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FromtheEditorsDesk

Itwasnttoolongagoin2003whenMajorDhillontomysurprisenominatedmeasacandidateforthe
editorshipoftheProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia
MVCACHavingbeenservingasareviewerfortheProceedingsforseveralyearsandwith some

encouragementfromCraigDownsMVCACPresidentElectatthetimeIsoonsettleddowninmynewjobas
theProceedingsEditorWithplentyofassistancefromtheMVCACOfficeespeciallyEmilyYoungtogether
wemadeadeterminationtohavetheProceedingsmadeavailabletoourmembershipinrecordtimeThere were

alsosomeprintqualityissuesthatwewereabletoironoutaswellMoreoverwefoundoutthattheProceedings
withoutavalidISSNdidnotexistasapublicationwiththeLibraryofCongresseversinceitchanged nameto

ProceedingsandPapersoftheMVCACin1995TheProceedingsandPapersoftheCaliforniaMosquitoControl
AssociationhaditsfirstISSNin1951BychangingthenametotheCaliforniaMosquitoandVectorControl
Associationin1976anewISSNwasobtainedChangingthenametotheMosquitoandVectorControl
AssociationofCaliforniain1995howevertheProceedingswentISSNlessforalmostadecadeuntil wesought
thecurrentISSN15544974in2005AsyoumighthavenoticedwealsoaddedProc PapersMosqVector
ControlAssocCalifatthebottomofeachprintedpagemakingiteasierforreadersto usethepreferred
abbreviationincitationsLastbutnotleastabouttwoyearsagoweunsuccessfullytriedtochangethe name

fromProceedingstoBulletinoftheMVCACtobetterservethepublicationanditsauthorship
DuringthelastfouryearsofmyeditorshipIreallyenjoyedworkingwithyouallItwasagreatlearning

experienceformetointeractwithyouregardingyourpublicationswhetherdealingwithresearchoperations or

publicrelationsmattersWithoutyourcooperationandsupportespeciallytheMVCACOfficeChrisVoight
andEmilyYoungandouruntiringtalentedgroupofreviewersnamelyBruceEldridgeMinooMadonSteve
SchutzStevenSuBillWaltonJimWebbandlateGlennYoshimuraIcouldnothavedoneitallbymyself

AsyoumayknowearlierthisyearIacceptededitorshipoftheJournaloftheAmericanMosquitoControl
AssociationafullservicequarterlyjournalthatrequiresmoretimeandenergyConsequentlyIhavedecided
tostepdownastheProceedingsEditorbytheyearsendIhavebeeninformedthatRichardMeyerhasalready
acceptedtheoffertobetheneweditoreffectiveJanuary2008WithDicksqualificationsandexperienceI am

confidenthewilldoafinejob

FinallyIwantthanktheMVCACandallthosecontributingauthorswhomadeourProceedingspossible
everyyear

vii
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DedicationoftheSeventyFifthAnnualMVCACConference
toThomasDTommyMulhern
June151908 August121993

The75thAnnualConferenceisappropriately
dedicatedinthememoryofThomasDesmond
TommyMulherninrecognitionofhislong
andstoriedhistoryofservicetomosquitoand
vectorcontrolMrMulherndiedinMorgan
HillCaliforniaonAugust121993buthis
accomplishmentsandlegacyof50yearsin
mosquitocontrolliveon

TommywasborninBrooklynNewYorkon
June151908andprobablyspenthisyouthdodgingtrolleysHis
associationwithmosquitocontrolbeganin1925withasummerjob
asamosquitoinspectorwiththeMonmouthCountyNewJersey
MosquitoExterminationCommissionStartingin1928heworked
withtheNewJerseyAgriculturalExperimentStationDepartment
ofEntomologyasadrainageengineeradministrativeassistantand
technicalconsultantinmosquitocontroluntil1949Tommywas
wellknownforhisinvolvementinthedesignanddevelopmentof
theNewJerseymosquitolighttrapandhisadvocacyoftheuseof
trapstosurveyandevaluatemosquitopopulationsInadditionhe
managedtheSussexCountyNewJerseyMosquitoExtermination
Commissionprogramfrom1936to1945

CharlesMyers

CaliforniaDepartmentofHealthServices

Proc PapersMosqVectorControlAssocCalifVol75

TommywasalsoactivelyinvolvedintheEasternAssociation
ofMosquitoControlWorkersfromthetimeofitsformationthrough
itsnamechangetotheAmericanMosquitoControlAssociation
AMCAin1944anditsincorporationasanonprofitin1948He
maintainedacloseinvolvementwiththeAMCAthroughouthis
professionallifeandforextensiveperiodsbetween1935and1985
servedasitsSecretaryTreasurerExecutiveSecretaryandExecutive
Director

In1949TommycametoCaliforniaandbeganalongand
productivecareerwiththeStateDepartmentofHealthasavector
controlspecialistinFresnowhichhousedadiverseandvibrant
collectionofmosquitoresearchandcontrolspecialistsHisduties
includedprovidingtechnicalassistancesupportandconsultationto
mosquitoabatementdistrictsthroughoutthestateTommywasalso
theprincipalauthorandeditoroftheCaliforniaMosquitoControl
Associationstrainingguideandprogramfortechniciancertification
HealsoservedasatrusteefortheFresnoMosquitoAbatement
Districtfrom1974to1986

Itistrulyfittingthatthis75thConferenceoftheMVCAC
inFresnobededicatedtoTommyMulhernamanwhosemany
contributionstomosquitocontrolserveasanexampletothosewho
follow
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SymposiumWestNileVirusInvasionofCaliforniaYear4
Introduction

WilliamKReisen

CenterforVectorborneDiseasesUniversityofCaliforniaOldDavisRdDavisCA95616

WestNilevirusWNVactivityasindictedbythenumbersof
humancasesreportedtotheCentersforDiseaseControland
Preventionincreasedby25atthenationallevelasthevirus
resurgedinthecentralplainstatesofColoradoandNebraskaand
intheGulfStatesofTexasLouisianaandMississippiandinvaded
IdahoFig1 Increasedactivityatnorthernlatitudesmayhave
beendrivenbyabovenormaltemperaturesthroughouttheentire
NWUSA Californiabycomparisonhadanalmosta70
reductioninthenumberofcasesbutenzooticactivityremained
elevatedespeciallyinruralportionsoftheCentralValley
Apparentsubsidencewasrelatedtodecreasedtransmissioninthe
urbancentersoftheLosAngelesbasinandSacramentoandcool
temperaturesintheSanFranciscoBayareacontinuingtoprevent
amplificationtoepidemiclevels Fociofelevatedactivitywere
detectedinKernYoloandButtecounties
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TheArbovirusResearchUnitoftheCenterforVectorborne
DiseasesattheUniversityofCaliforniaDavisincollaboration
withtheCoachellaValleyGreaterLosAngelesCountyKernand
SacramentoYoloMosquitoandVectorControlDistrictsandthe
CaliforniaDepartmentofHealthServiceshavebeenstudyingthe
invasionofCaliforniabyWNVcollaborativelysince2003Atthe
20042005and2006annualmeetingsoftheMosquitoandVector
ControlAssociationofCaliforniawesummarizedourfindingsand
describedselectedaspectsofvirustransmission Thecurrent

symposiumdescribesourresearchduringthefourthyearofthe
invasionfocusingonfactorsenablingthesuccessofthisinvading
virusandallowingitspersistenceThisyearwebeganexploring
possiblealternativetransmissioncycleswithoutanypositive
findings

Indicateshumandiseasetssss
1Aviananimal ormosquitoinfections

VT
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Figure1DistributionofhumancasesofWestNilevirusintheUnitedStatesduring2006httpwwwcdcgovncidoddvbidwestnile
Mapsactivitysurycontro106Mapshtm
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Thetitlesofthetalkspresentedandthespeakersarelistedbelow

1WilliamReisenIntroduction

2SarahWheeler Arenorthboundmigrantsasourceof
encephalitisvirusintroductionintoCalifornia

3HughLothrop DidearlyinterventionatNorthShorein
CoachellaValleyinterruptWestNilevirusamplification

4PaulOConnorFocaltransmissionofWestNilevirusinLos

Angeles
5BrianCarroll WestNilevirusinKernCounty Third

consecutive epidemic year despite elevated avian

seroprevalence
6StanWrightImpactofavianherdimmunityontheforceof

WestNilevirustransmissionintheSacramentoCounty
7 VeronicaArmijosArdeidnestingcoloniesasasourceofWest

Nilevirusamplificationrevisitedtheimpactofdryland
8ChrisBarkerDynamicsofCaliforniamosquitopopulations
9 YingFangIsnonviremictransmissionofWestNilevirus

reallynonviremic
10WilliamReisenIxodespacificusisnotacompetentvectorof

WestNilevirus

11MaureenDannenImprovementsinsurveillanceprocessing
during200610min

12KeiraSimmonsProficiencypanels accuracyspecificityand
sensitivityimplicationsforriskassessment

13BruceEldridgeCalSurvOnestopshoppingforvectorborne
diseasesurveillanceinCalifornia

14WilliamReisenSummary
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MigratoryBirdsandtheSpreadofEncephalitisVirusesinCalifornia
10YearsofDatafromtheCoachellaValley

SSWheelerMVArmijosSGarciaYFangWKReisen

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

INTRODUCTION

TheCoachellaValleyisahotaridvalleylocatedinthe
ColoradoDesertofsoutheasternRiversideCountyCalifornia
Portionsofthisareaareheavilyirrigatedforagricultureflooded
formigratorywaterfowlmanagedforaquacultureorhousing
Hightemperaturesandawidevarietyofmosquitobreedingsites
haveleadtothepersistenceofseveralarbovirusesincluding
westernequineencephalomyelitisvirusWEETogaviridae
AlphavirusandSaintLouisencephalitisvirusSLEFlaviviridae
FlaviviruswhichhavepersistedintheCoachellaValleymostyears
Reisenetal2000 WestNilevirusWNVFlaviviridae
FlaviviruscloselyrelatedtoSLEinvadedtheCoachellaValleyin
2003andhasbeendetectedeveryyearsincethefirstpositive
mosquitopoolwascollectedinAugust2003Lothropetal2004
20052006SincetheemergenceofWNVSLEhasnotbeen
detectedinmosquitopoolsorsentinelchickenssince2004Starting
in1996wildbirdsfromtheCoachellaValleyhavebeensampled
forantibodiestoWEEandSLEandbeginningin2002theyalso
werescreenedforantibodiestoWNVDuringthisperiod26024
wildbirdbloodsamplesweretestedTheprimarygoalofsampling
thesewildbirdswastobetterunderstandwhichspecieswere
involvedinthemaintenanceamplificationandspreadoftheabove
mentionedvirusesandtolearnmoreaboutthesetransmission
cyclesInadditiontothecollectionofserologydatarepresentative
avianspecieswereexperimentallyinfectedtodeterminehost
competenceReisenetal2003Reisenetal2005

DuringthespringmigrationlateAprilearlyJuneneotropical
migratorybirdsconcentrateonthenortheasternedgeoftheSalton
SeaDuetothegreatspeedHedenstrometal1998anddistances
Ridgely2005thatthesebirdsflyitwashypothesizedthatviremic
birdsmaybeabletointroduceviruseswhilemovingnorthward
fromsouthernoverwinteringgroundsNorthwardmovementof
virusesduringspringmigrationmaybeoneexplanationforthe
repeatedintroductionofnewSLEgenotypesReisenetal2002as
wellastheintroductionofWNVintoCaliforniathroughImperial
ValleyReisenetal2004Toinvestigatetheplausibilityofthis
hypothesiswereviewed10yearsofCoachellaValleyserologydata
todeterminethefrequencyofinfectionofneotropicalmigratory
birdspeciesenteringandmovingthroughCalifornia

Proc PapersMosqVectorControlAssocCalifVol75

MATERIALSANDMETHODS

WildBirdSampling
Migratorybirdswerecapturedwhiletransitingtwositesonthe

northeastern35511115924ornorthwestern33462116061
shoresoftheSaltonSeaduringeitherspringorfallfrom1996
through2004Onlyvernalmigratoryspecieswerecapturedin
2005and2006Insectivoroustransientswerecollectedprimarily
usingmistnetswhereasgranivorousbirdswerealsocapturedin
grainbaitedtrapsMistnetswere10mlong25mtallandhad32
38or60mmmeshdependingonthetargetspeciesCapturedbirds
werebandedwithaluminumUSGSbandsagedsexedanda01mL
sampleofbloodwascollectedfromthejugularveinwith28gauge
syringesDuring19962004bloodsampleswereaddedto09mL
of09sodiumchloridesolutionclarifiedthroughcentrifugation
andtheserumstoredat70CWildbirdserawerescreenedfor

antibodiestoflavivirusWNVandSLEandWEEusingan
enzymelinkedimmunosorbentassayEIAwithpositives
confirmedbyaplaquereductionneutralizationtestPRNTChiles
etal1998During2005and2006bloodsamplesfrommigratory
specieswereaddedtovirusdiluent01mLofbloodper04mLof
diluentsothatinadditiontoantibodyscreeningliveviruscould
bedetectedbyplaqueassayusingVerocellcultureChilesetal
2004

ExperimentalInfections
Experimental infections of Orangecrowned warblers

VermivoracelataCommonyellowthroatsGeothlypistrichas
andYellowwarblersDendroicapetechiawereperformedtobetter
understandtheviremiaprofilesofrepresentativewarblerspecies
BirdswerecaughtbymistnetintheCoachellaValleyandKern
Countybandedandprebledtoassurethattheywereserologically
negativetoWNVSLEandWEEBirdswereheldinamosquito
proofairconditionedfacilityandwerefedlivemealwormsand
finelygroundtroutfoodandprovidedwateradlibitum Birds

wereinoculatedsubcutaneouslyinthecervialregionwith1000
plaqueformingunitsPFUofNY99strainofWNVTheywere
bleddailyfor67dbyjugularpuncture005mlofbloodtakenby
28gaugesyringeandexpelledinto04mlofvirusdiluent
Additionalbirdsinoculatedwithvirusdiluentweremaintainedas
handlingcontrols



Species TestResult Total

Nashvillewarbler

Vermivoraruficapilla

UnconfirmedWEE 1

Violetgreenswallow
Tachycinetathalassina

UnconfirmedWEE 1

Warblingvireo
Vireogriseus

UnconfirmedWEE 1

Wilsonswarbler

Wilsoniapusilla

UnconfirmedWEE 1

Westerntanager
Pirangaludoviciana

UnconfirmedWEE 1

MacGillvrayswarbler
Oporornistolmiei

UnconfirmedFlavivirus 1

Yellowbreastedchat

Icteriavirens

UnconfirmedFlavivirus 1

Wilsonswarbler

Wilsoniapusilla

UnconfirmedFlavivirus 1

Summertanager
Pirangarubra

ConfirmedWNV 1
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Ofthe26024wildbirdbloodsamplescollectedinthe
CoachellaValley3071werefromneotropicalmigratoryspecies
thatmostcommonlyoverwinteredsouthoftheCoachellaValley
Pattenetal2003andmigratedthroughourstudysiteseitherin
thespringorfallOfthe3071samplescollectedonlyonefroma
SummerTanagerPirangarubratestedpositiveforantibodiesto
WNVbybothEIAandPRNTThepositiveWEEandflavivirus
EIAresultsthatwerenegativebyPRNTwereconsidered
unconfirmedInadditiontothe1confirmedWNVinfection3
unconfirmedflavivirusinfectionsand5unconfirmedWEE

infectionsweredetectedTable1Allbirdstestedbyplaqueassay
forvirusinfectionwerenegative

9

8

7

6

E5

4
5

3

1

0

RESULTS

Table1Migratoryspecieswithapositiveserologicalresult

0

l

YellowWarblern4
CommonYellowthroatn1

A OrangecrownedWarblern6

4 A

M

AllthreeexperimentallyinfectedwarblerspeciesOrange
crownedYellowandCommonyellowthroatproducedpeak
viremiasabove5log10PFUmLplaqueformingunitsthatwere
consideredtobesufficienttoinfectmosquitoesReisenetal2005
butvariedintermsofpeakviremiaviremiadurationandmortality
Fig1Orangecrownedwarblersproducedthehighestviremia
withthelongestdurationbutallindividualsdiedofinfectionOn
averageYellowwarblersproducedaviremiathatwasover5log10
PFUmLfor3daysandallindividualssurvivedinfectionThetest
infectiondoneontheCommonyellowthroatwasconfoundedby
smallsamplesize1birdbuttheinfectedbirdfollowedthesame
patternastheYellowwarblers

Proc PapersMosqVectorControlAssocCalifVol75

T

1 2 3 4 5 6 7 8
Days

Figure1ViremiaprofileforthreespeciesofwarblerViremiaexpressedaslogplaqueformingunitsper1mL
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DISCUSSION

AlthoughthefieldcollectionsfromtheCoachellaValley
containedonlyoneconfirmedantibodypositiveSummertanager
WNVandnopositiveviremiasamplesthetestinfectiondatafrom
the3infectedwarblersOrangecrownedYellowandCommon
yellowthroatindicatedthatthesespeciesarecompetentWNV
hostsThelackoffieldfindingscouldbedueinparttothenumber
ofinfectedmigrantsbeinglowerthanourdetectionthreshold
Althoughthewindowfordetectinglivevirusislimitedto7days
Komaretal2003Reisenetal2005weattemptedtoisolate
virusforseveralreasons Firstthehottemperaturesofthe
CoachellaValleyallowforearlyseasonmosquitoactivityandvirus
transmissionmakingitpossibleforbirdstobeinfectedlocally
SecondsincenotallspeciessurviveWNVinfectionvirusisolation
wouldbetheonlywaytodetectinfectionotherthanfromafresh
carcasswhichisanunlikelyscenariowhenworkingwithsmall
birds630gramsinruralareasWardetal2006

RecentstudieshaveindicatedthatWNVdistributionhas

spreadthroughoutCentralandSouthAmericaandthereforefurther
effortswillbemadeduringthespringmigrationof2007totryto
detectbirdsinfectedorpreviouslyinfectedwithWEESLEor
WNVWhilepastdatashowsthatthisisnotacommonoccurrence
westillfeelthatthereisnotenoughnegativedatatoruleoutthe
possibilityofnorthboundmigrantsdisseminatingtheseencephalitis
viruses
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AreArdeidColoniesNestingOverDryLandaSourceofWestNilevirusAmplification
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AlthoughWestNilevirusWNVisnowendemicthroughout
Californiapatternsoftransmissiontendtobeclumpedintimeand
space Determinationofwhatfactorsleadtosporadicvirus
amplificationmaybeusefulinplanningcontroloperations Our

researchhasbeentestingthehypothesisthataggregationsof
susceptibleavianhoststhatintersectvectormosquitopopulations
mayserveasfociforefficientvirusamplificationThecurrent
researchtestedthishypothesisbymeasuringvirusactivityattwo
ArdeidcoloniesnestinginYoloCountyCaliforniaduring2006
DatafromthesecoloniessampledfromJulytoAugust2006were
comparedwithdatafromapreviousstudyofanArdeidnesting
colonyconductedin2004atRammerLakeinImperialCounty
ResultsfromRammerLakesuggestedthatthislargeconcentration
ofnestingbirdswasnotafocusofWNVamplificationReisenet
al2005b

METHODS

TheArdeidcoloniesinYoloCountywerelocatednearthecity
ofDavisattheUCDavisArboretumandonCountyRd103
Nestlingsfoundaliveonthegroundwerecollectedbyhandornet
anda01mlbloodsamplewastakenandexpressedinto04mlof
virusdiluentSampleswereclarifiedbycentrifugationandfrozen
at80CforlatertestingViremiawasmeasuredbystandardplaque
assayonVerocellsandantibodytestedbyanenzymeimmunoassay
EIA Allbirdsfounddeadweresubmittedfornecropsytothe
CaliforniaAnimalHealthofFoodSafetylaboratoryfornecropsy
KidneysnipsweretestedforWNVRNAbyrealtimeRTPCRat
theCenterforVectorborneDiseasesCVECAdditionalliving
HousesparrowsHOSPwerecollectedbymistnetandtestedfor
antibodyusingthesameEIAmentionedabove Mosquitoeswere
collectedweeklyby3dryicebaitedandonegravidfemaletraps
anesthetizedbytriethylamineenumeratedtospeciesandcounted
intopoolsof50femaleseachandfrozenat80CPoolswere
testedforWNVStLouisencephalitisvirusandwesternequine
encephalomyelitisvirusRNAbytheSacYoloMVCDandCVEC
usingamultiplexRTPCR

RESULTSANDDISCUSSION

Atotalof151bloodsampleswerecollectedfromArdeidbirds
atbothlocationsofwhichWNVwasisolatedfrom852 Black
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crownednightheronsBCNHFouroftheBCNHviremiaswere
above5logplaqueformingunitsPFUmlindicatingtheywould
beinfectiousforCulexmosquitoesReisenetal2005aAntibodies
toWNVwerefoundin1172 BCNHand426 Snowyegrets
SNEGAtotalof33deadbirdswerecollectedofwhich39
BCNH26 SNEGand13 GreatEgretGREGtested
positiveforWNVInaddition48HOSPweretestedforWNV
antibodiesbyEIAofwhich362 werepositive

CulextarsalisCoquillettwasthemostabundantspeciesatboth
theCountyRd10391of3755mosquitoesandtheUCDavis
Arboretum78of194ArdeidcoloniesTwoCxtarsalisand2
CxpipiensLpoolscollectedatCountyRoad103andoneCx
pipienspoolfromtheUCDavisArboretumtestedpositivefor
WNVRNAHoweverCxtarsalisinfectionratesfromthecolony
atCountryRd103IR06werenotstatisticallydifferentfroma
comparisonsitelocatedca5totheSEattheYoloByPassWildlife
RefugeIR16thatlackedacolonyofArdeidbirds

OurinterimresultsdemonstratedextensiveWNVactivityat
theardeidnestingcolonyatRd103Oftheliveanddeadbirds
testedinfectionandseroprevalencerateswerehighestinBCNH
nestlingsSomeofthesenestlingshadveryelevatedviremias98

logPFUmlandthereforewereconsideredextremelycompetent
hostsInagreementinfectionwasdetectedinbothCxtarsalisand
CxpipiensandseveralHousesparrowswerepositiveperhaps
indicatingthattransmissionoccurredtootherbirdspecies
EvidenceofinfectioninthisheronrysituatedwithinaEucalyptus
groveoverdrylandwasconsiderablygreaterthanobserved
previouslyatRamerLakeinImperialCountywherenestswere
situatedoverwaterTheseobservationssupportedourearlierstudy
thatindicatedCxtarsalisquestinfrequentlyoverwaterLothrop
andReisen2001

InterestinglythemosquitoinfectionratesattheRd103heronry
werenotdifferentthanobservedinthenearbyYolobypasswhere
nestingArdeidswerenotobservedThereforeatthispointwe
cannotconcludethattheelevatedinfectionratesweobservedinthe

Ardeidnestlingswastheresultofenhancedamplificationatthe
heronryorsimplyreflectedWNVactivityassociatedwiththe2006
outbreakcenteredinnearbyDavisFutureresearchwillcontinue
toelucidatetheroleofcommunalbirdsinWNVamplificationin
California
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DidEarlyInterventionatNorthShoreintheCoachellaValley
InterruptWestNileVirusAmplification
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ABSTRACTInresponsetohighrelativeabundanceintheareaofNorthShoreandtheearlyseasonappearanceofWestNile
virusWNVatthisfocusin2004and2005theCoachellaValleyMosquitoandVectorControlDistrictmadeultralowvolume
applicationsofPyrenone255mixed1to2withBVASpray13oilbyairfor30daysComparingthe2006seasonwiththe
2previousyearstherewasalargereductionintheextentandintensityofWNVactivitydetected

INTRODUCTION

TheCoachellavalleyextendsfromthenorthernshoreofthe
SaltonSeatothefootoftheSanBernardinoMountainsFig1
Historicallymosquitobornevirusesincludingwesternequine
encephalomyelitisWEEVandSaintLouisencephalitisSLEV
havebeenfirstdetectedinsurveillanceattheshoreoftheSalton

SeaintheareaofthecommunityofNorthShoreAlthoughthe
causeofthisfocalappearancehasyettobedeterminedthispattern
hasbeenrepeatedsince1991whensurveillanceeffortswere
establishedtodefinethetemporalandspatialdistributionofthese
virusesintheCoachellaValleyThissurveillancesystemhasbeen
monitoringWestNilevirusWNVsinceitsintroductionin2003
andthesameearlyseasonalfocuswasobservedin20042005and
2006nearNorthShoreThisfocalpatternofappearanceand
dispersalmayprovidetheopportunitytodisruptvirusdissemination
atthebeginningoftheseasonbecausethefocusliesattheextreme

southwestcornerofthevalleywithonlyanarrowbandofwetlands
connectingittotherestofthevalleyPreviousattemptsatthis
approachwereconductedbytheCoachellaValleyMosquitoand
VectorControlDistrictCVMVCDusinggroundultralowvolume
ULVtreatmentswithnoobservableepidemiologicalresults

SURVEILLANCEASSETS

SurveillanceintheCoachellaValleyhasbeenacollaborative
effortbytheCVMVCDandtheUniversityofCaliforniaDavis
CenterforVectorborneDiseaseResearchSurveillanceassets

include17gravidtrapsrunweeklyFig258CO2baitedCDC
styletrapsCO2Trunbiweeklyonfixedstandsand9flocksof10
chickenssampledbiweeklyFig3Anadditional3flocksare
maintainedinImperialCountyalongthesouthernshoreofthe
SaltonSeatomonitorwetlandhabitatsatornearwildliferefuges
CO2TsprimarilymonitorCulextarsalisCoquillettwhichisthe

Figure1TheSaltonSeabasinshowingthelocationsoftheCoachellaandImperialValleys
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predominantvectorspeciesinthelowervalleywhereasgravid
trapstargetCulexquinquefasciatusSayintheurbanuppervalley
ChickenflocksuplandfromthemarginoftheSaltonSeaare
accompaniedby2CO2Tseachthathavebeenrelativelysuccessful
incollectingCxquinquefasciatuscomparedtogravidtrapsinthe

Figure2GravidtraplocationsintheCoachellaValley2006
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sameareasAdditionalCO2Tsarerunduringresearchprojects
whichlocallyenhancethesensitivityofthesurveillanceAdead
birdmonitoringprogramisalsoactivebutfewdeadbirdshave
beenpositiveforWNVlikelyduetothesparsepopulationof
Corvidsinthesouthwesterndesert

Figure3CO2baitedtrapstrianglesandsentinelchickenflocksstarsintheCoachella
Valley2006
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SEASONALVIRUSDISSEMINATION

PreviouslydescribedseasonalpatternsofdisseminationofSLE
andWEEintheCoachellaValleyareshowninFig4Afterthe
initialdetectioninmosquitopoolsorthechickenflockatNorth
ShoreinMaytoJulythesevirusesweredisseminatedalongthe
shorelineandintotherestofthevalleyuptotheregionnortheastof
IndioThispatternappearedtobedrivenbytheabundancegradient
ofCxtarsalisasitdeclinednorthwardawayfromtheSaltonSea
GenerallytheappearanceofWEEVprecededSLEVbutSLEV
continuedlaterintothefallReisenetal1995

In2004WNVdispersalfollowedtheabovepatternbutwas
detectedearlieron14Aprilandthenremainedmostlyconfinedto
thelowervalleyinCxtarsalisalthoughtherewereseroconversions

atallsurveillanceflocksand7humancasesintheuppervalleyby
theendofSeptemberIn2005WNVwasfirstdetected29Maybut
rapidlytransferredintotheCxquinquefasciatuspopulationinthe
urbanizeduppervalleyMidseasonactivityintheuppervalleywas
widespreadandhadfocalpeaksofCxquinquefasciatusinfection
MLEBiggerstaff2003ashighas34per1000inoneresidential
neighborhoodDespitewidespreaddetectionandhighMLEinthe
uppervalleytherewereonly5humancasesreportedInthelower
valleyconcurrentWNVactivitywaslessduringmidseasonwitha
MLEinfectionratebelow3LateseasonactivityOctoberthrough
Novemberwasmostlycenteredintheduckclubregionand
associatedwiththefallfloodingofduckpondsandsubsequent
increaseinabundanceofCxtarsalis

Figure4PatternofWNVSLEVandWEEVamplificationanddisseminationfromNorthShoreinCulex
tarsalisdepictedbygreyarrowsTheareasofWNVinfectioninCxquinquefasciatusinurbanzonesare
circumscribedbywhiteperimeters
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Figure5AreatreatedbyULVadulticidesduring2006alongthenorthernshoreshown
inwhite

TREATMENTS

In2006theCVMVCDanticipatedtheonsetofWNVand
plannedaerialandgroundtreatmentsintheareaofNorthShoreat
theendofAprilFig5baseduponthepotentialforearlyseason
onsetdemonstratedduringtheprevious2yearsResultsfrom
mosquitopoolstestedjustpriortotreatmentshowedthattreatments
hadbegunjustfollowingtheonsetofvirusactivitypromptingthe
CVMVCDtoextendthetreatmentareafurtherwesttostayahead
ofthepossibledisseminationofWNVoutofthetreatedarea
PrimaryemphasiswasplacedonaerialULVtreatmentsalongthe
shorelinewithgroundULVfillinginareassuchastheSaltonSea
StateParktothesoutheastofNorthShoreThesetreatmentswere

continuedforapproximately1monthtoallowforsurveillance
resultstoconfirmacessationofvirusactivityThenextappearance
ofWNV 1poolofCxquinquefasciatusand1chicken
seroconversionwasinPalmDesertattheendofMayTheDistrict
respondedwithintensivelarvalcontrolandgroundULVbecause
ofthelimitedscopeoftheproblemandnofurtherviruswas
detectedintheuppervalleyuntilSeptemberwhen1positivepool
wascollectedinLaQuintaInthelowervalleyWNVwasdetected
inonly1poolinJulyand3poolsinAugustfollowedby13positive
poolsinSeptemberandearlyOctoberAgainthoseinAugust
throughOctoberwereprimarilyassociatedwithduckclubflooding
andlocalincreasesinCxtarsalisabundance
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DISCUSSION

Inassessingtheimpactofearlyseasontreatmentsonthe
amplificationanddisseminationofWNVintheCoachellaValley
wehaveincludedsurveillancedatafromtheImperialValleyasa
comparisonFig1Table1Thesedataindicatedthatseasonal
activityincreasedintheImperialValleyduring2006comparedto
contrastingdecreaseintheCoachellaValleySincethetwovalleys
areinproximityandsimilarinclimateandseasonalmosquito
bornevirusactivityReisenetal1997wespeculatedthatthese
contrastingresultsfor2006supportourcontentionthatearlyseason
treatmentsinandaroundthefocusatNorthShoreweresuccessful
in interruptingthe normalpattern ofamplification and

disseminationofWNVintheCoachellaValley Acareful

understandingofthelandscapeecologyofarbovirusesinCoachella
Valleyprovideduswithanearlyseasontargetforfocused
interventionthatresultedinalongtermandwidespreadimpact
uponvirusamplificationduringthesubsequentseason These

uniquedatashowthevalueoflongtermecologicalstudiesand
earlyseasonintervention

Acknowledgments

ThisworkwasacollaborationbetweentheCoachellaValley
MosquitoandVectorControlDistrictandtheUniversityof



Region 2004 2005 2006

COAV Species Cxtars Cxquinq Cxtars Cxquinq Cxtars Cxquinq

WNVpositivepools 75 17 15 8 14 02

Seroconversions 73 63 16

IMPR Species Cxtars Cxquinq Cxtars Cxquinq Cxtars Cxquinq

WNVpositivepools 83 0 33 0 58 0

Seroconversions 56 47 55

Volume75 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia 13

Table1InterannualsummaryofWNVactivityintheCoachellaCOAVandImperialIMPRvalleys
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WestNileVirusFociinGreaterLosAngelesCountyVectorControlDistrict2003 2006
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ABSTRACTWestNilevirusWNVfirstdetectedwithintheboundariesoftheGreaterLosAngelesCountyVectorControl
DistrictGLACVCDinSeptember2003hasmaintainedvaryingintensitiesoftransmissionamongmosquitoeswildbirds
equinesandhumansthrough2006ThecurrentpaperanalyzesthetrendsinWNVdistributioninGLACVCDusingWNV
positivedeadbirdsmosquitoesandhumancasesThetemporalpatternoftheWNVepidemicgenerallyconformedto

thatobservedelsewherethroughoutthecountryandinvolvedaninitialintroductionwithsomehumancasesthefirstseason
explosiveepidemicamplificationthesecondseasonandasubsidencetomaintenancelevelsthethirdyearAlthoughWNV
activitydeclinedsubstantiallysincethe2004epidemicyearitcontinuestoremainactiveinLosAngelesandshouldbe
consideredendemicResearchcontinuestounderstandhowthevariousecologicalfactorsmayreactivateresidualfocior
createnewareasoffocalamplification

INTRODUCTION

In2003theGreaterLosAngelesCountyVectorControl
DistrictGLACVCDjoinedacollaborativeprojectwiththeCenter
forVectorborneDiseasesUniversityofCaliforniaDavisandthe
CaliforniaDepartmentofHealthServicestoinvestigatethe
invasionofCaliforniabyWNVThecurrentpaperutilizesthree
indicatorsofWNVactivityWNVpositivedeadbirdsmosquito
poolsandhumancasestoillustratechangesindistributionand
intensityoftransmissionfrom2003to2006

MATERIALSANDMETHODS

Fiveprimarymonitoringsiteswereselectedforweekly
surveillanceTwoofthesesiteswerelocatedinthenorthernpartof
theDistrictintheSanFernandoValleyatEncinoandGriffithPark
andthreesiteswerelocatedinthesouthernhalfoftheDistrictin

theLosAngelesBasinatMachadoLakeRowlandHeightsand
WhittierNarrows WhilebothpartsoftheDistrictarehighly
urbanizedandsimilarintermsofresidentialandindustrialdensities

andpresenceofparksandresidualwetlandstheyvarysignificantly
inclimateTheSanFernandoValleygenerallyhashottersummers
andcolderwintersthantheLosAngelesBasinwhichisinfluenced
bythecoolonshoremarineairflowAnnualrainfallinthetwo
areasissimilar

Mosquitoeswerecollectedattheseprimarysitesonabiweekly
basisusinggravidandCO2baitedCDCtrapstomeasure
abundanceandinfectionratesAtthesesamesitesbloodsamples
werecolletedbiweeklyfromsentinelchickensandperidomestic
wildbirdstodetectWNVantibodiesWilsonetal2004Dead
birdswerecollectedandsubmittedfortestingaspartofthe
CaliforniaDepartmentofHealthServicesDeadBirdSurveillance
Program Inadditiontotheprimarysitesmosquitoeswere
collectedmonthlyfromapproximatelytwentyfivetransectsin
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otherareasoftheDistrictinordertoassessabundanceandvirus

activityoutsideoftheprimarystudyareasandtoprovide
informationformosquitocontrolactivities

ThenumberofWNpositivedeadbirdsandhumancaseswere
groupedspatiallybyzipcodeforeachyearInfectionrateswere
calculatedbyMaximumLikelihoodEstimatesMLE1000for
CulexquinquefasciatusSaypoolsduringtheeightweekperiodof
peaktransmissionforeachyearMosquitopoolsweregroupedby
zipcodestoobtainasufficientnumberofsamplesforthecalculation
ofMLEsBiggerstaff2006

RESULTSANDDISCUSSION

WestNilevirusfirstinvadedGLACVCDinSeptember2003
NearlyalloftheWNVactivitythatyearoccurredinthesouthern
halfoftheDistrictintheRioHondoandSanGabrielRiver

corridorsByyearsend6Cxquinquefasciatuspools7chickens
and26deadcrowsfromthisareatestedpositiveforWNVThere
wasnoindicationofmosquitobornevirusactivityintheSan
FernandoValleyuntilNovember2003whenapoolofCx
quinquefasciatuscollectedfromagravidtraptestedpositiveforSt
LouisencephalitisSLEInDecemberthefirstWNVpositive
deadcrowwasrecoveredintheSanFernandoValleyThiswasthe
firstindicationofthenorthwardspreadofWNVintheDistrict
Wilsonetal2004

In2004theWNVepizooticspreadrapidlyasevidencedby
widespreadWNVamplificationthroughouttheDistrictAtotalof
616deadbirdsreportedbythepublictestedpositiveforWNVFig
1 Therealsowere326WNVpositivemosquitopoolswidely
distributedthroughouttheDistrictFig2 Duringpeak
transmissionmanyMLEsexceeded151000indicatingintense
transmissionTherewere157humancasesintheDistrictin2004

thatwerewidelydistributedinboththeLosAngelesBasinandthe
SanFernandoValleywithasinglecaseinSantaClaritaFig3
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Figure1DeclineinWNVpositivedeadbirdsrecoveredinGLACVCD20042006

MLE1000 D100 500 501 1000 1001 2000

2001 3000in3000GRLABoundary
Figure2DeclineinpeakperiodactivityofWNVpositivemosquitopools

HumanCases El1 23 45MGRLABoundary

Figure3DeclineinWNVhumancases20042006
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Theuseofzipcodesasaunitofareaforanalysiswas
problematicWhilezipcodesareaconvenientwaytorepresent
areaswithintheDistricttheyhavenointrinsicecologicalbasis
Howeversomezipcodesorgroupsofzipcodesmayserendipitously
circumscribeareasofecologicalimportance forexample
wetlands crowroostsorconcentrationsofunmaintained

swimmingpoolsAseconddisadvantageisthatzipcodesvaryin
sizeandmaychangethroughtimeThirdwhenWNVpositives
arerepresentedinfiguresbyshadingafewpositivesinzipcodes
thatcoverlargegeographicalareasencompassalargeareaand
thereforemaygiveafalseimpressionoftheextentofWNV
distribution Finallysomezipcodeshadsmallsamplesizes
resultinginlargeconfidenceintervalsforthecalculatedMIRIn
spiteofthesecaveatsusingzipcodesastheunitofscaleworked
wellfortheanalysespresentedinourpaper

Becauseofthewideextentofthe2004WNVepizooticgross
analysisbyzipcodefailedtodetectdistinctfocalareasHowever
spatialanalysisofthesedatarevealedclustersofdeadcorvids
centerednearAmericancrowroostsinthecitiesofNorthridge
ComptonandLaMiradaandtwocongruentclustersofhuman
casesinLaPuenteandCerritosReisenetal2004

Surveillanceeffortsin2005detectedfewerWNVpositivedead
birdsmosquitopoolsandhumancasesaswellasacontractionin
thegeographicaldistributionofpositiveindicators Thetotal

numberofWNVpositivedeadbirdsrecovereddeclinedfrom616
in2004to148in2005Thisdeclinewasmostnotableinthecentral

andsouthernpartoftheDistrictbuttherewasanincreaseinthe
numberofWNVpositivedeadbirdsrecoveredinthenorthernSan
FernandoValleyandSantaClaritaFig1Thenumberofpeak
periodWNVpositivemosquitopoolsdeclinedfrom346in2004to
179in2005Asimilarshiftinthegeographicaldistributionof
positivemosquitopoolswasnotedaswasseeninthecaseofWNV
positivedeadbirdswheretherewasadecreaseinthedistribution

ofWNVpositivepoolsinthecentralandsouthernportionsofthe
Districtandanincreaseinthenumbersandinfectionratesof

mosquitopoolsinnorthernSanFernandoValleyandSantaClarita
Humancasesdeclinedfrom157in2004to29in2005witha
similarshiftinthegeographicaldistributionofcasesthatwasnoted
withWNVpositivedeadbirdsandmosquitopools

In2006themainfocusofbothWNVpositivepoolsand
humancaseswasthesouthernportionoftheSanFernandoValley
Fig2 3 ThetotalnumberofWNVpositivedeadbirds
declinedfrom148in2005to54in2006ThenumberofWNV

positivepoolsdeclinedfrom179in2005to77in2006butMLEs
remainedrelativelyhighThehumancasesdeclinedfrom29in
2005to10in2006

Withadecreaseininfectionsduring2005and2006foci
delineatedbyzipcodesbecameapparentThegeneralconcurrence
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ofhumancasesFig3inareaswhereWNVpositivemosquito
poolsweredetectedFig2highlightedtheeffectivenessofour
surveillanceprogramanddemonstratedtheutilityoftransect
samplingWilsonetal2004 Asimilaragreementwasseen
amongareaswithWNVpositivedeadbirdsandmosquitopools
Fig1 2andhumancasesFig3bytheendof2006

TheseobservationssuggestthesubsidenceofWNVtoendemic
maintenancelevelsinGLACVCDHoweverseveralmechanisms

mayservetoreactivateresidualfociorcreatenewfociincluding
thedeclineofimmunestatusofperidomesticbirdpopulations
increaseinmosquitoabundancewarmtemperaturesorthe
creationofnewmosquitosourcesTheseconclusionsshouldbe
consideredpreliminaryastheyarebasedonzipcodeswithout
spatialstatisticalanalysisWellcontinuetoexaminethesedatato
seeifotherfactorssuchasherdimmunityinbirdsmightenhance
ourunderstandingofthefocaldistributionofWNVduring2005
and2006
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WestNilevirusWNVactivityinCaliforniabeganin2003
andwaslimitedtosixcountiessouthoftheTehachapiMountains
Hometal2004ByJune2004WNVactivityhadspreadnorth
oftheTehachapiMountainrangeandintotheBakersfieldareaof
KernCountyTakahashietal2005WNVquicklyspreadfrom
thereandbytheendoftheyearithadbeendetectedineverycounty
ofthestateHometal2005During2005WNVactivitywas
focusedprimarilywithinthecityofBakersfieldCarrolletal
2006ThecurrentpaperdiscussesthereappearanceofWNVin
KernCountyin2006anddescribesdetectionbyvarious
surveillancemethodsspreadthroughthecountyanddifferences
between2006andthepreviousWNVactiveyearsof2004and
2005

WestNileVirusActivityinKernCountyDuring2006

INTRODUCTION

BrianCarrollRichardTakahashiandWilliamReisen

ArbovirusFieldStationCenterforVectorborneDiseasesSchoolofVeterinaryMedicine4705AllenRdBakersfieldCA93314
2KernMosquitoandVectorControlDistrict4705AllenRdBakersfieldCA93314

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

ABSTRACTWestNilevirusWNVreappearedinKernCountyinmidMay2006andwasdetectedbyallsurveillance
methodsActivityduring2006wassimilartothatofpreviousyearswithinfectionsdetectedin50humans4equines89
sentinelchickens24deadbirdsand217mosquitopoolsTherealsowere811seropositivewildbirdsalmostdoublethe412
positivesdetectedin2005Thesedataindicatedthatamarkedincreaseinavianherdimmunitywasnotassociatedwitha
generalsubsidenceinvirusactivityDuringthisthirdyearofvirusactivityWNVwasfoundthroughoutKernCountyonthe
flooroftheCentralValley

MVCDs

AChickenFlocks
MosquitoSites

WittBirdSites

Figure1SurveillancesitesinKernCounty2006
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MATERIALSANDMETHODS

BackgroundSurveillanceinformationwasgatheredbymultiple
agenciesincludingfiveseparatemosquitocontrolagenciesthe
KernCountyDepartmentofPublicHealthEdwardsAirForce
BaseandtheArbovirusFieldStationAFSofUniversityof
CaliforniaDavisUCDAllofthedatapresentedinthisreport
wascollectedwithintheboundariesoftheKernMosquitoand
VectorControlDistrictKMVCDthelargestdistrictinthecounty
covering1650squaremilesOtherdistrictsincludetheDelano
MosquitoAbatementDistrictSouthForkMosquitoAbatement
DistrictWestSideMVCDandAntelopeValleyMVCDSampling
locationsareshowninFig1
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DeadBirdsDeadbirdswerereportedbythepublictothe
CDHSVBDShotlinewhoforwardedpertinentinformationtothe
KMVCDforbirdpickupBirdsweresubmittedtotheCalifornia
AnimalHealthandFoodSafetyCAHFSCentralLaboratoryat
UCDfornecropsyOralswabsandorkidneytissueweresentto
theUCDCenterforVectorborneDiseasesCVEClaboratoryfor
testingbyreversetranscriptasepolymerasechainreactionRT
PCR

MosquitoesMosquitoeswerecollectedbiweeklybydryice
baitedCDCtrapsSudiaandChamberlain1962andbyReiter
CummingsgravidtrapsCummings1992Collectionswere
identifiedbyspeciesandpooledintogroupsof50femaleseach
andthentestedforviralRNAbyCVECusingamultiplexRTPCR
thatdetectsWNVaswellasStLouisencephalitisSLEand
westernequineencephalomyelitisWEEChilesetal2004

ChickensSerawerecollectedbiweeklyfrom10henswithin
eachof14flocksIndividualbloodsampleswerecollectedonstrips
offilterpaperandthensenttoCDHSViralandRickettsialDisease
LaboratoryVRDLfortestingforIgGantibodybyanindirect
enzymeimmunoassayEIAReisenetal1994Positiveswere
confirmedbyindirectfluorescentantibodyIFAandendpoint
plaquereductionneutralizationtestsPRNT

FreeRangingBirdsBirdswerecollectedbiweeklyusing
mistnetsandgrainbaitedtrapsbandedandabloodsampletaken
01mlinto09mlsalineSampleswereclarifiedbycentrifugation
andthenscreenedforantibodybyanEIAChilesandReisen1998
withpositivesconfirmedandidentifiedbyPRNTSeraconfirmed
aspositivebutwithouta4XdifferencebetweenWNVandSLE
endpointtiterswerelistedasunidentifiedFlavivirus

HumansandEquinesHumanandequinecaseinformation
wasprovidedbytheKernCountyDepartmentofPublicHealthand
bytheCaliforniaWestNileVirusSurveillanceInformationCenter

RESULTS

WNVwasinitiallydetectedinasingleCulextarsalispool
collectedonMay9thTherewerenomorepositiveindicatorsof

Table1MosquitoinfectionratesIRinKernCounty2006

Proc PapersMosqVectorControlAssocCalifVol75

WNVactivityuntilJunewhentherewerenumerousmosquito
poolsandthefirsthumancasedetectedItwasntuntilJulywhen
theremainingsurveillanceindicatorsincludingsentinelchickens
deadbirdsandequinesdetectedvirusactivity

During2006217of1881mosquitopoolsfromKernCounty
testedpositiveforWNVTable1FromlateFebruarythrough
early May 2812 Culex eythrothorax Dyar 804 Culex

quinquefasciatusSay1511CulextarsalisCoquillettand1485
AedesmelanimonDyarweretestedforvirusinfectionin183pools
withnegativefindingsOn9MayasingleCxtarsalispoolatthe
waterrechargepondsonthewesternedgeofBakersfieldtested
positiveforWNVIttookanadditional41daysforthevirusto
amplifyandstartspreadingFromtheinitialpositivepooluntil
midJune therewere 1057 Cxeythrothorax4973 Cx

quinquefasciatus8278Cxtarsalisand1783Aemelanimontested
forvirusinfectionin387poolswithnegativefindingsOn20June
oneCxquinquefasciatuspoolcollectedfromagravidtraptested
positiveforWNVon22JuneoneCxtarsalispoolcollectedfrom
aCDCtraptestedpositiveforWNVandon23JuneoneCx
quinquefasciatuspoolcollectedfromagravidtraptestedpositive
forWNVBytheendofJunetheWNVhadspreadthroughoutthe
cityofBakersfieldandthesurroundingareasproducing10more
positivemosquitopoolsOfthesixspeciesofmosquitoesthatwere
submittedfortestingin2006WNVwasdetectedfromCx
eythrothoraxCxquinquefasciatusCxtarsalisandAemelanimon
TherewasonlyoneAemelanimonandtwoCxeythrothoraxpools
thattestedpositiveandwefeltthatthesespeciesdidnotplaya
majorroleinvirusamplificationCulexquinquefasciatusandCx
tarsaliswerethemajorvectorsforWNVtransmissionactivityin
2006Infectionratesper1000MIRs1000forCxquinquefasciatus
andCxtarsaliswereca10duringJuneandthenspikedinJuly
CulextarsalisMIRsquicklydroppedfromapeakof108inJuly
to68inAugustandthentoca10inSeptemberandOctober
whereastheMIRsofCxquinquefasciatusstayedelevatedfora
longerperiodreachingapeakof133duringJulyanddecliningto
115inAugustand49inSeptember

Aedesmelanimon

Culexeythrothorax

Cxquinquefasciatus
Cxtarsalis

Culisetaincidens

Csinorata

Total

238

113

745

772

2

11

1881

10514

5068

26954

33650

11

138

76335

2

4

117

94

0

0

217

020

079

434

279

0

0

314
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Markedviralamplificationwasdetectedinthelaterpartof
JuneFig2andbytheendofthemonththerewereatotalof14
positivemosquitopools411positivefreerangingbirdsYTD
totalandonehumancaseTherewasasharpincreaseinvirus
activityinJulyassociatedwithrisingsummertemperaturesand
thisactivityremainedatelevatedlevelsthroughAugustVirus
activitydeclinedinSeptemberandwasalmostcompletelyabsent
byOctoberSeroprevalenceratesinfreerangingbirdsremained
elevatedwith90positivesinOctoberand28positivesin
November

Atotalof89chickensfrom9flocksseroconvertedtoWNV

duringthe2006surveillanceseasonTable2Thefirstchicken
infectionsoccurredbefore3Julywith18chickensfromfiveflocks
beingconfirmedTheseflockswereinArvinsoutheastof
BakersfieldatthreeseparatesitesinmetropolitanBakersfieldand
attheKernNationalWildlifeRefugenorthwestofBakersfieldBy
theendofJulythevirushadspreadto8ofthe9flocksgenerating
42moreseroconversionsAugustandSeptembershoweda
decreasednumberofseroconversionswith16and13respectively
TherewerenoseroconversionsdetectedinOctoberorNovember
becausetherewerenoreplacementchickensavailableTherewas
onechickenflockonthenorthernedgeofBakersfieldthatnever

180

160

140

120

o100
0a
d
a

E80

z

60

40

20

0

Feb Mar Apr May Jun Jul

Month

seroconverted

Theyearendedwith50laboratoryconfirmedhumancasesand
nodeathsin2006Fortythreeofthesecaseswerelocatedinor
aroundthemetropolitanBakersfieldAreaTherestwerelocatedin
smallagrariancommunitiesonthevalleyfloorTable2

TheyearendedwithfourconfirmedpositiveWNVequine
casesandnofatalitiesfor2006Allfourofthesecaseswereinthe
metropolitanBakersfieldareaThisdecreaseinpositivecasesmost
likelywasduetoincreasesinvaccinationoftheequinepopulation
inKernCounty

In200624outof187deadbirdstestedpositiveforWNV
Table2Themostfrequentlyreporteddeadbirdspecieswere
WesternscrubjaysandAmericancrowswithsevenandsixtesting
positiverespectivelyOtherSpeciesincludedAmericanrobins3
Housefinches2Housesparrows2Barnowl1Blackheaded
grosbeak1Commonraven1andunknownspecies1Twenty
twoofthe24positivedeadbirdswerefoundinoraround
metropolitanBakersfieldTable2andoneeachwasfoundinthe
citiesofDelanoandWascoSincethedeadbirdprogramrelieson

thepublictofindandreportthedeadbirdsmostofthedeadbirds
werefoundinmetropolitanBakersfieldAsparsehumanpopulation
andlargenumbersofscavengersmostlikelyreducedthe
effectivenessofthedeadbirdprograminruralareas

Oct

Figure2PositiveSurveillancemeasuresplottedasafunctionofmonthduring2006
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Nov

0FreeRangingBirds
Chickens

DeadBirds

XHumans

CIFMosquitoes
0Equines



SpeciesTestingPositive TotalTested TotalPositive PercentPositive

AshthroatedflycatcherNonresident 4 1 250

BellsvireoNonResident 2 1 500

BewickswrenResident 11 2 182

BrownheadedcowbirdResident 70 4 57

CaliforniathrasherResident 8 5 625

LoggerheadshrikeResident 5 1 200

WesternkingbirdNonResident 13 2 154

GoldencrownedsparrowNonResident 109 2 1

SongsparrowNonResident 119 4 34

WhitecrownedsparrowNonResident 959 12 13

MourningdoveSemiResident 298 117 393

CaliforniaquailResident 1026 446 435

HousefinchResident 527 110 209

HousesparrowResident 443 18 41

WesternscrubjayResident 150 86 573

Total 3744 811 217
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Table2SummaryofpositivesurveillanceresultsbycitieswithinKernCounty2006

Arvin

Bakersfield

Buttonwillow

Delano

Lamont

LostHills

Shafter

Wasco

Total

17

138

12

0

6

23

18

3

217

25

35

9

0

0

12

0

8

89

1

43

0

1

1

1

1

2

50

0

4

0

0

0

0

0

0

4

0

22

0

1

0

0

0

1

24

14

786

0

0

0

11

0

0

811

Thefreerangingbirdseroprevalenceprogramdetected811
EIApositivesduring2006thatwererepresentedby15speciesof
birdsTable3Positivityratesrangedfrom1to62 depending
uponspeciesandresidencystatusAsexpectedmostofthetransient
migrantsandwinterresidentshadlowseroprevalencerates
comparedtotheyearroundresidentspecies

DISCUSSION

Examiningtheseasonalityofpositivesurveillanceindicators
revealedseveralpatternsFirsttheEIApositivefreerangingbirds
inFebruaryMarchandAprilmostlikelydidnotrepresentcurrent
transmissioneventsandmostlikelywereinfectedduring2005
becausetherewerenootherindicationsofvirusactivityduringlate

Table3SpeciesoffreerangingbirdstestingpositiveforFlavivirusKernCounty2006

Proc PapersMosqVectorControlAssocCalfVol75
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winterandearlyspring2006Previousstudieshaveshownthat
antibodyinavianhostsisdetectableformanymonthsafterthe
initialinfectionandthereforethesebirdscouldhavebeeninfected
inthelatterpartof2005Secondassoonasmosquitopoolsbecame
positiveandincreasedinnumbertherewasaconcurrentincrease
inthenumberofchickenconversionsdeadbirdsandhumancases
Thistrendwassimilarduringviralsubsidenceinlatesummerie
decreasedmosquitoinfectionrateswerefollowedcloselyby
decreasesintheremainingsurveillanceindicatorsThirdtherewas
adecreaseinseroprevalenceratesamongwildbirdsinJuneand
Julyperhapsduetonaturalmortalityamongolderimmunebirds
andincreasesinthenumbersofhatchingyearbirdsdilutingthe
numberswithantibody
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ThereweredifferencesinWNVactivitybetween2006and
previousvirusactiveyears2004Takahashietal2005and2005
Carrolletal2006In2004WNVactivitystartedinthe
southeasterncornerofthevalleyandmovedintoBakersfieldand
thentothewestsideofthevalleyIn2005WNVactivitywas
appearedinthecityofBakersfieldandthenspreadoutwardfinally
affectingeverysurveillancesiteacrossthevalleyIn2006WNV
wasfirstdetectedinonemosquitopoolinearlyMayandthenthere
wasanabsenceofvirusactivityforsixweeksuntilthethirdweek
ofJunewhentherewere13mosquitopositivesfromninesites
ThesepositiveswerespreadalloverthevalleyfromArvin
southeastofBakersfieldtotheKernNationalWildliferefuge
northwestoftherefugeItwasnotpossibletodetermineifthis
apparentdispersalwastheresultofviralmovementordelayedlocal
amplificationanddetectionrelatedtotemperatureVirusactivity
slowedinlateSeptemberandfinallysubsidedinOctoberand
NovemberwhenCxtarsalisentereddiapauseBellamyand
Reeves1963Nelson1964Bylookingattheoverallincidenceand
positivityratesitappearedasif2006wassimilarto2005and
2004howeverthespatialandtemporalpatternswerequite
differentTable4Althoughtherewereapproximatelythesame
numberofhumancasessentinelchickenseroconversionsand
mosquitopoolspositiveallthreeyearsthenumberofdeadbirds
declinedapproximately50between2005and2006andthe
positiveequinecaseswerereducedtoalmostzeroInadditionto
thistherewasalargeincreaseinseroprevalenceamongfree
rangingbirdsthatmayhaveinitiatedthedeclineofWNVactivity
inSeptemberWithalmostallofthesepositivesbeingresident
specieshostseekinginfectiousmosquitoeslikelyhadfewantibody
negativeavianhoststoutilizeinthetransmissioncycleHowever
thiscarriedoverantibodyorherdimmunityinthefreeranging
birdsdidnotseemtonegativelyimpactonWNVactivityin2006
Insummaryeverysurveillancesiteexceptonewasaffectedby
WNVin2006ItwillbeveryinterestingtoseewhereWNV
reemergesin2007andifthecontinuedhighlevelofseroprevalence
withintheaviancommunitywilldampenvernalamplification
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Table4NumberofsurveillancemeasurespositiveforWNVinKernCounty20042006

2004 2005 2006

HumanCases 60 68 50

Sentinelchickens 101 121 89

Equinecases 46 26 4

Mosquitopools
Positive 214 235 217

TotalTested 1367 1596 1868

DeadBirds
Positive 87 44 24

TotalTested 159 240 187

Freerangingbirds
Positive 157 412 811

TotalTested 3400 3476 4036
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AvianHerdImmunityandWNVinSacramentoCounty

SWrightSWheelerBPerezVArmijosKKelleyWReisenandPMacedo

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624
2UniversityofCaliforniaDavisCenterforVectorBorneDiseaseOldDavisRdDavisCA95616

ABSTRACTWestNileVirusWNVwasfirstdetectedinSacramentoCountyinthesummerof2004Toidentifylocalavian
reservoirspeciesandtobetterunderstandtheinfectioncycleinbirdsandmosquitoeswildbirdsandCulexmosquitoeswere
sampledinruralandsuburbanhabitatsinSacramentoCountyduring2004through2006Birdswerecapturedaccordingto
FederalandStatepermitprotocolsusingmistnetsandvariousbaitedtraptypesEachbirdwasbandedsampledagedand
measuredpriortoreleaseOverall32speciesofbirdsin17familiesdemonstratedantibodypresenceTable1InitiallyJune
2004antibodywasdetectedinmigrantsummerresidentbirdsofSacramentoCountybuthassincebecomeestablishedwithin
thelocalyearroundresidentbirdpopulationTheoverallpercentofantibodyintheseresidentbirdsincreasedeachyearfrom
05in2004to21in2005and71in2006ThepatternofpercentantibodyincreasewasobservedinWNVresistant
aswellassusceptiblebirdspeciesTwoexamplesofresistantavianspeciesincludetheMourningdoveandtheRockpigeon
Mourningdoveantibodyincreasedfrom20in2005to380in2006andRockpigeonantibodyincreasedfrom107in
2005to400in2006ThepatterninsusceptiblespeciessuchastheWesternscrubjayandHousefinchwassimilarWestern
scrubjayantibodyincreasedfrom26in2005to235in2006andHousefinchantibodyincreasedfrom58in2005to
106in2006NotedintheHousefinchpopulationwasashiftinageprofileofantibodypresentingindividualsDuringthe
firstyearthatWNVinvadedSacramentoCounty2004allantibodypositiveHousefincheswereHatchYearHYbirdsIn
theepidemicyear200577oftheantibodypositiveHousefincheswereHYbirdsbutin2006theageofantibodypositive
Housefinchesshiftedto96adultbirdsTheobservedincreaseinavianantibodyimpliesfewersusceptibleandinfectious
birdstoinfectmosquitoesthatleadtoafadingoftheepidemicThiswasnotedlocallyontheStoneLakesNationalWildlife
RefugeandregionallyinSacramentoCountyForexampleHousefinchesontheRefugeshoweda58antibodywhile36of
RefugemosquitopoolswereWNVpositivein2005Housefinchantibodyincreasedto106whilemosquitopoolsdroppedto
14in2006RegionallyinSacramentoCountyasimilarpatternwasobservedOverallavianantibodyincreasedfrom21
in2005to71in2006whilepositivemosquitopoolsdecreasedfrom85in2005to14in2006Theconcurrentincrease
inavianantibodyandreductioninpositivemosquitopoolssuggeststhatherdimmunityprovidedanaturalsuppressionofWNV
transmission

Table1PrevalenceofantibodiesagainstWNVinbirdssampledinSacramentoCounty

Proc PapersMosqVectorControlAssocCalifVol75

PercentbirdswithantibodiestoWNVn

Commonname Scientificname 2004 2005 2006

Mallard Anasplatyrhynchos 1469 7553

Greenheron Butoridesvirescens 1001

Rockpigeon Columbalivia 120109 107178 4093

Mourningdove Zenaidamacroura 2015 38071

Sharpshinnedhawk Accipiterstriatus 5002

Coopershawk Accipitercooperii 2504 1001

Redshoulderedhawk Buteolineatus 7504

Redtailedhawk Buteojamaicensis 1001

WesternscrubJay Aphelocomacalifornica 2051 2737 40015

Brownheadedcowbird Molothrusater 54110

Redwingedblackbird Agelaiusphoeniceus 1758

Brewersblackbird Euphaguscyanocephalus 1660

Lincolnssparrow Melospizalincolnii 1953

Songsparrow Melospizamelodia 05196 3459
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106in2006NotedintheHousefinchpopulationwasashiftinageprofileofantibodypresentingindividualsDuringthe
firstyearthatWNVinvadedSacramentoCounty2004allantibodypositiveHousefincheswereHatchYearHYbirdsIn
theepidemicyear200577oftheantibodypositiveHousefincheswereHYbirdsbutin2006theageofantibodypositive
Housefinchesshiftedto96adultbirdsTheobservedincreaseinavianantibodyimpliesfewersusceptibleandinfectious
birdstoinfectmosquitoesthatleadtoafadingoftheepidemicThiswasnotedlocallyontheStoneLakesNationalWildlife
RefugeandregionallyinSacramentoCountyForexampleHousefinchesontheRefugeshoweda58antibodywhile36of
RefugemosquitopoolswereWNVpositivein2005Housefinchantibodyincreasedto106whilemosquitopoolsdroppedto
14in2006RegionallyinSacramentoCountyasimilarpatternwasobservedOverallavianantibodyincreasedfrom21
in2005to71in2006whilepositivemosquitopoolsdecreasedfrom85in2005to14in2006Theconcurrentincrease
inavianantibodyandreductioninpositivemosquitopoolssuggeststhatherdimmunityprovidedanaturalsuppressionofWNV
transmission

Table1PrevalenceofantibodiesagainstWNVinbirdssampledinSacramentoCounty
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PercentbirdswithantibodiestoWNVn
Commonname Scientificname 2004 2005 2006

Blackheadedgrosbeak Pheucticusmelanocephalus 6166 2244
Cliffswallow Petrochelidonpyrrhonota 2442 10104 16125

Purplemartin Prognesubis 10010

Blackphoebe Sayornisnigricans 1191
Wrentit Chamaeafasciata 2774

Ashthroatedflycatcher Myiarchuscinerascens 5020

Loggerheadshrike Laniusludovicianus 1001

Northernmockingbird Mimuspolyglottos 5008
Americanrobin Turdusmigratorius 11817

Ringneckedpheasant Phasianuscolchicus 1706

Californiaquail Callipeplacalifornica 1437 2504
Housefinch Carpodacusmexicanus 16317 58468 106292

Americangoldfinch Carduelistristis 7713

Goldencrownedsparrow Zonotrichiaatricapilla 04220 11281

Whitecrownedsparrow Zonotrichialeucophrys 08127

Foxsparrow Passerellailiaca 1191

Spottedtowhee Pipilomaculatus 07135

Housesparrow Passerdomesticus 2005

24 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

Table1continued

Volume75

Proc PapersMosqVectorControlAssocCalifVol75



Volume75 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

PopulationDynamicsofCulextarsalisintheSacramentoValleyofCalifornia

ChristopherMBarkerWilliamKReisenBruceFEldridge Wesley0JohnsonandJeffGill

ABSTRACTCulextarsalisisanimportantvectorofarbovirusesthroughouttheagriculturalandurbanareasofCalifornia
Theassociationofthisspecieswithfreshwateragriculturalandpalustrinebreedinghabitatshasbeendescribedqualitatively
butquantificationoftherelationshipbetweenadultabundanceandedaphicandmeteorologicpredictorsisneededas astep
towarddevelopmentofamodeltoforecastmosquitoabundanceInthisstudyPoissonregressionwasusedtodeterminethe
associationofCxtarsalisabundancewithearlyseasonpredictorsintheSacramentoValleyofCaliforniaSeasonallyflooded
agricultureandmarshlandwerepositivelyassociatedwithCxtarsaliscountsduringthemonthsinwhichtheywereflooded
Humanpopulationdensitywasnegativelyassociatedwithtrapcountsprobablybecauseofthecombinedeffectsofcompeting
lightinurbanareasandthepreferenceofCxtarsalisforlarvalhabitatsnormallyfoundinruralareasLowtemperaturesin
JanuaryhadpositiveandnegativeeffectsontrapcountsduringAprilandJunerespectivelyalthoughthereissomeevidence
fromongoingresearchoveralongertimeperiodthattheseassociationsarenotuniversalwithinthegeographicrangeofthis
studyandmightbetheresultofusingarelativelyshorttimeseriesHigherwintersnowpackwasassociatedwithadelayin
theCxtarsalisabundancepeakprobablycausedbyinundationofagriculturalareaswithinfloodwaterchannelsanddelayed
riceplantingduringhighwateryearsResultsfromcontinuedmodeldevelopmentwillbeusedeventuallytoforecastandmap
abundanceofseveralmosquitospeciesthroughoutthemonitoredareasofCalifornia

INTRODUCTION

CulextarsalisCoquillettisanimportantvectorofarboviruses
inCaliforniaReeves1990Itsabundancehasbeenassociated
withactivityofwesternequineencephalomyelitisandStLouis
encephalitisvirusesOlsonetal1979andmorerecentlyCx
tarsalishasbeenidentifiedasacompetentGoddardetal2002
Reisenetal2005andfrequentlyinfectedHometal2005Reisen
etal2004vectorofnewlyintroducedWestNilevirusAlthough
nottheonlyfactoraffectingthetransmissionofarbovirusesvector
abundanceremainsthemostoperationallymeasurabledeterminant
ofvectorialcapacity

Culextarsalisbreedsinstandingfreshwaterincludinglarge
bodiessuchasagriculturalsourcesorwildliferefugesBohartand
Washino1978andannualabundancepatternsforCxtarsalisvary
amongtheecologicalzonesofCaliforniaBohartandWashino
1978Nelson1971andamongsiteswithinregionsAkmeans
clusteringanalysisformeanannualNewJerseylighttrapcountsby
halfmonthfollowedbymappingoftheclustermeanstowhicheach
sitebelongedrevealedthattheaverageannualpatternforeachsite
wasassociatedwithlandusesurroundingthesiteCMBarker
unpublisheddataSacramentoValleysiteswithsharpabundance
peaksinJulywereinornearseasonallyfloodedagriculturalareas
whereassiteswithconsistentlylownumbersofCxtarsaliswere
generallylocatedinurbanareasOnlythreesiteswithinthisstudy
regionexhibitedalateabundancepeakduringearlyfallandall
wereadjacenttotheButteSinkduckclubsjustnorthoftheSutter
Buttes

Theobjectiveofthecurrentstudywastotestandquantifythe
associationsofadultCxtarsalisfemaleabundancewithlarval

habitatsandearlyseasonmeteorologicindicatorsovertimeasa

DepartmentofEntomologyUniversityofCaliforniaDavis
CenterforVectorborneDiseasesUniversityofCaliforniaDavis

DepartmentofStatisticsUniversityofCaliforniaIrvine
DepartmentofPoliticalScienceUniversityofCaliforniaDavis
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steptowardforecastingabundancepriortotheannualvirus
transmissionseason

MATERIALSANDMETHODS

StudyareaandtimeperiodTheareaofstudywasa100km
x50kmsectionoftheSacramentoValleyinCaliforniaFig1
Thisareaincludesseverallandusecategoriesseasonallyflooded
agriculturericefieldsnonfloodedagricultureorchardsandrow
cropsseasonallyfloodedmarshesandurbanareasNewJersey
lighttrapsNJLTswereoperatedbytheButteCountyColusa
SacramentoYoloandSutterYubaMosquitoandVectorControl
Districtsat72siteswithintheregionduringthestudyperiodfrom
19972000Thisperiodwasselectedforthispilotstudybecauseit
bracketedthe19971998ElNinoeventwhichhadbeenprecededby
awarmdryperiodduringthespringof1997Fig2Mosquito
abundancewasmeasuredbyNJLTscollectedweeklyfromApril
OctoberofeachyearCollectionswereinconsistentduringother
monthsoftheyearandwereexcludedfromanalysis

MosquitocountsThemosquitocollectiondatausedinthis
studywereobtainedfromhistoricalarchivesmaintainedbythe
individualvectorcontrolagenciesPaperorelectronictrapbytrap
mosquitocollectionrecordswereobtainedfromeachagencyfor
theperiodfrom19972000Forrecordsthatwereinpaperformat
thecollectionswereenteredintoaMicrosoftAccess2000database
andallrecordswereimportedintoaMicrosoftSQLServer2000
databaseMicrosoftCorporationRedmondWApriortoanalysis
TotalnumbersofCxtarsalisfemalesweredividedbytotalnumbers
oftrapnightsbymonthandsiteandmultipliedby30resultingina
standardizednumberofmosquitoespertrapmonth

25
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Fig1MapshowingthelocationofthestudyareainCaliforniaandthelocationsof72NewJerseylighttrapsoperatedbetween1997and
2000insetCountyboundariesandnamesareindicatedandelevationisshowningrayscale
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Fig2Meanhighandlowtemperaturesupperandlowerboundsofthegrayareaandtotalprecipitationblackcolumns
bymonthforthe72mosquitocollectionsitesincludedinthestudy19972000

PotentialpredictorvariablesAsummaryofallpotential
predictorsconsideredforinclusioninthemodelsispresentedin
Table1LandcoverandlanduseLCLUdatawereextractedfrom
theCaliforniaCentralValleyWetlandsandRiparianGISdataset
CaliforniaDepartmentofFishandGame1997 TheLCLU

classificationinthisdatasetwasbasedonacomparisonofwinter
andsummerLandsatThematicMappersatelliteimagesacquired
primarilyfromlate19921993whichalloweddifferentiationof
seasonallyfloodedhabitatsfromthosefloodedyearroundThis
wasthemostdetailedLCLUdatasetavailableandwasconsidered

tobecloseenoughtothestudyperiod19972000tobe
representativeofthelandusesduringthetrappingperiodThe
proportionofthetotalareacoveredbyeachrespectiveLCLUclass
wascalculatedwithinradiiof12 10kmsurroundingeachtrap
siteinArcGIS92EnvironmentalSystemsResearchInstitute
ESRIRedlandsCA

Thehumanpopulationdatausedinthisstudywerepublished
bytheUnitedStatesCensusBureauUSCBforthe2000census
httpwwwcensusgovLandareavaluesbycensusblockwere
providedbypersonnelattheUSCB UsingArcGIS92these
censusandlandareadatawerejoinedtoUSCBTIGERLine
shapefilessothathumanpopulationdensityinpersonskmcould
bemappedthroughoutCaliforniaAfterconvertingtheshapefileto

Proc PapersMosqVectorControlAssocCalifVol75

a30mresolutionrastertheaveragepopulationdensitywas
calculatedwithina500mbufferzonesurroundingeachtrapsite

Meanmonthlymaximumandminimumtemperaturesandtotal
precipitationwereobtainedas4kmresolutiongridsfromthe
PRISMgroupatOregonStateUniversityPRISMGroupOregon
StateUniversity2006Monthlyvaluesforeachsitewereextracted
fromthe4kmgriddatausingArcGIS92April1snowwater
equivalentattheDonnerSummitstationYubaRiverbasin
Elevation2100mLatitude39310NLongitude120338Win
PlacerCountywasincludedasanindicatorofwintersnowpackfor
theCentralValleyCaliforniaDepartmentofWaterResources
2006

DataanalysisTotestandquantifyassociationsofmosquito
countswiththepotentialpredictorsaBayesianPoissonregression
modelwasfittothemonthlyAprilOctobertrapcountsforeach
yearfrom19972000Themodelformwasasfollows

logsitemonth 0 X 1 X p bsite Wsitemonth

whereLiisthemeancollectionratemosquitoespertrapmonth
foragivensiteandmonth p

representregressioncoefficients
foreachofthepfixedcovariatesbisasitewiseconditional
autoregressiveCARspatialrandomeffectthatallowsthe



Category Variable Description

Seasonal Month DummyvariablesforeachmonthMayOcttoflexibly
accountforseasonalchangesinCxtarsalisabundance

Landuse

landcover

Seasonallyfloodedagriculture Proportionoflandwithin2kmofthetrapsitethatwas
occupiedbyfloodedagriculturetypicallyrice

Seasonallyfloodedmarshes Proportionoflandwithin2kmofthetrapsitethatwas
occupiedbymarshlandsandemergentvegetation

Humanpopulationdensity Averagepersonsperkmwithin500mofthetrapsite

Meteorological

Precipitation TotalprecipitationcmbymonthJanApr

Snowpack SnowwaterequivalentonApr1atDonnerSummit

Lowtemperatures AveragelowtemperatureCbymonthJanApr

Hightemperatures AveragehightemperatureCbymonthJanApr
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Relative10
weight

Table1SummaryofpotentialpredictorvariablesforCulextarsaliscollectionrates

estimatedcollectionrateforeachsitetodependonthoseof
neighboringsitesBanerjeeetal2004andWisatemporal
randomeffectaccountingforcorrelationoftrapcountsbetween
monthsAspatialneighborhoodof126kmwasdefinedforthe
CARspatialeffectbasedonthedocumentedmaximalCxtarsalis

flightdistancefromamarkreleaserecapturestudyinKernCounty
CAReisenetal1992 Spatialweightswereassignedasthe
inversedistancetoneighboringtrapstogiveclosertrapsgreater
influenceonestimatesthanthosefartherawayFig3Models
werefitwitheachofthepotentialpredictorvariablesand
comparisonsamongmodelswerebasedonsignificanceofthe
regressioncoefficientsandtheDevianceInformationCriterion
DICSpiegelhalteretal2002
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Fig3Schematicshowingthespatialweights1distanceforthe
conditionalautoregressivepriorwithina126kmradiusofagiven
site
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RESULTS

RangeofLCLUinfluenceonadultCxtarsalisabundance

Todeterminetherangewithinwhichhabitathasthegreatest
influenceonadultfemaleCxtarsalisabundancemodelswere
fittedforseasonallyfloodedmarshessummarizedwithineachof10
radiifrom1210kmRadiifrom16kmyieldedverysimilar
modelfitswithadifferenceinDICvalues 1betweenanytwoof
themodels Aradiusof2kmwaschosenforallsubsequent
analysesbecausethiswasthemaximumradiusforwhichallsites
hadknownLCLUdataRadii 2kmfelloutsideoftheLCLU

layerforsomesitesandrequiredimputationofthemissingdata
EdaphicfactorsaffectingCxtarsalisabundanceTheLC

LUvariableswiththestrongestassociationwithCxtarsaliscounts
wereseasonallyfloodedmarshesseasonallyfloodedagriculture
andhumanpopulationdensitykmFig4Theeffectofmarshland
surroundingasitewaslimitedtolatesummerandearlyfallwith
approximatelydoubleortriplethenumberofCxtarsalisexpected
duringSeptemberandOctoberrespectivelyforanareawith20
moreofthesurroundingareacoveredbymarshSeasonallyflooded
agriculturehadaconsistentlypositiveassociationwithCxtarsalis
abundancefromMaySeptemberwiththestrongestassociation
occurringbetweenJuneandAugustHumanpopulationdensity
wasnegativelyassociatedwithCxtarsaliscountswithcollection
ratesinthemosturbanstudysitesexpectedtobeapproximately
25ofthoseinthemostruralareas

MeteorologicfactorsaffectingCxtarsalisabundance
Modelswerefittedseparatelywithmeanmonthlyhighandlow
temperaturesandtotalprecipitationduringJanuaryApriland
April1snowwaterequivalentatDonnerSummitaspredictorsof
monthlyCxtarsaliscountsduringthesubsequentseasonThe
countsweremoststronglyassociatedwithJanuarylowtemperatures
andApril1snowpackFig4WarmJanuarylowtemperatures
wereassociatedwithanincreaseinAprilCxtarsalisabundance
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Fig4RelativeCxtarsaliscollectionratesand95probabilityintervalsforeachpredictorvariableandmonthasapplicablefrom
thefinalregressionmodelForseasonallyfloodedmarshandagricultureratesarebasedonachangeof20intheareacoveredbythe
respectivelandcoverlanduseclasswithin2kmofthetrapsitesRatesforpersonspermilarebasedona4standarddeviationchangein
populationdensityieveryurbanvsveryruralareasRelativeratesfortemperatureandsnowpackarebasedonchangesof1Cand10
cmrespectivelyAllrelativeratesrepresentaratiooftherateforthehighercategorytotherateforthelowercategoryandintervalsthat
exclude1aresignificant

andadepressionincountsduringJunewhileincreasedApril1
snowpackwasassociatedwithfewerCxtarsalisduringspringbut
greaternumbersduringlatesummerAssociationsofCxtarsalis
countswithothermeteorologicvariableswereweakerandinsome
casestheotherpredictorswerehighlycorrelatedwiththose
presentedhereThustheywerenotincludedinthefinalmodel

Temporaldependence Includingrandomeffectsthat
accountedforcorrelationsinmosquitocountsovertimepermitted
estimationofthestrengthoftheconnectionbetweenmonthsduring
thecollectionseasonandoverthewinterfromOctoberthroughthe
startofthecollectionseasonthefollowingAprilBothmeasuresof
temporalassociationweresignificantlypositiveandthemonthto
monthconnectionduringtheseasonwasmorethantwiceasstrong
astheoverwinterconnection

DISCUSSION

ThisstudyagreeswithpreviousstudiesegBohartand
Washino1978Reisen1984ReisenandReeves1990showingthat
Cxtarsalisadultfemaleabundancepatternsarecloselyassociated
withtheagriculturalandpalustrinehabitatsinwhichthisspecies
breeds Theexpectedcountsweregreatestduringperiods
coincidingwithorimmediatelyfollowingpeaksintheavailability
ofaquaticbreedinghabitats

AttractionofmosquitoestoNJLTsdependsontheintensityof
competinglightfromothersourcesBarr1963MilbyandReeves
1989Reisenetal1999andhumanpopulationdensitywas

J
V

Meteorologicfactors
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includedintheregressionmodelsasasurrogateforthelevelof
backgroundilluminationThenegativeassociationofCxtarsalis
withhumanpopulationdensityfoundinthisstudyrepresentsthe
combinedeffectsofcompetinglightandthepreferenceofthis
speciesforfreshwaterbreedinghabitatstypicallyfoundinrural
areas

TheoppositeassociationsofJanuarylowtemperatureswith
AprilversusJuneCxtarsalisabundancewarrantfurther
investigationInparticularthepositiveeffectofhigherJanuary
temperaturesonAprilCxtarsalisabundanceisquestionableand
maybeduetotheuseofarelativelyshorttimeperiodinthispilot
studyRecentanalysesonabroadertemporalandspatialscale
indicatethattheassociationbetweenJanuarytemperaturesand
AprilCxtarsalisabundancemaybeneutralnegativeinthe
SacramentoValleyandthattheeffectsoftemperatureandother
predictorsdifferamongecologicalregions CM Barker

unpublisheddataTheseeffectsmayberelatedtowinterdiapause
inCxtarsalisandtheywillbeevaluatedfurtherinfuturestudies

HighlevelsofsnowpackareassociatedwithareductioninCx
tarsalisduringspringfollowedbyanincreaseduringsummer
ThisseasonalshiftinCxtarsalisabundanceistheresultofgreater
latewinterprecipitationandsnowmeltduringhighsnowpackyears
causingdelayedschedulesforplantingandirrigatingriceandother
cropsHilletal2006Duringhighwateryearsleveedfloodwater
conveyancechannelsnormallyusedforagricultureduringspring
areinundatedwithflowingwaterunsuitableformosquitobreeding
andplantingofcropsandassociatedcreationofhabitatfor
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Fig4RelativeCxtarsaliscollectionratesand95probabilityintervalsforeachpredictorvariableandmonthasapplicablefrom
thefinalregressionmodelForseasonallyfloodedmarshandagricultureratesarebasedonachangeof20intheareacoveredbythe
respectivelandcoverlanduseclasswithin2kmofthetrapsitesRatesforpersonspermilarebasedona4standarddeviationchangein
populationdensityieveryurbanvsveryruralareasRelativeratesfortemperatureandsnowpackarebasedonchangesof1Cand10
cmrespectivelyAllrelativeratesrepresentaratiooftherateforthehighercategorytotherateforthelowercategoryandintervalsthat
exclude1aresignificant

andadepressionincountsduringJunewhileincreasedApril1
snowpackwasassociatedwithfewerCxtarsalisduringspringbut
greaternumbersduringlatesummerAssociationsofCxtarsalis
countswithothermeteorologicvariableswereweakerandinsome
casestheotherpredictorswerehighlycorrelatedwiththose
presentedhereThustheywerenotincludedinthefinalmodel

Temporaldependence Includingrandomeffectsthat
accountedforcorrelationsinmosquitocountsovertimepermitted
estimationofthestrengthoftheconnectionbetweenmonthsduring
thecollectionseasonandoverthewinterfromOctoberthroughthe
startofthecollectionseasonthefollowingAprilBothmeasuresof
temporalassociationweresignificantlypositiveandthemonthto
monthconnectionduringtheseasonwasmorethantwiceasstrong
astheoverwinterconnection

DISCUSSION

ThisstudyagreeswithpreviousstudiesegBohartand
Washino1978Reisen1984ReisenandReeves1990showingthat
Cxtarsalisadultfemaleabundancepatternsarecloselyassociated
withtheagriculturalandpalustrinehabitatsinwhichthisspecies
breeds Theexpectedcountsweregreatestduringperiods
coincidingwithorimmediatelyfollowingpeaksintheavailability
ofaquaticbreedinghabitats

AttractionofmosquitoestoNJLTsdependsontheintensityof
competinglightfromothersourcesBarr1963MilbyandReeves
1989Reisenetal1999andhumanpopulationdensitywas
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includedintheregressionmodelsasasurrogateforthelevelof
backgroundilluminationThenegativeassociationofCxtarsalis
withhumanpopulationdensityfoundinthisstudyrepresentsthe
combinedeffectsofcompetinglightandthepreferenceofthis
speciesforfreshwaterbreedinghabitatstypicallyfoundinrural
areas

TheoppositeassociationsofJanuarylowtemperatureswith
AprilversusJuneCxtarsalisabundancewarrantfurther
investigationInparticularthepositiveeffectofhigherJanuary
temperaturesonAprilCxtarsalisabundanceisquestionableand
maybeduetotheuseofarelativelyshorttimeperiodinthispilot
studyRecentanalysesonabroadertemporalandspatialscale
indicatethattheassociationbetweenJanuarytemperaturesand
AprilCxtarsalisabundancemaybeneutralnegativeinthe
SacramentoValleyandthattheeffectsoftemperatureandother
predictorsdifferamongecologicalregions CM Barker

unpublisheddataTheseeffectsmayberelatedtowinterdiapause
inCxtarsalisandtheywillbeevaluatedfurtherinfuturestudies

HighlevelsofsnowpackareassociatedwithareductioninCx
tarsalisduringspringfollowedbyanincreaseduringsummer
ThisseasonalshiftinCxtarsalisabundanceistheresultofgreater
latewinterprecipitationandsnowmeltduringhighsnowpackyears
causingdelayedschedulesforplantingandirrigatingriceandother
cropsHilletal2006Duringhighwateryearsleveedfloodwater
conveyancechannelsnormallyusedforagricultureduringspring
areinundatedwithflowingwaterunsuitableformosquitobreeding
andplantingofcropsandassociatedcreationofhabitatfor
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immaturemosquitoesaredelayeduntillatespringwhenthe
precipitationandsnowmeltwatershavesubsidedYoloBypass
WorkingGroupetal2001

Therandomeffectsforconnectionsintimeindicatedthat

higherthannormalorlowerthannormaltrapcountsduringa
givenmonthbetweenAprilandSeptembertendtocarryforward
intothefollowingmonthTheslightlypositiveconnectionbetween
OctoberandthefollowingAprilindicatesthatCxtarsalis
abundanceisnotindependentbetweenyearsandknowledgeofthe
sizeofthepopulationgoingintodiapauseprovidessomeindication
oftheabundancetobeexpectedthefollowingspring

Themodeldevelopedinthisstudywillbeexpandedand
modifiedasneededtoincludeothermosquitospeciestimeperiods
andecologicalregionsthroughoutCaliforniawiththegoalof
developingmapsofpredictedabundanceofCxtarsalisandother
speciesthroughoutCalifornia
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IsNonViremicTransmissionofWestNilevirusbyCulexMosquitoes
DipteraCulicidaeNonViremic

CenterforVectorborneDiseasesandDepartmentofPathologyMicrobiologyandImmunology
SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

SUMMARY

Nonviremic transmission NVT ofWest Nile virus

FlaviviridaeFlavivirusWNVwasdemonstratedrecentlyfor
mosquitoesusingaCulexquinquefasciatusSay laboratorymouse
MusmusculusexperimentalmodelHiggsetal2005Asummary
oftheirexperimentalprotocolissummarizedinFigure1Blood
samplesfromoneexperimentalandseveraladditionalmicetaken
immediatelyafterbloodfeedinglackeddetectablevirusleading
Higgsetal2005toconcludethattransmissionwasnonviremic
iebytheirdefinitionbeforeitspropagationinthehostandits
appearanceinthecirculatorysystem Aswehavegenerated
artificialviremiasin2dayoldchicksbydirectinjectionofvirusinto
thejugularveinMahmoodetal2004wefeltthatalowtitered
transientviremiacouldhavebeengeneratedbyhighlycompetent
mosquitoesthatinoculate10000plaqueformingunitsPFUof
virusduringbloodfeedingThepurposeofourexperimentwas
toconfirmtherecentresultsofHiggsexperimentusinganatural
CulexvectorWNVavianhostsystembydemonstratingintraand
interspecifictransferofWNVamongcofeedingCulexandtoassess
thetransientlevelofWNVinthevertebratehostcirculatorysystem
OurprotocolissummarizedinFig2

Figure1
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InourstudyReisenetal2006interandintraspecific
transferofWNVoccurredinfrequentlywhendonorCulextarsalis
CoquillettfedconcurrentlyonHousefincheswithrecipientCx
quinquefasciatusSayandCxtarsalisFiveoutof6Housefinches
hadWNVinbloodsamplescollectedbyjugularvenipuncture30
45minpostfeedingwithtitersrangingfrom23to42logPFU
mlAfter2wksincubationat26C3Cxquinquefasciatusand1Cx
tarsalisof230bloodfedrecipientswereinfectedofwhichoneCx
quinquefasciatuswascapableoftransmissionOurdataindicated
thatinfectiousfemalemosquitoesfeedingonsmallvertebrates
suchasHousefinchescreateanonpropagativeviremiacapableof
infectingconcurrentlycofeedingfemales

ThenonpropagativetransferofWNVthroughthecirculatory
systemisdependentupon1thequantityofvirusexpectoratedby
donormosquitoes2thebloodvolumeofthevertebratehostand
3theoralsusceptibilityoftherecipientmosquitoesOurresults
suggestthatfemalestransferring4logPFUintoavertebratehost
withalimitedbloodvolumehereca1mlproduceaviremiaof
sufficienttitertoinfectcofeedingfemalesThevolumeofvirus
expectoratedbyCxtarsalisfromthecohortweusedwasassessed
usingacapillarytubeassayAitken1977andwasmarkedlyvariable
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Fig3Theabilitytoinfectrecipientfemalesiscontingentupon
theprobabilitythattherecipientfemaleencountersufficientvirions
withinthebloodmealtoinitiateamesenteronalinfectionLordetal
2005OurmosquitoesapparentlyexpectoratedWNVdirectlyinto
thecirculatorysystemratherthanintotheskinorpoolfeedingand
viruswasdetectibleinthebloodwithin3045minafterfeeding

Ifefficiencyofrecipientinfectionisrelatedtothevolumeofvirus
inthevertebratehostcirculatorysystemthenhostbloodvolumeis
criticalBoththecurrentandpreviousHiggsetal2005studies
usedsmallhostsweight ca2025gwithatotalbloodvolumeof
ca10 15miSmallerhostssuchaspasseriformnestlingshavea
smallerbloodvolumeandpotentiallyahigherconcentrationofvirus
whereasprogressivelylargerhostssuchasAmericancrowswould
circulateprogressivelylessviruspermlofbloodThesuggestion
thatlargehostssuchashorsesthatdontproduceanelevatedviremia
orthathavebeenvaccinatedwouldnowbeimportantinWNV
transmissionHiggsetal2005obviouslyneedssubstantiationby
furtherexperimentationtoassessthesignificanceofbothNVTand
nonpropagativetransfer
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IxodespacificusCooley Kohlswasevaluatedasan

experimentalvectorofWestNilevirusWNVbytestingtheability
ofthisticktobecomeinfectedwiththeNY99strainofWNV

whilefeedingonviremicSongsparrowstomaintaintheinfection
transstadiallyandthentotransmitWNVtorecipientnaiveSong
sparrowsorWesternfencelizardsduringthenymphalstageOur
experimentalprotocolissummarizedinFig1AllSongsparrows
initiallyinoculatedsubcutaneouslywith130plaqueformingunits
PFUofWNVdevelopedaviremiaresponsethatpeakedat7
logPFUmLFig2AThepercentageoftickspositiveforWNV
RNAbyRTPCRdecreasedfrom77of35larvae5larvaeper
eachof7Songsparrowsatday6afterticksweretransferredto
donorSongsparrowsdayofdetachmentto23of35nymphsat59
dayspostinfestationca19daysaftermoltingtothenymphalstage
butbeforebloodfedonrecipienthostsFig2BCHoweverthe
percentageoftickspositivebyRTPCRfromwhichinfectiousvirus
wasrecoveredbyVerocellassaydecreasedfrom59onday6to
12onday59eventhoughtherewasnostatisticallysignificant
decreaseinthequantityofRNAestimatedbyCtscoreswithin
positiveticksAttemptstoimprovethesensitivityoftheseplaque
assaysbyblindpassagethroughC636Aedesalbopictuscellcultures

Inoculate8
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WNVandbleed
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Bleed
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and

Lizards

for

viremia

andtest

ticksfor

virus

infection

Place75

pacificus
larvaeon

eachSOSP

SOSP lizards

heldincagesover
wateruntilnymph
detachment

wereunsuccessfulThesedataindicatedthatticksmaintainedviral

RNAbutnotnecessarilyinfectiousvirusovertime
NymphsmoltingfromlarvaethatfedonSongsparrowswith

peakviremiasrangingfrom72 85logplaqueformingunits
PFUpermLwereusedintransmissionattemptsFig2CFrom
1 7WNVRNApositivenymphalticksengorgedanddetached
fromeachoffourrecipientSongsparrowsorWesternfencelizards
howeversubsequentbloodsamplesfromsparrowsandlizards
remainednegativeindicatingthattransmissiondidnotoccurAn
additional4lizardsinoculatedwith1500PFUofWNVdeveloped
moderateviremiasrangingfrom42to56logPFUmLThese
andearlierdataonSongsparrowsindicatedthattherecipienthost
speciesweresusceptibletoWNVinfectionandshouldhavebecome
viremicifthenymphaltickshadtransmittedWNVtothemOurdata
andpreviousnegativestudieswithotherhardtickspeciesAnderson
etal2003collectivelyindicatedthatixodidtickswerenotableto
experimentallytransmitWNVandthereforewouldnotbeimportant
vectorsinWNVtransmissioncycles

Failuretodetecttransmissioninthecurrentandprevious
Andersonetal2003experimentsindicatedthatixodidticksare
notcompetentvectors Interestinglyserosurveyshavedetected

METHODS
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Figure2AViremiaprofileofSongsparrowsinoculatedwithsubcutaneouslywith130PFUofWNVBPercentage
of35immaturetickspositiveforWNVRNAbyRTPCRCNumbertickspositiveforWNVRNAbyRTPCRon
eachSongsparrowondays5 59postinfestation

antibodiestoWNVinavarietyofsmallmediumandlarge
mammalsMarfinetal2001McLeanetal2002Komar2003
HeinzTahenyetal2004Rootetal2005Dietrichetal2005
FarfanAleetal2006leadingseveralauthorstoproposea
mammalvectortransmissioncycleinparallelwiththeaccepted
birdCulexmaintenanceandamplificationcycleBasedondata
availabletodateixodidticksmostlikelyarenotthevectorofWNV
tothesemammals

ReptileshavebeenfoundpositiveforWNVorantibodyinnature
Hayes1989FarfanAleetal2006andhavebeenfoundtoproduce
modestorfairlyelevatedviremiasfollowingexperimentalinfection
KlenkandKomar2003Klenketal2004Thesourceofthese
infectionsremainsobscurebecausemostCulexthatfeedonbirds
infrequentlyfeedonpoikilothermsTempelis1975Washinoand
Tempelis1983Appersonetal2002Cuppetal2004Apperson
etal2004CollectivelyourdataandthoseofothersKlenkand
Komar2003stronglysuggestthatlizardsprobablyarenotan
importantcomponentofWNVtransmissioncycles
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Surveillance2006OverviewChangesandImprovementsin TurnaroundTime

MaureenDannenKeiraSimmonsAndrewChowBborieParkYingFang

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavis

Thispresentationprovidesanoverviewofcurrentmolecular
diagnosticproceduresdoneattheCenterforVectorborneDiseases
ArbovirusResearchUnitCVECinsupportoftheCalifornia
EncephalitisVirusSurveillanceProgram Mosquitopools
submittedtoCVECareprocessedthroughaprotocoldesignedto
ensurequalitycontrolbeginningwithcheckingthemosquitopool
numbersagainstdataonthepackingslipsenteringdataintothe
SurveillanceGatewayandcontinuingthroughtheRNAextraction
to finalprocessingusingthemultiplexreversetranscriptase
polymerasechainreactionRTPCRUnderthebiosafetylevel3
BSL3conditionsmosquitopoolsandtissuesamplesfromdead
birdsaretrituratedduringaSpexmixermillclarifiedby
refrigeratedcentrifugationandtheRNAextractedusingarobotic
ABI6700unitoranABI6100RNApreparationstationMosquito
poolsaretestedforWestNilevirusWNVStLouisencephalitis
SLEandwesternequineencephalomyelitisWEEvirusesby
multiplexRTPCRwhereasbirdtissuesaretestedonlyforWNV
byasingleplexassayBirdtissueswerenottestedforSLEVor
WEEbecausethesevirusesdontusuallykillbirdsduringacute
infectionRTPCRisperformedusinganABIrealtimeTaqMan
platform

Basedonpreviousyearsextensiveconfirmationaltestingwe
abbreviatedourtestingandconfirmationparadigmduring2006
SpecimenswhichdidnotcrossthecriticalcyclethresholdCtafter
40cycleswereconsiderednegativewhereasthosewithaCtscore
30cycleswereconsideredstronglypositiveBothresultswere
reportedimmediatelywithoutfurthertesting SpecimenswithCt
values30or40CtwereconfirmedbysinglexRTPCRusing
conservedprimersetsfromthenonstructuralregionoftheviral
genomethatgenerallyweremorespecificbutlesssensitiveIf
positivebythesecondRTPCRthesedatawerereported
immediatelyIfnegativewethenreextractedtheRNAfromthe
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Figure1Numberofmosquitopoolsplottedasafunctionofprocessingtimeinhoursafter
receiptofthespecimensatCVEC
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originalspecimenandrepeatedthesingleplexassayIfthis was

againpositiveweconsideredthetestconfirmedandreportedthis
specimenaspositive Ifnegativebyscreeningprimeronthis
secondattemptthespecimenwasreportedasnegativeAllresults
wereenteredandreportedviatheSurveillanceGatewaythereby
precludingdatareentryandallowingautogeneratedemail
notificationtothesubmittingagency

Theabbreviatedmoleculartestingparadigmanduseofthe
Gatewayhasledtoasignificantimprovementinturnaroundtime
Duringthe2006arbovirussurveillanceseason70ofmosquito
poolswerereportedtothesubmittingagencywithin48hoursor
less83werereportedwithin72hoursFig1Sampleresults
reportedafterthistimeperiodwerethosefewspecimenswith
equivocalresultsthatrequiredretestingandorreextractionthe
followingweek Duringthe2006surveillanceseasonatotalof
16144mosquitopoolsand4693vertebratetissuesweretestedOf
the16144mosquitopools52132 hadaCtscore30anddid
notrequireconfirmation Ofthe233samplesthathadtobe
retestedbecausetheCtscorefellbetween30and4015667
wereeventuallyconfirmedandreportedpositiveThesespecimens
presumablyhadloweramountsofvirusandprobablywouldhave
beenmissedbylesssensitiveassayssuchasVecTestOfthe4693
vertebratetissuestested81317 werepositiveandsubjectedto
thesameconfirmationalprocessasthemosquitopools

Thecurrentsystemisveryspecificandsensitiveandnowhas
beenrefinedtoallowrapidthroughputandreporting However
thissystemwillonlydetectthosevirusesforwhichthetestswere
developedDuring2007weplantoexpandourdiagnosticsto
includeplaqueassaystocaptureendemicandpotentiallyintroduced
arboviruses Ourultimateplanistoimproveourproceduresto
eventuallybeabletosimultaneouslytestforthesevirusesusing
Luminexbeadtechnology
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ProficiencyPanels AccuracySpecificityandSensitivityResults
WithImplicationsforRiskAssessment
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ABSTRACTThedecentralizationofWestNilevirusWNVtestingandtheuseofrapidantigenbasedassayshas raised

questionsandconcernsaboutthecomparabilityandaccuracyofdataobtained indifferentlaboratorysettingsTofacilitatea

comparisontheCenterforVectorborneDiseasesCVECdistributedapanel oftenfolddilutionsofkilledNY99WNVtotest

theaccuracyspecificityandsensitivityofagencytestingCVECreporteddetectionsensitivity thresholdsof10PFUplaque

formingunitsforsingleplexRTPCRreversetranscriptasepolymerasechainreaction 100PFUformultiplexRTPCR10000

PFUfortheRAMPtestand100000PFUfortheVecTestTheseresultswerecorroboratedby11agenciesreporting VecTest

results9agenciesreportingRAMPresultsand4of6agenciesreportingRTPCRresults Themostvariabilityinresults

wasseenintheRTPCRresultsandismostlikelyattributabletodifferencesinRNAextractionsystemsandPCRplatforms
TofurtherassessthecomparabilityoftherapidtestsandRTPCRassayaparalleltestingschedulewasestablished withthe

TurlockMosquitoAbatementDistrictwhere1042mosquitopoolsweretestedbybothRAMPand RTPCRA38decrease

inthedetectionofpositivepoolswasfoundwhenRAMPwasusedoverRTPCRThediscrepancycreatedadoubling ofthe

calculatedMIRminimuminfectionrate1000inthepeakseasonmonthsofAugustandSeptemberwhenRTPCRdatawas

usedUsingviraltiterdatafromexperimentallyinfectedCulextarsalisfemalesheldatfivedifferenttemperatures andusing

thethresholdsofdetectionforeachofthetestingmodalitiesitwaspredictedthatRTPCRwoulddetectWNVwithinall
mosquitoesatalltemperaturesby4daysofingestionofaninfectiousbloodmealDetection ofviralantigenbyRAMPwould

requireanadditional2daysatatemperatureof22Cand5daysat18CThedrasticdifferences inassaysensitivityandthe
effectsofaccuratedetectionontheassessmentofriskmakeRTPCRthemostreliablemethodofWNVdetectionintheearly
seasonmonthsandthemostaccuratetoolforatimelyagencyresponsetopreepidemicfociofviralamplificationthroughout
theseason

INTRODUCTION

Recentlyseverallocalagencieshaveinitiatedinhousetesting
forWestNilevirusWNVusingrapidantigendetectionsystems
includingRAMPResponseBiomedicalCorpBurnabyBC
CanadaandVecTestMedicalAnalysisSystemsIncCamarillo
CAaswellasvariouskitsdevelopedforRNAextractionandRT
PCRusingavarietyofplatformsDecentralizationoftestinghas
raisedquestionsconcerningthecomparabilityofresultsdoneby
differentpersonsindifferentlaboratorysettings In2005the

CenterforVectorborneDiseasesArbovirusResearchUnitCVEC

disseminatedproficiencypanelsthatconsistedofseveralvials
containingthesamehightiteredconcentrationofkilledvirusto
agenciesdoingRTPCRAllagenciesdetectedWNVbutthisdid
notprovideaquantitativeassessmentoflaboratorycapability
neededtotestmosquitoesandbirdtissues In2006CVEC

repeatedthisevaluationusinga10folddilutionseriesofkilled
NY99strainWNVtotesttheaccuracyspecificityandsensitivity
ofagencytestingThecurrentpapersummarizesresultssubmitted
forthreeassaysbyparticipatingagenciesanddiscussesthe
implicationsofassaysensitivityinsurveillanceInadditionwe
summarizetheresultsofafieldtrialdoneincollaborationwith

TurlockMosquitoAbatementDistrictMAD

Proc PapersMosqVectorControlAssocCalifVol75

PROFICIENCYPANEL

Volume75

MethodsWestNileVirusNY99strainwasgrowninVero
cellcultureharvestedtitratedbystandardplaqueassayandfrozen
at80CTheviruswaslaterdilutedinCVECsvirusdiluentto

createa10folddilutionseriesstartingat6Iogplaque
formingunits01mlandendingwith11og01ml A

negativecontrolconsistingsolelyofthemosquitodiluentwas
includedinthepanelAllofthedilutionsandthecontrolwere
inactivatedbytheadditionofthedetergentTritonX100ata
concentrationof05 Sampleswerethenincubatedovernightat
4Candsubsequentlytestednegativebyplaqueassayforthe
presenceofviablevirusThepanelconsistingof7numbercoded
vialswastestedblindatCVECbyVecTestRAMPandorRT
PCRBothsingleplexandmultiplexRTPCRwereperformedon
RNAextractedusingtheQIAmpViralRNAKitQiagenValencia
CASamplesthenwerealiquottednumbercodedfrozenat80C
andthenshippedondryicetorequestingagencieswheretheywere
testedblind

ResultsCVECreportedthresholdsofdetectionof10PFUfor
singleplexRTPCR100PFUformultiplexRTPCR10000PFU
fortheRAMPtestand100000PFUfortheVecTestFigure1
ThemultiplexRTPCRassaywasslightlylesssensitivethanthe
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Figure1CVECProficiencyPanelResultsandregressionofvirustiter1ogPFU01mL asafunctionofRTPCRCtvalue

singleplexRTPCRassaybutthisassayalsotestsforthepresence
ofwesternequineencephalomyelitisandStLouisencephalitis
virusesandwasmoresensitivethaneitheroftherapidantigen
detectionmethods ElevenagenciesreportedVecTestresults9
reportedRAMPtestresultsand6agenciesreportedRTPCR
resultsFigure2
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TheProficiencyPanelresultswerespecificaccurateand
consistentamongagenciesbutvariedwidelyinsensitivityVecTest
resultswereveryconsistentwithnopositivesbeingfoundin
sampleswithlessthanorequalto41og01mLThistestwas
alsoveryspecificbutnotverysensitiveTheRAMPtestswere
similarlyconsistenthoweverresultsforthe3log01mL
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sampleatthelimitofsensitivitywereproblematicThemeanwas
396butrangedfrom180to642RAMPunitsDependingupon
thecutoffvalueapositivebeing30unitsformosquitopoolsor
50unitsforcorvidswabsamplestherecouldhavebeenquitea
fewfalsenegativesdetectedbythismethodUnexpectedlythe
methodwiththemostvariabilitywastheRTPCRassayFigure3
FourRTPCRresultswerecomparabletothoseobtainedatCVEC
whereasothersshowedsensitivitybelowthatoftheRAMPtest
Mostlikelythewiderangeinresultswasduetodifferencesinthe
RNAextractionprotocolsandorPCRplatformsused

OPERATIONALCOMPARISONWITHTHETURLOCKMAD

MethodsToassessthecomparabilityoftheRAMPandRT
PCRassaysinthedetectionofWNVinfieldmosquitoesCVEC
andtheTurlockMosquitoandAbatementDistrictTurlockMAD

establishedaparalleltestingprogramduringthe2006surveillance
seasonPoolsweregroundinCVECdiluentandanaliquottested
byRAMPviatheResponseBiomedicalprotocolRemainderof
thepoolwassenttoCVECwhere15mLofCVECmosquito
diluentwasaddedandtheRNAextractionandRTPCRperformed

ResultsAtotalof1042poolsweretestedinparallelFigure
4Ofthesepools26positivepoolsand996negativespoolswere
inagreementaftertestingbybothRAMPandRTPCRHowever
therewere16RAMPnegativepoolsthattestedpositivebyRTPCR
and4RAMPpositivepoolsthattestednegativebyRTPCRThis
showeda38lossinthedetectionofpositivepoolsanda
correspondingdecreaseinthecalculatedmonthlyMIR1000For
themonthofJulythecalculatedMIR1000wasidenticalfor
samplestestedbythetwomethodsHoweverinthepeakseason
monthofAugusttheMIRchangedfromapproximately48using
RAMPresultsto87usingRTPCRresultsThisneardoublingof

Figure3SingleplexRTPCRresultsofProficiencyPaneltestingfromCVECand6reportingagenciesCt
scoresplottedasafunctionofvirustiterin1og01mL
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Figure4OperationalComparisonwiththeTurlockMAD2006n 1042mosquitopoolstestedbybothRAMP
andRTPCRassays
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thecalculatedMIR1000wasalsoobservedinthemonthof

SeptemberwhentheRAMPandRTPCRresultsproducedvalues
of10and21respectively

DETECTIONSENSITIVITYANTIGENVSRNA

TheassaysinquestionalldetectedthepresenceofWNVbut
differedinwhatpartoftheviruswasdetectedTheRAMPand
VecTestassaysdetectedthepresenceofspecificallyrecognized
antigensAntigenswerecomprisedofproteinorpolysaccharide
anddetectedaccordingtotheirshapeorconformationAchange
intheantigenconformationmaybeintroducedifthesamplesare
heatedornotrefrigeratedproperlyAsaresultimproperstorageof
asamplemaydestroytheconformationofanyantigenpresentthus
itsdetectionbythesemodalities

IncontrasttheRTPCRdetectsthepresenceofRNAwhich
mayremainstableforuptoaweekwithoutmaintenanceofacold
chainTurrelletal2002InasimilarstudyCVECcomparedRT
PCRCtcriticalthresholdvaluesfortheProficiencyPanelheated
at56Corheldat4Cfor30minutesUponRNAextractionand
amplificationthediscrepancyinholdingtemperaturescreatedaCt
differentialof08ThisrepresentslessthanaonethirdlogPFU
differencebetweenthesamplessubjectedtoheatandthose
maintainedwithinacoldchainThesedatasuggeststhatthemore
sensitiveRTPCRassaymayalsoconferthepracticalbenefitin
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comparisontotheantigendetectionmethodsofallowingagencies
tocollectandshipmosquitopoolsatambienttemperatures
effectivelyreducingthecostanddangerofshippinghandling
copiousamountsofdryice

IMPLICATIONSFORRISKASSESMENT

WhiletheProficiencyPanelresultsforeachofthetesting
modalitieswerespecificaccurateandconsistentwiththe
exceptionoftheaforementionedRTPCRresultsbetweenCVEC
andthereportingagenciestherestillexistsasignificant
discrepancyin sensitivityamongtheassays Thisdramatic

differenceinsensitivitybetweenthedetectionofantigenandthat
ofRNAmustbetakenintoconsiderationwhenassessinginfection
rateswithinmosquitopopulationsFigure5Coolweatherslows
virusgrowthwithininfectedmosquitoessuchthatmoremosquitoes
containinglessviruswillbecollectedtherebydelayingdetection
bylesssensitivemethods Asdemonstratedina2006field

comparisonwithTurlockMADtherewasa38lossinthe
detectionofWNVpositivepoolswhentheRAMPtestwasused
insteadoftheRTPCRassayThedecreaseindetectedpositive
poolsdecreasedestimatesoftheMIR1000thelevelofriskfor
humaninfectionandthereforetheaccuracyandtimelinessof
agencyresponsewithmosquitoabatementmeasures

ThegrowthofWNVwithinexperimentallyinfectedCulex

Figure5MaximumminimumandaverageairtemperatureatDavisCAplottedwiththeWNVzerogrowththreshold
of147C
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tarsalisCoquillettfemalesheldatfivedifferenttemperatureswas
measuredinthelaboratoryFigure6Assaysensitivitythresholds
inthefigureshowwheninfectedfemalescouldbedetectedbythe
threeassays TheRTPCRwoulddetectWNVwithinall

mosquitoesatalltemperaturesby4daysaftertheirinfectiousblood
mealorafterthefirstgonotrophiccycleItwouldtakeanadditional
2daysataconstanttemperatureof22Cforviralantigentobe
detectedbyRAMPandanadditional5daysfordetectionat18C
BythetimethatWNVpositivepoolswouldbedetectedbyRAMP
mosquitoeswouldalreadyhaveacquiredatransmissibleWNV
titer

Whiletheantigenbasedrapidtestsarequickandconvenient
withafastturnaroundtimeandnorequirementofBiosafetyLevel
3facilitiestheylacksensitivityintheearlydetectionofWNVat
subtransmissiblelevelsThemultiplexRTPCRassaycandetect
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aslittleas100PFUsandthereforeprovidesaccuratesensitive
resultsindependentofacoldchainearlyinthesurveillanceseason
aswellasbeingusefulindetectingfociofviralamplificationbefore
theyreachepidemiclevelsthroughouttheseason
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CalSurvOnestopShoppingforVectorborneDiseaseSurveillance

EnvironmentalAssessmentandInformationTechnologyProgramCenterforVectorborneDiseasesUniversityofCaliforniaDavis

Forthe2007vectorbornediseasesurveillanceseasonanentirely
newsystemfordatareportingviatheInternethasbeen
implementedThesystemistheCaliforniaVectorborneDisease
SurveillanceSystemorCalSuryforshort CalSuryisjointly
managedbytheMosquitoandVectorControlAssociationof
Californiarepresentingmorethan50mosquitoandvectorcontrol
agenciesinCaliforniatheCaliforniaDepartmentofPublicHealth
andtheEnvironmentalAssessmentandInformationTechnology
ProgramattheUniversityofCaliforniaDavis

CaliforniaVectorborne
CALSuRVDiseaseSurveillanceSystem
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Figure1ExampleofaCalSurywebsitepage

BruceFEldridgeandBborieKPark

TheobjectivesofCalSuryare
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1Theintegrationofwebbasedreportingactivitiesfor
vectorbornediseasesurveillanceofCaliforniamosquito
andvectorcontrolagenciestheCaliforniaDepartmentof

PublicHealthandtheUniversityofCalifornia
2Toprovideasingleinterfaceforaccesstoallsurveillance

relatedwebsitesinCaliforniaand
3Tostrengthenvisibilityofsurveillanceforvectorborne

diseasesotherthanmosquitobornediseasesegplague
LymediseaserelapsingfeverHantaviruspulmonary
syndromeandothersFig1
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CalSuryisbasedonanewtechnologyknownasacontent
managementsystem Thissystempermitsindividualcontent
managersfromavarietyoflocationsandagenciestomanage
contentcomponentsovertheInternetForexampleabiologistin
ElkGrovemayhaveresponsibilityforplaguesurveillanceanother
inRichmondresponsibilityformalariasurveillanceTheCMSwe
areusingiscalledDrupalAcontentmanagermayincorporate
graphicstablestextandotherwebcomponentsintohisher
portionofthewebsiteandcontrolvisualelementssuchascolors
andfontsIfsurveillancedataareavailableindatabasesinteractive

mapscanalsobeincorporatedandcustomized
CalSuryreplacestheformersurveillancewebsitevector

ucdavisedu Thecontentatthissitehasbeentransferredto

CalSurvanduserswillbedirectedtoCalSuryfromthisold
address

For2007therewillbe3surveillancewebsiteseachwitha

differentpurposeandforadifferentuseraudienceCalSuryThe
CaliforniaVectorborneDiseaseSurveillancewebsitewillserveas
theentryportalforallofthesewebsitesalthoughtheother3also
maybereacheddirectlybyusersCalSurywillencompassall
vectorborne diseases whereasthe others will emphasize
mosquitoborneviraldiseasesTable1

Table1SurveillancewebsitesforCaliforniavectorbornediseases
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TheCaliforniaSurveillanceGatewaydesignedandcodedby
BborieParkisnowinitssecondyearThiswebsiteisintendedfor
theuseofmosquitoabatementagenciestomanagetheirarbovirus
surveillanceprogramsItprovidesmanytoolsfordatacollection
andformsmanagementandnewtoolsfordatainputandanalysis
suchascalculationofmosquitoviralinfectionratesgeocodingof
addressesbulkuploadingoflocallymaintainedsurveillancedata
calculationofmosquitoabundanceindicesandcomparisonsamong
mosquitospeciesItalsoprovidesinteractivemappingfordistrict
surveillancedata

TheCaliforniaWestNileviruswebsitehasbeencompletelyre
designedbyErvicAquinooftheVectorborneDiseaseSectionof
CDHSThisattractivesiteisdesignedprimarilyfortheuseofthe
mediaandthegeneralpublicbutalsoprovidesconsiderable
informationonmanyaspectsofWestNilevirusformosquitoand
vectorcontroldistricts

Interactivemapsfordisplayingofsurveillancedatahave
continuedtoevolve LastyearacombinationofArcIMS
EnvironmentalSystemsResearchInstituteRedlandsCAand
GeocortexLatitiudeGeographicsGroupVancouverBCwere
usedThisyearGoogleMapsandGoogleEartharebeingexplored
asalternativesAlsounderconsiderationistheuseofanimations

forthevisualizationofsurveillanceeventsovertime

Althoughmuchhasbeenaccomplishedoverthepastseveral
yearsimprovementscanbeexpectedtooccurwhichwillprovide
efficientrapidandcosteffectivemeansofsurveillancedata
reportingandanalysis
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REGIONALECOLOGY

During2006WNVpositiveCxtarsalisCoquillettpoolswere
detectedinAprilmaximumlikelihoodinfectionrateIR 556

per1000CulextarsalisalongthenorthshoreoftheSaltonSea
Theseearlypositivefindingstriggeredanintensivecontrolresponse
bytheCoachellaValleyMosquitoandVectorControlDistrictfrom
AprilthroughJunethateliminatedvirusactivityinthisareauntil
August Inadditiontheoverallintensityofvirusactivity
throughouttheCoachellaValleywasmarkedlyreducedcompared
to2005andnohumancasesweredetectedThesedataespecially
werepromisingbecauseitappearedthatintensiveearlyseason
controldirectedatarelativelysmallandconfinedoverwintering
refugiaoramplificationsitesuccessfullyinterruptedWNV
transmissionuntillatesummerDuring2006WNVcontinuedto
betransmittedatalowenzooticlevelthroughoutmostoftheLos
AngelesbasinwiththeexceptionoftheinlandvalleystotheNW
WNVwasactivehereatahighlevelduring2005Wilsonetal

InvasionofCaliforniabyWestNileVirusYear4
SummaryandPredictions

WilliamKReisen

CenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyandImmunologySchoolofVeterinaryMedicine
UniversityofCaliforniaOldDavisRdDavisCA95616

INTRODUCTION

PatternsofWestNilevirusWNVtransmissioncontinueto
varymarkedlyamongourfourstudyareasaswellasthroughout
CaliforniaWestNilevirusactivitywasdetectedfirstinCalifornia
during2006atanarrowstripofmarshnearthetownofNorth
ShoreinCoachellaValleyinsoutheasternCaliforniaseebelow
Ourattemptstoidentifythemechanismofpersistenceherecontinue
tobeunsuccessfulalthoughseveralpossibilitieshavebeen
consideredReisenetal2006 Otherthanwarmvernal

temperaturestheonlyuniqueattributeofthisareaistheconsistent
concentrationoftransientnorthboundNeotropicalmigrantbirds
duringspringDuring2006over500migrantswerecollectedat
theNorthShoremarshsiteandtestedforbothvirusinfectionand
antibodywithnegativeresults Inadditionwereviewedour
historicaldataonantibodysamplestakenfromtransientvernal
migrantsandfoundasimilarabsenceofinfectionforwestern

equineencephalomyelitisWEEandStLouisencephalitisSLE
antibodyCollectivelythesedataindicatethatNeotropicalwarblers
asotherassociatedtransientsseemtoberarelyinvolvedin
encephalitisvirustransmissioncyclesineithertheirsummeror
winterrangesandthereforemaybeapoororatbestaninfrequent
vehicleforthenorthwarddisseminationofviruseseventhough
theyarecompetenthosts
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2006thatpersistedthrough2006Elevatedavianseroprevalence
seemstobeonefactorlimitingvernalamplificationespeciallyat
monitoringsitestotheSEIncontrastactivityinKernCounty
during2006wasremarkablysimilarto2005Carrolletal2006
withanelevatedhumancaseincidenceof64per100000The
overallseroprevalencerateinwildbirdsinKernCountyduring
2006was21inallspecies57inWesternscrubjaysthemost
importantcorvidspeciesinandaroundBakersfieldand20in
Housefinches Interestinglysomewinterresidentsincluding
Goldencrownedsparrows18 andWhitecrownedsparrows
13 wereseropositiveperhapsreflectingthecontinuationof
transmissionintothefallwhenthesespeciesmovesouthintoKern
County Avianantibodyrateswerealsoveryhighinthe
SacramentoYoloareaduring2006theyearafterthe2005
epidemic SomeinterestingtrendsinHousefinchpopulations
includedadeclineinrelativeabundancebirdsmistnethourand
anincreaseinseroprevalenceespeciallyamongafterhatchingyear
birdsLowertransmissionduring2006apparentlyresultedinlower
seroprevalenceratesamongHousefinchescollectedfromthesame
habitatssampledduring2005 AlthoughnotevidentinKern
CountythesedataseemedtoindicatethatWNVsubsidencewas

associatedwithincreasingherdimmunityinperidomestic
passerines

Frequentinfectionsweredetectedinseveralspeciesofherons
nestingcommunallywithinaEucalyptusgrovenearDavisYolo
County EvidenceofinfectioninnestlingBlackcrownednight
heronsincludedvirusdetectionintissuestakenatnecropsyandin
bloodsamplesfromsurvivingchicksandantibodypositivesera
collectedfromnightheronsandSnowyegrets Thesedata

contrastedourfindingsatasimilarcolonyinImperialCounty
wherenestingoverwaterattheFinneyRamerWildlifeRefugewas
associatedwithlimitedvirusinfectionReisenetal2005Further
studieswillbenecessarytounderstandtheimportanceofthis
nestingcolonynearDavisinlocalWNVamplification

LABORATORYSTUDIES

Researchconcurrentwithourfieldstudieshascontinuedto

examinepossibletransmissionmechanismsthatmayhaveenabled
theamplificationandmaintenanceofWNVinCaliforniaRecently
nonviremictransmissionofWNVbyCulexmosquitoeswas
demonstratedusingamousesystemHiggsetal2005Interand
intraspecificnonviremictransmissionofWNVbetweenCulex
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tarsalisandCxquinquefasciatusSayandCxtarsaliswas
demonstratedusingCxtarsalisasdonorandHousefinchesasblood
mealhosts UnexpectedlyallHousefinchesfeduponbyoneor
moreinfectiousCxtarsalisbecameviremicwithin3045minof

donorfeedingwithtitersashighas43logPFUplaqueforming
unitsmlThesedataindicatedthatsomeviruswasexpectorated
directlyintothecirculatorysystemandproducedanimmediatenon
propagativeviremiasimilartotheartificialviremiasdescribed
earlierWeaveretal1991Mahmoodetal2004 Therefore

bloodvolumewouldseemcriticalandnonpropagativetransmission
probablyrestrictedtosmallhostswithasmallbloodvolumeto
dilutethevirusreleasedbythebloodfeedingdonormosquito

Duringfieldserosurveysmammalsfrequentlyhavebeenfound
positiveleadingsomeresearcherstoconsiderthepossibleroleof
IxodidticksintransmissionKomar2000Bentleretal2007
AlthoughIxodidtickswerecapableoftransstadialtransmission
infectednymphsdidnottransmitthevirustorecipienthamstersor
miceAndersonetal2003 Wehadsimilarresultsshownfor

IxodespacificusAlthoughlarvalticksbecameinfectedfeedingon
viremicSongsparrowsandtranstadialtransmissiontothenymphal
stagewasdocumentedfrequentlytheseinfectednymphsdidnot
transmitWNVtorecipientSongsparroworWesternfencelizard
hostsCollectivelythesedataindicatethatixodidticksprobably
arenotimportantinWNVtransmissionandthatmammalian
infectionisduetotransmissionbyCulexmosquitoes

SURVEILLANCEANDRISK

Monitoringmosquitoabundancethroughacarefullydesigned
trappingprogramprovidesarapidmeasureofmosquitopopulation
sizepotentialfrequencyofvertebratehostcontactandtherefore
theriskofpathogendisseminationInapreliminarystudythe
abundanceofCxtarsalisduringsummersfrom19972000inthe
SacramentoValleywasrelatedtoremotelysensedlandscape
featuresandantecedentmeasuresoftemperaturerainfallandsnow
packatDonnersummit Seasonallyfloodedagricultureand
marshlandwerepositivelyassociatedwithCxtarsaliscounts
duringthemonthsinwhichtheywerefloodedHumanpopulation
densitywasnegativelyassociatedwithtrapcountsprobably
becauseofthecombinedeffectsofcompetinglightinurbanareas
andthepreferenceofCxtarsalisforlarvalhabitatsnormallyfound
inruralareasJanuarylowtemperatureshadpositiveandnegative
effectsontrapcountsduringAprilandJunerespectivelyalthough
thereissomeevidencefromongoingresearchoveralongertime
periodthattheseassociationsarenotuniversalandmightbethe
resultofusingarelativelyshorttermdataseriesHigherwinter
snowpackwasassociatedwithadelayintheCxtarsalisabundance
peakandprobablywascausedbyinundationofagriculturalareas
withinfloodwaterchannelsanddelayedriceplantingduringhigh
wateryearsPlannedmodeldevelopmentwillforecastandmap
abundanceofseveralmosquitospeciesthroughoutCalifornia

Thecurrentdiagnosticparadigmandthemolecularmethods
usedtotestmosquitopoolsandaviantissuesattheCenterfor
VectorborneDiseasesCVECwerereviewedQualitycontrols
andassaycomparisonshavenowallowedustolimitconfirmations
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andretestingtoproblematicsampleswithhighcriticalthreshold
valuesCtscoresindicatinglowamountsofvirusIncombination
withnewwebbaseddatamanagementusingtheSurveillance
Gatewayturnaroundtimehasbeenreducedmarkedlywith70
ofthetestresultsnowreportedtothesubmittingagencywithin48
hofspecimenreceiptatCVECSpecimenstakinglongerwere
eitherreceivedlateintheweeksuchasFridayorproduced

problematicresultsrequiringreextractionoftheRNAandretesting
toresolveinfectionstatusduringthefollowingweek

Thedevelopmentanddisseminationofantigenbasedassays
suchasRAMPandVecTesthavestimulatedsomelocalagenciesto
testtheirownmosquitopoolsandororalswabsfromcorvids
insteadofsubmittingspecimenstoCVECInadditionsixlocal
agencieshaveindicatedtheymaybeginusingsingleplexRTPCR
totestforWNVinbirdsandmosquitoesusingavarietyofRNA
andRTPCRsystemsandPCRplatforms During2006a

proficiencypanelconsistingofa10folddilutionseriesofkilled
WNVandanegativecontrolwasdistributedtoparticipating
agenciesRAMPn 9andVecTestn 11producedconsistent
resultsthatwerespecificandaccuratebutwerelesssensitivethan
RTPCRUnexpectedlyRTPCRresultsvariedmarkedlyamong
agenciesn 6threeagencieswereingoodagreementwith
CVECresultswhereasthreewerefarlesssensitiveVariationhere
wasrelatedtodifferencesintestreagentsandtestingplatformsbut
variedconsiderablyamongagencies Anoperationalcomparison
ofpoolscollectedbyTurlockMADandprocessedusingboth
RAMPandRTPCRindicateda39lossinsensitivityandan
underestimateofmonthlyinfectionratesusingRAMPdataCool
temperaturesasexperiencedduringspringwouldslowvirus
growthinthemosquitoanddelaydetectionofviralinfectionby
antigenassayscomparedtoRTPCRthatcandetectvirusaftera
singlegonotrophiccycleClearlytheuseofdifferentassayswith
varyinglevelsofsensitivityprecludesthedirectcomparisonof
resultsamongneighboringagenciesDecentralizationoftesting
andtheuseofdifferentassaysystemsbydifferentagencieshas
becomeproblematicforcohesivestatewideriskassessment
especiallyduringthecriticalvernalamplificationperiod

Forthe2007surveillanceseasonanewcontentmanagement

systemfordatareportingviatheInternetandinformationexchange
hasbeenimplemented TheCaliforniaVectorborneDisease

SurveillanceSystemorCalSuryforshortisjointlymanagedby
theCaliforniaMosquitoandVectorControlAssociationthe
CaliforniaDepartmentofHealthServicesandtheEnvironmental
AssessmentandInformationTechnologyProgramatCVECThe
objectivesofCalSuryincludetheintegrationofwebbased
reportingactivitiesforvectorbornediseasesurveillanceof
CaliforniamosquitoandvectorcontroldistrictstheCalifornia
DepartmentofHealthServicesandtheUniversityofCalifornia
providingasingleinterfaceforaccesstoallsurveillancerelated
websitesinCaliforniaandtostrengthenvisibilityofsurveillance
forvectorbornediseasesotherthanmosquitobornediseasessuchas
plague Theultimategoalistohaveasingleplacetofind
informationonthecurrentstatusofallvectorbornediseasesin

California
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2007ANDBEYOND

Basedonourresearchandthecollectiveexperienceof
CaliforniaagencieswithWNVoverthepast4yearsthreemajor
factorshaveemergedasbeingrelatedtotheoccurrenceofWNV
outbreaks vectorabundanceperidomesticpasserineherd
immunityandclimateanomaliessuchasincreasedtemperatureor
rainfallAsWNVbecomesendemicCxtarsalisandCxpipiens
complexmosquitoesremainresponsibleformostmaintenance
amplificationandtangentialtransmissioninruralandurban
landscapesrespectivelywithfewotherspeciesnaturallyinfected
OtherspeciesfoundwithhighinfectionratessuchasCx
stigmatosomaandCxthriambusareprimarilyornithophagicand
focallydistributedtherebylimitingtheirimportanceinstatewide
epidemictransmission

MostlikelytheongoingWNVepidemicwillcontinuethrough
2007withfewhorsecasesbecauseofwidespreadimmunization
butwithcontinuedmoderatenumbersofhumancasesthroughout
thestateSomeepidemiologicalthoughtsinclude

Intensefocalenzootictransmissioninperidomesticlandscapes
withhighmosquitoinfectionrateswillcontinuetobeassociated
withverylowmosquitoabundancelevelsperhapsincreasingthe
importanceusingofsentinelchickensorotherbirdstotrackWNV

Focaloutbreaksmayoccurduringperiodsofhotweatheras
WNVtrackspocketsoflargelynonimmuneavianpopulations
Incidenceofhumandiseasewithintheseoutbreaksmaybeelevated
especiallyinruralcommunitiesbuttheoverallstateincidencewill
remainlow

Statewideperiurbancorvidepiorniticsmaycontinuetosubside
duetodepopulationandassociatedincreasesinperidomestic
passerineherdimmunitytherebydecreasingthevalueofdeadbird
reportsandincreasingtheneedforbirdnecropsyandtestingto
ensurethatclustersofbirddeathcanbeassociatedwithWNV

amplificationReducedreportinganddeathassociatedwithWNV
maycompromisethecurrentDYCASTparadigm

Awarmdrywintercontinuedevidenceofhorizontal
transmissionanddwindlingavianimmunityinsouthernCalifornia
andeasternLosAngelesmayleadtotheresurgenceofhuman
cases

Anincreasingglobalpopulationfrequentandrapidtraveland
increasedglobalizationofcommercesetthestagefortherapid
transportofinfectiousagentsincludingthosetransmittedby
vectorsThereforeWNVprobablywillnotbethelastarbovirusto
invadeCaliforniaHowevercurrentsurveillancediagnosticsfocus
specificallyonthisvirusandwillnotdetectotheragentsIn2007
testingofmosquitopoolscollectedatprobableportalsofentrywill
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beextendedtodetectadditionalarbovirusesusingacombinationof
cellcultureandmolecularmethodsThisisthebeginningofan
efforttoexpandandenhancesurveillancetoalsoexaminethe
geneticstructureofendemicoremergingvirusestoassesstheir
epidemicpotentialStudiesonthevectorcompetenceofCalifornia
mosquitoesforemergingvirusessuchasChikungunyathathavea
strongpotentialforintroductionwillbeincludedaspartofaplan
toprepareCaliforniaforthenextintroduction
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SurveillanceforMosquitoBorneEncephalitisVirusActivityinCalifornia2006

TinaFeiszliBborieParkVickiKramerAnneKjemtrupBruceEldridgeYingFangWilliamKReisen
ElizabethBaylisCynthiaJeanJamesGloverRyanCarneyKerryPadgettClaudiaEricksonandStanHusted

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices
1616CapitalAveMS7307POBox997413SacramentoCA958997413

UCDavisCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616

TheCaliforniaarbovirussurveillanceprogramisacooperative
effortoftheMosquitoandVectorControlAssociationofCalifornia
MVCAClocalmosquitoandvectorcontrolagenciestheCenter
forVectorborneDiseasesCVECSchoolofVeterinaryMedicine
UniversityofCaliforniaatDavisandtheCaliforniaAnimalHealth
andFoodSafetyLaboratoryCAHFStheCaliforniaDepartment
ofFoodandAgricultureCDFAtheCaliforniaDepartmentof
HealthServicesCDHSDivisionofCommunicableDisease
ControlincludingtheVectorBorneDiseaseSectionVBDSthe
VeterinaryPublicHealthSectionVPHSandtheViraland
RickettsiaDiseaseLaboratoryVRDLcountyandlocalpublic
healthdepartmentsphysiciansandveterinariansthroughout
California

In2006thesurveillanceprogramelementsincludedthe
following

1 Diagnostictestingofspecimensfromhumanpatients
exhibitingsymptomsofencephalitisasepticmeningitis
acuteflaccidparalysisorwithunexplainedfebrileillness
ofmorethan7days

2 Diagnostictestingofspecimensfromhorsesexhibiting
clinicalsignsofviralneurologicdiseasecompatiblewith
westernequineencephalomyelitisvirusWEEWestNile
virusWNVandotherarbovirusesasappropriate

3 Monitoringmosquitoabundanceandtestingforthe
presenceofStLouisencephalitisvirusSLEWEEand
WNVtestingforotherarbovirusesasappropriate

4 SerologicalmonitoringofsentinelchickensforSLEWEE
andWNVantibodies

5 Surveillanceanddiagnostictestingofdeadbirdsespecially
crowsandotherbirdsinthefamilyCorvidaeandtree
squirrelsforinfectionwithWNV

6 WeeklyreportingintheCDHSArbovirusSurveillance
BulletinofarbovirustestresultsinCaliforniaandarbovirus

activitythroughouttheUnitedStates
7 PostingofWNVinformationtwiceweeklyonthe

CaliforniaWNVwebsitewwwwestnilecagovandthe
CaliforniaVectorborneDiseaseSurveillanceSystemhttp
vectorucdaviseduarbohtmlincludingtestresultsreports
mapsandpubliceducationmaterials

8 IdentifyingreporteddeadbirdclustersusingtheWNV
DynamicContinuousAreaSpaceTimeDYCASTmodel
toidentifyareasofpeakWNVactivity

9 DatamanagementandreportingthroughtheCalifornia
SurveillanceGatewayawebapplicationusedbylocal
agenciesCDHSCVECandVRDL
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AsummaryofWestNileviruspositivesurveillanceelements
bycountyisinTable1

HUMANDISEASESURVEILLANCE

In2002VRDLinitiatedaregionalpublichealthlaboratory
networkconsistingofVRDLand33localcountypublichealth
laboratoriestoenhancehumanWNVtestingandsurveillance
effortsinCaliforniaLocallaboratoriestestedforWNVusingan
IgMorIgGimmunofluorescentassayIFAandoranIgMenzyme
immunoassayEIA Specimenswithinconclusiveresultswere
forwardedtoVRDLforfurthertestingorconfirmationwitha
plaquereductionneutralizationtestPRNT AdditionalWNV

infectionswereidentifiedthroughtestingperformedatblood
donationcenters

In2006specimensfrom1583individualsweretestedfor
WNVinfectionatVRDLThefirstcasein2006wasa62yearold
malefromButteCountywhodevelopedWestNilefeversymptoms
onJune1stIntotal292humanWNVinfectionswereidentified
amongresidentsof36countiesinCaliforniaa69decreasefrom
2005Twentyeightofthe292WNVinfectionsweredetectedin
blooddonors14ofwhomlaterdevelopedclinicalsymptoms
consistentwithWestNilefever

Ofthe278WNVcasessymptomaticinfectionsFigure1190
68 wereclassifiedasWestNilefever8330 wereidentified

asneuroinvasivediseasecasesieencephalitismeningitisor
acuteflaccidparalysisand52 wereofunknownclinical

presentation Malesrepresented17964 of278casesThe

medianageforallcasesforwhomdatawereavailablewas49years
range886years ThemedianageforWestNilefeverand
neuroinvasivecaseswas47range886and53yearsrange1486
yearsrespectivelyThemedianageofthesevenWNVassociated
fatalitieswas82yearsrange4786years

EQUINESURVEILLANCE

Serumorbraintissuespecimensfrom622horsesdisplaying
neurologicalsignsweresubmittedtotheCAHFSandCVECfor
arboviraltestingWNVinfectionwasdetectedin58horsesfrom
23countiesFigure2ofwhich2441 diedorwereeuthanized

Fiveofthe58infectedhorseswerecurrentlyvaccinatedwiththe
WNVvaccine2didnotcompletetherecommendedvaccine
dosageschedule44wereunvaccinatedandvaccinationhistory
wasunknownfor7
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Table1SummaryofWNVPositiveSurveillanceElementsinCalifornia2006
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lameda 1

1pine 0
mador 0
utte 31

Calaveras 0
olusa 4

ContraCosta 8
elNorte 0
1Dorado 2
resno 11

Glenn 12
umboldt 0

mperial 1

nyo 0
ern 49

ings 1
ake 2
assen 0

osAngeles 13
adera 0
arin 1

ariposa 0
endocino 0
erced 4
odoc 2
ono 1

onterey 0

apa 1
evada 1

range 6
lacer 8
lumas 0
iverside 4

Sacramento 15
SanBenito 0
SanBernardino 3

SanDiego 1
SanFrancisco 0

SanJoaquin 8

SanLuisObispo 1
SanMateo 0
SantaBarbara 0
SantaClara 5
SantaCruz 0
Shasta 4
Sierra 0

Siskiyou 0
Solano 8
Sonoma 0
Stanislaus 11
Sutter 12

ehama 6

Trinity 0
ulare 6
uolumne 0
entura 3
olo 27
uba 5

0
0
0
0
0
1
0
0
5
0
0
0
0
4
0
2
7
0
0
1
0
2
3
2
0
0
0
0
0
1
0
0
1
0
0
3
0
2
5
0
2
1
0
4
0
0
0
1
3
1
2
0
3
0
0
0

41
0 0 0 0
2 0 0 0

40 1 49 1
2 2 0 0
9 0 1 0

93 18 25 18
0 0 0 0
19 2 0 0
75 40 37 0
35 1 10 0
2 0 0 0
0 14 57 0
8 3 0 0

24 230 100 0
13 34 25 0
8 12 6 0
3 3 0 0

78 3898
3 4 9 0
9 2
1 0

2

0
7 0 0 0

41 8 15 0
2 0 0 0
1 0 0 0
5 0 0 0
8 0 0 0
4 0 0 0

49 14 0 0
13 23 11 0
0 0 0 0
3 31 27 0

89 34 13 0
1 0 0 0

33 25 26 3
26 0 0 0
3 0 0 0

47 40 19 0
14 0 0 0
7 0 0 2
19 1 0 0

224 8 1 2
7 0 0 0
89 7 4 2
0 0 0 0
1 0 0 0

21 1 22 0
23 1 1 0
77 51 45 0
2 55 36 0
12 0 3 0

1 0 0 0
14 8 22 0

1 0 0 0
62 2 1 0
54 64 26 0

Doesnotincludeasymptomaticinfections
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Incidenceper100000population

Glenn 454

Colusa 213 20

Modoc 212

Yolo 160

Butte 153 10
Sutter 152

Tehama 107

Yuba 83
Mono 78

Kern 74

Lake m4

hi

10

4C1

O

61

CO

tT

M

CV

r

M

M

CY

CV

V

Placer

Stanislaus

Shasta 1

Solana

Merced

Tulare

SanJoaquin
IIIIII

Fresno

ElDorado

Sacramento

Nevada

Others 0
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NumberofWNVcasesidentified

percounty

Figure1HumancasesofWestNilevirusinfectionCalifornia2006
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ADULTMOSQUITOSURVEILLANCEANDTESTING

FromApriltoNovemberstatewideadultmosquitoabundance
wasmonitoredweeklyby41localagenciesfrom32counties
contributingtrapcollectiondatatotheVBDSweeklyadult
mosquitooccurrencereportsAMORLocalagenciesmaintained
587NewJerseylighttraps36agenciesover500carbondioxide
baitedtraps26agenciesandover250gravidbaitedtraps16
agencies TheweeklyAMORreportsandtheaccompanying
5yearaverageAMORsummarieswereusedbyagenciesto
comparemosquitoabundancewithneighboringdistrictsmeasure
theeffectivenessoftheirlarvalcontrolprogramshelpidentify
unknownbreedingsourcesandestablishthresholdsaspartofthe
stateresponseplan

LaboratorytestingofmosquitopoolswasperformedatCVEC
NinelocalagenciesconductedinhousetestingFiftyoneagencies
in40countiescollectedatotalof694087mosquitoes21711pools
thatweretestedbyreversetranscriptasepolymerasechainreaction
RTPCRforSLEWEEandWNVviralRNATable2An

Numberofequinecasespercounty2006

5

14

Figure2EquinecasesofWestNilevirusinfectionCalifornia2006
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additional111942mosquitoes3902poolsweretestedforonly
WNVbylocalagenciesusingacommercialrapidassayRAMP
ResponseBiomedicalCorpBurnabyBritishColumbia

WNVwasdetectedin832of25613mosquitopoolsfrom33
countiesTable34 Figure3In2006WNVwasfirstdetected
from4poolsofCulextarsaliscollectedonApril13inRiverside
CountyThelastdetectionofWNVinmosquitoesin2006was
fromapoolofCxquinquefasciatuscollectedonDecember8in
LosAngelesCountyWNVwasidentifiedfrom5Culexspecies
CxerythrothoraxCxpipiens CxquinquefasciatusCx
stigmatosomaCxtarsalisand3otherspeciesAedesmelanimon
AnophelesfreeborniCulisetaincidens

WEEviruswasdetectedin18mosquitopools17Cxtarsalis
1CxquinquefasciatusfromKernCountyTable2Thefirstand
lastWEEpositivepoolswerecollectedonJuly11andSeptember
21respectivelySLEviruswasnotdetectedinmosquitopoolsin
2006



County Agency
Nomosquitoes

tested
Nomosquito
poolstested

WNV

pools

WEE

pools

No

flocks

No

chickens

Nosera

tested

WNV

sera

WEE

sera

Alameda AlamedaCoMAD 14001 397 9 0 3 21 307 0 0

Alameda
AlamedaCoVector

Control
240 5 0 0 0 0 0 0 0

Alpine 0 0 0 0 0 0 0 0 0

Amador
AmadorCoDept
Agriculture

103 10 0 0 0 0 0 0 0

Butte ButteCoMVCD 1223 31 1 0 7 77 1056 49 0

Calaveras
SaddleCreekComm

187 7 1 0 1 10 128 0 0

Colusa ColusaMAD 0 0 0 0 1 10 141 1 0

ContraCosta ContraCostaMVCD 24220 520 11 0 5 50 763 25 0

DelNorte 0 0 0 0 0 0 0 0 0

ElDorado
ElDoradoCoVector

Control
516 12 2 0 0 0 0 0 0

Fresno ConsolidatedMAD 13479 382 37 0 6 60 839 23 0

Fresno FresnoMVCD 2206 53 2 0 2 20 250 12 0

Fresno FresnoWestsideMAD 2994 69 1 0 2 20 303 2 0

Glenn GlennCoMVCD 1700 34 1 0 1 13 178 10 0

Humboldt 0 0 0 0 0 0 0 0 0

Imperial CoachellaValleyMVCD 10091 217 14 0 3 30 430 38 0

Imperial ImperialValleyVCD 4035 96 0 0 4 40 431 19 0

Inyo OwensValleyMAP 3751 75 3 0 0 0 0 0 0

Kem AntelopeValleyMVCD 1375 29 0 0 0 0 0 0 0

Kern DelanoMAD 0 0 0 0 1 10 153 8 0

Kern KernMVCD 30125 719 120 5 9 90 1278 89 9

Kern SouthForkMAD 0 0 0 0 1 10 129 0 0

Kern UCDFieldStation 43843 1109 88 13 0 0 0 0 0

Kern WestsideMVCD 4611 107 22 0 3 30 460 3 2

Kings ConsolidatedMAD 204 8 2 0 0 0 0 0 0

Kings KingsMAD 14842 410 32 0 4 40 464 25 0

Lake LakeCoVCD 14186 351 12 0 2 20 305 6 0

Lassen LassenCoDept
Agriculture

513 13 3 0 0 0 0 0 0

LosAngeles AntelopeValleyMVCD 1073 30 0 0 8 48 614 12 0

LosAngeles
LosAngelesCo

VCD
5407554075 1588 78 0 7 70 1234 19 0

LosAngeles LongBeachEH 8922 280 0 0 3 30 503 0 0

LosAngeles
Los

VCD

AngelesCoWest
8922 261 0 0 20 116 2101b 6 0

LosAngeles
SanGabrielValley
MVCD

0 0 0 0 11 46 919b 1 0

Madera ConsolidatedMAD 160 4 0 0 0 0 0 0 0

Madera FresnoWestsideMAD 38 1 0 0 0 0 0 0 0

Madera MaderaCoMVCD 2090 42 4 0 2 20 200 9 0

Madera MercedCoMAD 38 2 0 0 0 0 0 0 0

Marin MarinSonomaMVCD 244 11 2 0 2 20 278b 2 0

Mariposa 0 0 0 0 0 0 0 0 0

Mendocino 0 0 0 0 0 0 0 0 0
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Table2MosquitoesandsentinelchickenstestedforSLEWEEandWNVCalifornia2006t
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NomosquitopoolsorsentinelchickenswerepositiveforSLEin2006
UnlessnotedotherwisetestingwasperformedbyCVECmosquitoesandVRDLchickens
Testedbylocalagency
TestedbylocalagencyorVRDL
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County Agency

No

mosquitoes
tested

Nomosquito
poolstested

WNV

pools

WEE

pools

No

flocks

No

chickens

Nosera

tested

WNV

sera

WEE

sera

Merced 1ercedCoMAD 6197 245 4 0 8 48 698 15 0
Merced urlockMAD 9653 270 4 0 0 0 0 0 0
Modoc 0 0 0 0 0 0 0 0 0
Mono 0 0 0 0 0 0 0 0 0
Monterey 1orthSalinasMAD 0 0 0 0 2 20 330 0 0
Napa 1apaCoMAD 0 0 0 0 3 30 420 0 0
Nevada 27 2 0 0 2 19 323 0 0
Orange rangeCoVCD 36283 1040 14 0 1 10 170 0 0
Placer PlacerCoMVCD 13757 468 23 0 6 36 546 11 0
Plumas 0 0 0 0 0 0 0 0 0

Riverside oachellaValleyMVCD 100011 2629 24 0 9 90 1467 15 2

Riverside IorthwestMVCD 8797 249 1 0 6 60 906 10 0
Riverside 1iversideCoEH 30583 719 6 0 6 66 1015 2 0

Sacramento SacramentoYoloMVCD 47685a 2640 34 0 5 50 924 13 0

SanBenito 0 0 0 0 0 0 0 0 0

SanBernadino SanBernardinoCoVCP 17056 485 13 0 10 100 1968 20 0

SanBernardino estValleyMVCD 749 49 1 0 7 28 509 6 0

SanDiegog SanDiegoCoDeptof
1ealth 5022 110 0 0 4 40 647 0 0

SanFrancisco 1residioTrust 20 1 0 0 0 0 0 0 0

SanJoaquin SanJoaquinCoMVCD 1085 29 6 0 5 50 637 19 0

SanLuisObispoSanLuisObispoCoEH 590 12 0 0 0 0 0 0 0

SanMateo SanMateoCoMAD 4285 103 0 0 2 20 289 0 0

SantaBarbara
SantaBarbaraCoastal

CD 15229 352 1 0 5 53 806

SantaClara SantaClaraCoVCD 0 0 0 0 5 50 655

SantaCruz SantaCruzCoMVCD 85 6 0 0 2 20 341

Shasta IurneyBasinMAD 0 0 0 0 2 20 202

Shasta ShastaMVCD 3751 101 7 0 5 55 708

Sierra 0 0 0 0 0 0 0

Siskiyou 0 0 0 0 0 0 0
Solano SolanoCoMAD 1607 36 0 0 3 36 451

Solano SacramentoYoloMVCD 843a 91 1 0 0 0 0 0

Sonoma 1arinSonomaMVCD 159 4 1 0 4 40 519
Stanislaus 1astSideMAD 6342 12 7 0 2 16 210

Stanislaus urlockMAD 40993 1553 43 0 7 84 1163 38
Sutter SutterYubaMVCD 20380 459 55 0 5 50 562 36
Tehama ehamaCoMVCD 0 0 0 0 3 30 305 3

Trinity 0 0 0 0 0 0 0 0

Tulare IDelanoMAD 0 0 0 0 1 10 151 5
Tulare DeltaVCD 5088 133 8 0 3 30 364 2
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Table2MosquitoesandsentinelchickenstestedforSLEWEEandWNVCalifornia2006
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NomosquitopoolsorsentinelchickenswerepositiveforSLEin2006
tUnlessnotedotherwisetestingwasperformedbyCVECmosquitoesandVRDLchickens
Testedbylocalagency
TestedbylocalagencyorVRDL
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labile2MosquitoesanusentinelcuiexVIISWLcu

Cxerythrothorax Cxpiens Cxquinquefasciatus Cxstigmatosoma Cxtarsalis OtherCulexspp

County pools WNV poolsWNV pools WNV pools WNV pools WNV pools WNV

lameda 84 0 213 7

Tulare KingsMAD 293 9

102 2 1 0

mador

0 0

0 0

10 0

0 0

Iutte

Ventura CityofMoorpark

3 0

0 0 1 5

22 1

0

Ventura

alaveras

8

7 0

0

3 0 17 2

1451

ontraCosta 89 0 160 7

0

Yolo

573
4

11

11Dorado

64

16 0

50 947

260 29 6 2 200 9 1 0

gresnoo

20 259 9 0

Total 694087 21711

30 1

245

Imerial 26 0 1 0 6 0 266 14 6 0

o
75 3

In 838 114

I
Iake

13
15

0 155 11 250 23

0 20 2 299 10

1assen 13 3

1osAneles 23 0 1813 78 92 0 208 0 14 0

Iadera
Igrin

1
5

0

0

41
56

4

0
1 0

3 0

6

48
0
2

erced 8 0 187 3 309 5 1 0

Iaa
I 1 0

2 0 8
1

0

0

eOrane 76 0 851 13 33 1 53 0

Ilacer 7 0 139 6 8 0 197 16 8 0

Iiverside 364 3 1 0 1107 3 22 0 2018 25 38 0

Sacramento 89 0 1210 9 42 0 1005 25 1 0

SanBernardino 154 0 890 12 49 0 136 13

SanDieo 32 0 28 0 2 0 47 0

SanFrancisco 1 0

SanJoaquin 1 0 613 18 1050 22

SanLuisObispo 12 0 0 0

SanMateo 24 0 72 0 5 0

SantaBarbara 158 0 36 0 13 0 102 1 1 0

SantaClara 99 7 68 1

SantaCruz 4 0 2 0

Shasta 1 0 61 3 3 0 25 4 9 0

Solano 46 0 75 1

Sonoma 1 0 84 0 12 0 95 1

Stanislaus 13 0 828 38 1 0 10 0 819 13 2 0

Sutter 13 0 423 55

ulare 1 0 98 8 1 0 42 0

entura 16 1 2 0 8 1 1 0 16 0 2 0

olo 1131 17 109 1 1630 46

uba 1 0 23 6

otal 1341 7 4974 119 6018 266 429 6 11111 430 84 0

labile2MosquitoesanusentinelcuiexVIISWLcu

County Agency

No

mosquitoes
tested

Nomosquito
poolstested

WNV

pools

WEE

pools

No

flocks

No

chickens

Nosera

tested

WNV

sera

WEE

sera

Tulare TulareMAD 0 0 0 0 2 20 297 15 0

Tulare KingsMAD 293 9 0 0 0 0 0 0 0

Tuolumne 0 0 0 0 0 0 0 0 0

Ventura CityofMoorpark 0 0 0 0 1 5 70 1 0

Ventura OrangeCoVCD 146 8 0 0 0 0 0 0 0

Ventura VenturaCoEH 1451 41 2 0 4 40 678 0 0

Yolo SacramentoYoloMVCD 51013 2958 64 0 5 50 947 26 0

Yuba SutterYubaMVCD 900 24 6 0 2 20 259 9 0

Total 694087 21711 770 18 245 2197 33001 640 13
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NomosquitopoolsorsentinelchickenswerepositiveforSLEin2006
tUnlessnotedotherwisetestingwasperformedbyCVECmosquitoesandVRDLchickens
Testedbylocalagency
TestedbylocalagencyorVRDL

Table3MosquitopoolsCulexspptestedforWNV2006

IncludespoolstestedbyRTPCRandadditionalpoolstestedbyRAMPatlocalagency
RAMP commercialantigentest
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MosquitoSpecies

Ae
dorsalis

Ae
melanimon

Ae
nigromaculis

Ae
squamiger

Ae
sierrensis

Ae
vexans

Ae
washinoi

Other
Aedes

Aedes
spp

Subtotal
ti

VZ4U

E

U

w

U

o n

County
Alameda 0 1 1 2 0
Butte 5 5 0 1 1
ContraCosta 35 27 62 0 0
ElDorado 2 2 1 0 6 6
Fresno 11 1 1 13 0 7 1 8
Glenn 1 1 3 3 0
Imperial 1 5 6 1 11 1 1
Kern 238b 238 0 2 11 13
Lake 15 15 0 2 2
LosAngeles 0 2 9 11 97 1 98
Marin 27 2 29 0 0
Merced 7 7 10 3 3
Napa 0 0 1 1
Orange 0 27 27 0
Placer 23 1 2 3 29 75 75 1 3 1 5
Riverside 12 12 31 31 4 4
Sacramento 135 4 12 72 18 1 242 17 5 29 51
SanBernardino 1 10 11 5 41 9 27 5 2 34
SanDiego 0 0 1 1
SanJoaquin 2 215 3 136 3 359 0 1 1
SanMateo 0 0 2 2
SantaBarbara 12 12 7 9 16 7 7 14
SantaClara 1 1 0 0
Shasta 0 0 1 1 2
Solano 6 6 10 0
Sonoma 1 6 7 14 0 2 2 4
Stanislaus 26 26 I 0 4 15 6 25
Sutter 16 16 7 I 7 0
Ventura 1 1 2 0 1 1 2
Yolo 56 4 4 4 3 2 73 1 1 4 3 7 14
Total 31 774 9 1 4326946 8 118116 87 801183 4 18050 14 2 42 292
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ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia 55

Table4MosquitopoolsAedessppAnophelessppCoquillettidiaperturbansCuliseta sppPsorophorasignipennistestedforWNV2006

IncludespoolstestedbyRTPCRandadditionalpoolstestedbyRAMPatlocalagency
RAMP commercialantigentest
aOnepoolpositiveforWNV
bTwopoolspositiveforWNV
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SENTINELCHICKENSEROSURVEILLANCE

Fiftytwolocalmosquitoandvectorcontrolagenciesin39
countiesmaintained245sentinelchickenflocksTable2From
AprilthroughNovemberbloodsampleswerecollectedfrom
chickenseveryotherweekandtestedforantibodiestoSLEWNV
andWEEusinganEIAandIFADetectionofflavivirusorWEE
antibodywasconfirmedwithwesternblotandaneutralizationtest
InareaswhereSLEhasneverbeendocumentedflaviviruspositive
chickensfromthesameflockwhereatleast2WNVconfirmed

positivechickenshadbeenidentifiedwereassumedtobeinfected
withWNVandconfirmatorytestingwasnotperformed

VRDLandfourlocalmosquitoandvectorcontrolagencies
tested33001chickenserasamplesforantibodiestoSLEWEE

MinimumproportioninfectedX1000

50

3160

1130

0110

0

NoCulextested

111111111111111111

Figure3WestNilevirusinCulexsppCalifornia2006Minimumproportion numberof

positivepoolsnumberofmosquitoestestedx1000
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andWNVTable2Atotalof640seroconversionstoWNVwere
detectedamong122flocksfrom29countiesTable2 Figure4
ThefirstandlastWNVseroconversionsweredetectedamong

chickenslocatedinLosAngelesCountyonMay3andNovember
14respectivelyInadditiontherewere13unconfirmedflavivirus
seroconversionsdetectedinchickensfromfivecountiesKings2

Madera3Placer5SanBernardino1andStanislaus2
ThesedataarenotincludedinTable2

Atotalof13WEEseroconversionsweredetectedamong5
sentinelflocksfrom2countiesKern11andRiverside2Table
2ThefirstWEEseroconversionwasdetectedinRiversideCounty
onJuly24andthelastseroconversionwasdetectedinKernCounty
onOctober9NoSLEseroconversionsweredetectedin2006
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DEADBIRDANDTREESQUIRRELSURVEILLANCE
FORWESTNILEVIRUS

Establishedin2000theWNVdeadbirdsurveillanceprogram
isacollaborativeprogrambetweenCDHSandover130local
agenciesIn2006theWNVHotlineoperatedsevendaysaweek
fromSamto5pmStafffielded53752callsinEnglishandSpanish
andobtained46345reportsofdeadbirdsfrom58countiesThe
peakmonthswereJulyandAugust9400callseachFig5Ofthe
6535carcassesdeemedsuitablefortestingWNVwasdetectedin
1446carcassesfrom53countiesTable5
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CarcassesweretestedatCVECbyRTPCRoratlocalagency
labsbyimmunohistochemistryorrapidimmunodiagnosticassays
Since2004localagenciesinCaliforniahavescreenedbirdsfor
WNVusingtwocommerciallyavailablerapidimmunodiagnostic
assays RAMPandVecTestMedicalAnalysisSystemsInc
CamarilloCAIn200623localagenciestested863birdsby
VecTestand10agenciestested319birdsbyRAMPOfthe1106
corvidsthattestedpositiveforWNVin2006Table5471were
testedbyVecTestand176weretestedbyRAMPPositiverapidtest
resultsfromcorvidswereconsidereddefinitiveandnofurther

testingwasrequiredforreportingpurposes Birdsthattested

negativebyeitherrapidassayweresenttoCVECforconfirmation
byRTPCR

t

JanFebMarAprMayJuneJulyAugSepOctNovDec

Month

Figure5CallsandreportstotheCDHSWestNilevirushotline2006
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Table5DeadbirdsandtreesquirrelsreportedtestedandpositiveforWestNilevirus2006

Corvida NonCorvids TreeSquirrels
County Reported Tested Positive ReportedTested Positive Reported Tested Positive

14 24

0
0

13 3

1 0

0

83 40 18

Alameda 379 73 27 1297 194

Alpine 1 1 5 1

Amador 19 3 1 25
Butte 388 55 35 465

Calaveras 31 2 1 234
Colusa 27 9 9 23 5

Costa 866 138 74 2619 249
DelNorte 2 0 6
ElDorado 178 27 12 599 107 7
Fresno 111 213 26
Glenn 106 34 67 1

Humboldt 37 7 0 102 32 2

Imperial 5 32 4

Iny 29 8 7 77 17 1
Kern 148 2314 782 10

Kings 105 17 9 231 33 4

Lake 93 14 8 188 19 0
Lassen 14 1 0 11

LosAngeles 768 197 62 1772 451 18

Madera 65 10 2 177 41 1 0

Marin 340 27 8 515 17 1 14
Mariposa 0 69 1 0

Mendocino 56a16 5 130 1

Merced 284 47 36 396 40
Modoc 3 2 1 24 6 1 0

Mono 10 1 1 54 4 0 0

Monterey 131 1 349 71 1

86 17 8 154 15 0 5
Nevada 44 4 1 308 55 3 10
Orange 309 34 762 15

Placer 199 18 6 1226 99 7 14
Plumas 17 2 51 10 0 1

156 17 1 740 95 2 2

Sacramento 1151 63 3678 287 26 33

SanBenito 17 5 1 78 16 0 0
San

345 47 20 961 143
Bernardino
SanDiego 481 216 14 496 17
SanFrancisco 56 7 0 242 42 3

SanJoaquin 910 64 41 1121 69 6
SanLuis

0 0
8

Obispo
92 16 8 422 79

SanMateo 184 36 816 122
SantaBarbara 170 27 318 55

SantaClara 1261 350 215 2043 69

SantaCruz 66 8 1 345 69
Shasta 246 107 86 344 47
Sierra 2 1 0 3 2
Siskiyou 3 1 0 16 6
Solano 454 45 16 975 45

Sonoma 506 67 18 902 53 5

Stanislaus 629
m

98 56 994 114 21
Sutter 131 5 1 153 9 1
Tehama 64 18 9 129 22 3

Trinity 6 1 1 22 5
Tulare W 218 34 9 585

Tuolumne 15 3 0 115 25
Unknown 10 0 6 0
Ventura 501 90 44 649 139 18
Yolo 862 115 40 797 120 14

Yuba 56 2 1 128 4 0

13

6

1

8

29

2

5 3

0

55 29 2
1 0

46 15
2 1

5

Totals 14252 2512 1106 32057 4023 340 398 138 32

Volume75

IncludesbirdstestedatCVECorbylocalagency
FamilyCorvidaeincludescrowsandravensCorvussppmagpiesPicasppandjaysAphelocomacalifornicaCyanocittastelleri
Gymnorhinuscyanocephalus
bincludesfoxSciurusnigereasterngrayScarolinensisandwesterngraySgriseussquirrels
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TreesquirrelshavebeenincludedasaWNVsurveillance

elementsince2004baseduponevidencetheyweresusceptibleto
WNVmortalityandcouldprovideinformationonlocalizedWNV
transmissionDeadtreesquirrelswerereportedtotheCalifornia
WNVhotlineandsuitablecarcassesweretestedatCVECIn2006
32of138treesquirrels232 testedpositivefrom9counties
Table5 Theseincluded20foxsquirrelsSciurusniger4
westerngraysquirrelsSgriseus1easterngraysquirrelS
carolinensisand7squirrelsofundeterminedspeciesInaddition
acollaborativestudywasinitiatedbetweenCDHSCVECandthe
LindseyWildlifeMuseumtodetermineWNVviremiaandantibody
levelsinsicktreesquirrelsViruswasdetectedinbloodfrom7of
33212 treesquirrelstestedbyVerocellplaqueassayaverage
viremiaofpositivesquirrels 4141ogPFUplaqueforming
unitsmlrange3052 Oftheremaining26treesquirrels
negativeforviremia14539 hadPRNTtiters120indicating
thattheyhadsurvivedacuteinfection

In2006CDHSdevelopeddailymapsfortheentireStatethat
identifiedareaswithclustereddeadbirdreportsLocalagencies
usedthemapstohelpfocussurveillanceandpubliceducation
activitiesandtohelpestablishpriorityareasformosquitocontrol
Thesemapsweregeneratedbyanalyzingtheincidenceinspace
andtimeofdeadbirdreportswiththeWNVDYCASTmodel
developedincooperationwiththeCenterforAdvancedResearch
ofSpatialInformationCARSIatHunterCollegeCityUniversity
ofNewYork MapsweremadeavailableontheSurveillance

GatewayCalSurvwebsiteandarealtimealertsystemwas
institutedtoprovidecountieswithcustomreportsaboutWNV
transmissionAmajorityoflocalagenciesreportedthattheyused
DYCASTmapstoassistindecisionmakingprocessesformosquito
larviciding81 35outof43localagenciesandadulticiding71
30outof42localagencies

PUBLICEDUCATIONANDREPORTS

TheFighttheBiteWNVpreventioncampaignwasadopted
byCDHSin2004fromtheColoradoDepartmentofHealthand
Environmentandcontinuestobethemainthemeforprevention
activitiesIn2006CDHSdistributedFighttheBiteeducational
materialsinbothEnglishandSpanishtopublichealthandvector
controlagenciesinall58CaliforniacountiesLocalagencies
customizedthematerialsanddistributednearly150000wallet
cards6000posters30000bookmarks120000WestNilevirus
and40000WestNileVirusForSeniorsbrochuresthroughout
theStateTheFighttheBitematerialswerealsomadeavailable
in6otherlanguagesTagalogVietnameseHmongLao
CambodianandRussianPressreleasesmediaadvisoriesand
eventswereusedextensivelytoinformthepubliconthespreadof
WNVthroughoutthestateandpersonalprotectionmeasuresTo
promoteconsistentpublicmessagesaboutWNVbiweekly
conferencecallswereheldwithlocalhealthdepartmentrisk

Proc PapersMosqVectorControlAssocCalifVol75

communicationcoordinators

ThroughouttheyearCDHSpublishedweeklybulletins
reportingstatewidearbovirussurveillancedataandnationalWNV
activitySurveillancebulletinsweredistributedtolocalstateand
federalpublichealthagenciesanduniversitiesinCaliforniaposted
ontheCaliforniaWestNileviruswebsitewwwwestnilecagov
andontheCaliforniaVectorBorneDiseaseSurveillanceSystem
httpvectorucdaviseduarbohtmlTheWNVwebsiteprovided
informationtothepubliconWNVpreventionandaveraged1000
individualvisitsadayduringpeakseason Thewebsitealso

containedanonlinesubmissionformforreportingdeadbirds
directlytotheWNVhotlineThesiteposteduptodatecounty
specificinformationonWNVactivityandprovidedcomparison
surveillancedatafrom2004and2005bothwhichwereused
extensivelybythemedia Reportseducationalmaterialsand
presentationswerealsomadeavailableforlocalagencies

WESTNILEVIRUSINTHEUNITEDSTATES

In200648statesandtheDistrictofColumbiaDCreported
WNVactivityAtotalof4256humancaseswerereportedtothe
CentersforDiseaseControlandPreventionfrom43statesandDC

Ofthe4256cases144934 weredefinedasneuroinvasive

diseasecasesWNND263662 asWestNilefevercasesand
1714 wereofunknownclinicalpresentationTherewere165
reportedWNVassociatedfatalities Idahoreportedthehighest
incidenceofhumancaseswith7703casesper100000

NonhumanWNVactivityreportedincludedthefollowing35
statesreported1104veterinaryWNVcases1069horses33
squirrels2otherspecies44statesreported4105WNVpositive
deadbirds40statesandDCreported11898WNVpositive
mosquitopoolsand14statesreported917WNVpositivesentinel
chickens
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WhenWasWestNileVirusinContraCostaCountyTrackingtheHotZone

SteveSchutzEricGhilarducciDamienClausonandMikeMcCoy

ContraCostaMosquito VectorControlDistrict155MasonCircleConcordCA94520

ABSTRACT EvidenceofWestNilevirusWNVtransmissioninContraCostaCountyduringthe2006seasonwas
detectedalmostexclusivelyduringperiodswhentheovernightlowtemperaturesstayedatorabove55FThisisclosetothe
developmentalthresholdof577FidentifiedbyReisenetalMinimuminfectionratesinCulexspeciesandnumbersofpositive
deadbirdspeakedduringaheatwaveinlateJulyandearlyAugustwhichalsocoincidedwiththeonsetofhumancasesand
sentinelchickenseroconversionsTransmissionpeakedearlierintheseasonintheeasternpartofthecountywhereaverage
temperaturesweresomewhathigherDifferencesinthespatialandtemporalpatternsofWNVactivityin2005and2006appear
tobeassociatedwithmicroclimatevariation

INTRODUCTION

Sincetemperatureisanimportantdeterminantofbothmosquito
developmentalratesandtheextrinsicincubationperiodofWest
NilevirusWNVReisenetal2006microclimatemayplaya
significantroleinboththegeographicandtemporalincidenceof
WNVactivity ContraCostaCountysproximitytotheSan
FranciscoBaycreatesalargemicroclimatevariationacrossafairly
smallgeographicspanwitheasterninlandareasasmuchas20F
warmerthanwesterncoastalareasduringJulyandAugustdividing
thecountyroughlyintothreedistinctmicroclimateregionsFig1
During2005thefirstyearinwhichwesawsignificantlevelsof
WestNilevirustransmissionthemajorityofhumanandequine
casesoccurredinthewarmereasternregionofthecounty

AlthoughthenumbersofdeadbirdreportstothestatewideWNV
hotlinewerehigherinthemoredenselypopulatedcentralareaof
thecountywefoundthattheincidenceofreportspercapitawas
alsohigherintheeastSchutzetal2006Wehypothesizedthat
thesedifferencesinintensityoftransmissionwererelatedtohigher
summertemperaturesintheinlandareasoftheCounty

Figure1OutlineofContraCostaCountyshowingmajormicrocli
materegions
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Ourobjectiveinthepresentstudywastocomparethespatial
andtemporaldistributionofWNVactivityinContraCostaCounty
in2006withthedistributionobservedin2005anddetermine

whetheranydifferencescouldbeattributedtochangesin
microclimate

MATERIALSANDMETHODS

Informationonthedatesandlocationsofdeadbirdandsquirrel

reportswerecompiledandreportedtousweeklybythestaffofthe
CaliforniaDepartmentofHealthServicesWestNileVirushotline
Asubsetapproximately10 ofthedeadbirdsandsquirrels

reportedtothehotlinewerecollectedbyDistrictpersonneland
eithertestedforWNVinhouseusingtheRAMPrapidtestinthe
caseofcorvidssubmittedtotheCaliforniaAnimalHealthand
FoodSafetyLaboratoryfornecropsyandPCRtestingallother
birdsorbothallsquirrelsandRAMPnegativecorvids
MosquitoesforvirustestingwerecollectedindryicebaitedEVS
trapsbetween40and90ofthesetrapsweresetweeklyata
combinationoffixedandnonfixedlocationsPooledmosquitoes
fromfixedtraplocationsweresubmittedtotheUCDavisCenter
forVectorborneDiseaseforPCRtestingwhilesamplesfromnon
fixedlocationsweretestedinhouseusingtheRAMPtest As

mosquitopopulationsandworkloadpermittedwetesteda
combinedtotalofapproximately2030poolsperweekduringthe
heightoftheWNVtransmissionseasonJulythroughOctober
Minimuminfectionratesbyspeciesandweekwerecalculated
usingthebiascorrectedmaximumlikelihoodmethodBiggerstaff
2006 Sentinelchickenserumsampleswerecollectedbiweekly
fromfiveflocksoftenchickenseachandtestedattheCDHSViral

andRickettsialDiseaseLaboratoryinRichmondCAInformation
onthelocationofhumancaseswasprovidedbytheContraCosta
CountyDepartmentofHealthServicesandequinecaselocations
bytheCaliforniaDepartmentofFoodandAgricultureLocations
ofallpositivesurveillanceindicatorsweremappedwithArcGis
92ESRI2006

Averagemonthlyhighandlowtemperaturesforrepresentative
citiesfromeachofthreeregionsofContraCostaCountyMoraga
ConcordandBrentwoodrepresentingwestcentralandeastcounty
respectivelywereobtainedfromtheCaliforniaIrrigation
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ManagementInformationSystemCIMISCaliforniaDepartment
ofWaterResources2005MonthlyclimatemapsfromtheWestern
RegionalClimateCenterCaliforniaClimateDataArchive2005
wereusedtoidentifyspecificmicroclimatezoneswithinthe
county

RESULTS

ThenumbersofpositiveWestNilevirusindicatorswerefairly
similarin2005and2006withtheexceptionofahigheroverall
minimuminfectionrateMIRinmosquitoestestedin2006anda
lowernumberofequinecasesTable1 Howeverdespitethe
similarityinnumbersexaminationofthegeographicdistribution
ofvirusactivityduringthetwoseasonsrevealedsomeimportant
differencesIn2005themajorityofhumanandequinecasesand
positivemosquitopoolsoccurredintheeasternpartofthecounty
Fig2awhereasin2006theywereconcentratedinthecentral
areaFig2b Thehighestdensityofpositivedeadbirdsand
squirrelsoccurredinthecentralareainbothyearshoweverasthe
authorshavepreviouslynotedSchutzetal2006thisisatleastin
partduetohigherhumanpopulationdensityinthecentralcounty
corridorandhenceahigherlikelihoodofdeadbirdsbeingreported
andsubmittedfortesting

AlthoughthefirstindicationofWNVtransmissioninboth

yearswasapositivedeadbirdreportedon29Junethetemporal
distributionofvirusactivitywasclearlydifferentIn2005the
numbersofpositivebirdsreportedperweekincreasedgradually
peakingtheweekofAugust19hFig3awhilein2006theincrease
wasmuchsteeperandthepeakoccurredtwoweeksearlierFig
3b InbothyearsWNVactivitycommencedandincreasedas
weeklyaveragelowtemperaturesmeasuredatthedistrictoffice
locatedinConcordexceeded55Fanddecreasedaslow
temperaturesdroppedbackbelow55FIn2005lowtemperatures
increasedanddecreasedgraduallyoverthecourseofthesummer
peakinginmidJulyandstayingbelow60FHowevertherewasa
pronouncedheatwaveinlateJulyandearlyAugust2006where
averagelowtemperaturesincreasedsharplyandstayedhighfor
severalweeks Thiscoincidedwithverysharpandalmost
immediateincreasesinMIRinCulextarsalisCoquillettandCx
pipiensLsentinelchickenseroconversionspositivedeadbirds
andthefirstonsetofhumancasesAstheheatwavesubsidedand

overnightlowtemperatures declined positivesurveillance
indicatorsdeclinedaswellInbothseasonswesawlittleorno
evidenceoftransmissiononceovernightlowtemperaturesremained
below55Falthoughin2005wedidcontinuetosporadicallyfind
WNVpositivedeadbirdsuntilmidNovember

WNVPositives

SPECIES

Human

Equine

CxTarsalis

Bird

FoxSquirrel

Chicken
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Legend
WNVPositives
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human

equine
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Bird

FoxSquirrel

Chicken

2005WNVPositives
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Table1NumbersofWNVpositiveindicatorsreportedinContraCostaCountyin2005and2006Numbersin
parenthesesarepercentpositiveoftotaltested indicatescountywideaverageminimuminfectionratebias
correctedmaximumlikelihoodestimateper1000

At

Figure2MapofContraCostaCountyshowinglocationsofpositive
WestNilevirusindicatorsin2005aand2006b

l
Z

Deadbirds Squirrels Mosquitopools Sentinelchickens Human Equine

2006 9224 1946 20044 2448 8 1

2005 9418 2558 4014 1836 11 10
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Figure3WestNileviruspositiveindicatorsleftyaxisandaveragelowtemperaturerightyaxisbyweekin2005aand2006bNote
thatsentinelchickenseroconversionswerebackdatedtoprobableinfectiondateestimatedasoneweekpriortobloodcollectiondate
HumanandequinecasesarereporteddatesofonsetWeeklyminimummosquitoinfectionrateswerenotcalculatedfor2005duetothelow
numberofpositivepools4
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Sinceitappearedthatmicroclimatewasassociatedwiththe
observeddifferencesintemporaldistributionofWNVactivitywe
alsoexamineditsroleinspatialdistributionbyplottingweekly
totalsdeadbirdreportsandaveragemonthlylowtemperaturesfor
eachofourthreemicroclimateregionsweeklytemperaturedata
werenotavailableforallthreeregionsIn2005overnightlow
temperatureswerehighestineastcountyslightlylowerincentral
countyandconsiderablylowerinwestcountyfromMaythrough
AugustInSeptemberhoweverthispatternchangedandcentral
countywaswarmestFig4aAnexaminationofweeklydeadbird
reporttotalsshowedthatcountsforeastandcentralcountyran
roughlyparalleluntilSeptemberwhentheydroppedoffsharplyin
eastcountywhiledecliningmoregraduallyincentralcounty
Activityinwestcountyremainedverylowthroughouttheseason
Fig4bIncontrastduring2006thereversalineastandcentral
countylowtemperaturesoccurredamonthearlierandthiswas
concurrentwithdecreaseddeadbirdreportsineastcountyandan
increaseinreportsfromcentralcountyFig5abInbothyears
averagemonthlylowtemperaturesbarelyexceeded55Finwest
countyandwehadfewdeadbirdreportsorpositiveindicatorsof
transmissioninthatregionLinearregressionofmonthlydeadbird
reporttotalsvsmonthlyaveragelowtemperaturesforeachofthe
threeregionsFig6 showedastrongcorrelationr038
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Figure4Averagemonthlyminimumtemperaturesaandweekly Figure5Averagemonthlyminimumtemperaturesaandweekly

deadbirdreporttotalsbforthreemicroclimateregionsofContra deadbirdreporttotalsbforthreemicroclimateregionsofContra
CostaCountyin2005 CostaCountyin2006
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DISCUSSION

BasedonourobservationsduringtwoyearsofhighWNV
activityitappearsthatmicroclimatevariationcanexplainboth
spatialandtemporaldifferencesinpatternsofvirustransmission
withinContraCostaCounty Specificallyovernightlow
temperaturesaboveapproximately55Fappeartotriggerand
maintainWNVtransmissionThistemperatureisveryclosetothe
viraldevelopmentalthresholdof577FreportedbyReisenetal
2006Temperaturesremainingabovethisthresholdforextended
periodsmaycausesignificantincreasesinviralloadinvector
mosquitoesdrivinguptransmissionratesandjumpstartingthe
transmissioncycle AcursoryexaminationofstatewideWNV
incidenceandaveragelowtemperaturesaswellasdiscussions
withothervectorecologistsTSuSBeardenperscomm
suggestthatmicroclimatemayexplainlargerscalepatternsaswell

Theauthorsrecognizethatthisstudyislargelyobservational
andthatfactorsotherthanmicroclimatesuchasongoingmosquito
controloperationsmayalsohaveaffectedWNVtransmission
ratesAlsothelackofavailabilityofweeklyordailytemperature
datafromallthreemicroclimateregionsoftheCountymade
thoroughcomparisonsorstatisticalanalysesdifficultHowever
theobservedpatternsdoappeartobeconsistentwithobservations
beingmadeindependentlybyotherinvestigatorsWebelievethat
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Figure6 Logmonthlydeadbirdreporttotalsvsaveragemonthlyminimumtemperaturesforthree
microclimateregionsofContraCostaCountyin2006

microclimateisastrongdeterminantofWNVtransmission
possiblyanimportantdeterminantofhumancaseriskandshould
beincorporatedintoexistingriskassessmentmodelstoprovide
bothincreasedspatialandtemporalresolution
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APreliminaryEvaluationofMosquitoAttractivenessforBirdBaitedTraps

BeatrizLPerezStanAWrightDiaEldinAElnaiemPaulaAMacedoandDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRdElkGroveCA95624

ABSTRACTTobetterunderstandthehostseekingnatureofCulexmosquitoeswecomparedthetrapattractivenessofour
standardCObaitedtrapwiththatofabirdbaitedtrapBBTTheSacramentoYoloMosquitoandVectorControlDistrict
SYMVCDroutinelyoperateCObaitedtrapsaspartofthestandardencephalitisvirussurveillanceEVSprogramInour
birdbaitedtrapsweusedtheRockPigeonColumbaliviatoattractmosquitoesthatwerethendrawnintoacollectionbagjust
asthestandardCObaitedtrapwhichutilizesdryiceEighttrapswereoperatedatthesamesitesovernighteachweekOur
resultsindicatethatgreaterquantitiesofCulexmosquitoeswereattractedtotheBBTsthantheCObaitedtrapsinbothrural
andsuburbansitesThediversityofmammalfeedingmosquitoeswasgreaterintheCObaitedtrapsasexpected

INTRODUCTION

WestNilevirusWNVwasinitiallydetectedinNorth
Americain1999andrapidlyspreadwestwardthroughoutthe
countryWithitsfirstappearanceinsouthernCaliforniain2002
WNVspreadtonorthernCaliforniain2004CDHS2007The
virusistransmittedlargelybyCulexmosquitoesandmaintainedin
wildbirdsGibbsetal2005

Currentlythestandardmethodsforcollectingmosquitoesfor
theencephalitisvirussurveillanceEVSprograminSacramento
CountyarethroughtheuseofCObaitedtrapsandgravidtraps
InnorthernCaliforniatheprimaryenzooticvectorsofWNV
appeartobetwoornithophilicspeciesCulextarsalisCoquillett
andCulexpipiensLGoddardetal2002Thesespecieswerethe
targetofourbirdbaitedtraps

BirdbaitedtrapshavebeenusedtomonitorWNVvectorsIn
onestudyconductedinNewYorkhostseekingmosquitoeswere
trappedinbirdbaitedtrapssetatgroundlevelandinthecanopy
levelbyusingchickensGallusgallusdomesticusandhouse
sparrowsPasserdomesticusLasattractantsDarbroetal2006
Themostabundantmosquitoescapturedinthebirdbaitedtraps
wereCxrestuansTheobaldandCxpipiensrepresenting88of
thetotalmosquitocatch InadditionDeeganetal2005
conductedastudyinNewYorkCityusingpigeonsassentinelsfor
surveillanceofWNVPigeonswereplacedinmodifiedlardcan
trapsasbaittoattractandcapturemosquitoesThepigeonbaited
trapswereplacedinthreeclassesofcanopycoverattwoelevations
Resultsindicatedthat998ofmosquitoescollectedwerefromthe

genusCulexInourstudyweplacedBBTsandCObaitedtrapsin
suburbanandruralsitesandcomparedthenumberofCulexspecies
collectedduringtheseasonJunethroughSeptember2006

MATERIALSANDMETHODS

SamplingofmosquitoesusingbothCObaitedtrapsandBBTs
wasconductedfromJunetoSeptember2006 Foursiteswere

selectedinSacramentoCountytwoinrurallocationsandtwoin
suburbanlocationsTherurallocationsconsistedofonesylvan
sitedesignatedruralAtheStoneLakesNationalWildlifeRefuge
SLNWR382432N1211422Wandanagriculturalsite
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designatedruralB3822L19N1212922WThesuburban
locationsconsistedofonecommercialsitetheSYMVCD
designatedsuburbanA3825 31N1212259Wandone
residentialsitedesignatedsuburbanB383939N12126
49W

RockPigeonsCliviawereutilizedasattractantsintheBBTs
ThepigeonswerecapturedattheSYMVCDpropertyusinga
standardbaiteddroptrapwherethepigeonsareluredinbybait
andthetrapismanuallydroppedtocapturethebirdsThehandling
andcareofbirdsfollowedtheprotocolestablishedbythe
OrnithologicalCouncilGuidelinesfortheuseofwildbirdsin
researchGauntetal1997Eachpigeonwasprescreenedfor
WNVantibodiesviaanEnzymeLinkedImmunosorbentAssay
ELISATheWNVantibodyfreebirdswereusedasattractantsin
theBBTs Eachindividualbirdwasidentifiedusinguniquely
numberedlegbands PigeonswerehousedatSYMVCDand
providedwithfoodandwaterasneeded

AllBBTsandCObaitedtrapswereplacedinthesame
locationsovernighteachweekBothtrapswereconfiguredinthe
samemannerAmotordrivenfanwasplacedunderthebaiteither
COorpigeonwhichforcesthehostseekingmosquitoesintoa
collectionbasketbelowThepigeonwasheldsecureabovethefan
inawirecageandprovidedsufficientfoodandwaterforthe
overnightperiodAlltrapswerecollectedthefollowingmorning
aftertheyweresetthedaybefore Collectedmosquitoeswere
identifiedtospeciesandrecordedaccordingtotraptypedateand
location

RESULTS

Table1andFigures12presentcomparisonsbetweennumbers
ofmosquitoescollectedintheBBTsandtheCObaitedtrapsset
outinruralandsuburbanlocationsofSacramentoCountyduring
JunethroughSeptember2006Ourresultsindicatethatthroughout
theseasonBBTscapturedsignificantlyhighernumbersandhigher
percentageofCxtarsalisandCxpipiensthandidthestandard

CObaitedtrapsExcludingallotherspeciesthepercentageofCx
tarsaliscollectedbytheBBTsinsuburbansiteAwas78 and

suburbansiteBwas90 IncomparisonwiththeCOtraps
wecollected22insuburbansiteAand10 insuburbansiteB
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Table1TotalnumberofCxtarsalisandCxpipienstrapped
persite

Cxtarsalis Cxpipiens

JUNE

SuburbanA

SuburbanB

RuralA

RuralB

JULY

SuburbanA

SuburbanB

RuralA

RuralB

AUGUST

SuburbanA

SuburbanB

RuralA

RuralB

SEPTEMBER

SuburbanA

SuburbanB

RuralA

RuralB

BBT CO BBT CO

175 49 53 6

82 5 175 51

21 13 1 1

172 42 98 12

131 19 15 11

2 4 20 11

77 177 20 29

138 33 95 28

64 37 78 25

7 1 14 9

102 37 51 16

108 48 69 50

138 35 112 28

25 3 27 10

153 168 155 112

173 64 320 193

Cxppkns

c40
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Figure1ComparisonoftheefficienciesofbirdbaitedtrapsBBT
andCObaitedtrapsincollectionofCulexpipiensinSacramento
CountyduringJunethroughSeptember2006
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Figure2ComparisonoftheefficienciesofbirdbaitedtrapsBBT
andCObaitedtrapsincollectionofCulextarsalisinSacramento
CountythroughoutJunethroughSeptember2006

ForCxpipienswecollected79intheBBTsinsuburbansiteA
and74insuburbansiteBIncomparisonwiththeCO
trapswecollected21insuburbansiteAand26insuburban
siteBForCxtarsalisourruralsitesAandBwecollected47
and76forBBTsrespectivelyTheCObaitedtrapsforrural
sitesAandBcollected53and24 respectivelyForCxpipiens
theBBTscollected59inruralsiteAand67inruralsiteB
comparedtotheCObaitedtrapswherewecollected41inrural
siteAand33inruralsiteBFromJunetoSeptemberBBTs
weremoreefficientthanCObaitedtrapsincollectingCxtarsalis
andCxpipienspertrapnighttnFigure12OverallBBTs
collected2475CxtarsalispertnandtheCObaitedtraps
captured1175pertnTheBBTscollected2025Cxpipienspertn
andtheCOcollected925pertn

AlthoughtheBBTscollectedthespeciesofinteresttheCO
baitedtrapsstillcapturedagreatervarietyofspeciesincludingCx
erythrothoraxDyarAedesmelanimonDyarAedesvexans
MeijenAedesnigromaculis Ludlow Culisetainornata

WillistonCulisetaincidensThomsomAnophelesfreeborni
AitkenandAnophelesfranciscanusMcCrackenOverallthe
CObaitedtrapscollected203pertnofthesemosquitospecies
whereastheBBTscollectedonlyoneoftheseotherspecies
mentionedabovethroughoutthewholeseasonJunethrough
September2006

DISCUSSION

Volume75

BydevelopingnewtrapstoattractmosquitovectorsofWNVit
ispossibletoincreaseourprobabilityfortheearlydetectionofthe
disease MoreoverasCxpipiensandCxtarsalisarelargely
ornithophilicandaretheprimaryvectorsofWNVtheuseofBBTs
willaidinthecollectionofsignificantnumbersofthesetarget
mosquitoesandpotentiallyincreaseouroveralldetectionofavian
viruses

OurBBTscapturedgreaternumbersofbothCxtarsalisand
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CxpipiensthandidthestandardCObaitedtrapsThisislikely
duetotheincreasedattractiontotheactualhostbirdratherthan

thedryiceusedtocreateCOTheuseofBBTscaneffectively
focusoursurveillanceonthesespeciesThisdataindicatesthat
BBTsaremoreattractivetohostseekingornithophilicmosquito
speciesinbothruralandsuburbansitesinSacramentoCounty
ThereforetheuseofBBTscanmoreeffectivelyindicatetherange
ofhostseekingpopulationsoftheseWNVvectors More

replicationsofthisstudyarenecessarytobeabletofurthercompare
ruralandurbansuburbansitesWeplantocontinueourcomparison
ofBBTswiththeCObaitedtrapsbyexpandingthegeographic
rangeandhabitatsInadditionweplantocomparebothBBTsand
CObaitedtrapswithmammalbaitedtrapsandperhapsother
speciesofbirds
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WestNileVirusSurveillanceinFresnoCountyCalifornia20042006

CharlesWSmith

ConsolidatedMosquitoAbatementDistrict2425FloralAvenueSelmaCA93662

ABSTRACTWestNileVirusWNVhasbeendetectedinFresnoCountyduringeachyearfrom2004through2006Evidence
ofviralactivitywasrevealedthroughsurveillanceprogramsconductedbytheCountysmosquitocontrolagenciesDistricts
withassistancefromotherlocalandstatedepartmentsDetectionofWNVwasaccomplishedthroughthecollectionandtesting
ofdeadbirdsmosquitoesandsentinelchickenbloodsamplesAdditionaldataofWNVoccurrencewasobtainedfromequine
andhumancasesconfirmedbytheCaliforniaDepartmentofFoodandAgricultureCDFAandtheFresnoCountyDepartment
ofEnvironmentalHealthrespectivelyDeadbirdscollectedbyDistrictpersonnelweresubmittedtothelocalCalifornia
AnimalHealthandFoodSafetyLaboratoryCAHFSfortestingAdultmosquitopoolscollectedfromgravidandCObaited
trapsweresubmittedtotheUniversityofCaliforniaatDavisCenterforVectorborneDiseasesCVECfortestingBlood
samplesobtainedfromsentinelchickensweresubmittedtotheViralRickettsialDiseaseLaboratoryVRDLoftheCalifornia
DepartmentofHealthServicesfortestingThedataindicatedvaryingdegreesofsensitivityinthedetectionofWNVamong
thesurveillanceprogramsWNVwasfirstdetectedfromdeadbirdsfollowedbymosquitopoolshumanandequinecasesand
sentinelchickensineachofthe3years

INTRODUCTION

FresnoCountytheCountyislocatednearthecenterof
CaliforniasSanJoaquinValleyandcoversanareaof5962square
milesFedStats TheCoastRangefoothillswhichformthe
Countyswesternboundaryreachaheightofover4000feetwhile
somepeaksalongthecrestoftheSierraNevadatheCountys
easternboundaryexceed14000feetThevalleyfloorinbetween
isfiftytosixtymileswideandrangesbetween200and400feetin
elevationinmostareasAbout900000peopleliveintheCounty
withover60oftheresidentsinthecitiesofFresnoandClovis

CDFDRU2006
Mosquitoabatementprogramsareorganizedintofour

independentdistrictswithintheCountyFromeasttowestthey
aretheConsolidatedMosquitoAbatementDistrictCMADthe
FresnoMosquitoandVectorControlDistrictFMVCDtheFresno
WestsideMosquitoAbatementDistrictFWMADandthe
CoalingaHuronMosquitoAbatementDistrictCHMADCMAD
alsoprovidesservicesinasmallportionofKingsCountyThe
entiregeographicalareainwhichservicesareprovidedcomprises
avarietyofecotypesincludingurbansuburbanruralresidential

120

100

80

60

40

20
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irrigatedpasturesandalfalfaorchardsvineyardsrowcrops
dairiesriparianwatercoursesandfoothillwoodlands

ElementsoftheDistrictssurveillanceprogramsdesignedto
detectWestNileVirusWNVincludecollectingmosquitoesdead
wildbirdsandsentinelchickenbloodDeadbirdsaretestedatthe

CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFS
mosquitopoolsattheUniversityofCaliforniaDavisCenterfor
VectorborneDiseasesCVECandchickenbloodsamplesatthe
CaliforniaDepartmentofHealthServicesViralRickettsialDisease
LaboratoryVRDL AdditionaldataonWNVoccurrenceare

obtainedfromequineandhumancasesconfirmedbytheCalifornia
DepartmentofFoodandAgricultureandtheFresnoCounty
EnvironmentalHealthDepartmentrespectively

WNVwasfirstdiscoveredintheCountyduringthesummerof
2004Viralinfectionsweredetectedsequentiallyinwildbirds
mosquitopoolshumanshorsesandsentinelchickens WNV

activityincreasedsubstantiallyin2005fromitslevelin2004
detectedindeadbirdsbeforetheonsetofspringandinmosquitoes
duringmidspringIn2006viralactivitywasfirstconfirmedin
earlyJuneanddecreaseddramaticallyfromthepreviousyearbut
notequallyinallsurveillancecategoriesTheextentofWNV
activityfrom2004to2006isillustratedinFigure1

HumanCasesEquineCases DeadBirds Sentinel

Chickens

Figure1EvidenceofWNVinFresnoCountyfrom2004to2006
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SURVEILLANCEPROGRAMSCONDUCTED

BYTHEDISTRICTS

DeadBirdsDeadbirdssuitablefortestingwerecollectedand
senttothelocalCAHFSfacilityAdditionallymanyofthecrows
andjaysFamilyCorvidaeweretestedusingtwocommercial
antigenbased immunochromatic assaysVecTest and

RAMPinordertoprovidetheDistrictswithimmediateresults
MostbirdswereeventuallysenttotheCAHFSlaboratoryinDavis
forconfirmationbyRTPCRFigure2comparesthedeadbirds
thattestedpositiveforWNVfrom2004to2006

BymidAugustof2005thecollectionofdeadbirdswas
substantiallyreducedinmostoftheCountywhenitwasevident
that80ofsubmittedspecimenswereinfectedThisaccountsfor
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Figure2ComparisonofdeadbirdstestedpositiveforWNVinFresnoCountyfrom2004to2006
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thegreaternumberofinfectedbirdsduringthecorrespondingtime
periodin2004whentheDistrictscontinuedtocollectbirdsThe
Districtsalsocollectedbirdscontinuouslyduring2006

SentinelChickensTenflocksofchickensweremaintained

withintheCountyaspartoftheCaliforniastatewideencephalitis
virussurveillanceprogramAtotalof25chickensinfiveofthe
flocksbecameinfectedwithWNVduringAugustthrough
November2004Figure3During200585chickenswithinall
tenflocksbecameinfectedwiththevirustheearliest

seroconversionsoccurringinJulyAlthoughthenumberofinfected
chickensin2006decreasedbyover5037seroconversionsfrom
the2005leveltheinfectionscommencedearlierthanineitherof
theprevioustwoyearseventuallyoccurringwithinnineofthe
flocksandexceedingtheamountofactivityfrom2004

July

b

Rio

WNVPositive2004

WNVPositive2005

WNVPositive2006

September November

WNVPositive2004

WNVPositive2005

WNVPositive2006

July September November

Figure3SentinelchickensseropositiveforWNVinFresnoCountyfrom2004to2006
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MosquitoesMosquitoestestedforWNVwerecapturedwith
carbondioxidebaitedCOandgravidtrapsInfectedmosquitoes
weremuchmorewidelydistributedthroughouttheCountyin2005
and2006thanin2004Thehighestnumberofinfectionsoccurred
inJulyofeachyearandpoolssubmittedinJulyandAugustof
2006hadsubstantiallyhigherisolationsofviruscomparedtothe
samemonthsin2004Figure4
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Dataonvirusisolationfromdifferentmosquitospeciesare
presentedinTable1Ofthe221mosquitopoolssubmittedin2004
1463 testedpositiveforWNVIn200571outof457pools
155 werefoundpositiveand40outof525poolssubmittedin
2006testedpositive76 WNVwasisolatedonlyfromCulex
quinquefasciatusin2004In2005and2006theviruswasdetected
inCxquinquefasciatusCxtarsalisandCxstigmatosoma

July

WNVPositive2004

WNVPositive2005

WNVPositive2006

September November

MosquitopoolstestedpositiveforWNVinFresnoCountyfrom2004to2006

Table1DataonWNVoccurrenceinmosquitopoolsofdifferentspeciesinFresnoCountyfrom2004to2006

Poolsin2004 Poolsin2005 Poolsin2006

MosquitoSpecies Submitted WNV Submitted WNV Submitted WNV

Aemelanimon 4 0 0 11 0 0 12 0 0

Aesierrensis 1 0 0

Aevexans 1 0 0 1 0 0

Anfreeborn 1 0 0

Cxerythrothorax 7 0 0 16 0 0 16 0 0

Cxquinquefasciatus 96 14 146 219 45 205 267 33 124

Cxstigmatosoma 0 0 0 4 3 75 5 2 40

Cxtarsalis 113 0 0 200 39 195 213 14 66

Cxthriambus 1 0 0

Csincidens 1 0 0 5 0 0 8 0 0

Csparticeps 1 0 0
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Dataonvirusisolationfromdifferentmosquitospeciesare
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SUPPLEMENTARYSURVEILLANCEINFORMATION

HumanCases TheDistrictswereinformedofhuman

infectionsofWNVbytheCountyEnvironmentalHealth
DepartmentandfromtheCaliforniaDepartmentofHealth
ServicesThehighestnumberofinfectionsoccurredinAugustof
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Figure5HumancasesofWNVinFresnoCountyfrom2004to2006
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eachyearandtherewereslightlymorecasesinthatmonthduring
2006comparedtothesamemonthin2004Figure5

TheCountyreported15confirmedhumaninfectionsandno
fatalitiesin2004Theinfectionfatalityratioincreasedto682in
2005anddecreasedto121in2006Table2Themedianage
remainedvirtuallythesameinallthreeyearsandtheincidenceof
diseaseper100000peoplewaslowestin2006

WNVPositive2004

WNVPositive2005

WNVPositive2006

November

Table2DemographicdataonhumanWNVcasesinFresnoCountyfrom2004to2006

2004 2005 2006

WNVReportedCases 15 68 12

WestNileFever 1 41 6

WestNileNeuroinvasiveDisease 3 15 4

AsymptomaticBloodDonor 4 8 1

UnknownClinicalPresence 7 4 1

Fatalities 0 2 1

AgeRange 3074 693 2482

MedianAge 51 53 535

MaleFemale 132 3434 93

Incidence100000 188 850 140
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TheCountyreported15confirmedhumaninfectionsandno
fatalitiesin2004Theinfectionfatalityratioincreasedto682in
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EquineCases TheDistrictswereinformedofequine
infectionsofWNVbytheCDFAThehighestnumberofinfections
occurredinAugustofeachyearandthenumberoftotalcasesin
2006wasgreatlyreducedfromthetwopreviousyearsFigure6
Thecasefatalitydeadoreuthanizedratiofor2004through2006
was2163312and50respectively

DISCUSSIONANDCONCLUSIONS

WNVactivityinFresnoCountywasfirstconfirmedin2004
increasedsubstantiallyin2005anddecreasedsignificantlyin
2006IneachyearthefirstevidenceofWNVwasfirstdiscovered
indeadwildbirdsViralisolationsfrommosquitopoolspreceded
humancasesofWNVexceptin2004whenviralactivityappeared
atvirtuallythesametimeinbothcategoriesEvidenceofequine
WNVfollowedhumancasesineachyearandsentinelchicken
infectionswerethelastofthesurveillanceelementstobe

confirmed

BythemiddleofAugustineachyearapproximately80of
deadbirdstestedwereinfectedwithWNVIn2004and2005
Westernscrubjaysrepresentedabouthalfoftheinfectedbirds
whileAmericancrowsrepresentedaboutonethirdofthetotalIn
2006nearly40oftheinfectedwildbirdswerejayswhileseveral
otherspecieshadslightlyhighertotalsthanintheprevioustwo
years

FrequencyofWNVinfectioninmosquitopoolsappeared
highestinJulyofeachyearSurveillanceinformationcompiledby
theDistrictscombinedwithdataanalysisfromtheDepartmentof
HealthServicessuggeststhatboththeminimuminfectionrateof
WNVinmosquitoesandthehumancaseincidencewithinthe
Countyincreasedsubstantiallyin2005from2004Manymore
mosquitoeswerecapturedandsubmittedfortestingin2005and
2006infectedpoolsweremorewidelydispersedthroughoutthe
Countyandspecimensweremorewidelydistributedbetweenboth
gravidandCObaitedtrapsAlmostallthepositivepoolswere
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Figure6EquinecasesofWNVinFresnoCountyfrom2004to2006
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processedfromgravidtrapsin2004inwhichWNVwasisolated
onlyfromCulexquinquefasciatusIn2005and2006theviruswas
isolatedfrompoolsofCxtarsalisandCxstigmatosomain
additiontoCxquinquefasciatus

SentinelchickeninfectionsofWNVoccurredinfiveoftheten

flocksintheCountyduring2004Thenumberofinfectedchickens
morethantripledin2005withseroconversionsoccurringinall
flocksThetotalinfectionsin2006exceededthelevelin2004and

were spread among nine flocks Additionally chicken

seroconversionsoccurredweeksearlierineachsuccessiveyear
AlthoughthesentinelchickensbecameinfectedwithWNVafter
evidenceoftheviruswasdiscoveredinotherhoststhedata
suggeststhatthevirusgreatlyamplifiedin2005andmaintaineda
relativelyhighlevelin2006

WNVinfectionsinhorsesincreasedsignificantlyfrom2005
over2004withtwiceasmanyfatalitiesin2005Thedramatic
decreaseinequinecasesin2006withnofatalitiesispossiblydue
tomorehorsesbeingvaccinatedinadditiontotheoveralldecline
inviralactivitythroughouttheCounty

ThesubstantiallyhigherhumancaseloadofWNVin2005over
2004followedbythedramaticcasedecreasein2006isfurther
evidenceofviralamplificationanddeclineinFresnoCountyduring
thethreeyearperiodThisdataisconsistentwiththatofallthe
othersurveillancecategories
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EvaluationofWestNileVirusActivityinOrangeCountyCaliforniaDuring2006
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ABSTRACTTheOrangeCountyVectorControlDistrictOCVCDcontinueditsarbovirussurveillanceprogramin2006by
collectingandpoolingmosquitoestestingavianbloodsamplesdrawnfromfreerangingwildbirdsandsentinelchickensas
wellastestingdeadbirdscollectedfromvariousanimalcontrolagenciesandthepublicEvidenceofWestNilevirusWNV
infectionwasdetectedinmosquitopools14of1028wildbirds67of4876anddeadbirds49of250Nosentinelchickens
inaflockof10birdstestedpositiveforWNVantibodiesSixnonfatalhumancasesofWNVinfectionwerereportedin
thecountyduring2006Culexquinquefasciatuswasthemostabundantlytrappedmosquitoaccountingforthemajority
ofsubmittedpools900of1028andpositivepools13of14HousefinchesCarpodacusmexicanusandhousesparrows
PasserdomesticuscomprisedalloftheWNVseropositivefreerangingwildbirds67of67whileAmericancrowsCorvus
brachyrhynchosmadeupmostofthepositivedeadbirds34of49TheminimuminfectionrateMIRinCxquinquefasciatus
wascomparativelylessin2006than2005or200407vs16and37respectivelyAdditionallytheWNVseropositiveratein
thesampledwildbirdpopulation15vs52and52 respectivelypercentofWNVpositivedeadbirds694vs802
and892 respectivelyandthenumberofreportedhumancasesofWNVinfection6vs17and64respectivelywerelower
in2006than2005or2004HoweverseasonalMIRs 70andavianseroprevalencelevels 50 remainedrelativelyhighat

severallocationsindicatingpersistentfocalWNVtransmissionPolymerasechainreactionPCRanalysisofproductsofthe
cytochromebgeneinbloodmealsfrom179CxquinquefasciatusfemalesindicatedthatmourningdovesZenaidamacroura
LandhousefincheswerethepreferredhostsP 001forthismosquitocomprising43678of179and33560of179
respectivelyofthebloodmealsContrastinglyAmericancrowsaccountedforonly224of179ofthebloodmealsTherole
ofmourningdovesinmodulatingWNVinfectioninthefreerangingwildbirdpopulationisnotwellunderstoodandwarrants
furtherinvestigation

INTRODUCTION

TheOrangeCountyVectorControlDistrictDistrict
encompassesapproximately789squaremilesallofOrange
Countyandapproximately31millionresidentsresidewithinits
bordersUSCensusBureau2006MostoftheDistrictconsistsof
urbansuburbanhabitatswithavarietyofresidentialmosquito
breedingsourcesimproperlymaintainedswimmingpoolsand
pondsdebrischokeddrainagechannelsandothermanmade
habitatsInterspersedwithinthisdevelopmentareseveralnatural
mosquitoproducingfreshandsaltwaterwetlandsFourimportant
vectorsoftheWestNilevirusWNVCulextarsalisCoquillett
CulexquinquefasciatusSayCulexstigmatosomaDyarandCulex
erythrothoraxTheobaldGoddardetal2002Reisenetal2005
arecollectedroutinelyinthecountyGruwelletal1988The
Districtemployedanintegratedarboviraldiseasesurveillance
systemthroughouttheyearcomprisedofavianserosurveillance
sentinelchickensandwildbirdstestingdeadbirdsand
mosquitoesandmonitoringveterinarianandphysicianreportsfor
WNVinfectionsinanimalsandhumans

MATERIALSANDMETHODS

MosquitosurveillanceMosquitoeswerecollectedweekly
fromatotalof50 60trapsthroughouttheDistrictcombining
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CDCCOstylehostseekingEVStrapsRoheandFall1979and
ReiterCummingsgravidfemaleovipositionaltrapsCummings
1992BloodfedmosquitoeswerecollectedinCObaitedtraps
gravidtrapsandaspiratedatknownmosquitorestingsitesandat
locationsofservicerequests

Culexquinquefasciatusmadeupthelargestcomponentofthe
specimenscollected25130of31624Table1Of1028mosquito
poolssubmittedforarbovirustestingbymutiplexreverse
transcriptasepolymerasechainreactionRTPCRbytheCenter
forVectorborneDiseasesCEVCattheUniversityofCalifornia
Davis14testedWNVpositiveCulexquinquefasciatuscomprised
themajorityofthese13of14nineofthe13positivepoolsforthis
specieswerecollectedatCraigParkasuburbanregionalparkin
thecityofFullertonMIRsforthemonthsofMay Novemberof

eachyearfrom2004 2006areshowninFigure1
Bloodfedmosquitoeswerequicklysortedfromthecollections

identifiedtospeciesandplacedintosequentiallynumberedvials
uniqueforeachsiteanddateheldinalowtemperaturefreezerat
80CandsentondryicetotheConnecticutAgricultural
ExperimentalStationCAESforPCRtestingtoidentifythe
sourcesofthebloodmealsMolaeietal2006Mostbloodfed
Cxquinquefasciatuswereisolatedfromgravidtrapcollections
246293andcamefromsitesrepresentativeofthecountyasa
wholeAllbloodfedCxtarsalis2424andCxerythrothorax

6161femaleswerecollectedinCObaitedtrapsfromwetland
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Table1ComparisonofmosquitocollectiondataandminimuminfectionratesMIRbyspeciesforpeakactivitymonthsMay
November2004 2006

Sept

2004MIR

2006MIR

2006MIR

OctJuly Aug

Month

Figure1 Annualcomparisonsofseasonalmonthlyminimum
infectionratesMIRinCxquinquefasciatus2004 2006A

factorialANOVAyieldedasignificanteffectofyearF263
2026P 001andmonthF663 1238P001onMinimum

InfectionRateMIRHowevertheinteractioneffectwassignificant
F1263 308P 01indicatingthatthetemporalmontheffect
wasgreaterfor2004and2005than2006duringJulyAugust
SeptemberandOctober

Nov
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locationsResultswereobtainedonbloodmealstakenby179Cx
quinquefasciatus179of293submittedor611 29Cx

erythrothorax29of61submittedor475 and11Cxtarsalis

11of24submittedor458 femalesTable2
SentinelchickensTheDistrictmaintainedonesentinelchicken

flockof10chickensnearaCxtarsalis producingfreshwater
marshattheSanJoaquinWildlifeSanctuaryinIrvineBlood
samplesfromthechickensweretestedbiweeklyforSLEWEE
andWNVantibodiesbytheCaliforniaDepartmentofHealth
ServicesViralandRickettsialDiseasesLaboratoryCDHSVRDL
byenzymaticimmunoassayEIAReisenetal1994fromApril
NovemberandblockingELISAattheDistrictHall1995Jozanet
al2003Noneofthesentinelchickenstestedpositiveforexposure
toanyarbovirus

Wild birdserosurveillanceThe Districtswildbird

serosurveillanceprogramfocusedprimarilyontwoabundant
peridomesticpasserineshousesparrowsPasserdomesticusL
andhousefinchesCarpodacusmexicanusSayBirdsweretrapped
in12modifiedAustralianCrowtrapsMcClure1984atsitesalso
usedtosampletheadultmosquitopopulationEighttrapsiteswere
locatedinripariancorridorsorwetlandareassurroundedby
suburbandevelopment Housefincheswereabundantatthese

riparianwetlandsiteswhilehousesparrowswerecollectedalmost
exclusivelyattwositeslocatedinurbanizedcommunitieswithfew
openareasNearequalmixesofhousesparrowsandhousefinches
wereseenatonlytwolocations

Birdsweresampledateachsiteonalternateweeks6sites
weekNewlycapturedbirdswerebandedagedsexedifpossible
bledandreleasedBloodsamples02mlweretakenfromthe
jugularveinwitha10m1syringeanda28gaugeneedledispensed
intoa18m1fielddiluentsolutionGruwelletal1988keptcool
andprocessedattheDistrictslaboratorybyEIAforSLEandWEE
antibodiesandblockingELISAforevidenceofWNVinfection

Ofthe3392housefinchessampledin200660birds18
testedpositiveforWNVantibodiesseven06 ofthe1249

TotalMosquitoes WNVPositivePools
MinimumInfectionRate

MIR

Species 2004 2005 2006 2004 2005 2006 2004 2005 2006

Culex

quinquefasciatus
29214 44989 25130 150 93 13 51 21 05

Cx

erythrothorax
8936 9172 3229 1 1 0 01 01 00

Cx

tarsalis
4633 7927 1602 4 7 0 09 09 00

Cx

stigmatosoma
879 4950 644 6 11 1 68 22 16

Other 5498 4047 1019 0 0 0 00 00 00

49160 71085 31624 161 112 14 33 16 04
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BloodmealSource
Cx

g Percent
Cx

No

salis
Percent

C

N
thro

Percent

Mourningdove 76 425 4 364

2005 2006

Housefinch 60 335 5 454 2 69

Americanrobin 14 78

Housesparrow 612 1075 1249

Americancrow 4 22 1 91

06

Other

Housesparrow 4 22

11 6 0 11

Songsparrow 2 11

3889 4157 4876 160

Westernbluebird 2 11

45 14

Califthrasher 2 11

Greenheron 1 06 1 35

Bluethroatedhummingbird 1 06

Housewren 1 06

Westerntanager 1 06

Turkey 1 06

Mallard 2 69

BlackcrownednightHeron 2 69

Woodrat 7 241

Roofrat 8 275

Coyote 1 35

Domesticcat 5 28

Human 3 17 1 91 1 35

Opossum 1 06 3 103

Cottontailrabbit 1 06 2 69

Totals 179 100 11 100 29 100
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Table2BloodmealsourcesforCxquinquefasciatusCxtarsalisandCxerythrothorax

housesparrowsamplesandnobirdsofotherspecieswereWNV
positiveduringtheyearTable3Antibodypositivebirdswere
detectedineverymonthof2006Figure2exceptSeptember

DeadbirdsurveillanceDeadbirdswerecollectedfromthe

publicviadeadbirdcallinsandthroughcooperationwithvarious
animalcontrolagenciesOfthe400birdscollectedonly250were
suitablefortestingand49ofthesewerefoundpositiveforWNV
antigenbyimmunohistochemistrySteeleetal2000Ratesof
WNVpositivedeadbirdsdeclinedfrom586253452in2004
and454302665in2005to19649250during2007Table
4TheproportionofWNVpositivenoncorvidstototalWNV
positivesdeadbirdsvariedfrom19850253in2004to103

Table3WildbirddataandWNVseroconversionratesbyspecies2004 2006
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31302in2005androseto3061549in2006
ClimatologicaldataTemperatureandprecipitationdatawere

obtainedthroughtheNationalOceanic and Atmospheric
AdministrationNOAAtodeterminepotentialdifferencesin
temperaturepatternsbetween20042005and2006Therewereno
apparentdifferencesamongmeanmonthlytemperaturesfor2004
2005and2006Figure3althoughJune Julyof2006were
severaldegreesabovenormalFigure4

TotalBloodSamples NoWNVPositive PercentPositive

Species 2004 2005 2006 2004 2005 2006 2004 2005 2006

Housefinch 2293 2718 3392 120 140 60 52 52 18

Housesparrow 612 1075 1249 29 42 7 47 39 06

Other 984 364 235 11 6 0 11 16 00

3889 4157 4876 160 188 67 41 45 14
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Year Jan Feb MarAprilMay June July Aug Sept Oct Nov Dec Totals Percent

2004 08 05 014 218 420 4381 6291 6072 58711429 714 39 253432 586

2005 120 226 646 222 28929916842807910128461035 315 214 302665 454

2006 09 17 318 619 422 532 226 1236 822 330 419 110 49250 196
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Figure2WNVseroprevalenceandseroconversionratesinfreeranginghousesparrows
andhousefinchesandminimuminfectionratesMIRinCxquinquefasciatusforeach
monthfrom20042006

Table4NumbersofWNVpositivedeadbirdstotaltestedpermonth2004 2006
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Figure4TemperaturecomparisonsCshowingmonthlydeparturesfrom
historicalmeansforthemonthsofMay November2004 2005

RESULTSANDDISCUSSION

Datafromallthreearboviralsurveillancesystemsdemonstrated
asignificantdeclineindetectableWNVactivityinOrangeCounty
during2006comparedtothetwopreviousyearsSimilardeclines
intheWNVMinimumInfectionRateMIRinthemosquito
populationandlevelsofWNVpositivedeadbirdswereobservedin
adjoiningsouthernCaliforniacountiesin2006RiversideSan
BernandinoLosAngelesandSanDiegohttpwestnilecagov
alongwithsimilarreductionsinWNVseropositiveratesinfree
rangingwildbirdsofLosAngelesandRiversidecountiesMadon
WilliamsandHesspersonalcommunication2006

TheWNVMIRforCxquinquefasciatusOrangeCountys
primaryWNVvectorSchwedesetal2005Weiretal2006
peakedat151000inAugustduring2006muchlowerthan
comparablelevelsof1121000and891000for2004and2005
respectivelyFigure1ThehighesttemporalfocalMIRforCx
quinquefasciatusreached7021000atCraigParkinFullerton
duringasixweekperiodinJuly August2006where9ofthe
Districtsyearlytotalof14positivepoolswerefoundNomosquito
poolstestedpositiveforeitherStLouisencephalitisorwestern
equineencephalomyelitisviruses

Unlike2004and2005WNVseropositiveratesinfreeranging
wildbirdsdidnotriseduringthesummerfallmonthsof2006
Figure2andonlyfour4of1635or025 immunologically
naiveantibodypositiveimmaturewildbirdswerefoundduring
May October2006Additionallynowildbirds0302were
foundseropositiveinSeptember2006Figure2Previously
approximately12ofhatchingyearbirdswereseropositiveby
Octoberin2004and2005andupto25ofwildbirdswere
seropositiveatactivefociduringthefallmonthsoftheseyears
Schwedesetal2005

The WNVpositivedeadbirdswerefoundineverymonth
exceptJanuaryduring2006butoverallmonthlynumbersandrates
declinedsubstantiallyfortheyearcomparedto2004 2005Figure

Month

Proc PapersMosqVectorControlAssocCalifVol75

25

20

10

0

3Thedeclineindeadbirdreportsfromthepublicthroughwhich
theDistrictcollectsmanyofitsdeadbirdsamplesmaypartiallybe
causedbyalackofpublicinterestTheperceivedthreatofthis
diseasehaswanedfrommediaattentiondespitetheDistricts
effortstoinvolvetheresidentsofthecountyinWNVsurveillance
Hencesomeofthereductioninnumbersmayreflectcausesother
thanbiologicalfactors

ThedetectionofWNVantibodypositivewildbirdshad
foreshadowedthedetectionofWNVinmosquitoesanddeadbirds
in2004ultimatelyindicatingtheemergenceofmultipleWNV
transmissionfocithroughoutOrangeCountySchwedesetal
2005Reducedinfectionlevelsinwildbirdshowevermayhave
indicatedantibodypersistenceinadultpasserinebirdsastheresult
ofinfectiontoWNVfromthepreviousyearSchelletal2006
Antibodypersistenceandherdimmunityinwildbirdpopulations
mayhavedampenedWNVtransmissionforthesecondhalfof2005
through2006

Theresultsofthemosquitobloodmealdatamayshedlighton
therelativeimportanceofmosquitohostselectionondeveloping
herdimmunityinthewildbirdpopulationofOrangeCountyThe
PCRbasedmethodsofbloodmealidentificationallowfordirect

estimatesofvectorcontactwithdifferentavianspecieswhichcan
beusedtoevaluatepotentialamplificationhostsandclarifytherole
ofthesehostsintheepizootiologyandecologyofarboviruses
Molaeietal2006Appersonetal2002foundinNewYorkCity
thatCxpipiensdidnotrandomlyfeedonbirdsspeciesbasedupon
theirabundanceaspredictedbybreedingbirdsurveysBirdsfrom
theordersColumbiaformesandPasseriformeswerefoundtobethe

primaryhostsofCxpipienscomplexmosquitoesduringoutbreaks
ofSLEintheMidwestMcLeanandBowen1980Thehost
seekingbehaviorofCxquinquefasciatusappearstofollowa
similarpatterninOrangeCountyPCRanalysisof179bloodfed
Cxquinquefasciatusfemalesindicatedthatcollectivelymourning
dovesZenaidamacrouraLandhousefincheswerethepreferred
hostsP 001forthismosquitoFigure4thesetwoavianspecies
comprised43678of179and33560of179respectivelyof
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identifiedbloodmealsContrastinglyAmericancrowsCorvus
brachyrhynchosaccountedforonly224of179oftheblood
mealsTable2BloodmealnumbersforCxtarsalisandCx
erythrothoraxweretoosmallforanalysishoweverofthesesmall
numbersCxtarsaliswasfoundtohavefedprimarilyoffmourning
dovesandhousefincheswhileCxerythrothoraxsoughtmainly
mammalsTable2

InaseriesofartificialinfectionexperimentsKomaretal
2003andReisenetal2005obtainedsimilarresultsfindingthat
adultmourningdovessurvivedWNVinfectionandproduceda
moderateviremiaaround3 55logplaqueformingunitsper
milliliterPFUmLfor35daysWNVseroprevalencestudiesof
freerangingwildbirdsinIllinoisBeverothetal2006Kern
Carrolletal2006andSacramentoandYoloWrightetal2006
countieshaveshownthatmourningdovesareabundantandhave
relativelyhighseropositiverates14 40 indicatingfrequent
exposuretomosquitoesandhighsurvivabilitywheninfectedHerd
immunityinmourningdovesmayplayasignificantrolein
attenuatingWNVamplificationinOrangeCounty when

consideringmourningdoveabundancelongevityseroprevalence
levelsandthehostseekingpreferencesofCxquinquefasciatus
Figure5

FromJunethroughSeptembersixhumancasesnodeaths
werereportedin2006adramaticdeclinefromthe64cases4
deathsreportedin2004andamodestreductionfromthe17cases
in2005ThefirsthumancaseoccurredinJuneapproximatelyone
monthbeforethefirstWNVpositivemosquitopoolPriortothe
firstknownhumaninfectionavianserosurveillanceinfreeranging
housesparrowsandhousefinchesandtestingofdeadbirdshad
demonstratedreduced butcontinuous WNVtransmission
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throughout2006inthecountysuggestingapersistentlowlevel
risktothepublicOverallfewerhumancasesmayhavebeenthe
resultofacombinationofwildbirdimmunitylowermosquito
infectionratesbettermosquitocontrolandpublicawarenessof
diseaseprevention

CONCLUSION

Yearroundarbovirussurveillancein2006continuedto
demonstratethatWNVisendemicinthesuburbanCx

quinquefasciatusperidomesticsmallbirdcycleofOrangeCounty
andremainsathreattothepublicAlthoughdetectableWNV
activitydeclinedthroughoutthecountyduring2006comparedto
thetwopreviousyearsseasonalMIRs 70andavianantibody
seroprevalencelevels 50 remainedrelativelyhighatseveral
fociFutureWNVabundanceislikelytoundergoyearly
oscillationsdecreasingandincreasingwithchangesinavian
immunityandshiftsinmosquitonumbersandspeciescomposition
Therelativerolesofverticaltransmissionvectorcompetencyand
hostpreferencesinthemosquitopopulationcoupledwiththeroles
ofchronicinfectionsandtheattenuationofWNVamplificationvia
herdimmunityinavianreservoirsalongwiththeinabilityto
discriminatebetweenoldandnewinfectionsinthesehostsremain
tobedeterminedforpredictingtheoccurrenceofWNVepizootics
inOrangeCounty
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Figure5HostpreferencesforCxquinquefasciatusDifferentlettersindicatesignificantdifferences
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EvaluationofanAvidityTestforDetectionofEarlyCurrentWestNilevirus
TransmissioninAvianPopulations
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ABSTRACTTheavidityorfunctionalaffinitywhichreferstothemultivalentbindingbetweenantibodyandantigenreflects
thestrengthofanimmuneresponseduringtheprocessofinfectionandthedevelopmentoflongtermimmunityAvidity
determinationsofviralantibodiesinhumanserahavethusbeenperformedsincethelate1980swiththegoalofseparating
currentongoinginfectionsfromolderonesThetechniqueshavebeenappliedtovariousvirusessince1984andmorerecently
toTickborneEncephalitisvirusDengueandWestNilevirusWNVTherelevanceofsuchtestsfordiscriminatingrecent
fromoldinfectioninavianserahasnotbeenevaluated

AblockingELISAwasperformedonuntreatedandureatreatedseratotesttwosetsofspecimensforavidity1Sequential
seracollectedeverytwoweeksfrom16WNVpositivepasserinebirdsselectedfromapopulationof29individualsconfined
toamosquitoproofcagefor1to21months2Sixweeklyserumcollectionsfromexperimentallyinfected songsparrows

providedbytheUniversityofCaliforniaSchoolofVeterinaryMedicineAninhibitionratioandanavidityindexratio were

calculatedforeachserum12experimentaland425cagedbirdsInexperimentalbirdstheaviditystartedtorisesignificantly
afterthethirdweekbutthesamplewastoosmalltomakeanykindofextrapolationTheavidityresultsobtainedfromthe16
cagedbirdsovertimedidnotshowanypatternsuggestiveofanearlyimmuneresponseThedistributionofavidityvalues was

scatterederraticandinconsistentfromonebirdtoanotherandtherewasnostatisticalsignificancewhentheaveragedtests
werecomparedasafunctionofthesamplingweekSuchresultsdonotcorroboratetheresultsfromaviditytestsperformed
onmammalianseraThisdifferencemayresultfromtheuniquequalityoftheavianimmuneresponsewhichmaynotmature
withadistinctandstrongaffinityItisalsopossiblethattheblockingELISAasusedinthisstudyneedstobeimprovedby
modulatingsuchparametersaspHandtemperatureAtthispointthetestwillnothelpdiscriminatebetweencurrentandold
infectionsThusfurthertestingstrategieswillhavetobepursued

INTRODUCTION

Formorethan20yearstheroutineantibodytestingofwild
birdshasbeenpartofthearbovirussurveillanceroutineatthe
OrangeCountyVectorControlDistrictalongwiththedetectionof
virusfrommosquitoesandsickmoribundcrowsOntheaverage
3500to4000specimenswerecollectedyearlyHousefinchesand
housesparrowstrappedweeklyat12fixedlocationswerebled
bandedandreleasedAlthoughtherateofrecapturecanreach
35 itisraretoobtainanegativeandapositivespecimenlessthan
oneortwomonthsapartThusitisimpossibletoassesstheexact
timeofWestNilevirusWNVorStLouisencephalitisSLE
seroconversion Suchinformationwouldbeparamounttoour
understandingofongoingtransmissionandmighthelpredefineour
vectorcontrolstrategiesTocompoundthisissuetheoccurrence
ofantibodiesinanareawheretwoormoreflavivirusescoexist
maybemisleadingsincethefirstimmuneresponsedetectedmight
beduetothefirstinfectingvirusantigenicsinandnottothe
currentinfectionThefinaldiagnosisisfurthercomplicatedbythe
existenceofcrossreactionsoftenobservedwithconventional

ELISAhemagglutinationinhibitionandevenneutralizationtests
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Theimmunereactionwhichresultsfromtheformationofan

homologousorheterologousantigenAGantibodyABcomplex
isadynamiceventthatevolvesovertimeandinvolvesthe
participationofdifferentepitopesandevenmolecularconfigurations
characteristicofeachvirusThequalityofimmunitymaybe
reflectedbytheantibodytiterwhichwillrisefollowinginfection
andmayplateauwithageThestrengthofthemultivalentAGAB
bonddefinedasavidityorfunctionalaviditycanbemeasured
andprovidesabetterqualitativeassessmentoftheimmune
responseTypicallytheavidityoftheAGABcomplexfollowinga
primaryinfectionwillbelowwhereasoldandpastinfectionswill
exhibitaveryhighavidityThemeasurementofavidityhasthus
beenusedsince1984forthediagnosisofneworcurrenthuman
infections withavarietyofinfectiousdiseases notably
mononucleosisrotavirushepatitisCrubellamumpsinfluenza
EBVandcytomegalovirustonameafewSchubertetal1998
BaccardLongreetal2001andevenparasitesPicheretal2000
Marciparetal2001LecolierandPucheu1993Studiesofavidity
witharbovirusesarerecentandhavebeenlimitedtotickborne
encephalitisGassmanetal1997DenguedeSouzaetal2004
andWestNilePrinceetal2005Levettetal2005Foxetal



Band
Duration

months

Positive

samples
Negative
samples

Total

samples
030832 1 0 3 3

050698 2 3 3 6

082316 2 3 0 3

030859 3 3 3 6

041478 3 5 3 8

010707 3 0 7 7

041272 4 0 9 9

030858 4 9 1 10

050444 5 0 11 11

050745 5 11 2 13

050509 5 1 8 9

050546 6 9 6 15

050443 7 12 3 15

030932 11 3 26 29

041491 11 15 10 25

070882 13 1 18 19

010655 15 0 30 30

050606 15 1 32 33

010624 16 2 33 35

030702 16 6 29 35

030891 17 21 15 36

060384 18 0 41 41

050424 18 2 35 37

030510 18 22 19 41

030812 18 7 34 41

030699 19 37 5 42

050616 18 27 13 40

041287 19 14 29 43

030577 21 23 23 46

Total 237 451 688

selectedforavidityanalysis
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2006Inmostinstancesanavidityindexoflessthan40might
bepresumptiveofarecentinfectionlessthan20dayswhereas
anindexbetween40and60mightindicateexposurewithin45
daysfollowingexposureOnestudyundertakenindeermice
experimentallyinfectedwithSinNombreHantavirusshows
similarresultsSafronetzetal2006

ThisisafirstattemptatmeasuringtheavidityofWestNile
WNantibodiestodistinguishbetweenrecentandoldorrecurrent
infectionsinfieldcollectionsofavianspecimens

MATERIALSANDMETHODS

Aviditytest
ThedeterminationofWNantibodieswasmadebyblocking

ELISAusingthetestdevelopedattheUniversityofQueensland
AustraliaHall1995andevaluatedattheDistrictJozanetal
2003Thisstudywasperformedusingawholecelllyzateprepared
fromthe1999NewYorkstrainandtwomonoclonalantibodies
reactingrespectivelyagainstabroadspectrumofflavivirus3H6
andagainsttheNS1WestNileepitope31112G

TheKunjinvirusKUNgeneticallyindistinguishablefrom
WestNilewaschosenastheantigenofchoicefortheaviditytest
becauseitprovidedbetterspecificityThisrecombinantantigenwas
preparedfromlysatesofSF9fallarmywormcellsinfectedwitha
recombinantbaculovirusexpressingtheNS1proteinderivedfrom
theKUNvirusstrainMRM61CsequenceClarkHeiseSeabrook
NisbetandHallunpublishedresultsKimPhamtobepublished
TheantiKUNNS1antibodiesarereportedasWestNileantibodies
tosimplifythispresentation

Forthepurposeofaviditytestingthefollowingmodifications
weremadeAfterovernightincubationoftheantigenat4Ctest
seradiluted120to1320wereaddedtotwoplatesinduplicateand
incubatedfortwohoursat32CAttheendoftheincubation

periodtheplateswerewashedtwiceinPBSTweenTooneplate
01m1ofPBSpH75wasaddedand01m1of7MolarUreainPBS
wasaddedtotheduplicateplateBothplateswereincubatedat
roomtemperatureforsixminutesandthenrinsedthreetimesin
PBSTween Thetestwasthencarriedonasusualwiththe
additionofantiWNNS1monoclonal31112Gforonehourfollowed

byfourrinsesthenantimouseperoxidaseconjugateforonehour
sixmorerinsesandadditionofsubstrateABTS Percentof

inhibitionofmabforeachtestsamplewascalculatedusingthe
formula100TSBTCBx100whereTSBisthetestsample
valueminusmockandTCBisthenegativeserumcontrolvalue
minusmock

Opticaldensitieswerereadwithamicroplatespectrophotometer
readeratdualwavelengthsof414and492Resultsweretransferred
toanexcelspreadsheetforfinalcalculations

Themeasureofaviditywascalculatedintwowaysathe
percentinhibitionobtainedbyusualblockingELISAwas
designatedasinhibitionAandpercentinhibitionobtainedafter
treatmentofserumwithureawasdesignatedasinhibitionBThe
inhibitionrationBAwillbecloseorequalto1ifthereisno
reductioninantibodytiterafterureatreatmentandthiswould
indicateanaviditybetween60100 bfortheavidityindexthe
opticaldensityoftheserumtestedwithblockingELISAwas

Proc PapersMosqVectorControlAssocCalifVol75

designatedODAandODBTheratioODBODAusedin
conventionalELISAtesthadtobereversedbecausewithblocking
ELISAalowODindicatesapositivetestandviceversaThus
ODAODBwillbecloseto1ifthereisnochangeafterurea
treatment

TestSera

ExperimentallyinfectedsparrowscourtesyAaronBrault
UniversityofCaliforniaDavisTwosongsparrowswereinoculated
withthe1999NewYorkstrainWestNilevirus01ml
subcutaneousBloodsamplesweretakenweeklyforsixweeks
followinginoculationandstoredat70C

CaptivehousefinchesandsparrowsBetweenJanuaryand
August200529birdswhichhadtestedpositiveforthefirsttimein
thefieldweretransferredtoamosquitoproofcageandbledevery
twoweeksfor21monthsSchelletal2006Thedurationofanti
NS1antibodiesisshownonTable1antibodiespersistedforwhat

Table1DistributionofWestNileantibodypositiveandnegative
samplesfor29birdsconfinedtomosquitoproofcageandbledevery
twoweeks
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couldbeconsideredthelifetimeofthisparticularavianspeciesup
to23monthsThemediantiterwas1320atthebeginningofthe
studybutsteadilydecreasedto120inthelatestmonthsof
observation Therewasaconsistentpatternofserabecoming
negativeforafewweeksthenrevertingtopositiveoftenwitha
hightiterAtotalof16birdswasselectedfromthispopulation
representing5of13birdsconfinedfor2to7months38oftotal
sampleand10of16birdsconfinedfor11to21months63 each

sampledgroupprovidingrespectively47and378serumsamples
fortestingThisselectionwasdoneonthebasisofmultiplepositive
seradurationofobservationandexistenceofrecapturesasearlyas
2004priortoinclusionintothestudyAnadditionalbirdwasadded
tothestudybecauseitwasconsistentlyrecapturedandprovideda
fieldcontrol

StatisticalanalysisSSuWestValleyMosquitoandVector
ControlDistrictAvidityvaluesfromthe425samplestested
wereaveragedasafunctionofsamplingweekandcomparedby
usingonefactorANOVAataPvalueof005Thisanalysiscovered
only80weeksofobservation40samplingweeksafterfirstpositive
capturesinceonlyfivebirdsremainedupto100weekswithan
occasionalpositivesample

RESULTS

Experimentallyinfectedsongsparrows
Figure1Therewasnoantibodydetectedinthefirstweek

followinginoculationAtdilution120theavidityratioinhibition
withureawithouturearosefromweek2to6Itreached08for
Songsparrow2778atweek6and05forsongsparrow2779at
week5droppingdrasticallyatweek6forthisparticularbird

Figure1InhibitionratioperweekfollowingWestNilevirusinocu
lationoftwosongsparrowsABraultUCDavisIRRatio
inhibitionafterureatreatment inhibitionofuntreatedserum
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Figure2showsantibodytiterbeforeandaftertreatmentwith
ureaforsixweeksfollowinginoculationinSongsparrow2778A
serumwasconsideredpositivewhenthepercentinhibitionreached
30orabovechosenthresholdNoantibodiesweredetectedin
thefirstweekTheantibodytiterwas120atweek2and1160at
week34and5Afterureatreatmentthetiterfallstolessthan
120forweek23and4and140atweek5Theintervalbetween
graphsoftreatedversusuntreatedseraateachdilutionnarrowsat
week5anddisappearsatweek6whenthetiterdropsto140after
ureatreatment

Cagedbirds
Figure3showstheantibodydurationof29WNVpositivebirds

during21monthsofconfinementinamosquitoproofcageThe
mediantiterofantibodiesisashighas1320inthefirstthree
monthsofobservationandthengraduallydecreasesovertimeThe
occurrenceofnegativetestswasnoticeablethroughoutforeach
birdunderstudywithtwoorthreeantibodynegativeserafollowed
byoneormorepositiveandareboundintiterTherewasno
correlationbetweentheseparticularoccurrencesandthemonthof
collectionoraparticularindividual

Figure4representsthestatisticalanalysisofavidityresultsfor
all16samplesfor73weeksfollowingthefirstdiagnosisofWNV
antibodiesResultswereexpressedasavidityindexAIFig4a
andasinhibitionratioIRFig4bThedistributionofvaluesis
erraticanddoesnotrelatetothelengthoftimefollowingapparent
exposurebecausehighavidityvalueswerefoundearlyinthestudy
andlowvalues20monthslaterTherewasnostatisticalsignificance
atP005Therangeofvaluesforagivenweekwassimilarlyvery
irregularwithwideunexpectedspikesTheinhibitionratioIRor
theavidityindexAIprovedtobeinterchangeablesincethe
expressedresultsweresimilarlyinconsistentandwithoutstatistical
significance

DISCUSSION

Themainpurposeoftheabovestudywastoassessthe
usefulnessoftheaviditytesttodiscriminatebetweenrecentand
pasttransmissionofWNVasreflectedbythepresenceof
antibodiesinwildpasserinesrecapturedovertimeandsubsequently
confinedupto21monthsinamosquitoproofcageApreliminary
studyintwosongsparrowsexperimentallyinfectedwiththevirus
showedthattheaviditydidnotrisebeforethethirdweekfollowing
inoculationThisobservationtendstocorroboratethefindingsin
somestudiesofmammalianserabutsuchasmallsampledoesnot
tellmuchaboutthisavianspeciesnoraboutvariationwithinother
speciesorfamiliesItwasanticipatedthattheserialcollections
from16birdseverytwoweeksfollowingthefirstpositivediagnosis
onthefieldspecimenwouldsimilarlyshowlowavidityatthe
beginningofconfinementandanincreasedavidityover60atthe
endofthestudyYetthedifferencesinavidityindexorinhibition
ratiowerenotsignificantandbothlowandhighvalueswere
distributedwithnoparticularpatternateachsamplingpointduring
the21monthsofobservationWhenthesebirdswerefoundpositive
forthefirsttimeuponrecapturetherewasnowaytoknowwhen
theprimaryexposuretookplaceandifreinfectionhadoccurredas
wellOnlytwobirdsrecapturedwithin4and5weeksrespectively
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Figure2ComparisonofWestNileantibodytiterinoneexperimentallyinfectedsongsparrowbeforeandaftertreatmentwith7M
ureaperweekfollowinginoculationaweek1bweek2cweek3dweek4eweek5fweek6Thepositivethreshold
wassetat30percentinhibition
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confinedtoamosquitoproofcagefor21monthsJanuary2005October2006
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Weeksfollowingfastpositiveserologicaldiagnosis

showedaseroconversionInbothcasestheavidityofthefirst
positivespecimenwas40and42 respectivelyBird03932
diedwithintwomonthsandonespikeof100aviditywas
observedInbird041287theavidityincreasedinconsistently
reachingitshighestvalueatweek5257and77followingfirst
positiveresultTable2Theseerraticresultsmightreflectthe
innatedifferencebetweenmammalianandavianimmunoglobulin
ThemainandancestralavianIgYimmunoglobulindiffersfromits
IgGcounterpartThereisnohingelinkinglightandheavychains
Diagram1andanextradomainCV2appearsontheconstant
sectionoftheheavychainThustheimmunereactionmightlack
inflexibilityandinitsabilitytoagglutinateprecipitateandeven
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Figure4Statisticalcomparisonofaviditytestvaluesfor16birdsperweekfollowingthefirstspecimendetectedasWNpositive4avalues
expressedasavidityindexODofuntreatedserumODoftreatedserum4bValuesexpressedasinhibitionratiopercentinhibitionof
untreatedserumpercentinhibitionoftreatedserum

fixthecomplementPerhapsassuggestedbysomeimmunologists
EGouldEWestawaypersonalcommunicationWarretal1995
Carlender2002Klimovitch2002duetoevolutionaryconstraints
theimmuneantigenantibodyreactionofbirdsandreptilesdoesnot
risetopropermaturityasweconceiveitinamammaliansystem
andthereforetheabilitytodevelopaffinitymightbeminimalor
unpredictableThiscouldexplaintheerraticresultsobtainedina
randompopulationanditmaynotbepossibletorecognizeany
significantdifferencesbetweencurrentandoldinfectioninfield
collectionsofnaturallyinfectedbirdsdespitetheresultsobtained
withonlytwoexperimentalbirds
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Table2WNantibodytiterInhibitionRatioandAvidityIndexintwo
birdswithapparentseroconversionwithinfiveweeks

LabNumber
Date

Collection

Specimen03932
CV061404

CV052159

CV052653

CV052824

CV052996

805

1405

71905

81605

83105

10132004

12102004

1505

3605

32805

93005

Titer

before

treatment

140

1160

120

140

1160

1160

1160

1160

180

1160

1160

1160

180

120

120

140

140

120

Inhibition

Ratio

058

06

11

062

047

062

07

053

039

011

03

03

001

02

08

06

02

Avidity
Index

43

100

18

47

18Negativespecimens

Specimen041287
CVO40744

CVO41514

CVO42069

CVO42400

CVO42576

4OCV2834

4OCV3082

4OCV3643

CV050044

CV050320

CV050420

CV050516

CV050622

CV050667

CV050799

CV052234

CV053010

CV053132

CV060601

282004

22004

7202004

832004

8172004

142004

405

1605

205

1205

2105

1405

106

ndofstud 92weeksfollowingthefirstositive

40

49

51

29

36

57

36

33

48

45

74

81

66

Thedurationofantibodiesinfinchesandsparrowswaslong
lastingasmuchas21monthsforsomebirdsbutitwasinterrupted
consistentlybyanapparentlossofantibodywhichhadno
correlationwithseasonorparticularbirdsMorenegativeresults
wereobservedinthelastsixmonthsofthestudyatatimewhenthe
titerwasalsotaperingoffasthebirdreachestheendofitslifetime
expectancyThisalternationofnegativeandpositiveresultsis
puzzlingandtendstoindicatethatthefindingofanegativebird
duringthetransmissionseasonmayobscurethetrueincidenceof
thevirusThereforealargercollectionsamplewouldbenecessary
tominimizesuchoccurrence

Anotherproblemintestingavianseramightrestwithinthe
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Volume75

Mammalian

IgG

Chicken

IgY

NoHinge

Diagram1Morphologicaldifferencesbetweenmammalianand
avianimmunoglobulinsThechickenIgYisgivenasanexample
Characteristicsdiffersinduckandpossiblyotheravianspecies

parametersusedfortheblockingELISAThetestcouldbe
improvedbymodulatingbothpHandtemperatureastheymaybe
ofparticularimportanceSlaghtetal1979Lucyna2005The
evaluationofavidityeitherwiththeclassicalavidityindexorthe
inhibitionratiomaynotbesensitiveenoughtoexemplifyclear
differencesordefineathresholdofaviditytoascertainarecent
currentinfectionThisquestionhasbeenraisedbyotherswho
designedtheirownmathematicalschemesKorhonenetal1999
Kneitzetal2004

Inconclusionthispreliminarystudydidnotprovidethe
expectedresultsthataviditytestsinhumanandmammaliansera
havegivenformanyyearswithmanydifferenttypesofviruses
Therefinementofthetechniqueanditsapplicationtomore
experimentalbirdsmayprovetobetheonlyvenueavailableto
decidewhetherornotthistestcouldproviderelevantinformation
duringactivecirculationofflavivirusesinthefield
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WestNileVirusinOrangeCountySteppingintoEndemicity

CatalinaMHerreraandJosieGWeir

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTWestNileVirusWNVemergedintheUnitedStatesinthefallof1999In2000theOrangeCountyVector
ControlDistrictOCVCDinitiatedacomprehensiveandintegratedsurveillanceprogramconsistingofthreecomponents
eachlinkedtoanaspectofthebiologyofWNVavianserosurveillancesentinelchickensandfreerangingwildbirdsdead
birdviralassaybyimmunohistochemistryandmosquitoviralsurveillancebyPCRThesubsequentlocationmappingofthese
componentsoverthepast4yearsindicatesaprobablechangeinWNVepidemiologyfromepidemictoendemicThequestion
nowariseshowwillthesechangesaffectthefutureWNVsurveillanceeffortsofOCVCDinOrangeCountyBycareful
analysisoftheWNVenzooticlifecycleitwillbeshownthatsurveillanceemphasismustnowbeshiftedtoendemicfociBy
definingthegeophysicalparametersofendemicfociandsearchingforareasthatdisplaytheseparametersaplanoffuture
surveillancecanbeconstructedEvidencewillbepresentedondefiningandillustratingonesuchendemicfoci

INTRODUCTION

AccordingtotheUSCensusBureauOrangeCountyhasa
totalareaof948sqmiSurfacewateraccountsfor159sqmi
while789sqmiofitislandThecountyiscomposedofavariety
ofecotypesincludingurbansuburbanriparianfloodchannels
andcoastalmountainsExtensiveacreageisdevotedtoparksand
openspaceforoutdoorrecreationThesouthernpartoftheCounty
stillincludeslargerelativelyundevelopedsectionsofcoastalsage
scrubhabitatInadditiontomanmademosquitobreedinghabitats
suchasdrainagechannelsetcthereareseveralnaturalmosquito
producingfreshandsaltwaterwetlandswithinthecounty
especiallyincoastalareasBasedonourfouryeardataonmosquito
surveillanceandWNVenzooticcyclethepresentreportprovides
anaccountoftheendemicfociofWNVinOrangeCounty

MATERIALSANDMETHODS

MosquitoSurveillance
Mosquitoeswerecollectedweeklyfromsitesthroughoutthe

countyAcombinationofCDCCOstylehostseekingEVStraps
RoheandFall1979andReiterCummingsgravidfemale
ovipositionaltrapsCummings1992wereusedtocollect
mosquitoesCollectedmosquitopoolswereidentifiedtospecies
countedandsubmittedforarbovirustestingbymultiplexreverse
transcriptasepolymerasechainreactionRTPCR
AvianSerosurveillance

Wildbirdserosurveillanceconsistedofthecaptureoffree
rangingwildbirdsinmodifiedAustraliancrowtrapssetthroughout
thecountyandbaitedwithfreshwaterandwildbirdseeds
McClure1984Birdswerebandedidentifiedtospeciessexed
and02mlofbloodwascollectedfromthejugularveinSerum
frombloodsamplesweresubsequentlytestedforantibodiesagainst
WNVbyhemagglutinationinhibitionHAIGruwelletal1988
andblockingELISAassaysJozanetal2003intheOCVCD
microbiologylaboratory

OnesentinelchickenflocklocatedalongtheSanDiegoCreek
watershedinCentralOrangeCountywasbledbiweeklythroughout

Proc PapersMosqVectorControlAssocCalifVol75

theyearandbloodsamplesweretestedforSLEWEEandWNV
antibodiesattheCaliforniaDepartmentofHealthServicesandthe
OCVCDLaboratory
DeadBirdsurveillance

Deadbirdsurveillanceconsistsofsamplingdeadbirds
throughoutthecountyforthepresenceofWNVBirdswere
collectedbythestaffofOCVCDwiththehelpofthepublicanimal
rehabilitationgroupsandanimalcontrolagenciesNecropsieswere
conductedbyaveterinarypathologistoncarcassesdeemedsuitable
forWNVtestingandatleastliverspleenandkidneywerecollected
andfixedin10bufferedformalinFollowingfixationtissues
wereembeddedinparaffinsectionedat6mandmountedon
chargedslidesSlideswerethenstainedbyaWNVspecific
immunohistochemistryIHCproceduretodetectWNVenvelope
proteinJozanetal2003

RESULTS

OrangeCountyandtheWNVexperience
InSeptember2003WestNileViruswasfirstdetectedatlow

levelsinbirdscollectedbytwofreerangingwildbirdtrapsFig
15positiveHousefinchesCarpodacusmexicanusof3424wild
birdscollectedandsampledInadditionthedeadbirdsurveillance
programidentifiedWNVin3birdsduringthemonthofOctober2
ofwhichwereAmericancrowsWNVwasnotdetectedinany

mosquitopools
During2004WNVactivityinOrangeCountywasclearly

epidemicFig2beingdistributedpredominantlyinthehighly
populatednorthernhalfofthecountyHighnumbersoffree
rangingwildbirdsdeadbirdsandmosquitoestestedpositivefor
WNVorantibodiestoitWNVinfectionwasalsodetectedin

humansinthecounty
In2005theWNVepidemiccontinuedinthesamecountywide

distributionas2004Fig3Howevertherewasanunusuallylarge
clusterofactivityintheCoastalandinlandmarsheswhichwas
probablytheresultofatremendousincreaseinCulextarsalis
Coquillettreproductionfollowingtorrentialrainsinthefalland
winterof20042005
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Figure1MapofOrangeCountydepictinglocationsofpositive Figure2MapofOrangeCountydepictinglocationsofpositive
WestNileVirusdetectionindeadandfreerangingwildbirdsduringWestNileVirusdetectionindeadandfreerangingwildbirdsand
2003 mosquitopoolsduring2004

Figure3MapofOrangeCountydepictinglocationsofpositiveWestNileVirusdetection
indeadandfreerangingwildbirdsandmosquitopoolsduring2005
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In2006therewasadramaticreductioninthenumbersofWNV
positivedeadbirdsandmosquitopoolsFig4 However

seropositivefreerangingwildbirdswerestillfoundinthesame
generalcountydistributionasnotedin2005Fig3

Overallduring20042006CulexquinquefasciatusSaywasthe
mostabundantmosquitotrappedaccountingfor257outof288
positivepoolsHousefincheshadthehighestseropositiverate
39 ofavianspeciessampledandwerethemostfrequently
collectedwildbirds8403of12922CorvidsAmericancrow
CommonravenScrubjaymadeupthemajorityofWNVpositive
deadbirds508of604

TedCraigRegionalParkAWNVendemicfocus
CraigParkwasoneofthefirstsitestoshowWNVactivityby

allthreemethodsoftheOCVCDintegratedsurveillanceplanfree
rangingwildbirdsdeadbirdsandmosquitoesSchwedesetal
2005LocatedinnorthernOrangeCountyinthesuburbancityof
FullertonCraigParkencompasses124acresofopenspacewitha
smallpondtwoyearroundcreeksandalargevarietyofmature
trees

LowlevelsofWNVactivityweredetectedinwildbirdsatthe
CraigParksitelatein2003Figure5ThehighestlevelsofWNV
activityoccurredinthesummerof2004Figure5 TheMIR

MinimumInfectionRatesforCxquinquefasciatuspeakedat20
forJulyandAugustandpositivemosquitopoolsweredetected
fromJulytoOctober
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Figure4MapofOrangeCountydepictinglocationsofpositive
WestNileVirusdetectionindeadandfreerangingwildbirdsand
mosquitopoolsduring2006
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Figure5MortalitynumbersofWNVpositivedeadbirdswithin2mileradiusfreerangingwildbirdsandmosquitopoolsatTedCraig
RegionalPark20032006
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In2005thenumberofpositivewildbirdsdetectedatthepark
decreasedFigure5TheMIRforCxquinquefasciatusreachedits
highestlevelsof164inOctoberPositivemosquitopoolswere
detectedduringthesamemonthsasin2004InterestinglyWNV
antibodieswerenotdetectedin78freerangingwildbirdsbled
betweenJulyandSeptemberbutafewWNVpositivedeadbirds
weredetectedduringthosemonthswithina2mileradiusfromthe
park

WNVcontinuedtobedetectedthrough2006inmuchlower
levelsFigure5 TheMIRforCxquinquefasciatuspeakedat91
duringAugustAgainWNVantibodieswerenotdetectedin154
freerangingwildbirdsbledbetweenJulyandSeptemberHowever
positivemosquitopoolsandafewpositivedeadbirdsweredetected
duringthosemonths

DISCUSSION

ConsideringthetrendsofWNVactivitydetectedbythe
OCVCDintegratedWNVsurveillanceplansince2003itisnot
completelycertainthatWNVactivityinOrangeCountycanbe
predictedHoweveritcertainlyappearsthatWNVisintransition
fromepidemictoendemicactivityandthusfutureeffective
surveillancesiteswillberelegatedtoendemicfociOurtaskwill
betofindanddefinetheseendemicfociInotherwordswemust
locateareaswereWNVactivityhasbeencontinuouslydetected
since2003ielocationswheretheWNVenzooticcyclecontinues
tobemaintainedFig6

DatacollectedatCraigParkduringthelastfouryearsillustrated
thegeneraloscillatingpatterntypicalofanepidemicendemiccycle
Figure5Bydefinitionanepidemicdiseaseisonethatappears
athigherratesthanexpectedAfteritrunsitscourseitmayeither
dwindleoutorpersistatvariedlevelsandlocationsinotherwords
itbecomesendemicHoweverthisendemicitymaydiminishin

Enzootic

Vectors

0
WestNileVirus

EnzooticCycle

11lk
Akr

41
Figure6WestNilevirusEnzooticCycle
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magnitudetothepointwhereitisbarelydetectableorevengive
risetoperiodicepidemics Itshouldbenotedthatthereisa

substantiallyhigherdiseasefrequencyduringanepidemicas
opposedtolowermorestablelevelswhenthediseasebecomes
endemicFigure5

NowthatwehaveidentifiedCraigParkasanendemicfocus
thenextstepistodeterminethefactorsthatmakeitsuitableforthe
maintenanceofaWNVenzooticcycleFig6Inotherwordswe
needtodefinethebiologicalandgeophysicalparametersatthissite
Itisimportanttoestablishadetailedprofileofthetemperature
rainfallandtopographypatternsofthesiteaswellasthenumber
ofvectorsandhostsintheWNVcycleFig6Oncedefinedthese
parameterswillbeusedtoidentifyadditionalendemicfoci
allowingfortheoptimizationoffuturesurveillanceplans
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MurineTyphusinSouthernCaliforniaEpidemiologicInvestigationUpdate

LauraKruegerPrelesnik

CaliforniaDepartmentofHealthServicesVectorborneDiseaseSection2151ConventionCenterWay218BOntarioCA91730

ABSTRACTInJuneof2006LongBeachDepartmentofHealthandHumanServicesreceivednotificationthatapersonliving
inthecityhadbecomeillwithmurinetyphusThiscasedrewparticularattentionfromLongBeachDHHSCaliforniaDHS
andtheCDCRZBbeingitwasthefirstcaseofmurinetyphusreportedinthecityBytheendofsummertenhumancasesof
murinetyphuswerereportedinSouthernLosAngelesCountyandOrangeCountySurveillanceconductedaroundcasepatient
homesyieldedbloodtissueandflea849specimensfromopossums11androofrats20thatweresubmittedtoCDCfor
PCRdetectionofRtyphiandRfelisAsofFebruary2007fouropossumbloodspecimenswerenegativetwelveroofratswere
negativeandeightofthirtyfiveCtenocephalidesfelisfleascollectedfromthreeopossumswerefoundpositiveforaRickettsia
felislikeorganismbynestedPCRassaysTheremainingopossumroofratandfleaspecimenswillbetestedin2007

INTRODUCTION

Everyyearsince1919humancasesofmurinetyphushavebeen
reportedtoCaliforniaDepartmentofHealthServicesCDHSfrom
localhealthjurisdictionsinSouthernCaliforniaOverthelast
fourteenyearstyphuscaseswereprimarilyreportedfromresidents
ofthefoothillregionsofLosAngelesCountywhereasuburban
transmissioncycleinvolvingopossumsferalcatsandfleasoccurs
AnewclusteroftyphuscaseshereinreferredtoastheLong
BeachclusterappearedinsouthernLosAngelesCountyand
OrangeCountyin2006consistingoftenhumancasesreported
fromthefollowingpublichealthjurisdictionsLongBeach
DepartmentofHealthandHumanServicesLongBeachDHHS6
casesOrangeCountyHealthCareAgencyOCHCA3casesand
anunincorporatedareacoveredbyLosAngelesCountyPublic
HealthLACDPHadjacenttoLongBeachTheonlyconfirmed
typhuscasefromthisgeographicareawasreportedtoCDHSin
1947whenexposurewasattributedtotheratflearaturban
transmissioncycleofthediseaseOCHCAreportsnohistorical
humanoranimalcasesoftyphusinthisnewfocuswithnohuman
caseoftyphusinthejurisdictionsince1994 Inall21casesof

murinetyphuswereidentifiedamongresidentsofLosAngelesand
OrangeCountiesin2006Tencasesaregeographicallyassignedto
theLongBeachclusterwiththeotherelevenoccurringprimarily
inthefoothillregionsofAngelesNationalForest Thisreport
summarizesfindingsfromthefieldinvestigationofcasesoccurring
intheLongBeachcluster

MATERIALSANDMETHODS

Diagnosisofhumancaseswasbasedinitiallyonsymptomology
andaraisedIgGorIgMtiterfromaRickettsiaIFApaneltestedby
commercialdiagnosticlaboratoriesassociatedwiththehospital
wherethepatientinitiallypresentedWhenpossiblelaboratory
diagnosticswereconfirmedbyLosAngelesPublicHealth
Laboratory

TheCentersforDiseaseControlandPreventionRickettsial

ZoonosesBranchCDCRZBagreedtotestanimalandflea
specimensbynestedPCRassaysforthepresenceofRickettsia

Proc PapersMosqVectorControlAssocCalifVol75

typhiandRfelisSurveillanceofopossumsandroofratsaround
casepatienthomesandneighborhoodswasconductedbyLong
BeachDHHSVectorManagementProgramDHHSVMPLos
AngelesCountyPublicHealthVectorManagementProgram
LACDPHVMPandOrangeCountyVectorControlDistrict
OCVCDWholebloodsamplesweretakenviacardiacpuncture
withfleasandotherecotoparasitesremovedbybrushingAnimals
collectedbyOCVCDwerenecropsiedandbrainspleenandliver
tissueswerecollectedforfuturetesting

RESULTS

Ofthetentyphuscasesreportedfromthisareaeightwere
hospitalizedfrom3to9days Ninecasespresentedtoan
emergencyroomandonecasepresentedtoanurgentcarefacility
Eightfemalesandtwomalesagesrangingfrom4to81were
afflictedduringthemonthsofMay2September1October4
andDecember3Symptomsincludedhighfeverrashheadaches
fatiguenauseaandvomitingTwooftencaseswereconfirmedby
pairedRickettsialIFApanelsatLosAngelesPublicHealth
LaboratoriesEightcasesshowedelevatedIgGandorIgMtitersin
theacutephaseofillness

Humancaseswereinterviewedtodeterminepotentialexposure
routestofleasTable1 Surveillanceconductedaroundcase

patienthomesyieldedbloodtissueandflea849specimensfrom
opossums11androofrats20thatweresubmittedtoCDCfor
PCRdetectionofRtyphiandRfelisAsofFebruary2007four
opossumbloodspecimenswerenegativetwelveroofratswere
negativeandeightofthirtyfiveCtenocephalidesfelisfleas
collectedfromthreeopossumswerefoundpositiveforaRickettsia
felislikeorganismbynestedPCRassaysTheremainingopossum
roofratandfleaspecimenswillbetestedin2007

Thefleaindexonopossumswassubstantialaverageof110
fleasanimalrangel0220 andcomprisedfourspeciesCfelis
742Pulexirritans105Diamanusmontanus2and
Echidnaphagagallinecea1Theflealoadindicatesthattheflea
populationintheenvironmentsurroundingcasepatienthomesis
highSurveillanceisongoingincasepatientneighborhoodsand
environmentalfleacontrolplansareindevelopmentfor2007



Case
MonthofIllness

Onset

Pet

CatorDog
DeadOpossum

inYard
Opossum
inYard

FeralCatsin

Yard

RodentsIn

Yard
FleaBites

LB1 May YES YES YES NO NO denies

LB2 May YES YES YES YES YES denies

LB3 Sept YES NO YES YES YES YES

LB4 Oct NO na na na na YES

LB5 Oct YES NO NO na YES YES

LB6 Oct YES NO YES na YES YES

OC1 Dec YES NO YES YES YES denies

0C2 Dec YES NO NO NO NO denies

0C3 Dec YES NO NO NO NO denies

LA Oct YES NO YES NO YES denies
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Table1MonthofIllnessOnsetandPresenceofAnimalsandFleasAroundtheHomesofMurineTyphusCasePatientsintheLong
BeachCluster2006

LBLongBeachDHHS
OCOrangeCountyHCA
LALosAngelesDPH

DISCUSSION

HumanCasesSeasonalityFleaBites

Nolaboratorydiagnostictestsarecurrentlyavailableto
diagnoseshumancasesofmurinetyphusduringtheacutephaseof
illnessNonationalcasedefinitionexistsformurinetyphuswith
noagreementbetweenlaboratoriesonstandardizedantigensand
conjugatesusedtotestforRtyphiorRfelisinfectionsCDHS
considerspairedRickettsiaIFApanelsshowingafourfoldrisein
IgGorIgMtiterstakenduringtheacuteandconvalescentphaseof
illnessadequatetoconfirmadiagnosisofmurinetyphusObtaining
aconvalescentserumoftenposesachallengeforphysiciansand
localhealthdepartmentssincethemajorityofpatientsare
dischargedfromthehospitalandconvalescingathomeatthetime
theconvalescentserumshouldbecollectedTheCDCRZBis

currentlydevelopingaPCRdiagnostictestfortheacutephaseof
murinetyphusandCDHSisplanningtoparticipateinthe
developmentofthetestin2007

Theepidemiologicbreakdownofcasesbygenderageand
symptomologyissimilartowhathasbeendescribedfromother
murinetyphusoutbreaksinSouthernCaliforniaandTexaswith
themajorityofinfectionsfoundinfemalehomemakersandsmall
childrenowningcatsanddogsAdamsetal1970Themajority
ofmurinetyphuscasesdonotreportfleaexposurealthough
exposuretoinfectedfleafecesortissuesistheprimarymeansof
humaninfection InterestinglytwoofthreeOrangeCocases
sharedaresidenceduringonsetofillnessimplyingasimilar
exposurerouteyetbothdeniedfleaexposureandnoreservoirhosts
werecapturedintheneighborhood

TestResults

AnimalSurveillanceFleaSpeciesandIndex
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Theseasonalityofillnessonsetparallelsknownfleaactivity
patternsintheareaFigure1Theselfreportedpresenceofdead
opossumsintheyardsoftwocasepatientsisofnoteasisthe
numberofcasesowningapetcatThediversityofperiodomestic
animalsincasepatientyardsimpliesampleharborageandfood
sourcesforopossumsroofratsandferalcatsintheneighborhood

Sixteenanimalscollectedaroundthehomesofcasepatients
testednegativeforRfellsandRtyphiorganismsbyPCRThis
resultisexpectedsincepreviousstudiesshowlowtitersof
circulatingrickettsiaeinbloodascomparedtotissuesthatare
moretypicalsitesforthepersistenceofthebacteriaWilliamset
al1992Fleascollectedfromsomeoftheseanimals werefound

positiveforaRfelislikeorganismEremeevaCDCRZBpersonal
communication supportingpreviousresearch showingno
correlationbetweeninfectedfleasandseropositiveopossums
Boostroometal2002TheCDCRZBisplanningtoamplify
othergenesfromthesesamplestoseeifbetterdifferentiationof
theserickettsiaeispossibleAtthistimeitisnotknowniftheR
felislikeorganismisthesameorganismcausinghumandisease
Sinceonlysmallsubsetsofcollectedanimalshavebeentested
infectionprevalenceofperiodomesticanimalslivingintheareaof
theLongBeachclustercannotbedeterminedatthistime

Opossumsareknowntohaveasmallhomearea00101miles
andopossumdensityinurbanareashasbeenestimatedat75
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HumanCaseLocations

ongBeachTyphusOutbrea
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LBDHHSMTCases
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Q LACountyMTCase
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LACoun Border

a

Figure1DistributionofhumancasesofmurinetyphusinthevicinityofLongBeach2006

opossumssquaremileBoostroometal2002Sevenopossums
werecapturedandremovedbyOCVCDfromacasepatients
neighborsbackyardimplyingestimatesofopossumdensityper
squaremileinanurbanenvironmentcouldbemuchhigherorthat
opossumdensityisclusteredinareaswithsubstantialfoodand
harborageAllopossumsnecropsiedbyOCVCDwereunderweight
witharoundhalfinfestedwithlungflukesandstomachwormsDr
EvansOCVCDpersonalcommunicationOpossumsareknown
tobeheavilyinfestedwiththecatfleaCfelisinSouthern
CaliforniaTheflealoadonopossumscollectedinthegeographical
areaoftheLongBeachclusterindicatesasubstantialfleapopulation
intheenvironmentsurroundingcasepatientshomes

Thepresenceofferalcatswasnotednearhomesofalmostall
casesTable1

Althoughsurveillanceonferalcatswasnotconductedaspartof
theLongBeachfieldinvestigationtheirimportanceaspossible
reservoirhostsforRickettsiaeshouldnotbeoverlookedPrevious

studiesofferalcatsinLosAngelesCofound90with
demonstratedantibodytitersSorvilloetal1993

ThescarcityoffleasandlowprevalenceofRickettsiaeinroof
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ratssuggesttheyplayaminorroleinmaintainingandtransmitting
theillnesstohumansAdamsetal1970Norwayratsarefound
inneighborhoodssouthofPCHinLongBeachLamarRushLB
DHHSpersonalcommunicationhowevernonehavebeen
collectedinthevicinityofcasepatientshomesandnoconfirmed
activitywasnotedbyvectorcontrolpersonnelIncidentalreports
ofNorwayratsinsewersbyDepartmentofWaterandPower
workersinLongBeachhavenotbeensubstantiatedFurthermore
noXenoposllyacheposisfleaswereremovedfromopossums
collectedinneighborhoodswhereNorwayratsareassumedpresent
suggestingthattheurbancycleoftyphustransmissionisnotdriving
theLongBeachepidemic

Surveillanceisongoingincasepatientneighborhoodsand
environmentalfleacontrolplansareindevelopmentfor2007
Previousreportsestimatethatundiagnosedcasesofmurinetyphus
surpassreportedcasesbyafactorof4to1suggestingtheremay
bemanymorecasesassociatedwiththeLongBeachepidemicthan
reportedtohealthofficialsin2006Traubetal1978Asmurine
typhusisawildlifediseaseandnowildlifemanagementhastaken
placecasesofthediseaseareexpectedtocontinuein2007
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WhereDidYouComeFromWhereDidYouGo
WhereDidYouComeFromCulexerythrothoraxoh

INTRODUCTION

LakeMercedisafreshwaterlakeonthesouthernmosttipofSan
FranciscoCountyborderingSanMateoCountyFigure1The
rimofthelakeissurroundedbytulesTheproximityoftulemarsh
toalargepopulationofmigratingbirdsandrecreatinghumans
makestheperimeterofLakeMercedidealhabitatforthetule
mosquitoCulexerythrothoraxDyar Thesemosquitoesare
opportunisticandviciousdayandnightbitersthatpreferbirdsand
ormammalsforbloodmealsTempelis1975 Markcapture
releasestudiesinasouthernCaliforniawetlandandcoastallake

revealedCxerythrothoraxadultsremainmostlywithina05to10

SF

Zoo

LakeshoreDistrict

WestlakeDistrict

LaurenMarcusandAngelaRory

SanMateoCountyMosquitoAbatementDistrict1351RollinsRoadBurlingameCA94010

ABSTRACTAmarkrecapturestudywasperformedtodetermineifCulexerythrothoraxfromLakeMercedcouldcross
thenaturalbarriersandenterresidentialareasofSanMateoCountypotentiallyposingapublichealthriskLakeMerced
isafreshwaterlakeinSanFranciscojustnorthoftheSanMateoSanFranciscoCountyborderThelakeislinedwithtules
andisalarvalsourcesforthedevelopmentofCxerythrothoraxDyarMosquitoeswerecollectedinCOtrapsandmarked
withfluorescentdustOfthe5400markedmosquitoes3607 wererecaptured943436oftherecaptureswerefound
alongtheperimeterofthelakeOnly2CxerythrothoraxcrossedintoSanMateoCountybutmostremainedinthevegetation
surroundingtheLakeMerced

Figure1AAmapoftheLakeMercedareaincludingthefourlakestheWestlakeandLakeshoredistrictsandthegolfcoursesAlltrap
sitesusedintheexperimentarehighlightedBTrapsitesarenumberedwheremarkedmosquitoeswererecaptured

Proc PapersMosqVectorControlAssocCalifVol75

kmrangeoftheirlarvalsourcebutcouldbefoundatamaximumof
20kmfromthesesitesWaltonetal1999Tietzeetal2003

AnincreaseinservicerequestsfromtheWestlakeDistrictof
DalyCitySanMateoCountysouthandsoutheastofLakeMerced
inOctoberof2006sparkedthequestionaremosquitoesfromLake
Mercedenteringthisneighborhood Morespecificallycan
mosquitoescrossthebarrierspresentedbythetwowideroads
JohnMuirDriveandLakeMercedBlvdsurroundingthelakeA
preliminary markcapturerelease study was performed to

determinewhetherornotmosquitoesfromLakeMercedwere
enteringneighboringcommunitiesandifsohowfartheycould
disperse
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MATERIALSANDMETHODS

SiteDescription
LakeMercedismadeupoffoursectionsthenortheastsouth

andimpoundlakesFigure1Northandeastlakesareconnected
byasmallchannelcoveredbyafootbridgeyetseparatedfrom
southandimpoundlakes Thelatterlakesareseparatedbya
culvertbutcantheoreticallyflowtogetherifthewaterlevelofthe
lakesrisesSNRA2006 Ofthe388acresnaturalareasofLake

Merced63areopenwaterand37arevegetatedWetlands
comprise30ofthevegetationextendingroughly7to50meters
aroundtheperimeterofallfourlakesFigure1Californiabulrush
Scirpuscalifornicussurroundsroughly75ofthewaterSwamp
knotweedPolygonumamphibiumisthenextmostabundant
componentofthemarshlandfollowedbysmallerareasofcattails
TyphalatifoliarushmeadowJuncuslesueuriiandgiantvetch
ViciagiganteaSNRA2006

LakeMercedisborderedbyresidentialareasalongthenorth
eastandsouthNorthwestofthelakeistheSanFranciscoZoo

NorthofthelakeistheLakeshoreDistrictofSanFranciscothe
OlympicCountryClubissouthwestofImpoundLakeandthe
WestlakeDistrictofSanMateoCountyliessouthandsoutheastof
impoundlakeFigure1

CollectionandMarking
Culexerythrothoraxadultswerecollectedusingthreecarbon

dioxidetrapsatsite7Table1Thissitewasselectedbecause
trapssetinthetulesatthislocationduringthepasttwoyearshave
collectedover1000mosquitoespertrapnightMosquitoeswere
collectedinamodifiedicecreamcontainersuspendedbelowcarbon
dioxidebaitedtrapsFigure2ATrapswereleftfor24hours

Trapswerecollectedandcontainerswerevisuallydividedinto
8sectionstoestimatethetotalnumberofmosquitoesMosquitoes
ineachcontainerwereenumeratedandthetotalswereaveraged
Table2Mosquitoesweremarkedbyinsertingamucustrap
Figure2Bfilledwithfluorescentdustintoaholecutoutofthe
sideoftheicecreamcontainerFluorescentdustwasblowninto

Table1Descriptionofrecapturesitesandtheirdistancefrompoints
ofrelease
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lakes

A

Proc PapersMosqVectorControlAssocCalifVol75

97

Figure2MarkingequipmentAModifiedicecreamtrapB
Mucustrap

thetrap Oncedustedthemosquitoeswerereleasedfromthe
containers

Priortodusting2030carbondioxidetrapswerepositioned
aroundLakeMercedtocollectmarkedmosquitoesMosquitoes
werecollected24hourspostmarkingIceandnetswerechanged
andmosquitoeswerecollectedagainafter48hours Mosquitoes
collected werebroughttothelaboratorysedatedwith
triethylaminecountedidentifiedunderablacklight Marked

mosquitoeswereviewedunderastereoscopetodeterminewhich
colorweretheymarkedwith

Markingwasperformedweeklyforfiveconsecutiveweeks
usingdifferentcolorsasindicatedinTable2Mosquitoeswere
dustedpinkforthefirsttwoweeksgreenonthethirdweekyellow
onweek4andredonweek5Trapsweresetforthreeweeks
followingthemarkingportionofthestudyTrappingcontinued
untilnightlytemperaturesreachedandstayedbelowfreezingwhen
nomosquitoeswerecollectedfromtrapsforaweek

Recaptureratesweredeterminedusingthefollowingformula
mosquitoesrecapturedtotalmarkedreleasedX100

Distancebetweenthemarkandreleasesiteswerecalculatedusing
measurementsmadeinArcView

RESULTS

Roughly5400mosquitoesweremarkedandreleasedatLake
MercedbetweenOctober18andNovember132006Ofthese36
07 CxerythrothoraxwererecapturedThesemosquitoeswere
foundinthetulesthroughoutsouthnortheastandimpoundlakes
aswellasafewsiteseastofimpoundlakeFigure1BOther

Table2Numberofmosquitoesmarkedrecapturedandpercent
recoverybytrial
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speciesrecapturedincludedCulisetaincidensThomson1
5400oneCsinornataWilliston15400andthreeCxpipiens
L35400Thesewerefoundeastandsouthofimpoundlake

InthefirsttrialCxerythrothoraxwererecapturedatarateof
10232400Table3AThemaximumdispersaldistancewas
17kmfromthereleasepointacrossLakeMercedBlvdintwo
locationseastofimpoundlakeFigure1BFiveof240002
mosquitoesmarkedwerespeciesotherthanCxerythrothoraxthat
wererecapturedAveragingtrapdataforthefivepreviousyears
Cxerythrothoraxmadeup88ofmosquitoestrappedatthe
collectionsitenumber7ThisisequaltothepercentageofCx
erythrothoraxrecaptured883641Otherspeciesmarkedand
recapturedduringtrial1wereCxpipiensCsincidensandCs
inornatafoundsouthandeastofimpoundlakeItisinterestingto
notespeciesotherthanCxerythrothoraxweremarkedatLake
Mercedandtraveledthroughoutadjacentneighborhoods

Culexerythrothoraxintrial2Table3Bwererecapturedat
divergentsitesaroundthelakeeastandwestofimpoundlakeand

Table3NumberofCxerythrothoraxrecapturedbysiteinfour
trialsATrial1BTrial2CTrial3andDTrial4

ATrial1

BTrial2

CTrial3

DTrial4
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atthechannelbetweennorthandeastlakesSixof1100marked

mosquitoeswererecapturedatarateof05withinarangeof05
to17kmfromthereleasesiteThe60mosquitoesrecapturedin
trial3Table3Cwerefromsite11thechannelbetweennorthand
eastlakes17kmfromthereleasesiteCulexerythrothoraxwere
recapturedatarateof0551000Therecapturerateintrial4
Table3Dwas022900Bothoftherecapturedmosquitoes
werefoundattheoriginalcollectionsite

DISCUSSION

Culexerythrothoraxstayclosetotulemarshlandwhich
providesthemoptimalconditionsforsurvival Themaximum

dispersaldistanceofamarkedCxerythrothoraxwas17km
similartodistancesnotedbyWaltonetal1999andTietzeetal
2003TwomarkedCxerythrothoraxwerefoundintheWestlake
district However74238312ofmosquitoesfoundinthe
WestlakeDistrictwerenotCxerythrothoraxFigure1B36
112312and34105312ofthemosquitoestrappedinthe
WestlakeDistrictwereCsincidensandCxPipiensrespectively
Theseprobablyoriginatedfromknownbreedingsitesnearbysuch
ascatchbasinsorfishponds

Themajority943436oftulemosquitoesrecapturedwere
veryclosetotheperimeterofthelakeThefactthatthemosquitoes
werefoundacrossfromimpoundlakeandatEastLakeinthreeof
fourtrialssuggeststhepossibilitythattheCxerythrothoraxof
LakeMercedmakesuponedistinctpopulationandutilizethe
extensivewetlandhabitatcircumnavigatingthelakefordispersal
BasedondatafromthispreliminarystudyCxerythrothoraxfrom
LakeMercedcanleavethelaketotravelintoneighboringresidential
areasbutrarelydoThisisinagreementwithaveragetrapdata
from2001200593ofCxerythrothoraxcollectedinthatarea
weretrappedalongtheperimeterofthelakeand7werecollected
intheWestlakeDistrictWindspeedanddirectionandtemperature
changedgreatlythroughoutthisexperimentandpossiblyhadan
influenceonrateanddirectionofdispersalasitdidinastudyby
Reisenetal2003 Additionallythenumberofmosquitoes
markedandsubsequentlyrecapturedcouldbeincreasedifthestudy
wasperformedattheendofSeptemberthroughOctoberwhenthe
populationsizeisgreater

FurtherstudieswillbeperformedtodetermineifCx
erythrothoraxfromtheLakearegettingintotheLakeshore
neighborhoodandintotheSanFranciscozoo Byadjusting
seasonalitymoremosquitoescanbecollectedinalloftheseareas
togainabetterunderstandingofthemosquitopopulationand
dispersalatthisurbanlakeborderingSanMateoCounty
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BrownDogTickAPotentialVectorforRockyMountainSpottedFever
inCalifornia

RenjieHuandMarcoEMetzger

CaliforniaDepartmentofPublicHealthVectorborneDiseaseSection2151ConventionCenterWay218BOntarioCA91730

ABSTRACTRockyMountainspottedfeverRMSFisatickbornehumanillnessThecausativeagentofthisdiseaseis
RickettsiarickettsiiIntheUnitedStatesDermancentorandersoniandDermacentorvariabilisaretheprimaryvectorsof
RMSFThebrowndogtickRhipicephalussanguineusisfoundworldwidewithapredominantlyurbandistributionThistick
speciesismainlyanimportantbloodsuckingnuisanceofdogsbutcanbefoundonothermammalsaswellincludinghumans
RecentstudieshaveidentifiedRrickettsiiDNAinRsanguineuscollectedinthesouthwesternUnitedStatesHerewereport
thefirstdetectionofRrickettsiiDNAfromadultRsanguineustickscollectedinsouthernCaliforniaanddiscussthepotential
roleofthistickintransmittingRMSFinanurbanenvironment

INTRODUCTION

RockyMountainspottedfeverRMSFisatickbornehuman
illnessthatwasfirstdescribedintheUSinthe1890sThecausative

agentofthisdiseaseisRickettsiarickettsiiAlthoughAmblyomma
americanumHaemaphysalisleporispalustrisandDermacentor
parumapertushavebeenimplicatedaspotentialvectorsofRMSF
onlytwotickspeciesDermancentorandersoniandDermacentor
variabilisareknowntotransmitRrickettsiiAzadandBeard
1998ThefirsthumancaseofRMSFinCaliforniawasdiagnosed
in1903Rotrameletal1976Inthefollowing35years188cases
werereportedandnearlyallwerefromtheModocPlateauareaof
northeastCaliforniawhereDandersonioccurredSubsequently
sporadiccasesofRMSFinCaliforniawerealsodiagnosedoutside
thedistributionofDandersonisuggestingthatotherticksmight
beinvolvedintransmissionofthediseaseRaretal1976Laneet
al1981

ThebrowndogtickRhipicephalussanguineusisfound
worldwidewithapredominantlyurbandistribution Thistick

speciesismainlyanimportantbloodsuckingnuisanceofdogsbut
canbefoundonothermammalsaswellincludinghumansFurman
andLoomis1984Carpenteretal1990Severetickinfestations
canoccurinandaroundhomesandmaypersistthereforyears
Lord2001 InCaliforniaRsanguineusadultshavebeen
collectedyearroundespeciallyinareaswheredogsarepresent
FurmanandLoomis1984Thistickmayalsohavepotentialfor
harboringdiseasecausingpathogens Studieshaveshownthat

NewWorldRsanguineusareassociatedwithEhrlichiacanisthe
causativeagentofcanineehrlichiosisBabesiacanisthecausative
agentofcaninebabesiosisandEplatyswhosepathogenicityis
notfullyunderstoodBurgdorferetal1975Walkeretal2000
InadditionRrickettsiiDNAwasrecentlydetectedinR
sanguineuscollectedinArizonaDemmaetal2005

Proc PapersMosqVectorControlAssocCalifVol75

MATERIALSANDMETHODS

Inresponsetoatickinfestationcomplaintfromaresidentinthe
cityofRiversideRiversideCountyquestingadultRsanguineus
tickswerecollectedbydirectremovalfrombladesofturfgrassand
adjacentconcretewalkwaysatthesuburbanresidenceonJuly26
2005Thetickswerepreservedin70ethanolandsenttothe
CentersforDiseaseControlandPreventionCDCinAtlanta
Georgiaforrickettsialpathogenstesting

DNAextractionswereperformedforeachsubmittedtickand
allreactionsweredoneusingaTaqPCRMasterMixkitQIAGEN
andanEppendorfMasterCyclerEppenddorfWestburyNY
PolymerasechainreactionPCRassaysforthe17kDaantigen
geneofspottedfevergrouprickettsiaetherOmpAgenefor
Rickettsiaspeciesidentificationthevariablenumbertandemrepeat
regionBforcharacterizationofRrickettsiiatthegenotypelevel
wereused PrimersusedwereallsynthesizedbytheCDC
Eremeeva2006aandb

RESULTSANDDISCUSSIONS

Atotalof62adultticksweretestedforthepresenceofR
rickettsiiDNANestedPCRtestingresultsindicatedthatonemale
Rsanguineus16 containedRrickettsiiDNAforthe17kDa

antigenThistickwasalsopositivewiththeseminestedPCRfora
rOmpAfragmentTheRrickettsiiDNAfoundinthetickhowever
differedfromstrainsfoundinArizonaOurfindingrepresented
thefirstdetectionofRrickettsiiDNAfromadultRsanguineus
tickscollectedinCaliforniaThe20032004outbreakinvestigation
ofRMSFinArizonawasthefirsttoprovidemolecularevidence
implicatingRsanguineusinthetransmissionofRrickettsiiinthe
USADemmaetal2005WefurtherextendedtheareawhereR
sanguineusmaybeinvolvedinRrickettsiitransmissionalthough
morestudiesareneeded
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EfficacyofDeltamethrinSuspendonDensityofDermacentorTicks
AlongaRecreationalTrailinCoastalCalifornia

AngelaRoryandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94546

ABSTRACTTheinsecticideDeltamethrinSuspendwasevaluatedforitsabilitytocontrolDermacentoroccidentalisalong
arecreationaltrailinSanMateoCountySuspendwasappliedtoa3footswathontheuphillsideofa037milesectionofthe
trailAnadjacent027milesectionwasleftuntreatedBothsectionsweresampledat3daysposttreatmentandatweekly
intervalsthereafterfor5weekstodeterminethelengthofresidualcontrolApplicationofSuspendresultedin99reduction
intickdensityat3daysposttreatmentandcompleteeliminationofticksat1weekFiveweeksafterapplicationthetreated
areawasstill100freeofticks

INTRODUCTION

ThePacificCoasttickDermacentoroccidentalisMarxisone
ofthreespeciescommonlyencounteredbyhumansonrecreational
trailsalongthecentralcoastofCaliforniaInSanMateoCounty
adultsofthisspeciesreachpeakdensitiesinMayandJuneThis
tickisapotentialvectoroftularemiaandColoradotickfever
FurmanandLoomis1984Schmidetal1983 Ithasbeen

implicatedinthetransmissionofRockyMountainspottedfeverto
humansinCaliforniaandspottedfevergrouprickettsiahavebeen
isolatedfromitinthisstateLaneetal1981Philipetal1981
Schmidetal1983Rotrameletal1976

In2006theSanMateoCountyMosquitoAbatementDistrict
begantestingmethodsforcontrollingticks TheDistricthas

conductedsurveysforticksandtickbornediseaseforseveralyears
andhasreceivednumerousrequestsfromlocalresidentsfor
informationontickcontrolInthespringof2006theSanMateo
CountyParksDepartmentrequestedinformationaboutcontrolling
ticksalongpublictrailsMethodsofcontrolhavebeenreviewedby
Stafford2004 Howeversomeofthematerialsusedfortick

controlhavelostregistrationandtherehavebeenfewstudies
publishedontickcontrolinCalilforniahabitatsTotheauthors
knowledgetheonlypublishedstudyontickcontrolalongtrailsin
CaliforniaisthatofMonsenetal1999whichdemonstratedgood
controlofIxodespacificusCooley Kohlsthewesternblack

leggedtickintheSierranfoothillwithcarbarylanddiazinonThe
presentstudywasconductedtoassessthefeasibilityofcontrol
alongtrailswithcommerciallyavailablematerials Aliquid
formulationofdeltamethrinSuspend wasappliedtoahighly
traffickedtrailinacountyparkincoastalSanMateoCounty
Percentreductionintickpopulationandlengthofresidualcontrol
weremeasured

MATERIALSANDMETHODS

StudySiteThetestwasconductedintheSanPedroValley
CountyParklocatedinthefoothillsoftheSantaCruzMountains
nearthetownofPacificaTheparkcovers1150acrescontaining
seventrailsinawidevarietyofhabitatsandreceivesapproximately
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130000visitorsperyearThetrialwasconductedonWheeler
RanchRoadalevelpavedtrailborderedbyhighgrassesand
patchesofchaparralThistrailliesatsealevelinavalleyatthe
baseofthemountainsThesitewaschosenforitsaccessibility
highvisitoruseandhighdensityofticksThetrailwasseparated
intotwosectionsonetreatedandoneuntreated Thetreated

sectionmeasured037milestheuntreatedsection027milesA

25footbufferwasleftbetweenthetreatedanduntreatedsections

oftrailtopreventthepossibilitycontaminationbydriftduringthe
application

DeltamethrinApplicationOnApril282006aliquid
formulationofSuspendSCInsecticidedeltamethrin475was
appliedtotheuphillsideofthetreatedsectionoftrailatarateof
15ozgalThematerialwasappliedalongtheedgeoftrailina
threefootswathwithabackpacksprayer

TickSamplingImmediatelybeforetreatmentboththetreated
anduntreatedsectionsweresampledtodeterminedensityofadult
ticks Awhiteflannelflag1mx1mwasdraggedacross
vegetationontheedgeofthetrailtocollectquestingticksEvery
twentypacestheflagwasinspectedattachedtickswerecounted
andthenplacedbackonthevegetationBothtreatedanduntreated
sectionsweresampledthreedaysaftertreatmentandthenonce
weeklyforsevenweeksSeparateflagswereusedtosampletreated
anduntreatedsectionstoavoidanypossibilityofcross
contamination

AnalysisTheefficacyofSuspendwasevaluatedbycalculating
percentcontrolofadultticksusingtheformulamodifiedbyMount
etal1996 Theformulaforpercentcontrol 100TUx100
whereT theposttreatmentmeandividedbythepretreatment
meaninthetreatedplotsandUtheposttreatmentmeandivided
bythepretreatmentmeanintheuntreatedplots

RESULTS

Priortotreatmentthedensityofticksalongthetreatedand
untreatedsectionwas461ticksper100ftand933ticksper100ft
respectively97ofthetickswereDoccidentalisadults2were
1pacificusand1wasDvariablesThreedaysaftertreatmenta
densityof02ticksper100ft98controlofDoccidentaliswere
foundonthetreatedsection Ontheuntreatedsectiontherewere
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947Doccidentalisticksper100ftthreedaysaftertreatmentOne
weekposttreatmenttherewerenotickspresentonthetreated
sectionoftrailwhiletickdensityintheuntreatedsectionwas272
ticksper100ftNoticksweredetectedinthetreatedsection100
controlduringthefollowingsevenweeksofsamplingFigure1
Bytheseventhweek017ticksper100feetwerepresentin
untreatedsiteandsamplingwasdiscontinued

ApplicationofSuspendatthissiteachieved100ofD
occidentalisCompletecontrollastedfor7weeksinthetreated
site Samplingwasterminatedafterdensityofticksonthe
untreatedsectiondeclinedtolessthan05ticksper100ftThe
decreaseofticksovertimeattheuntreatedsiteisbelievedtobedue

toseasonaldeclineHoweveritispossiblethatthehandlingof
tickswhileremovingthemfromtheflagandreplacingthemonthe
vegetationatthesiteaffectedtheirsurvivalTheseasonal
populationdynamicsofDoccidentalisatthissitewillbe
investigatedfurtherinfuturestudies

Thispreliminarytrialsuggeststhatcontroloftickswith
applicationsofdeltamethrinisfeasibleintargetedareasAsingle
applicationgave98controlatthreedaysand100controlafter
1weekControllastedforatleastsevenweeksThedegreeand
durationofcontrolachievedhereissimilartothatreportedby
Monsenetal1999afterapplicationofchlorpyrifosByconfining
theapplicationtoareaswherepeoplearemostatriskofcoming
intocontactwithtickstheamountofpesticideusedcanbe
minimizedThisreducestheimpactofpesticideapplicationson
nontargetspeciesAlthoughdeltamethrinisabroadspectrum
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Thiswasapreliminarystudyandfurtherworkwillbedone
testingthematerialonalargernumberofsitesThepresentsite
willbesampledagaininApriloneyearaftertheinitialapplication
todeterminewhetherthecontrolachieveddecreasestick

populationsthefollowingseasonMonsenetal1999showeda
reductioninoveralldensityof1pacificusonthetreatedareathe
followingyearFuturestudieswillalsolookattheefficacyand
lengthofresidualcontrolonIpacificusavectoroftheLyme
diseasespirocheteinSanMateoCountyItisnotknownwhether
thedurationofcontrolachievedinthisstudywouldalsooccur
duringtherainyseason
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TheIrresistibleStenchofStormwaterHowFarWillCulexMosquitoesFlytoReachit

JustinEHarbisonMarcoEMetzgerandRenjieHu

CaliforniaDepartmentofHealthServicesVectorborneDiseaseSection2151ConventionCenterWay218BOntarioCA91730

ABSTRACTInsouthernCaliforniaCulexquinquefasciatusisthedominantmosquitospeciesthatbreedsinbelowground
habitatscreatedbystormwatermanagementsystemsPreventingadultmosquitoesfromaccessingthesebelowgroundsources
usingphysicalbarrierswouldpotentiallyprovideasustainableandcosteffectivealternativetoroutineinsecticidetreatment
ConveyancepipesmaypreventmosquitoentryatcertaincriticaldistancesInthisstudyweevaluatedthepersistenceof
gravidfemaleCxquinquefasciatustoreachanirresistiblesourceofstandingwaterthroughsimulatedstormwatersystems
incorporatingconveyancepipesofdifferentlengthsandconfigurationsResultssuggestincreasingpipelengthanddecreasing
pipediameterdoeshaveanegativeeffectonovipositionandrevealedthatgravidfemaleswilltraveladistanceofatleast24m
throughasmalldiameter10cmpipe

INTRODUCTION

Managementofstormwaterrunoffinurbanareasnecessitatesa
complexsystemofaboveandbelowgroundconveyancestructures
Duetotheirpropensitytoaccumulatedebrisholdstandingwater
andmaintainrelativelystableairtemperaturesbelowground
stormwatersystemscanfacilitatethewidespreadproductionof
CulexmosquitoesHazelriggandPelsue1980StrickmanandLang
1986Suetal2003Thesizecomplexityandlimitedaccessof
belowgroundmunicipalstormsewersystemshavehistorically
limitedtheoptionsformosquitocontroltoinsecticidesHedeen
1961MulliganandSchaefer1981Dhillonetal1984Kluhetal
2006Recentstudieshavedemonstratedthatphysicalbarriersto
mosquitoentrycanbesuccessfulandmayrepresentacosteffective
longtermsolutiontomosquitobreedingincertainsmallstructures
Caltrans2004Howeverinlinebarrierssuchasflappervalves
aresusceptibletodebrisaccumulationwhichmaycreategapsfor
mosquitoentry Anonintrusivemosquitoproofingoptionfor
conveyancepipesisneeded

Figure1Simulatedstormwatersystemwithinterchangeablepipeattachments
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Thestructureofbreedingsourcescanaffectovipositionsite
selectionofmosquitoesSubra1981Reyetal2006thusthe
distanceandconfigurationofconveyancepipesutilizedwithin
stormwatersystemsmayhavedeterrenteffectsatcertaincritical
lengthsKnowledgeofthesepotentiallimitationscouldbevaluable
tobothstormwaterdesignersandvectorcontrolprofessionalsto
guidethedesignandconstructionofnewstormwatersystemsto
minimizeorexcludemosquitoproductionTheobjectiveofthis
studywastodeterminethecriticallengthofconveyancepipeofa
smalldiameterneededtopreventmosquitoovipositionina
simulatedstormwatermanagementdevice

MATERIALSANDMETHODS

Anabovegroundmodularsystemovitrapbaitedwithalfalfa
infusionwasbuilttosimulateanenclosedstormwatermanagement

devicewithasingleentryandasingleexitconveyancepipeFig
1Thedimensionsandconfigurationsofpipetestedwereevaluated
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bycomparingthenumberofCulexquinquefasciatuseggrafts
collecteddailyfromtheinfusionTotestpipelengtheffectthree
trialsconsecutivelytestinglengthsof090and270cmwererun
withdailycollectionsofeggraftsConcurrentlypipediametersof
135and10cmwerecomparedwithineachofthreesixteenday
trialsThesesmallpipediameterswerechosenbecausetheycould
bemanipulatedeasilyandpurchasedinexpensivelyTodetermine
thecriticallengthofpipethatcouldsuccessfullypreventmosquitoes
fromovipositinganovitrapwasfittedwith3mof10cmdiameter
pipeWhenatleast1eggraftwasfoundadditionalpipewasadded
totheovitrapusingplasticcouplingstodoublethelength
Subsequentlengthsupto244mweresequentiallyevaluated
Additionaltrialsatthislengthtestedavarietyofpipeconfigurations
using90elbowcouplingsTheseconfigurationsincluded1a
verticalSshape2thesamedesignlainhorizontally3avertical
Ushapeand4andaverticalloop

RESULTSANDDISCUSSION

ItiswellknownthatCxquinquefasciatusreadilyovipositin
completedarknessClements1963andlarvaearecommonlyfound
insuchhabitatsprovidedbystormwatermanagementstructures
howeverthecapacitytowhichgravidfemalestravelwithinthese
environmentstoreachbreedingsourceshadnotpreviouslybeen
documentedIncreasingpipelengthdecreasingdiameterandthe
additionofvariousinlineconfigurationswerefoundtoreducebut
notpreventovipositionAmeanof053eggraftsperdaywas
foundduringalltrialsatthe244meterlengthFindingssuggest
thatovipositioncouldcontinueatdistancesfarbeyond24mwithin
systemscontainingpipesoflargerdiametersorwithdistances
brokenupbyaccesspointssuchasmanholecoversandgrates
Additionallythisworksupportstheassumptionsofvectorcontrol
professionalsregardingmovementsofCxquinquefasciatusin
belowgroundstormsewersOurresultsemphaticallydemonstrate
thepersistenceofegglayingfemalestoreachbreedingsitesand
theimportanceofroutinemonitoringofstormwatersystems
Futurestudiesshouldbefocusedondevelopmentofnonintrusive
mechanicalbarrierseliminationofpermanentstandingwatersuch
asinsumpsandbasinsandtheefficacyofinsecticidetreatment
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AnEvaluationoftheAerialSprayingConductedinResponse
toWestNileVirusActivityinYoloCounty

PaulaAMacedoCarrieFNielsenMarciaReedKaraKelleyWilliamKReisen
GaryWGoodmanandDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA956241477
2CenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616

ABSTRACTThefirstlocallyacquiredhumancasesofWestNilevirusin2006inYoloCountyCAwereconfirmedonJuly
27fortwoadultsoneinDavisandoneinWoodlandwithonsetdatesbetweenJuly16and22Atthesametimemosquito
infectionratesforthosecitiesincreasedsubstantiallyandthedecisionwasmadebytheSacramentoYoloMosquitoandVector
ControlDistrictSYMVCDtodevelopastrategytoaddresstheaffectedareasandtoconductaerialadulticideapplicationsDue
toweatherconditionstheapplicationswerepostponedoneweekandconductedonAugust8and92006Weevaluatedpre
andpostspraymosquitoabundanceinsideandoutsidecontrolthesprayedareasusingencephalitisvirussurveillanceEVS
andgravidtrapsInfectionrateswerecalculatedbeforeandaftersprayingPreliminaryresultsshowedanoveralldecreasein
infectionratesmosquitoabundanceandnumberoflocallyacquiredhumancasesafterthespraying

WestNilevirusFamilyFlaviridaegenusFlavivirusWNV
wasfirstdetectedintheUnitedStatesin1999inNewYorkCity
SincethenitspreadthroughoutthecountryandreachedCalifornia
inthesummerof2003Reisenetal2004In2004WNV
amplifiedtoepidemiclevelsanddispersedtoall58countiesinthe
stateincludingSacramentoandYoloCountieswhereitwas
associatedwithlowleveltransmissiontohumansandhorses

Armijosetal2005Hometal2005Therewasasevereoutbreak
inSacramentoCountyin2005with183humancasesand40
equinecasesElnaiemetal2006

TheSacramentoandYoloMosquitoandVectorControlDistrict
SYMVCDconductssurveillanceandcontrolofmosquitoesin
SacramentoandYoloCountiesTheDistrictmonitorsadult

mosquitoabundancewithAmericanlighttrapsgravidfemale
trapsandMosquitoMagnetTrapsSYMVCD2005aIn2006
wemonitoredatotalof6trapsat3sitesinthecityofWoodland2
ofeachtypeand3trapsinDavis1ofeachtypeAdditional
intensivetrappingwasconductedinthecityofDavisasa
collaborativeeffortbetweentheCenterforVectorborneDiseasesat

theUniversityofCaliforniaDavisandSYMVCDdatanotshown
hereWealsousedencephalitisvirussurveillanceEVStraps
baitedwithCOandgravidfemaletrapsatadditionallocationsin
DavisandWoodlandinresponsetopositivedeadbirdstocapture
livemosquitoestotestforWNVThefirstevidenceofactiveWNV
transmissioninYoloCountywasobtainedwiththedetectionof
WNVinadeadcrowpickeduponJune28Additionalevidenceof
activitywasobtainedonJuly06withthedetectionofthevirusin
twopositivepoolsofCulexpipiensLcollectedonJuly06from
DavisWNVcontinuedtoamplifyduringthemonthofJulyand
minimuminfectionratesMIRwerecalculatedonaweeklybasis
Inoursurveillanceprogramweonlyhadonesentinelchickenflock
inthatarealocatedbetweenthecitiesofWoodlandandDavisThe
firstdetectionofWNVantibodiesinthesentinelchickenswas

obtainedonJuly18whenoneofthetenchickensshowedantibody
tothevirusOnJuly27wereceivednotificationofthefirsthuman
casesofWNVinDavisandWoodlandbothwithareported

Proc PapersMosqVectorControlAssocCalifVol75

probableonsetbetweenJuly16and222006
DespitealleffortsfromtheSYMVCDspublicinformation

programandfromtheintensiveintegratedpestmanagementIPM
programwhichincludedenvironmentalmanagementlarviciding
andbiologicalcontrolWNVreachedepidemiclevelsinthecities
ofWoodlandandDavisFollowingtheresponseplanestablishedto
monitorandcontrolmosquitobornevirusesKramer2005andthe
Districtsmosquitoandmosquitobornediseasemanagementplan
SYMVCD2005bonJuly312006thedecisionwasmadeto
conductaerialsprayingofapyrethrininsecticideoverthecitiesof
WoodlandandDavisTheaerialsprayingwasscheduledtotake
placeonthenightsofAugust3and42006howeverweather
conditionswerenotfavorableandtheadulticidingwaspostponed
untilthenightsofAugust8and92006Atwinengineaircraft
wasusedtospraytheinsecticideEvergreenEC6066
pyrethrinand60piperonylbutoxidePBOMGKMinneapolis
USAover51kminWoodlandandapproximately59kminDavis
eachdayTheaircraftspeedwas150mileshour130knotsrelease
altitudewasapproximately91m300windspeedwasbetween8
and115mileshour710knotsandthetemperaturewas2728C

Inordertoevaluatethesuccessoftheaerialsprayingon
mosquitopopulationsinthesprayzonetheDistrictincollaboration
withtheCenterforVectorborneDiseasesattheUniversityof
CaliforniaDavisconductedtrappingofmosquitoes2daysbefore
and2daysafterthesprayeventsWeestablishedtwentyone
trappingsitesinDaviswhichwereestablishedatthebeginningof
the2006WNVtransmissionseasonandweresetalongseven
NorthSouthtransectsapproximately15kmapartandnine
trappingsitesinWoodlandThetrappingsitesconsistedofone
EVStrapbaitedwithCOandonegravidfemaletrappersite
Figure1AandBTwelvetrappingsiteswereestablishedoutside
ofthesprayzonesandservedascontrolsFigure1CMosquito
abundancewasmeasuredbeforeandafterthesprayeventsFigure
2PercentcontrolwasestimatedbyMullasformulaMullaetal
1971Table1
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FigureIC

Figures1ACMapsofthecitiesofWoodlandADavisBandcontroloutsideWoodlandandDavisCOutline
representscitylimitsboxrepresentssprayzoneanddotsrepresenttraplocations
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Figure2AdultfemalemosquitoabundancepertrapnightinCObaitedCxpipiensandCxtarsalisandgravid
femaletrapsCxpipiens2daysbeforeand2daysaftertheadulticidesprayingeventsconductedinthecitiesof
WoodlandandDavisCalifornia2006

Table1Percentcontrolfromadultmosquitoabundancedatacollected2daysbeforeand2daysafter
thesprayingeventsconductedinthecitiesofWoodlandandDavisCalifornia2006

Location

Woodland

Davis

Mosquitospecies Traptype Control

Cxtarsalis

Cxpipiens

Cxtarsalis

Cxpipiens

EVS CO
EVS CO
Gravidfemale

EVS CO
EVS CO
Gravidfemale
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468

777

702
256

580

462
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Adultmosquitoabundancecontinuedtobemonitoredwith
AmericanlighttrapsgravidfemaletrapsandMosquitoMagnet
TrapsthroughouttheyearThenumberoffemalesofCxpipiens
andCxtarsalisCoquillettcapturedinthesetrapsisshownin
Figure3Minimuminfectionrateswerealsocalculatedonaweekly
basisthroughouttheyearAftertheaerialsprayingwenoticeda

decreaseinthenumberoffemalemosquitoescollectedinthese
trapsaswellasinthenumberofpositivemosquitopoolsand
minimuminfectionratesFigures3and4

AerialULVapplicationsappearedtointerruptepidemic
transmissionOnlyoneof7and2of15humancasesreportedfor
thecitiesofWoodlandandDavispossiblybecameinfectedafter
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Figure3AdultfemalemosquitoabundanceinalltrapsAmericanlighttrapsgravidfemaletrapsandMosquito
MagnetTrapsqinWoodlandandDavisCalifornia2006
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Figure4MinimuminfectionratesforCxpipiensandCxtarsalisinWoodlandandDavisCalifornia
2006
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theaerialapplicationrespectively Dateofonsetofsymptoms
afterinfectioncanvaryfrom2to14daysinhumansCDC2004
andthereforeeventhesethreecasesmayhavebeencontractedprior
toaerialapplicationandexperiencedadelayintheonsetofclinical
symptoms

InourassessmenttheaerialapplicationofEvergreenontwo
successivenightswassuccessfulintemporarilyreducingthe
numberofadultmosquitoesinDavisandWoodlandandinterrupted
epidemictransmissionWebelievethisemergencycontrolwould
havebeenmoresuccessfulifwehadintervenedtwoorthreeweeks

earlierandbasedourdecisionsolelyonenzooticamplification
Preemptiveemergencyadulticidingmayhavepreventedsomeif
notmostofthehumaninfectionAsshowninfigure5onJuly14
2006theminimuminfectionrateforCxtarsalisinWoodlandwas

greaterthan5whichistheepidemicthresholdintheState
ResponsePlanandisusedbymanymosquitoandvectorcontrol
agenciesanddistrictsintheUSKramer2005Atthesametime
thepeakabundanceintrapshadbeenreachedFigure3showing
notonlythattherewasanincreaseinthenumberofmosquitoes
butalsoWNVinfectioninmosquitoesfromthatareaOnthesame
trappingweekofJuly16to232006weobservedWNVactivityin
theareawhereourchickenflockislocatedverifyingthat

transmissionwasoccurringwhichwasfurtherprovedbythe
subsequentonsetofhumancasesMinimuminfectionratesreached
2985forCxpipiensinWoodlandthefollowingweekInDavis
theminimuminfectionrateforCxpipienswasgreaterthan5on
July072006andwasgreaterthan10bytheweekofJuly1623
whenCxpipiensabundancewasalsohighFigure3

Theseresultsshowtheimportanceoffollowingabundancedata
andminimuminfectionrateswhentryingtopreventdisease
transmissionbymosquitoesThecurrentandourprevious
evaluationin2005showedclearlythatthereisaseriousdelayin
gatheringandanalyzinginformationonvirusamplificationand
tangentialtransmissiontohumansThereforeitmaybeprudentto
preemptivelyadulticidebasedonenzooticamplificationratherthan
waitfortheonsetofhumanillnesstobedetectedandreportedby
medicalprovidersBythistimetransmissiontohumansiswell
underwayandmanyhavebeeninfectedbutnotyetdisplaying
clinicalsymptomsTheStateofCaliforniaResponsePlanwhichis
basedonavarietyofenvironmentalfactorsenzooticindicators
andtheoccurrenceofhumancasesKramer2005maynotreach
EpidemicResponselevelswithouthumancasesandtherefore
supportforinterventionwillbedifficulttosupporttothatpublic
sectorthatdoesnotdesiretreatment
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08

09

FirstpositivemosquitopoolDavisCxpipiensMIR806

WoodlandCxtarsalisMIR676

Firstpositivesentinelchicken
DavisCxpipiensMIR1119
FirstWNVhumancasesDavisandWoodlandprobableonset

NotificationoffirsthumancasesinWoodlandandDavis
WoodlandCxpipiensMIR2985CxtarsalisMIR749

SYMVCDmadedecisiontoconductaerial

DavisCxpipiensMIR962CxtarsalisMIR692

AerialsprayingoverWoodlandandDavis

Figure5TimelineofeventsfromJuly012006toAugust092006inWoodlandandDavisCalifornia
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AnEvaluationofTrailsideMowingasaControlMethodfor
DermacentorTicksinSanMateoCountyCalifornia

AngelaTNakano

SanMateoCountyMosquitoAbatementDistrict1351RollinsRdBurlingameCA94010

ABSTRACTTheeffectofmowingtrailsidevegetationonthedensityofadultDermacentoroccidentalisand
DermacentorvariabilistickswasevaluatedinJuneandJuly2006inSanMateoCountyCATrailsidegrassand
vegetationwasmowedforfirecontrolalongthepublicuseSawyerCampTrailonJune27and282006Tick
surveyswereconductedonaweeklybasisfromJune26throughJuly202007onthree2milesectionsofthe
SawyerCampTrailaswellasonthree2milesectionsonunmowedtrailsonefromtheSanAntonioTrailandtwo
fromEdgewoodParkAteachsitetickswereflaggedinalmswathfromtheedgeofthetrailcountedandreplaced
intotheenvironmentevery20pacesapproximately50feetandamaximumtrailsidegrassheightmeasurementwas
takenevery100pacesAtotalof1319tickswerecountedDoccidentalis1069collweremostabundantfollowed
by238DvariabilisThe12remainingtickswerenymphsoradultIxodespacificusandwerenotincludedinthis
analysisAnindependentttest 0025determinedthatthedensitiesofDoccidentalisandDvariabiliswerenot
significantlydecreasedbymowingTherewasnosignificantdifferencebetweenthemeandensityofDoccidentalis
inmowedandunmowedareasSig 0235Althoughtherewasasignificantdifferencefoundbetweenthemean
densityofDvariabilisinmowedandunmowedareasSig 0013furtheranalysisdeterminedthatthemowed
areasheldthehigherdensityofDvariabilisAdditionallythepotentialrelationshipbetweenmeasuredgrassheight
andthepresenceorabsenceofticksinmeasuresectionswasexaminedCanonicalcorrelationanalysis 0025

showednosignificantrelationshipbetweengrassheightandthepresenceorabsenceofeitherspeciesoftickSig
0085ThisstudyconcludesthattrailsidemowingisnotafeasiblecontrolmethodforDermacentorticks
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BiologyandControloftheInvasiveEuropeanPaperWaspPolistesdominulus
inSanMateoCountyCalifornia

KimberlyAKeyser
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ABSTRACTEuropeanpaperwaspsPolistesdominulusChristarenativetoEuropealongtheMediterraneantoChinaand
areoneofthemostcommonPolistesspeciesinthoseareasIn1978itsoccurrenceinNorthAmericawasfirstdocumented
inMassachusettsUSABy1995theywerecommonthroughoutthenortheasternUSandby2000werewidespreadin
WashingtonOregonandCaliforniaThereisnoevidenceofcontinuouswestwardspreadsuggestingpossibleindependent
introductionsPolistesdominulustendtoproducenumerouslargecoloniesincloseproximitytoeachotheronorwithin
structuresLargenestsizemaybepartlybecausenestsaresometimesreusedandexpandedthenextyearbynewqueens
EvidencesuggeststhatPdominulusareoutcompetingandreplacingnativepaperwaspspeciesBecauseoflesscompetition
amongneighboringnestsandbeinggeneralpredatorsthereisgreaterpotentialofseeinganimpactoninsectpopulations
NativePolistesshowmuchgreaterdietaryspecializationielepidopteralarvaeandhavesmallercoloniesIn2006theSan
MateoCountyMosquitoAbatementDistrictinitiatedalimitedcontrolprogramtodestroyindividualnestsencounteredby
residentsServicerequestsyielded128locationswhereatleastoneEuropeanpaperwaspnestwasfoundonly4werenative
nestsEightyfourpercentofservicerequestswereduringthemonthsofJulythroughSeptemberAlthoughspecieswerenot
identifiedpriortothisprojectonly35paperwaspcallswerereceivedin2005Paperwaspsarenotattractedtoartificiallures
orpoisonbaitsthereforenestswereknockeddownbywaterspraycommercialwaspsprayortreatedwithinsecticidaldust
AccesstonestswasalimitingfactorintreatmentCarewastakentoremovenestsandorkillremainingadultstoavoidnest
rebuild
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SoundBites SpielMakingtheMostofMediaInterviews

DeborahBass

ContraCostaMosquitoandVectorControlDistrict155MasonCircleConcordCA94520

Somepeoplebelievethefunctionofpublicrelationsistospin
thetruthInrealitythefunctionofpublicrelationsistochange
peoplesbehaviorPublicrelationsprofessionalspersuadekey
audiencestotakeactionTheypersuadethemtodumpstanding
waterchangetheirperspectiveorsupportmosquitoandvector
controldistrictsforexample

Mostpeoplebelievethatinterviewingwiththemediasimply
meansansweringareportersquestionhoweverinterviewing
consistsofmorethanthatItsusingthemediaasanopportunityto
flexourorganizationspowertochangepeoplesbehaviorWecan
dothatbysimplytellingourstoryLastyeartheContraCosta
MosquitoandVectorControlDistricttoldthestoryover250
timesininterviewsandcommunicationswiththemediaWemade

themediaworkforusbyusingafoolproofformulaforcrafting
soundbitesandusingothersuccessfulstrategies

Intellingourstoriesandworkingwiththemediawehavethe
powertogarnerfreeandpricelesscommunicationliterallyEvery
mediainterviewweparticipateinifwecouldactuallypurchasea
storyinthatnewshourisworththousandsuponthousandsof
dollarsThereforemakingthemediaapriorityinourworkdayisa
soundbusinessdecisionThinkabouttheopportunitythepotential
ofeverystorytogobeyondtheobviousansweringquestions
conveyinginstructionsorsimplydeliveringfactsEachstorygives
ustheopportunityto

Figure1

9

10

THEBRUNDAGEMODEL

4seconds

Answerquestion
honestly

Bridge
with

12seconds

Brandourdistricts

Createawareness

Buildcredibility
Instillconfidence

Illustrateourprofessionalandexpertqualities

Wehavethepowerandtheopportunitytocommunicatebut
howdowedothisinjustoveraminutetheaverageairtimeofa
storySoundbitesShortconcisestatementswemakewhenwe
interviewwiththemedia Talkinginsoundbitesisthemost
efficientwaytoensurethatourmessagesarereceivedbythepublic
Iftheyarespokenproperlyandintherightamountoftimethenwe
wontgeteditedbyreporterswhoarejusttryingtodotheirjob

CRAFTINGSOUNDBITES

Figure1isasimpleformulafordevelopingpropersoundbites
Takeapieceofpaperandwritedownquestionsthatyouexpectto
getaskedorarefearfulofgettingaskedbyyourconstituentsFor
exampleHowcomeyoucantnotifythepublicsoonerwhenyou
spray orworseMymotherdiedfromWestNilevirusHow
couldYOUletthishappen

ee
as

10
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DevelopyouranswersbeforeacrisistakesplaceIttakesmore
timethanyoumightimaginetofindthewordsforafoursecond
answerThatsthegoalafoursecondanswerWhendeveloping
youranswersbesuretoanswerinapositivemannerandnotina
negativeoneTalkaboutwhatitisyoudoandnotwhatyoudont
doForexampledontanswerwithItsnotlikewe Dont

wasteyourprecioustimetalkingaboutwhatyoudontdoand
concentrateonwhatitisthatyouinfactdoTouseanoverused
butvaluableexampletakeRichardNixonsfamouswordsImnot
acrookIfyoudidntthinkofhimasacrookbeforehespoke
thesewordsyoumaynowPerhapsMrNixoncouldhavesaidI
havealwaysmaintainedmypositionwithintegrityanddedication
AlistenerismorelikelytoformapositiveopinionofNixonthrough
theconnectionhehasmadeusingthewordsNixonintegrity
anddedicationinsteadofdrawinganegativeconnectionthrough
thewordsNixonandcrook

Ontherightsideofyourpaperwritedownthegoodnews
whatyoudobestyourgoodattributesWecallthesethemesFor
exampleonethememightbeallofourtechniciansaretrainedand
certifiedorallofthematerialsweuseareapprovedbythe
environmentalprotectionagencyEachthemeshouldalsobeabout
foursecondsindurationandthereisgenerallytimetosaytwoof
theminatypicalsoundbiteWhenyouareaskedaquestionyou
simplyanswerhonestlybridgetoyourfirstthemeandthentoyour
secondthemeTheentiresoundbiteshouldbeabout1015seconds

Thisisthecorrectamountoftimethatareporterwilluseforhisor
herstoryinordertofititintoatypicalnewssegmentIfyoudont
deliverasoundbitethatswithinthistimeframereporterswill
havenochoicebuttoedityourspielintosomethingtheycanuse
Thisrunstheriskofthemnotknowingyourbusinessaswellas
youdotakingyourwordsoutofcontextorworsechangingyour
meaningIfyougivethemapropersoundbitethenthatportionof
theirjobisfinishedandyoucanrestassuredthatyouwillultimately
sayontheairwhatyousaidintheinterview

THEANATOMYOFASOUNDBITE

InoneexampleareporteraskedmeHowmanybirdshave
beencalledinsofarthisyear Okaynotthatdifficultaquestion
butatthetimewhichwasearlyintheseasonourconstituentswere
gettingdiscouragedbecausetheywerecallingindeadbirdsaswe
hadinstructedthemtoandforavarietyofreasonsmanyofthe
birdswerenotgettingpickedupandtestedButwestillneeded
themtocallinthebirdstothedeadbirdhotlinebecauseweneeded

thosereportsforoursurveillanceandcontroleffortsInsteadof
simplyansweringthequestionIusedtheopportunitytogetour
messageacrossIansweredthequestionhonestlyWevehadover
1000birdssofarthisyearcalledinIthenaddedonetheme
NotallbirdsarecandidatestobepickedupandtestedAnd
thenanotherhoweverthosereportsalonearecrucial
informationtoourcontroleffortsThissoundbitewasatotalof14

secondswellwithinthepropertimeframeUltimatelymymessage
wasdeliveredwithnomisquotesormisinformationwhatIactually
saidwasaired

Itsokaytorepeatyourthemesforeachquestionduringthe
interviewForexamplewhenthereporterasksyouaquestion
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simplyanswerandthensayyourtwothemesIftheyaskyou
anotherquestionthenanswerandrepeatthosethemesorother
themesifyouwishbutthemesnonethelessAnsweringinthis
mannerfeelsawkwardatfirstandwilltakesomegettingusedto
howeverwhilethereportermayinterviewyouforfiveor10
minutestheyaremorethanlikelyonlygoingtouseonesoundbite
Ifyourepeatyourmessagewitheachanswerandthatsallyousay
thenthatswhattheyuseYouareflexingyourpowertodeliver
yourmessage

Ensurethateveryoneatyouragencyhasyourcurrentthemes
includingyourboardmembersIttakesrepetitiontochange
behaviorStudiesprovethatpeopleneedtohearamessage11times
beforetheyactuallytakeaction

FOSTERINGGREATRELATIONSHIPSWITHTHEMEDIA

Makeitapointtokeepthemediaapriorityinyourbusy
scheduleIftheycallyouat430amforaninterviewfortheir
500amshowhonortheirrequestTheywillrewardyouina
varietyofwaysinthefutureAskyourselfHowwillingamIto
reaptherewardsofworkingwiththemedia Treatreportersand
photojournalistswithrespectbyaccommodatingthemwithnot
onlyyourtimeandpreparednessbutalsobyensuringthattheyare
comfortableOfferthemtheuseofyourrestroomsyourwater
coolerandyourvendingmachineWhenonlocationdrivehome
thepointofwearingmosquitorepellentsbyprovidingthevery
productyourecommend Doingsobringscredibilitytoyour
recommendationsandcementsyourcommitmenttoprotecting
publichealth

MaketheirjobeasytocoveryourstoryGivethemmaps
directionsandsaferecommendationsofwheretoparksinceyou
knowyourlocationsbetterthantheydoEnsuringthereporters
haveeverythingtheyneedsavesyoucountlessphonecallsifthey
becomelostorworriedthattheyarenotgoingtogettheirfootage
orinterviewProvidepesticidelabelsheetsanduptodatestatistics
onWestNileviruscasessprayingyouknowtheyaregoingtoask
youforthemanyway

EXCEEDEXPECTATIONSBYSUPPLYINGRAWFOOTAGE

ExceedreportersexpectationsbygivingthembrollFora
smallinvestmenta30secondtelevisionstorycanbeturnedintoa
threeorfourminutestoryBrollisaprofessionalairquality
tapingofthevariousaspectsofyouragencyandprogramsIt
shouldincludeavarietyoffootagesuchaspersonnelinthefield
performingtheirworkfootageoftheagencysgroundsand
portionsoftheofficebuildingtheentrancesignlaboratorytests
beingperformedscientistsatworkmosquitoesandanythingelse
youraudienceneedstoadequatelyunderstandyouragencyand
programsIncludefootagethatreportershavetapedbeforesince
youknowitswhattheywillneedYouthenhavethesayoverthe
perfectfootageItsnotstagedandyougettoreviewanddistribute
exactlywhatyouwantyouraudiencetoseeYouhavethepowerto
keeponlythefootageyouwantandtheabilitytoensurethatwhen
astoryistoldaboutyouragencythatitisyouragencythatisbeing
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depictedItalsohelpstoensurethatthetelevisionstationisnt
usingoutdatedincorrectoranotheragencysfootageEnsurethat
youraudienceviewsyourtechniciansfollowingyourprotocolsand
buildingyourbrandItalsoallowsyoutobeeverywhereatone
time

KeepthebrollwithyoualwaysStoriesarecreatedinthefield
rarelyinthestudioPullingaBETAorDVformatoutofyourbag
inaremotelocationwillsealthedealonhavingagreatworking
relationshipwiththereporterandthephotojournalistFranklyit
willshockandthrillthemYouwilldistributebrolltothesame

stationsrepeatedlyandmayquestionthecosteffectivenessof
providingsuchaservicehoweverpaying3500forabroadcast
newsstoryisabargainWhatothercommunicationvehicledoyou
knowofthatwillillustrateyouragencyexactlyasyouwishfor
less
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In2006theContraCostaMosquito VectorControlDistrict

andorlocalhealthdepartmentheldamediaconferencetoannounce
thecountysfirsthumandeathfromWestNilevirusInterviewing
witheachandeveryreporterinthefieldwasnotlogistically
possibleandsobrollwasdistributedtoeverytelevisionreporterat
theconferenceRavereviewspouredinforthisprofessionaland
accessibleresourceInadditiontoconveyingthefactsofthe
circumstancesweusedtheeventtotellourstorywithvisuals
illustratingourtechniciansfollowingourprotocolsbrandingour
agencyandensuringthatourmessagewasdisseminatedpriceless
communication

Thereismoretoworkingwiththemediathansimplyanswering
questionsitstellingthestorytochangepeoplesbehaviorWecan
dothatbyutilizingsuccessfulpublicrelationsstrategiesbuilding
solidrelationshipswithmediapersonnelandcraftingsolidsound
bitestoconveyourmessages
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UnderstandingandAccommodatingPeoplewithChemicalSensitivities
AllergiesandAsthma

AccordingtotheCaliforniaDepartmentofHealthServices
BehaviorRiskFactorSurveyof1995individualswithallergic
responsesorunusualsensitivitiestoeverydaychemicalsaccount
for159ofthepeoplesurveyedNeutraetal1999Thefigure
onchemicalsensitivitiesforMarinCountywasalittlehigher17
MarinCountyDepartmentofHealthandHumanServices2001
ManydoctorsandsomestatesurveysshowMultipleChemical
SensitivityMCSprevalencetobeonethirdofthepopulation
Basedontheauthorsownexperienceinthehealthfieldand
consultingwithnotforprofitorganizationshelpingpeoplewith
chemicalsensitivitiesonethirdofthepopulationhassomedegree
ofchemicalsensitivity

Multiplechemicalsensitivitywasdefinedbyconsensusin1999
Donnayetal1999Markedbymultiplesymptomsaffecting
multipleorgansMCSisachronicconditionthatrecursreproducibly
inresponsetolowlevelsofexposurelowerthanpreviously
toleratedtomultipleunrelatedchemicalsandimprovesorresolves
whenincitantsareremoved

Asafundamentalbreakdowninnaturaltolerancetheprocess
involves2step aninitiatingtoxicexposureoraseriesoflow
levelexposuresfollowedbynewlyacquiredintolerancesthat
triggermultisystemsymptomsMiller1996

AccordingtoHeuser2000thesymptomsrangefromcognitive
tointestinalsuchasimpairedcognitiveandmemoryfunctions
wordfindingproblemsintermittentconfusionanddisorientation
changesinbehaviorandmoodseizurelikeeventssleepdisorders
decreasedlibidoandpotencyrecurrentflulikesymptomsfatigue
exhaustionmalaiseheadacheschronicpainskinrashesand
gastrointestinalcomplaintsOneofthedifficultieswithdiagnosis
isthatpatientsreactdifferentlytovariouschemicals

InhisrecentbookPall2007describedamechanismhe
discoveredthatnotonlyclarifiesMCSbutalsoFibromyalgiaand
chronicfatiguesyndromeandallergiesandasthmaInitiatedby
diversestressorssuchasviralandbacterialtraumaandexposures
toorganicsolventsandpesticidesincludingpyrethroidsavicious
cycledevelopscalledbyitsinitials NOONOO Itinvolves

elevatedlevelsofnitricoxideanditsoxidantproductperoxynitrite
Thecomplexcycleleadstoinflammationandreducedenergy
productionincells whichmeanssymptomscanvaryfromday
todayexposuretoexposureandpersontopersonThisongoing
inflammationalsoincreasesatherosclerosisandriskofParkinsons
Alzheimersosteoporosisarthritisetc

Doctorscanbepuzzledbydiseasesandsyndromeswith
multiplesymptomsWhenthesepatientsaregivendrugsthey
oftenbecomeworsebecauseoftheirsensitivitytochemicals

TreatmenttodownregulatetheNOONOOcycleinvolves
vitaminsmineralsandothersupplements Howeverthemain

SandraRoss

Health HabitatInc76LeeStreetMillValleyCA94941
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protectionandreliefisbyavoidingexposuretoawiderangeof
chemicalsForexamplenitricoxideinhibitsthemetabolismof
chemicalsviacytochromeP450whichmayleadtoincreased
sensitivitytochemicalsThussomeonecanbecome100xto1000x
moresensitivetochemicals FurthermoretheP450system
regulatesthemetabolismofestrogenandtestosteroneandcertain
medications

AccordingtoHaley1999geneticpredispositionforMCSmay
involvealteredbiotransformationofenvironmentalchemicals

ThesefindingsparallelothersobservationofalinkbetweenPONI
heterozygosityandneurologicalsymptomsinGulfWarSyndrome

themilitarysnameformultiplechemicalsensitivitiesHaley
1999Veteranswiththesegenesproducedproteinlessableto
metabolizepesticidesandtoxinsandhadgreaterprevalenceof
neurologicalsymptomsincludingchemicalsensitivity

Asthmaticsarereportedtohaveelevatednitricoxidelevelsthat
increasetomuchhigherlevelsduringasthmaticattacksAccording
toPall2007theoverallevidenceissubstantialthatasthmamay
beNOONOOCycleLungDiseaseThisoffershopeforasthmatics
aswellaspeoplewithMCSastheycanusethePallZeimprotocol
designedtodownregulatetheNOONOOcycle

Chemicalsensitivitiesisrecognizedby25Federaland28State
authoritiesincludingArmyCongressEnvironmentalProtection
AgencyNationalInstitutesofHealthHealthandHumanServices
HousingandUrbanDevelopmentHUDSocial Security
AdministrationDepartmentofJusticewhichoverseesAmericans
WithDisabilitiesActADAandtheForestServiceCalifornia
AttorneyGeneralsOfficeCaliforniaDepartmentofHealth
ServicesandthestateSenate

Vectorcontrolagenciesareexperiencingindividualsandgroups
requestingnottohavetheirhomessprayedwithchemicalsusedto
controlpestsAsnotedaboveavoidanceisthemainprotectionfor
peoplewhoalreadyknowtheyaremadeillbyexposureto
chemicalsPeoplewhoaredisabledbytheirchemicalsensitivities
havearighttoaccommodationunderADAItisalsoimportantto
realizethatforpeoplewhoareunknowinglyonthevergeof
becomingchemicallysensitiveexposuretopesticidescanbethe
tippingpointforthem

In1993theEnvironmentalIllnessTaskForceoftheCalifornia

SenateSubcommitteeontheRightsoftheDisabledreportedon
issuesandsolutionswhichhashelpedshapeaccommodation
guidelinesBarker2007whopresentedattheMVCAC2007
conferencegaveafirsthandaccountoflivingwithMCSandthe
importanceofworkingwithpestcontroloperatorstofindthemost
appropriateaccommodationsforpeoplewithMCSForexample
afterBarkerhadbeenexposedtopesticidesonacampingtrip
recoverywaspossibleafter20longyearsdueinlargebymoving
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toandlivingatEcologyHouseHUDhousingforpeoplewithMCS
inMarinCounty

InJanuary2007aSummitonEnvironmentalChallengesto
ReproductiveHealthandFertilityconvenedbyUniversityof
CaliforniaSanFranciscoandtheCollaborativeforHealthand

Environmentrevealedthatdiseasesensitivityandgenderbending
fromchemicalexposurecanoccurinthewombatpartspertrillion
Avoidingexposureattheseextremelyminuteamountsisdifficult
makingitevenmoreimportanttobevigilant

ThatswhyintegratedpestmanagementissoimportantBy
usingexclusionaryandothertacticslearnedfromobservinglife
cycleswecansignificantlyreducepestsbeforeconsidering
resortingtochemicalsthatcancompromisehealthandsafetyItis
importantforpestcontroloperatorstokeepcurrentwithinnovative
nonandlowtoxicmethodsandproductsAlsosimplebutnot
wellknownthingslikerunningasmallfaninthepatioorbythe
backdoorcankeepawaymosquitoesAndthepublicisnotreally
awareofthepolymerthatcanbeputintreecrotchestosoakup
trappedwatersomosquitoescantbreedthere

ThePrecautionaryPrincipleofferssensibleguidelinesto
approachingvectorcontrolsituationsTheCityofSanFrancisco
definesthisapproachastakeanticipatoryactiontopreventharm
decisionstobetransparentparticipatoryandinformedbythebest
availableinformationrighttoknowcompleteandaccurate
informationburdenisontheproponentofactionexamineafull
rangeofalternativesincludingdoingnothingandconsiderthefull
rangeofcostsincludingcostsoutsidetheinitialpricesuchas
healtheffectsonstaffandpublic

Itishopedthatallinvolvedinmosquitoandvectorcontroland
managementwillconsidertheinformationpresentedinthispaper
adopttheprecautionaryprincipleapproachtotheirworkand
recognizethatpeoplewithchemicalsensitivitiesneedspecial
protectionandaccommodation
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2005

64misurveyed
101 88 16

2006

250misurveyed
172 87 21
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GreenPoolSurveillanceYouCantBuyPublicRelationsBetterThanThis

TheSanGabrielValleyMosquito VectorControlDistrict

enteredintoaprogramofjointbenefitwiththeFoothillAirSupport
TeamFASTThePasadenaPoliceDepartmentsAirOperations
SectionprovidesregionalhelicoptersupportinvariousSanGabriel
ValleycitiesthroughtheFASTprogramPilotsfromtheprogram
wereconcernedaboutthenumberofgreenpoolstheyspottedfrom
theairduringtheepidemicyearof2004andgreatlydesiredto
assistinthebattleagainstWestNilevirus

Inspringof2005theDistrictconductedtheirfirsthighly
successfulaerialgreenpoolsurveillanceprogramdubbed
OperationDirtyWater HelicoptersequippedwithGlobal
PositioningSystemsGPScoupledwiththeLosAngelesCounty
TaxAssessorsGeographicalInformationSystemFigure1flew
overthesixcontractedFASTcitiesDuetoitsterrificsuccessthe
programwasrepeatedin2006underthecodenameOperationBig
Greenandwasexpandedtoincludeall23citiesintheDistricts
jurisdiction

Figure1OnboardGPS GISequipmentpinpointedaddressesof
greenpools

In2005thePasadenaPoliceDepartmentofferedtheseservices
atnocostasabenefittotheircontractcitiesandtogeneratepositive
publicrelationsfortheirFASTprogramWiththeexpansionto
includeadditionalcitiesin2006theDistrictwasofferedthe
servicesforthelowrateof250hourthesamechargedtocontract
citiesforairsupporttime

Pilotsusedtheonboardequipmenttoidentifyaddresseswhile
DistrictstaffphotographedthegreenpoolsfromtheairEquipped
withconclusiveevidencevectorcontroltechniciansworkedwith
residentswhowereeagertopromptlycorrecttheirswimming
poolsspasinsteadofriskingpotentialfinesof1000perdayplus
thecostofabatement

KellyMiddletonandKennFujioka

SanGabrielValleyMosquitoandVectorControlDistrict
1145NAzusaCanyonRdWestCovinaCA91790
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PROGRAMBENEFITS

Thesuccessofthisprogramwasthreefold
1Identifyingandeliminatingmosquitoesinthesehidden

urbansourcesundoubtedlyreducedboththesummermosquito
populationsandtheriskofmosquitobornediseasetoourDistricts
residentsToevaluatetheimpactofthisprogramwelookedat
thenumberofpoolsinatypicalneighborhoodTenpoolswere
spottedinonephototwo20 weregreenBasedonatypical
greenpoolsurveyedweestimatedthatevenwithmosquito
survivalandreproductionratesof10 overonemillionbiting
adultfemalemosquitoescouldbeproducedoverfourweeksIfthis
wereextrapolatedtothenumberofpoolsfoundbreedingin2006
alonethisprogrameasilyeliminatedbillionsofmosquitolarvae
duringthecriticalspringseason over100millionofwhichcould

havebecomebitingandpotentiallydiseasetransmittingfemale

Table1Summaryofgreenpoolhelicoptersurveillanceresults
2005and2006

mosquitoes

Additionallythenumberofgreenpoolsfoundpersquaremile
decreasedby43from2005to2006Table1Thevastmajority
ofpoolsspottedeachyearwerenewtoourdatabaseindicatingthat
thosepoolsidentifiedinthepastwerecontinuingtobeproperly
maintainedandthatthiseffortisinstrumentalinidentifyingnew
breedingsourceseachyear

2 Althoughfewerpoolswerelikelyfoundcomparedto
fixedwingaircraftsurveillancemethodsthosepoolscouldbe
rapidlycorrectedduetoinstantaneousaddressidentificationand
supportingphotographyOurtechnicianswereonthegroundthe
nextdayknockingondoorsandtreatingsourcesSomeresidents
evenreportedexpectingusastheydheardthehelicoptersoverhead
orhadseentheirhouseonTVthedaybefore

3 Manyofthepoolspotentiallymissedduringthe
surveillanceflightswereidentifiedbyresidentsselfreportingor
reportingneighboringpoolsCallstotheDistrictpeakedboth
yearsduringthemonthsweflewFigure2eventhoughmosquito
reproductionandWestNilevirusWNVactivitywerebothlowin
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Figure2SurveillanceflightsinAprilof2005andMayof2006correlatedwithincreased
servicerequestcallstotheDistrict

theSanGabrielValleyThisisakeypointreduceddiseaseactivity Evaluatingthebenefitsofapublicrelationscampaignandthe
in2005and2006resultedinlaxattitudesamongresidentswho valueofmediacoverageisdifficultNeilsonmediacomprovidesa
assumedWNVwasnolongerathreat simpleyetillustrativeformulathatcalculatestheefficacyofa

publicrelationsprogramasthecostperthousandimpressionsor
theCPM

VALUEOFPUBLICRELATIONS

Inboth2005and2006theDistrictandFASTteammembers

heldajointpressconferenceattheheliportinAltadenaCalifornia
Undoubtedlythesuccessofthismediacampaignrestsinlargepart
onthetremendoussupportprovidedbyPasadenaPoliceDepartment
andmembersoftheFASTteamPasadenasAirOperationsstaff
providedoutstandingphotoopportunitiesforthemediaandoffered
ridesinasecondaryhelicoptersoreporterscouldgetunique
footagePilotswereavailableforinterviewsandthemediawas
givenaccesstotheinsideofthesurveillancehelicoptersto
photographtheequipmentWhileononeparticularflightaradio
reporterwasallowedtorecordradiotrafficcommunications
betweenhimselfandthepilotgivinglistenersatrulyunique
experience

Thissurveillanceprogramalonegenerated34interviews
resultinginprintradioandTVbroadcastcoveragefromlocalto
nationallevelmediaoutletswhichlastedforweeksremindingthe
publicthatWNVwasnotatransitoryissue

Publicrelationsprofessionalsstrivetorelatekeymessagesto
thepublic DuringthissurveillanceprogramourDistricts
messagewas1improperlymaintainedpoolsandothersourcesof
standingwaterposerisksbybreedingmosquitoes2residentsmust
dotheirpartandkeeptheirpoolscleanand3WNVisheretostay
andprecautionsmustbetakenyearround Ironicallythekey
messagesthemediapreferredtodeliverwere1vectorcontrol
districtsarewatchingand2whenwefindyouyoucouldfacefines
ofupto1000perdayWhilewearenottypicallyinfavorof
heavyhandedmessagingthisslantprovedfarmoresuccessfulthan
ourtypicalawarenessandpreventionapproach

ServiceRequests

co
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2004

2005

2006

O Qef

CPM CostofMediaX1000

Impressions

ForcomparisonsweusedthisformulatocalculatetheCPMfor
thehighlysuccessfuljointWipeOutWestNileViruscampaign
utilizedinSouthernCaliforniafrom20042006ourDistricts
4pagenewspapertabloidthatwenttoeveryhouseholdandfinally
thevalueofa220minnetworknewsstoryonWNVwhichranin
2006Table2

Table2EfficacyofvariousWNVoutreacheffortscalculatedasthe
costperthousandimpressionsThecostoftheHelicopterFlights
wasthecostforthesurveillanceprogramnotthecosttopurchase
airtimenecessarytoreachtheestimated2millionviewers

SeveraldistrictsandcountyhealthofficesintheSouthern
CaliforniaRegioncontributedfundstopartnerwiththeGreater
LosAngelesCountyVectorControlDistrictbetween2004and
2006intheWipeOutWestNileVirusCampaign Whilethis

campaigndidpurchaseradioandsomeprintadseachyearthe
programfocusedoncommunitypartneringtodistributeinformation
toahugenumberofresidentstargetpopulationof17million

Reach Cost CPM

WipeOutWNV2004 23million 207000 9

WipeOutWNV2005 22million 133000 6

NewspaperTabloid 5million 33000 62

KNBCTVNews220 25million 3000 12

2006HelicopterFlights 2million 3600 18
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Figure2SurveillanceflightsinAprilof2005andMayof2006correlatedwithincreased
servicerequestcallstotheDistrict

theSanGabrielValleyThisisakeypointreduceddiseaseactivity Evaluatingthebenefitsofapublicrelationscampaignandthe
in2005and2006resultedinlaxattitudesamongresidentswho valueofmediacoverageisdifficultNeilsonmediacomprovidesa
assumedWNVwasnolongerathreat simpleyetillustrativeformulathatcalculatestheefficacyofa

publicrelationsprogramasthecostperthousandimpressionsor
theCPM

VALUEOFPUBLICRELATIONS

Inboth2005and2006theDistrictandFASTteammembers

heldajointpressconferenceattheheliportinAltadenaCalifornia
Undoubtedlythesuccessofthismediacampaignrestsinlargepart
onthetremendoussupportprovidedbyPasadenaPoliceDepartment
andmembersoftheFASTteamPasadenasAirOperationsstaff
providedoutstandingphotoopportunitiesforthemediaandoffered
ridesinasecondaryhelicoptersoreporterscouldgetunique
footagePilotswereavailableforinterviewsandthemediawas
givenaccesstotheinsideofthesurveillancehelicoptersto
photographtheequipmentWhileononeparticularflightaradio
reporterwasallowedtorecordradiotrafficcommunications
betweenhimselfandthepilotgivinglistenersatrulyunique
experience

Thissurveillanceprogramalonegenerated34interviews
resultinginprintradioandTVbroadcastcoveragefromlocalto
nationallevelmediaoutletswhichlastedforweeksremindingthe
publicthatWNVwasnotatransitoryissue

Publicrelationsprofessionalsstrivetorelatekeymessagesto
thepublic DuringthissurveillanceprogramourDistricts
messagewas1improperlymaintainedpoolsandothersourcesof
standingwaterposerisksbybreedingmosquitoes2residentsmust
dotheirpartandkeeptheirpoolscleanand3WNVisheretostay
andprecautionsmustbetakenyearround Ironicallythekey
messagesthemediapreferredtodeliverwere1vectorcontrol
districtsarewatchingand2whenwefindyouyoucouldfacefines
ofupto1000perdayWhilewearenottypicallyinfavorof
heavyhandedmessagingthisslantprovedfarmoresuccessfulthan
ourtypicalawarenessandpreventionapproach
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Impressions

ForcomparisonsweusedthisformulatocalculatetheCPMfor
thehighlysuccessfuljointWipeOutWestNileViruscampaign
utilizedinSouthernCaliforniafrom20042006ourDistricts
4pagenewspapertabloidthatwenttoeveryhouseholdandfinally
thevalueofa220minnetworknewsstoryonWNVwhichranin
2006Table2

Table2EfficacyofvariousWNVoutreacheffortscalculatedasthe
costperthousandimpressionsThecostoftheHelicopterFlights
wasthecostforthesurveillanceprogramnotthecosttopurchase
airtimenecessarytoreachtheestimated2millionviewers

SeveraldistrictsandcountyhealthofficesintheSouthern
CaliforniaRegioncontributedfundstopartnerwiththeGreater
LosAngelesCountyVectorControlDistrictbetween2004and
2006intheWipeOutWestNileVirusCampaign Whilethis

campaigndidpurchaseradioandsomeprintadseachyearthe
programfocusedoncommunitypartneringtodistributeinformation
toahugenumberofresidentstargetpopulationof17million
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throughvariousmeansaseconomicallyaspossibleTheCPMfor
thiscampaigncalculatedouttoaveryrespectable9and6for2004
and2005respectively Newspapertabloidsdeliveredtoevery
householdinourserviceareawereexpensivebycomparisonCPM

62butliterallyplacedWNVmaterialsintoeveryhomewhich
wasespeciallycriticalin2004

Usingthereportedvalueandreachofa2minute20second
newscastonWNVfrom2006weseethattheCPMforthistypical
TVnetworknewsstorywas12Identifyingthereachforthenews
coveragerelatedtoOperationBigGreenin2006wasimpossible
thusaroughandlikelyhighlyunderestimatednumberof2million
wasusedresultinginanimpressiveCPMof175

DISCUSSION

Reachingthegreatestnumberofpeoplewiththemosteffective
messageasefficientlyiecheaplyaspossibleisthechallengeof
everyDistrictsoutreachprogramAdditionallyagenciesmustfind
waystokeepthemessagenewsworthywhilestillconveying
importantinformation

Proc PapersMosqVectorControlAssocCalifVol75

TheuseofhelicopterstosurveyourDistrictforgreen
swimmingpoolsbeganasasurveillanceprogramInretrospectit
waslikelymoreeffectiveasapublicrelationstoolhavingtheoften
desiredbutrarelyaccomplishedeffectofchangingthebehaviorof
thepopulationForthisreasonitwaseasytojustifyusingmoney
budgetedforpublicrelationstofundthissurveillanceeffort

Probablythemostsignificantifnotdishearteninglessonwe
learnedisthatpeoplearemuchmoremotivatedbypotentialfines
thantheyarebypotentialriskstotheirhealthInlightoftheimpact
asinglecaseofhighlypreventableWNVcanhaveonanindividual
andtheirfamilywewillcontinuetoutilizethismotivationifit
achievesthedesiredresultsAbetter3600wasneverspent
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ImpactofClimateVariationandAdultMosquitoControlontheWestNileVirusEpidemic in

DavisCaliforniaDuring2006

CarrieFNielsenWilliamKReisenVeronicaArmijosSarahWheelerKaraKelleyandDavidBrowne

CenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
SacramentoYoloMosquitoandVectorControlDistrictElkGroveCA95624

ABSTRACTClimatevariationandvectorcontrolcangreatlyimpactarbovirustransmissioncyclesTheobjectiveofour
studywastoinvestigatetheimpactoftemperatureandaerialapplicationofadulticideonWestNilevirusWNVenzootic
transmissionduringanepidemicinDavisCaliforniaWNVtransmissionactivitywasdeterminedbycalculatinginfection
ratesofCulexsppcollectedusingauniformmosquitotrappinggridanddeadbirdsurveillanceprogramEmergencyaerial
adulticidingwasconductedoverDavisafterhumancasesweredetectedBothCxpipiensandCxtarsalisabundancedecreased
slightlyaftertheadulticidingandWNVtransmissiondecreasedAdegreedaymodelwasalsocalculatedandthedecreasein
WNVactivitywasconcurrentwithnightlyambienttemperaturesdroppingbelowtheexperimentallydeterminedminimum
thresholdforWNVreplicationVectorabundanceremainsanimportantmeasuretoevaluatetheefficacyofvectorcontrol
strategiesandisanimportantcontributortotheforceofarboviraltransmissionHoweverintegratingadditionalenvironmental
cuesinriskassessmentguidelinesmayexpeditetheinitiationofemergencycontrol

INTRODUCTION

Duringarbovirusepidemicsvectorcontrolstrategiesand
effectivenessareoftenofgreatinterestandcanevenbelegally
disputedHodgeandOConell2005InCaliforniaresponseplans
havebeenestablishedtomonitorandcontrolvectorsofendemic

andemergingarbovirusessuchaswesternequineencephalomyelitis
virusWEEVandWestNilevirusWNVKramer2005
ThroughoutCaliforniathereareatleast5speciesofCulex
mosquitoesthatareinvolvedinthetransmissionofWNVandare
ofinterestinthestatewidearbovirussurveillanceandcontrol

programCulextarsalisahighlycompetentvectorofWNVand
CulexpipiensamoderatelycompetentWNVvectorGoddardet
al2002arethe2mostabundantoftheseCulexspeciesinthe
SacramentoValleyDuringthe2005WNVtransmissionseason
SacramentoCountywastheepicenteroftheCaliforniaWNV
epidemicwith122WNVpositivemosquitopoolsofwhich69
wereCxpipiensand30wereCxtarsalisTheannualhuman
caseincidencewas145per100000httpwestnilecagovmaps
datahtmInneighboringYoloCountytherewere28WNVpositive
mosquitopoolsofwhich50wereCxpipiensand43wereCx
tarsalis httpwestnilecagovmapsdatahtmAlthoughitis
importanttodeterminetheabundanceandinfectionratesofthe
vectorsinvolvedinanarbovirustransmissioncycleitisalso
essentialtounderstandtheeffectsofclimatevariationandvector

controlonthepatternsoftransmissionintimeandspaceThe
objectiveofourstudywastoinvestigatetheimpactoftemperature
andaerialapplicationofadulticideonWNVenzootictransmission
duringanepidemic

Aboveaveragesummertemperaturesatnorthernlatitudeshave
beenimplicatedinthedispersalandamplificationofWNV
throughoutNorthAmericaPetersonetal2003Reisenetal
2006EstimatesofthedailysurvivorshipofCxtarsaliscollected
fromthefoothillsoftheSacramentoValleyduringAugustrange
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between084 086Reisenetal1990andsurvivorshipofCulex
speciesfromSouthernCaliforniais09Reisenetal1991With
thesummerheataCulexmosquitocandevelopfromeggtoadult
within79daysandsurviveupto34weeksReevesetal1994
Reisenetal1990Howeverduringwarmsummerdays25C
only5offemaleCxtarsalissurvivetheapproximate714day
extrinsicincubationperiodandtakeenoughbloodmealstobe
involvedinanarbovirusepidemicReevesetal1994Therefore
itisdifficulttoestimatefromabundancealonetheentomological
abundancethresholdrequiredforanarbovirusepidemictooccur

ExperimentalinfectionstudiesofCxtarsaliswithWNV
determinedthattheextrinsicincubationperiodrequiredforviral
replicationwas109degreedaysabovetheminimumthresholdof
143CReisenetal2006BelowthisthresholdWNVdoesnot
replicateandthereforedisseminatewithinthemosquitovectorItis
outdoorambienttemperaturesthatdetermineboththerateatwhich
thevirusreplicatesandtherateatwhichmosquitoesageReisenet
al2006yetthereisevidencethatrestingadultmosquitoesoccupy
protectedenvironmentsthathavehigherthermaltemperaturesthus
decreasingtheextrinsicincubationperiodandincreasingthe
chanceforviralreplicationandtransmissionMeyeretal1990
ThesuccessofWNVtoemergeandbecomeendemicinwidely
varyingenvironmentalconditionsandvaryingtemperateregions
hasbeendiscussedDohmetal2002Komar2003Reisenetal
2006Yetactivelymeasuringnightlyambienttemperatureisnot
widelyusedasapredictiveparameterforinitiatingcontrol
strategiesunlessothersurveillanceindicatorsofWNVactivity
havealreadyoccurredBarkeretal2003Kramer2005The
applicationofmosquitoadulticidesiseffectiveatinterrupting
arboviraltransmissionTheefficacyofthesecontrolmeasuresis
bestwhenappliedduringtheearlieststagesofanepidemic
howeverpredictingwhenanepidemicwilloccurisdifficultand
maybecompoundedbyrapidlychangingenvironmentalfactors
suchastemperature
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MATERIALSANDMETHODS

AuniformmosquitotrappinggridwasestablishedinDavis
CaliforniaaresidentialcommunityinYoloCountywitha
populationofover64000residentsinanareaofapproximately26
kmCarbondioxidebaitedandgravidtrapswereoperatedat21
sitesspacedapproximately15kmapart1nightperweekfrom
ApriltoOctober2006AdditionallytheSacramentoYoloMosquito
andVectorControlDistrictSYMVCDcontinuedtrappingattheir
establishedsurveillancesitesAllmosquitoeswereenumeratedby
speciespertrapandtraptypeAllfemaleCulexwerepooledby
speciesinpoolsof50individualsandtestedforWNVSLEVand
WEEVinfectionbyamultiplexRTPCRToquantifythe
transmissionactivityofWNVamongvertebratehostsalldead
birdsreportedbyDavisresidentswerecollectedandsenttothe
CaliforniaAnimalHealthandFoodSafetylaboratoryfornecropsy
KidneysnipsorswabsweresenttotheCenterforVectorborne
DiseaseslaboratoryforviraltestingbyRTPCRDailytemperatures
weredownloadedanddegreedayswerecalculatedfromthe
CaliforniaIPMprojectwebsitehttpwwwipmucdavisedu
RoutinevectorcontrolmeasureswereconductedbytheSYMVCD
Domesticsourcereductionandlarvicideapplicationscommenced
inandaroundDavisbeforethebeginningoftheWNVtransmission
seasontokeeptheadultmosquitopopulationslowEmergency
adulticideapplicationsweremadeoverDavisinresponseto
surveillanceindicatorsandtheoccurrenceofhumancasesAn

ultralowconcentration00025lbsacreofapyrethrinand
piperonylbutoxideadulticideformulationEvergreenCrop
ProtectionEC606McLaughlinGormleyKingCompanyGolden
ValleyMNwasappliedonAugust8and9byatwinengine
aircraftflyingatanapproximateelevationof95mTodetermine
theeffectivenessoftheapplicationwithinDavismosquito
abundancemeasuredwasbeforeandaftertheapplicationandwas
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comparedtoconcurrentabundancedatafromareasthatwerenot
sprayedTwocagesTownzenetal1973withsentineladultCx
tarsalis mosquitoes were set in exposed and protected
microenvironmentsateachofthe21surveillancesitesonboth
nightswhensprayingoccurred

RESULTSANDDISCUSSION

Evenwith intensive mosquito surveillance the initial

introductionofWNVintoDavisin2006wasnotdetecteduntilan

infectedbirdwasreportedon28JuneIfWNVwasfirstbrought
intotheareabyaninfectedbirditislikelythetransmissioncycle
wouldnothavebeenabletocontinuewithoutthenightlyambient
temperaturesremainingabovetheminimumthresholdforWNV
replicationNightlyambienttemperaturesfirstexceeded143C
duringthefirstweekinJunehoweveritwasonlysustainedfor2
daysJune21stwasthefirstnightafterwhichnightlyambient
temperaturesexceeded143Cforanextended10consecutivedays
WNVactivitywasfirstdetectedinDaviswhenaWNVinfected
crowwasreportedonJune28thWNVpositivemosquitopools
werecollectedfrom2ofthe21gridsitesapproximately1week
laterAtotalof782degreedayshadaccumulatedfromthedateof
thefirstWNVinfecteddeadbirdtothefirstWNVpositive
mosquitopoolInterestinglyasmallclusterofWNVinfectedbirds
occurredafterapproximately119accumulateddegreedaysor
approximately1extrinsicincubationperiodtherequiredminimum
degreedaysforextrinsicincubationtooccurisestimatedtobe109
degreedaysReisenetal2006ThepeakoftheDavisWNV
epidemicoccurredafter217degreedaysorapproximately2
extrinsicincubationperiodsortransmissioneventshadelapsed
sincethefirstindicatorofWNVactivityoccurredinthearea
Figure1BymidJulyWNVactivityreachedepidemiclevelsand
infollowingtheCaliforniaStateMosquitoborneVirusSurveillance
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Figure1WestNilevirusepidemiccurveforDavisCalifornia2006withaerialadulticideapplicationtimingindicatedDataincludeWNV
infecteddeadbirdsWNVinfectedmosquitoesandclinicalhumancasesofWNVinfection



SurvivorshipofSentinelMosquitoes

August82006 MorningCount
Down

Total

Mosquitoes Mortality

UnderCanopy 46 473 97

OutofCanopy 244 504 484

Total 290 977 297

August92006
MorningCount

Down

Total

Mosquitoes Mortality

UnderCanopy 97 506 192

OutofCanopy 304 535 568
Total 401 1041 385

Volume75

andResponsePlanKramer2005aerialadulticideapplications
weredoneon8and9August06Mortalityratesinthesentinel
mosquitoesrangedfrom10100dependentontheamountof
canopycoverandorientationofthecagestothedispersalofthe
adulticideTable1ThepercentcontrolestimatedbyMullas
formulaMullaetal1971within2daysafterthesecond

Table1MortalityofsentineladultCxtarsalisincagessetaround
DavisCaliforniatodetermineefficacyofaerialadulticideapplication
duringAugust8 August92006

Table2PercentcontrolcalculationsMullaetal1971fromadultmosquitoabundancedatacollected
2consecutivedayspriorandfor2dayspostaerialadulticideapplicationintheresidentialcommunityof
DavisCaliforniaandfromcontrolsitesinsurroundingagriculturalareas
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Cxtarsalis

Femalestrapnight
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Control 256

applicationwas58and73forhostseekingandgravidCx
pipiensrespectivelyTable2HostseekingCxtarsalispopulations
werereducedby26Table2DifferencesbetweentheseCulex
speciesmayrelatetothelocationoftheirlarvaldevelopmental
siteswithCxpipiensoriginatingfromurbansiteswithinDavis
andCxtarsalisimmigratingintoDavisfromruralsites

AftertheaerialadulticideapplicationadecreaseinCxpipiens
abundanceoccurredhoweverthisdecreasewasnotsignificant
Figure2AsindicatedinFigure3outliersexistinthedata
thereforeanonparametrictestwasperformedAonesidedMann
WhitneytestwasperformedonthemediansoftheCOtrap
collectionsbeforeandafterthesprayingoccurredwitharesulting
teststatisticofW 471andpvalue 005AreductioninWNV

infectionratesintheCxpipienspopulationwasobservedhowever
whenthiswasadjustedforsamplingeffortandtheminimum
infectionratewasusedwiththeassumptionofonepositive
mosquitoperpositivepoolthedifferenceoftheproportionof
WNVpositivemosquitoeswasnotsignificantlydifferentbefore
andafterthesprayingoccurredFishersexacttestpvalue056
AdditionallyCxtarsalispopulationsdidnotsignificantlydecrease
MannWhitneyteststatisticW459pvalue010Figures4 5

illustratethemedianabundanceofCxtarsalisbeforeandafter
sprayThenumberofdeadWNVinfectedbirdsreportedperweek
bythepublicdecreasedfrom25inJulyto10afterthepeakofthe
epidemicFigure1
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a

BeforeandAfterSprayCxpipiensCO2trapcoloctIon
95CIfortheMean

BeforeSpray1BeforeSpray2BeforeSpray3AfterSpray1 AfterSpray2 AfterSpray3

Figure2IntervalPlotoftheaveragenumberoffemaleCxpipienscollectedfromCOtrapsbefore
andaftertheapplicationoftheaerialadulticideinDavisCalifornia2006Dataarethemeannumberof
femalescollectedpertrappertrapnightwith95confidenceintervals
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BeforeSpray1BeforeSpray2BeforeSpray3AfterSpray1 AfterSpray2 AfterSpray3

Figure3BoxplotofCxpipiensfemalesfrom21COtrapsper3collectionnightsbeforeandafterthe
applicationoftheaerialadulticideThemedianandoutliersareindicated
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BeforeandAfterSprayCxtarsalisCO2trapcollection
95CIfortheMean

BeforeSpray1BeforeSpray2BeforeSpray3AfterSpray1 AfterSpray2 AfterSpray3

Figure4IntervalPlotoftheaveragenumberoffemaleCxtarsaliscollectedfromCOtrapsbeforeand
aftertheapplicationoftheaerialadulticideinDavisCalifornia2006Dataarethemeannumberoffemales
collectedpertrappertrapnightwith95confidenceintervals
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Figure5BoxplotofCxtarsalisfemalesfrom21COtrapsper3collectionnightsbeforeandafterthe
applicationoftheaerialadulticideThemedianandoutliersareindicated

Proc PapersMosqVectorControlAssocCalifVol75



130 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume75

Eveningtemperaturescooledconcurrentlyperhapscontributing
tothecessationoftransmissionInJuly17of31nightswere
warmerthantheminimumthresholdforvirusreplicationAfter
adulticideapplicationsbyAugust11nightlyambienttemperatures
droppedbelowthe143Cthresholdfor20consecutivenights
Thereforeindependentanalysisoftheeffectsofaerialadulticide
applicationandtemperaturewasimpossibleinthissituationWNV
positiveCxtarsalisweredetectedagaininmidSeptemberatsites
setaroundtheperipheryofDavisThisislikelyduetoWNV
infectedmosquitoesimmigratingintotheresidentialareasfromthe
surroundingagriculturalareasWNVdidnotamplifyinDavisat
thistimetherewasonlyoneWNVinfecteddeadbirdreportedand
nonewhumancasesFigure1Thenightlyambienttemperatures
werenotconduciveforviralreplicationofthefollowing17nights
only2remainedabovetheminimumthreshold

Vectorabundanceremainsanimportantmeasuretoevaluate
theefficacyofvectorcontrolstrategiesandisanimportant
contributortotheforceofarboviraltransmissionHowever
integratingadditionalenvironmentalcuesinriskassessment
guidelinesmayexpeditetheinitiationofemergencycontrol
Californiahasmanywidelydifferentecologicalzoneswithvarying
levelsofsurveillanceandcontroleffortsmakingvectorcontrol
strategiesdifficulttogeneralizestatewideVectorcontrolagencies
mustconsiderlogisticalfactorsaswellthelevelofsurveillance
neededtotrulyapproximatetheamountofcirculatingvirus
Arbovirustransmissionmaystilloccurwhenvectorabundanceis
lowmakingitisalmostimpossibletopredictthelevelsof
surveillancenecessarytoquantifythetrueinfectionratesUsing
riskmodelstopredictarbovirusactivityandintegratingmultiple
arbovirustransmissionfactorssuchasusingenvironmental
measuresduringarbovirusoutbreaksastoolsformakingcontrol
decisionswillcontinuetobeessentialforeffectivevectorcontrol
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MosquitoandFlyControlResearchbytheUSDAARSCenterforMedicalAgricultureand
VeterinaryEntomologyCMAVEintheDeployedWarFighterProtectionDWFPProgram

KennethJLinthicumSandraAllanDonaldBarnardJamesBecnelUlrichBernierSethBritchGaryClark
MiriamCooperbandChrisGedenJeromeHogsetteDanielKlineRobertoPereiraJuliaPridgeon

BrianQuinnCraigWelchandLimingZhao

MosquitoandFlyResearchUnitCenterforMedicalAgriculturalandVeterinaryEntomology
USDAARS1600SW23rdDriveGainesvilleFL32608

ABSTRACTDespiteexistingmeasurestopreventandcontrolarthropodbornediseasesinmilitaryunitsthesediseasescontinue
tobeseriousthreatstodeployedtroopsDuetoashrinkinglistofsafecosteffectivepesticidesforcontrolofdiseasevectorsnew
andimprovedtoxicantsandmethodsfordeliveryareneededbythearmedforcesSince2004theUSDAAgriculturalResearch
ServiceARShasparticipatedintheDepartmentofDefenseDOD sponsoredDeployedWarFighterProtectionDWFP
programtoidentifyanddevelopnewtoolsforcombatingpestandvectorspeciesthatimpactdeployedwarfightersOngoing
researchattheUSDAARSCenterforMedicalAgriculturalandVeterinaryEntomologyCMAVElaboratoryinvolvesthe
discoveryevaluationdevelopmentandoptimizationofanewpesticideseffectiveagainstmosquitoesandfliesbnewpersonal
protectionproductseffectiveinpreventingmosquitoandflybitesandcnewapplicationandpersonalprotectionmethodologies
andstrategiesProductsofthisresearcharedesignedtoprotectmilitarytroopsfrommosquitoandflybornediseasesbutwill
bealsobeavailabletoInternationalandUSPublicHealthagenciesandMosquitoandVectorControlDistrictstoprevent
diseasetransmissionHerewedescribeabriefsummaryoftheDWFPmosquitocontrolresearchconductedattheCMAVE

INTRODUCTION

Arthropodbornediseasesposeasignificantthreatthat
historicallyhasseriouslyaffectedmilitaryoperationsThelargest
outbreakofimportedmalariasinceVietnamoccurredinUS
MarineCorpspersonnelreturningfromSomaliain1993Newton
etal1994andinAugust2003asignificantproportionofJoint
TaskForcepersonnelinsertedintoLiberia80outof290whohad
beenashoreexperiencedsymptomsofmalariaSmithandHooper
2005Ithasbeendemonstratedthatelevatedmosquitopopulations
alsoinhibithumanactivitiesdiminishtheproductivityoflivestock
andreducetheeffectivenessofUSmilitarypersonnelChretienet
al2005ForthesereasonstheUSmilitaryhasbeenaleaderin
researchonpreventingthesediseasesScientistsintheUS
DepartmentofAgricultureUSDAhaveplayedanimportantrole
insupportingthisdiseaseresearchspecificallyindesigningnovel
surveillanceandcontrolmethodologiesforarthropodvectorsCore
etal2005Startingin1942theUSDAwasinvolvedincreating
delousingoperationsthatsavedthousandsofUStroopsandmore
than25millionpeopleworldwidefromlicebornetyphusThefirst
formalcollaborationbetweentheDepartmentofDefenseDOD
andtheUSDAwasinstitutedbyGeneralGeorgeCMarshallin
1944andmostrecentlyin2004theUSDAhasstartedanewDOD
programcalledtheDeployedWarFighterProtectionprogram
DWFPtodevelopanewgenerationoftoolstoprotecttheUS
militaryfromdiseasetransmittingarthropods

DWFPRELATEDRESEARCHINTHEMOSQUITOANDFLY
RESEARCHUNITCENTERFORMEDICAL

AGRICULTURALANDVETERINARYENTOMOLOGY
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TheMosquitoandFlyResearchUnitMFRUoftheCenterfor
MedicalAgriculturalandVeterinaryinGainesvilleFloridahasa
longhistoryofcooperatingwiththeDODtoprovidesolutionsto
specificneedsTheearliestpredecessoroftheMFRUwasamedical
entomologyunitcreatedduringWorldWarIIinOrlandoFlorida
todevelopmethodsforstoppingtransmissionofinsectborne
diseaseAtthislabDDTwasdemonstratedtokilllicethattransmit
epidemictyphusandfleasthattransmitplagueTheearliestplans
fordelousingwereputintoeffectinSicilywhereithasbeen
creditedwithpreventinganepidemicoftyphusInthe1960sthe
labdevelopedDEETasaneffectivebroadspectrumrepellentfor
bitinginsectstoprotecttroopsfromarthropodbornediseasesIn
the1960s70sultralowvolumeULVpesticidesystemswere
developedtoprovideanareawideprotectionoftroopsfromdisease
vectorsThistechniquegreatlyreducestheamountofpesticide
dispersedinoutdoorapplicationsFromthe19601980sthelab
wasapioneerindevelopmentofpermethrintreatedmilitary
uniformsandbednetsthatrepelticksandkilldiseasecarrying
mosquitoessavingmillionsofpeoplefrommalariaInthe1980s
researchatthelableadtotheintroductionofQuickStrikeTMbaited
withflypheromoneZ9tricoseneplusnithiazineinsecticideand
itsadditiontotheDODStandardPesticideListFrom1990tothe

presentthelabhasbeenaddressingtheneedtodevelopmore
effectivepermethrintreatmentofuniformstoprotectMarinesfrom
diseasevectormosquitoesandongoingworkisdirectedto
determiningthebesttreatmentandmethodsofbindingpermethrin
topermanentpressUSMarineCorpsuniformsandnettings

ThemissionoftheMFRUistodevelopnoveltechnologiesfor
detectionandpopulationmonitoringrepellentsfortheprotection
ofhumansandanimalsfrombitingandfilthbreedingfliesand
effectivechemicalbiologicalandgeneticcontroltechnologiesand
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integratedmanagementstrategiesforinsectsandarthropodsof
medicalandveterinaryimportanceThemissionisprimarilyin
supportoftheDepartmentsofAgricultureandDefensehowever
resultsofresearchundertakenatCMAVEhaveapplicationto
programsofanimalandpublichealthininternationalnational
stateandlocalagricultureandpublichealthgovernmentagencies
privateindustryandthegeneralpublicThemedicalandveterinary
entomologystaffofMFRUconsistsof10permanentscientists8
postdoctoralvisitingscientistscollaboratorsandapproximately30
technicalsupportpersonnelThelaboratoryfacilityismodernand
wellequippedandcomprisesapproximately45000squarefeetof
space

CurrentlyintheDWFPprogramtheemphasisisonidentifying
andtestingnewclassesofpesticidesaimedatdiseasevectorsnew
toolsforpesticideapplicationsuitedtothemilitaryenvironment
andnewmethodsforpersonalprotectionTheobjectiveofthe
DWFPprogramintheMFRUistodevelopnovelcontrolmethods
toprotectdeployedmilitarypersonnelfromvectorsasfollows

Discoverevaluateanddevelopnewcandidateadulticides
effectiveagainstmosquitoesandflies
Discoverevaluateanddevelopnewcandidatechemicals
effectiveinpreventingmosquitoesandfliesfrombiting
deployedpersonnel
Optimizeuseofcandidatechemicalsformosquitoflycontrol
andpersonalprotectiontoservemilitaryneeds
Deviseanddevelopattractandkillmanagementsystems
formosquitoesandflies
Discoverevaluateanddevelopnewpersonalprotection
strategies

TheprimaryDWFPResearchAreasintheMFRUinclude
1Novelinsecticidechemistriesorformulations

Newcompounds
Nativeplantscompounds
Physiologicalresponsestonewcompounds

2Personalprotection
Revaluationofoldrepellents
Sustainedreleaserepellents
Spatialrepellentinmilitarytents
Repellenttreateduniformsfabricsandtentmaterials
Sandflyprotection
Flytrapsandbaits
Repellentsandinhibitorsagainstinfectedmosquitoes

3Applicationtechnology
Pesticidesonnaturalbarriers

BarriertreatmentsinAnopheleshabitats
Barriertreatmentsindeserthabitat

Repellentsinhibitorsandbarriertreatmentsin
subSaharanhabitat

Repellentsinhibitorsandbarriertreatmentsinhumid
tropicalhabitat
Developmentofportabledevicesfordetectionand
quantificationofinsecticidesrepellentsandinhibitors
Electrostaticandothersprayers
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Thermalfogmachines
Insecticidetreatedvisualtargetsforflies
Mosquitocoils

4GeneralsupportforDWFP
NewinsecticidalcompoundsUniversityofFlorida
GainesvilleFlorida

NewinsecticidalneuropeptidesandApplicationmethods
AreawidePestManagementResearchUnitCollege

StationTexas
Applicationmethods NavyEntomologyCenterof
ExcellenceJacksonvilleFlorida

Newtoxicantsandrepellents ChemicalsAffectingInsect
BehaviorLaboratoryBeltsvilleMaryland
SandflyrearingWalterReedArmyInstituteofResearch
WashingtonDC

AsoneexampleoftheresearchbeingconductedintheDWFP
programoftheMFRUPridgeonetal2007examinedthe
structureinsecticidalactivityrelationshipsof33piperidinesagainst
adultfemaleAedesaegyptiOnthebasisof24hourLDvalues
aftertopicalapplicationthemosttoxiccompoundwas2ethyl
piperidine Thetoxicitiesofpiperidinederivativeswere
significantlydecreasedwhenabenzylmoietywasattachedtothe
carbonofthepiperidineringThetoxicityorderofthreemoieties
attachedtothecarbonofthepiperidineringwasethyl methyl
benzylderivativesThesepreliminaryresultswillbeusefulin
guidingfurtherpiperidineringmodificationsinthedevelopmentof
potentialnewinsecticides

SUMMARY

ThescopeofDWFPprogramresearchattheMFRUinCMAVE
isentirelywithinthescopeofUSDAARSNationalProgram104
VeterinaryMedicalandUrbanEntomologyResearchand
addressesthegoalsofprogramincludingeffortstoprovidenew
andimprovedknowledgeofmosquitobehaviorhostpathogen
interactionsandneuralandsensorypathwaysrepellentsand
biologicalandchemicalcontrolstrategiesTheprimarycustomer
ofthisresearchistheDODandtheproductsofthisresearchare
designedtoprotectdeployedmilitarytroopsfromthevectorsof
mosquitoandflybornediseasehowevertheproductsofthis
researchwillalsobeavailabletotheinternationalandUSPublic

HealthagenciesandMosquitoandVectorControldistrictsto
preventdiseasetransmissionintheGeneralPublic
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GISEarlyWarningSystemforVectorsofRiftValleyFeverAnomalyAnalysis
ofClimatePopulationAssociations

MosquitoandFlyResearchUnitCenterforMedicalAgriculturalandVeterinaryEntomology
USDAAgriculturalResearchService1600SW23rdDriveGainesvilleFL32608

2NASAGoddardSpaceFlightCenterBiosphericSciencesBranchCode6144GreenbeltMD20771

ABSTRACTAcriticalcomponentofpredictingtheriskoftransmissionofmosquitobornevirusesisknowingthestatusof
vectorpopulationsMosquitocontrolagencieshavegoodsystemsformeasuringmosquitopopulationsatcountyordistrict
levelsbutthesedataarenotsynthesizedtoregionalornationallevelsastrategicdisadvantageinthefaceofemerginghuman
andanimaldiseasethreatssuchasRiftValleyfeverdengueorchikungunyaWearecreatingaGeographicInformation
SystemGISofmosquitosurveillancerecordscompiledfrommosquitoandvectorcontroldistrictsandpublichealthagencies
throughouttheUSThisGISofhistoricandcurrentsurveillancedatawillbeusedtodevelopanunderstandingoftheeffects
ofclimateonmosquitodistributiontimingandabundanceTheprincipalgoaloftheprojectistoprovideearlywarning
andflagareasoftheUSatriskofunusuallylargemosquitopopulationsbasedonhistoricalclimatepopulationassociations
TheprojectisinitiallyfocusedonpotentialvectorsofRiftValleyfeverintheUSbutsinceweincludetrapdataforall
mosquitospeciestheGISwillbeinformativeforvectorsofnearlyanyemergingorestablishedmosquitobornediseasethreat
AtlocalandnationallevelsthespatialinformationproductofthisGISisanimportantresourceforthepublicandanimal
healthcommunitiesparticularlyincoordinatingandtargetingvectorcontrolvaccinesdiagnosticsandeducationalresources
duringroutineemergencyordisastersituationsBymodelingUSvectorpopulationdatainthecontextofRVFactivityand
movementworldwidewemaybeabletoenhancesurveillanceandcontrolmeasuresatcriticalareasoftheUSandavertan
RVFeventHerewediscussoneearlyphaseofthemodelthatofdevelopingeffectivewaystocompareclimateandpopulation
databycalculatinganomalies

INTRODUCTION

RiftValleyfeverRVFvirusisamosquitobornezoonotic
hemorrhagicvirusendemictomuchofsubSaharanAfricaMegan
andBailey1989RVFepizooticsandepidemicscanbringabout
largehealthandeconomicimpactsinAfricaincludingmortality
andabortionindomesticanimalsandsignificantmorbidityand
mortalityinhumans In2000thewestcoastoftheArabian

PeninsulaexperiencedanoutbreakofRVFDoDGEISwebsite
whichdemonstratedtheabilityofthepathogentomoveoutsideof
itsendemicregionGiventhecomplexityandspeedofinternational
commerceandgiventhatlaboratorystudiesofUSmosquitoes
suggestthattheecologicalinfrastructureexistsforRVFtobe
transmittedintheUSGarganetal1988thereisaneedfora
systemthatcouldalertareasoftheUSofthepotentialforRVF
transmissionTherecent20062007outbreakofRVFineastAfrica

waspredictedbyclimatepopulationmodelingAnyambaetal
2006andhighlightsthepotentialforsimilarpredictivemodelsto
beusedtominimizetheriskofRVFintheUSSpecificallya
predictivemodelcouldestimatethedistributionandabundanceof
populationsofpotentialmosquitovectorsofRVFintheUS
CombiningknowledgeofthestatusofRVFoutbreaksinAfrica
likelypathwaysofarrivalofinfectedmosquitovectorssuchas
portsandairterminalsandthegeographicarrangementsofUS
mosquitovectorshumanpopulationsandsusceptiblewildlifeand
livestockpopulationsthesystemcouldflagareasathighriskof

SethCBritchKennethJLinthicumAssafAnyamba
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RVFtransmission SpatiallytargetedearlywarningofRVF
transmissionriskwouldallowefficientdistributionofmosquito
controlmeasuresvaccinesdiagnosticsandinformationWeare
intheearlyphasesofdevelopingavectorearlywarningmodelfor
theUSwhichexploitshistoricalrelationshipsbetweenmosquito
populationdynamicsandclimatedynamicsThisworkisbeing
conductedinaGISplatformusingremotelysensedclimatedata
fromNOAAsatellitesandlongtermmosquitopopulation
surveillancerecordsgatheredfrommosquitocontrolandpublic
healthagenciesthroughouttheUS

THEVECTOREARLYWARNINGSYSTEM

ThedetailedmethodologyoftheRVFvectorearlywarningGIS
isdescribedelsewhereLinthicumetal2007Insummarythe
coreoftheGISisanextensivedatabaseofgeoreferencedmosquito
populationsurveillancerecordsfromseveralregionsoftheUS
Althoughmosquitopopulationsurveillancedoesnotsampleall
areasandsamplingmethodologyisheterogeneousmanydatasets
span20ormoreyearsandprovideimagesofpopulationchange
whichcaninformpredictivemodels Populationdataare
normalizedusingatrapnightindexaveragedbymonthAlthough
additionalenvironmentalandlandusedatawilleventuallybe
incorporatedthecurrentGISanalysescomparemosquito
populationdatatotheNormalizedDifferenceVegetationIndex
NDVI25yeardatasetgatheredbyNOAAsatellitesandprocessed
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byNASAGoddardSpaceFlightCenterTuckeretal2005NDVI
isparticularlyusefulforstudyofpopulationclimateassociations
sincetheindexcouplesclimateandvegetationdynamicsinasingle
greennessindexThisindexsavesmultipleanalysesbetween
populationsandcomponentenvironmentalparameterswhich
otherwisemayontheirownbemisleading

ANOMALYDATAANDPRELIMINARYFINDINGS

Figure1showscoplotsofmonthlymosquitosurveillancedata
andNDVIforacountyinFloridaover20yearsThesedatahappen
todocumentthereplacementofAedesaegyptiLbyAealbopictus
SkuseinthatcountyPopulationdataarenotavailableforfour
periods198519871998and2001butthegradualextinctionof
Aeaegypticanbeclearlyseenalongwithseasonalvariationsover
theyearsinpopulationsofbothspeciesInthisfigureNDVIdata
aredisplayedintwoformsTheupperdashedcurveshowsmean
monthlyrawNDVIvaluesforthatcountyacrossthesampleperiod
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Observethatthecurverisesandfallsannuallytrackingvegetation
changesfromwintertosummertowinterthehighertheNDVI
valuethegreenerthelandscapeThelowersolidcurveshowsmean
monthlyanomalyNDVIvaluesforthatcountyacrossthesample
periodTheanomalycurveoscillatesaboveandbelowazeroline
whichisalineofnodifferenceagainsta25yearmeanforthat
monthAnomalyvaluesabovezeroindicateawetterandgreener
thanaveragemonthvaluesbelowzeroindicateadryerand
brownerthanaveragemonthNDVIanomaliescaptureimportant
patternsinclimatethataredifficulttodetectfromrawdataGiven

thetightlinkbetweenmosquitoesandprecipitationandthetight
linkbetweenNDVIandprecipitationtheNDVIanomalyvalues
shouldrelatetopopulationlevelsInthesimplesttermsthevector
earlywarningmodelwillfunctionusingalgorithmsderivedfrom
thesehistoricalNDVIpopulationassociations Howeverthe
complexityofthemodelwillevolveasweconsiderthemodeof
actionofclimateonapopulationofamosquitospecies
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Figure1PopulationdynamicsofAeaegyptigraybarsandAealbopictuswhitebarsovera20yearperiodina
FloridacountyClimatedataareshownasrawNDVIvaluesdashedlineandanomalyNDVIvaluessolidline
NDVIanomalyvaluesoscillateaboveandbelowazerolinewhichindicatesnochangefroma25yearmean
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Figure2showsasubsetofthedataplottedinFigure1namely
aseriesofvaluesfromallJunesamplesofpopulationsandclimate
from1986through2006Thisisadifferentkindofplotsinceall
dataareexcludedexceptJunedataandtherisesandfallsinNDVI
arereplacedbyflattercurvesmostJunesarecomparabletoother
JunesinthiscountywithrespecttovegetationgreennessThisis
alsoadifferentkindofplotsincetherearetwosetsofrawNDVI
valuesandtwosetsofanomalyNDVIvaluesienotjustNDVI
datafromJunebutNDVIfromMayaswellByplottingdatafrom
consecutivemonthstogetherforeachyearwecanseethatsomeare
verysimilarsuchasin1993andsomeareverydifferentsuchas
in1990andtheseattributesofadjacentmonthshaveimplications
formosquitopopulationsForinstancesustainedgreennessie
sustainedmoistureorsustainedbrownnessiesustaineddryness
shouldhavedifferenteffectsonlaterpopulationsamplesSimilarly

4

2

Junes19862006

SampleYear

adjacentmonthswithheterogeneousvaluesshouldbringabout
suddenincreasesordecreasesinpopulationsinthelatersample
AnotherimportantdifferenceinthepopulationplotinFigure2as
comparedtoFigure1isthatpopulationvaluesareanomalies
relativetothemean20yearsampleforJuneMuchlikewith
NDVIincreasesanddecreasesinrawpopulationvaluescanbe
misleadingorconfusingbutanomaliesprovideaninstant
quantitativeindexofthepopulation

Thenextquestionwithanalysisofclimateanomaliesand
populationanomaliesiswhatmodeofactionofclimateisassociated
withlargepositivepopulationanomaliesForexamplethe1990
1991and1992populationanomaliesinFigure2appeartobe
relatedtoconsecutivemonthlyanomaliesthathavemagnitude
differencesFurtheranalysiswillbeperformedonthisandmany
otherdatasetsarrangedinsuchanomalyplotstoderivealgorithms
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periodinaFloridacountyClimatedataforMayandJuneofeachyearareshownasrawNDVIvaluesdashed
dottedanddottedlinesrespectivelyandanomalyNDVIvaluesdashedandsolidlinesrespectivelyPopulation
andNDVIanomalyvaluesoscillateaboveandbelowazerolinewhichindicatesnochangefrom20yearand
25yearmeansrespectively
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thatcapturemoreattributesoftheseconsecutiveNDVIanomalies
suchastherelativeimportanceofmagnitudedifferenceswhenboth
arebelowzeroorabovezerooroneithersideofzeroRuleswill
bederivedandalgorithmswillbeavailablethatwillforecast
populationdynamicsgivenclimateClimatemosquitopopulation
workdescribedelsewhereBritchetalMilitaryMedicinein
reviewsuggeststhesealgorithmswilllikelydifferwithecological
regionsoftheUSInthecaseofspeciescompetingforsimilar
habitataswiththetwocontainerbreedingspeciesshownin
Figures1and2ecologicalinteractionsamongspeciesinthe
mosquitocommunityinaregionwillalsobetakenintoaccount

SUMMARY

EmergingmosquitobornepathogenthreatssuchasRiftValley
feverareofgreatconcernbuttherearestepswecantaketo
strategicallyprotecttheUSagainstdiseasetransmission
AlthoughmuchisknownregardingthetotaldistributionsofUS
mosquitoeslessisknownabouttheirtemporalandspatial
heterogeneitywithinthesedistributionalpolygonsHighquality
satelliteclimatedataandabundantrecordsofmosquitopopulations
existandarebeinganalyzedinaGISWefoundthatexamining
climateandpopulationanomaliesfromlongtermmeansreveals
potentiallypowerfulpredictiveassociationsTheseassociations
willbethedrivingcoreofaGISdesignedtospatiallypredict
unusuallylargepopulationsofmosquitoesusingnearrealtime
climatedataWithanunderstandingoftheenvironmentalforces
thatdrivethedistributiontimingandabundanceofmosquitoesin
theUSwemaydesignGISbasedearlywarningsystemsThese
systemscouldmonitortheenvironmentandflagregionsathigh
riskofmosquitobornepathogentransmissionandmoreeffectively
guidethedistributionofsurveillanceandcontrolmeasures
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MosquitoAbundanceandArbovirusSurveillanceinNorthwesternRiversideCounty
Californiain2006

LalSMianGregoryAWilliamsandMajorSDhillon

DepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397
2NorthwestMosquitoandVectorControlDistrict1966ComptonAveCoronaCA928813318

ABSTRACTTheNorthwestMosquitoandVectorControlDistrictcontinueditsarbovirussurveillanceprogramin2006
Basedonthetotalnumberofmosquitoes35980collectedinencephalitisvirussurveillancetrapsandtheNewJerseylight
trapsthemostabundantspecieswasCulexerythrothorax679 followedbyCxquiquefasciatus147 Cxtarsalis53
Cxstigmatosoma37 andAnopheleshermsi24 Otherspeciesthatfollowedinsmallnumbersindescendingorder
includedCulisetaincidens19 Cxthriambus18 Csinornata16 Csparticeps05 Aewashinoi01 andAn

franciscanus01 Basedontheseasonaldistributionmosquitoactivitysustainedthroughouttheyearwithdifferentspecies
peakingatdifferenttimesOfthe249mosquitopoolsrepresentingdifferentspeciesonlyonepoolofCxerythrothoraxtested
positivefortheWestNilevirusWNVAmongthe76birdsdistributedoversixflocklocationsonly9birdsfrom5different
flockstestedpositiveforWNVTherewasalsooneliveHousefinchCarpodacusmexicanusandonedeadAmericancrow
CorvusbrachyrhynchospositiveforWNVAlthoughmosquitoabundancewashigherthanpreviousyearsarbovirusactivity

declinedsignificantlyin2006

INTRODUCTION

TheNorthwestMosquito andVectorControlDistrict

NWMVCDhasprovidedarbovirussurveillanceandmosquito
andvectorcontrolservicesinthecitiesofCoronaNorcoLake
ElsinorepartsofthecityofRiversideandseveraladjoining
unincorporatedcommunitiesforover45years TheNWMVCD

serviceareaencompassesapproximately615kmwithover400000
residentsBeforetheinvasionoftheWestNilevirusWNV
arbovirussurveillancefocusedonStLouisencephalitisSLEand
westernequineencephalomyelitisWEEWiththefirstdetection
ofWNVinCulextarsalisCoquillettinImperialCountyCalifornia
in2003Reisenetal2004anditsspreadtotheCoachellaValley
RiversideCountyWNVactivityinNWMVCDwasfirstreported
fromaliveHousefinchCarpodacusmexicanusSayintheCanyon
CrestareainthecityofRiversideonSeptember222003followed
byfirstWNVisolationfromadeadAmericacrowCorvus
brachyrhynchosSayamonthlaterWisniewskaRosalesetal
2003InthefollowingyeartheWNVactivitywasreportedin45
deadbirds15livewildbirds56sentinelchickensand23mosquito
poolsinNWMVCDwith72horseinfectionsand116humancases
countywideWisniewskaRosalesandWilliams2004In2005
therewere8deadbirds7livewildbirds6mosquitopoolsand43
sentinelchickenswerepositiveforWNVwithonly2horse
infectionsand2humancaseGWunpublisheddata

AsaresultofincreasedWNVactivityinpreviousyearsthe
Districtintensifieditseffortsinbotharbovirussurveillanceand

mosquitocontroloperationsin2006Whereasouroperational
activitiesfocusedonsourcereductionandlarvicidaltreatments
occasionaluseofadulticideswascarriedouttoprotectthehealthof
ourconstituents Thepresentpaperhighlights arbovirus

surveillanceeffortswithdatageneratedonmosquitoabundancein
theNWMVCDareasin2006
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MATERIALSANDMETHODS

Thegeneralmethodologyandequipmentsusedsameas
describedbyWisniewskaRosalesandWilliams2004wereas
follows

Mosquitosurveillance
Formonitoringadultmosquitopopulationsmosquitoeswere

collectedbyusingNewJerseylighttrapsNJLTsMulhern1942
operatedat12fixedlocationsthroughouttheDistrictFig1The
trapsweresetat3urban6suburbanand3ruralhabitatsas
describedbyMianandReed2002andwerecheckedweekly
duringAprilthroughOctoberandbiweeklyfromJanuarythrough
MarchandinNovemberandDecemberThetrapswereequipped
with25wattincandescentlightbulbsandplacedapproximately24
mabovegroundlevelThemosquitoestrappedwerecountedand
sortedaccordingtosexandspeciesandweresubmittedtothe
CaliforniaDepartmentofHealthServicesaspartofthestatewide
adultmosquitooccurrencereportDataonmosquitoabundancein
2006werecomparedwithpreviousthreeyears20022004for
significantdifferencesusingtheChisquaretestPSIPlot1993

Forarbovirussurveillancehostseekingfemalemosquitoes
werecollectedbyusingcarbondioxidebaitedencephalitisvirus
surveillancetrapsEVSTswithoutlightorrainshieldsCummings
andMeyer1999Eachtrapwasoperatedatanapproximateheight

of125mandCOwaspresentedina37literStyrofoam
insulatedbucketwith4to5openingsatthebottomdiameter4
mmTheopeningswerelocatedapproximatelyl8cmabovetrap
entry

Atotalof25traplocationswereselectedtobestmonitor
mosquitoinfestedareaswithintheDistrictFig1 Thetraps
operatedfromdusktodawnatdifferentlocationswereseton
alternatingweekssothateachlocationwassampledonceeverytwo
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NJLightTraps
EVStrapsallyearstandard
EVStrapsspeciallocationsalongSantaAnaRiver
WildBirdTraps

a SentinelChickenFlocks

Figure1DistrictuionofwildbirdtrapssentinelchickenflocksNewJerseyNJlighttrapsandencephalitisvirus
surveillanceEVStrapsin2006

weeksTrapsweredeployedweeklyMaythroughOctoberDueto
muchlowermosquitoabundancetheywereusedbiweeklyin
JanuaryFebruaryNovemberandDecemberBeginningJuly2006
20additionallocationsalongtheSantaAnaRiverFig1were
monitoredweeklywithEVSTs

MosquitoescollectedinEVSTswereanesthetizedwith
triethylamineandsortedbyspeciesandsexPoolsof12to50
mosquitoeswerethenshippedondryiceovernighttotheUniversity
ofCaliforniaatDavisCenterforVectorBorneDiseasesCVEC

fortestingforarbovirusesSLEWEEWNVandCECalifornia
encephalitisChilesetal2004 FemaleCulexerythrothorax
DyarCxquinquefasciatusSayCxstigmatosomaDyarandCx
tarsaliswereincludedinthesamplessubmitted
Arbovirussurveillance

Sixsentinelchickenflocksof10whiteleghornbirdseachwere
maintainedatdifferentlocationsthroughouttheDistrictFig1
BloodsampleswerecollectedbiweeklyfromeachchickenJanuary
throughDecemberThesampleswereabsorbedonfilterpaper
stripsairdriedandsubmittedtotheCaliforniaDepartmentof
HealthServicesViralandRickettsialLaboratoryCDHSVRDL
fortestingbyenzymaticimmunoassayReisenetal1994
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Forarbovirussurveillanceinwildbirdsfourmodified
AustraliancrowtrapsMcClure1984wereusedinCoronaNorco
CanyonCrestandLakeElsinoreFig1during2006Thetraps
werebaitedwithwildbirdseedGoldenStateCommoditiesPO
Box458OakdaleCA95361andwatertoattractHousefinches
andHousesparrowsPasserdomesticusLThetrapswerechecked
twiceaweekforbirdsThebirdsattractedintothetrapswere
identifiedtospeciesandsexbandedbledandreleasedatthesite
WealsocollectedandtestedbloodsamplesofBrownheaded
cowbirdsMolothrusaterBoddaertobtainedfrommodified
AustraliancrowtrapsoperatedbytheLeastBellsVireo
ConservationProjectoftheSantaAnaWatershedAuthority
SAWAandbytheOrangeCountyWaterDistrictOCWDBird
bloodsamples0102mlfromeachbirdwerecollectedfromthe
jugularveinwitha1mlinsulinsyringefittedwitha28gaugez
inchhypodermicneedleEachsampledissolvedin09mlof075
bovineserumalbuminPBSphosphatebufferedsalinediluent
wassubmittedtotheOrangeCountyVectorControlDistrict
LaboratoryforSLEandWEEantibodytestingbyserum
hemagglutinationinhibitionasdescribedbyGruwellatal2000
ThesampleswerealsotestedforantibodiestotheWestNilevirus
byablockingenzymelinkedimmunosorbentassaysELISA



Species

EVSTs NJLTs

3years 2006 Chisq 3years 2006 Chisq

Aedeswashinoi 002 044 038 000 100 na

Anophelesfranciscanus 000 041 na 004 100 088

Anhermsi 076 1712 1512 000 150 na

Culexerythrothorax 1511 49908 45552 006 141 123

Cxquinquefasciatus 2232 9890 4832 013 158 122

Cxstigmatosoma 326 2206 1395 010 086 060

Cxtarsalis 1318 3780 1188 015 033 006

Cxthriambus na 1073 na na 034 na

Culisetaincidens 010 1417 1387 005 083 069

Csinornata 015 583 539 001 003 001

Csparticeps 019 323 270 002 005 012

Total 5509 70977 56037 056 893 733

Species EVSTs NJLTs Total

Aedeswashinoi 21 28 49 01

Anophelesfranciscanus 20 11 31 01

Anhermsi 822 42 864 24

Culexerythrothorax 23956 474 24430 679

Cxquinquefasciatus 4746 530 5276 147

Cxstigmatosoma 1059 291 1350 37

Cxtarsalis 1814 110 1924 53

Cxthriambus 515 116 631 18

Culisetaincidens 681 11 692 19

Csinornata 280 280 560 16

Csparticeps 155 18 173 05

Total 34069 1911 35980 100
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Jozanetal2003
AspartoftheCaliforniaDepartmentofHealthServices

CDHSDeadBirdSurveillanceProgramdeadbirdsreportedto
theDistrictwerepickedupandsubmittedtotheCaliforniaAnimal
HealthandFoodSafetyCAHFSLaboratoryinSanBernardino
fortestingforWNV

RESULTSANDDISCUSSION

MosquitoSurveillance
In2006atotalof35980adultmosquitoeswerecollectedin

EVSTsandNJLTscombinedTable1Themostabundantspecies
collectedwasCxerythrothoraxaccountingfor67924430
followeddistantlybyCxquiquefasciatus147 Cxtarsalis

53 Cxstigmatosoma37 andAnhermsiBarr Guptvanji
24 Otherspeciesthatfollowedinsmallnumbersindescending
orderincludedCulisetaincidensThomson19 Cxthriambus

Dyar18 CsinornataWilliston16 CsparticepsAdams
05 AewashinoiLanzaro Eldridge01 andAn

franciscanus MacCracken01 ThethreespeciesCx
eryhtrothoraxCxquinquefasciatusandCxtarsalishavebeen
holdingthetopthreerankingsespeciallyindatafromEVSTsFor
exampleCxerythrothoraxrankedtopin2004butwaspreceded
byCxquinquefasciatusin2002and2003WisniewskaRosales
andWilliams2005Comparingmosquitoabundancedataof2006
with3year20022004combineddataallspeciesshowed
significantlyhighernumbersin2006inbothEVSTsandNJLTs
Table2Culexthriambusfoundin2006wasnotreportedin
earlieryears20022004WisniewskaRosalesetal2004
WisniewskaRosalesandWilliams2005

Table1MosquitoabundancebyspeciescaughtinencephalitisvirussurveillancetrapsEVSTsandNew
JerseylighttrapsNJLTsinNorthwesternRiversideCountyin2006

Table2Meanabundanceofmosquitoestrapnightin2006incomparisonwith20022004data

mosquitoescollectedinencephalitisvirussurveillancetrapsEVSTsandNewJerseylighttrapsNJLTs
220022004significantP005nanotavailable
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Basedonmosquitoresponsestodifferenttraptypesusing
carbondioxideorlighttheseasonalabundanceisillustratedby
traptypeThedatafromNJLTsFig2showactivityofCx
erythrothoraxfromMarchthoughDecemberwithpeaksinMay
andJulySimilarlyCxquinquefasciatusthatappearedlateinMay
continuedintoDecemberwithasmallpeakinSeptemberIn
generalmosquitonumberscaughtinNJLTsweresmallerthanthose
ofEVSTs

DatafromEVSTsshowedmosquitoactivitythroughout2006
withspikesinFebruaryMayAugustandNovemberFig3Culex
erythrothoraxhaddistinctpeaksinFebruaryAprilAugustand
NovemberwhereasCxquiquefasciatuspeakedinFebruaryJune
SeptemberandNovemberCulextarsalishadrelativelysmaller
peaksinMayAugustandOctoberwhereasCulexthriambuswas
abundantinAugustandNovemberonly

E

2

b

V

4

75

05

Month

Figure2TemporaldistributionofadultmosquitoescollectedinNewJerseylighttrapsinNorthwesternRiversideCountyCAin2006
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Basedonmosquitoresponsestodifferenttraptypesusing
carbondioxideorlighttheseasonalabundanceisillustratedby
traptypeThedatafromNJLTsFig2showactivityofCx
erythrothoraxfromMarchthoughDecemberwithpeaksinMay
andJulySimilarlyCxquinquefasciatusthatappearedlateinMay
continuedintoDecemberwithasmallpeakinSeptemberIn
generalmosquitonumberscaughtinNJLTsweresmallerthanthose
ofEVSTs

DatafromEVSTsshowedmosquitoactivitythroughout2006
withspikesinFebruaryMayAugustandNovemberFig3Culex
erythrothoraxhaddistinctpeaksinFebruaryAprilAugustand
NovemberwhereasCxquiquefasciatuspeakedinFebruaryJune
SeptemberandNovemberCulextarsalishadrelativelysmaller
peaksinMayAugustandOctoberwhereasCulexthriambuswas
abundantinAugustandNovemberonly
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Month Cxe Cxq Cxs Cxt Cxth Csino Anh Total

Jan 0 0 0 0 0 0 0 0

Feb 3150 247 0 0 0 0 0 5197

Mar 121 0 0 0 0 0 0 121

Apr 6300 0 0 0 0 0 0 6300

May 12482 0 0 252 0 0 122 15556

Jun 0 0 0 0 0 0 0 0

Jul 14635 4131 350 10280 247 0 7147 401290

Aug 291115 7205 116 6133 5103 0 7169 551741

Sep 261163 18606 114 6191 279 0 6164 592217

Oct 12463 12417 0 343 0 0 232 29955

Nov 3123 369 0 0 0 0 3100 9292

Dec 21981 150 117 0 0 112 6183 301273

Total 1295433 471525 697 271972 9229 112 32849 2498842

Date Flock Birdband Virus

082206 MockingbirdCanyon 2522 WNV

090506

TemescalCanyonFireStation
2533 FlavWNV

2535 FlayWNV

RanchoJurupaPark

2483 FlavWNV

2486 FlavWNV

100306
2480 WNV

ElsinoreVlyMunicWaterDistrict 2490 WNV

100406 CoronaAirport
2505 WNV

2507 WNV
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Arbovirussurveillance

In2006atotalof249mosquitopools8842mosquitoeswere
testedforarbovirusactivityTable3Theseincluded129poolsof
Cxerythrothorax47Cxquinquefasciatus32Anhermsi27Cx
tarsalis9Cxthriambus6CxstigmatosomaandoneCsinornata
OnlyonepoolofCxerythrothoraxtestedpositiveforWNVin
2006Thisisasignificantdeclineinarbovirusactivitycomparedto
previousyearsWehad23WNVpositivepoolsin2004
WisniewskaRosalesandWilliams2005and6WNVpositivesin
2005unpublisheddata

AsshowninTable4arbovirusactivityinsentinelchickenswas
detectedin9birdsbelongingto5differentflocksVirusactivity
wasdetectedinlateAugustandcontinuedintothefirstweekof
OctoberIn2004wehad56sentinelchickenspositiveforWNV
WisniewskaRosalesandWilliams2005Virusactivityinlive
wildbirdswasdetectedearlywhenaHousefinchtestedpositive
forWNVonJune52006Table5Similarlyofthedeadbirds
testedonlyoneAmericancrowtestedpositiveforWNVon
August302006

Table3Numberofmosquitopoolsmosquitoesbyspeciessubmittedforarbovirustestingin2006

SpeciesincludedAnhAnopheleshermsiCxeCulexerythrothoraxCxqCxquinquefasciatusCxsCx
stigmatosomaCxtCxtarsalisCxthCxthriambusCsinoCulisetainornata
2TestedforStLouisencephalitisSLEwesternequineencephalomyelitisWEEWestNileWNVandCalifornia
encephalitisCEviruses
OnepoolpositiveforWNV

Table4ArbovirusactivityinsentinelchickenflocksstationedatvariouslocationsinNorthwestern
RiversideCountyin2006

FlayFlavivirusegStLouisencephalitisWNVWestNilevirus
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Month

Nobloodsamplestestedbybirdspecies
TotalMolothrusater Carpodacusmexicanus Passerdomesticus

Jan 24 0 0 24

Feb 0 0 0 0

Mar 0 0 0 0

Apr 11 0 0 11

May 26 10 0 36

Jun 12 13 2 27

Jul 10 9 0 19

Aug 0 19 6 25

Sep 0 0 0 0

Oct 20 1 15 36

Nov 0 16 4 20

Dec 0 12 6 18

Total 103 80 33 216
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Table5WestNilevirusWNVsurveillanceinwildbirdscaughtinbirdsurveillancetrapsin2006

InmultiplerecapturesbirdscapturedmultipletimeswerecountedonceInsinglerecapturesbirdscapturedmultipletimes
arecountedeachtime

2ForBrownheadedcowbirdsrecapturesrefertomultiplebleedingsofsentinelbirdsincages
OnetestedpositivefortheWNV

Theforegoingdataonmosquitoabundanceandarbovirus
surveillancein2006clearlyshowadecliningtrendinarbovirus
activitycomparedwithdatain2004and2005althoughmosquito
numbersweresignificantlyhigherin2006In2004wehad23
positivemosquitopools56sentinelchickens15livewildbirds
and45deadbirdsalltestedpositiveforWNVWisniewska
RosalesandWilliams2005Thesenumbersweredownin2005
with2horses7livewildbirds8deadbirds6mosquitopoolsand
43sentinelchickensallpositiveforWNVIn2006weonlyhad
onelivebirdonedeadbirdonemosquitopooland9sentinel
chickenspositiveforWNVWithonlyonehumancasein2006
2004and2005had19and2casesrespectivelyItistooearlyto
concludehoweverthedecliningtrendcouldbeduetoseveral
factorsincludingenhancedvectorcontrolservicesbetterpublic
awarenessandpossiblybirdimmunity
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YEAR MON LOCALITY d Y aly Total

F R T FR T F R T F R T

1900 FEB SanFrancisco 1 0 1 1 0 1

MAR 3 0 3 3 0 3

APR 1 0 1 1 0 1

MAY 3 0 3 2 0 2 5 0 5

JUN 2 0 2 2 0 2

JUL 1 0 1 1 0 1

AUG 2 0 2 2 0 2

SEP 1 0 1 1 0 1

OCT 2 0 2 2 0 2

DEC 1 0 1 1 0 1

1901 JAN SanFrancisco 7 0 7 1 0 1 8 0 8

FEB 2 0 2 1 0 1 3 0 3

MAR 1 0 1 1 0 1

APR 1 0 1 1 0 1

JUL 1 0 1 3 1 4 4 1 5

AUG 1 0 1 1 0 1 2 0 2

SEP 4 0 4 1 0 1 1 0 1 6 0 6

OCT 2 0 2 2 0 2 4 0 4

NOV 1 0 1 1 0 1

DEC 0 1 1 0 1 1

1902 JAN 1 0 1 1 0 1

APR 1 0 1 1 0 1

Volume75 ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia 145

TheHistoryofPlagueinCalifornia19001949
AddendumThe411HumanPlagueCasesbyYearMonthLocalitySexandOutcome

JamesCHitchcockMinooBMadonLalSMianandWilliamWills

CDHSVBDSRetireeP0Box876973WasillaAK996876973

2GreaterLACoVectorControlDistrict12545FlorenceAveSantaFeSpringsCA906703919
3DepartmentofHealthScienceandHumanEcologyCaliforniaStateUniversitySanBernardinoCA924072397

417ABatteryWalkCourtColumbiaSC29212

ThisaddendumwasthefirstpartofTable1asdescribedinthe
thirdsentenceoftheABSTRACTHitchcocketal2006The
paperalsolistsallofthe411casesofhumanplagueinthestateby
yearmonthlocalitysexandoutcomeforthefirst50yearsTable
1ofthepublicationwasthesummarybyyearofthose411human
plaguecases

Theaddendumprovidesdetailedmonthlytotalsincluding
localitythusprovidingthedynamicsoftheseveralepidemicsas
wellasachronologicalpresentationofthehumanplaguecases
reportedfromthe42localitieswithintheStateofCaliforniafrom
19001949Anastrix representsthefirstreportofhumanplague
foragivenlocality

Proc PapersMosqVectorControlAssocCalifVol75

TheseDatahavebeenextractedandmodifiedfromanappendix
inLink1955inwhichhelistedallofthe523individualcasesof
humanplaguefortheentireUnitedStatesofAmericafrom
19001951

REFERENCESCITED

HitchcockJCMBMadonLSMianandWWills2006The
historyofplagueinCalifornia19001949Proc Papers
MosqVectorControlAssocCalif74131136

LinkVB1955AHistoryofPlagueintheUnitedStatesof
AmericaPublHlthMonogroftNo26120pp

Table1ChronologicallistofhumancasesofplaguebylocalegenderandfateinCalifornia19001949



YEAR MON LOCALITY d Y diy Total

MAY 4 0 4 4 0 4
AUG 8 0 8 1 0 1 9 0 9
SEP 8 0 8 3 0 3 11 0 11
OCT 7 0 7 1 0 1 8 0 8
NOV 3 0 3 3 0 3
DEC 1 0 1 1 0 1

1903 MAR SanFrancisco 1 0 1 1 0 1
JUN 1 0 1 1 0 1
JUL 3 0 3 1 0 1 4 0 4
AUG Pacheco 1 0 1 1 0 1

SanFrancisco 1 0 1 1 0 1
SEP Pinole 1 0 1 1 0 1

SanFrancisco 1 0 1 1 0 1
SanRamon 1 0 1 1 0 1

OCT SanFrancisco 4 0 4 1 0 1 1 0 1 6 0 6
NOV 3 0 3 3 0 3

1904 JAN SanFrancisco 2 0 2 1 0 1 3 0 3
FEB Concord 1 0 1 1 0 1

SanFrancisco 2 0 2 2 1 3 4 1 5

1905 NA

1906 APR Oakland 0 1 1 0 1 1

1907 MAY SanFrancisco 1 0 1 1 0 1

AUG Richmond 1 0 1 1 0 1

SanFrancisco 9 7 16 1 3 4 10 10 20
1907 SEP Oakland 1 0 1 1 0 1 2 0 2

SanFrancisco 21 20 41 8 12 20 29 32 61
OCT Oakland 2 3 5 2 1 3 4 4 8

SanFrancisco 14 10 24 6 1 7 20 11 31
NOV Berkeley 1 0 1 1 0 1

Oakland 1 1 2 0 1 1 1 2 3

PortRichmond 0 1 1 0 1 1

SanFrancisco 6 20 26 6 9 15 12 29 41
DEC Oakland 1 1 2 1 1 2

PortRichmond 1 0 1 1 0 1

SanFrancisco 5 4 9 1 1 2 6 5 11

1908 JAN Oakland 0 1 1 0 1 1

SanFrancisco 0 1 1 0 1 1

Stege 1 0 1 1 0 1
FEB Oakland 1 0 1 1 0 1
MAR SanFrancisco 0 1 1 0 1 1
JUL BrionesValley 1 0 1 1 0 1

Concord 1 0 1 1 0 1
Oakland 1 0 1 1 0 1
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YEAR MON LOCALITY c3 alb Total

AUG LosAngeles 0 1 1 0 1 1

1909 JUN Alameda 1 0 1 1 0 1

JUL Sunol 1 1 2 1 1 2

OCT Oakland 0 1 1 0 1 1

1910 JUN Hollister 1 0 1 1 0 1

AUG Coyote 0 1 1 0 1 1

1911 APR Modesto 0 1 1 0 1 1

JUL Lafayette 1 0 1 1 0 1

Modesto 0 1 1 0 1 1

AUG Oakland 0 1 1 0 1 1

SEP Ripon 0 1 1 0 1 1

1912 NA

1913 JUN SanJuanBaptista 1 0 1 1 0 1

SEP Pittsburg 1 0 1 1 0 1

1914 MAY WalnutCreek 0 1 1 0 1 1

1915 JUL Concorde 1 0 1 1 0 1

19161918 NA

1919 AUG Oakland 5 0 5 0 1 1 5 1 6

SEP 5 0 5 3 0 3 8 0 8

1920 APR Hayward 1 0 1 1 0 1

1921 JAN SanJuanBaptista 1 0 1 1 0 1

JUN BitterRootValley 0 1 1 0 1 1

1922 JUN Oakland 1 0 1 1 0 1

JUL Soquel 0 1 1 0 1 1

1923 AUG PacificGrove 0 1 1 0 1 1

1924 OCT LosAngeles 17 2 19 10 1 11 27 3 30

NOV 5 0 5 2 1 3 7 1 8

1925 JAN LosAngeles 1 0 1 0 1 1 1 1 2

1926 NA

1927 JUL Clayton 1 0 1 1 0 1

1928 JAN SantaCruz 0 1 1 0 1 1

JUL Monterey 1 0 1 1 0 1
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Table1continued
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YEAR MON LOCALITY a Y 60 Total

AUG SantaYnez 1 0 1 1 0 1

19291932 NA

1933 AUG Whittier 1 0 1 1 0 1

1934 JUN PosyCreek 1 0 1 1 0 1

1935 NA

1936 APR SantaRosa 0 1 1 0 1 1

JUN SanSimeon 0 1 1 0 1 1

JUL SanBernardino 0 1 1 0 1 1

LakeTahoe 0 1 1 0 1 1

1937 AUG HuntingtonLake 1 0 1 1 0 1

19381940 NA

1941 JUN Montague 1 0 1 1 0 1

AUG MtShastaCity 1 0 1 1 0 1

1942 NOV Yreka 1 0 1 1 0 1

1943 AUG FtJones 0 1 1 0 1 1

1944 MAY SanFrancisco 0 1 1 0 1 1

19451946 NA

1947 JUN Alturas 1 0 1 1 0 1

19481949 NA
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Table1continued

indicatingfirstcasebylocality
FfatalRrecoveredTtotalNAnotavailable
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ProceedingsandPapersalsoreferredtoasProceedingsisthe
officialprofessionalpublicationoftheMosquitoandVectorControl
AssociationofCaliforniaItisprintedonevolumeeachyearandincludes
papersbasedonpresentationsincludingyounginvestigatorsaward
competitiongivenattheAssociationsannualconferencePublicationof
submittedpapersisalsoencouragedItpublishesarticlesonthebiology
ecologyandcontrolofmosquitoandothervectorsofdisease

CONTRIBUTIONSAmanuscriptforpublicationintheProceedings
isencouragedfromeveryspeaker Articlesshouldbeoriginal

contributionsinthefieldofmosquitoandvectorecologyandcontroland

provideinformationtobenefitthediverseinterestsinscientificand

technicaldevelopmentoperationsandprogramsandmanagement
documentationPleasedonotsubmitpapersthathavebeenpreviously
publishedorarebeingconsideredforpublicationelsewhere An

excessivenumberofpapersononesubjectorbyanyoneauthorare
generallydiscouragedAlthoughpreferenceisgiventopapersaccepted
ontheprogramagendaacceptabilityforpublicationrestsonmerit
determinedonreviewbytheEditorAnonmemberauthorwishingto
publishintheProceedingsisrequiredtopaytheregistrationfeeforthe
conference

MANUSCRIPTFORMAT Manuscriptsmustbetypeddouble

spacedonlyononesideofthepagewithoneinchmarginsonallsides
A312floppydisketteorcompactdiskshouldalsobesubmittedwhich
includesbesidesmanuscriptimagesofalltablesfiguresorphotographs

CommonIBMcompatiblewordprocessingprogramssuchasMicrosoft
WordorWordPerfectorExcelforchartsispreferredOnehardcopy

plustwocopiesofthetablesfiguresandorphotographsshould
accompanythediskette Electronicsubmissionofmanuscriptsis
encouragedTheseshouldbesubmittedtotheProceedingsEditorwithin
60daysfollowingtheendoftheconferenceArticlesreceivedafterthat

timemaybereturnedforresubmissionforthenextissueofthe
ProceedingsAuthorsshouldrefertorecentissuesoftheProceedings
andPapersoftheMosquitoandVectorControlAssociationofCalifornia
forstyleandformatandtheJournaloftheAmericanMosquitoControl
Associationforguidanceonscientificnames

TheProceedingssubscribestothescientificabbreviationsof
mosquitogenericnamesusedbytheAmericanMosquitoControl
AssociationTheusageandalistofthesescientificnamesarediscussed
intheJournaloftheAmericanMosquitoControlAssociation5485
1989BilettergenericabbreviationsareusedforCulicidaeCommon

AbbreviationsetalegieetcarenotitalicizedUseofthemetric
systemwithEnglishmeasurementsinparenthesisisencouragedAvoid
footnotesintext

ThepapersintheProceedingswillappearforthemostpartas
submittedEditoriallibertieswillbeexercisedinthoseinstanceswhere

improvedclarityisneededandwherestyleisincorrect Articles

requiringextensiveeditingandnotconformingtostyleandinstructions
willbereturnedtotheauthorforcorrection

SUBMITTEDPAPERSManuscriptsotherthanpresentationsat

theconferencesubmittedforpublicationintheProceedingswillbe
treatedasRefereedorPeerReviewedArticlesThesewillbesentfor

reviewtoatleasttwoormorescientistsproficientinthesubject

GuidelinesforContributors
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FollowingtheircommentsandadvicetheEditorwilldeterminewhether
theseshouldbepublishedasPeerReviewedarticles

TITLEThetitleauthorsnamesorganizationmailingaddress

emailaddressandtelephonenumbershouldappearatthetopofthefirst
page

ABSTRACTAnAbstractisrequiredandshouldprovideabrief
summaryofthepaperTheEditormayrefusetopublishAbstractsor
Summariesalone

PAGENUMBERINGNumberpagesconsecutivelyincludingtables
andfiguresInsertthetablesandfiguresasseparatepagesfollowingthe
firstplacetheyarereferencedinthetext

TABLES Tablesshouldbetypedonseparatesheetsplacedin
correctsequenceinthetextandshouldbelimitedtothosestrictly
necessaryTitlesshouldappearatthetopofthetablesTablesshouldbe
preparedwithregardtotheultimateprintedsizeofone3 ortwo

columns614 Eachtableshouldbereferencedatsomepointwithin
thetextAvoidlongandcomplextables

ILLUSTRATIONSFiguresgraphslinedrawingsandphotographs
mustbemailedflatFiguresshouldbenumberedconsecutivelyTitles
legendsorotherheadingsshouldbetypeddoublespacedonaseparate
sheetofpaperTitleswhenprovidedwithillustrativematerialsshouldbe
atthebottomofthefiguregraphorpictureAswithtablesillustrative
materialsmustbeplannedtofitreasonablywithinaoneortwocolumn
formatFigurenumbersinadditiontotheauthorsnameshouldbe
writteninbluepencilonthebackofeachillustrationFiguresgenerated
ondotmatrixprintersorphotocopiesreproducedpoorlywillnotbe
acceptableforpublicationSincemostfiguresmaybereducedtoone
columninwidththeoriginallinesandprintingmustbelegiblewhen
reductionbecomesnecessaryPatternsinblackgrayinsteadofcolors
shouldbeusedinmapschartsandotherillustrativematerials

REFERENCESCITED Alphabetizereferencesbytheauthors
surnamesWithinthealphabeticalordersequenceshouldbebyyear
beginningwiththeearliestpublicationdateIncludeonlypublications
thatarecitedinthetextandthestyleofcitationsshouldconformtothe
formatinthelatestissueoftheProceedings

PROOFANDREPRINTSAuthorswillreceiveagalleyproofas
wellasorderformsforreprintsMajorrevisionsatthisstagewillnotbe
acceptableProofswithcorrectionsifanyandreprintorderforms
shouldbereturnedwithin7daystotheMVCACofficeElectronic
submissionofbothproofcorrectionsandreprintordersishighly
desirable
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