilyinundergroundsourcessuchasstorm
drainscatchbasinsutilityvaultssewerplantsandvoidsunderbuildingsThispresentationwilldescribethedistricts
approachtocontrollingmosquitoesinundergroundsourcesSpecializedequipmentdevelopedforthediversetypes
ofsourcestreatedwillbediscussed

JointCodeEnforcementEfforts

GaleJirikandCraigDowns

ContraCostaMosquitoandVectorControlDistrict155MasonCircleConcordCA94520

ABSTRACTGreaterdemandsarebeingplacedoncitiescountiesandspecialdistrictstoprotectthepublicby
enforcingtheCaliforniaHealthandSafetyCodeandlocalnuisanceordinancesAtthesametimenewstormwater
bestmanagementpracticeBMPrequirementarebeingdevelopedandimplementedwhichincludetheelementof
enforcementThisreportaddressestheneedtobeinvolvedintheprocesswhatenforcementoptionsareavailableto
governmentagenciesanddistrictsandtheneedforcooperationandcoordinationbetweenagencies
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AerialSurveillanceasanAidinMosquitoAbatementProgram

MinLeeChengPhDJaredDeverMajorDhillonRobertRealRamiroHSalazarandRamiroNSalazar

WestValleyMosquito VectorControlDistrictChinoCA91710

aNorthwestMosquito VectorControlDistrictCoronaCA92881

ABSTRACTTherecentadditionofaerialsurveillancehasenabledWestValleyMosquitoandVectorControlDistrict
WVMVCDandNorthwestMVCDtomoreeffectivelysurveyforbackyardgreenpoolsandruralbreedingsources
During2004thedistrictsperformedseveralhelicoptersurveillanceflightswhichresultedintheidentificationof
hundredsofpreviouslyunknownbreedingsitesAllsourcesidentifiedduringtheflightswerephotographedusinga
varietyofphotographicequipmentandseveraldifferentmethodswereusedtopinpointsourcesinthephotographs
Insomecasesithasbeennotedthatthenewlydiscoveredsourcesweretheleadingcauseofmosquitonuisance
productioninproblematicareasTheresultingsourcecontrolandeliminationmayhaveaidedinthepreventionof
humanWestNileviruscasesin2004

AnAlternativeLarvalControlMethodforCemeteries

MatthewCBall

ButteCountyMosquitoandvectorControlDistrict5117LarkinRoadOrovilleCA959659250

ABSTRACTTheneedforaneffectivelarvalcontrolmethodincemeteryurnswasmetusingAgrosokeWatering
CrystalsThesizeofcemeteriesandthenumberofurnswithinthemmadechemicalcontrolandorphysicalcontrol
verytimeconsumingLabexperimentsdemonstratedtheeffectivenessandthelengthofcontrolofAgrosokeWatering
Crystals

EffectiveLarvalControlinaWaterfowlHabitat

MatthewCBall

ButteCountyMosquitoandvectorControlDistrict5117LarkinRoadOrovilleCA959659250

ABSTRACTTheneedforaneffectivelarvicidetocontrolveryhighdensitiesofOchlerotatusmelanimonDyarin
floodedwaterfowlhabitatwasmetusingtemephosAbate2BGappliedbyairPostfieldchecksandasignificant
reductionindipcountsdemonstratedtheeffectivenessoftemephosforthisapplicationTofindthemosteffective
rateforthisnewlyregisteredproductseventrialswereconducted
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SurveillanceandTreatmentofMosquitoLarvaeonFloodIrrigatedPastures
BishopPaiuteReservationInyoCountyCA

BrianAdkinsandThomasGustie

BishopPaiuteTribeEnvironmentalManagementOffice50TuSuLaneBishopCA93514

ABSTRACTIn2004theBishopPaiuteTribelocatedinInyoCountyCAinitiatedamosquitoabatementprogram
fortheir350ha875AreservationApproximately06ha15Aofmosquitohabitatwasdocumentedsurveyed
andtreatedlastsummerintheprogramsfirstyearTheCountyofInyohasprovidedtrainingandassistancetothe
TribesTribalEnvironmentalProtectionAgencyTogetherweareworkingtominimizethethreatofWetsNilevirus
firstdetectedinInyoCountyinthesummerof2004equineandbirdcasesThethreatofWestNileisexpectedto
begreaterinsummerof2005withhumaninfectionslikely

MosquitoSurveillanceandControlintheLogDecksinLincolnCalifornia

JamesinaJScottKellyBurchmanTedWilliamsandKristalRBrown

PlacerMosquitoAbatementDistrictPOBox216150WaverlyDriveLincolnCA95648

ABSTRACTTheSierraPacificlumberoperationinLincolnCAincludes144ha36acresofspacewherelogs
arestackedindeckswithindividualdeckscovering023ha05075Aandstanding18m60fthighThe
decksareirrigatedaroundtheclocktopreventthelogsfromdryingoutandsplittingwhichreducestheircommercial
valueThewaterthatcollectsinthelogdecksandtheassociatedpondsproducestremendousnumbersofCulex
pipiensLCxquinquefasciatusSayCxstigmatosomaDyarCxtarsalisCoquillettandCxerythrothoraxDyar
TrappingdatashowsthatthesemosquitoesmigrateintotheadjacentresidentialneighborhoodsWehaveused
chemigationwithVectoBacAS12andaerialapplicationofmethopreneAltosidpelletsandrarelytruckmounted
adulticidingThispaperwilldiscussoursurveillanceandcontrolmethodsandthechallengesassociatedwithworking
inthisenvironment

BuildinganIndoorMosquitofishAquacultureFacility

NoorTietze

SantaClaraCountyVectorControlDistrict976LenzenAvenueSanJoseCA95126

ABSTRACTSantaClaraCountyVectorControlDistrictconstructedanindoorMosquitofishaquaculturesystem
Facilitiesweredesignedtohouse3tanksorracewaysforholdingMosquitofishusedintheDistrictsbiological
controlprogramAquaneeringIncSanDiegoCA92111wascontractedtobuild3marinegradealuminumtanks
each60x09x09m20x3x3ftlengthwidthandheightaswellasallotheroperationalcomponentsoftheaquaculture
systemincludingmechanicalbeadfilterahighratefluidizedbedbiofilterandinlinefluorescentultravioletlight
sterilizer5769L150gallonsumptanktwopumpsandallnecessaryplumbingEachracewaytankholdsabout
4615L1200gallonsofwaterandmaybestockedwith45675kg1015lbofMosquitofishwithoutsignificant
mortalityGratedtrenchesbuiltintothefoundationofthefacilitycreateaccessforasimplewaterdeliverysystem
wheretheplumbingislargelyinconspicuousOnedrawbackhasbeenelectrolysisofthealuminumtanksthatcaused
pittingandaccretionformationalongsubmergedportionsofthetankwallsandbottom
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EvaluationofaSuccessfulPublicRelationsCampaign

DeborahBass

ContraCostaMVCD155MasonCircleCA94520

ABSTRACTIn1999theContraCostaMosquitoandVectorControlDistrictDistrictsurveyedtheirconstituents
tolearntheirperceptionknowledgeandawarenessoftheDistrictlocalvectorsandvectorbornediseasesBased
onthatsurveytheDistrictredirectedtheircommunicationeffortsanddevelopedafiveyearPublicRelationsStrategy
andcampaigntogivemeaningfuldirectiontothedistrictscommunicationeffortswiththeirconstituentsIn2004a
followupsurveywasconductedtoevaluatetheeffectivenessofthecampaign

MosquitofishProductionin2004

JohnVignoloandStacyBearden

SanJoaquinCountyMosquitoandVectorControlDistrict7759SAirportWayStockton95206

ABSTRACTSanJoaquinCountyMosquitoandVectorControlDistrictmaintainsa52ha13Aparcelofland
whichhouseseleven016ha04ApondsaswellastentrialsizepondsandfourstocktanksDuringthe2004
mosquitoseasonthedistricthadanetgainof14103kg3134lbofMosquitofishThisequatestoagainof12825
kg285poundspondThedistrictestimatesalossof9738kg21641poundsduetomortalityinallpondsThis
mortalityisattributedtohandlingandhightemperaturesduringtransportationAdetailedpondbypondcomparison
willbemadeaswellassuggestionsforasuccessfulrearingprogram

WestNileVirusSurveillanceinSanJoaquinCountyin2004

StacyLBeardenandDeannaBlack

SanJoaquinCountyMosquitoandVectorControlDistrict7759SAirportWayStockton95206

ABSTRACTDuring2004SanJoaquinCountyMosquitoandVectorControlDistrictDistrictrampedupits
surveillancesystemearlyintheyearinanefforttointerceptthevectorsandshowdownthetransmissionofvirusto
ourhumanpopulationsOursurveillancetoolsincludedchickenserologymosquitopoolsanddeadbirdpickups
TheDistrictran1041mosquitopoolsinhouseusingeitherRAMPorVecTestinadditiontosubmitting552poolsto
CVECforconfirmationTheCountyalsoreceived177requeststopickupdeadbirdsandsubmitted120birdsfor
testingbyRTPCRSixtytwoofthesebirdsweretestedinhouseusingRAMPand57birdsweretestedusing
VecTestThedistrictextendeditschickenssurveillanceintothemonthofNovembertoensurethatnomore

seroconversionhadtakenplace
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2004WNVPublicOutreachCampaignbySanJoaquinCountyMVCD

AaronDevencenzi

SanJoaquinCountyMosquitoandVectorControlDistrict7759SAirportWayStockton95206

ABSTRACTThe2004WNVPublicOutreachCampaignbySanJoaquinCountyMVCDpostersummarizesthe
effortsmadebytheSanJoaquinCountyMosquitoandVectorControlDistrictSJCMVCDandtheSJCWestNile
VirusTaskForcetoinformthepublicTheposterisreflectiveofamultiagencyapproachtoinformationdistribution
HighriskgroupswereidentifiedandspecificmaterialsweredevelopedascommunicationtoolsAsthethreatofthe
diseaseprogressedandthenbecamerealizedtheeffortstoreachbroadertargetgroupschangedAcombinationof
postersflyersbookmarkscardsletterspaidadsnewsreleasespublicserviceannouncementsPSAspresentations
andinformationalboothswereusedastoolstoprovidepublicoutreachTheposterhasexamplesoftheseitemsand
subsequentlysummarizestheiruse
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ImprovedMethodsforIdentifyingElevatedEnzymeActivities
inPyrethroidResistantMosquitoes

TroyDWaiteHuazhangHuangBoraInceogluJulieAChristiansenRoryDMcAbee
BruceDHammockandAnthonyJCornel

DepartmentofEntomologyandCanerResearchCenterUniversityofCaliforniaDavisCA95616
MosquitoControlResearchLaboratoryDepartmentofEntomologyUniversityofCaliforniaatDavis

9240SRiverbendAvenueParlierCA93648

ABSTRACTThefirstwildpopulationofpyrethroidresistantmosquitoeswasidentifiedintheUnitedStatesin
MarinCountyCaliforniaInordertoidentifytheresistancemechanismsinthiscolonyMarinactivitiesof
carboxylesterasesesterasesP450monooxygenasesP450sandglutathioneStransferasesGSTsweremeasured
andcomparedtothoseinotherpyrethroidresistantcoloniesfromFresnoCaliforniaBeanandMozambiqueBoane
andtoapyrethroidsusceptiblecolonyCQ1Threenovelfluorescentsubstratesweresynthesizedwhichwere
showntobemorespecificfordetectingelevatedesteraseactivitiespotentiallyinvolvedinpyrethroidresistancethan
thetraditionalcommercialesterasesubstrate1naphthylacetatePartialpurificationofGSTsresultedinbetter
detectionofelevatedGSTactivitiesthancrudemosquitohomogenateswiththegeneralGSTsubstrate
chlorodinitrobenzenePromegaP450G1oAssaySystemsdesignedfordetectionofspecificP450sisozymesin
mammalsarereportedforuseindetectingelevatedP450levelsassociatedwithtwoseparatecatalyticpathwaysin
mosquitoesWiththeuseofthesemethodsallthreegroupsofenzymeswereshowntobeelevatedintheresistant
coloniesversusthesusceptiblecolonyindicatingthenecessitytofurtherinvestigatethepotentialeffectofeach
enzymeinconferringresistancetopyrethroids

INTRODUCTION

McAbeeetal2004describedthefirstincidenceof
pyrethroidresistanceinawildpopulationofmosquitoesCulex
pipienspipiensvarmolestusintheUSASincethenseveralother
pyrethroidresistantpopulationsoftheCulexpipienssensulatu
havebeenidentifiedinCaliforniaunpublisheddataMembers
oftheCulexpipienscomplexaremajorvectorsoftheWestNile
virusWNVinCaliforniaGoddardetal2002andtheUSA
Turrelletal2000Thediscoveryofpyrethroidresistancein
thesemosquitoesisofconcernbecauseintheeventofaWNV
epidemictheeffectofcontrolmeasuresdirectedagainstadult
mosquitoesmaybecompromisedandnoalternativeadulticides
arecurrentlyunderdevelopment

Inordertocurtailthefurtherspreadofpyrethroidresistant
populationsintheUSAimprovedmethodsofpyrethroidresistance
detectionandmonitoringmustbedevelopedsothateffective
resistancemanagementstrategiescanbeemployedDevelopment
ofassaysmustproceedalongthelinesofdesigningmechanistic
assayssothatearlystagesofpyrethroidresistancecanbe
recognizedForexampleelevatedesteraseactivitythatmediates
organophosphateresistanceinmosquitoesiscurrentlymonitored
usingsimpleimmunochemicalassaysandpyrethroidknockdown
resistancekdrtypecanbedetectedbyPCRspecificallydesigned
forCxpipiensslMartinezTorresetal1999

Majormechanismsofinsecticideresistanceinvolveeither
mutationwithinthetargetsiteoftheinsecticideoranalterationin
therateofinsecticidedetoxificationHemingwayandKarunaratne
1998Despitethepresenceofkdrtyperesistanceatlow

frequenciesinMarinmosquitoespartialandalmostcomplete
reversiontosusceptibilityaslarvaewasachievedwithSSS
tributylphosphorortrithioateandpiperonylbutoxiderespectively
suggestingthepresenceofesteraseandP450mediatedresistance
alsoMcAbeeetal2004Accordinglywehavestartedtocompare
theactivitylevelsoftheseenzymesandofapotentiallythirdsystem
glutathioneStransferasesGSTstootherpyrethroidresistant
BeanandBoaneandsusceptibleCQ1colonies

Sinceenzymesinvolvedininsecticidedetoxificationmaybe
qualitativelyandorquantitativelychangedtoconferresistance
HemingwayandKarunaratne1998itisnecessarytouseboth
generalsubstratesandspecificonesthatmimicaninsecticideThe
formerdetectincreasesintotalisozymeactivityascomparedtoa
susceptiblecolonywhilethelattercandetectspecificisozymes
possiblyresponsibleforresistanceInthispaperwereportthe
developmentofimprovedmethodsandnovelsubstratesfor
detectingincreasedlevelsofenzymeactivityinCulexpipienssl

METHODS

ChemicalsEsterasesubstratesincludedthetraditional

substrate1naphthylacetate1NAandthenovelfluorescent
substratesSacetateandcisandtranscoumarinGSTassayswere
performedwiththegeneralsubstratechlorodinitrobenzene
CDNBwhileP450substratesincludedthecommercialsubstrates
Luciferin6methyletherLuciferinMEandDeoxyluciferin
LuciferinHComponentsofbuffersandsolventsincluded
dimethyl sulfoxide DMSO dithiothreitol DTT
ethylenediaminetetraaceticacidEDTAphenylmethylsulphonyl
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fluoridePMSFandphenylthioureaPTU
MosquitoesFourcoloniesofmosquitoesCulexpipienssl

wereusedinthisstudyCQ1wasusedasapyrethroidsusceptible
colonythatoriginatedfromMercedCaliforniaintheearly1950s
McAbeeetal2004ThethreeresistantcoloniesMarinBean
andBoaneoriginatedfromfieldcollectedspecimensfromMarin
andFresnoCountiesCaliforniaandfromthevillageofBoane
MozambiqueMarinBeanandBoanemosquitoeswereresistant
topermethrinpyrethrumanddeltamethrinrespectivelyTo
maintainresistanceintheMarinBeanandBoanemosquitoes
late4instarlarvaewereexposedtoadoseapproximatelyatLD50
levelsofpermethrinpyrethrumordeltamethrinevery5
generationsrespectively

PreparationofmosquitoextractsBrieflyhomogenatesof
whole4hstagelarvalCulexpipienssl 50individualscolony
forGSTactivityassayswerepreparedbyusingaplasticminipestle
in15mlcentrifugetubesin500lofanicecold01Msodium
phosphatebufferpH7410mMDTTThehomogenatewas
momentarilycentrifugedat4Ctoremoveparticulatematerial

CytosolicpreparationswerepreparedaccordingtoZhaoet
al1996ForesteraseassaysandGSTpartialpurificationassays
4hinstars1000individualscolonyoradults200individuals

colonywerehomogenizedin24mL01Micecoldsodium
phosphatebufferpH7601mMPTU1mMDTTand1mM
EDTAwithaPolytronhomogenizerBrinkmannInstruments
WestburyNYataspeedof47for20sMultiplehomogenizations
werecarriedoutifneededThehomogenatewasthencentrifuged
at10000xgfor15minandthesupernatantwasfilteredthrough
glasswoolandcentrifugedat4Cat100000xgfor1hTheresulting
pelletmicrosomeswassuspendedin5mLbufferThe
supernatantscytosolsandmicrosomeswerestoredat80Cuntil
used

Preparationofmosquitomicrosomesforadult 200

individualscolonyP450activityassayswasdonebyremovalof
theheadstoavoidenzymeinhibitionfromxanthommatineye
pigmentsSchonbrodandTerriere1971Mosquitoesweretreated
withliquidnitrogeninasievewitha2mmmeshSmallsteel
ballsweregentlyshakenoverthemosquitoestofractionatethe
bodiesandtoseparatethesmallerheadsandwingsandlegsfrom
thejointabdominalthoraciccomponentsTheabdomenthorax
complexeswerethenplacedinto10mlofa01Micecoldsodium
phosphatebufferpH7601mMPTU1mMDTT1mMEDTA
and1mMPMSFandhomogenizedina40m1glassDounce
homogenizerwithalooseBpestleWheatonScienceMillville
NJTheseparationofhomogenateintocytosolicandmicrosomal
extractswasdonewithcentrifugationasdescribedpreviouslybut
thepelletmicrosomeswasplacedintoa1001sodiumphosphate
bufferidenticaltothehomogenizationbufferwithoutPTUand
with20glycerolvvSampleswerestoredat80Cuntilused

Proteinconcentrationsofextractsweremeasuredbythe
methodofBradford1976usingbovineserumalbuminasthe
standard

GSTpartialpurificationGlutathionesepharoseaffinity
resinSigmaAldrichCoStLouisMSwasusedforpartially
purifyingGSTisozymesfromcytosolicfractionsTheresinwas
washedwith10volumesofphosphatebufferedsalinePBS
accordingtomanufacturersinstructionsCytosolicextractswere

incubatedwitharatioof501withglutathioneaffinityresinin

batchformatfor4hoursAfterincubationthemixturewash
centrifugedfor5minat2000xgtopellettheresinThesupernatant
containedtheunboundfractionTheresinwasthenwashedthree

timeswith10volumesofPBSElutionwasaccomplishedby
incubatingtheresinin10volumesofelutionbuffer10mMreduced
glutathione50mMTrisHC1pH80Theelutedproteinswere
concentratedusinga10000DacutoffultrafilterCentricon
MilliporePA

EnzymeassaysColorimetricesteraseactivityassayswith
thegeneralsubstrate1NAandcytosolicextractswereperformed
in96wellmicroplatesusingaSpectramaxmicroplate
spectrophotometerMolecularDevicesSunnyvaleCAby
modifyingthemethodofGomori1953Reactionmixtures
containedfinalconcin250Lproteinsolution20L
phosphatebuffer01mMpH70with002TritonX100and
asolutioncontainingFastBlueBsalt12mMandsubstrate215
mMfinalconcentrationsfor1NAFourreplicateswereassayed
foreachsampleAbsorbancewasmeasuredat450nmduringthe
first5minofthereactionandrateswereconvertedtonmolmin

usingtheextinctioncoefficient925mMmLfor1naphthol
Grantetal1989Theamountofproteinineachassayvaried
withsubstratesandwasadjustedsothatnomorethan10ofthe
substratewashydrolyzedoverthereportedtimeActivitieswere
correctedfornonenzymatichydrolysisusingreactionswithout
proteinascontrols

Fluorescentesteraseactivityassayswithcytosolicextracts
wereperformedbymodifyingthemethodsofWheelocketal
2003Ingeneralactivitiesweremeasuredinblack96well
polystyreneclearflatbottommicrotiterplatesCorningIncNew
YorkNYUSAat30CforallhydrolaseswithaSpectrafluor
PlusFluorometerTecanResearchTriangleNCSubstratesFig
1werepreparedinethanol10mMforSacetateor10DMSO
inethanolforcisandtranscoumarinReactionmixturescontained

totalvolume201L20Lproteinsolution180L20mM
TrisHC1bufferpH80forSacetateor180L100nMsodium
phosphatebufferpH70forcisandtranscoumarinand1

solutionReactionswereinitiatedbyadding111L
substratesolutionfinalconcentration50Mfollowedbyshaking
for5sThreereplicateswereperformedforeachsubstrate
Fluorescencewasmonitoredwithexcitationat330nmandemission

at465nmforSacetateorexcitationat330nmandemissionat

450forcisandtranscoumarinThestandardcurveofdependence
ofaldehydeorcoumarinfluorescenceresponseonprotein
concentrationwasgeneratedbyaddinganequivalentamountof
eachproteinsampletocorrectproteininducedaldehydequenching

GSTactivityassayswithwholemosquitohomogenatesand
partiallypurifiedsolutionsweredonebymodifyingthemethods
ofGrantandMatsumura1988ina01Msodiumphosphatebuffer
pH65A10i1ofmosquitohomogenate1011ofCDNBand10
i1ofreducedglutathionefinconc5mMwereaddedtomakea
finalassayvolumeof30011wellThreereplicatesweredonefor
eachmeasurementactivitieswerecorrectedfornonenzymatic
hydrolysisusingreactionswithoutproteinascontrolsThe
conjugationofCDNBtoglutathionewasmonitoredona
SpectramaxmicroplatespectrophotometerMolecularDevices
SunnyvaleCAbymeasuringabsorbanceat340nmat30Cfor
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RESULTSANDDISCUSSION

15minutesaftertheadditionofglutathioneRateswereconverted
tonmolminusingtheextinctioncoefficientsof85ODmM
300mLforCDNBGrantetal1989

P450activitywasmeasuredwiththeP450GIoPromega
CorporationMadisonWIAssaySystemaccordingtothe
manufacturesprotocolTwosubstratesLuciferinMEand
LuciferinHwereusedWheneithersubstrateismetabolizedby
P450stheproductisluciferinwhichisthenreactedwithbeetle
luciferasetoproducechemicalluminescencetheintensityofwhich
canbecorrelatedtotheactivityoftheP450s

Activitiesofcytosolicesterasestoward1NAandSacetate
variedgreatlywithsubstratesandcoloniesTable1Compared
withthepyrethroidsusceptiblecolonyCQ1hydrolyticactivities
ofcytosolicesterasestoward1NAincreasedonlyintheadult
stagesofMarin185increaseIncontrastelevatedactivities

OCH

1NA

Permethrin

Cisortranscoumarin

Deltamethrin

Sacetate

Figure1Structuresof1NAnovelesterasesubstratesandexamplesofTypeI
PermethrinandTypeIIDeltamethrinpyrethroids

133

ofcytosolicesterasestowardSacetatewereobservedintheadult
stagesofallthreepyrethroidresistantcolonies211277
increaseandinthelarvalstagesofMarinandBoane141and
147increaserespectivelyAlthoughSacetateisageneral
substrateitwassynthesizedtomorecloselyresembleFig1
pyrethroidsthan1NAandseemstobemorespecificfordetecting
elevatedesteraseactivitiespotentiallyinvolvedinpyrethroid
resistance

Whenpyrethroidlikefluorescentsubstrateswereusedresults
Table1suggestedthattheywerealsopossiblybetterindicators
ofpyrethroidresistancethanlNAComparedwithCQ1elevated
esteraseactivitieswerepresentintheadultstagesofallthree
pyrethroidresistantcolonies133161increaseandinthelarval
stagesofMarinandBoane173and156increaserespectively
withthesubstratetranscoumarinMorethanfourtimestheactivity
ofCQ1wasmeasuredwithciscoumarininadultMarinThis
significantincreaseisexpectedbecausethesefluorescentcoumarin
substratesarespecificmimicsofthetypeIpyrethroidpermethrin
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Table1Specificactivityofmosquitocytosolicesterasestowarddifferentsubstratesa
cis

Colony 1NA Sacetate coumarin

MeanSD RR MeanSD RR MeanSD

Larvae

CQI 2210014 100 019001 100

Marind 2517214 114 027002 141

Bean 1325126 074 0020001 010

Boaned 2395214 108 028001 147

Adult

CQI
d

9382164 100 137010 100

Marind 1739 185 289032 211

Bean 8384159 089 352015 257

Boaned 8950310 095 380022 277

Fig1towhichMarinisknowntoberesistant
InadditiontoesteraseselevationofGSTactivitiesinthe

resistantcoloniesascomparedtothesusceptiblecolonywasfound
ThisindicatesthatGSTsshouldbeconsideredasathirdcomplex
ofenzymesthatarerelatedtometabolismofpyrethroidsin
CaliforniaCxpipiensslInitiallywhenwholeinsecthomogenates
wereused2foldorlessincreaseinGSTactivityinresistant
coloniescomparedtothoseinthesusceptiblecolonieswasdetected
Fig2ThelevelsofGSTinsomecoloniesBeanandBoane
werenotelevatedrelativetoCQ1Howeverafteraffinity
purificationofGSTstheactivitiesincreasedinallresistantcolonies
byasmuchas5foldhigherrelativetoCQ1Thisbringsinto
questiontheefficacyandsensitivityofmeasuringGSTactivities

A

02

012

20008
al 004

0

CO1
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110033
678107

88271564 100

39151 443

8028742 091

6617107 075

CQ1

trans

coumarin

RR MeanSD

Marin Bean Boane

Colony

Figure2ComparisonoflarvalglutathioneStransferaseactivitiesofapyrethroidsusceptibleCQ1
andthreepyrethroidresistantMarinBeanBoaneCulexpipiensslcolonieswithCDNBbeforeA
andafterBaffinitypurification

RR

2664150 100

4622063 173

2411105 091

4118254 156

8625839 100

25822 299

11511982 133

138654 161

aUnitpresentasnmolminmgfor1NAandSacetatepmolminmgforcisandtranscoumarin
bRRresistanceratio

NMnotmeasurableunderasimilarproteinconcentration
DataincolumnfromHuangHBInceogluPDJonesJEStokJAChristiansenTDWaiteBDHammockandAJCornell
Developmentofpyrethroidlikefluorescentsubstratesforesterasesfrompyrethroidresistantmosquitoesunpublished

incrudewholemosquitohomogenatesandhencethelikelihood
ofmissingimportantpyrethroidresistancemechanisms

ThisisthefirstreportofusingthePromegaP450G1oAssay
SystemformeasuringP450activityininsectsInmammalsthese
substrateshavebeenusedsuccessfullytomeasureactivitiesof
individualisozymeswhichmadethempotentiallyusefulin
mosquitoestoidentifythesameWithLuciferinMEBoanep450s
showedroughlya50increaseindemethylationactivityas
comparedtoCQ1MarinandBeanIncontrasthydroxylating
activityofP450swithLuciferinHalthoughabout10timesless
thatwithLuciferinMEwasincreasedbyabout50ascompared
totheotherthreecoloniesFig3Inthiscasetheassaysmost
likelydetectedtheelevationexistenceofdifferentP450isozymes
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inthetwopyrethroidresistantmosquitocoloniesascomparedto
thesusceptibleoneBeandidnotshowincreasedlevelsofP450
activitywitheithersubstrate

Cautionmustbetakenincorrelatingelevatedactivitylevels
ofenzymeswithresistanceininsecticideresistantversus
susceptiblepopulationswhenusinggeneralorspecificsubstrates
untilassaysarerunwiththerealinsecticideandincreasedlevels
ofcatalysisareactuallyobservedandmeasuredAssayswiththe
actualinsecticidemaybedifficultexpensiveandtimeconsuming
ascomparedtobiochemicalassaysForthisreasonbiochemical
assayswithsurrogatesubstratesareextremelyimportantintargeting
potentialenzymesresponsibleforincreaseddetoxificationof
pesticidesThusassaysmustbefoundthataresensitiveenough
todetectquantitativeandqualitativechangesintheenzymeprofiles
ofmosquitopopulationsInthispaperwehaveintroducedthree
newsubstratesformeasuringelevatedesteraseenzymelevelsin
mosquitoesthatseemtobemoresensitivethanthecommonly
usedgeneralesterasesubstrate1NAInadditionwehaveshown
thatpartialpurificationofGSTsassayedwiththeavailablegeneral
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substrateCDNBismoreeffectiveindetectingelevatedactivities
thanassaysrunwithcrudeextractsFinallywehaveintroduced
theuseofthePromegaP450G1oTMAssaySystemsubstrates
alreadyknowntobesensitivetocertainP450isozymesin
mammalsfortheuseininsectsystemsandhaveshownthatvarious
substratesdoseemtodetectparticularisozymesinthem

Interestinglythelevelsofallthreetypesofdetoxification
enzymeswerefoundtobeelevatedinMarinandBoaneBean
wassimilarbutdidnotshowanincreaseinP450activityas
comparedtoCQ1Wearenowinvestigatingallthreeenzyme
responsesmoreintenselyhopingtopurifyandcharacterizeany
isozymesdirectlyresponsibleforpyrethroidcleavage

ThisstudywassupportedbygrantsfromtheUnitedStates
NationalInstituteofHealthNationalInstituteofAllergyand
InfectiousDiseasesU01AI058267andNationalInstituteof
EnvironmentalHealthSciencesR37ES02710

Acknowledgements

Figure3ComparisonofadultmicrosomalP450monooxegenaseactivitiesofapyrethroidsusceptibleCQ1andthreepyrethroid
resistantMarinBeanBoaneCulexpipiensslcolonieswithtwodifferentPromegaP450G1oTMAssaySystemsubstratesA
Luciferin6methyletherBDeoxyluciferin
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WestNileVirusSurveillanceandTestingProceduresforDeadBirds
inOrangeCounty2004

KarinDeCollibusJosieGWeirSethRugaandRichardHEvans

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTWiththeemergenceofWestNilevirusintheUSin1999theOrangeCountyVectorControlDistrict
initiatedasurveillanceprogramin2000todetecttheviruswhenitarrivedinCaliforniaTestsweredevelopedto
detectantibodiestoWNVintrappedfreerangingwildbirdsaswellasvirusinthetissuesofdeadbirdsJozan
Evansetal2003In2003thisprogramwasinitiatedwithacallforanimalcontrolagenciesandthepublictoreport
andsubmitanydeadbirdsBirdswerescreenedandnecropsiedtodeterminesuitabilityfortestingTissuesamples
weretakenfromsuitablebirdsforthedetectionofviralRNAbyreversetranscriptasepolymerasechainreaction
RTPCRandorviralantigenviaimmunohistochemicalstainingIHCAdditionallyonmostcorvidstheVecTest
wasperformedonoropharyngealswabsIn2004birdswerereceivedfrom44citiestotaling1047specimensof
which435weretestableByatleastonetestingmethod253birdstestedpositiveforWNVResultsforeachtesttype
werestatisticallyevaluatedandbothIHCandPCRwerefoundtobe946accurateindeterminingthepresenceof
WNVindeadbirds

INTRODUCTION

WestNileVirusWNVfirstappearedinNewYorkduring
thesummerof1999Sincethattimeithassteadilyspreadwestward
acrosstheUnitedStatescausingwidespreadmortalityincorvid
populationsInresponsetotheinevitablearrivalofWNVin
CaliforniatheOrangeCountyVectorControlDistrictOCVCD
initiatedasurveillanceprogramin2000todetectthevirusindead
birdsinadditiontotheongoingmosquitoandwildbirdsurveillance
usedtomonitornativearbovirusesStLouisencephalitisand
Westernequineencephalomyelitis

Indeadbirds3methodsarecommonlyusedtodetermine
whetherabirdhasbeeninfectedwithWNVimmunohistochemical
stainingIHCRTPCRandVecTestGibbsandMead2002
Ellisetal2002TheIHCandPCRmethodsdifferintheir
sensitivitieswithIHCdetectingbeingaboutto10andPCR
theoretically10particlespersampleBecauseavirusiscomposed
ofbothproteinandnucleicacidcomponentsitwouldbeexpected
thataviremicbirdwouldtestpositivebybothIHCandPCRThe
VecTestisacommercialdipsticktesttodetectWNVin
mosquitoes Sincecorvidsareknowntoshedvirusin

oropharyngealsecretionstheVecTesthasbeenadaptedtotest
thesesecretionsforWNVHoweveritsutilityinthisregardhas
beenbroughtintoseriousquestionbythefactthat1520false
negativesoccurroutinely

METHODSANDMATERIALS

BirdSurveillanceInresponsetoanticipatedWNVactivity
arequestwasmadetothepublictoreportanydeadbirdsBirds
werecollectedfrom44citiesbythestaffofOCVCDwiththe
helpofthepublicanimalrehabilitationgroupsandanimalcontrol
agenciesManyofthebirdsweredeterminedtobeunsuitablefor
testingbasedontelephoneconversationsasaresultofcarcass
deteriorationiegreaterthan24hIfabirdappearedtobesuitable
anOCVCDtechnicianoralabassistantwasdispatchedtoretrieve

thebirdTheexactaddressandThomasGuideRmapcoordinates
ofeachpositivebirdwereplottedonalargecountymapWar
Map

BirdNecropsyEachbirdwasnecropsiedbyaveterinary
pathologisttoobtaintissuesforimmunohistochemistyIHCand
RTPCRAdditionallyonmostcorvidstheVecTestwas
performedonoropharyngealswabsInpracticespleenkidney
liverheartandbraincerebellumcerebrumoptictectumwere
sampledforIHCHowevermanybirdsthatwerebroughtinwere
foundtobeinvaryingstatesofpostmortemdegenerationthus
preventingcompleteorgansamplingofallbirdsAdditionallya
kidneysamplewasplacedinlysisbufferfrozenandstoredat
70CpriortoshipmenttotheCenterforVectorborneDiseases
CVECUniversityofCaliforniaDavisforRTPCRtesting

ImmunohistochemistryTissueswerefixedin10formalin
solutionandthencutintocassettesbeforebeingsenttoa
commercialhistopathologyserviceforprocessingparaffin
embeddingsectioning5umandmountingoncharged
microslidesSlideswerethenstainedaccordingtotheprocedure
describedbySteeleetal2000

RESULTSANDDISCUSSION

Ofthe1047birdscollectedonly435weretestableand253
ofthesewerefoundpositiveforWNVantigennucleicacidby
IHCPCRandorVecTestBirdswerecollectedfromJanuary
throughDecemberwiththefirstpositiveoccurringinApriland
thelastinDecemberFig1BothIHCandPCRwereperformed
on242ofthe435birdsfoundacceptablefortestingThetwo
testingmethodsagreedfor216894 ofthesebirdsIHCwas

negativeandPCRpositivein13birdswhileinanadditional13
birdsPCRwasnegativeandIHCpositiveThesedatacorrespond
toeachtestbeing946accurateindeterminingthepresenceof
WNVinaspecimenBasedonthetestresultsWNVactivity
occurredpredominantlyinthenorthernpartofthecountyFig2
Howeversomeinfectedbirdswerefoundsouthofthislinepossibly
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FigurelNumbersofdeadbirdscollectedtestedandpositivebymonthPositiveswere
foundfromAprilthroughDecember2004

asaresultofnormalflightactivityAsmallfocusofWNVpositive
hummingbirdscomprising5ofthe7positivehummingbirds
reportedinCaliforniain2004wasfoundintheLagunaWoods
areainthesouthernportionofOrangeCountyFig2

BothIHCandPCRprovedtobehighlyaccurate946 in

detectingthepresenceofWNVindeadbirdsdespitetheirvastly
differingmethodologiesTheinherentsensitivitydifferenceofan
orderofmagnitudeisoffsetbythereliablecellspecificresults
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WNVDeadBirdTesting

May Jun Jul Aug Sep Oct Nov Dec

obtainedviaIHCStainingoftissueallowsapreciseanalysisof
thecellandtissuetypesbeinginfectedbythevirusFigure3
FurthermorethelowersensitivityofIHCmayscreenoutspecimens
thathaveordonothaveapatentviralinfectionbutperhapsdied
ofothercausesIHCalsopreservesastablespecimenthatcanbe
reexaminedifthereisanydoubtastothetestresultsallowingfor
easeofconfirmation

Figure2BirdstestedpositivebyIHCRTPCRandVectestROrange
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DistributionofAdultMosquitoesTrappedatVariousHeightsinthePradoWetlands
RiversideCountyCAin200304
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ABSTRACTOfthe6447mosquitoescollectedinCObaitedtrapsoverfivenightsduringSeptember2003through
January2004thetwopredominantspecieswereCulextarsalis390 andCxquinquefasciatus355 followed

byCxerythrothorax165 Cxstigmatosoma44 Anopheleshermsi28 Culisetaparticeps14 and

CsinornataandOchlerotatuswashino04 Trapswerehungfromtreesatheightsof062and6mAnopheles
hermsiCxerythrothoraxandCsparticepswerecollectedinhighernumbersatlowerlevelswhereasCx
quinquefasciatusCxstigmatosomaandCxtarsalisvariedastheseasonprogressedThelatterthreespecieshada
bimodaldistributionatthelowestandhighestlevelsduringSeptemberlaterthepatternchangedwithmoremosquitoes
50 beingtrappedatthelowerlevels

INTRODUCTION

Withtherecentintroductionestablishmentandpotentialthreat
ofWestNilevirusinCaliforniacollectionofbaselinedataonthe

ecologyandbehaviorofknownandpotentialvectorspecies
becomesanimportantaspectinthemodificationofmosquito
surveillanceandcontrolstrategiesTheuseofCObaitedtraps
inarbovirussurveillancehasbeenextensivelypracticedin
potentiallyknownbreedingaswellasexposureriskareasThe
ageandflightpatternsofmosquitoesarekeydeterminantsofhost
seekingbehaviorandpathogentransmissiontowildlifeavianor
ahumanhostPhysiologicalagecompositionoffemalemosquitoes
inasamplemayvarybasedonlocationmethodandtimeofcapture
andtheagestatusofindividualsGillies1974Whereassome
studiesshowagreaterproportionofnulliparousmosquitoesin

CObaitedtrapsthanCDCminiturelighttrapsMagnarelli1975
FeldhauferandCrans1979ahighproportionofparousindividuals

maybecollectedinCObaitedtrapsthaninrestingsheltersMilby
etal1983Variabilityinparityratecanbefoundindifferent

speciescaughtinminiturelightandCOtrapsMorrisand
Defoliart1969AccordingtoMyeretal1984parityratesfor
femaleCulextarsalisCoquillettcaughtinCOtrapswere
higherthanthosecapturedinNewJerseylighttrapsorresting
boxesBasedonthesestudieshostseekingparousfemalescaught

inCObaitedtrapswouldrepresentepidemiologicallyimportant
samplesinarbovirussurveillanceThetrapsareplacedateyelevel
2mabovethegroundlevelOlderandornithophagous
individualsmaybefoundevenathigherlevelsInGambiaSouth
AfricaparousCxthalassiusTheobaldwerecollectedat915m
whereasnulliparousindividualsappearedtoremainat091m
SnowandWilke1977Theoccurrenceofnulliparousmosquitoes
wasattributedtoincompletedevelopmentofwingsandflight
musclesPfuntneretal1988reportedhigherparityratesforCx
quinquefasciatusSayat10mthanatthelowertrapheightsin

ruralareasofChinoTheyalsofoundCxstigmatosomaDyarand
Cxtarsalismoreatthe5mthanat1mheightInsubsequent
studiesconductednearadairybythePradoBasinwetlandsCx
quiquefasciatusandCxtarsaliswerereportedtoexhibitabimodal

distributionwithpeaksat06and6mlevelsMianetal1990
Mian2003

TheareaofPradoWetlandsthatisclosetodairiesandhuman

habitationprovidesidealbreedinghabitatstoavarietyofmosquito
speciesMianetal1990Italsoharborsadiversegroupofwildlife
includingmammalsandespeciallybirdsthatplayamajorrolein
thetransmissionofencephalitisvirusesThepresentstudyan
extensionof2002trialscarriedoutfromAugusttoNovember
wasundertakentodeterminethedistributionofhostseekingor
feedingzonesofadultmosquitoesat3differentheightsfrom
September2003toJanuary2004

MATERIALSANDMETHODS

ThestudyareasituatedinthenortheasternpartofthePrado
Wetlandshascoordinatesof335370Nand1173621WAt

thissite4willowsSalixspapproximately18mhighand7080
mapartwereselectedalongthenorthbankofnortheastern
diversionoftheSantaAnaRiverThetreeswerepartially
surroundedbydensevegetationAnylonrope18mlong21cm
thickwasmadeintoalooparoundastrongbranch7mhighon
eachtreeThreeCObaitedtrapswerehungat062and6m
levelfromtheropeThetrapsweresetupintheeveningandpicked
upthefollowingmorningThetestswererunoverfivenights
September1019November3December222003andJanuary
142004

Inthelaboratoryfieldcollectedmosquitoeswereanesthetized
withtriethylamineandthenidentifiedtosexandspeciesMyer
andDurso1993StatisticalanalysisPvalueswasdoneusing
PSI1993



Date Heightm
MeannumberofmosquitoestrapnightTotalcollected

Anh Cxe Cxq Cxs Cxt Csp Other Total

091103 06 11334 377113 1210363 13039 2353706 13039 3310 1304

20 072 510153 777233 5717 29087 00 206 498

60 00 16048 1550465 24373 121363 072 00 951

Pvalue 00319 02420 06419 05101 06200 01771

091903 06 8534 483193 568227 8333 1293517 5321 00 1025

20 187 405162 715286 9337 630252 00 00 744

60 00 11345 1053421 18072 1383553 00 00 1091

Pvalue 00365 06510 04184 02220 05571 00026

110303 06 208 12048 052 00 00 00 00 58

20 2510 6325 3815 031 00 00 00 51

60 187 5321 9839 031 00 00 00 68

Pvalue 08956 05675 01621 0 0 0

122203 06 3012 21385 273109 156 3313 3514 00 239

20 083 5823 17068 083 208 135 031 111

60 052 7831 8835 031 135 031 00 75

Pvalue 00934 02616 03251 00322 06803 01259

011404 06 7831 12550 239 00 052 2811 031 104

20 7831 10542 187 00 052 031 00 83

60 00 7329 2811 00 135 00 00 45

Pvalue 01092 05997 08362 0 05731 00336

Totalmosquitoes 181 1068 2290 283 2513 94 18 6447

28 165 355 44 390 14 04 100

JanuaryFebruary2005

RESULTSANDDISCUSSION

Atotalof6447mosquitoeswascollectedduringthe5nights
oftrappingThemostabundantspecieswasCxtarsalis390
followedcloselybyCxquinquefasciatus355 Otherspecies
collectedwereCxerythrothoraxDyar165 Cxstigmatosoma
44 AnopheleshermsiBarr Guptavanji28 Culiseta

particepsAdams14 andCsinornataWillistonand
OchlerotatuswashinoiLanzaro Eldridge04 Dataon

mosquitodistributionbytrapheightshowedthatAnhermsiCx
erythrothoraxandCsparticepswerefoundinsignificantlylarger
numbersatlowerlevelswhereasCxquinquefasciatusCx
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stigmatosomaandCxtarsalislevelsvariedastheseasonpassed
onTable1Variationsindatafromtreetotreemadestatistical
analysisdifficultforsomespeciesHoweverbasedonnumerical
datathelatterthreespeciesclearlyshowedabimodaldistribution
earlierduringthestudyinSeptemberThisfindingappearstobe
inagreementwithearlierstudiesthatfocusedonsummerandfall
populationsinthisareaPfuntneretal1988Mianetal1990In
apreviousstudycarriedoutinthesameareasummerandfall
mosquitonumberswerepositivelycorrelatedwithincreasingtrap
heightsMian2003Thelowernumbersatneargroundlevelcould
havebeenduetothelackofyoungerfemales

Table1DistributionofadultmosquitoestrappedatvarioustreeheightsinthePradoWetlandsin200304

Meanof4replicatestreesMosquitoesbyspecieswereAnhAnopheleshermsiCxeCulexerythrothorax
CxqCxquinquefasciatusCxsCxstigmatosomaCxtCxtarsalisCspCulisetaparticeps
Culisetainornata

Aedeswashinoi
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Percentdistributionprofilesofthesixspeciesandtheirhost
seekingfeedingzonesclearlysupportthepreferencesofeach
speciesFig1ForexampleAnhermsiCxerythrothoraxand
Csparticepswithapreferenceforlowerneargroundlevelmight
befeedingonsmallhostssuchasrodentsandlagomorphsHigher
numbersatthelowerlevelsmightalsoincludenulliparousand
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Figure1PercentdistributionofadultmosquitoesbyspeciescollectedatvariousheightsinthePradoWetlandsin200304
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studyshowedsignificantlyhighernumbersatthetreecanopylevel
6mthanatthe2mlevelduringSeptemberFig1Earlierstudies
alsoreportedhigherproportionsofparousfemalesthannulliparous
individualsofthesespeciescaughtinCObaitedtrapsMyeret
al1984Mianetal1990Thereforetrappingforparousolder
femalesusinggravidtrapsReiter1987mayfurtherimprovetrap
efficiencyinarbovirussurveillanceThisfurthernecessitatesto

evaluateCObaitedtrapsandtovirtuallyincludesentinelchickens
atthehigherlevelsinordertodetermineifseroconversioncanbe
detectedearlierintheseasoninawetlandhabitat

Thereasontoextendthisstudyintothewinterwastoascertain
ifdecreasingmosquitopopulationswouldshowthesamepattern
asobservedduringthefallseasonThedataindicatedaslightly
differentpatterninCxquinquefasciatusCxstigmatosomaand
CxtarsalisinDecemberthaninSeptemberHoweverthesmall
samplesizedoesnotallowmakinganygeneralizedconclusions
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INTRODUCTION

Sewagetreatmentplantsareaperennialproblemformosquito
abatementdistrictsBickleyandMallack1961Gophenand
Gophen1986Mianetal1986Regardlessofthemethodof
treatmenttheplantsusuallyprovidemanylargehabitatsfor
mosquitoesThesehabitatsarethedirectresultofthebasicmission
ofsewagetreatmentdisposaloflargequantitiesofwaterladen
withorganicwasteTohandlethiswastequantitiesofwaterare
putthroughvariousprocessesthatcreatetankstroughsabove
andbelowgroundwaterwaysandearthenlagoonsSomeofthe
processesinhibitmosquitoesbutoperationalneedsinevitablyput
thesestructuresoutofservicefromtimetotimecreatinghuge
accumulationsofstagnantwaterAlthoughmanagementbycapping
structurescarefuldrainageandpartnershipwithmosquito
abatementcanreducetheproblemsewagetreatmentplantsusually
producemosquitoesatsometimeduringtheseason

SantaClaraCountyisservedbyfoursewagetreatmentplants
thelargestofwhichprovideswatertreatmentforthecitiesofSan
JoseSantaClaraMilpitasCampbellCupertinoLosGatos
SaratogaandMonteSerenoTheSanJoseWaterQualityControl
PlantSJWQCPserves300squaremilesand15millionpeople
withacapacitytotreat167milliongallonsofwasteperdayThe
plantisastateoftheartfacilitytheendproductofwhichis
essentiallycleanfreshwaterthatiseitherdumpedintoSan
FranciscoBayorrecirculatedintothecommunityasrecycledwater
forirrigation

In2004theSantaClaraCountyVectorControlDistrict
SCCVCDandtheSJWQCPenteredintoanagreementfor
mosquitoabatementattheplantThisagreementincludedaccess
andfundingbutitalsorequiredthatSCCVCDprovidemetricson
themosquitopopulationundercontrolThispaperreportssome
oftheresultsofthateffortdocumentingtheseasonalityofthe
mostabundantmosquitospeciesprovidingbiologicalnoteson
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OperationalBenefitsfromLongitudinalSamplingofCulexpipiensandCulextarsalisat
aSewageTreatmentPlantinSanJoseCalifornia

DanielStrickman

SantaClaraCountyVectorControlDistrict976LenzenAveSanJoseCA95126

ABSTRACTMosquitoesweresampledweeklywithdryicebaitedEVStrapsfrom22June2004through20
January2005attheSanJoseWaterQualityControlPlantTentrapswereusedinthesamelocationseachweek
attemptingtorepresentallareasofthe800acreplantAtechnicianappliedcomprehensivelarvalcontrolmeasures
throughouttheplantuntiltheendofSeptemberResultsshowedanumberoftrendsCulexpipienswereperiodic
withathreeweekcycleCxpipienspopulationswerehighbetweenlateJulyandmidSeptemberCxtarsalishada
dramaticpeakinnumbersinearlySeptemberandtrapcollectionsdoubledeachweekforthreeweeksfollowing
cessationofcontrolmeasuresAmongtheconclusionsofoperationalsignificanceweretheneedforcontrolmeasures
duringthecoolseasontheneedtointensifylarvalsurveillanceforCxtarsalisinlateAugustandthelocationof
larvalsitescorrelatedtoadultcollectionsinparticulartrapsTheexponentialincreaseduringthreeweeksfollowing
cessationofcontrolactivitiessuggeststhatcontrolhaddepletedthereserveoffemalemosquitoesHighnumbersof
mosquitoesalongonesideoftheplantwasthefirstindicationofamajorsewageleakresultingina15000000
contracttofixtheproblem

themosquitofaunaandshowinghowasystematictrappingeffort
canhavespecificoperationalbenefits

MATERIALSANDMETHODS

TheSJWQCP3743N12195Wisalargecomplex
consistingofacentralplantandlargeacreagesoflagoonsFig1
Theplantisintentionallysitedatadistancefromresidentialareas
theclosestbeingthecommunityofAlvisoapproximately3km
awayThebufferaroundtheplantconsistsofanoldsaltpond
PondA18amitigationsiteformedfromthefloodplainofCoyote
CreekareachofCoyoteCreektheMcCarthyRanchindustrial
arealargetractsoffallowlandretainedasabufferArzinoHorse
RanchaboardingfacilitydikedsaltmarshesandZankerLandfill
Theplantitselfis900mnorthtosouthand1200measttowest
withstructuresroadsorlandscapingontheentireareaSomeof
thelagoonshavecleanedgesbutotherssupportgrowthofvarious
nativetuleSchoenoplectuscalifornicusalkalibulrush
BulboschoenusmaritimuspickleweedSalicorniasppsaltgrass
DistichlisspicataandcattailTyphalatifoliaandintroducedbrass
buttonsCotulacoronopifoliaAustraliansaltbushAtriplex
semibaccatawetlandplants

Themosquitopopulationwithintheplantwassampledweekly
fromJune222004toJanuary212005byplacing10encephalitis
virussurveyEVStrapsRoheandFall1979inlocationsintended
tocapturemosquitoesattheperimeterandinteriorofthefacility
Fig2Trapswerebaitedwith2kgofdryiceasacarbondioxide
sourceandnolightswereusedUsinginsulatedbucketsthedry
icewasalwayssufficienttoproducecarbondioxidefrombefore
sunsettoafterdawnAlltrapswereapproximately05mabove
thegroundinplacesshelteredbyvegetationorstructuresFemale
mosquitoeswereidentifiedtospeciesusingBohartandWashino
1978DarsieandWard1981andMeyerandDurso1993
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Figure1AerialphotographoftheSanJoseWaterQualityControlPlantanditsenvirons
SantaClaraCountyCalifornia

Figure2AerialphotographoftheSanJoseWaterQualityControlPlantshowingthe
locationoftenEVStrapsoperatedJune2004throughJanuary2005
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RESULTS

Althoughnotquantifiedoperationalexperienceclearly
demonstratedthattheSJWQCPplantproducedmainlyCulex
CulexpipiensLThelagoonareaoftencontainedlarvalCxCux

tarsalisCoquillettaswellasCxpipiensDuringthewintersome
ofthelagoonssupportedpopulationsoflarvalAedesOchlerotatus
squamigerCoquillettandCulisetaCulisetainornata
WillistonPresumablyothermosquitoesAeOchdorsalis
MeigenAeOchmelanimonDyarAeOchwashinoi
LanzaroandEldridgeCxCuxerythrothoraxDyarandCx
CuxstigmatosomaDyarcollectedintheEVStrapsdeveloped
somewhereelseinthesurroundingarea

Thetrapsweredistributedwithinarelativelysmallareabut
therelativenumberofmosquitoescapturedineachtrapvaried
greatlyFig3InfactTraps1and2capturedalmosthalfofthe
CxpipiensandmorethanhalfoftheCxtarsalisCatchesintraps
ontheinterioroftheplantTraps8and9wereparticularlylow
Trap10capturedasignificantnumberofCxpipiensbutitwas
locatedclosetoanundergroundsourcethatwasnotdiscovered
andtreateduntillateintheseason

Theseasonaldistributionofmosquitoeswasprominentin
spiteofthefactthatafulltimeeffortwasappliedtocontrolatthe
plantFig4Culexpipiensdeclinedinnumbersasminimum
temperaturesdroppedbelow12Canddaylengthsshortenedtoless
than12hinearlyOctoberRegularpeaksofCxpipiensoccurred
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Figure4SeasonaldistributionofCxpipiensandCxtarsalis
capturedattheSanJoseWaterQualityControlPlant

withaperiodicityofthreeweeksduringthetimeofitshighest
numbersinJulythroughAugustCulextarsalisincreasedin
abundanceduringSeptemberaphenomenonnotedinotherparts
ofthecountyandbyothermosquitoabatementdistrictsintheregion
JohnRusmiselAlamedaCountyMosquitoAbatementDistrict
personalcommunication

Traps13capturedmanymoreCulexthantheothertrapsFigs
3and5Whenthistrendwasnoticedtechniciansbeganasearch
forthesourceofthemosquitoesandfoundatrenchextending
fromtheplantforabout1kmtothesouthTheplantmanagerhad
notbeenawareofthesitebecauseitwaslocatedintheseldom

visitedbufferzonebeyondtheboundaryoftheplantWhenthe
managersawthesiteherealizedthatitwasamajorproblemfor
theoperationandheinitiateda15millionprogramtocorrectit
ConsideringTraps410separatelyalsoindicatesthatcontrolefforts
wererelativelyeffective

DISCUSSION

Systematictrappingataparticularlyproblematicsitewas
usefulinanumberofwaysMostdramaticallyamajorsourceof
mosquitoeswasdiscoveredleadingtoalargecivilengineering
projectandapermanentsolutionTheexperiencealsoshowsthat
replicationintrappingisnecessarytogetreliablenumbers
AlthoughtheSJWQCPwasasmallareatentrapsproducedvery
differentresultsfromoneanother

ThedatashowedtheseasonalityofCxtarsalisandCxpipiens
adultfemalesatthesouthernshoreofSanFranciscoBayCulex
tarsaliswasmostabundantduringapeakintheearlyfallalmost
asthoughfemaleshadbeenholdingtheireggraftsandthen

TheauthorchoosestoretainEdwardsgenericdesignationofAedesSavageandStrickman2004especiallyconsideringrecent
analysesofOchlerotatusindicatingitspolyphylyasagenusReinertetal2004
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concentratedtheirovipositioneffortsduringashortperiodThis
behaviorwasnotobservedinImperialCountyinsouthern
CaliforniaWaltersetal1980BownandWork1973wherethis
specieswasmostabundantinJuneandAugustorSeptember
avoidingthehottestpartofthesummerInasouthernCalifornia
ConstructedwetlandCxtarsalisismostabundantinearlyAugust
JianninoandWalton2004whentheweatherishottestforthat
areaApparentlyCxtarsalisabundanceisaffectedbylocalweather
conditionsthatcanvarygreatlyindifferentpartsofthestate

CulexpipienswasmostabundantinJulythroughSeptember
correspondingtothewarmestpartoftheyearinthispartofSanta
ClaraCountyInhotterregionslikeEgyptMeeganetal1980
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thisspeciesalsodeclinesinnumbersduringthehottestpartofthe
yearwithpeakabundanceinAprilMayandagaininOctober
NovemberWhereweatherismoremoderateCxpipiensismost
abundantduringthewarmestpartofthesummerAugustinOhio
Mansetal2004JulyinSouthKoreaKimetal1999The
apparentperiodicityofCxpipiensattheSJWQCPseems
surprisingconsideringthatthespeciesdevelopsinpermanentsites
andtheeggshavenomechanismfordelayingtheirhatchAsimilar
periodicitywasobservedinCxCuxquinquefasciatusSayby
countingthenumberofeggraftsdepositedinovibucketsStickman
1988
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TheimportanceofmosquitocontrolattheSJWQCPcanbe
viewedinanumberofwaysOntheonehandthesiteisisolated
andfewmosquitoesproducedwithinitseemtotraveltoresidential
areasofthecityOntheotherhandtheworkersattheindustrial
sitesnearbyalsodeserveprotectionPerhapsmoreimportantthis
highlyproductivesitemayserveasanimportantreservoirforthe
emergenceofoverwinteringCxpipiensandasafocusfor
transmissionofWestNilevirusCulexpipiensisnostrangerto
sewagetreatmentplantsIshiiandSohn1987Nascietal2001
andbettermethodsforitscontrolwillalwaysbewelcomedby
mosquitoabatementdistricts
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