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DedicationoftheSeventyFourthAnnualMVCACConference
toPatriciaGillies

September231929 May112004

The2006AnnualConferenceoftheMVCAC

isdedicatedinmemoryofPatriciaAMyers
Gilliesinrecognitionofhermanyyearsofservice
tomosquitoandvectorcontrolPatpassedaway
inFresnoCaliforniaonMay112004

PatwasborninBerkeleyCaliforniaon
September231929ShegrewupinAlbanyand
graduatedfromElCerritoHighSchoolShealso

attendedSanJoseStateCollegewhereshemetandmarriedRobert
GilliesTheyhadtwodaughtersCatherineandCoilaPatcontinued
hereducationatFresnoStateCollegeearningasecondaryteaching
credentialandBAandMAdegreesinBiology

FollowingbriefstintsasateacherworkingatFresnoStateand
fortheUSDAPatembarkedona33yearcareerasaPublicHealth
BiologistwiththeCaliforniaDepartmentofHealthServicesBureau
ofVectorControlDuringherlongandvariedcareerwithDHSPat
ecamebestknownforherworkonpesticideresistanceinmedically

CharlesMyers

CaliforniaDepartmentofHealthServices

Proc PapersMosqVectorControlAssocVol74

importantinsectsShepublishednumerousscientificpapersin
journalsofanumberofnationalandinternationalprofessional
societiesofwhichshewasamember

PatscommitmenttomosquitocontrolinCalifornialedtoher
appointmentandserviceasFresnoCountystrusteerepresentative
ontheConsolidatedMosquitoAbatementDistrictsBoardofTrustees
in1974SheservedforsixyearsuntilherDHSpositionmovedher
toSacramentoin1980UponreturningtoFresnoin1985shewas
reappointedtotheBoardandserveduntilherdeathPatwasa
dedicatedtrusteeandwasverysupportiveoftheDistrictemployees

TheMVCACrecognizedPatforherexceptionaldistinguished
serviceintheinterestofCaliforniamosquitoandvectorcontrolby
conferringHonoraryMembershipin2002

PatGilliesshouldberememberedasapioneerwhoblazeda
trailinthemasculinedominatedfieldofmosquitoandvectorresearch
andcontrolthatallowedeasieraccessforwomenwhofollowed
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GlennYoshimurawasbornon

September81947inHiloHawaiiHe
earnedhisBSdegreeinEntomology
fromtheUniversityofHawaiiandMA
inEntomologyfromFresnoState
UniversityHeservedintheUSArmy
asamedicinboththeStatesandin

VietnamHisprofessionalemployment
includedResearchAssociateat

CaliforniaStatePublicHealth

Laboratoryandpositionsasan
EntomologistatbothKernMVCDandSacramentoYoloMVCD
InadditiontohisresponsibilitiesattheDistrictshealsoservedas
EditoroftheProceedingsandPapersoftheMosquitoandVector
ControlAssociationofCaliforniaHereviewednumerousresearch

papersfortheJournalofAmericanMosquitoControlAssociation
andhecoauthoredMosquitoesofNorthernCalifornia

Oftenapersonslifeisdefinedbysuchacademicand
professionalaccomplishmentsHoweverGlennstrueworthcan
befarbetterdefinedinamorelastingmannerbythewayshe
touchedguidedandinfluencedotherslivesAccordingtoGlenns
motherhewasabornnaturalistHisinterestsexistedveryearly
andrangedthroughallofnaturalhistorybutheespeciallyloved
insectsSherecallsthatGlennexpressedhisfascinationwiththe
naturalworldveryearlyinhischildhoodbyraisingtropicalfishin
anabandonedwashingmachineBeyondinsectsandfishGlenn
hadinterestsindogbreedsandwenttodogshowshelikedhiking
andparticipatedinnaturetoursandbirdwatchingandenjoyed
photographingnatureHealsohadgeologicalinterestsinminerals
andcrystalformationNativeAmericansandwildlifeartHeof

coursecollectedinsectspecimensbutalsowildlifepaintings
contemporaryNativeAmericanartgeodesfossilsrocksand
minerals

OneofGlennsmostenduringattributeswasthathegavemost
generouslyofhimselfHewasalwaysonthelookoutforan
opportunitytosharehisskillsandknowledgeofscienceHeenjoyed
mentoringbuthisstyleofteachingrequiredonetothinkHedidnt
juststepforwardtosolveaproblemevenwhenhehadananswer

InMemoriam

GlennYoshimura

StanWrightDavidBrown2MinooMadonand3LalMian

SacramentoYoloMVCD8631BondRdElkGroveCA95624
GreaterLACountyVCD12545FlorenceAvenueSantaFeSpringsCA90670

3DeptofHealthScience HumanEcologyCaliforniaStateUniversitySanBernardinoCA92407
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butratherheguidedyoutocomeupwiththecorrectanswer
yourselfThiswasoftenfrustratingbutultimatelywouldteach
reasoningandproblemsolving

GlennhadanimpeccablememoryHecouldrecallchemical
namescitationsincludingauthorandyearofpublicationorrecite
thediagnosticcharactersofhisbelovedinsectsorother
invertebrateswithoutevenahesitationforrecallHewasan

acknowledgedexpertatmosquitoandfleaidentificationalongwith
mostothercommoninsectsandevenotherinvertebratessuchas

fairyshrimpsGlennwasanencyclopedicresourceandpeople
wouldoftengotohimratherthanconsultthebiologicalabstracts
forsupportiveresearch

Hisskillsateditingmanuscriptswereastonishinghisspelling
andgrammarflawlesshisknowledgeofstyleandconventions
alwaysaccurateanduptodateandhisanalyticalabilityunrivaled

DespiteGlennsmanyskillsandabilitieshewasalwaysvery
modestHewouldreadilyshareideasgivedirectionandpolish
anothersworkwithoutexpectationoforofteneventheacceptan
ofacknowledgementHisanalyticalthinkinghasbuiltthe
foundationofmanyprojectsprogramsandpublicationsinmosquito
controlandresearchHiscontributionstomosquitocontrolthrough
hisworkoninsecticideresistanceandefficacywillstandthetest
oftimeHisfieldskillsinmosquitosamplingrecognitionof
mosquitohabitatandhisalmostunnaturaleyeformosquito
breedingsourceswillbepainfullymissed

AsareviewerfortheProceedings PapersofMVCACGlenn
wasextremelyreliableandwasalwaysthefirsttorespondwithhis
impeccableeditingstylegrammarandcheckingreferencescited
payingattentiontoeveryminutedetailGlennwasaninvaluable
resourcetotheprofessionalcommunity

GlennpassedawayOctober28th2005Glennwasadearfriend
tothemanyfolksthatknewhimGlennwillbemissedinmany
waysashetouchednumerouslivesHewillberememberedforhis

giftofgivingasmuchashisgreatlearningandmanyacademic
accomplishments

AsafriendcolleagueeditorandrevieweroftheProceedings
PapersofMVCACGlennwillbedearlymissed



Volume74

Introduction

WilliamKReisen

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616

WestNilevirusinvadedthesoutheasterndesertsandthenLos

Angelesduring2003Reisenetal2004successfullyoverwintered
andthenamplifiedrapidlyleadingtoepidemicsinRiversideSan
BernardinoandLosAngelesduring2004Hometal2005In
2004virustraversedtheTehachapiMountainsleadingtoepidemic
transmissioninthesouthernSanJoaquinValleycenteredin
BakersfieldTakahashietal2005ByyearsendWNVwas
detectedwithineverycountyofCalifornia During2005WNV
activityinsouthernCaliforniagenerallysubsidedastheepicenter
movednorthtotheSacramentoareaFig1Thelargestnumbers
ofhumancaseswererecordedinSacramentoCountyandthisledto
alargescaleemergencyadulticideapplicationtointerrupt
transmission
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WestNileVirusActivityinCalifornia
During20042005
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TheCenterforVectorborneDiseasesattheUniversityof
CaliforniaDavisincollaborationwiththeCoachellaValleyGreater
LosAngelesCountyKernandSacramentoYoloMosquitoand
VectorControlDistrictsandtheCaliforniaDepartmentofHealth
ServiceshavebeenstudyingtheinvasionofCaliforniabyWNV
collaborativelysince2003Atthe2004and2005annualmeetings
oftheMosquitoandVectorControlAssociationofCaliforniawe
summarizedourfindingsduringthefirstandsecondyearsofthis
invasionanddescribedselectedaspectsoftheecologyof
transmissionOursymposiumduring2005focusedontheepidemic
inLosAngelesandinvasionoftheCentralValleyReisen2005
Thecurrentsymposiumdescribesourresearchduringthethirdyear
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Figure1SummaryofWestNilevirusactivityduring2004and2005mapsfromCaliforniaDepartmentof
HealthServiceswebsitehttpwestnilecagov
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oftheinvasionfocusingonfactorsenablingthesuccessofthis
invadingvirusThetitlesofthetalkspresentedandthespeakers
arelistedbelow

SoutheasternCaliforniaHughLothrop
LosAngelesJWilson
KernCountyBDCarroll
RuraltransmissionamongfreerangingbirdsinSacramento
CountySWright
EpidemicamplificationinSacramentoandYoloCounties
DiaEldinElnaiem

ImpactoftemperatureonWestNilevirustransmission
WKReisen

InteractionswithStLouisencephalitisviruspartialcross
protectiveimmunityinHousefinchesYFang
FieldevidenceforverticaltransmissionWKReisen
RoleofCorvidsCBBarker

RoleofArdeidbirdsSSWheeler
ConclusionsWKReisen

Acknowledgements

Thisresearchdescribedinoursymposiumwasfundedbygrants
fromtheNationalInstitutesofAllergyandInfectiousDiseases
NIHCentersforDiseaseControlandPreventionOfficeofGlobal
ProgramsNOAACaliforniaDepartmentofHealthServicesand
theUniversitywideMosquitoResearchProgramAdditionalfunds
researchspaceandlogisticalsupportweregenerouslyprovidedby
theCoachellaValleyMVCDGreaterLosAngelesCoVCDKern
MVCDandtheSacramentoYoloMVCDwhohostedourfield

projectsMosquitopoolsweretestedattheCenterforVectorborne
DiseasesCVECUniversityofCaliforniaDavisbyMarzieh

Proc PapersMosqVectorControlAssocVol74

ShafiiNicoleKahlSiraAshtariandKaraKelleySacYolo
MVCDunderthedirectionofBarbaraCahoonYoungusin
multiplextechnologydevelopedbyAaronBraultatCVECDe
birdswerenecropsiedbytheCaliforniaAnimalHealthandFood
SafetylaboratoriesinSanBernardinoandDavisunderthedirection
ofLeslieWoodswithdeadbirdtissuestestedatCVECAvian

seraweretestedbyKaraKelleySacYoloMVCDSandraGarcia
andYingFangCVECSentinelchickenseraweretestedbythe
CDHSViralandRickettsialDiseaseLaboratoryunderthedirection
ofCCossenDataonhorseorhumancaseswereprovidedby
CountyPublicHealthDepartmentsaswellasbyCynthiaJean
CDHS

REFERENCESCITED

HomALMarcusVLKramerBCahoonCGlaserCCossen

EBaylisCJeanETuBFEldridgeRCarneyKPadgett
BSunWKReisenLWoodsandSHusted2005

Surveillanceformosquitoborneencephalitisvirusactivityand
humandiseaseIncludingWestNilevirusinCalifornia2004
Proc PapersMosqVectorControlAssocCalif736677

ReisenWK2005InvasionofCaliforniabyWestNilevirus
Year2IntroductionProc PapersMosqVectorControl
AssocCalif7378

ReisenWKHDLothropREChilesMBMadonCCossen
LWoodsSHustedVLKramerandJDEdman2004

WestNileVirusinCaliforniaEmergInfectDis101369
1378

TakahashiRMWKReisenandCMBarker2005Invasio

ofKernCountybyWestNilevirusProc PapersMosq
VectorControlAssocCalif732023
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WestNileVirusSurveillanceintheImperialandCoachellaValleys2005

HughDLothropMarcKensingtonArturoGutierrezBrankaBLothropandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
CoachellaValleyMosquitoandVectorControlDistrict43420TraderPlaceIndioCA92201

GEOGRAPHY

ArbovirussurveillanceintheCoachellaandImperialValleysis
acollaborativeeffortbytheCaliforniaDepartmentofHealthServices
CDHSUniversityofCaliforniaDavisCenterforVectorborne
DiseasesCVECtheCoachellaValleyMosquitoandVectorControl
DistrictCVMVCDandtheImperialCountyHealthDepartment
VectorControl

ThepositionsofthetwovalleysrelativetotheSaltonSeacan
beseeninFigure1Darkenedareaslocatedinthenorthwestportion
oftheCoachellaValleyandscatteredthroughouttheImperialValley
arecreatedbydenseroadgridsinresidentialandurbanareasSalt
marshesandmanagedwetlandsalongthemarginoftheSaltonSea
inbothvalleyshistoricallyhavebeenproductivesourcesforCulex
tarsalisCoquillettIntheCoachellaValleythesemarshesand
wetlandscontinuetobeannualfociofarbovirustransmissionReisen

etal1995howeverintheImperialValleythesefeatureshavenot
beenshowntobeperennialfociforarbovirusactivityLothropet

1994WestNileviruswasdetectedinitiallyinImperialCounty
ornearthesewetlandsitesduring2003Reisenetal2004

Proc PapersMosqVectorControlAssocVol74

SURVEILLANCEMETHODS

SurveillanceintheCoachellaValleyconsistedof9flocksof10
chickenseachwith2correspondingCObaitedCDCstyletrapsEVS
trapsagridof40EVStrapsaroundthenorthernshoreoftheSalton
Sea16gravidtrapslocatedinurbanareasincludingMeccaand
uplandcommunitiesandtheDHSdeadbirdsurveillanceprogram
SurveillanceintheImperialValleywasdividedbetweentheImperial
CountyHealthDepartmentwith4flockslocatedatSeeleyElCentro
BrawleyandHoltvilleandCVECandCVMVCDwith3flocks
locatedalongthesouthernmarginoftheSaltonSeaChickens
maintainedbyCVECandCVMVCDwerereplacedwhenthey
seroconvertedSelectionofthesesiteswasbaseduponhistorical
arbovirusactivityandjuxtapositionwithhumanpopulationsFlocks
andEVStrapsweresampledbiweeklyfromMarchthrough
NovemberMosquitoeswereidentifiedenumeratedbyspecies
pooledandsenttoCVECforvirustesting

Figure1TheSaltonSeabasinshowingthepositionoftheCoachellaandImperialValleys
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CHRONOLOGY

ThefirstdetectionofWNvirusintheCoachellaValleywas
foundin2poolsofCxtarsaliscollectedinEVStrapsnearNorth
Shoreon29MayFig2Thissitehasbeenthehistoricalearly
seasonfocusofSaintLouisencephalitisvirusandwasthesiteof
thefirstdetectionofWNVduring2004InearlyJuneonechicken
nearIndioseroconvertedfollowedinlateJunebyfivepositive
poolsofCulexquinquefasciatusSayinIndioRanchoMirageand
IndianWellsaswellastwopositivepoolsofCxtarsalisatMecca
andalongthenorthernshoreoftheSaltonSeaDuringearlytomid
JulychickenscontinuedtoseroconvertinthelowervalleyIndio
ThermalandMeccaandalongtheSaltonSea4flockswith
onlyonepositiveCxtarsalispoolcollectednearMeccaDuring
thesameperiod25positivepoolsofCxquinquefasciatuswere
collectedinRanchoMirageIndianWellsandPalmDesertwith
chickensseroconvertinginPalmSpringsandPalmDesertThe
firstpositivedeadbirdwasahousefinchsubmittedfortestingon
25JulyfromCathedralCityfollowedbyapositiveAmericancrow
fromPalmSpringson8AugustInearlyAugust2positivepools
ofCxtarsaliswerecollectednearNorthShoreand4positivepools
ofCxquinquefasciatuswerecollectedinCathedralCityRancho
MirageandPalmDesertwithachickenseroconvertingatPalm
SpringsTheJulyincreaseinenzootictransmissionwasassociated
withtheappearanceofhumancasesfromDesertHotSpringsand
fromRanchoMirageinearlyAugustAtmidAugustchickenshad
seroconvertedatPalmSpringsIndioMeccaandalongtheShore

oftheSaltonSeanearMeccaAnotherhumancasewasreported
fromIndianWellsduringthisperiodInlateAugustonepositiv
poolofCxquinquefasciatuswascollectedinPalmDesertan
chickenshadseroconvertedatPalmSpringsPalmDesertIndio
MeccanearMeccaalongtheSaltonSeaandthewestshoreThe
thirdpositivedeadbirdacaptiveflamingofromPalmDesertwas
submittedonSeptember1DuringthefirsthalfofSeptember2
positivepoolsofCxquinquefasciatuswerecollectedfromPalm
DesertandIndianWellswhile13positivepoolsofCxtarsalis
werecollectedalongtheSaltonSeasouthofMeccaandthewest
shoreDuringthisperiodahumancasewasreportedfromPalm
DesertandchickenshadseroconvertedinPalmSpringsPalm
DesertIndioandNorthShoreInthesecondhalfofSeptember
onehumancasewasreportedfromPalmSpringsDuringthisperiod
1positivepoolofCxquinquefasciatuswascollectedwestofIndio
and8positivepoolsofCxtarsaliswerecollectedfromthearea
southandeastofMeccaalongthemarginoftheseaAtthesame
timechickenshadseroconvertedinPalmSpringsandalongthe
northernshoreoftheSaltonSeaInearlyOctober1positivepool
ofCxquinquefasciatuswascollectedinIndioandchickenshad
seroconvertedinMeccaandsouthofMeccaalongthewestshore
oftheSaltonSeaInearlyNovemberthelast2positivepoolsof
CxtarsaliswerecollectedwestofMeccaandalongthenorthern
marginoftheSaltonSeaAtthistimechickenshadseroconverted
alongthenorthernmarginandwestshoreoftheSaltonSeaThe
lastchickenhadseroconvertedatNorthShoreinlateNovember

Figure2CoachellaValleysurveillanceAllsymbolsindicateWNVpositivesites
Proc PapersMosqVectorControlAssocVol74
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IntheImperialValleyWNVwasdetectedfirstattheSonny
IonoNationalWildlifeRefugeSBNWRon25MayFig3inI

oo1ofCxtarsalisFollowingthisWNVwasnotdetecteduntil
earlyJulywhenchickensseroconvertedatWestmorlandandWister
WildlifeRefugeWWRfollowedbychickensatSeeleyinlate
JulyInearlyAugust1positivepoolofCxtarsaliswascollected
atSBNWRand1positivepoolofCxerythrothoraxDyarwas
collectednorthofElCentroDuringthisperiodchickens
seroconvertedatSBNWRSeeleyElCentroHoltvilleand
WestmorlandInlateAugust3positivepoolsofCxtarsaliswere
collectedfromWWRand1fromSeeleyDuringthisperiod
chickenshadseroconvertedatWWRSeeleyHoltville
WestmorlandandBrawleyInearlySeptember1positivepoolwas
collectedatWWRandchickenshadseroconvertedatSBNWR

HoltvilleBrawleyandElCentroInlateSeptember2positive
poolswerecollectedatWestmorlandandSBNWRandchickens
hadseroconvertedatElCentroandSBNWRInearlyOctober
chickenshadseroconvertedatthesamesitesWestNilevirus

activitywaslastdetectedinlateOctoberinseroconvertedchickens
atWestmorlandandSBNWR

SUMMARY

IntheCoachellaValleyWNVwasfirstdetectedattheendof
March2005morethanamonthlaterthanin2004butagainin
poolsofCxtarsalisatthesameNorthShorefocusShortly
thereafterWNVappearedinCxquinquefasciatusinresidential

neighborhoodsintheuppervalleycontrastingwith2004when
positivepoolsofCxquinquefasciatuswerenotfoundintheupper
valleyuntilAugustLothropetal2004Thelevelofactivity
throughoutthevalleyremainedlowthroughJuneandwasdetected
inbothCxtarsalisandCxquinquefasciatusDuringthisperiod
only1chickenatIndioseroconvertedThehighestinfectionrate
IRBiggerstaff2003inCxquinquefasciatusappearedinJuly
Fig4attheatimeofmaximumtemperaturesbutlowestrelative
abundanceInterestinglyscatteredhumancasesbegantoappear
inAugustwhileabundanceremainedlowandCxquinquefasciatus
IRdeclinedTwomorehumancasesoccurredinSeptemberasCx
quinquefasciatusabundanceroseslightlyandIRdeclined
ThroughouttheseasoninthelowervalleytheabundanceofCx
tarsaliswashigherFig5thanCxquinquefasciatusbuttheIR
waslowerandnohumancaseswerereportedinareaswhereCx
tarsalispredominatedNopositivepoolsofCxquinquefasciatus
werecollectedfromthelowervalleyalthoughthisspecieswas
locallypresentinthatregionInurbanareastherewasa
disconnectionbetweenchickenseroconversionsandIRinCx

quinquefasciatuswithhigherIRinJuneandJulyandhigher
infectionsinchickensinAugustandSeptemberAsimilarpattern
wasseenforhumaninfectionsHighIRinCxquinquefasciatus
between5and20per1000precededhumaninfectionbymore
thanamonthalthoughthehighestIRof37wasdetectedwithin3
weeksofthefirstcaseThelackofhumancasesfromthelower

valleywithIRof3orlessinCxtarsalismightbeassociatedto
thepredilectionoftheresidentstheretoseekmedicaltreatmentin

Figure3ImperialValleysurveillanceAllsymbolsshowWNVpositivesites

Proc PapersMosqVectorControlAssocVol74
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MexicoInthiswaylocalcaseswouldgounreportedWestNile
virusactivityendedinNovemberandwasassociatedwithCxtarsalis
aroundthemarginoftheSaltonSeaAttheendoftheseasonWNV
hadbeendetectedatallsurveillancesitesthroughoutthevalley

IntheImperialValleyWNVwasfirstdetectedatSBNWRthe
samesitethatitwasdetectedlastin2004AsintheCoachellaValley
noWNVactivitywasdetectedinJuneAugustandSeptemberwere
themonthsofhighestWNVactivitywithseroconversionsthroughout
thevalleyandthecollectionof9of10positivepoolsApartfrom
the3sitesmanagedbytheCVMVCDalongthemarginoftheSalton
Seareliablemosquitopooldatawerelackingduetotrappingfailures

Proc PapersMosqVectorControlAssocVol74

intherestofthevalleyThisleavesCxquinquefasciatusinvolvement
inquestionsinceallbutonepositivepoolconsistedofCxtarsali
HistoricallySLEVactivityhasbeenlinkedwithelevatedC
quinquefasciatusalongtheNewRiverWorketal1977West
NilevirusactivitywaslastdetectedalongthemarginoftheSalton
SeainOctoberamonthearlierthanintheCoachellaValleyhowever
thesensitivityofthesurveillancewaslowerduetotheaccumulation
ofseroconvertedchickensintheflocksnotmaintainedbyCVMVCD

WesternequineencephalomyelitisviruswasdetectedinCx
tarsalispoolsfromJuneandSeptemberintheCoachellaValleyand
MayandJuneintheImperialValleyChickensseroconvertedinJuly
AugustandOctoberintheCoachellaValleyandJuneandJulyinthe
ImperialValleyTherewerenopositivemosquitopoolsorchicken
seroconversionsforSaintLouisencephalitisvirusineithervalleyor
thestateofCaliforniaduring2005ThiswasthethirdyearthatWNV
amplificationfailedtoattainepidemiclevelsalthoughwidespread
enzootictransmissionwasdetectedinbothvalleys
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ThreeYearsofWestNileVirusinGreaterLosAngelesCounty

JenniferLWilson WilliamKReisenMinooBMadon

1GreaterLosAngelesCountyVectorControlDistrict12545FlorenceAveSantaFeSpringsCA90670
UniversityofCaliforniaDavisOneShieldsRdDavisCA95616

ABSTRACTThe2005seasonmarkedthethirdyearofWestNilevirusWNVinvasionintheGreaterLosAngelesareaThis
seasonshowedtheprogressionofviraltransmissiontowardscoastalregionsandtheSantaClaritavalleyareasthathadlittle
viralactivityinthetwoyearspriorConverselyareaswithhighlevelsoftransmissionduringthe2004seasonhadlesser
activityin2005whichmaybeattributabletohighantibodytitersinfreerangingwildbirdpopulationsOveralltherewasa
markeddecreaseinthenumbersofWNVpositivedeadbirdsandmosquitopoolsreportedthroughouttheGreaterLosAngeles
CountyVectorControlDistrictsGLACVCDboundarieswhichalsocorrespondedinahumancasereductionfrom200in
20047fatalto29casesnofatalitiesin2005

INTRODUCTION

WestNilevirusWNVwasfirstdetectedintheGreaterLos

AngelesareainSeptember2003Duringthisseasonofintroduction
therewereatotalof25positivedeadbirdsand6WNVmosquito
poolsallfocusedaroundtheWhittierNarrowsNaturePreserve
crowroostandsurroundingriverbasinsThe2004seasonbegan
inearlyMarchwiththedetectionofantibodiesinfreeranging
peridomesticbirdsneartheWhittierNarrowscrowroostThis
epizooticamplificationcontinuedtobedetectedinthesurrounding

mmunitiesspreadingsouthwardtowardsthecoastasevidenced
yWNVdeadbirdsandmosquitopoolsBylateMayWNV

deadbirdsweredetectedintheSanFernandoValleyandinfected
mosquitoesweredetectedwithinaweekBothofthesesurveillance
indicatorspreceededhumanandhorsecasesinthe2004season
whereassentinelchickenseroconversionsprovidedlittleornoearly
warningofdiseasetransmission

MATERIALSANDMETHODS

Surveillancecontinuedinthe2005seasonwiththemonitoring
ofmosquitoabundanceusingbothCDCstyleEVStrapsbaited
withCOandGravidtrapsbaitedwithalfalfayeastmediumThese
trapsweresetintransectsalongriverbasinsandmajorhighways
aswellasinsitesestablishedascoresitesWilsonetal2004
2005wheresentinelchickensandwildbirdsamplingwerealso
simultaneouslycontinuedMosquitoeswereidentifiedtospecies
separatedbysexandsubmittedtotheCenterforVectorborne
DiseasesCVECattheUniversityofCaliforniaDaviscampus
forscreeningofwesternequineencephalomyelitisWEEStLouis
encephalitisSLEorWNVRNAbyreversetranscriptase
polymerasechainreactionRTPCRMaximumLikelihood
EstimationsMLEwerecalculatedbiweeklyusingPooledlnfRate
20softwareBiggerstaff2004

WildBirdsamplingcontinuedbimonthlythroughoutthe2005
easonatsevensitesusingmodifiedAustraliancrowtrapsbaited
ithwildbirdseedPeridomesticbirdswerecapturedbanded

sampledbyjugularvenipuncturewithdrawalof01ccbloodand

Proc PapersMosqVectorControlAssocVol74

releasedThewholebloodwasdilutedwith09ccsaline09

sodiumchloridecentrifugedandtheserawerefrozenat70C
andshippedtoCVECforWNVSLEandWEEantibodyscreening
byEIA

Sentinelchickensampleswereobtainedbybrachial
venipuncturesamplesweretransferredontofilterpaperandallowed
todrythenshippedtotheCaliforniaDepartmentofHealthServices
CDHSViralandRickettsialDiseaseLaboratoryVRDLfor
WNvWEEandSLEantibodyscreeningbyenzymeimmunoassay
EIAandindirectfluorescentassayIFADeadbirdswereshipped
fornecropsytotheCaliforniaDepartmentofAnimalHealthand
FoodSafetyCAHFSandsubsequenttissuesamplesweresentto
CVECforWNviralRNAscreeningbyRTPCR

HumancaseswerereportedbytheLosAngelesCounty
DepartmentofHealthServicesLACoDHSAcute
CommunicableDiseaseControlACDCandreportedas
epidemiologicinformationwasmadeavailableEquidcaseswere
reportedbytheLACoDHSVeterinaryPublicHealth

RESULTSANDDISCUSSION

ThefociofWNVactivityinLACountyduringthe2005
seasonmovednorthwardintotheSantaClaritaareawiththe

majorityofWNVdeadbirds73146andhumancases529
TheWhittierNarrowscrowroostaprevioushotspotofactivity
meanwhilehadnoactivityFig1

Theincidenceofhumancasessharplydeclinedinthe2005
seasonandwhencomparedtotheseroprevalenceofantibodiesin
peridomesticbirdsoverthe3yearperiodmaybeexplainedbythe
highnumbersofnonsusceptiblereservoirhostsattheonsetofthe
seasonLaterintheseasonseroprevalenceratesdroppedandthe
humancasesoccurredFig2

TheabundanceofCulexquinquefasciatusSayduringthe2005
seasonpeakedinMaywith5422femalestrapnightFTNMLEs
peakedinAugustat9541000femalesWhencomparedtothe
2004seasonofwidespreadepidemicepizooticabundancepeaked
laterinJunewith7005FTNbutMLEspeakedsimilarlyinAugust
at26141000Fig3
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rateMLEofCxquinquefasciatustheprimaryurbanvectorofWNVinGreaterLosAngeles

Ofthetotalof70chickens7flocksonly19seroconverted
duringthe2005seasonwhichagainwereprecededbyallother
surveillanceindicators

CONCLUSION

Date

After3yearsofWestNilevirusactivityintheGreaterLos
Angelesareawehaveseenapatternofintroductionduringthe
firstseasonamplificationandtransmissionduringthesecond
seasonandsubsidenceduringthethirdseasonThespreadof
introductionofthevirusprogressedfrominlandaroundthesiteof
theWhittierNarrowscrowroosttowardsthecoastandthenmoved
northwards

Whenavianepizooticactivitywasoccurringasmonitoredby
seroprevalenceinhousesparrowsandhousefinchesaswellas
infectionratesinCxquinquefasciatushumancaseswereonthe
risesimultaneouslyOncethistransmissionactivitydeclinedwe
alsosawasubsidenceinhumancases

While2005wasaperiodofepizooticepidemicsubsidence
formostoftheGreaterLosAngelesareahumancasesstilloccurred
duringperiodwhenherdimmunityofperidomesticbirdswaslow
andtemperaturesfacilitatedviralgrowthinthemosquitohosts

Proc PapersMosqVectorControlAssocVol74
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TheReappearanceofWestNileVirusinKernCountyDuring2005
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ABSTRACTWestNileVirusWNVreappearedinKernCountyinmidJune2005andwasdetectedbyallsurveillancemethods
HumancasesweredetectedwithindaysofothertransmissionindicatorsActivityduring2005wassimilarto2004withinfections
detectedin66humans26equines121sentinelchickens44deadbirdsand235mosquitopoolsIncontrastto2005therewere
412EIApositivewildbirdseraalmostthreetimesthe157positivesdetectedin2004Duringthissecondyearofvirusactivity
WNVwasfoundthroughouttheCentralValleyportionofthecounty

INTRODUCTION

During2003WestNilevirusWNVactivitywasrestricted
tosixcountiessouthoftheTehachapiMountainsImperialLos
AngelesOrangeRiversideSanBernardinoandSanDiegoHom
etal2004ByJune2004therewasevidenceofWNVspread
northoftheTehachapimountainrangeandintotheBakersfield
areaTakahashietal2005FromthereWNVquicklyspread
throughouttheentirestateandbytheendoftheyearWNVhad
beendetectedineverycountyHometal2005 Thecurrent

paperdiscussesthereappearanceofWNVinKernCountyin2005
itsdetectionbyvarioussurveillancemethodshowitspreadthrough
thecountyanddifferencesbetweenthe2005and2004surveillance
years

WestSideMVCD

A ChickenFlock

MosquitoPoolSite

WildBirdSamplingSite

MVCDboundaries

Figure1SurveillancesitesinKernCounty2005

MATERIALSANDMETHODS

BackgroundSurveillanceinformationwasgatheredby
multipleagenciesincludingfiveseparatemosquitocontrolagencies
theKernCountyDepartmentofPublicHealthEdwardsAirForce
BaseandtheArbovirusFieldStationAFSoftheUniversityof
CaliforniaDavisUCDAmajorityofthedatainthisreportwas
collectedwithintheboundariesoftheKernMosquitoandVector
ControlDistrictKMVCDthelargestdistrictinthecounty
covering1650squaremilesOtherdistrictsincludeDelano

MosquitoAbatementDistrictSouthForkMosquitoAbatement
DistrictWestSideMVCDandAntelopeValleyMVCDSampling
locationsareshowninFig1

AntelopeValleyMVCD

Proc PapersMosqVectorControlAssocVol74



Species Pools

Total

tested

WNV

Positive

MIR

1000

Culexapicalis 1 5 0 0

Culexerythrothorax 50 2079 0 0

Culexquinquefasciatus 417 15129 104 68

Culexstigmatosoma 1 5 0 0

Culextarsalis 703 31329 131 42

Culexthriambus 1 8 0 0

Aedesmelanimon 173 7152 0 0

Total 1346 55707 235
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DeadBirdsDeadbirdswerereportedbythepublictothe
aliforniaDepartmentofHealthServicesVectorborneDisease

rveillancehotlinewhoforwardedpertinentinformationtothe
localvectorcontrolagencyforbirdpickupBirdsthenwere
submittedtotheCaliforniaAnimalHealthandFoodSafety

CAHFSCentralLaboratoryatUCDfornecropsyOralswabs
andorkidneytissueweresenttotheUCDCenterforVectorborne
DiseasesCVEClaboratoryfortestingbysingleplexreverse
transcriptasepolymerasechainreactionRTPCRandorvirus
isolationonVerocellculture

MosquitoesMosquitoeswerecollectedbiweeklybydryice
baitedCDCtrapsSudiaandChamberlain1962andbyReiter
CummingsgravidtrapsCummings1992Collectionswere
identifiedbyspeciesandpooledintogroupsof50femaleseach
andthentestedforviralRNAbyCVECusingamultiplexRTPCR
thatdetectsWNVaswellasStLouisencephalitisSLEandwestern
equineencephalomyelitisvirusWEEChilesetal2004

ChickensSerawerecollectedbiweeklyfrom10henswithin
eachof14flocksIndividualbloodsampleswerecollectedonstrips
offilterpaperthensenttoCDHSViralandRickettsialDiseases
LaboratoryVRDLfortestingforIgGantibodybyanindirect
enzymeimmunoassayEIAReisenetal1994Positiveswere
confirmedbyindirectfluorescentantibodyIFAandendpoint
plaquereductionneutralizationtestsPRNT

HumansandEquinesHumanandequinecaseinformation
wasprovidedbytheKernCountyDepartmentofPublicHealth
andbytheCaliforniaWestNileVirusSurveillanceInformation

nter

FreeRangingBirdsBirdswerecollectedbiweeklybymist
nettingandgrainbaitedtrapsbandedandabloodsampletaken
01mlinto09mlsalineSampleswereclarifiedbycentrifugation
andthenscreenedforantibodybyanEIAChilesandReisen1998
withpositivesconfirmedandidentifiedbyPRNTSeraconfirmed
aspositivebutwithouta4XdifferencebetweenWNVandSLE
endpointtiterswerelistedasunidentifiedFlavivirus

RESULTS

WNVwasdetectedinitiallyinadeadhousefinchfoundin
lateFebruary2005inBakersfieldTwodayslaterabarnowlfound
deadatEdwardsAirForceBasetestedpositiveTherewasalsoa
housesparrowfoundinlateMarchBasedonthetimingandlocation
ofthesebirdstherewasnowaytodetermineifthesewerenew
infectionsorresidualRNAfromchronicinfectionsacquiredthe

previousyear
During2005235of1596mosquitopoolsfromKernCounty

testedpositiveforWNVTable1FromlateFebruarythrough
May20051835CulexerythrothoraxDyar2163Cx
quinquefasciatusSay9499CxtarsalisCoquillettand2032Aedes
melanimonDyarweretestedforvirusinfectionin390poolswith
negativefindingsOn10JunesevenpoolsofCxquinquefasciatus
fromasinglegravidtrapfromthecommunityofGreenfieldonthe
outhemedgeofmetropolitanBakersfieldtestedpositiveforWNV
tookelevenmoredaysforthevirustoamplifyandstartspreading

On21Junethreemorepositivepoolstestedpositivefromthree

differentsitesBy28June12morepoolsfrom5newareaswere
addedtothelistAllofthesewereCxtarsalisandwerecollected

byCDCtrapsOfthesixmosquitospeciessubmittedfortesting
WNVwasonlydetectedinCxquinquefasciatusandCxtarsalis
Minimuminfectionratesper1000MIRs1000forCx
quinquefasciatusandCxtarsaliswereca20duringJunespiked

Table1MosquitominimuminfectionratesinKernCounty
2005

Includesfemalescollectedbygravidtraps

toandremainedaround11throughJulyandAugustandthenfell
inSeptemberto5forCxquinquefasciatusand11forCxtarsalis

Markedviralamplificationwasmeasuredduringlastfewweeks
ofJuneFig2andbytheendofthemonththerewere27positive
mosquitopools6deadbirds4chickenseroconversions1equine
caseand32freerangingbirdseropositivesbut0humancases
TherewasasharpincreaseinvirusactivityinJulyassociatedwith
risingsummertemperaturesremainedrelativelyconstantthrough
AugustVirusactivitythendeclinedinSeptemberandcametoan
endinOctoberandearlyNovemberSeroprevalenceratesinfree
rangingbirdsremainedelevatedwith4lpositivesinOctoberand
38positivesinNovember
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City MosquitoesChickensHumansEquines
Dead

Bird

Free

Ranging
Birds

Arvin 16 23 2 0 0 6

Bakersfield 156 58 48 20 31 388

Buttonwillow 13 11 0 0 0 0

Delano 0 0 2 0 1 0

Edwards 0 0 0 0 6 0

Lamont 7 0 1 0 1 0

Lebec 0 0 0 2 1 0

LostHills 20 16 0 0 0 18

McFarland 0 0 4 0 0 0

Rosamond 0 0 0 2 1 0

Shafter 14 0 3 1 0 0

Taft 6 0 1 1 2 0

Wasco 3 12 1 0 1 0

Weldon 0 1 0 0 0 0

Total 235 121 664 26 44 412
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Atotalof110chickensfrom14flocksseroconvertedtoWNV

inKernduringthe2005surveillanceseasonTable2Thefirst
chickeninfectionsoccurredbefore27Junewithfourpositives
fromthreeflocksbeingconfirmedTheseflockswereinArvin
southeastofBakersfieldBakersfieldandPumpkinCenterjust
southofBakersfieldBytheendofJulyWNVhadspreadtoalmost
everychickenflockineveryareawith42newseroconversions
ThistrendcontinuedintoAugustwith47newseroconversionsBy
SeptemberWNVinfectedchickensweredetectedatthemountain
communityofWeldonsome45milesnortheastofBakersfieldat
anelevationof2653ftFlockscontinuedtoseroconvertintolate

SeptemberandearlyOctoberwhensurveillancewashaltedorthere
werenolongeranyreplacementchickensavailable

Table2Summaryofpositivesurveillanceresultsbycitieswithin
KernCounty2005

Includes4ofunknownlocations

Theyearendedwith66laboratoryconfirmedhumancases
therewerenodeathsin2005Fortyeightofthesecaseswerelocated
inoraroundthemetropolitanBakersfieldareaTherestwerelocated
insmallagrariancommunitiesonthevalleyfloorTable2

Theyearendedwith26confirmedpositiveWNVequinecases
including7fatalitiesTwentyofthe26caseswerelocatedin
metropolitanBakersfieldtwowereinthemountainssouthof
BakersfieldjustnorthofLosAngelesandonewasinthedesertin
easternKernCountyTheonlyotherevidenceofWNVactivityin
easternKernCountywassevendeadbirdsTherewerenomosquito
poolspositiveandnohumancases

Overall44deadbirdstestedpositiveforWNVTable2The
mostfrequentlyreporteddeadbirdspecieswerewesternscrub
jaysandAmericancrowseachwith12deadOtherspeciesincluded
housefinches5barnowls4housesparrows4American
kestrels2Americanrobins2commonraven1redtailed
hawk1andunidentifiedsparrow1Thirtyoneofthe44positive
deadbirdsfoundinKernCountywerefoundinoraround
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metropolitanBakersfieldTable2andfivewerefoundinthesmall
citiesofDelanoWascoTaftandLamontOnewasfoundint
mountaincommunityofLebecThereweresevenfoundoutside
theSanJoaquinValleyandEastoftheTehachapiMountainRange
inEdwardsAFBandRosamondSincethedeadbirdprogramrelies
onthepublictofindandreportthedeadbirdsmostofthedead
birdswerefoundinmetropolitanBakersfield Asparsehuman
populationandlargenumbersofscavengersmostlikelyreducedthe
effectivenessofthedeadbirdprograminruralareas

Thefreerangingbirdseroprevalenceprogramdetected412EIA
positivesduring2005thatrepresented22speciesTable3Positivity
ratesrangedfrom1to50 dependinguponspeciesandresidence
statusAsexpectedmostofthetransientmigrantsandwinterresidents
hadlowseroprevalenceratescomparedtoyearroundresident
species

Table3SpeciesoffreerangingbirdstestingpositiveforFlavivirus
KernCounty2005

Species Totaltested Totalpositive positive
Ashthroatedflycatcher 9 2 222

Brewersblackbird 25 4 160

Brownheadedcowbird 79 3 38

Bullocksoriole 40 4 100

Californiaquail 257 72 280

Californiathrasher 10 1 100

Coopershawk 2 1 500

Goldencrownedsparrow 122 2 16

Greaterroadrunner 4 1 250

Housefinch 326 58 178

Housesparrow 147 12 82

Lazulibunting 4 1 250

Loggerheadshrike 9 3 333

Marshwren 26 1 38

Mourningdove 380 115 303

Nuttallswoodpecker 3 1 333

Redwingedblackbird 45 2 44

Rockpigeon 129 10 78

Songsparrow 311 7 23

Tricoloredblackbird 44 1 23

WesternScrubJay 208 99 476

Whitecrownedsparrow 948 12 13

Total 3128 412 132

DISCUSSION

Examiningtheseasonalityofpositivesurveillanceindicators
revealedseveralpatternsFirstthedeadbirdsthatwerepositivein
FebruaryMarchandAprilmostlikelydidnotrepresentcurrent
transmissioneventsandmayhavebeeninfectedduring2004because
therewerenootherindicationsofvirusactivityduringlatewinter
andearlyspring2005 Previousstudieshaveshownthatbirds

survivingWNVinfectionfrequentlyretainRNAwithinthekidn
foraslongas8wksReisenetal2006andthereforethesebir
couldhavebeenchronicallyinfectedanddiedduetoothercauses
Secondassoonasmosquitopoolsbecamepositiveandincreasedin
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numbertherewasaconcurrentincreaseinthenumberofdeadbirds
hickenseroconversionsandhumancasesThistrendwassimilar

ringviralsubsidenceinlatesummeriedecreasedmosquito
infectionrateswerefollowedbydecreasesintheremaining
surveillanceindicatorsThirdtherewasadecreaseinseroprevalence
ratesamongwildbirdsinJuneandJulyperhapsduetonatural
mortalityamongolderimmunebirdsandincreasesinthenumbers
ofhatchingyearbirdsdilutingthenumberswithantibody

ThereweredifferencesinWNVactivitybetween2005and2004
Takahashietal2005In2004WNVactivitystartedinthe
southeasterncornerofthevalleyandmovedintoBakersfieldand
thentothewestsideofthevalleyIn2005WNVactivityfirst
appearedinBakersfieldandthenseemedtospreadoutwardinall
directionsatarapidpaceeventuallyaffectingallmonitoringsites
allacrossthevalleyItwasnotpossibletodetermineifthisapparent
dispersalwastheresultofviralmovementordelayedlocal
amplificationanddetectionVirusactivityslowedinSeptemberand
finallysubsidedinOctoberandNovemberwhenCxtarsalisenter
diapauseBellamyandReeves1963Nelson1964Bylookingat
theoverallincidenceandpositivityratesitappearedasif2005and
2004werequitesimilarhoweverthespatialandtemporalpatterns
werequitedifferentTable4Althoughtherewereapproximately
thesamenumberofhumancasessentinelchickenseroconversions

andmosquitopoolspositivetherewashalfthenumberofequine
casesanddeadbirdsInadditiontherewasalargeincreasein
seroprevalenceamongfreerangingbirdsthatmayinitiatedthedecline
ofWNVactivityinSeptemberWithalmostallofthesebeingresident

ecieshostseekinginfectedmosquitoeslikelyhadfewerantibody
egativeavianhoststoutilizeinthetransmissioncycleInsummary

allsurveillancesiteswereaffectedbyWNVin2005Itwillbevery
interestingtoseewhereitreemergesin2006andifthehighlevelof
seroprevalencewithintheaviancommunitywilldampenvernal
amplification

Table4NumbersofpositivesinKernCountyduring2005and
2004
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2005 2004

Humancases 66 60

Sentinelchickens 111 101

Mosquitopools Positive 235 214

TotalTested1596 1367
M
equinecases 26 46

Deadbirds Positive 44 87

TotalTested 240 159

Wildbirds EIAPositive 412 157

TotalTested3476 3400
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LocalAmplificationofWNVinWildBirdPopulations
inSacramentoandYoloCountiesCalifornia

StanWrightVeronicaArmijosSarahWheelerKaraKelleyBeatrixTreitererWilliamReisen
DiaElnaiemandDaveBrown

SacramentoYoloMosquitoandVectorControlDistrictElkGroveCA95624
2CenterforVectorBorneDiseaseSchoolofVeterinaryMedicineUCDavisCA95616

3USFishandWildlifeServiceStoneLakesNWRElkGroveCA95758

ABSTRACTWestNileVirusWNVfirstarrivedinnorthernCaliforniain2004andamplifiedtoepidemiclevelsin2005
ForseveralyearspriorandthroughtheepidemicinSacramentoCountywildbirdsweresampledforevidenceofWNV
infectionandamplificationusingmistnetscrowtrapsandgroundtrapsEachsampledbirdwasbledandbandedaccordingto
protocolsestablishedbytheUSGeologicalSurveyBirdBandingLaboratoryinLauralMDWildbirdbloodwastestedfor
antibodytoWNVbybothanenzymelinkedimmunosorbentassayELISAandaplaquereductionneutralizationtestPRNT
Serathatneutralizedgreaterthan80oftheWNVplaqueformingunitsatadilutionequaltoorgreaterthan120were
consideredserologicallypositiveendpointtiters4Xthecompetingviruswererequiredfordefinitiveidentificationofthe
infectingvirusDuring2004and20054912wildbirdsfrom89speciesweresampledforWNVantibodyOftheseantibody
wasdetectedin12of28familiesTable1thatincluded24speciesofwildbirdsTable2Theearliestdetectionofantibodies
occurredintwospeciesofHirundinidaethatareneotropicalmigrantsthepurplemartinandthecliffswallowThesebirds
providedanearlywarningoflocalvirusactivityweeksbeforetheconventionaldetectionofvirustransmissioninsentinel
chickensandinfectioninmosquitopoolsWithin6weeksofthefirstdetectioninmigrantbirdsantibodywasdetectedin
residentwildbirdswherefrom18speciesin200474andin200589oftheantibodywasdetectedSomesiteswithinour
studyareahadagreaterproportionofinfectedbirdsdetectedearlierintheyearrelativetootherlocationsSomeinfected
speciessuchasashthroatedflycatchersappearedtodeclineinabundancewhileotherspeciesshowednosignificantchange
inabundancerelativetoyearspriortotheWNVinvasionPeakmonthsforthedetectionofWNVinfectionsinwildbirdswere
Septemberin2004andinAugustof2005Thesemonthscorrespondwiththegreatestabundanceofhatchingyearyoungfrom
theresidentbirdpopulationsFormanyabundantresidentbirdspeciesthejuvenilepartofthepopulationhadthehighest
proportionofantibodypositiveindividualsHousefinchesappeartobesignificantcontributorstolocalvirusamplificationas
thisspeciesrepresented46oftheantibodypositivebirdsin2005Furthermore85ofthejuvenilemembersofthehouse
finchpopulationwereidentifiedantibodypositiveforWNVConsideringthatca70ofexperimentallyinfectedindividuals
succumbtoinfectionourdataindicatethatmostindividualsbecameinfectedduring2005

Table1WildbirdfamiliessampledinSacramentoandYoloCountiesandthenumberandpercentofantibodypositivebirdsforWNVin
2004and2005

FamilyofWildBird
Anatidae

Ardeidae

Columbidae

Accipitridae
Phasianidae

Tytonidae
Alcedinidae

Picidae

Tyrannidae
Corvidae

Hirundinidae

Paridae

Sturnidae

spp
4

4

3

4

2

1

1

4

7

4

2

1

1

n

107

24

347

12

28

8

5

99

221

120

217

71

19

PRNT

2

7

30

5

2

0

0

0

3

2

4

0

0

pos

19

292

86

417

71

0

0

0

13

17

18

0

0

Sittidae 2 7 0 0
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FamilyofWildBird
Troglodytidae
Turdinae

Timaliinae

Laniidae

Mimidae

Bombycillidae
Vireonidae

Parulidae

Thraupidae
Emberizae

Cardinalidae

Icteridae

Fringillidae
Ploceidae

spp
3

3

1

1

1

1

3

8

1

13

3

5

4

1

n

37

248

206

2

10

1

85

204

21

1662

174

198

917

27

PRNT

0

0

0

0

0

0

0

0

0

4

2

0

29

1

pos

0

0

0

0

0

0

0

0

0

02

11

0

32

37



WildBirdSpecies n PRNT

BlackcrownednightheronNycticoraxnycticorax 9 4 440

SnowyegretEgrettaChula 6 3 500

SnowgooseChencaerulescens 9 1 110

MallardAnasplatyrhynchos 87 1 11

CoopershawkAccipitercooperi 4 1 250

RedshoulderedhawkButeolineatus 4 3 750

RedtailedhawkButeojamaicensis 1 1 1000

CalifonriaquailCallipeplacalifornica 20 1 50

RingneckedpheasantPhasianuscolchicus 8 1 125

RockpigeonColumbalivia 325 27 83

MourningdoveZenaidamacroura 21 3 140

CliffswallowHirundopyrrhonota 145 3 21

PurplemartinPrognesubis 22 1 45

WesternscrubjayAphelocomacoerulescens 88 2 23

AshthroatedflycatcherMyiarchuscinerascens 21 2 95

BlackphoebeSayornissaya 141 1 07

BlackheadedGrosbeakPheucticusmelanocephalus 143 2 14

SpottedtowheePipilomaculatus 288 1 03

SongsparrowMelospizamelodia 448 1 02

FoxsparrowPasserellailiaca 201 1 05

GoldencrownedsparrowZonotrichiaatricapilla 501 1 02

AmericangoldfinchCarduelistristis 40 1 25

HousefinchCarpodacusmexicanus 785 28 36

HouseparrowPasserdomesticus 27 1 37
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Table2Wildbirdspeciesthatwereantibodypositivein2004and2005
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EpidemicAmplificationofWestNileVirusinSacramentoandYoloCounties
JuneSeptember2005
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WestNileVirusWNVisamosquitoborneFlavivirusFamily
FlaviviridaegenusFlavivirusthatmaycauseanumberofdisease
syndromesinhumansandmayleadtodeathinsomecasesHayes
2005InnatureWNVismaintainedandamplifiedwithina
mosquitowildbirdtransmissioncycleHayes2001Humans
contracttheinfectionwhenbittenbyaninfectedfemalemosquito
InCaliforniaWNVactivitywasfirstdetectedinJuly2003ina
poolofCulextarsalisCoquillettcollectednearElCentroImperial
CountyReisenetal2004During2004WNVamplifiedto
epidemicproportionsinSouthernCaliforniaandspreadnorthward
toallofthe58countiesinCAHometal2005Theinitialinvasion
andamplificationofWNVintoSacramentoandYoloCounties
occurredin2004Armijosetal2005ThefirstevidenceofWNV
activityinthesecountieswasobtainedonthe24thofJune2004
whenserafrom1of10purplemartinsand2of20CliffSwallows
testedpositiveforWNVantibodyFirstdetectionoftheviruswas
inadeadwesternscrubjayfoundinthetownofWiltononJuly8th
2004Activetransmissionwasconfirmedbydetectionofthevirus
in2poolsofCulextarsalisandonepoolofCxpipiensLcollected
onJuly23WestNileViruscontinuedtoamplifyduringAugust
andSeptember2004with18moremosquitopoolsand130dead
birdstestingpositiveFirstdetectionofWNVantibodiesinsentinel
chickenswasobtainedinSeptemberwhen19chickensfrom4flocks
testedpositiveforthevirusThenumberofpositivepoolsand
deadbirdswasgreatlyreducedinOctoberNoevidencefor
transmissionwasobtainedafterOctoberHoweverWNV

antibodiesweredetectedinDecemberfromwinterresidentgolden
crownedandfoxsparrowsOverallduring2004WNVwas
detectedin21of1231mosquitopools2 165outof446dead

birds37 and26outof100sentinelchickens26 Herewe

describetheepidemicamplificationofWNVinSacramentoand
YoloCountiesduring2005

WNVactivityinSacramentoandYoloCountieswasmonitored
asdescribedpreviouslyArmijosetal2005Oursurveillance
methodsconsistedofdeadbirdreportssupportedbylimited
laboratorytesting10flocksof11sentinelchickenstotalof110
chickensmosquitotrappingusinggravidtrapsCummings1992
andCObaitedtrapsRoheandFall1979Sentinelchickensera
werescreenedforFlavivirusantibodyusinganenzyme
immunoassayandconfirmedusingaplaquereductionneutralization
testReisenetal1994Mosquitopoolsweretestedforwestern
equineencephalomyelitisStLouisencephalitisandWNVRNA
byamultiplexRTPCRBraultetalunpublished
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SacramentowastheepicenterofWNVactivityinCalifornia
in2005BetweenJulyandOctober2005175caseswerereported
fromSacramentoand13fromYoloCountyapproxincidencerate
11per10000OftheseonepatientdiedofWNVcomplications

51caseshadneuroinvasivediseaseand15wereasymptomatic
blooddonorsAdditionallyatotalof40equinecasesand19429
deadbirdswerereportedfromthearea

ThefirstevidenceofWNVactivityinSacramentoCountycame
earlyinFebruary2005whentheviruswasdetectedinadead
yellowbilledmagpiecollectedinSacramentoThiswasfollowed
onMarch25thbyareportofWNVpositivedeadwesternscrubjay
inElkGroveSacramentoCountyBothcorvidspeciessuccumb
rapidlyafterinfectionprovidingevidenceofrecenttransmission
NoadditionalpositivedeadbirdswerereportedfromSacramento
CountyuntilJune6thandJune7whentwopositivedeadAmerican
crowswerefoundinElkGroveInYoloCountythefirst WNpositivedeadbirdwasaBrewersblackbirdfoundonFebruary
inDavisThiswasfollowedby3positiveAmericancrowsonJuly
17th

TheamplificationofWNVinSacramentoandYoloCounties
wasaccompaniedbyunprecedentedmortalityinwildbirdsFigure
1showsthenumberanddistributionofdeadbirdsreportedbythe
publicfromJanuarytoSeptember2005Becauseofthehigh
numberofreportsreceivedandlimitationsinpersonnelavailable
forpickingupdeadbirdsonlysmallsamplesofthecarcasseswere
submittedforlaboratorytestingInthesesamplestheoverall
confirmedWNVinfectionwas4779outof168birdsThe
infectionrateintesteddeadbirdsincreasedfrom814outof
37inJanuaryAprilto14429inMay Juneandreacheda

peakof8470outof83inJulyAugustActivetransmissionof
WNVsubsidedinSacramentoandYoloCountiestowardstheend

ofSeptemberInNovDecnoWNVinfectionwasfoundinseven
deadbirdsthatweresubmittedfortesting

InfectionofWNVinmosquitoesofSacramentoandYolo
Countieswasfirstdetectedon29Junand1Julin7poolsofCx
pipiensandthreepoolsofCxtarsalismosquitoescollectedfrom
ArdenParkBrookTreeParkBeachLakeStableGrandRioand

RuschParkareasofSacramentoCountyandKnightsLandingHWY
45areaofYoloCountyInfectioninmosquitoesreachedtheir
highestlevelsinJulyandAugustandthensubsidedsharplyLast
sampleofWNVpositivemosquitoeswasdetectedonthe27hof
September



Mosquitospecies

Aedesvexans

Noof

poolstested
tested

13

Totalnumber

offemales

tested

203

Noof

positive
pools

0

positive
pools

0

Minimum

infection

rate1000

females

0

Culexerythrothorax 72 1780 1 14 056

Cxpipiens 904 12539 95 105 76

Cxstigmatosoma 57 144 2 35 139

Cxtarsalis 782 18167 40 51 22

Cxthriambus 2 11 1

Ochlerotatusmelanimon 66 1542 0 0 0

Total 1896 34386 139 73 40
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Figure1DeadbirdreportsinSacramentoandYoloCountiesCAJuneSeptember2005

Table1showsinfectionratesofWNVinthemosquitopools stigmatosomaDyarfollowedbyCxpipiensandCxtarsalisThe
collectedfromSacramentoandYoloCountiesAccordingtoMIR highMIRdetectedinCxstigmatosomamaybeduetothefact
estimatesthehighestinfectionratewasobservedinCx mostpoolsofthisspecieswerecollectedbyGTtrapsdatanot

Table1InfectionratesofWNVinmosquitoescollectedfromSacramentoandYoloCountiesCaliforniaJuneOctober2005
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shownwhichattractslargerproportionsoffemalemosquitoesthat
havealreadyobtainedabloodmealandaremorelikelytobe
infectedthanthehostseekingfemalesattractedtoCO2baitedtraps
Thisfactormayalsoberesponsibleforthehighinfectionrate
detectedinCxpipiensHoweverforCxpipiensinfectionrates
inCO2baitedtrapswerealsohigherthananyotherspecies
includingCxtarsalisThisresultindicatesthatCulxpipienswas
amainamplifyingvectorofWNVinthearea

Interestinglyoutoftwopoolscontainingatotalof11females
ofCxthriambusDyarwefoundonepoolpositiveforWNVThe
smallnumberscollectedofCxthriambusmaybeduetoasmall
populationsizeofthisspeciesordeficiencyinthetrappingmethod
MoreworkisneededtodeterminetheroleplayedbyCxthriambus
inamplifyingWNV

AlthoughinfectionsofWNVinwildbirdsandmosquitoes
weredetectedbytheendofJunehumancasesandseroconversions
insentinelchickenswerenotobserveduntilthelastweekofJuly
Theseresultssupportthepreviousfindingsthatsurveillanceof
WNVinfectioninwildbirdsandmosquitopoolsarebettermethods
inprovidingearlywarningofvirusactivitythansentinelchickens
whichtakealongtimetoseroconvertArmijosetal2005

OursurveillanceinSacramentoandYoloCountiesdescribed

theonsetandamplificationofWNVthatledtoasevereepidemic
in2005Themagnitudeoftransmissionwasmeasuredbythehigh
numberofhumancasesandthehighrateofseroconversionsin
sentinelchickens53 comparedto2004AlthoughWNV
transmissionwasmuchmoreintenseandcommencedonemonth

earliersubsidenceoftheepidemicbeganinSeptember2005one
monthearlierthanobservedin2004Rapidsubsidencehavebeen
duetofocaldepopulationofcorvidsacquiredherdimmunityamong
survivingperidomesticpasseriformbirdsandintensivecontrol
effortsexertedbytheSacYoloMVCDduringJulySeptember2005
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ImpactofTemperatureontheTransmissionofWestNileVirus

WilliamKReisenVincentMMartinezandYingFang

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicine
UniversityofCaliforniaOldDavisRdDavisCA95616

Arbovirusesmustbeabletogrowunderawiderangeof
temperaturesbecauseinfectedbirdshavebodytemperaturesthat
exceed40Cwhereasmosquitoeshavebodytemperaturesthat
approximateambientconditionsTheselattermosquitotemperature
regimenscanbeaslowasfreezinginwinterhibernaculaandexceed
40CduringsummerMeyeretal1990Differentarboviruses
varymarkedlyintheirabilitytogrowunderthisrangeof
temperatureconditionsandthesetemperaturerequirementsmay
delineatedistributionintimeandspacePreviouslywedeveloped
degreedaymodelstodescribetheextrinsicincubationofwestern
equineencephalomyelitisWEEandStLouisencephalitisSLE
inCulextarsalisCoquilletttandthenusedthesemodelstoshow
howtheresponsesofthesevirusestotemperaturedelineatedtheir
seasonalityReisenetal1993basedonestimatesofmosquito
bodytemperatureMeyeretal1990WestNilevirusWNV
transmissionhasbeenrecordedfromtheplainsofCanadatothe
tropicsofCentralandSouthAmericasuggestingthatinvading
genotypesmustbeabletogroweffectivelyunderawiderangeof

mperatureconditionsOurpresentresearchdescribestemperature
tudiestodevelopadegreemodelfortheextrinsicincubationperiod

ofWNVinCxtarsalisReisenetal2006
Culextarsalisfemaleswereinfectedbyfeedingonpasserine

birdsviremicwiththeNY99strainofWNVandthenwereincubated

underconstanttemperaturesof1030CAtselectedtimeintervals
transmissionwasattemptedusinganinvitrocapillarytubeassay

016

012

L008
a

w

004

0

10

Rate

Predictedrate

15 20 25

TempC

Aitken1977Thetimefromimbibinganinfectiousbloodmeal
until50ofinfectedfemalesfirsttransmittedwasconvertedtoa

rateandregressedasafunctionofincubationtemperaturefrom
1430CFig1 TheextrinsicincubationperiodEIPwas
estimatedtorequire109degreedaysandthepointofzerovirus
developmentXinterceptwasestimatedtobe143CThisdegree
daymodelforWNVcloselyapproximatedourpreviousestimates
forSLEindicatingthattheNY99WNVstrainmustrequirewarm
ambienttemperaturesforefficienttransmission

ThetimeforcompletionoftheEIPwasestimatedmonthly
fromtemperaturesrecordedatCoachellaValleyLosAngelesand
KernCountyCaliforniaduringthe2004epidemicyearandwas
relatedtothedurationoftheCxtarsalisgonotrophiccycleand
measuresofWNVactivityEnzooticWNVactivitycommenced
onlyaftertemperaturesincreasedthedurationoftheEIPdecreased
andviruspotentiallywastransmittedinlessthangonotrophiccycles
ExaminationoftemperatureanomaliesthroughouttheUnitedStates
duringtheepidemicsummersof20022004indicatedthatWNV
dispersalandresultingepicenterswerelinkedcloselytoabove
averagesummertemperaturesPossiblylongleadforecastsof
temperaturesuchasshowninFig2couldprovideanearlywarning
forWNVepidemictransmissionatnorthernlatitudes

y 00092x0132

R 099

xintercept 143C

mediandevelopment 109DD

30 35

Figure1Regressionfitoftheinverseofthemedianextrinsicincubationperiodindays
EIPrateasafunctionofincubationtemperatureXinterceptisthevirus0growthpoint
andtheheatrequireduntilmediantransmissionisestimatedindegreedaysDD
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WNVInteractionswithSLEPartialCrossProtectiveImmunityinHouseFinches

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicine
UniversityofCaliforniaOldDavisRdDavisCA9561

SUMMARY

AfterWestNilevirusWNVinvadedCaliforniaduringthe
summerof2003StLouisencephalitisvirusSLEdisappeared
andhasnotbeendetectedin30000mosquitopoolsor70000
sentinelchickenseratestedduring2004and2005WNVand
SLEarecloselyrelatedclassifiedwiththeJapaneseencephalitis
virusserocomplexandcrossreactinserologicalassaysRecently
viruseswithinthiscomplexwerefoundtoprovidecrossprotection
usingaHamstermodelTeshetal2002howeversimilarstudies
havenotbeendonewithbirdseventhoughthesearethenatural
hostsforbothviruses

Weselectedhousefinchesasarepresentativeavianhostfor
ourexperimentsbecausetheyarecompetenthostsforbothWNV
andSLEfrequentlybecomeinfectedduringoutbreaksandare
easytomaintainincaptivityHousefincheswereinfectedinitially
witheitherWNVorSLEandthenchallenged6weekspostinfection
witheitherhomologousorheterologousvirusesWNVvirulence
1housefinchesexceededSLEasindicatedbyelevatedmortality
overallWNV 65 SLE 0 n 20andviremiatiters

PreviousinfectionwitheitherSLEorWNVprotectedhousefinches
frommortalityduringsubsequentchallengeProtectiveimmunity
duringhomologousandheterologouschallengewithSLEprevented
detectionofviremiaieviremiaremained17log 10 PFUmL

ourthresholdofdetectionusingVerocellplaqueassayIncontrast
heterologouschallengewithWNVinbirdspreviouslyinfectedwith
SLEresultedinpeakviremiasthatrangedfrom27 64log
PFUmLViremias51ogPFUmLwereconsideredsufficiently
elevatedtoinfectsusceptiblepopulationsofCaliforniaCulex
mosquitoesGoddardetal2002Reisenetal2005Interestingly
infectionwithSLEfollowingrecoveryfromWNVinfectionelicited
aconsistentandsignificantriseinWNVPRNTbutnotSLEPRNT
titersperhapsbecauseprotectiveimmunitypreventedthe
immunologicalresponseassociatedwithasecondviremiaepisode
IncontrastinfectionwithWNVfollowingrecoveryfromSLE
producedveryhighantibodytitersandanonspecificresponse
thatwashighlyvariableamongindividualbirdswithinthis
treatmentgroupDifferencesherewereattributedtodifferential
virulenceassociatedwithprimaryandsecondarySLEandWNV
infection

YingFangVincentMartinezandWilliamKReisen

Proc PapersMosqVectorControlAssocVol74

EpidemictransmissionofWNVinperiurbanareashasbeen
associatedwithelevatedinfectionratesinCulexvectorsanda

varietyofbirdspeciesincludinghousefinchesandhousesparrows
Aspointedoutinpapersinoursymposiumherdimmunityamong
freerangingbirdsinLosAngelesduring2004exceeded40and
inBakersfieldduring2005exceeded35 andtheselevelswere

associatedwiththeterminationofepidemictransmissionbylate
summerOurcurrentcrossimmunitystudyalsoindicatedthatherd
immunitytoWNVattheseelevatedratesmaybesufficientto
preventthereintroductionofSLEintoCaliforniaInrecentyears
SLEhasbeendetectedinCoachellaValleyinsoutheastern
Californiaatconsistentbutvaryinglevelsofenzooticactivity
Reisenetal2002Althoughgenotypeshavebecomeextinct
overtimerecolonizationeventsoccasionallyhaveledtoelevated
focalenzootictransmissionatsitesneartheSaltonSeaandto

outbreaksasfarnorthasBakersfield Wecontinuetomonitor

arbovirusactivityatthesouthandnorthshoresoftheSaltonSeato
detectthenextincursionofSLEintoCalifornia
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FieldEvidenceforVerticalTransmissionofWestNileVirus

WKReisenHDLothropJWilsonVMMartinezVArmijosYFang
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INTRODUCTION

AmongthepotentialmechanismsforthepersistenceofWest
NilevirusWNVinCaliforniaReeves1987Rosen1987Reeves

1990threeseemmostplausibleandhavebeensupportedbylimited
fielddata1verticaltransmissiontofemalesdestinedfor

reproductivediapausethatmaycarryWNVthroughwinterandthen
transmitvirustoavianhostsduringspring2continuedtransmission
and3chronicinfectionofWNVinavianhoststhatrelapseduring
springReisenetal2006Thecurrentreportfocusesontheroleof
verticaltransmissioninviruspersistenceduringwinteraswellas
amplificationduringsummerWNVhasbeenrecoveredfrom
diapausingCulexpipienspipiensinNewYorkNascietal2001
NewJerseyFarajollahietal2005andPennsylvaniaBugbeeand
Forte2004Becausefemalesdestinedfordiapausedonotblood
feedMitchell1981MitchellandBriegel1989Spielman2001
infectionpresumablyoccursbyverticaltransmissionRosen1987
HoweverattemptstorecoverWNVfromoverwinteringCulex
tarsalisfollowingtheColoradoepidemicwereunsuccessfulMoore
etal2005questioningwhetherWNVpersistsindiapausingfemales
ofotherspeciesandorstrainsofCulexLaboratoryexperiments
wherefemaleCulexwereinfectedbyintrathoracicinoculationand
theirprogenyrearedenmassedemonstratedverticalpassageofthe
NY99strainofWNVbyseveralNorthAmericanCulexspecies
Dohmetal2002Goddardetal2003Ourrecentstudiesshowed

that24ofYoloCountyCxtarsalisfemalestestedindividually
transmittedvirusverticallyafterbeingexperimentallyinfectedper
osReisenetal2006InadditionWNVwasisolatedfromfield

collectedCxunivitattusmalesfromKenyaMilleretal2000and
fromCxquinquefasciatuscollectedduringsummerinCalifornia
Reisenetal2006indicatingverticaltransmissioncanoccurunder
fieldconditionsThepresentpaperdescribesourattemptstodetect
verticalinfectioninnatureduringthesummertransmissionandduring
thefall winterdiapauseseasonsinCalifornia

MATERIALSANDMETHODS

Weattemptedtofindevidencefornaturalverticaltransmission

ofWNVatourfourstudyareasinCoachellaValleyLosAngeles
KernandSacramentocountiesusingfourmethods

1FieldcollectedimmaturesLarvaeandpupaewerecollected
opportunisticallyonmultipleoccasionsandfromdifferentsitesand
rearedeitheroutdoorsLosAngelesorinaninsectaryat2224C
CoachellaValleyKernCountySacramentoCountyAdultsof
bothsexeswereallowedtoemergeenmassandthenweremaintained
on10sucrosefor5daysuntilfrozenat80Cforlatertesting

Proc PapersMosqVectorControlAssocVol74

RESULTS

DISCUSSION

Volume74

NaturaloccurrenceofWNVverticaltransmissionwasdetected

forthefirsttimeinCxquinquefasciatusandCxtarsalisThese
resultshaveimportantimplicationsforvirusamplificationan
persistenceVerticallyinfectedfemaleshavedisseminatedinfections

2F1progenyAdulthostseekingfemaleswerebloodfedon
anuninfectedchickheldfor5dayson10sucroseandthenallowed
tolayeggsAdditionaleggraftswerecollectedfromgravidtraps
Threefoureggraftswererearedineachstandardtraytopupation
andthenallowedtoemergeunderinsectaryconditionsManyof
thesefemaleswereusedinvectorcompetenceexperimentsnot
shownhereandthemaleswerefrozenforlatervirustesting

3AdultmalesCollectionsweremadefromgravidtrapsLos
AngelesKernorfromsuctiontrapsplacednearnectarsources
CoachellaValleyMaleswerespeciatedintopoolsofd50and
thenfrozenforvirustesting

4OverwinteringadultsUnfedfemalesandmaleswere
collectedbyaspirationinKernCountyfromavarietyofhibernacula
bridgesparkrestroomsfarmbuildingsduringthefallandearly
wintermonthsof2004and2005Specimensweresortedtospecies
andpooledbyspeciessexandreproductivestatusforlatervirus
testing

Mosquitopoolsweretestedforvirusinfectionwithasingleor
multiplexreversetranscriptasepolymerasechainreactionRTPCk
usingroboticRNAextractionandarealtimeTaqMandiagnostilig

tier

platformPrimersforWNVRTPCRhavebeenpublishedpreviously
Lanciottietal2000

During2004and2005wetestedatotalof39900adultmales
andfemalesoffourCulexspeciesin1198poolsTable1Evidence
fornaturalverticaltransmissionwasdetectedin3poolsofCx
quinquefasciatuscollectedduringthesummerof2004Reisenetal
2006Oneofthesepoolsconsistedofadultmalescollectedfroma
gravidtrapinLosAngelesonewasadultsrearedfromaneggraft
collectedfromagravidtrapinLosAngelesandonewasfromfield
collectedlarvaecollectedinKernCountyDuringthesummerof
2005sixpoolsofadultCxtarsalismalesrearedfromeggslaidby
hostseekingfemalescollectedinCoachellaValleyonepooland
KernCountyfivepoolstestedpositiveTodatenoneofthepools
fromCxpipiensorCxstigmatosomahavetestedpositiveandnone
ofthepoolsconsistingofCulexadultscollectedduringfallandearly
winterhavetestedpositive
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Table1Summaryoffieldcollectedmosquitoestestedtodetect
rticalpassageofWNV

atemergenceandtheoreticallycantransmitvirusbybiteduringtheir
initialbloodmealThereforethesefemalespotentiallytransmitby
biteduringthefirstandeachsubsequentbloodmealincreasingthe
chancesofhorizontaltransmissionBecauseasmanyas25ofthe
infectedfemalesinsomepopulationssuchasYoloCountyCxtarsalis
maytransmitWNVverticallywefeelthatthismechanismcouldbe
responsibleinpartfortherapidamplificationofWNV

Asindicatedpreviouslyverticalinfectionoffemalesdestined
fordiapauseduetotemperature photoperiodconditionscould
provideonemechanismforvirusoverwinteringPresumably
verticallytransmittedinfectionswerethesourceofWNVinfection

CxpipienscollectedduringwinterintheeastInterestinglywe
werenotabletofindevidencefornaturalverticaltransmissionin

Cxpipiensduringtheepidemicseasonof2005inSacramentoor

Proc PapersMosqVectorControlAssocVol74

duringourpreviouslaboratoryattemptGoddardetal2003
Althoughwewereabletorepeatedlydetectverticaltransmission
duringthesummermonthswhenepidemictransmissionoccurredin
KernCountyHometal20042005wewerenotabletodetect
virusinoverwinteringadultsofCxtarsalisorCxquinquefasciatus
Theseadultmalesandfemalesweretestedimmediatelyuponreturn
fromthefieldbecausewefeltthatourmultiplexRTPCRshouldbe
sufficientlysensitivetodetectlowlevelRNAHoweverprevious
studieshaveshownthatSLEdetectioninoverwinteringfemales
wasenhancedifthesefemalesfirstwereheldatsummerconditions

toterminatediapauseandthenallowedtobloodfeedBaileyetal
1978Inagreementviralinfectionratesinexperimentallyinfected
femalesheldunderwinterconditionsandtestedbyRTPCRwere
lowerthanratesdeterminedafterterminatingdiapauseandholding
femalesatwarmtemperaturesReisenetal2002Thereforeour
futureattemptstofindWNVinoverwinteringCulexwillbedone
afterterminatingdiapauseinthelaboratory
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No

Location Date Culexspecies Method Sex Pools Total

2004

Coachella arsalis Suctiontrap M 49 1865
Reared M 31 1198
Reared F 34 1366

LosAngeles JunAug quinquefasciatus GravidtrapsM 15 428

Reared rF 26 1065
Reared M 39 1806

Kem JulSep quinquefasciatusGravidtrap M 8 102

Reared M 30 1405
Reared F 30 1395

stigmatosoma Reared M 10 390

Reared F 12 431
tarsalis Reared M II 388

Reared F 9 360

OctDec quinquefasciatus Resting M 32 440

Resting F 73 858

stigmatosoma
I

Resting
Resting

M
F

5

22

26

209

tarsalis Resting M 12 119

Resting F 32 369
Subtotal Total 480 11322

2005

Coachella Aug tarsalis Reared M II 512

Reared F 4 I86

Jun quinquefasciatus Reared M 20 1000

LosAndes MayJun quinquefasciatusReared M 30 1476
stigmatosoma Reared M 13 614

Reared F 1 13

tarsalis Reared 2 81
Reared F 1 23

thriambus Reared M 13 650

Reared F 3 148

em AugSep quinquefasciatus Reared M 19 820

1 tarsalis Reared M 22 1073
Reared F 6 276

OctNov quinquefasciatus Resting M 13 410

Resting F 25 389

stigmatosoma Resting M 3 18

Resting F 9 a2
tarsalis Resting M 16 481

a Resting F 18 277

SacramentoYoloAugOct pipiens Reared M 31 1322
Reared F 40 1768

MarSep tarsalis Reared M 219 9640
Reared F 199 8944

subtotal 718 28578
Total 119839900

Singlepoolspositive
Fivepoolspositive
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InvasionofCaliforniabyWestNileVirusRoleofCorvids

INTRODUCTION

AsWestNilevirusWNVhasadvancedwestwardacrossNorth

AmericabirdsinthefamilyCorvidaehavebeenfrequently
implicatedascompetentamplifyinghostsandhighmortality
resultingfromWNVinfectionhasmadethemusefulindicatorsof
localviruspresenceEidsonetal2001Hometal20042005In
Californiacorvidsincludespecieswithdifferentdegreesof
aggregationandtheirdistributionisnotuniformamongorwithin
ecologicalzonesUnitedStatesGeologicalSurvey2006Themost
abundantcorvidspeciesinsouthernCaliforniaareAmericancrows
CorvusbrachyrhynchosandwesternscrubjaysAphelocoma
californicaAmericanCrowsaredensestinurbanareascloseto
thesoutherncoastandinnearbyinlandvalleysandwesternscrub
jaysarebroadlydistributedatmoderatedensitiesinthesameareas
inhabitedbycrowsaswellasthesouthernendoftheCentralValley
Withinaregioncrowsaggregateinlargecommunalroosts
particularlyduringthecoolerseasonsoftheyearwhereasjaysare
territorialanddispersemoreevenlyacrossthehabitatThese

fferencesindistributionsandbehaviorsallowedustoconducta

naturalexperimenttotestthehypothesisthatcorvidsplayedan
importantroleinWNVtransmissionduringtheinvasionofsouthern
CaliforniabyWNVduring2004Thedatapresentedherearebased
onReisenetal2006

MATERIALSANDMETHODS

StudyareasAnaturalexperimentwasdesignedtocompare
threestudyareas1theKernMosquitoandVectorControlDistrict
KMVCDwithfewAmericancrowsandmoderatepopulationsof
westernscrubjays2theGreaterLosAngelesVectorControlDistrict
GLACVCDwithmanyAmericancrowsandmoderatepopulations
ofwesternscrubjaysand3theCoachellaValleyMosquitoand
VectorControlDistrictCVMVCDwithfewcorvidsexcept
occasionalcommonravens

SurveillanceIneachofthethreestudyareasmosquitoeswere
monitoredthroughoutthetransmissionseasonforWNVinfection
Birdmortalitywasalsomonitoredpassivelythroughpublicreports
totheCaliforniaDepartmentofHealthServicesDeadBirdHotline
SuitablespecimensreportedtothehotlineweretestedfortheWNV
infection

SpatialanalysisZipcodelevelrecordsfordeadbirdsand
humancaseswereobtainedfromtheCaliforniaDepartmentofHealth
ServicesVectorBorneDiseaseSectionandViralandRickettsial

iseasesLaboratoryrespectivelyWeanalyzedtheserecordswith
espatialscanstatisticinSaTScansoftwareKulldorffand

Nagarwalla1995Kulldorff1997usinganunderlyingBernoulli
probabilitydistributiontoidentifyareaswithclustersofdeadbirds

ChristopherMBarkerandWilliamKReisen

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
DepartmentofEntomologyUniversityofCaliforniaDavisCA95616
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Allidentifiedclusterswerecharacterizedbycentralzipcodeand
radiusandclustersofdeadbirdswerecomparedwiththoseofhuman
casestodeterminewhethertherewasoverlapAlsohumanWNV
attributedcaseincidenceandinfectionratesforCulex

quinquefasciatuswerecomparedwithinandoutsidethedeadbird
clustersintheGreaterLosAngelesVectorControlDistrict

RESULTSANDDISCUSSION

HumanincidenceofWNVattributedillnesswashighestinKern
Countywherethereisacombinationofhighlycompetentamplifying
hostswesternscrubjaysandsusceptiblemosquitoesCulex
tarsalisCoachellaValleywithfewcorvidsbutmanyCxtarsalis
hadthelowesthumancaseincidenceLosAngeleshadahuman
caseincidencebetweenthatofCoachellaValleyandKernCounty
despitehavingrelativelyfewCxtarsalisThisisprobablybecause
theabundantcorvidamplifyinghostsinLosAngelesdeveloped
sufficientviremiastoinfectmoderatelysusceptiblemosquitoessuch
asCxquinquefasciatus

ClustersofWNVinfecteddeadcorvidsidentifiedbythespatial
scanprocedureintheLosAngelesurbanareaswerelocatednear
largeAmericancrowroostsandtheirradiiwereconsistentwith
dispersaldistancesfromcommunalroostsClustersofhumancases
werecloselyalignedwiththesedeadbirdclustersandnodeadbird
orhumancaseclusterswereidentifiedinKernCountyorthe
CoachellaValleyApparentlythemoreuniformdispersalpatternof
theterritorialscrubjaysinKernCountyresultedinintensebutless
focalvirustransmissionthanthatobservedintheLosAngelesarea
whereclusterswerefocusedaroundthelargeAmericanCrowroosts
Comparisonsbetweenareasinsideandoutsidedeadcorvidclusters
showedthathumanWNVattributedcaseincidenceinthestudyareas
andCxquinquefasciatusinfectionratesinLosAngeleswerehigher
insidethedeadbirdclustersthanoutsidethem
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TwocoloniesofnestingArdeidbirdsweresampledto
determinetheirinvolvementintheamplificationofWestNileVirus
WNVOnecolonylocatedattheFinneyRamerWildlifeRefuge
inImperialCountyCaliforniadidnotappeartobeafocusofWNV
amplificationduringthesummerof2004Reisenetal2005
BloodsamplestakenduringJuneandJulyfrom155nestlingsof
fourspeciesofArdeidbirdscattleegretsblackcrownednight
heronsgreategretsandsnowyegretsandfivenestlingdouble
crestedcormorantsyieldedasingleWNVisolationfroma3week
oldcattleegretAntibodywasdetectedbyenzymeimmunoassay
from20nestlings13 1470 ofwhichwereconfirmedas

positivebyplaquereductionneutralizationtestPRNTHowever
titrationendpointsagainstWNVandStLouisencephalitisvirus
SLEweresimilarprecludingviralidentificationThegrouping
ofpositiveswithinfewnestshighestPRNTtitersinyoungestbirds
1weeksofagethedeclineoftiterwithnestlingageandthe
lackofantibodyspecificityindicatedthatantibodymayhavebeen

squiredmaternallyanddidnotrepresentnewinfectionsInfection
tesinCulextarsalismosquitoescollectedneartheArdeidcolony

atRamerLake31per1000werestatisticallysimilartorates
estimatedatthenearbyWisterUnitwetlands53per1000that
lackedanArdeidnestingcolonyBlackcrownednightheron
nestlingsexperimentallyinfectedwiththeNY99strainofWNV

producedelevatedpeakviremiasthatrangedfrom53to761og
plaqueformingunitsPFUmLandwereconsideredtobe
moderatelycompetenthostswhereascattleegretnestlingshadpeak
viremiasthatrangedfrom24to53log 10

PFUmLandwere

consideredtobeincompetenthosts
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RoleofArdeidBirdsintheSpreadofWNV

SarahWheelerWilliamKReisenSYamamotoYingFangSGarciaStanWrightandMVeronicaArmijos

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicine
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InitialdatafromasecondArdeidnestingcolonylocatedon
theUniversityofCaliforniacampusinDavisCaliforniaprovide
contrastingresultsfromthatoftheFinneyRamercolonyBeginning
inJulyandendinginAugust200523Ardeidbirdswheresampled
fromthearboretumincluding11blackcrownednightherons7
cattleegretsand5snowyegretsAllofthecattleegretswere
antibodynegativehowever4blackcrownednightheronsand1
snowyegretwerefoundantibodypositiveforWNVOnesnowy
egretand2blackcrownednightheronssubmittedtotheCalifornia
DeadBirdProgramwerefoundWNVpositiveMosquito
collectionswereattemptedatgroundlevelusingdryicebaitedtraps
andovipositiontrapsandatnestlevelinthecanopyusingdryice
baitedtrapsThecanopytrapswererun3trapsatatimefor3trap
nightsonceaweekbeginning21July2005thecanopytrapswere
nonproductivecatchingnomosquitoesThreedryicebaitedtraps
runatgroundlevelandasingleovipositiontrapwererunoncea
weekbeginning1August2005Thiseffortproduced11WNV
negativepoolsofCulexmosquitosatacombinedaverageof17
femaleCulexmosquitoespertrapnightAlthoughinitialresults
showsomeWNVactivityattheUCDavisArdeidcolonymore
datawillberequiredin2006todeterminetheroleofthisArdeid
nestingcolonyinfocalamplificationofWNV
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WestNilevirusWNVwasdetectedthroughoutCalifornia
during2005althoughtheintensityandpatternsoftransmission
variedmarkedlyamongourstudyareasintheCoachellaValley
LosAngelesKernandSacramentoCountiesdependingupon
previouslevelsoftransmissionactivityIntheirrigateddesertof
CoachellaValleyinsoutheasternCaliforniaenzooticWNV
transmissioncontinuedatmodestlevelsinruralhabitatsnearthe

SaltonSeaTransmissioninresidentialhabitatsinthenorthwestern

portionofthevalleywasassociatedwithunexpectedlyelevated
infectionratesinCulequinquefasciatusSayandscatteredhuman
casesHighinfectionrateswithinCxquinquefasciatuspopulations
intheabsenceoflargecorvidpopulationsdifferedfromresults
frompreviousyearsReisenetal2006aandmayhavebeen
associatedwithanincreaseinCxquinquefasciatussusceptibility
toinfectionincomparisonwithpreWNVbaselinedatafrom2003
Reisenetal2005a

InLosAngelestherewasageneralsubsidenceofenzootic
andepidemictransmissionatuplandsitesaffectedbytheWhittier
crowroostwhencomparedto2004Wilsonetal2005Relatively
fewdeadcrowswerereportedbythepublicorwereobservedduring
oursurveillanceinthisareaFreerangingperidomesticpasserines
includinghousefinchesandhousesparrowsdevelopedelevated
seroprevalenceratesattheendofthe2004transmissionseason
andtheseelevatedratespersistedthoughwinterintotheearlyspring
of2005whentheattritionofafterhatchingyearbirdsanddilution
bytheadditionofhatchingyearbirdsdecreasedoverallherd
immunitytolessthan10 HumaninfectioninLosAngelesduring
2005occurredinLongBeachwhereenzooticactivitywasminimal
during2004andatscattereduplandsitesafterherdimmunity
declinedbymidsummer2005

ActivityinKernCountyduring2005wasremarkablysimilar
to2004Takahashietal2005withanelevatedcaseincidence
rateof88per100000Resurgencewasrelatedtoawetspring
whichrapidlyincreasedvernalCxtarsalisCoquillettpopulations
andtorelativelylowherdimmunityinfreerangingbirdswhich
remained10attheendof2004Inmarkedcontrasttheoverall

seroprevalencerateinwildbirdsinKernCountyduring2005
exceeded30inallspeciesandapproached50insurviving
Westernscrubjaysthemostimportantcorvidspeciesinandaround
BakersfieldWearecontinuingtomonitorseroprevalenceinthe
avianpopulationtodetermineifelevatedimmunitywillbe
associatedwithareducedincidenceofhumaninfectionduring2006
asweobservedinLosAngelesduring2005

SacramentoCountywasthe2005WNVepicenterEarlyavian
infectionwasnotedinruralareasbutmostinfectionswhere

documentedinyearroundresidentbirdspeciesTheseearly
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SymposiumtitleInvasionofCaliforniabyWestNilevirusYear3
SummaryThoughts

WilliamKReisen

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicineUniversityofCalifornia
OldDavisRdDavisCA9561

indicationsofenzootictransmissionwerefollowedbyalarge
epiorniticinAmericancrowsovermuchofnorthernurban
SacramentoInfectionratesinCxpipiensLinperiurbanareas
weregreaterthaninCxtarsaliswhichweresimilartoCx
stigmatosomaDyarHumaninfectionfollowedcloselybehind
extensivecrowmortalityandtriggeredemergencyadulticiding
whichappearedtoarresttransmissionLongtermstudiesonseveral
residentbirdspeciesatStoneLakesNationalWildlifeRefuge
documentedshiftsinpopulationagestructurewithproportionately
greaternumbersofhatchingyearbirdscollectedsincethe
introductionofWNVThesedataindicatedthathighmortality
ratesamongolderbirdsmayhavechangedtheagestructureas
wellaspossiblyenhancedbroodingsuccessduetoreduced
competition

Researchconcurrentwithourfieldecologystudiesfocused
onmechanismsthatmayhaveenabledtheintroductionand
maintenanceofWNVinCaliforniaLaboratorystudiesdescribed

theimpactoftemperatureonvirusgrowthinCxtarsalisand11
totheconstructionofadegreedaymodeldescribingtheextrinsi
incubationperiodorthetimefromimbibinganinfectiousblood
mealuntil50oftheinfectedfemaleswereabletotransmitvirus

bybiteThemodelforWNVReisenetal2006cwasstrikingly
similartothatdevelopedpreviouslyforStLouisencephalitisSLE
Reisenetal1993andindicatedthattransmissionwasmost
effectiveunderelevatedsummertemperaturesAtnorthernlatitudes
orcoolermaritimeclimatesincoastalCaliforniatransmissionmay
belimitedtoperiodswithabovenormaltemperaturesthatmaybe
predictablefromlongleadclimateforecasts

SLEwasabsentfromCaliforniaforthe2ndconsecutiveyear
andwasnotdetectedinpoolsofmosquitoesseraofsentinel
chickensorhumansdespitetheenhancedsurveillanceeffort
associatedwithtrackingWNVThisdisappearanceperhapswas
relatedinparttocrossprotectiveimmunityinbirdsInone
experimenthousefinchessurvivingpreviousinfectionwithWNV
werecompletelyprotectedagainstinfectionwithSLEieviremia
couldnotbedetectedafterexperimentalchallengeIncontrast
althoughpreviousSLEinfectionpreventedmortalityWNV
infectionstillresultedinaviremiathatwassufficientlyelevatedto
infectmosquitoesThisincompletecrossprotectionmayprovide
anadvantagetoWNVandmayhavecontributedtothecurrent
competitivedisplacementofSLEinCalifornia

FieldstudiesinsouthernCaliforniaprovidedthefirst
documentationofnaturalverticaltransmissionofWNVbyboth
CxquinquefasciatusandCxtarsalisThesefindingsha
importantimplicationsforamplificationandoverwinteringReisen
etal2006bIfnewlyemergedandverticallyinfectedfemales
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cantransmitWNVduringtheirinitialandsubsequentbloodmeals
iralamplificationmaybedramaticallyenhancedduringsummer
ymultipleinfectiousvectorhostcontactsandtheeliminationof

delaysandsurvivallossesrelatedtoextrinsicincubationIffemales
thatemergeduringfalldestinedfordiapauseareinfectedvertically
thesefemalesmayretaintheirinfectionthroughwinterandrenew
thetransmissioncycleinlatewinterofthefollowingyearwhen
theyterminatediapauseandtaketheirinitialbloodmeal

Historicallyardeidbirdshavebeenimplicatedasimportant
vertebratehostsofJapaneseencephalitisvirusBuescheretal
1959andMurrayValleyencephalitisBoyleetal1983
Howevercommunallynestingardeidbirdscattleegretsblack
crownednightheronssnowyegretsgreategretsinImperial
Reisenetal2005bandYoloCountiesdidnotformamajorfocus
forWNVamplificationeventhoughWNVinfectionsweredetected
inmosquitoesandbirdscollectedatthesenestingsitesAfter
experimentalWNVinfectionnestlingblackcrownednightherons
producedelevatedviremiaswhereascattleegretsweremoderately
competenthostsbothspeciesexhibitedelevatedmortalityrates
afterexperimentalinfection

WNVinfectionincorvidsandtheirresultingelevatedviremias
werecriticalfortheefficientinfectionofperidomesticCx
quinquefasciatusandforepidemicWNVtransmissioninperiurban
settingsExaminationofbirddistributionsandmosquitoinfection
ratesshowedthatduring2004Cxquinquefasciatusinfectionrates
weresignificantlyhigherinLosAngelesandKernCountieswith
elevatedAmericancrowandwesternscrubjaypopulationsthanin

oachella Valleywherecorvidpopulationswerelessabundantor
sentReisenetal2006aDeadbirdtestresultswereusedto

Ruralcycles
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delineatetheradiusofeffectiveforagingareasusedbyAmerican
crowsfrom6roostsinsouthernCaliforniaCulexquinquefasciatus
infectionratesandtheincidenceofhumaninfectionwere

significantlyhigherwithintheseclustersofdeadAmericancrows
thanwithoutindicatingtheepidemiologicalimportanceofdying
Americancrowsinresidentiallandscapes

Collectivelyourresearchisstartingtodirectourunderstanding
ofWNVtransmissioninCaliforniaFigure1Thebasicrural
enzooticmaintenancecycleseemstoinvolveCxtarsalisand
perhapsothersusceptibleCulexspeciesandpasserinebirdssuch
ashousefinchesandhousesparrowsElevatedherdimmunity
withinthesepopulationsseemstodampentransmissionandmay
haveeffectivelyarrestedthe2004WNVepidemicand2005
amplificationwithinuplandLosAngelesandperhapsthe2005
outbreakinBakersfieldThemajorityofhumancaseshaveoccurred
withinurbanorperiurbanresidentiallandscapesinassociationwith
elevatedCxpipiensorCxquinquefasciatusinfectionratesThis
urbanamplificationundoubtedlyisfacilitatedbyWNVinfection
incorvidsthatresultsinelevatedviremiassicknessanddeathand

effectiveCxpipienscomplexvectorinfectionclusteredaround
communalAmericancrowroostsMosquitomosquitovertical
transmissionaswellasbirdbirdtransmissionattheseheavily
populatedroostsalsomaycontributetorapidamplificationto
epidemiclevelsAlthoughrabbitandsquirrelinfectionshavebeen
documentedtheredoesnotasyetseemtobeamammalAedes
cyclesimilartothatrecognizedforwesternequine
encephalomyelitisvirusHardy1987andthereforehorseand
humaninfectionsmostlikelyhaveoriginatedfromthebiteofCulex
mosquitoes

WestNilevirustransmissioncycles

Deadendhosts

Urbancycle

Figure1ComplexityofWestNilevirustransmissioncyclesinCaliforniaDiagonallinesindicateportionsof
theproposedcycleandtentativehostgroupsthatremainundocumentedorunlikelybasedoncurrentresults
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Basedonourresearchandthecollectiveexperienceof
CaliforniaagencieswithWNVoverthepast3yearswefeelthat
during2006

TheWNVepidemicshouldbegintosubsidewithfewer
humanandhorsecasesthroughoutthestate

Intenseenzootictransmissionandhumancasesmaynotbe
concentratedatlargeurbanepicentersbutratherbedispersedas
WNVtrackspopulationsofnonimmunebirds

FocaloutbreaksmaycontinuethroughoutCaliforniaduring
periodsofhotweatherasWNVtrackspocketsoflargelynon
immuneavianpopulationsIncidenceofhumandiseasewithinthese
outbreaksmaybeelevatedespeciallyinruralcommunities

Periurbancorvidepiorniticsmaysubsidedueto
depopulationandassociatedpasserineherdimmunitydecreasing
thevalueofdeadbirdreportsandincreasingtheneedforbird
necropsyandtesting
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AntigenDetectionTestsTheGoodTheBadandTheUgly
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Tofacilitatetherapidscreeningoffieldcollectedpoolsof
mosquitoesforStLouisencephalitisvirustheCentersforDisease
ControlandPreventionCDCatFtCollinsdevelopedanantigen
captureenzymeimmunoassayEIATsaietal1987ThisEIA
wasusefulforlargescalefieldprogramswherefulllaboratory
supportwasdifficultTsaietal1988butwasdecidedlyless
sensitivethanviralisolationusingsucklingmousebraininoculation
thegoldstandardforvirusisolationatthattimeEIAtechnology
concurrentlywasmodifiedtoimprovesensitivitybyfirstgrowing
virusonVerocellcultureGrahametal1986andthenforhigh
throughputusinga96wellformatChilesetal2004bHowever
thislatterassayrequiredBiosafetyLevel3BSL3laboratory
conditionsrestrictinguseformostFlavivirusesandthedetector
antibodydidnotclearlydistinguishbetweenWestNilevirusWNV
andStLouisencephalitisSLEChilesetal2004aInresponse
totheWNVepidemicandthegrowingneedfordiagnosticsinareas
ofthecountrywithoutsufficientcentralizedlaboratorysupport
theCDCsponsoreddevelopmentofawickingantigenassay
VecTestbyMedicalAnalysisSystemsIncAlthoughspecific

hisassaywaslesssensitivethanplaqueorreversetranscriptase
polymerasechainreactionRTPCRassaysinlaboratoryRyanet
al2003andfieldNascietal2002evaluationsBecauseofthe
largeamountsofWNVfoundindeadAmericancrowstheVecTest
alsowasfoundtobeusefulfortestingoralswabsfromthesebirds
Komaretal2002Stoneetal2004Howeverinourhandsthis
methodwaslesssensitivethanRTPCRanddidnotworkwellon

otheravianspeciesPadgettetal2006Toimproveupon
visualizationandtoquantifyresultsthiswickingtechnologywas
modifiedintotheRAMPtestAlthoughsomewhatimprovedand
specificthisassaystillwaslesssensitivethanRTPCRassaysand
canonlydetectasingleviruspertestThedevelopmentofRT
PCRassaysforuseattheCenterforVectorborneDiseasesCVEC
hasbeendescribedelsewhereChilesetal2004bThecurrent

papersummarizesdifferencesinsensitivityamongantigencapture
assaysandtheRTPCRmultiplexusedbyCVECanddescribesthe
impactofusinglesssensitiveassaysonthetimefrominfectionto
detectionandestimatesoffieldinfectionrates

SENSITIVITY

Serial10folddilutionsofWNVgrowninVerocellculture
weretestedconcurrentlybytheVecTestRAMPinsituEIAand
RTPCRassaystodeterminecomparativesensitivityFigure1
RTPCRfollowingRNAextractionusingtheRNEasyQiagenkit
ithaQiagenmanifoldsystemwasmostsensitivefollowedin

descendingorderbyRTPCRfollowingABIroboticRNA
extractioninsituEIARAMPandVecTestTherangeinsensitivity

TaqManQiagen

TaqManABI

insituEIA

RAMP

VecTest

0 1
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LogPFUmL

5 6

Figure1SensitivityinlogformingunitsPFUofWest
NilevirusdeterminedbyplaqueassaysdetectedbyTaqManRT
PCRafterRNAextractionusingtheQiagenmanifoldortheABI
6700roboticsystemstheinsituenzymeimmunoassayEIAorthe
RAMPorVecTestantigencaptureassays

wasdecreasedfromca6plaqueformingunitsPFUofWNVper
mLfortheRTPCRtoca200000PFUfortheVecTest

ThetimefromdetectionofWNVaftermosquitoinfection
variedasafunctionofassaysensitivityandtemperatureFollowing
infectionmosquitoesexhibitedawiderangeofvirustitersthat
increasedasafunctionoftimeindayspostinfectiondpiFig2
Therateofincreaseinbodyvirustiterwasfasterunderwarm
temperaturessimilartothosefoundduringsummerthanthosefound
undercooltemperaturessimilartothoseexperiencedduringspring
BasedonthesensitivityofthedifferentassaysestimatedinFig1
RTPCRwouldbeabletodetectinfectioninallfemalemosquitoes
whentheywerecollectedon3 4dpiwhereastheRAMPand
VecTestwouldrequireviraltiterstoincreasetomorethan48or

53logPFUrespectivelyUnderwarmconditionseg30C
viralgrowthexceededthesethresholdsinaslittleofas5dpi
howeveratcooltemperatureseg22Cviralgrowthtoexceed
thesedetectionthresholdsrequiredmorethan21dpi

TransmissionofWNVbyCulextarsalisCoquillettoccurs
onlyafterbodytitersexceedaminimumthresholdofaround46
logPFUFig2ThereforeRAMPandVecTestdetectpositive
poolsthatcontain1ormorefemalesthathavebodytiterssufficiently
elevatedtotransmitvirusFromasurveillancestandpointanearly
warningiscompromisedbecausedetectionislimitedtofemales
thathavebeguntransmittingvirus
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Figure2IncreaseinWNVtiterinCulextarsalisplottedasafunction
oftimeindaysafterinfectionforfemalesmaintainedateachof5
temperaturesredrawnfromReisenetal2006Horizontallines
showthethresholdsforthedetectionofvirususingRTPCRRAMP
andVecTestbasedonsensitivityestimatesfromFig1

SAMPLINGANDRISKASSESSMENT

TemperaturemarkedlyaffectsnotonlyWNVgrowthwithin
themosquitohostFig3butalsodailymosquitosurvivalReeves
etal1994thedurationofthegonotrophiccycleandtherefore
thefrequencyofbloodfeedingReisen1995andvectorial
capacityorthecasedisseminationrateSmith1987 Assay
sensitivitymarkedlyaltersthedetectionofvirusoccurrence
becausemosquitoesmustsurvivelongenoughtoamplifyvirusto
detectablelevelsInFig4forexampleanimaginarycohortof
1000Culexfemalesallbecomeinfectedfeedingonaviremicbird
onday0duringearlysummerwhentemperatureaverages72F
22CIfthiscohorthadaconstantdailysurvivorshipof80and
a6daygonotrophiccyclethen262and69femaleswouldsurvive
tocompletegonotrophiccycles1and2andwereavailablefortrap
collectionwhenattemptingtorefeedwhen1and2parous
respectivelyThereforebasedonassaysensitivityFig1and
viralgrowthat22CFig22621parsand692parswouldbe
availablefortestinghowevertestingbyantigencapturetechnology
onlywoulddetectinfectionwithinthe2parsToretainthesame
levelofsurveillancesensitivityitwouldbenecessarytocollect
andtestalmost4timesthenumberofmosquitoestocompensate
forthedecreaseinassaysensitivity

Decreasedassaysensitivityandcommensuratedecreased
detectionofpositivemosquitopoolsmostlikelywouldleadtoan
underestimateoftheminimuminfectionrateMIRusedtomeasure
riskinthestateguidelinesKramer2001Intheseguidelines
MIRsforCulexrangefrom0to5per1000indicatingescalating
riskfromnormalseasontoepidemicconditionsThisrangeseems
appropriateforCxtarsalisandCxpipienscomplexbasedonour
observationsinCaliforniawhereepidemicshavebeenassociated

Proc PapersMosqVectorControlAssocVol74

MIDt DOtDDDDD4

32 48

Body

Figure3QuantityofWNVintheexpectorateorbodiesofinfected
Culextarsalisexpressedaslogformingunitspersample
redrawnfromReisenetal2006Theverticallineshowsthe
expecteddemarcationofRAMPpositiverightandnegativeleft
specimensbasedonthesensitivityestimatesfromFig1
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Fig4Theoreticalnumberofhostseekingfemalesaliveoutof
1000infectedonday0thatwereavailableforcollectionbydry
icebaitedtrapsafter1and2gonotrophiccyclesGCat72F
Survivalcurvebasedon80dailysurvivorshipanda6dayGC
calculatedfrompreviousdegreedaymodelsforCxtarsalisReisen
1995

withelevatedMIR5per1000Wilsonetal2005Takahashiet
al2005Duringspringandearlysummerwhentemperaturesare
cool72FRAMPandVecTestwouldmissca3of4positive
poolsandthereforeMIRswouldbeunderestimatedproportionately
Thereforeasampleof4positivesin20poolsof50femaleseach
wouldprovideaminimuminfectionrateestimateof4per10
andbeattheemergencyplanningstagewhereasifonly1ofthes
4poolstestedpositiverisklevelwouldbeatnormalseason
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TURNAROUNDTIMEVSSENSITIVITY

kW CurrentlymosquitopoolssubmittedtoCVECbyWednesday
aretestedandreportedbyFridayThishighthroughputandrapid
turnaroundtimewereimprovedbyfrequentreportingand
maintainedthroughoutthesummerof2005Kahletal2005
ThereforeifmosquitotrapswereoperatedonMondaypickedup
andprocessedonTuesdaysamplessenttoCVECbyovernight
FedExonTuesdaytheywouldbetestedonWednesdayorThursday
andreportedbyFridayDuringspringdistrictspotentiallywould
knowifviruswaspresent2weeksbeforethevirusgrewtolevels
detectablebyRAMPorVecTestbasedonourestimatesinFig2

SUMMARYtheGoodtheBadandtheUgly

Antigencapturetestsweredevelopedwithgoodintentions
tofillalaboratorysupportvoidinsomeareasbecausetheycanbe
donebypersonnelwithminimaltrainingandequipmentandresults
areavailablewithinminutesprovidingtheappearancesofrapid
dataacquisitionIfthesuppliedcommercialbuffersareusedthese
containdetergentthatreputedlyinactivatesvirusmakingtesting
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relativelysafeThetestsworkwellwhendoneproperlyandprovide
specificresultsHoweverthesetestsarebadinthattheyare
lesssensitiveandthereforeunderestimatetrueinfectionratesin

mosquitopopulationsespeciallyduringspringandearlysummer
orinrelativelycoolenvironmentswhenarboviruseswithinmosquito
hostsgrowslowlyandarepresentatlowlevelsLowassay
sensitivitywouldrequireexpandedsamplingtodetectviruspresent
atlowinfectionratesandatlowtitersFromasurveillanceand

abatementstandpointthesetestsbecomeuglywhentheydonot
detectvirusinfectionsuntilthemosquitoesarecapableof
transmissionInadditionminimuminfectionrateestimatesand

thereforediseaseriskmaybeunderestimateddelayingtimely
interventiontopreventhumaninfectionBythistimeproactive
abatementmaybetoolateandonlyanemergencyresponsepossible
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ApplicationofRapidAntigenDetectionTestsin2005

StacyBeardenJohnStrohandEddieLucchesi

SanJoaquinCountyMosquitoandVectorControlDistrict7759SAirportWayStocktonCA95206

ABSTRACTAftersixyearsofanticipationWestNileVirusWNVfinallyarrivedinSanJoaquinCountyin2004The
extentofvirusinourcountywasminimalbutitallowedustoseehowoverwhelmedtheStatesurveillancesystemwasduring
itsfirstepidemicyearWithallpredictorsindicatingthatnorthernCaliforniawasgoingtobetheepicenterofvirusin2005
SanJoaquinCountyMosquitoandVectorControlDistrictoptedtochangethesurveillancepracticestoincreaseturnaround
timeandtoreducetheloadgoingtotheCaliforniaDepartmentofHealthServicesCDHSAlldeadbirdsmosquitopools
andchickenserawouldbetestedinhouseduring2005inordertoexpediteourcontroleffortsintheareaswhereviruswas
discoveredRapidAnalyteMeasuringPlatformRAMPResponseBiomedicalwasusedtotestforvirusindeadbirdsas
wellasinmosquitopoolsApproximately50encephalitisvirussurveillanceEVStrapswereroutinelyplacedaroundthe
countyMosquitopoolsweretestedforviruswithin2448hoursfromthepointofcollectionDistrictpersonnelwerenotified
ofpositivepoolsimmediatelyandadulticidingeffortsinthatareawereplannedforthateveningAlthoughsensitivityasit
relatestoRTPCRwaslostduringthisyeartheDistrictfeelsthattherapidresponsethatwewereabletoachievedoingin
housetestingplayedanimportantfactorinreducingthenumberofhumancasesinourcounty

INTRODUCTION

WestNileVirusWNVisamosquitobornevirusthatspread
rapidlyacrosstheUnitedStateseventuallymakingitswaytothe
stateofCaliforniain2003Californiawasexpectedtobethe
epicenterforthevirusin2004AlthoughsouthernCalifornia
initiallyexperiencedthebruntoftheviruseverycountyinthe
stateeventuallyreportedvirus

In2004theSanJoaquinCountyMosquitoandVectorControl
DistrictSJCMVCDalongwithmanyothernorthernCalifornia
districtshadtheirfirstexperiencewithWestNileVirusWNV
ThesenorthernCaliforniadistrictsalsohadanopportunitytostep
backandreflectontheextentofvirusinsouthernCaliforniaas

wellastheirresponsetothediseaseManynorthernCalifornia
districtsmettoreevaluatetheir2005gameplansItwasduring
thisreevaluationthatmanycomplaintsbegansurfacingregarding
theturnaroundtimewithrespecttothedeadbirdsandthemosquito
poolsSanJoaquinCountywasjustoneofmanydistrictsthathad
positivesamplesreported2weeksormoreaftertheinitialcollection
dateAmplificationofWNVcouldhavebeenworseinourdistrict
consideringthatwewereunabletostayaheadofthevirus

JUSTIFICATIONFORINHOUSETESTING

SJCMVCDwasabletoreevaluateeveryaspectofour
surveillanceandcontroleffortsduringourfirstyearwithvirus
Oneissuewasthatwecouldnotaffordtowaitfiveormoredaysto
getWNVpositiveinformationtoourfieldstaffWithnorthern
CaliforniaexpectingtobetheepicenterofWNVin2005weknew
thattimewasoftheessenceInadditionwecouldntpredicthow
muchWNVwouldremaininsouthernCaliforniaandwhetherthese

districtswouldcontinuetoaddadditionalworkloadstothetwo

keylabsUCDavisCenterforVectorborneDiseaseCVECand
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theCDHSViralandRickettsialDiseaseLaboratoryVRDLWe
neededtofindawaytoexpediteallofoursurveillanceandtesting
sothatmanagementstaffcouldeffectivelyplanforourcontrol
Inhousetestingseemedlikethebestsolutiontoexpeditetheturn
aroundtimeofoursamples

SJCMVCDhadalreadybegunintensifyingitssurveillant
programbyincorporatingtheuseofRAMPasatooltodetech
WNVDuring2005thedistrictemployedRAMPtotestalldead
birdsandmosquitopoolscollectedaswellastestingourown
chickenseraforflavivirusandWesternEquineEncephalitisusing
theenzymelinkedimmunosorbentassayELISA

MOSQUITOPOOLTESTING

Volume74

SJCMVCDemployedtheRapidAnalyteMeasuringPlatform
RAMPtotest1699mosquitopoolsduringthe2005mosquito
seasonAdultmosquitoeswerepooledandtestedwithin24hours
ofcollectionThirtyeightpoolstestedpositiveforWNVThe
firsttwopoolsweresubmittedtoCVECandconfirmedpositiveby
multiplexRTPCRTheremaining36poolswereheldatthedistrict
officeina70CfreezeruntiltheendoftheseasonMarinSonoma

MosquitoandVectorControlDistrictconfirmed34oftheremaining
poolsusingRTPCRItsunclearwhetherthetwopoolsthattested
negativeweretruenegativesorwhethertheRNAwithinthesamples
mayhavedegradedintheRAMPbufferTable1showstheRAMP
valuesofallthepoolsandtheircorrelatingCTvaluesBothpools
testingnegativebyRTPCRhadRAMPvalues640unitsandpools
collectedlaterfrombothoftheselocationswereconfirmedpositive
whichleadsustobelievethattheRNAwasprobablydegradedin
thesamplesAsignificantfindingduringthisstudywastwopools
thatwereconfirmedpositivehadRAMPvaluesinthe3040unit
range30unitspositivepoolAllsamplesweretestedusingth
sameprotocolandsamebiologist



Pool Spp

Date

Collected

Site

Code

in

Pool

RAMP

Results

RAMP

units

RTPCR

Results

Ct

Values StDevCt

821 Cxtarsalis 7202005 8080 39 positive 640 negative undet3801 na

825 Cxpipiens 7252005 8081 20 positive 640 negative 38443879 0244

831 Cxpipiens 7272005 8083 50 positive 640 positive 23382336 0017

842 CxtarsCxpip 7262005 8070 67 positive 1636 positive 26012548 0376

843 Cxtarsalis 7262005 8056 11 positive 688 positive 24652447 0129

890 Cxpipiens 832005 8083 50 positive 1504 positive 20292026 0024

898 Cxtarsalis 832005 8027 43 positive 640 positive 17811760 015

905 Cxpipiens 882005 8083 50 positive 319 positive 22992294 0037

920 Cxtarsalis 892005 8075 50 positive 640 positive 20582062 0031

932 Cxpipiens 8102005 8029 17 positive 2866 positive 22682259 0068

938 Cxpipiens 8102005 8079 20 positive 1588 positive 22882233 0385

944 Cxtarsalis 892005 8082 22 positive 640 positive 19731971 0016

946 Cxtarsalis 892005 8021 16 positive 5221 positive 31433176 0232

954 Cxtarsalis 8102005 8085 50 positive 396 positive 31883159 0206

960 Cxtarsalis 8112005 8018 50 positive 640 positive 18751881 004

962 Cxtarsalis 8112005 8018 50 positive 4618 positive 18601857 0025

976 Cxtarsalis 8112005 8005 29 positive 640 positive 25962641 0319

978 Cxpipiens 8112005 8005 7 positive 3965 positive 21632166 0017

987 Cxpipiens 8152005 8083 43 positive 640 positive 19671965 0009

1007 Cxtarsalis 8152005 8075 30 positive 2076 positive 23032305 0015

1053 Cxpipiens 8152005 8085 50 positive 640 positive 19661969 0017

1056 Cxtarsalis 8152005 8085 50 positive 6019 positive 21212124 0023

1077 Cxtarsalis 8152005 8004 50 positive 2485 positive 25902506 0592

1085 Cxtarsalis 8172005 8022 26 positive 5105 positive 20532073 0138

1092 Cxpipiens 8222005 8083 12 positive 1209 positive 20652068 0024

1110 Cxpipiens 8232005 8084 17 positive 640 positive 19361936 0006

1113 Cxtarsalis 8232005 8026 18 positive 1058 positive 18311831 0004

1118 Cxpipiens 8232005 8020 14 positive 640 positive 19771976 0011

1126 Cxpipiens 8232005 8070 3 positive 640 positive 22622254 0058

1127 Cxpipiens 8232005 8056 50 positive 640 positive 19171951 0241

1128 Cxpipiens 8232005 8056 48 positive 1328 positive 22142229 0102

1144 CxTarCxPip 8252005 8027 276 positive 1602 positive 32333210 0157

1172 Cxtarsalis 8282005 8018 39 positive 640 positive 19491951 0013

1261 Cxpipiens 972005 8029 47 positive 640 positive 18191823 0032

1345 Cxtarsalis 9152005 8045 8 positive 2871 positive 22532272 0133

1524 Cxpipiens 1032005 8080 12 positive 401 positive 25872595 0055
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Table1RAMPpositivemosquitopoolsconfirmedbyRTPCRbyMarinSonomaMVCD

RESPONSE

TheSanJoaquinCountyWNVTaskForcewhichconsistsof
theMosquitoandVectorControlDistricttheOfficeofEmergency

rvicesOEStheLocalHealthDepartmenttheAg
CommissionersOfficeandtheCountyEnvironmentalHealth
beganimplementingtheCaliforniaMosquitoborneVirus
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SurveillanceandResponsePlanandevaluatingtheWNVrisk
assessmentonaweeklybasisoncevirusmovedintonorthern
CaliforniaTable2showsasampleoftheDistrictsweekly
assessmentDuringtheweekofJuly22thedistrictwasfunctioning
inanormalseasonmodewithallemployeesmaintaining
surveillanceandcontroloftheirassignedzonesWithinfourweeks
theDistrictsrisklevelwaselevatedtoepidemicconditionsand



DATE AVGRATING RESPONSE

July22 215 NormalSeason

July29 3375 EmergencyPlanning
EmergencyPlanningAugust1 3625

August8 40 EmergencyPlanning
August15 4375 EpidemicConditions
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Table2WNVriskassessmentduringJulyandAugust2005

aerialcontractorshadtobeemployed
Figure1showsthenumberofpositivemosquitopoolsfor

WNVandtheweekthatcorrespondswiththecollectionandtesting
Betweenweeks32and33elevenmosquitopoolstestedpositive
forWNVpushingSanJoaquinCountyintoepidemicconditions
AriparianbrushrabbitraisedatapropagationfacilityinSan
JoaquinCountytestedpositiveforWNVantibodiesduringthis
sametimeperiodTherabbitwaslaterrelocatedtoanotherareaof
ourcountyOnemosquitopoolandthreechickenslocatednear

12

10

4Week23
First

Positive

Bird

1

First

Human

FirstPositive

Chickenand

Horse

Positive

Riparian
Rabbit

27 29 30 31 32 33 34 35 36

WeekofCollection

thepropagationfacilitytestedpositiveforWNVwithintwoweeks
followingthisdiscovery

Within2448hoursofdetectingvirusmanagementw
notifiedofthepositivelocationsFieldtechniciansweresentto
thepositivetraplocationstoperformthoroughinspectionsifduring
theinspectionanabundanceofadultmosquitoeswasfoundground
andoraerialsprayingoperationswereplannedInadditionevery
memberofourTaskForceaswellasthelocalnewsmediawas

notifiedSpraymapsweregeneratedbythemanagementteamand
giventoourlocalOEStobepostedonourwebsiteaswellasgiven
toourfieldtechniciansDuringouremergencyplanningstages
anadditionalaerialapplicatorwashiredtoassistwithlargescale
sprayingoperationsVectorDiseaseControlIncorporatedVDCI
wastheapplicatorchosentoassistourcurrentaerialcontractors
PrecissiFlyingServiceInctotreatareasmeasuring5000acres
Routineinspectionsandtreatmentsof5000sourcesoccurred
simultaneouslywithroutineULVadulticidingofsmallareas5000
acresbygroundcrewsFigure2showsanoverlayofour
adulticidingoperationsinresponsetothenumberofpositive

MosquitoPools

37 40

Figure1TemporaldistributionofpositivemosquitopoolsinSanJoaquinCountyandacomparisonofWNV
activityinallsamples
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1014

Epide
Cod

97140

42360

27 28 29 30 31 32 33 34 35 36 37 38 39 40

WeekofCollection

MosquitoPoolsAcresSprayedI

Figure2Numberofacrestreatedinresponsetopositivemosquitopools

mosquitopoolsSJCMVCDwasfunctioninginanormalseason
modewhenthefirstpositivemosquitopoolwascollectedonBrack
TractAreevaluationofourweeklyriskassessmentplaced
SJCMVCDinemergencyplanningafterourfirstpositivemosquito
poolwasannouncedWithin5weeksofourfirstpositivemosquito
pool19morepoolstestedpositiveforWNVadvancingthedistrict
intoepidemicconditions

CONCLUSION

SanJoaquinCountyMVCDbeganimplementinginhouse
testingduringthe2005seasontoincreasetheturnaroundtimeas
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wellastheresponsetimebythetechniciansAllmembersofour
countyWNVTaskForcewerekeptabreastofallchangesinvirus
activityThecooperationbyallmembersoftheDistrictandthe
TaskForcehelpedreducetheadditionalstressesthatcouldhave
occurredwiththemediacoverageandworkloadsResponsetime
bytheemployeeswasusuallywithin48hoursFieldtechnicians
continuedtoinspectandlarvicidetheirassignedworkzonesin
additiontoULVadulticidingintheeveningsBetweengroundand
aerialworkatotalof187074acresweretreatedinresponseto

positivemosquitopoolsTheintensivecontroleffortsafterweek
33resultedinasignificantreductionofpositivemosquitopools

Theresultwefeelwassignificantcomparedtoour
neighboringcountiesonly36humancaseswithonefatalityand
only19equinecaseswerereportedforSanJoaquinCounty



Date

DHSID

Number City RAMP R PCR

926 Q5196 Concord negative 86 positive
926 Q5195 WalnutCreeknegative 334 positive
928 Q5201 PleasantHill positive 813 positive
104 Q5213 Martinez negative 190 positive
1011Q5225 Martinez positive 640 positive
1018Q5232 Concord negative 199 negative
1021Q5233 Concord negative 247 positive

Tested RAMP RAMP False False

15 213 1387 00 1387
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ABSTRACTAtrialwasconductedtodeterminewhethertheRAMPrapidantigentestcoulddetectWestNilevirusin oral

swabsfromdeadfoxsquirrelsAlthoughonlytwosquirrelsoutof15testedwereRAMPpositiveusingthestandardcutoff
valueofR50sixoutofsevensquirrelswithRvaluesgreaterthanzerowereconfirmedtobePCRpositivewhileallsquirrels
withR 0werePCRnegativeTestresultsoncorvidswerespeciesspecificresults weremoreaccurateforAmericancrows

thanforwesternscrubjaysAdjustingthetestconditionsorloweringthecutoffvalueforpositiveresultsmightimprovethe
utilityofRAMPforsquirrelandscrubjaytesting

INTRODUCTION

During2005theContraCostaMosquitoandVectorControl
DistrictutilizedtheRAMPrapidantigentestforearlydetectionof
WestNilevirusWNVincorvidoralswabsamplesWhilewe
consideredouruseoftheseteststobesupplementaltoPCRtesting
bytheUniversityofCaliforniaDavisCenterforVectorborneDiseases

CVECtheCaliforniaDepartmentofHealthServicesCDHS
acceptedRAMPtestresultsondeadcrowsasaccurateenoughto
beconsideredofficialforreportingpurposes

Whilecorvidsandcertainotherbirdspeciesareknowntobe
susceptibletoWNVdatacollectedbyCDHSin2004suggested
thattreesquirrelsmayalsobesusceptibleThefoxsquirrelSciurus
nigeranintroducedspeciesisverycommonindenselypopulated
residentialareasoftheSanFranciscoBayareaByrne1979hasa
limitedhomerangeFlygerandGates1982andthereforecould
provetobeausefulsentinelforlocalvirustransmissioninurban

areasTheCaliforniaDepartmentofHealthServicesincollaboration
withtheLindsayWildlifeMuseumalargewildliferehabilitation
centerlocatedincentralContraCostaCountyhadalreadyinitiated
astudyofWNVinsquirrelssubmittedtothewildlifehospitalPadgett
etal2005 SuspectsquirrelsreportedtotheCDHSstatewide
WNVhotlinebytheMuseumwerepickedupbyDistrictpersonnel
forshipmenttotheCaliforniaAnimalHealthandFoodSafety
LaboratoryCAHFSfornecropsyandCVECforPCRtestinga
processwhichtookupto14daysSincerapidtestingiscapableof
providingsamedayresultsandamuchquickeroperationalresponse
wedecidedtoinvestigatewhetherRAMPcoulddetectWNVin
squirreloralswabs

MATERIALSANDMETHODS

WeusedthestandardRAMPproceduresrecommendedbythe
manufacturerResponseBiomedicalfortestingoralswabsfrom
corvidsandsquirrelsandthestandardcutoffvalueofR50
determinedautomaticallybytheRAMPreaderfromtheratioofa
testbandtoacontroltodecidewhetheratestresultwaspositive
ResponseBiomedicalCorp2005AllsquirrelstestedbyRAMP
weresubsequentlysubmittedtoCVECforPCRtestingWestern
scrubjaysAphelocomacalifornicatestingpositiveR 50were

reportedtoDHSbutnotsubmittedforfurthertestingwhilethose
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RESULTS
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RapidDetectionofWestNileVirusinFoxSquirrelsSciurusnigerUsingRAMP Test

SteveSchutzEricGhilarducciDamienClausonandMikeMcCoy

ContraCostaMosquito VectorControlDistrict155MasonCircleConcordCA94520

testingnegativeweresubmittedforPCRtestingSinceRAMP
resultsoncrowsCorvusbrachyrhynchoswereconsidereddefinitive
byCDHSwedidnotsubmitthemajorityofcrowswetestedfor
PCRconfirmation

Atotalof15foxsquirrelswereRAMPtestedOftheseonly
twohadRvaluesabovethestandardcutoffvalueof50recommended

forcorvidsThesewerebothconfirmedbyCVECtobePCR
positiveaswerefiveadditionalsquirrelswithRvalueslessthan50
Table1Thereforeusingthestandardcutoffvalue87ofour
squirreltestresultswerefalsenegativesHoweverfurthe
examinationofthedatarevealedthatallsevenofthePCRpositive
squirrelshadRAMPRvaluesgreaterthanzeroandallbutoneof
eightPCRnegativesquirrelshadR 0RvaluesforPCRpositive
squirrelsrangedfrom86to 640mean 1346standarderror
1016Table2

Table1FoxsquirrelRAMPtestresultsSampleswithR 50

wereconsideredWNVpositive

Table2RAMPtestresultsforindividualfoxsquirrelswithR0



Species Tested RAMP RAMP False

Westernscrubjay 67 3146 3654 1624

Americancrow 31 929 2271 176
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ExaminationofRAMPtestresultsoncorvidsshowedthat

nsitivitofthetestvariedwithspeciesTable3Of31crows
stedninewereRAMPpositiveand22RAMPnegative

ThirteenoftheRAMPnegativecrowsweresubmittedforPCR
testingwithasinglefalsenegative76 Of67westernscrub

jaystested31wereRAMPpositiveand36RAMPnegative
AllofthenegativejaysweresubmittedforPCRtestingwhich
revealed16falsenegatives24 Howeverallbutfiveofthe

falsenegativejayshadRvaluesgreaterthanzero

Table3Corvidtestresultsoutof13crowssubmittedforPCR

confirmation

DISCUSSION

DespitethelowsensitivityofRAMPrelativetoPCRtesting
CahoonYoungetat2005theabilitytorapidlyscreensamples
makesitausefultoolforvectorcontrolagenciesdesiringaquick
operationalresponsetoevidenceoflocalvirustransmissionUsing
iestandardcutoffvalueof50RAMPfailedtodetectthemajority

ofWNVpositivefoxsquirrelsHowevertheobservationthatall
ofthesquirrelswithR0werePCRnegativeandallbutonewith
R 0werePCRpositivesuggeststhatdespitethelowerapparent
viremiasinsquirrelsRAMPmaybestillbeusefulforrapidWNV
screeningperhapswithadjustmentsinthecutoffvalueandorthe
testproceduretoimprovesensitivityTheaccuracyofRAMP
alsovariedwithcorvidspeciesbutitstilldetectedthemajorityof
positivecrowsandscrubjaysandenabledustorespond
operationallywhilewaitingforPCRconfirmationofnegative
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resultsAswithsquirrelsadjustmentofcutoffvaluesmightimprove
theaccuracyofRAMPfortestingscrubjaysAdditionaltesting
isplannedin2006
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WestNileVirusRapidDiagnosticTestFalseNegativeFalsePositive

MinLeeChengTStevenSu

WestValleyMosquitoandVectorControlDistrict1295ELocustStreetOntarioCA91761

ABSTRACTDuring2005over1750RAMPtestcartridgeswereusedfordetectionofWestNilevirusWNVinmosquito
samplesanddeadbirdsattheWestValleyMVCDSomemosquitoandbirdspecimensalsoweretestedbyRTPCRConcurrent
testingwithVecTestwasdoneonallbirdspecimensTheRAMPandVecTesttestsareviralantigenbasedtestsandRTPCR
isaviralRNAtest

WhiletheRAMPtestgreatlyshortenedtheturnaroundtimeformosquitotestresultsoccasionalconflictingtestresults
betweentheRAMPandRTPCRwereseenWeevaluatedthepotentialsourcesofdiscrepanciesWealsoinvestigatedthe
possiblecausesofWNVfalsepositiveandfalsepositivenegativeresultswiththeRAMPtestssuchasreagentlotsthe
manufacturersuggestedcutoffvalue15vs30RAMPunitsforpositiveRAMPresultsthehomogeneityandviscosityof
mosquitosamplehomogenatesandthesamplevolumeappliedtothetestcartridges
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SurveillanceforMosquitoborneEncephalitisVirusActivityandHumanDisease
IncludingWestNileVirusinCalifornia2005

AlbertHomDeniseBonillaAnneKjemtrupVickiKramerBarbaraCahoonYoungChristopherBarkerLauren
MarcusCarolGlaserCindiCossenElizabethBaylisCynthiaJeanBruceEldridgeRyanCarneyKerryPadgettBen

SunWilliamKReisenLeslieWoodsJamesGloverClaudiaEricksonColleenBarclayandStanHusted

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices
1616CapitalAveMS7307POBox997413SacramentoCA958997413

UCDavisCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFSUniversityofCaliforniaatDavisCA95616

TheCaliforniaarbovirussurveillanceprogramisacooperative
effortoftheMosquitoandVectorControlAssociationofCalifornia
MVCACtheUniversityofCaliforniaatDavisSchoolof
VeterinaryMedicineCenterforVectorborneDiseasesCVECand
theCaliforniaAnimalHealthandFoodSafetyLaboratory

CAHFStheDepartmentofFoodandAgricultureCDFAand
theDivisionofCommunicableDiseaseControlincludingthe
VectorBorneDiseaseSectionVBDStheVeterinaryPublic
HealthSectionVPHSandtheViralandRickettsialDisease
LaboratoryVRDLoftheCaliforniaDepartmentofHealth
ServicesCDHScountyandlocalpublichealthdepartments
physiciansandveterinariansthroughoutCalifornia

In2005thesurveillanceprogramelementsincludedthe
Mowing
1Diagnostictestingofspecimensfromhumanpatients

exhibitingsymptomsofencephalitisasepticmeningitisacute
flaccidparalysisorwithunexplainedfebrileillnessofmorethan
sevendays

2Enrollmentofpatientsdiagnosedwithencephalitisinto
theCDHSCaliforniaEncephalitisProjectwhichevaluates
demographicsexposuretoarthropodsandlaboratoryevidenceto
determineetiology

3Diagnostictestingofspecimensfromequidsthatexhibit
clinicalsignsofviralneurologicdiseasecompatiblewithwestern
equineencephalomyelitisWEEWestNilevirusWNVand
otherarbovirusesasappropriate

4Monitoringandtestingofmosquitoesforthepresenceof
StLouisencephalitisSLEWEEandWNVTestswerealsodone
fordengueandotherarbovirusesasappropriate

5SerologicalmonitoringofsentinelchickensforSLEWEE
andWNVantibodies

6Surveillanceanddiagnostictestingofdeadbirdsespecially
crowsandotherspeciesinthefamilyCorvidaeforinfectionwith
WNV

7WeeklyreportingintheCDHSArbovirusSurveillance
BulletinofarbovirustestingresultsinCaliforniaandarbovirus
activitythroughouttheUnitedStates

8ReportingofWNVdatabiweeklyontheCaliforniaWNV
websitewwwwestnilecagovandtheCaliforniaVectorborne

iseaseSurveillanceSystemhttpvectorucdaviseduarbohtml
includingtestresultsreportsmapsandpubliceducationmaterials
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9Apilotstudytopredictareasofhumanriskofacquiring
WNVusingdeadbirdreportsanalyzedwiththeDynamic
ContinuousAreaSpaceTimeDYCASTmodel

AsummaryofWestNilevirussurveillanceelementsbycounty
isinTable1

Arbovirusdiagnosticproceduresusedin2005inCalifornia
aresummarizedinTable2

HUMANDISEASESURVEILLANCE

In2002theVRDLinitiatedaregionalpublichealthlaboratory
networkwith33localcountypublichealthlaboratoriestoenhance
humanWNVtestingandsurveillanceeffortsinCaliforniaThe
locallaboratoriestestedforWNVusingtheIgMorIgG
immunofluorescentassayIFAandortheIgMorIgGenzyme
immunoassayEIALaboratoriesforwardedpositivespecimens
totheVRDLforverificationorconfirmatorytestingAdditional
suspectcasesofWNVwereidentifiedthroughtheCalifornia
EncephalitisProjecttheKaiserPermanenteregionallaboratories
fourmajorcommercialreferencelaboratoriesandblooddonation
centers

Over2800specimensfrom2222individualsweretestedfor
WNVattheVRDLin2005Thefirstcaseof2005wasa47year

oldmalefromTulareCountywhohadonsetofWestNilefeverin
earlyJuneIntotal935humanWNVinfectionswereidentified
amongtheresidentsof40countiesinCaliforniaFig1anincrease
of105infectionsfrom23countiesidentifiedin2004Onehundred
oneofthe935WNVinfectionsweredetectedinblooddonors42

ofwhomlaterdevelopedclinicalsymptomsconsistentwithWest
NilefeverFourasymptomaticWNVinfectedindividualswere
identifiedthroughtestingatlocalhealthdepartments

Ofthe880casessymptomaticinfections534wereclassified
asWestNilefever305wereidentifiedasneuroinvasivedisease
casesieencephalitismeningitisoracuteflaccidparalysisand
41wereofunknownclinicalpresentationMalesrepresented483
55 of880casesThemedianageforallcasesforwhomdata
wereavailablewas51yearsrange295yearsThemedianage
forWestNilefevercaseswas49range293andfor
neuroinvasivediseasecases55yearsrange495yearsThe
medianageofthe19WNVassociatedfatalitieswas78yearsrange
5692years



County HumansHorses
Dead

Birds
Mosquito
Pools

Sentinel

Chickens
Alameda 1 2 48 8

Alpine
Amador 4 7 24

Butte 25 7 79 4 15
Calaveras 2 6 10 1
Colusa 2 2 14 3
ContraCosta 11 10 93 1 18
DelNorte

ElDorado 1 5 67

Fresno 68 33 97 71 47
Glenn 13 2 30 5 9
Humboldt 1 4

Imperial 1 10 54

Inyo 2 12 2

Kern 68 26 44 235 113

Kings 32 5 73 3 19
Lake 10 32 32 4
Lassen 1 3

LosAngeles 47 10 173 218 60
Madera 19 20 22 5 7
Marin 14

Mariposa 2 6

Mendocino 1 34

Merced 28 25 171 34 14
Modoc 1

Mono 1 1

Monterey 1 2

Napa 44 2

Nevada 4 5 27

Orange 17 302 83 2
Placer 35 23 84 20 2

Plumas 1 1

Riverside 104 46 111 111 154
Sacramento 177 33 70 122 16

SanBenito 2 1

SanBernardino35 3 74 40 79

SanDiego 1 160

SanFrancisco 2 2

SanJoaquin 36 19 24 1 21

SanLuisObispo 13 41 2 4
SanMateo 1 10

SantaBarbara 2 6 73 21 8

SantaClara 5 1 144 3
SantaCruz 2

Shasta 1 2 28 9
Sierra

Siskiyou 6

Solano 5 16 44 4 23
Sonoma 1 1 78

Stanislaus 92 46 235 114 31
Sutter 9 1 9 43 6
Tehama 4 3 47 1

Trinity
Tulare 60 22 226 16 44
Tuolumne 1 3 59

Ventura 1 8 62 2 2
Yolo 12 14 17 28 12
Yuba 6 10 12 4 10

StateTotals 935 456 3046 1242 790
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Table1SummaryofWNVSurveillanceinCalifornia2005
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EQUINESURVEILLANCE

CHICKENSEROSURVEILLANCE
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Serumorbraintissuespecimensfrom1295horsesdisplayit
neurologicalsignsweresubmittedtotheCaliforniaAnimalHealth

SafetyLaboratoryCAHFSforarboviraltestingatCAHFS
VRDLandtheUnitedStatesDepartmentofAgricultureNational
VeterinaryServicesLaboratoryWNVinfectionwasdetectedin456
horsesfrom43countiesTable1Fig2Ofthe456infectedhorses
20044 diedorwereeuthanizedTwentyhorseswereproperly
vaccinatedwiththeWNVvaccine78wereimproperlyvaccinated
342wereunvaccinatedandthevaccinationhistorywasunknown
for16

ADULTMOSQUITOSURVEILLANCEANDTESTING

The2005surveillanceseasonbeganinMarchwiththe
deploymentofsentinelchickenflocksinsouthernCaliforniacounties

Fiftyfivelocalmosquitoandvectorcontrolagenciesin40counties
maintained271sentinelchickenflocksTable3Fig4Blood
sampleswerecollectedfromchickenseveryotherweekAsligl
changetothesentinelchickentestingprotocolwasmadein2005to
hastenreportingAchickenfoundtobepositivetoflaviviruswas

InAprilsurveillancedatabegantobedisseminatedusingthe
AdultMosquitoOccurrenceReportAMORFortythreeweekly
ArbovirusSurveillancebulletinsand44AMORsincludingafive
yearaverageAMORsummaryweredisseminatedstatewidetoall
programparticipantsFortyonelocalagenciesfrom32counties
collectedmosquitoesusingNewJerseylighttrapsin2005
Additionallysomedistrictsusedencephalitisvirussurveillancetraps
EVSandgravidtrapsThemosquitocountsfromallthreetraps
whereapplicablewereforwardedtoVBDSandsummarizedweekly
intotheAMORfromApril9toNovember19

Fiftylocalmosquitocontrolagenciessubmittedatotalof752401
mosquitoes20270mosquitopoolstoCVECforvirusisolations
Tables345WNVwasdetectedin1242of20270mosquitopoo
from29countiesTable3Fig3In2005WestNileviruswasfir
detectedfromapoolofCulexquinquefasciatusSaycollectedon
January25inOrangeCountyThelastdetectionofWNVin
mosquitoesin2005wasfromapoolofCxquinquefasciatuscollected
onNovember30inLosAngelesCountyWNVwasidentifiedfrom
sixCulexspeciesCxerythrothoraxDyarCxpipiensLCx
quinquefasciatusCxstigmatosomaDyarCxtarsalisCoquillett
andCxthriambusDyarForthefirsttimeWNVwasidentifiedfrom
AnophelesfreeborniAtkenin2005

In2005eightlocalagenciesContraCostaMarinSonoma
SacramentoYoloSanGabrielValleyShastaSanJoaquinSanta
ClaraandWestValleytestedatotalof129778mosquitoes4887
mosquitopoolsusingRAMPandVecTestResultsarenotincluded
inthesummaryresultsbecausethetestswerenotconfirmedbyCVEC

WesternequineencephalomyelitisWEEwasdetectedinCx
tarsalispoolsfromthreecountiesImperial7Kern25and
Riverside19respectivelyTable3SaintLouisencephalitisSLE
viruswasnotdetectedinmosquitopoolsin2005



00 Screening PrimaryTest ConfirmatoryTest VirusTested

SLEWNVWEE

Humansera

Screenedbylocal
publichealthlabsand

VRDL

EIAIgMandIgGfor
WNVVRDL PRNTVRDL x

Humancerebrospinal
fluid ScreenedbyVRDL

EIAIgMforWNV
VRDL

IfCSFisIgMpositive
byEIAaserumsample

isrequested x

Equinesera
Perrequestofthe

veterinarian EIACVEC PRNTCVEC x x

Equinetissue
ScreenedbyVPHS

andCDFA

VirusisolationinVERO

cellsCVEC x x

Birdcarcasses

ScreenedbyVBDS
necropsyandtissue

removalbyCAHFS

RapidAssayeither
VecTestorRAMPlocal

agencyorRTPCRusing

aprimarysetofprimers
onkidneytissueandcell
cultureonorganpools

CVEC

RTPCRusingasetof
secondaryprimers

CVEC x

Otheranimalssera ScreenedbyVPHS

PRNTforseraCVEC

virusisolationCVEC x

Mosquitopools
Collectionsbylocal

agencies RAMPbyagency
insituEIAusingvero
cellculturesCVEC x x x

Chickensera

Localagencysentinel
flocks EIAVRDL

IFAPRNTasneeded

VRDL x x x

Volume74

Table2ArbovirusdiagnosticproceduresforCalifornia

Abbreviations
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Agencies CAHFSCaliforniaAnimalHealthandFoodSafetyLaboratory
CVECUniversityofCaliforniaDavisCenterforVectorBorneDisease
VBDSVectorBorneDiseaseSection

VPHSVeterinaryPublicHealthSection
VRDLViralandRickettsialDiseaseLaboratory

Assays EIAenzymeimmunoassay
PRNTplaquereductionneutralizationtest
IFAimmunofluorescentantibody

Viruses SLEStLouisencephalitis
WEEwesternequineencephalomyelitis
WNVWestNilevirus

Proc PapersMosqVectorControlAssocVol74



Incidenceper100000population

Glenn 491

Kings 247 15
Stanislaus 206

Tulare 163

Madera 154

Sacramento 145

Placer 141

Merced 133

Butte 123

Sutter 114 10

Amador 114

Colusa 106
Kern 103
Yuba 100

Fresno

Tehama

Yolo er 5

Riverside

SanJoaquin

Calaveras CP

CI

7

CI

Cl

mt

ir

V

CNI

v

r

r

Plumas

Nevada

SanBernardino 1

Tuolumne

Solano

ContraCosta

0

Others
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NumberofWNVcasesidentified

Figure1HumanCasesofWNVandIncidenceper100000byCaliforniaCounty2005
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Numberofequinecasespercounty2005

30

11 30

110
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Figure2NumberofEquineCasesofWestNileVirusbyCaliforniaCounty2005
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Table3MosquitopoolsandsentinelchickenflockstestedforWestNilevirus20051

County Agency

No

jmosquitoes No

tested mosquito

poolstested

WNV WEE

pools pools Noflocks

Proc PapersMosqVectorControlAssocVol74

Volume74

No Nosera

chickens tested WNVseraVVEEsera

Alameda LAlattiedaCoMAD 1 16173 398 8 3 21 310 0

Alameda iAlamedaCoVectorControl 839 33

Alpine
iAmador

Butte iButteCoMVCD i 2542 63
i

4 7 77 1169 15

rCalaveras 1 10 127 I 14
t

Colusa IColusaMAD
4 Ii 0 1 10 129 3 1

ContraCosta ContraCostaMVCD 19586 423 1 5 60 758 I 18I

DelNorte

F1Dorado
1

l3
1 fFresno ConsolidatedAMD 10587 323

i
57 6 65 849 4 47

i 4
Fresno iFresnoMVCD 1566 i 38 4 2 22 267 t

0
1Fresno FresnoWestsideMAD I 2862 I 71 10 i 2 20 320 1 0

Glenn 1IGlennCoMVCD 1 2350 47 5 I 1 13 184 I 9 IIi r iHumboldt

Imperial CoachellaValleyMVCD 7868
L

171 0 4 12 120 I 530 I 29 1 26
i

IImperial
1
ImperialCoEH r 5868 i 163 10 i 3 4 40 530 25 1 26

Ingo OwensValleyMAP I 6091 1 127 1 2 1 0 0 0 1 0
1 r I

Kern jintelopeValleyMVCD 1 10 1 1 1 54 1Kern IDelanoMAD 1 1 0 0 I 2 20 1263 18 i 1

Kern KernMVCD I 65704 1 1585 223 25 9 90 1269 1 84 i 33

Kern ForkMAD
4

1 n 0 1 1 10 129 I 1

Kern IWestsideMVCD 1 129024 278 12 3 30 402 I 10 1
Kings ConsolidatedMAD 1 127 4 I

Kings KingsiKingsMAD i 1853 62 3 4 40 430 19

Lake iLakeCoVCD 1 1 359 32 1 2 20 293 I 4

Lassen
1

r 1

14399

I r
LosAngeles AntelopeValleyMVCD 1 1613 56 1 8 48 638 I 15 1 4

LosAngeles GreaterLosAngelesCoVCD1 101796 i 2879 181 7 70 1249 I 18
1 1

ILosAngeles ILongBeachEH1
12707 I 449 33 4 r 40 420 7 1

I

ILosAngeles 1LosAngelesCoWestVCD 1 137931 457 1 i 20 120 18 15
r T

LLosAngeles lienGabrielValleyMVCD I 55 2 2 I 11 44 49 4 5

4Madera 1ConsolidatedMAD 1 24 1 1 T

II I
Madera FresnoWestsideMAD I 27 if 1

i

Marin MarinSonomaMVCD
I 1100 1 22

i
5 i

1 939 1 56 3
1 20 1 197 1 7

33 1
Madera MaderaCoMVCD 2

i t tI
Mariposa 1

1 iMendocino i 1

iMerced IMercedCoMAD I 21907 1 619 34 8 48 485 i 14

iMerced 1TurlockMAD 7986 242

Modoc T
r f I I
Mono 1

I
i
Monterey NorthSali

1

nasMAD 1 0 0 3 33 1
695

2
438 1 0 1

1Napa NapaMAD 1 0 0

Nevada I 1 27 2 0 I
5 55

2 20 295 1 0

1

Orange OrangeCoVCD 90924 2841 83 I 1 10 137 1 2

Placer 1PlacerCoVCD i 4130 268 20 r 7 42
i

2 2

Plumes
f r

Iii
4

Riverside CoachellaValleyMVCD 109646 1 2794 86 19 12 120 1623 I 66 1 19
t

Riverside INorthurestMVCD I 1 117261 486 6 6 60 832 33
i

Sacramento
i
SacramentoYoloMVCD

123 1140 1 55 i 17Riverside eRivrsideCoEH 18496 439 19 I 6

19898 762 122 5 1 50 10 16 I

SanBenito I
iI i

t

r

SanBetnaclino SanBernardinoCoVCP I 20427 F 367
1

20
i

11 110 1 1877 59 I 11

rSanBernardino WestValleyMVCD 2437 57 20 8

SanDiego 1SanDiegoCoDeptofHealth 6997 i 148 0 3

32 i 528
1

20 I
30 I

f
470 1 0

1 t
SanFrancisco EMDP

i
1

SanFrancisco DeptEnvironment 1
4 4 f i I

SanFrancisco LPRTR

1436 El 29
i I

SanFrancisco SanMateoCoMAD

1
423 4 12

SanJoaquin SanJoaquinCoMVCD 14511 98 6 60 1 211 21

SanLuisObispo SanLuisObispoCo 1970 48 2 F 3 30 1 391 4
t

i

ISanMateo SanMateoCoMAD 4982 112 0 4 40 518 0

SantaBarbara 1SantaBarbaraCoastalVCD 16016 399 21 6 38

1i

1005 8

continued
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Table3continued
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No

mosquitoes
tested

No

mosquito WNV WEE

poolstested pools poolsCounty Agency

SantaClara SantaClaraCoVCD 68 3 3

SantaCruz jSantaCruzCoMVCD 925 18

Shasta IButneyBasinMAD 0

Shasta ShastaMVCD 1631 52

Sierra

Srskiyau
Solano ISolanoCoMAD

Solano SacramentoYoloMVCD 6383

Sonoma 1MarinSonomaMVCD 343

Staruslaus EastSideMAD
Stanislaus TurlockMAD 33623

Sutter SutterYubaMVCD 18235

Tehama TehamaCoMVCD 50

Tulare iDeltaVCD

Tulare TulareMAD

tiiTuolumne

Ventura CittyofMoorpark
Ventura OrangeCoVCD 202

Ventura VenturaCoEH 1786 37

Yolo SacramentoYoloMVCD 8357 300 28

Yuba SutterYubaMVCD 913

Total

1107 114

398 43

3 0

40 a 1067
10 121

20 202
55 695

3533

Table4MosquitopoolsCulexspptestedforWNV2005

4

728977 20270 1242 51

No Nosera

Noflocks chickens tested WNVseraWEEsera

50

2 20
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36 471

44 628

20 224

84 1134
50 692

20 232

60 572

20 302

107

271 2539 29051

637

14 12

281
T

10

31

6

1

790 139

Cxerythrothorax Cxpipiens Cxquinquefasciatus Cxstigmatosoma Cxtarsalis OtherCulexspp
County pools WNV poolsWNV pools WNV pools WNV poolsWNV pools WNV

Alameda 197 6 125 1 1 67 1

3utte 1 12 1 24 4

ContraCosta 115 25 230 1

Eldorado 1

Fresno 15 198 33 4 3 117 35

Glenn 41 5

Imperial 28 1 12 1 268 9 3

Inyo 10 117 2

Kern 54 568 104 2 991 131 2

Kings 43 3 22

Lake 65 1 27 7 214 23

LosAngeles 207 2729 177 150 8 378 28 95 5

Madera 14 2 1 1 9 2

Marin 19

Merced 54 388 23 4 1 330 10 2

Orange 418 1 1441 67 191 7 295 8 27

Placer 5 33 6 2 47 14

Riverside 399 9 767 56 61 2 2339 43 8 1

Sacramento 88 2 290 84 5 218 36

SanBernardino 20 246 20 38 252 20

SanDiego 45 5 14 6 67 1

SanFrancisco 33 3 1

SanJoaquin 4 25 1

SanLuisObispo 17 1 7 1 6 1

SanMateo 16 81 6

SantaBarbara 130 4 43 24 97 17 2

SantaClara 1 1 2 2

SantaCruz 16 5

Shasta 1 28 10 10

Solano 178 2 53 2

Sonoma 6 1 1

Stanislaus 80 1 583 103 2 359 10

Sutter 35 3 311 40

Tehama 2

Tulare 8 64 16 1 27

entura 12 1 7 1 23 1

olo 80 14 2 1 183 12 1

Yuba 5 18 4

Total 2053 26 1909 239 6128 477 539 30 7151 462 140 7
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Table3continued
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No

mosquitoes
tested

No

mosquito WNV WEE

poolstested pools poolsCounty Agency

SantaClara SantaClaraCoVCD 68 3 3

SantaCruz jSantaCruzCoMVCD 925 18

Shasta IButneyBasinMAD 0

Shasta ShastaMVCD 1631 52

Sierra

Srskiyau
Solano ISolanoCoMAD

Solano SacramentoYoloMVCD 6383

Sonoma 1MarinSonomaMVCD 343

Staruslaus EastSideMAD
Stanislaus TurlockMAD 33623

Sutter SutterYubaMVCD 18235

Tehama TehamaCoMVCD 50

Tulare iDeltaVCD

Tulare TulareMAD

tiiTuolumne

Ventura CittyofMoorpark
Ventura OrangeCoVCD 202

Ventura VenturaCoEH 1786 37

Yolo SacramentoYoloMVCD 8357 300 28

Yuba SutterYubaMVCD 913

Total

1107 114

398 43

3 0

40 a 1067
10 121

20 202
55 695

3533

Table4MosquitopoolsCulexspptestedforWNV2005

4

728977 20270 1242 51

No Nosera

Noflocks chickens tested WNVseraWEEsera

50

2 20
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36 471

44 628

20 224

84 1134
50 692

20 232

60 572

20 302

107

271 2539 29051

637

14 12

281
T

10

31

6

1

790 139



MosquitoSpecies

a0
a k

e
m m

Q Q
a

2 E 5 Q

Aedes
spp

Subtotal
y b

e

n s b

5 y

Anopheles
spp

Subtota

P

a b

t
n y rb ti

n O

h p ro

Other
spp

Subtotal
County

F

Alameda 1 1 3 3
Butte 18 2 20 4 1 5
ContraCosta 38 38

ElDorado 3 3

Fresno 9 1 10 5 5
Glenn 1 1 5 5

Imperial 5 1 6 1 1 7 7
Kern 235 235

Kings 0 1 1

IAce 3 10 13 1 73a L 25 2 1 11 14
icisAnles 1 1 4 4 110 1 111
Merced 65 65 3 3
Orange 9 19 28 4

Placer 5 1 6 15 15 1

Riverside 2 50 52 1 8 9 4 34 5 43
Sacramento 28 35 4 67 1 1 41 41
SanBemardino I 1 3 4 7 43 12 55

SanDiego 4 3 7 2 2 1

SanFrancisco 0 4 4

SanJoaquin 12 52 64 1 4 5

SanLuisObispo 14 14

SanMateo 4 4 3 3
SantaBarbara 2 8 25 3 38 20 21 41 9 2 12 23
Shasta 1 1

Solano 3 3 4 4
Sonoma p 1 1
Stanislaus 54 5 59 6 17 23
Sutter 43 7 2 52 1

Ventura 4 4 2 2 6 6
Yolo 7 5 12 12 12 7 7
Total 22 519 15 8 158 48 35 805 32 37 97 1 190 2 432 161 23 7 623
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Table5MosquitopoolsAedessppAnophelessm rquillettidiaperterbansCulisetasppPsorophoracolumbiaetestedforWNV
2005

aOnepoolpositiveforWNV

reportedimmediatelytothesubmittingagencybeforethe
confirmatorytestwasperformedInareaswhereSLEhasnever
beendocumentedwhenatleastonebirdinaflockwasconfirmed

positivetoWNVsubsequentflaviviruspositivechickensfromthe
sameflockwereassumedtobeinfectedwithWNVandnofurther
confirmatorytestingwasnecessaryInSLEareasallflavivirus
positivesampleswerefurthercharacterizedasWNVorSLE
Chickensamplesthatwereonlyflaviviruspositivewerenotincluded
inTable3

TheVRDLtested29051chickenseraforantibodiestoSLE
WEEandWNVTheSacramentoYoloMosquitoandVector
ControlDistrict1916samplesLosAngelesCityWestVector
ControlDistrict2534samplesSanJoaquinCountyMosquito
andVectorControlDistrict665samplesandtheSanGabriel
ValleyMosquitoandVectorControlDistrict553samplestested
theirownsentinelchickenflocks

Atotalof790seroconversionstoWNVweredetectedamong
136flocksfrom31countiesTable3Fig4ThefirstWNV
seroconversionsinsentinelchickenflocksweredetectedon

February25fromSanBernardinoCounty

Proc PapersMosqVectorControlAssocVol74

Atotalof139WEEseroconversionsweredetectedamong20
flocksfromfivecountiesImperial52Kern36LosAngeles
4Riverside36andSanBernardino11 NoSLE

seroconversionsweredetectedin2005

DEADBIRDSURVEILLANCEFORWESTNILEVIRUS

TheWNVdeadbirdsurveillanceprogramacollaborative
programbetweenCDHSandover130localagenciesandsupported
byaCDCgrantwasestablishedin2000In2005CDHSfielded
124876callstotheWestNilevirushotlinewith109361reportsof
deadbirdsfrom58countiesyielding11480carcassessubmittedfor
testingOf9227carcassesdeemedsuitablefortestingWNVwas
detectedin3046carcassesfrom52countiesTable6Fig5
Retrievalandtestingofdeadbirdswascontinuedatthediscretion
ofthelocalagencyfollowingtheinitialdetectionofWNVinits
jurisdiction

In2004localagenciesbegantoscreenbirdsforWNVusi
twocommerciallyavailablerapidassaysRAMPRapidAnalyte
MeasurementPlatformResponseBiomedicalCorpandVecTestTM
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Figure3MinimumInfectionPrevalenceNopoolspositiveXNomosquitoestestedX1000ofWNVinCulexspp2005
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Table6DeadbirdstestedandreportedforWestNilevirus2005

Butte

Calaveras

Colusa

ContraCosta

Modoc

Placer

Alameda

Alpine

Corvida

307

664

405

40

4271

4079

58

170

28

122

54

3116

341

102

231

823

26

140

2110

11

357

1662

4

439

19

53

1

1690

2125

306

NonCorvids

212

10

38

1

AllBirds

s1

14 2594 361

0 2 0

12 492 66

10 1733 152

4 616 35

2 136 19

33 6206 517

32

1930

7128

166

216

32

195

1556

644

61

4995

728

165

642

3223

28

565

498

860

405

5300

1254

1096

3273

4

642

20

2934

7469

1046

255

16

377

52

49

129

76

11

694

48

27

74

259

8

70

134

95

457

408

25

105

3

6

34

171

1

1

2

44

27

48

0

24

79

10

14

93

0

67

97

30

4

11

73

144

2

28

0

44

78

235

9

47

Yolo 2002 39 1

367

861

789

5

104

11

0

6

3
Yuba 236 14 11 227 11 1
Totals 55305 4599 2572 54056 4628 474
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610

1864

2791

463

109361

9

193

89

141

1

6

221

50

25

9227
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73

32

24

41

0

62

17

12

3046
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MedicalAnalysisSystemsOfthe2566Americancrowsthatwere
positiveforWNVin2005413weretestedviaVecTestTMand105
weretestedbyRAMPPositivecorvidstestedbyrapidassays
werenotconfirmedbyfurthertestingAllnegativerapidassayresults
wereconfirmedtopreventreportingoffalsenegatives

In2005CDHSusedamodelcalledtheCaliforniaDynamic
ContinuousAreaSpaceTimeDYCASTprogramtoforecastareas
ofincreasedWNVrisktohumansbasedonincidenceand

geographicaloccurrenceofdeadbirdreportsThismodelwas
developedincooperationwiththeCenterforAdvancedResearchof
SpatialInformationatHunterCollegeCityUniversityofNewYork
Riskmapsweremadeavailabletomosquitoandvectorcontrol
agenciesviaapasswordprotectedwebsitetoprovideinformation
usefulforfocusingmosquitocontroloperationspubliceducation
campaignsandsurveillanceactivitiesOfthosehumancaseswitha
knownonsetdateandthatcouldbegeocoded33227483
lccurredwithinaquartersquaremileofareasthatwerepredicted
ytheDYCASTsystemtobehighWNVinfectionrisktohumans

Onehundredsixtysix50 ofthesecasesoccurringinareas

Proc PapersMosqVectorControlAssocVol74

oCallsReceived

DeadBirdsReported

DeadBirdsTested

DeadBirdsPositive

Jan Feb Mar Apr My June July Aug Sep Oct Nov Dec

Month

Figure5CallsandReportstotheCDHSWestNilevirusDeadBirdHotline2005

identifiedashighriskapproximatelyonemonthpriortoonset
indicatingthatDYCASTmaybeaneffectiveearlywarningsystem
forWNVrisktohumans

REPORTSPUBLICEDUCATIONAGENCYOUTREACH

During2005CDHSdistributedweeklyarbovirussurveillance
dataandnationalWNVactivityupdatesSurveillancebulletinswere
distributedtolocalstateandfederalpublichealthagenciesand
universitiesinCaliforniaBulletinsandotherreportswereposted
ontheCaliforniaWestNileviruswebsitewwwwestnilecagovand
theCaliforniaVectorborneDiseaseSurveillanceSystemhttp
vectorucdaviseduarbohtmlTheCaliforniaWestNileviruswebsite

receivedover3millionhitsin2005andwasextremelyvaluable
incommunicatinguptodateinformationtothemedialocalagencies
andthegeneralpublic

FighttheBiteeducationalmaterialstarterbundleswere
distributedbyCDHStoCaliforniapublichealthandmosquito
abatementagenciesduringearlyspring2005Theagencies
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customizedtheEnglishandSpanishmaterialsanddistributednearly
252000walletcards8400posters42000bookmarksand
126000FighttheBitebrochuresFighttheBitebrochureswere
alsoavailableinsixotherlanguagesTagalogVietnameseHmong
LaoCambodianandRussianAseconddistributionof

approximately70000piecesofFighttheBitematerialstookplace
duringJuneInadditionover10000WNVSurveillancebrochures
inEnglishandSpanishweredistributedtolocalagenciesduring
2005

TheCDHSOfficeofPublicAffairsOPAissuedelevenWNV
pressreleasesduring2005Theseprovidedinformationtothe
publiconhumanWNVrelatedfatalitiesandthespreadofWNV
throughoutthestateTwoofthepressreleasesweretranslatedinto
SpanishTohelpensureaconsistentmessageWNVPressKits
wereassembledbyOPAanddistributedtothemediaduringvarious
eventsstatewideFourroundtablediscussionswithleadersofthe

mosquitoabatementandpublichealthcommunitieswere
coordinatedbytheGovernorsOfficeOPAandCDHSduringthe
2005WNVseason

WestNilevirustelevisionandradioPSAsweremadeavailable

statewidetobroadcastersfordownloadingfrommidApriltomid
May2005WalMartstoresairedaWNVpreventionmessagein
theirstoresthroughoutCaliforniaforseveralmonthsin2005

TheCDHShostedmeetingswithrepresentativesfromlocal
mosquitoandvectorcontroldistrictsuniversitiesandotherlocal

agenciestoshareandreviewcurrentWNVinformationanddevelop
surveillanceandpreventionstrategiesDuringthesummerof2005
StatewideWNVteleconferenceswereconductedbytheCDHS
everythreeweekstodiscussissuessolutionsandmanagement
strategiesInDecembertheCDHShostedtheWNVSteering
CommitteemeetinginWestSacramentotoreviewWNVprevention
effortsduringtheyearandplanstrategiesforthenextseason

During2005VBDSstaffgavemorethan40formal
presentationsandprovidedinnumerableconsultationsbyphone
andinpersontolocalagencieshealthcareprovidersandthepublic
onmanyWNVrelatedtopics
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WESTNILEVIRUSINTHEUNITEDSTATES

Volume74

Bytheendof2005WNvactivitywasreportedform48state
andtheDistrictofColumbiaThe2005WNVepidemicresultedin
reportsof2999humancasesofWNVdiseaseOfthe2999cases
1291weredefinedasNeuroinvasivediseasesWNNDand1606
asWNfevercasesWNFTherewere119reportedWNVrelated
deaths

Inaddition108766deadbirdswerereportedand5392were
WNVpositivefrom45statesFourteenbirdspecieswerenewly
reportedin2005WNVinfectionswere1181horses1214sentinel

chickensin16statesand11815mosquitopoolsfrom39species
in42statesandDCFortynineofthe55WNVpositivesquirrels
werefromCaliforniawhichalsohadoneblacktailedjackrabbit
twoalpacathreesheepandonellamatestpositive
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UseofSentinelChickensinCaliforniaforArbovirusSurveillance19622005
DataAggregationandAnalysis

BruceFEldridgeChristopherMBarkerWilliamKReisenElizabethBaylisAl Home

CenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices

1616CapitolAveMS7307POBox997413SacramentoCA958997413

ABSTRACTAnelectronicdatasethasbeencreatedcomprisingallknownrecordsofsentinelchickensamplesfromCalifornia
thatweretestedforarboviralantibodiesduringtheyears1962to2005Thedatasetalsocontainssomerecordsofsamples
submittedfortestingbystatessurroundingCaliforniaAtotalof411571samplesweretestedmostlybythe ViralandRickettsial

DiseaseLaboratoryCaliforniaDepartmentofHealthServicesArboviralantibodiesweredetectedin39 ofthesesamples

WestNileviralantibodieswerethemostfrequentlydetected586114 followedbywesternequineencephalomyelitis

517813 andStLouisencephalitis394010 Therewere899samples02 reportedasFlavivirusthatmost

likelyrepresentedtestslaterconfirmedasWestNileviralantibodiesTheroleofsentinel chickensinarbovirusdisease

surveillanceprogramsisdiscussedbrieflyasisthepotentialuseofthedatasetforassessingtheeffectiveness ofvarious

surveillancecomponents

ARBOVIRUSSURVEILLANCE

Arbovirussurveillancehasbeenaprincipalcomponentof

preventionandcontrolofmosquitoborneviraldiseasesinCalifornia
formorethan50yearsInCaliforniaitisacollaborativeactivity
amongapproximately60localmosquitoabatementagenciesthe
aliforniaDepartmentofHealthServicesandtheUniversityof
California Surveillanceisacomplexactivityanditseffectiveuse

dependsuponperiodicreviewandanalysisofcomponentsand
proceduresTheCaliforniasystemhassteadilyevolvedoverthe
yearsasimprovementshavebeenmadeinsamplingandtesting
proceduresandinelectronicdataaggregationanalysisand
reporting

COMPONENTSOFSURVEILLANCE

Thecomponentsofarbovirussurveillanceandtherationalefor
theiruseweredescribedbyEldridge1987Factorsrelatingto
weatherincludetemperatureandprecipitationsnowdepthandflood
forecastsTheseaffectadultmosquitoabundancewhichisestimated
usingvarioustypesoftrapsViralinfectionsinmosquitoesare
estimatedbytestingofpoolsofmosquitoesandviraltransmission
bymosquitoesisestimatedbytestingofserafromsentinelchickens
Insomecasesserafromwildbirdsaretestedinsteadoforinaddition
tosentinelchickensSincetheinvasionofWestNilevirusin
Californiadeadbirdshavebeentestedforevidenceofinfectionby
thatvirusGuidelinesforthecompilationofthesesurveillance
measuresintoarisklevelestimatehavebeendevelopedCDHSet
al2006

SENTINELCHICKENS

Sentinelchickensareanimportantcomponentofarbovirus
surveillanceprogramsandhavecharacteristicsthatarenotmatched
byothercomponentsBecausechickensareconfinedtocoopsthe
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placeofinfectioncanbeestablishedwithgreateraccuracythanis
possiblefortestsofbirdsfounddeadorbirdstrappedaliveAlthough
notexacttimeofinfectioncanbeestimatedwithgoodaccuracy
dependingprimarilyonthefrequencyofsamplingSeropositive
sentinelchickensaredirectevidenceofthepresenceofinfective
mosquitoeswhereaspositivemosquitopoolsareevidenceonlyof
infectedmosquitoesScottetal2001showedthattheuseof
sentinelchickensisalsocosteffectiveincomparisonwithsomeother
surveillancemethods

THEHISTORICALSENTINELCHICKENDATABASE

Historicalchickendatawereaccumulatedfromseveralsources

Before1979sentinelchickenswerenotusedstatewideanddata
wereavailableonlyfromresearchprogramsconductedbythe
UniversityofCaliforniaBerkeleySchoolofPublicHealthThese
dataoriginallywerestoredelectronicallyonreelsof2inchtapebut
wereconvertedtostandardtextfilesseveralyearsagoSome
mosquitoabatementagenciesusedsentinelchickensforsurveillance
before1979andhadpaperrecordsfortheseyearsAfter1979
chickenswereusedasastatewidesurveillancetoolanddatawere

madeavailableinweeklysurveillancebulletinspublishedbythe
CaliforniaDepartmentofHealthServicesPositiveresultshavebeen
summarizedHuietal1999Steinleinetal2003Since1999
dataforindividualtestshavebeenstoredelectronicallyDatafrom
thesesourcescoveringtheyears1962to2005wereaggregated
intoasingledatabasetableinMicrosoftSQLServer2000andhosted
byaservermaintainedbytheEnvironmentalAssessmentand
InformationTechnologyProgramEAIToftheCenterfor
VectorborneDiseasesUCDavisNodatawereavailableforthe

years196419741975and1976
Thedatarepresent411571individualsamplesApproximately

4ofthesesampleswerepositiveforeitherStLouisencephalitis
virusSLEWestNilevirusWNorwesternequine
encephalomyelitisvirusWEEThesecannotbeinterpretedas
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numbersofseroconversionsbecauseinmanyinstancesthepositive
samplesrepresentretestingofserafromchickensthathad
seroconvertedearlierThehistoricalchickendatasetcontainsdata
ontestsconductedfromCaliforniaNevadaUtahOregon
WashingtonUtahandArizona

Fig1showsthetotalnumberoftestsconductedonsentinel
chickenseracollectedinCaliforniafrom1962to2005Fig2shows
thenumberofsiteswherechickenflocksweremaintainedin
Californiaforthisperiodplusthenumberofmosquitoabatement
agenciesmaintainingsentinelchickenflocksThenumberofagencies
maintainingflocksincreasedsteadilyafter1979andleveledout
after1994
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ThenumberofflocksmaintainedinCaliforniabyeachagency
variedfromoneMVCACregiontoanotherDuringthe1980s
districtstypicallyoperatedonly12flocksconsistingof25hen
butbeginningin1990agenciesincreasedtheircoveragebyoperating
3ormoreflockseachandinsomecasesasmanyas10These
increaseswererelatedtodecreasingflocksizefrom20to10hens
andtochangesinsamplingthatmadebloodcollectioneasier
SacramentoValleyregiondistrictstendedtooperatethegreatest
numberofflocksperdistrict
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Table1showsthebreakdownoftheentiredatasetbasedon

hetestoutcomeApproximately96ofthetestswerenegative
Amongthepositivetestsforviralantibodiesthemostcommon
wasWNcomprising14ofthetestsfollowedbyWEE13
andSLE10 InadditiontotheWNpositivetests89902
wererecordedasFlavivirus Ifsomeofthesewerelaterconfirmed

tobeWNpositivesamplesthepercentageofWNpositivetests
wouldbe1416 AlloftheWNpositivetestswerefortheyears
20032005

Table1Resultsofalltestsofserumsamplesfromsentinelchickens
inCaliforniaandsurroundingstates19622005

SLE

WEE

DualinfectionsWEESLE
WN

Flavivirus

Unknown

Negative
TotalTests

Results

IncludessampleslaterconfirmedasWN

NumberTests Percent

3940 10

5178 13

258 01

5861 14

899 02

11 01

395424 961

411571 1000

Therewerealso258samplesthattestedpositiveforbothSLE
ndWEEThesewerefromKernandImperialCountiesThe

KernCountysampleswerefromthe1960scollectedinconjunction
withresearchactivitiesoftheUCBerkeleySchoolofPublicHealth
programsTheseareregardedasdualinfectionsinchickens
contractedoverthecourseoftheirexposure

Thebreakdownintestsandtestresultsbystateisshownin
Table2Thebulkoftestsarefromsamplessubmittedfrom
CaliforniaagenciesThenearlycompletelackofWNpositive
samplesfromoutsideCaliforniareflectsthefactthatafterWN
invadedthewesternUSAstatesthathadsubmittedsamplesto

Californiafortestingbefore2003usedWNrelatedfederalfunds
toestablishtheirowntestingcapabilities

Table2Resultsoftestsofserumsamplesfromsentinelchickens
inCaliforniaandsurroundingstates19622005Dualinfections
areWEEandSLE

Dual

State SLE WEEinfectionsWN

Arizona 30 6 0 0

California 3906 5161 258 6737

Nevada 3 10 0 0

Oregon 0 1 0 0

Utah 1 0 0 23

ashington 0 0 0 0

otalPositives 3940 5178 258 6760 411571

includes899samplesoriginallyreportedasFlavivirus

Totaltests

346

398238
7869

3199
1456

463
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Numbersoftestsfrom5geographicregionsofCalifornia
equivalenttotheregionsoftheMosquitoandVectorControl
AssociationofCaliforniaareshowninTable3Mostofthese

testsarefromagenciesthataremembersofMVCACThelarge
numberofbothpositiveandnegativetestsfromtheSouthernRegion
reflectstherelativelylongerperiodofwarmweatherfavoring
mosquitobreedingandviralactivityinthisregionthelargenumbers
ofWNpositivetestsfromthisregionisinflatedbythefactthat
CaliforniaWNactivitystartedtherefirst

Table3Resultsoftestsofserumsamplesfromsentinelchickens
inCaliforniabygeographicregionbasedonregionsofMosquito
andVectorControlAssociationofCaliforniabutincludestestsfrom

nonmemberagencies

183

0

862

909

1952

334

52

1492

1386

1897

272

242

1863

1178

3182

GeographicRegion
Coastal

NSanJoaquin
SSanJoaquin
SacramentoV

Southern

TotalPositives

SLE WEE WNTotaltests

44020

19347

105577

84323

144971

3906 5161 6737 398238

includes899samplesoriginallyreportedasFlavivirus

DISCUSSION

Therearemanyusesforhistoricaldatasetsofvectorborne
diseasesurveillancecomponentsincludingdataassociatedwith
sentinelchickensIfdatasetsincludedatagatheredoverlongtime
periodsandrepresentbroadgeographicalcoveragetheycanbe
usedtoassesstheeffectivenessofagivencomponentincomparison
withothercomponentsInthecaseofsentinelchickenstheycan
beevaluatedforsensitivitytoviralactivityandthetemporal
distributionofseroconversionscanbecomparedtoother
surveillancecomponentssuchasclimatevariationtodetermine
theirrelativevalueasanearlywarningsystemforviralactivity

Thereareusesofsentinelchickendatasetsthatextendbeyond

comparisonswithothersurveillancecomponentsTherelationship
betweenflockdensityinasurveillanceregionormosquito
abatementdistrictandsensitivitytodetectviralactivityisextremely
importantfromthestandpointofbotheffectivenessasasurveillance
indicatorandalsocosteffectivenessAnyagencyconducting
surveillancemustcontinuallybalanceconsiderationsofbothvalue
andcostFromanepidemiologicalviewpointsuchdatasetscan
formthebasisofstudiesthatexaminetherelationshipbetween
factorssuchaslanduseandviralactivityandrelativeeffectiveness
ofchickenflocksinavarietyofecologicalandsociologicalsettings
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WhyWasWestNileVirusWhereitWasinContraCostaCounty

SteveSchutzEricGhilarducciDamienClausonandMikeMcCoy

ContraCostaMosquito VectorControlDistrict155MasonCircleConcordCA94520

ABSTRACTWeexaminedtheassociationofdeadbirdreportswithhumanpopulationdensitymicroclimateandthedistribution
ofhumanandequineWestNileviruscasesinContraCostaCountyduring2005Theincidenceofdeadbirdreportsreports
per1000residentswasstronglycorrelatedwithaveragehighsummertemperaturesandwasroughlypredictiveoftheactual
distributionofhumanandequinecasesCurrentlyavailableriskassessmentmodelssuchasDYCASTdonottakepopulation
densityormicroclimatevariationintoaccount

INTRODUCTION

During2005theContraCostaMosquitoandVectorControl
DistrictCCMVCDreliedheavilyonmappingdeadbirdreports
receivedbytheCaliforniaDepartmentofHealthServicesCDHS
StatewideWestNilevirusWNVhotlinetoidentifyareasofour
countyathigherriskforWNVtransmissionItbecameapparent
earlyintheseasonthathighernumbersofcallswerebeingreceived
fromareasoftheCountywiththehighesthumanpopulationand
thereforethathumanpopulationdensitymightbeconfoundingour
effortstoestimateactualdifferencesintheriskofhumancasesIn

additiontofairlylargevariationsinpopulationdensitytheSan
FranciscoBayareawhereourDistrictislocatedhaslargevariations

microclimateasonemovesfromtheBaytowardsinlandDuring
idsummertheremaybeasmuchasa20Fdifferenceinaverage

hightemperaturesfromthewestsidetotheeastsideofContraCosta
CountySinceambienttemperatureisknowntohaveastrong
influenceontheextrinsicincubationrateofWestNilevirusReisen

etal2006itmighthaveasignificanteffectonvirustransmission
ratesacrosstheCountyWethereforedecidedtoexaminethe
distributionofdeadbirdreportsduring2005withregardtovariations
inhumanpopulationdensitytemperatureandevidenceofactual
virustransmissionasindicatedbyhumanandequineWNVcases
andsentinelchickenseroconversions

MATERIALSANDMETHODS

Informationonthelocationofdeadbirdreportswascompiled
andreportedtousweeklybythestaffoftheCDHSWNVhotline
Humanpopulationdataforincorporatedmunicipalitieswasobtained
from2000UnitedStatesCensusdataUSCensusBureau2000

Theincidenceofdeadbirdreportsforeachofelevencitieswas
calculatedbydividingthenumberofdeadbirdreportsfortheseason
bythetotalhumanpopulationAveragesummerhightemperatures
forvariouscitieswereobtainedfromTheWeatherChannel

Interactive2005Therelationshipbetweentemperatureanddead
birdreportincidencewasexaminedbyregressionoflogincidence
vspublishedaveragehightemperatureMonthlyclimatemapsfrom
theWesternRegionalClimateCenterCaliforniaClimateDataArchive
iwereusedtoidentifyspecificmicroclimatezones withinthe

countywhichwerethenoverlaidonmapsofWNVpositivehuman
equineandsentinelchickenlocationsInformationonthelocation
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ofhumancaseswasprovidedbytheContraCostaCountyDepartment
ofHealthServicesCCCDHSandequinecaselocationsbythe
CaliforniaDepartmentofFoodandAgricultureCDFASentinel
chickenserumsampleswerecollectedbiweeklyfromfiveflocksof
10chickenseachandtestedattheCDHSViralandRickettsialDisease

LaboratoryVRDLinRichmondCA

RESULTSANDDISCUSSION

Acomparisonofthenumberofdeadbirdreportsreceivedfrom
eachof10citieswiththeincidenceofreportsnumberofreportsper
1000residentsrevealedsomeinterestingdifferencesFig1
AlthoughthehighestnumbersofreportswerereceivedfromConcord
andWalnutCreekwhicharelocatedinthecentralpartofthecounty
theincidenceofreportsfromthosecommunitieswasrelativelylow
comparedwiththeincidenceinBrentwoodandOakleylocatedin
theeastCommunitiesonthewestsideincludingRichmondPinole
andSanPabloshowedaverylowincidenceofreportssuggesting
thatincidenceincreasedasonemovedinlandfromtheBayandhence
fromareasofcoolertowarmermicroclimateLinearregression

analysisindicatedthatthelogofdeadbirdreportincidencewas
stronglycorrelatedr 072p005withaveragesummerhigh
temperaturesforeachofthe10citiesFig2
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axisvsreportsper1000residentsrightaxisfor11citiesonContra
CostaCounty
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Figure2Logofdeadbirdcallsperthousandresidentsvsaverage
summerhightemperaturefortencitiesinContraCostaCounty

During2005therewere11humanand10equinecasesof
WNVinourcountyAmapofthesecasessuperimposedonamap
showingaveragedailyhightemperaturesinAugust2005revealed
thatvirtuallyallcasesoccurredinareasofthecountywherethe
averagedailyhightemperaturewas85ForaboveFig3There
wasasinglehumancaseinRichmondthewesternmostcityinthe
countybutaccordingtoinformationreceivedfromtheContraCosta

CountyDepartmentofHealthServicesthispatienthadahistoryof
recenttraveltoanotherpartofthestatewherevirusincidencewas
muchhigherandwaspresumedtohavebeeninfectedoutsidethe
areaSeroconversionsinsentinelchickensfollowedasimilar

patternwiththemajorityofchickenssevenoutof10
seroconvertinginflockslocatedinKnightsenandOakleythree
outof10intheWalnutCreekasinglechickeninMartinezand
noneinHerculesFig4Theconcentrationofhumanandequine
casesandseropositivechickensintheeasternpartofthecounty
suggeststhatdeadbirdreportincidenceratherthantheraw
distributionofreportswasgivingusamoreaccurateindication
oftheriskofvirustransmission
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Figure4Numberofseroconversionsatfivesentinelchickenflock

locationsinContraCostaCounty2005inrelationtoaveragedaily
temperaturesFinAugustThereweretenchickensperflock

ExistingWNVriskassessmentmodelslikeDYCAST

Theophilidesetal2002analyzethespatialandtemporalvariation
inthedistributionofdeadbirdreportsbutdonottakehuman
populationdensityintoaccount Ourdatasuggestthatthismay
resultinanoverestimateofriskinmoredenselypopulated
communitiesandanunderestimateinlesspopulatedareasresulting
inlessthanoptimalallocationofoftenlimitedfieldresourcesIn
additioninareaswithlargevariationsinmicroclimatedifferenc
inambienttemperaturemayhaveasignificantinfluenceontheloca
riskofvirustransmissionThesefactorsmaybeimportantinthe
developmentandrefinementoffutureriskassessmenttools
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AbundanceofWestNileVirusandSurveillanceProgramsinthe
ConsolidatedMosquitoAbatementDistrict

CharlesWSmith

ConsolidatedMosquitoAbatementDistrict2425FloralAvenueSelmaCA93662
MailingAddressPOBox278SelmaCA93662

ABSTRACTTheConsolidatedMosquitoAbatementDistrictDistrictconductedsurveillancetodetect WestNileVirus

WNVin2004thefirstyearofdiseaseoccurrencewithintheDistrictandin2005 DetectionofWNVwasaccomplished

throughthecollectionandtestingofdeadbirdsmosquitopoolsandsentinelchickenblood AdditionaldataofWNVoccurrence

wasobtainedfromequineandhumancasesthatwereconfirmedbytheCaliforniaDepartmentof FoodandAgricultureandthe

FresnoCountyDepartmentofEnvironmentalHealthrespectivelyDeadbirdscollectedby Districtpersonnelweresubmitted
tothelocalCaliforniaAnimalHealthandFoodSafetyLaboratoryfortestingPoolsofadultmosquitoescollectedingravid
andCObaitedtrapsandsubmittedtotheUniversityofCalifornia DavisCenterforVectorborneDiseasesfortestingBlood

samplesobtainedfromsentinelchickensweresubmittedtotheViralRickettsialDiseaseLaboratory oftheCaliforniaDepartment

ofHealthServicesfortestingThedataindicatedvaryingdegreeofsensitivityinthedetectionofWNVamong thesurveillance

programsWNVwasfirstdetectedfromdeadbirdsfollowedbymosquitopoolsequine andhumancasesandsentinel

chickens

INTRODUCTION

TheConsolidatedMosquitoAbatementDistrictDistrict
coversabout1058squaremiles approximatelyonesixthofthe
totalareaofFresnoCountyandasmallportionofKingsCounty
ThecombinedareaservicedbytheDistrictshallbereferredtoas
theCountyCMAD2006About450000peopleliveinthe
Districtamongthenearly900000residentsoftheCountyThe
Districtcomprisesavarietyofecotypesincludingurbansuburban
ruralresidentialirrigatedpasturesandalfalfaorchardsvineyards
rowcropsdairiesriparianwatercoursesandfoothillwoodlands
CDFDRU2005

ElementsoftheDistrictssurveillanceprogramdesignedto
detectWestNileVirusWNVincludecollectingmosquitoesdead
wildbirdsandsentinelchickenbloodDeadbirdsaretestedatthe

WNVPositive2004

WNVPositive2005

HumanCasesEquineCases DeadBirds Sentinel MosquitoPools
Chickens

Figure1EvidenceofWNVintheDistrictduring2004and2005
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CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFS
mosquitopoolsattheUniversityofCaliforniaDavisCenterfor
VectorborneDiseasesCVECandchickenbloodsamplesatthe
CaliforniaDepartmentofHealthServicesViralRickettsialDisease
LaboratoryVRDLAdditionaldataonWNVoccurrenceare
obtainedfromequineandhumancasesconfirmedbytheCalifornia
DepartmentofFoodandAgricultureandtheFresnoCounty
EnvironmentalHealthDepartmentrespectively

WNVwasfirstdiscoveredintheCountyinwildbirdsduring
thesummerof2004Viralinfectionsweresubsequentlyconfirmed
inhumanshorsesmosquitopoolsandsentinelchickensinthatorder
In2005theviruswasdetectedindeadbirdsbeforetheonsetof
springandinmosquitoesduringmidspringfollowedbyinfections
inhumanshorsesandchickensduringmidsummerTheextentof
WNVactivityin2004and2005isillustratedinFigure1
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DISTRICTSURVEILLANCEPROGRAM

DeadBirdsDeadbirdssuitablefortestingarecollectedand
deliveredtothelocalCAHFSfacilityDuring2004theDistrict
utilizedtwocommercialantigenbasedimmunochromaticassays
VecTestandRAMPtotestcrowsandjaysFamilyCorvidae
priortosubmittingthecarcassestoCAHFSByarrangement
CAHFSusedtheDistrictsRAMPequipmenttotestcorvids
during2005inordertoprovidetheDistrictwithimmediateresults
AllbirdswereeventuallysenttotheCAHFSlaboratoryinDavis
forfinaltestingFigure2comparesthedeadbirdsthattested
positiveforWNVin2004and2005

January March May

WNVPositive2004

WNVPositive2005

July Sepember November

Figure2ComparisonofdeadbirdstestingpositiveforWNVin
theDistrictduring2004and2005

TheDistrictsubstantiallyreducedthecollectionofdeadbirds
byMidAugustof2005whenitwasevidentthat80ofsubmitted

specimenswereinfectedThisaccountsforthegreaternumberof
infectedbirdsduringthecorrespondingtimeperiodin2004when
theDistrictcontinuedtocollectbirdsItshouldalsobenotedthat
theDistrictcollectedbirdsintheSierraFoothillcommunities
Foothillsadjacenttotheeasternboundaryofthejurisdiction
WhileonlyonedeadbirdfromthisareatestedpositiveforWNV
in2004severalbirdstestedpositivein2005

SentinelChickensTheDistrictmaintainssixflockseach
containingtenchickensplacedthroughoutitsjurisdictionaspart
oftheCaliforniastatewideencephalitisvirussurveillanceprogram
Atotalof24chickensinfouroftheflocksbecameinfectedwith

WNVduringAugustthroughNovember2004Fig3During
thesameperiodin200548chickensinfiveoftheflocksbecame
infectedwiththevirusDuringeachyearWNVwasconfirmedin
Augustafterthevirushadalreadyinfectedwildbirdsmosquitoes
humansandhorses
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Figure3SentinelchickensseropositiveforWNVintheDistrict
during2004and2005

MosquitoesTheDistrictemployscarbondioxidebaited
COandgravidtrapstocollectmosquitoestobetestedforWNV
Ofthe123mosquitopoolssubmittedin200414testedpositive
forWNVIn200558outof323poolswerefoundpositive
includingonecollectedfromtheFoothillsPositivepoolswere
muchmorewidelydistributedin2005thanin2004Fig4
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WNVPositive2004

WNVPositive2005

WNVPositive2004

WNVPositive2005

September November

Figure4MosquitopoolsthattestedpositiveforWNVintheDistrict
during2004and2005

Dataonvirusisolationfromdifferentmosquitospeciesare
presentedinTable1WNVwasisolatedonlyfromCulex
quinquefasciatusin2004In2005theviruswasdetectedinCulex
quinquefasciatus189 Cxtarsalis750 andCx

stigmatosoma178
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Table1DataonWNVoccurrenceinmosquitopoolsofdifferentspeciesintheDistrict
during2004and2005

SUPPLEMENTARYSURVEILLANCEINFORMATION

HumanCasesTheDistrictwasinformedofhumaninfections

ofWNVbytheCountyEnvironmentalHealthDepartmentandfrom
theCaliforniaDepartmentofHealthServicesFourteenhuman
infectionswereconfirmedwithintheDistrictin2004withno

talitiesascomparedwith45casesin2005whichincludedtwo
fatalitiesFig5Itshouldbenotedthattwoofthecasesin2005
occurredoutsidetheDistrictintheFoothills

WNVPositive2004

WNVPositive2005

May July Sepember November

00

Figure5HumancasesofWNVintheDistrictduring2004and
2005
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EquineCasesTheDistrictwasinformedofequineinfections
ofWNVbytheCaliforniaDepartmentofFoodandAgriculture
DuringtheperiodofJulythroughNovember2004theDistricthad
23horsesinfectedwithWNVandsixofthemeitherdiedorwere
euthanizedIn2005therewere27horsesinfectedwiththevirus

withelevenfatalitiesApproximatelyonethirdofthehorsecasesin
2005occurredintheFoothillsIneachyearthehighestnumbersof
caseswerereportedduringAugustFig6
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WNVPositive2005
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00

Figure6EquinecasesofWNVintheDistrictduring2004and
2005

Poolsin2004 Poolsin2005

MosquitoSpecies Submitted WNV SubmittedWNV

Aevexans 1 0

Anfreeborni 1 0

Cxerythrothorax 7 0 0 16 0 0

Cxquinquefasciatus 75 14 187 180 34 189

Cxstigmatosoma 0 0 0 4 3 75

Cxtarsalis 40 0 0 118 21 178

Csincidens 1 0 0 3 0 0
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DISCUSSIONANDCONCLUSIONS

WNVactivityintheDistrictandtheCountynotonlyincreased
substantiallyin2005fromitsintroductionin2004butthevirus
alsoappearedintheDistrictearlierin2005thanin2004Ineach
yearthefirstevidenceofWNVwasdiscoveredindeadwildbirds
followedbymosquitoeshumansandhorsesbyJulyThefirst
detectionofWNVinmosquitoesin2005occurredinMaySentinel
chickeninfectionswerenotdiscovereduntilAugustineachyear

BythemiddleofAugustineachyear80ofdeadbirdstested
wereinfectedwithWNVWesternscrubjaysrepresentedabout
halfoftheinfectedbirdswhileAmericancrowsrepresentedabout
onethirdofthetotalManyofthecorvidsthatwereRAMP
testedbytheFresnoCAHFSfacilitytestedpositiveforWNV

FrequencyofWNVinfectioninmosquitopoolsappeared
highestinJulyofeachyearSurveillanceinformationcompiledby
theDistrictcombinedwithdataanalysisfromtheDepartmentof
HealthServicessuggeststhatboththeminimuminfectionrateof
WNVinmosquitoesandthehumancaseincidencewithinthe
Countyincreasedsubstantiallyin2005from2004Notonlywere
moremosquitoesthattestedpositiveforWNVcapturedin2005
butalsotheinfectedspecimensweremorewidelydistributed
betweenbothgravidandCOtrapsAlmostallthepositive
poolswereprocessedfromgravidtrapsin2004inwhichWNV
wasisolatedonlyfromCulexquinquefasciatusIn2005thevirus
wasisolatedfrompoolsofCxstigmatosomaandCxtarsalisin
additiontoCxquinquefasciatus

AlthoughthesentinelchickensbecameinfectedwithWNV
afterevidenceoftheviruswasdiscoveredinotherhoststhenumber
ofinfectedchickensin2005wasdoublethenumberin2004
suggestingthatthevirushadgreatlyamplified

WNVinfectionsinhorsesappearedtobeslightlyhigherin
2005over2004withnearlytwiceasmanyfatalitiesin2005The

Proc PapersMosqVectorControlAssocVol74

substantiallyhigherhumancaseloadin2005includedtwofatalities
Thehighernumberofhumanhorseanddeadbirdinfection
discoveredintheFoothillsduring2005combinedwithwidespre
isolationsinmosquitopoolsthroughouttheDistrictprovide
reasonableevidencethatWNVhasspreaddramaticallyandaffected
morehostsduring2005thanwasthecasein2004
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EvaluationofMosquitoandArboviralActivity
inOrangeCountyCaliforniaDuring2005

JosieWeirKarinDeCollibusTimMorganTunisiaHardySethRugaLauraApodacaChristophSchwedes
LisaManriquezJimFranciscoArtTilzerCarrieFogartyRalphHavickhorstMSStephenBennettMS

RobertCummingsMSRichardEvansDVMMSandJamesPWebbPhD

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheOrangeCountyVectorControlDistrictOCVCDcontinueditsarbovirussurveillancein2005bycollecting
andpoolingmosquitoestestingavianbloodsamplesdrawnfromwildbirdsandsentinelchickensaswellastestingdeadbirds
collectedfromvariousanimalcontrolagenciesandthepublicEvidenceofWestNilevirusWNVinfectionwasdetectedin
wildbirds189of3708deadbirds302of666mosquitopools113of3017and2ofthe10sentinelchickensinthe
CountyByyearsend17nonfatalhumancaseswerereportedduetoWNVinfectionCulexquinquefasciatusSaywasthe
mostabundantlytrappedmosquitoaccountingforthemajorityofsubmittedpools1680of3017andpositivepools94of
113HousefinchesCarpodacusmexicanusSayandhousesparrowsPasserdomesticusLwerethemostfrequently
sampledwildbirds3360of3708andtogethercomprisedmostoftheWNVseropositivesamples185of189Comparatively
fewerhumancasesofWNVoccurredin2005than200417vs64respectivelyandtheminimuminfectionrateMIRinCx
quinquefasciatuswasalsolowerin2005than200416vs37respectivelyNoStLouisencephalitisSLEorwestern
equineencephalomyelitisWEEvirusactivitywasdetectedbyanyofoursurveillancemethods

INTRODUCTION

TheOrangeCountyVectorControlDistrictDistrict
encompassesapproximately789squaremilesallofOrangeCounty
andslightlyover3millionresidentsresidewithinitsbordersUS

ensusBureau2005MostoftheDistrictconsistsofurbansuburban
habitatswithavarietyofresidentialmosquitobreedingsources
improperlymaintainedswimmingpoolsandpondsdebrischoked
drainagechannelsandothermanmadehabitatsInterspersedwithin
thisdevelopmentareseveralnaturalmosquitoproducingfreshand
saltwaterwetlandsThreeimportantencephalitisvectorsare
collectedinthecountyCulextarsalisCoquillettCulex
quinquefasciatusSayCulexstigmatosomaDyarandforWestNile
virusWNVCulexerythrothoraxTheDistrictemployed
anintegratedarboviraldiseasesurveillancesystemthroughoutthe
yearcomprisedofavianserosurveillancesentinelchickensandwild
birdstestingdeadbirdsandmosquitoesandmonitoringveterinarian
andphysicianreportsforWNVinfectionsinanimalsandhumans

MOSQUITOSURVEILLANCE

Mosquitoeswerecollectedweeklyfromatotalof88traps
throughouttheDistrictcombiningCDCCOstylehostseeking
EVStrapsRoheandFall1979andReiterCummingsgravidfemale
ovipositionaltrapsCummings1992DuetothehighlevelofWest
Nileactivityin2004Schwedesetal200538newmosquitosites
wereaddedFigure1toimprovethespatialdistributionofthetrap
gridandincreasecollectionsfrompreviouslyundersampledareas
ofsouthOrangeCountyBloodfedmosquitoeswerealsoaspirated
atknownrestingsitesandatlocationsofservicerequests

WCulex quinquefasciatuscomprisedthemajorityofthespecimens
ollected60120of103162Table1Of3017mosquitopools

submittedforarbovirustestingbymutiplexreversetranscriptase

0WildBirdTrap
MosquitoTrapYear2004
MosquitoTrapAdditionalSite

fSentinelChickenFlock

Figure1MapofOrangeCountywith
locations
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birdandmosquitotrap

polymerasechainreactionRTPCR2917poolsweretestedby
theCenterforVectorborneDiseasesCEVCattheUniversityof
CaliforniaDavisresultingin84WNVpositivepools100pools
weretestedbytheMarinSonomaMosquitoandVectorControl
Districtofwhich29werefoundtobeWNVpositiveAltogether
113WNVpositivepoolswerefoundin2005Cxquinquefasciatus
comprisedthemajorityofthese94of113andhadthehighest
minimuminfectionrateMIRTable1



66 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume74

Table1MosquitocollectiondataandminimuminfectionratesMIRfor2004
and2005byspecies

Species

TotalMosquitoes WNVPositive

Pools MIR

2004 2005 20042005 2004 2005

Cxquinquefasciatus
Cxerythrothorax
Cxtarsalis

Cxstigmatosoma
Others

41858
10320
5315

927
5529

60120

18369

10157

5647

8869

153
1

4
6
0

94 37
1 01
7 08

11 65
0 00

16

01

07

19

00

Total 63949 103162 164 113 25 11

TheWestNilevirusMIRforCxquinquefasciatusincreased
toitshighestlevelinAugustin2005butoverallrateswerelower
inmostmonthswhencomparedto2004levelsFigure2The
highestMIRforCxquinquefasciatuspeakedat132atonesitein
thecityofAnaheimin2005

June

WNVMinimumInfectionRatesfor

Culexquinquefasciatus

20042005

1
July Aug Sept Oct

SENTINELCHICKENS

1

Figure2Comparisonofminimuminfectionratesfor
Culexquinquefasciatusinpeakmonths2004and2005

OneWNVpositivepoolofCxquinquefasciatuswascollected
inthecityofSantaAnaduringthemonthofJanuary12505
AdditionallytwoWNVpositivepoolsofCxstigmatosomaadults
50males41femaleswererearedfromlarvaecollectedinJuly
72205fromanornamentalpondinthecityofCypressindicating
transovarialtransmissionofWNVinthisspeciesNomosquito
poolstestedpositiveforeitherStLouisencephalitisSLEor
westernequineencephalomyelitisWEEviruses

TheDistrictmaintainedonesentinelchickenflockof10
chickensnearaCxtarsalisproducingfreshwatermarshatthe
SanJoaquinWildlifeSanctuaryinIrvineBloodsamplesfromthe
chickensweretestedbiweeklyforSLEWEEandWNVantibodies
bytheCaliforniaDepartmentofHealthServicesViraland

Proc PapersMosqVectorControlAssocVol74

RickettsialDiseasesLaboratoryCDHSVRDLbyenzymatic
immunoassayEIAReisenetal1994fromApril November

andblockingELISAattheDistrictHall1995Jozanetal2003
TwochickenswerefoundseropositiveforWNVantibodiesbyboth
laboratoriesonechickenseroconvertedinAugustfollowedby
thesecondinSeptember Noneofthesentinelchickenstested
positiveforeitherSLEorWEEantibodies

WILDBIRDSEROSURVEILLANCE

TheDistrictswildbirdserosurveillanceprogramfocused
primarilyontwoabundantperidomesticpasserineshousesparrows
PasserdomesticusLandhousefinchesCarpodacusmexican
SayBirdsweretrappedin12modifiedAustraliancrowtrap
McClure1984atsitesalsousedtosampletheadultmosquito
populationEighttrapsiteswerelocatedinripariancorridorsor
wetlandareassurroundedbysuburbandevelopmentHousefinches
wereabundantattheseriparianwetlandsiteswhilehousesparrows
werecollectedalmostexclusivelyattwositeslocatedinurbanized
communitieswithfewopenareasNearequalmixesofhouse
sparrowsandhousefincheswereseenatonlytwolocations

Birdsweresampledateachsiteonalternateweeks6sites
weekNewlycapturedbirdswerebandedagedsexedifpossible
bledandreleasedBloodsamples02m1weretakenfromthe
jugularveinwitha10mlsyringeanda28gaugeneedledispensed
intoa18m1fielddiluentsolutionGruwelletal1988keptcool
andprocessedattheDistrictslaboratorybyEIAforSLEandWEE
antibodiesandblockingELISAforevidenceofWNVinfection

Ofthe2412housefinchessampledin2005139birds57
testedpositiveforWNVantibodiesfortysix48 ofthe948

housesparrowsamplesandfourbirdsofotherspecies11 were

WNVpositiveduringtheyearTable2Antibodypositivebirds
weredetectedineverymonthof2005Figure3Howeverunlike
2004WNVseropositiveratesheldconstantaround42during
thesummerfallmonthsof2005Increasingpercentagesof
antibodypositivewildbirdswereseenonlyinimmunologically
naiveimmaturehousefinchesandhousesparrowsduringthe
monthsofMay October2005Figure4Approximately12
ofthesehatchingyearbirdswereseropositivebyOctobersimil
tothepatternseenin2004Figure3
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Table2Wildbirddataandseropositiveratesbyspecies2004and2005

Bloodsamples
Species 2004 2005

Housefinch 2296 2412
Housesparrow 612 948

Others 976 348

Total 3884 3708

Positivespeciesnutmegmannikinwhitecrownedsparrowgreenheron
brownheadedcowbird

Nonpositivespeciesblackheadedgrosbeakscrubjaysongsparrowdoves
hawkswarblers

12004X2005

r j

FinchesRSparrows

Figure3Percentagesofpositivewildbirdsbymonth2004and
2005

WNVAnitbodyPrevalenceRatesinJuvenileand
AdultHouseFinchesandHouseSparrows2005

IuvenileFinchesRSaprrows

JanFebMarAprMayJun JulAugSepOctNovDec

1

Figure4Comparisonofseropositiveratesbetweenadultand
mmaturehousesparrowandhousefinch2004and2005

WNVpositive positive
2004 2005 2004 2005

119 139 52 57

40 46 65 48

21 4 22 11

180 189 46 51
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DEADBIRDSURVEILLANCE

Deadbirdswerecollectedfromthepublicviadeadbirdcall
insandthroughcooperationwithvariousanimalcontrolagencies
Ofthe1124birdscollectedonly666weresuitablefortesting
and302ofthesewerefoundpositiveforWNVantigenby
immunohistochemistrySteeleetal2000Figure5

Stainingoftissueallowsapreciseanalysisofthecellandtissue
typesbeinginfectedbythevirusFigure6Thelowersensitivity
ofimmunohistochemistrymayscreenoutspecimensthathaveor
donothaveapatentviralinfectionbutperhapsdiedofothercauses
Immunohistochemistryalsopreservesastablespecimenthatcan
bereexaminedifthereisanydoubtastothetestresultsallowing
foreaseofconfirmation
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Figure5Numbersofdeadbirdscollectedtestedandpositiveby
monthPositiveswerefoundfromJanuarythroughDecember2005
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Figure6WNVpositivecrowtissuesectionsASpleenshowing
WNVpositivemacrophagessurroundingarteriolesBKidney
macrophagespositivelystainedforWNVantigenCPurkinjecell
inthecerebellumDLivermacrophages

Figure7Temperaturecomparisonsfor2004and2005SantaAnaCalifornia
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CLIMATOLOGICALDATA

Temperatureandprecipitationdatawereobtainedthroughth
NationalOceanicandAtmosphericAdministrationNOAAto
determinepotentialdifferencesinweatherpatternsbetween2004
and2005Therewerenoapparentdifferencesbetweenaverage
monthlyhighandlowtemperaturesfor2004and2005Figure7
Rainfallhoweverwassignificantlyhigherin2005Figure8

RESULTSANDDISCUSSION

TheDistrictsarboviraldiseasesurveillanceprogram
demonstratedtheusefulnessofacomprehensiveWNVmonitoring
systeminvolvingserologicaltestingofWNVinfectioninfreeranging
wildbirdsPCRidentificationofWNVinmosquitoesandthe
detectiondistributionandquantificationofWNVantigenindead
birdsbyWNVspecificimmunohistochemistryDatafromallthree
surveillancemethodsforJanuaryJuneof2005suggestedthatthe
publicwasatapotentiallygreaterriskforWNVinfectionthanin
2004Nearrecordrainfallin2005resultedintheproductionof

ComparisonofRainfallfor2004and2005

2004 2005

Jan FebMarAprMayJun JulAugSep OctNovDec

Figure8Precipitationcomparisonsfor2004and2005
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largenumbersofCxtarsalisfromcoastalwetlandsandample
umbersofCxquinquefasciatusfromavarietyofrainfilled

ridomesticmosquitobreedingsourcesinOrangeCountyUnlike
2004mostWNVinfecteddeadbirdswerefoundinlatespring
earlysummerclusteredalongtheDistrictscoastalwetlands
AdditionallysevenpoolsofWNVpositiveCxtarsalismosquitoes
werecollectedinJunefromthesewetlandsDeadbirdinfections

earlyintheseasonanddisseminationofWestNilevirustoother
areasoftheCountyFigure9couldhavebeenattributedtoabove
normallevelsofCxtarsalisfemalesfromthesehabitats

WestNilevirusseropositiveratesinwildbirdswerealso
comparativelyhigherinthefirstsixmonthsof2005than2004
Figure5ThedetectionofWNVantibodypositivewildbirds
usuallyforeshadowedthedetectionofWNVinmosquitoesand
deadbirdsultimatelyindicatingtheemergenceofmultipleWNV
transmissionfocithroughoutOrangeCountyInfectionsinwild

birdshowevermayhaveindicatedantibodypersistenceinadult
passerinebirdsastheresultofinfectiontoWNVfromtheprevious
yearSchelletal2006Antibodypersistenceandherdimmunity
inwildbirdpopulationsmayhavecontributedtoadampeningof
WNVtransmissionforthesecondhalfof2005FromJuneonwards

WNVantibodypositiveratesdeclinedandleveledoffinhouse
finchesandhousesparrowsFigure5Correspondinglymosquito
infectionrateswereloweroverallin2005than2004Table1

FromJunethroughSeptember17humancasesnodeaths
werereportedin2005adramaticdeclinefromthe64cases4
deathsreportedin2004Therewasahugegapbetweenthefirst
evidenceofWestNileactivityandtheonsetofhumandisease
Figure10Thereductioninhumancasesmayhavebeenthe
resultofacombinationofwildbirdimmunitylowermosquito
infectionratesbettermosquitocontrolandpublicawarenessof
diseaseprevention

DeadBirds302

WildBirds189

ChickenFlock1

Figure9MapofOrangeCountywithdistributionofWNVpositivesamplescollectedin2005
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Figure10Timelineofarboviruseventsbymonthincludinghumancasesandpositivedeadbirds
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InconclusionWNVisentrenchedinthesuburbanCx

quinquefasciatusperidomesticsmallbirdcycleofOrangeCounty
andremainsathreattothepublicItsabundanceislikelytoundergo
yearlyoscillationsdeceasingandincreasingwithchangesinavian
immunityandmosquitocounts Sincelargenumbersof
immunologicallynaivepasserinewildbirdsareproducedinurban
habitatseachyearsufficientquantitiesofsusceptibleavianhosts
arelikelytobeavailableforcontinuedarboviralpersistenceinthe
futureTheroleoftransovarialtransmissioninmosquitoesthe
importanceofviralpersistenceinchronicallyinfectedwildbirds
andtheattenuationofviralamplificationviaherdimmunityinavian
hostsforthemaintenanceofWNVinnatureremaintobe

determined

Acknowledgements

WegratefullyacknowledgetheassistanceofTaylorLura
JulissaNevarezSueKoenigandJodieStoddardfordataentryand
evaluationJohnNewtonforGISmapsLawrenceShawOCVCD
operationsstaffandGerardGoedhartDistrictManagerOCVCD

REFERENCESCITED

CummingsRF1992ThedesignanduseofamodifiedReiter
gravidmosquitotrapformosquitoborneencephalitis
surveillanceinLosAngelesCountyCalifornia1987Proc

PapersCalifMosqVectorControlAssoc565868
GruwellJABLBrownandJPWebbJr1988Passeriform

birdsasasurveillancemethodforarbovirusactivityinrural
andsuburbansitesinOrangeCountyCalifornia1987Proc

PapersCalifMosqVectorControlAssoc60170176
HallR1995ImmunodominantepitopesontheNS1proteinof

MurrayValleyencephalitisandKunjinvirusesserveastargets
forablockingELISAtodetectvirusspecificantibodiesin
sentinelanimalserumJVirolMethods51201210

Proc PapersMosqVectorControlAssocVol74

Volume74

JozanMREvansRMcLeanRHallBTangrediLReed
andJScott2003DetectionofWestNilevirusinfection

birdsintheUnitedStatesbyBlockingELISAar
ImunohistochemistyVectorBorneZoonotDis399110

McClureEBirdBanding1984BoxwoodPressPacificGrove
CApp493496

NationalOceanicandAtmosphericAdministrationNOAA
ClimatologicalDataAnnualSummaryCalifornia2005
AshevilleNC10916921

ReisenWKSBPresserJLinBEngeJLHardyandRW
Emmons1994Viremiaandserologicalresponsesinadult
chickensinfectedwithwesternequineencephalomyelitisand
StLouisencephalitisvirusesJAmMosqControlAssoc
10549555

RoheDLandRPFall1979AminiaturebatterypoweredCO
baitedtrapformosquitoborneencephalitissurveillanceBull
SocVectorEcol42427

SchellDTMcLaughlinCFogartyRCummingsXYJiaM
JozanandJWebb2006WestNileantibodiesinnaturally
infectedhousefinchesandhousesparrowsOrangeCounty
California2005Proc PapersMosqVectorControlAssoc
Calif74inpress

SchwedesCCRFCummingsSGBennettCFogartyR
HavickhorstJFranciscoJNevarezATilzerJPWebb

2005EvaluationofmosquitoandarbovirusactivityinOrange
CountyCaliforniaduring2004Proc PapersMosqVector
ControlAssocCalif73100104

SteeleKEMJLinnRJSchoeppNKomarTWGeisbe
RMManducaPPCalleBLRaphaelTLLippinger
McNamara200PathologyoffatalWestNileVirusinfections
innativeandexoticbirdsduringthe1999outbreakinNew
YorkCityNewYorkVeterinaryPathology37208224

USCensusBureau2005CaliforniaQuickFactsOrangeCounty
CaliforniaURLhttpquickfactscensusgovqfdstates06
06059html



Volume74 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia 71

WestNileAntibodiesinNaturallyInfectedHouseFinchesandHouseSparrows
OrangeCountyVectorControlDistrict2005

DanielleSchellTobyMcLaughlinCarrieFogartyRobertCummingsXiYuJiaMartineJozanandJamesWebb

OrangeCountyVectorControlDistrict13001GardenGroveBoulevardGardenGroveCA92843

ABSTRACTIn20053708serawerecollectedfromwildbirdsat12differentlocationsaspartofthecontinuousarbovirus
surveillanceprogramoftheOrangeCountyVectorControlDistrictOCVCDSerawerescreenedbytheblockingELISAfor
specificdiagnosisofWestNileKunjinNS1antibodiesTwentytwopasserineswhichhadtestedpositiveforthefirsttimewere
heldinamosquitoproofcageandweretestedevery2weekstoassessthedurationofimmunityThedurationofantibodies
rangedfrom3to15monthsSomebirdsmaintainedatiterover140after9monthsothersshowedagradualdecreaseof
immunityandremainednegativefor5monthsAllsequentialseratestedbetweenAprilandJulywerenegativebyPCR
showingthattherewasnocirculatingvirusatthetimeApuzzlingpatternofalternativereactionsfrompositivetonegativeand
backtopositivewasobservedin12individualsheldbetween13and15monthsThepossibleexplanationsforsucheventsare
stillconjecturableControlsremainednegativeallthroughthestudyprecludingtransmissionfrombirdtobirdorbyexposure
tofecesandaerosolsA20022003studyofgreathornedowlsBubovirginianusofferedsomecontrastinthedurationoftheir
immuneresponseThepatternsofimmunityobservedinthesestudiesoncemoreemphasizedtheneedtohaveaserological
testcapableofdistinguishingbetweenrecentandpastinfectionsparticularlyforaviansera

INTRODUCTION

DuringtheinitialepidemiologicalstudiesofWestNileVirus
WNVtransmissioninEgyptantibodiesweredetectedinvarious
avianspeciespredominantlyhoodedcrowsCorvuscoroneand
housesparrowsPasserdomesticusSubsequentlyVirustransmission
yexperimentallyinfectedmosquitoesshowedthatbothavianspecies

developaviremiaof3to8logswithin3dayswithamortalityof
69and100 respectivelyIncontrasttheviremiainkestrels
FalcotinnunculusbuffbackedheronsBulbucusibisandpalm
dovesStreptopeliasenegalensissimilarlyinoculatedwasnever
higherthan4logsandallthebirdssurvivedWorketal1955The
numberanddurationofinfectiousmosquitobiteshadnocorrelation
withtherateofviremiaThedetectionofantibodiesincrows

collectedinthefieldwasinstrumentalincharacterizingareasof
transmissionasendemictransitionalandnonendemicCollections

madeinlatespringshowedlowincidenceofimmunityreflecting
theintroductionofnonimmunejuvenilesTayloretal1956In
NorthAmericatheintroductionofWNVin1999inNewYorkand

its5yearsdispersalnationwidehasmostlydemonstratedthatcrows
sufferingfromahighmortalityratearenotverysuitableforlong
termantibodystudiesHousefinchesandhousesparrowswhich
havebeenusedsincetheseventiesforthesurveillanceofarboviruses

namelyStLouisencephalitisSLEandWesternequineencephalitis
WEEGruwelletal2000Holdenetal1973mayprovideearly
indicationofWNVtransmissionNevarezetal2005Theduration

ofSLEantibodiesinexperimentallyinfectedbirdsiswell
documentedMclean2005butmoreremainstobedonewithWNV

ArecentstudyofrockdovesnaturallyinfectedwithWNVandheld
inamosquitofreeenvironmentfor60weekshasprovidedsome
insightaboutthedurationofantibodiesinthisspecieswhichwould
verage15monthsatleastOfparticularinterestistheobservation

Miffpersistentmaternalantibodiesinsquabsforanaverageof28days
Gibbsetal2005
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MATERIALSANDMETHODS

Trappingandbloodcollection
WildbirdswerecapturedinmodifiedcrowtrapsGruwelletal

2000locatedat12differentsitesinOrangeCountyCaliforniaA
totalof3708birdswascollectedSerumcollectionwasperformed
fromthejugularveinAsampleof02m1ofbloodwasdiluted
immediately110in18mlof075PhosphateBufferSalinewith
pH72andtransportedtothelaboratoryonicewhereitwas
centrifugedat8Cfor15minutesat2800rpm

Selectionofbirdsforcaptivityhousefinchesandhouse
sparrows

Therewasatotalof594recapturedbirdswith61birds
exhibitingWNantibodiesSeventeenbirdstestedpositivebetween
November2004andApril20055betweenMayandJune2005and
allweretransferredtoamosquitoproofcage10x8ftforlong
termobservationofimmunitypatternsFivenegativebirdswere
includedinthatgroupforcontrolSerumcollectionswereobtained
every2weeksfromeachbird

Greathornedowlstudy
BloodspotsonfilterpaperwerecollectedbetweenAugust2002

andApril2003from49birdsadmittedtoarehabilitationcenterin
Illinoisin2002withadiagnosisofpossibleWNVinfectionSamples
wereelutedat110inbovalbuminPBSdiluentandsimilarly
centrifuged

Testing
TestingwasdonebyBlockingELISAusingasantigena

baculovirusKunjinrecombinantepitopeNS1andthewholecell
lyzateWNantigenandasacompetitiveantibodythebroadflavivirus
monoclonal3H6andtheWNKUNspecificantiNS13112G
monoclonalThetestwasperformedaccordingtotheprotocol
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establishedattheUniversityofQueenslandAustraliaHalletal
1995whichprovideduswithallthereagentsThetechniquewas
extensivelyevaluatedattheDistrictforitsusewithavianseraJozan
etal2003Serawerescreenedatadilutionof120andallpositive
samplesweretitratedupto11280Apercentinhibitiongreater
than45wasthethresholdsetforapositiveresultA3045
inhibitionwasdeemedinconclusiveandrepeatedAnytestshowing
aninhibitionequalorbelow30wasconsiderednegative

RESULTSANDDISCUSSION

Passerinestudy
Ofthe22positivebirdsconfinedinamosquitoproofcageseven

birdsdiedwithin3to9monthsduringthecourseofthestudy13
birdsarestillunderobservationPersistenceofantibodieswasfound

in5birdsat1213142birdsand15monthsTable1Titersas
highas1640wereobservedand11280inoneinstanceAgradual
decreaseofimmunitywasobservedin7birdsand1birdwhichhave
remainednegativefor5and11monthsrespectivelyTheexact
durationofimmunitywasunknownforallbut2ofthesebirds
becauseofthelackofsamplespriortoJanuaryAseroconversionin
sequentialseracollectedwithin8to15daysofeachotherwas
observedin3birdscollectedinFebruaryMayandJuly2005Six
birdswerepositivein2004betweenNovemberandDecemberbut
samplesweretoofaraparttodeterminethetimeofseroconversion
Similarlytherewasnopasthistoryon13positivebirdswhichentered
thestudyinJanuaryanditwasnotknownhowlongtheymighthave
hadthisantibodyThedurationofantibodiesrangedfrom3to15
monthsAntibodieswereconsistentlyobservedin2birdsstillunder
observationandheldrespectivelyfor13and15monthsFourbirds
heldrespectivelyfor32birds6and8monthsshowedpersistent
antibodiesalsoGiventheshortlifespanoffinchesandsparrows
MilbyandWright1976thepersistenceofantibodiesfor12to15
monthswouldindicatethatsomeofthemdevelopalifetimeimmunity
Thenumberofsparrows7inthestudywastoosmalltocontrast
theantibodyresultswiththatofthehousefinches15

Anantibodypatternalternatingfrompositivetonegativeto
positivewasobservedin12birdsheldbetween10and15months

Table1Asimilarobservationhasbeenmadewithnaturallyinfected
chickensVuong2006persCommunExplanationsforthisevent
varyandallareconjecturalthepossiblefailureofthetestisthefirst
tocometomindbutthesesampleswererepeatedwiththesame
resultsThenormalfluctuationofantibodyfromdaytodayisanother
possibleconsiderationyetunsatisfactoryAchronicsteadyinfection
latentinfectionorintegratedinfectioncouldtriggerthepulsationof
antibodiesfromtimetotimeTotestsuchhypothesisitwouldbe
necessarytosearchforthepresenceofvirusinvarioustissuesAn
experimentalstudyonrockdovesinfectedwithSindbisvirus
alphavirusand2flavivirusesTickborneandWestNilehave
shownsimilarfluctuationsoccurringwithWestNileVirusChunikhin
etal1972Theauthorsinterpreteditasachronicinfection
triggeringviremiafromtimetotimeSerumfromallconfinedbirds

weretestedbyPCRfromApriltoJulywithatotalof8sequential
samplesperbirdViruswasnotfoundineitherpositiveornegative
birdsThereforetherewasnotdetectablecirculatingvirusOther
factorssuchasstressfromovercrowdingcompetitionforfoodor
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changesintemperaturecouldmodulatetheantibodyresponsebut
theseconditionsareminimizedinthelargeconfinedareaofthestud
ThepuzzleremainstobesolvedDuringthedurationofthisstud
noneofthefivenegativecontrolswhichwereinconstantcontact
withthepositivebirdsseroconvertedViraltransmissionfrombird
tobirdfromaerosolsorfeceswasthusnonexistentunderthese

particularcircumstances
Anattemptwasmadetoanalyzeallthebirdsrecapturedinthe

fieldbuttheaveragedurationofantibodycouldnotbedetermined
becauseoftoofewrecapturesamplesperbirddatanotshown
Onlyonebirdwasconsistentlytrappedandshowedantibodyfor6
months

GreathornedOwlstudy
This20022003studyTable2offerssomecontrastwiththe

aboveresultsSamplesweresequentiallyobtainedfrom49birds
whichwereadmittedtotherehabilitationcenterwithavarietyof
neurologicalsyndromesrangingfromlethargytoblindnessand
ataxiaAllbut2birdswhichdiedin2002werereleasedwithin9

monthsofthestudyEightbirdswerenegativeuponadmissionand
remainedsoattheendoftheobservationperiodAtotalof39birds
waspositiveFor13individualsonlyonespecimenwasavailable
fortesting2to6sequentialsampleswereobtainedfromthe
remaining26birdsSevenbirdstestednegativeuponentrybut
seroconvertedwithinamonthDuetothelackofpriorsamples
suchaseroconversionmightreflecttheriseofantibodiesduringthe
incubationperiodofthediseaseItcouldalsobetheresultofan
infectionacquiredfromtheothersickbirdsortheirfomitesTl
averagedurationofantibodiesforsequentialspecimens3to
collectionswas6monthsFourbirdswerestillpositiveatthetime
ofreleaseinApril2003withanaveragetiterof140Antibody
fluctuationfrompositivetonegativetopositivewasnotobserved
butcannotbeexcludedsincebloodsampleswerecollected2months
apartontheaverageAriseintiterwasobservedwithallspecimens
andtheprogressionofimmunitywasmarkedbytheappearanceof
SLEantibodiesin12instancesAboosterreactiontoaprevious
infectionwithSLEknowntohavebeencirculatinginIllinoiscould
explainsuchreactionThelifespanofraptorswouldaccommodate
thisdoubleexposureItmightalsoreflecttheincreaseofcross
reactionswhichoftencharacterizetheprogressionofaflavivirus
immuneresponseThispositivebroadflavivirusreactionwasnot
observedinthepasserinestudy

Thenearlifetimedurationofantibodiesinpasserinesaffects
ourinterpretationofpositiveserologicalresultsforWNVduring
thewintermonthsWNantibodiesdetectedinasingleserum
collectionmightonlyreflectanimmunityacquiredinthepreceding
fallTheneutralizationtestoftenfailstoseparateWNVfromSLE
aproblemwhichwillbecompoundedifbothvirusescirculateatthe
sametimeFurthermorethefluctuationsfrompositivetonegative
andbacktopositiveobservedduringthisfifteenmonthsstudywould
indicatethatnegativespecimensmightjustbeinthefluctuationphas
andthusthepredictivevalueofthesystemforvirustransmission
wouldappearjeopardizedIntheabsenceofaseroconversion
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Table1DurationofWestNileantibodyinhousefinchesandhousesparrowsconfinedtoamosquitoproofcagefromJanuary2004to
February2005

SerumtestedbyPCRforWestNileVirus
KnownSeroconversionwithin815days

HFhousefinch
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HShousesparrow

Durationofcaptivity

2004 January05 February March April May June JulyMonth

BandSpeciesPos
Tested

PosTested

Titer

PasTested

Titer

PosTested

titer

PosTested

Titer

PosTested

Titer

PosTested

Titer

PasTested

Titer

PosTested

Tier

01624 HF 327 NS 02 12

40

02 02 02 02 12

20
030510 HF 2131 NS 22

16040

23

160160

33

16016040

12

40

12

80

12

80

22

4020
030577 HF 1930 NS 22

16040

12

80

33

1602040

111

20

12

80

22

4040

22

4020
030702 HF 620 NS NS 11

20

NS NS NS 12

20

22

2040

030932 HF 519 NS NS NS NS NS NS 12

20

12

40
041287 HF 1229 NS 12

160

22

80160

33

8016040

12

80

02 02 12

20
041478 HF 610 33

160640640

11

640

01 23

8080

Died

060384

Control

HF 030 NS 02 02 03 02 02 02 02

041491 HF 1525 NS 22

320320

22

8040

23

8040

12

40

02 12

40

22

4040
050443 HF 1518 NS NS 11

160

44

320320

160160

12

20

12

20

22

160160

22

160160

210011 HF 45 34

160320640

11

640

Died

050444

Control

HF 011 NS NS NS NS NS NS 02 02

050606 HF 227 NS NS 11

40

13

20

02 02 02 02

050616 HF 2428 NS NS 22

160160

33

320320320

22

32040

12

20

22

8080

33

4080160
050698 HF 48 NS NS NS NS NS NS 13 12

20
060684

Control

HF 029 NS 02 02 03 02 02 02 02

07882 HF 225 NS NS 01 01 02 12

320

03 02

082316 HF 68 NS NS NS NS NS 01 01 22

4040

010555

Control

HS 010 NS NS NS NS NS NS NS NS

030699 HS 2832 12

80

22

64040

22

2040

33

408040

22

8040

12

20

22

20320

22

4040

03812 HS 830 NS 12

640

12

40

03 12

20

02 12

20

12

20
01707

Control

HS 07 NS NS NS NS NS NS NS NS

03858 HS 1112 NS NS 11

160

33

320320320

24

160160

12

40

22

80160

22

16080

030891 HS 1219 NS NS NS NS NS 22

640640

NS 22

8080
050424 HS 430 13

640

02 02 12

20

12

80

02 02 02

050509 HS 512 44

80802020

02 02 12

20

02 Died

050546 HS 1118 24

80320

22

640320

22

8080

23

4040

12

40

02 22

4020

02
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Table1DurationofWestNileantibodyinhousefinchesandhousesparrowsconfinedtoamosquitoproofcagefromJanuary2004to
February2005

SerumtestedbyPCRforWestNileVirus
KnownSeroconversionwithin815days

HFhousefinch
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HShousesparrow

Durationofcaptivity



August September October November December January Februrary

PosTested

Titer

PosTested

Titer

PosTested

Titer

PosTested

Tter

PosTested

Titer

PosTested

titer

PosTested

rter

03 11

40

02 02 01 02 02

23

40320

22

40

12

20

01 O1 22

4020

12

40

23

2040

22

2020

02 22

2040

02 02 12

40
13

40

12

20

02 02 01 02 02

23

8040

12

40

02 02 01 02 02

23

20320

22

4020

02 02 01 02 02

03 02 02 02 02 02 02

22

2020

23

4040

02 12

20

01

23

8040

22

4080

Died

02 02 02 Died

03 02 02 02 O2 02 02

12

160

12

4020

22

4020

22

4080

12

160

22

2020

12

20
23

2080

Died

02 02 02 02 02 02 02

08 12

80

02 02 02 02 02

22

4040

22

4040

Died

NS NS 02 02 02 02 02

23

40160

22

2020

22

8020

22

2040

12

20

22

4020

22

4040

12

80

22

2020

02 02 02 02 02

NS 01 02 02 02

Died

23

8080

NS 02 22

2080

02 22

2020

12

40
13

80

12

160

02 02 02 02 02

Died
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Table1continued

NSNoSample

Positivereadingareindicatedbyboldfacetype
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Specimen

Duration

of

Captivity

Duration

of

Immunity

Positive

Total

Samples

Percent

Positive

A25802 6mo 6mo 44 100

A27902 9mo 7mo 56 83

A28802 8mo 7mo 45 80

A29402 7mo 5mo 34 75

A29502 7mo 5mo 34 75

A30302 7mo 7mo 55 100

A30502 7mo 5mo 45 80

A30702 7mo 7mo 55 100

A30802 6mo 5mo 34 75

A30902 3mo 2mo 23 67

A31402 7mo 7mo 55 100

A33802 7mo 5mo 45 80

A35502 7mo 5mo 34 75

A35702 7mo 4mo 46 67

A36002 7mo 5mo 55 100

A36202 7mo 7mo 55 100
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Table2DurationofWNantibodiesincaptivegreathornedowls
TomAug2002Apr2003

knownseroconversionwithin30days

observedinsequentialseranomorethan10to15daysapartthere
isaneedforareliablemethodtodetermineiftheantibodyisrecent
rnotTheIgMcapturetestinbirdsdoesnotanswerthisneedThe

predominantimmunoglobulinofbirdsisIgYanancestral
immunoglobulincharacterizedbytheabsenceofahingeseenin
mammalshenceforthalimitedflexibilityaninabilitytoactivate
thecomplementandaverylowavidityaffinityWarretal1995
Astheimmuneresponseprogressessodoestheincreaseinavidity
whichinmammalianseracanbereadilymeasuredandhasbeen
studiedwithWestNileandDengueFoxetal2004deSouzaetal
2004Atthistimesimilarstudieshavenotbeenconductedwith
avianseraDesigningatestwhichultimatelywouldidentifyarecent
antibodyfromanoldonewouldsolvetheriddleofvirustransmission
inatimelyandpredictivefashionparamounttoanyefficient
surveillance
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SeasonalEvaluationofWestNileVirusinLakeCountyCaliforniain2005

BonnieRyanDavidWoodwardandArthurColwell

LakeCountyVectorControlDistrict410EsplanadeLakeportCA95453

ABSTRACTWestNileVirusWNVwasfirstdocumentedinLakeCountyinAugustof2004Boththedurationofactivity
andprevalenceofWNVamongavianequinesentinelchickenandmosquitoindicatorsincreasedduring2005thesecond
yearofitspresenceinthecountyTherewerenohumancasesofWNVin2005adecreasefromonein2004Overalla
measurableamplificationofWNVinLakeCountyoccurredduringthe2005mosquitoseasonHowevertheincreasedlevel
ofactivitywaslowerthanthatobservedinsomeotherregionsofCalifornia

INTRODUCTION

LakeCountyisamountainousregionbetweenthePacific
CoastandtheCentralValleyofCaliforniaMostofthecountys
64000residentsresideintheClearLakeBasinaroundtheshoreline

ofClearLakeThispolymicticeutrophiclakeoccupiesmorethan
43000acresandprovideshabitatforimmaturemosquitoesinaquatic
weedsandmarshesalongtheshorelineAgriculturalandpublic
landsdominatethelandscapewithruralresidencespunctuatedby
somesuburbandevelopmentThetwomostprolificbreedingareas
formosquitoesinLakeCountyarethewildricefieldsnearUpper
LakeatthenorthendofthebasinandAndersonMarshnearLower

LaketothesouthWestNileVirusWNVwasfirstdetectedin
LakeCountyin2004thesameyearthatmostofnorthernCalifornia
wasinvadedThispaperinvestigatesprogressionofthevirusin
LakeCountybetweenthe2004and2005seasons

MATERIALSANDMETHODS

Mosquitoes

MosquitocollectionwasperformedwithCDCsuctiontraps
SudiaandChamberlain1962modifiedbyremovalofthelight
andbytheadditionofCObaitandbyuseofLargeRedBoxes
LRBCOtrapswerehung15mabovegroundandbaitedwith
32kgofdryiceThetrapswereoperatedfrommidafternoonuntil
midmorningofthefollowingdayoneachsampledateLRBswere
18by12by12mredplywoodboxesenclosedonfoursidesbottom
andthefrontareopenThesewerepositionedtoassuremorning
shadeandrestingmosquitoeswerecapturedduringearlymorning
hoursviavacuumLivefemaleswereimmobilizedonachilltable

andsortedtospecieswithadissectingmicroscopePoolsof12to
50mosquitoeswereshippedtotheUniversityofCaliforniaDavis
CenterforVectorborneDiseasesCVECforWNVtestingvia
multiplexRTPCRChilesetal2004MinimumInfectionRate
MIRtheminimumnumberofinfectedmosquitoesperonethousand
testedwascalculatedforeachspeciesofmosquitotestedMIRwas
determinedbytotal ofWNVpositivepools total of

mosquitoestestedx1000
Mosquitosurveillancewasalsoconductedateachsitewhere

WNVpositivebirdsandhorseswerelocatedOneCOtrapanda
SmallRedBoxSRB06mcardboardboxwereplacedovernight
ateachlocationAdultmosquitoeswerecollectedfromSRBsby
thesamevacuummethodusedforLRBs
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Birds

DeadbirdsweretestedforWNVaspartoftheCaliforniaWNV
DeadBirdSurveillanceProgramsponsoredbytheCalifornia
DepartmentofHealthServicesVectorBorneDiseaseSection
CDHSVBDSBirdsreportedbythepublicanddeemedacceptable
fortestingwerecollectedbytheLakeCountyVectorControlDistrict
LCVCDAllnoncorvidswerenecropsiedattheCaliforniaAnimal
HealthandFoodSafetyCAHFSlaboratoryattheUniversityof
CaliforniaDavisUCDTestsforWNVwereconductedon
extractedtissuesviareversetranscriptasepolymerasechainreaction
RTPCRattheUCDCenterforVectorborneDiseaseslaboratory
ForAmericanCrowsCorvusbrachyrhynchosWesternScrubJays
AphelocomacoerulescensandStellersJaysCyanocittastelleri
oralswabsampleswerefirsttestedviaVecTestattheLCVCD
laboratoryNegativeandindeterminatebuffersampleswer
forwardedtoCVECforfurtherevaluationviaRTPCR

TheLCVCDacceptedbirdsforWNVtestingthroughoutthe
entiremosquitoseasonNoareaswereexcludedsobirddatawere
comparablethroughouteachyear

SentinelChickens

Tenchickenswerekeptineachoftwocoopsnearthewildrice
fieldsinUpperLakeandonahillaboveAndersonMarshnearLower
LakeBloodsampleswerecollectedbiweeklyfromeachchicken
fromApril20thtoNovember16thofeachyearSampleswere
submittedtotheCaliforniaDepartmentofHealthServicesCDHS
RichmondCampusforarbovirustestingCollectionandsubmission
ofbloodsampleswasconductedasperCDHSguidelinesin
InstructionsforSentinelBloodSamples

EquinesandHumans

EquineWNVcaseswerepreliminarilyreportedtoLCVCDby
thecaseveterinarianandconfirmedbyCDHSVeterinaryPublic
HealthSectionDivisionofCommunicableDiseaseControlDCDC
HumanWNVcaseswerereportedbyLakeCountyPublicHealth
DepartmentandtheCDHS

RESULTS

WNVwasfirstdetectedinLakeCountyinaWesternScrub
JaycollectedonAugust2d2004ThenextweekapoolofCule
tarsalisCoquillettmosquitoestestedpositiveforthevirusWNV
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activitypeakedattheendofAugust2004Fig1Thisincluded
srttvebirdsmosquitopoolsthefirstequinecasefortheseason

NCtodateLakeCountyssolehumancaseofWNVSentinel
chickenseroconversionlaggedbehindother2004indicatorsfor
thepresenceofWNVAsinglechickentestedpositiveonSeptember
29thTherewerenopositiveindicatorsforWNVafterOctober8th
duringthe2004seasonPositivedeadbirdswerelocatedthroughout
populatedregionsofthecounty

10

SentinelChickens
Horses

WildBirds
Humans

MosquitoPools

Figure1

In2005WNVwasdetectedindeadbirdsmosquitopools
horsesandsentinelchickensthroughouttheClearLakebasinFig
2TheinitialdetectionofWNVoccurredtwoweeksearlierthan
in2004inacrowfoundinLucerneonJuly20thPeakWNVactivity
occurredinmidAugustapproximatelyoneweekearlierthanduring
the2004seasonApositivemosquitopoolmarkedtheendofthe
seasoninOctober132005aweeklaterthanthelastindicatorin

2004Fig1Theseasonalpeakinweeklymeanmaximumair
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2004

MaxTemp
MinTemp

529 612 626 710 724 87 821 94 918 102 1016 1030 1113
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Figure1WeeklycomparisonofcumulativeWNVpositiveindicatorsinLakeCountyCaliforniaduringthe2004and2005
mosquitoseasonsWeeklymeanmaximumandminimumairtemperaturesareshownforeachyearTemperaturedatawere
recordedinKelseyville



Mosquitospecies

Number

Tested

Positive

Pools MIR

Anophelesfranciscanus 23 0 000

Anophelesfreeborni 692 1 145

Anophelespunctipennis 50 0 000

Coquillettidiaperturbans 29 0 000

Culexerythrothorax 3009 1 033

Culexstigmatosoma 537 7 1304

Culextarsalis 9131 23 252

Culisetaincidens 16 0 000

Culisetainornata 428 0 000

Ochlerotatusmelanimon 46 0 000

Ochlerotatussierrensis 374 0 000i
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temperaturesalsooccurredearlierin2005Fig1Bothseasons
experiencedmeantemperaturesduringthemonthsofJunethrough
OctoberthatwerelowerthanthefiftyyearaverageInadditiontoa
longerseasontherewasgreateramplitudeofpositiveindicatorsfor
WNVin2005Positivemosquitopoolsincreasedfrom17in2004
to32in2005Thenumberofhorsecasesincreasedfromfourtoten

andWNVpositivesentinelchickensincreasedfromonetofourin
theUpperLakeflockDeadbirdpositivesremainedsimilarinboth
speciescompositionandmagnitude29positivein2004and32in
2005CrowsscrubjaysandCaliforniaQuailCallipepla
californicatestedpositiveeachseasonAdditionallyin2005one
StellersJaywaspositive

Thetotalnumberofcrowstestedandthepercentagethatwere
WNVpositiveweresimilarforeachseason13of16crowswere
positivein2004and15of19werepositivein2005All15scrub
jaystestedbetweenJulyandSeptemberofeachyearwerepositive
forWNVAlthoughhighpercentagesofcrovidstestedwerepositive
forWNVmosquitoabundanceatthesiteswherethesebirdswere
collectedwasoftenlowAtpositivescrubjaysitesanaverageof
225CulextarsalismosquitoesperCOtrapnightwerecollected
Culextarsalismosquitoeswerecollectedat13ofthe15trapsites
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Table1MinimumInfectionRatesofthemosquitospeciestested
forWNVfromLakeCountyCaliforniain2005

MIR minimumnumberofinfectedmosquitoesper1000tested



Volume74 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia 79

PositivecrowsiteshadahighermeanCulextarsaliscount444
banscrubjaysitesbutCulextarsalismosquitoeswerefoundat

ly7of14sitesLessthanoneadultfemaleCxstigmatosoma
DyarmosquitowasretrievedfromSRBsatpositivescrubjaysites
andzerowerecollectedfrompositivecrowsitesAtotalof24bird
speciesweretestedin200596ofpositivebirdswerecorvids
Onlyafewcrowroostingsitesoffortyorfewerbirdswerefound
inLakeCountybutsearchesoftheseareasdidnotlocatesickor
deadbirds

ElevenmosquitospeciesweresubmittedfromLakeCounty
forWNVtestingin2005Consistentwithpastmosquitoseasons
noCulexpipiensLmosquitoeswereidentifiedinLakeCountyin
2005CulexstigmatosomacollectedstrictlyfromLRBsexhibited
thehighestseasonalMIRof1304Table1Ingreatestabundance

wereCulextarsalismosquitoescollectedfrombothCOtrapsand
LRBsTwentythreepositivepoolsfrom9131testedindividuals
ofCulextarsalisyieldedaseasonalMIRof252Onepoolof
CulexerythrothoraxDyarMIR033andoneofAnopheles
freeborniMIR145mosquitoeswerealsopositiveAfterthe
firstpositivemosquitopoolinmidJulyof2005anupwardtrend
inthenumberofpositivemosquitopoolsoccurredthroughtheweek
ofAugust7LhFig1TheseasonalweeklyhighMIRwas629for
Culextarsalisand9091forCulexstigmatosomaTheseweekly
highMIRsoccurredduringthelastweekofSeptemberandthe
secondweekofOctoberrespectively

In2005fiveequinecasesofWNVwereconcentratedwithin
a7kmradiusofAndersonMarshTheremainingfiveequinecases

wcured throughoutthecountyFourhorsescontractedWNVthe
eekofAugust14thandthreeotherstheweekofSeptemberllth
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BIIslandRice TuleLakeRice StarkeRanch AndersonMarsh

PtLandRice Lakeport SBarSRanch DryLake

Figure3AbundanceofCulextarsalismosquitoescollectedinCOtrapsandthe
associatedMIRsforsixlocationsinLakeCountyduring2005
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Fig1Horseswithsimilardatesofonsetofsymptomswere
dispersedthroughoutthecountyratherthangroupedgeographically
AlthoughCulexspabundancerangedfrom025femalesperCO
trapnightatpositiveequinesitesCulexmosquitoeswerecaptured
atonlysixofthetensitesFemaleCulicoidessonorensis 234

perCOtrapwerecollectedfromeighthorsesitesandCulicoides
occidentalis1159femalegnatswerecollectedatoneothersite

Thefirstseroconversionamongsentinelchickenspostdated
everyotherWNVindicatorin2005bythreeweeksAtotaloffour
chickensseroconvertedbetweenAugust24thandOctober5thfrom
theUpperLakeflockFig1

LakeCountyhadnohumancasesofWNVin2005despite
positivebirdsandmosquitopoolsinandaroundthemoredensely
populatedregionsofthecountyFourresidentialareasofconcern
wereLakeportClearlakeUpperLakeandClearlakeRiveraThe
westernrimofClearLakenearLakeporttypicallyprovidesabundant
CulexsplarvalhabitatinCreepingWaterPrimroseLudwigia
peploidesEvensoin2005mosquitoabundancenearLakeport
waslowincomparisontoothersamplinglocationsFig3The
communitiesofUpperLakeandNiceonthenorthernmarginofthe
lakeborder800acresofwildriceTheClearlakeRiveraislocated

onaridgeaboveirrigatedpasturelandandwasthesiteofthe2004
humancaseThecityofClearlakeborderstheAndersonMarsh
wetlandsEachmosquitolarvalhabitatiswithin5kmofthe
correspondingresidentialareaMosquitoabundancevariedby
locationbutallhadCulextarsalisMIRsof405orhigherduring
thepeakWNVactivityperiodofJuly17throughOctober12in
2005Table1Mosquitoestrappedinthepasturebelowthe
ClearlakeRivierahadthehighestMIR990ofanysitetested
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DISCUSSION

ThenumberofpositiveindicatorsforWNVincreasedbothin
durationandamplitudefromthe2004tothe2005seasonAmong
deadbirdsurveillancemosquitopoolsequinecasesandsentinel
chickensthechickensweretheleastusefultoolfordetectingthe
presenceofWNVinhumanoccupiedareasofLakeCounty
SeroconversionsintheUpperLakeflocklaggedbehindother
indicatorsbyfourweeksin2004andthreeweeksin2005No
seoconversionsoccurredintheLowerLakeflockineitheryear
despiteWNVpositivemosquitoesanddeadbirdsintheimmediate
vicinityoftheflock

MosquitoesweremostabundantinLakeCountyinproximity
towildricefieldsandmarshlandsHowevermonitoringnear
residentialareasandpositivewildbirdandequinesitesshowedthere
wasnotastrongrelationshipbetweenmosquitoabundanceandWNV
prevalence

CulexspmosquitoesarethemostcompetentvectorsofWNV
inCaliforniaReisenetal2005InLakeCountyCulextarsalis

wasthemostabundantlycollectedWNVpositivespeciesinCO
trapsHoweverCulexstigmatosomafemalescollectedonlyfrom
LRBshadthehighestMIRinLakeCountyAnincreasedLRB
surveillancesystemmightfurtherelucidatetheimportanceofthis
mosquitorelativetoWNVdisseminationandmaintenanceinLake
CountyAsingleWNVpositiveAnophelesfreebornipoolwas
collectedinLakeCountyThiswastheonlypositiveAnophelessp
poolcollectedinCaliforniain2005In2004aWNVpositive
AnopheleshermsipoolwascollectedfromLosAngelesCalifornia
OConnor2005Transmissionratesforthesemosquitoesare
undocumented

ThebitingmidgeCulicoidessonorensishasbeenimplicated
inthetransmissioncycleofWNVinSageGrouseCentrocercus
urophasianusNaugle2004InLakeCountyequinecasesof
WNVweremoreoftenassociatedwiththepresenceofCulicoides
thananyCulexspHowevernoneoftheCulicoidespopulationsin
LakeCountyhavebeentestedforcompetenceasWNVvectors
FurtherresearchintothepossibleinvolvementofthesefliesinWNV
transmissionisneeded

WestNileVirusisparticularlydestructivetocrowpopulations
possiblyincurring65mortalityinawildpopulationCaffreyetal
2005andnearly100 mortalityinalaboratorystudyMcLeanet
al2001Crowsarewidespreadandcommonlyliveamongstpeople
Asaresulttheyhavebecomesentinelsforthepresenceand
abundanceofWNVEidsonetal2001andhavebeenassociated

withclustersofhumancasesReisenetal2006AThepaucityof
largeroostingsitesandmoderatecrowdensitiesinLakeCounty
Saueretal2005mayhaveslowedWNVamplificationin2005
WhileLakeCountydidexperienceanincreaseintotalpositiveWNV
indicatorsandalongerseasonin2005therewasnodemonstrable
changeincrowmortalityTheincidenceofhumancasesalsoshowed
nomeasurableincreaseduringthesecondWNVseason

Arecentstudyfoundthatwarmerthanaveragetemperatures
havebeenassociatedwithintenseWNVactivityasthevirustraveled
acrossNorthAmericaReisenetal2006BCoolerthanaverage
seasonaltemperaturesinLakeCountyduringthe2005WNVseason
combinedwiththelowdensityofanimportantavianhostthecrow
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WestNileVirusSurveillanceandControlinthe

WestValleyMosquitoandVectorControlDistrictin2005

TStevenSuandMinLeeCheng

WestValleyMosquitoandVectorControlDistrict1295ELocustStreetOntarioCA91761

ABSTRACTWestNilevirusWNVenzootictransmissionremainedhighlyactiveinthejurisdictionofWestvalleyMVCD
anditsvicinityin2005intotal68positivemosquitosamplesweredetectedamong1759samplestestedTwentyfivedead
birdswerepositiveamong85testedSevenoutoftheeightsentinelchickencoopsseroconvertedwithatotalof19positive
chickensTwoequinecasesand6humancaseswereconfirmedin2005InresponsetothisWNVepidemicintensivebreeding
sourceinspectionreductionandtreatmentforlarvalcontrolandgroundULVforadultcontrolinselectedcommunitieswere
conductedduringactivetransmissionseasonMediacampaignandcommunityfairparticipationwereintensifiedtomaintain
effectivepublicrelationsandpubliceducation

AnOverviewofArboviralActivityinOrangeCountyin2005

KarenDeCollibus

OrangeCountyVectorControlDistrict13001GardenGroveBlvdGardenGroveCA92843

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditsarbovirussurveillanceprogramthroughout2005by
collectingbloodsamplesfromwildbirdsandsentinelchickensandsubmittingmosquitopoolsanddeadbirdsforWNV
testingOveronehundredwildbirdstestedpositiveforWNVantibodiesbyblockingELISAover80mosquitopoolstested
positiveandtwosentinelchickensfromoneflocktestedWNVpositiveNochickenswildbirdsormosquitopoolswere
foundpositiveforanyotherarbovirusin2005

ModifiedLardCanTrapsandArbovirusSurveillance
AnAlternativetoChickenFlocks

JosephEBurns

2151ConventionCenterWaySuite218BOntarioCA917645429

ABSTRACTFordecadeschickenflockshavebeenthegoldstandardforsentinelarbovirussurveillanceUseofmodified
lardcantrapsinNewYorkCityfrom20012003showedhowknownenzooticfocicanbeadequatelymonitoredusingan
alternativemethodandsentinelspeciesforthepresenceofWestNilevirusElevatingthetrapsintotreecanopiesmayimprove
detectionsensitivity
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ATemporalAnalysisofCorvidsandtheTransmissionCycle

LaurenMarcusColleenBarclayRyanCarneyKerryPadgettSarahWheelerBrianCarrollStanWright
VeronicaArmijos2YingFangSandraGarciaNicoleKahl4BarbaraCahoonYoungWilliamReisen

VickiKramerandStanHusted
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4UCDavisCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616

5VectorBorneDiseaseSectionCaliforniaDepartmentofHealthServices1616CapitolAvenueMS7307
POBox997413SacramentoCA95889

ABSTRACTAnalysisofdatacollectedviatheCaliforniaDeadBirdSurveillanceProgramDBSPandserologicaldatafrom
livecaptureofwildbirdsrevealedatemporaldifferenceinavianspeciesimpactedbyWestNilevirusWNVin2004and
2005In2004thedominantspeciesaffectedbyWNVwerecorvidsrepresenting8427063232ofdeadbirdstesting
positiveforWNVAsevidenceofWNVtransmissioninvectorsandhumansdecreasedoverthewintermonthsdeadbirdsthat
testedpositiveforWNVwerepredominantlynoncorvidBetweenJanuaryandAprilof2005noncorvidsrepresented73
4663ofdeadbirdsthattestedpositiveforWNVSerologicaltestsofwildbirdsindicatedthattheysurvivedprevious
infectionwithWNVuntilcapturedInterestinglythebalanceshiftedbacktowardsthecorvidsinMayasotherevidenceof
increasedtransmissionsuchasWNVpositivemosquitopoolsandhumaninfectionsincreasedThroughoutthewintermonths
themajorityofWNVpositivedeadbirdswerenoncorvidsanditislikelythattheDBSPdetectedchronicinfectionsmortality
mayhavebeenduetoanotherprimaryillnessasotherevidenceofactiveWNVtransmissionwaslacking

PreliminaryFindingsofaFortMorganlikeAlphavirusFromCliffSwallowBugs
OeciacusvicariusHemipteraCimididaeinSacramentoCounty

MVeronicaArmijosAaronCBraultSarahWheelerYingFangStanALangevin
NoiwangklangWanichayaStanWrightWilliamReisen

CenterforVectorborneDiseaseResearchDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicine
UniversityofCaliforniaDavisDavisCA956163SacramentoYoloMosquitoandVectorControlDistrictElkGroveCA95624

ABSTRACTDuringthesummerof2005arbovirusstudieswereconductedinproximitytoacliffswallowPetrochelidon
pyrrhonotacolonyontheStoneLakesNationalWildlifeRefugewithinSacramentoCountySwallowbugsOeciacusvicarius
wereremovedfrommistnettedcliffswallowsandcliffswallownestsandsegregatedintopoolsoffifteentotwentyindividuals
thatweregroundintissueculturemediaandinoculatedontoVeroandC636cellsCytopathiceffectsCPEwereevidentin
threeVerocellculturesScreeningoftheculturesupernatantsbyTaqManRTPCRforWesternEquineencephalitisWEE
virusWestNilevirusorStLouisencephalitisvirusesyieldednegativeresultsGrowthcharacteristicsandplaquesizeswere
consistentwiththatofanalphavirusPreviousisolationofFortMorganvirusFMVBuggyCreekvirusBCVandBijou
BridgevirusBBValphavirusesfromcliffswallowbugsfurtherincriminatedanalphavirusasthepotentialunknownagent
Thereforebroadlyreactivealphavirusspecificprimerswereusedfortheamplificationofa12kilobasefragmentoftheE1
through3untranslatedregion3UTRusingadegenerateforwardprimerintheElgeneregionaswellasareverseprimer
complementarytothe3polyAtailpresentwithinallalphavirusesAmpliconsweresuccessfullygeneratedfromVerocultures
withvariableresultsfromC636culturesDirectsequenceanalysesoftheampliconproductsdemonstrateda44 and56

sequencediversityfromFMVandBCVrespectivelyPhylogeneticanalysesclearlydemonstratedthattheseviruseswere
closelyrelatedtothedistinctgroupofviruseswithintheWEEserocomplexthathaveallbeenisolatedfromcliffswallowbugs
SequenceanalysesfurtherdemonstratedthevirustobemostcloselyassociatedwithFMVhoweverserologicalanalysesare
pendingthatwilldetermineifthisisanewsubtypevirusoranisolateofFMVThisrepresentsthefirstfindingofanalphavirus
otherthanWEEnaturallyoccurringinCaliforniaandrepresentsthefirstisolationofaFMVwestofthecontinentaldivide
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TheCenterforMedicalAgriculturalandVeterinaryEntomologyDevelopingNew
MosquitoSurveillanceandControlProducts

KennethJLinthicumSandraAllanDonaldRBarnardJamesJBecnelUlrichRBernierDavidACarlson

GaryGClarkChrisJGedenJeromeAHogsetteandDanielLKline

MosquitoandFlyResearchUnitCenterforMedicalVeterinaryandAgriculturalEntomologyUSDAARSGainesvilleFlorida32608

ABSTRACTTheCenterforMedicalAgriculturalandVeterinaryEntomologyCMAVEUSDepartmentofAgriculture
AgriculturalResearchServiceconductsspecificresearchdirectedatreducingoreliminatingtheharmcausedbyinsectsto
humansanimalsandcropsCMAVEisaninternationallyrenownedresearchinstitutionthatislocatedadjacenttothecampus
oftheUniversityofFloridainGainesvilleFloridaResearchisdirectednotonlyattheinsectpestssuchasmosquitoes
themselvesbutalsoatpathogenstheymaytransmitandatidentifyinginherentprotectivemechanismsinnatureCMAVE
workemphasizesbothcontrolandpreventionTheCenterhas4researchunitsandeachunithasspecificgoalsalthoughthere
areseveralcommonalitiesTheMosquitoandFlyResearchUnitconductsresearchoninsectsofmedicalandveterinary
importancewiththegoalofachievingcontrolofpestandvectorspeciesthroughthedevelopmentofenvironmentallyacceptable
approachesNewmosquitosurveillanceandcontrolproductsaredevelopedandtested

INTRODUCTION

Mosquitoesareaseriousthreattohumanhealthandour
agriculturaleconomybecausetheyserveassignificantvectorsof
arthropodbornepathogensMosquitoestransmitdiseasessuchas
WestNilevirusdenguemalarialeishmaniasisandfilarialworms

humansandanimalsTherehasbeenasignificantincreasein
arbovirustransmissionbymosquitoesintheUSandtheworld
exemplifiedbytheintroductionandrapidspreadofWestNilevirus
intheUSCDC2004Aconstantthreatfromemergingarthropod
bornediseasesuchasRiftValleyfevereitheraccidentallyor
intentionallyintroducedcannotbeignoredAnyambaetal2005
Highmosquitopopulationsalsoinhibithumanactivitiesdiminish
theproductivityoflivestockandreducetheeffectivenessofUS
militarypersonnelChretienetal2005

Effectivegeneralandspecificsurveillancetrapsandnewtrap
technologiesareneededtoprovideearlywarningofmosquitoborne
diseasesthatcantriggerspecificandappropriatelytimedcontrol
responsestoprotectanimalsandhumansfromarthropodattackand
thetransmissionofdiseaseagentsBrownsteinetal2004Tomeet
thisneedtheUSDepartmentofAgricultureAgriculturalResearch
ServiceUSDAARSattheCenterforMedicalAgriculturaland
VeterinaryEntomologyCMAVEdirectsscientistsintheMosquito
andFlyResearchUnittodevelopnewsurveillanceandcontroltools
thatcanfitintoanintegratedpestabatementsystemtosafelyand
effectivelymanagemosquitoes

Personalprotectionisthefirstlineofdefenseagainstdisease
transmittingmosquitoesandcanbesignificantlyimprovedbythe
developmentofnewclassesoftopicalandarearepellentstoprotect
thegeneralpublicandmilitarypersonnelBernier2006Vector
controlcanbeaneffectivemeansofpreventingoutbreaksof
arthropodbornediseasebuttheavailabilityofpublichealthpesticides
hasbeengreatlyreducedduetoresistancedevelopmentand
environmentalconcernsandregulationsRose2001Newpublic
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healthvectorcontrolstrategiesrequireevaluationofnewchemistries
developmentofinnovativecontrolmethodsimprovedapplication
techniquesandtargetedpesticideuseAdvancementsinpersonal
protectionandvectorcontrolresearchwillenhancetheeffectiveness
ofIntegratedPestManagementIPMprogramsandimprovethe
capacitytopreventdiseasetransmissionbymosquitoes

CENTERFORMEDICALAGRICULTURALAND
VETERINARYENTOMOLOGY

CMAVEconductsspecificresearchdirectedatreducingor
eliminatingtheharmcausedbyinsectstohumansanimalsand
cropsTheCenterisaninternationallyrenownedresearchinstitution
thatislocatedadjacenttothecampusoftheUniversityofFloridain
GainesvilleFloridaWithintheCentertherearemorethan200

personnelincludingnearly50doctorallevelscientistsworkingin
150000sqftofstateoftheartlaboratoriesandfieldsites
throughouttheUnitedStatesandinternationallyResearchisdirected
notonlyatinsectpestssuchasmosquitoesbutalsoatthepathogens
thattheymaytransmitandatidentifyinginherentprotective
mechanismsinnatureTheCenterhasfourresearchunitsandeach

unithasspecificgoalshoweverthereareseveralcommonalities
amongtheunitsCMAVEworkemphasizesbothcontroland
preventionEffectivepreventiondependsondevelopingrapid
sensitivemethodsfordetectionandsurveillanceSecondallour

researchincludesabasiccomponentbecausehistoricallythebest
methodsofprotectioncomefromunderstandinghowthingsworkat
themolecularlevelThirdCMAVEworkemphasizesbiologicaland
IPMtechniquesthatputlesspressureontheenvironmentandmay
beselfsustainingAstheonlyARSlaboratorythathasaresearch
unitdedicatedtostudyingmosquitoesCMAVEconductsresearch
directedatidentificationofinsectpheromonesandattractantsthat
canbeusedintrapstheproductionofgeneticallyalteredinsectsfor
populationeradicationtheisolationofbiologicalcontrolagents



thedevelopmentofinnovativemethodsofdetectingmosquitoesin
trapsandthediscoveryanddevelopmentofnewclassesof
insecticidesthatareenvironmentallysafeandtargetedatmosquito
speciesthatareeitherpestsorvectorsofdiseaseAllCMAVE
scientistsstrivetodevelopbiologicallybasedalternativecontrols
personalprotectiontoolsandnewmaterialsandmethodsfor
surveillancethatfitintointegratedpestabatementsystemstocontrol
andpreventmosquitovectorsAsummaryofCMAVEresearch
activitiesfocusedonnewmosquitorepellentandcontrolproducts
aredescribedbelow

MOSQUITOANDFLYRESEARCHUNITMFRU

TheMFRUconductsresearchoninsectsofmedicaland

veterinaryimportancewiththegoalofachievingcontrolofpestand
vectorspeciesthroughthedevelopmentofenvironmentally
acceptableapproachesProtectionofhumansandanimalsfrom
diseasescausedbyarthropodsofmedicalimportanceisamajor
priority

ThedesignofdiseaseinterventionstrategiesbytheMFRU
involvesdevelopingnovelarthropodcontrolincludingthefollowing

NewRepellentcompounds
NovelInhibitorsmaskingagents
Newmosquitolarvicidesandadulticides
EnhancedinsecticideULVbarriertreatmentstrategies
Newhighlyefficientattractanttrapstoreducepopulation
Novelstrategiesforsustainedcontrol

SophisticatedchemicalinstrumentssuchastheGas
ChromatographMassSpectrometershowninFigure1areusedto
identifyandquantifyvolatileorganiccompoundswhicharepotential
kairomonalandallomonalcompoundsegattractantsinhostodors
andrepellentsBernieretal199920002002Likelycandidate
repellentcompoundsareevaluatedinstandardizedandspecialized
bioassayssomeofwhichinvolvetheuseofatriplecagedualport

Figure1GasChromatographMassSpectrometerusedtoidentify
andquantifyvolatileorganiccompoundswhicharepotential
attractantsinhostodorsandrepellents
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olfactometerFigure2usedtoassessefficacyofcandidatespatial
repellentcompoundsBernieretal2005

Figure2Atriplecagedualportolfactometerusedtoassessefficacy
ofcandidatespatialrepellentcompoundsbyobservingthebehavior
ofhostseekingfemalemosquitoes

Effectiveattractantblendsformosquitoeshavebeendiscovered
baseduponcomponentsemanatedfromhumanskinBernieretal
20012003Theseblendsarebeingdevelopedsothattheycanbe
usedincommercialtrapstoimprovemosquitosurveillanceand
enhancekillingtrapcollectionofatargetedmosquitospecies
Humanproducedattractioninhibitorswerediscoveredinhumanskin
emanationsandarebeingfurtherelucidatedandcharacterizedThe
compoundsfunctionbymaskingthechemicalcueskairomones
usedbymosquitoesforhostlocationTheinhibitorscanbeusedin
apushpulltypesystemtoenhancetrapcatchesandminimize
attractionofmosquitoestohumansandlivestockinalocalarea

AspartofanefforttoassesstheefficacyofAttractandKill
systemstocontrolmosquitoesModifiedMosquitoMagnet Pro

trapsFigure3weresystematicallyarrayedonanisolatedisland

Figure3ModifiedMosquitoMagnetProTrapusedtocondua
researchonnovelstrategiestoattractandkillmosquitoesforcontrorlir
purposesonanisolatedislandalongtheGulfCoastofFlorida
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alongtheGulfCoastofFloridaApreliminaryanalysisindicates
cellentsustainedcontrolofAedestaeniornhychus

StandardizedluresforgravidfemaletrapsforCulexspeciesare
beingdevelopedtoreplacehighlyvariableandunstablehayinfusion
asattractantsVolatilechemicalsfromhayinfusionshavebeen
collectedandcharacterizedAllanandKline2004Methodsare

beingdesignedtoreleasevolatilecompoundsthatattractCulex
mosquitoestothetrapMixturesofchemicalthatmimicthehay
infusioncanthenbeusedwithtrapstoassureconsistentandeffective
collectionofgravidCulexAfterevaluationinthelaboratory
preliminaryfieldstudiesareconductedinlargeoutdoorscreened
cagesthataresubjecttonaturalambientweatherconditionsand
naturalvegetationFigure4Fivesimilaroutdoorscreenedcages
arelocatedonthegroundsofCMAVE

Figure4Alargescreenedcagewherepreliminaryfieldexperiments
canbeconductedunderambientweatherconditionsandnatural

vegetationwithcontrollednumbersofmosquitoes

IncollaborationwiththeUSDepartmentofTransportationAir
Curtainshavebeendesignedtopreventmosquitoesandfliesfrom
enteringaircraftAircurtainunitsmountedaboveandonbothsides
ofsimulatedFigure5andactualjetwaysanddoorwaysofaircraft
preventedthepassageofessentially100ofthetestinsectsthrough
thedoorwayCarlsonetal2006Thisaccomplishmentwas
importantbecausemanyairlinecompaniesarelookingfornon
pesticidalmethodsfordestroyinginsectsoncommercialaircraft
withouttheuseofresidualoraerosolpesticidesAdditionallysince
infectedandexoticmosquitoespotentiallyposeasecurityandhealth
risktoUScitizensthisnewtechnologymaybeofsignificanceto
stateandlocalPublicHealthandVectorControlOfficials

Newvirusesthatarepathogenictomosquitoesarebeing
evaluatedaspotentialmosquitocontrolagentsTwonewcytoplasmic
nolyhedrosisvirusesCPVknownascypoviruseshavebeen

olatedOneofthecypovirusesisolatedfromthemosquito
Uranotaeniasapphirinahasbeencharacterizedbothmorphologically
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Figure5Simulatedaircraftjetwaywhere3AirCurtainsshown
atarrowspositionedneardoorwaypreventmosquitoesandfliesfrom
enteringaircraftaspassengersenteraircraft

andmolecularlyShapiroetal2005AnothernewCPVfromthe
mosquitoCulexrestuanshasbeenisolatedandthebiologicaland
morphologicalcharacteristicsdeterminedThisvirusinfectsa
numberofimportantmosquitoessuchasCulexquinquefasciatusa
vectorofWestNilevirusThediscoveryoftheseandotherviral
pathogensofmosquitoesexpandsthegeneticdiversitybaserequired
toinvestigateandbetterunderstandthebasicmechanismsinvolved
ininfectivityandhostrangethatwillenhancecapabilitiestouse
thesevirusesformosquitocontrol

AsamajorcomponentoftheDepartmentofDefenseDeployed
WarFighterProtectionResearchProgramDWFPestablishedby
theArmedForcesPestManagementBoardin2004theMFRU
continuesatraditionstartedinthe1940sbyworkingwithUS
militarytomakesomeoftheworldsmostimportantadvancesin
controllingdiseasecarryinginsectsthatposearisktodeployed
militarytroopsTheprimarycomponentsofthisresearchareas
followsAFPMB2006

1Developnewpublichealthpesticidesandordevelopnew
formulationsforEPAregisteredactiveingredientstoprotectUS
militarydeployedabroadformdiseasecarryinginsects

2Developbetterproductsforpersonalprotection
3Developneworimprovepesticideapplicationtechnologies

forincreasingefficacyofpesticidedispersalandorreducingthe
amountofactiveingredientneededforeffectivecontrol

4Supporttheregistrationreregistrationofmilitaryuniqueuses
ofEPAregisteredpublichealthpesticides

InsupportoftheDWFPinsecticidesarebeingdevelopedfor
militaryusethatarefastactingagainstadultmosquitoessandflies
andfliesmoderatelypersistenteasytostoreandapplynottoxicto
vertebratesandslowtocauseresistanceQuantitativestructure

activityrelationshipsarebeingmodeledtopredictchemical
structuresfrommorethan8000previouslyscreenedcompounds
thatwillprovidebetterrepellentsinhibitorsandinsecticidesThe



86 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

longevityofmilitaryuniformsandtentstreatedwithinsectrepellents
arebeingevaluatedNewandimprovedultralowvolumeand
barrierspraypesticideapplicationsarebeingdevelopedin
collaborationwiththeUSNavyuniversitiesandprivate
contractors

SUMMARY

Thescopeofmosquitosurveillanceandcontrolresearchat
CMAVEisentirelywithinthescopeofUSDAARSNational
Program104VeterinaryMedicalandUrbanEntomology
Researchandaddressesthegoalsofprogramincludingeffortsto
providenewandimprovedsurveillancetoolsknowledgeof
mosquitobehaviorhostpathogeninteractionsandneuraland
sensorypathwaysrepellentsandbiologicalandchemicalcontrol
strategiesCustomersandcollaboratorsintheseresearchefforts
includeStateandlocalDepartmentsofHealthandAgriculture
MosquitoAbatementandControlDistrictstheArmedForcesPest
ManagementBoardoftheDepartmentofDefensetheUSAgency
forInternationalDevelopmenttheWorldHealthOrganization
InternationalAtomicEnergyAgencyLivestockProducersEquine
IndustryPesticideControlIndustryandtheGeneralPublic
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ABSTRACTOchlerotatusdorsalisthesummersaltmarshmosquitowasonceabundantinSanMateoCountyandwasa
majorsourceofcitizencomplaintsThismosquitowasafocusofthemosquitocontroloperationsbytheSanMateoCounty
MosquitoAbatementDistrictSMCMADandasaresultofitsimportancewasfeaturedontheDistrictssealDuringthe
1990sthismosquitovirtuallydisappearedfromSanMateoCountyLightandcarbondioxidebaitedtrapsdidnotcollecta
singleOcdorsalisadultandimmatureswerecompletelyabsentfromdipsamplesinlarvalsourcesIn2001Ocdorsalis
adultsappearedincarbondioxidebaitedtrapsattwolocationsItsoccurrenceintrapsincreasedandby2004theyhad
colonizedanewlyrestoredtidalmarshinRedwoodCityAflyoffofOcdorsalisadultsin2004and2005spurredemergency
applicationsofadulticidesThispaperdescribesthepossiblecausesofthedeclineandreemergenceofOcdorsalisinSan
MateoCountyanddiscussestheefficacyoftheadulticideapplicationsin2004and2005

Ochlerotatusdorsalisisoneoftwospeciesinthegenusthat
commonlydevelopinsaltmarshesfringingSanFranciscoBayLarval
developmentoccursfromMarchthroughOctoberandisoftentied
tomonthlytidecyclesEggsarelaidinmoistsedimentindepressions
inthesaltmarshLarvaehatchwhentheseareasarefloodedby

monthlyhightidesoroccasionalrainfallThisspeciesismultivoltine
producingseveralgenerationsduringwarmermonthsDevelopment

theadultstagecanoccurin710daysat7580FReesandNielsen
1947Femalesarevoraciousbiterscansurviveupto90daysafter

SanFrancisco
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ReemergenceofOchlerotatusdorsalisinSanMateoCountyCalifornia

INTRODUCTION

ChindiPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010
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emergenceandwillflyupto30milesinlandinsearchofablood
mealReesandNielsen1947Theycanhaveasignificantimpact
onneighboringcommunitiesbecausefemaleOcdorsalisfeed
preferentiallyonmammalsattackingindoorsandoutdoorsfromdawn
toduskandactivelypursuehostsevenundermoderatelywindy
conditions

RecordsfromSMCMADlighttrapcollectionsfrom1955
through1994documentedthepresenceofOcdorsalisinmoderate
numbersthroughouttheDistrictFig1Howeverfrom1995
through2003thisspecieswasabsentfromlighttrapcollections
TheDistrictbeganusingcarbondioxidebaitedtrapsforadult

002

1953195819661971197619831988199319982003

Figure1DistributionofOchlerotatusdorsalisinlighttrapsinSanMateoCountybetween1953and1990
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mosquitosurveillancein2000andby2003lighttrapshadbeen
mostlydiscontinuedOchlerotatusdorsalisadultsweredetected
forthefirsttimeincarbondioxidebaitedtrapsinthecitiesofEast
PaloAltoandRedwoodShoresin2001Overthenext5yearsthe
numberofcitiesinwhichthisspecieswasdetectedincreasedFig
2In2004and2005adultswereseenintrapsthroughoutthe
citiesofRedwoodShoresandFosterCity

3

2

2000 2001 2002 2003

ThedeclineofOcdorsalisinSanMateoCountyisprobably
relatedtochangesinlarvalhabitatDuringthe1970sand1980s
Ocdorsalislarvaewerefrequentlycollectedintidewater
impoundmentsinEastPaloAltoEastMenloParkSanCarlos
RedwoodCityFosterCityandSanMateoUrbandevelopment
duringthelast20yearsdrasticallychangedthedevelopmentalsites
Manyofthesourcesinwhichlarvaeoccurredhavebeeneliminated
Othershaveeitherbeencompletelycutofffromtidalinfluenceor
alteredtoreceivestrongtidalflow

WhileOcdorsalisdeclinedinrecentyearsthewintersaltmarsh
mosquitoOcsquamigerincreasedinabundanceFrom1970
through2006Ocsquamigerwasthemostcommonlyencountered
speciesinSanFranciscoBaymarshesinSanMateoCountyThis
speciesisunivoltinewithlarvaedevelopingduringwintermonths
CarpenterandLaCasse1955Eggsarelaidinspringandearly
summeronmoistgroundinthesaltmarshandhatchwhenwinter
rainsfloodtheseareasusuallyNovemberDecemberLarvae
developslowlyduringwinterandmaytakeseveralmonthsbefore
reachingtheadultstageAdultsgenerallyemergewithina2week
periodinlateMarchorearlyAprilFemalesdispersealongcreeks
toobtainbloodmealsandmaytravelupto30milesinlandLike

Ocdorsalisfemalesarevoraciousbitersandfeedpreferentially
onmammalsTheywillbitefromdawntoduskbothindoorsanc
outdoorsThisspeciesdevelopsinrainwaterimpoundmentsth
formintheautumnandevaporateinlatespringOneofthelargest
sourcesofOcsquamigerhasbeenBairIslanda3000acreparcel
ofdikedreclaimedsaltmarshinRedwoodCityFig1This
parcelwasdevelopedintosaltevaporationpondsinthe1940sIn
1965saltproductionceasedandthepondswerepumpeddryLarge
quantitiesofrainwaternowcollectinthepondsduringwinter
monthsandremainsuntilMayorJuneTheinteriorofthepondsis

2004 2005
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FostorCity

SanCarlos

RedwoodCity
oRedwoodShores

DEPaloAlto

Figure2CollectionsofOchlerotatusdorsalisincarbondioxidebaitedtrapsbetween2000and2005

isolatedfromtidalinfluencebyleveesThepondsusuallydryout
completelybytheendofJuneandremaindrythroughoutthesummer
ThereforetheydonotprovidedevelopmentalsitesforOcdorsalis
larvae

In2003arestorationprojectwascompletedinoneoftheformer
saltpondsattheeasternendofBairIslandFig1Theproject
consistedofasingleshallowopeninginthedikeandconstruction
ofashallowchannelextendingintothecenterofthepondThis
breachallowedwaterfromSanFranciscoBaytoenterthepondat
hightidebutdidnotallowwatertoflowbackoutreadilyForthe
firsttimein30yearsimpoundedwaterwaspresentinlargeshallow
depressionsinthesaltmarshesofBairIslandduringsummermonths

Theyearfollowingcompletionofthisprojectafloodofservice
requestswasreceivedinAugustfromtheresidentialcommunitiesof
RedwoodShoresandFosterCitylocatedonthenortheastboundary
ofBairIslandAtotalof688callswerereceivedduringthemonth
ofAugustthatyearprimarilyfromthesetwocitiesThiswasa
markedincreasefromthetypical200callspermonthreceived
throughoutthedistrictduringthesameperiodinpreviousyearsFig
3CarbondioxidebaitedtrapsintheareayieldedOcdorsalis
adultsinsignificantnumbersandaninspectionofthenewlyrestored
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portionofBairIslandrevealedOcdorsalislarvaeUltralowvolume
ULVapplicationofpyrethrumPyrenone255wasconductedon

ugust1720and252004Thematerialwasappliedat225ounces
peracreusingtwotruckmountedfoggersApplicationsweremade
from200AMto600AM

Theeffectivenessoftheapplicationonmosquitopopulationsin
thesprayareawasreflectedintheresultsofcarbondioxidebaited
trappingconductedbeforeandafterULVapplicationTwentycarbon
dioxidebaitedtrapsweresetatsitesthroughoutthecommunitiesof
RedwoodShoresandFosterCityatapproximatelyweeklyintervals
aspartoftheDistrictsregularsurveillanceprogramTrapswereset
intheafternoonandpickedupthefollowingdayTwospeciesof
mosquitoesOcdorsalisandCulexpipienswerecollectedinthese
trapsFig4ThedensityofOcdorsalisdecreasedsignificantly
afterthesecondsprayeventonAugust20TrappingonSeptember
7and20collected033and1Ocdorsalisfemalepertrapnight
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IncontrastthedensityofCxpipiensintrapsdecreasedvery
littleaftertheapplicationofadulticidesandevenincreasedslightly
bySeptember7Fig4Thereareseveralpossibleexplanationsfor
thisdifferenceCulexpipiensfemalestendtofeedatnightthey
commonlyenterhomesandoftenrestinundergroundsourcessuch
asstormdrainsThisisthespeciesmostfrequentlysubmittedby
countyresidentswhocollectbitingmosquitoesfrominsidetheir
homesOchlerotatusdorsalisfemalesdonotenterhomesasreadily

andarefrequentlyencounteredoutdoorsduringdaylighthoursThis
wastheprimaryspeciescollectedduringinformallandingbiting
countsconductedbyDistricttechniciansimmediatelypriortothe
sprayingAdditionallyCxpipiensdevelopinstormdrainsystems
andcanemergeasadultsin7to10daysinthisareaduringsummer
monthsAdultssurviveforonly12weeksThecatchbasinsin
RedwoodShoresandFosterCityhavethepotentialofcontinuously
producingCxpipiensadultsTheSMCMADhasanongoing

Jul Aug Sep Oct

Figure3Numberofservicerequestsrelatedtomosquitoesduringtheperiodofadult
activityforOchlerotatusdorsalisinSanMateoCountyin20032004and2005
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Figure4EffectsofUltraLowVolumeULVapplicationofPyrenone25
5oncollectionsofOchlerotatusdorsalisandCulexpipiensin2004
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programtoapplylarvicidestocatchbasinsintheseareasFollowing
observationofthenumberofCxpipienscollectedincarbondioxide
baitedtrapsthecatchbasinprogramwasreviewedandapplications
increasedinnumberandfrequency

In2005therewasanotheremergenceofOcdorsalisadults
fromthenewlyrestoredareaofBairIslandLatestagelarvaewere
discoveredonAugust1andULVapplicationswereconductedon
August5and11Theemergencewasdetectedandtreatedearlier
thistimeandabundanceofOcdorsalisincarbondioxidebaited
traps72pertrapnightduringtheweekofAugust1didnotreach
thelevelseenin20041407pertrapnightduringtheweekofAugust
13Servicerequestsreachedapeakof404callspermonthinAugust
2005Thiswasabout60ofthenumberofcallsreceivedin2004
butapproximatelytwicethenumberreceivedduringthesametime
periodinpreviousFollowingtheULVapplicationthedensityof
Ocdorsaliswasreducedtolessthan1pertrapnightHoweverCx
pipienswerereducedbyonly32 Acarbondioxidebaitedtrap
wasleftinplaceatoneoftheregularmonitoringsitesontheafternoon
beforesprayingcommencedThefollowingmorningthistrapwas
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examinedandfoundtocontain105deadand1liveCxpipiens
femalesBasedonthislimitedinformationitdoesnotappearth
pesticideresistancewasthecauseforthelowrateofreduction
Cxpipienspopulations

DISPERSALPATTERNS

ThedispersalpatternseenforadultsofOcdorsalisin2004
and2005differedfromthatofOcsquamigerFig56Mostof
theOcdorsalisfemaleswerecollectedintrapsplacedinthe
residentialneighborhoodsdirectlyadjacenttoBairIslandThiswas
alsothelocationofthemajorityofservicerequestsduringthistime
periodIncontrastcollectionsofOcsquamigerintheseandother
yearswerehighestalongthecourseofcreeksthatemptyintoSan
FranciscoBaynearthelarvalsourceMostoftheservicerequests
inwhichOcsquamigeradultshavebeenidentifiedhavecomefrom
homesalongthesamecreeksPriorto1990Ocdorsaliswere
collectedregularlyfromlighttrapslocatedatsitesthroughoutthe
CountyFig1ThereforeOcdorsalisadultshavemigratedto
thehillswestoftheirlarvalsourceinthiscountyinthepast

Figure5OccurrenceofOchlerotatusdorsalisincarbondioxidetrapsin2004and2005
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CONCLUSIONS

Figure6DistributionofOchlerotatussquamigerincarbondioxidebaitedtrapsin2004and2005

OchlerotatusdorsalisisnowfirmlyestablishedonOuterBair
IslandandtheSMCMADconductsinspectionsofthissite
throughoutsummerItishopedthatthiswillallowtheareatobe
treatedwithlarvicidesinthefutureandthatfurtherapplicationsof
ULVmaterialstocommunitiesborderingBairIslandwillnotbe
necessaryInthelongtermtheSMCMADisworkingwithUSFW
andCaliforniaDepartmentofFishandGametoincreasethetidal
flowatthissiteThereemergenceofOcdorsalisatthissiteserves
asareminderoftheenormousimpactthatcanresultfromsmall
changesintheecologyofasinglesiteThissitedemonstratesthat
tidalrestorationprojectswillonlyreducemosquitoproblemsif
thereisasignificantamountofwaterflowandthesiteflushesout
completelyonadailybasisThenumberofrestorationprojects
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beingcarriedoutintheSanFranciscoBayisincreasinginrecent
yearsThemostambitiousoftheseistheSouthBaySaltPond
Projectinwhich15000acresofrestorationareplannedSucha
projecthasthepotentialofproducingvastnumbersofsaltmarsh
mosquitoesifthedegreeoftidalflowistooweak
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FairviewProject theCaseforUrbanConstructedWetlands

RichardPMeyerPhD

Moffatt NicholConsultants6601FrenchglenCtBakersfieldCA93309

ABSTRACTTheFairviewProjectincludesthecreationofaconstructedwetlandswithinthecoastalcityofCostaMesain
OrangeCountyCaliforniaDesignandmaintenancefeaturesofthewetlandswillincludeaspectsofbasindesignvegetation
managementandwaterqualitytobepresentedinamannerthanminimizesmosquitoproductionManagementofthewetlands
willrequireroutineinspectionbylocalvectorcontroltoassurequalitycontrolofbasinvegetationandwaterqualityelements
Theuseofbiorationallarvicidesalsoareincludedinthewetlandsmanagementguidelines
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ControlofInvasiveCordgrassSpartinaalterniflora
inTidalSaltmarshofSanFranciscoBay

KimberlyAKeyserandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010

ABSTRACTInvasivecordgrassSpartinaalterniflorawasintroducedintoCaliforniawetlandsintheearly1970sItgrows
higherandlowerinthetidalzonethanthenativecordgrassSpartinafoliosaandhasbeguncolonizingmudflatsandpickleweed
marshesthroughoutSanFranciscoBayThepotentialforspreadofthisinvasiveplanthaspreventedtherestorationoftidal
flowtodikedreclaimedmarshesinsomeareasandhenceimpactsmosquitodistributionTheSanMateoCountyMosquito
AbatementDistrictisworkingwiththeCoastalConservancyandUSFishandWildlifeServicetoeliminateinvasivecordgrass
inthesouthbayThematerialsmethodsandequipmentusedwillbedescribedProblemsinvolvedinthisworkinclude
negotiatingtidalmarsheswithallterrainvehiclesanddealingwithwaterqualityissuesandendangeredspecies

INTRODUCTION

CordgrassesSpartinasppareperennialgrassesthatgrowin
thelowerintertidalzoneofsaltmarshesworldwideTheyhavehollow
stemsandtoleratehighlevelsofsalinity10to60pptLandin1991
Thesetraitsallowtheplantstosurvivewhensubmergedforseveral
hourseverydayintidalareasSpartinafoliosaisnativetothePacific
coastofNorthAmericaandisanimportantpartoftheecosystemof
SanFranciscoBayItoccupiesabandintheintertidalzoneofsalt
marshesthroughouttheestuaryStandsofcordgrassarehabitatfor

endangeredCaliforniaClapperRailRalluslongirostrus
Boletus

In1976SpartinaalternifloraLoiselaspeciesnativetothe
AtlanticcoastofNorthAmericawasintroducedintoSanFrancisco

BaybytheArmyCorpsofEngineersPlantswereimportedfrom
Marylandaspartofasaltmarshrestorationprojectinthecityof
AlamedaTheywereusedtostabilizetheshorelineFaber2000
Atlanticcordgrassgrowsuptosixfeetinheighttwicetheheightof
nativePacificcordgrassandhasrootsthatextendmuchdeeperup
tothreefeetTheadditionalheightandrootdepthallowS
alternifloratogrowmuchlowerintheintertidalzonethanthenative
speciesTheplantcanpersistaslongassomepartoftheleavesis
exposedduringlowtideInvasivecordgrassisabletocolonize
portionsoftheBaysmudflatsthatwouldotherwiseremain
unvegetatedThesemudflatsareessentialforaginggroundsforthe
vastnumbersofshorebirdsthatresideinormigratethroughtheSan
FranciscoBayEstuaryeveryyear

TheAtlanticspeciesofcordgrassalsocolonizeshigherinthe
tidalzonethanthenativeinvadingareasthatareusuallyoccupied
primarilybypickleweedSalicorniavirginicaThishabitatcontains
anotherendangeredspeciesthesaltmarshharvestmouse
RheithrodontomysflaviventrisConversionofthepickleweedmarsh
tocordgrassreducestheamountofhabitatavailabletosaltmarsh
harvestmiceandfurtherthreatenstheirexistence

TheinvasivenatureofAtlanticcordgrassisdueinparttoits

kobility
tospreadrapidlyCordgrassespropagatebybothseedsand

getativegrowthPlantsarewindpollinatedSeedsdropinautumn
andgerminateinthespringaftersoakingforsixweeksSeedscan
bewidelydispersedbythetidesspreadingtodistantmudflatswhere
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theytakerootandrapidlycolonizeTheplantsdiebackinmid
SeptembertoearlyOctoberbutrhizomescontinuetogrow
throughoutthewinter

Cordgrasstendstogrowasclonescircularpatchesofthe
sameplantexpandinglaterallythroughrhizomesthatgrowupto
threefeetperyearTheserootstrapsedimenteventuallycausing
graduallyslopingmudflatstobecomeelevatedmarshAlthough
smallstandsmayinitiallyprovideshelterforbirdssuchastheClapper
Railinthelongtermtheirgrowthresultsinalossofshallowwater
habitat

WhereasnativePacificcordgrassgrowsinsmallclumpssmooth
cordgrassformslargeclumpsthatmergetoformdenseuniform
meadowschokingoutallotherplantspeciesincludingthenative
cordgrassAdditionallytheAtlanticspecieshybridizesreadilywith
nativePacificcordgrassHybridsvaryacrossawidespectrumof
growthhabitsandcharacteristicsbutmostaremoreinvasivethan
thenativespeciesAsthetotalacreageoccupiedbyinvasive
cordgrassincreasesittendstofloodneighboringplantswithits
pollenincreasingtheproportionofseedproducedcarryingnon
nativecharacteristics

Adiversearrayoftechniqueshasbeenappliedtothecontrolof
invasivecordgrassesonthePacificCoastMajorIIIetal2003
ManyoftheseweredevelopedortestedinWillapaBayWashington
whichcurrentlyhasthelargestexpanseofthisplantandthebiggest
controlprogramonthePacificcoastControltechniquesinclude
physicalmeasuressuchasmowinghandpullingcoveringstands
withthickclothorplasticorburningandchemicalmethodsHand
pullingandcoveringarelaborintensiveproceduresandareonly
applicabletosmallisolatedstandsMowingrequirestheuseoflarge
mechanizedequipmentintheintertidalzoneandisnotfeasibleunder
theconditionspresentinSanFranciscoBayApplicationof
herbicidesfromgroundbasedequipmentorhelicoptersisthemost
practicalmethodforlargescalecontrolworkintheSanFrancisco
BayandthisisthemethodusedmostcommonlyontheSanFrancisco
Peninsula

In2003theSanMateoCountyMosquitoAbatementDistrict
becameinvolvedinthecontrolofinvasivecordgrassSpartina
alternifloraintidalsaltmarshesofSanFranciscoBayThepresence
ofinvasivecordgrassintheseareasisabarriertotheimplementation
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ofrestorationprojectsthatwouldreturntidalflowtodikedmarshes
alongtheBayTheDistrictofferedtoassistinthecontrolofinvasive
cordgrassinordertofacilitatetherestorationoftidalflowandreduce
theareaneedingtobetreatedformosquitolarvaeThispaper
describesthedistrictsinvolvementintheprogramthematerials
andmethodsthathavebeenusedandsomeofthechallenges
presentedbytheproject

DISTRICTCONTROLPROGRAM

TheSanMateoCountyMosquitoAbatementDistrict
SMCMADwithequipmentandpersonneltrainedintheapplication
ofcontrolmaterialsinsaltmarshesaswellasageneralfamiliarity
withthemarshesbeganworkingoncordgrassin1999TheDistrict
offeredtoassistinthecontrolofinvasivecordgrassinorderto
facilitatetherestorationoftidalflowtodikedreclaimedmarshes

DikedsaltmarshesliningthesouthernportionofSanFranciscoBay
aremajorsitesforthedevelopmentofsaltmarshmosquitoesThe
largestofthesesitesinSanMateoCountyisBairIslanda3000
acreparcelofformersaltpondsonthewesternshoreofSanFrancisco
BaybetweentheSanMateoBridgeandtheDumbartonBridgeItis
partoftheDonEdwardsWildlifeRefugemanagedbytheUSFish
andWildlifeServiceBairIslandhasbeenamajorsourceofmosquito
developmentsincethe1970sTheDistrictspendsupto80000
annuallyforaerialapplicationoflarvicidestoBairIslandAplan
hasbeendevelopedforrestorationoftidalflowtomostofBairIsland
andthiswouldgreatlycurtailtheareaneedingtreatmentHowever
thethreatofcolonizationbyinvasivecordgrassfromsurrounding
marshesisabarriertoimplementationofthisprojectThedikes
surroundingBairIslandwillnotbebreacheduntilthethreatof
invasivecordgrasshasbeenremovedThispaperhighlightstheefforts
appliedtocontrolSalterniflorainthetidalmarshesoftheSan
FranciscoBay

MATERIALS

Earlyapplicationsincludedanaquaticformulationofthe
herbicideglyphosateRodeoTMThiswastheonlyproductregistered
foruseinaquaticestuariesintheUnitedStatesin1999whenthe
projectbeganRodeowascombinedwithanonionicsurfactantR
11 WilburEllisCotoincreasetheadherencetotheplantsand
facilitateitsabsorptionAmarkerdyeBlazonSprayPattern
IndicatorBlueMillikenChemicalwasalsousedtobettervisualize
theareastreated

Glyphosateappliedtothefoliageisabsorbedandtranslocated
totherootIntherootglyphosateinhibitsproteinsynthesishalting
futuregrowthThematerialismosteffectivewhenappliedtothe
plantatarecedingtidesothatitremainsontheplantlongenoughto
beabsorbedbeforebeingwashedoffThelabelcallsfor6hoursof
dryingtimebeforetidalwaterssubmergetheplant

Glyphosatecanworkquicklyathighapplicationrates58
Howeverinourexperienceithasnotbeenveryeffectiveat
controllinginvasiveSpartinawithcordgrassresproutingthe
followingyearintreatedlocationsIn2005apromisingnewproduct
imazapyrHabitatbecameavailablefortreatmentofcordgrass
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inCaliforniaImazapyrinhibitsanenzymeacetolactatesynthase
foundonlyinplantsThisenzymeisusedbyplantstosynthesi7
specificaminoacidsrequiredforproteinsynthesisandcellgrow
Becausetheseenzymesoccuronlyinplantsimazapyrisnottoxicto
birdsmammalsfishorinsectsImazapyrisquicklyabsorbedbut
slowactingEffectsarenotapparentuntilthefollowingspring
ImazapyrwascombinedwithamodifiedcropoilCompetitor
WilburElliswhichincreasedadherenceandabsorptionAmarker
dyewasalsoaddedtothetankmixture

Avarietyofequipmentwasusedtoapplythematerialdepending
onlocationandaccessibilityInareaswheretheplantswere
accessiblebylandapplicationsweremadefromArgoallterrain
vehiclesTheDistrictowns4ArgostwooldersmallerArgo
ConquestsandtwonewerlargerAvengersAlloftheArgosare
equippedwith8wheelswithtracksTheyapplyonlyonepound
pressurepersquarefootwhichminimizesdamagetothemarsh
vegetation

TheArgoAvengercanoperateindeeperwaterandhasbetter
tractioninsoftmudHoweverthesmallersizeoftheConquest
makesitmoremaneuverableintightspaces

A14footKlamathboatwasusedtomakeapplicationsinsloughs
andonpartsofthemarshcutofffromthemainlandbychannels
Thisboathasamodifiedfrontendwitharailingandhosereel
allowingtheapplicatortostandonthetransomandapplymaterial
withapowersprayeroverthebowAsecondpersonoperates
outboardmotorDuetoitssmallsizethisboatcannavigateve
narrowchannelstoreachpatchesofcordgrassdeepinthecenterof
themarshTheboatisequippedwithanadjustablenozzlegunona
150foothosesothattheapplicatorcanwalkouttopatchesthat
wouldotherwisebeinaccessibleBoatapplicationsweremadeduring
hightideswhenthesmallsloughsarenavigableApplicationsfrom
Argosweremadeatlowtidewhenmoreofthelowmarshisexposed
Bothtypesofapplicationsareoftenmadeonthesamedayatdifferent
timesinthetidalcycle

TheDistrictalsoownsanAmericanRX7hovercraftwhichwill

beusedin2006toreachstandsofcordgrassthatareseparatedfrom
theshorebymudflatsIntheseareasthewateristooshallowfor
navigationbyboatevenathightideAtlowtidethemudistoosoft
anddeepfortravelonfootorbyArgos

Largeareaswhereinvasivecordgrasshasbecomethedominant
plantspeciesaretreatedbyhelicopterTheDistrictcontractswith
anagriculturalapplicatorthatusesaJetRangerhelicopterwitha
boomsprayer

Thehelicopterflies810feetabovegroundandappliesthe
materialtoa4050footswathThisprovidesmaximumcoverage
butathighspeedssomematerialislosttodriftThereforethe
helicopterappliesatthehighestlabelrateofmaterialperacre6pts
A

Theadditionalmaterialneededcombinedwiththecostof

contractingtheequipment1100perhourin2005makethin
methodmoreexpensivethangroundapplicationHowevert
helicoptercantreatupto300acresinasingleday
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IncomparisonfourArgosworkingfor8hourscantreatonly
bout40acresunderoptimalconditionsHelicopterapplicationis

pltsotheleastinvasivemeansoftreatingcordgrassandhasminimal
impactonwildlifeduetotheshorttimetheequipmentisinthemarsh

In2004150acresinSanMateoCountyweretreatedby
helicopterin2005thiswasincreasedto266acres

SPRAYEQUIPMENT

Theboatandhovercraftuseaninterchangeable25gallontank
witha70psigaspoweredmotorTheArgosarealsoequippedwith
25gallontanksandhave60psiSureflopumps

Thematerialineach25gallontanktreats2acresTheDistrict
usesanursetrailerequippedwiththree50gallontankstocarry
additionalwatertothesitemixingmaterialasneededThetruck
towingthistrailercarriesadditionalwaterina50gallontank

TIMINGOFTREATMENT

Thewindowoftimeduringwhichcordgrasscontrolcanbe
conductedeachyearisveryshortrestrictedbythegrowingseason
andthepresenceofendangeredspeciesGlyphosateandimazapyr
mustbeappliedtoactivelygrowingplantstobeeffectiveThe
growingseasonforcordgrassgenerallyextendsfromMaythrough
SeptemberdependingonweatherTheplantsflowerinlatesummer
setseedandthendiebackuntilthefollowingspring

ThenestingseasonfortheendangeredCaliforniaClapperRail
oversmostoftheplantsgrowingseasonextendingfromFebruary
toAugust30WhereverClapperrailsarepresentground

applicationsforcordgrasscontrolcannotbeginuntiltheendofthe
nestingseasonThereforegroundapplicationstocordgrassmust
beconductedbetweenSeptember1andtheendofthegrowing
seasonThisgivesawindowofonlyafewweekstoamonthfor
controlControlisfurtherhinderedbythefactthattheplantshave
oftenbeguntosetseedbeforethecontrolseasonhasbegunPlant
dispersalmaycontinuedespitethesuccessfulapplicationsthatkill
existingplants

CONCLUSION

TheDistricthasbeentreatingcordgrassforsixyearswithmixed
successEarlywork19992000wasconductedentirelyonthe
DonEdwardsNationalWildlifeRefugeAtthattimeinvasive
Spartinaexistedalmostentirelyinsmallrestrictedclumpslessthan
40ftindiameterTheDistrictwasabletomakeglyphosate

applicationstoallofthesepatches100acrestotalwithin2weeks
Insomepartsofthehighmarshupto80controlwasachieved

Proc PapersMosqVectorControlAssocVol74

ControlwasmuchlesseffectiveinpartsofthelowmarshInsome
areasonly20oftheplantswereremovedPoorcontrolinthelow
marshmaybeduetotheshorttimethatthematerialwasonthe
plantsbeforetidewaterreturnedandwasheditoffAlsoinareas
treatedbyboatathightideonlyasmallportionontheupperportions
oftheleavesreceivedmaterialbecausetherestoftheplantwas
underwateratthetimeTobeeffectiveglyphosatemustbeapplied
tomostoftheplantssurfaceThereforetheareacoveredwhen
applicationsaremadeathightidemaynotbesufficientforglyphosate
tokilltheplant

Nocontrolworkwasconductedduring2001to2003dueto
newrequirementsforpermitsforapplicationsofherbicidestowater
In2003theCoastalConservancycompletedanenvironmental
impactreportandobtainedaNationalPollutionDischarge
EliminationSystemNPDESpermitControlworkbeganagainin
2004Howeverduringtheinterveningthreeyearstheareacovered
byinvasivecordgrasshadgrowntoover600acresTheoutlook
brightenedin2005whenimazapyrbecameavailableThisproduct
showsgreatpromiseTestsinWillapaBayPatten2003showthat
itismuchmoreactivegivinggoodcontrolwhenappliedtoonlythe
upper10inchesoffoliageTheresultsofapplicationsofimazapyr
in2005willnotbecomeevidentuntilJuneof2006
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DepositionofPyrenone255DuringCharacterizationofAerialUltraLowVolumeTests
forMosquitoControlintheCoachellaValleyCA
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UltralowvolumeULVapplicationsofadulticidesremain
theprimarymethodtointerruptmosquitoborneencephalitis
epidemictransmissionGubleretal2000Becauseoftheirshort
persistenceintheenvironmentAngionietal2005Antoniouset
al2001highefficacyagainstvectorCulexmosquitoesandlack
ofresiduelimitspyrethrinsarefrequentlythecompoundofchoice
foruseinagriculturalandresidentialenvironmentsAmajor
concernassociatedwiththeseapplicationsforepidemic
managementinandaroundresidencesarisesfromperceivedhealth
effectsrelatedtoaerosolsatapplicationandresiduesfollowing
treatmentsBecauseapplicationsforpublichealthutilizeextremely
lowdosesresiduestypicallyhavebeendifficulttodetectand
documentinsoilandwaterAntoniousetal1997

OurongoingresearchintheCoachellaValleyRiverside
CountyCAevaluatestheefficacyofULVadulticideapplications
overdesertcitrusanddateorchardvineyardandmanagedduck
marshhabitatsnortheastoftheSaltonSeaThesehabitatstypically
supportelevatedpopulationsofCulexmosquitoesandencephalitis
virustransmissionthataremanagedbytheCoachellaValley
MosquitoandVectorDistrictCVMVCDIntheeventofhigh
adultmosquitoabundanceorthedetectionofWestNilevirusthe
CVMVCDappliesULVadulticidesbyairorgroundtopreempt
orinterruptvirustransmission

Duringinitialaerialapplicationsinthesedesertenvironments
desiccatingconditionswerefoundtoprecludeaqueousdroplet
descentandreducesentinelmosquitomortalityTofacilitatedroplet
integrityandimproveefficacyweconductedaseriesofaerial
applicationsdesignedtooptimizeapplicationefficacyToreduce
evaporationduringdropletdescentPyrenone255wasmixed
withBVAmineraloilToestimatedepositionfollowingULVaerial

applicationsofpyrethrinsanewmethodwasdevelopedfor
separatingthesixestersfromnaturalpyrethrumandcommercial
Pyrenone Theestersofchrysanthemicacidcinerinandjasmolin
IareknownasthepyrethrinIgroupwhereastheestersofpyrethric
acidcinerinIIandjasmolinIIformthepyrethrinIIgroupAmong
the6esterspyrethrinIandIIaremajorinsecticidalcomponents
Pyrenone255isacommercialformulationcontainingtheabove
mentioned6esters5 andthesynergistpiperonylbutoxidePBO
25

ApplicationsofPyrenone255andBVASpray13oilwere
donewithasingleenginefixedwingaircraftequippedwithtwo
MicronairAU5000atomizersMeteorologicalconditionswere
recordedbyaportableweatherstationwithtemperatureprobesat
1and6mTemperaturewasalsorecordedfromtheaircraftatseveral
elevationstocharacterizetheaircolumnatthelevelofthe
applicationTefloncoatedglassslides76x25mmonslide
rotatorswerepositionedalongtransectstocollectandmeasur
dropletsandmortalitywasmonitoredusingIndiocolonyCulex
quinquefasciatusmosquitoesexposedinsentinelcagesTownzen
andNatvig1973Adulticideresiduewascollectedusing24cm
diameterfilterpaperspositionedalongtransectswith3positive
controlsheldoutsideofthetreatedzoneThetraceamountsof
twomajorinsecticidalcomponentspyrethrinIandIIandthe
synergistPBOweredetectedfromsamplesnearthecenterofthe
sprayzonebyHighPerformanceLiquidChromatographyHPLC

Windconditionsforthe3trialsweresimilarwithwindvelocity
below16kmhbuthumidityandtemperaturevariedTable1
DepositionofPyrethrinswashighestforthe13ratioofinsecticide
toBVAoilwithamaximumof156sgmandanaverageof451
vgmandwasnotdetectablebeyond60mfromthecenterofthe

Table1Temperatureandrelativehumiditydataat16and30mlevelsduringtheoilPyrenone
applications

Ratio Relative

OilPyrenone Humidity Templm Temp6m Temp30m

11

12

13

30

51

54

32C

25C

32C

336C

283C

35C

383C

35C

NA
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swathTable2PBOdepositionforthistrialwasamaximumof
5213tgmandanaverageof2530gmandwasnotdetectable
beyond150mfromswathcenterThe12mixturewhichwas
determinedtobethebestforoperationshadamaximumdeposition
of30tgmandanaverageof211gmandwasnotdetectable
beyond60mfromswathcenterPBOdepositionforthistrialwas
amaximumof2350tgmandanaverageof1875gmand
wasnotdetectablebeyond120mfromswathcenterTheratioof
11resultedinsentinelmortalityoflessthan2averageforthe
swathIngeneraldetectionofresiduesagreedwiththedispersion
patternofdropletsmeasuredbyspinningTeflonslidesand
mortalityamongsentinelmosquitoesindicatingHPLCmaybe
usefulindetectingpostsprayresiduesThecurveofdeposition
waswhatwouldbeexpectedforfalloutoflargerdropletswhereas
mortalityincagedsentinelsconformedtowhatwouldbeexpected
fordriftofsuspendedsmallerdroplets
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Table2DepositionofspraydropletsofoilPyrenonemixturemicrogramsmwithmaximumand
averagedepositionforthreedifferentswaths

Ratio

OilPyrenone

11

12

13

Pyrethrin1

Max Average

00

30

648

00

17

136

Pyrethrin11

Max Average

114

270

913

37

194

315

PBO

Max Average

795

2350

5213

378

1875

2530

Swath

390m

210m

340m
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AssessmentofAerialUltraLowVolumeAdulticideEfficacy
intheCoachellaValleyCalifornia

HughDLothropBrankaBLothropWilliamKReisenandDonaldEGomsi

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
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ABSTRACTAerialultralowvolumeULVapplicationofadulticideiswidelyusedtointerrupttransmissionofmosquito
bornevirusesandsuppressnuisancemosquitopopulationsThediversityofweatherconditionsandlandscapestreatedwith
thismethodaffecttheabilityofpesticideparticlestoreachthetargetIntheCoachellaValleyhightemperaturesandlow
humidityhaverequiredmixingoilwithPyrenone255toreduceevaporationandpermitULVparticlestoreachgroundlevel
Pyrenone255wasmixedwithBVAoilina1to2ratioPyrenonetooilanddeliveredwith2MicronairAU5000
mountedonaCessnaAgtruckCoverageanddriftweremeasuredbybioassayusingcagedsentinelmosquitoesandrotating1
inchslideimpingersSuppressionofwildpopulationsofvectormosquitoeswasmeasuredusingCObaitedCDCstyletraps
andincludedmarkreleaserecapturetoindicatedispersalintoandoutofthecoreofthetreatedareaSentinelflocksof
chickensandpoolsofmosquitoeswereusedtoindicatevirustransmissionactivityResultswerehighlyvariableandoverall
hadnosignificantimpactonvirustransmissionorsuppressionofvectorabundanceMortalityofsentinelcagedmosquitoes
setintheleeofvegetationindicatedashadoweffectandcagessetintheopenshowedvariablemortalityindicatinginconsistencies
intheULVfogDropletdensitiesonslideimpingerswerelowbutgenerallycorrelatedwithmortalityincagedsentinel
mosquitoes

INTRODUCTION

InmanyregionsultralowvolumeULVaerialapplicationsare
theonlypracticalmethodstoapplyadulticidesduetothelargesize
ofthetreatmentareaandorlackofroadaccessHoweverfewrecent

studieshaveassessedtheeffectivenessofaerialULVapplicationsin
suppressingvectorabundanceandinterruptingvirustransmission
PreviousevaluationsMountetal1996focusedonuseof
organophosphatecompoundsthatarenolongerusedinCalifornia
duetoenvironmentalandhealthconsiderationsDocumentationof

methodeffectivenessisimportantsothattheexpenditureofresources
forapplicationscanbejustifiedandthattheconcernsexpressedby
thepublicaboutpesticideexposureversusthepublichealthbenefit
canbeaddressed Variationsinefficacyrelatedtoweatherand
landscapealsorequirethatassessmentbedoneunderthesediffering
conditionsThehumanpopulationinthedesertsouthwestofthe
UnitedStateshasgrowndramaticallyandagedwithinrecentyears
RogersonandKim2005Expandedresidentialirrigationandwater
managementhavebeenaccompaniedbyincreasedmosquito
populationsandthearbovirusestheytransmitmakingevaluationof
adultcontrolnecessaryInthesouthwestdesertsoftheUnitedStates
atmosphericconditionscanbeproblematicforaerialapplicationand
requiredtrialstooptimizeapplicationmethodsbeforebeginningour
blockassessmenttrials

MATERIALSANDMETHODS

Pyrenone255255mixtureofpyrethrinspiperonylbutoxide
mixedwithBVAoil12wasappliedwithaCessnaAgtruckflying
at160kphand30metersTwoMicronairAU5000nozzleswith
standardpropellerbladessetto35pitchweremountedonaboom

TTC
R

Unsprayed
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locatedbelowandaftofthewingDistributionofthepesticidefog
wasassessedbybioassayusingcagedsentinelCulexmosquitoes
Sentinelhoopcageswereconstructedof16cmdiameterwhitePVC
pipecutto4cmlengthsandcoveredwithfiberglasswindowscreen
Hocksliderotatorsweresetnear5bioassaycagestomeasur
dropletimpingementonrotatingTeflonslidesAbundanceof
vectormosquitoeswasmonitoredusingCObaitedCDCstylelight
trapsEVStrapswithoutlightsEVStrapswereplacedina
crosshairpatternspanningthetreatedareawithinnercontrolsset
ontheendsofthecrosshairs08kmbeyondtheedgeofthe
treatmentzoneFig1Outercontrolswereset2kmoutsideof
thetreatedareaTheeffectofadulticideapplicationsontarget

T

T

Controls08kmT

2km T

T T T

Edge

Ttrapsite
Rreleasesite

C sentinelchickens

Figure1EVStrapplacementforblocktreatmentdesignContro
distanceisfromtheedgeofthetreatmentzone



Habitat TempC RH Winddirectionspeed
kmh

Inversion

Agriculture 20 50 NNW 16

21 60 Variable 16

24 45 NNW16

Duckclub

June

33 30 N 16

38 12 NNW9

34 26 NW16

Duckclub

September

26 47 N 3

26 47 Nodetectablewind

25 56 NNW 16

Shoreline

June

32 25 NNW3to6

32 16 NNW5

36 15 Nodetectablewind

Posttreatment Core Mid Edge InnCont

1 60 40 5 86

2 71 87 72 42

3 80 85 35 55

Habitat In Out

Vineyard 23 49

Citrus 13 40
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populationabundancewasestimatedbycalculatingpercentcontrol
comparingtheratioofabundanceattreatedtountreatednegative
ontroltrapspreandpostapplicationMullaetal1971where
reduction100CxTC100andCpretreatmentcontrol

CposttreatmentcontrolTpretreatmenttreatedand
TZposttreatmenttreatedTreatmentsbeganatsunseton3alternate
nightsandabundancesamplingwasdonebeforeduringandafter
thetreatmentperiodonalternatenightstotreatmentsMarkedwild
caughtmosquitoeswerereleasedonthefirstorsecondnightof
treatmentinanattempttomeasureinterruptionofdispersalinto
andoutofthetreatmentareaThreetreatmentareaswereused

Twowere260hasectionsinagriculturalandduckclubhabitats
andathirdwasanelongatedstripofmarshandassociatedhousing
alongthemarginoftheSaltonSeaatthecommunityofNorthShore
AgriculturalhabitatwastreatedinMarchduckclubsinJuneand
SeptemberandtheshorelinestripinJuneTrialsattheduckclub
habitatcomparedtheeffectsofweatherconditionsduringdifferent
seasonsWeatherconditionsduringeachtrialarepresentedinTable
1

Table1Weatherconditionsduringaerialadulticidingapplications
invarioushabitats

RESULTS

DocumentingtheinterruptionofenzooticWNVtransmission
wasproblematicduetothenonuniformandsporadicpatternof
virusactivitymeasuredbysentinelchickensandpositivemosquito
poolsRecaptureofmarkedmosquitoeswas036fortheMarch
trialwhichlimitedthevalueofthistoolinestimatingthe
interruptionofdispersalRecaptureof35 fortheJuneduck

clubtrialwasclosertopreviousmarkreleaserecaptureresultsfor
untreateddispersalstudiesbutrecaptureatthecontrolandcore
trapsceasedafterthefirsttrappingThereforeassessmentfocused
onsentinelmosquitoestobioassaydropletdispersalanddistribution
andonchangesinabundancetomeasuretheimpactoftreatment
nthetargetpopulationDropletdensityestimatedbyrotating
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slidesgenerallywascorrelatedwithsentinelmosquitomortality
Theblocktreatmentinagriculturalhabitatyieldedmixedresults

inbothcontrolandbioassayTables2 3despitesuitable
atmosphericconditionsforalltreatmentsTable1Inall3treatments
abundanceatinnercontroltrapsfluctuatedconcurrentlywith
abundanceattreatmenttrapsperhapsindicatingthattheULVspray
affectedabundancebeyondthetargetareaThefirsttreatment
resultedinnegativecontrolofabundancemeaningabundancein
thetreatedzoneincreaseddisproportionatelytoabundanceinthe
outercontroltrapsThesecondtreatmentresultedingoodcontrolof
abundancewhilethethirdhadmixedresultswithhigherabundance
atthecoreofthetreatedarearelativetotheotherzonesBioassay

indicatedminimalpenetrationofthelandscapebytheULVdroplets
becausemortalityincagessetat1mheightinvineyardandcitrus
wasmuchlowerthaninadjacentunprotectedsites

Table2Percentreductioninmosquitoabundancecollected
inCO2baitedtrapsinmixedagriculturalhabitatforthree

treatments

Table3Meanmortalityofsentinelcagedmosquitoesin
vineyardandcitrushabitatsforcagessetinsidevegetation
andinadjacentopenareas

meanofthreetreatments

TheJunetreatmentinduckclubhabitatalsoresultedinmixed

resultswithgeneralreductionofabundanceontreatments1and
3butcontrolfailureontreatment2Althoughthewindspeedfor
treatment2waswithinlabelspecificationsitmayhavebeen
sufficientlyelevatedtosuppressmosquitoflightReisenetal2003
andthetreatmentdidnotimpactthewildpopulationTable4

Table4PercentreductioninmosquitoabundancecollectedinCO
baitedtrapsinduckclubhabitatinJuneandSeptember

Posttreatment Core Mid Ede InnCont

1 28 35 18 10

JUNE 2 67 48 28 15

3 7 66 48 57

1 2 28 5 41

SEPTEMBER 2 73 124 140 129

3 120 151 231 300
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Mortalityofsentinelmosquitoeswashighlyvariableatopensites
Table5TheSeptemberevaluationatthesamesiteresultedina
poorerreductioninabundanceandlowerbioassaymortality

TreatmentofthemarginoftheSaltonSeaatNorthShore
requiredonly2passesforplannedcoverageandcarehadtobe
takentooffsettheflightpathssothattheadulticidewoulddrift
intothecommunityofDesertShoreswithoutimpinginguponthe
surfaceoftheSaltonSeaAlthoughtherewasnoinversiononthe
secondtreatmentsentinelmortalityindicatedmoreuniform
penetrationintotheresidentiallandscapethanachievedbytreatment
1or3Table6Overallchangeinabundancedidnotindicate
thatcontrolwasachievedafter3consecutivetreatmentsandsentinel

mortalitywassporadicwithinandamongtreatments

DISCUSSION

Lightwindseemedcriticalfordispersingspraydroplets
throughoutunvegetatedportionsofthetargetareaasindicatedby
sentinelmosquitomortalityWindsalsoproducedacumulative
dosingeffectbypushingmultiplesprayswathsthroughthesame
targetareaConverselywindseemedtocompromiseourmeasure
ofcontrolwithinthetargetareasperhapsbylimitingflightactivity
enhancingwindshadowsandexpandingdriftintoinnercontrol
areas

Tointerruptvirustransmissionmostinfectedmosquitoesmust
beeliminatedovera6dayperiodthedurationofviremiaininfected
avianhostsToprovidesuppressionoverthisperiodwetreated
onthreealternatenightsHoweverourresultsindicatedthatnightly
treatmentwouldbeprudentbecauseweatherconditionswould
providebettercontrolonsomenightsthanothersandmorefrequent

Table5Variablemortalityofcagedsentinelmosquitoessetat1minopenterraininduckclubsinJuneand
September

Table6Mortalityofcatedsentinelmosquitoessetas1mwithinthecommunityofDesertShoresinNorthShore

nocagesplaced
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2 42 18 0 0 0 4 0 0 0
3 50 24 34 7 7 16 31 63 48
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Mortalityofsentinelmosquitoeswashighlyvariableatopensites
Table5TheSeptemberevaluationatthesamesiteresultedina
poorerreductioninabundanceandlowerbioassaymortality

TreatmentofthemarginoftheSaltonSeaatNorthShore
requiredonly2passesforplannedcoverageandcarehadtobe
takentooffsettheflightpathssothattheadulticidewoulddrift
intothecommunityofDesertShoreswithoutimpinginguponthe
surfaceoftheSaltonSeaAlthoughtherewasnoinversiononthe
secondtreatmentsentinelmortalityindicatedmoreuniform
penetrationintotheresidentiallandscapethanachievedbytreatment
1or3Table6Overallchangeinabundancedidnotindicate
thatcontrolwasachievedafter3consecutivetreatmentsandsentinel

mortalitywassporadicwithinandamongtreatments

DISCUSSION

Lightwindseemedcriticalfordispersingspraydroplets
throughoutunvegetatedportionsofthetargetareaasindicatedby
sentinelmosquitomortalityWindsalsoproducedacumulative
dosingeffectbypushingmultiplesprayswathsthroughthesame
targetareaConverselywindseemedtocompromiseourmeasure
ofcontrolwithinthetargetareasperhapsbylimitingflightactivity
enhancingwindshadowsandexpandingdriftintoinnercontrol
areas

Tointerruptvirustransmissionmostinfectedmosquitoesmust
beeliminatedovera6dayperiodthedurationofviremiaininfected
avianhostsToprovidesuppressionoverthisperiodwetreated
onthreealternatenightsHoweverourresultsindicatedthatnightly
treatmentwouldbeprudentbecauseweatherconditionswould
providebettercontrolonsomenightsthanothersandmorefrequent

Table5Variablemortalityofcagedsentinelmosquitoessetat1minopenterraininduckclubsinJuneand
September

Table6Mortalityofcatedsentinelmosquitoessetas1mwithinthecommunityofDesertShoresinNorthShore

nocagesplaced
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ComparisonofDiluteandNeatFormulationsofANVIL1010

DavidDameMaxMeischandCarolynLewis

EntomologicalServices4729NW18ePlaceGainesvilleFl32605
2UniversityofArkansasAgri319UniversityofArkansasFayetteville72701

ABSTRACTThestudycomparedANVIL1010appliedneatundilutedasagroundULVaerosoltoANVIL1010diluted
inmineraloil1346againstcagedAnophelesquadrimaculatusinaseriesofeveningoutdoortrialsInordertobeableto
detectdifferencestheapplicationratewasbelowthelevelexpectedtoprovide100controlwiththisspeciesBothformulations
wereappliedatthesamerate000173lbactualinsecticideperacre

Theundilutedapplicationyielded8690mortalitywithnorecoveryaftertheinitialknockdownThedilutedformulation
yielded67 77initialknockdownbutafter24htheaveragemortalityfellto62 Basedonthesetrialsdilutionof

ANVIL1010canbeexpectedtoreduceproducteffectiveness
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TheImpactofULVApplicationsofResmethrinonWestNileVirusTransmissionCycle
intheMcFarlandOilFieldAreaofLongBeachCalifornia

HaroldAMoralesTanyaMPoseyJenniferLWilsonSusanneKluhJackEHazelriggandMinooBMadon

CaliforniaDepartmentofHealthServicesCDHSNBDSCDCWestNileGrant
2CenterforVectorborneDiseasesUniversityofCaliforniaDavis

GreaterLosAngelesCountyVectorControlDistrict

ABSTRACTTheeffectofadulticidingapplicationsonmosquitoabundanceanditsimpactonthetransmissionofWestNile
virusWNVwasevaluatedattheMcFarlandOilFieldareaofLongBeachCaliforniaUsingtwoULVgroundfoggers
resmethrin18 diluted13withmineraloilwasappliedatarateof65ozacreExtensivepreandposttreatmenttrapping
wasconductedtomonitorandevaluatemosquitoabundanceandinfectionratesinthetreatedzoneaswellasaneighboring
untreatedareaofLongBeachComparisonsofthetreatedanduntreatedareasshowedthatinfectionratesinmosquitoeswere
significantlyhigherintheuntreatedareaandWNVactivitypersistedlongerthaninthetreatedareaThefirstindicationofWN
VactivityattheoilfieldareawereWNVCulextarsalispoolsbutpretreatmenttrappingshowedthattheCulexquinquefasciatus
populationwasalreadyinfectedTreatmentachievedasignificantreductionofthemosquitopopulationinthetreatedareaas
wellasadecreaseinthemosquitoinfectionrate

INTRODUCTION

DuringJune2005fivepoolsofCulextarsalisCoquillettwitha
MaximumLikelihoodEstimationMLEvalueof461from

McFarlandOilFieldinthecityofLongBeachCaliforniatested
positiveforWNVindicatingzoonotictransmissionConditions
seemedidealtodetermineifanadulticidingapplicationcouldprevent
thecrossoverofthevirusintotheCxquinquefasciatuspopulation
tominimizetheriskofhumaninfectionThispaperpresentsdataon
theevaluationofresmethrinapplicationsonadultmosquito
populationsanditsimpactofWNVreansmissionbymosquitoesin
thetestarea

MATERIALSANDMETHODS

Extensivemosquitosurveillancewasconductedtodetermine
mosquitobornevirusactivityandmosquitoabundanceinMcFarland
OilFieldandanuntreatedneighborhoodinLongBeachAtthe
McFarlandOilFieldaseriesofpretreatmentandposttreatment
trappingswereconductedmonitoringadultmosquitoabundance
usingEVSCO2andGravidtrapsCummings1992TheMcFarland
OilFieldareawasdividedinto3zonescoretreatedanduntreated

Fig1Theoverallsizeofthetreatmentareawas1squaremileA
totalof16trapsiteswereselectedwithfourinthecoreareaeight
inthetreatedareaandfoursitesintheuntreatedareaEachsite

containedbothanEVSCOandagravidtrapPooledMosquitoes
weresubmittedtotheCenterforVectorborneDiseasesUniversity
ofCaliforniaDaviCVECforvirustesting

Adultmosquitotrappingwasconductedondays42101
2379and15negativenumbersrepresentingpretreatment
trapping0beingthefirstdayoftreatmentanddays1through15are
posttreatmentdaysTreatmentwasconductedonJune2426and
282005

TwodifferentULVfoggerswereusedfortheapplicationof13
resmethrinScourge18Resmethrinandmineraloilatarateof

Proc PapersMosqVectorControlAssocVol74
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65ozperacreaUSNavymultiheadedfoggerBigBerthaand
aProMistBigBerthawasoperatingatanoutputrateof12oz
minandaspeedof10mileshourwhiletheoutputrateofthePro
Mistwas3ozminataspeedof3mileshourBigberthawasused
totreatthemajorityoftheoilfieldareaandtheProMistwasused
totreattheneighboringparkinglotshousingandtheshopping
center

Atotalof12sentinelmosquitocageswereplacedintl
treatmentpathofBigBerthaand17sentinelmosquitocagesinthe
pathoftheProMistAdultCulexquinquefasciatusSaywere
laboratoryraisedforuseassentinelmosquitoesThesentinelcages
weremadeof3inwidesectionsofPVCpipecoveredwithbridal
veilnettingsecuredwithrubberbandsEachcagecontained20
mosquitoesandweremountedataheightof3ftwiththeexception
offivecageswhichwereplaced10feetofftheground

SentinelmosquitocagesforBigBerthawereplacedinaline
perpendiculartothepathofthefoggingtruckDownwindsentinel
cagesweresetupat100ft200ft250ft300ft350ftand400ft
fromthedrivelineofthefoggerAtthe200ftmarka10fttall
sentinelcagewassetnexttothe3ftcageUpwindcageswereset
at100ft200ft250ftand300ftfromthedrivelineofthefogger
withanadditional10fttallcagewasagainplacedatthe200ft
mark

SentinelmosquitocagesfortheProMistwereplacedinaopen
parkinglotaswellasinabreezewayandanadjacentcourtyard
todeterminewhetherbuildingswerehamperingthemovementof
theadulticidalmaterialUpwindcagesweresetat50ftand100ft
whilethecagesdownwindwerelocatedat50ft100ft150ft200
ft250ft300ftand350ftThecagesatthe50ftand150ftmark
alsohada10fttallcageinadditiontothe3fttallsentinelmosquito
cageThecagesinthebreezewayweresetatadistanceof50ft
100ftand150ftfromthefoggerA10fttallsentinelcagewas
alsoplacedatthe100ftmarkTwocagesweresetbehindth
buildingatthe150ftmarktohelpunderstandtheeffectth
structuresmighthaveontheflowoftheadulticidingmaterial
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Figure1McFarlandOilFieldtreatmentareawithvarioustrapsitesindicatedbysmalldarkcircles
foureachinthecoreanduntreatedareaand8smallwhitecirclesinthetreatedarea

McFarlandOilFieldaswellastheuntreatedLongBeach

neighborhoodweremonitoredforaperiodof5monthsAprilthrough
September2005Forbothsitesmosquitoabundanceforgravid
andEVStrapswerecalculatedalongwithMLEofthemosquito
infectionratefrompooledsamplesMLEswerecalculatedusing
Biggerstaff2004software

CalculationsforMcFarlandweredoneforeachofthe3zones

coretreatedanduntreatedinwhichfemalestrapnightFTNwere
calculatedThedatawasanalyzedbycalculatingapercentreduction
ofmosquitoesduringpreandposttreatment

RESULTSANDDISCUSSION

TheevaluationofthesentinelmosquitocagesshowedthatBig
Berthaachievedmuchbetteradulticidedistributionandreached

significantlyfurtherthantheProMistSentinelmosquitocagesset
inthepathwayofBigBertharesultedinanaveragemortalityof
92 Inthedownwinddirectionthefogreachedasfaras400ft
withamortalityof88 Trapsfacingupwindhada93killata
distanceof300ftfromthedrivelineprobablyduetoexposureduring
additionalpassesfurtherupwindCagessetintheProMisttreated
hoppingcenterparkinglotareaachievedanaveragemortalityrate

ofonly15 Thehighestmortalityof48wasobtainedatadistance
of50ftinacagethatwas3ftoffthegroundTrapssetat300ftand

Proc PapersMosqVectorControlAssocVol74

350fthad0mortalityInthebreezewaytheaveragemortality
ratewas27 thiswasreducedsignificantlybecausethe2cages
wereplaceddirectlybehindthebuildingandhadanaverageof11
mortality

MosquitoabundancedatafromboththeEVSCOaswellas
thegravidtrapsdemonstratethatposttreatmentpopulationlevels
weresignificantlyreducedFig12Thedominantspecies
collectedinthegravidtrapswasCxquinquefaciatusThetreatment
achievedasignificantreductionof86gravidfemalesinthecore
anda5reductioninthetreatedzoneInbothzonesmosquito

numbersremainedsignificantlylowerthroughtheendofJulyThe
untreatedzonehowevershoweda37increaseingravidmosquito
abundanceFig2

IntheEVSCOtrapsCxquinquefaciatuswasthemost
prevalentspeciescollectedwithsmallernumbersofCxtarsalis
CoquillettandCxstigmatosomaDyarMosquitoabundanceinthe
coreareawasreducedby12forCxquinquefaciatusand84for
CxtarsalisInthetreatedzonetherewasareductionof83for

Cxquinquefaciatusand96forCxtarsalisIntheEVSCO
trapstherewas72reductionofCxquinquefaciatusand50
reductionofCxtarsalisevenintheuntreatedzoneImmediately

followingthetreatmentmosquitoabundancefortheentirearea
monitoredremainedlowsubsequentlyincreasingtowardstheend
ofthesurveillanceMosquitonumbersfirstincreasedintheuntreated
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areawheredecreasesfollowingthetreatmentremained
nexplainednextmosquitopopulationsrecoveredinthetreated
eaprobablyduetonewhatchesandmigrationfromneighboring

areasLastlymosquitonumbersremainedlowforthelongest
periodinthecentralcoreareawheretherewasnomigration
pressurefromthetreatedareatowardsthecenterFig3

MLEvaluesforMcFarlandwerecalculatedseparatelyforthe
coretreatedanduntreatedzoneforbothpretreatmentandpost
treatmenttimeperiodsThecoreMLEpretreatmentwas0and
posttreatmentwas34ThetreatedzonehadapretreatmentMLE
valueof79andaposttreatmentof66representinga16
reductionintheinfectionrateFortheuntreatedzonetherewasa

Figure3DataonadultmosquitoescollectedinEVSCO2trapsatvarioussitesinthetestarea
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periodinthecentralcoreareawheretherewasnomigration
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pretreatmentMLEvalueof56andaposttreatmentof141showing
anincreaseinMLEby151Fig4Thesenumbersclearlyshow
thattheadulticidingapplicationsignificantlycurbedmosquito
infectionratesinthetreatedareacomparedtothoseintheuntreated
trialzoneThisresultisfurtherstrengthenedbyacomparisonof
infectionratesinthetreatedoilfieldareaandthoseofaneighboring
untreatedLongBeachneighborhoodMLEsfortheuntreatedLong
BeachneighborhoodwereconsistentlyhigherwithanaverageMLE
of1017andahighof1983Fig5McFarlandOilFieldsMLEs
ontheotherhandremainedsignificantlylowerwithanaverageMLE
of654andneverevenreachedaMLEof800Inaddition

transmissionpersistedforalongerperiodoftimeintheLongBeach
neighborhoodasopposedtoMcFarlandFig45

Inconclusiontheapplicationofresmethrinachieveda
significantreductionofthemosquitopopulationinthetreatedarea
aswellasadecreaseinthemosquitoinfectionrateBigBerthas
outputofmaterialwasmoreefficientthanthatoftheProMist

Sentinelmosquitocagesbehindstructureswerenotaffectedby
adulticidingapplicationMLEvaluesweresignificantlyloweredin
thecoreandtreatedareasofMcFarlandOilFieldwhiletheyincreased
inuntreatedareasOverallMLEsvaluesweresignificantlylowerin
theadulticidedareaofMcFarlandOliFieldasopposedtothe
untreatedneighborhoodofLongBeach
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ControlofCulexerythrothoraxinCattailMarshesanEmergingProbleminUrbanized
AreasinSanMateoCountyCalifornia

JamesCountsandChindiPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA

ABSTRACTCulexerythrothoraxonceararemosquitooflittlesignificanceisanincreasinglyimportantprobleminSan
MateoCountyTheSanMateoCountyMosquitoAbatementDistrictconductedhelicopterapplicationson3marsheslocated
adjacenttoheavilypopulatedareasThismarshhabitatpresentsuniqueproblemsinthatitiscoveredbydenseemergent
vegetationandisoftenoccupiedbyendangeredspeciesThispaperdiscussestheevolutionoftheproblemandthemethods
thathavebeenusedtocombatit

INTRODUCTION

Culexerythrothoraxthetulemosquitodevelopsprimarilyin
standingwatercolonizedbytallemergentvegetationsuchascattails
TyphaspportulesScirpussppChapman1962Bohartand
Washino1978Onceararemosquitooflittlepublichealth
importanceithasbecomeasignificantcontrolissueinurbanized
areasontheSanFranciscoPeninsulaThispaperreviewsthe
challengespresentedbythismosquitoinSanMateoCountyand
describesthemethodsusedtocontrolitbytheSanMateoCounty
MosquitoAbatementDistrictSMCMAD

SanMateoCountyislocatedontheSanFranciscoPeninsula
justsouthofthecityofSanFranciscoThecountyhasapopulation
fapproximately700000Mostofdevelopmentinthecountyhas

occurredeastoftheSantaCruzMountainsalongtheshoreofSan
FranciscoBayLikeothermosquitocontroldistrictsinCalifornia
theSMCMADfocusescontrolprimarilyonthelarvalstagesof
mosquitoesThespecieswiththegreatestimpactonresidentsofthe
countyhavetraditionallyincludedthenorthernhousemosquito
CulexpipienssaltmarshmosquitoesOchlerotatussquamigerand
OcdorsalisandCulisetaincidensandCsinornataUntil2003
Culexerythrothoraxwasextremelyrareandnotafocusofcontrol
operationsAdultsofthisspecieswererarelycollectedinsurveillance
trapsFigure1andlarvaldevelopmentwasrestrictedtoafew
isolatedpondsremotefromhumanactivityAdultsofthisspecies
emergefrommidJunethroughOctoberinSanMateoCountyThey
donotgenerallytravelfarfromthelarvalsourceWaltonetal1999
andthereforecattailmarshesthatarenotlocatednearhuman

1853195519591955190819711974197719821985108818911994198720002103

Figure1OccurrenceofCulexerythrothoraxadultsinNewJerseylighttrapsinSanMateoCountyfrom1953to2005
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residencesarenotconsideredasignificantpublichealthissue
In2003Cxerythrothoraxadultsbegantoappearintrapsat

sitesinresidentialneighborhoodsinthecountyTheproblem
increasedandby2004theDistrictwasapplyinglarvicidesby
helicopterforCxerythrothoraxatthreesitesFigure2This
mosquitoisalsoincreasinglyfoundinroadsideditchesandflood
controlchannelsintheurbanizedportionsofthecounty Many
publicworksagencieshavestoppedclearingvegetationfromurban
waterwaysThedensestandsofcattailsandtuleswhichnowoccupy
thesesitesarebecomingsignificantsourcesofCxerythrothorax
development

PROBLEMSPRESENTEDFORCONTROLBYCULEX
ERYTHROTHORAX

ThebiologyofCxerythrothoraxiscloselytiedtothepresence
oftallemergentvegetationChapman1962BohartandWashino
1978makingsurveillanceandcontrolchallengingLarvaeofCx
erythrothoraxareextremelydifficulttosampleduetothedensity
ofthevegetationintheirsitesofdevelopmentMonitoringforthis
speciesisoftenonlypossiblethroughtheuseoftrapsthatcapture
theadultmosquitoesaftertheyemergeCulexerythrothoraxadults

Proc PapersMosqVectorControlAssocVol74

donotgenerallydispersemorethanafewhundredfeetfromthe
larvalsourceThisisparticularlytruewhenopenfieldsdevoidof
treessurroundlarvalsourcesHoweverriparianareasadjacentt
tulepondscanprovideacoolmoistenvironmentthatcanserveasa
corridorallowingadultmosquitoestotravelgreaterdistancesand
moveintonearbyresidentialneighborhoodsBecausetheyare
potentialvectorsofWestNilevirusGoddardetal2002these
adultscanpresentasignificantthreattopublichealthAdultsoften
emergeinveryhighnumbersbecauselarvaeareprotectedfrom
naturalpredatorsbythedensevegetationinwhichtheydevelopA
2acrecattailmarshcanproducethousandsofadultmosquitoesper
trapnight

ThetalldensevegetationinCxerythrothoraxsourcesalso
hamperstheapplicationoflarvicidesbygroundbasedequipment
Mostofthematerialremainsonthevegetationandthereforenever
reachesthewaterInonecasea10footwideditchwassprayed
repeatedlywithavarietyofdifferentmaterialsBacillusthuringiensis
israelensisBtiliquidsuspensionsandgranulesGoldenBearOil
GB1111usingtruckmountedpowersprayerswithverylittle
reductionseeninsubsequentcollectionsofcarbondioxidebaited
trapsOnlyaftertheditchwasclearedofcattailsdidtheapplication
oflarvicideshaveasignificantimpactHoweverintheSanFrancisco

Figure2SitesinSanMateoCountytreatedbyhelicopterforimmaturestagesofCulexerythrothorax
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Bayareamostwetlandsareoccupiedbyendangeredspeciesand
ysicalcontrolofemergentvegetationisnotpossibleDevelopment
theSanFranciscoPeninsulahasresultedinadrasticlossof

wetlandhabitatThislosshasdrivensomeofthespeciesthatrely
onwetlandstobecomethreatenedorendangered Mostofthe

remainingwetlandsareoccupiedbyatleastoneendangeredspecies

EMERGENCEOFPROBLEMSITES

Problemsrelatedtotulemosquitoesfirstemergedin2003at
SearsvilleLakeinthesouthernendofthecountyThelakeissituated
intheJasperRidgeBiologicalPreserveafieldresearchfacility
ownedandoperatedbyLelandStanfordUniversityTheSMCMAD
hasmaintainedalighttrapatthislocationsince1977Thelakeis
fedby2creekswhichenteronthewesternsideItwasoncea
majorsourceofAnophelesmosquitoesduetodensematsof
introducedParrotsFeatherMyriophyllumaquaticumthatcovered
muchofthesurfaceofthewestsideofthelakeDuringthe1990s
aseriesofheavystormsresultedinthedepositionoflargequantities
ofsedimentinthisareaTheparrotsfeatherthatoncedominated
thisportionofthelakehaslargelybeenreplacedbycattailsThe
changeinvegetationhasbeenfollowedbyashiftinthespeciesof
mosquitoesdevelopingthereBetween1977and1990Anopheles
speciesparticularlyAnpunctipennisdominatedlighttrap
collectionsalongwithCulisetaparticepsCollectionsofCx
erythrothoraxaveragedfrom08pertrapnightwithamaximumof
20to40pertrapnightinAugustofsomeyearsFigure1InAugust

2003collectionsofCxerythrothoraxinthelighttrapsuddenly
eto273pertrapnightTheDistrictconductedfollowup

surveillancewithcarbondioxidebaitedtrapsAdultsofCx
erythrothoraxwerecollectedthroughoutthewoodlandsonthe
westernsideofthelakereachingnearbyresidencessurroundingthe
preserveTheSMCMADbeganconductinghelicopterapplications
oflarvicidestothelakeinSeptemberof2003

Culexerythrothoraxadultsalsoappearedinhighnumbersin
2003inacarbondioxidebaitedtraplocatedjustacrossthehighway
fromtheSanFranciscoInternationalAirportThistrapislocated
onMillsFieldapropertyownedbytheCityandCountyofSan
FranciscoThesouthendofthepropertyliesinthecityofMillbrae
InthenorthitextendsintothecityofSanBrunoAlthoughresidential
housingsurroundsitthissitecannotbedevelopedduetoits
proximitytoairportrunwaysandthepresenceofthelargestremaining
populationoftheSanFranciscogartersnakeThamnophissirtalis
tetrataeniaThissnakeisendemictotheSanFranciscoPeninsula
Fox1951LossofwetlandsontheSanFranciscopeninsulahas
ledthemtothebrinkofextinctionandtheyarelistedasendangered
underbothstateandfederalregulationsUSFishandWildlifeService
1985Wharton1989

LagunaSaladainthecenteroftheSharpParkMunicipalGolf
CourseisanotherimportanthabitatforSanFranciscogartersnakes
andanothersignificantsourceofCxerythrothoraxMcGinnis1984
LagunaSaladaisafreshwatermarshlocatedatthemouthofSan
PedroCreeknexttothePacificOceanSharpParkisownedbythe

tyandCountyofSanFranciscoItfallsunderthejurisdictionof
liotDepartmentofParksandRecreationSituatedinthecityof

PacificathesiteconsistsofalagoonlocatedatthemouthofSan
PedroCreekAseawallseparatesthegolfcoursefromthebeach

Proc PapersMosqVectorControlAssocVol74

Thepropertyalongthesouthboundaryofthegolfcourseispartof
theGoldenGateNationalRecreationAreaandisbeingactively
restoredforbothSanFranciscoGartersnakeandtheequally
endangeredredleggedfrogRanaauroradraytonii

LagunaSaladaemptiesintotoasmallreservoirwithapump
stationthatwasonceusedtoregulatewaterlevelsandprevent
floodingHoweverbecauseofthepresenceofbothSanFrancisco
gartersnakesandredleggedfrogstheCityhasstoppeddoingany
maintenanceonthelagoonorreservoirBothsitesarerapidly
becominginundatedbydensestandsofcattailsandtulesThe
propertyisborderedontheeastbyhighdensityresidentialhousing
DowntownPacificaliesonitsnorthernboundaryInJulyof2004
elevencarbondioxidebaitedtrapsweresetaroundtheperimeterof
thelagoonandreservoirSeveralofthetrapscollectedhighnumbers
ofCxerythrothoraxadultsupto583individualspertrapnight
average150pertrapnightHelicoptertreatmentatthissite
commencedinAugustof2004

TREATMENTOFCATTAILMARSHES

Thethreesitesdescribedherearecurrentlytreatedbyhelicopter
frommidJunethroughOctobereveryyearApplicationsaremade
every3weeksusingVectolexCG20lbsperacreorAltosidXRG
20lbsperacreAltosidXRGisappliedateverythirdapplication
inordertopreventthedevelopmentofresistanceThematerialsare
appliedfromahoppersuspendedunderthehelicopterAfterthe
materialhasbeenappliedthehopperisdisconnectedandthe
helicopterfliesoverthetreatedareaatverylowelevation
approximately20feetsothatthedowndraftfromthepropellers
willblowthegranularmaterialoffthevegetationandintothewater
columnHelicoptertreatmentofthesesiteshasbeenveryeffective
atreducingadultmosquitodensityFigure3and4Inparticular
theadditionalstepofusingthepropellertomovematerialoffthe
cattailsreducedtrapcountstolessthan10mosquitoespertrapnight
in2004and2005atallthreesitesHoweverhelicoptertreatmentis
veryexpensiveandshouldnotbealongtermsolutiontotheproblem
TheSMCMADdoesnotownahelicopterbutrathercontractswith
anagriculturalapplicatorfromtheCentralValleyHelicoptertime
currentlycosts1100perhourwitha2hourminimumchargeIn
additionthereisachargefortraveltothedistrictapproximately
400foreachapplicationLarvicidesrepresentanotherexpense
currentlyapproximately100150peracredependingonthematerial
appliedHelicopterapplicationsareconductedateachsiteevery
threeweeksfor5monthsThepropertyownersateachsitecurrently
payforthematerialandhelicopterservice

NECESSITYOFPHYSICALCONTROL

Ultimatelyphysicalalterationofthesesiteswithremovalof
somevegetationistheonlymeasurethatwillreliablysolvethe
mosquitoproblemsUnfortunatelythepresenceofendangered
speciesattwoofthesitesmakessuchalterationoftheproperty
extremelycomplicatedThethirdsiteSearsvilleLakealsosupports
endangeredredleggedfrogsandispartofabiologicalresearch
stationonauniversitycampusPhysicalchangestothatsiteare
almostoutofthequestion
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Figure3ImpactofhelicopterapplicationsoflarvicidesondensityofCulexerythrothorax
femalesincarbondioxidebaitedtrapsatSearsvilleLakeWoodsideCalifornia
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Cattailgrowthandtheaccumulationofsiltinwetlandsare
Hartofthenaturalprocessofsuccessioninwhichpondsare
eventuallyconvertedtomeadowsBeforetheonsetofwidespread
developmentnewwetlandswerecontinuouslyproducedtoreplace
onesthatwerelosttothisprocessOnranchesfarmsandother
developedsitescattailswereregularlyremovedfrompondssuch
asthesesothatopenwatercouldbemaintainedExtensivecattail
growthactuallyreducestheamountofaquatichabitatavailablefor
bothsnakesandfrogsinthelongtermandmaintainingthe
remaininghabitatwillrequiresomekindofvegetationmanagement
Howeveroncecattailgrowthhasbecomeextensivethemethods
thatwouldbeusefulinreducingthemburningmechanized
equipmentwillalsoresultinsometakeofendangeredspecies
Mostlandownersdonothavetheresourcestodevelopahabitat
conservationplanorproducetheenvironmentalimpactanalysis
thatisrequiredbyregulatoryagenciessuchastheUSFishand
WildlifeServiceorCaliforniaDepartmentofFishandGame
Thereforenoworkisdoneontheproblematalltothedetriment
ofallsidesTheproblemisnowextendingtoroadsidedrainage
ditchesthroughouttheSanFranciscoBayareaManyofthelocal
citieslacktheresourcesrequiredtocomplywithregulationson
waterwayssuchasobtainingNPDESpermitsforapplicationof
herbicidestowaterorcompletinganendangeredspecies
consultationsandstreamalterationpermitsfortheuseof
mechanizedequipmentinwaterwaysThereforemanycitieshave
droppedtheirmaintenanceoperationsandalloweddrainagesto
fillwithvegetationInsomecasesthisincludesinvasiveweeds
uchasArundodonaxOnceheavyvegetationdevelopsinthe
ditchestheyareconsideredwetlandsandpotentialhabitatfor
endangeredspeciesOncethathasoccurredmaintenancebecomes
evenmoredifficult

AtpresenttheDistrictistryingtobringpropertyowners
togetherwithbiologistsfromtheEndangeredSpeciesRecovery
OfficeoftheUSFishandWildlifeServiceThehopeisthatall
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partieswillworktogethertowarddevelopingarecoveryplanfor
endangeredspeciesoneachpropertySuchplanscouldenhance
andmaintainhabitatforendangeredspecieswhilealleviatingother
problemscausedbythedensevegetationThisworkisintheearly
stagesandwillrequirecooperationfromallsidesWhetheritwill
besuccessfulinthelongrunremainstobeseenbutitistheonly
chanceforarrivingatapermanentsolutiontotheproblem

LITERATURECITED

BohartRMandRKWashino1978MosquitoesofCalifornia
PublicationNo4084DivisionofAgriculturalSciences
UniversityofCaliforniaBerkeley153pp

ChapmanHC1962ThebioecologyofCulexerythrothorax
DyarMosqNews22130134

FoxWL1951ThestatusofthegartersnakeThamnophissirtalis
tetrataeniaCopeia19514258267

GoodardLBAERothWKReisenandTWScott2002Vector

CompetenceofCaliforniaMosquitoesforWestNileVirus
EmergingInfectiousDiseases813851391

McGinnisSM1984Thecurrentdistributionandhabitat

requirementsoftheSanFranciscogartersnakeThamnophis
sirtalistetrataeniaincoastalSanMateoCountyAfinalof
workconductedunderInteragencyAgreementC6731984
38pp

USFishandWildlifeService1985RecoveryPlanfortheSan
FranciscogartersnakeThamnophissirtalistetrataeniaUS
FishandWildlifeServicePortlandOregon77pp

WaltonWEPDWorkmanandCHTempelis1999Dispersal
survivorshipandhostselectionofCulexerythrothorax
DipteraCulicidaeassociatedwithaconstructedwetlandin
southernCaliforniaJMedEntomol363040

WhartonJC1989EcologicalandLifeHistoryAspectsofthe
SanFranciscoGarterSnakeThamnophissirtalistetrataenia
MastersthesisSanFranciscoStateUniversity91pp



112 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

UtilizingRetailNurseriesasMosquitofishDistributionCenters
inMarinandSonomaCounty

MarinSonomaMosquitoandVectorControlDistrict595HelmanLaneCotatiCA94931

ABSTRACTThispaperoutlinestheimplementationandmaintenanceofretailnurseriesasmosquitofishdistributioncenters
inMarinandSonomaCountyImpactsonDistrictresourcesmosquitofishavailabilityetcarediscussed aswellasthe

advantagesdisadvantagesandoverallpublicresponsetotheprogram

INTRODUCTION

MarinSonomaMosquitoandVectorControlDistrict
MSMVCDhashistoricallyusedtheMosquitofishProgramto
distributefishtothepublicintwowaysthefirstmethodinvolves
residentscomingtotheDistrictofficetopickupfishtheseconda
Districtfieldtechniciandrivingtotheresidentshometodeliverthe
mosquitofishBeginningin2002theDistrictintroducedanewway
toprovidefishtothepublicbysupplyingfishtocertainnurseries
locatedinMarinandSonomaCountyThissupplementedthe
Districtseffortsofdistributingfishthroughoutthesecounties

TheDistrictconsideredtheNurseryProgramasanothermeans
toeducatethepublicaboutmosquitocontrolespeciallyin
anticipationofthearrivalandspreadofWestNilevirusTheDistrict
alsoviewedthisprogramasawaytodecreasefishrelatedservice
requestswhileincreasingsurveillanceandcontrolparticularlyduring
thebusyseasonItcantakefromseventotendaysforatechnician
torespondtoafishrequestandformanyresidentsthisisntexpedient
enoughfromapublicrelationsstandpointFurthermoreforsome
residentsitsnotconvenientforDistrictstafftobeontheirproperty
andtheyareunabletodrivetoourDistrictofficeduringregular
hourstopickupfish

PROGRAMIMPLEMENTATIONANDMAINTENANCE

TheDistrictidentifiedthedistributionsitessituatedwithinan

easyaccesstoMarinandSonomaCountyresidentsandDistrictstaff
Thusin2003and2004theDistrictsuppliedfishto10participating
nurseriesthreeinSonomaCountyandseveninMarinCountyBy
200513nurseriesparticipatedseveninSonomaCountyandsixin
MarinCountySloatGardenCentersachainlocatedthroughout
MarinCountyhaveplayedakeyroleduetotheirexpertiseand
notoriety

Earlyintheyearthesespecificnurserieswerecontactedto
confirmthattheyhadasuitablefishtankwhentheseasonstarted
Figure1InApriltheDistrictstockedeachnurserywitha
substantialamountoffishdependingonthesizeofthefishtank
TheDistrictalsoprovidedthesenurseriesbrochuresonmosquitofish
andWestNilevirusalongwithaFightTheBiteposterfor
distributiontothepublicFurthermoreeachnurserywasgiven
containerssoresidentscouldtransporttheirfishAllthecontainers
wereaffixedwithalabeloutliningtheappropriatesourcesinwhich
toputmosquitofishandstatingitisunlawfultoputmosquitofishin

TeresaThomas
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Figure1AholdingtankforfishataSloatGardenCenterinMill
ValleyCA

waterwayswithoutapermitpursuanttoTitle14CCRFishand
GameCodeSection163Section6400andSection2385Inorder

tokeeptrackofthesenewmosquitofishsourcestheDistrictsupplied
alogbookinwhichresidentssignedtheirnamesaddressesand
wheretheywereplacingthefish

OncetheDistricthadallofthenurseriessetupfortheseason
maintainingtheprogramwasquitesimpleEachnurserywas
contactedonceaweektoseeiftheyneededmorefishbrochuresor
containersMostoftenthenurseriesneededtoberestockedevery
otherweekatwhichtimetheDistrictalsocollectedanyfinishedlob
bookpagesmakingsurethenurserystillhadblankpagesforresidents
tofillout
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PROGRAMIMPACTONDISTRICTRESOURCES

ThisprogrammainlyaffectedDistrictstafftimeIn2003the
Districtgaveoutabout601b273kgoffishatapproximately700
fishperpoundOfthe60lbtotal24wereresidentialpickups
fromtheoffice19weredeliveredbyfieldtechniciansand57
weredistributedthroughthenurseriesIn2004theDistrictsupplied
morethantwicetheamountoffishfromthepreviousyeartotaling
1351b612kgoffishFifteenpercentweregiventoresidentswho
cametotheofficeNurseriesgaveaway80 whichwasasubstantial

increasefrom2003loweringtheamountoffishrelatedservice
requestsfortheDistrictfieldtechniciansConsequentlyonly5
weredeliveredbyfieldtechniciansinthisparticularyearIn2005
theDistrictdidntseemuchchangeinthequantityoffishsupplied
toresidentscomparedto2004TheDistrictused127lb576kgof
fishandagainmostofthefishwerestockedatnurseries55of
thetotaland13weresuppliedfromtheDistrictoffice

ConverselytheDistrictsawanincreaseintheamountoffish
thetechniciansstockedupto32ofthe2005totalasopposedto
5fromthepreviousyearUnfortunatelyallthefactorsthataffect
thisdifferencearedifficulttomeasurebutonecouldconsiderthat

thefishweremadeavailabletothetechniciansearlierintheyear
thanthenurseriesInadditionattheendof2004residentsvotedto

expandservicetotheentirepopulationofbothcountiesThearea
coveredgrewfrom960to2300squaremilesAsaresulttheDistrict
wantedtothoroughlyinspectitsnewlyannexedareasformosquito

feedingsourcessotheyincreasedservicerequestsforfishinthese
easinsteadofreferringtheseresidentstoaparticipatingnursery

Whentechniciansrespondedtotheseparticularfishrequestsit
enabledthemtolookforothermosquitohabitatsinthesurrounding
areaInadditiontothenurseriesreceivinglessreferralsfromour
Districtofficewehiredfivenewtechnicianssothereweremore

techniciansinthefielddoingsurveillanceanddeliveringfish
AsidefromtheimpactsoftheNurseryProgramonfield

technicianstheDistrictslaboratorystafforganizedthe
implementationandmaintenanceoftheprogramInturntimewas
neededtocreatedatabasesforthefishandthenurserylogbooksin
ordertorecordtheeffectsofthisprogramandtotrackfish
distributionTheMosquitofishDatabasebreaksdownhowmany
fishareharvestedhowtheyaredistributedandapproximatelyhow
manyfishtheDistricthasatagivenmomentTheLogBookDatabase
isformattedsothefieldtechnicianscanbackcheckallofthenew

fishsourcesfromthenurserylogbooksandfromthefishpickups
attheoffice

ADVANTAGESANDDISADVANTAGES

ThemostapparentadvantageinregardstoDistrictresources
wasthecosteffectivenessoftheprogramFirstitsfreeforthe
Districttocollectmosquitofishwhilethepurchaseofpesticidescan
bequiteexpensiveWithmoreresidentsusingfishthereisalsothe
potentialtolimitpesticideresistanceofmosquitoesInsteadof
MCchniciansusingtraveltimetorespondtoeachfishrequestthat
maybeinafarreachingarearesidentsdrovetotheirlocal
participatingnurserytoreceivetheirfishThisallowedthe
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techniciansmoretimeforsurveillanceandcontrolwhileresidents
likeditbecauseitwasconvenientandfree

InadditiontheNurseryProgrammetoneoftheDistrictsmain
goalseducatingthepublicaboutmosquitocontrolInturnthe
Districtbuiltagoodrapportwiththecommunityandmoreresidents
becameawareoftheDistrictservicesthatareofferedAlsothe

nurseriessawmosquitocontrolasanimportantconcernamidstthe
spreadofWestNilevirusandwerehappytofacilitatethisproactive
approachespeciallysincemoreandmoreresidentshavesetup
backyardpondsinrecentyears

AlthoughtherearemanyadvantagestothisNurseryProgram
fishavailabilityunknownsourcesandresponsiblefishapplication
posedchallengesTheDistrictstartsreceivingfishrequestsasearly
asFebruaryandMarchbutatthistimethefisharentfeedingas
readilyasmidsummerandtheDistrictdoesnthaveanabundant
supplytogiveawayInadditionthetechnicianswerentableto
checkthefishsourcesfromthenurserylogbooksinatimelymanner
sotheywereunawareofmanynewfishsourcesFrom2004and
2005alonetherewereabout4500newfishsourcesthatoriginated
fromtheselogbooks

Anotherdisadvantagewastheconcernthatresponsiblefish
applicationrestedwiththepublicAllourfishcontainerswere
labeledasmentionedbeforebutsomeonecouldeasilysaythey
wereputtingtheirfishinawatertroughwhenactuallytheyintended
toputtheminacreekinsteadAsmanypeopleknowmosquitofish
areanonnativespeciesTheyareextremelyeffectiveifappliedin
anappropriatesourcehowevertheDistrictrealizesthe
environmentalimpactofplacingnonnativefishinnaturalwaterways
wheretheyhavethepotentialtooutcompeteothernativeaquatic
wildlifeInadditionsincetheDistrictsannexationcertainagencies
andresidentshaveobjectedtothedistributionofmosquitofish
throughretailnurseriesTheyfearmosquitofishdispersalisnot
controlledenoughandtheDistrictsNurseryProgramraisestherisk
ofthesefishenteringnaturalwaterwaysespeciallyintheNational
ParkssystemThisisavalidconcernalthoughmanydontrealize
mosquitofisharealreadypresentinsomewaterwaysTheywere
firstintroducedintoCaliforniain1922andhavesincespread
throughoutthestateSwansonetal1996Unfortunatelythissame
gambleisencounteredwhenresidentsgetfishfromtheDistrictoffice
orevenwhenatechnicianleavesapersonspropertyNevertheless
MSMVCDpridesitselfonbeingenvironmentallysensitivesofor
2006wehaveelectedtomodifyourMosquitofishProgram

2006MOSQUITOFISHPROGRAM

TheDistrictdecidedtonolongerdistributemosquitofishthrough
retailnurseriesInsteadtheDistrictfieldtechnicianswillrespond
toallfishrelatedservicerequestsandthepublicwillstillbeableto
cometothemainofficeandreceivefishInadditionwhenresidents

cometotheofficetopickupfishtheywillberequiredtosignan
AcknowledgementFormwhichwillincludethepersons
informationsuchasaddressandwheretheyareputtingthefish
ThisformsummarizesandcitesCaliforniaFishandGames

regulationsonappropriatefishapplicationfurthermoreitstatesa
fieldtechnicianwillbackchecktheresidentssourceTheyalso
receivesomeinformationaboutfishcareandponddesignThen
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onceaweekservicerequestswillbegeneratedfromthecompleted
formssotheDistrictdatabasewillstaycurrentandtechnicians
willbeawareofnewsourcesTechnicianswillalsovisitresidents

basedontheinformationenteredinourLogBookDatabasefrom
previousyears

FurthermoretheDistrictwantstocontinuetoutilizethe

nurseriesasaneducationaltoolThusMSMVCDwillcontinueto
haveaFightTheBitedisplaywithaposterandbrochuresAlso
mostnurseriesdependingontheirsetupwillhaveaweather
proofsigntopostoutsideThesigngivesresidentstipsondifferent
thingstheycandowiththeirpondtoreducemosquitobreeding
habitatssuchasaerationbiocontrolBtiproductsand
mosquitofishandrecommendsconsultationwithnurserystaffon
plantselectionNurserystaffwillalsohaveasignificantsupplyof
ourDistrictbusinesscardstogivetoresidentssotheycancontact
usiftheyhavequestionsorwantfishInturnifaservicerequest
ismadeaDistricttechnicianwillvisitthepropertyandassessany
mosquitosourcesandthebestwaytotreatthem

ThelastcomponentofthemodificationstotheMosquitofish
ProgramistheeducationoftheDistrictstaffSincetheannexation
asmentionedbeforetheDistrictincreasedthenumberof

employeesAsaresulttheDistrictthoughtitwouldbeagood
ideatohaveaneducationalworkshopforthenewemployeesabout
mosquitofishItalsorefreshedtheknowledgeofthetechnicians
thathavebeenherelongerTheworkshopwastitledGambusia
anis101Itfocusedonmosquitofishbiologyfishprotocolsat
theDistrictofficeandappropriatesourcesformosquitofish
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CONCLUSION

Utilizingretailnurseriesasmosquitofishdistributioncente
inMarinandSonomacountieswasasuccessforthemostpart
TheoverallpublicresponsewassatisfactoryItwasconvenient
forresidentsthenurseriesenjoyedtheirabilitytobeproactive
andtheprogramraisedpublicawarenessoftheDistrictItwas
alsoconvenientandcosteffectiveforDistrictstaffespecially
duringatimewhenworkloadsincreaseddramaticallyduetothe
DistrictexpandingitsboundariesandthearrivalofWestNilevirus
InadditiontheprogramforcedtheDistricttoreevaluatecertain
aspectsofitsMosquitofishPrograminordertoaddressvalid
concernsinregardstoresponsiblefishdistribution
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AnAlternativeLarvalControlMethodforCemeteries

OneYearUpdate

MatthewCBall

ButteCountyMosquitoandVectorControlDistrict5117LarkinRoadOrovilleCA95965

ABSTRACTTherecentadditionofanewfloralpolicyatButteCountycemeterieshassignificantlyreducedadultmosquito
populationsdistrictmanhoursandcontrolcostsEffectivelarvalcontrolincemeteryvaseswasmetbythecemeteries
applyingAgrosokeWateringCrystalsLabexperimentsfieldtestsandtrapcountsdemonstratedtheeffectivenessandlength
ofcontrolofArgosokeWateringCrystals

ARapidMethodofLocatingUnmaintainedSwimmingPools

JimCamy

ButteCountyMosquitoandVectorControlDistrict5117LarkinroadOrovilleCA95965

ABSTRACTButteCountyMosquitoandVectorControlDistrictwasabletoquicklydetectandaccuratelylocateunmaintained
swimmingpoolsthatareoftenasourceofCulexmosquitoesbyusingphotographstakenfromasheriffshelicopterandlaser
equippedGPS

MosquitoManagementinaNewGenerationofStormwaterStructures

MarcoEMetzger

CaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection2151ConventionCenterWaySuite218BOntarioCA917645429

ABSTRACTFederalstateandlocalcleanwaterregulationsareforcingtremendouschangesinthetreatmentandmanagement
ofurbanandstormwaterrunoffImplementationofstructuraltreatmentdevicesknownasbestmanagementpracticesBMPs
isrequiredunderexistinglawsinanefforttoimprovethequalityofwaterrunoffbeforeitentersreceivingwatersAnunintended
consequenceofBMPimplementationisthecreationofmosquitohabitatswhennotproperlydesignedandormaintained
Since1998theCaliforniaDepartmentofHealthServicesVectorBorneDiseaseSectionCDHSVBDShasledaseries of

collaborativestudiestoinvestigatemosquitobreedinginstormwaterBMPsbuiltbytheCaliforniaDepartmentofTransportation
CaltransTheresultsoftheseeffortsfueledinpartbythearrivalandrapidspreadofWestNilevirushavecontributed
greatlytohowsubsequentBMPshavebeendesignedimplementedandmaintainedIn2004anewgeneration ofCaltrans

BMPsrepresentingthelatesttreatmenttechnologieswascompletedalongthe21mileSanJoaquinHillsTransportation
CorridorinOrangeCountyStateRoute73CDHSVBDSandOrangeCountyVectorControlDistrictstaffmonitored 19

structuresbiweeklyforpresenceofmosquitoesandormosquitohabitatbeginninginOctoberof2004Duringthe firstyearof

monitoringappropriateBMPalterationsanddesignmodificationswererecommendedtoreduceoreliminatestandingwater
howevermanycriticalproblemsremainunresolvedThispaperwillprovideanoverviewofourfindingsduring thefirstyear

ontheSR73projectanddiscussstrategiesimplementedbyCaltranstominimizethebreedingpotentialoftheir newestBMPs
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NoTwoYearsAreAlikeOperationalChallengesofControllingAdultMosquitoes

FranKrenickJimMcNellyandBenGoudie

ClarkeMosquitoControl159NorthGardenAvenueRoselleIL60172

ABSTRACTSuccessfulcontrolofadultmosquitoesremainsoneofthemostchallengingaspectsofourindustryThis paper

demonstrateshowcriticalitistoreassessthedynamicsinfluencingaprogramnotonlyeachyearbutlocationtolocationThis
presentationwilladdresscriticalcomponentsofadultmosquitocontrolaswellasthelogisticalchallengesposedbyemergency
operations

ClarkeMosquitoControlsPartnershipwithMosquitoControlDistricts
inthe2005NaturalDisasterAreaExpectationsandGuidelinesfortheFuture

ClarkWoodJimMcNellyFrankKrenick2AaronLorsonand2MichaelRosolina

ClarkeMosquitoControlRoselleIllinois
2DynamicAviationBridgewaterVirginia

ABSTRACTThispaperwillfocusontheimportantinteractionthatdevelopsbetweenlocalmosquitocontroldistrictsand
privateindustryduringamosquitocontrolemergencyThiscomplexprocessisdynamicin scopeandintegratesmanylayersof
responsibilitiesexpertiseandcommitmentforsuccessfuloperationsAswellasdiscussingthenaturaldisasterof2005this
presentationwilladdressexpectationsandguidelinesforfutureemergencyoperations

UpdateonRecentLocalVectorControlEffortsandWhatabout
the3MillionPeopleinCaliforniawithoutMosquitoControl

JohnBliss

SCIConsultingGroup2300BoyntonAvenueSuite201FairfieldCA94533

ABSTRACTRecentlysuccessfullocalballotmeasuresinCaliforniaformosquitoandvectorcontrolserviceswillbereviewed
withemphasisonchangingcommunityprioritiesInadditionover3millionpeopleinCaliforniacurrentlydo notreceive

regularmosquitocontrolservicesThispresentationwillalsoexaminewhichareasoftheStatedonotprovidemosquitocontrol
servicesandwhatoptionsandsolutionscouldbeimplementedtobetterprotectthepublichealthallresidentsintheState
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TheInfamousLincolnLogDecks AnUpdateonMosquitoControl
inaChallengingHabitat

JamesinaJScottKellyBurchamandTedWilliams

PlacerMosquitoAbatementDistrictPOBox216150WaverlyDriveLincolnCA95648

WHATSTHEPROBLEM

SierraPacificIndustriesSPIoperatesthelargestsawmillin
CaliforniainLincolnCAOverthelast10yearstheCityofLincoln
hasgrownrapidlyandhomestwoparksandanelementaryschool
nowabuttheSPIpropertyMarkhamRavinerunseastwestthrough
theSPIpropertyandprovidesamosquitoflywayintotheresidential
neighborhoodtothewestandadrainagechannelprovidesanother
flywayintothepublicparkandhomestothesouthFig1

Siefra

trial

Figure1TheSPILogDecksareborderedbyhomesanelementary
schoolandtwoparkstothewestandsouthsidesThesixdots
indicateweeklyFayPrincetraplocations

Eachday weatherpermitting 100to300trucksdeliver

logsharvestedfromtheSierrastoSPIssiteinwesternLincoln
wherethelogsarestackedindecksthatmeasureupto60feet
highandcover050to075acreseachFig2TheLincolnsite
canaccommodateupto36logdeckscoveringanareaof
approximately20acres

Topreventsplittingandmaintainthequalityofthewoodthe
logsarekeptsaturatedwithwaterthroughasystemofirrigation
pipeswithsprinklerheadsthatrunacrossthetopofeachdeck
Fig3Theirrigationsystemruns24hoursaday7daysaweek

runoff wateriscollectedthroughaseriesofditchesandponds
andreusedNoneofthelogdeckwaterisallowedtodraininto
naturalwaterwaysorleavetheSPIproperty
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Figure2Atypicallogdeskreaches60feet
high183mandcoversanareaof050to
075acres020to030haThisunfinished
logdeckisabout60atitstallestpoint

Figure3Logdecksareirrigatedwithrecycledwatertopreventthe
logsfromdryingoutandsplittingwhichreducestheireconomic
valueTheconstantirrigationalsoproducetremendouslarval
mosquitohabitatwithinthelogdeckswherewateristrappedbetween
thelogsIn2003andearly2004thelogdecksweretreatedwith
VectoBac12ASandVectoLexWDGappliedthroughthisirrigation
systembutthisdidnotprovideadequatelarvalcontrol
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MOSQUITOPRODUCTIONINTHELOGDECKS

TheSPIlogdecksarethesinglelargestsourceofCulex
mosquitoesinPlacerCountyThemajorityofmosquitoproduction
occursinthedecksthemselveswherewateristrappedbetween
thestackedlogsFig4withsmallernumbersofmosquitoes
producedfromtheedgesoflogpondsditchesandinwatertrapped
inthelogdebrisCulexpipiensisthemostcommonmosquito
collectedfromthelogdecktrapswithsmallernumbersofCx
tarsalisandCxstigmatosomaFig5Lowbutincreasing
numbersofCxerythrothoraxarealsocollectedregularlybutthese
originatefromthecattailsintheassociatedpondsnotfromthe
decksthemselves

Figure4Irrigationwatertrappedbetweenthelogsproduces
tremendouslarvalmosquitohabitat

2Cxstigmatosoma

Figure5MosquitospeciescompositionattheLogDeckLincoln

WESTNILEVIRUSACTIVITYASSOCIATED
WITHTHELOGDECKS

WestNilevirusWNVwasfirstdetectedinPlacerCountyin
2004mainlyindeadbirdsandsentinelchickenswithafewWNV
poolsofmosquitoes26equinecasesandasinglehumancase
SignificantlyhigherWNVactivityoccurredinPlacerCountyin2005
whencountywidetherewere35humancasesofWNVinfection

23equinecases84WNVdeadbirds20WNVpositivemosquito
poolsand5of7sentinelchickenflocksthatseroconverted

FourhumancasesofWNVinfectionoccurredwithin05mil

oftheSPIlogdecksandthreepoolsofmosquitoes2poolsofCx
pipiensand1poolofCxtarsalisfromthelogdecktrapswere
WNV AdditionallyinAugustwesawanincreaseindeadbird
reportsfromLincolnandthestatesDYCASTriskanalysisidentified
westernLincolnasoneofthehighriskareasinPlacerCountyfor
humaninfectionwithWNV

Workingaroundthelogdecksisinherentlydangerousbecause
ofthesheersizeofthelogsandlogdecksaswellasthehighvolume
oflargeequipmentthatoperatescontinuouslyfromdawntosunset
6daysweekLarvalsamplingisdifficultanddangerousatthelog
decksMostofthelarvalproductionoccursinpocketsofwater
trappedbetweenthelogswithinthedecksmakingsamplingdifficult
atbestFig4Whencombinedwiththeinherentdangerof
potentiallyunstablelogsandheavyfastmovingmachinerythe
riskstoemployeesoutweighthebenefitsofcollectinglarvalsamples
InsteadweassessadultmosquitopopulationsusingsixCObaited
FayPrincetrapsJohnWHockCoGainesvilleFLFourtraps
areplacedaroundthelogdecksFig1sothatchangesinthewind
directionwillhaveaminimalimpactonthetotalcollection
additionallytwotrapsareplacedalongflywaysthatleadintothe
adjacentresidentialneighborhoodsThetrapcollectionsar
identifiedtospeciesandcountedandsubsamplesarepooledfo
virustestingThepertrapnightaveragesareshownFig6
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MOSQUITOSURVEILLANCEANDCONTROL
CHALLENGESATTHESPILOGDECKS

20042006LogDockMosquitoTrapCollections

2004Akotid8pellet
teatnenteheliooplr

N 3

Figure6Meannumberofadultmosquitoescollectedpertrapnight
attheLogDeckduring2004and2005
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WHATMOSQUITOCONTROLMEASURESHAVEBEEN
TAKENATTHELOGDECKS

SierraPacificIndustriesbearsallcostsformosquitoabatement

ontheirpropertyThecostofaerialapplicationswasaconcernfor
bothSPIandtheDistrictBecausethemosquitoproductionatthe
SPIlogdecksisalongtermproblemthePlacerMosquito
AbatementDistrictPMADwantedtoestablishandmaintaina
goodworkingrelationshipwithSPIThusourgoalwastofindthe
mostcosteffectivewaytokeepmosquitopopulationsbelowthe
thresholdwherediseasetransmissionislikelytooccurInitially
wesoughtamosquitocontrolmethodforthelogdecksthatwas
morecosteffectivethanaerialapplications

2002

In2002PlacerMADsfirstyearofoperationsmosquito
controleffortsinthedeckswerelimitedtogroundbased
applicationsofthelarvicidaloilGB1111andadulticide
resmethrinpluspiperonylbutoxideScourgeItquicklybecame
clearthatthesizeofthedecksmadethetraditionalground

applicationofmosquitolarvicidesunfeasibleWealsodiscovered
thatgroundappliedadulticidesdidnoteffectivelypenetratethe
logdecksbecauseoftheaircurrentsproducedbytheconstant
evaporationofwaterfromthelogdecks

2003

By2003itwasevidentthatthelogdecksweresimplytoo
largefortraditionalgroundbasedproductapplicationsandthe
costofaerialapplicationswasstillaconcernAsanalternative
wesoughtamorecosteffectivecontrolmethodthathadbeenused
successfullyatother albeitsmaller logdeckarraysa
chemigationprogramusingBacillusthuringiensisisraelensis
aqueoussuspensionVectoBac12ASandBacillussphaericus
VectoLexWDGinjecteddirectlyintotheirrigationsystemwas
initiatedFig3Intheearlysummerof2003injectionswere
madeonceweeklyandadultmosquitocollectionscontinuedto
increaseInAugust2003chemigationwasincreasedtotwice
weeklyandamodestdeclineinmosquitotrapcountswasnoted
butbecauseofthelatenessintheseasonandtheabsenceoflong

termhistoricalmosquitopopulationdatawecouldnotdetermine
ifthedropinmosquitonumberswasduetoourtreatmentortothe
naturaldeclineinCulexpopulationsthatoccursinthelatesummer
earlyfall

2004

InApril2004webeganbiweeklychemigationofthedecks
withVectoBac12AShopingtoseeareductioninmosquitoin
mosquitopopulationssimilartothatseenattheendoftheprevious
summerBytheendofJune2004itwasapparentthattheVectoBac
12ASchemigationwasnotadequatelycontrollingthemosquitoes
beingproducedinthelogdeckssoinJulywecontractedalocal
erialapplicatorDibbleAviationMarysvilleCAtoapply

methopreneAltosidpelletsoverthedecksandassociatedponds
anddebrisIn2004twoapplicationsofmethopreneweremadeat
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themaximumlabelrate10lbsacreusingafixedwingaircraft
andtrapcollectionsdeclinedfollowingeachapplicationFig6

2005

Basedontheapparentsuccessofthepreviousyearsaerial
methopreneapplicationsweplannedtocontinueaerialapplications
in2005Howeverbecauseoftheencroachingdevelopmentwe

usedahelicopterwithabucketspreaderinsteadofafixedwing
aircrafttoapplythepelletsThenumberofCulexmosquitoes
collecteddroppedfrom12363to8900mosquitoes a28

reductionat1wkand andto632250at2wkpost

treatmentreductionFig6Atthistimeoftheyearwewere
confidentthatthereductioninmosquitonumberswasattributable
totheapplicationandnottoanaturalseasonaldeclineinthe
populationthatoccurslaterintheseasonWemadeasecondaerial
applicationofmethopreneinAugusttomaintainlownumbersof
mosquitoesduringthepeakofWestNilevirusactivity

DISCUSSION

Thenumberofmosquitoescollectedin2005waslowrelative
tothesametimeperiodin2004Thewetspringandlatesnowmelt
reducedthenumberoflogsthatcouldbeharvestedandtransported
inthespringandconsequentlytherewere 6logdecksatany
onetimethroughtheendofJune2005Thisrepresenteda
substantialreductioninthenumberoflogdecksfromthe2004
seasonandthustheavailablemosquitohabitatoverpreviousyears
AdultmosquitocollectionsremainedlowuntilaboutmidJulyand
whenthemosquitonumbersstartedtoincreasewemadeourfirst
methopreneapplicationonJuly242005Threeweeksafterthat
applicationtrapcountsbegantoincreaseagaintheverylow
mosquitotrapcountonAugust17wasduetothehighwindsthat
eveningandasecondapplicationwasmadeonAugust212005
Mosquitotrapcollectionsdroppedoffrapidlyfollowingthesecond
applicationandnumbersremainedlowfortherestoftheseason

Theestimated30dayresidualeffectofthemethoprenepellets
appearstobereducedtoabout21dayspresumablyduetothe
constantirrigationofthedecksIn2006PMADplanstomonitor
mosquitopopulationswiththesameweeklytrapsetandwillbegin
aerialapplicationsofmethoprenepelletswhenCulexsppnumbers
reach400mosquitoespertrapnightorpossiblyatalowerthreshold
dependingonWestNilevirusactivity

AdditionallyPlacerMADcontinuestorecommendthe
followingpracticesattheSPILincolnfacilitytoreducemosquito
habitataspartofanintegratedmosquitomanagementIMM
program

Regularremovalofthetreebarkanddebristhataccumulate
aroundthebaseofthelogdecksdrainagechannelsand
pondstoincreasetherateofdrainageofwaterfromthelog
decksandreducethestandingwater
Removalofemergentvegetationcattailstulesandsimilar
plantsfromponds
Maintaintheirrigationpondswithsteepsides
Maintaindrainageditchessothattheyareopenfreeof
vegetationandfastflowing
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PlacerMADcontinuestoworkwithSierraPacificIndustries
tolookforeconomicalalternativestocontrollingthemosquitoes
theirlogdeckspropertyinLincoln
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GoneFishinASurveyofMosquitoFishUse ProductionCapacityinCalifornia
JamesinaJScott

PlacerMosquitoAbatementDistrictPOBox216150WaverlyDriveLincolnCA95648

ABSTRACTIn2004theIntegratedPestManagementIPMCommitteewaschargedwithdeterminingwhethertherewere
enoughmosquitofishinCaliforniatostockallthericefieldsinthestateTodeterminethemosquitofishcapacityandhow
mosquitofisharepresentlyusedthroughoutthestatea1pagesurveywassenttoalltoallMVCACmemberagenciesinthe
springof2005Fiftyonememberagenciesrespondedandtheresultsarereportedhere

MOSQUITOFISHAPPLICATIONS

Fiftyof51respondingMosquitoandVectorControlDistricts
MVCDsreportedthattheyusemosquitofishTheoneagencythat
didnotusefishislocatedwithintheLakeTahoewatershed

CaliforniaMVCDsstockmosquitofishinawidevarietyof
sourcesThemostcommonsourcesareornamentallinedponds

86ofreportingMVCDsmanmadeunlinedponds86 stock

tanks74 ricefields74ofreportingMVCDswithricefields
unmaintainedswimmingpoolsspasetc74 andwatergardens

64 Fig1
OthersourceswhereMVCDsreportusingfishinclude

anydiscretesourcewithoutaninletoroutletthatisNOTwithin
the1020yearfloodplain
anyplacewithstandingwaterwherethefishcansurvive
anywaterthatremainsfor6monthsorlonger
borrowpits
byresidentsrequest
creeks

deadendcatchbasins

decomprice
ditches

drains

dredgeponds
duckclubs

wherevercircumstancesjustifyutilizationexceptvernalpools
wherefairyshrimparepresent
floodchannels

groundwaterrechargeponds
incidentalagriculturalanddomesticsources
intermittentsourcesthatholdwaterfor12months

irrigationditches
logdeckponds
naturalwetlands

organicrice
oxidationponds
perennialponds
pondingbasins
retention detentionbasins

7RRbarditches

sloughs
State Federalwildlifeareas

stormdrainsumps
variousotherfloodedareas

wetlandlikewildlifeareas

wildlifeareas
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CALIFORNIAMOSQUITOFISHPRODUCTION

Presently29MVCDsproduceorharvestfromexistingsources
acombinedtotalof14432to14850poundsofmosquitofishper
yearTheseMVCDsestimatedthattheycouldproduceharvesta
maximum21569poundsofGambusiaannuallywiththeirexisting
facilitiesandseveraldistrictsreportedthattheywereeitherbuilding
newfishrearingfacilitiesorplanningtoimproveorbuildfishrearing
facilitiestoincreasetheirmosquitofishproductionThegreatest
quantitiesofGambusiaareproducedbyMVCDsthathavelarge
acreagesofricefieldswithintheirborders

Eighteendistrictsreportedbuyingacombinedtotalof1215
1296poundsoffishperyearfromotherdistrictsandonedistrict
reportedthatthisyeartheypurchased2000poundsofmosquito
fishfromacommercialcatfishcompany

Overonehalfofrespondingdistrictsreportedthattheyharvest
mosquitofishfromexistingsourcesmanyofthesedistrictsneither
rearnorpurchasetheirGambusiabutinsteadrelysolelyonmosquito
fishharvestedfromexistingsourceswithintheirdistricts

OnlytwoagenciesContraCostaandSacYoloMVCDs
reportedusingfishotherthanGambusiaformosquitocontrol

STOCKINGLIMITATIONSANDPUBLICPERCEPTIONS

ExceptforInyoMonoSanBernardinoRiversideandImperial
countieswhereGambusiamaynotbeplantedwithoutthewritten
concurrenceoftheCaliforniaDepartmentofFish GameCAC

Title14Section2385fthemajorityofMVCDs45of50districts
allowresidentstopickupfishfromtheDistrictofficetostocksources
ontheirprivatelyownedpropertyMostagenciesprovide
supplementalinformationaboutmosquitofishincludingwhere
mosquitofishcanlegallybeplanted

MostMVCDs4150reportedthattheyperceivethatthereis
anincreaseddemandfromthepublicformosquitofishthisyear
overpreviousyearsandseveraldistrictsreportedthattheyhadseen
uptoafourfoldincreaseinfishrequestsfromtheirresidentsThe
publicsawarenessofWestNilevirusinCaliforniaappearstobe
drivingtheincreaseddemandformosquitofish
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Figure1ThemosquitosurveythatwassenttoallMVCACmemberdistrictsandthe summaryofresultsareshownhere
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MVCACMosquitoFishSurveySummaryofResults

PleasecompletethissurveyandreturnittoJamieScottatjiscottaplacermosquitoorg
orFAXitto9164358171orpostittoPOBox216LincolnCA95648

Whatisthenameofyourdistrictagency51MVCACMemberAgenciesreturnedcompeted surveys

98Yes

4Yes

36Yes

36Yes

90Yes

82Yes

86Yes

DoesyourdistrictusemosquitofishIfnowhynotThesingledistrictthatdoesnot
useGambusiaislocatedwithintheLakeTahoewatershed
Ifyeswhatareyourmajorapplicationsformosquitofish

Watergardens64 Ornamentalpondslined86
Stocktanks74 Manmadepondsnaturalbottom86
Ricefields74of OtherSeeattachedreport50

MVCDSwithrice Other

Unmaintainedswimming Other

poolsspasetc74

Doesyourdistrictusefish othermosquitofish formosquitocontrolIfyeswhat
otherfishdoyouuseandwheredoyouusethemSacramentoPerchinexperimental
pondsGuppiesinkoiponds acidicsourcesSticklebacksinswimmingpools
inthefallformosquitocontrolinlandscapelakesinthespringformidgecontrol

DoesyourdistrictpurchasemosquitofishfromanotherdistrictIf yesapproximately
howmanypoundsofmosquitofishdoyoupurchaseperyear32033283pounds year

includes2000poundspurchasedfromSuperiorCatfish

DoesyourdistrictrearitsownmosquitofishIfyesapproximatelyhow manypoundsof
mosquitofishdoyouproduceperyear14410to14826lbs peryear

Whatwouldyouestimateisthemaximumquantityofmosquitofishthat yourdistrict
couldproduce21545lbsyearmaximumwithexistingfacilities

73Yes DoesyourdistrictusemosquitofishinricefieldsIfyesapproximatelyhow manyacres
Of19MVCDs ofricedoyoustockwithmosquitofish31852to41453 acresperyear
withricefields Approximatelyhowmanypoundsoffishdoesyourdistrictstock peracreofrice

02to30poundsacre
79Yes Wouldyourdistrictstockfishinallofitsricefieldsifenoughfish wereavailableWhy
Of19MVCDs orwhynotSeeattachedreport
withricefields

Doyoupermitresidentstopickupmosquitofishfrom yourdistrictsothattheycanstock
theirownsources

Doyouperceivethatthereismoredemandfromyourresidentsformosquitofishthis
year2005thaninpreviousyears

Doyouanticipateusingmoremosquitofishinyourdistrictthis year2005thanin
previousyears

Ifyouneedmorespacepleasefeelfreetoaddcomments onthebackofthissheetoraddmoresheetsas
neededThankyoufortakingthetimetoanswerthesequestions
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MOSQUITOFISHINRICEFIELDS

Fourteenofthe19MVCDswithricefieldsintheirjurisdictions

reportedusingmosquitofishintheirricefieldsand15ofthem
repliedthattheywouldstockalloftheirricefieldswithmosquito
fishifenoughfishwereavailableAfewMVCDsreportedthat
theyalreadystockmosquitofishinalloftheirricefieldsorinall
oftheirorganicricefieldseachofthesedistrictsisresponsiblefor
mosquitoabatementofafewhundredacresupto5000acresof
riceFourMVCDsrepliedthattheywouldnotnecessarilyplant
mosquitofishinalloftheirricefields

Weusemosquitofishonlyinorganicrice
Weonlystockricefieldsthatareproducingmosquitoes
aboveourthresholdlevels

Ourpastdataindicatesthatmosquitofishsave12larviciding
treatmentsperseasonOnceCulextarsalisandAnopheles
freebornireachtreatmentthresholdsmosquitofishcannotkeep
pacesowerelyonlarvicidesIwouldnotbeaversetotrying
fishatdifferenthigherstockingrates
Stockingratesofreportingdistrictsvariedfrom02to30

poundsoffishacre
In2003approximately507000acresofricewereharvested

inCaliforniaCaliforniaFieldCropReviewVol25No1January
212004CaliforniaAgriculturalStatisticsServiceAtthelowest
reportedstockingrateof02poundsacre101400poundsof
mosquitofishwouldberequiredtostockallricefieldsinCalifornia
Thisisapproximately47timestheestimatedmaximummosquito
ishproductioncapacityofallDistrictsinCaliforniaandnearly7
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timestheactualquantityofGambusiarearedandharvestedper
yearbyMVCDsIfmosquitofishwereplantedinallricefieldsin
Californiaatthehighestreportedstockingrate 30lbsacre

over15millionpoundsofmosquitofishwouldberequiredor70
timesthemaximumestimatedannualproductioncapacityin
California

CONCLUSIONS

ThemajorityofMVCDsreportedthattheyconsiderGambusia
animportantcomponentoftheirIntegratedMosquitoManagement
IMMprogramincludingthecontrolofmosquitoesoriginating
fromricefieldsTherewereafewagenciesthatreportedthatthey
didnotconsidermosquitofishtoplayamajorroleintheirIMM
programshowevertheydidnotspecifywhy

Clearlyevenifitwereeconomicallyfeasibletherearenot
enoughGambusiarearedbyMVCDsinCaliforniatostockallrice
fieldsevenatthelowestrateof02lbacreHowevermany
Districtsreportedthattheuseofmosquitofishwithintheirrice
fieldsreducedtheneedforlarvicidinginthesefieldsparticularly
atstockingratesof10lbacreorgreaterAlthoughstockingall
ricefieldsinCaliforniawithmosquitofishisnotpresentlypossible
theselectivestockingofsomefields particularlyorganicrice
fieldsfieldswithphysicalbarrierssuchaspowerlinesthat
interferewithaerialapplicationsoflarvicidesorthosefieldsthat
havehistoricallyproducedmoremosquitoesthanadjacentfields
maybeanimportantpartofIMMinrice
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WestNileVirusEducationinTheSecondYear

EricksonCJJBBenitoAMKjemtrupBHSun

CaliforniaDepartmentofHealthServicesVeterinaryPublicHealthSectionSacramentoCASacramentoYoloMosquitoandVectorControl
DistrictElkGroveCACaliforniaDepartmentofHealthServicesVectorBorneDiseaseSectionSacramento CA

ABSTRACTTheCaliforniaDepartmentofHealthServicesCDHSand manylocalagenciesincludinghealthdepartments
mosquitoandvectorcontroldistrictsandenvironmentalhealthagenciesdevelopedandimplementedWest NilevirusWNV
preventioneducationcampaignsin2004inresponsetothespreadofWNVthroughoutthe stateThesecampaignscontinued
into2005whilethefocusofWNVactivityshiftedfromsouthernCaliforniain2004 tonorthcentralCaliforniain2005
SacramentoCountyreportedthehighestnumberofcasespercountyinthestate175The purposeofthisstudywasto
evaluatetheefficacyoflocalWNVpreventioneducationprogramsand assesswhetheragenciesfacedissuesdifferentinthe
northernpartofthestateasopposedthesouthernpartofthestateIn acasestudyofamosquitoandvectorcontrolagencys
experiencewithWNVpreventioneducationintheSacramentoValley anonlinesurveywassentto100localagenciesQuestions
focusedonmaterialsmajorpreventionmessagesusedmethodsofdistributionand costAdditionallyagencieswereaskedto
assesstheperceptionofthepublictotheirmessagesandtoexpand onfutureplansfortheirWNVpreventioneducation
programsOver30ofqueriedagenciesrespondedasofDecember12005Mostagencies90 usedtheFighttheBite
materialsofferedbyCDHSandhalfofthemdevelopedtheirownmaterialstotargettheirspecificpopulations Materialswere
distributedinatleastninelanguagesPrintmaterialwasthemost commonwaytodistributeinformationalthoughunique
approachessuchasvisitingmigrantworkersjobsitesandmedicalcarefacilities werealsoimplementedNorthernCalifornia
agenciesfacedsimilarproblemsin2005ineducatingtheirpublicaboutWNV asdidagencieslastyearinsouthernCalifornia
ReachingCaliforniasdiversecommunitiescontinuestobeachallengeforeffectiveWNVprevention education

Publicperceptionsurroundingaerialadulticingbecameimportantin2005particularlyinnorthernCalifornia Sacramento

YoloCountyMosquitoVectorControlincreasedeffortstoinformtheirresidentsnotonlyaboutWNV preventionbutalso
abouturbanaerialadulticidingUrbanaerialadulticidingwasamajoreducationalobstaclein2005 andwilllikelybean
importantissueforWNVeducatorsin2006Specificapproachesineducatingthepubicwillbe presented
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DistributionofResistanceGenesinMosquitoesACaseStudyof
AnophelesgambiaeonBiokoIsland

LisaJReimerFredericTripetMichelSlotmanAndrewSpielmanEtienneFondjoandGregoryC Lanzarol

DepartmentofEntomologyUniversityofCaliforniaDavisCA95616USA
DepartmentofImmunologyandInfectiousDiseasesHarvardUniversityBostonMA02115USA

NationalMalariaControlProgramNationalMinistryofPublicHealthPOBox14306YaoundeCameroon

Pyrethroidsarethefastestgrowingclassofinsecticidesandare
usedworldwideforbothagricultureandvectorcontrolAccording
totheWorldHealthOrganizationvectorresistancetoinsecticides
isthemostoutstandingtechnicalproblemimpedingthedevelopment
ofvectorcontrolprogramsThisproblemisfurtherexacerbatedif
thetargetedvectorhasacomplexpopulationstructureasseenin
CulexpipiensBarr1982CxtarsalisGimnigetal1999
AnophelesgambiaeDavidson1964andAnfreeborniPorterand
Collins1996Withthesespeciesnotonlyisitimportantforusto
monitorresistanceanddevelopnovelstrategiesforefficientvector
controlbutwealsomustunderstandthecomplicatedfactorsthat
influencethespreadofresistancethroughpopulations

Theinsectsodiumchannelistheprimarytargetsitefor
pyrethroidinsecticidesandDDTTheinsecticidebindstothesodium
channelandthisperturbationofnerveactionresultsinexhaustion
andrapidknockdownKnockdownresistancekdrisconferred

asinglepointmutationinthesodiumchannelgenethatprevents
secticidebindingChandreetal1999Similarmechanismsof

geneticresistancehaveevolvedinanumberofmosquitospecies
includingCxpipensAeaegyptiAngambiaeaswellashouse
fliesandagriculturalpests

Inordertounderstandthedistributionofinsecticideresistance

inAngambiaewemustfirstconsideritscomplexgeneticstructure
TherearetwosubpopulationsdesignatedMandSmolecularforms
Likemanymosquitosubpopulationstheyaremorphologically
identicalandcanonlybedistinguishedbyPCRAlthoughtheyoccur
insympatrytheformsexhibitstrongpositiveassortativematingand
areconsideredbymanytobeincipientspeciesLanzaroandTripet
2003InWestAfricakdrhasbeenstronglyassociatedwiththeS
molecularformevenatsiteswhereSandMformsaresympatric
ResistanceintheSformhasbeenreportedfromtheIvoryCoast
Weilletal2000dellaTorreetal2001BenindellaTorreetal
2001NigeriaAwololaetal2003MaliFanelloetal2003and
BurkinaFasoDiabateetal2003Morerecentlykdrhasbeen
foundintheMforminBeninWeilletal2000dellaTorreetal
2001BurkinaFasoDiabateetal2004andGhanaYawsonetal
2004Inthesecasesalthoughmatingislimitedithasbeensuggested
thatthekdrmutationreachedtheMformthroughmatingwith
resistantSformindividualsWeilletal2000Evidencetosupport
introgressionwasfoundbysimilaritiesintheintronnearthekdr
gene

BiokoIslandisasmallisland75kmoffthecoastofCameroon
n2001nokdrassociatedresistancewasdetectedanywhereonthe

islandBerzosaetal2002orinCameroonineitherformEtanget
al2003Gentileetal2004Weilletal2000Thisfindingledto
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thelaunchoftwomalariacontrolcampaignsontheislandoneusing
pyrethroidtreatedbednetstheothertosprayallhomesinthecapitol
25000withdeltamethrinMCDINewsletterMarch2004
Mosquitoabatementpersonnelbegannoticingresistanceandwere
reportingcontrolfailuresSincethispopulationwassusceptibleprior
tothecampaignswewantedtocharacterizetheamountofresistance
anddetermineitsoriginForimprovedcontrolmeasuresitis
importanttodistinguishwhetheritaroseindependentlyontheisland
afterpyrethroidexposureorifitarosethroughmatingwithanearby
resistantpopulationForcomparisonwiththemainlandpopulation
wealsochosetostudyTikothenearestmainlandsiteinCameroon

Throughanalysisofmicrosatellitemolecularmarkerswe
determinedthattheislandpopulationisreproductivelyisolatedfrom
themainlandandthatontheislandtheMandSformsare

reproductivelyisolatedWethenperformedaPCRdiagnosticto
detectthekdrmutationAlthoughweexpectedtoseesomelevelof
resistancebasedonthereportsfromabatementpersonnelourresults
wereverysurprisingReimeretal2005EightypercentofMform
mosquitoesn36onBiokoIslandcarriedatleastonecopyofthe
resistantallelewhilenoresistancewasdetectedintheSformn25
NoresistancewasfoundineitherforminTikon68Basedon

theseresultsitappearsthatresistancearoseindependentlyintheM
formThisisaverydifferentpatternthanwhatwasseeninmainland
WestAfricawhereresistancearoseintheSformandovertime
throughlimitedmatingenteredtheMformWethensequencedthis
geneandthepolymorphicintronthatprecedesitinordertoconfirm
ourfindingsandtoseeiftherewereanypatternsthatmightsuggest
thatresistancecouldhaveenteredfromanexistingresistant
populationfromthemainlandThesequencedatasuggeststhatkdr
indeedaroseindependentlyintheMform

OnBiokoIslandtheMandSsubpopulationswereexposedto
thesameamountofpyrethroidsandwerecollectedfromthesame
locationsHoweverknockdownresistancewasonlyseenintheM
formandmostlikelyaroseindependentlyFurthermoreresistance
intheMformarosewithintwoyearsprobablyinresponseto
intensiveandextensivepyrethroidapplicationthroughinsecticide
treatedbednetsandindoorresidualspraying

Theapplicationofchemicalinsecticidesremainsanimportant
componentforvectorcontrolHowevermanymosquitospeciesthat
occuraroundtheworldhavecomplicatedpopulationstructure
includingAnfreeborniAnquadrimaculatusandCxpipiensThese
specieshavemorphologicallyidenticalsubpopulationsthatare
reproductivelyisolatedandgenesincludingthosethatconfer
resistancewillnotbedistributeduniformlyAswesawonBioko
Islandresistanceinapopulationcanoccurindependentlyandvery
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quicklyinthepresenceofinsecticidesThiscasestudyemphasizes
theintegralroleofpopulationgeneticsinnotonlymonitoringand
predictingbutalsoinmanagingthespreadofinsecticideresistance
formoreeffectivemosquitocontrol
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EfficacyandResidualActivityoftheAdulticideDeltamethrinagainstMosquitoes in

UndergroundStormDrainSystems

SusanneKluhJaniceStroudMichaelWShawJingZhaiJimDennet
JackEHazelriggandMinooBMadon
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ABSTRACTThepurposeofthesetrialswastoassesstheefficacyofadulticideapplicationsformosquitocontrolinUnderground
StormDrainSystemsUSDSDeltamethrinwasappliedtotheupperthreefeetofmanholewallsof3treatedsystemswithin
thecityofPicoRiveraLosAngelesCountyAfourthuntreatedsystemservedascontrolDuetotoxicity tofreshwateraswell

asestuarinefishandinvertebratescontaminationofwaterinthelateralshadtobepreventedToachievethisaunique
techniquewasemployedThetreatedareaofeachmanholechamberwassealedtightlywithaninflated beachballtoprevent

materialintroductionintothelateralsTreatmentefficacyandresidualtreatmenteffectswereassessedwithEVSCOlight
trapsandexposureofadultmosquitoestotreatedanduntreatedwallsurfacesrespectivelyAdultmosquitoesexposed totreated

wallsurfacesshowedhighmortalityratesforupto3months

INTRODUCTION

TheUSDSinurbanLosAngelesisacomplexnetworkofdrains
catchbasinsandmanholechambersWithintheCityofLosAngeles
alonethereare1500milesofstormdrains6700milesofstreet
drainsand34000catchbasinsGLeeMooreperscommThe

thishistorically knowntobecapableofproducinglarge
numbersofmosquitoesincludingCulexquinquefasciatusSaythe
predominantspeciesinUSDSinCaliforniaSchaefferandMulligan
19801981DhillonandMulla198219831984DhillonMulla
andChaney1985anddeterminedtobetheprimaryvectorofSLE
intheHoustonepidemicof1964Pigford1964Duetorestricted
accessibilityofbreedingsourcesinthesesystemscontrolling
mosquitopopulationsinUSDScontinuestobeachallengingtask
forlocalmosquitoandvectorcontroldistricts

LarvicidingtrialsusingtheLAVectorUSDSLarvicide
ApplicatordevelopedatGreaterLosAngelesCountyVector
ControlDistrictdemonstratedthatwhileusingthisnewmethod
breedingwithinasystemcouldbeeffectivelycontrolledEVS
COtrappingstilldocumentedhighnumbersoffemalemosquitoes
usingtheUSDSasshelteredrestingsitesKluhetal2001Earlier
studiesdemonstratedthatmostadultrestingactivitytookplaceon
theverticalwallsoftheuppermanholechambersDhillonand
Mulla198219831984Applicationofaresidualadulticideto
theupperthreefeetofwallinallmanholescouldtherefore
potentiallysignificantlyreducethenumberofrestingfemales

MATERIALSANDMETHODS

Thethreeselectedtrialsitesaswellastheuntreatedcontrol
sitewereselectedfromsitesusedinprevioustrialsinordertoallow

limitedcomparabilityofresultsThesefourUSDSareknownto
istoricallyproducemosquitoesandarelocatedwithina5sqmi

areaintheLABasinFig1Twosetsoftrialswereperformed
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duringthesummerandfallof2002Whilethefirsttrialconsisted
ofanadulticideapplicationonlythesecondcombinedadulticiding
andlarviciding

OnJune42002deltamethrinSuspendSCwasappliedto
theupperthreefeetofallmanholechamberwallsatthreesites
Applicationsweremadeatthelowestlabelrecommendedrateof
075flozgalappliedatarateof1gal1000sqftusingaBFG
pressuresprayerwithafannozzleDuetotoxicityofdeltamethrin
tofreshwaterandestuarinefishandinvertebratescontamination
ofthestormdrainrunoffduringapplicationwaspreventedby
employingauniquemethodbysealingthelowerpartofthemanhole
chamberwithaninflatedbeachballpaddedwithabsorbentcloth
Fig2Treatmentefficacyandresidualadulticideactivitywas
monitoredwithEVSCOtrapsandbyexposureofcagedadult
femalemosquitoestotreatedanduntreatedwallsurfacesFig3

OnSeptember262002thethreetrialsiteswerefirsttreated
withacombinationofBacillussphaericusVectoLexWDG and

BacillusthuringiensisisraelensisVectoBac12AS11ata
dilutionrateof1lb133galofwaterandappliedatarateof2gal
acreusingtheLAVectorUSDSLarvicideApplicatorfollowed
byanapplicationofdeltamethrinatthehighestrecommendedrate
of15flozgalappliedatarateof1gal1000sqftTheefficacy
andresidualactivityofdeltamethrinwasmonitoredasdescribed
earlier

RESULTSANDDISCUSSION

Figure5illustratestheresultsoftheadultmonitoringinthe
untreatedcontrolsystematLambertAvethroughouttheduration
ofthefirsttrialLownumbersofadultswereinitiallypresentdue

topriortreatmentofthissystemDuringthefollowingfourweeks
howeveradultmosquitonumbersincreasedrapidlyto400females
trapnightnecessitatingflushingofthesystemwithwaterinorder
tolimittheimpactofthetrialonmosquitoabundanceinthe



128 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume74

Figure3Cagesforcontrolledexposureofadultfemale
mosquitoestotreatedanduntreatedwallsurfaces

Figure1Locationoftrialsites 1PicoVistaRdnorthtreated 3BequetteAvetreated
LACounty2PicoVistaRdsouthtreated 4LambertAvecontrol

Figure2Manholewithinflatedbeachballandabsorbent
padding

Proc PapersMosqVectorControlAssocVol74



Volume74 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

10males females

Figure5EVSCOtrapresultsattheuntreatedcontrolsite

surroundingneighborhoodwithoutinfluencingthesystemsmosquito
productivityforanextendedperiodTheflushingresultedina
reductionofadultsbutadultmaleandfemalenumbersincreased
onceagainduringthefollowingweeksBetweenJuly18and26
2002weobservedthepresenceofusedmotoroildumpedintothe
USDSbyaresidentwhichmayhaveeffectivelypreventedmosquito
breeding

Figures6through8presenttheresultsofEVSCO2trapping
withinthetreatedsystemsWhileadultnumbersatBequetteAve
Fig6andNPicoVistaRdFig7mostlyremained100females
dapnightadultcountsatSPicoVistaRdFig8duringthe
bservationperiodexceeded200femalestrapnightAdultcounts

atthesetreatedsitesneverreachedthehighlevelsoftheuntreated
controlbutthelevelofcontrolachievedbyresidualadulticide
applicationatrestingsiteswasunsatisfactoryMortalityratesin
cagedsentinelmosquitoesFig9exposedtothetreatedmanhole
wallsshowhoweverthatthelackofcontrolsuccesswasnotdueto
theineffectivenessoftheadulticideOnJune272002mortality

ratesoftheexposedadultswere100atBequetteAveandSPico
VistaRdand96atNPicoVistaRd33oftheuntreatedcontrol

sitemosquitoesatLambertAvealsodiedduetohotanddryweather
conditionsSurvivalrateofunexposedmosquitoesimprovedduring
thefollowingweeksastransportandholdingconditionsofthe
samplesfromthefieldtrialswereenhancedMortalityatBequette
AveandSPicoVistaRdremainedhighthroughtheendofAugust
whiletheresidualactivityatNPicoVistaRddecreasedand
eventuallycompletelysubsidedTheseresultsdemonstratethat
mortalitywasduetomosquitoesrestingonthetreatedwallsofthe
systemsbutthepopulationdecreasethusachievedwasnot
satisfactoryAsexpectedtheEVSCO2trappingresultsdemonstrate
ahighpresenceofmaleadultsinalltrapsthroughoutthetrialperiod
SincemalesarenotattractedtotheEVSCO2trapstheirpresence

indicatestheproximityofthesourceandconfirmscontinuityof
breedingintheUSDSThusitbecameobviousthatapplicationofa
residualadulticidewouldhavetobecombinedwithlarvicidal

reatmentstoachieveacceptablelevelsofcontrol
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Figure9Mortalityrateofadultmosquitoes2hoursafterexposure
totreatedanduntreatedwallsurfaces

Thesecondtrialcombinedlarvicidalandadulticidalefforts
Figure10illustratesEVSCO2trappingresultsatNPicoVistaRd
duringalarvicidaltrialinfall2000Lowadultmalemosquito
occurrencedemonstratedthesuccessofthelarvicidalapplications
incontrollingtheimmediatebreedingsourceFemalecounts
howeverremainedhighduetoattractiontotheCO2sourcefrom
surroundingsystemsorperhapsfromneighboringaboveground
areasFigure11showstheresultsofthecombinedtreatmentsin
2002Maleaswellasfemalemosquitonumberstrapnightwas100
Althoughthereductioninthenumberofmalesduetoeffective
larvicidinghadpreviouslybeenachievedthislevelofreductionof
flyinfemaleshoweverduetotheadulticidetreatmentofresting
surfaceshadnotbeenachievedbefore
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Figure10EVSCOtrapdataonmosquitoesatthePicoVistaRd
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CONCLUSIONS

Volume74

Ourresultsdemonstratethatresidualadulticidalapplicatio
alonetorestingareaswithinUSDSmayreducemosquito
populationsbutnottosatisfactorylevelsLarvicidalapplications
withintheUSDSeffectivelypreventsmosquitobreedinginthe
treatedsystemsbutwarmandmoistconditionsbelowgroundstill
provideattractiverestingsitesforadultsthatmayhaveoriginated
fromelsewhereAcombinationoflarvicidingandadulticiding
appearstoachievesatisfactorylevelsofcontrolOccasional
flushingoftheUSDSwithwatersignificantlyenhancescontrol
effortsbyremovalofaccumulatingdebriscontributingtostagnant
pocketsofwaterSinceUSDSareknowntobeimportant
overwinteringsheltersanadulticideapplicationtotheresting
surfacesinlatefallmaysignificantlyreduceoverwintering
mosquitoesthiswouldresultinlowernumbersofmosquitoesthe
followingspringSuccessfulcontroleffortscouldpotentiallyreduce
notonlypopulationsbutalsohaveapositiveaffectonthenumber
ofoverwinteringfemaleseventuallyleadingtoprotectionfrom
exposuretoarboviraldiseases
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TheHistoryofPlagueinCalifornia1900 1949
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ABSTRACTDuetoourpreoccupationwithcurrentemerginginfectionssuchasWestNileVirusHantavirusandLyme
diseaseweneedtobevigilantaboutpreexistingzoonoticdiseasessuchasplagueThepaperpresentsageneraloverview of

thehistoryofplagueandprovidesanindepthaccountoftheearlyhistoryofplagueinCaliforniaThepaper alsolistsallofthe

411casesofhumanplagueinthestatebyyearmonthlocalitysexandoutcomeforthefirst50years19001949 Italso

summarizesthemovementsanddynamicsofbothhumanandanimalplaguechronologicallywithinthestateforthoseyears
Muchoftheinformationpresentedisnotcoveredinrecentreviewsonthissubject

INTRODUCTION BerkenhoutinearlypaperswasMusnorvegicusandtheblack
rat RattusrattusLinnaeuswasMusrattus

PlaguecausedbythebacteriumYersiniapestisYersinisa
zoonoticdiseaseinvolvingnumerousmammalianhostsprimarily
rodentsandtheirfleasPlaguepresentsinthreeformsbubonic
septicemicandpneumonicPlagueisprobablythemostfearedof
allzoonoticdiseasesknown

Therehavebeenseveralmajorplaguepandemicsrecordedover
thelast1500yearstheJustinianplagueof500to600ADthe
BlackDeathfromthemid1300stothemid1700ssometimes

videdintothe BlackDeathfromthemid1300stolate1500s

followedbyareappearanceinthemid1600stothemid1700sand
ourcurrentplaguepandemicwhichbeganintheYunanProvinceof
ChinashowingupinHongKongby1894andCalcuttaIndiaby
1895Thisrecentpandemicspreadrapidlyaroundtheworldgreatly
facilitatedbytheincreasingtransportofcargobysteamshipsDickie
1926Link1955Twigg1978Thehistoryofplaguewillcoverthe
first50years19001949includingalistofallhumanplaguecases
in19countiesand42localitieswithinthestateThefirstindigenous

caseofficiallyreportedashumanplagueforCaliforniaaswellas
NorthAmericawasinSanFranciscoafatalcaseinamaleaged41
withanonset7Febanddeathon6Mar1900Thiscasewasfollowed
bythreeadditionalfatalcasesinMarandsignaledtheonsetofthe
firstepidemicintheUnitedStates

MostoftheearlyworkonplagueinCaliforniawasdoneby
officersoftheUnitedStatesPublicHealthandMarineHospital
ServicesUSPHMHSandtheUSPublicHealthServicesPlague
LaboratoryUSPHSPLinSanFranciscoCALink1955lists
310publicationsjustonplaguebyPublicHealthServiceofficers
from1897to1951withwelloveronehalf17958 publishedby

1916and21770 by1929
Priortorecentpublicationsanumberoftaxonomicsynonyms

existinliteraturereviewsforanhistoricalbackgroundAfew

examplesrelatedtooursearchincludetheplaguebacillusYersinia
pestisYersinBacilluspestisandPasteurellapestistheCalifornia
aroundsquirrel SpermophilusbeecheyiRichardson
OtospermophilusbeecheyiandCitellusbeecheyiandtheground

squirrelflea OropsyllamontanaBakerCeratophyllusacutus
andDiamanusmontanuseventheNorwayratRattusnorvegicus

Proc PapersMosqVectorControlAssocVol74

EARLYHISTORY

Therearethreeexcellentreviewsontheearlyhistoryofplague
inCaliforniaWherry1908Dickie1926andLink1955The
firstplaguereportedfortheUnitedStateswasfromtheJapanese
shipSSNipponMaruthatarrivedinSanFrancisco27Jun1899
fromHongKongviaHonoluluInterestinglyalmost11yearslater
18Jun1910thesameshipprovidedthefirstisolationofplague
fromaratonboardashiparrivingintheUnitedStates alsoSan

FranciscoLink1955
WilliamBWherry1908withtheUSPHMSOakland

providesamustreadandexcellentcomprehensiveanddetailed
reviewofplagueworkandworkersinCaliforniaPlagueAmong
GroundSquirrelsofCaliforniaItgoeswellbeyondthetitlePlague
wasfirstdetectedinSanFranciscosChinatownin1900with22
fatalities25in190141in1902and17fatalitiesin1903allcases
fromSanFranciscoOneoftheearlycasesinAug1903wasa
blacksmithfromPachecoContraCostaCountyCCCwhohad
beensquirrelhunting34daysbeforeonsetWhenhebecamesick
hewenttoGermanHospitalSanFranciscoanddiedofplague
RupertBlueinchargeofplaguecontrolinSanFranciscowhile
investigatingoneofthecasessaidIwasimpressedwiththe
possibilityofgroundsquirrelinfectioninContraCostaCounty
suggestingthatthesetwocaseswerepossiblyrelatedtoground
squirreltransmissionIthadbeenrumoredin1903thatanepizootic
wasdevastatingtheCaliforniagroundsquirrelsCGSinCCCthe
previousyearDHCurryoftheplaguelaboratoryin1904was
firsttoshowexperimentallythatCGSsweresusceptibletoplague
Wherry1908Amongearlycasesofplaguereviewedwasaboy
thatdiedofplague15JUL1908onaranchinCCCThiscase
resultedinthefirstconfirmationofnaturallyinfectedCGSsby

McCoy1908inasquirrelfromthesameranchon5Aug1908and
byWherryInMcCoy1908on24Aug1908InthesamePublic
HealthReportsie11Sep1908Annon1908providesthefirst
plaguecasefromSouthernCaliforniaLosAngelesaboybittenon
thefingerbyaCGSon5or6Augsickenedon11Augandseenby
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aphysicianon12AugThiscasewasfollowedupbyMcCoyWherry
1908whoestablishedtheboysageas10andthatthebiteoccurred
inElysianParknotBuenaVistaParkneartheSouthernPacific
RailroadyardThesickCGSwasapparentlykilledbyadogorcat
howeveron21AugaplaguepositivedeadCGSwasfoundwithin
50yardsofthebitelocationAccordingtoDickie1926theinfected
CGSswereprobablycarriedfromtheSanFranciscoareasouthby
traintotherailroadyardnearElysianParkInrespecttothefirst
probablesquirrelbitetransmissionCurrieWherry1908showed
thataconsiderablepercentageofplagueinoculatedCGSsdevelop
plaguepneumoniaandthatthemucusintheposteriornareswas
proveninfectioussuggestingthatthebiteofaplaguesickCGScould
resultintransmissionAworkernamedKleinin1906Wherry1908
suggestedthattheinitialhumancaseofapneumonicplagueoutbreak
mayarisefromanonhumanpneumonichostAswellasreviewing
theearlycasesWherry1908coverstheepidemiologicpathologic
andbacteriologicfactorsthenaturalandexperimentalaspectsand
theinterrelationshipsoftheCGSsratshumansandtheirfleas
BesidestheCGSandratfleasitalsoincludesthehumanfleaPulex
irritansLinnaeusHementionsthataplagueinfectedsquirrelhunter
couldreturntoanurbanareaandinfectratsviasquirrelfleasorby
thehumanhimselfbeingthesourceofinfectionforhumanfleasAt
thetimePirritanswasrelativelycommonandcouldsometimesbe
foundingreatnumbersonNorwayratsInafootnotehestatesthat
theyfoundaninfectedratinthebasementofavacanthousein
Oakland

Itthebasementwasriddledwithratrunwaysitwasso
heavilyinfestedwithfleasthatthedustonthefloorcouldbeseento
pulsatewiththeirmovementsFoursheetsofflypaperwereplaced
onthefloorofthebasementforoneminuteandthenremovedone
with100fleasanother115fleasthethirdabout95thefourth
about75fleasatleastoneofthesePirritanswasplagueinfected

Thisobservationisofinterestbecausethehumanfleacould

haveplayedaroleintheplagueoutbreaksoftheSanFranciscoBay
areaEll1980inaninterestingbutseldomcitedstudydeveloped
arelativelystrongcasethatthemajorinterhumantransmissionof
medievalplaguewasbyPirritansnotaratfleaorpneumonically
eventhoughbothwereinvolvedininterhumantransmissionsee
alsoGottfried1985Itwasalsoknownthatthegroundsquirrel
fleaOmontanaandHoplopsyllusanomalusBakerhadbeen
identifiedfromNorwayratsbyRWDoaneinAug1908Wherry
1908andthatitshowedapossibleconnectionbetweenratsand
CGSs

AnoutstandingworkeratthetimewasGWMcCoyUSPHMHS
SanFranciscowhopublished37papersonplagueaseithersole
orseniorauthor35werepublishedbetween1908and1914His
workcoveredallaspectsofplagueincludingseminalpaperson
wildrodentplagueforexamplethefirstdemonstrationofanaturally
plaguepositiveCGS1908followedupbyshowingthatground
squirrelfleasOmontanaandHanomaluswouldbitehumans
Wherry1908virulencestudiesonvariousplaguecultures1909a
rodentsusceptibilitytoplagueingophersfieldmicevolesand
CGSs1909bimmunityofSanFranciscoratstoplague1909c
thefirstcaseofsquirrelplagueinmanwhichcametoautopsyin
AmericawithWherry1909pathologyandbacteriologyofplague
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innaturallyandexperimentallyinfectedCGS1909dandamong
otherstudiesheprovedconclusivelythatOmontanatransmitsplagu
fromoneCGStoanother1910alsoafirstHealsofollowed
thefirstcaseofplagueinsouthernCaliforniaLosAngeles

WilliamMDickie1926fromtheCaliforniaStateBoardof
HealthSacramentocoverstheperiod1900 1925About23is

devotedtotheLosAngelespneumonicplagueoutbreakofOct1924
where30of32caseswerefatalThefirstpneumonicoutbreakwas
inOaklandduringSep1919when13of14caseswerefatalLos
AngeleswasthesecondBy192610countiesinCaliforniahad
reportedhumanplagueassociatedwiththeCGSItwassuggested
thatthesecondplagueoutbreakintheSanFranciscoBayarea
commencingin1907wasduetotransmissionfrominfectedCGSs
toratsOfinterestitwasnotedthatovertheyearstonsofCGSs
wereshippedintoSanFranciscoandOaklandforfoodat075to
125perdozenbigmoneyforthelate1800sandearly1900s
Higherpriceswereofferedbyfancyrestaurantssincetheycould
obtainfourgourmetfroglegsfromasingleCGSThispractice
couldhavecontributedtoplagueintheSanFranciscoBayarea

VernonBLink1955PHSPLSanFranciscoauthoredPublic
HealthMonographNo26averydetailedhistoryofplagueinthe
UnitedStatesIthasgreatvintagephotographsandmuchofitis
particularlyrelevanttoplagueinCalifornia

WehaveselectedtheseearlierdaysofplagueinCaliforniaat
greaterdetailtoshowboththebreadthanddepthofdetectivework
andsolidresearchundertakenprimarilyduringthefirsttwodecades
oftheTwentiethCenturyWealsowantedtoshowcaseseveralof
themanyearlyplagueworkersandsomeoftheirinterestingthoug
anddeductionsNowadaysinthiscomputeragethereisatendenc
tothinkthatresearchdone1020yearsagoisoflittleornovalue
Ourreviewshowsthatmostofthebasicgroundworkofplaguein
Californiawascompleted90100yearsago

Humanplaguecaseswerereportedfrom19Californiacounties
from190049andarelistedbyfataltotalcasesatadecreasing case

rateSanFrancisco196289LosAngeles3642Alameda2841
ContraCosta1315SanBenito34Siskiyou34Monterey12
SantaCruz02Stanislaus02Fresno11Modoc11Santa
Barbara11Tulare11Placer01SanBernardino01San
Joaquin01SanLuisObispo01SantaClara01andSonoma0
1

ThehumanplaguecasesinCaliforniafromthefirst50years
190049areshowninTable1The411casesfromCaliforniaare
presentedasanannualsummarywithaccumulatedtotalsbyfive
yearintervalsfrom19000910yearintervalsfrom191029and
the20years193049asthelastintervalThedataforthelisthave
beenextractedandmodifiedfromanappendixinLink1955which
listedalloftheindividualhumanplaguecasesfortheentireUnited
Statesfrom190051

Summaryofthefirstfiveyears19004Theindexcaseforthe
SanFranciscoepidemicwasa41yearoldmalewithanonset6Feb
anddeathon6Mar00ThisfirstepidemicinSanFranciscowas
primarilyrestrictedtoChinatownandlasteduntilFeb04There
were125casesreportedduringthisperiodwithamortalityrateof
976 AllcaseswerefromSanFranciscountil19033zyeas
aftertheindexcasewhen3casesallmaleallfataloccurredAug
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Table1HumanplaguecasesinCalifornia190049

YEARS MALE FEMALE MF TOTAL

F R T F R T F R T F R T

1900 17 0 17 5 0 5 22 0 22

1901 20 0 20 7 1 8 3 1 4 30 2 32

1902 37 0 37 5 0 5 42 0 42

1903 13 0 13 6 0 6 1 0 1 20 0 20

1904 4 0 4 4 1 5 8 1 9

19001904 91 0 91 27 2 29 4 1 5 122 3 125

FATAL 1000 931 800 976

SEX125 728 232 40

SEX120Adjfor 758 242 0

1905 NA

1906 0 1 1 0 0 0 0 1 1

1907 61 66 127 28 29 57 89 95 184

1908 3 4 7 2 0 2 5 4 9

1909 2 2 4 0 0 0 2 2 4

19051909 66 73 139 30 29 59 0 0 0 96 102198

FATAL 475 508 NA 485

SEX198 702 298 NA

1910 1 0 1 0 1 1 1 1 2

1911 1 4 5 0 0 0 1 4 5

1912 NA

1913 1 0 1 1 0 1 2 0 2

1914 0 1 1 0 0 0 0 1 1

1915 1 0 1 0 0 0 1 0 1

1916 NA

1917 NA

1918 NA

1919 10 0 10 3 1 4 13 1 14

19101919 14 5 19 4 2 6 0 0 0 18 7 25

FATAL 737 667 NA 720

SEX25 760 240 NA

1920 0 0 0 1 0 1 1 0 1

1921 1 1 2 0 0 0 1 1 2

1922 1 1 2 0 0 0 1 1 2

1923 0 0 0 0 1 1 0 1 1

1924 22 2 24 12 2 14 34 4 38

1925 1 0 1 0 1 1 1 1 2

1926 NA

1927 1 0 1 0 0 0 1 0 1

1928 1 1 2 1 0 1 2 1 3

1929 NA

19201929 27 5 32 14 4 18 0 0 0 41 9 50

FATAL 844 778 NA 820

SEX50 640 360 NA

19301932 NA

1933 1 0 1 0 0 0 1 0 1

1934 1 0 1 0 0 0 1 0 1

1935 NA

1936 0 3 3 0 1 1 0 4 4

1937 0 0 0 1 0 1 1 0 1

19381940 NA

1941 2 0 2 0 0 0 2 0 2

1942 0 0 0 1 0 1 1 0 1

1943 0 1 1 0 0 0 0 1 1

1944 0 1 1 0 0 0 0 1 1

19451946 NA

1947 1 0 1 0 0 0 1 0 1

19481949 NA

19301949 5 5 10 2 1 3 0 0 0 7 6 13

FATAL 500 667 NA 538

SEX13 769 231 NA

19001949 203 88 291 77 38 115 4 1 5 284127411

FATAL 698 670 800 691

SEX411 708 280 12

SEX406Adjfor 717 283 NA
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CaseNo Gender Dateofonset Association

1 M 15 19Aug Squirrelhunter
2 M 25Aug 2Sep Samehouseas1

3 F 29Augnonfatal Wifeof2

4 M 29Aug 2Sep Landlordof2

5 M 30Aug 2Sep Visited2

6 M 31 25Sep Visited2

7 F 14Sep Nurseof2

8 M 59Sep Doctorof4

9 M 5 8Sep Cousinof5rodetohospitalwith5
10 M 5 8Sep Visited5inhospital
11 M 5 8Sep Samehouseas6

12 M 5 8Sep Doctorof6

13 F 6 10Sep Samehouseas6

14 F 6 11Sep Nurseof6

134 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

PachecoSepPinoleandSanRamonfollowedbyafourthcase
inFeb04afatalConcordfemaleThusonly32ofthecases
fromFeb00toFeb04werelocatedoutsideofSanFrancisco
Thefirstnonfatalcasedidnotshowupuntilafemalewithonset
9Jul01Asecondnonfatalcasealsofemalewhoseonsetwas
7Feb04andrepresentedthelasthumancaseofthefirst
epidemicTherewashoweveranadditionalnonfatalcase
amongthefivesexnotknownindividualsonset12Dec01
Thereforeonlythreeof125cases24 recoveredfromplague
fromFeb00toFeb04

Thenextfiveyears190509includedasecondepidemic
inSanFranciscofollowingtheearthquakein1906Therewas
alsoasmallepidemicinOaklandin07Nocaseswererecorded
in05andonlyonein06atOaklandamale14onsetinAprand
representstheveryfirstmaletosurviveinCaliforniafromplague
anditwasalsothefirstcaseforOaklandThissecondSan

Franciscooutbreak190708waswidespreadcomparedtothe
firsttheindexcaseamale56onset24Maydeath26MayThe
lastcasewasamale19nonfatalonset7Mar08Therewasa

totalof167casesandunlikethefirstepidemicthereweremore
nonfatal89thanfatalcases78ie533and467
respectivelyBysexthemortalityratesweresimilarmale471
56119andfemale4582248Recallthatthemortality
rateforthefirstepidemicwas976andonly3of125or24
recoveredTheepidemicinOaklandwasprimarilyin1907and
thetotalcasesduringtheperiod0509forOaklandwere20of
which10werefatal500 male417512andfemale625
58Duringthefiveyearperiodtherewere198cases96fatal
485 themaleratewas47566139andfemale508
3059Therewere11casesin9localitiesoutsideofSan

Table2SummaryoffirstpneumonicplagueoutbreakinOaklandin1919

FranciscoandOaklandofwhich727811werefatalEightof
the9localitieswereintheBayareatheninthlocalitywas08Av
LosAngelestheboybittenbytheCGSrepresentingthefirstlocal
outsideoftheBayareaandthefirstcasefromsouthernCalifornia
ThiscaseismostlikelyassociatedwiththeBayareaplagueoutbreaks
sincethesquirrelsinvolvedprobablyhitchedarideonatrainbound
southtothetrainyardnearElysianPark

Thetenyears191019provided8newlocalitiesTherewere
nocasesreportedin121617and18Withtheexceptionofthe
firstsouthernCaliforniacasein08thefirstCaliforniacasesreported
fromlocalitiesoutsideoftheSanFranciscoBayareawerein1910
JunHollisterandAugCoyoteThefirstcasesreportedfromthe
CentralValleywere1911AprandJulModestoandSepRipon
ThefirstpneumonicplagueoutbreakinNorthAmericawasin
Oaklandfrom15Augto25Sep19199291314fatalItwasa
classicalwelldocumentedoutbreakTheindexcasehadjustreturned
fromsquirrelhuntinga32yearoldmaleonset15Augdied19Aug
Amale32thatlivedinthesamehousehadanonset25Augdied2
Sepandpresumablyinfected5others3ofwhichinfected7others
Thechainof14caseswithassociationdateofonsetandoutcome
aresummarizedinTable2Dickie1926Link1955

Thetenyears192029alsoprovides8newlocalitiesNocases
wererecordedfor12and1519Thesecondpneumonicplague
epidemicinCaliforniaoccurredatLosAngelesin1924OctNov
WiththeexceptionoftheLosAngelesoutbreakallofthe10localities
involvedasinglecase7male3female610werefatalAlllocalities
werefromtheEastBaysouthtoSantaYnezTheLosAngeles
outbreakwascoveredindetailinbothDickie1926andLink195
Ofthe40casesfrom10Octto15Jan192532werepneumonic
which2recovered938fataltheremainderwerebubonicA55

malerfemale
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Year County
1902 SanFrancisco

1907 Alameda

1908 ContraCostaLosAngeles
1909 SanBenitoSantaClaraSantaCruz
1910 MercedMontereySanJoaquinSanLuisObispoStanislaus
1911 Fresno

1916 SanMateo

1928 Ventura

1929 SantaBarbara

1934 KernModocTulare
1935 Lassen

1936 EldoradoPlacerSanBernardino
1938 Plumas

1941 ShastaSiskiyou
1942 AlpineMarinMonoRiversideSanDiego
1943 InyoKingsNevada
1946 Orange
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yearoldmalewasresponsibleforthebeginningoftheoutbreak
thonset1OctnonfatalHis14yearolddaughteronset1Oct

ied5Octwastheoriginofthepneumoniccaseswhenherbubonic
plaguebecamesecondarypneumonicplagueLiketheOakland
chainofeventsmostofcaseswererelationsfriendsboarders

nursesapriestevenanambulancedriverSeveralhadnocontact
knownincludingthelastthreecasesfollowing11NovThiswas
aportassociatedoutbreakprimarilyinvolvingrats

Thenext10years193039added8newlocalitieseventhough
therewere6yearswithnohumanplaguecases303235and
3839ThenewcasesincludedSantaRosaAPR36representing
thefirstcasenorthofSanFranciscoBayandwestoftheSacramento
Riveroccurring37yearsaftertheoutbreakjusttothesouthSan
BernardinoJul36representsthefirstcaseintheInlandEmpire
andLakeTahoeJul36thefirstcaseontheeastsideoftheSierra

NevadaThefollowingyeartherewasanadditionalcaseatLake
TahoeMay37butontheNevadasideresultinginthefirsthuman
caseinNevadaandundoubtedlyaresultoftheeastwardmovement
ofplagueoutofCalifornia

Thetenyears194049had5yearswithoutplaguecases40
4546and4849The6casesrecordedincluded5newlocalities
withanoticeablemovenorthSanFranciscohaditsfirstcasein

32yearsa36yearoldmaleonset30Mar44nonfatalMt
ShastaCityAug41andYrekaNOV42exemplifythenorthern
shiftTheAlturascaseJun47wasnotonlythefarthestnorthin
thefirst50yearsitwasalsothelastcaseofhumanplagueinthe
first50years

Therewere411humancasesin19differentcountiesand42
differentlocalitiesinCaliforniafromAlturasneartheOregon

bordertoSanDiegoborderingMexicothePacifictotheeastside
oftheSierraNevadaandtheGreatBasinandafewfeetabovesea

leveltowelloveronemileinelevation

TheoverallmortalityratesformaleMfemaleFandoverall
411caseswere698 670and691respectivelyThe
rates190029betweentheMandFbyaccumulatedyearsshowsa

Table3ChronologyoffirstisolationofplagueorganismbycountyinCalifornia

slightlyhigherlevelamongtheMsat7percentagepointswiththe
exceptionofthe190509caseswhenthefemaleratewas33above
theMsThehighestmortalityratesrelatedto1thefirstSan
Franciscoepidemicat976 M91allfatalandF2729at931

and2thesecondrelatedtotheLosAngelespneumonicoutbreakat
820 M2732at844andF1418at778 Thehighrecovery

ratesduringthesecondSanFranciscoepidemicandOaklandresulted
inlessthan50mortality96of198at48 M69139at475

andF3059at508 Thereciprocalyieldstherecoveryrate515
comparedto24190005280for191019180for192029
and462for193049

TheoverallpercentageofmaleMtofemaleFwas717to
283aratioof251AlloftheaccumulatedpercentageswereMs
inthe70srangingfrom702190509to760191019with
theexceptionoftheyears192029whichincludedtheLosAngeles
outbreakwheretheMsdroppedto640 TheratiosofMtoFfor

eachoftheaccumulatedyearswere1900043110509241
10193212029181and3049331Thelowerratioof
0509and2029relatetothesecondSanFranciscoandOakland

outbreaksandtheLosAngelesoutbreakbothofwhichhadratios
lessthan31showingrelativelyhigherFcasescomparedtoMcases
inthoseoutbreaks

Isolationsofplaguefromanimalswerereportedfrom35counties
inCaliforniaduringthefirst50yearsofplagueTable3Isolations
weremadebetween190248howeverfirstisolationsonlyoccurred
during17oftheseyearsThefirstin1902andthelastin1946

ThefirstisolationsforSanFrancisco02andAlameda07were

fromratsThefollowingyear08providedthefirstisolationsfrom
wildrodentsCGSinAUG1fromaranchinContraCosta5Aug
and2acoupleweekslaterinLosAngelesrelatedtothesquirrel
bitecaseThese2isolationsdemonstratedthefirstrealevidenceof

wildanimalplagueintheUnitedStatesandasaresultantiplague
workshiftedfromratstoinfectedwildanimalsespeciallyCGS
Organizedplaguesurveyswereinstitutedandproduced3new
countiesin09and5morein10allsouthofSanFranciscoThe
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CentralValleyhaditsfirstcountiesaddedin1910SanMateothe
countyborderingSanFranciscotothesouthfinallywasaddedin
191614yearsafterthefirstSanFranciscoisolationVentura28
andSantaBarbara29filledinthecoastalcountiesfromSan
FranciscotoLosAngelesAbigjumpoccurredwhenModoc34in
thenortheastcorneroftheStatewasdeclaredplaguepositiveby
wildanimalisolationThiscoincidedwiththefirsthumancasefrom

OregonatLakeViewjustacrosstheborderLassen35joinedModoc
thefollowingyearTwoSierraNevadacountieswereaddedin36
anotherin38Thefarnorthaddedtwoin41Thenextyear42
produced5countiesscatteredallovertheStateAlpineaSierra
NevadalocationMarinjustacrosstheGoldenGateBridgefrom
SanFrancisco40yearsafterSanFranciscoMonobecamethefirst
entirelyontheeastsideoftheSierrasfollowedthenextyearby
Inyo43alsoin42RiversideinthesoutheastandSanDiegointhe
southwestcorneroftheStateborderingMexicoThelastcountyto
showuponthelistwasOrange46finallyfillingintheonlygapin
thecoastalcountiesfromSanFranciscotoSanDiegoNocounties
wereaddedduringthenext3years4749thusroundingoutthe
first50yearsofanimalplagueinCalifornia

TobetterunderstandthehistoryofplagueinCaliforniawe
shouldrecognizethetimingandtheextentofthehumanplaguecases
andoutbreaksthatoccurredoutofstatefrom190049The
chronologicalsequenceoftheother10statesisMIWALAFL
TXORUTNVIDandNMAsummaryofthestatesthatimported
humanplaguecasesfollows1MI01AprAnnArborrecovered
RthiscaseresultedfromplaguespecimenssentfromSan
FranciscotoalaboratoryinAnnArbor2WA07OctSeattle7
fatalF13Dec1F3LA14JunSep15Aug19OctDecNew
Orleans18F33R4FL20JunJulPensacola7F6R5TX20
JunOctBeaumontGalvestonHoustonPortArthur17F14R6
OR34MayLakeView1F7UT36JunBeaver1R8NV39
MayLakeTahoe1R9ID40SepEmmitt1Fand10NM49
JulNovCerroPlacitasPatrico1F2Ralso50JanJulMaljamar
GloriciaCanadaand1951JanHobbs1F3RTheWALAFL
andTXcaseswereportrelatedprimarilyfrommurineratplague
whileORUTNVandNMwerefromwildanimalplague

TheHawaiianIslandslikeAlaskadidnotattainstatehooduntil
1959consequentlywasnotincludedinthehumanplaguecasesin
theUnitedStatesPlagueintheTerritoryofHawaiicloselyparalleled
ourhumanplagueinCaliforniaThefirsthumanplaguecasesin
whatisnowtheUnitedStateswereintheTerritoryofHawaiiduring
Dec1899with11of12FTheindexcasediedon11Dec3months
beforethefirstfatalityinCalifornia6Mar01onset11Feb01
InterestinglythesameshiptheSSNipponMaruthatmayhave
broughttheplaguetoCaliforniafirstdockedinHonoluluenroute
todockinginSanFranciscoon27Jun1899Outbreaksandcases
ofplaguewererecordedfrom1899to1949resultingin410cases
375fatalF915 ontheislandsofOahuHawaiiMauiandKauai
Asummaryofthe410humancasesbyislandisOahu18991910
204278F895 HawaiiHilo00183443F791 and
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Hamakau1049111112F991 Maui00and30381516F
938 andKauai010211allFTheOahuHiloMaui00a
KauaioutbreakswereportrelatedwhiletheHamakaudistrictonth
bigislandandMaui3038wereprimarilyduetononcommensal
rodents

TheTerritoryofPuertoRicoalsorecordedhumanplaguecases
62of81765 intwoepidemics191236of55fatal655
and1921with26casesallfatal
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