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The76AnnualConferenceofthe
MosquitoandVectorControlAssociationof
CaliforniaMVCACisdedicatedtoJames
JimPWebbwhorecentlyretiredfromthe
Orange County Vector Control District

OCVCDAstheScientificTechnicalDirector
ofthelaboratoryJimprovidedinnovative
leadershipinthedevelopmentofresearch
projectsdesignedforthesurveillanceand
controlofvectorbornediseasesByengagingin
acooperativedialoguewithnumerousacademic
institutionsandotherdistrictsnationwidehe
wasabletofosternewprogramsexpandthe
scopeofsmallerprojectsandinvolvethe
participationofcollegestudentsinlongterm
studies

JimwasborninLongBeachCalifornia
onNovember301941Hespenthistoddler
yearsinMoutainairNewMexicoandlivedas
ateenagerinRibLakeWisconsinHisfamily
eventually moved back to Harbor City
Californiawhereheattendedhighschool

In1970heobtainedamastersdegree
inbiologyfromLongBeachStateUniversity
undertheinspiringmentorshipofRichardB
LoomiswhowasthencataloguingtheChiggers
ofCalifornia Jimbecameoneofthe27

individualswhocontributeddirectlytothis
extensivetaxonomicstudyFig1Theyformed
acompetitiveteamofstudentsThetrainingwas
manifoldinvolvingextensivefieldworkand
taxonomicexpertiseWebbandLoomis1969
ReportsandpapershadtobewrittenandJim
acquirededitorialskillswhichheperfectedlater
astheeditoroftheBulletinoftheSocietyfor
VectorEcologySOVEandoftheentire
District

2008MVCACConferenceDedication

DrJamesJimPWebbJr

MartineJozan

mjozan@ocvcdorg

OrangeCountyVectorControlDistrictGardenGroveCaliforniaUSA

1

JimwenttotheTexasTechUniversity
LubbockforhisPhDgrantedin1976His
interesthadshiftedfromchiggerstoticksHis
dissertationonthehostlocatingbehaviorof
nymphalOrnithodorosconcanensiswasan
elaborateethologicalstudyWebb1977and
1979Thisnewlyacquiredexpertiseoftick
biologywouldproveinvaluableinhislater
investigationsofLymediseaseinCalifornia
Webbetal1990

Twoyearsofpostdoctoralresearch
followedattheUniversityofCaliforniaLos
AngelesSchoolofPublicHealthwhereTelford
WorkwasrunninganNIHsponsoredtraining
programinfieldandlaboratorytechniques
especiallytailoredtothestudyofarthropod
bornevirusesarbovirusesThiswasstillan
emergingfieldwithlittleknownaboutthe
transmission cycle of more than 400

characterized agents Epidemiologic
investigationsinsearchofwesternequineSt
LouisandCaliforniaencephalitisvirusfoci
werecarriedoutinImperialCountyandOwens
ValleyandsouthernCaliforniaTheyrequired
intensivefieldworkforoneweekormoreeach
monthdependingupontheseasonJimwasin
charge of mosquito collections and

identificationAtthistimemosquitotrapswere
stilloperatedwith 12voltbatteries The

adaptationtoordinaryflashlightbatteriesby
DonRoheStateofCaliforniabroughtarelief
tofieldoperationsAnotherwaytoassessvirus
transmissionwastoevaluatethecirculationof

antibodiesinbirdsnaturalhostsoflocal
flavivirusesJimfamiliarizedhimselfwiththe

bleedingbandingandreleasingofawide
varietyofavianspeciesaswellaswithvarious
serologicaltechniquesThisexperiencelaidthe

Proc PapersMosqVectorControlAssocCalifVol76
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foundation for a longterm arbovirus

surveillancecontrolprogramwhichwaslater
setupattheDistrictUponTelfordWorks
retirement andthanksto Jimsforesight
equipment supplies and reagents were

transferredtothenewlyconstructedOrange
CountyVectorControlDistrictLaboratory

From1977to1981Jimworkedfor
Fluorwhichatthetimewasplanningtolaya
naturalgaspipelinealonganenvironmentally
sensitivecorridorfromPrudhoeBayAlaskato
the CanadianYukonborder He assumed

leadershipofateamresponsibleforthe
ecologicalandarcheologicalmappingofthe
areaThishelpedhimhonehismanagerialskills
andanalyticaltalents

Upon the suggestion and

recommendationofJackHazelriggJimcameto
theOrangeCountyVectorControlDistrictin
1981Recruitedatfirstasavectorecologisthe
introducednewcollectingmethodstoenhance
thescopeofvirusisolationsfrommosquitoes
andlarvaeaswellBeehleretal 1993
Mosquitocollectionsfromovipositiontrapsand
manholesundergrounddrainsbecameroutine

HebecameTechnicalDirectorin1991
andfrom2004to2007servedastheScientific

TechnicalServicesDirectormanagingand
overseeingadiversearrayofprojectsFromthe
verybeginningandwiththetotalconfidence
andsupportofGilbertChalletagiftedmanager
Jimhadthefreedomtoengageinimaginative
projectsandthusexpandthescopeofservices
offeredbytheDistrictTheoccurrenceofthe
1983SLEoutbreakinLongBeachwith27
humancasespromptedhimtoputinplacea
longterm surveillance program which

incorporated the continuous yearround
collectionoflargepopulationsofpasserinesto
canvassmostofOrangeCountyWebband
Myers1985Thisprogramimplementedby
JohnGruwellGruwelletal2000isstillthe
backboneoftheDistrictssurveillance25years
laterThesestudieshaveprovidedadynamic
evaluationofvirustransmissionovertimeand

fosteredthereassessmentofcontrolstrategiesas
needed

Proc PapersMosqVectorControlAssocCalifVol76
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Earlyonhisuniquecontributiontothe
Districthasbeenhisabilitytoengageadialogue
withnumerousacademicandgovernmental
agencies fostering cooperative research

projects and thus complementing the

investigativeabilitiesoftheDistrictwithunique
scientificexpertiseandtechnicalresourcesFig
2Theseprogramshavealsoofferedstudents
inresidencenumeroustrainingopportunities
andnewideasfortheirmastersdegrees

Withhisdiverseinterestspassionsand
obstinatecuriosityitisnotsurprisingthatJim
becameapioneerinforensicentomologyInthis
emergingfieldthedevelopmentalgrowthof
insectsisusedasadiagnostictooltoilluminate
thetimeandcircumstancesofdeathinhomicide

casesOneofhisfirstinvestigationswas
notoriousIn1983whenayoungwomanwas
foundmurderedinaruralareaofVentura

Countytheboyfriendandprimesuspect
deniedhavingeverbeennearthecrimescene
Yetpoliceinvestigatorsandsuspectwere
coveredwithchiggerbitesChiggercollections
madeonthesiteandencounterednowhereelse
contributedtoalifeconvictionofthesuspect
Webbetal1983Jimwaslatercalleduponto
assistwithpoliceinvestigationsandtestifyin
courtasneeded

Although public complaints about

insectsarecommongroundforvectorcontrol
districtsthosecomingfrompeopleaffectedwith
delusionofparasitosisDOPareuniqueThese
individualsareconvincedthatmitesbugsor
wormsarelivingonandorinsidetheirbody
Their daily life is completely disrupted
impactingtheirworkingabilityandsocial
interactionTheseirrationalcomplaintscouldbe
overwhelming butJimwas successful in

developing a groundbreaking protocol for

handling such cases in cooperation with

dermatologistsandpsychiatriststorelievethe
basicanxietyandobsessionsufferedbythese
patientsWebb1991

When West Nile virus made its

unexpectedincursioninNewYorkin1999Jim
wasquicktorecognizethattheviruswould
eventuallyreachCaliforniaHeimmediately
supportedalleffortstodevelopwiththesupport
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oftheUniversityofQueenslandAustraliaa
serologicaltestwhichcouldbeusedinactive
surveillanceforearlydetectionofspecificWN
antibodiesIttookfiveyearsforthevirusto
leapfrogtothewesternstatesandthisnewtest
whichhadbeenevaluatedin2003provedtobe
ausefulandreliablediagnostictool

Jimpursuedfieldandlaboratorytasks
with tremendous energy aggravated
stubbornnessandunrestrainedimaginationHe
alsotaughtatSaddlebackandChapmanCollege
wherehewasbothalecturerandassistant

directoroverseeingthehealthscienceprogram
Forhisfriendscolleaguesandmany

studentsJimisaleaderofinnovativescientific
programsamentorafierceandsomewhat
obstinatedebaterofideasandprobablya
restlessthinkerThismanforallseasons

workedwithendlessenergybuthealsoknew
howtoplayandenjoyawelldeservedbeerat
theendofasweatycollectingdayintheMojave
Desert

Jimhasjustretreatedtoanewlifeof
reflectiononthesemanyaccomplishmentsbut
weexpecthis intellectual contribution to

continue

Helikedtogentlyadmonishhisstudents
andpossiblyhisstaffmentioningthatfocusing
onasinglewelldefinedscientificquestiona
welldesignedstudywithathoughtoutpathway
isbetterthantryingtohaveyourfingerintoo
manypiestryingtoanswerseveralquestionsat
thesametime

ThededicationofthismeetingtoJimis
fittingandIconsideritanhonortohavebeen
chosenforthispresentation
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Directlyorindirectly27individualsdevelopedthe
backgroundformatandinformationfromthesetrips
ortheresultingdatatowriteamastersdegreethesis
underDickscriticalandfairsupervision Their

namesandtheyeareachfinishedhisorherdegree
programareincludedhereMarilynBunnell1957
DelmerEMangum1958AlvinHDeYoung
1958KennethLeith1958CharlesMPage
1961WilliamJWrenn1965WLeonHunter
1966RonaldESomerby1966JuliusCGeest
1966LynellKTanigoshi1968RichardM
Davis1968JerryLFowler1968NormanG
Puckett1969JamesPWebbJr1970James
LLucas1970WCalvinWelboum1972M
LeeGoff1974LawrenceVPomeroy1974
SherburnRSanborn1977StephenGBennett
1977HansMegens1980CharlesSRau1980
StevenDWerman1980KazuhiroAndo1983
LawrenceLCJones1985NoorSTietze1986
andGeraldEGreene1986

Figure1Studentcontributiontothetaxonomy
ofCaliforniaChiggers
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Figure2IntercollegiateactivitiesfosteredbyJimWebbduringhistenureatOrangeCountyVector
ControlDistrict
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JimathisdeskOCVD1996surroundedbyhistypicalorganizedclutter

JimWebbatthemicroscope2000
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JimWebbandRichardDavisLongBeach
State1970
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2007YearinReviewIntegrationofNASAsMeteorologicalDataintothe
CaliforniaResponsePlan

ChristopherMBarkerBborieKParkForrestSMeltonBruceFEldridgeVickiL

KramerandWilliamKReisen

DepartmentofEntomologyUniversityofCaliforniaDaviscmbarker@ucdavisedu5307520151

2CenterforVectorborneDiseasesUniversityofCaliforniaDavis

4NASAAmesResearchCenter CaliforniaStateUniversityMontereyBay

3VectorborneDiseaseSectionCaliforniaDepartmentofPublicHealth

ABSTRACT TheCaliforniaMosquitoBorne
Virus Surveillance and Response Plan

recommendsmeasuredinterventionresponses
basedonassessedriskforarboviralepidemics
ForWestNilevirusWNVoverallriskis
based on temperatures and surveillance

measuresofvectorandvirusactivity Inthe

current study we assessedthe value of

temperaturedataacquiredfromNASAfor
predictingepidemicriskforWNV Wealso

consideredwhethertheriskmodelwouldhave

providedadequateleadtimeforresponseand
suggestedwaysinwhichtheresponseplansrisk
assessmentmodelcouldbe improvedfor
predictionandassessmentofcurrentrisk

INTRODUCTION

TheCaliforniaMosquitoBorneVirus
SurveillanceandResponsePlanCMVSRP
CaliforniaDepartmentofPublicHealthetal
2007includesanepidemicriskassessment
modelforeachofthethreemostimportant
arbovirusesinCaliforniaandguidelinesforlocal
agencyresponseduringperiodsofheightened
risk Themostrecentincarnationofthe

CMVSRPwasupdatedinpreparationforthe
arrivalofWestNilevirusandhasitsrootsin

earlierdocumentswithsimilaraimsCalifornia
DepartmentofHealthServices1983Reeves
1969Reisen1995Walsh1987 Sincethe

arrivalofWestNilevirusFamilyFlaviviridae

7

genusFlavivirusWNVthePlanhasbeen
updatedannuallybytheCaliforniaDepartment
ofPublicHealthandcollaborators

TheCMVSRPsriskassessmentmodel

includes environmental conditions favoring
arboviraltransmission ForWestNilevirus
environmentalriskisdefinedbytemperature
andisscoredfrom15Todetermineriskfora

givenagencyonemustobtaintemperaturedata
fromarepresentativeweatherstationandspatial
resolutionislimitedbythelocationsofweather
stations Recently NASAs Terrestrial

ObservationandPredictionSystemTOPShas
been developed for interpolation of

meteorologicalmeasurementsbasedonslope
aspectandotherlandattributesNemanietal
2003Thorntonetal 1997 TheTOPS

algorithmiscurrentlybeingusedtogenerate
dailysurfacesofmeteorologicalvariablesata1
kmresolutionInthisstudyweusedTOPSand
surveillancedatafrom2007todetermine1
whetherTOPStemperatureswerepredictiveof
epidemicriskforWNV2whethertherisk
modelwouldhaveprovidedadequateleadtime
forresponseand3waysinwhichtherisk
modelcouldbeimprovedforpredictionand
assessmentofcurrentrisk

MATERIALSANDMETHODS

Temperature data Daily 1

statewideminimumandmaximumtemperature

Proc PapersMosqVectorControlAssocCalifVol76
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gridswereacquiredfromNASAsTOPS
Nemanietal2003Thorntonetal1997and
storedinPostgreSQLv82 Temperature
minimaandmaximawereaveragedtocreate
daily1kmgridofmeantemperatureswhich
thenwereaggregatedbyhalfmonthandagency
usingPostGISTemperaturedatawereanalyzed
forallMVCACmemberagencies

Surveillance data Vector and

arbovirussurveillancedatafor2007from

collaborating agencies Kern MVCD and

SacramentoYoloMVCDwereaggregatedby
halfmonthusingtheCaliforniaSurveillance
Gatewayhttpgatewaycalsurvorg Other

agencieswithsufficienthistoricalsurveillance
recordsdatanotshownalsowereanalyzed
andresultswereemailedtoeachagency

RiskcalculationsUsingthedatasets
describedaboverisklevelswerecalculatedfor
eachcomponentoftheWNVriskassessment
modelfromtheCMVSRPTable1Theplan
wasmodifiedfromthe2007publishedversion
CaliforniaDepartmentofPublicHealthetal
2007asfollows1temperaturethresholds
weremodifiedtoreflectepidemiologically
relevantdifferences inextrinsic incubation

periodsReisenetal20062equinecases
wereremovedfromtheriskmodelduetothe

lownumberofsusceptiblehorsesasaresultof
naturalorvaccineinducedimmunization3
chickenrelatedriskwassimplifiedusingonly
thenumbersofflocksthatseroconvertedand
4insteadofusingtheproximityofvirus
activitytothehumanpopulationriskwas
calculatedseparatelyforurbanandruralareas
basedonabundanceandinfectionratesfor

CulenspipiensLCxquinquefasciatusSayand
CxtarsalisCoquillettrespectively

RESULTS

Temperature Risklevelsbasedon

averagedailytemperatureforeachhalfmonth
andagencyweremappedagainstregionalonsets
andpeaksofWNVattributedhumancase
incidenceFig1Duringthehalfmonthprior
totheonsetofhumancasesineachregionat
leasttwoagencieswithintheregionreacheda

Proc PapersMosqVectorControlAssocCalifVol76
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temperaturerisklevelof4orgreaterPriorto
thepeakinhumancasestemperatureshad
reachedthehighestrisklevelof5inatleastone
agencyineachregionStatewidetemperatures
wereindicativeofspatialvariationinWNV
epidemicriskandprovided05 1monthlead

timeforresponsepriortotheonsetofhuman
cases

Vector and virus surveillance

Surveillance measures generally indicated

concurrentWNVrisktohumansFig2but
providedlittleleadtimepriortotheonsetof
caseswithineachagencyNosinglefactorwas
sufficientforpredictinghumancasesRelative
vectorabundanceprovidedthegreatestlead
timebutaboveaverageabundancewasnota
necessaryprecursortoepidemicsFig2When
adequatenumbersofsamplesweretested
mosquitopoolschickens anddeadbirds

providedreasonableindicationsofconcurrent
riskforhumancasesandshortleadtimes05
15monthsforresponsepriortocaseonset

DISCUSSION

Temperatures during 2007 were

indicativeofspatialvariationinriskforWNV
epidemics and high temperaturespreceded
occurrenceofhumancasesinallMVCAC

regions Howeverleadtimebasedonthe
currentCMVSRPriskassessmentmodelwas
limitedto0515monthsandmoreadvance

warningisneededToimproveleadtimeand
allowcomparisonsofthecurrentyearsriskwith
thatofotheryearstemperatureanomaliesand
longrangeforecastsduringtheearlyseason
needtobeintegratedintotheexistingabsolute
temperaturebasedmodel

Vectorandvirussurveillancemeasures

wereofvariablevaluedependingpartiallyon
thenumberofsamplestestedforeachagency
HumancasesofWNVdidnotnecessarilyfollow
aboveaveragevectorabundanceandadditional
studyisneededtorelatevectorabundanceto
riskforWNVtransmissiontohumansBased

onthevectorialcapacityequationtheforceof
transmission is expected to increase as

abundanceincreasesandfromearlierstudieson
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otherarbovirusesOlson1977Olsonetal
1979Reeves1971itseemslikelythatWNV
transmissionriskwouldhavebeenhigherif
vectorabundancehadbeenhigher Inmany
agenciesmosquitopoolsdidnotprovidean
earlyindicationofvirusactivitypriortohuman
caseonsetbecausetoofewspecimenswere
testeduntiltheepidemicwasrealizedInother
agencieswherespecimensweretestedroutinely
mosquitoinfectionrateincreasesprecededor
coincided with increases in human case

incidenceegKernandSacramentoYolo
MVCDsAnotherfactorduring2007wasthat
emergencyfundswerereleasedbytheStateof
Californiaallowingincreasedtestingandbetter
measurementofactualinfectionratesduringthe
heightoftheepidemic

TheCMVSRPwillcontinuetobe

revisedbasedontheseresultsandinputfrom
MVCACmemberagencies Improvementsin
forecastingofepidemicriskareneededanda
modularapproachtoriskassessmentseparating
forecasting components from measures of

concurrentriskmaybeastepintheright
direction
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Table1ModifiedriskassessmentmodelfromtheCaliforniaMosquitoborneVirusSurveillanceandResponsePlanasappliedinthisstudy
Adult

Risk AvgDaily mosquito Mosquito Chicken DeadBird

Level Temperature abundance MIR1000 Seroconversions Infections HumanCases

1 66F

2 5765F

3 6672F

4 7379F

5 79F

60

6yrAvg

6090

6yrAvg

91160

5yrAvg

161300

6yrAvg

300

6yrAvg

0 0inregion 0inregion 0inregion
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11 20 1flockinagency 1inagency

21 60

60
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0inagency
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agency
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0inagency
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26inagency 1inagency

6inagency 1inagency
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RiskLevel

iLevel1 56F

Level25765F

Level36672F

Level47379F

Level5 79F

Humancases

byMVCACregion

0 onset

peak

fewcasesincoastal

regionanddeserts

Fig1Mapsshowing2007temperaturerelatedriskby
halfmonthandagencyusingrevisedthresholds
accordingtoReisenetal2006Theonsetsand
peaksofhumanWNVattributedcaseincidencewithin
MVCACregionsareindicatedbyovalsandrectangles
respectively
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AerialAdulticidinginSacramentoCountyCalifornia2007 HowWasIt

Differentfrom2005and2006

PaulaAMacedoMarciaReedKaraKelleyGaryWGoodmanDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624

ABSTRACTWiththeincreaseinabundance
andinfectionratesofCulextarsalisandCx

pipiens mosquitoes the SacramentoYolo

MosquitoandVectorControlDistrictmadethe
decisiononJuly26toconductaerialspraying
overtheNorthareaofSacramentoCountyon
thenightsofJuly3031andAugust1Atthe
sametimetheDistrictreceivednotificationof

thefirsthumancaseofWestNilevirusWNV
intheareaWeconductedpreandposttrapping
insideandoutsidethesprayzonetoevaluate
mosquitoabundanceandinfectionratesafterthe
sprayingeventsResultsshoweddecreasesinthe
abundanceofCxtarsalisandCxpipiensinthe
percentpositivemosquitopoolscollectedandin
theminimuminfectionrateforCxtarsalis
Differences among the aerial sprayings
conductedinSacramentoCountyin2005and
2007andYoloCountyin2006arediscussed

TheSacramentoYoloMosquitoand
VectorControlDistrictSYMVCDconducts
surveillanceandcontrolofmosquitoesin
SacramentoandYoloCountiesinCalifornia

TheDistrictmonitorsweeklyadultmosquito
abundancewithAmericanlighttrapsgravid
femaletrapsandMosquitoMagnetTraps
SYMVCD2006Wealsouseencephalitis
virussurveillanceEVStrapsbaitedwithCO
and gravid female traps to capture live

mosquitoestotestforWestNilevirusFamily
FlaviviridaegenusFlavivirusWVNSaint
LouisEncephalitisSLEandWesternEquine
Encephalitis WEE In2004 WNV was

associatedwithlow leveltransmissionto

humansandhorsesArmijosetal2005Homet
al2005butin2005therewasasevere
outbreakofWNVinSacramentoCountywith
183humancasesand40equinecasesElnaiem

Proc PapersMosqVectorControlAssocCalifVol76
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etal2006andtheDistrictmadethedecision
toconductaerialsprayingofapyrethrin
pesticideovertheNorthandSouthareasofthe
countyIn2006WNVreachedepidemiclevels
inthecitiesofWoodlandandDavisinYolo

CountyMacedoetal2007Analysisofdata
frombothyearsshowedthatalthoughtherewas
asignificantdecreaseinnumbersofhuman
casesabundanceofmosquitoesandinfection
ratesitcouldhavebeenmoreeffectiveifaerial
sprayingshadbeenconductedoneortwoweeks
beforewhenabundanceofmosquitoesand
infectionrateswerehigherandtransmission
waspossiblyoccurringtohumansMacedoetal
2007 Bythetime theDistrictreceives

notificationofanyhumancasetransmissionis
alreadywellunderwaywithmanypeople
already infected but not yet displaying
symptomsorpresumptivecasesnotreceiving
definitiveconfirmation

In2007theDistrictidentifiedthefirst
positivemosquitopoolonJuly04whichwas5
dayslaterthanobservedin2005and2006and
thefirstpositivesentinelchickenwastestedon
July10Table1TheDistrictwasalsoclosely
followingweatherpatternsandchangesin
mosquitopopulationsanddeterminedthatCx
tarsalisCoquillettandCxpipiensLabundance
peakswere1weekto10dayslaterthanthe
previousyearFig1Mosquitoabundanceand
infectionrateswerecloselymonitoredDespite
all efforts from the SYMVCDs public
informationprogramandfromitsintensive
integratedpestmanagementIPMprogram
whichincludedenvironmental management
larvicidingandbiologicalcontrolinfectionrates
forCxtarsalisandCxpipiensmosquitoeswere
highandreached109and801respectivelyon
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theweekofJuly24FollowingtheDistricts
mosquito and mosquitoborne disease

managementplanSYMVCD2005theDistrict
madethedecisiononJuly26toconductaerial
sprayingofEvergreenEC606overabout
215kmintheNorthareaofSacramentoCounty
onthenightsofJuly3031andAugust1At
thatpointtherewere21trappingsiteswithone
ormultiplepositivemosquitopoolsfromthe
areadelineatedasthesprayzoneFig2AOn
thesamedaythatthisdecisionwasmadewe
receivednotificationofthefirsthumancasein
theareaInordertoevaluatethesuccessofthe
aerial spraying in decreasing mosquito
abundanceandinfectionratesweconductedpre
andposttrappingwithCObaitedEVStraps
andgravidtrapsinsideandoutsidethespray
zone

Resultsshowadecreaseinthenumber

oflocationswithpositivepoolsinsidethespray
zoneFig2Baswellasadecreasein
abundanceofCxtarsalisandCxpipiensFig
3adecreaseinthepercentpositivemosquito
poolscollectedFig4andadecreaseinthe
minimuminfectionratesforCxtarsalisTable
2whichmayhavehadaneffectindecreasing
WNVtransmission

Asin2005and2006aerialapplications
in 2007 appeared to interrupt epidemic
transmission In2007 theaerial spraying
occurredatleastoneweekbeforetheonesin

2005and2006andthepeaksinthepopulations
ofCxtarsalisandCxpipiensweredelayed
approximatelyoneweekduetoenvironmental
conditions which places the 2007 aerial

sprayingatleasttwoweeksaheadof2005and
2006Webelievethatthiswasoneofthe

reasonswhywedidnotobserveasmanyhuman
casesasin2005Fig5Accordingtothe
CenterforDiseaseControlandPrevention

CDC2004dateofonsetofsymptomsafter
infectioncanvaryfrom2to14daysinhumans
Bythetimewereceivenotificationofthefirst
humancasetransmissionforthatparticularcase
couldhavehappenedanywherefrom2to14
daysbeforewithadditionaltimeforclinical
diagnosisandnotificationThatmeansthatwe
onlylearnaboutthecaseaftertransmissionhad

14

alreadyoccurredwithmanyotherspotentially
infectedThatwasthecasein20052006and
2007In2007theDistrictlearnedaboutthefirst
humancasethesamedayithadmadethe
decisiontosprayAfterweconductedtheaerial
sprayingofthatareawelearnedoffivemore
humancasesthatmayhavehadtransmission
occurringbeforethesprayingeventsFig5
Ourresultsunderscoretheimportanceofusing
allpossiblesurveillancetoolswhenmakingthe
decisionaboutconductingaerialsprayingof
adulticidesoverasuburbanorurbanareaSome

responseplansmaydependontheoccurrenceof
humandiseasebeforearecommendationfor

aerialtreatmentismadeOurresultssuggestthat
itmaybeprudenttobasetheresponseon
enzooticamplificationbutweshoulduseall
availablesurveillancetoolsinordertomake
suchinformeddecision
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Table1Orderanddatesforeventspriortotheaerialsprayingeventsin20052006and2007

WNVDetection 2005 2006 2007

lstposmosquitopool Jun29 Jun29 Ju104

1stpossentinelchicken Jul15 Jul18 Jul10

Pthumancasenotification Jul21 Jul26 Jul26

Aerialspraying Aug8102022 Aug89 Jul30Aug1

Table2InfectionratesofWNVinCulextarsalisandCrpipiensmosquitoescollectedthe

weekbeforeandtheweekaftertheaerialsprayingSacramentoCounty2007MLEBias

CorrectedMaximumLikelihoodestimateofinfectionrate1000mosquitoesBiggerstaff2004

Treatment

Status Cxtarsalis

Before After

Sprayzone 1090 335

Control 358 566

Cxpipiens

Proc PapersMosqVectorControlAssocCalifVol76
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Before After
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Figure2Locationsrepresentedbydotswithinthesprayzonewithpositive
mosquitopoolsintheweekbeforeAandtheweekafterBtheaerialspraying
SacramentoCounty2007
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Figure3Culextarsalisand
Cxpipiensfemalespertrap
nightcollectedduring the

weekbeforeandtheweek

aftertheaerialsprayingin
SacramentoCounty2007



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

10

9

8

7

6

5

4

3

2

1

0

1wkbefore

Control0Sprayzone
Figure4Percentpositivemosquitopools

beforeandaftersprayingSacramentoCounty
2007

Proc PapersMosqVectorControlAssocCalifVol76

20

1wkafter



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

PretreatmentWNVP03Humancases

APosttreatmentWNVPosHumancases

Treatmentarea

004181624

InInI IMles

1 1111

dA
4

PretreatmentVVNVPosHumancases

APosttreatmentWNVPosHumancases

Treatmentarea

004081824

Iiii

Proc PapersMosqVectorControlAssocCalifVol76

21

Figure5Humancase
withinthesprayzone
2005Aand2007B
Dotsrepresentcases
withtransmission

occurringbeforethe
sprayingeventsand
trianglesrepresent
humancasesoccurrin

afterthespraying
events
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AssessmentofBarrierApplicationsofDemandLambdacyhalothrinin
RuralLandscapesintheCoachellaValleyCalifornia

HughDLothropBrankaBLothropWilliamKReisenandDonaldEGomsi

ArbovirusResearchUnitCenterforVectorborneDiseasesSchoolofVeterinaryMedicine

UniversityofCaliforniaDavisCA95616hdlothrop@ucdavisedu

2CoachellaValleyMosquitoandVectorControlDistrict43420TraderPlaceIndioCA92201

ABSTRACT Applications of Demand

Lambdacyhalothrinasabarriertomosquito
dispersalwereassessedinaruralareaofthe
CoachellaValleyEcotonalvegetationwas
treatedintworeplicatesinanarea1milewide
easttowestand2miledeepApproximately
80ofmosquitobreedingsiteswerelocated
southofthebarrierNosignificantreductionin
mosquitoabundancewasdetectednorthofthe
barrieralthoughtherewasepidemiological
evidencethatnorthwarddispersalofWestNile
virushadbeeninterruptedasindicatedby
reduced mosquito infection rates and

seroconversionsofsentinelchickensToassess

permeabilityofasinglelayerbarrierthedense
vegetationontheperimeterofapondwas
treatedWildcaughtCulextarsalisweremarked
andreleasedoutsidethebarrierandunmarked
femalesabundancewasmeasuredtoassess

penetrationAbundancewasdecreased73and
86duringthe2nightsposttreatmentand
dispersalofmarkedmosquitoesthroughthe
barrierwasreducedfromaratioof21to12

insideoutsidepretreatmenttoposttreatment
respectively

INTRODUCTION

Researchonmicrohabitatdistribution

patternsofmosquitoesintheCoachellaValley
have shown that the majority offlying
mosquitoesarefoundatvegetativeecotones
LothropandReisen1998Itislikelythat
mosquitoesspendsometimeintheseareas

22

restingonthevegetationandtreatingthese
ecotoneswithcontactpesticideshouldresultin
mortalityHowmuchmortalityandwhetheritis
sufficienttoactasabarriertodispersing
mosquitoes and more importantly the

disseminationofmosquitobornevirusesisthe
focusofthisstudyTheobjectivesofour
researchweretoassesstheeffectofoperational
scaletreatmentsonmosquitoabundanceand
virus dissemination and to determine the

permeabilityofasinglelayercontinuousbarrier
todispersingmosquitoes

MATERIALSANDMETHODS

TworeplicatetreatmentsTrials1and2
of1mileinlengthand2mileindepthwere
doneinthenorthernduckclubregioninthe
CoachellaValleyon19Septand10Oct2006
afterfloodingFig1DemandLambda
cyhalothrinSyngentaCropProtectionInc
GreensboroNorthCarolinawasappliedat01
ozAIminataspeedof5mphusingaMicronair
AU8115MMicronSprayersLtdBromyard
IndustrialEstateBromyardHerefordshireUK
TheMicronairnozzlewasorientedat70degrees
tothevehiclepathwithrotationalspeedsetto
producedropletsof200taccordingtothe
manufacturerschartCObaitedCDCstyletraps
CO2Twereusedtomonitorchangesin
abundanceMosquitopoolsweretestedfor
western equine encephalomyelitis WEEV
SaintLouisencephalitisSLEVandWestNile
WNVvirusesbyRTPCRSentinelchickens

Proc PapersMosqVectorControlAssocCalifVol76
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weresampledserologicallybyfilterpaperblot
andtestedbyEIAfollowedbyPRNTto
differentiateSLEVfromWNVantibodiesTo

comparetreatmenteffecttrapsweregrouped
intoregionsnorthsouthandeastRegionsnorth
andsouthwereseparatedbythetreatedbarrier
zoneEachregionwasrepresentedby3selected
trapsAssumingunbiaseddispersalfromsouth
toeastandnorthweusedeastasacontrol

AperimetertreatmentTrial3wasdone
in2passeswiththenozzleadjustedtocover0to
5feetand5to10feetrespectivelyFig2
Demandwasappliedat0027ozAIminat5
mphEffectivenesswasassessedusingmark
releaserecaptureandabundancesamplingNine
CO2Tsinsideand8outsidetheperimeterwere
usedtorecapturemarkedmosquitoesreleased
300feetoutsidetotheeastTworeleaseswere

donenumbering15700CxtarsalisCoquillett
pretreatment and 18600 posttreatment
Abundancesamplingandrecapturewasdoneon
2nightspostrelease

Potentialmortalityfromcontactwith
treatedsurfaceswasassessedusingcagesmade
from125X2inchpolyvinylchloridepipelined
with2Whatmanfilterpapertreatedwith
Demandat 10ozacreofsurfacearea

Althoughcoverageinfieldapplicationswasnot
completelyuniformthe 10ozacrerateis

equivalent to those used in the barrier

treatmentsTwentycolonyCxquinquefasciatus
Saywereexposedfor5minutesandmortality
notedat1hour

RESULTSANDDISCUSSION

InTrial1therewasnoreductionin

dispersal from south to north although
abundance doubled south of the barrier

followingtreatment Fig 3 In Trial 2

treatmentresultedin75controlusingMullas
formulaMullaetal1971onthenight
followingapplicationAbundancedataforthe
followingweekwereconfoundedby3nightsof
aerialadulticideappliedtothesouthregion
EpidemiologicaldataduringTrial2included8
WNVpositivepoolsoutof56collectedsouth
and southwest of the barrier and the

23

seroconversionof4of10sentinelchickens
located200yardssouthofthebarrierNo
positiveswerefoundin103poolscollected
insideornorthofthebarrierandinaflockof10
chickens15milesnorthofthebarrierThese

dataprovidedastrongerindicationofthe
effectivenessofthebarrierthanchangesin
abundancebecausemosquitobreedingsources
northofthebarriercouldhavemaskeddecreases

inthedispersaloffemalesfromsourcesinthe
south

Landscape featuresintheprevious
experimentpreventedtreatingacontinuous
barrierandtherebycontainmentexclusionof
dispersingmosquitoesThetreatmentofthe
densevegetationaroundtheperimeterofapond
inTrial3gaveusconfidenceinusing
abundanceasameasureofeffectivenessUsing
Mullasformulaabundancewasdecreased73
and86duringthe2nightsposttreatmentand
dispersalofmarkedmosquitoesthroughthe
barrierwasreducedfromaninsidetooutside

ratioof21toaratioof12pretreatmentto
posttreatmentrespectively

Mortalityfollowing5minuteexposure
inthecylindercageswas435ata10ozacre
rate estimated to approximate the field

treatmentrateThisindicatesthatshortterm

exposureofmosquitoesrestingontreated
vegetationinthefieldmayresultinmortality

Theresultsofthesetrialsindicatethis

methodcanimpactmosquitodispersaland
therebydispersalofmosquitobornepathogens
Barrier treatments constrain pesticide
applicationstolimitedfeaturesofthelandscape
primarilyecotonesofvegetationWhilethis
methodimpactssmallerareasthanultralow
volumeapplicationstheremaybehighernon
targetmortalityduetothehighertoxicityand
ratesofthepesticidesusedThisaspectneedsto
beexaminedbeforebarriertreatmentbecomes

widelyused
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Figure2PerimetertreatmentTrianglesrepresentCObaitedCDCstyletrapsites
Whitelineunderdensetrappatternrepresentsthebarriertreatment
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Figure3Culextarsalisfemalespertrapnightinzonesnortheastandsouth
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BuildinguponCaliforniasSurveillanceGateway
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UCDavis

Historicallyvectorcontrolagenciesin
Californiausedadiversesetoftoolstomanage
andstoretheirsurveillancedataThesetools

variedfrompenandpapertoMicrosoftExcel
andAccesstocommercialproductsThefocus
ofthesetoolswastostoredatanottoapplythe
datainassistingtheagencys surveillance

operations
Themethodsusedtostorethedatadid

not allow rapid communication and data

exchangebetweenthelocalagenciesandstate
bodiesTheflowofdatatypicallywasslowof
smallquantityandrequiredintensivehuman
involvementThisresultedinlongturnaround
times fortestingofsurveillance samples
inaccuracyofdatasetsprovidedtostateand
federalbodiesandhinderedimprovementsto
Californiassurveillanceactivities

Startingin2006severalcentralized
webapplicationswereintroducedtosupplement
andimprovetheoperationsoflocalagencies
Using the Internet provides several

enhancements

1 Dataisstoredinoneplaceina
standardizedstructureandprovidesthe
opportunitytobuildlongitudinalor
historicaldatasets

2 Theflowofdatabetweenagenciesis
acceleratedbecauseallusersknow

wherethedataisandhowtoaccessit
3 Userscanaccessthedatafromany

locationthathasaconnectiontothe
Internet

The California Vectorborne Disease

SurveillanceGatewayhereincalledCSG
wasoneoftheapplicationsintroducedin
2006TheCSGwasdesignedtosupplement
an agencys inhouse surveillance data

managementsystemsbyproviding

Proc PapersMosqVectorControlAssocCalifVol76
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additional capabilities and overcoming
existing limitations By focusing on

functionalityeasingtheabilitytosharedata
betweenagenciesandestablishinglinks
betweenresearchandpracticetheCSGhas
beenwelcomedbyCaliforniaslocalvector
controlagencies

The CSG is a comprehensive
surveillancemanagementtoolItachieves
thisbyprovidingfourmajorcomponents
1 surveillance sites description 2
mosquitoabundance3mosquitopool
submissionandtestresults4sentinel
chickenbandmanagement5bloodsample
submissionandtestresultsand6dead
birdreportingandtestingEachofthesedata
coversoneofthecoreenzooticsurveillance

measuresSeveralutilitiesareprovidedto
facilitatedatatransferstoandfromtheCSG
calculatekeyparameterssuchasabundance
anomaliesbasedon5yearmeansand
infectionratesoutputreferenceinformation
andperformcommonspatialtasks

DatacomingintotheCSGarestored
and made immediately available for a

varietyofanalysistoolsandproductsThe
primarytoolsarethemosquitoabundance
andthemosquitoinfectionratecalculators
Thesetwocalculatorsprovideusersthe
abilitytoanalyzetheiragencysmosquito
datasetsbothspatiallyandtemporallyOne
oftheproductscurrentlyavailableisthe
realtimemappingofsurveillanceactivities

overallandforpositivesamples onthe

Internetandthedesktop
Asoftheendof2007theCSGwas

Volume76



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

fullyadoptedby50ofCaliforniasvector theNOAAOfficeofGlobalProgramsand
controlagenciesTestresultsfrom70of NASAEarthSunScienceAppliedSciences
submittedmosquito pools are available Program
within 48 hours of delivery Weekly
snapshotsofthedataaremadeavailablefor
uploadingtotheCDCsArboNET

Withthesuccessandacceptanceof
the California Vectorborne Disease

SurveillanceGatewayeffortsareunderway
toprovide decision support capabilities
using all ofthe available surveillance

indicatorsThiswillbedoneusingtheRisk
AssessmentModelfoundintheCalifornias

Mosquitoborne Virus Surveillance and

Response Plan Climate data the one

componentoftheRiskAssessmentModel
notfoundintheCSGwillbeacquiredfrom
NASAsTOPSdatasetTohelpfacilitatethe
additionofdecisionsupporttotheCSG
spatialcapabilitiesarealsobeingadded
throughouttheapplicationThiswillpermit
enduserstovisuallyminedataonamap
ratherthanatextualinterface

In2009theCSGwillbeoverhauledtotake
advantageofnewtechnologiestoimprove
theuserexperience Severalnewdata

componentswillalsobeaddedincluding
pesticideuseandresistanceWiththese
additionsandenhancementstheCalifornia
VectorborneDiseaseSurveillanceGateway
willbeabletoserveadaptandenhance
surveillancedatatomeettheneedsoflocal

agencies
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ComparingMosquitoAttractivenesstoBird Mammal andCOBaited
TrapsinRuralandSuburbanAreas

MarilouThomasBeatrizPerezPaulaAMacedoStanWrightDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624

In 2006 the SacramentoYolo

Mosquito and Vector Control District

SYMVCDinitiatedastudycomparing
mosquitoattractivenesstothestandardCO2
baitedtrapsandthebirdbaitedtrapsBBTs
Perezetal2007Althoughagreater
numberofCulexmosquitoeswereattracted
toBBTsthantoCO2trapsinbothruraland
suburbansitesdiversitywasgreaterinthe
CO2baitedtrapsForthe2006studyonly
fourtrapsiteswereutilizedtworuraland
twosuburbanwhichprecludedamore
completeanalysisofthedataIn2007we
expanded the previous study by
incorporatingmoretrapsitesandmammal
baitedtrapsMBTsinordertodetermine
thehostselectivityofmosquitoesinrural
andsuburbanareasofSacramentoCounty
andtocomparetheattractivenessofallthree
traptypestodifferentmosquitospecies

Thestudywasconductedweekly
fromJunethroughSeptemberOnceaweek
onetrapofeachtypeBBTMBTandCO2
wassetupin12sites6ruraland6
suburbanintheafternoonandcollectedthe
followingmorningWeevaluatedmosquito
abundancediversityandtestedmosquito
poolsforthepresenceofWestNilevirus
family Faviviridae genus Flavivirus
WNVPigeonsColumbaliviacapturedat
the SYMVCD property were use as

attractantsintheBBTsGuineaPigsCavia
porcelluswereusedasattractantsinthe
MBTsTheanimalsusedinthisstudywere

Proc PapersMosqVectorControlAssocCalifVol76
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housedatSYMVCDandprovidedwithfood
andwaterasneededAlltraptypeshadthe
same basic configuration and followed

designdescribedbyPerezetal2007
Overallourresultsagreewiththe

previousstudywhereagreaternumberof
Culexmosquitoeswerecapturedwiththe
BBTsthanwiththeCO2baitedtrapswhile
theCO2baitedtrapscapturedagreater
diversityofspeciesAsshowninTable1
CulexpipiensLwerethemostabundant
speciescollectedinCO2trapsinruralsites
buttheyweremoreabundantintheBBTs
thanintheCO2trapsinsuburbansitesOne
hypothesisforthatisthatpigeonsarean
establishedandcommonurbanizedbirdand
theymaybemoreattractiveduetothe
mosquitospeciesfeedinghabitsinsuch
areasInterestinglyCxtarsalisCoquillett
weremoreabundantinBBTsatruralsites
butinCO2trapsatsuburbansitesMost
AedesvexansMeigen98 andAe

melanimonDyar981werecapturedby
COtrapsinruralsiteswhilemost82
CulisetaincidensThomsonwerecaptured
byCO2trapsinsuburbansitesCxpipiens
andCxtarsalisweretheonlytwospecies
commontoallthreetraptypesinbothrural
andsuburbansites

AsCxpipiensandCxtarsaliswere
thecommonfactortoallofthetrapswe
comparedtheirabundanceovertimeinthe
threetraptypesFig1OverallCxpipiens
weremoreattractedtoBBTsandCx
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tarsaliswereattractedtobothCO2baited

trapsandBBTsdependingonthemonth
duringtheseasonFig1Asexpectedboth
speciesseemtobelessattractedtothe
MBTs

StatisticalanalysisSAS2005of
totalabundancedatashowednosignificant
differencesbetweenCO2baitedtrapsand
BBTsinruralsitesandMBTscollected
significantlyfewermosquitoesthanthetwo
othertraptypesTable2Therewasno
significantdifferenceamongthethreetrap
typesinsuburbansitesWhenwecompared
thediversityofspeciescapturedbythethree
trap types CO2baited traps captured
significantlymorespeciesthanBBTswhich
capturedmorethanMBTsinbothruraland
suburbansitesTable3

Wetestedover950mosquitopools
forthisstudybutonlysevenwerepositive
for WNV Of the seven four were

mosquitoesfromBBTstwofromCO2
baitedtrapsandonewasfromaMBTWe
were unable to perform a complete
evaluationofthiscomponentofthestudy
duetothelimitednumberofpositive
mosquitopools

Implementingagreatervarietyof
surveillancetoolsmayincreasethechances
ofearlyWNVdetectionSinceCxpipiens
andCxtarsalisarethemainvectorsof

WNVinCaliforniaBBTsmaybeauseful
toolincapturingthesemosquitoesforvirus
testingespeciallyinsuburbanareasInthe
futureweplantoexpandthisstudyto
comparetrapplacementatdifferentcanopy
elevationsinsuburbansites
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Species Rural Suburban

CO2 BBT MBT CO2 BBT MBT

Culexpipiens 3471 2768 580 583 867 105

Cxtarsalis 2036 4566 734 760 556 124

Cxstigmatosoma 12 28 1 0 2 0

Cxetythrothorax 1021 373 158 4 1 0

Anophelesfreebomi 113 0 0 32 0 0

Anfranciscanus 3 0 0 0 0 0

Anpunctipennis 7 0 0 0 0 0

Aedesnigromaculis 2 0 0 0 0 0

Aemelanimon 53 0 1 0 0 0

Aesierrensis 3 0 5 1 0 0

Aevexans 743 9 5 1 0 0

Culisetaincidens 17 1 0 91 2 0

Csinomata 4 0 0 0 0 0

Orthopodomyiasignifera 1 0 0 0 0 0

ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

Table1MosquitospeciesdiversityandabundancecapturedinCObaitedtrapsCO2birdbaitedtrapsBBT
andmammalbaitedtrapsMMTinruralandsuburbanareasofSacramentoCounty2007

Table2Meanabundance SEofallthetotalnumberofmosquitoescapturedbythethreetraptypesin
SacramentoCounty2007

TrapType Rural Suburban

CO2 8349 634a 1726 649a

BBT 8932 6A1a 1701 653a

MBT 2157710b 438 765a

Meansfollowedbythesameletterinthesamecolumnarenotsignificantlydifferent

Table3Speciesdiversitymean SEofmosquitoescapturedbythethreetraptypesinSacramentoCounty2007

TrapType Rural Suburban

CO2 3401a 20401a

BBT 2401b 16601b

MST 19601c 08801c

Meansfollowedbythesameletterinthesamecolumnarenotsignificantlydifferent
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EvaluationofArboviralActivityinOrangeCounty
Californiaduring2007

RobertCummingsBFredBeamsStephenGBennettKarinDeCollibus
RichardEvansDVMMSCarrieFogartyJimFranciscoTunisiaHardy

RalphHavickhorstCatalinaHerreraMartineJozanMDDrPHTaylorLura
IvannMartinezTobyMcLaughlinTimMorganKietNguyenTomReynolds

ArtTilzerRobertVeltenJosieWeirandJPWebbJr

OrangeCountyVectorControlDistrict13001GardenGroveBlvdGardenGroveCA92843
rummings@ocvcdorg7149712421ext138ABSTRACT

The OrangeCountyVectorControl
District continued its arbovirus surveillance

program in 2007 by testing mosquitoes
avianbloodsamplesfromfreeranging
wildbirdsandsentinelchickensanddead
birdscollectedfromvariousanimalcontrolagencies

andthepublicEvidenceofWestNilevirus
WNVinfectionwasdetectedinmosquitopools
27of997wildbirds58of3556anddead
birds34of263Nosentinelchickensina
flockoftenbirdstestedpositiveforWNVantibodies
Nine nonfatalhumancasesofWNV

infectionwerereportedinthecountyduring
2007Culex quinquefasciatuswasthemost
frequentlytrappedmosquitoaccountingfor
morethanhalfofthesubmittedpools554of997
andpositivepools24of27House Finches

CarpodacusmexicanusandHouseSparrows
Passerdomesticusaccountedfor50
6173of342ofCxquinquefasciatusblood
mealswhileAmericanCrowsCorvusbrachyrhynchos
representedonly3110of342
Correspondinglyhousefinchesandhousesparrows
comprisedthemajorityoftheWNVseropositive
freerangingwildbirds54of58American
Crowsmadeupthemajority791of
positivedeadbirds34of43TheseasonalMay
October maximum likelihood estimation

MLEinCxquinquefasciatuswascomparatively
greaterin2007thanin20063
11000vs071000respectivelyaswasthe
numberofreportedhumancases9vs6Incontrast
theWNVseropositiverateinthesampled
wildbirdpopulationandthepercentof33

WNV

positivedead birds decreased in comparison

to200608vs15and 138vs

194respectively CriticalthresholdCtvalues
of RT PCRtestedWNV positivemosquito
poolsanddeadbirdtissueswhencompared
toinsituELISAresultsfromthesamespecimens
indicatedthatrecoverableviruscould
beobtainedforPCRcriticalthresholdvalues

upto31SimilarlywhenWNVpositiveimmunohistochemistry
IHCtestresultswerecompared
toRTPCRWNVpositivedeadbirdtissue
determinations9018of20oftheIHCresults
agreedwiththePCRfindingsINTRODUCTION

The

OrangeCountyVectorControlDistrict
Districtencompassesapproximately789
squaremilesallofOrangeCountyandapproximately
3 1million residents reside within

thebordersofthecountyUSCensusBureau
2007MostoftheDistrictiscomprisedof
urbansuburbanhabitatswithavarietyofresidential
mosquito breedingsources improperly

maintainedswimmingpoolsandponds
debrischokeddrainagechannelsandother
manmadehabitatsInterspersed withinthe
county are several natural mosquito producing
freshandsaltwaterwetlandsFourimportant
vectorsofWestNilevirusFamilyFlaviviridae
genusFlavivirusWNVCulextarsalis
CoquillettCulexquinquefasciatusSayCulex
stigmatosoma Dyar and Culex erythrothorax

TheobaldGoddardetal2002Proc
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Reisenetal2005areroutinelycollectedinthe
countyGruwelletal1988 TheDistrict

employed an integrated arboviral disease

surveillance system throughout the year

comprisedofavianserosurveillancesentinel
chickensandwildbirdstestingdeadbirdsand
mosquitoesandmonitoringveterinarianand
physicianreportsforWNVinfectionsinanimals
andhumans

MATERIALANDMETHODS

MosquitoTrappingMosquitoeswere
collectedweeklyfromatotalof7580traps
throughouttheDistrictcombiningCDCCO
stylehostseekingEVStrapsRoheandFall
1979andReiterCummingsgravidfemale
ovipositional traps Cummings 1992
Mosquitoesfromthesesiteswereidentifiedand
pooled for testing by TaqMan Reverse

TranscriptasePolymeraseChainReactionRT
PCRAppliedBiosystems7300usingWest
NilevirusWNVspecificprimersLanciottiet
al2000 MaximumLikelihoodEstimations

MLEs were calculated weekly using
PooledlnfRate20softwareBiggerstaff2004

CollectionofBloodfedmosquitoes
Aspartofacollaborativemultiagencystudy
bloodfedmosquitoeswerecollectedinCO
baitedtrapsgravidtrapsandaspiratedatknown
mosquito resting sites bypersonnel from

NorthwestRiversideCountyWestValley
SanBernardinoCountyandOrangeOrange
CountyMosquitoandVectorControlDistricts
Specimenswerequicklyidentifiedtospecies
andplacedintosequentiallynumberedvialsfor
eachsiteanddateheldinalowtemperature
freezerat80Candsentondryicetothe
ConnecticutAgriculturalExperimentalStation
CAESforPCRanalysisofproductsofthe
cytochromebgeneinbloodmealsMolaeietal
2006

WildBirdSerosurveillance Free

rangingwildbirdsweretrappedintenmodified
AustraliancrowtrapsMcClure1984atsites
usedtosampletheadultmosquitopopulation
Sixofthetentrapsiteswerelocatedinriparian
corridorsorwetlandareas surroundedby
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suburbandevelopmentBirdsweresampledat
eachsiteonalternateweeks5sitesweek
Newlycapturedbirdswerebandedagedsexed
ifpossiblebledandreleasedBloodsamples
02m1weretakenfromthejugularveinwitha
10mlsyringeanda28gaugeneedledispensed
immediatelyin18mlphosphatebufferedsaline
PBSdiluentwith075bovineserumalbumin
andstoredoniceuntilprocessedattheDistricts
laboratoryfordetectionofantibodies

Sentinel Chicken Serosurveillance

TheDistrictmaintainedoneflockoftensentinel
chickens near a Cx tarsalisproducing
freshwatermarshattheSanJoaquinWildlife
SanctuaryinIrvine Bloodsamplesfromthe
chickensweretestedbiweeklyforStLouis
encephalitis SLE western equine
encephalomyelitisWEEandWNVantibodies
by the California Department ofHealth

Services Viral and Rickettsial Disease

laboratory CDHSVRDL by enzymatic
immunoassayEIAChilesandReisen1998

SerologicalTestingattheDistrict
Serologywasperformedusingablocking
ELISAaccordingtotheprotocolestablishedat
theUniversityofQueenslandAustraliaHallet
al1995andevaluatedbyJozanetal2003
onbloodtakenfromfreerangingwildbirdsand
sentinelchickens Laboratorystaffuseda
baculovirusKunjinepitopeNS1recombinant
antigenandthespecificWestNileantiNS1
monoclonal antibody 31112G Testing for

antibodiestoSLEandWEEviruseswereby
EIAChilesandReisen1998

DeadBirdSurveillance Deadbirds

werecollectedinresponsetoreportsfromthe
publicviadeadbirdphonecallsandthrough
cooperation with various animal control

agencies Tissuesampleskidneyliverand
spleenweretestedbyimmunohistochemistry
Steeleetal2000andRTPCR

TissueCultureIsolationCellsVero

cellssourceRPostonatLouisianaState
UniversityinMEM8fetalcalfserumand
11MHepesPSEKRHallUniversityof
Queenslandin199plus1Hepesand8
FCS Twotothreedaysoldmonolayerswere
grownineither16x100borosilicateglasstubes
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withhermeticscrewcapor24multiwellFalcon
platesinmediumsupplementedwith251M
Hepesand02 1MTris Cultureswere

inoculatedwith01m1ofundilutedspecimen
Followinganadsorptionof45minutesat37C
freshmediumwasaddedandcellswere
incubatedat37C CytopathiceffectCPE
wasrecordeddailyandcellsandmediumwere
harvestedwhencelldestructionwasmultifocal

InSituELISA Onedayoldcell
monolayersin96wellplateswereinoculated
withspecimenundilutedandat110 Cells

exhibitingmultifocalCPEwerefixedbythe
addition of 70 PBSbovalbuminacetone

bufferatroomtemperaturefor1hourfrom
whichthefixativewaslateraspiratedandplates
wereincubatedovernightat37C After

incubationeachfixedmonolayerwaswashed
twiceinPBSTweenandblockedwithTENTC

foranhouratroomtemperatureExactly005
mlofspecificWestNileantiNS1monoclonal
antibody31112Gwas thenaddedtothe

prescribedwellsplateswereincubatedat37C
foranhourwashedfourtimesandananti
mouseperoxidaseconjugatewasaddedand
incubatedforanhourat37CFinallytheplate
waswashedsixtimesandABTSsubstratewas
addedfor1530minutesPlatereadingswere
madewithaspectrophotometerBroometal
1998Huntetal2002

RESULTSANDDISCUSSION

Mosquitoes Pools of Cx

quinquefasciatusmadeupthelargestcomponent
ofthespecimenscollected554of997Table
1Ofthe997pools250weresubmittedtothe
CenterforVectorborneDiseasesCEVCatthe
UniversityofCaliforniaDavisforarbovirus
testingbymultiplexrealtimeRTPCRnone
testedpositiveforanyarboviruses The

remaining747mosquitopoolsweretestedatthe
DistrictslaboratorybysingleplexRTPCRfor
WNV 27 were WNVpositive critical
thresholds 30 Culexquinquefasciatus
comprisedthemajorityofthepositivepools24
of27 WNVpositivepoolsappearedinlate

35

JulyandcontinueduntilearlyNovemberMLEs
peakedinearlySeptemberat201Figure1

MosquitoBloodMealAnalysesPCR
analyses of blood meals from Cx

quinquefasciatusfemalescollectedinCO
baitedEVSandgravidtrapsandfromresting
sitesinOrangeRiversideandSanBernardino
countiesduring2006 2007indicatedthat
collectively House Finches Carpodacus
mexicanusSayandHouseSparrowsPasser
domesticusLcomprisedapproximatelyhalf
506 ofallbloodmealsFigure2 House

Fincheswerefeduponnearlyequallyacross
urbansuburban405 riparian357 and

wetland364 habitatswhilehousesparrows
accountedfor29ofthebloodmealsfrom

urbansuburbanneighborhoodsofOrangeand
RiversidecountiesFigures3 5Oneblood
fedCxquinquefasciatuscollectedinFullerton
onJuly262006thathadfedonahousefinch
alsotestedpositiveforWNV

SincePCRbasedmethodsofblood

mealidentificationallowfordirectestimatesof

vectorcontactwithdifferentavianspecies
Molaeietal2006informationobtainedinthis
studycanbeusefulinevaluatingthepotential
amplificationhostsofWNVThesebloodfed
mosquitodataclearlydemonstratetheimportant
roleHouseFinchesandHouseSparrowsplayas
primaryWNVreservoirsbasedontheabilityof
thevirustoamplifyintheseavianhostsKomar
etal2003Reisenetal2005WestNilevirus
infectedHouseFinchesandHouseSparrows
probablyhaveagreaterinfluenceonWNV
enzooticepizooticmaintenanceamplification
anddispersalthaninfectionsinAmericanCrows
CorvusbrachyrhynchosBrehmandWestern
ScrubJaysAphelocomacalifornicaVigorsin
OrangeandportionsofRiversideandSan
Bernardinocountiessincecorvidderivedblood
mealsforCxquinquefasciatusmadeuponly
3211of342ofthetotalTable2
Furthermore House Finches and House

Sparrowsarewidelyabundantacrossavariety
ofSouthernCaliforniahabitatsandcomprisea
largeproportionoftheaviancommunityGreat
BackyardBirdCount2005 2007whilecrows
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arehighlyconcentratedinfocalnighttimeroosts
whenmostmosquitoesfeed

TheDistrictisconductingastudyof
mosquito feeding preferences with the

UniversityofCaliforniaRiversideandfocusing
onmakingbloodfedmosquitocollectionsat
crow roost sites in Orange County
Observationsofbirdcommunitiesatcrowroosts

inthecountyindicatethatthereareavarietyof
otheravianWNVreservoirspresentatthese
roostsandtheirroleneedstobeevaluated
Theseinvestigationswillhelpdetermineifthe
relatively high proportion of Cx

quinquefasciatusfeedingonHouseFinches
MourningDovesandHouseSparrows74 or

253of342bloodmealsTable2isduetohost
abundancepreferenceoracombinationofthe
twofactorsAhostpreferenceWNVenzootic
transmissioncyclemayexistbetweenCx
quinquefasciatusandHouseFinchesinsouthern
CaliforniasimilartoonebetweenCxpipiens
andAmericanRobinsTurdusmigratoriusLin
MarylandwhereKilpatricketal2006found
thatpreferentialhostseekingbyCxpipienson
therelativelyuncommonAmericanRobinwas
responsibleforthemajorityofWNVinfected
mosquitoes

Resultsonthehostseekingpreferences
ofCxtarsalisareincompleteOnly21blood
fedsampleshavebeenidentifiedTable2atthe
timeofthiswritingresultsarependingon
additionalCxtarsalisspecimens

WildBirdSurveillanceOf3556wild

birdsamples58showedevidenceofWNV
antibodies16 46HouseFinches8House

Sparrows3RockDovesand1Rufouscrowned
SparrowTable3Nowildbirdstestedpositive
foreitherSLEorWEEantibodies

Sentinel Chickens Noneofthe

sentinel chickens tested positivefor any

arbovirus

DeadBirdSurveillance Ofthe458

birdscollectedonly263weresuitablefor
testingand43ofthesewerefoundpositivefor
WNVantigenbyimmunohistochemistryandor
RTPCRTable4 RatesofWNVpositive
deadbirdsdeclinedfrom19649250during
2006to16343263 Theproportionof
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WNVpositive noncorvids to total WNV

positivedeadbirdsdeclinedfrom3061549
in2006to209 943 Figure6showsthe
locationofWNVpositivedeadbirdsfree
rangingwildbirdsmosquitopoolsandcities
withhumancasesFigure7depictsatimelineof
WNVactivityduring2007

InSituELISATheinsituELISAwas

performedwithoriginaltissuesuspensionsfrom
RTPCRdeterminedWNVpositivedeadbirds
25andmosquitopools27Inallteststhe
highestRTPCRcriticalthresholdCtreading
whichresultedinrecoveryofliveviruswas
304thesamplecamefromkidneytissue
necropsiedfromadeadcrow Theinsitu

ELISAofferedabackupsystemofconfirmation
for RTPCR readings andwarrants more

examinationonalargersamplesizetopinpoint
uppercriticalthresholdsforborderlinePCR
results
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Pecies TotalMosuitoesq
WNV

PositivePools

MLE

MayOct

exquznquefasciatus 11690 24 31

fixerythrothorax 9846 1 01

Cxtarsalis 2203 1 05

Cxstigmatosoma 481 1 21

Others 180 0 0

AnnualTotals 24400 27 nfa
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Table1ComparisonofmosquitocollectionnumbersandmaximumlikelihoodestimationsMLEby
speciesforpeakmonthsofWestNilevirusactivity2007
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HostBloodMealSource
Cx

quinque Percent

Cx

tarsalis Percent

Cx

wythro Percent

HouseFinch 113 339 8 380 9 195

MourningDove 77 231 6 284

HouseSparrow 57 171 1 48

AmericanRobin 17 51 1 48 1 22

AmericanCrow 10 31 1 48

VniaOpossum 8 24 3 65

DomesticCat 6 18

Human 6 18 1 48 1 22

SongSparrow 4 12

CaliforniaThrasher 4 12

DomesticDog 4 12

WesternTanager 3 09

WesternBluebird 3 09

MownDoveCat 33 09

GreenHeron 2 06 2 44

CedarWaxwing 1 03

RockDove 1 03

ScrubJay 1 03

AIMsHummingbird 1 03

WildTurkey 1 03

LincolnsSparrow 1 03

RubvcrownedKinglet 1 03

HouseWren 1 03

MuleDeer 1 03

CottontailRabbit 1 03 3 65

AmericanRobinCat 11 03

HouseFinchHuman 11 03

HouseFmchRabbit 1 03

HouseFmchCow 11 03

ChffSwalowIVlyo bat 11 03

AmericanRobinDog 11 03

CoopersHawk 1 48

RedwingedBlackbird 1 22

WoodDuck 1 22

CinnamonTeal 1 22

Mallard 1 48 4 87

MarshWren 1 22

YellowbreastedChat 1 48

BlackcrownedNightHeron 3 65

SavannahSparrow 1 22

Coyote 1 22

DuskyfootedWoodRat 6 130

RoofRat 8 173

GrandTotal 333342 10000 21 10000 46 10000

ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

Table2BloodmealsourcesforCxquinquefasciatusCxtarsalisandCxerythrothorax
collectedfromOrangeRiversideandSanBernardinoCounties20052007N 342hostsources

from333individualCxquinquefasciatusfemales9withmultiplesources
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BirdSpecies

JanFebLiarApr MayJunJulAug SepOct NovDecTotalPercent

Received 15 19 29 30 54 46 44 69 54 57 29 12 458 NA

Tested 10 13 17 4 37 21 17 ri 31 36 23 11 263

574

of
recd

Positive 0 c1 1 3 1 0 6 16 10 0 43

163

of

tested

BirdSpecies TotalBloodSamples WNVPositive PercentPositive

HouseFinch 2350 46 20

HouseSparrow 926 s 05

RockDove 162 3 19

Others 118 1 08

Totals 3556 58 18
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Table3Resultsforfreerangingwildbirdseroprevalencefor2007

Table4NumbersofdeadbirdsreceivedtestedandNVpositivepermonthduring2007
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Figure2HostsourcesofCrquinquefascratusinOrangeRiversideandSanBernardino
counties20062007N342bloodmealsfrom333mosquitoes9withmultiple
sources

Proc PapersMosqVectorControlAssocCalifVol76

41



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

60

50

40

t30

20

10

0

60

50

40

kg 30
a

20

10

a

b

c
c

Q

c

T

c c

X4128361
P 005

d
d

Figure3HostsourcesofCxquinquefasciatusinurbansuburbanhabitatsofOrangeand
NorthwestMosquitoandVectorControlDistrictsWestValleyMosquitoandVector
ControlDistrictdatanotincludedduring2006 2007N 298bloodmeals
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Figure6DistributionofWNVpositivewildbirdsmosquitopoolsdeadbirdsand
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Figure7TimelineofWNVactivityindeadbirdswildbirdsmosquitoesandhumans
inOrangeCountyduring2007
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FieldBiologyandFieldwork ChallengesforaNewGeneration

RichardMDavis

VectorBorneDiseaseSectionCaliforniaDepartmentofPublicHealth342TyrusCourtNipomoCA

93444RichardDavis@cdphcagov

ABSTRACTIncreasedsocialinstitutionaland
bureaucraticchangesoverthepastdecadehave
ledtoadeclineinfieldbasedstudiesofbiology
andmayeventuallythreatentheabilityto
conduct fieldwork and train new field

technicians Thesechangesincludeincreased
number and complexity of bureaucratic

regulationsincreasedacceptanceofanimal
rightsideologiesincreasedfearofpesticides
increased fear of nature and a poor

understandingofriskinasocietyseekingto
avoidallrisksItcannolongerbeassumedthat
youngbiologists and new or prospective
employeespossessasetofbasicoutdoorskills
thatwillsafeguardtheminthefield Onthe

contrarymanyaspiringbiologistsandnew
employeesareinexperiencedinnatureandmust
betrainedonfieldworkfromthegroundupand
needtobeapproachedhonestlydirectlyand
withanewunderstanding

INTRODUCTION

Mostfieldbiologistsneverforgetthe
excitementandwonderoftheirfirstexperiences
inthewildwhetheritwascatchinglightning
bugsorbutterfliescollectingwormsforfishing
or catching holding and wondering in

amazementatafrogtoadorlizard Many
biologistsarebornoutoftheseexperiencesand
itisoftenassumedthatsimilarfieldexperiences
earlyinthelivesofbrightandreceptive
youngstersstimulatethenextgenerationto
pursueprofessionalcareersinthebiological
sciencesoratleastprovidethemwithamuch
greaterperceptionofnature Howeveras

academicinstitutionscontinuetoloseorreplace

46

theirnaturalhistoryprogramsmanybiologists
todayareconcernedthattheopportunityfor
studentstoexperiencetheoutdoorswillbelost
Hafner2007Schmidly2005Tocomplicate
mattersnewbureaucraticregulationschanging
ideologiesandirrationalfearsbasedinpoor
understandinghavefurthercontributedtothe
decline in fieldbased studies ofbiology
ecologyandconservationandmayeventually
threatentheabilitytoconductfieldworkand
trainnewfieldtechnicians Theabilityto
understandprotectorevencontrolthefauna
andflorabeingstudiedisrapidlybecominglost
becauseyoungbiologistsareignorantofthe
diversityandcomplexityofnatureMares
2002

DISCUSSION

Thefollowingdiscussionwillattemptto
provideabetterbasisforunderstandingthe
manyfundamentalthreatstofieldbiologyinan
efforttostriveforbettertrainingoffield
biologistsecologistsandfieldtechnicians

Increasednumberandcomplexityof
regulationsBureaucraticregulationsrepresent
arelativelysmallbutincreasinglycomplex
obstacletofieldwork Althoughtheneedfor
most regulations is welljustified their

complexityoftenmakesitdifficultforfield
biologiststoknowiftheyareinfullcompliance
Facedwiththeseuncertaintiessometypesof
fieldworkmaybeabandoned Inaddition

collegesanduniversitiesrelyheavilyona
relativelynewadditiontotheregulatorymaze
the Institutional Animal Care and Use

CommitteeIACUC Allstudentprojectsor
projects conducted inconjunction with a
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university that involve animals must be

approvedbytheIACUCThebeneficialroleof
theIACUCisbeyondquestionbuttheabilityof
thesecommitteestodistinguishbetweengood
andbadfieldpracticesvariesconsiderably
Laberetal2007

Increasedvisibilityofanimalrights
groups Animalrightsactivistshavebecome
increasinglyorganized andvocal These

activistsadvocatethehumanetreatmentofall
animals especiallythoseusedinresearch
studies Theseactivistsdonotalwaysposea
seriousimpedimenttofieldbasedstudiesbut
theyrepresentanobstaclewithmessagesand
ideologies that may dissuade younger

generationsfromanyformofanimalresearch
laboratoryorfieldbased

IncreasedfearofpesticidesAlarge
portionofthegeneralpopulationviewall
pesticidesasbadandisunabletodistinguish
differencesbetweenthemoranybeneficialrole
DunlapandBeus1992Manyofthesepeople
becomeevenmoreintractablewithattemptsto
clarifythedifferences orneeds andare

unwillingtolistentoanyreason Inaddition
themediaisineffectiveinallayinganyfearsof
pesticidesprayingandineffectmayeven
exacerbatethosefearsRoche2002

Increased fear of disease

Hypochondrias and medical phobias have
increased significantly in recent decades

Witnesstheincreaseduseofhandsanitizersand

thewidespreaduseofantibioticsGrayand
Ropeik2002andcureallstotreatanything
andeverything Theuseoftheinternehas

becomealeadingsourceofdiagnosticand
treatmentinformationofallpossibleailments
andthemediaoftensensationalizesstoriesby
focusingonworstcasescenarios Thingsthat
wouldnothavebotheredusagenerationago
certainlybotherusnowWinik2006

IncreasedfearofnatureThefearof

outdoorsiskeepingmanyfamiliesindoors
especiallyyoungfamilieswithchildrenThose
whoventureintoournationalstateandlocal
parksandforestsfaceafrighteningbarrageof
signsandpamphletswarningaboutbears
mountainlionsbisonsnakespoisonoak

bubonicplagueandahostofotherdisclaimers
requiredinanincreasinglyriskadverseand
litigioussocietyThemediaalsosensationalizes
reportsofattacksbyallkindsofanimalslarge
andsmall Parentsareevenkeepingtheir
childreninsidemorebecauseoffearsof

kidnappingandcrimeLuov2005 Indoor

electronicgamesarerapidlyreplacingoutdoor
games Luov2005envisionsanentire
generationofchildrenraisedindoorsunder
virtual house arrest The naturedeficit

disorderinchildrentodayestablishesthe
psychologicalandemotionalfoundationsfora
fearofnaturelaterinlife

Declineinnaturalhistorystudies
Theincreasedcommercializationandforprofit
activitiesinouruniversitieshavesignificantly
devaluedresearchandstudyinnaturalhistory
Schmidly 2005 As a result biology
departmentshavewillinglyparticipatedina
majorshiftfromoutdoortoindoorstudies
Fieldbiologistsaresuddenlyintheminority
andtheirfieldbasedstudiesandscientificworth

havebeensignificantlydevaluedinfavorof
computermodelingandlabbasedresearch

FailuretounderstandriskAlthough
avastliteratureexistsonthesubjectofrisk
fewpeopleunderstandriskandfeweryetrealize
thatourmindsmakecountlessriskassessments

everydayAdams1995Humanperceptionof
riskispredominantlyemotionalGrayand
Ropeik2002andpeopletendtofearsudden
dangersmorethanslowlyunfoldingdangers
Peoplealsotendtofearnewandexoticthreats
suchasavianflumorethanfamiliardiseases
suchasthecommonfluwhichkillsaround

20000intheUnitedStateseveryyear The

commonthemerelevanttofearisthatthere
exists a tendency to react rapidly and

aggressivelytonewandunpleasantstimulibut
eventuallyhabituatewhenexposedtothesame
stimulus repeatedly Slovic et al 2004
Habituationtoarealthreatcanbedangerous
butitcanbebeneficialiftheinitialreactionis

excessivebutrationalSlovicetal2004
RecentpopularbookssuchasStateofFearby
MichaelCrichtonandthepresentpolitical
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environment continue to press our fear

button

Risk management communication
aboutriskriskmitigationanddecisionmaking
isasmuchapoliticalprocessasitisan
analyticalprocessThepurposeofriskanalysis
isriskreductionbuttheultimateobjectiveof
manyregulatoryagenciesappearstobethe
absoluteremovalofallriskAdams1995
Althoughwellintentionedthisignoresthefact
thatmanypeoplewillinglytakerisksofsome
degreeeveryday Italsofailstodistinguish
betweenthosewhoengageinriskbychoiceand
thosewhoareexposedinvoluntarilyDisputes
aboutriskandriskreductionusuallystemfrom
differencesinpremiseculturalbackground
personalrisktolerancelifeexperiencesorgoals
ofriskreduction

Riskandfieldwork Fieldworkand

fieldbiologyexposesresearchersbiologistsand
technicianstoalonglistofpotentialdangers
theywouldnotnormallyencounterathomein
theofficeorinthelaboratorySomeofthese
dangers include falling rocks and trees

Africanizedbeeswaspsticksandspiders
attacksbymountainlionsbearsanddogs
sunburn and heat stroke poison oak

rattlesnakesbubonicplagueWestNilevirus
hantavirustularemiaandrabiesrodentbites
accidentalneedlesticksfromsyringesand
workingonwetslipperyorunsteadyground
Addtothislisttheriskofavehicleaccidenton

thewaytoorfromthefieldandonemight
begintowonderwhyfieldworkisdoneatall
Obviouslythebenefitsoffieldworkgenerally
faroutweighthepotentialrisksespeciallysince
thedangersarequitelowforthesafety
consciousperson

Ingeneralthosewhoworkinthefield
makeaconsciousdecisiontoacceptriskor
somedegreeofcalculatedriskHowevertwo
newkindsofprospectiveemployeesarenow
oftenencounteredthosewhoarenature

deprivedanddonotunderstandtherisksof
fieldworkorthosewhoareafraidofnatureand
refusetoparticipate

48

CONCLUSIONS

Recentsocialandbureaucraticchanges
havemadeitincreasinglydifficulttoconduct
fieldworkFieldworkersmustrunagauntletof
anincreasinglycomplexsetofregulationsIn
additionthereexistanescalatingnumberof
prospective employees who are afraid or

ignorantofthenaturalworldEffortstoconduct
fieldwork are also thwarted by an ever

increasingriskadversesocietyItisimperative
torealizethatalargeandgrowingproportionof
the younger generation today have an

understanding of nature that may be

fundamentallydifferentfromthatofthepastIt
mustnotbeassumedthatmanyprospective
employeeshaveasetofbasicoutdoorskillsthat
willsafeguardtheminthefieldTheseyounger
peopleneedtobetaughtaboutfieldworkfrom
thegroundup Theymustbeapproachedand
trainedhonestlydirectlyandwithcareand
understanding Attemptstoembellishexploits
inthefieldortheuseoffrighteningwordsand
statementsshouldbeavoidedforfearof

unintentionallycontributingtotheamplification
ofriskperception Newemployeesmustbe
trainedtorecognizeandunderstandrisksand
howtoresolveormanagetheriskpotential
Effectivecommunicationempowerspeopleto
makewiserchoicesintheirownlivesGrayand
Ropeik2002

Lastbutnotleastensurethatpolicies
proceduresandprotocolshavenotmadeany
majorassumptionsrelativetothesenewbasic
understandings Policystatementssuchasthe
following make some of these major
assumptionsmustacceptrisksassociatedwith
thenaturalworld hazardsassociatedwiththe

naturalworldarerelativelyeasytoidentifyand
manage andofteninstinctandexperiencecan
helpavoidproblems Withanewincreased

awarenessofthepotentialshortcomingsin
newerorprospectiveemployeesthereexistsa
needtoensurethatsuchpolicystatementsare
clearerandlessambiguous
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FutureDirectionsinDataManagement

BruceFEldridgeBborieKParkChristopherMBarkerandWilliamKReisen

EnvironmentalAssessmentandInformationTechnologyProgramCenterforVectorborneDiseasesand

2DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

Itwasinevitablethatasignificantpublic
healthsituationinvolvingavectorbornedisease
wouldoccuratatimewhen economics

environmentalawarenesspublicsuspicionof
scienceandscientistsandsurvivalmechanisms
ofvectorssuchaspesticideresistancewould
makevectorcontrolachallengeinCaliforniato
anextentnotseenformanyyearsHoweverone
consequenceofthissituationisthevitalneedfor
mosquitoandvectorcontrolagenciestohave
accesstocurrentaccurateandpersuasivedata
pertainingtoallaspectsofvectorsurveillance
andcontrolTheneedforwelldesigneddata
management plans in vectorborne disease

prevention and control operations seems

imperativegiventodaysclimateofconcernby
peoplerepresentingavarietyofviewpoints
vocationsandagencyaffiliationsDataon
pesticideusagearerequiredbygovernment
agenciesSurveillancedatatojustifyoperations
areexpectedbythepublicandrequiredby
mosquitoandvectorcontrolagenciestodirect
and evaluate the effectiveness ofcontrol

operationsandtodevelopnovelapproachesto
mosquitoandvectorcontrol

Manychangeshaveoccurredinthe
methodsandcapabilitiesforoverthepast20
yearsTable1contraststhemostcommon
methodsusedindatamanagementin1988with
themostcommonmethodsusedin2008

Thesechangeshavenotoccurredinall
agenciesatthesameratenortothesameextent
Ifyoucanvisualizeagradualshiftfromtheuse
of typewritten paper media to single
organizationelectronicdatamanagementto
largeinteragencyelectronicnetworksyouwill
recognizethattodaysomeCaliforniaagencies
willbeineachofthedatamanagementmodes

orsometransitionalcombinationofthemThis

isduetovariouseconomicfactorsincluding
agencysizeandthepopulationitserves

Regardlessofwhereindividualagencies
arecurrentlyallwilleventuallymovetoward
electronic data management eventually
Managementsystemswillbeguidedbythe
followingprinciples

Systems must be tailored to the

requirementsofindividualagencies
Theremustbeincreasingemphasison
dataintegritycosteffectivenessand
integrationintopreventive and

abatementoperations
There should be improvement of

researchprogramsthroughbetterand
moreaccessibledata

Therewillbebetterhardwareand

software

Therewillbefinancialsupportandjob
securityforinformationtechnologists

Thesearethecharacteristicsofmodernand
efficientrelationaldatabaseserversthatwe

believewillbringaboutprogressduringthe
comingyears

Mustbespatiallyenabledtoprovide
mappingservices
Mustbeaccessiblebyavarietyof
methods

Mustnotbevendorspecific
Mustbesecureandpersistent
Figure1representsatheoreticalsystem

thatwearedevelopingasanexampleofwhat
futuredatamanagementsystemsmaylooklike
Wehaveimplementedourmodelsystemusing
currentlyavailable open source software

Althoughthesystemworkswellwiththe
softwarewehaveusedimprovedproductsmay
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becomeavailableinthefutureandwewill

continuetoevaluatenewproductsMapServer
andGeoServerareopensourceprogramsthat
anyonecandownloadatnocostGeoServerisa
productthatcantakedatafromaspatially
enableddatabasesuchasPostgreSQLand
providemapsovertheInternetForusershaving
relativelymodestcomputerresourcesaweb
browserwillsufficetoviewmapscreatedby
GeoServerorMapServerThiswouldbeacase
ofathickserverandathinclientwheremost
ofthecomputerprocessingworkloadtakesplace
ontheserverHoweverGeoServercanalso
serveasaWebFeatureServiceWFSAWFS
providesonlybinarydatathatareinterpretedon
client computers to produce maps using
programssuchasArcGISorUDigThiswould
beanexampleofusingathickclientInthis
casemostoftheprocessingworkloadisdoneon
theclientcomputerWherehighspeedInternet
connectionsareusedthismethodcanproduce
veryfastandefficientresults Theprimary
advantageofthiskindofsystemisthatasingle
databasecanbeusedtoacceptstoreandserve
mappingandotherdatathusfulfillingthe
characteristicsfordatatoolsthatwementioned

earlierTheendresultforthiskindofsystemis
economyofscaleandgreatsavingsinpersonnel
costsItsatisfiesoneoftheprinciplemantrasin
oureffortsofITdevelopmentNodatamustbe
enteredandverifiedmorethanonce

Anotherareathathasseengreatchange
justoverthepast5yearsisinthecreationand
managementofwebsitesThisisanareathatis
closelyrelatedtodatamanagementbuthassome
significantdifferencesThedaysofstaticsites
withasingleorafewwebmasterstomanage
contentappeartohavepassedMostnew
websiteswilluseacontentmanagementsystem
CMSinwhichthemanagementofspecific
contentisspreadamongmanyspecialistsThe
CalSurysurveillancewebsiteandtheCenterfor

VectorborneDiseaseswebsiteuseDrupala
CMS

CalSury is a vectorborne disease

surveillance system operated jointly by
Californiamosquitoandvectorcontrolagencies
theCaliforniaDepartmentofPublicHealthand

51

theUniversityofCaliforniaDavisContent
managementishandledbyabout10different
vectorbiologistsFormappingtheCalSury
websiteusesathickserverandthinclient

approachwithGooglemapsastheserveranda
browserofuserchoiceastheclient Google
mapspermitsviewingmapseitherassimple
graphicsorassatelliteimages Fullzoom

capabilityisavailableineithercase
Anexampleofthismappingcapability

canbeseenbygoingtotheCalSurywebsite
httpwwwcalsurvorg and going to the

malaria section Vectorborne diseases

Mosquitobornediseases MalariaThereisa
storyonmalariaoutbreaksinCaliforniasince
1945Thestoryincludesamaptherecontaining
several blue balloons Clicking on the

balloonsbringsuparecordpertainingtothe
particularmappeditemfromadatabase

Otherpossibilitiesforthesekindsof
datamanagementsystemsarelimitedonlyby
ourcollectiveimaginationsWearecurrently
working on several projects for future

incorporationintoCalSuryandtheCalifornia
VectorborneSurveillanceGatewayincluding
pesticideusagereportingpesticideresistance
mapping for resistance management
vectorbornediseasepredictivemodelingand
mosquitoandvectorcontroldecisionsupport
systemsThewebsitesandunderlyingdatabases
willcontinuetoimprovewiththesupportand
inputofcollaboratingagencies
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1988 2008

Nearlyalldatastoredinpaperrecords Majorityofrecordsstoredelectronically

Analysesoflargedatasetsarecomplexlaborious

andexpensive

Analysesoflargedatasetsarestraightforward

easyandinexpensive

Nearlyallreportingisdoneinpaperjournalsor

bookscolorrenditionsareexpensivetherefore

usedsparingly

Electronicjournalsgrowinguseofcolorisnow

routine

Mapstablesandgraphsarepreparedmostlyby

hand

Mapstablesandgraphsarepreparedautomatically

andondemand

Datasetsareusuallypreparedforsinglepurposesa

reportagraphapaperetc

Datasetsaredesignedformultiplepurposesand

integratedusinganinformaticsbasedapproach
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Table1Datamanagementmethods1988vs2008
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Spatiallyenableddatabase

PostgreSQLwfPostGIS

WebBrowserApplication
CalSuryGateway
CalSuryWebsite

OpenLayers
OoogleMaps
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WebFeatureService

FeatureServer
GeoServer
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DesktopClientApplication
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UDig
GoogleEarth
VCMS

Figure1Atheoreticalwebbasedsystemforvectorbornediseasedataexchange
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GeneticsandPathogenesisofWestNileVirus
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WestNilevirusFamilyFlaviviridae
genusFlavivirusWNVtransmissioninNorth
AmericaNAhasbeencharacterizedbyhigh
replicationinpasserinebirdswithcorvids
American Crows Corvus
brachyrhynchosAMCRsravens andjays
replicatingthevirustothehighesttitersand
subsequentlybeingthemostsusceptibleto
infectionFigure1Krameretal2007 In

ordertodetermineiftheWNVgenotype
introducedintoNAhasanincreasedvirulence

phenotypeinavianhostsorwhetherNAbird
speciesaremerelymoresensitivetoinfection
withthevirusexperimentalAMCRinfections
havebeenperformedwithstrainsofWNVfrom
Africa and Australia Results ofthese

experimentalinfectionstudiesindicatedthatthe
strain introduced into NA in 1999 was

significantlymorevirulenttoAMCRsthanother
WNVstrainsBraultetal2004 Selection

modelingusing21completeWNVgenomes
identifiedasingleWNVgeneticlocusNS3
249tobeundertheeffectofpositiveselection
FurthermoreexperimentalinfectionofAMCRs
withrecombinantWNVsfromstrainswith

variableavianvirulencephenotypesimplicated
thesameaminoacidresiduewithinthehelicase

domainathreonineaminoacidtoaproline
NS3P249Ttobeinstrumentalintheviremia
andmortalityresponseinthisspeciesBraultet
al2007 TheNS3P249Tviruswasnearly
completelyattenuatedinAMCRswith125
mortalityandpeakviremiaof5logPFUmL
whereastheprolinemutationatNS3249inthe
virusinflicted100mortalitywithapeak
viremiaof93logPFUmLTheseresults

confirmedthevitalroleofthislocusforavian

virulencepotentialandindicatetheselective
advantageoftheNS3249Pforincreased
AMCRreplicationwithintheNY99WNV
geneticbackboneBraultetal2007 The

importanceofthisgeneticmutationisalso
signifiedbythefactthatthissubstitutionhas
arisenonthreeindependentoccasionsallof
whichwereassociatedwithoutbreaksofhuman

diseaseEgyptinthe1950sHurlbutetal
1956RomaniaSavageetal1999andRussia
in1996and1999Platonovetal2001
respectivelyandtheIsraeligenotypein1997
Lanciotti et al 1999 2002 that was

subsequentlyintroducedintoNAFurthermore
theseresultsindicatedthatasingleaminoacid
substitutioncouldhavearatherdramaticeffect

onviralreplicationphenotypeandcontributeto
alteredtransmissibilityinthefield

In contrast to explosive
epidemicepiomiticWNVtransmissioninthe
UnitedStatesandCanadacirculationofthe
virusinMexicoandCentralAmericahasbeen

characterizedbylittlediseasein humans

equinesoravianhostsDeardorffetal2006A
WNVisolateTM17103madefromaravenin
TabascostateMexicoin2003EstradaFranco
etal2003exhibitedreducedreplicationand
lowermortalityascomparedtootherNorth
American isolates following experimental
infectionofAMCRsHouseSparrowsHOSP
andHouseFinchesCarpodacusmexicanusSay
HOFIBraultetalunpublisheddata To

identifythegeneticdeterminantsresponsiblefor
the5logtoPFUmLreductioninviremia
observedfortheMexicanstrainaninfectious
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cDNAcloneoftheTM17103viruswas

engineeredfromaNY99progenitorclone
Kinneyetal2006andusedtogenerate
recombinantWNVsforinvivophenotypic
comparisonswithclonederivedvirulentNY99
virususingourAMCRvirulencemodelFour
aminoacidsubstitutionswereidentifiedinthe

premembraneproteinenvelopeproteinand
nonstructuralproteins4Band5prMI141TE
S156PNS4BI245VandNS5T8981Beasley
etal2004TheenvelopemutationES156P
NYPencodinganablationoftheNlinked
glycosylationsiteNYSandthree5NCR
andfour3NCRmutationswereidentified
betweentheavianvirulentNY99andthelesser

virulentTM17103strainBeasleyetal2004
OnlychimericviruseswithalteredprMandorE
mutationsmodulatedviremiaandvirulence

potentialinAMCRs TheES156Pmutant

exhibitedreducedvirulence75withaverage
survivaltimesextendedbyapproximately2
daysabout800foldreductioninmeanpeak
viremiatiterascomparedtotheNY99parental
straininwhich100ofAMCRsdied The

prMI141Tmutantresultedin80mortality
anda40foldreductioninmeanpeakviremia
titer TheprMI141T ES156Pcombination

mutantresultedinavirusthateliciteda38000
folddropinpeakviremiatiteranda50
survivorshipnotsignificantlydifferentfromthe
parentalMexicanstrain Similarresultswere

identifiedwiththeseconstructsinHOSPand

HOFIindicatingthatthesegeneticresidues
encodedanattenuativephenotypethatwas
consistentacrossnumerousaviantaxa These

dataindicatethatthecombinedeffectsofthe

prMI141TandES156Pmutationsencodethe
reducedavianreplicationphenotypeofthe
TM17103virusandperhapsofrelatedstrains
inLatinAmericaandthatthesegenetic
determinantsmightcontributetodiminished
WNVtransmissionsouthoftheUnitedStates
Mexicanborder
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HowClimateAffectsMosquitoBiologyandArbovirusTransmission

CenterforVectorborneDiseasesandDepartmentofPathologyMicrobiologyand
ImmunologySchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616530

7520124arbo123@pacbellnet

ABSTRACTThisbriefoverviewoutlineshow

climatechangeatdifferenttemporalscales
affectsthedynamicsofmosquitopopulations
andarbovirustransmissioninCalifornia In

generalabovenormalprecipitationdecreases
mosquitoabundanceinwetareassuchasthe
SacramentoValleyandincreasesabundancein
dryareassuchastheSanJoaquinValley
whereasabovenormaltemperatureenhancesthe
riskofvirusamplification

Climate describes average weather

conditionsinadefinedregionoverrelatively
longperiodsoftimeandincludesmeasuresof
precipitationandtemperatureFormosquitoes
precipitationdeterminestheamountofsurface
waterhabitatavailableforfemaleoviposition
andlarvaldevelopmentandthereforecorrelates
well with population size In contrast

temperaturegovernstherateatwhichlife
history events occur because mosquito
temperaturemoreorlessapproximatesthatof
theirmicroenvironmentduringresting and

activityperiodsMeyeretal1990 Both

populationsizeandtherateatwhicheventssuch
asthedurationofthegonotrophiccycleandthe
extrinsicincubationperiodofpathogensaffect
keyelementsofvectorialcapacityReisen1989
andthereforearbovirusamplificationandthe
forceoftransmission

Theimpactoftemperatureonthe
durationofbiologicaleventscanbestbestudied
undercontrolledlaboratoryconditionsandthese
datamaybeusedtoconstructdegreedayDD
modelsFig1 Inthesemodelsthemedian
durationofthebiologicaleventswerecalculated
byprobitorotheranalysesthetimesindays

WilliamKReisen
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invertedtoarateandthenplottedasafunction
oftemperatureAlinearregressionmodelwas
fitandtheextrapolatedinterceptofthexaxis
usedtoapproximatethetemperatureatwhichno
developmentwouldoccurandtheinverseofthe
slopeusedtoestimatethenumberofdegree
dayswhichisconsideredtobeconstantThese
modelshavebeencompletedforCulextarsalis
CoquillettFig1anddescribetheeffectof
temperature on the rate of immature

development from eclosion to emergence
Reisenetal 1984thedurationofthe
gonotrophic cycle fromblood feeding to

ovipositionReisen1995andthedurationof
the extrinsic incubation period EIP of

encephalitisvirusesfromingestionofthe
infectiousbloodmealuntiltransmissionReisen
etal2006Incombinationthesemodelscan
estimatethedurationofgenerationtimethe
frequencyofbloodfeedingandthetimefrom
infectiontotransmissionundervaryingfield
temperatures

Climatevariationcanbeexaminedat

severaltemporalscalesweeksormonthswithin
seasons years within decades oramong

decadesShorttermchangesareclosetowhat
wethinkofasweatherInterannualpatterns
showchangesinglobalcirculationpatternssuch
astheElNinosouthernoscillationwhereas
interdecadalchangemaydepictlongterm
climatetrendsorglobalwarming Some

arbovirusesFamilyFlaviviridaesuchasWest
NilevirusWNVandStLouisencephalitis
virusSLEVandsomemosquitospeciessuch
asCxpipiensLandCxquinquefasciatusL
seemtodobestunderhotanddryconditionsand
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are linked to interannual cycles of

extraordinarilywarmtemperatures InFig2
forexample cooling ofthePacificwas

associated with warm and dry La Nina

conditionsinsouthernCaliforniaandincreases
intheoccurrenceofSLEVinfectioninpoolsof
Cxtarsalismosquitoes AlthoughCalifornia
hasnothadalonghistoryofWNVoccurrence
weanticipateasimilarcyclingofWNVactivity
becausebothWNVandSLEVhavesimilarEIP

thermodynamics intheir mosquito vectors

Reisenetal2006utilizethesameavianhosts
andare closely related genetically being
classifiedwithinthesameJapaneseencephalitis
virusserocomplex

Significant warming trends were

documented over the past 50 years at

representativeweatherstationsinLosAngeles
andCoachellaValleyIndiobutnotinKern
andSacramentoFig3 The1Cincrease

documentedinLosAngeleswasattributed
climatechangerelatedtourbanizationandthe
increasedsurfaceareacoveredbyconcrete
KalnayandCai2003Thepotentialimpactof
thesetemperaturechangesintheemergenceof
theF1progenyfromoverwinteringCxtarsalis
wasestimatedfordatafromLosAngeles
presumingthatdiapausewasterminatedin
DecemberReisenetal1995andeggswere
ovipositedon1Jan1951or2006 Curves

comparedtherelativeratesofdevelopment
basedontemperaturedatafromthoseyears
AfterF1emergencewepresumedthatthefirst
bloodmealwastakenfromaviremicbirdand

thenplottedthetimeuntilfirsttransmissionwas
possible based on the EIP model As

anticipatedmosquitoesemergedandtransmitted
virusearlierin2006than1951Howeverthese
datacouldbebiasedbyunseasonablyhotorcool
individualyearsrespectively sowethen

comparedmeantemperaturesforthe19511960
and19962005decadesandgotessentially
similar results Fig 4 Here spring
temperatureswerenoticeablywarmerleadingto
shorterlarvaldevelopmentalperiodsandearlier
potentialvirustransmissioneventsearlierinthe
season Interestinglytemperaturesandevent
timings were similar during midsummer
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Thereforeitseemedthatthemaineffectsof
temperaturechangeweretheelongationofthe
transmissionseasonthepotentialforearlier
mosquito population emergence and virus

amplificationandthereforeagreaterriskof
tangential transmission to humans during
summerbecauseviruswouldhavealongerand
warmerperiodtoamplifywithintheenzootic
bird mosquitocycle

Insummaryclimatechangehasand
willcontinuetohaveamajorimpactonthe
dynamicsofmosquitopopulationsReisenetal
2008andtheepidemiologyofthepathogens
theytransmitatvaryingtimescalesIngeneral
warmingtemperatureswillalter

1 Durationofdiapausemovingthetime
ofmosquitoemergencetoearlierin
spring

2 Duration of larval development
increasing the rate of mosquito
population growth and shortening
generationtimes

3 Durationofthe gonotrophiccycle
increasing the frequency ofblood

feedingandthereforethefrequencyof
host contact and the chances of

acquiringanddistributingvirusesand
thereby increasing arbovirus

amplificationrates
4 Durationoftheextrinsicincubation

periodincreasingthetransmissionrate
5 Durationofthetransmissionseason

elongating the season enabling
transmissionearlierinthespringand
laterinthefall

6 Distributionofvirusactivityexpanding
virustransmissionintomarginalhabitat
in northern latitudes and higher
elevations

Precipitationeffectsarelessdirect
and affect different ecosystems and

mosquitospeciesindifferentwaysboth
toomuchandtoolittleprecipitationcan
havenegativeeffectsPrecipitationcan
effectmosquitopopulationsbyaltering
theamountoflarvalhabitatatdifferent

timesoftheyear
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Winterrainscreatesurfacewateroviposition
habitatforoverwinteringfemalesterminating
diapause Spring population abundance

generallyispositivelycorrelatedwithincreased
winterorspringrain Highrunoffinspring
increasessurfacewater Highsnowpackcan
affectagriculturebyalteringplantingdatesand
irrigationcostsTherearemajordifferencesin
thewayprecipitationaffectsruralandurban
mosquitoesForruralCxtarsalispopulations
increased precipitation during winter is

positivelycorrelatedindryCaliforniasouthof
Sacramentobutnegativelycorrelatedinwet
CalifornianorthofSacramentoandinsome

coastalareasIndryareasabovenormalwinter
rain creates suitable larval habitats in

intermittentripariansystemsandisusedtoflood
retention ponds for underground aquifer
recharge Moderatefloodingalsocreatesnew
habitatinadjacentinundatedareasIncontrast
veryhighrainfallcanflushripariansystems
andwashoutlarvaeinwetareasthereby
negativelyimpactingearlyseasonmosquito
populationsIncontrastforurbanCxpipiens
populationswinterrainsfillartificialcontainers
suchasabandonedswimmingpoolscreating
newhabitatswhileeliminatingunderground
breedingsourceswhichareflushedoutby
streetrunoff Ingeneralelevatedrainfall
enhancesruralCxtarsalispopulationsand
decreases urban Cx pipiens and Cx

quinquefsciatuscomplexpopulations
Insummaryclimatechangescan
1 Altermosquitoandvirusdistributionsat

continentalandlocalscales

2 Change mosquito phenology and

populationdynamics
3 Impactecosystemdynamicsandthereby

alterthesizeandagestructureof
vertebratehostpopulations

4 Impactviralamplificationdynamicsby
alteringtheintensityofvectorhost
contactvectorpopulationsizeandthe
durationoftheextrinsicincubation

period
Athoroughunderstandingofthesedynamics

can be utilized for forecasting mosquito
abundance andvirus transmissionrisk in
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decisionsupportsystemsformosquitocontrol
whichisthefocusofourongoingresearch
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Fig4ChangeinmeanairtemperatureinLosAngelesandits
impactonthedurationoflarvaldevelopmentandtheextrinsic
incubationperiodEIP
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HumanCasesofFleaBorneTyphusin
OrangeCountyCaliforniaduring2006 2008

RobertVeltenArtTilzerStephenGBennettRobertCummings
CarrieFogartyandRalphHavickhorst

OrangeCountyVectorControlDistrict13001GardenGroveBlvdGardenGroveCA92843
rvelten@ocvcdorg7149712421ext138

ABSTRACT Orange County California

experienced14confirmedandtwoprobable
casesoffleabonetyphusfromDecember2006
toJanuary2008 Themajorityofcaseshad
someassociationwithpatientexposuretoferal
catsandoropossumsinfestedwithcatfleas
Surveillanceeffortsaroundcasehomesyielded
29VirginiaOpossumsDidelphisvirginiana
and13RoofRatsRattusrattus Bloodand

fleasamplesweretakenfrom13HouseCats
Fellsdomesticusassociatedwithseveralofthe
casesOf12opossumswithcompletetestresults
onorgantissueadrenallungliverspleenand
kidneyfleapoolsandbloodsamplestaken
fromeachanimalfouropossumshadatleast
one organ sample test PCRpositive for

Rickettsiafelisallhadatleastonefleapooltest
PCRpositiveforRfelisandallbloodsamples
testednegativeviaIFAandPCRforevidenceof
infectionwithanyrickettsialagentsAll13rats
andasinglefleacollectedfromoneratwere
negativeforthepresenceofeitherRfelisorR
typhiDNA Results are pending on the

remainingspecimensfleapoolsorgantissue
andbloodsamplesfrom17opossumsand13
cats

INTRODUCTION

InDecember2006thefirstcaseofflea
bornetyphusinOrangeCountysince1993was
diagnosedina35yearoldfemaleresidingin
HuntingtonBeachByJanuary2007atotalof
threecaseshadbeendiagnosedanadditional
probablecaseassociatedwithaconfirmedcase
wastreatedbutnottestedviaimmunoassayand
theOrangeCountyVectorControlDistrict
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DistrictwascalledbytheOrangeCounty
HealthCareAgencytoinvestigatetheprobable
enzooticsourcesoftheoutbreakTrappingof
mammalslikelytohostinfectedfleaswas
performedforseveralweeksinthevicinityof
thehumanvictims ByJanuary2008an
additional11confirmedandonemoreprobable
casehadoccurredpromptingfurthertrapping
andsamplecollections Thispaperisan
overviewoftheDistrictssurveillanceefforts

andtheresultsofcooperativeinvestigationswith
California Department of Public Health

CDPH Vector Borne Disease Section

personnelandtestingbytheCentersforDisease
ControlandPreventionRickettsialZoonoses

BranchCDCRZB

MATERIALSANDMETHODS

Humancaseswerediagnosedbyhealth
careprovidersbaseduponsymptomologyand
confirmationusingcommercialRickettsiapanel
immunofluorescent antibody IFA tests

Suspectpatientswerereportedto Orange
CountyHealthDepartmentpersonnelwho
subsequently informedthe Orange County
VectorControlDistrictOCVCDOCVCD
staffconductedpatientinterviewsandsurveysof
each victims home and surrounding
neighborhoodtodeterminepossiblemodesof
exposuretofleabornetyphusBaitedlive
animaltrapswerelocatedasclosetopatient
residencesaswasfeasiblegivingconsideration
totrapsecurityandhabitatsuitabilityOCVCD
personneltookbloodsamplesfromcaptured
VirginiaOpossumsDidelphisvirginianaGrey
andRoofRatsRattusrattusWaldheimvia
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cardiacpunctureofeuthanizedanimalsfleas
wereremovedbybrushingidentifiedtospecies
counted pooled and stored at 80 C

VeterinariansfromtheOrangeCountyAnimal
CareServicestooksamplesoforgantissue
lungspleenkidneyandliverandassessedthe
overallstateofhealthofeachanimalduring
necropsy Whenapplicablebloodandflea
samplesfromHouseCatsFelisdomesticusL
associatedwithhumantyphuscasesweretaken
byprivatepracticeveterinarianschosenbythe
patientsAnimalandfleatestingwascarriedout
bytheCDCRZBfordiscriminationbetween
RickettsiafelisendemictyphusandRtyphi
murinetyphusviaIFAandpolymerasechain
reactionPCRofbloodorgantissueandflea
samples

RESULTS

Of16suspectedtyphuscases14were
confirmedwithelevatedantibodytitersand
symptomsresolvedwithappropriateantibiotic
doxycycline therapy Two cases were

unconfirmedbutweretreatedpresumptively
with antibiotics since each patient was

associatedwithatleastoneotherconfirmedcase

inthefamilyandexhibitedsymptomssimilarto
thoseofotherinfectedmembers

Overalltheincidenceoffleaborne

typhuscasesinOrangeCountyin2007wasless
thanonecaseper100000residentsincidence
052Sevenfemalesandninemalesrangingin
agesfrom3to81wereafflictedduringthe
monthsofDecember7January4June1
andJuly4fromDecember2006toJanuary
2008Symptomsweresomewhatvariablebut
allwerecharacterizedbysustainedhighfever
headacheandfatigue Rashnauseavomiting
muscleachesandoverallmalaisemanifestedin

somebutnotallcases Hospitalization
averaged5daysanddelayinproperdiagnoses
andtreatmentwasresponsibleforextendedstays
ofupto9daysinsomepatientsSymptomsof
mostpatientsresolvedwithinonedayof
correctiveantibiotictreatment

Interviewsofhumancasesregarding
potentialexposuretoinfectedfleasindicated
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probativevectorhostencountersfor15of16
victimsAtotalof1427fleaswerecollected

from29opossums13roofratsand13petcats
Ectoparasitebrushingsfrom29Dvirginiana
yielded1402fleas2 216peranimal
comprising 1295 Ctenocephalidesfelis 2

Echidnophaga gallinacea 2 Oropsylla
Diamanusmontanusand105Pulexirritans
Collectionsfrom13Rrattusyieldedonly1flea
specimenLeptopsyllasegnis Only24fleas
allCfeliswerecollectedfrom 13F

domesticusorfoundintheirbedding Flea

samplesweresubmittedtotheCDCRZBfor
PCRdetectionandcharacterizationofRfelis
andRtyphi

AsofFebruary2008bloodsamples
from12Rrattusand16Dvirginianawere
foundnegativeforRickettsiaviaIFAandPCR
ofbuffycoatcellsAlltestedDvirginianaflea
collectionshadatleastonepoolofCfelistest
positiveforRfelisviaPCRtheMinimum
InfectionRateMIRforCfelisvariedfrom6
to45 ForPirritans2outof3poolswere
found with Rfelis DNA and had a

comparativelylowMIRof3 AsingleD
virginianacarried4fleaspeciesCfellsP
irritansOmontanaandEgallinaceaOfthese
fleastwoOmontanuswerePCRpositiveforR
feliswhiletwoEgallinaceawereboth
negativeAdditionalspecimens60offleas
collectedincludingthosefromFdomesticus
associatedwithhumancasesarependingwith
theCDCRZB

OrgansamplesfromfourDvirginiana
testedPCRpositiveforRfells2adrenalglands
2animalskidney1animalliver1animal
andlung1animal Positivefleaswere

recoveredfromtwoofthesetissuepositiveD
virginianawhileresultsarependingonfleas
takenfromtheothertwo Thetypeoforgan
sampledvariedbyanimaldependingonthe
veterinarianperformingthenecropsy

DISCUSSION

Thisrelativelylargenumberofflea
bornetyphuscaseswithinalimitedtimeframe
13monthswasamajordeparturefrompast
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outbreaksinOrangeCounty Inthe60years
between1933and1993theaverageannual
numberofcases was approximatelyone
Markedincreaseswerenotedinfouroutbreaks

194419481949and1974duringwhich6
9casesoccurredperyear Thispatternheld
untiltheearly1990swhennotyphuscaseswere
diagnosedfor12years Theprevalenceand
improvedefficacyoffleacontrolmeasureson
petanimalsmayexplainthisdecreaseandthe
subsequentlaxityinfleacontrolduetothe
drasticreductioninfleapopulationsmayhave
contributedtothecurrentresurgenceofhuman
infection

Victimsinthecurrentoutbreakvaried

from3 81yearsofagewith7femalesand9
malesinvolvedOutof16cases10hadoneor

moreHouseCatsFdomesticusnoneofwhich
hadfleacontrolmeasuresinstitutedandfiveof

thetenhadanassociationwithadoptionofa
straycat Fiveofthe16ownedapetdogs
CanisfamiliarisInoneincidentapatients
petdogbroughtadeadDvirginianaintothe
victimshousepossiblyexposingtheownerto
infectedfleasthathadfallenoffthedeadanimal
OneothercasewasassociatedwithadeadD

virginianaintheattic Onlyoneofthe16
typhus patients had no known animal

associationNoneofthevictimsrecalledbeing
bittenbyfleasornoticedthepresenceoffleasin
commonlivingareasoftheirhomes

Aninterestingclusteroffourtyphus
casesoccurredinasinglefamilyinthecityof
WestminsterduringJuly2007 Thefamily
adoptedafleainfestedpregnantstrayF
catuscatwhichsubsequentlygavebirthtoa
litterofkittensinthegarage Eachvictim

participatedintherearingofthelitterandhad
ampleexposuretofleaslivingonthecatsand
theanimalbeddingSymptomsoccurredinfour
familymemberswithinaspanofthreeweeks
afteradoptingthestraycat Allpatients
recoveredbutthefirsttwovictimswereinitially
misdiagnosedashavingaseverecaseoftheflu
Once proper treatment began symptoms
resolvedwithinadayWhenanassociationof
caseswasmadetreatmentwasinstigatedearly
in the course ofthe infection and no

hospitalizationwasrequiredforthefourth
victim Ashasbeenobservedelsewherewith

fleabornetyphuscasesmostvictimsexperience
significantdelayindiagnosesandsubsequent
appropriate antibiotic therapy due to the

complexityinarrivingatadiagnosisCivenand
Ngo2008

Thechangeindistributionoftyphus
casesfromthefirsthalfofthe20century
comparedtothisrecentoutbreakFigures1and
2inassociationwithcasesinLongBeach
Prelesnik2007iscurious HistoricallyLos
AngelesCountyhashadannualoutbreaksof
whatisnowrecognizedasendemictyphus
Adamsetal1970Azadetal1992Williams
etal1992asseenelsewhereparticularlyin
TexasBoostrometal2002 Increased

urbanizationandchannelizationofhydrological
drainagesystemsmayhavehadadetrimental
effectuponfleahostsespeciallyopossumsuntil
neighborhoodsmaturedandresourcesbecame
morereadilyavailablePreviouslynorthcentral
OrangeCountywascharacterizedbyagricultural
landusewithsmalldevelopedareasuntil
suburbansprawltookoverinthelatterhalfof
the20century Assignmentoftheseearly
casestomurineRtyphiintheOrientalRat
FleaXenopsyllacheopsisorendemicRfelis
inCfelistyphusetiologicagentsisnot
definitivelypossibleinretrospect However

giventhecharacterofhumandistributionand
knownvectorzoonotichostassociationsmost

oftherecognizedpastcasescouldreasonablybe
assumedtobeduetothelatterpathogen

Thebimodaltemporalincidenceof
infectionintherecentcasesFigure3maybe
relatedtofleahostinteractionswithhost

reproductiveanddispersalphasesAdditionally
infectionappearstobehighlyvariableandfocal
withinindividualopossums Surveillancefor

fleasonDvirginianaandFcatusthroughout
theyearwouldhelpelucidatefleapopulation
trendsandrickettsialinfectionratesinrelationto
humancaseoccurrence Theinformation

derivedcouldprovideimpetusforpreventive
fleacontrolincooperationwithpublichealth
agenciesandveterinarians Unfortunatelyno
localorstateagencytestsforfleabornetyphus
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atthistimeandCDCRZBwillonlytest
samplesassociatedwithhumancases Given

thisagencysstaffingandfundingdifficulties
theDistricthasexperiencedadelayofsix
monthsormorebetweensubmissionofsamples
andreceiptoftestresultsAtthistimeOCVCD
hasundertakencooperativerelationshipswith
researchersatlocaluniversitiestodevelopin
housetestingprotocolsforthedetectionand
differentiationofrickettsialpathogens

Lackofevidenceofinfectioninone

opossumwith3of4fleaspeciestestingpositive
forRfelisraisesthepossibilityoflateral
transmissiontolarvalfleasinnestingdensites
viainfectedadultfleafeces Newwhole

genomesequencedataforseveralRickettsia
speciesincludingRfelisandRtyphicould
providethemeanstoassessdifferencesin
vectorpathogenlineagesandgiveevidenceof
line fidelity via vertical transmission in

comparisontolateralacquisitiondissemination
Asmoremolecularsurveillanceresearchis

conductedRfellsisincreasinglybeingfoundin
newarthropodspeciesincludingnativeflea
speciesStevensonetal2005Trombiculid
mitesChoietal2007andsometicks
Ishikuraetal2003Reevesetal2006Co
infection with other Rickettsia species
combinedwithevidenceofpotentialgenetic
exchangewithinRickettsiaOgataetal2005
raisestheriskofshiftsininfectivityand
virulenceinwhatwerethoughttobeisolated
lineagesoftheseobligateintracellularparasites
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Figure2HumantyphuscasedistributioninOrangeCountyCalifomia2006 2008Citieswith

casesincludingtwopresumptiveHuntingtonBeach8Westminster4FountainValley2
Rossmoor1andPlacentia1
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HumanHealthRiskAssessmentoftheAerialAdulticidingConductedin2007
inSacramentoCounty

LeslieMShamaPaulaAMacedoGaryWGoodmanDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624

SincethefirstoutbreakintheWestern

HemisphereinNewYorkCityin1999West
Nile virus family Flaviviridae genus

FlavivirusWNVhasbecomeamajorconcern
intheUnitedStatesIthasspreadthroughoutthe
countrysincethenreachingCaliforniainthe
summerof2003Reisenetal2004WNVwas
firstdetectedinSacramentoCountyinthe
summerof2004whenitwasassociatedwith
lowleveltransmissiontohumansandhorses

Armijosetal2005In2005therewasa
severeoutbreakofWNVinSacramentoCounty
Elnaiem et al 2006 which prompted
management ofmosquitoes through aerial

sprayingofpyrethrinsoverthenorthernpartof
thecountyTheuseofinsecticidesinareas
wheretheyhavetraditionallynotbeenusedor
havebeenusedlessfrequentlyhasraised
concernsbythepublicabouthealthrisksfrom
insecticideusePetersonetal2006Likewise
theaerialsprayingeventsinSacramentoCounty
seemedtohavegeneratedconcernsaboutthe
safetyoftheproductusedbySacramentoYolo
Mosquito and Vector Control District

SYMVCD to manage adult mosquito
populationsinthe2005outbreak

In2007afterconsideringtheincreasein
numbersandinfectionratesofCulextarsalis

CoquillettandCxpipiensLmosquitoesinthe
northareaofSacramentoCountytheDistrict
conductedaerialsprayingofEvergreenEC
606overabout215kmonthenightsofJuly
3031andAugust01usingafixedwingPiper
AztecaircraftHumanhealthriskassessments

hadbeenpreviouslymodeledfortruckmounted
applications of pyrethrins and piperonyl
butoxidePBOathigherratesthantheones
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usedbySYMVCDanddifferentspraying
schedulePetersonetal2006Weconducteda
humanhealthriskassessmentforsixdifferent

subgroupsafterexposurefromaeriallyapplied
pyrethrinsandPBOat00025and0025lbsacre
respectivelyover3daysinSacramentoCounty
usingmorerecentdepositiondataInthisstudy
wecomparetheseresultstotheonesreportedby
thehumanhealthriskassessmentconductedby
Petersonandcolleagues2006Table1

Thevaluesfromthepreviousstudy
representedaconservativeapproachwhererisks
weremostlikelyoverestimatedPetersonetal
2006andtheauthorsconcludedthathuman
health risk from residential exposure to

insecticidesusedtocontroladultmosquitoes
werelowandnotlikelytoexceedlevelsof
concernOurassessmentwasbasedontheaerial

applicationconductedinSacramentoCountyin
2007andourriskquotientswere24to54
timeslowerthantheonesreportedbyPeterson
andcolleaguesforpyrethrinsand15to33
timeslowerforPBOWeconcludethathuman

exposurewouldmostlikelyresultinnegligible
riskOurstudyandthecurrentweightof
scientific evidence do not support the

perceptions thathumanhealthrisks from

exposuretothepyrethrinsinsecticideappliedby
SYMVCDinSacramentoCountyin2007may
begreaterthantheriskfromWNV
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Table1AcuteriskquotientsRQsforpyrethrinsandpiperonylbutoxidePBOfor
eachsubgroup

Petersonetal2006 SacramentoCo2007

Subgroups Pyretlulns PBO Pyretluins PBO

Adultmales 00081 00004 00015 00002

Adultfemales 00085 00004 00018 00002

Children1012yrs 00113 00006 00021 00004

Children56yrs 00190 00009 00040 00006

Toddlers23yrs 00245 00012 00064 00009

Infants0515yrs 00218 00010 00091 00003

RQstotalacutepotentialexposurereferencedoseRfDrepresentingexposuretoxicendpoint
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IdentifyingtheReservoirsoftheLymeDiseaseSpirochete Borreliaburgdorferi
SciurusGriseusiinCaliforniatheRoleofthe WesternGraySquirrel
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RobertSLane
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94720USA
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INTRODUCTION

The spirocheteBorreliaburgdorferi
sensustrictossisthecausativeagentofLyme
diseaseinNorthAmericaAstudyofWestern
Gray Squirrels Sciurus griseus in oak

woodlandsinMendocinoCountyCalifornia
revealedthatsquirrelsarecommonlyinfected
withBburgdorferiss80 andthatlarval

Ixodespacificusticksarecapableofacquiring
theinfection47oflarvaewereinfected
Laneetal2005 Becausewesterngray
squirrelsmaybeanimportantregionalreservoir
oftheLymediseasespirochetewesurveyed
populationsofsquirrelsthroughoutnorthern
Californiaandperformedxenodiagnosticand
transmissionexperimentsusingIpacificusto
determinewhetherWesternGraySquirrelsare
indeedcompetentwildlifereservoirs

SquirrelInfectionPrevalence
Westerngraysquirrelswereeitherlive

trappedorcollectedasroadkillsorbyshooting
EarpunchbiopsiesEPBweretestedfor
presence of B burgdorferi using PCR

techniquesLaneetal2005
Wetestedatotalof227individual

westerngraysquirrelsfromCaliforniaofwhich
approximately30ofindividualswerepositive
forBburgdorferiTable1Prevalenceof
infectionvariedwithgeographiclocationand
washighestinthenorthwesterncountiesofthe
statepredominantlyHumboldtMendocinoand
TrinityCountiesTable1Fig1
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WesequencedBburgdorferipositive
5S23Sintergenicspacerregionampliconsfrom
squirrelEPBssampledinHumboldtn 3
Laken 1Mendocinon 4Placern 1
Sonoman 3andTrinityn 4CountiesAll
ampliconswereidentifiedasBburgdorferiss
using the neighborjoining method with

uncorrectedpdistancesNocoinfectionswith
otherBorreliagenospeciesweredetected

AlthoughwetestedEPBsfromother
SciurusspeciesinCaliforniafewanimalswere
positiveforBburgdorferiOneof14Eastern
GraysquirrelsScarolinensiswasinfected
fromSantaCruzCountyandonefoxsquirrelS
nigerwaspositive15 fromAlameda

CountyNoneoftwoNorthernFlyingsquirrels
GlaucomyssabrinusfromHumboldtCounty
wasinfectedHoweverinfectionprevalence
among Douglas squirrels Tamiasciurus
douglasiiwasmuchhigherwith6of11animals
infectedinHumboldtCountyand2of3animals
infected66 fromMendocinoCountyAlso
wefoundevidenceofBburgdorferiinfectionin
1of6VirginiaopossumsDidelphisvirginiana
Theonepositiveopossumwascollectedin
SonomaCountyTherewasnoevidenceof
infection05inskunksMephitismephitis
Theonepositiveopossumwascollectedin
SonomaCounty

Transmissionexperiments
TodeterminewhetherIpacificusticks

canbecomeinfectedwithBburgdorferiby
squirrelswildsquirrelscapturedattheHopland
Research Extension Center Mendocino
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countyanddeterminedtobePCRpositivefor
Bburgdorferiwereexposedtoapproximately
200laboratoryrearednoninfected1pacificus
larvaeThetransmissionrateofBburgdorferi
totickswasmeasuredbyexaminingmolted
nymphsusingPCROverallamean SDof
594640larvaesuccessfullyfedonindividual
squirrelsandamaximumof241larvaedropped
offonesquirrelMostlarvaefedforfourorfive
daysbeforefallingoffthehostInfectionstatus
asmeasuredbyPCRtestingofEPBsvaried
overtimeSquirrelsinfected10to50ofI
pacificuslarvaethathadfedonthem

To confirm transmission of B

burgdorferifromsquirreltoticktosquirrelwe
exposedanuninfectedwildcaughtsquirrelto
infectednymphsAtonetwoandfourmonths
afterexposuretooneconfirmedinfectednymph
PCRtestsofEPBsweresubsequentlypositive
negativeandpositiverespectivelySequencing
oftheBburgdorferiampliconfromthefirst
monthspositiveEPBrevealedthatitwas
identicaltotheampliconsequenceharvested
fromthepositivenymphthathadfedonthe
squirrel

CONCLUSION

Recentinvestigationsintotheecologyof
theLymediseasespirocheteBburgdorferiss
suggestedthatthewesterngraysquirrelS
griseusisanimportantwildlifereservoirin
CaliforniaLaneetal2005Brownetal2006
HerewehavedemonstratedthatBburgdorferi
ssiswidespreadinwesterngraysquirrel
populationsinnorthernCaliforniaWeshowed
thatlaboratoryinfectedlarvaecouldmaintain
thespirochetetransstadiallyandwereableto
transmittheinfectiontoanuninfectedsquirrelas
nymphstherebyillustratingtheviabilityofthe
squirrelticksquirrel transmission cycle
Consequentlyweareconfidentthatwestern
graysquirrelshaveadefinitiveroleinthe
ecologyofLymediseaseinthewesternUSAin
oakdominateddensewoodlandsandthatan
awarenessofsquirrelBburgdorferiecology
will be important for controlling and
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understandingthiszoonoticdiseaseLaneetal
2005Eisenetal2006
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ImpactofWestNileVirusonCaliforniaBirds
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ThepresenceofdeadAmericanCrows
hasbeenthecallingcardoftheWestNilevirus
FamilyFlaviviridaegenusFlavivirusWNV
invasionintoNorthAmericaTheespecially
highvirulenceofthe invadingand now

circulatingstrainsofWVNhasbeenattributed
toamutationintheviralhelicasegeneBraultet
al 2007 Howevernotallbird species
responded equally to WNV because of

differencesinsusceptibilitytoinfectionhabitat
selectionandmosquitohostselectionpatterns
TobetterquantifytheeffectsofWNVonthe
avifaunaofCaliforniaCAduringthepost
WNVinvasionperiod20042007andinan
attempttoidentifyspeciesatgreaterriskof
populationdeclineduetoWNVfourdatasets
wereevaluatedwithrespecttoWNVassociated
riskandcombinedtocreateariskassessmentfor
23CAbirdspeciesThefourdatasetsevaluated
were1thepresenceofantibodiesagainst
WNVinfreerangingbirds2percentageof
deadbirdstestedandfoundWNVpositiveby
theCaliforniadeadbirdprogram3WNV
associated mortality determined from

experimentalWNVinfectionsand4population
declines detected by Bayesian regression
analyzeddatafrom19802003preWNVto
extrapolatepopulationtrendsforthe20042007
postWNV period LaDeau et al 2007
DeclinesintheBBSdatawereconsidered
significant if they dropped below 95

confidenceintervalsCIgeneratedbythe
modelSincethemodelwasbasedonpreWNV
populationtrendssignificantdeclinesfromthe
expected95CIinareasofepizooticWNV
transmissionwereattributedtothenegative
impactofWNVRiskwasassessedandscored
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foreachofthefourdatasetsandthenaveraged
intoanoverallriskscoreTable1Thisrisk
scoreallowedforspeciestobecomparedbased
onWNVassociatedriskScoresrangedfrom
100forthePigeonColumbaliviathrough
340forYellowbilledMagpiesPicanuttalli
and 360 for American Crows Corvus
brachyrhynchosOtherspeciespotentiallyat
highriskforWNVincludedtheHouseFinch
CaprodacusmexicanusBlackcrownedNight
HeronNycticoraxnycticoraxYellowWarbler
DendroicapetechiaandWesternScrubJay
Aphelocoma coerulescens Significant
populationdeclinesincompetenthostspecies
mayalteraviancommunitystructureallowfor
theincreaseinhighlyefficientcompeting
species such as House Sparrows Passer
domesticusandalterthedynamicsofWNV
transmissionbychanginghostavailabilityfor
hostseekingmosquitos
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Table1OverallWNVassociatedriskscorefor23speciesofCaliforniabirdsRiskwasassessed
basedonfourindicatorswildbirdserologyfromKernCoachellaandYoloCountiesthepercentof
eachspeciesthattestedpositivefromtheCAdeadbirdprogramtheoutcomeofexperimental
infectionstudiesandbirdpopulationdeclinesthatfellbelow95confidenceintervalsgeneratedby
ourBBSregressionmodelTheoverallriskscoreisanaverageofeachofthefourindicatorstheBBS
modelwasgivenadoubleweightbecauseitreflectedactualchangeinbirdpopulations
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IntroductionoftheScorpionCentruroidesexilicaudaWood intoSouthern

CaliforniaCommunitiesaPublicHealthPerspective
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ABSTRACTCentruroidesexilicaudaWood
isendemictoArizonasouthwesternNew
MexicoandsoutheasternCaliforniaalongthe
ColoradoRivercorridor Thisscorpionis
consideredtobetheonlymedicallyimportant
speciesfoundintheUnitedStatesduetothe
toxicity of its venom Past documented

introductionsofthisspeciesintononendemic
Southern California communities have

apparentlybeenisolatedeventsWereporton
thediscoveryofanestablishedpopulationofC
exilicaudathathasadaptedtolifeinasuburban
LosAngelesCountyneighborhoodTheinitial
resultsfromourinvestigationarepresentedand
thepublichealthimplicationsofestablished
localized populations ofthis species are

discussed

INTRODUCTION

CentruroidesexilicaudaWoodisendemic
tothearidandsemiaridregionsofArizona
southwesternNewMexicoandinsoutheastern

CaliforniaalongtheColoradoRivercorridor
Thisscorpionisconsideredtheonlymedically
importantscorpionfoundintheUnitedStates
duetothetoxicityofitsvenomKeegan1980
IntroductionsofthisscorpionintoSouthern
Californiacommunitieshavebeendocumented
as isolatedevents associatedwith human

transportHerewereportourinitialdiscoveryof
anestablishedpopulationofCexilicaudain
suburbanWestCovinaLosAngelesCounty

Proc PapersMosqVectorControlAssocCalifVol76
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Californiaanddiscussthepotentialpublichealth
hazardassociatedwiththisintroduction

ThegenusCentruroidesisaNewWorld
taxonthatisdistinguishedfromothergeneraby
itsoverallslenderformatriangularshaped
sternumandasubaculeortoothortubercleon
thetelsonatthebaseofthestingerCentruroides
exilicaudaFig1isanonburrowingspecies
thatisanadeptclimberandisoftenseen
perchedaboveground Commonlyknownas
theArizonabarkscorpion ittakesrefugein
cracksandcrevicesunderbarkonstandingor
fallentreesandinstructuresaffordingaccess
Thoughadenizenofaridenvironmentsthebark
scorpionisattractedtomoistureandisoften
associatedwithripariancorridorsdrainagesor
manmadesourcesofwaterThisscorpion
appearstothriveequallyinnaturalhabitatsand
lushsuburbandevelopmentsInArizonaC
exilicaudaisthemostcommonlyencountered
scorpioninsidehousesScorpionsUniversityof
ArizonaCooperativeExtension2001

EnvenomationbyCexilicaudafollows
aclassicclinicalcourseunlikeenvenomationby
otherscorpiongeneraIntenselocalpainis
followedbynumbnessincreasedsalivation
agitationrespiratorydifficultiestachycardia
hypertensionandmusclespasmsRespiratory
paralysisanddeatharepossibleThelast
verifieddeathinArizonabyCexilicauda
envenomationoccurredin1968Stahnke1972
Becauseantiveninisnowavailableandpatient
supportandtreatmenthasimprovedtheriskof
fatalitiesfromstingshasdecreasedInArizona
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whereCexilicaudaiscommonlyencounteredin
urbanizedareasArizonaPoisonControlCenters
receive60007000callsayearconcerning
scorpionsandactivelytrackbarkscorpion
envenomationsBannerPoisonControlCenter
PhoenixAZ

Investigation

InJuly2007aresidentofWestCovina
LosAngelesCountyCaliforniasubmittedthree
deadscorpions2adultand1immaturetothe
San GabrielValleyMosquitoand Vector

ControlDistrictSGVMVCDforidentification
andassistanceinmanaginganongoingscorpion
infestationattheirpropertyFig2Theresident
reportedfindingatleast9scorpionsindoorsin
2007andoneunremarkablestingingincident
Scorpionswerealsofoundintheyardon
exteriorwallstheceilingofacoveredpatioand
inthegarageoverthelast45yearsThe
residentrecalledthatrelativesfromArizona

occasionallyvisitedandparkedarecreational
vehicleattheirhomeNoscorpionswere
encounteredpriortothesevisitsTheresident
alsoreportedthatneighborsoneitherside
recentlynoticedscorpionsontheirproperties
withoneencounteringscorpionsindoorsStaff
oftheSGVMVCDidentifiedthescorpionsas
Centruroidesexilicauda and contactedthe

California Department ofPublic Healths

VectorBorneDiseaseSectionVBDSwith
concernsregardingthepotentialpublichealth
implicationsStafffromtheSGVMVCDandthe
VBDScontactedtheresidenttoinspectthe
propertyandprovideguidelinesScorpions
University of California Statewide IPM

Program2003tomanagetheinfestation
In early November the site was

inspectedontwoeveningswithhandheld
portable black lights BioQuip Products
RanchoDominguezCAScorpionsfluorescein
ultravioletlightandarereadilydetectedwhile
foragingatnightWilliams1968Despitethe
coolerfalltemperaturesactiveCexilicauda
wereobservedonbothoccasionsonlyatthe
propertywherethescorpionswereprobablyfirst
introducedOn1NovemberfourCexilicauda
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weredetectedOneimmaturewascollectedfrom
thetrunkofanornamentalshrubplantedagainst
thefrontofthehouseThreeadultscorpions
wereobservedonthewoodshingledroofs
coveringthehouseanddetachedgarageTheair
temperatureat2000hourswas59F15C
Daytimehightemperaturesreached76F25C
On 15November 11 C exilicaudawere

observedandfivewerecollectedEightwere
observedonthewoodshingledroofsofthe
houseandgaragetwointhegarageandone
wascollectedonthefrontyardlawnTheair
temperatureat2000hourswas66F19CThe
daytimehightemperaturereached92F34C
Thescorpionsappearedtopreferthewood
shingledroofareasashabitatFig3Besides
providingcrevicesforrefugethewestandsouth
facingslopescollectandretainheatduringthe
coolermonthsallowingactivitythatmaynotbe
possible at ground level during cooler

temperatures

Residenceswereevaluatedforpoints
thatwouldallowscorpionstoenterGapsunder
doorsmissingorpoorlyfittedwindowscreens
unsealed openings aroundpipes conduits
windoworwallmountedairconditioningunits
andmissingordamagedscreeningonatticor
foundation vents were noted Ornamental

landscaping positioned against walls or

overhangingroofswerealsonotedbecausethey
provideclimbingscorpionswithcoverproximal
tothestructureFig4Thesefindingsalong
with simple inexpensive remedies were

discussedwitheachresident

TheresidentatthefocusoftheC

exilicaudainfestationhadpreviouslyhireda
pestcontrolcompanytotreatinandoutdoorsfor
scorpionsbutwasdiscouragedbythelackof
resultsGuidelinesforcontrollingtheinfestation
emphasizedmodifyingtheareaaroundthehome
asthefirststepincontrolInadditioncontrol
includedgeneralscorpionawarenessexclusion
frominteriorspacesandphysicalremoval
insteadofrelyingonpesticides

OnJanuary162008oneactive
scorpionwasfoundontheroofoftheprimary
residenceTheairtemperatureat2000hours
was58F15CwithwindyconditionsDaytime
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high temperatures reached 68 F20C
DetectingoneactivescorpiononacoolJanuary
nightconfirmedoursuspicionsthatfavorable
climaticconditionscouldsupportapopulation
ofCexilicaudathroughouttheyearintheLos
Angeles Basin No other scorpions were

detectedand residents reportedno recent

activityGlueboardsTomcatScorpionGlue
Board Motomco Clearwater FL were

deployedindoorsinthekitchenutilityroom
andlivingroomareaswherescorpionactivity
hadbeenpreviouslynotedTwodaysbeforeour
inspection SGVMVCD staffproducedand
distributedafactsheetandsurveyto19homes
intheneighborhoodThreepropertiesrequested
inspections though none reported seeing
scorpions

Discussion

Adultscorpionsarenotoriouslydifficult
tocontrolsolelywithpesticidesThoughmany
productsareregisteredforuseagainstscorpions
theirsecretivebehaviorandnearlyimpervious
exoskeletonrenderbarriertreatmentslargely
ineffectiveScorpionmanagementguidelines
universallyrecommend proactive integrated
strategies including awareness ofpotential
encountersinthehomeenvironmentexclusion
physical removal and if pesticides are

warrantedcontractingwithaqualifiedstructural
pestcontrolcompanytoapplyindoorand
outdoorbarriertreatmentsThepesticidelabel
mustbefollowedifthehomeownerchoosesto

apply products themselves Modifying the

structuralenvironmentbyremovingdebrisand
pruningvegetationaroundthefoundationand
roofsignificantlyreducescoverforscorpions
Alsousingyellowoutdoorlightingmayreduce
scorpionforagingnearpotentialhomeentry
points

Envenomationbythebarkscorpioncan
potentiallybelifethreateningalthoughthevast
majorityofstingingincidentsdonotrequire
medicalassistanceChildrenunderfiveyearsof
ageareatgreatestriskforseverereactions
requiringmedicalassistanceAreviewofC
exilicaudaenvenomationinArizonafoundthat
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allpatientsundertheageofonewereeither
admittedtohospitalcare orseeninan

emergencyfacilityAsimilarhighrateof
emergencyroomorinpatienthospitalcarewas
evidentinchildren15yearsoldLikesetal
1984Centruroidesexilicaudareadilyenters
homeswhichincreasestheriskofencounters

Thisspeciesdisplaysanegativegeotaxisand
maybefoundclingingtotheundersideof
objectsaswellasonwallsorceilingsinthe
homeTheyareattractedtomoistureinand
aroundthehomeandareoftenfoundtrappedin
sinksbathtubsoraroundpoolareasTheir
abilitytoclimbalmostanysurfacemayleadto
unexpectedencountersonfurnituretables
lampsbookshelvesclothingorbedding

Introductions of Centruroides

exilicaudaformerlyknownasCsculpturatus
Williams 1980 into SouthernCalifornia

historically were identified from stinging
incidentsorspecimenssubmittedbyresidents
Russell and Madon 1984 reported C

exilicaudaintroductionsfromLosAngeles
RiversideSanBernardinoandOrangecounties
TheyalsodescribedfourcasesofCentruroides
envenomationseenattheUniversityofSouthern
CaliforniaMedicalCenterduringthe1970s
Geck1980reportedonfivespecimensofC
exilicaudathatweresubmittedtotheOrange
CountyVectorControlDistrictOCVCDby
residentsduringthemid1970sThecommon
thread intheseaccountswaspeopleand
equipmenttravelingbetweentheColoradoRiver
corridorandtheirneighborhoodsBothreports
raisedconcernsaboutthepublichealthhazardif
CexilicaudabecameestablishedinSouthern

California communities Neither article

intimatedthatCexilicaudawasestablishedat

thetime

TheOrangeCountyVectorControl
DistrictdocumentedlimitedinfestationsbyC
exilicaudainFountainValleyGardenGrove
HuntingtonBeachandIrvineinthe1970sand
1980sInboththeFountainValleyandIrvine
infestationstheOCVCDtreatedpropertiesinthe
neighborhoodswithapesticideTheIrvine
infestationwasoriginallyidentifiedandtreated
in198485Cexilicaudareappearedinthe



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

neighborhoodduring199193Fortysuburban
propertieswereinfestedtwoatticsofhomes
harboredscorpionpopulationsTheHuntington
Beachinfestationinvolvedasingleproperty
whereCexilicaudainhabitedawoodshingled
roofmuchlikethecurrentinfestationinWest

CovinaControleffortsbythehomeownerwere
unsuccessfuluntilthewoodshingleswere
removed Several stinging incidents were

reportedbyworkersinvolvedintheroof
removalOCVCDperscomm2008

ConcernsraisedbyRussell1984and
Geck1980regardingthepotentialforC
exilicaudatobecomeestablishedinSouthern
California communities appear justified
Suburbanresidentsareunlikelytoencounter
otherscorpionspeciesintheirhomesoan
introductionofCexilicaudacreatesaneedfor

publiceducationInresponsetothecurrent
investigationtheSGVMVCDandtheLos
AngelesCountyAgriculturalCommissioners
officeproducedCentruroidesexilicaudafact
sheetsthatareavailableontheirwebsitesIn

ArizonawhereCexilicaudaislargelyendemic
educationalmaterialiswelldevelopedand
plentiful

SinceSouthernCaliforniaresidentsuse

theborderareaalongtheColoradoRiveryear
rounditislikelythatbarkscorpionswill
continuetobeimportedfromthisregion
Likewisetravelerstoandfromotherendemic
regionsinArizonasuchasPhoenixandTucson
may inadvertently transport this scorpion
Thoughtheprobabilityislowthathitchhiking
scorpionswillestablishaviablepopulation
thirtyyearsofperiodicinfestationsvalidatesthis
possibility As participants in Californias

regionalsurveillancesystemforvectorslocal
agenciesshouldrespondtopublicinquiresabout
scorpionsespecially whentheyare found

indoors where none had been previously
encounteredRecognizingearlyinfestationsof
C exilicaudamayhelppreventlocalized
populationsfrombecomingestablishedand
reducetheriskofstingingincidents

Introductionsofthisspeciesmaybefar
more common than previously suspected
InformationobtainedfromtheCaliforniaPoison
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ControlSystemdocumented663confirmed
scorpion envenomation contacts from Los

AngelesCountyresidentsbetween1997and
2007 Though the vast majority of

envenomationsweredeterminedtopresentlittle
ornoeffectandweretreatedathome8413
contactswerereferredtohealthcarefacilities

HCFfortreatmentevaluationThreepatients
wereadmittedtocriticalcarefacilitieswithwhat

weretermedmajoreffectsOnepatientwas
admittedtoanoncritical careunitwith
moderate effects Though we could not

determinetheoffendingscorpionspeciesfrom
theserecordsthenumberofcallstoPoison

ControleachyearinLosAngelesCounty
concerning scorpion envenomation is

surprisinglylarge
Overallitappearsthatfewpropertiesin

WestCovinaareinfestedwithBarkScorpions
evenseveralyearsafteritwasintroducedThe
population is localized and composed of

multiple age cohorts indicating continued

breeding Scorpions donot colonizenew

physicalsurroundingsrapidlybecauseoftheir
biologyandbehavior However the high
populationofCexilicaudaatoneresidence
currentlyposesapotentialrisktoitsoccupants
Ourinitialinvestigationswereconductedwhen
scorpion activity was limited by cooler

temperaturesTheCDPHandSGVMVCDplan
toreinspecttheneighborhoodinsummerto
confirmtheinitialassessmentandfinalizea
courseofaction
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IntroductiontosymposiumResearchonArbovirusesinCalifornia Year5
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WestNilevirusFamilyFlaviviridae
genusFlavivirusWNVcontinuedtobeactive
throughoutCaliforniaduring2007Table1
Althoughthenumberofhumancasesincreased
by36over2006mostoftheenzootic
measuresofvirusactivityremainedrelatively
constant Theincreaseinhumancaseswere

largelyattributedtoanurbanoutbreakwith138
confirmedhumancasescenteredinBakersfield
whereasmostoftheactivityduring2006
occurredinruralareasorsmalltownssuchas

DavisNielsenetal 2008 AsWNV

transitions froman invading virgin soil

epidemic to an endemic virus different

questionsaddressedbyourresearchgroup
included

1 What conditions enable WNV

amplificationtooutbreaklevels We

addressedthisquestionbyinvestigating
factorsleadinguptotheBakersfield
outbreakin2007studyingtemporaland
spatialchangesinthevectorcompetence
ofCulexevaluatingtheimpactofherd
immunityinurbanandruralareasand
determiningtheimpactofWNVonbird
populationsthroughoutCaliforniawith
theideathatdepopulationofkeyspecies
couldlimitamplification

2 HowisWNVadaptinggeneticallyto
California We were especially
interestedinpossiblechangeinvirus
geneticsthatmayleadtodecreasedor
perhapsevenincreasedavianvirulence
ortransmissibility

3 HuntfornewlyemergingvirusesWest
Nileviruswillnotbethelastemerging
probleminCaliforniaInadditiontothe
threevirusestestedbyourmultiplex
RTPCR western equine
encephalomyelitisWEEVStLouis
encephalitis SLEV West Nile

WNVthereare10otherviruses
knowntooccurinCaliforniaincluding
somethathavebeenlinkedtohuman
illness Wetested1000poolsof
AedesandCulisetabyVerocellplaque
assayduring200506andmade45
isolationsthatarebeingcharacterized
Inadditionduring2007wehavetested
4000poolsofCulexfromportalsof
entryintoCaliforniaandhavemade2
isolationsofanunidentifiedvirus In

additionaKamatiRiverlikeviruswas
found to frequently infect field

populationsofCxtarsalis
4 Whathappenedtoothervirusessuchas

westernequineencephalomyelitisvirus
WEEVHistoricallyWEEVcaused
repeatedoutbreaksofhumancasesin
theCentralValleyofCaliforniaand
otherareasoftheWestbutrecently
thesecasesandWEEVhaveallbut

disappeared We compared avian

virulenceandvectorcompetenceof
isolatesmadeeachdecadefrom1953

through2005
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Table1WestNilevirusactivityinCaliforniafromhttpwestnilecagov

Element 2003 2004 2005 2006 2007 Total

Humancases

Horses

Deadbirds

Mosquitopools
Chickens

Squirrels

3

12

96

32

70

nd

779

540

3232

1136
809

49

880

456

3046

1242

1053
48

278

58

1446
832

640

32

378

28

1395

1007
510

26

2318

1094
9215

4249

3082
155

Humanandhorsecasesreportedbypracticioners
DeadbirdsreportedbythepublicnecropsiedandkidneytestedbyRTPCRororalswaptestE
MosquitopoolstestedbyRTPCR
ChickensseroconversionswithserascreenedbyEIA
SquirrelsnecropsiedandtissuestestedbyRTPCR
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ABSTRACT The NASA Terrestrial

ObservationandPredictionSystemTOPSisa
modelingframeworkthatintegratessatellite
observationsmeteorologicalobservationsand
ancillary data to support monitoring and

modeling ofecosystem and land surface

conditionsinnearrealtime TOPSprovides
spatiallycontinuousgriddedestimatesofasuite
of measurements describing environmental

conditionsandthesedataproductsarecurrently
beingappliedtosupportthedevelopmentofnew
modelscapableofforecastingestimatesof
mosquitoabundanceandtransmissionriskfor
mosquitobornediseasessuchasWestNilevirus
WNV

INTRODUCTION

Onesignificantbarriertoprogressin
modelingmosquitoabundanceandriskof
transmission ofWest Nile virus Family
FlaviviridaegenusFlavivirusWNVandother
encephalitisviruseshasbeenthelackof
consistentspatiallycontinuousobservationsof

2
NASAAmesResearchCenter
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climateandlandscapeconditionatsuitable
spatialandtemporalscalesTherecordof
mosquitotrapcountscollectedbymosquitoand
vectorcontroldistrictsinCaliforniaandrecently
compiledanddigitizedbyresearchersatUC
Davis is aunique andvaluable dataset

HowevermanytrapsinCaliforniaarelocateda
significant distance from the nearest

meteorologicalstationandmeasurementsofsoil
moistureandvegetationconditionhavebeen
limitedtoafewregionalorplotlevelstudiesor
laborintensiveanalysesbasedonLandsatTM
andothersatellitesensorsegWoodetal
1991Thefewexistingstatewidedatasetssuch
astheNationalLandCoverDatabase2001

Homeretal2004arenotupdatedata
sufficient frequency to support dynamic
modelingandforecastingattemporalresolutions
finerthanyearstodecades Thedatasets

providedbytheTerrestrialObservationand
PredictionSystemTOPSmakeasubstantial
contributiontofillingthisdatagapandcan
assistinthedevelopmentofmodelscapableof
forecasting mosquito abundance andvirus

transmissionriskforthestateofCalifornia
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THETOPSFRAMEWORK

TOPSisamodelingframeworkthat
providescapabilitiesforautomatedingestion
andprocessingofheterogeneousdatasources
foruseinmodelingecosystemprocessesand
estimatinglandsurfaceconditionsinnearreal
timeNemanietal2003a2008 TOPS

currentlyincludescapabilitiesforautomated
acquisitionandprocessingofdatafromorbiting
satellitesnetworksofmeteorologicalstations
hydrologicgaugingstationsandnumerous
ancillarydatasourcesFigure1Currentlya
modifiedversionoftheBIOMEBGCmodel

WhiteandNemani2004Runningetal1997
isusedtoestimatevariouswaterevaporation
transpirationstreamflowsandsoilwater
carbonnetphotosynthesisplantgrowthand
nutrient flux uptake and mineralization
processes TOPSforecastsparametersata
varietyofspatialscalesfromglobalnetprimary
productivityNPPanomaliesat05x05
degreeresolutionNemanietal2003btolocal
estimatesofecosystemparametersatresolutions
asfineas250m Ateachspatialresolution
TOPSusesdifferentsourcesofsatellitedata

Moderate Resolution Imaging
SpectroradiometerMODIStoIkonosand
meteorologicaldatasingleweatherstationto
globalatmosphericmodeloutputs

UsingTOPSscientistsatNASAAmes
Research Center currently produce a

comprehensivesuiteofoverthirtyvariables
describinglandsurfaceconditions These

productsaregenerateddailyforCaliforniaata
spatialresolutionof1kminbothnowcastand
forecastmodestofacilitatenearrealtime

monitoringofecosystemconditionsFigure2
Productsincludesatellitelandcoversnow
coversurfacetemperaturevegetationdensity
vegetation productivity surface weather

maxmin temperatures humidity solar

radiationandrainfallandmodeledfluxessoil
moisture vegetation stress TOPS also

maintainsanextensivehistoricalrecordof

observationsforCaliforniaandthewesternUS

includingclimatedatathatextendfrom1950
onwardsandremotesensingdatathatextend
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fromthebeginningoftheNOAAAdvanced
VeryHighResolutionRadiometerAVHRR
satellitedatain1982tothepresentThisdata
recordallowsTOPStocalculatehistorical

averagesforallproductstoidentifyandtrack
anomaliesinclimateandecosystemparameters

APPLICATIONSOFTOPSFORMODELING

MOSQUITOABUNDANCEANDVIRUS
TRANSMISSIONRISK

Manyofthedataproductsgeneratedby
TOPSforCaliforniaarepotentiallyimportant
inputstomodelsofmosquitoabundanceand
virus transmission risk For example
temperaturedirectlyaffectslarvaldevelopment
ratesofadultsurvivalandtherateofvirus
amplificationforWestNilevirusReisenetal
2006 Surfacewaterisrequiredformosquito
reproductionandthetimingandextentof
surfacewateravailabilitydirectlyinfluences
ratesofmosquitoreproduction Surfacewater

availabilityandsoilmoisturelevelsalsoaffect
ecosystemdynamicsprimaryproductivityand
birdpopulationdynamicsandthusmayalso
indirectlyaffectratesofarboviralinfectionin
avianhosts Measuresofvegetationcondition
mayassistinidentifyingpotentialhabitatfor
somemosquitospeciesandindiscriminating
betweenhighandlowriskareasforvirus
transmission Barkerandcolleaguesinthese
proceedingsdescribethesuccessofinitial
modelingeffortswhichincorporateTOPSdata
onmaximumandminimumtemperatureand
theyhaveappliedtheinitialmodeltosupport
mappingofestimatedvirustransmissionriskby
countyatasemimonthlytimestepOurcurrent
researcheffortisfocusedonextendingthese
initial results to incorporate estimates of

vegetationconditionsoilmoistureandthe
timingofsnowmeltinCaliforniawatersheds
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Figure1AnoverviewoftheTerrestrialObservationandPredictionSystemTOPSframeworkTOPS
providescapabilitiesforautomatedretrievalandprocessingofobservationsfromsatellitesaircraft
groundbasednetworksandancillarydatasuchassoiltexturemapsanddigitalelevationmapsUsing
theJavaDistributedApplicationFrameworkthesedatasourcesareingestedbyasuiteofecosystem
modelswhichinturncanbedrivenbyweatherandclimateforecaststoestimatelandsurfaceconditions
relatedtopublichealthandvectorbornediseaseagriculturalwaterdemandecosystemproductivityand
otherapplications
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Figure2ExamplesoftheTOPSCaliforniadataproductswhichincludemeasuresofmeteorological
conditionsvegetationconditionssnowextentsoilmoistureandgrossprimaryproductivity These

productsarebeingproducedbyTOPSonadailytoweeklybasisforCaliforniaataspatialresolutionof
lkmandcurrentlybeingusedinresearchonthedevelopmentofnewmodelsforforecastingmosquito
abundanceandvirustransmissionrisk
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WestNilevirusFamilyFlaviviridae
genusFlavivirusWNVhasnowtransitioned
fromaninvadingtoanendemicarbovirusand
mostlikelywillremainapublicveterinaryand
wildlifehealthprobleminCaliforniaforyearsto
come Inaccordanceourresearchhasbeen
redirectedtowardsunderstandingconditionsthat
triggerandenableenzooticvernalamplification
andsubsequentsummeroutbreaksespecially
climatevariationandpasserineseroprevalence
orherdimmunity Howeverotheroften
unanticipatedfactorsalsomaycomeintoplay
suchasthose observedduringthe2007
BakersfieldKernCountyoutbreakHerehigh
herdimmunityincriticalavianhostsattheend
ofthepreviousseasonandaverydrywinterled
ustobelievethat2007wouldbeayearwith
minimal WNV activity however several

unforeseenfactorscombinedtoproducethe
largestencephalitisoutbreakdocumentedin
Bakersfieldsincethe1952WEEVepidemic
ReevesandHammon1962 1peridomestic
water sourcesinthe formofabandoned

swimmingpoolswerecreatedathomesin
foreclosureduringtothecollapseofthehousing
marketleadingtoextensivenewdomesticurban
mosquito Culex pipiens L and Cx

quinquefasciatusSayproductionsites2above
normal spring temperatures led to early
amplificationofWNVinurbanmosquito
populations3adeclineintheHouseFinch
populationledtoamarkedincreaseinHouse
Sparrowpopulationsand4anoverallreduction
inbirdabundancemayhaveledtoanincreased
numberofbloodmealsbeingtakenfrom

WilliamKReisen
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alternatehostsincludinghumansthereby
enhancing tangential transmission These

factors coalesced by early June into an

unexpectedoutbreak
Other epidemiological factors were

investigatedVectorsusceptibilitytoinfection
variedmarkedlyovertimeandspaceandamong
differentspeciesofCulexbutseemedatbestto
playaminorroleininfectionratesand
outbreaksinCaliforniaWealsowerenotable

toascribechangesinvectorcompetenceto
overridingecologicalfactorssuchaclimate
perhapsindicatingthatourmeasuresofvector
competencewerenotpreciseenoughtodetect
theimpactofextrinsicfactorsHerdimmunity
among peridomestic passerines especially
HouseFinchesandHouseSparrowsseemedto
beacriticalfactoraffectingtheslopeandheight
ofthevernalamplificationcurveandtherateof
subsidenceinlatesummer earlyfallWhatis
notunderstoodisthelevelofherdimmunity
withincriticalavianhostpopulationsthatis
necessarytoarresttransmission Ourdata

seemedtoindicatethatindiversifiednatural

ecosystemssuchastheStoneLakesRefugethis
critical level ofherd immunity may be

considerablylowerca10 thaninsimplified
urbanenvironmentssuchasLosAngelesca25

30 wheremostbloodmealsprobablycome
fromcompetenthosts Seroprevalenceashigh
as20inHouseFinchesinBakersfielddidnot

limitamplificationduring2007Similarlyithas
beendifficulttounderstandtheimpactof
depopulationofimportantamplificationhosts
suchasAmericanCrowsorWesternScrubjays
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onvirusdynamics Detailedanalysesindicate
thatbothspecieswereathighriskofdeclinebut
Californiapopulationsseemlessaffectedand
rebounded more rapidly than observed

elsewhereCaffreyetal2003Caffreyetal
2005Ladeauetal2007

WNVisnowendemicinCaliforniaand

muchoftheNewWorldandgeneticchangesare
anticipatedasWNVadaptstodifferentclimate
patternsandvectorhosttransmissioncycles
AlreadytheinvadingNY99hasbeenreplaced
byanewNorthAmericanstrainDavisetal
2005thatapparentlyiscapableofmorerapid
disseminationandtransmissionbyCxpipiens
Krameretal2008whileretainingitsvirulence
forbirdsBraultetal2007Toattenuatethis
virulenceandmaintainfitnesstherewillhaveto

beanincreasedsusceptibilityintheprimary
Culexvectorsaparameterthathasnotchanged
noticeablyinCaliforniasincetheinvasionof
WNVin2003 Outbreaksmostlikelywill
continue tobe urban or periurban and

associatedwithabovenormaltemperature
loweredavianherdimmunityandelevated
infection in Cx pipiens and Cx

quinquefasciatusInordertoplanforeffective
interventiontheCaliforniaStateMosquito
borneVirusSurveillanceandResponsePlan
Kramer2007willneedtobealteredtoplace
sharedemphasisonforecastsandaswellasthe
currentnowcastsBecauseofthespeedofdata
collection specimentesting andreporting
nowcastsbasedonsurveillanceparametersare
alwaysunavoidablyoffsetintime

UnfortunatelyWNVisnottheonly
mosquitobornevirusofpublichealthimportance
inCaliforniaalthoughthecomparativehealth
importanceoftheStLouisencephalitisSLEV
andwesternequineencephalomyelitisWEEV
virusesseemminimalcomparedtoWNV
SLEVhasnotbeendetectedsincethearrivalof

WNVin2003andseemstoremaindisplacedby
crossprotectiveimmunitytoWNVinbirds
FangandReisen2006Whatisnotunderstood
iswhatlevelofWNVtransmissionandherd

immunityinbirdsarenecessarytopermitthis
virustobecomereestablished Historically
CaliforniastrainsofSLEVmaintainedbyhighly
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susceptibleCxtarsalisCoquilletthavebeen
somewhatattenuatedBowenetal 1980
comparedwiththosefromtheEasternUS
transmittedbyCxpipiensquinquefasciatusbut
thatmaynotbethecaseinthefutureWEEV
remainsactivebeingtransmittedenzootically
withinthe Cx tarsalisbirdcyclewithout
spreadingtotheAedesrabbitcycleHardy
1987ortohumans WEEVhasremained

phenotypicallysimilarinitsabilitytoinfectCx
tarsalisandpasserinebirdssoitmaybethat
other epidemiological factors or mosquito
controlhaveconstrainedamplification

Withseverallargeshippingandairports
extensivegroundtrafficandcommercewith
Mexicoextensivetourismandtravelamild
climateandvariedlandscapessupportinga
diversemosquitoandanimalfaunaCalifornia
wouldseemhighlysusceptibleforinvasionby
new mosquitoes and the pathogens they
transmit AedesalbopictusSkusehasbeen
introducedonseveraloccasionsLinthicumet
al2003Madonetal2002buthasbeen
eradicatedbyvigilantmosquitocontroldistricts
AedesaegyptiL hasbecomeendemicin

neighboringArizonaandisathreattoinvade
CaliforniaBothspecieshavebeenresponsible
fortransmissionduring the ongoingand
widespread Chikungunya virus epidemic
PowersandLogue2007andviremictravelers
havebeendetectedintheUSLanciottietal
2007 JapaneseencephalitisvirusJEVhas
been expanding its distribution in Asia

Mackenzieetal20012002andeasilycould
reachCaliforniawherelocalmosquitoesand
birdshavebeenfoundtobecompetenthosts
Hammonetal1951ReevesandHammon
1946Othervirusesthathavebeenconsidered
include Rift Valley fever from Africa
Venezuelanequineencephalomyelitisfromthe
NeotropicsandRossRiverandBarmahForrest
fromAustraliaCurrentsurveillanceprograms
focusonthesensitivehighthroughputdetection
oftheendemicvirusesandneedtobeexpanded
todetectnewlyemergingorinvadingviruses
Recentattemptsatprovidingthiscoveragehave
incorporatedVerocellculturebutresearchinto
newtechnologysuchasLuminexwouldseem
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warranted In addition the risk for

establishment should be investigated by
evaluatingthevectorcompetenceofCalifornias
mosquitoes for these potentially invading
viruses Therapidandextensivedispersalof
WNVthroughouttheUSandCaliforniahas
demonstratedtheeasewithwhichaninvading
virus can spreadas well as shownthe

devastating impact Holloway 2000 on

mosquitocontrolandhealthresourcesaswellas
humanveterinaryandwildlifehealth
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RespondingtoWestNileVirusinSantaClaraCounty

NoorSTietzeTimMulliganRussParmanandNayerZahiri

SantaClaraCountyVectorControlDistrict

1555BergerDriveSanJoseCA95112

ABSTRACTTheSantaClaraCountyVector
ControlDistrictdevelopedaprogramtodetect
andoperationallyrespondtoWestNilevirus
fociduringthepast34years TheWNV

surveillanceprogramwasconfiguredtoprovide
anefficientmonitoringsystemandtriggerfor
communitybasedalertsmeetingsandsmall
scale truckbased mosquito adulticide

applicationsDuringthelastthreeyears1347
samplesconsistingofbirdsmosquitoesand
squirrelswererecoveredfrom16municipalities
andtheunincorporatedregionsofSantaClara
Countyandresultedin538positivedetections
forWNVMosquitotrappingwasmodifiedto
biasedtrapplacementaroundpositivebirdand
squirreldetectionsitesDuringtheyears2005
2006and2007aGISbasedprocessof
identifyingWNVfociwasdevelopedandfoci
weredesignatedontwothreeandsixoccasions
eachyearrespectively Thefocusareas

averaged275miandtotaled247miduring
thethreeyearinterval

INTRODUCTION

In 1999 WestNile virus Family
FlaviviridaegenusFlavivirusWNVwasfirst
detectedintheUnitedStatesinNewYorkCity
andonlyfiveyearslateritwasfoundinSanta
ClaraCountyinAmericanCrowsCorvus
brachyrhynchos Western Scrub Jays
Aphelocomacoerulescensandvariouslocal
hawkspecies InCaliforniaWNVwasfirst
detectedin2003insouthernCaliforniaReisen
etal2004andduringthenextfouryears
spreadthroughoutthestateTherehavebeen14
humancasesofWNVinSantaClaraCounty
duringthelastthreeyears
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SantaClaraCountyislocatedsouthof
theSanFranciscoBayandisrepresentedbya
varietyofbiomesincludinggrasslandtotheeast
wetlandsoftheSanFranciscoBayandtheoak
woodlandsoftheDiabloRangeandredwoodsof
theSantaCruzMountainsThecountyishome
to168millionresidentslivingin1304mi
primarilyinsuburbanneighborhoodslocatedin
CampbellCupertinoGilroyLosAltosLos
AltosHillsLosGatosMilpitasMonteSereno
MorganHillPaloAltoandSanJoseSanta
ClaraSaratogaandSunnyvale

TheSantaClaraCountyVectorControl
DistrictSCCVCDwascreatedtoprovide
mosquitocontroltocountyresidentsandprotect
themfromvectorbornediseasesTheDistricts

WNVResponsePlanencompasseddisease
surveillancepublicoutreachandeducationand
ofcourselarvalandadultmosquitosurveillance
andsuppressionprograms An important
elementoftheplanwasaccurateandtimely
designationofWNVfocitohelpguidedistrict
effortsduringtheseepidemics Thresholds

wereneededtoidentifywhenandwhere
intensifiedlarvalmosquitomonitoringand
controlshouldbeimplementedaswellas
targetingpublicoutreachasWNVfociwere
delineated

ThisreportsummarizestheSCCVCD
WNVsurveillanceactivitiesduringtheyears
2005through2007andexplainsthedecision
makingprocessadoptedfordesignatingWNV
foci Settingclearthresholdsarebelievedto
improve the Districts response time in

providingdiseasesuppressionandmosquito
controlservicesparticularlywhenextensive
publicoutreachisprerequisitetofogging
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MATERIALSANDMETHODS

TheSCCVCDadoptedaprocedureto
respondtothepresenceofWNVbasedon
positivedetections in birds squirrels and

mosquitoes During2007weeklyGISbased
checkswereconductedforlocationsmeetingor
exceedinga20positivedetectionspersquare
milethresholdourthresholdfordesignatinga
WNVhighriskzone UnliketheDeadCrow

DensityModelpresentedbyEidsonetal2005
thatrecommendedathresholdvalueof01

positivedeadcrowspersquaremileofcountyin
NewYorktheSCCVCDassesseddeadbird
densityonasmallergeographicscale This

systemalsodifferedfromthatoftheCalifornia
DynamicContinuousAreaSpaceTimeie
DYCASTmodeldevelopedbyCenterfor
AdvancedResearchofSpatialInformationat
HunterCollegeCityUniversityofNewYork
whichbasedresultsonallbirdreportsie
positivenegativeoruntesteddeadbirdsas
opposedtoonlypositivedetectionsThehigh
riskzonesweretargetedforintensifiedlarval
surveillanceandcontrolandadultmosquito
surveillanceandWNVtesting Subsequent
detectionofWNVpositivemosquitoeswere
usedasatriggertodesignateWNVfociprepare
for community meetings and mosquito
adulticidingevents

InhouselaboratoryassaysforWNV
using the VecTest WNV antigen assay

MicrogenicsCorpFremontCAprovided
earlydetectionincrowsandjayswhilethe
RAMP WNV test Response Biomedical

CorpBurnabyBCwasutilizedforrapid
assessmentinadultmosquitoesWhilethese
techniquesofferedpoorersensitivitythanthatof
PCRthehighviremiaincrowsresultingfrom
acuteinfectionKomaretal2003andReisenet
al2005waseasilydetectedusingVecTest
andtheRAMPtestwasfoundtobeproficientat
detectingWNVinmosquitoesataminimal
concentrationof4log10PFUmLWilliam
Reisenperscomm
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DeadBirdSquirrelProgram

Deadbirdreportswerereceiveddirectly
fromthepublicorsometimesviaCalifornia
DepartmentofPublicHealthVectorBome
DiseaseServicesVBDSDeadBirdHotline
Thisconsistedofdispatchingthesereportsto
fieldtechnicianstorecoverandtestinhouseor

packageandshipoutfornecropsyatCalifornia
AnimalHealthandFoodSafetyLaboratory
CAHFSandsubsequentWNVtestingby
VBDS During2005allbirdspecieswere
consideredforrecoveryandtestingwhereasin
2006and2007theprogramwasstreamlinedto
theCorvidaeandraptorsVBDSimplemented
squirreltestingin2006 Inhousetestingof
corvidswasconductedinabiosafetycabinet
NuAirIncPlymouthMNwherethebirds
were orally swabbed using Dacrontipped
disposableswabsandprocessedaccordingto
VecTestinstructionsWesternScrubJaysA
coerulescensweretestedusingtheVecTest
andwhenfoundnegativewerealsosubmitted
forconfirmationtoCAHFSfornecropsyand
subsequenttestingatVBDS Infectedand

uninfecteddeadcrowswerestoredinalarge
freezer 4 F and eventually incinerated

KoefranIncSacramentoCA Testdata

includingresultswererecordedonfilecardsand
laterenteredintoacomputerdatabase

MosquitoSurveillance

Fromthe 2005 through 2007 the

SCCVCDimplementedintensifiedmosquito
surveysatsentinelWNVsitesiepositive
birdsquirreldetectionsitesasrecommendedby
GuandNovak2004Thelatterstudyfound
thatgiventhespatialandtemporalvariabilityof
infectedmosquitoesinthefieldagenciesshould
targetsentinelsiteswithintensifiedsampling
toeffectivelydoubletheprobabilityofdetection
Thisbiasedsamplingsystemfacilitatedthe
recoveryofpositivemosquitoesdetectedusing
theRAMPWNVtestwhichsubsequently
formedthedecisivetriggerforimplementing
adultmosquitocontroloperationsDuring2005
through2006atleasttwopositivemosquito
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detectionsweredeemednecessarytotrigger
adultmosquitocontrolwhereasin2007that
thresholdwasreducedtoonepositivemosquito
detection

Mosquitosurveyswereconductedusing
fabricatedcarbondioxidebaitedtrapsdesigned
byOrangeCountyVCDBobCummingspers
comaswellascommerciallyavailableEVS
trapsBioQuipProductsRanchDomingeuz
CACarbondioxidebaitwassuppliedasabout
fivepounds2kgofblockorpelletizeddryice
AirProductsSanCarlosCAplacedinmetal
orplasticonegallonpaintbucketshungabove
thetrapMosquitotrapswereplacedproximalto
recentWNVpositivedetectionsinbirdsand
squirrels

Trapswereplacedduringtheafternoon
andrecoveredonthefollowingmorningAdult
mosquitoes were euthanized using triethyl
aminesortedunderadissectingmicroscope
and prepared for RAMP WNV testing
Mosquitosampleswerehomogenizedusinga
vortexforoneminuteandcentrifugedforfive
minutes TheRAMPWNVresultswere

assessedabout90minutesafterpreparationof
thesamplesSampledatawereenteredintoan
Approachdatabasesystemcapturingfields
geographic coordinates date species and

numberandtestresults

DataProcessingandGeographic
InformationSystem

UponreceivingtestresultsforWNV
inhouseoroutsourcedmosquitobirdand
squirreldatawereenteredintoadatabasesystem
includingaddressorgeographiccoordinates
animaltesteddateofcollectionandresultsThe
datawereexportedtogeographicinformation
systemGISArcGIS92ESRIRedlandsCA
forassessmentofWNVrisklevelprintingof
publicoutreachmapswebsitestaffwork
assignments andultimatelydesignationof
adulticideapplicationzones

Eachnewpositivebirddetectionwas
addressmatched using the ArcGIS 92

StreetmapUSAESRIRedlandsCAaddress
locatorBylabelingweekofcollectionpositive
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detectionswereassessedtodetermineifthere

weremorethantwopositivespersquaremile
duringthelast3weeks TheESRImodule

SpatialAnalystwasusedtocalculatepositive
detection density Population FieldNone

DensityTypeKernelSearchRadius0016
milesOutputCellSize000187

Positivedeadbirddensitywasalso
calculated retrospectively within each

designatedfocusbyselectingpositivedetections
andchartingcumulativedensityoverweekof
theyearFocussiteareawascalculatedusingan
ESRIcompatibleacreagetoolBennettand
PetersInc

WNVFocusDelineation

Fociweredelineatedbasedonacentral

pointorpointsconsistingofWNVpositive
mosquitodetectionsAcircleformedfroma
075mileradiuswasplottedusingBufferfeature
ESRIAshapefilewascreatedmanuallybased
onapolygonlayoutviewedalongwithastreet
shapefile Theedgesofthesprayzonewere
modifiedtoencompassallresidentialparcels
withinthe075mileradiuswhiletakinginto
account major roads and logistical
considerationsforthesprayrouteOncethe
focuspolygonwascompletedparcelswithinthe
latterpolygonwereselectedbylocationand
theselectedparceltablewasexportedto
generateasiteaddressmailinglabellistaswell
asalookuptablesavedasadbffilefor
referenceduringtheupcoming community
meetingAdulticideapplicationstatisticswere
calculatedbasedona300footswathbufferby
usingArcGisbufferfeaturebyspecifying150ft
buffersizefieldforallstreetsegmentswithin
thefocusarea Usingthestreetbufferarea
valuepesticidevolumetimeneededtospray
andnumberofspraytruckscouldbecalculated

CommunityMeetings

Aspartoftheprocedurecommunity
meetingswereheldtoassistresidentswith
questionsregarding1publichealthconcernsof
WNV2questionsaboutpesticidesor3
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otheraspectsofouroperation During2005
through2006communitymeetingswereheldat
community centers or school gymnasiums
withinornearthedelineatedzonewhereshort
presentationsweregivenontheabovetopics
followedbyquestionsdirectedfromthepublic
Thisapproachwaslatermodifiedtoanopen
housemeetingformatwhereresidentscould
select among several booths where

questionsdiscussionswereheldontheabove
topics

RESULTSANDDISCUSSION

ThisSCCVCDsurveillanceprogram
recovered168649and577specimensforWNV
testingduring20052006and2007respectively
Table1Althoughatotalof42specieswere
sampledAmericancrowandthetwomosquito
speciesCulexpipiensLandCulextarsalis
Coquillettcomprisedthebulkofthesamples
Table1Duringthattimetherewere28WNV
positivemosquitoes496positivebirdseight
positivesquirrelstwopositivehorsesand14
humancases

During2005to2007inSantaClara
Countytherewere11WNVfociadulticiding
zonesidentifiedbythe DistrictsDisease

SurveillanceProgramTable2 Thefoci

encompassedportionsofSanJoseSaratoga
CampbellLosGatosandCupertinoFociwere
identifiedbetweenJuly7andSeptember1Sand
shiftedfromsouthSanJosein2005northwestto

CampbellwestSanJoseSaratogain2006and
SaratogaCupertinoLos Gatos in 2007

ExcludingtheJuly132007adulticidingzone
thatresultedinequipmentfailurethefocivaried
from16to45miwithanaverageof251mi
Anaverage of5067 parcels existed per

focusadulticiding zone Maintaining an

operationallyoptimalareawasimportantsince
ourmissionwastocompleteadultmosquito
controlwithineachareaduringasinglenight

Response time for adult mosquito
suppressionindesignatedWNVfociimproved
duringthethreeyearperiodfromanaverageof
28daysin2005to66in2007Amajorfactor
indeterminingresponsetimewasthescheduling
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andconductofcommunitymeetings Inone

casein2006theneedforacommunitymeeting
waswaivedandadultmosquitotreatmentswere
conductedonedayafterdetectingthepositive
mosquitoesChangingtheoperationalthreshold
fromtwopositivemosquitodetectionstooneas
atriggerfordesignatingWNVfociallowedfor
earlierfocusdelineationbutsubsequentpositive
mosquito finds caused shifting andor

overlappingfocusdelineations Asaresult

certainareaswereadulticideduptothreetimes
duringthecourseoftheseasonTheoperational
consequencestoloweringthistriggerthusneeds
tobeweighedagainstresponsetimeacritical
factorinmosquitobornediseaseprevention

AsreportedbytheSantaClaraCounty
PublicHealthhumanonsetdatesforWNV
casesresidinginthecountywereonweeks34
37392xand40in2005282x30and31in
2006and272835and38in2007Thusonset
datesbetween2005and2006weresignificantly
P005differentwhereastherewereno
significantdifferencesbetweenweekofonset
whencomparing2005and2007or2006and
2007Itisassumedthatcertainnumberofthe

humancasesacquiredWNVoutsidetheCounty
potentiallythoseearlyonsetdatesonweeks27
and28whenthevirushasmuchgreateractivity
inthe warmer Central Valley region of

California Theoverallaveragehumanonset
dateforSantaClaraCountybasedonthepast
threeyearswasweek328orthesecondweekof
August

Theretrospectiveanalysisofcumulative
deadbirdsquirreldensitywithinfociyielded
positiveresultssupportingtheadoptedhigh
riskzoneidentificationprocedureIn2005the
20densitythresholdwasexceededatbothfoci
onweek30Figure1in2006itwasexceeded
onweeks26and31Figure2andduring2007
itwasweek2830and33Figure3These
datesindicatetheinceptionpointsforhighrisk
zonedesignationsandvalidatedoperational
targetingtheseareaspriortotheestablishment
ofWNVfociHumanonsetdatesoccurredfour

toeightweeksafterhighriskzonethresholds
weremetin2005butonlythreetosixweeks
afterthethresholdwasfirstmetin2006andzero
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to11weekslaterin2007 Inspiteofthese and St Louis encephalitis virus

variationsinhumanonsetdatesthe20positive transmissionJMedEntomol42367

detectionspersquaremilethresholdisbelieved 375

tobeusefultoolinourdecisionmatrixwhenit

comestogearingupformosquitocontrolat
specificlocationsinthecounty Anoptimal
responsewouldbetoconductadultmosquito
suppressionatleastoneweekpriortoany
potentialhumanonsetwhichoccurredabout
83oftimeinthelastthreeyears
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Table1ListofSampledorganismsprocessedbySantaClaraCounty
VectorControlDistrictduring2005through2007

SpeciesSampled 2005 2006 2007

AedesSquamiger 0 1 0
Americancrow 118 355 206
Americankestrel 0 1 0
Americanrobin 0 1 1

Annashummingbird 0 0 1

Barnowl 1 2 2

Brewersblackbird 1 1 0

BrownheadedCowbh1 0 0 1

Californiatowhee 0 1 0

Cedarwaxwing 0 1 0
Commonraven 0 6 5

Coopershawk 1 17 13

Culexpipiens 4 100 166

Culextarsalis 4 65 99

Easterngrayaquirrel 0 1 23

Horse 1 0 0

Housefinch 0 1 0

Housesparrow 1 0 0

Lessergoldfinch 1 0 0

Mockingbird 0 0 1

Northernflicker 0 0 1

Northernharrier 0 0 1

Nuttairswoodpecker 0 1 0

Oaktitmouse 0 0 1

Owl 0 2 0
Quail 1 0 0

Redfoxsquirrel 0 10 6

Redshoulderedhawk 0 3 0

Redtailedhawk 0 1 4

Redwingblackbird 0 1 0

Screechowl 1 0 0

Sharpshinnedhawk 0 1 2

Sparrow 0 1 0

Squirrel 0 7 13

StellersJay 0 6 2

Swainsuresthrush 0 0 1

Variedthrush 0 0 1

Westerngraysquirrel 0 0 2

Westernscrubjay 17 61 25

Yelllowrumpedwarbler 0 1 0

Yellawbilledmagpie 1 0 0

Zebrafinch 1 0 0

Total 158 649 577
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TabletWestNileVirusFocimosquitoadulticidetreatmentzonesinSantaClaraCounty2005through2007Applicationswere
truckbasedsynergizedpyrethrinPyrenone255appliedatarateof00025lbsacre

Year Municipality PositiveMosquito FocusSize Response NumberofCommunity

Triggerdate DateAdulticided m1 Timedays Parcels MeetingHeld
2005 SanJoseMiaCircle 8305 9105 16 29 2916 yes

2005 SanJoseLaColinaPark 8505 9105 17 27 3883 yes

2006 WestSanJoseSaratoga 62706 7706 30 10 6411 yes

2006 CampbellSanJose 8406 81406 31 10 6798 yes

2006 Saratoga 82206 82306 45 1 5637 no

2007 SanJose 71307 72707 05 14 1178 yes

2007 CampbellSanJose 71907 8107 25 13 6045 yes

LosGatos

2007 SanJoseLosGatos 72507 8107 13 7 2741 yes

2007 SanJoseLosGatos 8307 81307 21 10 4415 yes

2007 SanJoseCampbell 81507 82207 32 7 5642 yes

SaratogaCupertino

2007 CampbellSanJose 82407 82707 21 3 6178 yes

SaratogaCupertino

During20052006twopositivemosquitosamplestriggeredfoggingeventsin2007thiswaschangedtoonepositivesample
2Sprayequipmentfailure

Proc PapersMosqVectorControlAssocCalifVol76

104



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

18

16

14

z12
D

0
10

W

F 8

N
0
d

z

SanJoseMiaCirle9105

SanJoseLaColinaPark9105

1 1

11
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

WEEKOFTHEYEARIN2005

Figure1CumulativedensityofWNWpositivedeadbirdsbydesignatedfocusin2005Arrowsindicatehumancaseonsetdates
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Figure2Cumulativedensityof NVpositivedetectionsbydesignatedfocusin2006Arrowsindicate
Humancaseonsetdates
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SurveillanceforMosquitoborneEncephalitisVirusActivityinCalifornia2007

TinaFeiszliStanHustedBborieParkBruceEldridgeYingFangWilliamKReisenCynthiaJean
CindiCossenRyanCarneyErinParkerClaudiaEricksonAlanaMcQuarryandVickiKramer

1 CaliforniaDepartmentPublicHealth1616CapitalAveSacramentoCA95899
2UCDavisCenterforVectorborneDiseasesUniversityofCaliforniaDavisCA95616
3CaliforniaDepartmentofFoodandAgricultureSacramentoCA95814

TheCaliforniaArbovirusSurveillance

programisacooperativeeffortoftheCalifornia
DepartmentofPublicHealthCDPHthe
UniversityofCaliforniaatDavisCenterfor
VectorborneDiseasesCVECtheMosquito
andVectorControlAssociationofCalifornia

MVCAClocalmosquitoabatementandvector
controlagenciescountyandlocalpublichealth
departmentsandphysiciansandveterinarians
throughoutCaliforniaAdditionallocalstate
andfederalagenciescollaborateduponand
contributedtotheWestNilevirusFamily
Flaviviridae genus FlavivirusWNV
component of the arbovirus surveillance

program

In2007thesurveillanceprogram
elementsincludedthefollowing

Diagnostictestingofspecimensfrom
humanpatientsexhibitingsymptomsof
encephalitisasepticmeningitisacute
flaccidparalysisorwithunexplained
febrileillnessofmorethansevendays

2Diagnostictestingofspecimensfrom
horsesexhibitingclinicalsignsof
viralneurologicdiseasecompatiblewith
westernequineencephalomyelitisvirus
FamilyTogoviridaegenusAlphavirus
WEEVWNVandotherarbovirusesas
appropriate
Monitoringandtestingofmosquitoes
forthepresenceofStLouisencephalitis
virusFamilyFlaviviridaegenus
FlavivirusSLEVWEEVandWNV
testingforotherarbovirusesas
appropriate

4Serologicalmonitoringofsentinel
chickensforSLEWEEandWNV
antibodies

1

3

108

Surveillanceanddiagnostictestingof
treesquirrelsanddeadbirdsespecially
crowsandotherbirdsinthefamily
CorvidaeforinfectionwithWNV

6WeeklyreportingintheCDPH
ArbovirusSurveillanceBulletinof
arbovirustestresultsinCaliforniaand

arbovirusactivitythroughouttheUnited
States
BiweeklypostingofWNVinformation
includingtestresultsreportsmapsand
publiceducationmaterialsonthe
CaliforniaWNVwebsite

wwwwestnilecagov
8Identifyingreporteddeadbirdclusters

usingtheWNVDynamicContinuous
AreaSpaceTimeDYCASTmodelto
identifyareasofpeakWNVactivity
Datamanagementandreportingthrough
theCaliforniaSurveillanceGatewaya
webapplicationusedbylocalagencies
CDPHCVECandVRDL

AsummaryofWestNilevirussurveillance
elementsbycountyisinTable1

5

7

9

HUMANDISEASESURVEILLANCE

Aregionalpublichealthlaboratory
networkwasimplementedin2002toenhance
humanWNVtestingandsurveillanceeffortsin
CaliforniaThelaboratorynetworkconsistsof
the CDPH Viral and Rickettsial Disease

LaboratoryVRDLand29localcountypublic
healthlaboratoriesthatarealsoabletoperform
WNVtestingLocallaboratoriestestforWNV
usinganIgMorIgGimmunofluorescentassay
IFAandoranIgMenzymeimmunoassay
EIASpecimenswithinconclusiveresultsare
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forwardedtoVRDLforfurthertestingor
confirmation with a plaque reduction

neutralizationtestPRNTAdditionalWNV
infections are identified through testing
performedatreferencelaboratoriesorblood
donationcenters

In 2007 specimens from 1333
individualsweretestedforWNVinfectionat
VRDL Additionallyover1000specimens
weretestedatlocalpublichealthlaboratories
TheearliestWNVsymptomonsetdatereported
in2007wasfora27yearoldfemalefromKern
Countywhodevelopedsymptomscompatible
withWestNilefeverWNFonApril15In
total 380 human WNV infections were

identifiedamongtheresidentsof30countiesin
CaliforniaTable1 Figure1a37increase
fromthe278casesreportedin2006 Ofthe

380WNVcases22058 wereclassifiedas

WestNilefever15641 wereneuroinvasive

diseaseieencephalitismeningitisoracute
flaccidparalysisandfour1 wereof

unknownclinicalpresentationThemedianage
forallcasesfromwhomdatawereavailablewas

55yearsrange296yearsand21156 were

maleThemedianageforWestNilefeverand
neuroinvasivecaseswas49range286and61
yearsrange 896yearsrespectivelyThe
medianageofthe20WNVassociatedfatalities
was75yearsrange5096years

EQUINESURVEILLANCE

Serumorbraintissuespecimensfrom
352horsesdisplayingneurologicalsignswere
submittedtotheCaliforniaAnimalHealth

SafetyLaboratoryCAHFSandCVECfor
arboviraltestingWNVinfectionwasdetectedin
28horsesfrom14countiesTable1Priorto
onsettwohorseswerecurrentlyvaccinatedwith
theWNVvaccinethreehadnotcompletedthe
recommendedvaccinedosagescheduleand20
wereunvaccinatedvaccinationhistorywas
unknownforthreehorsesFourteen50 of

thehorsesdiedorwereeuthanatizedasaresult
oftheirinfection
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ADULTMOSQUITOSURVEILLANCE

FromApriltoNovemberstatewide
adult mosquito abundance was monitored

weeklyby44localagenciesfrom33counties
whichcontributedtrapcollectiondatatothe
CDPH weekly adult mosquito occurrence

reportsAMORLocalagenciessubmitted
mosquitodatafromNewJerseylighttrap
collections35agenciescarbondioxidebaited
trapcollections33agenciesandgravidtrap
collections18agenciesTheweeklyAMOR
reportsandtheaccompanying5yearAMOR
summarieswereusedbyagenciestocompare
mosquitoabundancewithneighboringdistricts
measuretheeffectivenessoftheirlarvalcontrol

programs help identifyunknownbreeding
sourcesandestablishthresholdsaspartofthe
stateresponseplan

Fiftyone agencies in 41 counties

collectedatotalof704348mosquitoes23870
pools whichweretestedbyarealtime
polymerasechainreactiontestRTPCRfor
SLEVWEEVandWNVviralRNATable2
atCVECandtheSacramentoYoloMosquito
andVectorControlDistrictAnadditional

100965mosquitoes4214poolsweretested
foronlyWNVbyeightlocalagenciesusing
eitherRTPCRoracommercialrapidassay
RAMPCI Rapid Analyte Measurement

PlatformResponseBiomedicalCorp
WestNileviruswasdetectedin1003of

28084mosquitopoolsfrom30countiesTable
1 Figure2821werepositivebyRTPCR
and182werepositivebyRAMPonlyWNV
wasidentifiedfromfiveCulexspeciesCx
erythrothorax Cx pipiens Cx

quinquefasciatusCxStigmatosomaandCx
tarsalis and three other species Aedes
melanimon Culisetaincidens andCuliseta

particepsTable3 Thefirstdetectionof

WNVinmosquitoesin2007wasfromapoolof
CulextarsaliscollectedonJanuary10inLos
AngelesCountyThelastdetectionofWNVin
mosquitoesin2007wasfromapoolofCx
quinquefasciatuscollectedonDecember6in
LosAngelesCounty
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WEEviruswasdetectedin16mosquito
poolsofCxtarsaliscollectedfromKern15
poolsandFresnoonepoolcountiesThefirst
andlastWEEpositivepoolswerecollectedin
KernCountyonJune19andSeptember12
respectivelySLEviruswasnotdetectedin
mosquitopoolsin2007WEEVandother
arbovirusactivityforthepast10yearsisshown
inFig3

CHICKENSEROSURVEILLANCE

Fiftytwolocalmosquitoandvector
controlagenciesin39countiesmaintained247
sentinelchickenflocksTable2FromApril
through November blood samples were

collectedfromchickenseveryotherweekand
testedforantibodiestoSLEVWNVand

WEEVusinganEIAandIFADetectionof
FlavivirusorWEEVantibodywasconfirmed
with westernblot or a plaque reduction

neutralizationtest InareaswhereSLEVhas

neverbeendocumentedflaviviruspositive
chickensfromthesameflockwhereatleasttwo

WNVconfirmedpositivechickenshadbeen
identifiedwereassumedtobeinfectedwith
WNV and confirmatory testing was not

performed
VRDLandfourlocalmosquitoand

vectorcontrolagenciestested30664chicken
serasamplesforantibodiestoSLEVWEEV
andWNVTable2 A total of510

seroconversionstoWNVweredetectedamong
117flocksfrom27countiesTable2 Figure
4In2007thefirstWNVseroconversionwas
detectedinImperialCountyonJanuary2The
lastWNVseroconversionsweredetectedon

November5fromchickenslocatedinMerced

andRiversideCounties

ThirteenWEEseroconversionswere

detectedamongnineflocksfromtwocounties
Kern10andLosAngeles3Thefirstand
lastWEEseroconversionsweredetectedinKern

CountyonJuly24andOctober15respectively
NoSLEseroconversionsweredetectedin2007

WEEVandotherarbovirusactivityforthepast
10yearsisshowninFig5
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DEADBIRDANDTREESQUIRREL
SURVEILLANCEFORWESTNILEVIRUS

Establishedin2000theWNVdeadbird
surveillanceprogramisacollaborativeprogram
betweenCDPHandover130localagenciesIn
2007theWNVHotline877WNVBIRD
operatedsevendaysaweekfrom8amto5pm
Stafffielded36164callsinEnglishandSpanish
andobtained32203reports26228through
thehotlineand5975throughthewebsite
Carcassesdeemedsuitablefortestingwere
testedatCVECbyRTPCRatCAHFSby
immunohistochemistryIHCoratoneof25
localagenciesbyIHCRAMPorVecTest
MedicalAnalysisSystemsIncCamarillo
CA In2007outof6002testedcarcasses
WNVwasdetectedin1395232 carcasses

from50counties1045byRTPCR278by
VecTest47byRAMPand25byIHCTable4

Figure6
Baseduponpublicdeadbirdreports

CDPHwasalsoabletodetectWNVactivity
usingtheDynamicContinuousAreaSpace
TimesystemDYCASTThisearlywarning
systemdevelopedincooperationwiththe
Center forAdvancedResearchofSpatial
InformationCARSIatHunterCollegeCity
UniversityofNewYorkgeneratesdailymaps
ofhigh WNV activityby analyzing the

incidenceinspaceandtimeofdeadbirdreports
Localagenciesusedthemapstohelpfocus
surveillanceandpubliceducationactivitiesand
tohelpestablishpriorityareasformosquito
controlMapsweremadeavailableonthe
CaliforniaSurveillanceGatewaywebsiteanda
realtimealertsystemwasinstitutedtoprovide
countieswithcustomreportsaboutWNV
transmission

TreesquirrelsSciurusspphavebeen
includedasaWNVsurveillanceelementsince

2004 based upon evidence they were

susceptibletoWNVmortalityandcouldprovide
informationonlocalizedWNVtransmissionIn

2007736deadtreesquirrelswerereported
throughtheWNVHotlineandsuitablecarcasses
weretestedatCVECOutof227tested
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carcassesantibodiestoWNVweredetectedin
26115 carcassesfrom10countiesTable
1 Theseincluded11foxsquirrelsSciurus
niger7easterngraysquirrelsScarolinensis
fivewesterngraysquirrelsSgriseusandthree
squirrelsofundeterminedspecies

PUBLICEDUCATIONANDREPORTS

TheFighttheBiteWNVprevention
campaignwasadoptedbyCDPHin2004from
the Colorado Department ofHealth and

Environmentandcontinuestobethemaintheme

forprevention activities In2007 CDPH

continueddistribution ofFightthe Bite

educationalmaterialsinmultiplelanguagesto
publichealthandvectorcontrolagenciesinall
58CaliforniacountiesPressreleasesmedia
advisoriesandeventswereusedextensivelyto
informthepubliconthespreadofWNV
throughoutthestateandtopromotepersonal
protectionmeasures In2007 CDPHalso

developedanddistributedthefollowingnew
WNVeducationalmaterialsa3minuteWNV

survivorinterviewDVD an18monthFight
theBitecalendarflierstoencourageresidentsto
reportdeadbirdsandtoinformresidentsabout
thepotentialdangerofmosquitobreedingin
neglectedswimmingpoolsandaninformation
packet for real estate managers on the

managementofgreenpoolsforpropertiesin
foreclosure

ThroughouttheyearCDPHpublished
weeklybulletinsreportingstatewidearbovirus
surveillancedataandnationalWNVactivity
Surveillancebulletinsweredistributedtolocal
stateandfederalpublichealthagenciesand
universities in California posted on the

California West Nile virus website

wwwwestnilecagovandontheCalifornia
VectorBorne Disease Surveillance System
httpcalsurvorgTheWNVwebsiteprovided
informationtothepubliconWNVprevention
andcontainedanonlinesubmissionformfor

reportingdeadbirdsdirectlytotheWNV
hotline Thesiteposteduptodatecounty
specificinformationonWNVactivityand
providedcomparisonsurveillancedatafrom

111

2006bothwhichwereusedextensivelybythe
media Reports educationalmaterials and

presentationswerealsomadeavailableforlocal
agencies
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TableIInfectionswithWestNilevirusinCalifornia2007

Alameda

Alpine
Amador

Butte

Calaveras

Colusa

ContraCosta

DelNorte

ElDorado

Fresno

Glenn

Humboldt

Imperial
lnyo
Kem

Kings
Lake

Lassen

LosAngeles
Madera

Marin

Mariposa
Mendocino

Merced

Modoc

Mono

Monterey
Napa
Nevada

Orange
Placer

Plumas

Riverside

Sacramento
SanBenito

San

Bernardino

SanDiego
SanFrancisco

SanJoaquin
SanLuis

Obispo
SanMateo

SantaBarbara

SantaClara

SantaCruz

Shasta

Sierra

Siskiyou
Solana

Sonoma

Stanislaus

Sutter

Tehama

Trinity
Tulare

Tuolumne

Ventura

Yolo

Yuba

19 1 0 1

0 0 0 0

1 1 0 0

27 5 32 0

3 0 0 0

4 1 2 0

28 28 5 5

0 0 0 0

7 0 0 2

114 63 46 0

36 1 8 4

2 0 0 0

0 4 17 0

1 0 0 0

140 4 124 206 82 0

7 2 9 30 22 0

0 0 3 8 2 0

0 0 2 0 0 0

36 0 164 94 27 3

2 0 6 8 4 0

0 0 4 0 0 0

0 0 0 0 0 0

2 0 3 0 0 1

4 0 34 2 11 0

0 0 1 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

1 0 2 0 0 0

0 0 5 0 0 0

9 0 43 26 0 0

4 1 16 25 13 0

0 0 1 0 0 0

17 0 6 30 44 0

25 2 142 135 19 2
0 0 0 0 0 0

4 0 26
6

35 0

15 4 108 6 1 0

0 0 1 0 0 0

10 1 46 154 24 1

0 1 9
0

0 0

0 0 2 0 0 1

0 0 1 0 0 0

4 0 83 10 0 6

0 0 6 0 0 0

9 3 48 17 7 0

0 0 0 0 0 0

0 2 4 0 0 0

1 1 3 0 7 0

1 2 19 1 0 0

21 0 130 81 35 0

3 0 1 23 17 0

4 2 20 2 8 0

0 0 1 0 0 0

10 2 38 23 27 0

0 0 1 0 0 0

1 0 15 0 1 0

2 0 25 10 4 0

0 0 1 2 10 0

0 0

0 0

0 0

16 0

0 0

2 0

3 0

0 0

0 0

17 1

7 0

0 0

3 0

0 0

Sic7
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Table2MosquitoesandsentinelchickenstestedforStLouisencephalitisSLEawesternequine
encephalomyelitisWEEandWestNileWNVvirusesCalifornia2007

Camens

Clusa

CavaCara

DetNOIR

5Daario

Fresno

r4610

Fresno

Ger

tetooklt

Meta CowmenVateiMVCD

roteena PrIerla

Merced

Merced

1103c

Mato

Mcnterer

tan3

wads

3ge

KernMCC 21210 549 152 15

SourFortMAD 0

4CDFindRaton 20674 672 54 0

WensicleMVCD 105 4 0 0

Krng CoirgetialedMAD 216 9 1 0

iCngsMAC 9333 223 Z 0

LakeCaWO 10931 250 8 0

LassenCoDeptorAgrtc 267 8 0 0

0SAngara MOMV840yMVCD 2919 55 0 0

Grialer104AMOSC0
LosAngelo 73853 2M4 89 0

VCD

26AVON irallg3301Ell 5836 189 0 0

losInges tatPagetCewattVCD 16277 422 2 0

a6Amato SalGacrtaVS42ylovca 797 2 3 0

Madera FresnoWeakMAD 48 2 0 0

mmera 143041CONW 2335 43 8 0

tam MannSworreMOO 0 0 0 0

Mart 0

0

Misce3CoMAD 2172 83 2 0

TunMAD 11122 310 a 0

CatenaDeptPratt 69 4 0 0
4ealle

0

WelsomasMAD 0

NapaCoMAO 4369 109 0 0

0

clang6Covcc 7512 253 0 0

CUMC014 18724 519 25 0

0MA

h0 he VOW

IN364101104 frosqina WEE

Agerx Usisef poistesIsel mate 0004

AarreasCoMAD 11525 331 1 I 0

AraetedsCoV6017C0082
1032 21 0 0

0 0

ArratorCoDep
145 13 1 0

Moaner
ewecomycz 1774 43 5 0

530Ci6CienC00Sin 82 8 0 0

CoenMAD 9516 203 1 0

CorreaC0413AVCD 18725 439 0 0

0

55ara3caAmor

CznIrol

CznscedatedMAD

ReamMVCD

FresnoViaticaMAC

GemCoMsCD

0

0

DemoMAD 0

14028 458 55
0

2155 49 5 0

3311 76 0 1

1244 25 1 0

0

11340 4 0
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hi0 N41 wsw

aa G1140481 4614 WEE
tam 6 maw ura an

3 21 315 0 0

0 0 0 a 0

0 0 a 0
0

0 0 0 0
0

7 77 1047 32 0

1 10 145 0 0

1 10 130 2
0

5 ea ess 0

a 0 0 a 0

a 0 0 0
0

5 64 714 34
0

2 20 933 12 0

2 21 234 0 0

1 13 120 8 0

0 0 0 0 0

3 33 21 1
0

4 20 203 16 0

0

1 10 123 4 0

4 109 1778 7
10

1 10 150 0 0

O 0 0 0 0

3 33 395 1 0

0 0 0 0
0

4 24 322 22 0

2 20 261 2 0

0 0 0 0 0

a 48 704 6 3

7 80 1339 13
0

3 M 355 0 0

21 133 2185 6 0

11 45 41 2 0

O 0 0 0
0

2 21 220 4 0

2 20 279 0 0

0 0 0 0 0

O 0 0 0 0

8 48 535 11
0

0 0 0 0 0

O 0 0 0

0 0 0 0 0

2 22 284 0
0

3 33 393 0 0

2 93 183 0 0

1 10 175 0 0

7 42 506 13
0

0 0 0 0 0
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Table2Continued

Riverside Coacrela1919jMV70

ikresratie 1crtqs1M

Anyersele a1v4344934Co5

Sacrament SacM11

SalBerg

San
Sr5ernarcin0CcvCP

Beraaafto

531
WailValeWCZ

Bernardit

SalDegoCaCaal
SanDiego 7

San
areadoTotal

gran

San431131 531AzittaCoSAC
sanLis

sanLipsVaspo
Olspo

Salfaro SanMaimCoMAO

Santa
53113BirtiraCoaalal

Bartsa

SailaVaa 531aCaaC

SaltaCrag SaabCruzCo

Slat mayManMAD
Snase SimlakriC

Serra

53311 51310CoMAO

Screrra MainScrerraMVCD

S13ts1as E3s192MAO

Sacristan TatoMAD

Rex sue6ryunaMVCC

Trams TaraCo11VCD

Tate

DealMAO

Tare DereVCD

Ttiars TareMAO

Tttare 40rvaiMAC

TwArrne

Venura

Vanua

Yrio

Yuca

CItyMocrpart

AntraCoEH

SaaarrenoYcioMVCD

SctlerThnaWt

62632 1753 25 0

10772 317 3 0

32623 753 1 0

90355
5427 135 0

0

9705 425 3 0

15287 622 3 0

4750 154 5 0

8 0 0

694 15 0

10 0 0

93 0 0

208 0 0

2 0 0

a 0 0

149

24324

445

3294

93M

25

2393

0

1935 434 17 0

0

2032 52

56 2 1 0

386 10 a 0

55027 1393 59 0

10633 254 23 0

790 23 2 0

0

0

15757 375 22

0

354 8 1 0

0

0

1465

45633

722

34

2206

25

0

10

114

0

0

0

9 90 1732 27 0

5 87 893 17 0

6 60 953 0 0

8 48 1332 19 0

0 0 0 0
0

10 106 1936 33
0

8 25 434 2
9

4 40 525 1
0

0 0

4

1 19

4 40

2

2 20

2 20

5

0

0 0

3 35

4 48

2 16

85

5 50

3 30

o 0

1 10

3 33

2

0 0

0 0

1

40

7 82

20

481

0

119

565

128

287

154

625

0

0

905

557

207

994

584

38

0

110

439

301

0

0

153

552

1381

238
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24

0
0

O

0

0 0

0

7 0

0

0

0

0 0

10 0

25
0

17

8 0

0 0

0
3

7 0

17 0

0 0

0

0

1

4

10

0

0

Total 754343 23870 247 2186 30e64 510 13



Aedesspecies Pools

No

mosquitoes WNV Prevalence

Aedorsalis 18 661 0 000

Aemelanimon 739 16968 2 012

Aenigromaculis 16 155 0 000

Aesierrensis 3 8 0 000

Aesquamiger 1 14 0 000

Aetaeniorhynchus 5 164 0 000

Aevexans 105 1866 0 000

Aewashinoi 59 1887 0 000

AllAedes 946 21723 2 009

Otherspecies Pools

No

mosquitoes WNV Prevalence

Culisetaincidens 568 4387 1 023

Culisetainomata 26 126 0 000

Culisetaparticeps 6 114 1 877

Coquilletidia
peturbans 8 253 0 000

Unknownspecies 23 662 0 000

Allother 631 5542 2 041

Culexspecies Pools
No

mosquitoes WNV Prevalence

Cxboharti 3 13 0 000

Cxerraticus 2 21 0 000

Cxerythrothorax 1651 64003 4 006

Cxpipiens 7285 179638 279 155

Cxquinquefasciatus 5992 180101 342 190
Cxrestuans 4 78 0 000

Cxstigmatosoma 595 4535 5 110

Cxtarsalis 10747 342209 368 108

Cxthriambus 32 933 0 000

Cxunknown 3 65 1 1538

AllCulex 26314 771596 999 1 129

No

Anophelesspecies Pools mosquitoes WNV Prevalence

Anfranciscanus 13 323 0 000

Anfreeborni 120 4625 0 000

Anhermsi 55 1470 0 000

Anpunctipennis 5 34 0 000

AllAnopheles 193 6452 0 000
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Table3Mosquitoes
testedforWestNile

virusWNV
California2007

aPrevalence NopoolspositiveNomosquitoestestedX1000
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Table4DeadbirdsreportedtestedaandpositiveforWestNilevirusCalifornia2007

County

Corvid

Reported Tested Positive

Percent

Positive

NonCorvids

Reported

Percent

Tested Positive Positive

Alameda

Alpine
Amador

Butte

Calaveras

Colusa
ContraCosta

DelNorte

Dorado

Fresno

GlennG
Humboldt

Imperial
Inyo
Kern

Kings
Lake

Lassen

LosAngeles
Madera

Marin

Mariposa
Mendocino

Merced

Modoc
Mono

Monterey
Napa
Nevada

Orange
Placer

Plumas

Riverside

Sacramento

SanBenito

SanBernardino
SanDiego
SanFrancisco

SanJoaquin
SanLuisObispo
SanMateo

SantaBarbara
SantaClara

SantaCruz

Shasta

190

1

10

405

10

14

362

5

76

656

72

38

1
301

63

14

20

858

54

155

3

31

203

1

4

43

43

55

251

140

11

125

1053

12

175

430

18

821

39
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Table4Continued

TestedbyUniversityofCalifomiaatDavisCenterforVectorborneDiseasesorlocalmosquitovectorcontrolagency

bFamilyCorvidaeincludescrowsandravensCorvussppmagpiesPicasppandjaysAphelocomacalifomicaCyanocittastettedGymnorhinuscyanocephalus
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Corvid ICorvids

County Reported Tested Positive
Percent
Positive Reported

Percent
Tested Positive Positive

Sierra 7 2 0 000 6 2 0

O

IOOcr

000

000

Siskiyou 12 7 4 5714 22 2 000
Solano 134 16 3 1875 405 0 000
Sonoma 227 57 12 2105 575 102 686
Stanislaus 665 153 111 7255 780 109 1743
Sutter 103 2 1 5000 120 4 000
Tehama 64 30 16 5333 135 23 1739

Trinity 20 2 0 000 40 12 833
Tulare 150 49 27 5510 372 87 1264
Tuolumne 12 1 0 000 124 35 286
Ventura 228 65 4 615 390 106 1038
Yolo 280 46 17 3696 367 93 860
Yuba 29 2 1 5000 91 6 000

Totals 1 9913 2382 1062 4458 22200 3620 333 920
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Table4Continued

TestedbyUniversityofCalifomiaatDavisCenterforVectorborneDiseasesorlocalmosquitovectorcontrolagency

bFamilyCorvidaeincludescrowsandravensCorvussppmagpiesPicasppandjaysAphelocomacalifomicaCyanocittastettedGymnorhinuscyanocephalus
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Figure1HumancasesofNestNilevirusinfectionCalifornia2007
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Incidenceper100000population

County
Glenn 242

Kern 175 10

Colusa 9

Butte 73

Tehama 65

Shasta 50 b

Kings 46

Stanislaus 40

Sutter 32

Tulare 2

Mendocino 22

Fresno 19

Sacramento 18

Imperial 17

Merced 16

SanJoaquin 15

Madera 13

Placer 12

Yolo 10 1

Others p

NumberofWNVcasesidentified
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Figure2WestNilevirusinCudexsppCalifornia2007Minimumproportioninfected
numberofpositivepoolsnumberofmosquitoestestedX1000
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Figure4WestNilevirusdetectionbysentinelchickensCalifornia2007
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Figure5PercentageofsentinelchickenseroconversionstoStLouisencephalitisvirusSLE
westernequineencephalomyelitisvirusWEEandWestNilevirusWNV19982007
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Figure6PrevalenceofWestNilevirusinfectionindeadbirdsCalifornia2007

4059

2039

1019

19

Noinfectionsdetected

Proc PapersMosqVectorControlAssocCalifVol76

123

Percentofdeadbirdsin

whichWNVwasdetected



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

SymposiumImprovingtheUseof
ClimateVariationinDecisionSupportSystems Introduction

WilliamKReisen

CenterforVectorborneDiseasesandDepartmentofPathologyMicrobiologyand
Immunology

SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA956165307520124
arbo123@pacbellnetOver

thepast7yearsourresearchsponsored
by the National Oceanic and Atmospheric

Administration NOAA and National

AeroSpace Agency NASA has focused

onforginglinkagesamongclimatevariation
andmeasuresofencephalitisvirusriskespecially
mosquitovectorabundanceThe purpose

ofourrecentresearchwastoexploitthese
linkagestoprovideimproveddecisionsupport
systemsformosquitoandencephalitisvirus
interventionprogramsinCaliforniaandtheWest
Applications would be used for forecasting

duringthewinterspring periodandfor
nowcastsduringthesummertransmissionseason
The

currentsymposiumsummarizesresearch
amongourclimatecollaboratorsattheScripps
InstitutionandNASAtheMosquitoandVector
ControlDistrictsandtheCaliforniaDepartment

ofPublicHealth whocollect surveillance

data and the Environmental Assessment

and Information Technology program
withintheCenterforVectorborneDiseases
attheUniversityofCaliforniawhodevelop
newapplicationsTopicsaddressedinour
symposiumincludeOverview

of research on climate variation

andpatternsfocusingonrecentchanges
relatedtoglobalwarmingUse
ofclimatevariationinforecastingand
understandingmosquitopopulationdynamics
Incorporation
climatevariationmodelsand
forecasting into theCalifornia Mosquitoborne

VirusSurveillanceandResponse
Plan124

Current

andplanneddatamanagementand
decisionsupporttoolsAcknowledgements
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and the symposium was funded

inpartbyNASAAppliedSciencesProgram
REASoNAwardDecisionSupportthrough
EarthScienceResearchResultsNOAAOffice
ofGlobalProgramsClimateandHealthProgram
NIAIDNationalInstitutesofHealthCDC
WestNilesupportfundsKernCoachellaValley
Greater Los Angeles and Sacramento

YoloMVCDsParticipants

inthisresearchincludeUC

DavisEnvironmental AssessmentandInformation

TechnologyProgramCenter

for Vectorborne Diseases Bruce Eldridge

BborieParkChristopherBarkerArbovirus
LaboratoryCenter

forVectorborneDiseasesAaron CBrault

YingFangKeiraSimmonsandstaffMosquito

andVectorControlAssociationofCalifornia
SteveWestcurrentandDavidBrownincoming
presidentsSteveMulliganandMinLee
ChangformerandcurrentChairsoftheResearch
CommitteeCalifornia
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borneDiseaseSectionHeadVickiProc
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TheCaliforniaWestNileVirusHotlineasaPublicEducationTool

LongHerandStanHusted

CaliforniaDepartmentofPublicHealthVectorBorneDiseaseSection1616CapitolAveMS7307

POBox997377SacramentoCA95899

The West Nile virus Family
FlaviviridaegenusFlavivirusWNVandDead
BirdhotlineattheCaliforniaDepartmentof
PublicHealthinRichmondCAreceivedover
36000callsin2007Ofthe51WNVpositive
countiesdetectedin2007inCalifornia42

82 firstdetectedWNVbytestingdeadbirds
Althoughtheprimarypurposeofthehotlineisto
takedeadbirdreportsforsurveillancethe
hotlineoperatorshaveobservedthatthesecalls
alsopresentanexcellentopportunitytoeducate
thepublicDuetothepassivenatureofdead
birdsurveillancepublicparticipationisvitalto
theoverallsuccessoftheprogramOncecallers
understandWNVriskandtheimportanceof
deadbirdreportstheymaybemorelikelyto
callbackwhentheyfindanotherdeadbird

Thehotlineisauniquepubliceducation
toolbecauseitprovidesamediumthrough
whichthepublichasdirectcontactwithboth
stateandlocalagenciesInreportingadeadbird
itisnotuncommonforcallerstohavemultiple
questionsaboutWNVorotherservicesprovided
bystateandlocalagenciesHotlinecallsare
answeredsevendaysaweekbystaffmanyof
whomarescienceorpublichealthcollege
graduatesandundergraduatesThehotlineis
staffedfrom8amuntil5pmhowever
voicemailandinternetreportingisalsoavailable
24hoursadayAllreportsreceiveacallback
within24hoursoftheinitialreport

Inadditiontotheinformationavailable

fromthehotlinestaffpubliceducationcanalso
beobtainedthroughvoicemailpromptsandthe
California WNV website

wwwwestnilecagovInformationonWNV
topicssuchaspreventionsymptomsinfections
inpetsrepellentsandlocalagencycontact
information is readily available via the

voicemailprompt

126

AlthoughWNVhasreceivedextensive
mediacoveragecallersreportingdeadbirdsstill
havemanymisconceptionsandquestionsabout
WNVIngeneralcallerswanttoknowwhat
theycandotoprotecttheirfamiliesfrom
infectedbirdsCommonquestionsinclude

ItouchedadeadbirdDoIhaveWNV

HowdoIproperlydisposeofadead
bird

DoIhavetoworryaboutthefeathersin
theyard
Mydoghadadeadbirdinitsmouth
Willitdie

Isaw50deadbirdsintheparkDid
WNVdothat

IfoundasickbirdinmyyardWhatdo
Ido

MyneighborhasagreenpoolWhodoI
contact

WhatisMADWhatisMVCD

Doesthisbirdhaveavianinfluenza

Thethreeprimarygoalsfor2008areto1
increaselocaladvertisementofthehotline

number 2 increase prevention through
knowledgeand3improveandenhancepublic
outreachThenumberonecomplaintfrom
callersisYournumberistoohardtofind

Thehotlinecontinuallyadvocatesandeducates
thepublicabouttheirlocalagencyandavailable
resourcesandhasthenumberregisteredwiththe
411operatorsstatewideThemorethehotlineis
advertisedthemoreitcanassistcallersand
localagenciesOncethepublicisinformedthat
WNVisintheircommunitytheyaremore
likelytopracticepersonalpreventionandreduce
theirriskofinfectionThecontributionsand

dedicationofthehotlinestaffwillcontinueto

increasepublicawarenessofWNV
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TheHuntfortheNewWestNileVirusinCalifornia

VeronicaArmijosAndrewChowPayalDMaharajYingFangWilliamKReisenandAaronC
Brault

CenterforVectorborneDiseaseResearchandDepartmentofPathologyMicrobiologyandImmunology
SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

ABSTRACTWestNilevirusWNVisoneof
themanyvectorbornediseasesthathasemerged
orresurgedintheWesternHemisphereinthe
pastcenturyItwasfirstisolatedinCaliforniain
2003fromaCulextarsalismosquitopool
collectedinImperialCountyandsubsequently
spreadthroughouttheremainderofthestate
TheinvasionofWNVperiodicintroductionof
exoticmosquitovectorsandthepresenceof
continuallyreintroducedvectorborneagents
likeStLouisencephalitisvirusSLEVand
westernequineencephalomyelitisvirusWEEV
areindicativeofthepotentialthatvectorborne
agentscouldbeintroducedorreemergein
CaliforniaAspartofthecontinuingsurveillance
effortsandinanefforttoidentifynovelvector
bornediseaseagentsforwhichcurrentassays
arenotdesignedCulexCulisetaAedesand
Anophelesspeciesmosquitoesfrom20052006
and2007werescreenedforunknownvirusesby
plaqueassaySpecialattentionwaspaidtoareas
thatcouldbepotentialportsofentrancefornew
arbovirusesintoCaliforniasuchasLosAngeles
CoachellaValleyandtheSanFranciscoBay
area Alameda San Mateo and Contra

Counties
Mosquitopoolstestedfortheyears2005

and2006includedCulisetasppn192and
Aedessppn418 For2007Culexspp
mosquitopoolsn4041Culisetasppn4
Aedessppn1andAnophelessppn1were
testedMosquitopoolswereinitiallyscreened
forWNVSLEVandWEEVRNAusing
multiplexrealtime RTPCR Multiplex
negativepoolswerethenscreenedbyplaque
assaytoidentifycytopathiceffectsinVerocells
RNAwasextractedfromtheplaqueformation
positivemosquitopoolsusingaQIAampviral
RNAextractionkitQiagenValenciaCA
RTPCRwasperformedusingCalifornia
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encephalitis virus CEV and Bunyawera
serogroupspecificprimersforthe2005and
2006mosquitopoolsandconsensusFlavivirus
BunyanweraandCaliforniaserogroupprimers
wereusedforthe2007poolsAmpliconswere
visualizedbyelectrophoresisonagarosegels
PositiveDNAfragmentswereextractedusing
theQUTAquickPCRpurificationkitQiagen
andsequencedusinganABI3730DNA
sequencerAppliedBiosystemsNucleicacid
sequenceswerescreenedagainsttheGenBank
database using the BLAST program and

analyzedusingthe software SequencherTM
version48GeneCodesCorporationAnn
ArborMI

Atotalof45Aedessppmosquitopools
werepositivebyplaqueassayfor2005and
2006and35Aemelanimonmosquitopools
generatedamplicons Ofthe35poolsthat
generatedamplicons33weresequencedand
ampliconswereconfirmedbyGenBankBLAST
searchesasCEVFor2007atotalof15Culex

sppmosquitopoolswerepositivebyplaque
assayand14ofthesepoolswereconfirmedas
WNV Sequencingofthesepositivesfailedto
identifymutationswithintheprimerorprobe
bindingregions OneCulexquinquefasciatus
mosquitopooldidnotgenerateampliconsand
currentstudiesareunderwaytoidentifyand
characterizethisisolate

California with a large human

populationisthepointofentryfortravelersand
commercefromaroundtheworldmakingit
vulnerabletotheintroductionofresurgent
arboviruseslikedenguevirusDENVMurray
ValleyencephalitisvirusRossRivervirusand
Chikungunya viruses CHIKV that are

spreadinggeographically Theinvasionof

WNVinCaliforniaillustrateshownewvector
borneagentscanenterthestatedespitethe
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extensivemosquitocontrolandpublichealth
system Furthermoretherapidworldwide
spreadandpreviousintroductionsintoCalifornia
ofAealbopictusmosquitoesanefficientvector
forDENVandCHIKVhighlightsthepotential
ofintroductionofnovelvectorbornedisease

agentsandthenecessityforexpansionofviral
testingparadigmsfornewdiseaseagents
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UseoftheCaliforniaMosquitoBorneVirusSurveillance ResponsePlan
LosAngeles aCaseStudy

ABSTRACTIntheongoingattempttoprovide
localvectorcontrolagencieswithbettertoolsto
predictimpendingarboviraldiseaseoutbreaks
theCaliforniaDepartmentofPublicHealth
CDPHpublishedtheCaliforniaMosquito
BorneVirusSurveillance ResponsePlana
tool to interpret surveillance as well as

environmentalfactorspredictdiseaseriskand
providecontrolguidelinesThispaperdiscusses
anassessmentoftheeffectivenessoftheWest

NilevirusWNVRiskAssessmentModelfor
theGreaterLosAngelesVectorControlDistrict
GLACVCDserviceareain2006and2007It
wasfoundthatthecurrentCDPHWNVRisk

AssessmentModelisasimpleandusefuldata
interpretationtoolinanattempttopredict
diseaseriskusingenvironmentalandvirus
surveillance indicators However some

modificationsshouldbeconsideredtoachievea

moreaccurateprediction

INTRODUCTION

Intheearly1930sthreenewmosquito
borneencephalitisviruseswerediscovered
westernequineencephalomyelitisWEEVin
CaliforniaMeyeretal1931Karabatsos1985
easternequineencephalomyelitisEEEVonthe
EastCoastTenBroeckandMerrill1933and
SaintLouisencephalitisSLEVinMissouri
Muckenfussetal1934Twooftheseviruses
SLEVandWEEVwouldeventuallybecome
endemicinCaliforniarecurringovermany
decadesinminorepizooticsormajorepidemics
Earlyitwasrecognizedthatincaseofthese
mosquito borne diseases surveillance and

reportingofclinicalhumancasesalonewould
notassistinpredictionofprobable case

occurrenceinthefuturesincehumaninfection

SusanneKluh

GreaterLosAngelesCountyVectorControlDistrict
12545FlorenceAveSantaFeSpringsCA
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isnotanessentialcomponentofthedisease
transmissioncycleReeves1990

Astatewidecomprehensivesurveillance
programwasfirstestablishedin1969Reeves
1990andsurveillanceandinteragencyresponse
guidelineswerepublishedbytheCalifornia
DepartmentofPublicHealthCDPHWalsh
1987aswellastheMosquitoandVector
ControlAssociationofCaliforniaReisen1995

SincethedetectionofWestNilevirus

FamilyFlaviviridaegenusFlavivirusWNV
inNewYorkin1999Californiahealthand

vectorcontrolagencieshavebeenpreparingfor
thearrivalofthisnewmosquitobornedisease
The California MosquitoBorne Virus

Surveillance ResponsePlanrepresentsa
continuedefforttodevelopbettermodelsto
effectively predict and lessen or prevent
mosquitobornediseaseoutbreaksinCalifornia
The following is an assessment ofthe

effectivenessoftheWNVRiskAssessment

ModelfortheGreaterLosAngelesVector
ControlDistrictGLACVCDserviceareain
2006and2007

MATERIALSANDMETHODS

TheWNVRiskAssessmentTableused

inthisevaluationwasprovidedbytheCDPHin
the2007editionoftheCaliforniaMosquito
BorneVirusSurveillance ResponsePlanIn
thistableeightsurveillanceandenvironmental
factorsareassignedvaluesbetweenoneandfive
accordingtotheirpotentialroleinWNV
amplificationThesevaluesareaddedupand
dividedbyeightThisaverageisusedasrisk
assessmentfiguretoestablishthelevelof
diseaseriskaswellasthelevelofresponse
warrantedbyvectorcontrolagenciesResponse
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LevelAverageRatingNormalSeason1025
EmergencyPlanning2640Epidemic415

Surveillanceandenvironmentalfactors

were accumulated on a monthly basis

throughoutthesurveillanceyearTemperature
datawasacquiredfrom3publicweatherstations
available online at Weather Underground
httpwwwwundergroundcomtorepresent
differentpartsoftheGLACVCDservicearea
WhittierGlendaleandVanNuysAdult
mosquitoabundancewasevaluatedthrough
EVSCOandReitergravidtrappingconducted
byGLACVCDscientifictechnicalstaffand
comparedtothefiveyearaverageinthesame
surveillanceareaMinimumInfectionRates

MIRswerecalculatedusingtheMicrosoft
Excel addin for Pooled Infection Rate

httpwwwcdcgovncidoddvbidwestnilesoft
warehtmasspecifiedintheRiskAssessment
TableMosquitosampleswerecollectedby
GLACVCDscientifictechnicalstaffandtested
at the Center for Vectorborne Diseases

UniversityofCaliforniaDavisSentinelchicken
bloodsampleswerecollectedfromsevenflocks
intheGreaterLosAngelesareaandanalyzedat
the CDPH laboratory in Richmond CA

InformationonWNVpositivedeadbirdswas
providedthroughtheCDPHDeadBirdHotline
EquinecasesarereportedtoGLACVCDbythe
LosAngelesCountyDepartmentofPublic
HealthVeterinaryServicesandthenumbersof
humancasesbytheLosAngelesCounty
Department of Public Health Acute

CommunicableDiseaseControlPleasenotethat

allareaswithinLosAngelesCountywere
consideredoperationallyurban

RESULTSANDDISCUSSION

In2006mostoftheWNVactivity
withinGLACVCDboundarywasobservedin
theSanFernandoValleyareaandonlyafew
WNVdeadbirdsandmosquitopoolswere
detectedinotherpartsoftheDistrictFig1
Surveillancedatawasaggregatedbymonthand
risklevelswerecalculatedDistrictwideThe

modelpredictedelevatedlevelsofWNVriskfor
Juneafterthedetectionoftwopositive
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mosquitopoolsinMaysuggestingthatcontrol
operationsshouldentertheemergencyplanning
phaseTheDistrictsfirsthumancaseforthat
seasonwasreportedinJulyandmorecases
followed every month through October
resultinginafinalcountofsevenhumancases
ofWNVwithinGLACVCDboundaryin2006
Fig2ValuesintheRiskAssessmentModel
peakedat375inSeptemberindicatingthat
diseaseriskneverreachedepidemiclevelsand
itcouldwellbearguedthatsevenhumancases
ofanendemicdiseaseinanareaasdensely
populatedasLosAngelesCountyshouldbe
expectedandnotbeconsideredanepidemic

In2007theSanFernandoValleyagain
experiencedhighernumbersofWNVdead
birdsmosquitopoolsandconsequentlyhuman
casesthanremainingDistrictareasFig3
DistrictwiderisklevelspredictedbytheCDPH
modelremainedbelowtheepidemicthreshold
eventhough29humancaseswererecorded
withinGLACVCDboundarybetweenJulyand
September2007certainlymorecasesthanhad
beenexpectedafterpreviousyearsexperience
Inhopestoseethemodelbetterreflectlocalrisk
levelsitwasconsideredtoseparatedifferent
portionsoftheDistrictandcalculaterisklevels
locallyWNVactivitywasheavilyfocusedin
theSanFernandoValleywhichcouldpotentially
becausedbydifferencesinenvironmental
factorssuchastemperatureSurprisinglyan
evaluationoftemperaturedidnotshowabig
differencebetweentheSanFernandoValleyand
thewarmerareasoftheLosAngelesbasin
Fig4
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Legend

2008NWMosquitoPools

2008NMVDeadBirds

MOGLACVCDBoundary

Figure1ManofWNVdeadbirdsandmosquitopoolswithinGLACVCDboundary2006
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Glendaletemperatureswereusedinthe
DistrictwideriskevaluationDuetoitscentral

locationanddistancefromtheoceanFig5
temperatureswerebelievedtobestreflect
overallDistrictconditionsItwassomewhat

unexpectedtoseethatGlendaletemperatures
werecoolerthantemperaturesinboththeSan
FernandoValleyorthewarmerareasoftheLos
AngelesbasinHoweveroveralldifferences
betweenallthreesitesneverexceededaten

degreerangeandlevelsofestimatedriskascend
instepsofeightdegreessotemperature
differencesdidnotaccountforthemodels

failuretopredicttheepidemicCalculatingthe
entirerisklevelseparatelyfortheSanFernando
ValleyandtheLosAngelesbasindidnotresult
inhigherrisklevelsfortheSanFernando
ValleybutdemonstratedthataDistrictwide
assessmentpredictedthehighestlevelsofrisk
overallThisresultwasexpectedsinceboth
subsectionsofGLACVCDareecologically
similarandthusalargerevaluationareawould
improve predictions due to the increased

potentialfordatapointsFig6
Oneofthesurveillancefactorsinthe

modelisthenumberofequinecasesreported
However due to the effectiveness and

widespreaduseofvaccinationsforhorsesthis
surveillanceindicatorisnolongeravailableNo
WNVhorseshavebeenrecordedin2006or

2007intheLosAngelesCountyareaThe
overallassessmentofriskasitiscalculatedin

thismodelisanaverageoftheriskratingsofall
surveillancefactorsthusincludinghorsecases
unjustifiablylowersthisaverageByremoving
horsecasesfromthelistofsurveillancefactors
in2006and2007riskassessmentcalculationfor

theentireGLACVCDareathemodelpredicts
epidemicconditionsinSeptember2006andin
AugustandSeptember2007Fig7
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Figure3MapofWNVdeadbirdsandmosquitopoolswithin
GLACVCDboundary2007
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Figure6RiskassessmentcalculationsforLosAngelesbasinSanFernandoValleyandGLACVCD
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In2006and2007themodelpredicts
risklevelsintheEmergencyPlanningrange
foronemonthpriortotheoccurrenceofthefirst
humancaseallowingsometimeforincreased
control measures There is however a

discrepancyinratingtheimportanceofWNV
mosquitopoolsinspringversusfallMinimum
InfectionRateMIRisusedtogagetheriskdue
toinfectedmosquitopresenceassuminghigher
risklevelsforhigherinfectionratesSincethe
MIRiscalculatedasminimuminfectionratein

mosquitopoolsof50andper1000females2
positivepoolsinMaywhenmosquitonumbers
arehighwillresultinalowerMIRthan2
positivepoolsinNovemberwhenmosquito
abundanceislowThisdirectlycausesthemodel
toassesslowerrisklevelsasaresultofpositive
mosquitopoolsinMaythaninNovember
Fig7whenindeedthethreatduetopotential
virusamplificationismuchgreaterinearly
summerthaninlatefallMosquitoinfectionrate
isnodoubtaveryimportantindicatorofvirus
transmissionandthedetectionofviruspositive
poolsshouldinfluencepredictedrisklevels
independentofmosquitoabundance

CONCLUSION

The current CDPH WNV Risk

AssessmentModelisasimpleandusefuldata
interpretationtoolinanattempttopredict
diseaseriskusingenvironmentalandvirus
surveillance indicators However some

modificationsshouldbeconsideredtoachievea

moreaccuratepredictionInregionswherethe
rateofvaccinatedhorsesishighforexample
reportsofhorsecasesshouldnolongerbe
includedasasurveillanceindicatorOncehorse

caseswereremovedfromthecalculationthe
model predicted risk levels to warrant

emergencyplanninginJuneonemonthbefore
theoccurrenceofthefirsthumancasesinboth

2006and2007Butpositivemosquitosamples
inMay ofboth years actually triggered
emergencyplanningforGLACVCDoperations
Itwouldbeusefulifthemodelcouldmirrorthis

perceptionofriskItseemsthislagtimeisdue
totheuseofMIRtoassesstheimportanceof
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positive mosquito samples since high
abundancenumbersinspringdiluteinfection
ratesAnyrevisionofthisRiskAssessment
Modelshouldattempttoalsoevaluateriskin
relationshiptothetimeoftheyearthoseinfected
mosquitoesweredetected
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UsingtheSurveillanceGatewaytoFacilitateRecordkeeping

ABSTRACT TheConsolidatedMosquito
Abatement District District conducts

surveillanceandcollectsinformationonsources

ofmosquitobreedingmosquitoabundanceand
mosquitobornediseaseMosquitoabundanceis
determinedbysurveillanceofsourcesand
identification of both larval and adult

collections Diseasesurveillanceisconducted

bycollectionandtestingofdeadbirdsanalysis
ofsentinelchickenbloodsamplesandtestingof
mosquitopoolsBeginningin2006theDistrict
hasusedtheCaliforniaVectorBorneDisease

SurveillanceGatewayGatewaytofacilitate
reportingandorganizingdiseaseandabundance
data Trapcollectionsofadultmosquitoes
submissionofmosquitopoolsandsentinel
chickenbloodsamplescalculationofminimum
infectionratesinmosquitoesextractionofdata
onrecordeddeadbirdsandgeocodingof
surveillancesitesareallprocessedusingthe
Gateway The Gateway facilitates the

registration and management of District

surveillancesitesThesesitescanbeintegrated
intotheDistrictsaerialmappingprogram
providingspatialrelationshipsbetweensites
source locations and arboviral infections

Worksheets reports and spreadsheets
containingsurveillancedatacanbeeasily
generatedfromtheGateway Useofthe

Gateway by adjacent mosquito abatement

districts in Fresno County facilitates

comprehensivedataanalysisandsharingof
informationwithotherlocalagencies

CharlesWSmithJodiJHoleman

ConsolidatedMosquitoAbatementDistrict2425FloralAvenueSelmaCA93662
MailingAddressPOBox278SelmaCA93662

Phone5598961085
Emailcwsmad@pacbellnet
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WestNileVirusActivityinKernCountyandthe
FactorsLeadingtothe2007Outbreak

ABSTRACT West Nile virus Family
Flaviviridae genus Flavivirus WNV
reappearedinKernCountyinlateMay2007
amplifiedrapidlyandwasdetectedconcurrently
byallsurveillancemethodsEnzooticactivity
during2007hadsomesimilaritiestothatofthe
previousthreeyearswith77seropositive
sentinelchickensin9flocks207positive
mosquitopools124deadbirdsthattested
positiveand168seropositivewildbirdsWNV
diseaseinequinesremainedinfrequentwith
only4casesreportedIncontrastKernCounty
hadasignificantincreaseinhumandiseasewith
138 laboratory confirmed fever and

neuroinvasivecasescombinedincidence 178

per 100000 population The standard

surveillanceindicatorssentinelchickensand
mosquitopoolsindicatedthatWNVenzootic
activitywasonthedeclineyettherewere
epidemicnumbersofhumancasesDuringthis
fourthyearofvirusactivityWNVwasfound
throughoutKernCountyonthefloorofthe
CentralValley

INTRODUCTION

WestNilevirusWNVactivityin
Californiabeganin2003andwaslimitedtosix
countiessouthoftheTehachapiMountains
Hometal2004ByJune2004WNVactivity
hadspreadnorthoftheTehachapiMountain
rangeandintotheBakersfieldareaofKern
CountyinthesouthernSanJoaquinValley

BrianCarrollRichardTakahashiandWilliamReisen

IArbovirusFieldStationCenterforVectorborneDiseasesSchoolofVeterinaryMedicine4705Allen
RdBakersfieldCA93314

2KernMosquitoandVectorControlDistrict4705AllenRdBakersfieldCA93314
3CenterforVectorborneDiseasesSchoolofVeterinaryMedicineUniversityofCaliforniaDavis

CA95616
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Takahashietal2005WNVquicklyspread
fromthereandbytheendoftheyearwas
detectedineverycountyofthestateHometal
2005During2005WNVactivitywasfocused
primarilywithinthecityofBakersfieldCarroll
etal 2006whileactivityin2006was
widespreadthroughoutKernCountyonthe
valleyfloorCarrolletal2007Thecurrent
paperdiscussesthereappearanceofWNVin
KernCountyin2007anddescribesdetectionby
varioussurveillancemethodsitsspreadthrough
thecountydifferencesbetween2007andthe
previousthreeyearsandfactorsthatpossibly
ledtothehumanepidemic

MATERIALSANDMETHODS

BackgroundSurveillanceinformation
wasgatheredbymultipleagenciesincludingfive
separatemosquitocontrolagenciestheKern
CountyDepartmentofPublicHealthEdwards
AirForceBaseandtheArbovirusFieldStation

AFSofUniversityofCaliforniaDavisUCD
Allofthedatapresentedinthisreportwere
collectedwithintheboundariesoftheKern

Mosquito and Vector Control District

KMVCDthelargestdistrictinthecounty
covering1650squaremilesOtherdistricts
include the Delano Mosquito Abatement

District South Fork Mosquito Abatement

DistrictWestSideMVCDandAntelopeValley
MVCDSamplinglocationsareshowninFig1

DeadBirdsDeadbirdswerereported
bythepublictotheCDHSVBDShotlinewho
forwardedpertinentinformationtotheKMVCD
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forbirdpickupBirdsweresubmittedtothe
CaliforniaAnimalHealthandFoodSafety
CAHFSCentralLaboratoryatUCDfor
necropsyOralswabsandorkidneytissuewere
senttotheUCDCenterforVectorborne

DiseasesCVEClaboratoryfortestingby
reversetranscriptasepolymerasechainreaction
RTPCR

MosquitoesMosquitoeswerecollected
biweeklybydryicebaitedCDCtrapsSudia
and Chamberlain 1962 and by
ReiterCummings gravid traps Cummings
1992Collectionswereidentifiedbyspecies
andpooledintogroupsof50femaleseachand
thentestedforviralRNAbyCVECusinga
multiplexRTPCRthatdetectsWNVaswellas
StLouisencephalitisSLEVandwestern
equine encephalomyelitis WEEV viruses

Chilesetal2004
ChickensSerawerecollectedbiweekly

from10henswithineachof9flockswithinthe

KMVCD Individual blood samples were

collectedonstripsoffilterpaperandthensentto
CaliforniaDepartmentofPublicHealthCDPH
Viral and Rickettsial Disease Laboratory
VRDLfortestingforIgGantibodybyan
indirectenzymeimmunoassayEIAReisenet
al1994Positiveswereconfirmedbyindirect
fluorescentantibodyIFAandendpointplaque
reductionneutralizationtestsPRNT

Free Ranging Birds Birds were

collectedbiweeklyusingmistnetsandgrain
baitedtrapsbandedandabloodsampletaken
01mlinto09mlsalineSampleswere
clarifiedbycentrifugationandthenscreenedfor
antibodybyanEIAChilesandReisen1998
withpositivesconfirmedandidentifiedby
PRNTSeraconfirmedaspositivebutwithouta
4XdifferencebetweenWNVandSLEVend

pointtiterswerelistedasunidentifiedFlavivirus
HumansandEquinesHumanand

equinecaseinformationwasprovidedbythe
KernCountyDepartmentofPublicHealthand
bytheCaliforniaWestNileVirusSurveillance
InformationCenter
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RESULTS

WNVwasinitiallydetectedinadead
American Crow Corvus Brachyrhynchos
collectedonMay25Withinthenexttwo
weeksvirusactivityalsowasdetectedby
positivemosquitopoolsseroconvertedsentinel
chickensandadditionaldeadbirdsThisactivity
waslocalizedaroundthecityofBakersfieldBy
theendofJunevirusactivityhadbeguntomove
outofthecityandbytheendoftheseasonwas
activeinallofthesurroundingcommunities

FromMarchthroughearlyNovember
20076111AedesmelanimonDyar21240
CulexquinquefasciatusSayand15298Culex
tarsalis Coquillett mosquitoes from Kem

MVCDweretestedforvirusinfectionin1264

poolsofwhich207werepositiveforWNV
OnlyoneAemelanimonpooltestedpositive
andwefeltthatthisspeciesdidnotplaya
significant role in virus maintenance or

amplificationCx quinquefasciatusandCx
tarsaliswerethemajorvectorsforWNV
transmissionactivityin2007Table1Infection
rates per 1000 MIRs1000 for Cx

quinquefasciatusandCxtarsalisexceededthe
epidemicthresholdof50duringJunein
Bakersfieldandstayedabovethisthreshold
untilAugustEpidemiclevelswerenotattained
untilJulyinthesoutheastandAugustinthe
northwestpartsofKernCounty Epidemic
levelsdroppedbelowtheepidemicthresholdin
SeptemberinBakersfieldandtheSoutheastand
Octoberinthenorthwest

In2007124outof332deadbirds
testedpositiveforWNVTable2Themost
frequentlyreportedbirdwasforthefirsttime
nottheAmericanCrowCbrachyrynchosbut
theHousesparrowPasserdomesticusNinety
threeofthe124positiveswererepresentedby
fourspeciesofbirdsHouseSparrowsP
domesticus 28 American Crows C
brachyrynchos 26 Western ScrubJays
Aphelocomacoerulescens23andHouse
FinchesCarpodacusmexicanus16Sincethe
deadbirdprogramreliesonthepublictofind
andreportthedeadbirdsmostofthedeadbirds
werefoundinmetropolitanBakersfieldA
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sparsehumanpopulationandlargenumbersof
scavengersmostlikelyreducedtheeffectiveness
ofthedeadbirdprograminruralareas

Atotalof77chickensfrom9flocks

seroconverted to WNV during the 2007

surveillanceseasonTable2Thefirstchicken
infectionsoccurredbefore11Junewith2
chickensfromoneflockwithinBakersfield

confirmedBytheendoftheseasonWNVhad
spreadthroughoutall9flocksgenerating75
additionalseroconversionsJulyandAugusthad
themostseroconversionswith28and21while

SeptemberandOctoberhadsignificantlyfewer
with15and11respectivelyThisreductionin
seroconversionswasattributedtothelackof

availabilityofreplacementchickens
Thefreerangingbirdseroprevalence

programdetected164EIApositivesduring2007
thatwererepresentedby5speciesofbirds
Table3Therewere4additionalpositives
amongtheother33speciestested Positivity
ratesofthefivemainspeciesrangedfrom4to
57 Asexpectedthefivespeciesthatwere
infectedmostfrequentlywereyearround
residents

OnlyfourconfirmedpositiveWNV
equinecasesweredetectedwithtwofatalities
Allfourofthesecaseswereinthemetropolitan
BakersfieldareaThisdecreaseinpositivecases
mostlikelywasduetoincreasesinplannedas
wellasnaturalimmunizationoftheequine
populationinKemCounty

Overall 139 laboratory confirmed

humancaseswerereportedwithfourfatalities
Onehundredthirteenofthesecaseswerelocated

inoraroundthemetropolitanBakersfieldarea
The rest were located in small agrarian
communitiesonthevalleyfloorTable2

DISCUSSION

Surveillanceindicatorsdetectedvirus

activity at approximately the same time

throughouttheBakersfieldareainlateMayand
earlyJuneAllindicatorsnotonlyincreased
throughoutthesummerbutspreadtothe
outlyingareasofthefloorofthecentralvalley
ofKernCountyIndicatorscontinuedtodetect
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virusactivitythroughoutthesummerfinally
subsidinginlateSeptemberTherewereafew
chickensandonemosquitopoolthattested
positiveinearlyOctoberbutthesemostlikely
wereinfectedinlateSeptember

Thereweresomedistinctdifferencesin

WNVactivityin2007comparedto20042006
In 2004 WNV activity started in the

southeasterncornerofthevalleymovedinto
Bakersfieldandthentothewestsideofthe

valleyIn2005WNVactivityappearedfirst
withinthecityofBakersfieldandthenspread
outwardfinallyaffectingeverysurveillancesite
acrossthevalleyfloorIn2006therewasone
earlypositiveandthenasixweekperiodof
negative activity before activity began
increasingDuring2007virustransmissionwas
intenseandamplificationrapidTherewereno
gapsasin2006andactivityspreadveryquickly
unlike2004and2005Withina4weekperiodin
2007WNVwasdetectedacrosstheentire
valleyportionofKernCountyWhilethevirus
wasactiveinallareasofKernCounty
transmissionwasmostintensewithinthegreater
Bakersfieldarea

Overallmosquitoinfectionandsentinel
chickenseroconversionratesweresimilarto

previous virus years Table4 however

carefullyexaminingthetiminganddistribution
ofthesedataduring2007indicatedimportant
differences Warmspringtemperaturesledto
elevated mosquito infection rates within

BakersfieldduringJunethatwasfollowed
closelybyhumancasesthatrosetoepidemic
levelsbyJulyThenumberoffreerangingbird
positivesmayhavedeclinedbutacloserlook
revealsthat135 oftheoverallbirdstestedin

2007hadseroconvertedcomparedto20in
2006Thiscanbepartlyattributedtothe70
decreaseinbirdstestedWefeelthatthis

decreaseinbirdstestedisrelatedtonotonlythe
increasedvirusactivityandthenaturalincreased
mortalitythatcomeswithitbuttothenatural
fluctuationsinthebirdpopulationsSignificant
decreases in bird populations may have

increasedtheriskoftangentialtransmissionto
humans Inagreementthenumberofhuman
casesinKernCountyincreased175compared
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to2006with138caseswith4fatalitiesplacing
thecountyinatanepidemicstatuswithan
overall incidence of 178 per 100000

population Virus activity slowed in late

SeptemberandfinallysubsidedinOctober
whenCxtarsalisentereddiapauseBellamyand
Reeves1963Nelson1964

Wefeelthatthereweretwosignificant
factorsthathelpeddriveincreasesinCxtarsalis
andCxquinquefasciatuspopulationabundance
andvirusactivity Thefirstofthesewasthe

natural fluctuation in the environmental

conditionsofprecipitationtemperatureand
riverflowIn2007KernCountyhad25inches
ofrainabout40oftheaverageandwasin
droughtconditionsThereweretwoperiodsof
moderatelyheavyprecipitationoneinlate
FebruaryandearlyMarchandagaininlate
AprilandearlyMaywhichleftlargeamounts
ofsurfacewaterasbreedingsourcesforCx
tarsalisjustpriortothenormaltransmission
seasonKernCountyalsohadaconsiderable
numberofdayswithtemperaturesthatwerewell
aboveaveragefromFebruarythroughJulyThis
earlyperiodofaboveaveragetemperaturesmay
haveexpeditedthedevelopmentoftheF1
generationoftheCxtarsalisaswellasthe
overwinteringCxquinquefasciatuslarvaeThis
expediteddevelopmentcombinedwiththe
abundanceofuntreatedbreedingsourcesledtoa
highermosquitoabundanceatthebeginningof
transmissionseasonThemainsourceofwater

inBakersfieldotherthanrainfallistheKern

RiverwhosesourceisintheSierraNevadas

Withthelackofaplentifulsnowpackthe
previouswintertheriverthroughBakersfield
andtotheSWportionofthevalleyremained
completelydrythroughouttheentireyearAs
theearliermentioneduntreatedbreedingsources
driedupitcombinedwiththelackofriver
watertominimizetheamountofsourcesforthe

productionofCxtarsalis
Asecondsignificantfactorwasthe

drastic rise in foreclosed homes in the

BakersfieldareaFromApriltoSeptemberof
2007therewere2080homesforeclosedinthe
Bakersfieldareacomparedto91forthesame
timeperiodin2006 Thisincreaseofover
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2000leftmanyabandonedswimmingpools
turninggreenduringthetransmissionseason
Wefeelthatthelackofnaturalbreedingsources
andtheabundanceofgreenpoolscreatedideal
conditions for the expansion of Cx

quinquefasciatuswithintheurbanareaThese
increasespromptedKernMVCDtoperform
aerialsurveystoidentifygreenpoolsin
AugustTheyalsoacceptedthepublicshelpin
reportinggreenpoolsTheKMVCDtreated
809poolsin2007comparedto398in2006
indicatingthatwiththeaerialsurveyandthe
publiccomplaintswereabletoidentifymany
more greenpoolsin2007thatneeded
treatment

In summary enzootic activitywas
detectedbyallsurveillancemethodsinallareas
withinKernCountyduring2007Therewere
someuniqueconditionsbothnaturalandman
madethatledtoanincreaseofmosquito
abundanceandvirustransmissionItwillbe

interestingtoseewhereWNVwillreemerge
during2008andwhetherornotthepredictions
ofanotherlonghotsummerandthecontinued
riseinforeclosureratescontinuetohavea

significantimpactontheviruscycleandcreate
anotherepidemicyear
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Species Pools TotalTested WNVPositive MR1000

Aedesmelanzmon 137 6111 1 2

Culexquinquefasczatus 693 21240 140 66

Culextarsalis 409 15298 65 42

Total 1264 43649 206 47

I 1MVCDs
0ChickenSites

MosquitoSites

1MIdBirdSites

Figure1SurveillancesitesinKernCounty2007

Table1MosquitoinfectionratesMIRinKernCounty2007
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City Mosquitoes

Pospools

Chickens

Seroconversions

Dead

Birdspos

forWNV

Equine

WNV

cases

Human

WNV

cases

FreeRanging

Birdsnumber

seropositive

Arvin 30 20 0 0 6 0

Bakersfield 158 33 115 4 113 167

Buttonillow 5 6 1 0 2 0

Delano 0 0 2 0 0 0

Fellows 0 0 1 0 0 0

FrazierPark 0 0 0 0 1 0

Lamont 5 0 0 0 8 0

LakeIsabella 0 0 1 0 0 0

LostHills 4 9 0 0 0 1

McFarland 0 0 0 0 1 0

Shafter 3 0 0 0 3 0

Taft 0 0 1 0 0 0

Tehachapi 0 0 1 0 0 0

Wasco 2 9 0 0 4 0

Weldon 0 0 1 0 0 0

WoffordHeights 0 0 1 0 0 0

Totals 206 77 124 4 138 168
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Table SummaryofpositivesurveillanceresultsbycitieswithinKernCounty2007
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SurveillanceMethods 2004 2005 2006 2007

PositiveHumanCases 60 68 50 138

PositiveEquineCases 47 26 4 4

PositiveSentinelChickenSeroconversims 101 121 89 77

DeadBirds

Tested 159 240 118 332

Positive 87 44 24 124

MosquitoPools

Tested 1367 1596 1868 1264

Positive 214 235 217 207

FreeRangingBirds
Tested 3400 3476 4036 1242

EIApositive 157 412 811 168

Species Tested Positive PercentPositive

CaliforniaQuailResident 57 23 435

HouseFinchResident 182 40 209

HouseSparrowResident 311 20 41

MourningDoveSemiResident 204 69 393

WesternScrubJayResident 27 12 573

Others33Species 385 4 20

Totals 864 168 217
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Table3SpeciesoffreerangingbirdstestingpositiveforFlavivirusKernCounty2007

Table4NumberofSurveillancemethodspositiveforWNVinKernCounty20042008
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WestNileVirusStateofEmergency2007

VickiKramerTimHowardMarkNovakRenjieHuandStanHusted

VectorBorneDiseaseSectionCaliforniaDepartmentofPublicHealth
1616CapitolAveMS7307POBox997377SacramentoCA958997377

OnAugust22007GovernorArnold
SchwarzeneggerdeclaredaStateofEmergency
duetoincreasingriskofWestNilevirusFamily
Flaviviridae genus Flavivirus WNV
transmissioninCaliforniaThroughtheendof
July56humancasesofWNVhadbeenreported
totheCaliforniaDepartmentofPublicHealth
CDPHanumbersignificantlygreaterthanthe
16casesreportedatthesametimein2006and
comparableto200454casesand200556
caseswhenultimately779and880caseswere
reportedrespectivelyandatotalof48people
died ItappearedthatCaliforniawasona
trajectorysimilarto2004and2005when
morbidityandmortalityfromWNVwere
extensiveinmanyregionsofthestate The

intentoftheEmergencyProclamationwasto
provideadditionalresourcestolocalagenciesto
assistwithWNVpreventionsurveillanceand
controlandultimatelyminimizetheriskof
Californiaresidentsandvisitorsfrombecoming
infectedwithWNV

The August 2 Proclamation was

followedbythreeExecutiveOrders The

sequenceofeventsincluded
August22007 StateofEmergency
Proclamation

InstructedCDPHtocarryouteleven
specificordersasdetailedbelowto
reduceWNVtransmission Orders

1and2allocatedupto135million
formosquitocontrolandWNV
surveillance

August132007GovernorsExecutive
OrderS1007

Allocatedupto10millionin
additionalfundingformosquito
controlandWNVsurveillance

146

August202007GovernorsExecutive
OrderS1107

Allocatedupto500000tothe
CaliforniaDepartmentofFishand
Gameforvegetationandwater
management on stateowned

wetlandwildlifeareas

September 10 2007 Governors

ExecutiveOrderS1207
Allowedfundspreviouslyallocated
through the Emergency
ProclamationandExecutiveOrder

S1007tobeawardedtolocal
agenciestoenhanceeducationofthe
generalpubliconWNVprevention
expandoutreachtothemedical
communityandintensifyhuman
casesurveillance

PartialtextfromtheEmergencyProclamation
andExecutiveOrdersisprovidedbelowalong
withadescriptionofresponseactivitiescarried
outundertheleadershipoftheVectorBorne
DiseaseSectionCDPH Fulltextofthe

ProclamationandExecutiveOrderscanbe

found at httpwestnilecagov under
Resources

EmergencyOrder1

ITISORDEREDthattheDepartment
ofPublicHealthshallallocateupto1million
dollarsasneededtolocalvectorcontrol
agenciestoidentifypotentialmosquitohabitat
andtotreatthoseareastopreventthespreadof
WestNileVirusinthethreeabovelisted

countiesegKernColusaandSanJoaquin
andothercountiesidentifiedbytheDepartment
ofPublicHealth
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EmergencyOrder2

ITISFURTHERORDEREDthatthe

DepartmentofPublicHealthshallallocateupto
350000tolocalvectorcontrolagenciesfor
surveillancepurposesto provideanearly
warningoftheincidenceofWestNileVirusso
thatpropercontrolmeasurescanbetakenbythe
localvectorcontrolagenciestopreventthe
spreadofWestNileVirusinthethreeabove
listedcountiesandothercountiesidentifiedby
theDepartmentofPublicHealth

ExecutiveOrderS100781307

ITISORDEREDthattheDepartment
ofPublicHealthshallallocateuptoan
additional10millionasneededtolocalvector
controlagenciestoidentifypotentialmosquito
habitatandtotreatthoseareastopreventthe
spread of West Nile Virus andor for

surveillancepurposes toprovide anearly
warningoftheincidenceofWestNileVirusso
thatpropercontrolmeasurescanbetakenbythe
localvectorcontrolagenciestopreventthe
spreadofWestNileVirusincountiesidentified
bytheDepartmentofPublicHealth

ExecutiveOrderS120791007

ITISORDEREDthattheDepartment
ofPublicHealthshallallocatefundspreviously
providedthroughtheGovernorsAugust22007
EmergencyProclamationandExecutiveOrder
S1007asneededtolocalagenciesinvolved
withWestNileVirusresponseto1enhance
andexpandpubliceducationonWestNileVirus
prevention2enhanceoutreachtothemedical
community andor 3 conduct active

surveillanceorepidemiologicalinvestigationsof
humanWestNileViruscasesincounties

identifiedbytheDepartmentofPublicHealthto
beatelevatedriskofWestNile Virus

transmission

Orders1and2andExecutiveOrderS

1007appropriatedupto1135milliontoassist
local agencies with WNV prevention
surveillance and control Fundstotaling

6214219wereallocatedover10funding
phasesto67agenciesin36counties

Awardprocess

CountiesidentifiedintheGovernors

EmergencyProclamationathighestriskof
WNVtransmissionwerenotifiedimmediately
andbyTuesdayAugust7lettersofintentto
allocatebasefundingtotal400000 for

mosquitocontrolwereprovidedtoKernSan
JoaquinandColusacounties53000wasalso
immediatelyallocatedtoGlennCounty Also

onAugust7emergencyfundingapplications
weredistributedtoalllocalvectorcontroland

publichealthagenciesandaconferencecallwas
held to explain the application process

Emergencyawardfundingwasbasedprimarily
ontheriskofWNVtransmissionandon

immediateresourceneedsoftheapplicant
agency Otherevaluationcriteriaincludedthe

abilityofanagencytouseadditionalresources
inatimelymannertoimpactcurrentWNV
activity and the population size afforded

protectionbyadditionalresourcesFundswere
distributedvialocalassistanceawardsfollowing
theevaluationandapprovalofanaward
applicationsubmittedbythelocalagency

PertheAugust2Proclamationand
ExecutiveOrderS1007fundscouldonlybe
usedforemergencymosquitocontrolorWNV
surveillanceAllowableexpendituresincluded
1salaryfortemporaryseasonalpersonnel
engagedinsurveillanceormosquitocontrol
activities or for overtime not previously
budgetedforexistingstaff2mosquitocontrol
products3mosquitocontrolorsurveillance
equipment and 4 contracts for aerial

applicationofmosquitocontrolproductsor
aerialsurveillanceforneglectedswimming
poolsorothermosquitoproducinghabitat
Subsequent to Executive Order S1207

September10agenciescouldalsoapplyfor
fundingforWNVpubliceducationmedical
community outreach and human case

surveillanceAllowableexpendituresincluded
1 temporary personnel or overtime not

previouslybudgeted2costsassociatedwith
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publiceducationandoutreachegadvertising
printingand3costsassociatedwithhuman
casesurveillanceeglabsupplies

Applicantswererequiredtosubmita
justificationforrequestedfundsincludinga
descriptionoftheircurrentWNVriskandhow
thefundswouldreducetheriskofvirus

transmission Specificallyapplicantsdetailed
whytheircurrentresourceswereinsufficient
howadditionalstaffwouldbeusedwhich

problemhabitatsrequiredenhancedcontrolor
surveillancewhatsourcesofmosquitoeswere
currently not controlled why additional

equipmentorcontractualserviceswereneeded
andhowWNVpubliceducationoutreachtothe
medical community andor human case

surveillancewouldbeenhancedCurrentWNV

riskwasestimatedusingtheriskassessment
tableintheCaliforniaMosquitoBorneVirus
Surveillance and Response Plan see
httpwestnilecagov Thisassessmenttable

providedasemiquantitativemeasureofWNV
transmissionriskbasedoneightsurveillance
factors environmental conditions adult

mosquitovectorabundancevirusinfectionrate
inmosquitoessentinelchickenseroconversions
fatalinfectionsinbirdsinfectionsinhorses
infectionsinhumansandproximityofdetected
virusactivitytourbanorsuburbanregions

Theinitialdeadlineforreceiptof
applications subsequent to the Emergency
Proclamation was Wednesday August 8

SubsequenttoExecutiveOrderS1007there
wasnoapplicationdeadlineapplicationswere
processedasreceivedbytheVectorBorne
DiseaseSectionVBDSofCDPHtoallow
maximumresponsivenesstochangingWNV
risksthroughoutthestateCDPHissuedaLetter
ofAwardtorecipientagenciesindicatingthe
leveloffundingbeinggrantedUponsignature
andreturnofthislettertoCDPHagencieswere
eligibletospendagainsttheawardFundswere
distributedtoagenciesvialumpsumpayments
andhadtobeexpendedbyDecember312007
Awardrecipientagencieswererequiredto
submit a final report indicating budgeted
expendituresandprovideanarrativeaward
expendituresweresubjecttoaudit
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Awardfunding

Initialrequestsforawardfundingfar
exceededtheemergencyproclamationallocation
of135million TheGovernorrapidly
respondedviaExecutiveOrderS1007which
providedadditionalfundingThisfundingwasa
ceilingamountfundscouldonlybeawarded
basedonthestrictcriteriamentionedaboveand

hadtoaddressthecurrentemergencyTheneed
forfundstosupportpubliceducationandhuman
casesurveillancewasaddressedsubsequentto
theimmediateneedsofmosquitocontroland
WNVsurveillanceviaExecutiveOrderS1207

Oftheapproximately 62 million

allocatedto67localagenciesin36counties
fromAugust7toOctober152007Table1
approximately43millionwasdirectedtoward
enhancingmosquitocontrol725000forWNV
surveillance12millionforWNVpublic
education and 40000 for human case

surveillanceTable2Theamountallocatedto
anindividualcountyrangedfrom3000to
813244

Thebulkofthemosquitocontroland
WNVsurveillancefundingFigure1wasused
formosquitoadulticides34 andlarvicides

25 followedbyequipment19 contract

applicationsofpesticides10 labor7 and

aerialsurveillanceforneglectedswimming
pools5 Ofthe19millionallocatedfor

public educationoutreachtothemedical
community and human case surveillance

Figure2overhalfofthefundingwasusedfor
radioandtelevisionadvertising55 Funds

werealsousedforprintedmaterials23
promotionalitems10 displays9 and

labor3
Basedonthefinalreportsreceivedfrom

recipientagenciestheawardfundingsucceeded
inprovidingforthetimelyacquisitionofcritical
resourcesthatreducedthelocalriskofWNV

transmissionOfthe6214219allocatedonly
111480wasunspentasplannedandreturned
toCDPHfordepositintheStategeneralfund

Thefundsallocatedin2007augmented
the15millionprovidedbythestateduringthe
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previoustwofiscalyearsThepriorfundswere
dedicatedtoenhancingandexpandingmosquito
controlinCaliforniaandwerenotprovided
throughanemergencydeclaration The212

millionprovidedoverthreeyearstolocal
agencieseffectivelystrengthenedthemosquito
controlinfrastructuralinthestateandwas

instrumentalinestablishingservicestoregions
ofCaliforniapreviouslywithoutvectorcontrol

EmergencyOrder3

ITISFURTHERORDEREDthatthe

DepartmentofPublicHealthshallcoordinate
withtheStateandConsumerServicesAgency
theResourcesAgencyandtheDepartmentof
FoodandAgriculturetodevelopaplanusing
bestmanagementpracticesforimplementation
bytheappropriatestateagenciesfortheearly
detectionofWestNileVirusonstateowned

properties and appropriate mitigation and

abatementmeasuresFundsintheamountupto
150000shallbeallocatedforthepurposeof
developingthisplan

TheEmergencyProclamationordered
CDPHtodevelopabestmanagementpractices
BMPplanformosquitocontrolonstateowned
properties InresponseCDPHimmediately
contactedpartneringstateagenciesandthe
MosquitoandVectorControlAssociationof
Californiatoformasteeringcommitteeand
initiateplandevelopmentOnSeptember12a
contractwasexecutedallowingCDPHtohire
stafftodeveloptheBMPplaninconcertwith
partneringagenciesandundertheleadershipof
VBDS

Astakeholdermeetingwasheldon
October 18 2007 thirteenagencieswere
represented Stakeholdersprovidedinputon
developmentoftheBMPplanandestablisheda
timetableforplancompletiondissemination
andevaluationAdraftplanwassubsequently
reviewedbymembersofthesteeringcommittee
andthedocumentfinalizedinJune2008The

printeddocumentBestManagementPractices
forMosquito ControlonCalifornia State

Propertieswasdistributedtoappropriatestate
andlocalagenciesinJulyandfollowupcontact

149

madewithstateagenciestohelpensureplan
implementationThedocumentcanbefoundat
httpwestnilecagovunderResources

EmergencyOrder4

ITISFURTHERORDEREDthatthe

Department of Public Health and the

DepartmentofFoodandAgricultureshallwork
withtheMosquitoResearchProgramatthe
UniversityofCaliforniaDavistodetermine
whatresourcesareneededtofurtheradvancethe

researchontheecologyandtheepidemiologyof
West Nile Virus

InconsultationwiththeUCDavis

CenterforVectorborne Diseases and the

UniversityofCaliforniaMosquitoResearch
ProgramCDPHdevelopedafundingproposal
to1promoteresearchontheecologyand
epidemiology of WNV through a

comprehensivesustainablesurveillancesystem
and2promoteabroadspectrumofresearchon
WNVandmosquitobiologyandcontrolatall
UCcampuses

TheproposalwassubmittedbyVBDS
forreviewandevaluationbykeystaffatCDPH
HealthandHumanServicesAgencyandthe
GovernorsOffice Theproposalwaswell
receivedbutultimatelyduetothestatebudget
deficitprojectedforfiscalyear200809funds
werenotavailableforproposalimplementation

EmergencyOrder5

ITISFURTHERORDEREDthatthe

DepartmentofPublicHealthshallworkwith1
localvectorcontroldistrictstoutilizetheir

existingpowerpursuanttoHealthandSafety
codesection2053toinspectandabatevectoror
publicnuisanceswithspecialemphasisonthe
removalofstandingwaterinuntendedpoolsand
containersonvacantpropertyand2the
BusinessTransportationandHousingAgency
andlocalpublichealthdepartmentstonotify
lendersrealtorsmortgagebrokersandothers
whoseresponsibilitiesincludemanagingvacant
homestoensurethatpoolsandothercontainers
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thatcanholdwateraredrainedandmaintained

emptytopreventthespreadofWestNileVirus
In2007therateofhomeforeclosures

increaseddramaticallyleavingmanybackyard
poolsuntendedThesepoolsprovidedexcellent
habitatformosquitobreedingandincreasedthe
riskofWNVtransmissioninurbanareas In

recognitionofthisproblemtheEmergency
Proclamation instructed CDPH to address

mosquito breeding in neglectedpools in

collaborationwithlocalvectorcontrolagencies
andtheBusinessTransportationandHousing
AgencywhichincludestheDepartmentofReal
Estate

Withinaweekofthe Emergency
ProclamationCDPHdevelopedanddistributed
aneglectedpoolinformationflyertoagencies
andthegeneralpublicCDPHalsodeveloped
anddistributedaQuestionandAnswersheetfor
public agencies on mosquito management

strategies foruntended pools and vacant

propertiesAlldocumentswerepostedonthe
CDPHwebsite

CDPHcontactedtheBusinessHousing
andTransportationAgencywhosubsequently1
sentanelectronicalerttoallDepartmentof
FinancialInstitutionsalertingthemofthe
emergencydeclarationandencouragingthose
withpropertymanagementresponsibilitiesto
drainandmaintainpoolsandothercontainers
thatmaybreedmosquitoes2preparedalistof
contactsandstakeholdergroupswhowould
benefitfromtheinformationand3sentaletter
toallrealestatebrokersinaffectedcounties

withinformationaboutthedeclarationand

actionstotakeTheDepartmentofRealEstate
alsopostedthegeneralnotificationontheir
website

Order6instructedCDPHtoprovide
technicalassistancetolocalagenciesasneeded
tominimizetheriskofWNVtransmission

Orders78and9pertainedtodeploymentof
stateresourcesadministrationofcontractsand
exemptionsfromcertaingovernmentcodesto
allowrapidfacilitationoftheGovernors
emergencyordersOrder10requiredCDPHto
consultwithcountyagriculturalcommissioners
priortocertainpesticideapplicationsbutsuch
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consultationwasnotnecessaryasCDPHdidnot
applypesticidesformosquitocontrolOrder11
wasnotrelevanttoWNVitrequiredCDPHto
provideconsultationtolocalagenciesonValley
Fevercoccidioidomycosis

GovernorsExecutiveOrderAugust202007
S1107

ITISORDEREDthattheDepartment
ofPublicHealthshallallocateupto500000in
additionalfundstotheDepartmentofFishand
GameTheDepartmentofFishandGameshall
usethesefundsforvegetationmanagementon
thefollowingwetlandwildlifeareasmanagedby
theDepartmentofFishandGameandlocatedin
countiesdeterminedbytheDepartmentof
PublicHealthtobeathighriskofWestNile
VirustransmissionMendotaWildlifeArea

Fresno County Los Banos and North

GrasslandswildlifeareasMercedCounty
UpperButteBasinWildlifeAreaButteand
GlenncountiesandGrayLodgeWildlifeArea
ButteandSuttercountiesInadditiontothese
wetlandwildlifeareastheDepartmentofFish
andGameshallusethesefundsforvegetation
managementonotherwetlandwildlifeareas
identifiedinconsultationwiththeDepartmentof
PublicHealthasbeinglocatedwithincounties
thataremoderatetohighriskofWestNileVirus
transmissionTheDepartmentofFishandGame
shallconsultwiththeDepartmentofPublic
Healthregardingbestpracticesforvegetation
managementto preventWestNileVirus
includingbestwatermanagementpractices
vegetation control wetland infrastructure

maintenancewetlandenhancementfeaturesand
biologicalcontrols

On August 20 2007 CDPH was

orderedtoallocatefundstotheCalifornia

DepartmentofFishandGameDFGfor
vegetationandwatermanagementinwetland
wildlifeareastoreducemosquitoproductionand
WNVtransmissionrisk CDPHconsultedwith

DFGandlocalvectorcontrolagenciesand
providedaninitialallocationof100000to
DFGonAugust22toconductimmediate
vegetationmanagementonthefivewetland
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wildlifeareasindicatedintheExecutiveOrder

Anadditionalallocationof400000toDFG
was provided on August 30 to conduct

vegetationandwatermanagementandwetland
infrastructuremaintenanceoneightwetland
wildlifeareasineightcounties

Ultimatelyin2007380humancases
20fatalofWestNileviruswerereportedin
CaliforniafarfewerthanprojectedinlateJuly
ResourcesprovidedthroughtheEmergency
ProclamationandsubsequentExecutiveOrders
likelycontributedtominimizingillnessand
deathfromWNVin2007 Theemergency
fundingcoupledwithstatefundingprovidedto
enhancemosquitocontrolinfrastructureduring
thepriortwofiscalyearshasvastlyimproved
Californiasabilitytorespondtothestatewide
WNV invasion Continued collaboration

betweenstateandlocalpublichealthandvector
controlagenciesasexemplifiedduringthe
emergencyproclamationresponseisessentialas
wecollectivelystrivetoprotectCalifornia
residentsandvisitorsfromtheongoingthreatof
WNVinfection
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Funding
Phase

Phase1 Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8 Phase9 Phase10

Date 87Q7 81 81 822Q7 83Q07 9607 92907 92707 1t07 101507

Amount 5453000 5897000 5562036 51397771 5352452 5741526 51009075 5269373 5411935 590051

Naof

Agelldet
4 28 20 22 6 12 13 9 13 11

Noof

Counties
4 21 17 15 6 11 13 7 11 9
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Table1WestNilevirus emergencyfundingovertenphasesAugust7toOctober
2007Totalamountallocated6214219
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COUNTY TOTAL
CONTROL

O
SURVEILLANCE

PUBLIC

EDUCATION

HUMAN

CASE
SURV

ALAMEDA 535360 0 535360 50 50

AMADOR 34876 26376 58500 50 50

BUTTE 54286118 5373620 530538 524450 50

CALAVERAS 549161 30664 516637 51860 50

COLUSA 5442860 5355830 38904 548126 50

CONTRACOSTA 510000 50 50 700 9300
ELDORADO 511430 511430 0 50 50

FRESNO 5277510 169542 553268 544500 510200

GLENN 5278103 5233184 525618 519300 50

IMPERIAL 561162 37933 55030 518199 0

INYO 20041 15041 55000 50 0

KERN 813244 5381884 62126 5369234 50

LAKE 564963 557963 57000 50 50

LOSANGELES 5301032 5118728 527365 5154939 50

MARINSONOMA 14115 50 14115 50 0

MERCED 251097 235852 59695 55550 50

MODOC 521050 515208 0 55842 0

MONO 515000 515000 50 0 50

NAPA 344427 532591 511836 50 0

NEVADA 53000 52450 5550 50 50

PLACER 5146804 591990 520470 534344 50

RIVERSIDE 5228080 5136334 546632 41514 53600

SACRAMENTOYO 5552010 211760 45250 5295000 50

SANBENITO 517085 10200 5910 55975 50

SANBERNARDINO 5241802 107929 119598 514275 50

SANJOAQUIN 5691259 667929 523330 0 0

SANLUISOBISPO 568798 535800 515998 17000 50

SANTACLARA 569700 47461 519983 0 52256
SANTACRUZ 526605 59580 59875 57 0

SHASTA 5331549 5245053 531031 55465 0

SOLANO 552429 52429 0 0 50

STANISLAUS 93775 571113 11925 54300 56437

SU1TERYUBA 5174041 5174041 50 50 50

TEHAMA 5183573 5166110 17463 50 50

TULARE 5155747 5109559 10646 526 58922

VENTURA 53923 53638 5285 50 0

TOTAL 56214219 54254222 5724938 51194343 540715
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Table2WestNilevirus NVemergencyfundingbycountyandallocationcategory
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Adulticides

3496 Contract

Applications
10

AerialSurvey
596 Labor

796

Larvicides

2596

Displays
Labor

996
396

PromotionalItems

1096

RadioTV

5596

Equipment
1996

Figure1EmergencymosquitocontrolandWestNilevirus
WNVsurveillancefundingpercentoftotalfundingby
category

PrintedMaterials

23

Figure2EmergencyWestNilevirusWNVpublic
educationoutreachandhumancasesurveillancefunding
percentoftotalfundingbycategory

Proc PapersMosqVectorControlAssocCalifVol76

154



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

WhereHaveAlltheWesternEquineEncephalomyelitisCasesGone

ABSTRACT Historically western equine
encephalomyelitisvirusWEEVhascaused
largeequineandhumanepidemicsfromCanada
to Argentina Despite recent enhanced

surveillanceforWestNilevirustherehavebeen
noreportsofequineorhumancasesandlittle
documentedWEEVenzooticactivity During
thepastthreeyearsWEEVhasbeenactive
againenzooticallyinCaliforniawith85positive
poolsand135sentinelseroconversionsbut
withouthumanorequinecasesInthecurrent
studywecomparedhostandvectorcompetence
ofrepresentativeWEEVisolatesmadeduring
eachdecadeoverthepast60yearsusingWhite
crowned sparrowsZonotrichialeucophrys
HouseSparrowsPasserdomesticusandCulex
tarsalis as representative hosts Results

indicated limited timerelated change in

virulenceamongWEEVstrainsinbirdsand
vectorcompetenceinCxtarsalis Although
temporalandspatialgeneticchangeshavebeen
documentedtheseseemtopresentlimited
phenotypicchangeinhostcompetenceand
cannotexplaintheabsenceofequineandhuman
cases

INTRODUCTION

Historically Western equine
encephalomyelitisvirusFamilyTogaviridae
genus Alphavirus WEEV has caused

devastatingepidemicsofneurologicaldisease
amongyoungchildrenandequinesinthe
CentralValleyofCaliforniaReevesetal
1990 Improvedfloodcontrolprojectsalong
thewesternslopeoftheSierraNevadasbetter

YingFangAaronCBraultandWilliamKReisen

ArbovirusResearchUnitCenterforVectorborneDiseasesDepartmentofPathologyMicrobiologyand
ImmunologySchoolofVeterinaryMedicineUniversityofCaliforniaDavisCA95616

arbo123@pacbellnet

ThisresearchhasbeenacceptedforpublicationintheAmericanJournalofTropicalMedicineand
Hygiene

housingwithairconditioningchangesinhuman
lifestyle and improved mosquito control

undoubtedlyhavecombinedtoreducethe
numbersofWEEVencephalitiscaseswhereas
equinecaseshavebeenpreventedbyextensive
immunizationHoweverthesamefactorshave
notpreventedWestNilevirusWNVFamily
FlaviviridaegenusFlavivirusinfectioninrural
humanpopulationsmostlikelytransmittedin
partbythesamevectormosquitoCulextarsalis
Coquillett Since2005therehasbeena
resurgenceofenzootictransmissionofWEEVin
Californiawith85positivepoolsofCxtarsalis
and135positivesentinelchickenseradetected
in Coachella Valley and Kern County
Interestinglytherehavebeennohumancases
identified The detection of enzootic

transmissioninCulexwithoutspreadtoAedesor
tangentialtransmissiontohumanspotentially
couldbecausedbygeneticchangesinrecent
strainsofthevirusthatlimitamplificationTo
testthisnotionweconductedexperimentsto

1 DetermineWEEVavianvirulenceWe

comparedawellcharacterizedisolate
madeinImperialValleyin2005to
isolatesmadehistoricallybetween1953
and1992usingHousesparrowsand
Whitecrownedsparrowsasmodelbird
hosts

2 DetermineifWEEVinfectiousnessfor

Cxtarsalishaschangedbycomparing
the2005and1953isolates

3 DetermineifpreviousWNVinfectionin
somewayblocksoraltersWEEV
infection
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MATERIALSANDMETHODS

Viruses WeusedstrainsofWEEV

isolatedfrompoolsofCxtarsaliscollected
duringeachdecadefrom1953through2005
Priorto1990isolationsweremadebysuckling
mouseintracerebralinoculationwhereasafter
1990allisolatesmadeinVerocellcultureAll

strainswereatsucklingmouseorVerocell
passage2atthetimeofexperimentation

Mosquitoes Culextarsaliscolonies

recently were established from the Kern

NationalWildlifeRefugeKNWRin2003and
theYolobypassoftheSacramentoRiverin
YoloCountyin2005Atotalof6080females
thatwerewithin3 8dpostemergencewere
sortedinto06Linfectioncartonsandstarvedfor

24hpriortoinfectionattempts
Birds Whitecrowned sparrows

WCSPZonotrichialeucophrysandHouse
SparrowsHOSPPasserdomesticuswere
selectedasexperimentalhostsinwhichto
compareWEEVstrainsbecausetheywere
highlyandmoderatelysusceptiblerespectively
Reisenetal2003relativelyeasytocage
adaptandabundantnearourlaboratoryinKern
County WNVantibodypositive Western

ScrubjaysWESJAphelocomacoerulescens
and House finches HOFI Carpodacus
mexicanuscollectedattheKernRivernear
Bakersfieldwereusedtodeterminetheeffectsof

previous WNV infection on the viremia

response

ExperimentsViruseswerecompared
duringthefollowingexperiments

Exp1 Vectorcompetence Cx

tarsalisfromtheYoloandKNWRcolonies
wereoffereda 10folddilutionseriesof

BFS17031953orIMP1812005virusesin

heparinizedchickenbloodcontaining25
sucroseFemaleswereallowedtofeedforupto
1 hrafterwhichengorgedfemaleswere
transferredtoclean06Lcartonsandmaintained

for14dinanincubatorat26CFollowingthe
14dextrinsic incubationperiod females

exposedtothehighesttiterofvirusweretested
fortheirabilitytotransmitvirususinganinvitro
methodAitken1977Expectoratesamplesand
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bodiesofthesefemalesaswellasthoseexposed
tolowerconcentrationsofWEEVwereplaced
inindividualcryovialsandstoredat80Cuntil
tested

Exp2HostcompetenceGroupsof4
to 8 WCSP or HOSP were inoculated

subcutaneouslyinthecervicalregionwith2to3
logPFU01mLofeachWEEVstrain To

monitorviremiabirdswerebleddailyby
jugular puncture and samples frozen

immediatelyat80Cuntilassessedforviral
titerbytitrationbyplaqueassayonVerocells

Exp3 EffectofWNVantibodyon
WEEVinfectionFourfieldcollectedHOFIand

6WESJthattestedpositiveforWNVbyEIA
andanequalnumberofbirdsthatwereantibody
negativeeachwereinoculatedsubcutaneously
inthe cervical region witha 27 logio
PFU01mLinoculumoftheKERN5547strain

ofWEEV Birdswerebleddailyfor5dto
assessviremia

RESULTS

Exp1Vectorcompetence The

medianinfectiondoseestimatedfortheKNWR

colonyofCxtarsalisingestinga10fold
dilutionseriesofeithertheBFS17031953orthe

IMP1812005strainsofWEEVwerealmost

identical335018and316015logplaque
formingunitsPFUpermLrespectively
Whenassessedusingtheinvitrocapillarytube
methodAitken1977therewerenosignificant
differencesintheabilityofeithertheKNWRor
YOLOstrainsofCxtarsalistotransmitthe

1953or2005strainsofWEEVFig 1
Collectivelythesedataindicatedthattherewere
minimaldifferencesinthevectorcompetenceof
Cxtarsalisforthe1953and2005WEEV

strains

Exp2 Hostcompetence Allbirds

testednegativebyEIAatcaptureforantibodies
againstWEEVandSLEV Overall2of8
WCSPand1of8HOSPinfectedwiththe1953

straindiedduringacuteinfectionsignificantly
moreChisquare 111P0001thanthe
remaining57birdsthatsurvivedinfectionwith
theotherstrainsWhentestedusingarepeated
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measuresANOVAHintze1998therewere
significantdifferencesinmeanviremiason1
and2dayspostinoculationdpiamongWEEV
strainswithinbirdspeciesWCSPF 623df

540P0001HOSPF 1279df 323
P0001Fig2buttherewasnotimerelated
trend

Exp3 WNVimmunity Allbirds

testednegativebyEIAatcaptureforantibodies
against WEEV Four House Finches

Carpodacusmexicanusand6WesternScrub
Jays Aphelocoma coerulescens showed

evidenceofpreviousWNVandwerepairedwith
anequalnumberofbirdswithoutdetectable
antibodyandtheninfectedwithWEEV As

expectedpreviousinfectionwithWNVhad
littleeffectonthecourseofWEEVinfectionin

WESJandHOFInaturallyimmunetoWNV
WEEVandWNVareindifferentviralfamilies
donotcrossreactserologicallyanddonot
providecrossprotectiveimmunity

DISCUSSION

Theredidnotappeartobetemporal
patternsinvectororhostcompetencethatwould
account for decreased WEEV enzootic

amplificationandthereductionofequineand
humancases Therewereessentiallyno
differencesinCxtarsalisvectorcompetencefor
the1953andthe2005strainsofWEEVThere

were significant differences among mean

viremias followinginfectionwithdifferent
WEEVisolatesbutthesestrainsdidnotassort

bytimeTheBFS1703strainisolatedin1953
fromKernCountyexhibitedamongthehighest
viremiasandwastheonlystrainthatproduced
mortalityinbirdsagreeingwithpreviousstudies
HardyandReeves1990Reisenetal2003
TheCOA592strainisolatedfromCoachella

Valleyin1992producedstatisticallysimilar
viremiatitersbutwithoutmortality The

greatestviremiadecreasewasseeninthe
responseofHOSPtothe2005strainmeantiter
36logPFUmLFurtherresearchwillbe

necessary to elucidate factors leading to

variationinvirulenceamongavianbutnot
mosquitohosts
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Inthesamemosquitoandavianhosts
WEEVhadgreatervectorsusceptibilityie
lowerIDandloweravianviremiacompared
totheinvadingWNV InadditionWEEV
replicatesfarbetterinCxtarsalisundercool
temperatures than WNV and therefore

potentiallyhasalongertransmissionseasonthan
WNVReisenetal2006 Withalower

mosquitoIDandlowerthermalthresholdfor
replicationCxtarsaliswouldbeexpectedtobe
more readily infected and transmit more

efficientlyattheavianviremiatitersproduced
byWEEVthanatthemarkedlyhighertitersfor
WNVHoweverthishasnotbeenthecaseand
althoughWNVhascontinuedtobetransmitted
atepidemiclevelsinCaliforniaWEEVhas
remainedatlowenzooticlevelswithoutreported
humancasesduringthepastthreeyearsFeiszli
etal2007Hometal2006Apparentlythe
declineinhumancasesmustberelatedto

epidemiological factors such as improved
housingandtheuseofairconditioningwhereas
thedeclineinequinecasesmostlikelyisrelated
toextensivevaccination
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Fig1VectorcompetenceoftheYoloandKNWRcoloniesofCulextarsalisforthe1953BFS1703and
2005IMP181strainsofWEEVDatashowthepercentageoffemalesinfectedandtransmittingvirus
usingthecapillarytubemethod

Fig2MeanviremiainlogioPFUmLat1and2dayspostinfectionforWhitecrowned
SparrowsWCSPZonotrichialeucophrysandHouseSparrowsHOSPPasserdomesticus
infectedwithWEEVstrainsfrom1953 2005Barswithsimilarlettersabovethemwerenot

significantlydifferentwhentestedbyaFishersleastsignificantdifferencemultiplecomparison
testP005
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WhoFoundWestNileVirusActivityinSacramentoandYoloCounties
FirstMosquitoChickenorPigeon

KaraKelleyPaulaAMacedoMarciaReedGaryWGoodmanDavidABrown

SacramentoYoloMosquitoandVectorControlDistrict8631BondRoadElkGroveCA95624

Sentinelchickenflockshavebeenused

todetectarbovirusactivitythroughoutthe
countrybuthavenotbeenaneffectiveearly
indicator of West Nile virus Family
FlaviviridaegenusFlavivirusWNVactivityin
SacramentoandYoloCountiesIn2007the

SacramentoYoloMosquitoandVectorControl
DistrictSYMVCDmadechangestothe
surveillanceprograminordertoevaluatethe
efficacyofthesentinelchickenprogramUntil
2006thesentinelchickensurveillanceprogram
consistedof10flocksof10chickenseach

distributedmostlythroughouttheruralareasin
bothcountiesTheDistrictincreasedthenumber

offlocksfrom10to15inordertoincorporate
suburbansitesSixchickensweredistributedto

eachofthe15flocksWealsoincorporated
pigeonsColumbaliviainoursentinelprogram
at6ofthe15flocksitesOneurbansiteandfive

ruralsiteswereselectedforthesentinelpigeons
duetoeasyaccessandspacetoaccommodate
boththechickensandpigeonscagesinthesame
propertyThethirdchangeintheprogramwas
the placement of 3 encephalitis virus

surveillanceEVStrapsand1gravidfemale
trapineachofthe15chickenflocksitesto
determineifantibodieswouldbefoundinthe

sentinelbirdsbeforevirusdetectioninthe

mosquitoesBloodsamplesfromthechickens
andpigeonswerecollectedweeklyfromMarch
throughOctoberEVSandgravidfemaletrapsat
each location were placed and collected

followingthesameschedulewithsubsequent
testingofthemosquitoesforthepresenceof
WNV

Whencomparingmosquitopoolstothe
sentinelchickensinurbanizedareasthestudy
showedthatthemosquitopoolsindicatedWNV
activityapproximatelyfourweekspriortothe
firstsentinelchickenconversionFig1Inthe

singleurbanizedsitethesentinelpigeons
showedantibodiestoWNVfiveweeksbefore

anyofthesentinelchickensdemonstrated
antibody conversion All mosquito pools
collectedandtestedfromthatsitewerenegative
forWNV

Incontrasttheruralsitesrevealedthat
sentinelchickensshowedantibodiestoWNV

threeweekspriortothefirstWNVpositive
mosquitopoolandatsomeofthesitessentinel
chickensweretheonlyindicatorsofWNV
activityFig1Inadditionsentinelchickens
indicatedWNVactivitybetweenoneandthree
weeksbeforethefirstsentinelpigeonshowed
antibodies

Fromourresultsweconcludethat
mosquitopoolsseemtobeamoreeffective
indicatorofearlyWNVactivityinsuburban
environmentsbutnotinruralenvironments
wherechickensseemtobeabetterearly
indicatorUnfortunatelyweonlyhadoneurban
sitewithpigeonsinourstudythereforefurther
studiesarenecessarytodetermineifthesentinel
pigeonswouldbeamoreeffectiveindicatorof
WNVactivitythanthesentinelchickensinsuch
environmentsOnehypothesisisthatwiththe
pigeonbeinganestablishedandcommon
urbanizedbirditmaybeamoreattractive
sentinelduetothemosquitospeciesfeeding
habitsinsuchareas

Overallimplementingagreaternumber
andvarietyofsentineltoolsincreasesthe
chancesofearlydetectionofWNVactivityat
thesentinelsitesWithmoretimelyinformation
theDistrictscontroleffortsweremoreeffective

andinturnloweredpotentialrisktothepublic
atlargeOurmissionistocontinueenhancement
ofalloftheDistrictsvirussurveillance

programs With the expansion of the

surveillance programs there is a greater

Proc PapersMosqVectorControlAssocCalifVol76

160



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

probabilityofearlydetectionofvirusactivity
which therefore translates to increased

protectionfromarbovirustransmission
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Figure1InitialindicationofWestNilevirusactivityinSacramentoandYoloCounties2007
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GuidelinesforContributors

ProceedingsandPapersofthe
MosquitoandVectorControlAssociationofCalifornia

ProceedingsandPapersalsoreferred
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publicationoftheMosquitoandVectorControl
AssociationofCaliforniaItisprintedone
volumeeachyearandincludedpapersbasedon
presentations includingyoung investigators
awardcompetitiongivenattheAssociations
annualconferencePublicationofsubmitted

papersisalsoencouragedItpublishesarticles
onthebiologyecologyandcontrolofmosquito
andothervectorsofdisease

CONTRIBUTIONSAmanuscriptfor
publicationintheProceedingsisencouraged
fromeveryspeakerArticlesshouldbeoriginal
contributionsinthefieldofmosquitoandvector
ecologyandcontrolandprovideinformationto
benefitthediverseinterestsinscientificand
technical development operations and

programs and management documentation

Pleasedonotsubmitpapersthathavebeen
previouslypublishedorarebeingconsideredfor
publicationelsewhereAnexcessivenumberof
pagesononesubjectorbyanyoneauthorare
generallydiscouragedAlthoughpreferenceis
giventopapersacceptedontheprogramagenda
acceptabilityforpublicationrestsonmerit
determinedonreviewbytheeditorAnon
memberauthorwishingtopublishinthe
Proceedingsisrequiredtopaytheregistration
feefortheconference

MANUSCRIPTFORMATManuscripts
mustbetypeddoublespacedonlyononesideof
thepagewithoneinchmarginsonallsidesA
312floppydisketteorcompactdiskshould
alsobesubmittedwhichincludesbesides
manuscriptimagesofalltablesfiguresor
photographsCommonIBMcompatibleword
processingprogramssuchasMicrosoftWordor
WordPerfectorExcelforchartsispreferred
Onehardcopyplustwocopiesofthetables
figuresandorphotographsshouldaccompany
thedisketteElectronicsubmissionof
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manuscriptsisencouragedTheseshouldbe
submittedtotheincomingeditorwithin60days
followingtheendoftheconferenceArticles
receivedafterthattimemaybereturnedfor
resubmission for the next issue ofthe

ProceedingsAuthorsshouldrefertorecent
issuesoftheProceedingsandPapersofthe
MosquitoandVectorControlAssociationof
CaliforniaforstyleandformatandtheJournal
oftheAmericanMosquitoControlAssociation
forguidanceonscientificnames

TheProceedingssubscribedtothe
scientificabbreviationsofmosquitogeneric
namedusedbytheAmericanMosquitoControl
AssociationTheusageandalistofthese
scientificnamesarediscussedintheJournalof

theAmericanMosquitoControlAssociation
54851989Bilettergenericabbreviationsare
usedforCulicdaeCommonabbreviationset
alieetcarenotitalicizedUseofthemetric
system with English measurements in

parenthesisisencouragesAvoidfootnotesin
text

ThepapersintheProceedingswill
appearforthemostpartassubmittedEditorial
libertieswillbeexercisedinthoseinstanced

whereimprovedclarityisneededandwhere
styleisincorrectArticlesrequiringextensive
editing and not conforming o style and

instructionswillbereturnedtotheauthorfor
correction

SUBMITTED PAPERS Manuscripts
otherthanpresentationsattheconference
submittedforpublicationintheProceedings
willbetreatedasRefereedorPeerReviewed
ArticlesThesewillbesentforreviewtoat

leasttwoormorescientistsproficientinthe
subjectFollowingtheircommentsandadvice
theEditorwilldeterminewhethertheseshould

bepublishedasPeerReviewedarticles
TITLEThetitleauthorsnames

organizationmailingaddressemailaddress

Proc PapersMosqVectorControlAssocCalifVol76



ProceedingsandPapersoftheMosquitoandVectorControlAssociationofCalifornia Volume76

andtelephonenumbershouldappearatthetop
ofthefirstpage

ABSTRACTAnAbstractisrequired
andshouldprovideabriefsummaryofthe
paper TheEditormayrefuse topublish
AbstractsorSummariesalone

PAGENUMBERINGNumberpages
consecutivelyincludingtablesandfigures
Insertthetablesandfiguresasseparatepages
followingthefirstplacetheyarereferencedin
thetext

TABLESTablesshouldbetypedon
separatesheetsplacedincorrectsequenceinthe
textandshouldbelimitedtothosestrictly
necessaryTitlesshouldappearatthetopofthe
tablesTablesshouldbepreparedwithregardto
theultimateprintedsizeofone3 ortwo

columns 614 Each table should be

referencedatsomepointwithinthetextAvoid
longandcomplextables

ILLUSTRATIONS Figures graphs
linedrawingsandphotographsmustbemailed
flatFiguresshouldbenumberedconsecutively
Titleslegendsorotherheadingsshouldbe
typeddoublespacedonaseparatesheetof
paperTitleswhenprovidedwithillustrative
materialsshouldbeatthebottomofthefigure
graphorpictureAswithtablesillustrative
materialsmustbeplannedtofitreasonably
withinaoneortwocolumnformatFigure
numbersinadditiontotheauthorsname

shouldbewritteninbluepencilonthebackof
eachillustrationFiguresgeneratedondot
matrixprinters orphotocopies reproduced
poorlywillnotbeacceptableforpublication
Sincemostfiguredmaybereducedtoone
columnwidththeoriginallinesandprinting
mustbe legible whenreductionbecomes

necessaryPatternsinblackgrayinsteadof
colorsshouldbeusedinmapschartsandother
illustrativematerials

REFERENCES CITED Alphabetize
referencesbytheauthorssurnamesWithinthe
alphabeticalordersequenceshouldbebyyear
beginningwiththeearliestpublicationdate
Includeonlypublicationsthatarecitedinthe
textandthestyleofthecitationsshould
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conformtotheformatinthelatestissueofthe

Proceedings
PROOFANDREPRINTSAuthorswill

receiveagalleyproofaswellasorderformsfor
reprintsMajorrevisionsatthisstagewillnotbe
acceptableProofswithcorrectionsifanyand
reprintorderformsshouldbereturnedwithin7
days to the MVCAC office Electronic
submissionofbothproofcorrectionsandreprint
ordersishighlydesirable
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