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The72ndAnnualConferenceoftheMVCAC

isdedicatedinmemoryofErnestErnie
EdwardLuskinrecognitionofhismany
yearsofservicetomosquitoandvector
controlHepassedawayatMercyHospital
inReddingCaliforniaonMay202003
ErniewasbornOctober61926inChico

CaliforniaHeservedhonorablyinthe
UnitedStatesNavyduringWorldWar11
LaterinlifehewasamemberoftheRedding

ElksLodge1073andtheReddingMooseLodge1006Erniehad
manydifferentinterestsandaccomplishmentsasevidencedbyhis
colorfulcareerHewasthemanageroftheLosMolinosandCorning
mosquitoabatementdistrictswherehemetandeventuallymarried
hiswifeLoisTheyshared47yearstogetherashusbandandwife
Hespentpartofhisprofessionallifeemployedasachemical
salesperson aswellasaschoolteacherinSacramento

ConferenceDedicationinMemoryof

ErnestErnieEdwardLusk
1926 2003

WilliamCHazeleur

ShastaMosquitoandVectorControlDistrictPOBox990331ReddingCA96099

HeworkedfortheCaliforniaDepartmentofHealthVectorControl
unitintheearly1960sandretiredin1990Erniespentcountless
hoursinthefieldofmosquitoandvectorbiologywherehemade
manysignificantcontributionsThisincludeddevelopmentof
effectivestrategiesformosquitoandflycontrolandplague
detectionHewasanimportantcontributortotheunderstandingof
severalvectorbornediseaseshi1989ErnieLuskwasawarded
HonoraryMembershipbytheCaliforniaMosquitoandVector
ControlAssociationnowcalledtheMosquitoandVectorControl
AssociationofCaliforniaMVCACHewasanactivememberof
theSocietyforVectorEcologySOVEErnieLusksprofessional
journeyeventuallyledhimtotheShastaMosquitoandVector
ControlDistrictwhereheservedwithdistinctiononitsBoardof
TrusteesmostrecentlyasPastPresidentErnieLusksresearch
contributionscoupledwithhisgenuinepersonalityandcontagious
senseofhumormadehimadeeplyadmiredandhighlyrespected
manwhowillbelongrememberedandadmiredbyallwhoknew
him
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InvasionofSouthernCaliforniabyWestNileVirusIntroduction

WilliamKReisen

CenterforVectorhorneDiseasesSchoolofveterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA 95616

WestNilevirusWNVinvadedtheNewYorkareain1999
andsubsequentlyhasspreadrapidlywestwardacrosstheUnited
StatesThiscontinuingepidemichasresultedinunprecedented
humanequineandwildlifeillnessanddeathTable1andisthe
largestWNVepidemiceverrecognizedgloballyWork1971Hayes
1989Petersenetal2003ComparedtomostoftheUnitedStates
CaliforniamaybeuniquelypreparedtomonitorandcontainWNV
becausewellfundedsurveillanceandmosquitocontrolprograms
havebeeninplacefor50yearstocombatlocalmosquitomalaria
andendemicmosquitoborneencephalitisvirusesproblemsReeves
etal1990Theseabatementprogramscovermorethan59000
sqmiandprotectmorethan88ofCaliforniaresidentsThe
constructionofhomeswithoutscreenedporchesorswimmingpools
atteststotheefficacyofthisprogramTheinvasionofWNVinto
Californiaanditsanticipatedamplificationduringthenextfew years

willprovideauniqueandrigoroustestofhowwellanintegrated
vectormanagementapproachtomosquitocontrolcanprotectthe
residentsofCaliforniafrommosquitobornedisease

WNVinvadedtheirrigateddesertregionsofsoutheastern
Californiaduringthesummerof2003andthenspreadtothedensely
populatedurbancentersofLosAngelesandeventuallySanDiego
withminimalhumanorhorseinvolvementTable1Thepurpose

Table1ComparisonbetweenWNVactivityfortheUSAand
California2003

NationWideMMWRJan2004
8912humancases2641neurological241deaths
4146horsecases30doginfections
11350deadbirds

1377sentinelchickenseroconversions
7725positivemosquitopools

CaliforniaArbovirusSurveillanceBulletin33
3humansfevernotreported0deaths
1horse

89deadbirdsnoraptors
70sentinelchickenseroconversions13SLE2WEE
32positivemosquitopools4SLE1WEE5CE

ProceedingsandPapersoftheSeventySecondAnnualConference February2004

ofoursymposiumistodescribeindetailthisintroductionand
presentwhathasbeenlearnedaboutWNVecologyand
epidemiologyandthecomplicationscreatedforlaboratory
diagnosticsandsurveillance

Speakersandtheirtitleswillinclude

WKReisenUniversityofCaliforniaDavis
Introduction

HDLothropUniversityofCaliforniaDavisFindings
inImperialandCoachellaValleys
JWilson MMadonGreaterLosAngelesMVCD
FindingsinGreaterLosAngeles
KFujiokaSanGabrielValleyMVCDSanGabriel
Valley

SWheelerUniversityofCaliforniaDavisInfectionsof
birdsinCoachellaValley
LBaylis CCossenDepartmentofHealthServices
Sentinelchickenserology
RChiles ENGreenUniversityofCaliforniaDavis
Mosquitopooltesting
WKReisenUniversityofCaliforniaDavisMosquito
andavianhostcompetence
BLothropCoachellaValleyMVCDRiskassessment
andcontrolresponse
WKReisenUniversityofCaliforniaDavis
Concludingremarks

HayesCG1989WestNileFeverpp5988InTPMonath
edThearbovirusesepidemiologyandecologyBocaRaton
FLCRCPress

PetersenLRAAMarfinandDJGubler2003WestNile
VirusJAMA290524528

ReevesWCMMMilbyandWKReisen1990Development
ofastatewidearbovirussurveillanceprogramandmodelsof
vectorpopulationsandvirustransmissionpp431458In
WCReevesedEpidemiologyandcontrolofmosquito
bornearbovirusesinCalifornia19831987SacramentoCalif
CalifMosqVectorControlAssocInc

WorkTH1971OntheJapaneseBWestNileviruscomplex or

anarbovirusproblemofsixcontinentsAmJTropMed
Hyg20169186

REFERENCESCITED
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TheInvasionofCaliforniabyWestNileVirus2003
ImperialandCoachellaValleys

HughDLothropMarcKensingtonandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseaseResearchSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

INTRODUCTION

ArbovirussurveillanceintheCoachellaandImperialValleys
isacollaborativeeffortbytheCaliforniaDepartmentofHealth
ServicesDHSUniversityofCaliforniaDavisCenterfor
VectorborneDiseasesCVECtheCoachellaValleyMosquitoand
VectorControlDistrictCVMVCDandtheImperialCounty
HealthDepartmentVectorControlThetwovalleysliewithinone
basininsoutheasternCaliforniaandarelinkedanddividedbythe

SaltonSeaFig1
TheCoachellaValleyislocatednorthoftheSaltonSeaand

orientednorthwesttosoutheastResidentialcommunities

predominateinthenorthwhereasthesouthisprimarilyirrigated
agricultureincludingrowcropscitrusgrapesanddatesaswellas
approximately350hectaresofseasonalmanagedwetlandforducks
SaltmarshesalongthemarginoftheSaltonSeahavehistorically
beenproductivesourcesforCulextarsalisandcontinuetobethe
fociofannualarbovirustransmissionReisenetal1995

TheImperialValleyismorethantwicethesizeoftheCoachella
ValleywithresidentialcommunitiesscatteredthroughoutThe
majorityofagricultureisrowandhaycropswithafewhectaresof
citrusordatesNationalandStatewildliferefugescoveringroughly
1500hectaresarelocatedalongthesoutheasternshoreoftheSalton
SeaRipariancorridorsoftheAlamoandNewRiverstransectthe

Figure1TheSaltonSeabasinshowingthepositionofthe
CoachellaandImperialValleys

valleyfromtheMexicanbordertotheSaltonSeaNoneofthese
featureshavebeenshowntobeperennialfociforarbovirusactivity
Lothropetal1994

SURVEILLANCEMETHODS

SurveillanceintheCoachellaValleyconsistedof10flocksof
chickenswith2correspondingCOCDCstyletrapsEVS
trapsagridof40EVStrapsaroundtheshoreoftheSaltonSea8
wildbirdsamplingsites8gravidtrapslocatedinurbanareas
andtheDHSdeadbirdsurveillanceprogramWildbirdsurveillance
wasdiscussedasaseparatepartofthissymposiumWheeleratal
2004SurveillanceflocksandEVStrapsweredistributedatsites
fromPalmSpringstothemarginoftheSaltonSeaFig2To
monitorthedurationofarbovirustransmissiondeadorseropositive
chickenswerereplacedasneededthroughouttheseason
SurveillanceintheImperialValleywasdividedbetween3flocks
locatedatSeeleyElCentroandHoltvillemaintainedbythe
ImperialCountyHealthDepartmentand3flocksalongthemargin
oftheSaltonSeamaintainedbyUCDavisandtheCVMVCDFig
3InearlySeptembertheImperialCountyHealthDeptadded
oneadditionalflockatthetownofBrawleyTheselectionofthese
siteswasbasedupongeographicalandecologicalparameters

Figure2CoachellaValleysurveillanceshowingflocksasstars
andCOtrapsastrianglesWNpositivesitesareshownwith
thesymboldarkenedNote2darkenedtrianglesatNorthShore
underthestar
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Figure3ImperialValleysurveillanceshowingflocksasstars
Noteeachflockhad2COtrapsWNpositivesitesareshown
withthesymboldarkened

supportedbyhistoricalarbovirusactivityintheregionand
juxtapositiontohumanpopulationsFlocksandEVStrapswere
sampledbiweeklyfromMarchthroughNovemberMosquitoes
collectedwereidentifiedenumeratedtospeciespooledand
senttotheUCDavisCenterforVectorbomeDiseasesforvirus
testing

CHRONOLOGY

ThefirstpositivemosquitopoolinCochiseCounty
southeasternArizonahttpwwwhsstateazusphsoidsvector
wnvsurvhtmcollectedaroundJuly1wasthefirstindication
oftheimminententranceofWNvirusintosouthernCalifornia
ApositivemosquitopoolcollectedonAugust4inWisterState
WildlifeRefugenearthetownofNilandwasthefirstproofof
WNpresenceinCaliforniahoweverapoolcollectedonJuly
16inElCentrowastheactualfirstChickensseroconvertedto

WNVthroughoutImperialValleyElCentroHoltvilleSeeley
WisterStateWildlifeRefugeandSonnyBonoNationalWildlife
RefugeonAugust4WestNilevirustransmissioncontinued
untilOctober13attherefugesFig4butappearedtospana
shorterperiodattheWestmorlandsiteandthe3sitesnearthe
MexicanborderFig5WNVwasnotdetectedattheBrawley
siteestablishedinSeptemberTheElCentroSeeleyand
Holtvillesitesreceivedonlyonereplacementofnewchickens
andmayhavelostlateseasonsensitivity

TransmissiontosentinelflocksintheCoachellaValley
lagged2weeksbehindtheImperialValleywithseroconversion
ofchickensattheAdohrflockonAugust18followedbythe
GordonsiteonSeptember1andJessuponSeptember15Virus
transmissioncontinueduntilOctober13attheGordonsiteFig
6ThefirstmosquitopoolwascollectedAugust26atatrap
site2kilometerswestoftheAdohrsitefollowedonedaylater
atatrapatNorthShoreattheextremesoutheastofthe

ProceedingsandPapersoftheSeventySecondAnnualConference
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Imperial Coachella

Species ofFemales Species ofFemales

Aedesvexans 598 Aedesvexans 1128

Culisetainomata 7 Culisetainornata 149

Culexerraticus 258 Culexerythrothorax 6714

Culexerythrothorax 4145 Culextarsalis 43340

Culextarsalis 7440 Culexquinquefasciatus 9687

Subtotal 12448 Anophelesfranciscanus 9

Aedesvexans 151 Ochlerotatusdorsalis 154

CulexTarsalis 3434 Psorophoracolumbiae 141

Culexquinquefasciatus 491 Total 61323

Subtotal 4076

Total 16524

February2004 ProceedingsandPapersoftheSeventySecondAnnualConference 5

surveillancepatternTransmissionwasmostintenseandprolonged
attheGordonsitebutnopositivemosquitoeswerefoundinpools
fromthissite

SUMMARY

IntheImperialValleyatotalof52chickensat6of6flocks
setoutatthestartoftheseasonseroconvertedtoWNOneflock
had2seroconversionstoSLEbothdualWNSLEinfectionsIn

theCoachellaValleyatotalof18chickensat3of10flocks
seroconvertedtoWNOneflockhad2dualinfectionstoWNand

SLEAllseroconversionsintheCoachellaValleywerelimitedto
sitesneartheSaltonSeaAsummaryofmosquitoespooledisshown
inTable1andwaslargelyproportionaltospeciesabundance
althoughgreateremphasiswasgiventospeciesinlowabundance
IntheImperialValleytherewere16WNpositivepoolscollected
betweenJuly16andSeptember16and1SLEpositivepool
collectedonSeptember16IntheCoachellaValleytherewere10
WNpositivepoolscollectedbetweenAugust26andSeptember24
and3SLEpositivepoolscollectedbetweenJuly2andOctober2
AllpositivepoolswerecollectedneartheSaltonSea

Inbothvalleystheonsetofvirustransmissioncoincidedwith
aperiodoflowabundanceofvectormosquitoesagreeingwithour
previousstudiesonSLEandWEEvirusesinthisareaTherewas
noincreaseintransmissionrelatedtotheincreaseinabundanceat

theendofsummerandearlyfall
Baseduponthecollectionoftheearliestmosquitopoolon

July16andtheextensivedistributionofWNvirustransmission
theImperialValleyapparentlywasthesiteofintroductioninto
CaliforniaThelimiteddistributionofWNvirusintheCoachella

valleymayhavebeenduetointroductionlaterintheseasonor
enhancedmosquitocontrolfollowingintroduction

TheactivitylevelofSLEwasbelownormalintheImperial
Valleywhichusuallyshowstransmissiontoeveryflockbyseasons
endIntheCoachellaValleySLEhasnotbeendetectedbythe
surveillancesystemduringsomeyearsandthereforethelowactivity
levelwaswithintherangeofvariability

Acknowledgements

WewishtothanktheCoachellaValleyMosquitoandVector
ControlDistrictforlogisticalsupportThisresearchwasfunded
bytheCoachellaValleyMVCDNationalInstitutesofHealthand
theCentersforDiseaseControlandPrevention
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InvasionofGreaterLosAngelesbyWestNileVirus 2003

JenniferWilsonJackEHazelriggKReisenandMinooBMadon

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
GreaterLosAngelesCountyVectorControlDistrictSantaFeSpringsCA90670

ABSTRACTInresponsetotheimpendingthreatofWestNilevirusWNVintroductionintoCaliforniathe
GreaterLosAngelesCountyVectorControlDistrictGLACVCDincollaborationwiththeUniversityofCalifornia
DavisUCDengagedinanextendedarbovirussurveillanceprograminurbanLosAngelesThe newprogram

extendedGLACVCDssurveillanceofmosquitoeswildbirdsandchickensbyimplementingchangesinmosquito
trappingtechniquesexpandingsurveillancetocovertheentiredistrictboundariesincludingtransectsalongthe3
majorriversLosAngelesRioHondoandSanGabrielRiversystemsFrom16September2003throughtheendof
December6Culexquinquefasciatuspools7seropostivechickensfromprivatelyownedranchesand26 crowcarcasses

testedpositiveforWNVfromtheSanGabrielandRioHondoripariancorridorsneartheWhittierDamsiteof an

enormouscrowroost

INTRODUCTION

TherapidspreadofWestNilevirusWNVsinceits
introductionintothecontinentalUSAin1999necessitatedthe
drasticrestructuringofexistingencephalitisvirussurveillance
programstotrackaviruswithbothruralandurbantransmission

cyclesTheLosAngelesbasinprovidesanexcellentareatostudy
theintroductionandestablishmentofavirusinanurban
environmentwheresurveillancemethodshavealreadybeeninplace
Italsoprovidedanopportunitytoevaluatecurrentsurveillance
mechanismsforearlyWNVdetection

ThemosquitobornevirussurveillanceprogramatGLACVCD
wasdevelopedinresponsetotheStLouisencephalitisvirusSLE
epidemicthatoccurredintheLosAngelesbasinin1984Itfocused
onbothmanmadeandnaturalwetlandswheretheepizootic
amplificationwouldpresentfirstandtheriskforhumaninfection
washighBecausetheSLEcyclefocusesonCulextarsalis
CoquillettastheprimaryvectorspeciesEVSCObaitedtraps
wereemployedmostlyatwetlandswhereamplificationwas
anticipated

Afterthe1999WNVoutbreakinNewYorkitwasapparent
thattheoccurrenceofdeadAmericancrowsmayprovidea
particularlysensitiveindicationofWNVtransmissionEidsonet
al2001Italsowasapparentthattheprimaryurbanvectorcould
beCulexquinquefasciatusSaythesouthernformoftheCulex
pipienscomplexfoundtobeofimportanceintheamplification
andpersistenceofWNVinthenortheastNascietal2001

Domesticchickenshavebeenanintegralcomponentof
arbovirussurveillanceinCaliforniaandduetofrequent
seroprevalencemaybeusefulasurbanWNVsentinelsKomaret
al2001asshownduringthe1999WNVoutbreakinNewYork
Thesamestudyindicatedthathousesparrowscouldbeanimportant
urbanreservoirhost

Inaccordancewiththesefindingsthe2003surveillance
programincorporatedthesesurveillancemethodsatsitesspread
throughoutGLACVCDsboundariestoevaluatetheirefficacyas

earlyindicatorsofWNVactivityUrbanmosquitotrappingwas
augmentedwithReitertrapstotargetgravidCxquinquefasciatus
Reiter1983andtrapsiteswereorganizedtocreatetransectsalong
majorripariancorridorsandroadways

MATERIALSANDMETHODS

FiveprincipalmonitoringsitesatEncinoGriffithPark
MachadoLakeRowlandHeightsandWhittierNarrowswere
establishedtocomparesurveillancedatafromsentinelchickens
livewildbirdseroprevalenceandmosquitopopulationssampled
byEVSCObaitedandReitertrapsSevensentinelchickenflocks
10chickenseachweresampledbiweeklyandsenttothe
CaliforniaDepartmentofHealthServicesViralandRickettsia
DiseaseLaboratoryfortestingbyenzymeimmunoassayWildbirds
werecollectedovera3dayperiodevery2wksin8modified
Australiancrowtrapsbaitedwithgrainbledbyjugularpuncture
andseratestedbyenzymeimmunoassayMosquitoeswerecollected
atbiweeklyormonthlyintervalsusing35ReitertrapsCummings
1992baitedwithrabbitchowbrewersyeastinfusionand100
EVStrapsbaitedwith1lbblocksdryiceNewhouseetal1966
Transectsof810Reitertrapsweredeployedalong6northsouth
and6eastwesttransectsaswellasatthefiveprincipalmonitoring
sitesMosquitoeswereidentifiedtospeciespooledintolotsof
50femalesandthenscreenedforWNVSLEandwesternequine
encephalomyelitisWEEinfectionbysingleplexRTPCRassays
andinsituenzymeimmunoassaysAlldeadbirdswerereportedto
theCaliforniaDepartmentofHealthServicesDeadBirdProgram

RESULTSANDDISCUSSION

ThefirstindicationthatWNVhadenteredGLACVCDs
boundarieswasaCxquinquefasciatuspoolcollectedon16Sep
2003inaReitertrapplacedalongtheRioHondoRiverTable1
ThistrapwaspartofanurbaneastwesttransectalongWhittier
BoulevardinthecityofMontebello



Week Human MosquitoPools Chickens Crows

15Sep 1CxquinqueMontebello 1Whittier

22Sep

29Sep 2Whittier
2PicoRivera

6Oct 1Whittier 2CxquinqueMontebello 1Whittier
2PicoRivera

1VanNuys

13Oct

20Oct 2CxquinquePicoRivera
1CxquinqueDowney

1SantaFeSprings
1Montebello

27Oct 2Whittier

3Nov 3Whittier1Montebello
2PicoRivera1Cerritos

1LongBeach

10Nov 4Montebello

3PicoRivera

1Montebello
1PicoRivera

17Nov 1Whittier

24Nov

1Dec 1PicoRivera1Montebello

8Dec 1VanNuys
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Table1Summaryof2003WNVisolationsandavianserconversionsatGLACVCD

Ofthe1519WildBirdSerasamplesobtainednonewaspositiveforWNV
Bledatprivatebackyardranches

ThesecondindicationofWNVinfectionwasacrowcarcass

collectedinresidentialWhittiertwodayslaterFivemoreinfected
crowcarcasseswerecollectedbetween18Sepand9Octin
WhittierandtheborderingcityofPicoRivera

On9Oct2003twomorepoolsofpositiveCx
quinquefasciatuswerecollectedinMontebelloalongtheRioHondo
RiverusingaReitertrapplacedinaresidentialneighborhood
ThenextdetectionofWNVwasinVanNuyswhereacrowwas
collectedon10OctThiscrowwasanisolatedcaseasitwas22

milesfromthefociofactivityinMontebelloandsubsequent
mosquitotrappinginthelocalareayieldednootherevidenceof
WNV

TherecontinuedtobeWNVactivityinPicoRiverahowever
on10Octas2morecrowscollectedataresidentialparktested
positiveAnadditionalcrowcollectedclosertotheSanGabriel
RivercorridorinSantaFeSpringson23OctwasWNVpositive

ThatsamenighttheSanGabrielRivercorridorwastrappedusing
EVSandReitertrapsand15poolsofCxquinquefasciatusand1
poolofCxtarsalisweresubmittedforviraltestingWNVwas
isolatedfromthreepoolsofCxquinquefasciatusonecollected
withanEVStrapinPicoRiveraandtwowithReitertrapsinPico
RiveraandDowney

Between24Octand10NovWNVwasdetectedin12crow
carcassescollectedinthecitiesofWhittier6Montebello3and
PicoRivera3DuringthisperiodWNVwasdetectedforthe
firsttimeincrowsfromthecitiesofCerritos4NovandLong

Beach5NovalongtheSanGabrielRivercorridor
Becausepositivemosquitopoolsandcrowcarcasseswere

concentratedintheRioHondoandSanGabrielRivercorridors

extendedmosquitotrappingwasundertakenfocallyThe
GLACVCDstaffnotedthatthisareahadseveralchickenranchers

operatingonpropertiesadjacenttotheriverbedsandwiththe



8 ProceedingsandPapersoftheSeventySecondAnnualConference February2004

cooperationoftheowners78privatechickensbanteeroosters
andpeacockswerebledon12NovInMontebelloalongtheRio
Hondo4chickenstestedpositiveforWNVantibodyInPico
RiveraalongtheSanGabrielRiver3additionalchickenswere
positiveforWNVantibodyFig1

TwomoreWNVinfectedcrowcarcasseswerecollectedon13

and17NovinMontebelloandWhittierrespectively

EntLosMathis

28privatechickenssampled
nopositivesamples

20privatebirdssampled
4V6NVpositive

vtrudf1044114n01
30privatechickenssampled
341Vpositive

LosNialos

00

CarlriynCrJ1997k6unanarmrnllrrandforisa4 AIIrijarearadPleatpsdnorwebtitsatripim rapaJiacaptirn

Figure1Distributionofpositivemosquitopoolsrelativetopositiveprivatechickens

VirusactivityshiftedmidNovembertoincludeSLEinthe
SanFernandoValleyOn19NovaReitertrapcollectionofCx
quinquefasciatusfromGriffithParkprovidedanSLEpositivepool
inthecityofLosAngeles

InDecembermosquitoabundancedeclinedasshownbyEVS
andReitertrapcollectionsFigs23but3additionalcrow
carcasseswereWNVpositivefromthepreviouslypositiveareas
ofPicoRiveraMontebelloandVanNuys
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Figure2MosquitoabundanceasfemalespertrapnightFTNforeachspeciescollectedinEVS
CObaitedtraps
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REITERTRAPRESULTS2003

111

N1

501 011 M1

cCsincidens DCxquinquefasciatus Crstigmatosoma Cxtarsalis

Figure3Mosquitoabundanceasfemalespertrapnightforeachspeciescollectedin
Reitergravidtraps

WNVactivitywasnotdetectedatanyofthe5primarystudy
areasandallsentinelchickenseraandmosquitopoolsatthesesites
testednegativeThesedataindicatetheimportanceofwidespread
samplingindetectingWNVactivityespeciallywhenCx
quinquefasciatusmaybetheprimaryurbanvector Tenspecies
ofwildbirdsprimarilyHouseFinchesEnglishSparrows
MourningDovesandWhitecrownedSparrowswerecollectedin
thecitiesofBellflowerEncinoHarborCityMontebelloPacoima
SantaFeSpringsSouthElMonteandRowlandHeightsFig4
Atotalof1519serasampleswasscreenedforantibodiestoWNV
SLEandWEEbyEIAHighmortalityratesamongthese

passeriformspeciesafterinfectionwithWNVKomaretal2003
mayhavemadethemapoorsentinelsystemandthereforesampling
duringthe2004seasonwillbeexpandedtoincludedovesand
pigeonsspeciesthatproducealowtiterviremiasurviveinfection
andproduceelevatedantibodytitersKomaretal2003

Mosquitoabundanceduringthe2003seasonisshownforthe
primaryvectorspeciescollectedFigs23EVStrapresults
showedadistinctdecreaseinhostseekingfemaleabundancefrom
Octoberthroughtheendoftheyearwhenotherindicatorsie
crowcarcasseschickensgravidmosquitocollectionsetcbegan
showingsignsofWNVinvasionintothisregionTheWNVpositive
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Figure4Wildbirdseracollectionsbyspecies



Species NumberofMosquitoes
Tested

NumberofPools

Submitted

NumberofPositive
Pools Virus

Anhermsi 1922 48 0
Csincidens 4915 110 0
Csinornata 1470 32 0

Csparticeps 297 10 0

Cxerythrothorax 12311 259 0

Cxquinquefasciatus 42243 1051 6WNV1SLEV

Cxstigmatosoma 788 28 0
Cxtarsalis 4897 121 0
Cxthriamhus 590 18 0
Ocsierrensis 12 1 0
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mosquitocollectionscoincidedwithpositivebirdcarcasses
collectedfromthesamecitiesFig5neartheWhittierNarrows
NatureReserveAnareaintheadjoiningMontebellooilfields
wasidentifiedasthenocturnalroostingsiteforlargenumbersof
crowsOngoingwintersurveillancehasfocusedontheimportance
ofthiscrowroostasasiteofWNVpersistenceandearlyseason
amplification

ChangesinGLACVCDssurveillanceprogramwere
advantageousforthedetectionofWNVinLosAngelesCounty
TheincreaseduseofReitertrapsinurbanareasfacilitated

ProwPark

Owe

sffOrititnW
eAfa on

1aCanadaRinrridge

adenaTi
Pasadina

atsworiS

ejati

timevet

long
uY

G YOreaLinda

1uneon a

ecerro1Neiyas
eParkAcres

PoscoelQ
SakceYSt

neiman

SUMMARY

Veal

state

iS1PJBlicrjsr atJtiatsdl

Figure5DeadcrowdistributionrelativetotheWhittierNarrowscrowroost

collectionsofgravidCxquinquefasciatusandgreatlyincreased
thenumberofmosquitopoolssentfortestingTransecttrapping
spatiallyincreasedtheareassurveyedandledtotheearlydetection
ofWNVintheWhittierareaofurbanLosAngeles

Cxquinquefasciatuswastheonlypositivemosquitospecies
detectedinLosAngelesCountyTable2verifyingtheneedfor
implementingamodifiedsurveillanceandpopulationmanagement
programtofocusonthisspeciesTraditionallysurveyedmosquito
speciessuchasCxtarsalisandCxstigmatosomaarelocalizedat
residualwetlandswhereasCxquinquefasciatusispervasive
throughoutanurbanenvironmentTheexploitationofperidomestic
habitatsbythisvectorspeciesanditsavianandmammalianhost
selectionpatternReisenetal1992mayprovideadifficult

Gart Reserver

1 tJMrteffrttIBRAMN

Table2PoolssubmittedtotheCenterforVectorborneDiseasesattheUniversityofCaliforniaDavis

BanyanSt
L
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challengeinsuppressingaWNVepidemicascontactwithvector
mosquitoesmaybedifficulttolimitbyadulticidingandadjusting
hoursofrecreationThewidespreadurbanhabitatsofCx
quinquefasciatusalsoincludeundergroundstormdrainsystems
whichmayprovideanoverwinteringopportunityforWNVNasci
etal2001throughouttheLosAngelesbasinMosquito
surveillanceandtreatmentofthesesystemswillbeintensifiedduring
winterandearlyspringtosuppressmosquitopopulationsandavoid
WNVpersistenceinearlysummer
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WestNileInfectionsinFreeRangingWildBirds
intheCoachellaValleyRiversideCoCalifornia

ThewildbirdarbovirussurveillanceprogramintheCoachella
ValleyofCaliforniawassuccessfulindetectingWestNilevirus
WNVantibodiesin9speciesoffreerangingbirdsduring2003
AntibodiesagainstwesternequineencephalomyelitisWEEand
SaintLouisencephalitisSLEwerealsodetectedbutlessfrequently
thanWNV

In2003mistnetsorgrainbaitedwiretrapswereusedfor
wildbirdsamplingat9sitesthroughouttheCoachellaValleyFig
1Mistnetscaughtthewidestvarietyofbirdswhereasthegrain
baitedtrapsgenerallyonlycaughtspeciesthatwereattractedtothe
baitseedinsideincludingsparrowsfinchesdovespigeons
blackbirdsandquailEachbirdwasidentifiedtospeciesandbanded
withtheproperUnitedStatesGeologicalSurveyUSGSband
asidefromtheGambelsquailandrockpigeonswhichwerebanded
withnonUSGSbandsInadditionagesexweightandwingchord
measurementswererecordedA01mlsampleofbloodwas
obtainedbyjugularorbrachialpunctureandthencombinedwith
09mlofphysiologicalsalineBloodsampleswerecentrifuged
andtheserasenttotheArbovirusResearchLaboratorywherethey
werescreenedforantibodiestoWEESLEandWNVusingan
enzymeimmunoassayEIAChilesandReisen1998EIApositive

SarahSWheelerWilliamKReisenRobertEChiles

Figure1MapofCoachellaValleystudysites
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ArbovirusResearchUnitCenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

sampleswereconfirmedwithaplaquereductionneutralizationtest
PRNTThePRNTallowedfortheseparationofantibodies
attributabletoSLEandWNVcloselyrelatedmembersofthe
JapaneseencephalitiscomplexintheFlaviviridaewhicharenot
clearlydistinguishablebyEIASamplesthattestedEIApositive
foreitherSLEorWNVbutnotconfirmedbyPRNTwere
consideredFlaviviruspositiveOveralltherewere2confirmed
dualWNVSLEinfections28confirmedWNVinfections4
confirmedSLEinfections46Flaviviruspositivesand3WEE
positives

In20033455sampleswerecollectedfrom63differentspecies
and25differentfamiliesofbirdswith95ofthespeciestested
20ormoretimesFewcorvidsraptorswaterfowlandshorebirds
weresampledasidefrom1commonravenCorvuscorax1sharp
shinnedhawkAccipiterstriatus1CoopershawkAccipiter
cooperii10leastbitternsIxobrychusexilic4greenherons
Butoridesvirescens3leastsandpipersCalidrisminutillaand1
AmericancootFulicaamericanaAlthoughwesampledbirds
from25differentfamilies97ofthebirdscapturedin2003
belongedtoeightfamiliesFig2

AddresscorrespondenceWKReisenArbovirusFieldStation4705AllenRdBakersfieldCA93312emailarbol23@pacbellnet
ThecollectionbandingandbleedingofwildbirdswereconductedunderProtocol8141approvedbytheAnimalUseandCareAdministrativeAdvisory

CommitteeoftheUniversityofCaliforniaDavisCaliforniaResidentScientificCollectionPermit80104902bytheStateofCaliforniaDepartmentofFishand
GameandMasterStationFederalBirdMarkingandSalvagePermitNo22067fromtheUSGeologicalSurveyBirdBandingLaboratory



FlavivirusPositiveSpecies
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l

CommonGrounddove
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13

CommonYellowthroat
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40
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Figure2Numberofindividualscapturedperfamily

ToinvestigatetheroleofmigratorybirdsinthespreadofWNV
theresidencystatusofthebirdscapturedwerebrokenintothree
categoriesFig3migratorythebirddoesnotstayintheCoachella
Valleytobreedoroverwinterbutjustpassesthroughseasonal
residentthebirdoverwintersorbreedsintheValleybutnotboth
andyearroundresidentthebirdspendsitsentirelifeintheValley
Allantibodypositivespecieswereyearroundresidentsexceptfor
thewhitewingeddoveZenaidaasiaticawhichisaspringand
summerseasonalresidentTable1Resultsduring2003were
similartopreviousyearsReisenetal2000Reisenetal2002
Wheeleretal2003exceptfortheemergenceofWNVandthe
decreasednumberofFlaviviruspositivePasseriformsThe
seroconversionpatternsofsentinelchickensagreedwellwithwild
birdseroprevalenceinthattherewasasimilarityinfrequency
locationandseasonalityofpositivesAsinpreviousyears
seropositivewildbirdswerenotfoundnorthofthetownofMecca
exceptforaFlaviviruspositivemourningdoveZenaidamacroura

Figure3Percentageofbirdsoutof3455caughtin2003that
belongineachresidencygroupbasedontimespentinthe
CoachellaValley

Table1ThenumberofFlaviviruspositivebirdsbyspecies

13

collectedinSkyValleyinFebruary2003Thisbirdwasmostlikely
infectedin2002andatthetimesampledwasstillantibodypositive
howeverwherethisbirdwasinfectedisstillaquestion

Only4Flaviviruspositivepasseriformsorsongbirdswere
detectedin2003onlyoneofwhichtheAbertstowheePipilo
abertiwasconfirmedbyPRNTColumbiformsthedovefamily
madeup35ofFlaviviruspositivesandGambelsquailmadeup
nearlyhalfofthepositivespeciesItisimportanttonotethat
becauseweweretestingforantibodyonlybirdsthatsurvived
infectionweredetectedinourstudyTheCaliforniaWNVdead
birdsurveillanceprogramprovidesinformationaboutbirdsdying
frominfection

NomigratorybirdstestedpositiveforFlavivirusantibodyin
2003possiblybecausethemajorityofmigrantswerecaughtin
MaybeforethefirstconfirmedpositivesinAugustAlternatively
manymigratoryspeciesmaynotsurvivetheWNVinfectionThe
largenumberofpositivecolumbifonnsandquailwasexpected
becausewecatchlargenumbersofthesebirdsandtheysurvive
WNVinfectionSamplingwillcontinuein2004atthecurrent
locationsintheCoachellaValleywitheffortsfocusedoncolony
roostingbirdsresidentspeciesandmigrants
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SurveillanceforArbovirusesinCaliforniaMosquitoPoolsCurrentandFutureProtocols

RobertEChilesEmilyNGreenYingFangWilliamKReisenJohnDEdmanandAaronCBrault

ArbovirusResearchUnitCenter16rVectorborneDiseasesSchoolofVeterinaryMedicine
UniversityofCaliforniaOldDavisRoadDavisCA95616

ArbovirusResearchStationBakersfieldCA

INTRODUCTION

Althoughfourteenmosquitoborneviruseswereknownto
occurinCaliforniapriorto2003onlyStLouisencephalitisSLE
andwesternequineencephalomyelitisWEEviruseswereknown
tocausesignificanthumanandorequinediseaseReeves1990
andwerethefocusofdiagnosticsattheArbovirusResearchUnit
attheUniversityofCaliforniaDavisUCDavisWestNilevirus
WNVwasfirstisolatedinthesouthernportionofthestatein
July2003andisexpectedtoincreaseitsgeographicdistribution
withinthestateduringthe2004transmissionseasonThewestward
progressionofWNVacrosstheNorthAmericancontinenthas
resultedintheincreasedsubmissionofmosquitopoolsbymosquito
controldistrictstodiagnosticlaboratoriesnecessitatingincreased
diagnosticeffortandefficiencyNascietal2003Anticipating
theincursionofWNVintoCaliforniaandtheassociatedincreased

numbersofmosquitopoolssubmittedforviraldetectiontheCenter
forVectorborneDiseasesCVECatUCDavisexpanded
throughputandemployedacombinationofstandardandnew
molecularmethodstoevaluatemorethan10000mosquitopools
submittedduringthe2003surveillanceseasonThisrepresented
100increaseincomparisontosubmissionsduringthepast5
yearsofsurveillanceTable1Theintroductionofnewrapid
highthroughputtestingparadigmsforarbovirusesinmosquito
poolsthatmaintainthesamelevelsofsensitivityandspecificity
ascontemporaryassayshavebeenevaluated

MosquitopoolssubmittedtoCVECbyCaliforniaMosquito
andVectorControlDistrictsMVCDwereassayedforthe
presenceofWNVWEESLEandCaliforniaencephalitisCE
virusesbytheinsituenzymeimmunoassayEIAin2003Chiles
2004Graham1986Thisassaydetectsviralantigenproduced
followinginfectionoftissuecultureswithmosquitohomogenates
Becausesomearbovirusesrequireseveraldaystoinduce

Table1 Numbersofmosquitopoolstestedforvirusbythe
ArbovirusUnitattheCenterforVectorborneDiseasesatUCDavis

Year Numberofpoolssampled
1998 4266
1999 3746
2000 4325
2001 3686

2002 4900
2003 10111
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cytopathogenicityandtoproducesufficientviralantigenfor
detectionanincubationofseveraldaysisrequiredbeforethetest
canbereadAdditionallythistestrequirestheuseofantibodiesto
reactwiththeviralantigenSerologicalcrossreactivityof
flavivirusesSLEandWNVnecessitatesfurthertestingto
differentiatetheviralantigendetectedBabaetal1998Given
thetimerequiredforprocessingofsamplesandthelackofspecificity
nucleotidedetectionassayswereevaluatedReversetranscription
polymerasechainreactionRTPCRdetectsviralRNAbyarapid
methodofamplificationthatcanyieldvirusspecificresultswithin
hoursandpreviouslyhasdemonstratedhighersensitivityfor
arbovirusesthanstandardviralisolationtechniquesLanciottietal
2000Thereforemosquitopoolsfromfourselectedregions
CoachellaValleyKernGreaterLosAngelesandSacramentoYolo
MosquitoandVectorControlDistrictswereassayedforthepresence
ofWNVSLEandWEERNAbyTaqManRTPCRassays

insituEIA

METHODS

Mosquitoeswerefieldsortedbyspeciesandsexandenumerated
intopoolsofupto50individualsandplacedinamixermilltube
containingtwoBBsMosquitoeswerefrozenandshippedondry
iceandthenstoredat85CuntiltestedFrozenmosquitopools
werehomogenizedinaSpexCertiprep8000Dmixermillforthree
minutesDiluentcontaining20fetalbovineserumandafull
complementoftheantibioticspenicillinstreptomycinand
mycostatinwasaddedAfterhomogenizationanaliquotofthe
mosquitoslurrywasremovedforRNAextractionseebelow

NinetysixwellplateswereseededwithVeroAfricanGreen
Monkeycellsandallowedtogrowfor24hoursThesecultures
thenwereinoculatedwith100lofthecentrifugedmosquitopool
homogenateandallowedtoincubateat38Cforafixedtimeperiod
dependinguponthevirusWEEwasallowedtoincubate35days
SLE57daysCE37daysandWNV35daysTheplatesthen
werefixedincoldmethanolandprocessedforviralidentification
utilizingaseriesofprimaryantibodieshyperimmunepolyclonal
mouseascitesfluidsormonoclonalantibodiestothevirusesbeing
testedAblockingbufferwasusedtoeliminatenonspecific
absorbancetotheplateTheblockerwasfollowedbytheaddition
ofasecondaryspecificantimouseconjugatedantibodyfollowed
bytheappropriaterinsingstepsThesubstratewasthenappliedfor
colordevelopmenttorenderthevirusantibodyreactionvisible
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Plateswerereadmicroscopicallyforevidenceofviralantibody
reactionsasdemonstratedbyadarkbrownishfocalstainingagainst
aclearbackground

Initiallytestingofallmosquitopoolswasperformedbyboth
insituandtheRTPCRmethodsin2003Becauseoftheclose

relationshipamongflavivirusesserologicaldifferentiationofWNV
andSLEwasanticipatedtobeproblematicdenotingalimitation
oftheinsituEIAdetectionmethodChiles2004ByAugustit
wasevidentthatthroughputwasinadequateandsubsequentlyonly
materialfromCoachellaValleyKernGreaterLosAngelesand
SacramentoYoloMVCDscontinuedtobetestedbybothmethods
remainingpoolsweretestedonlybytheinsituEIAmethodAll
WNVorSLEisolationswerefromthesefourdistrictsandtherefore

wereconfirmedbyRTPCRTheanticipatedcontinuedspreadof
WNVfromsouthernCaliforniatotheCentralValleyandthe
problemsassociatedwithcrossreactivitybetweenWNVandSLE
necessitatedthetransitionfromtraditionalvirusisolationandthe
useoftheinsituEIAtomorerapidandsensitiveRNAmolecular
diagnosticsbelow

RNAextractionTaqManRTPCR

ExtractedRNAwasusedastemplateforaonestepTaqMan
RTPCRreactionusinganAppliedBiosystems7900systemcDNA
wasgeneratedbyreversetranscriptionofRNAandamplification
wasperformedbythebindingofviralspecificprimerstothecDNA
templateLanciottietal2000Extensionofamplificationproducts
fromtheprimersproducedavirusspecificamplificationproduct
thatwasdetectedbybindingoffluorescentlylabeledviralsequence
specificprobesExtensiveanalyseswereperformedtoidentify
theoptimalprimersequencesthatwouldmaintainthehighestlevels
ofsensitivityandspecificityforviralstrainspresentlyand
historicallycirculatinginCaliforniaSpecificityandsensitivity
comparisonsweremadewithalternativesetsofprimersPrimer
setsthatweredeterminedtohavethehighestlevelofsensitivity
weredesignatedasscreeningprimerswhereasadditionalprimer
setstargetinganalternativeportionoftheviralgenomewereutilized
asconfirmatoryprimers

RESULTS

In2003anunprecedentednumberofagenciessubmitted
mosquitopoolstoCVECTable1Overall39differentagencies
submittedpoolsof25differentspeciesofmosquitoesAtotalof
44mosquitopoolswasdeterminedtobepositivebyinsituEIA
foratleastonearbovirusthirtytwoWNVsixSLEoneWEEand
fiveCaliforniagroupvirusesOnemosquitopoolwasidentified
byinsituEIAtohavecontainedbothWNVandSLETable2

WestNileviruseshavedemonstratedverylowgenetic
variabilitysinceintroductionintoNorthAmericain1999Lanciotti
etal2002Aprimerprobesetpreviouslydesignedagainstthe
envelopegeneofaWNVisolatefrom1999demonstrateda

sensitivitylevelof01plaqueformingunitsPFUpermosquito
poolandwasdesignatedasthescreeningprimerforWNVA
primerprobecombinationfromtheNS1generegionwas
demonstratedtohaveasensitivityof10PFUandwasusedfor
confirmationofpositivesbytheenvelopesetLanciottietal2000
UnlikeWNVmultiplegenotypesofSLEhavebeenidentifiedto
circulateinCaliforniaKrameretal1997Reisenetal2002
TheSLETaqManassaysystemhadadetectionleveloflessthana
singlePFUforallofthecirculatingSLEviralgenotypeshowever
reducedsensitivitywasidentifiedforviralgenotypesthatdiffered
fromtheprototypestrainfromwhichtheprimersweredesigned
NewprimerandprobesweredesignedforWEEbecausethe
previouslypublishedreagentswereunabletoidentifyallthestrains
knowntohavecirculatedinCaliforniaAlignmentsoffiftyfive
partialsequencesfromtheE2envelopeglycoproteinofCalifornian
WEEisolateswereperformedandtwoprimerprobesetswere
identifiedthatdetectedWEEatasensitivitylevelequaltoorgreater
than001PFU

Twentyeightofthethirtyone90 mosquitopoolsidentified
byinsituEIAaspositiveforWNVantigenwereconfirmedby
TaqManRTPCRTable2Threeadditionalmosquitopoolswere
positiveforWNVRNAbyRTPCRbutwereinsituEIAnegative
SimilarlytwoadditionalmosquitopoolswerepositivebyRTPCR
forSLEbutwerenegativebyinsituEIATaqManRTPCRwas

Table2ComparisonofsurveillanceresultsfortheinsituEIAandRTPCRmethodsbythe
CenterforVectorborneDiseasesin2003

Method WNV SLE

insituEIA 31 5

RTPCR 28 5

Arbovirus

WNVSLE WEE CE

I 1 5

NT NT NT

3insituEIApositivepoolsfailedtobeconfirmedbyRTPCRCOAV1121IMPR116
COAV1183NTNotTestedCOAVCoachellaValleyIMPRImperialValley
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determinedtohaveahigherdegreeofsensitivitythaninsituEIA
incontrolassaysdemonstratingapotentialexplanationforthe
TaqManpositiveinsituEIAnegativedataInterestinglyRTPCR
failedtoconfirmthreeinsituEIApositiveWNVmosquitopools
Geneticvariationacrosstheprimerprobebindingareasofviruses
frominsituEIApositivescouldbeapotentialexplanationforthe
failuretoidentifysomeoftheinsituEIApositivepoolsbyTaqMan
RTPCRGeneticsequencingofpotentialviralisolatesmadefrom
theinsituE1Aculturesmaterialswillbeperformedtoassessthis
hypothesisThesingleWEEpositivepoolidentifiedbyinsitu
E1AwasnottestedbyTaqManRTPCRbecausethepoolwasmade
fromageographicareaoutsideofthefourdistrictsusedforassay
validationandwasnottestedbybothinsituEIAandRTPCR
screeningmethodsAllCEpositiveswereassayedstrictlybythe
insituEIAassaybecauseCEhasnotbeenaddedtotheTaqMan
screeningpanelEffortsarecurrentlyinprogresstodevelopprimers
andprobesfortheincorporationofCaliforniaencephalitisgroup
virusesintoourmolecularassays

Asafurthermeasuretodealwiththeincreasedspecimentesting
loadwehavedevelopedaTaqManRTPCRbasedmultiplexassay
fortheconcurrentidentificationofviralRNAforthreeencephalitis
virusesWNVWEESLEfromindividualmosquitopoolsThis
willbeperformedthroughtheuseofdifferentiallylabeledprobes
thatwilldistinguishviralspecificamplificationproducts
Preliminarydatahaveindicatedthatmultiplexassayswillbecapable
ofdetectingviralRNAofmultiplearboviruseswithinthesame
reactionCurrentlywehavebeensuccessfulindetectingand
differentiatingeitherSLEorWNVinindividualreactionsofculture
samplesthatcontaineithersingleormixedagents
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AvianandMosquitoHostCompetenceforWestNileVirus

WilliamKReisenYingFangandVincentMartinez

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616

INTRODUCTION

Informationonhostcompetenceiscriticaltounderstanding
arbovirusepidemiologyThisisespeciallytruefortheNorth
AmericanencephalitidesincludingWestNilevirusWNwhere
awidevarietyofavianandmosquitohostsparticipateinvirus
transmissionDuring2003WNvirusinvadedsouthernCalifornia
andwasisolatedfromCulextarsalisCoquillettcollectedfromrural
ImperialandCoachellaValleysandfromCulexquinquefasciatus
SaycollectedfromtheWhittierNarrowsareaofurbanLosAngeles
Reisenetal2004Previousvectorcompetencestudiesindicated
thatCxtarsaliswasacompetentvectorwhenfedtheelevated
infectiousdoseof7logplaqueformingunitsPFUofWNvirus
mlbutlesscompetentwhenfedthelowerinfectiousdoseof49
logPFUml Goddardetal2002 IncontrastCx
quinquefasciatusfromCoachellaValleyseemedincompetentover
therangeofdosestestedalthoughbothCulexspeciesappearedto
bemoresusceptibletoinfectionthanCxpipiensLfromthe
midwestandeastcoastoftheUnitedStatesTurelletal2000
Turelletal2001Dohmetal2002Inthesestudiesfemale
mosquitoeswereexposedtofixeddosesofvirusandtherefore
minimumandmedianthresholdsforinfectionwerenotdetermined

BasedontheeasternUSstudiesathresholdof5logPFUmlwas
usedtodetermineavianhostcompetenceandaregressionfunction
calculatedtoestimatemosquitoinfectionratesinresponseto
differentavianviremiasKomaretal2003Thecurrentstudy
exposedfemalesof3speciesofCaliforniaCulexmosquitoesto
dilutionseriesofWNvirusandStLouisencephalitisvirusSLE
todeterminetheminimumandmedianinfectiousdosesduringa
periodofactiveWNvirustransmissioninsouthernCalifornia

BirdsalsovarywidelyintheirresponsetoinfectionwithWN
virusKomaretal2003andSLEvirusReisenetal2003and
thereforeintheirimportanceasasourceofvirustoinfect
mosquitoesTheamountofWNvirusexpectoratedbyCulex
mosquitoesisunknownbutwasanticipatedtovaryconsiderably
basedonstudieswithSLEvirusReisenetal2000Asecond
objectiveofthecurrentstudywastoascertaintheimpactofvarying
infectiousdosesontheinfectionresponseofavianhostsandto
measuretheirviremiaresponsetoestimatehostcompetenceOur
studyfocusedonhousefincheshousesparrowsmourningdoves
commongrounddovesandquailbecausethesespecieswerefound
seropositivetoSLEvirusinpreviousantibodysurveysReisenet
al2003andtoWNvirusduring2003Wheeleretal2003

CorrespondenceWKReisenArbovirusFieldStation4705AllenRdBakersfieldCA93312

MATERIALSANDMETHODS

VirusTheNYWNvirusstrainandtheKern217SLEvirus

strainwereusedthroughoutTheNYstrainofWNviruswas
isolatedfromaFlamingothatdiedattheBronxZooduringthe
1999outbreakTheKern217strainofSLEviruswasisolatedfrom

Cxtarsaliscollectedduringthe1989outbreakinKernCounty
MosquitoesCulexmosquitoeswerecollectedfromlocalities

inCoachellaValleyLosAngelesandKernCountyandtransported
totheArbovirusFieldStationwhereallexperimentalinfections
wereconductedMosquitoeseithertheF1progenyoffield
collectedfemalesoradultsemergingfromfieldcollected
immatureswererearedtoadultsunderstandardinsectary
conditions2225C1410LDphotoperiodheldfor3 5don

10sucrosestarvedfor24handtheninfectedbyfeedingon
cottonpledgetssoakedwith10folddilutionsofsweetened25
sucrosedefibrinatedblood virusmixturesEngorgedfemales
weresortedenumeratedandthenmaintainedfor2wksat26C
afterwhichtransmissionratesweremeasuredforfemalesfedthe

highestconcentrationofvirususingthecapillarytubemethod
Aitken1977Bodiesandexpectoratesamplesfromtransmission
attemptsandallremainingmosquitoeswerefrozenindividuallyat
80CandshippedtotheArbovirusLaboratoryattheUniversity
ofCaliforniaDaviswheretheyweretestedforvirususingaplaque
assayonVerocellsKrameretal2002Specimenstestedfor
WNviruswereincubatedfor4dwhereasthosetestedforSLE

viruswereincubatedfor78dafterwhichtheplateswerefixed
andplaqueformingunitsPFUcountedForcomparisonCx
tarsalisfromKernCoachellaandLosAngeleswereinfected
concurrentlybyfeedingonviremichousefinchesandtransmission
assessed

BirdsRepresentativeavianspecieswerecollectedinKern
Countyusinggrainbaitedgroundtrapsandthentransportedtothe
ArbovirusFieldStationwheretheywerebledtodetermineprevious
infectionCommongrounddoveswerefromourbreedingcolony
originatingfromCoachellaValleyduring2000Birdswereinfected
bysubcutaneousinoculationwithca1000PFUofWNvirusin
thecervicalregionandthenbleddailyfor57dtomonitorviremia
responseHousefinchesarepresentativepasseriformand
mourningdovesarepresentativecolumbiformwereinfectedwith
a10folddilutionseriesofWNvirustodeterminetheminimal
doserequiredforinfection
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RESULTS

Mosquitoes CulexpopulationsfromsouthernCalifornia
variedmarkedlyintheirsusceptibilitytooralinfectionwithWN
virusTable1butgenerallyappearedtobesomewhatless
susceptiblethandeterminedpreviouslyGoddardetal2002Virus
dosesinTable1wereestimatedbyinterpolationfromtitersofvirus
permlofferedtofemalesonthecottonpledgetsCxstigmatosoma
wasmostsusceptibleierequiredtheleastamountofvirusto
infect5and50ofthepopulationsampledfollowedbyCx
tarsalisandthenCxquinquefasciatusCxstigmatosomafrom

Table1SusceptibilityofCulexfromsouthernCaliforniatoinfectionwithWNvirus

Culexspecies

quinquefasciatus

stigmatosoma

tarsalis

County

LosAngeles

Kern

LosAngeles

Kern

Coachella

LosAngeles

Site

SanFernando

LosAngeles
MachadoLake

Bakersfield

SanFernando

KernNWR

NorthShore

SanFernando

Infectiousdose

logPFUml
5 50

60 63

49 63

61 63

73 73

46 51

43 54

46 63

42 58

Amountofvirusrequiredtoinfect5and50ofthepopulationestimated
byinterpolation

co

LU
f60

Finch59

Defibrabbit68

Finch54

Defibrabbit53

Finch55

Defibrabbit68

0 20 40 60

Percent

SanFernandoLosAngelesalsowerehighlysusceptibletoSLE
viruswith22and41logPFUmlrequiredtoinfect5and50
ofthepopulationrespectivelyconcurrentlycollectedCxtarsalis
required38and49logPFUmlrespectivelyCxtarsalis
femalesthatfedonviremichousefincheswith54591ogPFU
mlviremiaswereinfectedandtransmittedvirusmorereadilythan
femalesinfectedbyfeedingoncomparableorhigherconcentrations
ofWNviruspresentedasartificialmealsonpledgetsFig1
SimilarresultswereshownpreviouslyforWNvirusstrainsfrom
SouthAfricaCornelandJupp1989

Trans

01of

80 100

Figure1PercentageofCxtarsalisfemalesinfectedandtransmittingWestNilevirus
afterimbibingnaturalbloodmealsfromaviremiahousefinchoranartificialblood
mealsweeteneddefibrinatedrabbitbloodmixedwithvirusNumbersinbrackets
aretheconcentrationofvirusaslogplaqueformingunitsperml
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BirdsHousefinchesbecameinfectedwithWNvirusanddeveloped
viremiatiterspeakingat6 8logPFUmlondays23postinfection
regardlessofthetiterofvirusinthesubcutaneousinoculumBirds
remainedviremicuntil7dpostinfectionwhentheyeitherbegantodieor
clearedtheirinfectionOverall16of20birdsdiedbyday10PIbut
unexpectedlymortalitywasnotdoserelatedbeinglowestat23log
PFU01mlinfectiousdose14deadandgreatestat4and03log
PFU01mlinfectiousdose44deadIncontrastall20mourningdoves
inoculatedwiththesamedecreasingdilutionseriesofvirussurvived
infectionandproducedviremiaspeakingat46logPFUmlondays1
3AsummaryoftheremainingbirdstestedwasshowninTable2

Similartocrowsscrubjayswerehighlysusceptiblesuccumbingto
infectionat5dpostinoculationMosthousesparrowscommonground
dovesandCaliforniaquailsurvivedinfectionbuthousesparrows
producedveryhighviremiaspeakingat9logPFUml

Table2HostcompetenceofexperimentallyinfectedCaliforniabirds
forWNvirus

BirdSpecies

Housefinch

Housesparrow
Westernscrubjay
Mourningdove
Commongrounddove

Infecting MortalityRate ViremiaResponse
Dose InfectedDead DaysPITiter

0340

35

33

0342

20 15 24 68

6 1 13 69

5 5 25 78

20 0 13 46

6 0 14 46

DISCUSSION

CollectivelyourdataindicatedthatCaliforniaCulexmosquitoes
generallyweremoresusceptibletoinfectionwithWNvirusthanCulex
testedfromthemidwesternandeasternUSTurelletal2001Turellet
al2002Howeverthequantityofvirusrequiredforinfectionwas
generallygreaterthanrequiredtoproducecomparableinfectionswith
endemicSLEvirusInterestinglybirdsdevelopedmuchhigherviremia
levelsfollowingexperimentalinfectionwithWNvirusthanSLEvirus
Reisenetal2003perhapsindicatingthatevolutionmayleadtoamore
susceptiblevectorandalesssusceptiblevertebratehost
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ApplicationofaRiskModelandResponse

BrankaBLothrop

CoachellaValleyMosquitoandvectorControlDistrict43420TraderPlaceIndioCA92201

INTRODUCTION

TheCaliforniaMosquitoborneVirusResponsePlan
CMBVRPwasinitiatedin2001toassistvectorcontrolagencies
instructuringtheirresponsetomosquitobornediseasebasedupon
alistofcharacterizedfactorsThePlanisusedtodefineriskfactors

andhighriskpopulationgroupsorareasidentifylevelsof
surveillancepreventionandcontroldemonstratetheneedfor
publichealthinterventionandallocateresources

ThescopeofthePlanincludessurveillancefactorsmosquito
controlmethodsresponselevelscharacterizationofconditions
andresponsesandappendiceswithappliedguidelinesand
procedures

TheCoachellaValleyMosquitoandVectorControlDistrict
CVMVCDimplementedtheResponsePlanin2001and
supplementeditwiththeActionPlanin2003InSeptember2003
CDHSpublishedasupplementaldocumenttothePlantocoordinate
actionbetweentheCDHSandpartneragenciesinrespondingtoa
mosquitobornediseaseemergencyusingtheStandardized
EmergencyManagementSystem SEMS organizationalchart
forresponseCDHS2003AnevaluationoftheCMBVRPwas
reportedbyBarkeretal20022003

TheprimarygoalofthispaperistoassesshowwelltheState
Plancanbeadaptedtoconditionsatthelocallevel

METHOD

Sixtoeightenvironmentalandepidemiologicalfactors
presentedinthebenchmarksofthePlanareusedtodeterminethe
riskofhumaninfectionCertainfactorsaremodifiedtofit

conditionsineachregionFortheCoachellaValleyRisk
AssessmentPlanenvironmentalfactorsweremodifiedaverage
valuesofmosquitoabundancewerecalculatedfor5yearsand
detailsofsurveillancemethodswerespecified

SurveillancefactorsintheCoachellaValleyinclude
1 Environmentalconditions SaltonSealevelduckclub

floodingaverageairtemperaturefortheregion
2 Adultmosquitovectorabundance collectionfrom8

CDCCOtrapsplacedstrategicallyatsalineand
freshwaterwetlandsalongthenorthandwestshoreof
theSaltonSeawithover5yearsofhistoryatthesame
location

3 Virusisolation MIRminimuminfectionrate1000
mosquitopoolscollectedallyearin2003previousyears
MarchmidNovember

4 Sentinelchickens 10flockswith10chickenseachfrom

ApriltomidNovember6flockswith10chickensforthe
restof2003andbeginningof2004

TherestofthesurveillancefactorsconformtotheStatePlan

Eachfactorisscoredfrom1leastsevereto5mostsevereThe
meanscoreofthefactorsrelatestoaresponselevelofNormal
season1025Emergencyplanning2640Epidemic4150

Eachrisklevelhasadefinedresponseactivitythatdescribes
thenecessaryresponseactionsAppropriateandtimelyresponse
tosurveillancedataisthekeytopreventionofhumaninfections
Theresponsemustbeimmediateandincludeeffectivemosquito
controlandintensifiedpublicoutreach

RESULTS

CaseStudy
Todemonstratetheoperationoftheriskassessmentprocess

biweeklytablesarepresentedshowingvaluesusedduringthe2003
seasonbeforeandduringtheperiodofintroductionofWNvirus
RiskfactorsevaluatedincludedenvironmentalfactorsSaltonSea

levelduckclubfloodingandtemperatureaswellasadultvector
mosquitoabundanceandvirusisolationratefrommosquitopools
asminimuminfectionrateMIROtherriskfactorsincluding
equinecaseshumancasesandproximitytourbansuburbanregions
werecalculatedinthesamemannerasintheStateRiskAssessment
Plan

Themosquitoabundancetemperatureandactiontakenfrom
ApriltoOctoberarepresentedinFigure1Thedatainthefigure
correspondtotheresponselevelthatwascalculatedbiweeklyand
presentedinTables16

Beginningonweek33inAugustTable1theresponselevel
of10indicatedNormalseasonHoweveratthattimetherewas

alreadyanelevatedriskbecausemosquitoescurrentlybeing
collectedweretestedpositivetwoweekslaterTheresponselevel
forweek35waselevatedto16butremainedintherangeofNormal
seasonTable2Againlagintestresultshidadditionalriskfactors
Week37roseto26EmergencyplanningTable3Week39
droppedbackto24andindicatedNormalseasonTable4Risk
factorsinweek41roseelevatingtheresponseto26Emergency
planningTable5Therewerenoadditionalpositivemosquito
poolsfollowingthisandweek43droppedtotheriskleveldropped
25Normalseasonforweek43whereitremainedtotheconclusion
oftheseasonTable6



Environmentalfactors 3 Deadbird 1

Adultabundance 2 Equinecases 1

VirusisolationRateMIR 1 Humancases 1

Sentinelchickenseroconversionrate 2 Proximitytourbansuburbanregions 2

RESPONSELEVEL 16 NORMALSEASON

Environmentalfactors 1 Deadbird 1

Adultabundance 1 Equinecases 1

VirusisolationRateMIR 1 Humancases 1

Sentinelchickenseroconversionrate 1 Proximitytourbansuburbanregions 1

RESPONSELEVEL 10 NORMALSEASON
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Environmentalfactors 4 Deadbird 3

Adultabundance 3 Equinecases 1

VirusisolationRateMIR 5 Humancases 1

Sentinelchickenseroconversionrate 2 Proximitytourbansuburbanregions 2

RESPONSELEVEL 26EMERGENCYPLANNING

Environmentalfactors 3 Deadbird 3

Adultabundance 3 Equinecases 3

VirusisolationRateMIR 3 Humancases 3

Sentinelchickenseroconversionrate 1 Proximitytourbansuburbanregions 2

RESPONSELEVEL 26 EMERGENCYPLANNING

Environmentalfactors 3 Deadbird 3

Adultabundance 3 Equinecases 1

VirusisolationRateMIR 3 Humancases 1

Sentinelchickenseroconversionrate 3 Proximitytourbansuburbanregions 2

RESPONSELEVEL 24 NORMALSEASON

Environmentalfactors 3 Deadbird 3

Adultabundance 3 Equinecases 3

VirusisolationRateMIR 3 Humancases 3

Sentinelchickenseroconversionrate 1 Proximitytourbansuburbanregions 2

RESPONSELEVEL 25 NORMALSEASON
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Table3Riskmodelscoresforweek3738

Table4Riskmodelscoresforweek3940

Table5Riskmodelscoresforweek4142

Table6Riskmodelscoresforweek4344

SUMMARY

ForourDistrictitwasimportanttosecureadditionalfunding
controlproductsequipmentlaborandadjustmosquitocontrol
beforetheriskassessmentindicatedanemergencyplanninglevel
fortheCoachellaValleyHowevertheuseoftheRiskAssessment
planduringtheperiodofWNvirusdetectionintheCoachellaValley
confirmedthat

Environmentalfactorsandrelativeadultmosquitoabundance
maybeclassifiedasanearlywarningsystemparticularlyif
historicaldataareavailableBoththesefactorshelpedlaunchthe
publicoutreachprogramearlyintheseasontoinformthepublic
aboutthepossibleimpactofWestNilevirusandnecessarycontrol
measuresthattheDistrictneededtotaketoreducetheriskof

arboviralinfectionintheresidentsoftheCoachellaValley

Theepidemiologicalfactorsinfectionsofmosquitoes
infectionsinotheranimalsandhumansseroconversionsof

chickensfreerangingbirdsanddeadbirdsurveillance lagged

astriggersforincreasedrisklevelandadequateresponseinthe
CoachellaValleyAtthetimewhenthesefactorselevatedtherisk
leveltoemergencyplanningtheDistricthadallresponsesthat
correspondedtothatrisklevelinplacefortwomonths

ItwasnecessaryfortheDistricttoactatthelevelofemergency
planningbeforetheriskassessmentindicatedthatcondition
because

Increasedsurveillanceandcontrolofvectorspeciesinearly
seasonmayreducethepotentialofvirusamplification

Theprocessnecessarytogetapprovalforadditionalfunding
purchasesofmosquitocontrolproductsandadditionalequipment
contractswithcommercialapplicatorsinformationorpermitsfor
adulticidingislengthy
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ConsistentactivityofWEEandorSLEintheCoachellaValley
inthepastcoupledwiththementionedriskfactorswerethemost

importantinfluencesontheDistrictsresponseAsapartofearly
responsetoenvironmentalfactorsandthehistoricaldataoftwo
othervirusestheDistrictinitiatedtheformationoftheWestNile
TaskForcefortheRiversideCountyincludingotherdistrictsin
theregionthelocalhealthdepartmentandemergencyofficesThe
ResponsePlanwasusedineachregionofthecountyandassessment
valueswereusedtoestablisharesponselevelforRiversideCounty
asawholeInthefuturehistoricalWNvirusdatafortheregion
willbeamajorguidelineforplanningsurveillanceoutreach
preventionandcontrolprograms
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InvasionofSouthernCaliforniabyWestNileVirusConclusions

WilliamKReisen

CenterforVectorborneDiseasesSchoolofveterinaryMedicineUniversityofCaliforniaOldDavisRdDavisCA95616

Fromtheexcellentpaperspresentedinthissymposiumwe
advancethefollowingconclusionsandsynthesis

WestNileVirusWNVmostlikelywasintroducedintoSE
CaliforniafromtheColoradoNebraskaepicenteralthoughthe
mechanismofdispersalandintroductionwasunclearArizona
surveillancedetectedWNVconcurrentwithSECaliforniabutBaja
MexicodidnotreportvirusuntilNovemberMigratorybirdswere
ruledoutasthemechanismofintroductionintoCaliforniabecause

therewasnoWNVactivitydetectedalongthePacificflywayinthe
NWUSAorCanadaoralongthePacificCoastofMexicopriorto
detectioninCaliforniaInadditionallavianmigrantstestedto
datehavebeenantibodynegativewhereasresidentbirdsdeveloped
WNVantibodyduringlatesummerHoweverdispersalbypost
nestingvagrantsorsummerresidentscannotberuledout
Alternativelyintroductionbyinfectedmosquitoesmayhavebeen
facilitatedbysummermonsoonalstormtracksmovingclockwise
aroundhighpressuresoverNevada

IntroductionofWNVhascomplicatedlaboratorydiagnostics
especiallyserologySeparatingWNVfromSLEantibodypositives
nowrequiresadditionaltestingbyplaquereductionneutralization
testsdelayingvirusidentificationandreportingofsentinelchicken
enzymeimmunoassayresults

WNVwastrackedeffectivelybydifferentsurveillancemethods
indifferentareasInruralsoutheasternCaliforniadesertsWNV

wastrackedbestbytestingpoolsofCxtarsaliscollectedindry

icebaitedtrapsandbytestingserafromsentinelchickensHowever
inurbanLosAngelesviruswastrackedbestbytestingdeadbirds
especiallycorvidsandbytestingpoolsofCxquinquefasciatus
collectedingravidfemaletrapsVirusactivityseemedtobe
associatedwithruralwetlandsandurbancrowroosts

Speciesoffreerangingbirdsmostfrequentlyantibodypositive
wereresidentsthatsurvivedinfectionsuchasmourningand
commongrounddovespigeonsandquailHousefinchesandhouse
sparrowswerenotfoundseropositivetoWNVinCoachellaValley
andinLosAngeles

ThresholdsofCxtarsalisabundancenecessaryforWNV
transmissioninSECaliforniawereverylowDuringmidsummer
whenWNVinvadedCaliforniatemperatureswereexceptionally
hotandCxtarsalisabundancewasverylowca25femalesper
CDCtrapnightcomparedtothespringorfallmaxima500
700femalestrapnightThistimingwassimilartothatobserved
forSLEactivityinthisareaThesedataimplythattargetsfor
suppressionmaybedifficulttoattainandthatlowdensityactually
mayfacilitatetransmissionefficiency

BasedonthepatternofWNVinvasionandamplificationin
otherareasofNorthAmericaCaliforniamayexpectextensive
amplificationinsouthernCaliforniaandtheintroductionofvirus
intotheCentralValleyduring2004Thechallengeforvectorcontrol
districtswillbetocontrolamplificationatlevelswherehuman
infectionsareminimal
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GettingtheMostOutofInteractiveMapping

BruceFEldridgeandChristopherMBarker

DepartmentofEntomologyandCenterforVectorborneDiseasesUniversityofCaliforniaDavis95616

TheCaliforniaVectorborneDiseaseSurveillanceProgramis
ajointeffortbetweentheMosquitoandVectorControlAssociation
ofCaliforniaanditsmembermosquitoandvectorabatement
agenciestheCaliforniaDepartmentofHealthServicesandthe
UniversityofCaliforniaOneoftheelementsofthisprogramis
theoperationofapublicwebsitedisplayingthemostcurrent
informationonseveralarbovirussurveillanceindicatorsincluding
virusantibodydetectioninsentinelchickensandvirusisolation
frommosquitopoolsWiththerecentpresenceofWestNilevirus
inthestatedeadbirdtestingforthisvirushasbeenaddedSince
itsinceptionintheearly1990sthepublicwebsitehasundergone
gradualimprovementLastyearinteractivemappingwastriedon
atrialbasisandbecauseofitswideacceptancebyusersofthe
websiteitwillreplacecompletelythestaticmapspreviouslyused
Thepurposeofthispaperistoprovideinformationontheuseof
controlsforthemapsandtodemonstratewaysinwhichuserscan
changevariouselementsofthemapdisplayfromwithintheir
browsersTheabilitytomakechangesbyusersisthebasisfor
interactivityofthemapsAsthispaperisreadusersshouldset
theirbrowserstohttpvectorucdaviseduandtryeachcontrol
asitisdescribed

THETOOLBAR

TheinteractivemapsuseaprogramcalledArcIMS
EnvironmentalSystemsResearchInstituteRedlandsCAAlong
theleftsideofeverymapdisplayedisatoolbarcontaining20
buttonsThesearethemeansbywhichuserscancontrolthe
appearanceandcoverageofthemapsThefunctionofeachbutton
willbedescribedbelowThedescriptionsarenumberedtocoincide
withthenumbersofthebuttonsshowninFig1

1THELAYERLEGENDTOGGLEBUTTONThisbutton

togglesthepaneltotherightofthemapbetweenthelayerdisplay
andthelegenddisplayFig2Theuseofbothoftheseviewsis
essentialtothefunctionofthemapMostcomputerizedmapsare
madeupoflayersInthecaseofthesurveillancemapseach
arbovirusshowniscontainedonaseparatelayerandthereare
alsolayersforstatescountiesandbodiesofwaterThelayer
panelpermitsuserstoturneachoftheselayersonorofftobe
visibleornotafterrefreshingthemapandtomakeoneofthe
layersactiveThislastfeatureisnecessaryforuseofsomeof
theotherbuttonsonthetoolbarUsuallywhenoneofthesebuttons
doesntworkthewayonethinksitshoulditisbecausethe
appropriatelayerhasnotbeenmadeactiveonthelayerpanel

Thelegenddisplayisalistingofthesymbolsusedonthemap
Forexamplethesymbolforthemostrecentsignofviralactivityis

Figure1

Figure2
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astarburstprevioussignsofactivityareplaincirclesEachvirus
hasitsowncolor

2ZOOMINBUTTONThisbuttondoesjustwhatitsname
suggestsitpermitsuserstoincreasethesizeanddecreasetheextent
ofthemapdisplayedAlsoasonezoomsinlabelsappearthat
werenotvisibleatthemaximumextent

3ZOOMOUTBUTTONThisisanotherbuttonwhose

purposeisselfevident
4ZOOMTOFULLEXTENTBUTTONEachmaponthe

surveillancewebsitehashaditsmaximumextentpropertysetby
themapdesignerInthecaseoftheCaliforniasurveillancemaps
theextentincludeswesternNorthAmericaandtheusercannot

zoombeyondthatextentThisbuttonprovidesawayfortheuser
togodirectlytothemaximumextentwithouthavingtousethe
zoomoutbutton

5ZOOMTOPREVIOUSEXTENTBUTTONThisbutton

allowsuserstogobacktothemostrecentextentused
6PANDRAGBUTTONThepanbuttonwillpermit

draggingtheentiremapinanydirection
7PANNBUTTONThisbuttonhasthesamepurposeasthe

panbuttonexceptthatthedirectionofpanningisalwaysnorth
8PANSBUTTONThedirectionofpanningissouth
9PANWBUTTONThedirectionofpanningiswest
10PANEBUTTONThedirectionofpanningiseast
11INFORMATIONBUTTONThisbuttonprovidesspecific

informationonafeatureonthemapTouseitfirsttoggletothe
layerdisplaythenmakethelayeractivethatcontainsthefeatures
ofinterestNextclickontheinformationbuttonthenonthefeature

usuallyadotInthepanelbelowthemapspecificdetails
concerningthatfeaturewillappear

12QUERYBUTTONThisbuttonwillselectoneormore
featuresdependingonthequerywritteninthepanelthatappears
Thisisdonebyusingvariousdropdownlistsratherthanhavingto
writethequeryfromscratchWhenonepressestheexecutebutton
belowthequeryscreenthequerywillruntheselectedfeatures
willchangecolorandalistoffeaturesmatchingthesearchwill
appearbelowthemapThisisanextremelyusefultool

13FINDLOOKUPBUTTONThefunctionofthisbutton
issimilartothequerybuttonexceptthatlookupstringsaremuch
easiertowriteTousethisbuttonmakethelayeractivethatcontains
theinformationofinterestthenenteradatastringintheboxthat
appearsbelowthemapThemappingsoftwarewilllookforall
featuresonthelayermatchingthestringyouenteredegazip
code

14MEASUREBUTTONThisbuttonisformeasuringthe
distancebetween2pointsselectedorthecombineddistanceof
multiplefeaturesselected

15 UNITSBUTTONThisbuttonisusuallyusedin
conjunctionwiththemeasurebuttonandpermitsselectionoffeet
milesmetersorkilometers

16BUFFERBUTTONThebufferbuttonisacomplex
featureanddirectionsforitsuseisdifficulttoexplainTheshort
explanationisthatthisbuttonpermitsthedrawingofanareaaround
somepointsuchasahumancaseofWestNilefeverDepending
onhowlargeyousetthebufferallfeaturesontheactivelayer
withinthebufferwillappearbelowthemapApossiblesurveillance
useforthisbuttonwouldbetodeterminethenumberofschools

within3milesofaWNpositivesentinelchicken
17SELECTBYRECTANGLEBUTTONThisusefulbutton

permitsselectingfeaturesonalayerbydraggingarectanglearound
anareawithamouseAtableshowinginformationonallfeatures
thatfallwithintherectanglewillappearinapanebelowthemap

18SELECTBYPOLYGONBUTTONThisdoesthesame

thingastheselectbyrectangleexceptuserscanconstruct
irregularlyshapedpolygons

19CLEARSELECTIONBUTTONOncefeaturesonalayer

areselectedbyoneofthemethodsdescribedabovetheycanbe
unselectedwiththisbutton

20PRINTBUTTONClickingonthisbuttoncausesprinting
ofthemapattheextentselectedtobeprintedonthedefaultprinter
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AnImprovedSystemforObjectiveStatewideTrapStratification
BasedonHumanPopulationDensity

ChristopherMBarkerWilliamKReisenVickiLKramerStanBustedAlbertHom
andBruceFEldridge

CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
VectorBorneDiseaseSectionCaliforniaDepartmentofHealthServices1616CapitolAvenueSacramentoCA94234

VectorBorneDiseaseSectionCIOOrniaDepartmentofHealthServices850MarinaBayParkwayRichmondCA94804

ABSTRACTAnobjectivesurveillancesitestratificationsystemwasdevelopedforCaliforniathatutilizedGIS
and2000UnitedStatesCensusBureauhumanpopulationdensitydatatostratifysitesintourbansuburbanandrural
categoriesBlockgroupswereselectedasthegeographicunitsforanalysisbecausetheyweresmallenoughtodelineate
populatedareasaccuratelyandtheywerethesmallestunitsforwhichthedataweremanageableusingcommonly
availablecomputersoftwareUrbansuburbanandruralareasweredefinedasblockgroupshaving800801
4000or 4000personspersqmirespectivelyBasedonthesethresholdsallsurveillancesitesregisteredinthe
CaliforniaSurveillanceSiteRegistrationDatabasewereassignedanurbansuburbanorruraldesignation

INTRODUCTION

HistoricallyCaliforniamosquitocontrolagencieshave
designatedtraplocationsasurbansuburbanorsuburbanruralin
anefforttomaketrapcountscomparableamongagenciesstatewide
ThesedesignationshaveappliedprimarilytoNewJerseylighttrap
NJLTlocationsfromwhichmosquitoeshavebeencollectedand
reportedintheweeklyAdultMosquitoOccurrenceReportThese
determinationshavebeenmadebypersonnelateachlocalagency
usingthefollowingcriteriaurbanareas 1mileinsideadensely
populatedareasuburbanareas14to1mileinsideadensely
populatedareaorsuburbanruralareasoutsideofor mileinside

adenselypopulatedareaHoweverthedeterminationofwhat
constitutesadenselypopulatedareaissubjectiveandundoubtedly
variesamongagencies

ThetrappingmethodsemployedbyCaliforniasmosquito
controlagencieshavediversifiedconsiderablyduringrecentyears
andthereisademandforanobjectivetrapstratificationsystem
thatwillmeetavarietyofsurveillanceneedsAmongtheseare
needsforcontinuedcomparabilityoftrapcountsamongagencies
stratificationbasedonthelevelofcompetitionfromexternallight
sourcesquantificationoftheepidemicriskleveloncevirus
transmissionhasbeendetectedandtargetedsurveillanceinrural
areassuchasembeddedwetlandsorvectordispersalcorridors
withinotherwiseurbanareas

GISbasedmethodsnowpermitobjectivetrapstratification
thatcanbeappliedtotheentirestateatonceWiththerequired
humanpopulationcensusdataGiSlayersandexacttraplocation
informationtrapscanbestratifiedrapidlyandobjectivelyatany
timeasnewtrapsareaddedorasnewhumanpopulationinformation
becomesavailableTheobjectivesofthispaperwere110define

anappropriatespatialscaleforuseintrapstratification2to
determinewhethersuburbanruralareasshouldbedefinedby
populationdensityorasabufferaroundurbanareas3todefine
populationdensitythresholdsforurbansuburbanandsuburban
ruralareasand4tostratifycurrentsurveillancesitesintothe3
populationdensitycategories

PROCEDURES

DataSourcesThehumanpopulationdatausedinthisstudy
werepublishedbytheUnitedStatesCensusBureauUSCBfor
the2000censushttpwwwcensusgovLandareavaluesby
censustractblockgroupandblockwereprovidedbypersonnelat
theUSCBUsingArcView83EnvironmentalSystemsResearch
InstituteESRIRedlandsCAthesecensusandlandareadata
werecombinedwithUSCBTIGERLinefilesintheformofESRI

shapefilesforcensustractsblockgroupsandblockssothathuman
populationdensityinpersonsmi2couldbemappedthroughout
CaliforniaCensusTIGERLineshapefilesforcountyboundaries
streetswaterbodiesandlandmarksalsoweremappedasreference
layershttpwwwgeographynetworkcomSurveillancesite
locationinformationcamefromtheCaliforniaSurveillanceSite

RegistrationDatabasemaintainedattheUniversityofCalifornia
Davis

SpatialScaleThe2000censusdatawereexaminedto

determinetheappropriatespatialscalefortrapstratificationWe
examinedthedataattheblockblockgroupandtractlevelsto
identifythelevelatwhichthehumanpopulationdensityvalues
adequatelyfittheactualdistributionofhumanresidencesas
representedbythepresenceofstreetsAnotherpractical
considerationwasthatweneededtoidentifyaspatialscaleatwhich

ContactinformationChristopherMBarkerandBruceFEldridgeCenterforVectorborncDiseasesOldDavisRoadDavisCA95616Phone530
7520151Barkeror5307548121EldridgeEmailcmbarker@ucdaviseduorbfeldridgcruucdavisedu
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thedatavolumewouldbemanageableincommoncomputer
softwaresuchasMicrosoftOfficeproductsMicrosoftCorporation
RedmondWA

CensusblocksarethesmallestunitintowhichtheUSCB

divideshumanpopulationdataBlocksaregroupedintoblock
groupswhichareinturngroupedintotractsIn2000California
wasdividedinto533159blocks22133blockgroupsand7049
tractswithanaverageof641530and4805personsperblock
blockgrouportractrespectivelyInLosAngelesCountyalone
therewere86614blocksanumberwhichisnotmanageablein
softwaresuchasMicrosoftExcelthatcanaccommodateamaximum

of65536rows

Wechoseblockgroupsforuseintrapstratificationbecause
theyrepresentedthesmallestunitsforwhichthedatawere
manageableandtheycoveredasmallenoughareatodelineate
populatedareasaccuratelyThelandareacoveredbyblockgroups
rangedfromanaverageof02miindenselypopulatedareasto
approximately50miinsparselypopulatedareas

DefinitionofSuburbanAreasUntilnowurbanandrural

areashavebeendefinedbasedonasubjectivepopulationdensity
thresholdandsuburbanareashavebeendefinedasthoseareas

withinaspecifieddistanceoftheurbanareasTobettermeetcurrent
surveillanceneedsinCaliforniaincludingtheneedfor
quantificationoftheepidemicriskleveloncevirustransmission
hasbeendetectedCaliforniaDepartmentofHealthServicesetal
2003andtheneedforidentificationofruralareaswithin
otherwiseurbanareasanalternativemethodfordefinitionof
suburbanareaswasconsideredThismethoddefinedurban

suburbanandruralareasstrictlybypopulationdensitysothatthe
actualhumanpopulationdensitywasrepresentedinallareasand
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2thresholdsweredefinedoneseparatingurbanandsuburbanareas
andanotherseparatingsuburbanandruralareas

Useofthisobjectivesystemwillimprovethecomparability
oftrapcountsamongagenciesandwillallowassessmentofvirus
transmissionrisktothehumanpopulationoncevirusactivityhas
beendetectedwhilestillprovidinganindicationoftheintensityof
competinglightsourcesforNJLTcollectionsAlsothissystem
willhelptoidentifyruralandsuburbanareasparticularlythose
thatprovideincreasedopportunityforvectoramplifyinghost
contactwithinurbanareassothattheseareasmaybetargetedfor
placementofsurveillancesites

ChoiceofHumanPopulationDensityThresholdsThe
USCBdefinesurbanareasinpartasacentralplacesandadjacent
territorywithageneralpopulationdensityofatleast1000persons
milUsingtheUSCBcriteriaallareasoutsideofurbanareasare
designatedasruralandnosuburbancategoryexists

Byplottingahistogramofblockgroupscategorizedby
populationdensityandexaminingthelevelatwhicheachdensity
rangewasrepresentedwewereabletodeterminealogical
populationdensityrangeforsuburbanareaswithurbanandrural
areasdefinedasblockgroupswithpopulationdensitiesaboveand
belowthesuburbanrangerespectivelyUrbanareascontainlarge
numbersofblockgroupsbecausetheareacoveredbyeachblock
groupbecomessmalleraspopulationdensityincreasesandrural
areascontainlargenumbersofblockgroupsbecausemostof
Californiaissparselypopulatedeventhoughtheareacoveredby
eachindividualblockgroupinruralareasisrelativelylargeFig
1Suburbanareasarerepresentedbysmallernumbersofblock
groupsbecausetheyrepresentareasthatcoverasmalleramountof
totallandareathanruralareasandalargeramountoflandareaper
blockgroupthanurbanareas

4000
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00000

50000
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40000
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Figure1Numbersofblockgroupsandtotallandareabyhumanpopulationdensitystrata
showingthelargeamountoflandareacoveredbyrural0800personspersqmiblock
groupsandthelargenumberofurban4000personsperssqmiblockgroupscovering
asmallproportionofthetotallandarea



30 ProceedingsandPapersoftheSeventySecondAnnualConference

ThehistogramofblockgroupsbypopulationdensityFig2
showsthattherearetwopeaksseparatedbyarangeofpopulation
densitiesforwhichtherearelowernumbersofblockgroups
approximately8004000personsmiThepopulationdensity
rangebetweenthepeakswasselectedtorepresentsuburbanareas
insetFig2forthereasonsoutlinedinthepreviousparagraph
Ruralblockgroupsweredefinedashavingnomorethan800
personsmiandurbanblockgroupswerethosewith 4000

Kgrow4avpo4r41ar01NtIYKs

personsmiAfterchoosingthresholdsbasedonthehistogramthe
stratifiedblockgroupsweremappedwithanoverlayshowingstreets
todeterminehowwellthestratamatchedtheactualhuman

populationdistributionasindicatedbythedensityofstreetsina
givenareaInnearlyallareastheareasdefinedasurbanand
suburbanwereapproximatelythesameasthoseareasinwhich
streetswerepresentegFig3

s4Vwr

February2004

Alatrsppopeuuordematpersonsspctsirmi

Figure2HistogramshowingnumbersofblockgroupsbypopulationdensityforCalifornia2000Theinsetis anenlargement
forpopulationdensitiesfrom010000personspersqmiandshowsblockgroupsdesignated asruralblackcolumns
suburbangraycolumnsandurbanwhitecolumns

IMOr

Figure3MapofRichmondCaliforniaContraCostaCountyshowingareasdesignatedasurbansuburbanandrural
Streetsarealsoshownasanindicationofthedistributionofthehumanpopulation



AgencyCode
ACVC

Urban

889

Suburban

111

Rural

00
AgencyCode

MOOR

Urban

00

Suburban

00

Rural

1000

AFSB 27 135 838 NAPA 200 00 800

ALCO 125 250 625 NSAL 00 500 500

ANTV 400 333 267 NWST 182 364 455

BUCO 00 111 889 ORCO 227 500 273

BURN 00 00 1000 PASA 200 800 00

CLSA 00 00 1000 PLCR 31 188 781

CNSL 34 00 966 RIVR 00 133 867

CNTR 161 290 548 SANB 00 800 200

COAV 34 159 807 SAND 71 7I4 214

DLNO 00 333 667 SANM 333 333 333

DLTA 167 167 667 SAYO 116 172 712

DNOR 00 00 1000 SBCO 250 250 500

EAST 00 00 1000 SCRZ 235 294 471

FRNO 91 9I 818 SFMO 00 00 1000

FRWS 00 250 750 SGVA 560 280 160

GLEN 00 125 875 SIIAS 00 135 865

GLVY 100 400 500 SJCM 111 81 807

GRLA 333 302 365 SOLA 00 00 1000

IMPR 00 143 857 STCL 240 240 520

INYO 00 00 1000 SUYA 71 29 900

KERN 112 140 748 TEIIA 00 00 1000

KNGS 00 250 750 TLRE 83 83 833

LACW 515 212 273 TRLK 18 81 901

LAKE 00 125 875 VENT 235 265 500

MADR 100 400 500 WEST 00 00 1000

MARN 00 83 917 WVAL 00 429 571

MERC 111 00 889
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StratificationofRegisteredSurveillanceSitesAfter
decisionshadbeenmadeonappropriatespatialscaleand
populationdensitythresholdsdefiningurbansuburbanand
ruralareasthreepolygonshapefilesweregeneratedfromthe
TIGERLineblockgrouppolygonsthatwerelinkedtoblock
grouplevelpopulationdensityandlandareadataWeuseda
querytoselectallblockgroupswithintherespectiveblock
grouppopulationdensityrangesforurbansuburbanandrural
areasandexportedeachselectionasanewshapefileforeach
ofthe3densitystrata

Usingthenewshapefilesgeneratedforurbansuburban
andruralareasandtheCaliforniaSurveillanceSite

RegistrationDatabaseweselectedallsurveillancesiteswithin
theboundaryofeachshapefileandassignedtheurban
suburbanorruraldesignationtoallsitesselectedforeach
respectivepopulationdensitystratumegFig4The
resultingpercentagesofsurveillancesitesineachstratumfor
allagenciesarepresentedinTable1

31

Surta0v rktc4ofoqm

AnK

Figure4MapofLosAngelesCaliforniaandsurroundingareasshowing
areasdesignatedasurbansuburbanandruralalongwithdesignations
assignedtoregisteredsurveillancesites

Table1Percentagesofsitesclassifiedasruralsuburbanandurbanbyagencyforallsitesregisteredinthe
CaliforniaSurveillanceSiteRegistrationDatabaseasofNovember2003
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SUMMARY

Therearemanyadvantagestoanobjectivestatewidetrap
stratificationsystemascomparedwiththecurrentsubjective
systemAlthoughthevalueofhavingapersonpresentata
surveillancesitetosurveythesurroundingscannotbediscounted
andthedecadalfrequencyoftheUSCensusisalimitationthe
systemproposedhereismuchmoreconsistentamongagenciesand
allowsnearlyinstantaneousstratificationofalltrapsthroughout
thestateoncetherequisitedatasetshavebeenassembledThis
objectivesystemmeetsabroaderrangeofsurveillanceneedsthan
theprevioussystemandsitescaneasilyberestratifiedatanytime
ifpopulationdensitythresholdsdefiningstrataaremodifiednew
trapsareaddedornewcensusdatabecomeavailable
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SurveillanceforMosquitoborneEncephalitisVirusActivityandHumanDisease
IncludingWestNileVirusinCalifornia2003
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EvelynHTuCarolGlaserCindiCossenElizabethBaylisBruceEldridgeBenSunKerryPadgett

LeslieWoodsLaurenMarcusLuciaHuiMartinCastroandStanHusted

DivisionofCommunicableDiseaseControlCaliforniaDepartmentofHealthServices
616CapitalAveMS7307POBox997413SacramentoCA958997413

UCDavisCenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616
CaliforniaAnimalHealthandFoodSafetyLaboratoryCAHFSUniversityofCaliforniaalDavisCA95616

TheCaliforniaArbovirusSurveillanceprogramisacooperative
effortoftheCaliforniaDepartmentofHealthServicesCDHS
theUniversityofCaliforniaatDavisCenterforVectorborne
DiseasesCVECtheMosquitoandVectorControlAssociation
ofCalifornialocalmosquitoandvectorcontrolagenciescounty
andlocalpublichealthdepartmentsphysiciansandveterinarians
throughoutCaliforniaLocalagenciesthatparticipatedinthe
statewidemosquitoborneencephalitissurveillanceprogramare
listedinTable1AdditionalcollaboratingagenciesintheWestNile
virusWNsurveillanceprogramincludedtheCalifornia
DepartmentofFoodandAgricultureCaliforniaAnimalHealthand
FoodSafetyLaboratoryCAHFSCaliforniaDepartmentofFish
andGametheUSFishandWildlifeServiceandtheCentersfor

DiseaseControlandPreventionCDC

InanticipationofthearrivalofWNinCaliforniathe
surveillanceprogramwasexpandedsignificantlyin2003Thelocal
mosquitoandvectorcontrolagenciessubmittedmorethantwice
thenumberofchickenseraandmosquitopoolsfortestingthanin
anypreviousyearTheuseofsentinelchickensmosquito
collectionsanddeadbirdreportingvalidatedtheeffectivenessof
thesurveillanceprograminthedetectionofWNactivitiesinCA
providedearlywarningofvirusactivitiesinvariousregionsofthe
stateandhelpedtofocusonmosquitocontroleffortsinthemost
criticalareas

Surveillanceprogramelementsinclude1diagnostictesting
ofspecimensfromhumanpatientsexhibitingsymptomsofviral
meningitisencephalitisacuteflaccidparalysisatypicalGuillain
Barreandfebrileillness2enrollmentofpatientsdiagnosedwith
encephalitisintotheCaliforniaEncephalitisProjectwhich
evaluatesclinicalcoursedemographicsexposuretoarthropods
andlaboratoryevidencetodetermineetiology3diagnostictesting
ofspecimensfromequidsthatexhibitclinicalsignsofviral
neurologicdiseasecompatiblewitharboviralinfectionincluding
westernequineencephalomyelitisWEEWNandotherarbovirus
asappropriate4monitoringandtestingofmosquitoesforthe
presenceofStLouisencephalitisSLEWEEandWNTests
werealsoperformedforCaliforniaencephalitisCEdengueand
otherarbovirusesasappropriate5serologicalmonitoringof
sentinelchickensforSLEWEEandWNantibodies6surveillance

anddiagnostictestingofdeadbirdsespeciallycrowsandravens
forinfectionwithWN7weeklyreportingintheCDHSArbovirus

SurveillanceBulletinandonthewebsitewwwwestnilecagov
ofarbovirustestingresultsinCaliforniaandarbovirusactivity
throughouttheUnitedStatesDiagnosticproceduresusedin2003
inCaliforniaaresummarizedinTable2

The2003surveillanceseasonbeganinAprilwiththe
deploymentofsentinelchickenflocksandthebeginningof
mosquitocollectiondatafortheAdultMosquitoOccurrenceReport
AMORThirtyfiveweeklyArbovirusSurveillancebulletinsand
thirtyoneadultmosquitooccurrencereportsweredistributedto
allprogramparticipantstoprovidedetailedsurveillancesummaries
Positivefindingsincludingchickenserologymosquitoesanddead
birdswerecommunicatedimmediatelytosubmittingagencieslocal
healthdepartmentsandtheappropriatemosquitoandvectorcontrol
districts

WNwasfirstdetectedinamosquitopoolcollectedonJuly
162003inImperialCountyTables3and4Sentinelchicken
seroconversionswerefirstdetectedinchickensbledonAugust4
2003inImperialCountyhowevertherewasnoseracollectedin
JulysotheremighthavebeenseroconversionsearlierthanAugust
4Tables4and5RiversideCountyhaditsfirstpositiveWNtest
resultsinsentinelchickensbledonAugust25andinmosquito
poolsAugust262003LosAngelesCountywasthefirstcounty
withapositiveWNdeadbirdreportedonSeptember32003
Tables4and6PositivehumanWNresultswerelimitedto
ImperialRiversideandLosAngelescountiesbetweenSeptember
28andOctober82003Tables4and7Atleastoneofthe
surveillanceelementschickenmosquitopoolsanddeadbirds
indicatedWNactivityatleastonemonthpriortothehumancase
ineachcountyTable4Table8isasummaryofWNpositives
bycountyandsurveillanceelementfor2003

HUMANSURVEILLANCE

TheDHSViralandRickettsiaDiseaseLaboratoryVRDL
testedseraandorcerebrospinalfluidspecimensfrom1112patients
forantibodiestoWEEWNandSLE Casesrepresented312
casesofencephalitis490casesofasepticmeningitis11casesof
acuteflaccidparalysisatypicalGuillainBarresyndromeand299
casesoffebrileillnessOftheseserafrom352patientswerefirst
screenedforimmunoglobulinMIgMantibodiesagainstWNby
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Table1Participationbylocalagenciesinthestatewidemosquitoborneencephalitissurveillanceprogram2003
AgencyNewJerseyMosquito No Noserum Birds BirdsCounty Agency

s
Noflocks

s Is rt t
Alameda AlamedaCoMAD ALCO 13 75 3 26 254 227 31
Amador 26 4
Butte ButteCoMVCD BUCO 26 10 7 70 985 239 30
Calaveras 15 2
Colusa ColusaMAD CLSA 3 1 10 130 11 2
ContraCosta ContraCostaMVCD CNTR 22 365 4 43 721 456 54
DelNorte 3 I
ElDorado 144 13
Fresno ConsolidatedMAD CNSL 12 74 5 51 679 180 21
Fresno FresnoMVCD FRNO 9 27 2 25 150
Fresno FresnoWestsideMAD FRWS 10 38 2 28 208
Glenn GlennCoMVCD GLEN 5 22 2 26 358 9 4
Humboldt 21 5

Imperial CoachellaValleyMVCD IMPR 3 30 676 2g 8

Imperial ImperialCoEnvironmentalHealth IMPR 532 2 38 232

Inyo OwensValleyMAP INYO 175 3 31 403 72 10

Kern ArbovirusFieldStation AFSB 122

Kern DelanoMAD DLNO 8 2 20 220 70 13
Kern KernMVCD KERN 20 558 9 92 1259
Kern SouthForkMAD SFMO 1

Kern WestsideMVCD WEST 17 3 30 438

Kings KingsMAD KNGS 9 3 30 304 20 2
Lake LakeCoVCD LAKE 202 2 20 259 19 3

LosAngeles AntelopeValleyMVCD ANTV 13 5 35 463 1619 343

LosAngeles GreaterLosAngelesCoVCD GRLA 17 1659 5 50 870

LosAngeles LongBeachEnvironmentalHealth LONG 328 4 37 626

LosAngeles LosAngelesCoWestVCD LACW 179 20 120 1827
LosAngeles SanGabrielValleyMVCD SGVA 37 11 64 1476
Madera MaderaCoMVCD MADR 5 21 2 22 199 31 1
Marin MarinSonomaMVCD MARN 29 5 55 680 99 15

Mariposa 9 I
Mendocino 33 5
Merced MercedCoMAD MERC 18 5 6 36 509 159 21
Merced TurlockMAD TRLK 224
Mono 11 2

Monterey NorthSalinasMAD NSAL 17 1 10 161 54 12
Napa NapaMAD NAPA 2 11 141 30 6

Nevada
76 3

Orange OrangeCoVCD ORCO 571 1 10 180 414 119
Placer PlacerCoVCD PLCR 15 16 5 55 768 150 19
Riverside CoachellaValleyMVCD COAV 10 1461 10 100 1563 606 184
Riverside NorthwestMVCD NWST 12 541 6 70 1008
Riverside RiversideCoEnvironmentalHealth RIVR 13 104 6 66 1190
Sacramento SacramentoYoloMVCD SAYO 40 657 5 50 770 757 135
SanBenito 13 2
SanBemadino SanBernardinoCoVCP SANB 22 123 7 70 1211 611 121
SanBernardino WestValleyMVCD WVAL 120 5 30 478

SanDiego SanDiegoCoDeptofHealth SAND 98 3 30 540 498 255
SanFrancisco 50 5

SanJoaquin SanJoaquinCoMVCD SJCM 50 330 5 60 723 153 21

SanLuisObispoSanLuisObispoCo SLOC 137 2 21 221 169 16
SanMateo SanMateoCoMAD SANM 3 30 447 149 25
SantaBarbara SantaBarbaraCoastalVCD SBCO 220 5 50 756 80 15
SantaClara SantaClaraCoVCD STCL 36 115 4 60 589 223 41
SantaCruz SantaCruzCoMVCD SCRZ 7 50 1 9 126 54 2
Shasta BurneyBasinMAD BURN 6 2 19 201 61 9
Shasta ShastaMVCD SHAS 26 94 5 61 800
Solano SolanoCoMAD SOCA 25 2 22 233 91 5
Solano SacramentoYoloMVCD SAYO 297

Sonoma MarinSonomaMVCD MARN 2 22 308 160 18
Stanislaus EastSideMAD EAST 2 22 310 164 29
Stanislaus TurlockMAD TRLK 21 78 4 48 643
Sutter SutterYubaMVCD SUYA 40 274 5 50 695 69 19
Tehama TehamaCoMVCD TEHA 2 22 201 17 1
Tulare DeltaVCD DLTA 12 33 6 60 783 53 9
Tulare TulareMAD TLRE 10 2 20 273
Tuolumne

Il 1
Ventura CityofMoorpark MOOR 4 1 10 180 137 32
Ventura VenturaCoEnvironmentalHealth VENT 20 39 4 40 759
Yolo SacramentoYoloMVCD SAYO 253 5 50 798 239 65
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Table2ArbovirusdiagnosticproceduresforCalifornia

Abbreviations

AgenciesCAHFSCaliforniaAnimalHealthandFoodSafety
Laboratory
CVECUniversityofCaliforniaDavisCenterforVector
BorneDisease

VBDSVectorBorneDiseaseSection
VPHSVeterinaryPublicHealthSection
VRDLViralandRickettsialDiseaseLaboratory

Table3CESLEWEEandWNisolatedfrommosquitopoolsduring2003

MosquitoSpecies DateCollectedCounty

CulexquinquelasciatusI6Sep
9Oct

23Oct

19Nov

Culextarsalis 2Jul

16Jul

4Aug
7Aug

11Aug
19Aug
26Aug
27Aug
2Sep
4Sep

9Sep
11Sep
16Sep

23Sep
24Sep
2Oct

OchlerotatusmelanimonI2Jun

19Jun

13Aug
Totals

LosAngeles
LosAngeles
LosAngeles
LosAngeles
Riverside

Imperial
Imperial
SanDiego
Riverside

Imperial
Riverside

Riverside

Imperial
Riverside

Riverside

Riverside

Imperial
Riverside

Riverside

Riverside

Kern

Kern

Inyo

Agency

GRLA

GRLA

GRLA

GRLA

COAV

IMPR

IMPR

SAND

COAV

IMPR

COAV

COAV

IMPR

COAV

COAV

COAV

IMPR

COAV

COAV

COAV

KERN

KERN

INYO

Assays EIAenzymeimmunoassay
PRNTplaquereductionneutralizationtest
IFAimmunofluorescentantibody
IgMEIAimtnunoglobulinMenzymeimmunoassay
RTPCRreversetranscriptionpolymerasechainreaction

VirusIsolated

CE SLE WEE WN

poolsmosqspoolsmosqspoolsmosqspoolsmosqs

1 25

1 50

1 25

I 50

1 50

1

2

3

50

95

129

50

1 27

4 160

1 45

1 23

6 300

27

2 71

3 93

4 161

50

1 50

3 150

1 50

I 33

5 233 5 161 1 50 32 1331
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Criteria PrimaryTest ConfirmatoryTest VirusTested

SLEWNWEECE

Mosquitopools
Collectionsbylocal

agencies
insituEIAusingvero
cellculturesCVEC x x x x

Chickensera

Localagency
sentinelflocks EIAVRDL

IFAPRNTas
neededVRDL x x x

Equinesera

Perrequestofthe
veterinarian EIACVEC PRNTCVEC x x

Equinetissue
ScreenedbyVPHS

andCDFA

VirusisolationinVERO

cellsCVEC x x

Birdcarcasses

ScreenedbyVBDS
necropsyandtissue
removalbyCAHFS

RTPCRusinga
primarysetofprimers
onkidneytissueand
cellcultureonorgan

poolsCVEC

RTPCRusinga
secondaryprimers

CVEC x

Otheranimals ScreenedbyVPHS
PRNTforseraCVEC
virusisolationCVEC x

Humansera

Screenedbylocal
publichealthlabs

andVRDL

EIAforSLEand
WEEIgMEIAfor

WNVRDL PRNTCVECNRDL x x x

Humancerebrospinal
fluid ScreenedbyVRDL

EIAforSLEand
WEEIgMEIAfor

WNVRDL PRNTCVECNRDL x x x
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Table2ArbovirusdiagnosticproceduresforCalifornia

Abbreviations

AgenciesCAHFSCaliforniaAnimalHealthandFoodSafety
Laboratory
CVECUniversityofCaliforniaDavisCenterforVector
BorneDisease

VBDSVectorBorneDiseaseSection
VPHSVeterinaryPublicHealthSection
VRDLViralandRickettsialDiseaseLaboratory

Table3CESLEWEEandWNisolatedfrommosquitopoolsduring2003

MosquitoSpecies DateCollectedCounty

CulexquinquelasciatusI6Sep
9Oct

23Oct

19Nov

Culextarsalis 2Jul

16Jul

4Aug
7Aug

11Aug
19Aug
26Aug
27Aug
2Sep
4Sep

9Sep
11Sep
16Sep

23Sep
24Sep
2Oct

OchlerotatusmelanimonI2Jun

19Jun

13Aug
Totals

LosAngeles
LosAngeles
LosAngeles
LosAngeles
Riverside

Imperial
Imperial
SanDiego
Riverside

Imperial
Riverside

Riverside

Imperial
Riverside

Riverside

Riverside

Imperial
Riverside

Riverside

Riverside

Kern

Kern

Inyo

Agency

GRLA

GRLA

GRLA

GRLA

COAV

IMPR

IMPR

SAND

COAV

IMPR

COAV

COAV

IMPR

COAV

COAV

COAV

IMPR

COAV

COAV

COAV

KERN

KERN

INYO

Assays EIAenzymeimmunoassay
PRNTplaquereductionneutralizationtest
IFAimmunofluorescentantibody
IgMEIAimtnunoglobulinMenzymeimmunoassay
RTPCRreversetranscriptionpolymerasechainreaction

VirusIsolated

CE SLE WEE WN

poolsmosqspoolsmosqspoolsmosqspoolsmosqs

1 25

1 50

1 25

I 50

1 50

1

2

3

50

95

129

50

1 27

4 160

1 45

1 23

6 300

27

2 71

3 93

4 161

50

1 50

3 150

1 50

I 33

5 233 5 161 1 50 32 1331

35



PositiveSpeciesJul6Jul20Aug3 Aug17 Auq31 Sep14 Sep28 Oct12 Oct26 Nov9 Nov23Dec7
Human RIVIMPLA

Mosquito
Pools IMP IMP RIVIMP RIVIMP RIVIMPLA LA LA IMP

Chicken IMP IMPRIV IMPRIV IMP IMPRIV
DeadBirds LA LA LARIVSBSD LAORRIVSD LAORRIVSBSDLARIVSBLASBLASB

Horses SD
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Table4BiweeklytimetableofWNinfectionsweekbeginningJuly62003

LegendIMPImperialLALosAngelesOROrange RIVRiversideSBSanBernardino SDSanDiego

Table5ChickenseroconversionstoSLEWEEandWNbylocationandweekMondayofweekshownbelowbled2003

SLE
Count Aenc Site Cit Location 91 915 922 929 1013

Imperial IMPR IMPR0012WestmorlanWestMo 2

LosAngeleeSGVA SGVA0002MontereyPCityYard
RiversideCOAV COAV0122Mecca Gordon

RiversideRIVR RIVR0006Blythe 4thAvenue
SanBernardSANB SANB0002Redlands TreatmentPlant

InsomeClockswhenachickenhasseroconverteditisreplacedbyanoninfectedchicken

2

2

WEE

County Agency Site Cit Location 114

SanDiegoSAND SAND0016Carlsbad BovLagoor 2

Total 2

Total

1

2

2

2

3 1

Total 2 4 1 5 1

Total

2

2

6

13

Imperial IMPR IMPR0002Seeley Campbell 4 2

Imperial 1MPR IMPR0003ElCentroNichols 7 1

Imperial IMPR IMPROOI0Niland Wister 3 2 2 1 1 1 I
Imperial 1MPR IMPROOIINiland BonoWildl 3 1 3 2 4
Imperial IMPR IMPR0012WestmorlanWestMo 3 5 1
Imperial IMPR IMPR0016Holtville Zenos 7

RiversideCOAV COAV0035Mecca Adohr 4 3
RiversideCOAV COAV0122Mecca Gordon 2 4 2
RiversideCOAV COAV0131Oasis Jessup 1

Total 6 21 4 12 16 3 7 1

February2004

WN WN

County Agency Site City Location 84 818 825 91 915 929 1013 1027Total

6

8

1

13

9

7

7

8

1

70



Species Week

Los

Angeles Orange

San

RiversideBernardinoSanDiegoTotal

Americancrow 91 1

98 2

915 6

922 5

929 6 2

106 7 1

1013 4 1 1

1020 2 2 1 1

1027 9 3

113 10 4

1110 4 1

1124 1

121 4

128 2

1215

Blackbird 929 1 1

Commonraven 1027 1 1

Housefinch 1013 1 1

1020 1 1

Mockingbird 106 1 1

Northernflicker 113 1 1

Sparrow 91 1

1

106 1

1020 1

1027 1

Westernscrubjay 106 1 1 2

Totals 65 3 13 10 5 96
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Table6WNpositivedeadbirdsMondayofweekshownbelow

immunofluorescenceassayIFAatoneof30countypublichealth
laboratories

Ofthe1112patientstested294wereenrolledintheCalifornia
EncephalitisProjectForeachpatientenrolledabatteryoftests
wasconductedincludingpolymerasechainreactionPCR
serologyandviralisolationfor15agentsincludingWNTesting
foradditionalagentswaspursuedasclinicalsymptomsandexposure
historywarrantedextensivetestingforarboviruseswasconducted
forcaseswithknownmosquitoexposureandthosewithatravel
historytoanareaofWNactivity

ThreehumancasesofWNwithlikelyexposureinCalifornia
wereidentifiedin2003A31yearoldmalefromRiversideCounty
wasdiagnosedwithasepticmeningitisonSeptember282003A

46yearoldmalemaleresidentofImperialCountywasdiagnosed
withasepticmeningitisonOctober182003A61yearoldmale
residentofLosAngelesCountywasdiagnosedwithafebrileillness
onOctober182003Table7Specimensfromtwoofthecases
ImperialandRiversideCountieswerescreenedfortotalantibody
atthelocalpublichealthlaboratoryandforwardedtoVRDLVRDL
detectedantibodytiterstoWNthatwerehigherthanthoseforSLE
WEEanddengueinserafromallthreepatientsPlaquereduction
neutralizationtestsPRNTsconfirmedacuteWNinfectionfor
allthreecasesAllthreepatientssurvived

TheCaliforniaEncephalitisProjectdetected20WNinfections
acquiredoutsideofCaliforniain2003Eighteencaseswere
CaliforniaresidentswhowereexposedandhadtraveledtoaWN
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Table7HumancasesofinfectionwithWestNilevirus2003

b

00rs

1AgeGender
31

46

61

64

60

55

47

30

68

67

57

24

62

79

48

41

19

41

19

70

75

9

62

M

M

M

M

F

F

F

F

F

M

F

M

M

F

M

M

F

M

M

M

F

M

M

9282003

1052003

1082003

7212003

7282003

812003

872003

8122003

8152003

8192003

8192003

8192003

8212003

8222003

8242003

8242003

8242003

8292003

8292003

982003

9232003

9282003

1052003

PRNTdidnotdistinguishtlaviviurses
BloodDonor
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Humans

Horses

Birds

SentinelChickens

MosquitoPools

Onset PlaceofResidenceImported

WNResults

Riverside

Imperial

LosAngeles

LosAngeles

SanDiego
Kern

Alameda

Shasta

Riverside

Sacramento

Alameda

Ventura

SanMateo

SanDiego

LosAngeles

LosAngeles
Sonoma

LosAngeles

LosAngeles
Kern

LosAngeles
Colorado

Florida

Table8SummaryofWestNilevirusPositives2003

ImperialLosAngeles
1 1

0 0

0 65

54 0

16 6

Louisiana

Mexico

Colorado

Colorado

Colorado

ColoradoIndiana

Pennsylvania

Pennsylvania
Colorado

SouthDakotaUtahColorado

SouthDakota

Colorado

Massachusetts

Wyoming
Colorado

SaskatchewanCanada

Colorado

ArizonaandNewJersey
RiversideCA

SanDiegoCA

Orange
0

0

3

0

0

Riverside

1

0

13

16

10

SanBernardino

0

0

10

0

0

Diagnosis

ConfirmedWNMeningitis

ConfirmedWNMeningitis
ConfirmedWNFever

ConfirmedWNMeningoencephalitis
SecondaryFlavivirusInfection
ConfirmedWNFever

ConfirmedWNAcuteFlacidParalysis
ConfirmedWNFever

ConfirmedWNEncephalitis

ConfirmedWNMeningitis

ConfirmedWNEncephalitis
ConfirmedWNFever

ConfirmedWNMeningoencephalitis

ConfirmedWNMeningitis
ConfirmedWNFever

ConfirmedWNEncephalitis

ConfirmedWNMeningitis

ConfirmedWNMeningoencephalitis
ConfirmedWNFever

ConfirmedWNEncephalitis

ConfirmedWNMeningitis
ConfirmedWNFever

ConfirmedWNMeningoencephalitis

SanDiego1StateTotal
0 3

1 1

5 96

0 70

0 32
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endemicareaandtwowereresidentsofWNendemicstateswho

becameillinCaliforniaExtensivetestingandcasefollowupwere
initiatedoneachofthesecasestoconfirmWNinfectionTable7

BloodbankstestedalldonationsforWNinCaliforniaand

reportedpositivestoCDHSOneblooddonorfromLosAngeles
Countybecameclinicallyillafterdonationalthoughmostlikely
acquiredtheinfectioninColorado

NocasesofWEEandSLEwereidentifiedinCaliforniain

2003

EQUINESURVEILLANCE

Serumandbraintissuespecimensfrom208horsesdisplaying
neurologicalsignsweresubmittedtoCAHFSandCVECfor
arboviraltesting

ThefirstconfirmedlocallyacquiredequineWNcasein
CaliforniawasreportedfromSanDiegoCountyina20yearold
MissouriFoxtrottergeldingThehorsewasnotvaccinatedfor
WNandhadnottraveledoutsideCaliforniaThehorsedeveloped
clinicalsignsonOctober17WNantibodywasdetectedbyIgM
captureELISAandPRNTonserumsamplesThehorserecovered
Table4

TwoimportedequineWNcaseswerereportedin2003The
firstcasewasa3yearoldAmericanQuarterhorsestallionimported
fromToyahTexasonJuly15thatdevelopedneurologicalsigns
includingataxiaandfacialparalysisconsistentwithWNonJuly

17SerumantibodiestoWNweredetectedbyIgMcaptureEIA
andPRNTcollectedfromthehorsestabledinAlamedaCounty

Thesecondimportedcasewasa10yearoldAmericanQuarter
horsegeldinginRiversideCountyThehorseresidedinArizona
andtraveledtoCaliforniaforonedaybeforedevelopingillnesson
October15ThehorsehadtwoWNvaccinationsin2002andhad

receivedaboosterinAugust2003SerumIgMantibodytoWN
wasdetectedbybothcaptureELISAandPRNTThehorsewas
euthanizedduetoneurologicimpairment

ADULTMOSQUITOSURVEILLANCE

Thirtyfivelocalagenciesfrom29countiesbegantocollect
mosquitoesusingatotalof622NewJerseyLighttrapsinApril
2003Table1DatafromthesesourceswereforwardedtoVBDS
andcollatedintotheadultmosquitooccurrencereportAMOR
distributedweeklyfromApril3toNovember5

MOSQUITOTESTING

Fortytwolocalmosquitocontrolagenciessubmittedatotal
of422388mosquitoes10297mosquitopoolstoCVECforvirus
isolationsFigure1andTables913Thissubmissionrate
representsanincreaseoftwicethenumberofpoolssubmittedfrom
anypreviousyearMosquitopoolsweretestedforarbovirusesat
CVECbyinsituenzymeimmunoassayusingVerocellculture

Monet

Sontimei

226

welllanceonly

kandrtaquilopools

Figure1Countieswhichsubmittedchickenseraandormosquitopoolsfor
SLEWEEWNandCEtestingCalifornia2003
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Table9MosquitoesCulexspptestedforWNWEEandSLEbysubmittingcountyandagency2003

Cxervthrothorax Cxpipiens CxquinquelasciatusCxstigmatosora Cxtarsalis
Coun Aenc ools mosus cools moss ools moss cools mows 00ls mows cools mos

Alameda ALCO 55 2703 16 696 3 34 74 3433
Butte BUCO 4 172 4 172
ContraCosta CNTR 43 2150 9 380 1 26 309 15352 362 17908
Fresno CNSL 4 137 20 905 50 2181 74 3223
Fresno FRNO 27 1139 27 1139
Fresno FRWS 38 1871 38 1871
Glenn GLEN 21 1050 21 1050
Imperial IMPR 106 4973 55 1521 325 12315 486 18809
Inyo INYO 28 1066 66 2632 94 3698
Kern AFSB 27 534 2 36 49 1859 78 2429
Kern KERN 8 363 215 6961 273 10180 496 17504
Kern SFMO 1 22 1 22
Lake LAKE 8 400 18 775 160 7736 186 8911
LosAngeles GRLA 260 12431 2 100 998 40386 26 708 146 5918 1432 59543
LosAngeles LACW 17 807 50 2307 11 494 78 3608
LosAngeles LONG 2 66 238 10636 1 15 87 3365 328 14082
LosAngeles SGVA 25 873 12 372 37 1245
Madera MADR 3 150 3 137 15 730 21 1017
Merced MERC 5 250 5 250
Merced TRLK 56 2536 14 572 131 5682 201 8790
Orange ORCO 100 4384 296 9236 6 111 134 4197 536 17928
Placer PLCR 3 150 13 427 16 577
Riverside COAV 128 5675 276 8976 1007 45042 1411 59693
Riverside NWST 150 7096 1 50 185 7357 56 1720 146 5470 538 21693
Riverside RIVR 29 1313 10 183 4 60 61 2270 104 3826
Sacramento SAYO 28 1091 161 5490 4 96 305 13272 498 19949
SanBernardino SANB 18 701 32 1017 14 123 46 1486 110 3327
SanBernardino WVAL 85 3961 1 17 34 1574 120 5552
SanDiego SAND 47 2344 50 2333 97 4677
SanJoaquin SJCM 116 3745 1 12 176 6863 293 10620
SanLuisObispoSLOC 105 5141 2 100 17 830 124 6071
SantaBarbara SBCO 47 1945 36 1497 6 136 62 2738 151 6316
SantaClara STCL 68 3293 25 1064 93 4357
SantaCruz SCRZ 31 1390 17 478 2 33 50 1901
Shasta SHAS 5 248 42 2037 44 1899 91 4184
Solano SAYO 238 9201 4 64 43 1239 285 10504
Stanislaus TRLK 7 283 19 658 1 41 34 1191 61 2173
Sutter SUYA 11 311 262 13007 273 13318
Tulare DLTA 6 208 6 241 21 739 33 1188
Ventura VENT 5 193 34 1508 39 1701
Yolo SAYO 12 263 196 9306 208 9569
Yuba SUYA 14 463 18 678 32 1141
Total 1297 59816 739 27744 2564 96983 144 3928 4462 190498 9206 375969

Total

Table10MosquitoesCulexspptestedforWNWEEandSLEbysubmittingcountyandagency2003

County Agency

Imperial IMPR 7 320

LosAngelesGRLA
Total 7 320

Cxerraticus Cxrestuans Cxthriamhus1 Total

poolsmosqspoolsmosqspoolsmosqspoolsmosqs
7 320

4 149 16 567 20 716

4 149 16 567 27 1036
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Table11MosquitoesAedesvexansCoquillettidiaperturbansCulisetasppOrthopodomyiasigniferaandPsorophoraeolurnbiae
testedforWNWEEandSLEbysubmittingcountyandagency2003

Table12MosquitoesOchlerotatusspptestedforWNWEEandSLEbysubmittingcountyandagency2003

Ocdorsalis Ocmelanimon OcnigromaculisOcsierrensisOctaeniorhynchus Ocwashinoi Total

County Agencypoolsmosqs pools mosqs pools mosqspoolsmosqspools mosqspoolsmosqs pools mosqs

Alameda ALCO 1 50 1 50

Butte BUCO 6 300 6 300

ContraCosta CNTR 3 131 3 131

Glenn GLEN 1 50 1 50

Inyo NYO 71 3262 71 3262

Kern AFSB 43 2075 43 2075

Kern KERN 59 2519 59 2519

Lake LAKE 16 793 16 793

LosAngeles GRLA 1 12 7 317 8 329

Merced TRLK 22 962 22 962

Riverside COAV 6 154 6 154

Sacramento SAYO 75 3121 1 50 3 77 79 3248

SanJoaquin SJCM 13 395 13 395

SanLuisObispoSLOC 13 650 13 650

SantaBarbara SBCO 4 143 43 2046 47 2189

SantaClara STCL 17 731 1 12 1 50 19 793

Solano SAYO 1 13 1 13

Sutter SUYA 1 43 1 43

Yolo SAYO 15 567 1 13 16 580

Total 40 1716 323 14100 1 50 6 114 4 143 51 2413 425 18536

Aevexans Cyperturhazs Csincidens Csinornata Csparticeps Orsignijera Pscolumbine Total

Count Atenc 00ls moss Dolsmos Dols moss ools moss oolsmosS DolsmosS DolsMOSDols moS

Imperial IMPR 31 1010 8 111 39 1121

Inyo INYO 6 50 1 5 7 55

Kern AFSB 1 10 1 10

Kern KERN 1 29 1 29

LosAngeles GRLA 108 4916 32 1433 10 288 150 6637

LosAngeles LACW 101 4679 101 4679

Merced TRLK 1 50 1 50

Orange ORCO 7 115 2 24 3 37 12 176

Riverside COAV 30 1013 11 221 2 91 43 1325

Riverside NWST 2 38 2 38

Sacramento SAYO 41 1656 20 616 2 41 63 2313

SanBernardinoSANB 2 50 4 50 3 9 9 109

SanJoaquin SJCM 21 938 1 36 2 31 24 1005

SantaBarbara SBCO 2 68 4 109 2 61 8 238

SantaClara STCL 1 49 1 13 1 49 3 111

Shasta SHAS 3 141 3 141

Solano SAYO 6 81 6 81

Stanislaus TRLK 16 687 16 687

Yolo SAYO 4 114 1 7 5 121

Total 146 5518 3 141 246 10531 71 2088 22 538 1 10 5 100 494 18926
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Table11MosquitoesAedesvexansCoquillettidiaperturbansCulisetasppOrthopodomyiasigniferaandPsorophoraeolurnbiae
testedforWNWEEandSLEbysubmittingcountyandagency2003

Table12MosquitoesOchlerotatusspptestedforWNWEEandSLEbysubmittingcountyandagency2003

Ocdorsalis Ocmelanimon OcnigromaculisOcsierrensisOctaeniorhynchus Ocwashinoi Total

County Agencypoolsmosqs pools mosqs pools mosqspoolsmosqspools mosqspoolsmosqs pools mosqs

Alameda ALCO 1 50 1 50

Butte BUCO 6 300 6 300

ContraCosta CNTR 3 131 3 131

Glenn GLEN 1 50 1 50

Inyo NYO 71 3262 71 3262

Kern AFSB 43 2075 43 2075

Kern KERN 59 2519 59 2519

Lake LAKE 16 793 16 793

LosAngeles GRLA 1 12 7 317 8 329

Merced TRLK 22 962 22 962

Riverside COAV 6 154 6 154

Sacramento SAYO 75 3121 1 50 3 77 79 3248

SanJoaquin SJCM 13 395 13 395

SanLuisObispoSLOC 13 650 13 650

SantaBarbara SBCO 4 143 43 2046 47 2189

SantaClara STCL 17 731 1 12 1 50 19 793

Solano SAYO 1 13 1 13

Sutter SUYA 1 43 1 43

Yolo SAYO 15 567 1 13 16 580

Total 40 1716 323 14100 1 50 6 114 4 143 51 2413 425 18536



42

Table13MosquitoesAnophelesspptestedforWNWEEandSLEbysubmittingcountyandagency2003

Coun

lnyo
Kem

LosAngeles
Orange
Riverside

Riverside

Sacramento

SanBernardino

SanDiego
SantaBarbara

Solano

Stanislaus

Yolo

Total

A

INYO

KERN

GRLA

ORCO

COAV

NWST

SAYO

SANB

SAND

SBCO

SAYO

TRLK

SAYO
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Anfranciscanus Anfreehorni
ools mossuoolsmoss

1 9

3 19

1 10

3 112

15 533

5 51

24 826

5 38 47 1522 90

WestNileviruswasfirstdetectedinCaliforniainamosquito
poolofCulextarsaliscollectedonJuly16fromElCentroImperial
CountyIntotalWNwasdetectedin32mosquitopools26of
4462poolsofCulextarsalisand6of2564poolsofCulex
quinquefasciatusfromsitesinLosAngelesCountyTable3and
Figures2and3StLouisencephalitiswasdetectedinfourpools

MosquitoPools

Anhermsi

oolsmoss

2 95

49 2034
23 574

1 22

1 10

1 7

13 496

SourceCaliforniaDepartmentofHealthServices

AnoccidentalisAnpunctipennis
ools moss ools moss

1 24

2 99

3238 1 24 2 99

ofCulextarsalisfromImperialandRiversidecountiesandasingle
poolofCulexquinquefcesciatusfromLosAngelesCountyin2003
FivepoolsofOchlerotatusntelanimoncollectedfromKern4
andlnyo1countiestestedpositivefortheCaliforniaencephalitis
groupvirusCEAsinglepoolofCulextarsaliscollectedinSan
DiegowaspositiveforWEE

CE SLE WEE WN

DistrictsHealthDepts 2 3 1 3

Pools 5 5 1 32

CEPodsOnly

nSLEaiu1WIIPools
WEEPoolsOnly

Setoconversioits SLE0WEE WNO

DistictsHealthDept5
Flocks 5

Chickets 13

1

1

2

2

9

70

Total

oolsmoss

3 112

2 95

49 2034
23 574

1 9

1 22

17 632

4 29

1 7

14 506

5 51

1 24

24 826

145 4921

Figure2CollectionsiteofmosquitopoolspositiveforSLEWEEWNorCEandlocationofsentinel
chickenflockswithatleastoneormoreseroconversionstoSLEWEEorWNCalifornia2003
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0
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SENTINELCHICKENSURVEILLANCE
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0 1 0 1 00

198 1995 1976 1977 1986 1977 9000 2001 9002 2803

TPA

Figure3IsolationsofWNSLEandWEEfrompooledmosquitoesinCalifornia19942003

Fiftytwolocalmosquitoandvectorcontrolagenciesin36
countiesmaintained226sentinelchickenflocksFigure1andTable
5Bloodsampleswerecollectedfromchickenseveryotherweek
betweenApril16andOctober232003withsomelocalagencies
submittingserasamplesthroughDecemberTheVRDLtested
30798chickenseraforantibodiestoSLEWNandWEEbyEIA
TheSacramentoYoloMosquitoandVectorControlDistrict1568
samplesandtheSanGabrielValleyMosquitoandVectorControl
District1464samplestestedtheirownsentinelchickenflocks
forantibodiesrepresentinganadditional3032serumsamplesall
ofwhichtestednegativeVRDLalsotestedeightflocksmaintained
byNewMexico6andUtah2

226

1996 1997

Atotalof70seroconversionstoWNweredetectedamong

nineflocksfromImperial54andRiverside16countiesFigures
2and4andTable5ThefirstWNseroconversionswere

provisionallydetectedbyEIAoffilterpaperstripsobtainedfrom
sixchickensintwoImperialCountyflocksonAugust4WNwas
confirmedbyPRNTonwholebloodcollectedonAugust20

SeroconversionstoSLEwereidentifiedinflocksfromImperial

2LosAngeles2Riverside8andSanBernardino1Counties
ThefirstSLEseroconversionwasdetectedinspecimensobtained
onSeptember2fromaflockinImperialCountyThelast
seroconversionsfor2003weredetectedinspecimensobtainedon
October16fromaflockinRiversideCountyFigures2and4and
Table5

25

1998 1999

30

49

0

2000

70

62

3

1001

r1

28

0SLE

WEE

oWN

52

42

2002

5

r

13

2

2003

Figure4SeroconversionstoWNSLEandWEEinsentinelchickenflocksinCalifornia19942003
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ThefirstWEEseroconversionsweredetectedinspecimens
obtainedonNovember4fromtwochickensinasentinelflockin

SanDiegoCountyFigure2andTable5

DEADBIRDSURVEILLANCE

TheCDHSWestNileVirusdeadbirdsurveillanceprogram
acollaborativeprogramwithover130localagenciesand
supportedbyaCDCgrantwasestablishedin2000andexpanded
in2003Thehotlinereceived3666reportsofdeadbirdsfrom
56countiesduring2002653birdsfrom45countiesweretested
forWNIn20038650callswerereceivedfrom57counties
reportingdeadbirdsMcCaugheyetal2003Ofthese1765
birdsfrom51countiesweretestedforWestNilevirusFigure5
andTable14

Atollfreehotline1877WNVBIRDwascreatedfordead
birdreportingbythepublicinApril2002McCaugheyetal
2003In2003acallrouterwascreatedforthehotlinethat

SourceCaliforniaDepartmentofHealthServices

Figure5StatemapofdeadbirdsreportedandtestedforWNbycounty2003

allowedCDHStogiveinformationinSpanishtocallersrecordmore
completeinformationfromcallersduringnonbusinesshoursthrough
theuseofavoiceformenabledirectcallsandoptimizethetimeof
hotlinestaffAdditionallypresentationsbyCDHSbiologistswere
giventolocalagenciesandthegeneralpublictoeducateand
encourageparticipationinthedeadbirdsurveillanceprogramCDHS
alsopublishedabrochureonWestNilevirusfordistributiontothe

generalpubliccontaininginformationonthevirusmosquitocontrol
andreportingdeadbirdsThewebsitecomplementedthehotlinefor
thepurposeofinformationretrievalanddispersionondeadbird
surveillance

ThecriteriaforWNtestingwerethatthebirdmusthavebeen
deadforlessthan2448hoursatthetimeofthereportanditwas
oneofthetargetspeciesDuringthefirstsevenmonthsof2003the
speciesselectedforWNtestingwerelimitedtoraptorsandcorvids
AmericancrowwesternScrubjayStellersjayyellowbilledmagpie
andcommonraven

nCounties51thatreportedbirdswhichweretested
nCounties5whosetests werepositivetorWNvirus

LosAngeles 65

Orange 3

Riverside 13

SanBemardino 10

SanDiego 5



County

Americancrow

Reported Tested

Commonraven

Reported Tested
OtherspeciesReported Tested

Total

Reported Tested

Alameda 48 14 6 2 173 15 227 31

Alpine 0 0 0 0 4 0 4 0

Amador 3 0 0 0 23 4 26 4

Butte 33 7 3 1 203 22 239 30

Calaveras 0 0 0 0 15 2 15 2

Colusa 2 1 0 0 9 1 11 2

ContraCosta 60 4 6 3 390 47 456 54

DelNorte 0 0 1 1 2 0 3 1

ElDorado 3 0 0 0 141 13 144 13

Fresno 42 7 5 3 133 11 180 21

Glenn 3 3 0 0 6 1 9 4

Humboldt 6 2 6 3 9 0 21 5

Imperial 2 0 0 0 26 8 28 8

Inyo 14 3 10 2 48 5 72 10

Kern 9 2 11 2 50 9 70 13

Kings 8 2 0 0 12 0 20 2

Lake 7 2 1 0 12 1 20 3

Lassen 1 0 0 0 1 0 2 0

LosAngeles 778 196 43 14 795 135 1616 345

Madera 15 0 0 0 16 1 31 1

Marin 35 9 4 2 60 4 99 15

Mariposa 3 1 0 0 6 0 9 1

Mendocino 9 0 3 2 21 3 33 5

Merced 37 6 1 1 120 14 158 21

Mono 1 0 1 0 9 2 11 2

Monterey 27 9 1 0 26 3 54 12

Napa 8 4 0 0 22 2 30 6

Nevada 4 1 0 0 72 2 76 3

Orange 223 65 9 4 178 50 410 119

Placer 16 3 1 0 133 16 150 19

Plumas 0 0 0 0 10 0 10 0

Riverside 203 77 6 3 397 106 606 186

Sacramento 163 35 6 1 588 89 757 125

SanBenito 2 2 0 0 11 0 13 2

SanBernardino 209 58 18 5 383 58 610 121

SanDiego 128 62 10 8 359 187 497 257

SanFrancisco 7 1 0 0 43 4 50 5

SanJoaquin 50 8 3 0 100 13 153 21

SanLuisObispo 24 5 2 1 143 10 169 16

SanMateo 17 6 7 3 125 17 149 26

SantaBarbara 28 8 3 3 49 4 80 15

SantaClara 57 17 1 1 165 23 223 41

SantaCruz 3 0 0 0 51 2 54 2

Shasta 10 4 0 0 51 5 61 9

Sierra 0 0 0 0 2 0 2 0

Siskiyou 0 0 1 0 7 0 8 0

Solano 9 0 0 0 82 5 91 5

Sonoma 48 6 3 2 109 10 160 18

Stanislaus 35 8 0 0 129 21 164 29

Sutter 17 5 1 0 51 14 69 19

Tehema 5 0 0 0 12 1 17 1

Trinity 0 0 0 0 7 0 7 0

Tulare 14 2 1 0 38 7 53 9

Tuolumne 0 0 1 0 10 1 11 1

Ventura 42 8 5 3 90 21 137 32

Yolo 90 30 1 0 146 34 237 64

Yuba 5 0 1 1 32 8 38 9

TOTAL 2563 683 182 71 5905 10111 8650 1765

February2004 ProceedingsandPapersoftheSeventySecondAnnualConference 45

Table14DeadbirdstestedandreportedforWestNilevirus2003

NoteOrangeCountytestedwithVecTest
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InAugustof2003thetargetspecieslistwasexpandedto
includefinchessparrowsandblackbirdsTheacceptedspecies
listwasexpandedagaininSeptemberof2003forthecountiesof
ImperialSanDiegoSanBernardinoLosAngelesSanDiego
RiversideandSantaBarbaratoincludeallwildbirdsexceptpigeons
anddovesFigure6

BeginninginNovemberonlycrowsandravenswereaccepted
forWNtestingexceptinSanDiegoSanBernardinoandRiverside
countieswheretheycontinuedtocollectallspecies

NecropsiesofsubmittedcarcasseswereperformedbyCAHFS
CentralinDavisandSanBernardinoCAHFSFresnoandTurlock

stillaccepteddeliveriesofdeadbirdsforWNtestingandshipped
thecarcassestoCAHFSCentralKidneytissueswereforwarded
toCVECfortestingviaRTPCRPCRhasasensitivitythatcan
detectvirusinbirdsthathavebeendeadforuptofourdays
Howeverinthefieldthedurationofsensitivitywasreduceddueto
thehottemperaturesadvancingdecompositionalongwithmaggot
infestationsdestroyinginternalorgansViralisolationwas
performedbyCVEContissuesthattestedpositiveforWNbyPCR

IntotalWNwasdetectedin96birdcarcassesfromLos

AngelesOrangeRiversideSanBernardinoandSanDiego
CountiesTable6
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WeeklyArbovirusSurveillanceBulletinandWebsite

BetweenApril18andDecember30CDHSpublishedweekly
bulletinsthatreportedresultsofarbovirustestsfromhumanequids
mosquitoessentinelchickensanddeadbirdsaswellasupdates
onnationalWNactivityThesebulletinsweredistributedtolocal
stateandfederalpublichealthagenciesuniversitiesandother
statehealthdepartmentsthebulletinswerealsopostedonthe
CaliforniaWNwebsitewwwwestnilecagovThewebsitealso
providedWNfactspressreleasesmapsofWNactivityanon
linedeadbirdreportingformandlinkstorelatedwebsitesPictures
ofbirdswereaddedtothewebsitetoassistthepublictobetter
identifybirdspecieswhenreportingbirdcarcasses

ResponseActivitiestoWestNilevirus

TheCaliforniaMosquitoBorneVirusSurveillanceand
ResponsePlanCDHSetal2003wasrevisedin2003and

distributedtoalllocalmosquitocontrolagenciesToprovidea
semiquantitativeestimateofthevirustransmissionriskthatcould
beusedbylocalagenciestoplanandconductcontrolactivities
independentmodelsweredevelopedtoaccountforthedifferent
ecologicaldynamicsofWEESLEandWNtransmissionin
California
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SouthernCaliforniacountiesbegantestingallbirdsexceptpigeonsanddovesafterthefirstWNpositivesweredetected

Figure6DeadbirdsreportedtestedorpositivebymonthtotheCDHSWNHotlineCalifornia2003
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AnOperationalPlanforEmergenceResponsetoMosquito
BorneDiseaseOutbreaksCDHSetal2003awrittenasa

supplementtotheResponsePlanbyCDHSincollaborationwith
theGovernorsOfficeofEmergencyServicesOESwascompleted
in2003anddistributedtoalllocalmosquitocontrolagenciesThis
documentidentifiesthecoordinationbetweenDHSandpartner

agenciesinrespondingtoamosquitobornediseaseemergencyIt
isconsistentwiththeCDHSEmergencyPlanDepartmental
AdministrativeOrderandtheStateEmergencyPlanThisdocument
expandsontherolesoftheagenciesmentionedintheResponse
Planandprovidesthepolicybasisformosquitobornedisease
outbreakplanningresponserecoveryandmitigationactionsThe
documentincludesthefollowinginformation1Descriptionof
howCDHSandfederalstateandlocalagenciesfunctiontogether
inacoordinatedescalatingemergencyresponse2Theprogression
fromnormaltoemergencyoperationsand3Theemergency
managementstructureStandardizedEmergencyManagement
SystemSEMSorganizationchartforCDHSresponsenotification
systemresponsibilitiesforthevariousagenciesinvolvedinthe
responseandanticipatedagencyrolesateachjurisdictional
federalstatelocallevel

InresponsetothetransmissionofWNin6countiesinsouthern
CaliforniaCDHSparticipatedintheformationofWNTaskForces
composedofrepresentativesfromsuchagenciesastheCounty
HealthandEnvironmentalHealthDepartmentsCountyOES
CountyAgriculturalCommissionerscountylawenforcementand
vectorcontrolagenciesTheseTaskForcesusingtheResponse
PlanasaguidedevelopedWNplansandcoordinatedsurveillance
responseeducationandcommunication

WestNilevirusintheUnitedStates

Bytheendof2003WNactivityhadbeenidentifiedin45
statesandtheDistrictofColumbiahttpwwwcdcgovncidod
dvbidwestnile TheWNepidemicandepizooticresultedin9862
reportedhumancasesofWNdiseaseand264deathsSignificant
humandiseaseactivitywasrecordedfromthesefollowingstates
Colorado2947Nebraska1942SouthDakota1039and
Texas720The2003WNepidemicwasthelargestrecognized
arboviralmeningoencephalitisepidemicintheWesternHemisphere
andthelargestWNmeningoencephalitisepidemiceverrecorded
CDC2003

Moreover11115WNpositivedeadbirdshadbeenreported
from42statestheDistrictofColumbiaandNewYorkCityHorse
infectionsnumbered4084from41statesFinallyWN
seroconversionsin1377sentinelchickenflocksfrom15states

andatotalof7602WNpositivemosquitopoolswerereported
from38statestheDistrictofColumbiaandNewYorkCity
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MosquitoandArbovirusSurveillanceinNorthwest
MosquitoandVectorControlDistrictin2003

JoannaWisniewskaRosalesGregAWilliamsHaroldAMoralesSarahACrossman
ChristopherMullensandLalSMian

NorthwestMosquitoandVectorControlDistrict1966ComptonAveCoronaCA928813318
DepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397

ABSTRACTThemosquitoandarbovirussurveillanceprogramatNorthwestMosquitoandVectorControl
DistrictWMVCDincludesthestandardweeklymosquitotrappingcollectionofdeadbirdsandbiweeklytestingof
sentinelchickenflocksforStLouisSLEwesternequineWEECaliforniaCEandWestNileWNencephalitis
virusesWealsotrapandtestwildbirdsfortheSLEWEEandWNvirusesIn2003wecollected62703mosquitoes
andtested520mosquitopoolsWetrappedandtested398wildbirdsandcollected60deadcrowssparrowsfinches
andotherbirdspeciesNoneofthemosquitopoolsorbloodsamplesfromsentinelchickenstestedpositiveforanyof
thearbovirusesHoweveronelivehousefinchtestedpositivefortheantibodytotheWNvirusWNVand4dead
birdsthreecrowsandonehousefinchwerepositivefortheWNV

INTRODUCTION

Amultifacetedmosquitoandencephalitisvirussurveillance
EVSprogramhasbeenconductedbytheNorthwestMosquito
andVectorControlDistrictNWMVCDsinceitsinceptionin1959
In2003theprogramincludedmosquitocollectionswithNew
JerseystylelighttrapsNJLTcarbondioxidebaitedEVStraps
andgravidmosquitotrapsandincorporatedtestingofmosquito
poolssentinelchickenswildbirdsandbirdcarcassescollected
throughouttheDistricttotestforSLEWEECEandWNviruses

TheNWMVCDencompassesapproximately240squaremiles
andservicescloseto400000residentsTheDistrictsservicearea

includesthecitiesofNorcoCoronaLakeElsinorepartsofthe
cityofRiversideandseveraladjoiningunincorporatedcommunities
DiseaseandvectorsurveillanceprogramsarepartoftheDistricts
coordinatedefforttobestservethecommunitybydetectingand
controllingvectorbornediseasesinourarea

MATERIALSANDMETHODS

NewJerseyStyleLightTraps

Thepopulationdynamicsofadultmosquitoesweremonitored
withNJLTMulhern1942at12fixedlocationsthroughoutthe
districtFig1Thetrapsweresetat3urban6suburbanand3
ruralhabitatsasdescribedbyMianandReed2002Thetraps
wereequippedwith25wattincandescentlightbulbs235lumens
andplacedapproximately24mabovegroundlevelThe
mosquitoestrappedwerecountedandsortedaccordingtosexand
specieswithareportsubmittedtotheCaliforniaDepartmentof
HealthServicestobeincludedinthestatewideadultmosquito
occurrencereport

EncephalitisVirusSurveillanceTraps

Figure1DistributionofNJLTstrianglesEVStrapsflagsand
gravidtrapscrosseswithintheboundariesoftheNWMVCDdark
graypolygonsin2003

Hostseekingfemalemosquitoesweremonitoredusingcarbon
dioxidebaitedEVStrapswithoutlightorrainshieldsCummings
andMeyer1999Eachtrapwasoperatedatanapproximateheight
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of125mandCOwaspresentedina37literStyrofoam insulated

bucketwith4to5openingsatthebottomdiameter 4mmThe

openingswerelocated18cmabovetrapentry
Atotalof25fixedtraplocationswereselectedtobestmonitor

mosquitoinfestedareaswithinthefiveservicezonesattheDistrict
Fig1ThetrapswereoperatedweeklyfromdusktodawnThe
mosquitoescollectedwereanesthetizedwithtriethylamineTEA
andsortedbyspeciesandsexPoolsof12to50mosquitoeswere
thenshippedondryiceovernighttotheUniversityofCalifornia
DavisArbovirusResearchUnitDARUfortestingFemaleCulex
erythrothoraxDyarCulexquinquefasciatusSayCulex
stigmatosomaDyarandCulextarsalisCoquillettwereincluded

GravidTraps

In2003gravidfemalemosquitoeswerecollectedatfour
locationsFig1twoabovegroundandtwoinundergroundstorm
drainsTrapsdesignedbyReiter1987andmodifiedbyCummings
1992werebaitedwithalfalfainfusionReiter1983andoperated
weeklyovernightTheabovegroundtrapswereusedfromAugust
throughDecemberandtheundergroundonesfromSeptember
throughDecemberThegravidmosquitoescollectedwere
anasthetizedwithTEAandsortedbyspeciesPoolsofCx
quinquefasciatusandCxstigmatosomaweresubmittedtoDARU
forarbovirustestingasdescribedabove

SentinelChickenFlocks

Sixsentinelchickenflocksoftenwhiteleghornbirdseach
weremaintainedfromAprilthroughDecemberatdifferentlocations

Figure2Distributionofsentinelchickenflockstrianglesand
wildbirdtrapscrosseswithintheboundariesofNWMVCDdark
graypolygonsin2003

throughouttheDistrictFig2Bloodsampleswerecollected
biweeklyfromthewingveinThesampleswereplacedonfilter
paperstripsairdriedandsubmittedtoDARUfortesting

WildBirds

BeginninginApril2004fourmodifiedAustraliancrowtraps
McClure1984werebuiltandsetupinCoronaNorcoCanyon
CrestandLakeElsinoreFig2Thetrapswerebaitedwithwild
birdseedGoldenStateCommoditiesOakdaleCAandwaterto
attracthousefinchesCarpodacusmexicanusandhousesparrows
PasserdomesticusTheywerecheckedtwiceaweekforbirds
Thebirdswereidentifiedtospeciesandsexbandedbledand
releasedatthesiteWealsocollectedandtestedbloodsamplesof
brownheadedcowbirdsMolothrusaterobtainedfrommodified
AustraliancrowtrapsoperatedbytheLeastBellsVireo
ConservationProjectoftheSantaAnaWatershedAssociationBird
bloodsamples01 02mlfromeachbirdwerecollectedfrom
thejugularveinwitha1mlinsulinsyringefittedwitha28gauge
AinchhypodermicneedleEachsampledissolvedin09mlof
075bovineserumalbuminPBSphosphatebufferedsaline
diluentwassubmittedtotheOrangeCountyVectorControlDistrict
LaboratoryforSLEandWEEantibodytestingbyserum
hemagglutinationinhibitonasdescribedbyGruwellatal2000
ThesampleswerealsotestedforantibodiesspecifictotheWest
NilevirusbyablockingELISAdevelopedbyJozanetal2003

DeadBirds

DeadbirdsreportedtotheDistrictwerepickedupand
submittedtotheCaliforniaAnimalHealthandFoodSafety
CAHFSLaboratoryinSanBernardinofortestingforWNV

DataAnalysis

Mosquitoabundancedatawereblockedbymonthandanalyzed
usingrepeatedmeasuresANOVAwiththecollectionmonthasthe
maineffectAbundancemeasurementswererepeatedwithineach
traplocationStudentNewmanKeulsmethodwasutilizedfor
multiplecomparisonsofmeans Speciescompositiondatafor
eachtraptypewereanalyzedusingKruskalWallisonewayANOVA
withDunnspairwisemultiplecomparisonsprocedure

MosquitoSurveillance

RESULTS

In2003atotalof4766femalemosquitoeswerecollecedin
NJLTsCulexquinquefasciatusdominatedthetrapcatchp005
followedbyCxtarsalisCxstigmatosomaandCxervthrothorax
Fig3 OtherspeciescollectedincludedCulisetainornata
WillistonCulisetaparticepsAdamsCulisetaincidens
ThomsonAnopheleshermsiBarr GuptavanjiAnopheles
franciscanusMcCrackenandOchlerotatuswashinoiLanzaro
EldridgeRuralhabitatsproducedmostmosquitoesp005Fig
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Figure3AcomparisonofspeciescompositionoffemalemosquitoescollectedinNJLTs
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Figure4RelativenumbersoffemalemosquitoescollectedinNJLTsinurban
darkcirclessuburbanclearcirclesandruraldarktriangleshabitats
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4Mosquitoabundanceinsuburbanandurbanareaswasnot
significantlydifferentNumericallymosquitonumberscaptured
inNJLTsin2003wereconsistentlylowerthanthe510and15
yearaveragesFig5InNJLTsallfourCulexspeciespeakedin
AprilthroughAugustandtherewasasecondpeakinSeptember
throughOctoberforCxtarsalisandCxquinquefasciatusFig
6A

TheCObaitedtrapsyielded57050mosquitoesAsinthe
NJLTsCxquinquefasciatuswasthemostabundantspeciesp
005followedbyCxerythrothoraxCxtarsalisandCx
stigmatosomaFig3Culexerythrothoraxweremostabundant
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inMaywhilethenumbersofCxquinquefasciatuspeakedinJuly
Fig6BThehighestnumbersofCxtarsaliswerecollectedin
September

Thetotalnumberofmosquitoescollectedinthegravidtraps
was887withthemajority841beingCxquinquefasciatusp
005followedbyCxstigmatosomaandCxtarsalisFig3The
overallcatchforallgravidtrapscombineddecreasedfromAugust
throughNovemberFig6CWhenconsideredseparatelythe
abovegroundtrapsproducedmoremosquitoesmeannumberof
femalespertrapnight 32inAugustandSeptemberwhilean
averageof14mosquitoespertrapnightwereconsistentlycollected
fromundergroundsourcesfromSeptemberthroughDecember

Year2003
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1 1
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Figure5AcomparisonofthemeannumbersoffemalemosquitoescollectedinNJLTsin
2003tothe5clearcircles10darktrianglesand15cleartrianglesyearaverages
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FromtheEVStrapsatotalof520mosquitopoolswere
submittedtoDARUfortestingThisincluded135poolsofCx
tarsalis186poolsofCxquinquefasciatus134poolsofCx
erythrothoraxand65poolsofCxstigmatosomaFromthegravid
traps18poolsofCxquinquefasciatuswereprocessedfortesting
Nonewerepositiveforanyofthearboviruses
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Figure6RelativeabundanceofthefourCulexspeciescollectedthroughout2003inNJLTsA
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Noneofthebloodsamplesfromthesentinelchickenstested
positiveforanyofthearbovirusesOutofatotalof355livewild
birdstestedTable1oneadultmalehousefinchwaspositivefor
theWNvirusantibodyUponitsfirstcaptureintheCanyonCrest
trapintheCityofRiversideonSep22ndtheblockingELISAtest
showed60inhibitionofcolordevelopmentthebirdwas60
positivefortheWNVantibodyOnOct3thehousefinchwas
recapturedandsubsequentblockingELISAtestwas54positive
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Table1BirdscollectedinwildbirdtrapsfromAprilthroughDecember2003forsinglerecapturesthesamebirdstrappedmultipletimes
werecountedonlyoncetheywerecountedeachtimeinthemultiplerecaptures

BirdSpecies

Housefinch

Housesparrow
Brownheadedcowbird

Californiatowhee

Spottedtowhee

Redwingedblackbird

Total

During200353deadbirdsweresubmittedtotheCAHFS
laboratoryOfthesethreeAmericancrowsonecollectedOct20th
andtwoNov3randahousefinchcollectedOct22ndtested
positiveforWNVAllfourbirdswerefoundintheportionofthe
CityofRiversideservedbytheDistrict

MosquitoSurveillance
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DISCUSSION

WhileCxquinquefasciatusdominatedtrapcatchforallthree
mosquitotraptypesfortheremainingmosquitospeciesdifferent
trappingmethodsproduceddifferentspeciescompositionpatterns
anddrasticallydifferentabundancesFigs3and6Thenumberof
CxquinquefasciatuscollectedintheEVStrapswashighestinJuly
whileitwashighestinMayandJuneintheNJLTsCulex
erythrothoraxabundancepeakedinMayintheEVStrapswhileit
didsoinMaythroughJulyintheNJLTsCulextarsalisweremost
abundantlaterintheseasonasindicatedbybothNJLTandEVS
trapcatchwhilethenumbersofCxstigmatosomaremainedlow
throughouttheyeareventhoughtheydidriseslightlyduringthe
summer

AsexpectedEVSandgravidtrapsprovedmoreeffectivein
trappingCulexmosquitoesthanNJLTsFig6ACThisdrastic
differencemaybeattributedtotrapplacementwiththeEVSand
gravidtrapsbeingpositionedinmoremosquitoinfestedareassince
theyaremoreeasilydeployedduetotheirlightweightand
independencefromACpowersourcesThehighestcatchinthe
EVSandgravidtrapsmayalsobeduetoCxquinquefasciatus
beingthedominantmosquitospeciescollectedPopulationsof
Culexquinquefasciatusaretypicallyunderrepresentedinlighttrap
catchBarretal1960Anadditionalfactorcontributingtothe

NumberofBirds

Bled NoRecap NoRecap
April May June July August Sept Oct Dec Total single multiple

0 47 38 30 68 10 12 3 208 28 75

0 31 22 10 2 0 0 14 79 5 10

12 12 3 10 0 0 23 0 60 NA NA

1 0 4 0 0 0 0 0 5 0 0

0 0 0 1 0 0 0 0 1 0 0

0 2 0 0 0 0 0 0 2 0 0

13 92 67 51 70 10 35 17 355 9 24

lowNJLTcountmaybeincreasedbackgroundilluminationfrom
otherlightsourcesespeciallyintheurbanandsuburbantrapping
areasMilbyandReeves1989Thehighestmosquitonumbers
collectedintheruralareasforNJLTsFig4andthelowestnumber
ofmosquitoescollectedinNJLTsin2003ascomparedtothe510
and15yearaveragesFig5supportsthisideaAstheurbanand
suburbantrappingsiteswithintheDistrictbecomemoreurbanized
overtimebackgroundilluminationincreasesresultinginan
increasednumberofcompetinglightsourcesandlowernumbers
ofmosquitoesbeingtrappedinNJLTs

Themeannumberofmosquitoescapturedpertrapnightin
theEVStrapswasalsohigherthaninthegravidtrapsHowever
gravidtrapscapturedmostlyCxquinquefasciatusaswouldbe
expectedduetothefermentedalfalfainfusionbeingusedasan
attractantReisenandMeyer1990andCxquinquefasciatusbeing
thedominantmosquitospeciesinourDistrictFig2andthemost
prevalentspeciescollectedinundergroundstormdrainsinsouthern
CaliforniaSuatal2003Thegravidtrapswereonlydeployed
fromAugustthroughDecemberDuringthosemonthspopulations
ofadultCxquinquefasciatusasindicatedbytheEVSandNJLT
catchwerealreadydecliningFig6C

ArbovirusSurveillance

Notsurprisinglycollectionandtestingofdeadbirdswasthe
quickestandmosteffectivewayofdetectingWNVinthearea
TrappingandtestinglivewildbirdsproducedoneWNVpositive
housefinchoutof355birdstrappedindicatingthatthismethod
mightholdpromiseforWNsurveillanceEventhoughnoneofthe
mosquitopoolsorbloodsamplesfromsentinelchickenstested
positiveforWNVtestingsentinelchickensandmosquitopoolsfor
arbovirusesstillremainthemethodsofchoiceforSLEWEEand
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CEsurveillanceaswellasforfurtherdetectionofWNVactivityin
theDistrictservicearea
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SurveillanceforRodentbornePathogensinNorthwesternRiversideCountyin2003

JoannaWisniewskaRosalesGregAWilliamsHaroldAMoralesSarahACrossmanChristopher
MullensandLalSMian

NorthwestMosquitoandVectorControlDistrict1966ComptonAveCoronaCA928813318
DepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397

ABSTRACTAspartofthediseasesurveillancerodenttrappingwascarriedoutat17sitesinnorthwestern
RiversideCountyin2003Of392rodentstrapped13935 werePeromyscusmaniculatusInovernighttrapsat12
sitessevenhadhantaviruspositiverodentsandonehadtwoarenaviruspositivePmaniculatusHantaviruspositive
speciesincludedPmaniculatus23PeromyscuseremicusPeromvscuscalifornicusMicrotuscalifornicusand
NeotomalepidaPeromvscuseremicusshowedthehighestrateofinfection208 Inrodentplaguesurveyssera
from57SpermophilusbeechevitestednegativefortheplagueantibodyTheplagueantibodywasalsonotdetectedin
anyoftheratsmiceorvolescollected

INTRODUCTION

TheNorthwestMosquitoandVectorControlDistrict
NWMVCDprovidesvectorcontrolservicesto400000residents
withinanareaofapproximately240squaremilesthatincludesthe
citiesofNorcoCoronaLakeElsinorepartsofthecityofRiverside
andseveraladjoiningunincorporatedcommunitiesFig1The
diseaseandvectorsurveillanceprogramispartoftheDistricts
coordinatedefforttobestservicethecommunitybydetectingand
controllingvectorbornediseasesintheareaSurveillancefor
hantavirusesandplaguehasbeencarriedoutattheNWMVCDfor
overadecadewherebyrodentshavebeentrappedthroughoutthe
DistrictserviceareaandtheirbloodsamplestestedIn2003
serologicaltestingforarenavinuseswasaddedtotheprogram

Hantavirusesareresponsiblefortwotypesofhumandiseases
hemorrhagicfeverwithrenalsyndromeHFRSandhantavirus
pulmonarysyndromeHPSThesevirusesaremostcommonly
transmittedtohumansthroughaerosolizationofrodentexcreta
butsecondaryaerosolsmucousmembranecontactandskin
breachesarealsoaconsiderationNearly366casesofHPSa
severediseasewith37mortalityhavebeenreportedinNorth
AmericawhileHFRShasprovedtobeveryuncommonAgreat
numberofNewWorldrodentspeciesincludingdeermiceP
maniculatuswoodratsNeotomasppvolesMicrotussppand
ClethrionomyssppandratsRattusrattusandRattusnorvegicus
havebeenfoundtohaveantibodiestohantavirusesSinNombre

virusmostlycarriedbyPmaniculatusisresponsibleforthehuman
HPScasesinthewesternUnitedStatesOtherhantavirusesmay
alsobevectoredbyotherrodentspeciesTheseincludetheEl
MoroCanyonviruscarriedbythewesternharvestmouse
ReithrodontomvsmegalotisandtheIslaVistavirusvectoredby
theCaliforniavoleMicrotuscalifornicusBennettetal1999

Arenavirusesareassociatedwithhumandiseaseworldwide

Aswithhantavirusesarenavirusinfectionsinhumansmayresult
frominhalationofaerosolsofrodentexcretaorfromdirectcontact

ofrodentexcretawithopenskinandmucousmembranesPerson
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Figure1Mapofrodenttrapsitesshowingwhitetagsforratsand
miceanddarktrianglesforgroundsquirrelswithintheNWMVCD
serviceareasdarkgreypolygonsNumberswithinthetagsindicate
trapnightsforeachsitesampledin2003Darkflagsindicate
hantaviruspositivesitesandthelightgreyflagmarksthearenavirus
positivesite
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topersontransmissionmayoccurupondirectcontactwithinfective
fluidsandcontaminatedmaterialssuchasmedicalequipment
Ingestionofcontaminatedfoodswithrodentexcretamayalsoresult
inaninfectionArenavirusesknowntooccurinNorthAmerica

includeLymphocyticChoriomeningitisLCMWhiteWaterArroyo
WWAandTamiamiTAMvirusesChildsandPeters1993
TheLCMVvectoredprincipallybythehousemouseMus
musculuscausesmeningitisencephalitisorbothThediseaseis
usuallynotfatalbuttherearenospecifictreatmentsWoodratsin
thesouthwesternUnitedStatesaretheprincipalhostsofWWA
viruswhichisanagentofhemorrhagicfeverinhumansTheTAM
virustransmittedbythehispidcottonratSigmodonhispidusin
FloridacausesTamiamivirusencephalitis

InsouthernCaliforniaantibodiesagainstPichindePICand
TAMviruseshavebeenfoundinduskyfootedwoodratsN
fuscipesanddesertwoodratsKosoyetal1996Bennettetal
2000foundantibodiestotheAmapariAMAandorWWA
virusesindesertwoodratsduskyfootedwoodratsbrushmice
PeromyscusboyliiCaliforniamicePeromyscuscalifornicus
deermicecactusmiceandharvestmicecollectedintheLos

AngelesOrangeandNorthwesternSanDiegoCountiesLater
Fulhorstetal2002isolatedanewarenavirusBearCanyonvirus
thatbelongstotheTacaribeserocomplexItwasfoundinP
californicuscollectedintheClevelandNationalForestcloseto
theOrangeCountyandRiversideCountyline

PlaguewasintroducedtoNorthAmericain1900when
Norwayratscarryingplagueinfectedfleasescapedfromaship
fromHongKongdockedinSanFranciscoSincetheneighteen
rodentspeciesinCaliforniahavebeenimplicatedinthe
epidemiologicalcycleofplagueThecausativeagentofplague
thebacteriumYersiniapestisismaintainedinwildrodentsand
othersmallmammalsandtransmittedwithinandamongspecies
bytheirfleasThehostspeciesofplagueincluderelativelyresistant
enzooticmaintenancehostsandthesusceptibleepizootic
amplificationhostsTheenzootichostsincludePeromyscusspp
andvolesPeromyscusmaniculatusandMcalifornicusaremost
significantinthisrespectDavisetal2002Theepizootichost
speciesincludeCaliforniagroundsquirrelsSpermophilusbeecheyi
woodratsNeotomasppandchipmunksTamiassppTheground
squirrelsandtheirfleasaremostoftenassociatedwithhumanplague
casesinCaliforniaNelson1980

Basedonroutinediseasesurveillanceactivitiesthispaper
presentsdataonrodentbornepathogensatvarioussitesinthe
northwesternRiversideCountyduring2003

MATERIALSANDMETHODS

Smallrodentsincludingratsmiceandvolesweretrappedat
12locationsthroughouttheNorthwesternRiversideCountyFig
1BasedonpreviousrodentsurveillancestudiesatNWMVCD
unpublisheddatalocationswiththehighesttrapsuccessfor
Peromyscussppareopenfieldscontainingsomehumanrefuse
andscatteredvegetationForthepresentstudysiteswereselected
basedonthesecriteriaLocationswereselectedwithineachof

thefiveservicezonesoftheNWMVCDAdditionallyCalifornia

groundsquirrelsweretrappedforplaguesurveillanceat5locations
throughouttheDistrictFig1Groundsquirreltrappinglocations
wereselectedbasedonfieldobservationsofhighsquirrelactivity
byfieldtechnicianswithineachofthefiveDistrictservicezones
Oneachsamplingoccasion40trapsweresetinstations

InovernightsurveysShermantraps76x89x229cmwere
usedatdifferentlocationsthroughouttheyearFig1Eachtrap
wasbaitedwith3gofrolledoatsSquirrelsweretrappedin
Tomahawklivetraps125x125x40cmTomahawkWIbaited
withpeanutbutterandrolledoatsmixedtogethertoform27g
ballsdia35cmTheTomahawktrapsweresetthroughoutthe
yearinthemidmorningandcollectedonthesamedayintheearly
afternoon

Allrodentswereeuthanizedwithcarbondioxidewithinhours

aftertrapcollectionThecardiacpuncturetechniquewasusedto
collectbloodsamplesForhantavirusantibodytestingwholeblood
samplescollectedfromratsmiceandvoleswereshippedovernight
totheCaliforniaDepartmentofHealthServices VectorBorne

DiseaseSectionCDHSVBDSLaboratoryTotestfor
arenavirusesbloodserumwasseparatedthroughcentrifugationat
4500rpmfor20minandstoredat70Cuntilenoughsamples
wereaccumulatedforshipmentThesampleswereshippedondry
icetotheUniversityofTexasMedicalBranchUTMBDepartment
ofPathologyforanalysisWholebloodsamplesadsorbedonto
NobutofilterstripswereshippedtoCDHSVBDSforplague
antibodydetection

RESULTSANDDISCUSSION

Atotalof335rodentswerecollectedover920trapnightsat
thel2surveillancesitesthroughouttheyearTable1Sevenout
ofthe12siteshadhantaviruspositiverodentsFig1Mostofthe
positivesiteswereresampledatleastonceFig1Atotalof57
groundsquirrelswerecollectedat9differentsites

Ofthe335rodentscollected39116 testedpositivefor
hantavirusandtwoforarenavirusMostrodentscollectedwereP

maniculatusfollowedbyNlepidaChaetodipuscalifornicusP
californicusPeremicusNfuscipesMcalifornicusandM
musculusTable1AllexceptCcalifornicusMmusculusand
Nfuscipeshadsomeindividualsthatwerepositiveforthe
hantavirusantibodyTwoPmaniculatuswerepositiveforthe
arenavirusantibodySurprisinglyPeremicushadthehighestrate
ofhantavirusinfection208 andnotPmaniculatus165
butthesmallsamplesizeforPeremicusmayhaveinfluencedthis
resultAdditionallytwoMcalifornicusfoundpositivefor
hantavirusantibodyweremostlikelyinfectedwiththeIslaVista
viruscharacteristictothisspecies

All57Sbeecheyiaswellasnocturalrodentsratsmiceand
volestestednegativefortheplagueantibody

Theabovedatashowthepresenceofrodentbornepathogens
andtheassociatedpotentialriskofexposureAlthoughwedidnot
findplagueactivityintherodentsamplestestedinourareaplague
enzooticsingroundsquirrelshavebeenreportedintheadjoining
areasofRiversideCountyfromtimetotimeDrJCHitchcock
personalcommunicationEvidentlyweneedtoexpandourrodent



Rodentspecies 4 collected trapnight AV HV

Chaetodipuscalifornicus 48 005 0 0

Microtuscalifornicus 4 000 0 250
Musmusculus 2 000 NA 0

Neotomafuscipes 22 002 0 0

Neotomalepida 58 006 0 6103
Peromyscuscalifornicus 38 004 0 379
Peromyscuseremicus 24 003 0 5208
Peromyscusmaniculatus 139 015 214 23165
Total 335 035 201 39116
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Table1DataonthesurveillanceforrodentbornevirusesinnorthwesternRiversideCountyin2003

AVArenavirus

HVHantavirus

surveystonewareasbeyondourexistingsamplingsitesWealso
plantocontinueourcollaborationwithDrCharlesFulhorstat
UTMBtofurtherinvestigatethearenavirusesfoundinlocalrodent
populationswithintheDistrictsterritory
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PreventiveMeasuresforReducingtheRiskofTickBorneRelapsingFever
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ABSTRACTTherewere5reportedand12suspecttickbornerelapsingfeverTBRFcasesreportedinMono
andInyoCountiesduringtheperiod20002002Thesecasesarethoughttobeassociatedwith6putativeexposure
siteswithinthese2countiesIndividualsresponsibleforeachofthesitesofcaseexposurewerecontactedinJulyand
August2003andwedocumentedthepreventivemeasuresthatwereimplementedaftertheoccurrenceofillnesses
At4ofthe6sitesconcertedeffortsweretakentoreducetheriskofTBRFOnesitestrictlyconcentratedonrenovation
androdentproofingAttheother3sitesactionsincludedoneormoreofthefollowingprohibitinguseofstructures
destroyingorrodentproofingstructuresrodentcontrolandinsecticidalacaricidalapplicationsRodentproofing
structuresisanintrinsicpartofTBRFpreventionandthepreventivemeasurestakenateachofthe4sitesshould
effectivelylowertheriskofTBRFatthesites

INTRODUCTION

TickbornerelapsingfeverTBRFisareportablediseasein
CaliforniacausedbythespirochetalbacteriumBorreliahermsii
DavisInthewesternUnitedStatesatelevationsabove1500m
BhermsiiistransmittedbytheargasidorsofttickOrnithodoros
hermsiWheelerHermsandMeyerHermsandWheeler1936
HistoricallyinCaliforniathemajorityofTBRFcaseshave
consistentlyoccurredinthevicinityofBigBearLakeSan
BernardinoCountyandLakeTahoePlacerandthesurrounding
countiesalthoughscatteredcaseshavebeenreportedfrom20of
the58countiesinthestateRelativetothesetwoapparentdisease
focitheriskofcontractingTBRFinMonoandInyoCounties
appearstoberelativelylowAhistoricalreviewofunpublished
reportsshowedthatonly4of140reportedcasesofTBRFbetween
19211935and19511965werefromMonoCountyandnonefrom
InyoCountyFrom1991200088caseswerereportedofwhich
10werefromMonoandInyoCountiesStateofCalifornia
DepartmentofPublicHealth1936CaliforniaDepartmentofHealth
ServicesCDHS2001CDHSunpublisheddata

Therewere5reportedand12suspecttickbornerelapsingfever
TBRFcasesreportedfromMonoandInyoCountiesbetween
20002002CDHSunpublisheddataEachofthesecaseswas
thoughttobeassociatedwithoneof6putativeexposuresiteswithin
these2countiesandWalkeretal2003providedadetailed
descriptionofthesesitesIndividualsresponsibleforeachofthe
putativeexposuresiteswerecontactedduringJulyandAugustof
2003Queriesincludedthefollowingquestions1Hasanyone
stayedatthesitesaftertheinitialTBRFillnessorTBRFlikeillness
occurred2Hasanyonecontractedafebrileillnessafterstaying
atthesiteaftertheinitialillness 3Haveactionsbeentakento

February2004

preventrodentaccesstothestructure4Haveeffortsbeentaken
toreducepotentialorexistingrodenthabitatsproximaltothe
structure and5Havetickorrodentcontrolbeenconducted
Basedonresponsesconcertedeffortsweretakentoreducethe
riskofTBRFat4ofthe6sitesSummariesofsiteactivitiesare

givenbelow

MONOCOUNTY

Site1CrestviewFireStation

ThissitelocatedonthegroundsofanInyoNationalForest
FireStationUnitedStatesForestServiceUSFSincludes2
putativeexposurestructures1abarracksbuildingBldg1343
and2acabinBldg1120PreventionmeasuresagainstTBRF
wereinitiatedinAugust2001andincluded1prohibiting
individualsfromstayingovernightinBldg1343andBldg1120
2contractingacommercialpestcontrolcompanytoadminister
rodenticidestothecrawlspacesunderthebuildings3controlof
rodentectoparasiteswithbaitstationscontaining2diazinondust
GoldCrestDiazinon2DInsecticidalDustRousselBio
CorporationEnglewoodNJ4renovationandrodentproofing
ofbuildingsonthefacility5trappingandremovalof85rodents
73chipmunksTamiussppand12goldenmantledground
squirrelsSpermophiluslateralisTaylorduringTBRF
surveillanceproceduresBuilding1343wasdeemedunrepairable
duetoitsageandlargesizethuswaspurposelydestroyedby
burningbyUSFSstaffinMay2003inanattempttoeliminatea
potentialsiteofTBRFinfectionsRodentsurveysindicatedthat
thechipmunkpopulationwashighaveragetrapsuccess 1animal

trapatthetimeoftheinitialsiteinvestigationsduringthesummer
of2001
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Sites2and3CrowleyLakeCabins
ThesesiteswerelocatednearCrowleyLakeandhadahistory

ofTBRFcasespriortothosethatoccurredin2002USFSStaff
personalcommunicationAtsite2thecabinwasoccupiedseveral
timesafterthecaseswerereportedinthespringof2002nofebrile
illnesseswerereportedaftertheseoccupanciesPrevention
measuresagainstTBRFincludedrenovatingthecabinduringthe
summerof2002andeffortsweremadetoexcluderodentsfrom

enteringthestructureDuringrenovationLargeamountsofrodent
droppingswereobservedandrodentnestswereremovedfromthe
walloppositethefrontentranceExtensiverenovationofthecabin
didnotincludespecificrodentexclusioneffortsAtsite3the
cabinwasmaintainedinaverycleanandorganizedmanner
PreventionmeasuresagainstTBRFincludedrodentproofingthe
structureanduseofrodenticidestocontrolrodentsThecabinwas

occupiedasasummerresidenceandpriortoandaftersummer
occupancythecabinwastreatedinaccordancetothelabel
instructionswithanoverthecounterindoorinsecticideacaricide
fogger

Sites4and5MammothLakesandLakeGeorge
Thecabinsatbothsiteswereseasonallyoccupiedduringthe

warmmonthsoftheyearEachofthecabinswasmaintainedina
cleanandclutterfreemannerandmeasureswereregularlytaken
bytheownerstocontroltheoccasionalrodentBasedon
communicationwithindividualsresponsiblefortheexposuresites

itappearedthattheserodentcontrolorTBRFpreventionmeasures
werenotanydifferentthanbeforetheillnessesoccurredNo
previoushistoryofTBRFcasesatthesiteswasmentionedAtsite
4aprobablechipmunkorwoodratnestwasdiscoveredina
storageareaundertheeveofthesecondstorybuttherewasno
reportofcomplaintsoranyobservationssuggestiveofsevererodent
problemsinthestructureThisnestwasupstairsandontheopposite
sideofthecabinfromwherethecaseindividualssleptin2002
Observationsindicatedthatpopulationsofgoldenmantledground
squirrelsandchipmunksappearedhighinthevicinityofthecabin
howevernoactivesurveillanceactivitieswereconductedatthis

siteAtsite5nowoodratorchipmunknestswerefoundinthe
cabinandmicewerereportedtonotbeaproblembutoccasionally
amousewastrappedNoadditionalTBRFpreventivemeasures
wereconductedateithersite

INYOCOUNTY

Site6InvoCountyCabin

ThecabinlocatedwestofBishopwasoccupiedseveraltimes
aftertheinitial2casesoccurredin2002andnofebrileillnesses

werereportedafteranyofthestaysTheinitialcaseswerethefirst

andonlycaseseverreportedfromthecabinTickbornerelapsing
feverpreventivemeasuresimplementedatthecabinwhichwere
takenshortlyaftertheillnessesoccurredincluded1reduction
ofpotentialrodentharborageorclutterontheexteriorandinterior
ofthestructure2conductofrodentproofing3applicationof
rodenticidesandsnaptrapsforrodentcontroland4treatmentof
thecabinwithanoverthecounterindoorinsecticideacaricide

foggeraccordingtothelabelinstructionsRodenticideswerealso
usedpriortotheillnessesNopreorposttreatmentsurveillance
activitieswereconductedatthissite

DISCUSSION

QuiteoftenTBRFcasesreoccuratsitesthathaveahistoryof
humaninfectionByimplementingseveralbasicTBRFpreventive
measuressuchasreducingrodentharborageinandaround
structuresrodentproofingstructuresandconductingroutinerodent
andtickcontroltheriskofTBRFinfectionmaybereducedRodent
proofingincludingremovalofaccessiblerodentnestingmaterial
fromthecabinsandinsecticidalacaricidaltreatmentsofcabins

werefoundtobeeffectiveinpreventingfurtherTBRFcasesforup
to17yearsattheNorthRimofGrandCanyonNationalParkBoyer
etal1977Pauletal2002Recentlyanoverthecounter
insecticidalacaricidalindoorfoggerwasreportedtobeeffective
incontrollingOhermsiSchwanetal2003Weimplemented
thesecontrolmethodsincombinationatthosesitestoreducethe

exposureriskofTBRFFollowupinvestigationslikethose
describedforsite1arewarrantedtoevaluatetheefficacyofthe

TBRFpreventivemeasurestakenateachoftheothersitesdiscussed
inthisreportWebelievethatrodentproofingstructuresisan
intrinsicpartofTBRFpreventionandthatthepreventivemeasures
takenat4ofthe6sitesshouldeffectivelylowertheriskofTBRF
atthesites
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ABSTRACTTickborneLymediseaseLDiscurrentlythemostcommonlyreportedvectorbornediseasein
theUnitedStatesInCaliforniaIxodespacificusistheprincipalvectorresponsiblefortransmissionoftheLD
causingspirocheteBorreliaburgdorferifromwildanimalstohumansInthesouthernportionofthestate1pacificus
hasbeenoftenencounteredinnaturalhabitatsinmountainsandalongthefoothillshoweverwelldesignedlongterm
studiesontheseasonalityofthetickandthetransmissionriskofLDarelackingInlate2001weinitiatedsuch
studiestofillknowledgegapsHerewereportthetemporaldistributionofadultIpacificusobservedatGriffithPark
LosAngelesCountyfromDecember2001throughOctober2003

INTRODUCTION

TickborneLymediseaseLDwasfirstrecognizedasanew
diseasefromLymeConnecticutin1975Steereetal1977Since
thenithasbecomethemostfrequentlyreportedvectorborne
diseaseintheUnitedStatesCDC2002InCaliforniafrom1989
to2003atotalof2309caseswasreportedfrom54outof58
countiesthroughoutthestateHumansacquiretheLDcausing
spirocheteBorreliaburgdorferiJohnsonSchmidHyde
SteigerwaltandBrennerJohnsonetal1984primarilythrough
thebiteofaninfectedtickInthewesternUnitedStatesincluding

CaliforniaandOregonthewesternblackleggedtickIxodes
pacificusCooleyandKohlsistheprincipalvectorresponsiblefor
thetransmissionofBburgdorferifromwildanimalstohumans
BurgdorferandKeirans1983Burgdorferetal1985Laneetal
1991CloverandLane1995Thistickisa3hostspeciesand
reportedlyfeedsonabout80speciesoflizardsbirdsandmammals
ArthurandSnow1968FurmanandLoomis1984andhasbeen
collectedfrom55outof58countiesinthestate

InsouthernCaliforniahumanLDcaseshavebeenreported
fromeverycountyandBburgdorferihasalsobeendetectedinI
pacificusintheregionWebbetal1992Therewere8cases
reportedinLosAngelesCountyin2002allofwhichwere
contractedfromticksoutsidethecountyButtickscarryingB
burgdorferihavebeenreportedinthecountyinthepastpers
commwithDHeftOfthe48casesofLymediseasereportedin
LosAngelesCountysince198916arebelievedtobecausedby
ticksinthecountyOurticksurveillancedatahaveindicatedthat1
pacificusisfrequentlyfoundinnaturalhabitatsinmountainsand
alongthefoothillsthroughouttheregionInformationaboutthe
seasonalactivityofpacificusishoweverlackingInlate2001
weinitiatedalongitudinalstudytodeterminetheseasonalactivity
offpacificusandthetransmissionriskofLDinsouthernCalifornia
HerewereportthefieldobservationsofadultIpacificusactivity
atGriffithParkLosAngelesCounty

METHODSANDMATERIALS

GriffithParkisthelargesturbanmunicipalparkintheUS
andislocatedatthefareasternendoftheSantaMonicaMountains

withelevationsrangedbetween100to500metersItcoversan
areaof4107acreswithabundantspeciesofwildlifeDuringthe
summerof2001weconductedsiteevaluationsanddetermined
thatthissitewasidealforalongtermstudybasedonhistorical
recordsofthepresenceoftpacificusanditspotentialpublichealth
importanceasdemonstratedbytheparksaccesstoandextensive
usebyhumansHuetal2003

TicksamplingwasconductedattheGriffithParktwicemonth
startinginDecember2001throughOctober2003Collectionswere
madethroughcollaborativeeffortsoftheCaliforniaDepartment
ofHealthServicesVectorBorneDiseaseSectionandtheLos

AngelesCountyDepartmentofHealthServicesVector
ManagementProgramTickswerecollectedbyusingthestandard
flaggingtechniqueieasquaremeterflannelmaterialdragged
overlowvegetationbrushyandgrassyareaorleaflitterOne
areaatthesitewasdesignatedforatickseasonalactivitystudyand
anonremovalticksamplingmethodwasappliedHuetal2003
Ticksweresampledalongroadsandtrailsforaminimumperiodof
1personhourofactiveflaggingie1personfor60min2people
for30mineachetcTheflagwasexaminedperiodically5
minintervalsTominimizethedirectimpactofticksampling
procedureontheabundanceassessmentticksontheflagwere
identifiedtospeciestheirdevelopmentalstagesandsexescounted
andreleasedatthesiteofcollectionTickabundancewasexpressed
asthetotalnumberoftickscollectedpersonhrofactiveflagging
Thiswasusedasquantitativedatatodeterminetheseasonalactivity
ofticksforthesite

RESULTSANDDISCUSSION

FromDecember2001toOctober2003atotalof46tick

collectionswasmadeatthestudysitetodeterminetheseasonal
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activityofIpacificusThetemporaldistributionofadult1
pacificusatGriffithParkduringthesamplingtimeperiodis
presentedinFig1InCaliforniaIpacificusadultsaremostactive
betweenNovemberandMarchBecausethefirsttickcollections

startedinDecember2001ourdatadidnotincludethespecific
timeoffirstappearanceof1pacificusadultsinthefallof2001
AdultswereactivethroughthewintermonthsuntiltheendofMay
2002Inthefallof2002adultsoccurredfirstonNovember13

when20individualswerecollectedAdultswerecontinuously
collectedinthefielduntilJune122003althoughonlyasingle
adultIpacificuswascollectedonMay21andJune12

Itisworthytonotethat483adult1pacificuswerecollected
during20012002andonly230werecollectedduring20022003
representinglessthanhalfthenumbercollectedintheprevious
adultseasonOurdataalsoshowedthatadultIpacificuscouldbe
veryabundantatthesiteforinstanceatotalof136tickswas
collectedonDecember132001Thisnumberiscomparableto
thoseobtainedfromotherareasinthestatewithknownhigh1
pacificusinfestationsperscommwithRSLaneEnvironmental
parameterssuchastemperaturehumidityvegetationcoverand
habitattypeareimportantforthesurvivalof1pacificusWeare
currentlyanalyzingthemeteorologicaldatatoestablishits
correlationtotheseasonalabundanceoftheticksThedata

presentedheredemonstratethatIpacificusadultsareactiveduring
thewintermonthsintolatespringatGriffithParkWestrongly
recommendthatpeoplewhovisitGriffithParkduringthattime
periodtakepersonalprotectionmeasuresincludingthewearingof
longsleeveshirtsandlongpantsandtheuseofrepellents
containingDEETtoavoidtheticks
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CreepingWaterPrimroseLudwigiahexapetalaandCulex
AnInvasionoftheLagunadeSantaRosaWetlands

ErikHawk

MarinSonomaMosquito VectorControlDistrict595HeimanLaneCotatiCA94931

INTRODUCTION

TheLagunadeSantaRosatheLagunaisanextensivewetland
ecosystemlocatedinSonomaCountythatconsistsofamainchannel
fourteenmilesinlengthanda7000acrefloodplainTheLaguna
hasamosaicofseasonalwetlandsandvernalpoolsisthelargest
freshwatermarshinNorthernCaliforniaanddrainsawatershedof

160000acresincludingfivecitiesTheLagunaecosystemhasbeen
invadedbyanalienaquaticplantLudwigiahexapetalaHooker
ArnottZardiniGu Ravencommonlyknownascreepingwater
primroseLhexapetalahascompletelycoveredanapproximate
threemilesectionoftheLagunamainchannelandalargeportion
oftheLagunafloodplaintotalingapproximately1452acres

Insummer2002theMarinSonomaMosquito Vector

ControlDistrictMSMVCDreceivedmultipleservicerequests
forabundantmosquitoproblemsfromprivatepropertyowners
livingintheLagunafloodplainAdultmosquitosurveillance
conductedattheedgeoftheLagunaripariancorridorusingFaye
trapsindicatedCulexerythrothoraxDyarandCulisetaparticeps
AdamswerepresentinlargenumbersOperationsstaffcuttheir
waythroughdenseripariancorridortoreachtheLagunamain
channeltosamplelarvalpopulationsInthemainchannelitwas
observedthatLudwigiawasat100coverandstanding55feet
offofthewatersurfaceItwasalsoobservedthatwhentheLudwigia
wasdisturbedCerythrothoraxmosquitoesemergedinlarge
numbersThesuspicionwasLudwigiawasprovidinghabitatfor
Cxerythrothoraxlarvaeandadults

ACCESS

AccessintotheLagunathroughthedensestandofLudwigia
wasespeciallydifficultandproblematicFigureIMSMVCD
operationsstafftestedseveraldifferenttypesofequipmentinthe
LagunatogainaccessArgoConquestandArgoCentaur
amphibiousvehicleswereusefulinportionsoftheLagunawith
moderateLudwigiadensityshallowwaterandminimalsediment
WhensedimentwasdeeportheArgosfloatedthevehicleswere
verydifficulttomaneuverandwouldgetstuck

KayakswereusefulforaccessingareasintheLagunawith
moderatetodenseLudwigiaInareaswiththedensestLudwigia
canopycoverandrootmassesthekayakswerephysically
exhaustingtopropelandmaneuver

Inlatesummerof2003MSMVCDpurchasedanairboat
DiamondbackAirboatsCocoaFLThroughoutthefalland

Figure1MarinSonomaMosquito VectorControlOperations

staffwadingthroughLudwigiatoaccesstheLagunadeSantaRosa

winter20032004theairboatenabledMSMVCDstafftoaccess

previouslyunreachableareasoftheLagunaFigure2Theairboat
haspotentialtobeusefulasasurveillanceplatformaswellasa
vehicleforlarvacidingintheLagunaandseveralotherwetlandsin
MarinandSonomaCounty

SURVEILLANCE

LarvalmosquitosurveillancewithintheLudwigiawasdifficult
frustratingandattimesdangerousTowadethroughLudwigia
canopycoverintertwinedrootmassesandthicksedimentwas
physicallychallengingandexhaustingMovingthroughLudwigia
wasdangerousindeepwaterandwhennegotiatingnumerous
submergedobstacles

ObtaininglarvaldipsamplesthroughLudwigiarootmasses
wasproblematicandtimeconsumingDisturbedLudwigiaroots
sentshockwavesacrossthewatersurface10to20feetinevery

directionandforcingadipperthroughtherootmasswasdifficult
toimpossibleBioQuipmosquitolarvaltrapsplacedthroughout
theLagunawereunsuccessfulinattractingandcapturingmosquito
larvaeinLudwigiaGiventhedifficultyofsamplinglarvaefrom
theLagunadryicebaitedFayetrapswerethemostefficientand
effectivemeansofsamplingmosquitopopulationsPyramidstyle
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Figure2MarinSonomaMosquito VectorControlDistricts

airboattravelinginthemainchanneloftheLagunadeSantaRosa
overLudwigia

emergencetrapsWaltonetal1999placedindenseLudwigia
wereunsuccessfulincapturingemergingadultmosquitoes

Larvalandadultmosquitosurveillanceresultsshowedan
abundanceofCxerythrothoraxCulexpipiensLinnaeusCulex
tarsalisCoquillettandCsparticepswerebeingproducedinthe
LudwigiahabitatwithintheLagunaThepresenceofCpipiens
wassurprisingtoMSMVCDstaffandsuggestedpoorwaterquality
intheLaguna

LARVACIDING

ApplyinglarvacidetotheLagunawasanissuethatunderwent
lengthydiscussionandconsiderationamongstMSMVCDstaff
DifficultaccesstotheLagunalimitedsuccesswithequipment
safetyconcernpotentialpenetrationandeffectivenessoflarvacides
intheLudwigiahabitatandcosteffectivenessoflarvacide
applicationwereallissuesthatweredeliberatedItwasdecided

thatonAugust122003MSMVCDwouldlarvacidetheLaguna
byhelicopter

Methoprene
MethopreneAltosidXRG wasthelarvacideusedforthe

firsthelicoptertreatmentoftheLagunaTheXRGformulation
wasselectedforitsgranularpropertiestopenetratedensestandsof
LudwigiaItwasalsoselectedforitspotentialtoprovidelong
termtwentyonedaycontrol

MSMVCDtreated102acresintheLagunawithXRGatthe
labelrateof20lbacreAtotalof2040lbofXRGwasappliedto
theLagunaatacostof170acrewithatotalcostof17340
excludinghelicoptertime

Turkeysized120inx165inroastingtinswereplaced
belowtheLudwigiacanopyinseverallocationswithinthetreatment
areatoevaluateXRGpenetrationofLudwigiaResultsshowedall

roastingtinscontainedlargenumbersofXRGgranulesPost
treatmentobservationsindicatedXRGgranulesdidnotadhereto
Ludwigiacanopyorroots

Asmallnumberapproximately150ofpupaeweresampled
posttreatmentandbroughtbacktothelaboratoryforobservation
Therewerepupaeinthelabthatdiedorhatchedasabnormaladults
howevertherewerealsopupaethathatchedasnormaladults
Healthypupaeandacontinuousabundanceofadultmosquitoes
werealsoobservedinthefieldaftertheXRGtreatmentThree

weeksposttreatmentFayetrapresultsindicatedanincreaseinadult
mosquitopopulationswithinthetreatedarea

BacillussphaericusVectolexCG
TheXRGtreatmentoftheLagunadidnotresultinthedesired

levelofmosquitocontrolMSMVCDmanagementrealizedthat
themosquitobreedingcycleintheLagunaneededtobebroken
quicklyPressurewasalsobeingplacedbythemediaandthepublic
tobreakthemosquitobreedingcycleintheLagunainfearofthe
potentialarrivalofWestNilevirusMSMVCDmanagement
decidedonasecondlarvacideapplicationtotheLagunaby
helicopterusingVectolexCGCGCGlikeXRGwasselected
becauseofitsgranularpropertiestopenetratedenseLudwigia
canopyandrootstructuresCGwithBacillussphaericusasthe
activeingredientalsoprovidedpotentialforrapidcontrolandfor
thebacteriatorecycleinthemosquitopopulationsintheLaguna
thusprovidinglongtermcontrolMSMVCDtreated112acresin
theLagunaatthelabelrateof20lbacreAtotalof2240lbof
CGwasappliedatacost85acrewithatotalcostof9520

Glueboards50inx105inwereplacedaboveandbelow
theLudwigiacanopytoevaluateCGpenetrationPosttreatment
resultsshowedathirtypercentdifferenceintheamountofCG
granulesinglueboardsatthetopofthecanopycomparedtoglue
boardsatthebottomofthecanopyPosttreatmentitwasobserved
thatCGgranuleshadadheredtoLudwigialeavesandstemsFigure
3Thehelicopterpilotflewoverthetreatmentareaforasecond

Figure3VectolexCGadheringtoaLudwigialeaf
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timeaslowaspossibleandusedrotorwashtoshakeCGgranules
fromtheLudwigiatothewatersurfaceFieldobservationsindicated
thatthismethodworkedquitewell

Twoplots100ftx100ftwereestablishedpriortotheCG
applicationtoevaluatepreandposttreatmentlarvalabundance
Plotoneshowedanaverageofsixteenlarvaeperdippretreatment
andzerolarvaeperdipposttreatmentfortwentyfivedipsPlot
twoshowedanaverageofthreelarvaeperdippretreatmentand
zerolarvaeperdipposttreatmentfortwentyfivedipsAsetof
ArgotracksexistedinthetreatmentareawithLudwigiapushed
belowthesurfaceofthewaterPriortotheCGtreatmentlarvae

couldbereadilydippedintheArgotracksandobservedbythe
thousandsAftertheCGtreatmentlarvaecouldnotbedippednor
observedintheArgotracksTheCGapplicationprovidedmosquito
controlintheLagunaforathreeweekperiodandtotheendofthe
mosquitobreedingseason

ThesituationintheLagunadeSantaRosaistroublingfroma
mosquitocontrolaswellasanecologicalstandpointTheinvasion
oftheLagunabyLudwigiaisasymptomofamuchlargerproblem

TheMSMVCDhassponsoredaninternshipwithSonomaState
Universitytostudythegrowthdynamicsabundanceandpotential
controlmeasuresforLudwigiaTheSonomaStateinternisalso
studyingwaterqualityintheLagunaTheMSMVCDisalsoa
memberoftheLudwigiaTaskForcethatischargedwithdeveloping
amanagementandrestorationplanfortheLagunasystem
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DielPeriodicityofHostseekingbyOchlerotatussierrensis
theWesternTreeholeMosquito

DavidLWoodwardArthurEColwellandTerryWSanderson

LakeCountyVectorControlDistrictPOBox310LakeportCA95453

ABSTRACTTimesegregatedCOtrapsamplingdetectedactivitybybothadultsexesofOchlerotatussierrensis
throughoutthedielcycleintwooakwoodlandsthathadmoderatetreecanopyclosureinLakeCountyCALow
levelsofadultactivityweredetectedduringthemostbrightlysunlitmiddayperiodsinbothwoodlandsOndayswith
maximumtemperatures30CatSeiglerSpringshostseekingfemalesweremostactiveduring2hrperiodsbefore
sunsetandaftersunriseandactivityduringthoseperiodsincreasedwithincreasingtemperaturesAseasonalstudyat
LakeportshowedthatdielpatternsofactivitybyfemaleschangedastemperaturesincreasedfromMayuntilAugust
Onhotsummerdaysmaximumtemperatures30Cmostfemaleswerecaughtduringcoolerpartsofthedaythat
occurredaftersundownduringthenightandduringearlymorninghoursMaleadultsweremostactiveduringthe2
hrperiodendingatsunsetinbothwoodlandsexceptonhotdayswhenpeakactivitycontinuedintothe2hrperiod
aftersunsetVeryfewmaleswerecaughtduringthenightregardlessoftemperatureorlocation

INTRODUCTION

OchlerotatussierrensisLudlowthewesterntreehole
mosquitoiswidelydistributedinforestedareasofCalifornia
BohartandWashino1978butthemostabundantpopulations
occurinlowerelevationwoodlandsoftheCoastRangeandthe
SierraNevadaOneunusualtraitofthespeciesisthatbothadult
sexesareattractedtomammalswherematesarelocatedandfemales

obtainbloodmealsWashburnetal1992Femalescanbesevere
bitingpestsforhumansWoodwardetal2003andtheyare
importantvectorsoftwofilarialnematodesDirofilariaimmitis
LeidythecanineheartwormSacksetal2003andSetariayehi
RudolphithedeerbodywormLee1971Inlaboratory
experimentsfemaleshavetransmittedvirusesthatcause

encephalitisinhumansincludingWestNilevirusGoddardetal
2002westernequineencephalomyelitisvirusReevesand
Hammon1962andCaliforniaencephalitisvirusBerge1975
Accuratedeterminationofthedailyperiodicityofhostseeking
wouldindicateperiodswhentransmissionofpathogensismost
likelytooccurReisenetal1997Inadditionsinceadultsare
knowntouseprotectedrestingsitessuchastreeholesLee1971
androdentburrowsBennett1978thetimeofhostseekingmay
delineateperiodswhenadultsaremoreexposedandthereforemore
vulnerabletocontrolReisenetal1997

DespitethebitingandvectorpotentialsofOcsierrensisthe
dailyperiodicityofhostseekinghasneverbeencompletely
describedLee1971studiedthetimeofhostseekingbymaking
humansentinelcollectionsatvarioustimesofdaybuthedidnot
examineentiredailycyclesnordidheattemptmanycollections
afterdarknesspossiblybecausethemethodwaslaborintensive
anddependentuponhumanvisiontocaptureadultsTheprimary
purposeofthepresentstudywastodeterminethedailyperiodicity
ofadultsusingCObaitedsuctiontrapsinconjunctionwith

February2004

collectionbottlerotatorsthatsegregateddailycatchesamong
predeterminedperiodsoftimeAmajoradvantageofthismethod
overtheuseofhumansentinelcollectionswasthatthemechanical

trapscouldbeoperatedcontinuallyduringentiredailycyclesSince
bothadultsexeswereattractedtotheCObaitedtrapsGarciaet
al1989Washburnetal1992Woodwardetal2003themethod
wasusedtoexaminetheactivityperiodsoffemalesandmales

MATERIALSANDMETHODS

ThestudywasconductedattwositesinLakeCountyCalifornia
includinganoakwoodlandca60treecanopyclosuredominated
byCaliforniablackoakQuercuskelloggiiNewberryandinterior
liveoakQwislizeniiCandollenearSeiglerSpringsN3852
W12241elevation844mThesitewasstudiedin2001during
eightdielcyclesthatbeganonMay78910141516and17
AJohnWHockCompanymodel1512CollectionBottleRotator
CBRcapableofsegregatinginsectcatchesamongeightcollection
bottlesduringprogrammedtimeintervalswasmountedonasupport
pipe05mabovegroundateachoftwolocations55mapartin
thewoodlandEachCBRwasfittedwitheightnumbered
polyethylenecollectionbottles500mlholding100mlof50
alcoholasakillingagentandaCDCstyleSudiaandChamberlain
1962suctiontrapthatwasmodifiedbyremovalofboththelight
sourceandscreenandbypaintingtheexteriorblackonthetop
halfandwhitebelowCompressedgascylinderstwostage
regulatorsand3mminsidediameterpolyethylenetubeswereused
toreleasecarbondioxideataconstantrateof1000mlperminute
atapoint50cmabovethetopofeachsuctiontrapduringall
sampleperiodsEachCBRwasprogrammedtooperatetheCO
trapcontinuallyandtorotateanewcollectionbottleintoposition
underthetrapatthefollowingtimesoneachday12hrbefore
sunrise2sunrise32hraftersunrise45hraftersunrise54hr
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beforesunset62hrbeforesunset7sunsetand82hrafter
sunsetThelastperiodended2hrbeforesunrisetocompleteeach
24hrcycleWhensamplingwasconductedonconsecutivedays
thetrapswereturnedoffforservicingandprogrammedtoresume
operation10minutesafterworkersleftthevicinitytominimize
samplebiasThetimethatthetrapwasnotoperatedwassubtracted
fromthelengthoftheappropriatesampleperiodAttheendof
eachdailycyclethecollectionbottleswerereturnedtothelaboratory
wherecapturedmosquitoeswereidentifiedBohartandWashino
1978andcountedunderadissectingmicroscope630X
magnificationTemperatureandrelativehumidityatthestudy
sitewererecordedat30minuteintervalswithanOnsetHobo

ProSeriesdataloggerLightintensitywasmonitoredatthesame
intervalswithanOnsetHoboLIdatalogger

Asecondstudywasconductedduring1998inablueoakQ
douglasiiHookerandArnottwoodlandca57treecanopy
closurenearLakeportN3901W12255elevation433m
OneCBRwasusedtoexaminetheperiodicityofhostseekingduring
25dielcyclesThedataweregroupedandanalyzedamongcool
daysmaximumairtemperature1422ConMay18192021
22June810and11warmdaysmaximumairtemperature23
30ConJune51718222529July13and10andhotdays
maximumairtemperature3141ConJuly71315161823
27andAugust4Themethodsusedwerethesameasthose
describedfortheSeiglerSpringssiteexceptthattheCBRwas
programmedtorotateanewbottleintopositionundertheCO
trapat12hrbeforesunrise2sunrise32hraftersunrise44
hraftersunrise56hrbeforesunset62hrbeforesunset7
sunsetand82hraftersunsetThelastperiodendedat2hrbefore

Daily
Interval

SR2htoSR

SRtoSR2h

SR2htoSR5h

SR5htoSS4h

SS4htoSS2h

SS2htoSS

SStoSS2h

SS2htoSR2h

sunrisetocompleteeach24hrcycleInadditioncarbondioxide
wasreleasedatapoint50cmabovethesuctiontrapfroma19cm
diameterholeinthebottomofawhiteicechest4literholding
45kgofdryiceBetween11and18kgofdryiceremainedin
theicechestsattheendofeachdielcycleAirtemperaturewas
continuallyrecordedduringstudyperiodswithaColeParmer
InstrumentCompanythermograph

StatisticalAnalysis

DatawereanalyzedaccordingtomethodsdescribedbyZar
1980MeannumbersofadultOcsierrensiscollectedperhour
duringdielcyclesweretransformedbylog1tonormalize
variancesthatwereheteroscedasticandthencomparedby1way
ANOVAfollowedbyDuncansmultiplerangetestsLinear
regressionanalysiswasusedtocalculatecoefficientsof
determinationRbetweencaptureratesofadultslogtransformed
andtemperaturerelativehumiditysunlightandmoonlightdata

RESULTS

TimesegregatedCOtrapcollectionsofOcsierrensisadults
atSeiglerSpringstotaled1130femalesand922malesDaily
maximumairtemperaturesrangedfrom1729Candtherewasno
precipitationduringthestudyUnderthoseconditionsbothsexes
ofadultswerecaughtthroughoutthedielcyclebuttherewere
significantdifferencesinthenumbersofadultscaughtperhourat
differenttimesofdayTable1

Table1StatisticalcomparisonofthemeannumbersofOcsierrensisadultscaughtperhourwith
timesegregatedCOtrapsatSeiglerSpringsLakeCountyCATwotrapswereoperatedoneach
ofeightdielcyclesbetweenMay8andMay172001

MeanAdultsperHour
Females Males

255c

762b

348c

026d

189c

1437a

249c

024d

299b

378b

272b

026c

214b

1305a

180b

015c

Thedataweretransformedbylogiox1andcomparedwitha1wayANOVA
Meanswithincolumnsfollowedbythesameletterwerenotsignificantlydifferent
P005byaDuncansmultiplerangetest
SRsunriseSSsunsethhours
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Femalesexhibitedtwodailypeaksinactivitythelargestin
the2hrperiodendingatsunsetandasmallerpeakinthe2hr
periodbeginningatsunriseFig1Capturesoffemalesduring
thosepeakperiodsofactivityaccountedfor40and21ofthe
totalnumbercollectedrespectivelyMalesexhibitedasingledaily
peakinactivityduringthe2hrperiodendingatsunsetthat
accountedfor45ofallofthemalesthatwerecaughtAdults
exhibitedlowlevelsofactivitybothatmiddaythehottestandmost
brightlysunlitperiodandduringthecooldarkhoursofthenight
Femalescaughtduringthedarkrepresentthefirstreportedevidence
ofnocturnalhostseekingactivitybyOcsierrensisbutthepossible
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effectsoftemperatureandmoonlightonnocturnalactivitycould
notbeseparatedduringtheeightnightsofthestudyatSeigler
SpringsMorethan90ofthefemaleswerecollectedonthefour
warmestnightsmeanairtemperatures 18Cduringthedark
periodbutthosesamenightsalsohadthelongestperiodswith
moonlight 4hourspernight

OverallthedailyperiodicityofOcsierrensisadultsthatwere
attractedtocarbondioxidedidnotshowasignificantlinear
correlationtodielchangesinairtemperaturefemalesR000
P095malesRP069relativehumidityfemales
RP071malesR000P097orsunlightfemales
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Figure1ThedielpatternofactivitybyadultsofOcsierrensiscollectedwithtwotimesegregated
COtrapsoneightdatesbetweenMay8andMay172001atSeiglerSpringsLakeCountyCAis
showninthebottompanelDielchangesinmeanairtemperaturemeanrelativehumiditymiddle
panelandilluminationfromsunlighttoppanelarealsoshown
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R008P050malesR005P050Fig1Althoughthe
dielpatternofactivitybyfemalesdidnottrackdielchangesin
temperaturemeanfemalescaughtperhourduringthepeakperiods
ofactivitythe2hrperiodbeginningatsunriseandthe2hrperiod
endingatsunsetdidshowahighlysignificantlinearcorrelation
R064P0001totemperatureduringtheeightdaysofthe
studyFig2

32

28

24

20

35

16

12

30

25

20

15

10

8

0 4

Temp1139080Females

CorrelationR2064P0001

0

Theeffectofseasonalchangesinairtemperatureonthedaily
patternsofactivitybyOcsierrensisadultswasexaminedwiththe
studyatLakeportThetimesegregatedCOtrapoperatedduring
25dielcyclescollectedatotalof899femalesand1477males
Thosedataweregroupedamongdayswithcoolwarmandhot
temperaturesFig3andthestatisticalanalysisshowedtherewere
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Figure2LinearregressionanalysisthatcomparedCOtrapcatchesofOcsierrensisfemaleswithairtemperatureduringpeakperiods
ofactivityoneightdaysbetweenMay8andMay172001atSeiglerSpringsLakeCountyCADatacollectedduringmorning2hr
periodbeginningatsunriseandevening2hrperiodendingatsunsetcrepuscularperiodswerecombinedfortheanalysis
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Figure3Dielvariabilityinairtemperatureoncooln8warmn9andhotn8dayson25studydatesbetweenMay18andAugust
41998atLakeportLakeCountyCA



70 ProceedingsandPapersoftheSeventySecondAnnualConference February2004

significantdifferencesinthedailytimingofpeakperiodsofactiv
ityamongthethreegroupsTable2Differencesinthemean
numbersofadultscaughtperhourbetweenthecooldaysgroup
andthehotdaysgroupreflectseasonaldeclinesinpopulationsize
betweenMayandAugust

Oncooldayshostseekingfemaleswereactivethroughout
thedaybuttherewasapeakinactivityduringthe2hrperiod
endingatsunsetthatincluded43ofthetotalcatchoffemales

Fig4Theeveningpeakinhostseekingactivityonwarmdays
includedtheperiodsfrom2hrbeforeuntil2hraftersundown
Hostseekingactivityalsoincreasedduringthemorninghours
relativetomiddayhoursonwarmdaysOnhotdaysjust7of
femaleswerecaughtduringthe2hrperiodendingatsunsetMost

femaleswereactiveduringcoolerpartsofthedayincludingthe2
hrperiodaftersunsetand2hrperiodsbeforeandaftersunrise
Overallthepercentageoffemalescaughtduringmiddayperiods
decreasedwithincreasingtemperatureswhilethepercentagecaught
aftersundownandduringearlymorninghoursincreasedasdaily
temperaturesincreasedThepercentageoffemalescaughtatnight
2hraftersunsetuntil2hrbeforesunriseincreasedfrom5on
cooldaysto26onhotdaysFemaleswerecaughtonnightswith
andwithoutmoonlightbuttherewasnotasignificantcorrelation
betweenthenumbersoffemalescaughtatnightandeitherhoursof
moonlightR003P042orthepercentageofthemoon
illuminatedRP058

Table2StatisticalcomparisonofthemeannumbersofOcsierrensisadultscaughtperhourwithatimesegregated
COtrapatLakeportLakeCountyCAMaximumairtemperatureswere1422Concooldaysn82330Con
warmdaysn9and3141Conhotdaysn8betweenMay18andAugust41998

Daily FemalesperHour MalesperHour
Interval Cool Warm Hot Cool Warm Hot

SR2htoSR 069d 022cd 076ab 025c 000c 013b
SRtoSR2h 163bcd 078cd 145a 182bc 039c 019b
SR2htoSR4h 180bcd 177bc 083b 178bc 131bc 016b
SR4htoSS6h 097cd 016d 000c 125bc 014c 000b
SS6htoSS2h 257bc 067cd 000c 358b 111bc 000b
SS2htoSS 1386a 599a 050b 4330a 1826a 057a
SStoSS2h 347b 448ab 145a 510b 235b 063a
SS2htoSR2h 047d 074cd 065b 016c 002c 000b

ThedataweretransformedbyIogiox1andcomparedwitha1wayANOVA
Meanswithincolumnsfollowedbythesameletterwerenotsignificantlydifferent
P005byaDuncansmultiplerangetest
SRsunriseSSsunsethhours
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HoursfromSunriseorSunset

Incomparisontofemalesvariabilityindailytemperaturesdid
notcausemalesofOcsierrensistoexhibitsuchmarkedchanges

indailyperiodicityFig4Malesweremostactiveduringthe2
hrperiodendingatsunsetonbothcoolandwarmdaysOnhot
daystheeveningpeakinactivityincludedthe2hrperiodsbefore
andaftersunsetMaleswereinactiveorminimallyactiveatnight
regardlessoftemperature

DISCUSSION

FemalesofOcsierrensisexhibitedhostseekingbehavior
throughoutthedayandduringthenightbothatSeiglerSpringsand
atLakeportPeakactivityatSeiglerSpringsduringMayoccurred

2
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Figure4ThedielpatternsofactivitybyadultsofOcsierrensiscollectedwitha
timesegregatedCOtraponcooln8warmn9andhotn8daysbetween
May18andAugust41998inLakeportCA

priortosunsetandaftersunriseperiodscharacterizedbylowlight
intensityfromthesunFig1andairtemperaturesbetween10and
28CFigs1and2Withinthattemperaturerangehostseeking
activityduringthecrepuscularperiodsincreasedwithincreasing
temperaturesFig2afindingthatlargelyexplainswhyfemales
weremoreactivepriortosunsetthanaftersunriseAtLakeport
thedailyperiodicityofhostseekingfemalesshowedseasonal
changesastemperaturesincreasedfrommidMayuntilearlyAugust
Figs3and4Consideringentiredielcyclesthepercentageof
femalesthatsoughthostsatnightandduringthemorninghours
increasedwhentemperaturesbecametoohotduringevening
crepuscularperiodsThepeakinactivitypriortosunsetthat
occurredondayswithmaximumtemperatures30Cwasnot

Females
per

Hour

Males
per

Hour
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evidentonhotdayswhenmaximumtemperatureswere30CThe
veryminimalnocturnalactivitybymalesevenonhotdaysFig
4indicatesthereisprobablyavisualcomponenttotheirsearches
formatesthatcannotbeaccomplishedduringthedarkThelow
levelofnocturnalactivitybymalesalsoindicatesthatfemalesthat
wereattractedtocarbondioxideduringthenightweresearching
forhostsnotmates

TheresultsofthisstudyagreewiththoseofLee1971in
mostrespectsHeconductedtheonlypreviousstudyofthedaily
periodicityofhostseekingactivitybyawildpopulationofOc
sierrensisandalsofoundthatfemaleswillbitethroughouttheday
butthatshiftstomorningandlateafternoonperiodsoccuronhot
daysHecollectedalargerpercentageoffemalesduringmidday
periodsthanduringthepresentstudybutthedensecanopycover
athisMendocinoCountystudysitemayhaveloweredtheintensity
ofsunlightalldaylongLee1971didnotattempttocollecthost
seekingfemalesmorethananhouraftersunsetbutnocturnalhost
seekingactivityhasbeenpreviouslyreportedforOctriseriatus
theeasterntreeholemosquitoAzizandHayes1987andmany
otherNorthAmericanspeciesofOchlerotatusegNelsonand
Spadoni1972Mitchell1982

Theresultsofthepresentstudyindicatehumansmaybe
exposedtopathogensvectoredbyOcsierrensisfemalesatany
timeofdayornightduringspringandsummermonthsinLake
CountyThenocturnalhostseekingactivitiesoffemales
particularlyonhotdaysthatoccurredinJulyandAugusthave
implicationsfordogownersconcernedwithcanineheartworm
transmissionFemalesofOcsierrensisaretheprimaryvectorsof
heartworminmanyareasofnorthernCaliforniaSacksetal2003
Sacksetal2004AlthoughfemalesareactivefromAprilto
OctoberWoodwardetal2003alongtermstudySacksetal
2003showed95oftransmissiontocoyotesoccurredbetween
July1andSeptember14periodswhentemperatureswerehot
enoughforheartwormlarvaetodeveloptotheinfectivestagein
themosquitovectorsTheresultsofthepresentstudyindicate
thosesamehotsummermonthsareperiodswhenOcsierrensis
femalesaremostlikelytoengageinlateeveningandnocturnal
hostseekingactivity
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SeasonalAbundanceofAdultIxodespacificusin
theSanJacintoMountainsRiversideCounty

RenjieHuHughMurrayBarryHessToddWWalkerandKennethJLinthicum

CaliforniaDepartmentofHealthServicesInfectiousDiseasesBranchVectorBorneDiseaseSection
2151ConventionCenterWaySuite218BOntarioCA91764

RiversideCountyDepartmentofEnvironmentalHealth800SSandersonAvenueHemetCA92545

ABSTRACTLymediseaseLDisaticktransmittedhumanillnessthatisnowthemostcommonlyreported
vectorbornediseaseintheUnitedStatesInCaliforniaIxodespacificusisknownastheprincipalvectortransmitting
theLDpathogenBorreliaburgdorferifromwildanimalstohumansInthesouthernportionofthestateIpacificus
hasbeenoftenencounteredinnaturalhabitatsinmountainsandalongthefoothillshoweverwellplannedlongitudinal
studiesontheseasonalityofthetickandthetransmissionriskofLDarelackingInthesummerof2001wedetermined
thatthreesitesSantaRosaMountaintheSpitlerPeakTrailandThomasMountainintheSanJacintoMountainsin
RiversideCountywereidealforsuchstudiestofillourknowledgegapsOurdataontheseasonalabundanceofadult
IpacificusbetweenNovember2001May2002andNovember2002May2003showedtickactivityduringthewinter
monthsthroughlatespringatall3sites

INTRODUCTION

LymediseaseLDaticktransmittedhumanillnesswasfirst
recognizedasanewdiseasefromLymeConnecticutin1975Steere
etal1977Sincethenithasbecomethemostcommonlyreported
vectorbornediseaseintheUnitedStatesCDC2002From1989
to2003atotalof2309LDcaseswasreportedfrom54outof58
countiesinCaliforniaHumansacquiretheLDcausingspirochete
BorreliaburgdorferiJohnsonSchmidHydeSteigerwaltand
BrennerJohnsonetal1984primarilythroughthebiteofan
infectedtickInthewesternUnitedStatesthewesternblacklegged
tickIxodespacificusCooleyandKohlsisknownastheprincipal
vectortransmittingBburgdorferifromwildanimalstohumans
Burgdorferetal1985Laneetal1991CloverandLane1995
Thisisa3hosttickspeciesandreportedlyfeedsonabout80species
oflizardsbirdsandmammalsArthurandSnow1968Furman
andLoomis1984Specimensof1pacificushavebeencollected
from55outof58countiesinthestate

InsouthernCaliforniahumancasesofLDhavebeen

documentedfromeverycountyandBburgdorferihasalsobeen
detectedin1pacificusintheregionWebbetal1992Ourtick
surveillancedatahaveindicatedthat1pacificusisfrequently
collectedinnaturalhabitatsinmountainsandalongthefoothills
throughoutthesouthernportionofthestateInformationaboutthe
seasonalactivityoflpacificusishoweverlackingInRiverside
Countytickandtickbornediseasesurveillancehavebeen
conductedinthecentralportionofthecountybytheRiverside
CountyDepartmentofEnvironmentalHealthVectorControl
Programsince1992Specimensoffpacificuscollectedhavebeen
senttothecollaborativeagenciesincludingtheCalifornia
DepartmentofHealthServicesVectorBorneDiseaseSectionfor
thedetectionofBburgdorferiaswellasEhrilichiasppFrom

1992tothepresenttherehavebeenonly2poolsof1pacificus
bothcollectedatSantaRosaMountaininMarch2001whichhave

testedpositiveforBorreliaspeciesmorecloselyrelatedtothe
relapsingfevergroupthanBburgdorferi

ItisevidentthatIpacificusispresentinRiversideCounty
andsometimemaybepotentiallyinfectedwithpathogenscausing
humandiseasesHoweverwellplannedlongitudinalstudies
determiningtheseasonalityofthetickandthetransmissionriskof
LDinthecountyarelackingInthesummerof2001weconcluded
that3sitesinSanJacintoMountainswereidealforsuchstudies

HerewereportresultsontheseasonalabundanceofadultI
pacificusinSantaRosaMountaintheSpitlerPeakTrailand
ThomasMountain

MATERIALSANDMETHODS

Since1992tickandtickbornediseasesurveillancehavebeen
conductedin5areasthatwerestrategicallyselectedthroughout
theunincorporatedareasofRiversideCountyEachareaisreferred
toasagroupandeachgrouphas3specificsamplingsitesAfter
detailedsiteevaluationsduringthesummerof2001wedetermined
thatgroup2locatedwithintheSanJacintoMountainswasideal
foralongtermstudybasedonhistoricalrecordsof1pacificus
thedetectionofBorreliainfectioninticksanditsdistinctive

ecologicalhabitatsHuetal2003Thisgroupconsistsofsitesat
SantaRosaMountaintheSpitlerPeakTrailandThomasMountain

SantaRosaMountainatanelevof1600mhasaflora

consistingprimarilyofoakpinonjunipermanzanitaanddesert
transitionfloraMammalsoccurringintheareaincludemainly
muledeerdeermicewoodratsgroundsquirrelsrabbitsbighorn
sheepandmountainlionsTheaveragerainfallistypically15
175cm
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TheSpitlerPeakTrailatanelevof1600mhasafora
consistingprimarilyofconiferousforestscruboaksagemanzanita
andannualgrassesMammalsoccurringintheareaincludedmainly
muledeerdeermicewoodratsgroundsquirrelstreesquirrels
andmountainlionsTheaveragerainfallis27530cm

ThomasMountainatanelevof 1400mhasaflora

consistingprimarilyofconiferousforestoaksagemanzanitaand
annualgrassesMammalsoccurringintheareaincludemainly
muledeerdeermicewoodratsgroundsquirrelstreesquirrels
andmountainlionsTheaveragerainfallis17520cm

StartinginNovember2001ticksamplingwasconducted
twicemonthatthe3sitesdescribedaboveTicksamplingwas
onlyconductedfromNovember2001toMay2002andNovember
2002toMay2003Collectionsweremadethroughcollaborative
effortsoftheCaliforniaDepartmentofHealthServicesVector
BorneDiseaseSectionandtheRiversideCountyDepartmentof
EnvironmentalHealthVectorControlProgramTickswere
collectedbyusingthestandardflaggingtechniqueieasquare
meterflannelmaterialdraggedoverlowvegetationbrushyand
grassyareaorleaflitterOneareaateachsitewasdesignatedfor
atickseasonalactivitystudyandanonremovalticksampling
methodwasappliedHuetal2003Ticksweresampledfora
minimumperiodof1personhrofactiveflaggingie1person
for60min2peoplefor30mineachetcTominimizethedirect
impactofticksamplingprocedureonabundancedetermination
ticksontheflagwereidentifiedtospeciesdevelopmentalstage
sexandnumberbeforetheywerereleasedatthesiteofcollection
Tickabundancewasexpressedasthetotalnumberoftickscollected
personhrofactiveflaggingThiswasusedasaquantitative
measuretodeterminetheseasonalactivityofticksateachsite
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RESULTSANDDISCUSSION

TodeterminetheseasonalityofIpacificusatotalof28tick
collectionswasmadeateachstudysitebetweenNovember2001
May2002andNovember2002May2003Theseasonalabundance
ofadultIpacificusatSantaRosaMountaintheSpitlerPeakTrail
andThomasMountainestablishedduringthesamplingtimeperiod
arepresentedinFig12and3respectivelyInCalifornia1
pacificusadultsaremostcommonduringNovemberandMarch
Althoughourtickcollectionswereconductedduringthisperiod
wewereunabletorecordthespecifictimeforthefirstandlast
appearanceofadultticksIfweextendourtimeperiodfortick
samplinginthefutureweshouldbeabletoobtainmoredetailsin
regardtotheseasonalactivityof1pacificusadults

FromNovember2001toMay2002atotalof8383and98
IpacificusadultswerecollectedfromSantaRosaMountainthe
SpitlerPeakTrailandThomasMountainrespectivelyHowever
only4335and58werecollectedfromtheserespectivesitesfrom
November2002toMay2003representingapproximatelyhalfthe
numbercollectedinthepreviousseasonThesefindingsaresimilar
towhatwefoundatGriffithParkLosAngelesCountyHuetal
2004Itiswellknownthatenvironmentalparameterssuchas
temperaturehumidityvegetationcoverandhabitattypeare
importantforthesurvivalofixodidticksEisenetal2003Hubalek
etal2003Wearecurrentlyanalyzingthemeteorologicaldatato
establishtheircorrelationtotheseasonalabundanceoftheticks

forthesesitesThedatapresentedherehavedemonstratedthat1
pacificusadultsremainactiveduringthewintermonthsthrough
latespringatthe3sitesintheSanJacintoMountains We

recommendthatpeopleconductingoutdooractivitiesintheseareas

ON

M

r

Figure1Theseasonalabundanceofadult1pacificusatSantaRosaMountainRiversideCounty
betweenNovember2001May2002andNovember2002May2003Noticksamplingwascon
ductedbetweenJuneOctober2002
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Figure2Theseasonalabundanceofadult1pacificusattheSpitlerPeakTrailRiversideCounty
betweenNovember2001May2002andNovember2002May2003Noticksamplingwascon
ductedbetweenJuneOctober2002

0

16

14

12

10

8

6

4

2

0

ProceedingsandPapersoftheSeventySecondAnnualConference 75

11 I AAN N NN N N N NN N N

O O O O O O O O O O O O O
O O O O O O O O O O O O O C O O O
N N N N N N N N N N N N N N N N N

N M V 1 o0 O M R vl

DateofCollection

DateofCollection

N 1111 N N N N N N 111O O O O O O O O O O O O O
O O O O O O O O O O O O O O O O C

N N N N N N N N N N N N N N N N N

r c c r n r r t c
r r r r

N N M 4 r 00 O O 1

Figure3Theseasonalabundanceofadult1pacificusatThomasMountainRiversideCounty
betweenNovember2001May2002andNovember2002May2003Noticksamplingwasconducted
betweenJuneOctober2002
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duringthattimeperiodtakepersonalprotectionmeasuresincluding
thewearingoflongsleeveshirtsandlongpantsaswellastheuse
ofrepellentscontainingDEETtoavoidtheticks
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SummaryofIxodespacificusSurveillanceandTestingfor
BorreliaburgdorferiinCalifornia

LuciaTHuiMartinBCastroJamesCloverMalcolmAThompsonandStanHusted
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ABSTRACTTheCaliforniaDepartmentofHealthServicesCDHShasconductedticksurveillanceforIxodes
pacificussincetheearly1900sThepurposeofthisdocumentistosummarizethesurveillanceinformationgathered
through2003fromtheVectorBorneDiseaseSectionVBDSandmanycollaboratingagenciesThedataincludea
distributionmapofIxodespacificusfoundandtestedpositiveforBorreliaburgdorferiasummaryoftheadultand
immatureIpacificuscollectedfrom70differentsourcesatableofselectedvectorbornediseasesacquiredorreported
inCaliforniafrom1980to2003andatableofpositiveBburgdorferiidentifiedfromIpacificusbyusingdifferent
laboratorytechniquesfromCDHSandcollaboratingagenciesfrom1985to2003

INTRODUCTION

LymediseaseLDhasbeenarapidlyemergingvectorborne
infectiousdiseaseintheUnitedStatessince1975Steereetal

1977TheCentersforDiseaseControlandPreventionCDC
initiatednationwidesurveillancereportingin1982TheCouncil
ofStateandTerritorialEpidemiologistsdesignatedLDanationally
notifiablediseasein1991CDC1991InCaliforniaduringthe
1970stickbornediseasesconstituted75ofthereportedvector
bornediseasesMosquitoesandfleaswereidentifiedasthesource
ofvectorbornediseasesin14and10ofthecasesrespectively
LaneandMurray1980Assuchtickswereconsideredthemost
importantgroupofzoonoticdiseasecarryingarthropodsTickborne
diseaseswerealowpublichealthconcernforCaliforniansuntil
thefirstautochthonousLDcasewasrecognizedinahikerfrom
SonomaCountyin1978NaversenandGardner1978InMarch
of1989LDwasmadeareportablediseaseinCaliforniaasoutlined
inTitle17oftheCaliforniaCodeofRegulationsFrom1989to
2003atotalof2252LDcaseswerereportedfrom53counties
VBDS2003

Fromapublichealthstandpointtickscurrentlyrepresentthe
mostimportantgroupofarthropodsinCaliforniaThehumancases
ofselectedvectorbornediseasesacquiredorreportedinCalifornia
byyearsince1989aresummarizedinTable1BeforeLDor
HantavirusPulmonarySyndromeHPSweredeclaredreportable
diseasesthemosquitobornediseaseswesternequine
encephalomyelitisWEEandStLouisencephalitisSLEwere
themostprevalentvectorbornediseasesinCaliforniawithatotal
of1068cases640casesofWEEand428casesofSLEreported
from1950to1968Emmonsetal1972EmmonsandGrodhaus
1976Incontrastinthe15yearperiodsince1989outof2523
humancasesofvectorbornediseasereported2252cases89
wereLDwhileonly10casesofWEEand107casesofSLEwere
reportedfrom1969to1997Huietal1999andnocasesof
WEEandSLEwerereportedfrom1998to2002Steinleinetal
2003

TickSurveillance

Ofthe49tickspeciesrecordedinCaliforniaFurmanand
Loomis1984onlyfourspeciesintheIxodidaefamilycomprised
ofthehardticksDermacentorandersoniStilesDoccidentalis
MarxDvariabilisSayandIxodespacificusCooleyandKohl
andtwospeciesintheArgasidaefamilycomprisedofthesoftticks
OrnithodoroscoriaceusKochandOhermsiWheelerHermsand

MeyerareknowntotransmitpathogenicagentstohumansBefore
thewesternblackleggedtick1pacificuswasidentifiedasthe
vectorofBorreliaburgdorferiin1986LaneandBurgdorfer1987
itwasnotknowntobeanimportantvectorfortransmittinghuman
pathogensinCaliforniaHencetherewasnoactivesurveytocollect
1pacificusintheearly1900sMostoftheearlyrecordsofI
pacificusdocumentedintheVBDSdatabasewerefromthe
followingsources1publishedliteratureRyckmanetal1955
2specialresearchprojectsassociatedwithQfeverColoradotick
feverandplaguesurveillance3recordsfromtheTicksof
CaliforniaFurmanandLoomis1984and4ticksremovedfrom
animalsrodentsbirdsorhumansanddocumentedbytheVBDS
Tickcollectionandsurveillancebyflagginganddraggingwasnot
initiateduntilthemid1980sTheVBDSdatabaseconsistsof2538

recordsrepresentingthefollowingtenspeciesDermacentor
albipictusDandersoniDoccidentalisDvariabilis
HaemaphysalisleporispalustrisIxodesangustus1pacificus1
spinipalpisOrnithodoroshermsiandOtobiusmegnini

IxodespacificuswasthemostcommonlyencounteredIxodes
speciesinCaliforniaFurmanandLoomis1984Outofthe2538
records2225are1pacificusAtotalof48719adults1687
nymphsand1086larvaewereidentifiedfrom70differentsources
Table2in56countiesInCaliforniaonlyModocandAlpine
CountieshavenotreportedIpacificusFigure1Multiple
distributionlocationswererecordedinallcountiesexceptMono
CountyThefirstandonlyrecordof1pacificusinMonoCounty
wastwonymphsremovedfromthewallvoidsnexttothenestsofa
woodpeckerandchipmunkduringfollowupinvestigationofa
humanrelapsingfevercasein2003



Source

Mosquito Rodentborne

Total

Adults Nymphs Larvae Totalrecords

Badgertaxideataxus 4

E

1

BearUrsusamericanus 229

HPS
1989

39

BobcatLynxrufus 123

NR

21
Brush 290 3

BrushmousePeromyscusboylii

303

1 1 2

CAgroundsquirrelSpermophilusbeechyi 7 12 9
Cat 12 5 7

ChipmunkTamiasquadrimaculatus

1991

1

1

1

ChipmunkNest

6 0 N

1
CO2 1

C

1
Cottontailrabbit 1

1

1
Cow 31 11

CoyoteCanislatrans 60

245

14
Deer 1623 31 46 88

DeermousePeromyscusmaniculatus 18 8

DogCanisfamiliaris 401

148
1994

112

Drag 1995 1 63
Elk 1 1

FeralPig 4

1995 80

2

Flag 37318 1091 605 1223

FlagDrag 95 2

FlagVegetation 3347 68 72

Year

Mosquito Rodentborne

Total
siosis E W HPS

1989 270 NR 303
1990 347 10 360
1991 265 1 6 0 N O C 275
1992 228 1 6 245
1993 134 1 5 148
1994 68 1 86

1995 80 0 96
1996 65 O 0 P C C C 88
1997 154 I 174
I998 135 1 153
1999 139 1 0 3 O

o0

O

N

h

158
2000 95 1 0 1 116
2001 93 O 1 0 r O 1 C O 102
2002 97 1 0 1 122
2003 82 0 0 1 97

Total 2252 6 9 3 115 20 29 39 0 4 8 38 2523

78

Table1 fsele 003

1ReportedcaseslocaofexposurenotnecesarilyknownSourceCaliforniaDepartmentofHealthServicesSurvellanceandStatisticsSection
2ReportedcaseswhereexposureisknownSourceCaliforniaDepartmentofHealthServicesVectorBorneDiseaseSection

HGEhumangranulocyticehrlichiosesHMEhumanmonocyticehrlichiosisHPShantaviruspulmonarysyndromeRMSFRockyMountainspottedfever
SLEStLouisencephalitisWEEwesternequineencephalomyelitisWNVWestNilevirus

Table2SourcesofIxodespacificusrecoveredinCalifornia
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Table2iscontinuedonfollowingpage



Source
Adults Nymphs Larvae Totalrecords

Flicker 1 1

Fox 27 5

GrayfoxUrocvoncinereoargenteus 23 5

Handpick 21 14

Hare 1 1 7 2

Horse 124 41

House 2 2

HumanHomosapiens 208 17 166

Islandfox 7 1

JackrabbitLepuscalifornicus 14 1 7 2

Jay
7 1

JuncoJuncohvemalis 14 2 3

Kangaroorat 5 1 3

Labrearedticks 28 1

Lizard 141 198 42

LizardSceloporusgraciosus 153 16 13

LizardSceloporusoccidentalis 84 74 15

MeadowVoleMicrotuscalifornicus 1 3 2 4

Mole 2 1

Mouse 31 16

MtLionFelisconcolor 35 7

Mule 1 1

OpossumDidelphisvirginiana
1 1

PinonMousePeromyscustruei 6 1 2

PocketMouse 1 1

QuailCallipeplacalifornica 1 1

Rabbit 1 1

RaccoonProcyonlotor 1 1

Shrew 1 1

Sparrow
15 8 11

SparrowZonotrichiaatricapilla 2 1

Squirrel 3 6 2 5

SquirrelSciurusgriseus
1 1

Tent 1 1

ThrushCatharusustulatus 3 3

Unknown 203 27 16 81

Vegetation 2446 8 61

Vole 1 1

Wallvoids 2 1

Warbler 1 1

WeaselMustelafrenata 1 1

WhitefootedmousePeromyscusspp 1 10 4

Wildgoat 2 1

Woodrat 1 1 24 8

WoodratNeotomafuscipes 5 2 4

WoodratNest 3 1

Wren 2 2

WrenThrvomanesbewickii 1 1

February2004 ProceedingsandPapersoftheSeventySecondAnnualConference 79

Table2continuedSourcesofIxodespacificusrecoveredinCalifornia
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Figure1

Thenumberofspecimensineachrecordvariedfrom oneto

448adultticksThemostcommoncollectingmethod wasflagging
1223recordsthesecondwasremovedfromhumans166
recordsandthethirdremovedfromdogs112recordsFlagging
isacommonlyusedsurveillancemethodtocollectlargenumbers
ofticksTheVBDSdatabasecontains37318adults1091nymphs
and605larvaecollectedbyflaggingTicksremovedfromhumans
usuallyresultedinoneortwospecimenshoweverthere werethree

unusualrecordsofticksrecoveredfromhumansninemalesand
twelvefemaleswerecollectedfromSteelheadinHumboldtCounty
in1943ninemalesandfivefemalesfromPilotHillinElDorado
Countyin1951andfivemalesandfourfemalesfromSanRafael
inMarinCountyin1952Theearliestrecordsof1pacificusinthe
VBDSdatabasearefrom1894twomalescollectedfrom a

mountainlioninSanBenitoCountyonDecember131894andsix
malesandsevenfemalesfromanothermountainlioninSantaClara
CountyonDecember141894JMLoomisidentifiedtheticks
Neitherrecordidentifiedthecollector

TickTesting
AfterthediscoveryofLDinLymeConnecticutin1977CDHS

madeaconcertedeffortfrom1989to1991tostudythediseasein
CaliforniaThreeyearspecialfundingwasgrantedtoVBDSand
theMicrobialDiseasesLaboratoryMDLofCDHStoestablish
thedistributionofIpacificusineachcountyandidentifythe
BorreliaburgdorferithecausativeagentofLDinthetick
populationThefundingprovidedfortwopublichealthbiologist
positionsinVBDSforstatewideticksurveillanceandforthecosts
oflaboratorysupportinMDLfortestingtheagentsTheoverall
purposewastoenhancetheknowledgeof1pacificusdistribution
andtoobtaindataontheincidenceofBburgdorferiinthevector

Borreliaburgdorferiin
IxodespacificusinCalifornia

Ixodespacificusfound
andtestedpositivefor
Borrelaaburgdorferi
i42uonnhes

Rodeopacificusfound
noBburgdorferipositive
1ecolds11counties

Ixodespacificusnot
foundt2iountiesl

February2004

inordertoassesstherisksassociatedwithlocalityhabitatand
tickpopulations

Tickscollectedfordistributiondatawereaccessedcataloged
andcuratedAlldistributionrecordsandtestingdatawereinitially
recordedinaSMARTWareInformixSoftwaredatabase
convertedtoAshtonTatedBaseIVatalaterdateandconverted
fromdBaseIVconversiontoExcelandintoaMicrosoftAccess
applicationin1996Anannualsummaryofdistributiondatawith
mapswasprovidedtotheVBDSstaffandtheCentersforDisease
ControlandPreventionCDC

TickssubmittedtoMDLforlabtestingwerealiveandpooled
10tickspoolMDLtestedforBburgdorferiusinganindirect
fluorescentantibodyIFAandconfirmedresultsbyculturing
spirochetesfromthepooledticksinBabourStoennerKellyBSK
mediumThecollectionprotocolandtestingcriteriaforLD
surveillanceweredevelopedbytheLDSurveillanceCoordinator
during19891991Threehundredtickssampledpersiteandten
poolsperdesignatedcountywererecommendedinordertoobtain
estimatesofpercentinfectivityAtotalof2474poolsfrom38
countiesweretestedbyMDLinthethreeyearstudyperiod
evidenceofBburgdorferibyculturewasidentifiedin54pools
from31counties

Afterthespecialfundingendedin1991VBDShasturnedto
outsidecollaboratinglaboratoriestotestticksforBorrelia
spirochetesTheselaboratoriesusedifferenttestingtechniques
culturedirectfluorescentantibodyDFAIFAandPCRthat
varyinspecificityorsensitivityforBburgdorferiThe
collaborationshaveresultedinidentificationofinfectedticksfrom
additionalcountiesFrom1987to2001theRockyMountain
LaboratoryoftheNationalInstitutesofHealthtested377poolsof
IpacificusevidenceofBburgdorferiwasidentifiedfrom13pools
byIFAandsevenpoolsbycultureinButteGlennLosAngeles



February2004 ProceedingsandPapersoftheSeventySecondAnnualConference 81

MariposaPlumasTehamaTulareandYoloCountiesFrom1991
to2003theUSArmyCenterforHealthPromotion Preventive

MedicineWesttested535poolsofIpacificusevidenceofB
burgdorferiwasidentifiedin14poolsbyIFAorpolymerasechain
reactionPCRfromMontereySanDiegoSantaBarbaraSonoma
andTulareCountiesFrom1995to1998ButteCountyMosquito
andVectorDistricttested550poolsevidenceofBburgdorferi
wasidentifiedin12poolsbyIFAfromMariposaShastaSierra
TehamaandYubaCountiesFrom2001to2003WashoeCounty
EnvironmentalHealthofNevadatested1162poolsoflpacificus
evidenceofBburgdorferiwasidentifiedbyIFAin38poolsfrom
ButteDelNorteandShastaCountiesOnerecordin1991isan

adulttickthatwasIFApositivewhentestedatOrangeCountyVector
ControlDistrictandconfirmedculturepositiveforBburgdorferi
byMDL

StatewideDatabase

InNovember2001VBDSrequestedlocalagenciesto
participateincreatingastatewidedatabaseforticksurveillance
forBburgdorferiTheinformationcollectedfromAlamedaCounty
VectorControlServicesDistrictContraCostaCountyMosquito
andVectorDistrictLosAngelesCountyWestVectorControl
DistrictPlacerCountyPublicHealthLaboratorySacramentoYolo
MosquitoandVectorControlDistrictandSanDiegoCounty
EnvironmentalHealthwasincorporatedintotheVBDSdatabase
TheselaboratoriesalsouseavarietyoftechniquestotestforB
burgdorferiinticksIndividuallaboratoriescommonlypoolor
grouptickstogetherfromonetotenticksperpoolAcomplete
listingofalltheIpacificustickstestedforBburgdorferibycounty
andbylaboratoryisshowninTable3Specimenswerecollected
andtestedforBburgdorferifrom46countiesevidenceofB
burgdorferiwasidentifiedin40countiesAtotalof274171
pacificusin8268poolsweretestedAdulttickscomprised98of
thetestingrecordswith26786adultscollectedfrom46counties
in7962poolsTickspositiveforBburgdorferiwereidentified
from40countiesin242poolstheminimuminfectionprevalence
was09 Only631nymphsin306poolsfromHumboldt
MendocinoMontereyNevadaPlacerSantaBarbaraSantaCruz
ShastaSonomaandYoloCountiesweretestedforBburgdorferi
EvidenceofBburgdorferiinfectionwasidentifiedin38pools
fromMendocinoandYoloCountiesonlytheminimuminfection
prevalencestatewideinnymphswas6 muchhigherthaninadults
Theoverallminimuminfectionprevalenceforbothadultsand
nymphswas102

VBDShasnorecordsofspecimenssubmittedfortestingfrom
MarinandSutterCountieshoweverpositiveBburgdorferiticks
havebeenidentifiedfromIpacificusfromMarinBurgdorferet
al1985Lane1992andSutterWrightetal2003countiesThese
twoadditionsmakeatotalof42countiesinCaliforniathathave

evidenceofBburgdorferiinfectioninticksFigure1Thetesting
resultsforIpacificuscontainedinthetickdatabasemaybefound
ontheCDHSwebsiteundertheDetectionoftheLymeDisease

AgentinCaliforniaTickshttpdhscagovpsdcdcdisbpdf
tick20map2pdf

OtherAspectsoftheSurveillanceProgram
In1992VBDSenteredintoaCostShareAgreementwiththe

PacificSouthwestRegionoftheUnitedStatesDepartmentof
AgricultureForestServicetomaintaincooperativesurveillanceand
controlofvectorbornediseaseswithintheNationalForestsIn

accordancewiththeagreementVBDShasconductedtick
surveillanceforLDinAngelesClevelandInyoKlamathLassen
LosPadresMendocinoPlumasSanBernardinoSequoiaShasta
SierraSixRiversTahoeandTrinityNationalForestsEvidence
ofBburgdorferiwasidentifiedinKlamathLassenPlumasShasta
SixRiversSierraandTahoeNationalForestsAllsurveillance

activitiesarepublishedintheVBDSUnitedStateNationalForest
AnnualReportandtheVBDSAnnualReport

KnowledgeoftickdistributionandinfectionwithB
burgdorferihaspromptedVBDStoexpandtheirtickbornedisease
informationprogramThepurposeoftheprogramistoprovide
informationontickbornediseasestothepublicphysiciansand
governmentagenciesinCaliforniaRecentactivitiesincluded
updatingtheLymeDiseaseinCaliforniabrochurereleasingpress
announcementsabouttickawarenesstwotimesayeartocoincide
withincreasedadultandnymphaltickactivitywritingand
distributingradiopublicserviceannouncementspostingthetick
testingdataontheCDHSwebsiteandgivingpresentationstothe
publicandphysiciangroupsaswellasstateagenciesSpecific
activitiesforphysicianeducationincludedpublicationoftwo
epidemiologyupdatesintheCaliforniaMedicalBoardsAction
Alertnewsletterorganizingapublichealthgrandroundsforpublic
healthagenciesandsurveyingphysicianawarenessoftickborne
diseasesviaaquestionnaireintheActionAlertVBDSreceives
inputandadviceonthetickbornediseaseeducationfromanine
memberLymeDiseaseAdvisoryCommitteeLDACcreatedin
2000Themissionofthecommitteeistomakerecommendations

totheCaliforniaDepartmentofHealthServicesonstrategiesto
enhancetheawarenessofthepublicandthemedicalcommunity
aboutLymediseaseinCaliforniaandtherebyreduceexposureto
andsufferingfromthisandothertickbornediseases
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County Ticks Pools

ositive Testing
Laboratories

Minimum

Infection

Prevalence

CultureDFA 1FA PCR Total

Alameda 839 266 6 9APHLCDHSSPHLUCB 107
Amador 47 5 1CDHS 212

Butte 766 504 27 28CDHSRMLWCEH 365
Calaveras 44 4 1CDHS 227
ContraCosta 1504 1152 24 24CCMVCDCDHS 160
DelNorte 125 35 1 CDHSWCEH 240

ElDorado 112 11 CDHS 089
Fresno 84 49 CDHSRMLUSARMY 119
Glenn 84 12 RML 238
Humboldt 671 454 CDHS 089
Into 22 17 RMLUCB 0

Kern 206 26 CDHSRMLUSARMY 097
Lake 278 99 9 CDHSSacYoloMVCD 396

LosAngeles 5769 862 14 PPHLRMLOrangeVCDUSARMY 033
Madera 252 27 CDHSRMLUSARMY 004

Mariposa 518 287 5 BMVCDCDHSRML 173
Mendocino 1104 474 CDHSUCB 408

Monterey 387 70 1 CDHSUSARMY 026

Napa 209 108 CDHS 096
Nevada 570 62 3 CDHSPPHL 105

Orange 364 73 1 CDHSOrangeVCD 027
Placer 740 131 4 CDHSSacYoloMVCDUSARMY 054
Plumas 154 118 1 BMVCDRML 065
Riverside 1691 475 CDHSRMLUSARMY 0
Sacramento 1392 206 6 2 2 CDHSSacYoloMVCD 072
SanBenito 258 113 CDHS 039
SanBernardino 342 71 CDHSUSARMY 058

SanDiego 594 185 19 NSDEHUSARMY 404

SanJoaquin 54 18 SacYoloMVCD 0

SanLuisObispo 944 188 CDHSSLOHDUSARMY 0
SanMateo 160 40 3 CDHS 188
SantaBarham 1079 318 2 CDHSRMLUSARMYSbLab 019
SantaClara 54 5 1 CDHS 185
SawaCruz 234 68 1 CDHSUSARMY 043
Shasta 1166 1 16 BMVCDCDHSRMLWCEH 146
Sierra 93 23 4 BMVCD 430

Siskiyou 114 11 CDHS 088
Solano 121 75 CCDHSNYMedCollege 0
Sonoma 985 224 2 CDHSUSARMY 112
Tehama 243 24 1 CDHSBMVCDRML 082
Trinity 900 177

280

N

r

N

C

V
N

N

CDHSUSARMY 022
Tulare 462 126 1 CDHSRMLUSARMYWCEH 065
Tuolumne 130 31 N CDHS 154
Ventura 355 55 CDHS 0
Yolo 1121 140 4 2 CDHSRMLSacYoloMVCD 125
Yuba 76 18 BMVCDCDHS 263
Total 27417 8268 1381 25 1241 7 102
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Table3NodesPacificustickstestedforBorreliaburgdorferiCalifornia19852003

APHLAlaCPublicHealthLaboatory
CDHSCaliforniaDepartmentofHealthServices

ConnAgConnecticutAgricultureExperimentStation
OrangeVCDOrangeCoVectorControlDistrict
RMLRockyMountainLabNationalInstituteofHealth

SbLabSantaBarbaraCoLaboratory
SLOHDSanLuisObispoCoHealthDepartment
UCBUniversityofBerkeley

BMVCDButteCoMosquitoVectorDistrict
CCMVCDContraCostaCoMosquito VectorDistrict

NYMedCollegeNewYorkMedicalCollege
PPHLPlacerCoPublicHealthLaboratory
SacYoloMVCDSacYoloMosquitoVectorControl
SDEHSanDiegoCoEnvironmentalHealth

SPHLSonornaCoPublicHealthLaboratory
WCEHWashoeCoEnvironmentalHealthNevada

USARMYUSAnnyCenterforHealthPromotionPreventiveMedicineWest
DFAdirectfluorescentantibody IFAindirectfluorescentantibody PCRpolymerasechainreaction

nymphalticksweretested

LakeSacramentoandYolocountiesmultipletestswereperformedonthetickpoolsthesametickpoolmaybepositivebyonetwo
orthreemethodsthetotalnumbersofpositivewereadjustedunderlinedtoreflectthetrueinfectionprevalance

February2004
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VectorControlProgramSanDiegoCountyEnvironmentalHealth
SantaBarbaraCoastalVectorControlDistrictSantaCruzCounty
EnvironmentalHealthSonomaCountyPublicHealthLaboratory
UniversityofCaliforniaBerkeleyUSArmyCenterforHealth
PromotionandPreventiveMedicineWestandtheWashoeCounty
EnvironmentalHealthofNevada
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GuidelinesforContributors

ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia

ProceedingsandPapersistheofficialpublicationofthe
MosquitoandVectorControlAssociationofCaliforniaItisprinted
onevolumeeachyearthatincludespresentationsgivenatthe
AssociationsannualconferencePublicationofsubmittedpapers
byconferenceattendeesisalsoencouragedItpublishesarticles
onthebiologyecologysurveillanceandcontrolofmosquitoand
othervectorsofdisease

CONTRIBUTIONSAmanuscriptforpublicationinthe
ProceedingsandPapersisencouragedfromeveryspeakerArticles
shouldbeoriginalcontributionsinthefieldofmosquitoandvector
ecologyandcontrolandprovideinformationtobenefitthediverse
interestsintechnicaldevelopmentoperationsandprogramsand
managementdocumentationPaperspreviouslypublishedorthose
beingconsideredforpublicationelsewherearenotacceptableAn
excessivenumberofpapersononesubjectorbyanyoneauthor
aregenerallydiscouragedAlthoughpreferenceisgiventopapers
acceptedontheprogramagendaacceptabilityforpublicationrests
onmeritdeterminedonreviewbytheEditorAnonmemberauthor
otherthanaregisteredconferenceattendeewishingtopublishin
theProceedingsandPapersisrequiredtopaytheregistrationfee
fortheconference

MANUSCRIPTFORMATManuscriptsmustbetypeddouble
spacedonlyononesideofthepagewithoneinchmarginsonall
sidesA312computerdisketteshouldalsobesubmittedwhich
includesyourmanuscriptandimagesofalltablesfigures or

photographsCommonIBMcompatiblewordprocessingprograms
suchasMicrosoftWordorWordPerfectispreferredThreecopies
ofthemanuscriptplustwocopiesofthetablesfiguresandor
photographsshouldaccompanythedisketteTheseshouldbe
submittedtotheEditorwithin60daysfollowingtheendofthe
conferenceArticlesreceivedafterthattimemaybereturnedfor
resubmissionforthenextyearsProceedingandPapersAuthors
shouldrefertorecentissuesoftheProceedingsandPapersofthe
MosquitoandVectorControlAssociationofCaliforniaforstyle
andformatandtheJournaloftheAmericanMosquitoControl
Associationforguidanceonscientificnames

TheProceedingsandPaperssubscribestothescientific
abbreviationsofmosquitogenericnamesusedbytheAmerican
MosquitoControlAssociationTheusageandalistofthese
scientificnamesarediscussedintheJournaloftheAmerican
MosquitoControlAssociation54851989Bilettergeneric
abbreviationsareusedforCulicidaeCommonAbbreviationset
alegieetcarenotitalicizedUseofthemetricsystemwith
EnglishmeasurementsinparenthesisisencouragedAvoid
footnotesintext

PresentedpapersintheProceedingsandPaperswillappear
forthemostpartassubmittedEditoriallibertieswillbeexercised
inthoseinstanceswhereimprovedclarityisneededandwherestyle
isincorrectArticlesrequiringextensiveeditingandnotconforming
tostyleandinstructionswillbereturnedtotheauthorforcorrection

SUBMITTEDPAPERSManuscriptsotherthanpresentations
attheconferencesubmittedforpublicationintheProceedings
andPaperswillbetreatedasRefereedorPeerReviewedArticles
Thesewillbesentforreviewtoatleasttwoormorescientists
proficientinthesubjectareaFollowingtheircommentsandadvice
theEditorwilldeterminewhethertheseshouldbepublishedas
PeerReviewedarticles

TITLEThetitleauthorsnamesorganizationmailing
addressemailaddressandtelephonenumbershouldappearat
thetopofthefirstpage

ABSTRACTAnAbstractisrequiredandshouldprovidea
briefsummaryofthepaperTheEditormayrefusetopublish
AbstractsorSummariesalone

PAGENUMBERINGNumberpagesconsecutivelyincluding
tablesandfiguresInsertthetablesandfiguresasseparatepages
followingthefirstplacetheyarereferencedinthetext

TABLESTablesshouldbetypedonseparatesheetsplacedin
correctsequenceinthetextandshouldbelimitedtothosestrictly
necessaryTablesshouldbepreparedwithregardtotheultimate
printedsizeofone3 ortwocolumns614 Eachtableshould

bereferencedatsomepointwithinthetextAvoidlongandcomplex
tables

ILLUSTRATIONSFiguresgraphslinedrawingsand
photographsmustbemailedflatFiguresshouldbenumbered
consecutivelyTitleslegendsorotherheadingsshouldbetyped
doublespacedonaseparatesheetofpaperAswithtables
illustrativematerialsmustbeplannedtofitreasonablywithin a

oneortwocolumnformatFigurenumbersinadditiontothe
authorsnameshouldbewritteninbluepencilonthebackofeach
illustrationFiguresgeneratedondotmatrixprintersorphotocopies
reproducedpoorlywillnotbeacceptableforpublicationSince
mostfiguresmaybereducedtoonecolumninwidththeoriginal
linesandprintingmustbelegiblewhenreductionbecomes
necessary

REFERENCESCITEDAlphabetizereferencesbytheauthors
surnamesWithinthealphabeticalorderarrangereferences
chronologicallybeginningwiththeearliesttothemostrecent
publicationdateIncludeonlypublicationsthatarecitedinthe
textandthestyleofcitationsshouldconformtotheformatinthe
latestissueoftheProceedingsandPapers
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PROOFANDREPRINTSAuthorswillreceiveagalleyproofaswellasorderformsforreprintsMajorrevisionsatthisstagewill
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