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EDITORSNOTE

Duringoneofthequarterlyboardmeetingsin1998IwasaskedbyJackEHazelriggChairof
theMVCACPublicationsCommitteewhetherIwouldacceptbeingEditorfortheProceedingsI
thoughtaboutitforawhileandwithacertainamountoftrepidationIhesitantlyacceptedPerhaps
ifyouevencaretoreadthismessageyoumaynotethatIhavedeliberatelyusedtwo words

trepidationandhesitantlyMyintenthereistoaddressthestatusoftheProceedingsasviewed
bythescientificcommunityWiththisinmindmyfirstorderofbusinesswastoreviewtheexisting
GuidelinesforPublicationDidnttakemetoolongtodecidethattheexistingGuidelineswerein
direneedofrevisionKeepingwellinmindthatthisbeingjustaProceedings therevised

Guidelinesweremodifiedtosuittheintendedneedsandrequirements

TraditionallymostProceedingsdonotenjoythesamestatusorprivilegesharedbythose
publicationsentitledBulletinJournalandsoonThatisbecausearticlessubmitted for

publicationinaProceedingstraditionallyarenotsubjectedtothehighlyregardedpeerreview
processemployedbypublicationsconsideredbytheacademiccommunityasvalidpublications I

specificallystatethisbecauseofmypersonalexperienceAfewyearsagoIcorrespondedwitha
seniorauthorregardingastatementmadeinanarticlepublishedinapeerreviewedJournalI
mentionedthatwhatwasemphasizedinaparticularstatementintheirpublicationwasntnew
informationsinceasimilarstatementhadbeencoauthoredbymeseveralyearsagoandpublished
inaProceedingswhichIshallnotnameTosparehimthetroubleIincludedacopyofthearticle
withthesimilarstatementhighlightedThewrittenresponseIreceivedwassomethingtotheeffect
thattheagencyherepresentedCDChadapolicythatforbadetheuseofcitationsfromany
ProceedingsastheywerenotconsideredvalidpublicationsIsupposethatallthescientistsin
thisagencyhaveresignedtoferventlyadheringtothispolicyratherthanevaluatingthemeritsof
thequalityofanarticleregardlessofwhereitispublished

ForthesakeofdiscussionIamwellawarethatthiswilllikelyelicitresponsesandarguments
frommyprofessionalcolleaguesiffellowscientistsandtheacademiccommunitieshavesuchan
abjectviewofaProceedingsthenIaskwhybotherwithallthesemeetingsandconferences
whydeliverthepresentationsandwhydotheseprofessionalorganizationsbothertoexpendthe
timeandmoneytopublishProceedings

Furthermoreoneofthemajorviewpointshastraditionallybeenthat thepresentationwas

alreadydeliveredyoucannotchangewhathadbeenalreadydiscussed
Ibegtodifferwiththoseofyouwhosubscribetothisforthefollowingreasons

Mostofthespeakersdonotsubmithardcopiesordiskettesoftheirpresentationsasisusually
requiredatthemeetingorconferenceMoreoverfollowingthemanyrequestspleadingsand
othermethodsofpersuasionthecontentsofthearticleswhenfinallyreceiveddonotalways
reflectverbatimwhatwasdeliveredattheconference

Additionallynoneofusprofessestorecallallthedatapresentedbyallthespeakersoratleast
thosepresentationsyoubotheredtositthroughatallofthesemeetingsandconferences1
recallreadingsomewherethatifoneiscapableofretaining5ofthetechnicalmaterialthat
comesacrossonesdeskyoumaybeconsideredexceptionallygifted

MoreoverwhenpresentationsendupbeingpublishedeitherinJournalsBulletinsor
ProceedingstheyarepermanentlypreservedusuallyindefinitelyAsisgenerallyprofessedin
theacademiccommunitypublishorperishifyouwishtoachieveimmortalitythenyou
mustpublish

vii



Publishedmaterialregardlessofageortheirstatusasvalidpublicationswillusuallybeavailable
forthethinkersandscientistsofthefutureasreferencematerialstoperusethroughandperhaps
formulateopinionsGoodresearchdoesntnecessarilymeanthatalltheanswersmustbeprovided
Equalvalueshouldbegiveniftheresultsoftheresearchculminateinraisingthoughtfulquestions
forfutureresearchers

OkaysoImaybegettingtooverboseinthisEditorialNotethatisifyouevenbotheredtoread
thisfarandperhapsyournaturalresponsewillbe sowhatareyoutryingtoproveMadonwhats
yourpoint ThereisnopointandImnottryingtoproveanythingImjustcastingsomethoughts
thathavelongbeenpersonallybothersomewiththehopethatthereadersmayeitherwanttorespond
preparearebuttalorifyouprefertearmetoribbonsYouarebeingofferedthisopportunity

Aspartofhisherchargeaneditorisresponsibleforsettingstandardsandmaintainingquality
BasedonmyexperienceeditorsoccasionallyenduptakingsomedegreeofabuseOnoccasion
authorsregardeditedcommentsascriticismseditorsareoftenaccusedofhurtinganauthorspride
andfeelingsSincetheauthorsprefertobeuniqueindeliveringtheirpresentationstheirmanuscripts
usuallyaresentinasimilarcontextandtheymaynotconformtotheenclosedGuidelinesforContributors
astheproverbialsayinggoesIfallelsefailspleasereadtheenclosedGuidelines WellI

attemptedtheboldmoveandtriedtomakesomechangestosomeofthedeliveredpresentations and

loandbeholdIwassubjectedtosevereverbalbashingbysomeofournotablescientists
Theneventhoughthedeadlinedatesareusuallyignoredthefamiliarandubiquitousand

intimidatinginquiryensues whyisittakingsolongtogetthepublicationout whatsholdingit

up includingahostofothercomplaintsaneditorhastocontendwith
ForinstancetheProgramAgendafortheYear2000MVCACannualconferencelists72

presentationsoftheseonly17manuscriptsplus2submittedpaperswerepublishedinthisissue
OtherspeakerschosenottosubmittheirpresentationsThisrepresentsaratherweakresponseIfwe
arechargedwiththeresponsibilityofmaintainingtheviabilityofthispublicationitisimperativethat
thespeakerscooperatebysubmittingthemanuscriptsoftheirpresentationsbytherequesteddeadline
date

ArticlesregardlessofwherepublishedoughttobegivenfairconsiderationIfonedisagrees
theresalwaysanopportunityforvoicingdisagreementorprovidingvalidrebuttalsInconclusionI
amappealingtosomeofyoutoshuckyourelitistviewsaboutwhatconstitutesavalidpublication
LetsbeginwithanattempttoimprovetheAssociationsProceedingsandsetanexampleforothersto
follow

InconclusionIwishtoextendmyappreciationandgratitudetothereviewersJeffreyBeehler
BruceFEldridgeLalSMianWilliamEWaltonJamesPWebbandGlennMYoshimuraThey
graciouslydonatedtheirtimeandefforttomakethisissuepossible

Feedbackiswelcomed

MinooBMadon

OverthenumberofyearsthatIhavehadexperienceasanEditorofsortswithhumblebeginningswaybackin
1963workingasanlicensedFieldRepresentativeSalesmanEntomologistTrainingInstructoratamajorprivate
pestcontrolcompanyinLosAngelesincludingotherdutiesasanEditorandcompilerofthecompany
NewsletterTheChatterbugthenmovingontobeingthefirstEditoroftheBulletinoftheSocietyofVector
EcologistsnowelevatedinstatusfromBulletintoJournalofVectorEcologyvariousmiscellaneousactivities
intheSOVENewsletterandpresentlyasEditorofthisProceedings
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DavidBrownManager
SacramentoYoloMosquitoandVectorControlDistrict

HiltonBMunnsdiedThursdaySeptember91999after
acourageousbattleagainstpancreaticcancer

Munzyashewasaffectionatelyknownwasborn
February261929inFennimoreWisconsinHewas
oneofsevenchildrentoRexfordandDorothyMunns
Munzyandhistwobrothersandfoursistershelpedhis
fatherrunadairyoperationWhenMunzywasofage
hejoinedtheUSArmyHeplayedthetrumpetinthe
Armybandandbecameanaccomplishedmusician
Despiteabrokenjawthatendedhisplayingcareer
Munzyneverlosthisappreciationforjazzandbigband
music

AfterhisstintintheArmyheattendedIowaCollege
fortwoyearsandthenwenttoworkforacheesemaker
inWisconsinHisemployerimmediatelyrecognized
hiskeenbusinesssenseandabilitytoworkwithpeople
WhenanotherfactorywasopenedinIowaMunzywas
askedtomanageandruntheoperationsHedidthis
until1964whenhemovedtoSouthernCaliforniaand

workedinsalesforWyandotnowapartofBASFand
RalstonPurinaHesoldcleaningsolventforfood
processingmachinesanditwasduringthistimehe
honedhisamazingpeopleskillsHeknewallofhis
customersbynamethenamesoftheirfamilymembers
wheretheylivedandcouldrecountthelastdiscussions
hehadwitheachandeveryoneofthem

In1971hestartedFennimoreChemicalsWhen

RalstonPurinadiscoveredthistheygaveMunzyhis
noticewhichMunzylatersaidwasthebestthingthe
companyeverdidformeItforcedmetoworksolely
onmybusiness

MunzywasanactivememberoftheSocietyof
VectorEcologytheMosquitoandVectorControl
AssociationofCaliforniatheAmericanMosquito
ControlAssociationandotherregionalvectorcontrol
associationsHetranscendedwhatmightbedescribed
asyourtypicalsalesmaninsteadbecomingatrue
advocateofnotonlythevectorcontrolbusinessbutof
thepeoplethatmadevectorcontroltheirlivesHe
regularlybroughtpeopleinthevectorcontrolbusiness
fromEuropetoseetheUnitedStatesandthevector

ConferenceDedication

InMemoriam HBMunns

1

controloperationsheresolelyathisownexpenseHe
neveraskedforanythinginreturnnordidheexpectit

Hisreceptionsweremorelikefamilygettogethers
thanbusinessoperationsasallthatattendedhis
SuperBowlpartieswillattestHisloveoffootball
particularlytheGreenBayPackerswasovershadowed
onlybyhisloveofgolfHisgolftournamentswere
alwayswellattendedandthoughhehadaslicethat
couldcutbreadhisenjoymentofthegamenever
diminished

Munzyslifewascompletedwhenhemethis
lovelywifeJessicaandhesharedwithclosefriends
thecontentmentheenjoyedwithherinhislifeJessica
faithfullylookedafterMunzyduringhislastdaysof
illnessandfulfilledhislastwishoftakinghimhome
tohisbelovedFennimoreThelovetheysharedfor
eachotherwasapparenttoallwhosawthemtogether

Munzyhadthreedaughtersfromaprevious
marriagethathewasextremelyproudofandnever
missedachancetobragabouttheiraccomplishments
Hisgenuinedevotiontohiswifechildrenand
grandchildrenwereenormous

IwashonoredtoknowMunzyasapersonand
blessedtocallhimafriendTheprofessionalism
dignityandclasshebroughttohisindustrywillnever
bematchedHewillbesorelymissedbyallhetouched
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InMemoriam StephenMSilveira

MosquitoPreventionSpecialistTurlockMosquitoAbatementDistrict

ManageroftheTurlockMosquitoAbatement
DistrictfromAugust11959toApril301986

SourceReductionTechnicianfortheDistrictfrom

February11954toJuly311959
StevewasbornMay101921inNewman

CaliforniaHegrewuponafamilydairyandattended
OrestimbaHighSchoolWhileattendingModesto
JuniorCollegehejoinedtheArmyAirCorpsduring
WorldWarIIservingasabomberpilotfrom1941to
1945

StevemarriedhiswifeLoisinAprilof1944and
afterthewartheyfarmedthelandbygrowingwalnuts
andthefamilygrewwiththebirthofasonSteveJr

PriortojoiningtheTurlockMosquitoAbatement
DistrictSteveworkedataNewmantractorcompany
andwasanadultagricultureinstructoratOrestimba
HighSchool

StevestartedworkwiththeDistrictin1954and

lateronwaspromotedtoDistrictmanagerreplacing
GEdwinWashburnwhohadstartedin1946atthe

inceptionoftheDistrict
Stevelikedworkinginmosquitocontroland

strivedtomakeitthebestmosquitocontrolprogram
inthestateHecooperatedwiththeprivateindustry
researchersinindustryandattheUniversityof
CaliforniaAgriculturalExtensionresearchersfrom
foreigncountriesandpoliticianstopromoteand
improvemosquitocontrolwithintheTurlockDistrict
andtohelpotherselsewhere

MarcRPittman

Stevelovedworkingwithpeopleinmosquito
controlandhiredtheverybestHisdesirewasthatthe
Districtwouldhavethebestmosquitocontrolprogram
possible

Stevewasknownasapeacemakeramongthe
Districtpersonnelandreceivedaplaquerecognizing
thisrolethatproclaimedinpartBlessedarethe
peacemakersfortheyshallbecalledsonsofGod
Mathew59

SteveservedtheDistrictfor32yearsexperiencing
manychangestakingplacefromDDTandits
resistancetothebeginningsofbiologicalcontrol
organismsfromthermalfoggerstocoldfoggersfrom
dairydrainstodairypondsfromfloodyearstodrought
yearsfromlowpublicprofiletohighpublicprofile
especiallyafterpassageofProposition13Through
allofthisStevemanagedverywellduringthese
changeskeepingtheDistrictabreastontechnology

Stevelovedhiswifesondaughterinlaw
granddaughterandwasverydevotedtohisfamilyHe
lovedtomakefurniturebyhandtheoldfashionedway
andevenbuiltthehousehissonlivesintoday

Stevealwaystookagreatinterestinwhomsoever
hemetandwantedtolearnmoreabouttheindividual
andwasreadytohelppeopleifitwasneeded

Hewasaspecialmanandafterworkingwithand
forhimandtheDistrictapartofStevegoeswith
everyoneheworkedwithandmetandwillbepassed
onfromgenerationtogenerationhewasaneatboss
toworkwithandforandyoualwayscameawaya
betterperson

StevewasamemberoftheTurlockRotaryClub
whicheventuallyhelpedformtheTurlockMosquito
AbatementDistrictbackin1946HewasPresidentof
theCaliforniaMosquitoControlAssociationin1967
andanHonoraryMemberofMosquitoandVector
ControlAssociationofCaliforniasince1987

BecauseofhisflightexperiencesduringWorld
WarIIandhisinterestinairplaneshebecameoneof
thefoundingmembersoftheCastleAirMuseumin
AtwaterCalifornia

StephenMSilveiraleftthisworldabetterplace
May262000

SubmittedbyMarcRPittmanMosquito
PreventionSpecialistTurlockMosquitoAbatement
District
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WestNileVirusinNewYork

IssuesofConcernforCalifornia

Introductionandbackground

WilliamKReisen

ArbovirusFieldStationCenterforVectorborneDiseases
SchoolofVeterinaryMedicineUniversityofCaliforniaDavisCalifornia95616

INTRODUCTION

Inlatesummer1999anunusualclusterof

encephalitiscaseswasrecognizedinNewYork
Relyingonthecollectivewisdomthatifyouhearhoof
beatsthinkhorsesnotzebrasinitialserafromhuman

patientsreactingpositivelytoStLouisencephalitis
virusSLEantigenwereidentifiedpresumptivelyas
SLECDC1999Anemergencymosquitocontrol
programwasinitiatedrapidlyandmostoftheaffected
areasweretreatedbyairwithultralowvolume
adulticides Unexpectedavianmortalitytestsof
necropsyspecimensfrombirdsdyingattheBronxZoo
isolatesfrommosquitopoolsandadditionaltesting
ofhumanspecimensidentifiedthecauseofthe
outbreaktobeanexoticagentWestNileWNvirus
CDC1999Jiaetal1999Lanciottietal1999
ThiswasthefirstrecordofWNintheNewWorld

Hayes1989andprovidedclearevidencethateven
inthemoderneratheUnitedStatesremains

susceptibletotheintroductionandamplificationof
exoticarboviruses

TheintroductionandsubsequentoutbreakofWN
raisedanumberofquestionsincluding

HowdidWNgettoNewYorkandwheredidit
comefrom

Whatarethechancesthatthisviruswilloverwinter

andspreadtootherstates

WhatistheriskofWNandotherexoticviruses

beingintroducedintoCalifornia

WillthecurrentCaliforniaEncephalitisVirus

ProceedingsandPapersoftheSixtyEighthAnnualConference 3

SurveillanceProgramdetecttheseintroductions

Whatplansareinplacetorespondtosuchan
introduction

Todayssymposiumwilladdresstheseandotherissues
astheyrelatetoCaliforniaThespeakersandthe
subjectoftheirtalksarelistedbelow

BFEldridgeUCDavisIntroduction

NKomarCDCFtCollinsWestNileoutbreak

inNewYorkCity

WCReevesUCBerkeleyThreatofarboviral
introductionsintoCalifornia

CGlaserCDHSBerkeleyClinicalaspectsof
infectionandpassivecasedetection

LDKramerUCDavisDiagnosticsand
surveillance

VLKramerCDHSSacramentoControland

containmentCaliforniaDepartmentofHealth
Servicesperspective

CBeesleyContraCostaMVCDControland
containmentMosquitoandVectorControl
Districtperspective

BeforethesepresentationsdescribingWNinthe
contextofaninvadingvirusIthoughtthatitwouldbe
usefultoprovidebackgroundinformationonits
distributionandepidemiology

PaperinpartwasreadbyBFEldridgeDepartmentofEntomologyUniversityofCaliforniaDavis
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BACKGROUND

WestNileisanarbovirusrelatedcloselytoSLE
andisclassifiedwithintheJapaneseencephalitisvirus
JEcomplexofthegenusFlavivirusinthefamily
FlaviviridaeInadditiontoJEfoundthroughoutAsia
othercloselyrelatedvirusesofpublicconcernwithin
thiscomplexincludeKunjinandMurrayValley
encephalitisvirusesthatareendemictoAustralia
Hayes1989Thereisconsiderablecrossreactivity
amongviruseswithinthiscomplexmakingdiagnosis
difficultwheretheyaresympatricWestNileis
distributedfromEuropesouthintomuchofAfricaand
eastthroughthecentralhighlandsofIndiaFig1
Thereare2maingeneticlineagesamongstrainsthat
havebeensequencedRecentoutbreaksofWNinIsrael
andtemperateEuropeincludingRomaniaandRussia
HubalekandHalouzka1999havebeenattributedto
viruseswithinlineage1isolatesfromNewYorkfall
intothislineageJiaetal1999Thesecondmajor
lineageincludesstrainsfoundinendemicareasofAfrica
andAsia

TheecologyofWNiscomplexwithisolations
recordedfromalargenumberofmosquitoesandwarm
andcoldbloodedvertebratesHayes1989Hubalekand
Halouzka1999Ticksalsohavebeenfoundinfected
innaturebuttheirroleintransmissionhasnotbeen
establishedfirmlyThebasiccycleseemstobesimilar
toSLEwithCulexmosquitoesinboththepipiensand
sitienscomplexesastheprimaryvectorsandbirdsin

Figure1MapshowingtheapproximatedistributionofWestNile Virus

theorderPasseriformesastheprimaryvertebratehosts
Tayloretal1956Hayes1989Howeverduring
outbreaksavarietyofbirdsandmammalsand
mosquitoesbecomeinfectedalthoughmanymaybe
deadendhostsMortalityinbirdshasbeenreported
especiallyincorvidscolumbiformsandanseriforms
Worketal1955Hayes1989Becauseofsimilarities
inthegeneralecologyoftheprincipalvectorin
PakistanCulextritaeniorhynchusGilesandthe
possiblevectorinCaliforniaCulextarsalisCoquillett
Reisen1981theremainderofmypresentationwill
focusonecologicalstudiesdoneintheChangaManga
ForestnearLahorePunjabProvincePakistanHayes
etal19801982Reisenetal1982toprovide
backgroundinformationontheepidemiologyofthis
virusinanendemicruralsetting

VillagesinChangaMangaForestPunjab
ProvincePakistanweresurroundedbyagricultural
fieldsandanextensiveplantedmulberryforestthat
providedroostingandnestinghabitatforadiverseavian
fauna Oneofourstudyvillageswasadjacenttoa
communalroostingareaforcrowsSurveysforhuman
infectionwereconductedduring1968and1978Hayes
etal1982andshowedapatternconsistentwithalow
annualinfectionrateFig2

Mosquitoeswerecollectedrestingintheforestand
villagebypoweraspiratorbitinglandingathumanbait
duringlateafternoonandbitingatbuffalobaitinearly
eveningReisenetal1982Over43000mosquitoes
wereenumeratedtospeciesandtestedforvirus
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infectionbyintracranialinoculationofsucklingmice
withnegativeresultsFig3Culextritaeniorhynchus
amemberofthesitienscomplexrelatedtoCxtarsalis
wasthemostabundantspeciescollectedfollowedby
CulexpipiensquinquefasciatusSaySamplingand
bloodmealidentificationstudiesindicatedthat

mosquitoescouldbedividedintofourgeneral
categories

Restinhousesandfeedonhumansandbirdsat

nightCxquinquefasciatus
Restincattleshedsandfeedoncattleatnight
severalAnopheles
Restintheforestandfeedonhumansduringthe
dayseveralAedes
Restinfieldsandforestandfeedmostlyoncattle
atnightmanyAedesMansoniaCulexand
Anopheles
Abundantmosquitospeciesaswellasthose

implicatedelsewhereinWNtransmissionwere
evaluatedfortheirvectorcompetenceusingthe
Egyptian101strainamemberofWNlineage1Akhter
etal1982UsingamembranefeedingsystemCx
tritaeniorhynchuswasthespeciesmostsusceptibleto
oralinfectionfollowedbyCxpseudovishnuialsoa
memberofthesitienscomplexandCxunivittatusFig
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3TherestofthemosquitoesincludingseveralAedes
andCxquinquefasciatuswererelativelyrefractoryto
oralinfectionFemalesthenwereinfectedby
intrathoracicinoculationandevaluatedfortheirability
totransmitvirusbybitetosucklingmiceortoablood
sugarmixturepresentedasahangingdropOncethe
gutbarrierwasbypassedbyintrathoracicinoculation
mostspecieswerecompetentvectorswithCx
tritaeniorhynchusandCxunivittatusbeingthemost
efficientlaboratoryvectorsFig3

Wildbirdswerecollectedbymistnettingnear
villagesandwithintheforestHayesetal1982A
totalof317wildbirdsweretestedforpreviousWN
infectionbyaneutralizationtestMostbirdspecies
includingcrowsexhibitedantibodyThecollectionof
antibodypositivespecimensindicatedthatmost
individualsprobablydidnotsuccumbtoinfectionand
thattheendemiclineage2strainsendemictothisarea
ofAsiamightnotbeaspathogenictobirdsaslineage1
strains

OurstudiesinPakistanledtothefollowing
conclusionsaboutWNrelevanttotherecentinvasion

intheNewYorkareaandpossibleintroductioninto
California

01968
a1978 13

Cr

d

1968 1958 1948 1938 1928 1918 1908 1898

AGEBYBIRTHCOHORT

Figure2PrevalenceofneutralizingantibodiesagainstWestNilevirusinvillagersfromChangaManga
ForestPunjabProvincePakistanredrawnfromHayesetal1982
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WestNilefrequentlyinfectedhumanswithout
noticeablemorbidityormortalityMosthuman
infectionsinPakistanmusthavebeeninapparent
becausefewcentralnervoussystemcaseswere

notedorreportedfromthesestudyvillageswhich
wevisitedweeklyfora2yearperiodLackof
clinicalillnessinolderagegroupswasattributed
toelevatedpopulationimmunityacquirednaturally
earlyinlifewhenclinicalillnessislessfrequent
andseverePopulationsinNewYorklackedthis
acquiredresistanceresultinginclinicalillness
especiallyamongtheelderly
Infectionofbirdsinanendemicareadidnotappear
tocauseextensivemortalitybecausemostspecies
sampledhadsomeprevalenceofneutralizing
antibodyBasedonextensivemortalityamong
crowsinNewYorkpopulationsnotexposed
previouslyappeartobemuchmoresusceptibleto
infection

Culextritaeniorhynchuswasthemostabundant
mosquitoandwasthemostefficientlaboratory
vectorofWNhoweverthisspeciesfedmostlyon
cattleandinfrequentlyonhumansandbirdsIn
CaliforniaCxtarsalisprobablywouldbeamore
effectivevectorthanCxtritaeniorhynchus
becauseofitfeedsfrequentlyonbothbirdsand
mammalsandmayhavecomparablesusceptibility
toinfectionbasedofvectorcompetencestudies
withSLE

Culexpipiensquinquefasciatuswastheonly
speciesthatfrequentlybloodfedonbothhumans
andbirdsbutonlywasamoderatelycompetent
laboratoryvectorofWNSimilarresultshavebeen
obtainedwithSLEandWNvirusesinfecting
membersoftheCxpipienscomplexintheUnited
Stateshowevertheinvadinglineage1virusmay
produceelevatedviremiasinacutelyillbirds
therebyfacilitatinghorizontaltransmission
InvolvementofperidomesticCxpipienscomplex
populationsmaybecriticalforwidespread
transmissioninurbansituations
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WestNileVirusintheNortheastUnitedStates
NicholasKomar

USPHSCDCFortCollinsColorado

MosquitoandVectorControlAssociationofCaliforniaAnnualMeeting
SacramentoCalifornia

January311999

SUMMARY

WestNilevirusWNwasidentifiedastheetiologic
agentinaclusterof59humancasesofdisease
characterizedchieflybyasepticmeningitisand
encephalitisTherewere7deathsrecordedduringthe
outbreakwhichoccurredinAugustandSeptember
1999inandaroundNewYorkCitySeveralisolates
weremadefromCulexpipiensmosquitoesproviding
strongevidencethatthisabundanturbanmosquito
servedasthevectorMorbidityandmortalityassociated
withWNinfectionwasobservedinothernonhuman

vertebratepopulationsincludinghorsesacatand
numerouswildandcaptivebirdsCrowsinparticular
weresusceptibleandsuccumbedtoinfectionReporting
ofdeadcrowshasservedasasensitivesurveillance
toolfordeterminingthedistributionofWNactivityin
4northeasternstatesNewYorkConnecticutNew
JerseyandMarylandAserologicalsurveyofresident
andmigrantbirdsintheNewYorkCityareawas
conductedcollaborativelybyCDCandtheUSGS
NationalWildlifeHealthCenterandindicatedthat1
Aviantransmissionwaswidespreadbutwasmost
intenseinnorthernQueenswheremosthumancases

occurred2Migratingbirdswereinfectedrarelybut
anisolatefromahealthymigrantflycatcheronOctober
21indicatedastronglikelihoodthatsouthward
migratingbirdscouldserveastransporthostsforWN
3Chickensdevelopstrongantibodythereafter
infectionwithWNandpreexistingflocksserveasgood
sentinnelsforlocaltransmission4Housesparrows

andEuropeandovesaregoodwildbirdsentinelsfor
localtransmission5Housesparrowsdomestic
pidgeonsandmourningdovesaregoodwildbird
sentinelsforlocaltransmissionand6 Low

seropositivityinhealthycrowscombinedwith150
WNisolatesfromdeadcrowsandreportsofthousands
ofotherdeadcrowsindicatesaveryhighmortality
rateinnaturallyinfectedcrowsReductionofmosquito
populationsbychemicalmeansinNewYorkprovedto
beaneffectivemeansofreducingriskofWN
transmissiononcetheepidemicwasrecognizedActive
surveillanceformosquitobornetransmissiontobirds
promotingpublicawarenessofpersonalprotection
frommosquitoesandcontrolofCulexmosquito
populationswillbethebestmeansofreducingpublic
healthveterinaryandwildlifeimpactsofWNinthe
US
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TheThreatofExoticArbovirusIntroductions
intoCalifornia

Ifounditachallengetobeaskedtodiscussthe
threatofarboviralintroductionsintoCaliforniaAs

backgroundwealreadyhaveidentified18different
arbovirusesthatoccurinCaliforniaandthatseemto

metobeplentyofresidentviruseswithoutaddingmore
Howeverwealsoknowthatover500otherarboviruses

existintheworldtodayKarabatsos1985andsome
couldbeintroducedintotheUSAandposeareal
problemIwilldiscussthehistoryoftheconcernover
suchintroductionsandfinallyselect8arbovirusesthat
IbelievearelikelycandidatestoinvadeCalifornia
Otherspeakersonthispanelwilldiscusstheproblems
whenWestNilevirusappearedinNewYorkin1999

Myconcernwithexoticvirusesbeganduringthe
1940swhenWorldWarIIbroughtoutthatbiological
warfarewasanewareafornationalconcernanditwas

anewareaforresearchofwhichsomewasdonein

CaliforniaThisrequiredtheintroductionofsuspect
virusesforstudyatseverallaboratoriesThereforeit
maybesomewhatredundanttoasktodayifsuchviruses
maybeintroducedbecausetheyalreadywereandI
recall10suchvirusesYellowFeverYFdengue1
Den1VenezuelanequineencephalomyelitisVEE
JapaneseencephalitisJEChikungunyaCHKKand
RussianspringsummerencephalitisRSSEThe
researchontheseviruseswasinsupportofanational
defenseprograminthe1940sand1950sandallpossible
carewastakentopreventthereleaseoftheseagents
intotheenvironment

OneexampleofsuchstudieswstheresearchonJE
virusThisvirushadbeenthecauseofextensive

epidemicsinpeopleandpigsinJapanItwasconsidered
tobealikelybiologicalwarefareagentWewere
directedbytheOfficeoftheSurgeonGeneralofthe
USArmytoevaluatetheabilityofmosquitoesand
birdsofthePacificcoastalareatotransmitandmaintain

suchinfectionWefoundthat7ofthe14speciesof
mosquitostestedfromCaliforniacouldbevectors4
commonwildbirdspeciesandchickenswere
susceptibleandcouldpropagatethevirusReeves
Hammon1946Hammonetal19511946

Itwasimportanttodemonstratethatsuchresearch

WilliamCReeves

DivisionofPublicHealthBiologyandEpidemiologySchoolofPublicHealthUniversityof
CaliforniaBerkeley94720

couldbedoneandthatthesevirusescouldbecontained

OnlyRSSEvirusposedaproblemasitinfectedthe
scientistwhobroughtitintohislaboratoryandhedied
fromtheinfectionThestudywasterminatedandI
autoclavedthevirusTherewasnoevidencethatthe
virushadspreadNineotherviruseswereevaluated
fortheirabilitytogrowinaseriesoftissuecultures
andantigenswerepreparedforthediagnosisofcases
ininternationaltravelersincludingthemilitary

Anotherwayinwhichexoticviruseswere
introducedintoCaliforniaisillustratedby4occasions
whensuchvirusesYFDENJEVEEwerediagnosed
asthecauseofdiseaseinresidentsofCaliforniaThese
peoplebecameillshortlyaftertheirreturnfrom
internationaltravelintoareaswheretheviruses
prevailedTheYFcasein1999wasfatalTherewas

noevidenceofsecondaryspreadfromanyofthese
infectionsAllofthesecasesprobablyhadpassedthe
periodwhentheviremiawassufficienttoinfectavector

HowevertheyhadthatpotentialThemodemeraof
increasingvolumeandrapidpaceofinternationaltravel
toCaliforniameansthatdiagnosisofsuchcasesand
surveillancefortheirintroductionsmustbemaintained
Twoofthese4virusesareonmylistofcandidatesfor
possibleintroductionintoandestablishmentin
California

Internationalmovementofmosquitoesonairplanes
andinusedtiresisanotherpotentialsourceforthe
introductionofvirusesFivespeciesAedesalbopictus
AedesjaponicusAedestogoiAedesaegyptiCulex
pipienshavebeenintroducedhistorically3ofwhich
wererecentCravenetal1988andallhavebecome
establishedintheUSAOnlyCpipienscurrentlyis
establishedinCaliforniaEachsuchintroductionalso

wasapotentialsourcefortheintroductionofavirus

Fourofthesespecieswereintroducedrecentlyfrom
JapaninusedtiresThisbringsmetoconsiderthe
possibleimportanceoftransovarialtransmissionTOT
ofvirusesinsuchmosquitoesthatiswheninfected
femalestransmitinfectiontotheirprogenyJapanese
encephalitisvirushasbeenshowntohaveTOTin

vectorssuchasthosespeciesthathavebeenimported



January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference 10

AlthoughTOThasnotbeendetectedafteranyofthe
introductionsIbelieveitisonlyamatteroftimeuntil
suchtransmissionwilloccurPerhapswehavebeen
luckybutIdontliketorelyonluckasadeterminant
ofourfuture

WiththisbackgroundIwillnowselect8viruses
JEWNMVERiftValleyfeverRVFRossRiver
RRVEELaCrosseLACEasternequine
encephalitisEEEfromtheover500thatweknow
existintheworldandthatIbelievearelikelycandidates
forintroductionandestablishmentinCaliforniaSome

ofyouwouldselectothervirusesforthislistandwith
goodreasonMyselectionsarebiasedbymypersonal
experiencewiththeminthefieldandlaboratoryand
bymyknowledgeofthevectorandhostpopulations
forthe18viruseswealreadyknowexistinCalifornia
Ibelievethatwecanmatchknowledgeofourecological
conditionsandthebiologicaltraitsofourresident
mosquitoesandvertebratehostswiththecyclesand
ecologicalconditionsthatmaintainthecandidate
virusesintheirhomeenvironmentsIalsohave
consideredtheevidencethateachofthesevirusescan
betransovarilytransmittedbytheirvectorsandthis
wasamajorfactorintheirselectionFinallythetraits
ofnativevectorsandhostsofeachofthevirusescan
bematchedwiththetraitsofabundantmosquitoesof
thesamegeneraandavailablehostsinCalifornia

Anadditionalfactorforselectionoftheseviruses

wasthateachcancauseepidemicsinhumansandor
domesticanimalsJEvirushascausedmajorepidemics
inareasofAsiaandPacificIslandsandisrapidly

approachingAustraliaThisvirusalsocausesabortions
indomesticpigsYouknowthecurrentexperience
withWNvirusinNewYorkThisvirusalsohas

recentlycausedepidemicsinAfricaandEuropeMVE
virushascausedanepidemicandsporadiccasesina
wideareasofAustraliaRRvirusanotherarbovirus
fromAustraliacausesadebilitatingpolyarthritisand
alreadyhasspreadtoseveralPacificIslandsRVFfrom
Africacancauseepidemicsandepizooticsinhumans
andlargemammalsincludingcattleVEEisalate
additiontothislistThisvirusinvadedTexasin1971
whereitcaused1600equinedeathsand80casesin
humansAnon1871VEEviruscontinuestobe
widespreadinLatinAmericaandhasmultiplepotential
avenuesforentryalongoursouthernborderTwo
additionalviruseswedonotneedinCaliforniaareLAC
andEEEBothareenzooticandcausediseasein
humanseastoftheMississippiRiverSofartheyhave
notextendedhere

InclosingIwilllookattheabilitywehaveto
recognizeandrespondtoaninvasionIbelievethe
ArbovirusSurveillanceProgramthathasbeen

developedinCaliforniaoverthepast40yearswillserve
uswellThepossibilityofinvasionsbynewvirusesor
thereemergenceofournativevirusesisconsideredin
theplanningofourprogramforthefutureAsequence
ofdetectionandresponsestosucheventsisplanned
Thisprogramrepresentsacooperativeinteractionof
yourcommunitybasedvectorcontrolprogramsthe
CaliforniaDepartmentofHealthServicesandthe
UniversityofCaliforniaTheCaliforniaprogramis
internationallyconsideredtobeamodelforsuch
activity
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ArbovirusSurveillanceDetectionand

DiagnosisofExoticViruses

TodayIwilldiscusslaboratoryissuesassociated
withthedetectionanddiagnosisofvirusesisolatedfrom
mosquitopoolsorvertebratetissuesandofantibody
fromsentinelchickensTheprocedureswehavebeen
followinginthelaboratoryarenotvirusspecificbut
ratheraregenusspecificassaysInotherwordsthey
onlyallowustosaywehaveisolatedaflavioralpha
virusandwehavedetectedflavioralphavirus
antibodyHistoricallythiswaseconomicaland
scientificallyvalidbecauseinCaliforniawewere
concernedwithasingleAlphaviruswesternequine
encephalomyelitisvirusWEEandasingleFlavivirus
StLouisencephalitisvirusSLE Further

characterizationisnowneededtoconfirmtheidentity
ofvirusisolatesorantibodiesAstheWestNilevirus

WNVoutbreakinNewYorkNYsoclearly
demonstratedwearenowaglobalcommunityandneed
totakeaproactiveapproachtosurveillanceinorderto
guaranteeitisanearlywarningsystemArboviruses
whichhavebeenisolatedintheUnitedStatesUS
includetogaflavibunyareoandrhabdoviruses
BecausethissymposiumisonWNVIwillfocuson
theflaviviruseswhichincludeintheUSSLE

PowassendengueandWNVThereareapproximately
70membersofthisgenusintheworldhalfofwhich
areassociatedwithhumandiseaseThevirionsare

envelopedandspherical4050nmindiameterwith2
envelopeproteinsEandMandanicosahedral
nucleocapsid2530nmindiameterThegenomeis
singlestrandedpositivesenseRNAapproximately11
kbinlengthTheflavivirusesareadiversegroupand
maybetransmittedbyticksandmosquitoessomelack
aknownarthropodvectorWithinthemosquitoborne
groupthevirusesofmostimportancetoCalifornia
aretheJapaneseencephalitisJEvirusserogroup
includingSLEandWNVJEMurrayValley
encephalitisKunjinandIlheusThemosquitovector
ofdengueandurbanyellowfeverYFvirusesAedes
aegyptiisnotaresidentofCaliforniaatthispointIt
maybecomeestablishedatanytimebecauseitrecently
hascolonizedtheTusconareaofArizonaCertainly
clinicandhospitalphysiciansneedtobeonthealert
forclinicalcasesoftheseinfectionsinimmigrantsor
travelers

LauraDKramer
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ArbovirusResearchLaboratoryCenterforVectorborneDiseaseResearchUniversityofCaliforniaDavis

SowhatdidwelearnfromNYbesidesthefact
thatwecannotisolateourselvesfromtherestofthe

worldTheinitialdiagnosisofSLEviruswasbasedon
serologicfindingsusingaflavivirusspecificantigen
captureenzymeimmunoassayThefinaldiagnosisof
WNVwasmadebynucleicacidanalysisand
sequencingoftheviralgenomeSimilarlyherein
Californiawevedemonstratedthroughnucleicacid
sequencingthatvirusescirculatinginCaliforniasince
1952andclassifiedasWEEandSLEvirusestruly
havebeenWEEandSLEHoweverthereareother
laboratoryproceduresbesidessequencingthatallowus
toidentifyvirustospecies

Firstletslookatserologicassaysonhumanor
othervertebrateseraThesentinelchickenorwildbird

serumsamplesorhumanserapreferablypairedacute
andconvalescent andorcerebralspinalfluidare
testedbyIgMorIgGenzymeimmunoassayBecause
therearesignificantcrossreactionsamongflaviviruses
serologicallypositivesamplesmustbeconfirmedby
plaquereductionneutralizationassayPRNTto
determinethedefinitiveetiologyoftheinfectionEnd
pointtitrationsandcrossPRNTassaysyieldthemost
informationbutdiagnosisstillmaybedifficultItis
importanttonotethatwhenoneisworkingwithlive
virustestsmustbeconductedinaBiosafetyLevel3
BSL3laboratory

Antibodyresultsmaybedifficulttointerpretdue
tocrossreactionsandpastinfectionsthereforevirus
isolationisthegoldstandardforvirusspecies
confirmationMosquitoescapturedinthefieldare
identifiedpooledingroupsof50femalesthenfrozen
at80CforsubsequentassayIntheBSL3laboratory
thepoolsaretrituratedinphosphatebufferedsalineplus
20fetalcalfserumTissuessuchasbrainCSFserum
etcfrommoribundordeadvertebratesalsocanbe

testedinthesamemannerAfterthemosquitopoolor
vertebratetissueistriturateditcanbeassayedbycell
cultureornucleicacidtechniquesTheprocedurewe
havebeenfollowinginrecentyearsistoinoculate96
wellcellcultureswiththespecimensoneplatefor
flavivirusesandoneforalphavirusesanddepending
onthemosquitospeciesoneplateforbunyaviruses



January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference 12

After45daysforalphavirusesand7daysforflaviviruses
thecellsarefixedandaninsituEIAconductedTheresults

arereadmicroscopicallyIfthecellsinawellarepositive
itpreviouslyhasbeenacceptedasSLEorWEEButto
confirmtheresultsofthesescreeningassays wenow

shouldgobacktotheoriginalpoolandeitherdoaPRNT
usingspecificantibodiesorinoculatefreshcellculture
andafteranappropriateincubationperiodharvestthecells
tospotaslideThesecellsthenwouldbestainedwithvirus
specificmonoclonalantibody

Asanalternativeonecoulddoaplaqueassayona
12wellplateinoculate2wellspersampleandonlyadd
neutralredtoonewellThiswouldallowonetoread

plaquesinonewellwhereastheunstainedwellcouldbe
usedtospotslideswhichthenwouldbefixedandstained
asaboveoraPRNTcouldbeconductedontheoriginal
poolasdescribedaboveThemostefficientprocedure
wouldbetoinoculate96wellplatesaswiththeinsitu
enzymeimmunoassaythenafter45daysforalphaviruses
and7daysforflavivirusesharvesthalfthemediafrom
theinoculatedcellscontinueincubatingtheplatesanddo
anantigencaptureenzymeimmunoassaywithflavivirus
oralphavirusspecificantibodyIfaspecimenispositive
onewouldgobacktotheplateandspotslideswiththe
cellstostainwithvirusspecificmonoclonalantibody

Toconductnucleicacidanalysisreverse
transcriptasepolymerasechainreactionRTPCRcould
beperformedontotalRNAextractedfromthetriturated
mosquitopoolsortissuesamplesFlavivirusandalphavirus
conservedprimerscouldbeusedinasinglemultiplex
reactionfollowedbyvirusspecificprimersifapositive
isdetectedNucleicacidassaysareveryfastButbecause
ofitssensitivityhasproblemswithcontaminationand
requirestechnicalknowhowtoperformproperlyEithera
standardRTPCRorrealtimeRTPCRTagManT
AppliedBiosystemsCAcouldbeconductedThelatter
beingthemostsensitiveandfastestassay

InCaliforniawealreadyhaveanexcellent
surveillanceprogramthatneedsonlyminormodifications
tostrengthenittodetectexoticvirusesToexpandthe
currentsurveillanceprogramIrecommendmaintaininga
highlevelofmosquitosurveillancetoisolatevirusesand
maintainingactivesentinelchickensurveillanceasthemost
sensitivemethodtodetecttheactivityofarbovirusesthat
haveabirdmosquitoamplificationcycleInthelaboratory
theexistingdiagnosticsystemshouldbestrengthenedby
confirmingtheidentityofviralisolatestospeciesUsing
themoresensitivetestingmethodologyconfirmationof
sentinelchickenseroconversionswillrequirerebleeding
positivebirdstocollectwholeserathatcanbeusedin
PRNTassays
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RolesandResponsibilitiesofPublicAgencies
inEmergencySituations

VickiLKramer

VectorBorneDiseaseSection

CaliforniaDepartmentofHealthServices601North7StreetSacramentoCA94234

Californiahistoricallyhasexperiencedoutbreaks
ofmosquitobornediseasessuchasStLouis
encephalitis SLE and western equine
encephalomyelitisWEEItiscriticalthatpublic
agenciescontinuetomonitorforandbepreparedto
respondtodiseaseoutbreakscausedbynotonly
endemicagentsbutalsointroducedpathogenssuchas
WestNilevirusManypublicagenciesandofficials
areinvolvedinrespondingtoanepidemicThisreport
outlineskeyagencyrolesandresponsibilitiesand
providesbackgroundontheemergencyconditions
governmentofficialsrespondtoinCalifornia

TheEmergencyServicesActoftheCalifornia
GovernmentCodeGC8558definesthreeconditions
ofemergency1stateofwaremergency2stateof
emergencyand3localemergencyAstateofwar
emergencyexistsimmediatelywithorwithouta
proclamationbytheGovernorwheneverthisstateor
nationisattackedbyanenemyoftheUnitedStatesA
stateofemergencyexistswhenthereareconditions
ofdisasterorextremeperiltothesafetyofpersonsand
propertywithinthestateTheseconditionstypically
arebeyondthecontroloftheservicespersonnel
equipmentandfacilitiesofanysinglecountyorcity
andrequirethecombinedforcesofaregionorregions
tocombatExamplesofsuchconditionsincludefire
floodstormearthquakeepidemicorriot

Alocalemergencyisdeclaredwhenconditions
ofdisasterexistwithintheterritoriallimitsofacityor
countyandtheseconditionsrequirethecombined
forcesofotherpoliticalsubdivisionstocombatAlocal
emergencymaybeproclaimedonlybythegoverning
bodyofacityorcountyorbyanofficialsuchasthe
localhealthofficerdesignatedbyordinanceadopted
bythatgoverningbodyGC8630Alocalemergency
proclaimedbythecountyboardofsupervisorsfora
healthrelatedreasonwouldapplytoallofthecitiesin
thecountyincludingthosewithacityhealthofficer
AlocalemergencyasdefinedbytheGovernmentCode
includessuchhealthrelatedconditionsasairpollution
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epidemicsandplantoranimalinfestationordisease
HealthemergencyisnarrowlydefinedHSC
101080asaspillorreleaseofhazardouswasteor
medicalwastethatisdeterminedbytheCalifornia
DepartmentofHealthServicesCDHSDirectoror
localhealthofficertobeanimmediatethreattopublic
health

AtthestateleveltheGovernoristheonlyofficial
thatcandeclareastateofemergencywhenconditions
ofdisasterorextremeperilexistTheGovernor
declaresadisasterwhenrequestedtodosobythe
appropriateofficialofthegoverningbodyorfindsthat
localauthoritiescannotcopewiththeemergencyGC

8625ArequestthattheGovernorproclaimastate
ofemergencycanbemadebythemayororchief
executiveoftheaffectedcitythechairmanofthecounty
boardofsupervisorsorthecountyadministrative
officerAlocalhealthofficermaynotmakesucha
requestnormayCDHSHowevercountyandcity
healthofficersmaytakeanypreventivemeasures
necessarytoprotectandpreservethepublichealthfrom
anyhazardduringalocalemergencyorstateof
emergencywithintheirjurisdictionHSC 101040
101475Preventivemeasuresincludeabatement
correctionremovaloranyotherprotectivestep
requiredtoprotectpublichealth

AccordingtotheHealthandSafetyCodeHSC
100170CDHSmaytakeanynecessaryactionto
protectandpreservethepublichealthThedepartment
mayconductstudiesdemonstrateinnovative

techniquesevaluateexistingprojectsprovidetraining
anddisseminateinformationThedepartmentalsomay
adviselocalhealthauthoritiesandifthedepartment
determinesthatpublichealthiscompromiseditshall
controlandregulatetheactionsofthelocalhealth
authorities

DuringastateofemergencytheGovernormay
directallstateagenciestoutilizestatepersonnel
equipmentandfacilitiestotheextentnecessaryfor
emergencyresponseactivitiesGC8628Emergency



January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference 14

expendituresbyastateagencygreaterthan25000are
subjecttoapprovalbytheDepartmentofFinanceThe
DepartmentofFinancedetermineswhether
reimbursementismadetostateagenciesfordisaster
responseexpendituresGC 8649

AtthefederallevelthePresidentoftheUnited
Statesmaydeclareafederaldisasterattherequestofa
GovernorTheStaffordDisasterReliefandEmergency
AssistanceActallowsstateandlocalagenciestobe
consideredaseligibleapplicantsforfederalemergency
assistanceTheFederalEmergencyManagement
Agency FEMA administersthefinancial

reimbursementprogramundertheActToclaim
reimbursementofemergencyrelatedcostsfromFEMA
DamageSurveyReportsaresubmittedtotheCalifornia
OfficeofEmergencyServicesOESOESforwards
thereportstoFEMAIftheemergencyisrelatedto
publichealthFEMArequeststheconsultationofthe
CentersforDiseaseControlandPreventionCDC
CDCmaytourdisasteraffectedregionsandpreparea
reportLocalmosquitoandvectorcontrolagenciesin
Californiahavehistoricallybeenreimbursedfor
extraordinarymosquitocontrolmeasuresundertakento
protectthepublichealthduringdisastrousfloods

InresponsetotheWestNilevirusoutbreakinNew
YorkCityin1999theStateHealthCommissioner
declaredaPublicHealthThreatforfivecountiesand
NewYorkCityUsuallysuchadeclarationisinitiated
viaaformalrequestfromtheCountyHealth
CommissionerAPublicHealthThreatDeclaration
easesenvironmentalrestrictionsonaerialadulticiding
Localagenciesweresubsequentlyeligiblefor
reimbursementupto50ofcostsincurred

Emergencysituationsmaybedeclaredatthelocal
stateorfederallevelItiscriticalthatpublichealth
agenciesunderstandtherolesandresponsibilitiesof
publicagenciesatalllevelsandbepreparedtorespond
toamosquitobornediseaseoutbreak
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PreliminaryArboviralResponsePlanChecklist
AreWePrepared

CharlesBeesley

GeneralManagerContraCostaMosquito VectorControlDistrict

155MasonCircleConcordCA94520

ABSTRACTThisreportpresentsdiscussesprioremergencyresponsereportsandexplainswhyanew
emergencyresponseplanisneededThereportacknowledgesthevariouspublichealthpartnersincluding
theUniversityofCaliforniaandidentifiestheirinterdependenciesenvisionedrolesandresponsibilities
strengthsweaknessesuncertaintiespublicandlegislativeexpectationsandMVCACscommitment
toprovideleadershipandinformationtopromotepublichealthAchecklistofthedifferentactivities
conductedbytheinvolvedpartnersisprovidedentitledthePreliminaryResponsePlan

BACKGROUND

ThisreportrepresentstheeffortsoftheAdHoc
EpidemicResponseCommitteeCommitteeformed
bytheMosquitoandVectorControlAssociationof
CaliforniaMVCACin1998TheCommitteescharge
wastodevelopanArboviralResponsePlantoaddress
largescaleepidemicarbovirusactivityinCalifornia
TheResponsePlanaspresentedtodayisstillinthe
developmentalphaseisformattedasachecklistof
interagencyactivitiesandthereforeisreferredtoasthe
PreliminaryResponsePlanorChecklist

TheCommitteereviewedtwopriorstatewide
responseplansCaliforniasMosquitoborne
EncephalitisVirusSurveillanceandControl
Program1987ControlProgramWalsh1987andthe
InteragencyGuidelinesfortheSurveillanceandControl
ofSelectedVectorbornePathogensinCalifornia1995
InteragencyGuidelinesReisen1995 Thesetwo

documentsestablishedtheinteragencyrolesand
responsibilitiesforlocalmosquitovectorsurveillance
andcontrolagenciestheUniversityofCalifornia
MosquitoResearchProgramandtheCalifornia
DepartmentofHealthServicesAlthoughthe
InteragencyGuidelinesreplacedtheControlProgram
uponreviewtheCommitteebelievedthereweretoo

manyunansweredquestionsaboutactualinteragency
rolesandresponsibilitiesforustosimplyupdatethe
InteragencyGuidelines

AsaresultweformattedtheproposedChecklist
afterthemorepragmaticControlProgramThe
Checklistisintendedtoprovideatemplateforamore
formalresponseplantobedevelopedandadoptedby
MVCACin2000TheChecklistisbaseduponthe
anticipatedchronologyofeventsfromroutine
surveillanceduringanormalseasontothemore
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intensiveresponsesexpectedduringanepidemicThe
Committeerecognizesthattherearemanyquestions
outstandingthatneedtoberesolvedpriortothe
adoptionofafinalresponseplansuchas

Determinewhataretheparametersofanormal
season perhapstheUniversityofCaliforniaUC
ModelSurveillanceResearchProgramMSRPcan
establishregionalnorms

Agreementsastowhichagenciesaregoingtodo
consistentreliableinsecticideresistancetestingto
representthecurrentstatusofresistancethroughoutthe
state

Establishthresholdsforthedifferentcategoriesand
levelsofresponseThesethresholdscouldhavesliding
scalesdependinguponvariousfactorsagainperhaps
theMSRPcouldbeofassistance

Agreementonwhatshouldbedoneinthe
uncontrolledareasparticularlywhetherornotto
conductsurveillanceresistancetestingetconaroutine
basis

Agreementonrecommendedproductsforlarge
scaleemergencyadulticiding

Agreementbytheidentifiedleadagenciesthatthey
willaccepttheirrolesandresponsibilitiesandperform
theirfunctionsinatimelyandeffectivemanner

PARTNERSANDINTERDEPENDENCIES

Ourcurrentandfutureabilitiestorespondeffectively
toarboviralemergenciesispredicatedupona
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considerableamountofcooperativeinteragencywork
OnehasonlytolookattheChecklisttoseethatthereis
anarrayofagenciesfromstatetolocalsomewith
multipledepartmentshavingdifferentandsometimes
overlappingrolesandresponsibilitiesTheseagencies
arelinkedbyhistoricaleventsinteragencyagreements
researchprojectsandunwrittenexpectationsThethree
principlepartnersaretheCaliforniaDepartmentof
HealthServicesNectorBorneDiseaseSectionCDHS
VBDSlocalmosquitoandvectorcontrolprograms
MVCDsthroughMVCACandtheUCMSRP
Eldridgeetal1995Thepartnerswereinstrumental
indevelopingthepriortworesponseplansreferenced
earlierinthisreportAlistofthevariousagenciesand
departmentsislistedinTable1

ENVISIONEDAGENCYROLESAND
RESPONSIBILITIES

TheChecklistTable2isbaseduponthefollowing
assumptions

LocalMVCDsexpandtheirnormalsurveillance
operationswhensignsofarboviraltransmissionare
detectedintheearlystages

LocalMVCDsacceleratetheircontroleffortsup
toandincludingULVeffortsfromthegroundwhen
earlywarningsignsofarboviraltransmissionare

BOS

DPR

CDHS

CDPH

LHO

LEHD

LMCA

MOU

MVCAC

MVCD

PHCO

UCVBCDR

UCMRP

UCMSP

VBDS

VCAC

VRDL

ABBREVIATIONS

detected

VBDSwillberesponsibleforinitiatingand
coordinatingsurveillanceandcontroleffortsin
geographicareaswithoutorganizedMVCDs

VBDSinconsultationwithMVCACandlocal
healthdepartmentsHDsmakesthedecisionasto
whetheranemergencyexistsandwhetheritis
statewideregionalorlocal

CDHSrecommendstotheGovernorthatastate

ofemergencybedeclaredduetoanarbovirusdisease
outbreakifaregioncannotcopewiththeextentofthe
emergencyandadditionalresourcesareneeded

AtthelocallevelthecountyBoardofSupervisors
BOSorinsomeinstancestheLocalHealthOfficer
LHOofacountymaydeclarealocalemergencyif
additionalresourcesareneeded

LocalagenciesandorCDHSapplyforfederal
emergencyfundinginconsultationwithCDCifthe
PresidentoftheUnitedStatesattherequestofthe
Governorhasdeclaredafederalemergency

ThelocalagenciesandortheExecutiveDirector
ofMVCACsolicitemergencyStatefunding

TheChiefofVBDSmakesthedeclarationofan

emergencyexemptionfromanEnvironmentalImpact
ReportpriortoimplementinglargescaleULVspraying

TheVBDSinconsultationwiththeUCVector
ControlAdvisoryCommitteeVCACUCMosquito
ResearchProgramUCMRPCaliforniaDepartment

Table1Alistofstateandlocalagencieswhichparticipateinarboviralreportingandcontrol
response

CountyBoardofSupervisors
CaliforniaDepartmentofPesticideRegulations
CaliforniaDepartmentofHealthServices
CountyDepartmentofPublicHealth
LocalHealthOfficer

LocalEnvironmentalHealthDepartment
Localmosquitocontrolagency
Memorandumofunderstanding

Mosquito VectorControlAssociationofCalifornia

MosquitoandVectorControlDistrict
PrimaryHealthCareOrganization
UniversityofCaliforniaCenterforVectorBorneDiseaseResearch
UniversityofCaliforniaMosquitoResearchProgram
UniversityofCaliforniaModelSurveillanceProgram
VectorBorneDiseaseSection

VectorControlAdvisoryCommittee
ViralandRickettsialDiseaseLaboratory



Table2 PRELIMINARYRESPONSEPLAN

LEVELI

Activity Agency Expected
Response

Comment Status

Monitor

Rainfall

Snowpack

VBDS

LMCAs

UCMSP

Annualreview UCModelSurveillanceResearchProgram

currentlyreviewing

Reviewprior
season

VCAC Reportto
MVCACat

SpringBOD

Analyzepriorseasonsuggestchangesif
needed

Routine

mosquitoand
virus

surveillance

activities

LMCAs

VBDS

UCMSP

LMCAs

routinely

perform

Establishnormalversusemergency

populationandviruslevelthresholdsfor
agenciesregionandthestateinrelationto
statewidemodelsurveillanceprogram

At

Maintain

banksof

viruses

UCVBDR Resourcebank

availablefor

statewideuse

Includesmaintenanceofbanksofviruses

andnewlyemergedvirusesinCAandthat
arevectorborne

Inventories MVCAC

VBDS

Conduct

annual

inventories

Compileinventoryofpesticidesand
equipmentforlargescaleadulticide
responseVerifyavailableemergency
reservefunds

Verifyannuallistofcertifiedvector
controloperators

Al

MOUs MVCAC

VBDS

Interagency
exchangeof
personnel
andor

equipment

Developregionalmemorandaof
understandingformutualexchangeof
personnelandorequipment
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ThefollowingcheckmarksareusedintheChecklisttoidentifyagencyrolesand
responsibilities

Standardprocedureroutinelyperformed
Notroutinelyperformedbutshouldbeconsideredbytheidentifiedagency

illExpectedtobedoneatappropriatetimeaslistedbyidentifiedagencies



Table2 PRELIMINARYRESPONSEPLAN

LEVELII

Activity Agency Expected
Response

Comment Status

Monitorearly
season

populationsof
vectorspecies

VCAC

UCMSP

Forecast

averageearly
seasonvector

populations

Analyzedatatodetermineifexisting
surveillanceeffortsaresufficient

Statewide

aerialcontrol

response

VCAC

MVCAC

Reviewplans
forthe

upcomingyear

Determineifplanetcisstill
appropriateforthecomingyear

Reviewand

evaluate

efficacyof
labeled

available
candidate

adulticides

MVCAC Establish

preferred
materialslist

Reviewannuallyforlabelchanges
restrictionsoperationalresistance
limitationsetc

Review

productsof
choice

availabilityand
current

registration

MVCAC

UCMRP

VBDS

Reporton
preferred
materialslist

Reviewlist

PreparedbyChemicalControl
Committee

Objectivereviewofpesticideefficacy
Initiateproceduresforwaiverof
applicationrestrictions

Determine

inventoriesand

availability

MVCAC Maintain

currentlist

Reviewannually

Contact

commercial

aerial

applicators

MVCAC Maintain

currentlist

Establishbid

specifications

Contactwhenearlyindicatorspredict
vectorproblems
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Table2 PRELIMINARYRESPONSEPLAN

LEVELIII

Activity Agency Expected
Response

Comment Status

Isolationof

virusfrom

mosquito
poolsor
antibodies

fromchicken

flocksin

excessof
expectancy

UCD

VBDS

Testsand

reportsto
LMCAsetc

Setsthe

thresholds
makesthe

determinations

Ascurrentlyperformed

StatewideControlPreparation
whetherofftheshelfplanor

developedduringLevelIIphase

AlertLocal

HDsnotify

physicians
veterinarians

etc

VBDS Havean

established

communication

networkinplace

Activateduringemergencyplanning
phase

Funding
insufficientfor

comprehensive
response

VBDS

MVCAC

Toinitiate

controlforthose

areasunder

localcontrol

andorwithout

localcontrol

VBDSappliesforFederalemergency
fundinginconsultationwithCDC
MVCACgoestoStateLegislaturefor
additionalfunding

average

populationsof
adultvector

species

UCMSP

LMCA

VBDS

Determinesif

localregional
orstatewide

Control

response

increased

Ifnoorganized
controlagency
contractfor

services

Utilizationofstatewidepopulationdata

Elevatedlocalcontrolresponse

coordinatedthroughVBDS

January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference

ofPesticideRegulationDPRandUnitedStates
PublicHealthServiceCenterforDiseaseControland

PreventionCDCrecommendsappropriatechemical
controltechnology

TheChiefofVBDScoordinateswithfederal

agenciestoprocureemergency exemptions40
CFR166fromFIFRAandemergencytolerance
exemptions40CFR176asaresultoftheemergency
conditions

19

TheCDHSVBDSsubmitsaproposedlargescale
ULVaerialprogramstotheGovernorsofficefor
approvalpriortoimplementation

TheChiefofVBDSisresponsiblefor
implementingandcoordinatinglargescaleULVaerial
adulticidingprogramsthatareregionalorstatewide
innature

TheExecutiveDirectorofMVCACisresponsible
forcoordinatingpublicinformationreleasesonbehalf
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ofMVCACinconjunctionwithlocalMVCDs
UltraLowVolumeULVapplicationscontinuefor

aperiodoftimedeterminedbytheVBDSandorlocal
agenciesuntilthedensityofvectorsisreducedbelow
apopulationthresholdconducivetoviraltransmission

STRENGTHS

Aslongstandingpartnerswehavemanystrengths
tobuilduponLocalMVCDshaveastrongfoundation
indiseasesurveillancethroughtheuseofmosquito
populationcountssentinelchickenflocksandmosquito
poolsTheUniversityhasconductedextensivelocal
andstatewideresearchonarboviraltransmissionThe
CenterforVectorBorneDiseaseResearchatUCDavis

UCDiscapableofidentifyingnewexoticpathogens
MosquitoesarecollectedbylocalMVCDsand
submittedtoUCDtotestforviralinfectionsVBDS

conductsstatewidetrainingandcertificationofMVCD
personnelcoordinatesthestatewidesurveillance
programandtheViralandRickettsialDisease
LaboratoryVRDLconductstestingofthesentinel
chickenflockseratodetectthepresenceofarbovirus
antibodiesWealsohavemechanismsinplaceto

exemptlargeaerialcontrolsprayingfromenvironmental
impactreportsEIRs

WEAKNESSES

Ontheotherhandtherearegoodreasonstobe
concernedaboutwhetherornotwecanpredictor
respondeffectivelytoalargescaleepidemicCalifornia
hasnothadsuchanepidemicforoverfortyyearsso
welackhandsonexperienceatthispointRecent
studieshavedemonstratedthatwesternequine

encephalomyletisvirusWEEisstillvirulentHardy
etal1997 AlthoughWEEandSaintLouis
encephalitisvirusSLEareperiodicallydetectedfrom
differentregionsoftheStatethereisreasontobelieve
thegeneralpublichaslittleifanyimmunitytothese
arbovirusesshouldtheybecomeinfectedbyamosquito
GlaserperscommRegardingthecontrolaspect
thereislittleagreementonwhatconstitutesalocal
regionalorstateemergencymakingitdifficultto
quicklyactivatealargescalecoordinatedresponse
Thereisnoagreeduponadulticideofchoiceforlarge
scaleaerialapplicationsAsaconsequencecontiguous
MVCDsorMVCDswithinthesameregioncoulduse
differentadulticidesaspartofalargescalecontrol
responsegivinganappearanceofquestionable
operationalcoordinationContrarytothepastwhen
CDHSNBDSconductedstatewidepesticideresistance

testingonaroutinebasiswenolongerconsistently
monitorlevelsordistributionofpesticideresistance
AtpresentonlyafewMVCDsconductpesticide
resistancetestingCaliforniahasexperiencedfunding
difficultiesandcutbacksforthepasttwentyplusyears
affectingthethreekeypartnersaswellasthemany
otheragencieslistedinTable1Therearealsomany
areasoftheStatewithoutorganizedmosquitocontrol
leavingresidentsandvisitorsunprotectedintheevent
ofanarboviralemergencyWehavenocentralized
commondatabaseonmosquitopopulationsinsecticide
resistancelevelsorlocalcontrolthresholdstoassess

statewideorregionaltrendslimitingourabilitiesfor
largescalecoordinationandoversightManyagencies
stillrelyonfaxesandphonecallsinsteadofwebsites
andelectronictransmissionsOuroverallstatewide
abilitiesnolongermeetthehighstandardsthat
Californiahaslongbeenknownfor

UNCERTAINTIES

Inadditiontosomeinherentweaknessesinthe

overallprogramthereareforeseeableoperationaland
politicaluncertaintiesthatwouldaffectouroverall
responsecapabilitiesForinstancebynothavinga
recognizedpesticidesofchoicewehavenoguaranties
ofavailabilityandproductdeliveryforlargescale
operationsTherearenoadvanceagreementstodeliver
insecticideproductswithinacertainperiodoftimewith
agreeduponpricestructuresOurexistingplanshave
toomanygapsinrolesandresponsibilitiesseverely
limitingourabilitytomobilizequicklyandeffectively
Historyalsohasshownthatarboviraltestingand
reportingbyphysiciansisnotalwaysconsistentleaving
uscircumspectabouttheeffectivenessofphysician
alertsBecausewehavenotangibleemergencyplan
wewouldfindverylittleinitialsupporttoapprovea
largescalecontroloperationwhichessentiallywould
havetobeapprovedbytheGovernorsofficeGiven
thepublicoutcryinCaliforniatotheMedflyaerialspray
programandpersistentquestioninginNewYorkabout
thevalueoflargescalesprayingformosquitoesto
suppressWestNilevirusthereislittlereasontoexpect
thepublictoreactanydifferentintheeventoflarge
scaleaerialsprayingforarboviralcontrolAlthougha
smallpercentageofthepublicwilltobevocalagainst
anylargescaleuseofpesticideswecanexpectthata
largerportionwillbecallingforlegislative
investigationsifwedonotrespondinatimelyeffective
mannerInessencewewillbecaughtbetweenthe
proverbialrockandahardspot
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PUBLICLEGISLATUREEXPECTATIONS

Inkeepingwiththeabovesentimentwecan
anticipatethatthepublicandLegislatureexpectthat
weaspublichealthofficialshaveemergencyplansin
placeconducttrainingsessionsonemergency
managementundertheCaliforniaEmergencyServices
ActsuchastheStandardizedEmergencyManagement
SystemSEMSundertheGovernorsOfficeof
EmergencyServicesProgramTheyexpectourlocal
programstobelinkedmuchlikepublicsafetyagencies
aremutualexchangeagreementscommondatabases
compatiblecommunicationsequipmentetcTheywill
assumewehaveestablishedoruniformthresholdsfor

emergencyresponseasdemonstratedbyotherlocal
emergencyandpublicsafetyagenciesFinallygiven
allofthelegislativeeffortsoverthepasttenyearsto
reviewandpossiblyrestructurelocalgovernmentthey
willexpectthatwearecandelivereffectiveefficient
accountableemergencyresponseatthelocalregional
andstatelevelIfwecannotwecanexpectcriticism
attheleast

MVCACsCOMMITMENT

TheBoardofDirectorsofMVCACrecently

adoptedavisionmissionandprinciplesforthe
MVCACallofwhicharerelevanttotheCommittees
chargetodevelopacontemporaryresponseplan
SpecificallythefollowingwasadoptedbytheBoard
ofDirectorsonMay71999

Vision

Becomethedefaultexpertsinourfieldofpublic
healthTheMVCACanditsmembersshouldbethe
recognizedexpertsonarthropodvectorsreadily
availableasprofessionalresourcestobeutilizedbythe
Legislatureandotherblueribboncommissions

InitiateinteractiveplanningbetweentheMVCAC
CDHSandUCAlthoughallthreeagenciescurrently
interactthrougheffortssuchasMosquitoNetweshould
strivetoachieveahigherlevelofinteractiveplanning
betweenthethreegroupsineffectcreatingmoreofa
partnershipbetweenexistingandfutureprogramsTo
dosowillprobablyrequiremoreactiveplanninganda
greatercommitmentoffinancialandrelatedresources
withtheMVCACprovidingtheleadrole

Becomeamoresophisticatedadministrative
machine Iftheaboveactionsoccurtheendresult
shouldbeamoreclearlydefinedadministrative
operationwhichinitiatesactivitiesprovides
backgroundreportscoordinatesprogramsandservices

andadministersawiderrangeofbudgetarymattersall
intheinterestofprovidingmorecomprehensive
servicesandbenefitstothemembers

Mission

ThemissionoftheMVCACistoprovide
leadershipandinformationtopromotepublichealth
throughthedeliveryofmosquitoandvectorcontrol
servicesTheprinciplesbywhichtheMVCACis
guidedarelistedbelow

Principles

Protectandenhancepublichealth
Protectandimprovetheenvironment
Promoteandimplementresearch
Maintainandinstillpublicconfidence
Facilitateandenhanceinteragencyprograms
Informandinteractwithpolicymakers
Maintainandimproveprofessionalstandards

SUMMARY

Californiahasanationallyrecognizedarbovirus
surveillancesystemSystembaseduponclose
cooperationbetweenlocalagenciessuchasMVCDs
theCDHSandtheUCThesecooperativeefforts
includeawiderangeofactivitiesfromfieldsurveillance
andcontrollaboratorydiagnostictestingtoarboviral
reportingTherehavebeenmanytechnological
improvementssincetheInteragencyGuidelineswere
writtenin1995Laboratorydiagnostictechniqueshave
improvedcomputertechnologyhasadvanced
enormouslyandcommunicationsystemshavealso
improvedgreatlyWenowhavethestatewideability
tocollecttestidentifyandreportresultsrapidlyIn
otherwordsweliveinamoresophisticatedtechnology
drivenStatewithrelativelyhighpublicexpectations
Publichealthagenciesareexpectedtokeepupwiththe
paceoftechnologyandrespondquicklytoemergencies
Howeverourreviewoftheexistingemergency
responsesystemleadsustobelievethereissignificant
roomforimprovementandifwedonotfillinthese
gapstobestrespondtoarboviralemergencieswecan
expectpublicandLegislativecriticismandorscrutiny
ThusthedevelopmentoftheattachedChecklist

TheChecklistisatransitionaldocumentintended

toprovideafunctionaltemplateuntilanewresponse
planisdevelopedbytheMVCACItisessentiallya
comprehensivelistofthemultiplerolesand
responsibilitiesbetweennotonlythethreekeypartners
butthemanyotheragenciesinvolvedinmonitoringand
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respondingtoarboviraltransmissionTheChecklist
wasbuiltuponpriorreportsonemergency
preparednessitidentifiesourstrengthsweaknesses
andforeseeableuncertaintiesintheeventofan

epidemicTheCheckliststressestheneedforactive
annualplanningandpreparationbythethreekey
partnerstoensurethateachyearwereviewourplans
inlightofrecentexperiencesandforeseeableevents
TheChecklistiscompatiblewithMVCACsstated
missiontoprovideleadershipandinformationto
promotepublichealththroughthedeliveryofmosquito
andvectorcontrolservices

RECOMMENDATIONS

ThisreportwaspresentedtotheBoardofDirectors
attheirannualmeetingonJanuary262000TheBoard
adoptedthereportwiththefollowingrecommendations

UsetheChecklistasatemplateforemergency
responseuntilafinalplanisadopted

Resolvethegapsininteragencyrolesand
responsibilities

Improveouranalysisandpredictiveabilitiesby
incorporatingcomponentsoftheModelSurveillance
Program

Developashortlistofpreferredpesticidestobe
usedinemergencyapplications

Developcontractualagreementsforproductsand
servicestobeusedinemergencies

Developanactualemergencyresponseplanor
documentforLegislativeapproval

Bepreparedforlocalregionalorstatewide
emergencies
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AModelSurveillanceProgramforVectorborneDiseases
inCalifornia19992000
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ABSTRACTThisreportsummarizesresearchduringyear3ofa5yearprojecttoimprovetheefficiency
oftheCaliforniaVectorborneDiseaseSurveillanceProgramCompleteresultsarecontainedamongthe
publicationscitedbelowEnhancedsurveillanceforarboviralencephalitisinhumanscontinuedbut
failedtodetectanynewcasesAstudyofgrainbaitedtrapsforsurveillanceofarboviralactivityinwild
birdsconcludedthatwildbirdsarenotsuitableforruralsurveillancebecauseoflackofsensitivityand
difficultiesininterpretationofserologicalresultsFurtherimprovementsweremadetothesurveillance
websiteincludingincorporationofautomationforupdatingofdatabasesanddirectcontrolofdatabases
bytestinglaboratoriesFutureprospectsforsurveillanceforvectorbornediseasesinCaliforniaare
discussed

INTRODUCTION

Thisreportsummarizesresearchduringyear3of
a5yearprojecttoimprovetheefficiencyofthe
CaliforniaVectorborneDiseaseSurveillanceProgram
andisbasedonpresentationsatasurveillance
symposiumheldattheMosquitoandVectorControl
AssociationofCaliforniaMVCACannualconference
inJanuary2000inSacramentoPreviousreports
summarizedthe5interrelatedobjectivesoftheprogram
Includedinthisreportare1theresultsofenhanced
humansurveillanceforarbovirusinfectionsin

California2anevaluationoftheabilityofgrain
baitedtrapstofocusonindicatorbirdspeciesfor
surveillance3theresultsofamarkreleaserecapture
experimentconductedintheSanJoaquinRiverdelta
4thedevelopmentofnewmethodsforthemonitoring
ofinsecticideresistance5improvementsmadetothe
electronicreportingofresultsofarbovirussurveillance
and6anexaminationofthefutureofsurveillancein
CaliforniaManypeopleparticipatedintheresearch
presentedhereinTheindividualswhomade
presentationsatthesymposiumarelistedasauthors
andotherparticipantsareacknowledgedattheendof
thearticle

1EnhancedHumanArbovirusSurveillance

In1999attemptsweremadetodetectacutehuman
infectionscausedbyStLouisencephalitisSLEand

westernequineencephalomyelitisWEEvirusesOne
studysupportedbyspecialfundsfromMVCAC
focusedonhealthcareprovidersinRiversideand
ImperialCountiesResultsalsowerepresentedfroman
ongoingencephalitisprojectinCaliforniaconductedby
theCaliforniaDepartmentofHealthServicesDHS
designatedtheCaliforniaEncephalitisProject

SLEandWEEinImperialandRiversideCounties
Humancasedetection

Agoalofthisstudywastoincreasephysician
awarenessofthepotentialformosquitoborneviral
infectionsinhumansandtoencouragethesubmission
ofspecimensfromindividualspresentingsymptoms
indicativeofpossiblearbovirusinfectionsInaddition
abackgroundserosurveybasedonconveniencesamples
gathereddataonpreviousinfectionsForcasedetection
physicianswerealertedviaaletterwithanattachedfact
sheetonSLEandWEEinfectionsacasehistoryform
andinstructionsforsubmittingspecimensPosterswere
placedinemergencyroomsandclinicsand
presentationsweremadetophysicians
Specimensfromatotalof15casesweresubmitted
Symptomsincludedfebrileheadache11cases
encephalitis2andvertigo1Eightofthespecimens
werefromRiversideCounty7werefromImperial
CountyOnlyoneacutephasespecimenshowedIgG
antibodiesnoneshowedIgMantibodies
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NoacutecasesofStLouisencephalitisorwestern

equineencephalomyelitisweredetectedviathisproject
Unfortunatelyphysiciancompliancewaslowresulting
infewspecimensfortesting

Serosurvey
Blindedsamplesofbloodsdrawnforothermedical

purposeswereobtainedfrom4differentmedical
facilities3hospitalsand1plasmacenterandtested
byEIAforIgGantibodiestoSLEandWEEAtotalof
729bloodswerecollectedfromindividualsranging
from1to99yearsofagemeanage45Males
represented56ofthespecimensfemales44

Ofthe729samplestested116showedIgG
antibodiestoSLE11toWEEInonespecimenSLE
IgMwasdetectedAswithallofthesespecimensthere
isnoassociatedclinicalinformationAfollowupstudy
isinprogress

TherewasahighlevelofseropositivitytoSLE
amongthe729specimensbutthereareproblemswith
interpretationbecausedengueDENWestNileWN
andyellowfeverYFvirusesallcrossreactwithSLE
CrossneutralizationtestsontheIgMpositiveSLEwill
beconductedforDENSLEYFandpossiblyWNat
theUCDavisArbovirusResearchUnitARU

CaliforniaEncephalitisProject
Thegoalofthislongtermprojectistoestablish

thecausesofencephalitisdetectedinCaliforniaThe
criteriaforinclusioninthisstudyarehospitalization
withencephalopathydepressedoralteredlevelof
consciousnessfor24hlethargyorchangein
personalityandoneormoreofthefollowingfever
seizuresfocalneurologicfindingsCSFpleocytosis
EEGfindingconsistentwithencephalitisorabnormal
neuroimagingCasepatientsmustbeolderthan6
monthsofage

Nocasesofwesternequineencephalomyelitiswere
confirmedOf190casesexaminedtodate8were

positiveforIgGantibodiesTherehavebeennoIgM
positivespecimens

Allcaseswithruralexposureormosquitoexposure
testedweresenttotheUCDavisARUforfurther

testingOf37specimenstestedallwerenegativefor
CaliforniaencephalitisvirusSLEandWEE

2Enzooticsurveillanceabilityofgrainbaitedtraps
tofocusonindicatorbirdspecies
Introduction

TheARUisstudyingtheroleofwildbirdsinthe
maintenanceandamplificationofWEEandSLEin
wetlandhabitatsofCaliforniaThesestudiescurrently
indicatethatavianseroprevalenceratesgenerally

remainlowandthatmostinfectionsoccurinrelatively
fewspeciesReisenetal2000mostlyhousefinches
housesparrowsCaliforniaandGambelsquailand
mourningandcommongrounddovesthataresampled
effectivelybybothmistnetsandgrainbaitedtrapsThe
purposeofourresearchduring1999wastoconvertour
laborintensivemistnetsamplingintoanefficient
trappingprogramthatmosquitocontroldistrictscould
usetoaugmentencephalitisvirussurveillanceinrural
areasAsimilartransitioninsamplingwas
accomplishedpreviouslyinsuburbanOrangeCounty
Gruwelletal1988McLeanetal1988Additional
observationsonantibodypersistencewereincluded
becausethesedatarelatestronglytotheinterpretation
ofseroprevalencedataespeciallyduringthecritical
springperiod

Specificallyourobjectiveswereto
1 MeasureenzooticvirusactivityintheCoachella

andSanJoaquinValleysduring1998and1999
2 Comparebirddiversityandantibodyratesbetween

surveyswithnetsandgrainbaitedtrapsduring
19961998andsamplingusinggrainbaitedtraps
during1999

3 Describefieldandexperimentaldataonantibody
persistence

VirusActivity
FieldresearchfocusedonthesouthernCoachella

ValleyneartheSaltonSeainRiversideCountyandthe
BakersfieldareainthesouthernSanJoaquinValleyin
KernCountyOnesentinelchickenflock13grain
baitedgroundtrapsamodifiedcrowtrapand13dry
icebaitedCDCstylemosquitotrapswerepositioned
ateachsiteSamplinginCoachellaValleyincluded8
sitesandwasextendedintotheuppervalleyinan
attempttotrapmorehousefinchesandmourningdoves
InKernCountysamplingwaslimitedtotheKernRiver
andTracyRanchtofocusonCaliforniaquailandhouse
finchpopulationsrespectivelySentinelchickenswere
bledfromthecombwhereaswildbirdswerebledby
jugularpunctureBirdswerescreenedforantibodyby
appropriateenzymeimmunoassaysEIASeropositive
chickenswereconfirmedbyanindirectfluorescent
antibodytestwhereasseropositivewildbirdswere
confirmedbyaplaquereductionneutralizationtest
PRNTMosquitoeswereidentifiedtospecies
enumeratedandCxtarsaliswerepooledforvirus
isolationusingVerocellculturefollowedbyaninsitu
EIA

DetectionofvirusactivitywaslowinCoachella
ValleyandabsentfromthesouthernSanJoaquinValley
during1999Table1IntheCoachellaValleyWEE
infectionwasdetectedinasinglesentinelchicken
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seroconversionbetweenNovember1998andMarch
1999inaflockmaintainedtomonitorwintervirus
activityandSLEwasdetectedby2seroconversions
duringNovember1999Incontrast13after
hatchingyearadultGambelsquailhadantibodies
toWEEnobirdswerepositiveforSLEStandard
surveillanceiebysentinelchickensandmosquito
poolsdidnotdetectWEEinthesouthernSan
JoaquinValleyhowever14Californiaquailwere
antibodypositiveforWEEQuailpresumablywere
infectedduring1998whenWEEwasactiveinboth
valleys

Samplingemphasisongrainbaitedtrapsfocused
testingonthe6targetbirdspeciesthatcomprised
over75ofthetotalWEEpositivesdetectedTable
2During19961998these6speciescomprised
40ofthetotalbirdssampledwhereasduring1999
thispercentageincreasedto80 althoughthe
numberofseratesteddeclinedsharplyOurtrapping
effortsdidnotcollectsufficientnumbersofhouse

finchesandinKernCountycatchwassupplemented
withbirdstrappedinvineyardsforpestmanagement
Likewiseourcollectionsofmourningdoveswere
irregularandinsufficientforsurveillancepurposes

Antibodypersistence
Naturalantibodypersistencebetweenseasons

wasverifiedby4quailthatwerepositiveduring1998
whenWEEwasactivebandedandrecapturedagain
duringthespringof1999Table3Becausethe
PRNTtitersdeclinedovertimeonebirdwas
negative120weexperimentallyinfectedhouse
finchestodetermineifresidualantibodywas
protectivefromsubsequentinfection

HousefincheswereinfectedwithWEEandSLE

duringthesummerof1998heldinascreened
outdooraviaryprebledthefollowingsummerand
thenrechallengedwiththesamevirusSimilartothe
quailhousefinchesretainedlowtiteredbutprotective
antibodyagainstWEETable4Thesebirds
producedadetectableanamnesticreactionafter
reinfectionieanrapidimmuneresponsetoa
previouslyencounteredantigenIncontrasttoWEE
antibodyinhousefinchesinfectedwithSLEduring
1998declinedrapidlyoverthewinterandwasnot
detectablewhenbirdswerebledthefollowing
summerWhenrechallengedresidualantibodywas
notcompletelyprotectivebecause3of6birds
developeddetectableviremiaonday1postinfection
Thesebirdsthenwerenegativeonthefollowing3
daysTherapiddeclineintheviremiawasattributed
totheanamnesticresponse
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Summary
Overallourdataindicatedthat

1 Grainbaitedtrapsfocusedsamplingontargetbird
speciesbutfailedtocollectsufficientnumbersofhouse
finchesandmourningdovesforeffectivesurveillance
2 Catchintrapswastemporallyvariableand
frequentlyhamperedbypredators
3 Sensitivitytopresenceofarbovirusescouldnot
becomparedeffectivelyduring1999becauseWEEand
SLEwerenotsufficientlyactiveinourstudyareas
4 WEEantibodypersistedoverwinterinrecaptured
quailbuttitersdecreased
5 WEEantibodypersistedoverthewinterin
experimentallyinfectedhousefinchesandprotected
againstreinfectionwhereasSLEantibodydecayed
rapidlyandsomebirdsproducedviremiaupon
rechallenge
6 Basedonthecurrentandpreviousobservations
weconcludedthatawildbirdsurveillanceprogramwas
notsuitableforruralsurveillancebymosquitoandvector
controldistrictsbecause

aSensitivityTemporalchangesinwildbird
seroprevalenceratesdidnotprovideearlyevidenceof
virusactivityanddidnotdetectlowlevelSLEactivity
inCoachellaValleyduring1998or1999

bInterpretationVariableratesofantibodydecay
possiblereinfectionandlowantibodytitersmadeit
difficulttoseparaterecentfrompreviousinfections
testingforIgGTheonlydatasuitabletodetectearly
seasonvirusactivitywasinfectioninhatchingyearor
recapturedbirdsHoweverhatchingyearbirdswere
infectedmostlyduringmidsummerandaftervirus
amplificationwasdetectedbyseroconversionsamong
sentinelchickensorviruswasisolatedfrommosquitoes
Thenumbersofbirdsthatwerecollectedantibody
negativebandedandthenrecapturedantibodypositive
wastoolowforsensitivesurveillance

cConsistentdataWehadproblemswithtrap
efficiencychangingovertimebasedonnestingbehavior
presenceofalternativefoodandpredators

3SurveillanceforPesticideResistanceinCalifornia

Theconceptofvectorbornediseasesurveillancewas
broadenedtoincludesurveillanceforpesticideresistance
inresponsetoguidelinesoftheEpidemicArbovirus
ResponseWorkingGroupajointeffortofMVCAC
DHSandtheUniversityofCaliforniaTherationalefor
theinclusionofpesticidesurveillancewastherealization
thatpresenceofresistanceinvectormosquitoesis
dynamicandmustbestudiedinadvanceofpotential
outbreaksandformanagementofpesticideresistance
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Firstreportsofapparentmethoprenecontrol
failuresagainstAedesnigromaculiswerenotedina
pasturewestofFresnoinSeptember1998Methoprene
failureshadspreadtoanadditional10pasturesinFresno
Countyduringthesummerof1999Insomeofthese
pasturesmethopreneajuvenilehormoneanaloghad
beenusedforatleast20yearsastheprimaryinsecticide
tocontrolthismosquitoFieldtrialsbasedonpupal
countsanddifferentmethopreneapplicationrates
showedthatinsomepastureseithernocontroloronly
lowlevelsofcontrolwereachievedwithAltosidLiquid
LarvicideALL andAltosidXRGand5299

controlwithAltosidPelletsCorneletal2000

AmethoprenebioassayforAenigromaculiswas
developedPreliminaryresultsindicatedthattherewas
amethoprenetolerancedifferenceof50to100fold
betweenamethoprenenaivepopulationand
populationsfrompastureswheremethoprenehadbeen
usedconsistentlyfor6to20years

Inpreparationforbottlebioassaysurveillanceof
CxpipienscomplexandCxtarsalismosquitoes
standardsusceptiblecoloniesofthesemosquitoeswere
establishedThesecoloniesaresusceptibletoallofthe
chemicallarvicidesandadulticidesregisteredfor

mosquitocontrolinCalifornia
4MarkreleaserecapturestudiesofCulextarsalis
intheSanJoaquindelta
Theobjectivesofthisstudyweretoinvestigatetheflight
rangeanddistancepopulationdynamicsandpopulation
densityoftheencephalitismosquitoCxtarsalison
islandsintheSanJoaquinRiverdeltaalongtheborder
betweenContraCostaandSanJoaquinCounties

AdultfemaleCxtarsaliswerecollectedforrelease

indryicebaitedEVStrapsat2locationson3
consecutivenightsinAugust1999Eachofthe3
collectionsweretransportedtothereleasepointatthe
southernendofMandevilleIslandSanJoaquinCounty
ontheeveningaftercaptureweremarkedwith3
differentcolorsoffluorescentpowderpinkgreenand
blueonnights12and3respectivelyandreleasedat
duskOfatotalof57247released305marked

individualswererecapturedduringthefollowing9
eveningsinatotalof60EVSbatteryoperatedCO
baitedtrapslocatedinroughlyconcentricringswithin
a7kmradiusfromthereleasepointThepredominant
flightdirectionwaswestupwindTherateofdispersal
wasgreaterthanhadbeenanticipatedbasedonprevious
studieswithrecapturedmosquitoesmovinganaverage
of36kmpernightandamaximumof5kminasingle
nighteasilycrossingamongislandsWedissectedthe
ovariesofthemajorityofmarkedmosquitoesrecaptured
andfoundthatlessthan10ofindividualsreleased

successfullyfedandreproducedduringthestudyperiod

Theparityrateofunmarkedmosquitoescapturedduring
thesameperiodwasslightlyhigherbutdidnotexceed
28Thislowrateoffeedingsuccesssuggestsalower
riskofvirustransmissionatthetimeandplacethestudy
wasconductedEstimatesofdailysurvivorshipvaried
amongreleasegroupsbutwereconsistentwithprevious
studiesandsuggestedthatsomeindividualscould
survivelongenoughtoacquireandtransmitencephalitis
virusesPopulationdensityestimatescalculatedbythe
modified Lincoln Index method averaged

approximately18800kmWeconcludedthat
mosquitoesproducedatsourcesinthedeltahavethe
potentialtorapidlyimpactnearbypopulatedareasand
thatsuccessfulcontrolofCxtarsalisinthisareaand

reductionofdiseaseriskwillrequireinteragency
cooperationincludingsharingofpertinentdataona
regionallevel

Completedetailswillbepublishedelsewhere
Schutzetal2000
5Analysispredictionandreporting

Asurveillancewebsiteislocatedathttp
mosqnetucdaviseduFurtherimprovementsweremade
in1999intheelectronicreportingofarbovirus
surveillanceinformationAnewconceptfor
maintenanceofdatabasetableswasincorporatedin
whichthetestinglaboratoryinvolvedbecomesthe
ownerofthedatawhicharemaintainedonacentral

serverTestinglaboratoriesareresponsibleforperiodic
updatestothedataProgresshasbeenmadeon
connectinglaboratoriesdirectlytotheserverbutsome
problemsremainMuchofthedrudgeryofupdating
mapsanddatasurveillancesummarieshasbeen
eliminatedthroughinstallationofprogramsthat
automaticallyupdatethewebsiteoncethedatatables
havebeenupdated

Financialsupporthasbeenrequestedfromthe
CentersforDiseaseControlandPreventionCDCto
installafurtherextensionofthesystemwhereby
mosquitoagencieswillhavefullaccesstothose
databasesByusingspeciallydesignedclientsoftware
afullrangeofanalysisoptionsincludingmapping
graphingandvarioustypesofreportingwillbe
availableUnderthepresentsystemanalysisof
historicaldataisdifficultunderthenewconceptusers
couldselectanytimeframedesiredThe
implementationofthisconceptisbeingcoordinated
withAdvanceComputerResourcesIncA
demonstrationmappingserverisplannedfor2000
6ThefutureofSurveillanceforArbovirusDiseases

ThearbovirussurveillancesysteminCaliforniahas
2goalsFirsttopredictthethreatofvirustransmission
topeopleinotherwordstoserveasanearlywarning
systemSecondtodocumentlocaltransmissionto
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confirmthatagivenvirusispresentandisbeing
transmittedMonitoringofenzooticvirusactivityis
theprimarymethodusedcurrentlyinCaliforniato
estimateriskofhumaninfectionHoweverthe

relationshipbetweenenzootictransmissionof
arbovirusesandhumaninfectionsisunclear

Consequentlythiscomplicatespredictinghuman
infectionbasedonenzootictransmissioneventhough

paststudiesinCaliforniahaveshownthatcritical
decisionsregardingriskofhumaninfectioncanbe
basedonthedensityofCxtarsalisReeves1971

Factsaboutarboviralencephalitis
Thearboviralencephalitidescontinuetoconstitute

asignificantpublichealthburdenAlthoughthe
numberofconfirmedhumancasesofarboviral

encephalitishasdeclinedannuallyinrecentyearsto
justafewinCaliforniatheincidencenationwide
continuestobe1503000peryearTotalcost
associationwiththesecasesisconsiderableandis

currentlyestimatedtobe150millionperyear
includingcostsofvectorcontrolandsurveillance
activitiesCostofindividualcasesisalsosubstantial

Ithasbeensuggestedthatcostsforanindividualcase
ofeasternequineencephalomyelitisrangefrom
21000fortransientlyinfectedindividualsto3
millionforseverelyinfectedpeopleVillarietal
1995

Therealthreattohumansfromarboviraldiseases

Theannualnumberofcasesofwesternequine
encephalomyelitisandStLouisencephalitisoccurring
inCaliforniarecentlymaysuggesttosomethatthe
riskofhumaninfectionbytheseagentsisvirtually
nonexistentReeves1990Howeverbefore
concludingthatthereislittleriskoffutureoutbreaks
ofarboviraldiseasesoneshouldlookatsome

disturbingtrendsforarboviraldiseasesworldwideFor
examplethehistoryofdengueintheAmericaspoints
outthatwemustnotbecomecomplacentabout
sustainingCaliforniasoutstandingarbovirus
surveillanceprogram

In1970duetoaPanAmericanHealth
Organizationsupportedhemispherewideeradication
campaignthegeographicrangeofAedesaegyptithe
primaryvectorofdengueviruswasrestrictedtojust
afewisolatedareasintheAmericasthesoutheastern

USAtheCaribbeanregionandnortheasternSouth
AmericaBy1997followingrelaxationofthe
eradicationprogramithasspreadtomostofMexico
allofCentralAmericaandpartsofnearlyeverySouth
AmericancountryDuringroughlythissametime
perioddenguehemorrhagicfeverthecauseofsevere

oftenfatalhumandiseasehadgonefrombeingabsent
tooccurringinmuchoftropicalAmericaThe
devastatingpatternreportedinthe1950sofdengue
emergingasamajorpublichealththreatwasrepeating
itselfintropicalAmericainpartbecauseeffortsto
controlAeaegyptieitherceasedorweresignificantly
reduced

TherecentappearanceofWestNilevirusWNin
thenortheasternUSAsimilarlypointsoutthatweshould
notlimitourvigilanceonlytovirusesthatweknoware
presentinCaliforniaWenolongercanlimitour
attentiontoactivitieswithintheboundariesofthestate

ofCaliforniaWemustbepreparedtorespondtovector
bornepathogensthatmaybeintroducedintoCalifornia
accidentallyoronpurposebioterrorismThiswill
requireexpertiseandresearchonvectorborne
pathogensthathistoricallyhavenotbeendetectedin
thestate

TheWNoutbreakinNewYorkwhichpresumably
resultedfromtheintroductionofvirusfromtheOld

Worldresultedinover60humancasesand7deaths

Viruswasisolatedfrom18speciesofbirdsmostly
crowswithin50milesofNewYorkCityViruswas
isolatedfromadeadcrowinBaltimoreabout250mi

fromNewYorkCitySerosurveysproducedevidence
ofinfectionin75horsesand15dogsTherewere17
isolationsofWNfrommosquitoesmostfromCulex
pipiensandAedesvexans

Emergingdiseases
Inrecentyearstherehasbeenafascinationinthe

popularpressfilmsandinscientificcircleswiththe
socalledemergingdiseasesMorseandSchluederberg
1990provideaworkingdefinitionforthesekindsof
pathogensTheyexplainthatemergingdiseasesare
causedbypathogensthateitherhavenewlyappeared
inapopulationorarerapidlyexpandingtheirrange
withacorrespondingincreaseindiseasecases
Onecouldaskdoestheintroductionofvectorborne

pathogensconstituteapublichazardtoCaliforniaWe
present2examplesthatindicatethatintroduced
pathogensdoconstituteathreatforthecitizensinour
stateInfacttheWNepidemicinNewYorkCitypoints
outthataccidentalorpurposefulintroductionof
pathogenswillhappenThereforevectorcontroland
publichealthofficialsneedtobepreparedtodetectand
respondtothesesituationswhentheyoccur

AccordingtoMorbidityandMortalityWeekly
ReportsMMWRpublishedbytheCDCeachyear
from1966to1999afewhundredtoover3000casesof

importedmalariaweredocumentedintheUnitedStates
InCaliforniaaloneduring1998and1999therewere
217and208reportedimportedmalariacases
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respectivelyAnophelinevectorsofmalarialparasites
occurinCaliforniatheparasitesarebeingintroduced
intothestateandthethreatofautochthonous
transmissionexists

MMWRreportsonimporteddenguesimilarly
supportthenotionthatprogramsfordetectingand
respondingtoimportedvectorbornepathogensneed
tobeinplaceinCaliforniaIn199586of441people
withdenguelikeillnessfrom31statesandtheDistrict
ofColumbiawerereportedashavingdengueOfthose
peoplewithconfirmeddengue83hadrecentlytraveled
totheCaribbean48MexicoandCentralAmerica
24Asia5andAfrica6In199624of179
peoplewithdenguelikesymptomsfrom32statesand
DCwerediagnosedashavingdengueThirtyseven
peoplehadrecenttravelhistoriestotheCaribbean19
Asia11Africa3PacificIslands2andCentral
andSouthAmerica2Resultsfromastudylimitedto
thestateofFloridaduring19971998indicatethatof
83peoplesuspectedofhavingdenguethediseasewas
confirmedfor36Allreportedtravelwithin10daysof
onsetofillnesstoHaitiPuertoRicoColombia

VenezuelaBarbadosNicaraguaorThailand
Malariaanddenguearereportablediseasesthey

arethediseaseagentsthatareaccountedforbystate
andfederalofficialsButthereisawidevarietyofother
vectorbornepathogensthatcouldalsobeintroduced
intoCaliforniaandcouldgoundetectedOnaworldwide
basistherearehundredsofarbovirusesthatmaypose
athreatfromintroductionExamplesamongthe
arboviralencephalitidesincludeWestNileencephalitis
Venezuelanequineencephalomyelitistickborne
encephalitisJapaneseencephalitisandMurrayValley
encephalitisInarecenttalktoMVCACDrWilliam
CReeveshighlightedanumberoftheseagentsthat
maybeespeciallydangerousandconstituteasignificant
threatifimportedintoCalifornia

Weshouldnotlimitourconcerntopathogenswe
mustalsoconsiderandbepreparedforthethreatposed
byimportedvectorsDuringthepastseveraldecades
AedesalbopictusAedestogoiandAedesjaponicus
havebeenimportedintootherregionsoftheUSAand
allareknownorpotentialvectorsofhumanpathogens

Elementsofemergingdiseasecontrolplans
Ifweacceptthepremisethatpathogenandvector

introductionsconstitutepotentialthreatstoCalifornia
weshouldnextaskwhatcanwedotobetterprepare
ourselvestodetectandrespondtoanintroductionThe
followingsectionisaseriesofsuggestionstakenfrom
adetailedreportbyKoplanandHughes1998for
fortifyingCaliforniascurrentoutstandingsurveillance
program

28

Planstoprovideadequateprotectiontocitizensof
Californiaagainsttheriskofinfectionwithemerging
arthropodborneinfectiousagentsshouldcontainthe
following6components
1 Twocriticalrequirementsforimprovedarbovirus

surveillancearestrengtheningofnetworksstate
nationalandinternationaltodetectcontroland
reduceemergingdiseasesandimprovementofthe
capacitytorespondtodiseaseoutbreaks
especiallytheimprovementofmedicaland
scientificexpertise

2 Surveillancenetworksshouldbeimprovedsothat
theyincludebetterelectroniccommunicationto
andfromDHSandMVCACwithotherstates

localhealthdepartmentsUSquarantinestations
healthcareprofessionalsandveterinaryand
wildlifediseaseorganizationsImproved
networkingisessentialtotheenhancementof
Californiascapacitytorespondtocomplex
infectiousdiseasethreatsincludingbioterrorism

3 Theremustalsobeastrengtheningofdisease
surveillanceandresponseplansandthe
developmentofimprovedstandardsandguidelines
forsuchplansAnimprovementofpublichealth
infrastructuresincludinglaboratoriesresearch
facilitiestechnologyandcommunicationlinks
areneededtoimplementtheseguidelines
Responseplansmustbedevelopedtoensure
promptimplementationofpreventionstrategies
andenhancedcommunicationofpublichealth
informationaboutemergingdiseases

4 Itisessentialthatwestrengthenbothappliedand
basicresearchTheinvestigationandmonitoring
ofemergingpathogensthediseasestheycause
andthefactorsinfluencingtheiremergenceisvital
toourabilitytorespondtodiseaseoutbreaksThis
researchshouldincludedevelopmentofimproved
methodsforgatheringandevaluatingsurveillance
dataResearchshouldintegratelaboratoryscience
epidemiologyanddiseaseecologytooptimizethe
applicationofpublichealthprogramsOther
neededresearchincludesthedevelopment
evaluationanddisseminationoftoolsforthe

identificationandunderstandingofemerging
infectiousdiseasesandtheirriskfactorsandthe

developmentandevaluationofpreventionand
controlstrategiesinagreedupontargetareas

5 Wemustfocusattentionandresourcesontraining

ofmedicalandscientificpersonnelTrainingis
neededtoenhanceepidemiologiclaboratoryand
researchcapacityWeshouldtakeadvantageof
trainingopportunitiesininfectiousdisease
epidemiologyecologyanddiagnosisin
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Californianationallyandinternationally
6 Finallythereshouldbeencouragementforother

organizationstoimprovetheirpublichealth
systemsandtocoordinateactivitiesthrough
nationalandinternationalorganizations

Iftheseissuescanbeaddressedandsolvedthe
resultwouldbeastatewideandnationalnetworkfor

surveillancethatshouldensurepromptidentification
ofinfectiousdiseaseoutbreaksEquipmentand
personnelwouldbeinplacetoprovideappropriateand
rapidpublichealthresponsestodiseasethreatsand
bioterroristincidentsImproveddiagnosticmethodswill
allowrapiddetectionofemergingdiseasesReference
reagentswouldbeavailableforpublichealthand
regionalreferencelaboratoriesTheimproved
understandingofdiseaseriskfactorswouldleadto
improvedstrategiesfordiseasepreventionand
treatmentAmongthemostimportantoutcomeswould
bethatfollowinggenerationsofbiologists
epidemiologistslaboratoryscientistsandpublichealth
officialswouldbetrainedandpreparedtorespondto
emergingdiseasethreats
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Time TREATMENT

25wksPI VV VS V S

n 6 4 4 2

WEE

Gambels

quail

160 20

EIA 381 265 134 121

PRNT 23 20 20 20

Viremia 0 0 453 0

SLE

EIA 273 233 106 12

PRNT 20 20 20 20

Viremia 293 0 393 0

IPRNT
1998 1999 TIMEwks

California

quail

1
I
160

160

120 28

r80 28

Gambels

quail

160 20 29

320 0 21
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Table3Antibodypersistencebetween1998and1999inrecapturedCaliforniaandGamblesquail

Reciprocaltiterofplaquereductionneutralization
test

Timebetweenfirstpositivebleedin1998andlast
recapturedin1999

Table4ReinfectionexperimentwithhousefinchesVVinfectedduring1998andthenreinfectedwithsame
virusduring1999VSinfectedduring1998andtheninoculatedwithsalineduring1998VandSinoculated
withvirusorsalineduring1998n samplesizesforeachvirus

meanformulavaluemeanopticaldensityofpositivenegativewells
reciprocalofgeometricmeantiter

Logformingunits
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SurveillanceforMosquitoBorneEncephalitisVirus
ActivityandHumanDiseaseinCalifornia1999

StanHustedVickiLKramerMichaelSAscherChristopherRogers
WilliamKReisenBruceFEldridgeRobertChilesandDonaldAEliason

DivisionofCommunicableDiseaseControl
CaliforniaDepartmentofHealthServices601North7thStreetMS486

P0Box942732SacramentoCA942347320

TheCaliforniaMosquitoBorneEncephalitisSurveillanceProgramisacooperativeeffortofthe
DHSDivisionofCommunicableDiseaseControltheUniversityofCaliforniaatDavistheMosquito
andVectorControlAssociationofCalifornialocalmosquitoandvectorcontrolagencieslocalhealth
departmentsphysiciansveterinariansandotherinterestedparties

In1999theprogramincludedthefollowingcomponents

1 Diagnostictestingofspecimensfromhuman
patientsexhibitingsymptomsofviralmeningitis
orencephalitis

2 Evaluatingpatientsdiagnosedwithencephalitis
byenrollingthemintheCaliforniaencephalitis
projectwhichlooksatdemographicsexposure
toarthropodsandincludesalargenumberof
laboratoryteststodetermineetiology

3 Activesurveillanceforacuteencephalitisand
assessmentofseroprevalenceofexposureto
WEEandSLEvirusesinImperialandRiverside
counties

4 Diagnostictestingofspecimensfromdomestic
animalspeciesthatexhibitedclinicalsignsof
neurologicdiseasecompatiblewithSLEor
WEEinfection

5 MonitoringandtestingmosquitoesforStLouis
encephalitisSLEvirusandwesternequine
encephalomyelitisWEEvirusinfection

6 Serologicalmonitoringofsentinelchickensfor
SLEandWEEantibodiesinareasofCalifornia

whereevidenceofencephalitisvirusactivityhas
historicallyoccurred

HumanDiseaseSurveillance

TheViralandRickettsialDiseaseLaboratory

VRDLtested141humanserumandorcerebrospinal
fluidspecimensfrompatientsexhibitingsymptomsof
viralmeningitisorencephalitisforantibodiestoSLE
andWEEvirusesNeitherelevatedIgMantibodynor
afourfoldriseintotalantibodybetweenpairedsera
wasobservedinspecimensfromanyofthesuspect
cases

TheDHSCaliforniaEncephalitisProjectenrolled
127patientsfromJune1998toAugust1999Foreach
patientenrolledacorebatteryoftestswasconducted
includingpolymerasechainreactionserologyand
isolationfor15agentsTestingforadditionaletiologic
agentswaspursuedasclinicalsymptomatologyand
exposurehistorywarrantedextensivetestingfor
arboviruseswasconductedforcaseswithknown

mosquitoexposureNocasesofSLEorWEEwere
identifiedthroughtheEncephalitisProject

ActivesurveillanceinRiversideandImperial
countiesevaluated14suspectpatientsforWEEandSLE
encephalitisnonewasconfirmedAliquotsofserum
from729patientswhichweresubmittedtofour
differentmedicalfacilitiesforotherpurposeswere
evaluatedforpresenceofIgGantibodiestoWEEor
SLEtodeterminebackgroundseropositivityOfthe

1 ArbovirusResearchUnitCenterforVectorBorneDiseaseResearchUniversityofCaliforniaDavisCA
95616

2 DepartmentofEntomologyUniversityofCaliforniaDavisCA95616
3 MosquitoandVectorControlAssociationofCaliforniaElkGroveCA95624



January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference 33

729116159 hadaSLEIgGenzymelinked
immunoassayEIAindexgreaterthanoneand11
15 hadaWEEIgGEIAindexgreaterthanone
Eventhoughtherewasahighlevelseropositivityto
SLEtherewereinherentproblemswithinterpretation
givencrossreactivitywithsomeotherSLEtherewere
inherentproblemswithinterpretationgivencross
reactivitywithsomeotherarboviruses

EquineSurveillance

Serumandbraintissuespecimensfromonehorse
displayingneurologicalsignsweresubmittedfor
arboviraltestingatVRDLTestingfailedtodetect
antigenorantibodyforWEE

MosquitoTesting

Twentyfourlocalmosquitocontrolagenciesin
CaliforniaandoneagencyeachinNewMexicoand
Oregonsubmittedatotalof145992mosquitoes3581
poolsfortestingin1999TableslaandlbMosquito
poolswerealsosubmittedbylocalvectorcontrol
agenciesinWashingtonandOregonMosquitoeswere
testedforarbovirusesattheCenterforVectorBorne

DiseaseResearchUniversityofCaliforniaDavisby
aninsituenzymeimmunoassayusingVerocellculture
NopoolswerepositiveforWEEorSLEbutveryfew
poolswerecollectedinthoseareaswhichhadchicken
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seroconversionsin1999WEEandSLEviruses

detectedinmosquitoesbytheencephalitisvirus
surveillanceprogramoverthepasttenyearsare
summarizedinFigure1

ChickenSerosurveillance

Sentinelchickenflocksweredeployedand
localagenciesinitiatedmosquitocollectioninApril
1999Datafromthesesourceswereforwardedto

DHSandcollatedweeklyMay13toOctober28
intheAdultMosquitoOccurrenceSummary
ReportAMORandarbovirusbulletinswhich
weredistributedtoallsurveillanceprogram
participants Positive serologies were

communicatedimmediatelybytelephoneto
submittingagencies

In199947localmosquitoandvectorcontrol
agenciessubmittedserafromatotalof190sentinel

chickenflocksFourteenoftheseflockswerepart
ofarbovirusresearchprojectsconductedbythe
ArbovirusResearchinRiversideandImperial
countiesBloodspecimenswerecollectedand
testedbiweeklyfromeachflockSerafromover

19978chickensfromCaliforniaNevadaOregon
andUtahweretestedforantibodytoWEEand
SLE

Atotalof25seroconversiontoSLEwere

recordedamongsentinelchickensinImperial14

35
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04 0 0

1995 1996 1997

SLE

WEE

53

00

1998 1999

Figure1IsolationsofStLouisencephalitisSLEandWesternequineencephalomyelitisWEEvirusesfrom
pooledCulextarslisinCalifornia19901999
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Riverside8andSanBernardino3countiesFigure
2ThefirstSLEseroconversionwasfromachicken
bledonJuly20inImperialCountyThelast
seroconversionsfor1999wereinImperialCountyon
November8andSanBernardinoCountyonNovember
16Table2liststheseroconversionstoSLEbylocation
anddatebled

AtotalofthreeseroconversionstoWEEwere

recordedamongsentinelchickensFigure2Thefirst
seroconversionstoWEEweredetectedinflocksfrom

RiversideandTulareCountiesonJuly28Theonly
otherWEEseroconversionwasanotherchickenon

September8inthesameRiversideCountyflockTable
3liststheserconversionstoWEEbylocationanddate
bled

EvidenceofWEEactivityinchickenflockswas
considerablyreducedin1999comparedtoprevious
yearsFigure3In1999onlytwochickensfromtwo
flocksseroconvertedtoWEEcomparedto101chickens
from28flocksin1998Incontrast25chickensfrom

sixflocksseroconvertedtoSLEin1999comparedto
onlytwochickensfromtwoflocksin1998Figure3
showstheSLEseroconversionsfor19901999
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Figure2Sentinelchickenflockswithatleastone
serconversiontoStLouisencephalitisSLEorwestern
equineencephalomyelitisWEEvirusCalifornia1999

1997 1998 1999

Figure3SeroconversionstoStLouisEncephalitisSLEandWesternequineencephalomyelitisWEEvirusesin
sentinelchickenflocksinCalifornia199099
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County Location City 728 98 Total
Riverside SJWildlifeArea MorenoValley 1 1 2
Tulare Tulare Tulare 1 0 1
WEETotals 2 1 3

January2000
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EvalutionofMosquitoandArbovirusActivityin
OrangeCountyDuring1999

RobertCummingsCarrieFogartyStephenBennettRalphHavickhorstLisaOpieKeithBowScott
PhemisterandJamesPWebb

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTTheOrangeCountyVectorControlDistrictcontinueditssurveillanceofmosquitoand
arbovirusactivitythroughout1999bycollectingbloodsamplesfromwildbirdsandsentinelchickens
aswellascollectingadultmosquitoesfromovipositionalandCDCCObaitedtrapsTherewereno
positivemosquitopoolssentinelchickensorhumancasesinOrangeCountyduring1999Additionally
fewSLEpositivewildbirdswerefoundin1999Only8023 of3528sampledHouseFinchesand
1014 of728HouseSparrowseratestedpositiveforSLEantibodiesCulexquinquefasciatuswas
themostcommonlytrappedmosquitothroughoutOrangeCountyexceptforafreshwaterwetlandarea
ofIrvinewhereCxtarsaliswaspredominant

MOSQUITOSURVEILLANCE

TheOrangeCountyVectorControlDistrict
OCVCDcontinueditsadultmosquitosurveillance
programthroughout1999bycollectingmosquitoes
fromavarietyofresidentialandsuburbanwetland
trappingsitesMosquitocollectionsweremadeatten
permanentsitesinthecountyusingsixgravidfemale
ovipositionaltrapsCummings1992andnineteen
CDCCObaitedtrapsSudiaandChamberlain1962
Inadditionbloodfedfemalemosquitoeswerecollected
fromonemodifiedAustraliancrowtrapMcClure1984
usedtocapturewildbirds

Suburbanmosquitocollectionsforallspecies
primarilyCulexquinquefasciatusSayandCuliseta
incidensThompsonusingCDCCObaitedtrapsin
1999showedadecreasewhencomparedto1998data
withthehighestnumberspeakinglaterandatlower
levelsin1999thanthepreviousyearFig1Incontrast
tothesuburbandatamosquitocollectionswithCO
baitedtrapsfromawetlandhabitatSanJoaquinMarsh
Fig2consistedmostlyofCulexerythrothoraxDyar
andCulextarsalisCoquillettNumbersfromthissite
showedanearlyseasonrisein1999comparedto1998
withthepeakoccurringinJunetwomonthsearlierthan
in1998InbothyearsCulexerythrothoraxmadeup
themajorityofthesecollectionsfromthemarsh
HowevercountsofCxtarsalisfromthissamesitewere

lowerandpeakedearlierin1999thanin1998Fig3
oppositetothetrendseenforallotherspeciesfrom
eitherthesuburbanlocationsortheSanJoaquinmarsh

GravidCxquinquefasciatuswerecollectedin
highestnumbersfromasuburbantrapsiteinGarden

GroveFig4Thehighestcollection205gravid
femalemosquitoesoccurredinmidJuly29thweekof
1999atthislocation

Atotalof2990mosquitoesin102poolsweresent
totheUniversityofCaliforniaDavisCenterforVector
borneDiseaseResearchUCDCVDRfortesting
Table1Mosquitopoolswereobtainedexclusively
fromovipositionaltrapsandoftheseCx
quinquefasciatuscomposedallofthesamples
CollectionsfromtheCObaitedtrapswereused
primarilytomonitormosquitodensityandthe
effectivenessoftheDistrictscontrolprogramNo
mosquitosubmissionsweremadefromthese
collectionsOfthepoolsfromthegravidtrapsnone
testedpositiveforeitherStLouisencephalitisSLE
virusorwesternequineencephalomyelitisWEEvirus

OrangeCountyreceivedanaveragetotalofonly
72inchesofrainfallduringthe199899season
AnnonNOAA1999lessthanonefourthofthe
199798seasontotal295inchesAnnonNOAA
1998 Asinmostyearsmosquitocountsrarely
correlatewithrainfallMostbreedingsourcesinOrange
Countyaremanmadeandneedsomesortofwater

supplyfromurbanirrigationrunoffduringthedry
summermonthstosupportmosquitoproductionYear
toyearvariationsinnumbersatthesamesitesare

probablyduetoreasonsotherthantheamountof
rainfall

ARBOVIRUSSEROSURVEILLANCE

37

Arbovirusserosurveillanceconsistedofbiweekly
testingofoneflockoftensentinelchickensandweekly
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Species
NoBlood

Samples Positive
WEEPositive SLE WEE

HouseFinch 3528 8 0 023 0

HouseSparrow 728 1 0 014 0

Whitecrowned

Sparrow
15 0 0 0 0

SongSparrow 37 0 0 0 0

Totals 4308 9 0 021 0

Species
Noof

Mosquitoes
GravidTrap

Pools
StableTrap

Pools
COTrap

Pools

Total

Pools

Culex

quinquefasciatus
2990 102 0 0 102

Culex

tarsalis
0 0 0 0 0

Culex

stigmatosoma
0 0 0 0 0

Totals 2990 102 0 0 102

January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference

Table1NumberofmosquitoesandmosquitopoolssubmittedforSLEandWEEvirustestingbyspeciesand
traptypefromOrangeCountyduring1999

testingofwildbirdsmostlyHouseFinches
CarpodacusmexicanusandHouseSparrowsPasser
domesticuscapturedintenmodifiedAustraliancrow
trapsdispersedthroughoutOrangeCountySentinel
chickensweretestedforSLEandWEEantibodiesby
theCDHSVRDLlaboratoryfromApriltoOctoberand
theOCVCDlaboratoryeverytwoweeksthroughout
theyear NoneofthesentinelchickensinOrange
CountyortheLosAngelesbasintestedpositivefor
SLEorWEEantibodiesduring1999

Atotalof4308wildbirdbloodsampleswastested

byhemagglutinationinhibitionHAIassayGruwell
etal1988attheOCVCDlaboratoryresultingin9
positivebirdseightofwhichwerehousefinchesTable
2Thehighestpercentofpositivebirdsoccurredin
June05andOctober13Fig5Thiswasthe
onlyevidenceofarbovirusactivityinthecoastal
southernCalifornianregionduringtheyear

Overall1999wasayearmarkedbylowarboviral
activityasin1998Lessthan1ofwildbirdstested
seropositiveforSLEandtherewerenobirdspositive
forWEE

Table2SmallbirdseroconversionsforSLEandWEEantibodiesinOrangeCountyduring1999

40
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PercentPositive

Jan Feb March

134 208 313

SLESerosurveilianceinWildBirds

4TotalNumberPositiveBirds

EPositiveSentinelChcxensnOrangeCountyorheLosAngeesBasinin995

April May June July Aug Sept Oct Nov

274 329 641 616 607 304 299 321

NoBirdsBledperMonth

2

11
Dec

262

Figure5ArbovirusactivityandseroprevalenceinwildbirdsHouseFinchesandHouseSparrowsfrom
OrangeCountyCalifduring1999
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ArenavirusAntibodyinRodentsfrom
SouthernCalifornia

StephenGBennettMaryLouiseMilazzoCharlesFFulhorstandJamesPWebbJr

OrangeCountyVectorControlDistrictPOBox87SantaAnaCA92702

ABSTRACTThepurposeofthisstudywastoextendourknowledgeofthegeographicandnatural
rodenthostrangesofNewWorldarenavirusesinCaliforniaSerafrom1573rodentsweretestedfor

antibodyagainstWhitewaterArroyoandAmaparivirusesAntibodywasfoundin7145 ofthe

1573rodents4fromnorthwesternSanDiegoCounty3fromLosAngelesCountyand64fromOrange
CountyTheantibodypositiverodentsincluded1071 of141Neotomafuscipes1033 of300

Neotomalepida235 of57Peromyscusboylii12130of92Peromyscuscalifornicus1063
of159Peromyscuseremicus3084 of358Peromyscusmaniculatusand622 of273

ReithrodontomysmegalotisAdditionalrecordsofpositiverodentswereobtainedfromEnvironmental
HealthandVectorControlagenciesinLosAngelesRiversideSanBernardinoandSanDiegoCounties
ThisstudyprovidesthefirstevidencethatNewWorldarenavirusesoccurinLosAngelesRiversideand
OrangeCountiesandnorthwesternSanDiegoCountyandthefirstevidencethatPeromyscusand
ReithrodontomysspeciesarenaturallyinfectedwithNewWorldarenaviruses

INTRODUCTION

Smallmammalsprimarilyrodentsappeartobe
theprincipalhostsofvirusesbelongingtothefamily
ArenaviridaeThearenavirusesinNorthAmerica

includeTamiamiTAMinsouthernFloridaCalisher
etal1970Jenningsetal1970WhitewaterArroyo
WWAinnorthwesternNewMexicoFulhorstetal
1996andlymphocyticchoriomeningitisLCM
ChildsandPeters1993anOldWorldvirusthat
probablywasintroducedintotheAmericasinrecent
timesSigmodonhispiduscottonratistheprincipal
hostofTAMvirusNeotomaalbigulathewhite
throatedwoodratisanaturalhostofWWAvirusand
Musmusculushousemouseistheprincipalhostof
LCMvirus

ThefamilyArenaviridaecomprisestwo
serocomplexestheOldWorldorLCMLassa
complexandtheNewWorldorTacaribecomplex
Buchmeieretal1995Usingtheenzymelinked
immunosorbentassayELISAtheNewWorld
serocomplexvirusescanbedividedintotwoantigenic
clustersChildsandPeters1993Thecluster
AincludesTAMandWWAvirusesandsixSouth

AmericanvirusesPichindePICFlexalPirital

OrangeCountyVectorControlDistrictGardenGroveCA92843
CenterforTropicalDiseasesandDepartmentofPathologyUniversityofTexasMedicalBranchGalveston
TX775550609
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ParanaLatinoandOliverosclusterBincludes
AmapariAMAvirusandfiveotherSouthAmerican
virusesTacaribeJuninMachupoGuanaritoand
Sabia

ArecentstudyKosoyetal1996providedthe
firstevidencethatrodentsindigenoustoCaliforniaare
naturallyinfectedwithNewWorldarenavirusesIn
thatstudyantibodyagainstTAMandPICviruseswas
foundin8of28Neotomafuscipestheduskyfooted
woodratcollectedfromVenturaCountyand9of57
Nfuscipesand1of37Neotomalepidathedesert
woodratfromsouthernSanDiegoCountyAllother
Californiarodentsexaminedwereantibodynegative
Bennettetalinpresspresentedthefirstevidenceof
NewWorldarenavirusesinOrangeLosAngelesand
northwesternSanDiegoCountiesandinrodentspecies
otherthanNeotomasppincludingPeromyscus
maniculatusandReithrodontomysmegalotis This

paperisacondensedversionofBennettetal2000
updatesthenumberoftestedseraandfurtherextends
thegeographicandnaturalhostrangesofNewWorld
arenavirusesinCaliforniaThiswasaccomplishedby
testingserafromwildcaughtrodentsforIgGagainst
WWAorAMAvirususinganELISAItwasexpected
thattheuseofthetwoantigens1fromeachantigenic
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clusterintheNewWorldserocomplexwouldprovide
asensitiveassayforantibodyagainstawiderangeof
NewWorldarenavinisesAdditionalantibodypositive
rodentdatawereobtainedfromvectorcontroland

environmentalhealthagenciesinLosAngeles
RiversideSanBernardinoandSanDiegoCountiesA
summarydistributionmapofantibodypositiverodents
ispresentedinFigure1

MATERIALSANDMETHODS

StudyareaandcollectionofseraAtotalof

1573serawastestedfromrodentsrepresentingeight
generaandthirteenspeciesSpecimenswerecollected
from1988throughDecember1999at189sitesin
OrangeCounty9sitesinnorthwesternSanDiego
Countyand8sitesonSantaCatalinaIslandLos
AngelesCountyforatotalof206collectingsites
RodentsweretrappedinShermanlivetraps76x89
x229cmbaitedwithdryoatsandplacedduringthe
earlyeveningatsitesconsideredtobesuitablehabitat
Thetrapswerepickedupearlythenextmorningplaced
insideplasticbiohazardmaterialbagsandtransported
toaprocessingareaHandlingandprocessingthe
rodentsweredoneoutofdoorsinthesunlightThe
rodentswereusuallyprocessedbyatwopersonteam
wearingcurrentlyapprovedsafetygearTherodents
wereplacedindividuallywhilestillinthetrapintoan
icechestcontainingdryiceuntiltheywereeuthanized
thentransferredontoaplastictrayforidentification
Micewerebledinfrastemallybycardiacpuncturewith
12inch25or26gaugeneedlesand1cctuberculin
syringesRatswerebledwith1inch21gaugeneedles
and3ccsyringesBloodwasejectedintoa25mlplastic
tubeTherodentwasdoublebaggedinziplockfreezer
bagseachbagmarkedwiththeappropriatefield
numberThebaggedrodentwasimmediatelyputinto
adryicecontainerfortemporarystorageandlater
transferredtoanultracoldfreezer70CThewhole
bloodsampleswerestoredinarefrigerator4Cfor
nomorethanonehourbeforetheywerecentrifuged
theseratransferredto05mldisposablemicrocentrifuge
tubesandstoredinafreezerat20Cpriortoshipment
Threehundredandninetyfiveofthe1573rodentswere
providedbyLSAAssociatesIncIrvineCA

AssayforantibodyTheseraweretestedfor
antibodyagainstWWAandAMAvirusesusingan
ELISAdescribedpreviouslyChildsetal1994The
antigensweresonicateddetergentextractsofVeroE6
cellmonolayersThetestantigenswerepreparedfrom
VeroE6cellmonolayersinfectedwithAMAvirusstrain
BeAn70563ortheWWAvirusprototypestrainAV
93101353Thecontrolcomparisonantigenswere

RESULTS
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preparedfromuninfectedVeroE6cellmonolayersina
mannerthatwasquantitativelyidenticaltothatusedto
preparethetestantigensTheworkingdilutionofeach
testantigenwasdeterminedbyboxtitrationagainsta
homologoushyperimmunemouseasciticfluidThetest
andcontrolantigensweredilutedin001Mphosphate
bufferedsalinepH740andcoatedontoUbottom
wellsin96wellpolyvinylchlorideassaySerialfour
folddilutionsfrom180through15120ofeachserum
weretestedagainstthetestantigensandcorresponding
controlantigensBoundantibodywasdetectedbyusing
amixtureofgoatantiratIgGperoxidaseconjugateand
goatantiPeromyscusleucopusIgGperoxidase
conjugateinconjunctionwiththeABTSMicrowell
PeroxidaseSubstrateSystemOpticaldensitiesOD
at410nmreference 490nmweremeasuredwitha
DynatechMR5000microplateTheadjustedOD
ODadjustedofaserumantigenreactionwasthe

opticaldensityofthewellcoatedwiththetestantigen
lesstheODofthecorrespondingwellcoatedwiththe
controlantigenAserumwasconsideredtobepositive
toatestantigeniftheODadjustedat180andthe
ODadjustedat1320bothwere0200andthesumof
theODadjustedfortheseriesoffourfolddilutions
from180through15120was 0750

ToimprovethespecificityoftheELISAresults
endpointtitersagainsttheWWAandAMAvirus
antigensandanLCMvirusantigenweredetermined
onallserathatscreenedpositiveagainsttheWWAor
AMAvirusantigenInthissituationserialfourfold
dilutionsfrom180through11310720ofaserum
weretestedagainsteachofthethreetestantigensthe
endpointtiterofaserumagainstatestantigenwasthe
highestserumdilutionforwhichtheODadjustedwas
0200andthehomologousvirusiethevirusthat

hadstimulatedtheproductionofantibodywasassumed
tobethatwhichwasassociatedwiththehighesttiter
by8foldwhencomparedtotheendpointtitersagainst
thetwoothertestantigens

AntibodyIgGagainstWWAvirusandorAMA
viruswasfoundin7145 of1573rodentserafrom
3517 of206collectingsitesFigure2Serum
samplesfrom1988throughDecember1999weretested
retrospectivelyAntibodypositivesweredetectedevery
yearsinceJune1991Asummaryforthethreecounties
includedinthisstudyislistedinTable1

Theantibodypositiveanimalsincluded1071
of141Neotomafuscipes1033 of300Neotoma

lepida235 of57Peromyscusboyliibrushmouse
12130 of92PeromyscuscalifornicusCalifornia
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mouse1063 of159Peromyscuseremicuscactus
mouse3084 of358Peromyscusmaniculatus
deermouse622 of273Reithrodontomys
megalotisharvestmouse

TitersagainsttheWWAvirusantigeninthe
antibodypositiveanimalsrangedfromlessthan1320
through11310720andthetitersagainsttheAMA
andLCMvirusantigensrangedfrom320to1280
Basedoncomparisonsoftheendpointtitersagainstthe
WWAAMAandLCMvirusantigensthehighesttiters
inantibodypositiveanimalswereagainstWWAvirus
HightitersagainstAMAviruswerefoundinthree
animalsoneNlepida1320andtwoPmaniculatus
1320and11280AllserawerenegativeforLCM
antibody

Twoormorerodentspecieswerecollectedfrom
eachof30ofthe35antibodypositivesitesAntibody
wasfoundinonlyonespeciesat29trappingsitestwo
speciesatfivesitesandthreespeciesNfuscipesP
boyliiandPcalifornicusatonesiteHolyJimCanyon
intheSantaAnaMountainsAntibodywasfoundin5
of22227and4of6667Pcalifornicus
collectedinJune1998andNovember1999

respectivelyfromasite4kmeastofHolyJimCanyon
and133of3PcalifornicuscollectedinJune1998
fromasite5kmnorthwestofHolyJimCanyonAt
HolyJimCanyonantibodywasfoundin3of9N
fuscipes1of6Pboylii1of6Pcalifornicusand
noneof2Nlepidaand1Peremicusallcollectedina
1weekperiodinJune1996and1Nfuscipescollected
inJuly1997Therodentscollectedin1996were
trappedinriparianandchaparralhabitatstheantibody
positiveNfuscipescollectedinJuly1997wastrapped
insideavacationcabinAtanothersiteintheSanta

AnaMountainsLucasCanyon9of79114
NeotomalepidawereantibodypositiveduringMarch
AprilMayJulyNovemberDecemberof1999Three
ofthesewoodratswerecapturedinsidestoragetrailers
andheavyconstructionvehicles

Arenavirusantibodywasalsodetectedinmultiple
rodentspeciesfromseveralsitesinwesternRiverside
CountyperscommunHughMurrayRiversideCo
EnvironmentalHealthandLosAngelesCountypers
communMichaelRoodLACoDeptHealth
Services

DISCUSSION

Intheonlypreviousstudyonthenaturalrodent
hostrelationshipsofNewWorldarenavirusesinthe
southwesternUnitedStatesKosoyetal1996
antibodyreactivewithTAMandorPICviruswasfound
in5189of574woodratsNeotomasppandnone
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of1940othersigmodontinerodentsincluding370R
boylii21Reremicus821Pmaniculatusand44R
megalotiscollectedfromArizonaColoradoUtah
NewMexicoorCaliforniaTheantibodypositive
rodentsfromCaliforniainthatstudywerecollected
fromVenturaCountyandsouthernSanDiegoCounty
Thepresentstudythusprovidesthefirstevidencethat
speciesofPeromyscusandReithrodontomysmegalotis
arenaturallyinfectedwithNewWorldarenaviruses
andthefirstevidencethatrodentsindigenoustoLos
AngelesOrangeRiversideSanBernardinoand
northernSanDiegoCountiesarenaturallyassociated
withNewWorldarenaviruses

ThefamilyArenaviridaeincludes195OldWorld
and14NewWorldserotypesTheresultsofarecent
analysisofgeneticdatasuggestthatthediversityof
thearenavirusesistheproductoflongtermcoevolution
withtheirprincipalhostsBowenetal1997
PresentlytheWWAvirusisknownonlyfromtwo
strainsrecoveredfromNalbigulacollectedfrom
WhitewaterArroyoinnorthwesternNewMexico
AssumingthattheassociationbetweenWWAvirusand
Nalbigularepresentsalongtermsharedevolutionary
relationshipthenNeotomaspeciesinCaliforniamay
beinfectedwithvirusesphylogeneticallycloselyrelated
toWWAvirus

Specificrodentsusuallyoneortwocloselyrelated
speciesaretheprincipalhostsofthearenavirusesfor
whichnaturalhostrelationshipshavebeenwell
characterizedInthepresentstudyarenavirusantibody
wasfoundintwoormorespeciesatsixofthe35
antibodypositivesitesTheantibodyinmultiple
sympatricspeciescouldrepresenthorizontalspillover
virustransmissionfromtheprincipalhoststoother
speciesTheantibodyinsympatricspeciesalsocould
representthecoexistenceofmultiplearenaviruses

TheduskyfootedwoodratNfuscipesanddesert
woodratNlepidaoccurinmostofthe35antibody
positivecollectingsitesincludedinthepresentstudy
thusthefindingofantibodyinPeromyscusspeciesand
Reithrodontomysmegalotisfromtheselocalitiescould
representhorizontalvirustransmissionfromNeotoma
HoweverantibodypositivePmaniculatusandorR
megalotiswerecollectedfrom11sitesintheabsence
ofNfuscipesandNlepidaThesesitesareunsuitable
forwoodratsegsparselyvegetatedhillsidesgrassy
fieldsfloodplainsandweedchokedsuburban
drainageditchesoilfieldsInadditiontemporal
maintenanceofarenavirusinPmaniculatusandR

megalotispopulationswasnotedfromonesuchhabitat
inSanClementesouthernOrangeCountyfrom1994
through1998indicatinghorizontalorvertical
transmissionofvirusintheabsenceofthesuspected
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reservoirhosts

Perhapsthebestindicatorthatarenavirusinfection
inPeromyscuscanoccurindependentlyofinfectionin
NeotomasppisthefindingofantibodyinP
maniculatuscollectedfromSantaCatalinaIsland
Thereisnofossilorotherhistoricalevidenceforthe
occurrenceofNeotomasppontheislandpersonal
communPaulCollinsSantaBarbaraMuseumof
NaturalHistoryyetRmaniculatushasexistedon
SantaCatalinaIslandsincethelateCenozoic6000
9000yearsbeforethepresentorlongerCollinsand
George1990VedderandHowell1980Wennerand
Johnson1980Whetherthearenavirusassociatedwith
PmaniculatusonSantaCatalinaIslandisthesameas
thatassociatedwithPeromyscusReithrodontomysand
orNeotomasppinOrangeandSanDiegoCounties
remainstobedetermined

Somearenavirusescauseseverefebrilediseasein
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humanbeings ThedeermousePeromyscus
maniculatusisacommonrodentinsagescrubplant
communitiesandfrequentlyinvadeshumanhabitations
InsouthernCaliforniaresidentialandcommercial
developmentsincreasinglyencroachonsagescrub
habitatsthusincreasingthepotentialforhumancontact
withinfecteddeermiceInadditionPcalifornicusP
boyliiNfuscipesandNlepidahavebeentrappedon
manyoccasionsinandaroundvacationcabinsheavy
equipmentstablesschoolsandotherstructuresinthe
SantaAnaMountainsTheyhavealsobeenfoundin
atticsandstoragefacilitiesofcommercialbuildingsin
thefoothillregionofOrangeCountyThehumanhealth
significanceofthearenavirusesassociatedwith
PeromyscusNeotomaandotherrodentspeciesin
southernCaliforniaandelsewhereinthesouthwestern
UnitedStateshasnotyetbeeninvestigated

Figure1MapofsouthernCaliforniacountiesshowingpresentsolidcirclesandhistoricalstarsarenavirus
antibodypositivelocalitiesHistoricalrecordsarefromKosoyetal1996
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Figure2DistributionofarenavirusantibodypositiverodentsinOrangeCountyCaliforniaandadjacentareas

1Valuesarethenumberpositivenumbertested positive nonetested

Table1Prevalenceofarenavirusantibodyinrodentscollectedduring19881999bycounty

LosAngelesCo

Species StaCatalinaIs OrangeCo NWSanDiegoCo Total

Chaetodipuscalifornicus 014 00 014 00

Microtuscalifornicus 013 00 013 00

Neotomafuscipes 10140 71 01 00 10141 71

Neotomalepida 10299 33 01 00 10300 33

Peromyscusboylii 257 35 257 35

Peromyscuscalifornicus 1282 146 010 00 1292 130

Peromyscuseremicus 1124 081 035 00 1159 06

Peromyscusmaniculatus 312 250 24283 85 363 48 30358 84

Reithrodontomysmegalotis 05 00 5221 23 147 21 6273 22

Musmusculus 01 00 073 00 02 00 076 00

Rattusnorvegicus 01 00 01 00

Rattusrattus 04 00 031 00 035 00

Spennophilusbeecheyi 054 00 054 00

322 136 641392 46 4159 25 711573 45
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HistoryandCurrentStatusofPlague Surveillancein

SanMateoCountyCalifornia

ChindiAPeaveyRandyBlairandAlexandraPorshnikoff

PlaguecausedbythebacteriaYersiniapestis
LehmannandNeumannisazoonoticinfectioncarried
inrodentsandtheirfleasThereare3formsofthe
diseasebubonicsepticemicandpneumonicChin
2000Inbubonicplaguethelymphnodesdraining
thesiteofinfectionbecomeswollenandpainfulforming
abubotypicallyintheinguinalaxillaryorcervical
areasIfleftuntreatedtheinfectionspreadstothe
circulatorysystemsepticemicplagueortothelungs
pneumonicplaguePneumonicplaguecanbespread
directlybetweenhostsbyaerosolrouteUrbanplague
carriedbycommensalratsandtheirfleashascaused
epidemicsincitiesthroughouttheworldsince542AD
Pollitzer1954IntheUnitedStatesenzooticplague
ismaintainedamongnativemiceandotherrodentsand
periodicallyspillsoverintosciuridswhichexperience
widespreaddieoffsorepizooticsStarketal1966
HumancasesinCaliforniaareusuallytheresultof
exposuretoinfectedfleasorsickanimalsduringor
immediatelyaftersuchanepizooticNelson1980

TheSanFranciscoPeninsulaisnoteworthyasthe
locationofthefirstandlargestoutbreakofurbanplague
intheUnitedStatesLink1955SanBrunoMountain
locatedjustsouthofSanFranciscoisoneofthemost
extensivelysurveyedfociofenzooticplagueinthestate
ThispaperwillreviewthehistoryofplagueinSan
MateoCountyandpresentresultsofsurveillance
conductedbytheSanMateoCountyHealthDepartment
SMCHDbetween1975and1990

ThefirstrecordedepidemicofplagueinCalifornia
beganintheChinatownDistrictofSanFranciscoin
1900Meyer1942Link1955Theoutbreakcontinued
forfouryearswith121confirmedcasesand118
fatalitiesMeyer1942Link1955Plaguebrokeout
againinSanFranciscoin1907withanadditional159
casesand77deathsMeyer1942Unsanitaryhousing
conditionsfollowingthe1906earthquakeandan
explosionintheurbanratpopulationweremajor
contributingfactorstotheepidemicMeyer1942Link
1955Between1903and1908therewere19human
casesofplagueontheeastsideofSanFranciscoBay

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRdBurlingameCA94010
SanMateoCountyHealthDepartment

48

Link1955Atleast6ofthesewereassociatedwith
exposuretoCaliforniagroundsquirrelsSpermophilus
beecheyiCuvierMeyer1942Theimportanceof
groundsquirrelsinplagueecologywasdemonstrated
in1908whenthebacteriawasisolatedfromanimals

associatedwithhumancasesMcCoy1908Wherry
1908Thesefindingsspurredanextensivecampaign
totestanderadicategroundsquirrelsthroughoutthe
stateSurveillanceforplagueinSanMateoCounty
beganin1916Link1955By1940infectedsquirrels
hadbeenfoundat8locationsinthecountyincluding
sitesinwhatarenowthecitiesofAthertonMenloPark

RedwoodCitySanMateoandPortolaValley
Anonymous1955In1942plaguewasisolatedfrom
fleastakenfromgroundsquirrelsonSanBruno
MountainThepresenceofplagueatthislocationwas
causeforconcernbecauseofitsproximitytoSan
FranciscoPublicHealthofficialsfearedthatthe

infectionwouldspreadtocommensalratsresultingin
anotherurbanepidemicFurthersurveillancefocused
onSanBrunoMountainandanumberofstudieswere

carriedouttocharacterizetheecologyofplagueatthis
siteMilesetal1957Kartmanetal1958Kartmanet
al1962Hudsonetal1964

SanBrunoMountainisthenorthernmost

extensionoftheSantaClaraMountainRangeItis
separatedfromtherestoftherangebytheSanBruno
FaultHinds1952Elevationsonthemountainvary
fromnearsealevelto1315ftDavis1955Thecities
ofColmaSouthSanFranciscoBrisbaneandDalyCity
liearoundthebaseofthemountainDuringthe1940
50smostofSanBrunoMountainwasdevotedto

agricultureCattlegrazedtheslopesofthemountain
andaseriesofhogranchesweresituatedaroundits
baseGarbagefromSanFranciscowastruckedinto
feedthehogsandlargepopulationsofNorwayrats
RattusnorvegicusFischerdevelopedonthesefarms
PublicHealthofficialsconductedextensiveratand

groundsquirrelcontrolonSanBrunoMountainto
preventplaguefromreachingthedomesticrat
populationTheUnitedStatesPublicHealthService
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USPHSwasresponsibleforplaguesurveillanceon
SanBrunoMountainbetween1953and1973Their
researchhelpedidentifyindigenousmiceCalifornia
meadowmiceMicrotuscalifornicusPealeanddeer
micePeromyscusmaniculatusBairdasreservoirhosts
forthebacteriaatthissiteKartmanetal1962Hudson
etal1964HudsonandKartman1967

TheSanFranciscolaboratoryoftheUSPHS
movedtoFortCollinsCOin1973Thetaskofplague
surveillanceinSanMateoCountywasassumedbythe
CountyHealthDepartmenttheirpersonnelconducting
regularsamplingfrom1975to1990Theobjectiveof
thesesurveyswastomonitorplagueprevalenceat
knownenzooticsitesandinvestigateitsdistributionin
therestoftheCounty

Trappingwasconductedbiweeklyatvarious
locationsthroughoutthecountyOneachoccasion25
Shermanlivetrapsweresetfor3nightsateachof3
locationsTrapsweresetintheafternoonbaitedwith
rolledoatsthencheckedthefollowingmorning
CapturedanimalsweretransportedtotheSMCHD
laboratoryforprocessingAtthelaboratoryeach
animalwasanesthetizedweighedmeasuredandits
reproductivestatusdeterminedBloodsamples
obtainedbycardiacpunctureweresubmittedtothe
CaliforniaDepartmentofHealthServicesCDHS
whichforwardedthemtotheCentersforDisease
ControlFtCollinsColoradofortestingTheserawere

Spermophilus

beecheyi
39

Peromyscus

californicus

59

MATERIALSANDMETHODS

Peromyscus
maniculatus

537

Peromyscustruei

33 Neotomafuscipes
15

49

testedforantibodyagainstYpestisbyapassive
hemagglutinationtestHudsonandKartman1967
FollowingguidelinesoftheCentersforDiseaseControl
CDCanantibodytiterof116orgreaterwas
consideredevidenceofinfection

Speciescaptured

Plagueprevalence

Rattusrattus

11

RESULTS

Duringthe16yearsofthisstudytrappingwas
conductedat252sitesandatotalof1800rodentswere
testedforplagueTwospeciesCaliforniameadow
miceMcalifornicusanddeermicePmaniculatus
accountedfor90oftheanimalstested1083and537
respectivelyFigure1Otherspeciescaptured
includedPeromyscuscalifornicusGambel4of
captures76animalsandPeromyscustrueiSchufeldt
2or33animalsTheremaining4ofcaptures
consistedof39SpermophilusbeecheyiCuvier15
NeotomafuscipesBaird11RattusrattusFischerand
6ReithrodontomysmegalotisBairdEvidenceof
infectionwasdetectedonlyinMcalifornicusandP
maniculatusThewordmiceintheremainderofthis
paperwillreferonlytothese2species

EvidenceofinfectionwithYpestiswasdetected
in35ofmicetestedcountywideTable1

Figure1ProportionofanimalsofdifferentspeciestestedforplagueinSanMateoCounty
19751990

Reithrodonomys
megalotis

6
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Table1NumberofmicetestedannuallyforplagueYersiniapestisinSanMateoCounty19751990

Year

1975 18

1976 851

1977 084

1978 0178

1979 09

1980 592

1981 016

1982 16131

1983 6135

1984 575

1985 053

1986 0105

1987 228

1988 155

1989 031

1990 026

Totals

Microtuscalifornicus Peromvscusmaniculatus

NopositiveNotested TiterS NopositiveNotested Titerfl

13 16

16 256

512

412

362

223

71 16

18 64

44108341 12537 22

aReciprocalgeometricmeanantibodytiter

Prevalenceatindividualsitesonparticulardatesranged
from0100Table2Smallsamplesizeprecluded
detailedcomparisonsofprevalencebetweensitesor
dates

PositiveserawereobtainedfrombothM

californicusandPmaniculatusTheprevalenceof
infectioninMcalifornicus44of1083tested
countywideor41 wasslightlyhigherthanthatinP
maniculatus12of537or22Howeverthis
differencewasnotstatisticallysignificantX 3595
v 1Furtherwhenoneconsidersonlymicefrom
sitesthatyieldedpositiveanimalstheprevalenceof
infectioninthe2speciesisalmostequal44141 31

forMcalifornicus1241 29forPmaniculatus
Table2

Althoughtheprevalenceofplaguedidnotdiffer
betweenhoststherewereseveraloccasionsonwhich

itwasdetectedinonly1hostspeciesataparticularsite
Table2On18ofthe28occasionsthatplaguewas
detectedpositivetiterswereseenonlyinM
californicusOn8occasionsitwasdetectedonlyinP

TemporalDistributionofPlague

TotalMice

50

NopositiveNotested

112 8 32 220 10

00 851 16

0136 0220

3136 2 128 3314 1

03 012

014 528 5

012 028

524 21 194 21155 14

270 3 23 8205 4

029 5104 5

012 065

137 27 256 1142 1

017 245 4

017 172 1

011 042

07 033

561620 35

maniculatusPeromyscusmaniculatuswastheonly
animalfoundpositiveatPescaderoAHoNuevoReserve
andButano

Anaverageof101animalsweretestedeachyear
forevidenceofinfectionrange12314Table1The
numbertestedannuallyvariedwidelydueto
fluctuationsinrodentpopulationdensityandthenumber
ofpersonnelavailabletocollectthemPlagueactivity
wasdetectedin10ofthe16yearssurveyedTable1
Thelackofpositivemiceinsomeyearsmaybea
reflectionofthenumbertestedlessthan50micewere

testedin4ofthe6yearswithnopositiveanimals
Converselypositiveserologieswereseenin8of10
yearsinwhichmorethan50miceweretestedandin6
of7yearswithover100tested

Theprevalenceofinfectioninmicecollected
countywidealsovariedwidelyfromyeartoyear0to
16 forMcalifornicus0to21 inPmaniculatus
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Table2SitesinSanMateoCountythatyieldedmicewithpositiveserologytoplague19751990

Location

aReciprocalgeometricmeanantibodytiter

51

Microtuscalifornicus Peromyscusmaniculatus
Date NopositiveNotested TiteraNopositiveNotested Titera

1975

PescaderoOldPescaderoDump20May 00 16 17 32

HalfMoonBayDunesBeach 19Jun 18 13 16 00

1976

PebbleBeach 03May 29 22 362 00

SanBrunoMountainCrocker
Park 17May 14 25 256 00

SanBrunoMountainNERidge 24May 14 25 1024 00

SanBrunoMountainCrocker
Park 07Jun 45 80 152 00

1978

PescaderoOldPescaderoDump20Mar 03

SanBrunoMountainGuadalupe
CanyonParkway 17Apr 014

1980

SanBrunoMountainSaddleback19Nov 58 63 512 00

1982

SanBrunoMountainCrocker
Park 13Jan 27 29 91 00

SanBrunoMountainSaddleback13Jan 24 50 512 00

MontaraHwy1 2ndSt 28Jan 01 11 100 64

MontaraGeorgeSt 24Feb 00 13 33 64

MontaraGeorgeSt 12May 14 25 32 25 40 128

MontaraHwy1 2ndSt 12May 39 33 2580 00

MontaraMartiniCreek 12May 14 25 512 00

MontaraGeorgeSt 29Dec 66 100 512 13 33 4096

MontaraHwy1 2ndSt 29Dec 17 14 64 00

1983

SanBrunoMountainSaddleback12Jan 26 33 724 00

MontaraGeorgeSt 16Feb 34 75 161 01

MontaraHwy1 2ndSt 04May 16 17 1024 00

AnoNuevoStateReserve 17Aug 07 14 25 16

ButanoStateBeach 17Aug 02 16 17 32

1984

SanBrunoMountainSaddleback28Mar 57 71 223 00

1986

AnoNuevoStateReserve 11Dec 04 12 50 256

1987

HalfMoonBayMiramontesPt28May 25 40 16 00

1988

SanBrunoMountainSaddleback08Jan 13 33 64 01

44141 31 1241 29

15 20 512

24 50 64
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Table1Ahighproportionofmicetestedpositive
forplaguein197616or8of51testedand1982
14or21of155testedAlargenumberofmice
testedpositivein1983howevertheproportionofmice
withpositivetestsdidnotdiffersignificantlyfromthat
ofotheryears4or8of205testedTheprevalence
ofinfection20appearedhighin1975However
thenumberofmicetestedthatyearn 20waslow

Theyear1977wasnotableinthatnopositiveresults
wereobtainedfromthe220micetestedThisnumber

Figure2Geographicdistributionofmicewithpositiveserologyto
YrsiniapestisinSanMateoCountyCalifornia19751990

RedwoodCity

Woodside

Pacifica

Mont

HalfMoonBay
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Pcscudcro

AimNuevoPoint

SanBrunothuntain

SanMateo

included10micefromSanBrunoMountainand35

othersfromcoastalsitesthatyieldedpositiveanimals
inotheryears

Spatialdistributionofpositivemice
Figure2showsthegeographicaldistributionof

serologicallypositivemiceinthecountybetween1975
and1990Evidenceofplagueactivitywasdetectedin
micefromSanBrunoMountain29micefrom4sites
thecoastaltownofMontara21mice3sitesand

StanfordUniversity
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severalotherlocationsalongthePacificCoast10mice
7sites

SanBrunoMountainwasthemostextensively
sampledareainthisstudyaccountingfornearlyone
third29 ofthemicetested472animalsThe
mountainwassurveyedineachofthe16yearsbetween
1975and1990andplagueactivitywasdetectedin7
yearsTable2Ofthe11sitessurveyedonSanBruno
Mountaininfectionwasdetectedin4locationsonthe
northernsection

Coastalsitesaccountedforanadditional58of

micetested939animalsTrappingwasconductedat
37locationsalongthePacificCoastbetweenPacifica
andAnoNuevoPointMontarathenorthernmost
locationatwhichplaguewasdetectedonthecoast
accountedfor8ofthemicetestedn 132Located
betweenPacificaandHalfMoonBayMontaraisabout
10milessouthofSanBrunoMountainSurveyswere
conductedannuallyinthisareafrom1982to1990
Evidenceofinfectionwasdetectedinmicecollectedin
1982and1983Plaguewasdetectedin3locationsnorth
oftownalongtheeastsideofHighway1Thearea
encompassesacreekdrainagecontainingriparian

CoastRanges
131

SanBrunoMountain

472

SouthCountyrural
53

habitataseasonalmarshchaparralandopengrassland
habitats

Trappingwasalsoconductednearthetownsof

HalfMoonBay65micetestedElGranada31mice
andPescadero138miceandinthevicinityofDunes
Beach86micePebbleBeach103miceButano22
miceandAnoNuevoStateReserve41mice
Informationondatesthatyieldedpositivemiceisgiven
inTable3

Noevidenceofplaguewasdetectedamong
rodentscollectedinthemountainousareasbetween
Highway280andthePacificcoastortheruralareasof
WoodsideandPortolaValleyinthesoutheastsection
ofthecountyFigure2Trappingwasconductedin
thisareaonseveraloccasionsbetween1975and1990

Howeverthenumberofmicecollectedwaslow194
mice11ofthosetestedcountywideincomparison
topositivesitesFigure3

DISCUSSION

PlaguehasbeenmonitoredinwildrodentsinSan

MateoCountysince1916andwasdetectedregularly

Figure3Proportionofmicetestedforserologicalevidenceofplaguefromdifferent areas

inSanMateoCounty1975 1990

LowlandsalongSan
FranciscoBay

25

PacificCoast

939
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Location

DunesBeach

PebbleBeach

PescaderoDump

Montara

ArloNuevo

Butano

MiramontesPt
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Table3CoastalsitesinSanMateoCountyatwhichmicePeromyscusmaniculatusorMicrotus

californicusseropositiveforplaguewerecollected19751990

Notimessampled

27

16

15

30

4

5

2

Yearspositive

1975

1976

19751978

19821983

19831986

1983

1987

NopositiveNotested Titer

186

2103

296

17102

241

122

25 161616

Totalnumberofmicetestedbetween1975and1990

Totalnumberofmicetestedbetween1975and1990

Reciprocalgeometricmeanantibodytiternumbersinparenthesesrepresenttherangeofpositivetiters

duringsurveysconductedbytheSMCHDbetween1975
and1990Seropositivemicewerecollectedin10of
the16yearssurveyedFailuretodetectplagueinsome
yearsduringthisperiodcouldbeduetolowsample
sizen 50ormayreflectthenaturalcyclicalnature
ofthediseaseamongthereservoirspeciessampledThe
prevalenceofinfectionamongmicecollected
countywidevariedbetweenyearswithpeakactivityin
197576and198284Thisparalleledtheprevalence
ofinfectionseeninanimalscollectedelsewhereinthe

stateCDHSrecords
EvidenceofinfectionwasfoundinPmaniculatus

andMcalifornicusandtestingofbothspeciesisvital
tothedetectionofplagueinthisareaHudsonand
Kartman1967presentstudyBothspecieshavebeen
clearlyshowntomaintainplagueinenzooticfoci
Kartmanetal1962QuanandKartman1962
Althoughtheprevalenceofinfectionwassimilarinthe
2speciesonseveraloccasionsplaguewasdetectedonly
in1ofthemMicrotuscalifornicusandPmaniculatus
differsomewhatintheirecologyHooper1944Stark
etal1966Peromyscusmaniculatusisaseedeater
commonlyfoundinchaparralMicrotuscalifornicus
frequentsopenmeadowsandhabitatscontaining
herbaceousvegetationInadditionMcalifornicus
populationstendtobemuchmorecyclicalthanP
maniculatusandthenumberofanimalscollectedata

particularsitemayfluctuateradicallyfromyeartoyear
Nelson1980Becauseoftheseecologicaldifferences
itmaynotalwaysbepossibletocollectsufficient
numbersofMcalifornicusatagivensitetothoroughly
surveyforpresenceofplagueTestingbothspecies

16

363642048

12832512

294328192

646464
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maximizesthepossibilityofdetectingplagueactivity
ataparticularsite

Thedistributionofinfectedmiceinthepresent
studydifferssomewhatfromthatreportedpriorto1950
Inthesurveysdescribedhereplaguewasdetectedin
rodentsfrom4locationsonthenorthsideofSanBruno

MountainandanumberofsitesalongthePacificCoast
Earliersurveysreportedpositiveanimalscollectedfrom
lowlandareasalongSanFranciscoBayandonthe
easternslopesoftheCoastalmountainsinadditionto
SanBrunoMountainAnonymous1955This
differenceisprobablyduetohistoricalchangesinthe
distributionofrodenthostsandthelocationsatwhich

trappingwasconductedPriorto1940surveysfocused
onrodentsinhabitingranchesinlowlyingareas
adjacenttoSanFranciscoBaywherehighpopulations
ofCaliforniagroundsquirrelswerelivinginclose
associationwithhumansDevelopmentofthisarea
since1950hasdrasticallyreducedhabitatformeadow
micedeermiceandgroundsquirrelsInaddition
decadesofcontrolprogramsaimedatgroundsquirrels
haddrasticallydecreasedtheirnumbersinlowlandareas
by1960 Duringthepresentstudytrapping
concentratedonsmalltownsalongthePacificCoast
andonSanBrunoMountainbecausethesewereareas

inwhichhumansorcommensalrodentsmightcontact
infectedreservoirhostsHoweverin1968atree

squirrelSciurusnigerwasfounddyingfromplague
intheprivatehousingareasimmediatelyadjacentto
thesouthsideofStanfordUniversityNelson1980
Thisfindingsuggeststhatafocusofplaguemaystill
existneartheurbanizedareasofPaloAltoandMenlo
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Park

Trappingwasalsoconductedinthemountainous
areasbetweenHighway280andthecoastbetween1975
and1990Howeverthenumberofmicecollectedwas

lowandnoevidenceofplaguecouldbedetected
Plaguehasbeendetectedinthesemountainsinthepast
andfurthersurveillancewouldbewarrantedPlague
wasisolatedin1957frommiceandtheirfleascollected

alongSanAndreasLakeintheCrystalSprings
WatershedKartmanetal1962In1942plague
positivefleaswereremovedfromCaliforniaground
squirrelscollectedatthesouthendofthecountynear
SkylineBlvdAnonymous1955Positiveserological
resultshavebeenobtainedfromwildcarnivores

collectedinthisareabytheSanMateoCounty
AgriculturalCommissionerforadescriptionof
CaliforniascarnivoreserologyprogramseeSmithet
al1984Positiveantibodytitersweredetectedina
coyotecollected5misoutheastofSanGregorioand
anotherfromTunitasCreekRdontheWesternslopes
oftheCoastRangesin1978CaliforniaPlagueReports
1978In1979aseropositivecoyotewascollectedin
Woodsideontheeasternsideofthesemountains

CaliforniaPlagueReports1979Thedistributionof
plagueinthemountainousareasofSanMateoCounty
needsfurtherinvestigationandwillbethefocusof
futuresurveys

Despitethecontinuedpresenceofplagueamong
wildrodentsinSanMateoCountytherehavebeenvery
fewhumancasesinthisareasincetheSanFrancisco

epidemicsThescarcityofhumancasesisprobably
duetothefactthattheyarerarelyexposedtothedisease
eventhoughitispresentinthewildrodentpopulation
Thereare3possibleroutesthroughwhichenzootic
plaguemightreachhumansinSanMateoCounty1a
buildupofgroundsquirrelpopulationsnearactive
plaguefoci2exposureofresidentstoplagueinfected
cats3transferofinfectedfleasfromwildmiceto
commensalratsresultinginanotherurbanepidemic

TheCaliforniagroundsquirrelplaysakeyrole
plagueepidemiologyinCaliforniaMosthumancases
fromsylvaticsourcesinCaliforniaareassociatedwith
thisrodentanditsfleasNelson1980Nelsonetal
1986Theabundanceofgroundsquirrelsandthe
degreeofhumancontactwiththeminSanMateo
CountyhaschangedovertimeGroundsquirrelsthrive
inopengrasslandanddisturbedlandscapesPriorto
1890whenmostofthecountywascoveredwith
chaparralandforestgroundsquirrelswerenot
numerousInthelate1800slargetractsoflandwere
clearedforagriculturecreatingidealconditionsfor
theseanimalsGroundsquirrelswereplentifulinSan
MateoCountyin19162019291936and1942

Murray1957Awarenessoftheimportanceofground
squirrelsintheexposureofhumanstoplaguebeganin
1908andvastresourcesweredevotedtotheir

eradicationincludingattemptstocreateasquirrel
freezonearoundthecitiesoftheSanFranciscoBay
AreaMeyer1942Link1955ControleffortsinSan
MateoCountybeganin1915focusingprimarilyon
theranchesonSanBrunoMountainandinlowland

areasalongSanFranciscoBayLink1955Bythe
194050sgroundsquirrelswereabsentfrommostof
thecountyduetosuburbandevelopmentandcontinuous
rodentcontrolAsurveyofthecountyin1981noted
thatgroundsquirrelswererestrictedtothesouthern
boundaryofthecountyalongSanFrancisquitoCreek
andonlandssurroundingStanfordUniversityThe
currentdistributionofgroundsquirrelsextendsnorth
fromtherealongtheshoreofSanFranciscoBayto
FosterCityAlthoughtheSMCHDcontinuesto
monitorgroundsquirrelpopulationsinthisareathere
iscurrentlynoprogramfortheircontrolControlof
theCaliforniagroundsquirrelinthecountyinearlier
yearsisthemostlikelyexplanationfortheabsenceof
humancases

SanBrunoMountaininparticularpossessed
abundantgroundsquirrelhabitatbutcontinuedcontrol
haskeptitlargelyfreeofgroundsquirrelssincethe
1940sMostofthemountainremainedopengrassland
throughthe1950sand60sduetothepresenceof
livestockTherancheshadceasedoperationby1970
andvegetationhasbeguntoreverttochaparralwith
riparianhabitatinthecanyonsDuringthe1980s
housingwasproposedfor1ofthesitesthathad
consistentlyyieldedplaguepositivemiceNortheast
RidgeTominimizetheriskofexposuretoplague
thedeveloperswererequiredcontrolrodentsinthis
areaThisareahasremainedfreeofgroundsquirrels
throughthe1990sandcontainsveryfewmicedueto
thelackofdensevegetationA2ndlongtermplague
focusSaddlebackwasdevelopedasarecreationalsite
withpicnicareasandajoggingtrailinthelate1980s
Againthedevelopmentplansincludedrodent
eradicationpriortobuildingandanagreementtoallow
continuedsurveillanceoftherodentpopulationsfor
evidenceofplagueThisareaalsoremainsfreeof
groundsquirrelsbutcontainssignificantpopulations
ofmiceEvidenceofinfectionwasdetectedin1M

californicuswhentheareawassurveyedagainin1999
Thenearestgroundsquirrelsarefoundalongdikes
borderingSanFranciscoBayinFosterCityThis
populationhasbeenexpandingnorthwardalongtheBay
shoreandcouldeventuallyrepopulateSanBruno
Mountainifleftunchecked

Intheabsenceofgroundsquirrelscatsremain
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themostlikelyrouteofexposuretoplagueforresidents
ofSanMateoCountyCatslivingnearactiveplague
focicanpickuptheinfectionfromwildrodenthosts
Theyfrequentlydevelopthepneumonicformofthe
diseaseandcanspreadtheinfectiondirectlytohumans
throughcoughingandsneezingChin2000Inthe
PacificcoastalregionofSanMateoCountyinfected
micewerefrequentlyfoundinnaturalareasadjacent
tohousingtractsIn1977aveterinariandiedofplague
pneumoniathatmayhavebeenacquiredfromacatin
thisareaThepatienthadtreatedcatsataclinicin
HalfMoonBayaweekbeforetheonsetofhisillness
thenhadmovedontoaclinicfortheSocietyforthe
PreventionofCrueltytoAnimalsintheSalinas
MontereyareaRBlairunpublisheddataAnonymous
1977Stateandcountypublichealthpersonnel
conductedfollowupinvestigationsinbothcountiesbut
wereunabletopinpointthesourceofinfection
ExaminationofrecordsattheclinicinHalfMoonBay
showedthepatienthadtreatedseveralcatshaving
symptomsconsistentwithfelineplagueHoweverthey
wereunabletoobtainbloodsamplesfromanyofthese
animalsLimitedtrappinginthevicinityofthepatients
hometheclinicsandtheresidencesofanimalshehad
treatedwasunproductiveThesourceofthispatients
infectionwillneverbeknownforcertainButthe

possibilitythatitwasacquiredinHalfMoonBay
shouldnotbeoverlookedPlaguepositivemicehave
beencollectedinthepastfromareasaroundHalfMoon
BayandinMontereyCounty

Thetransferofplaguefromwildrodentsto
commensalrodentsisanotherwayhumansinSan
MateoCountymightbeexposedtoplagueThisisof
particularconcernonSanBrunoMountainbecauseof
itscloseproximitytoSanFranciscoThepresenceof
wildrodentfleasoncommensalratswasnotedon

numerousoccasionsinthisareaDoane1908Fox
1909McCoyandMitzmain1909Eskey1938Miles
etal1957EadsandBarnes1976Inadditiona
NorwayratinfectedwithplaguewasfoundonSan
BrunoMountainin1954adjacenttooneofthehog
farmsInfectedratswerealsofoundwithinthecity
limitsofSanFranciscoin1941and1963Kartmanet

al1958Kartman1963Longtermcontrolof
commensalrodentsonSanBrunoMountainpriorto
1990mayhavehelpedminimizecontactbetweenrats
andinfectedmiceThereiscurrentlynoprogramin
thecitiessurroundingthemountaintomonitorand
controlrats

Enzooticplagueispresentinseverallocationsin
SanMateoCountyThemostwellcharacterizedsites
areonSanBrunoMountainandalongthePacificCoast
EvidenceofinfectionhasbeendetectedinP

maniculatusaswellasMcalifornicusDetectionof
plagueisbestdonebytestingbothspeciesparticularly
inareaswherefewMcalifornicuscanbecollected
Atpresentcatspresentthemostseriouspotentialrisk
ofexposuretoplagueforresidentsofSanMateoThe
reestablishmentofgroundsquirrelsnearactiveplague
fociwouldalsopresentapublichealthriskTherefore
theterritorialexpansionofgroundsquirrelsinthe
countymustbemonitoredandheldincheckFinally
thetransferofinfectedfleastocommensalrodents

remainsaseriousconcernControlofcommensalrats

incitiesadjacenttoknownplaguefocishouldbe
includedinprogramstoprotectthepublicshealth
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TheAfricanizedHoneyBeeProgramin
SanBernardinoCounty1999

INTRODUCTION

ThefirstfindingoftheAfricanizedhoneybees
AHBsApismelliferascutellataLepeletierwas
confirmedonApril21998intheJoshuaTreeareaof
SanBernardinoCountyTheElNinorainsresultedin
abundantvegetationandbloomandthespreadofAHBs
wassofastthatonDecember31998theentirecounty
wasdeclaredbytheCountyAgriculturalCommissioner
ascolonizedbythesebeesDuring1998threemultiple
stingingincidentswerereportedThefirstincident
occurredonJuly28inNewberrySpringsthesecond
onOctober22involving6peopleinBigRiverandthe
thirdonDecember15inSanBernardinoMianand
Yakhou1999

Theentire1998dataonAHBmigrationand
colonizationprearrivalphasesurveillancepersonnel
trainingpubliceducationandincurringcostaregiven
byMianandYakhou1999Thispaperpresentsthe
postarrivalfirstyeardataontheAHBserviceresponse
spatialandtemporaldistributionhumananimal
stingingepisodestrainingpubliceducationeffortsand
incurringcost

LalSMianJChrisNNwadikeandMehennaYakhou2

SanBernardinoCountyVectorControlProgram
DivisionofEnvironmentalHealthServicesDepartmentofPublicHealth

2355East5StreetSanBernardinoCA924150064

ABSTRACTDuring1999theSanBernardinoCountyVectorControlProgramSBCVCPresponded
to662beeswarmsorcoloniesAbouthalf332wereAfricanizedhoneybeesAHBsThedistribution
ofAHBsbyregionwas286inthedesert12inthemountainsand702fromthevalleyareaIn
comparisonwiththeEuropeanhoneybeesEHBstheAHBsaccountedfor88inthedesert38in
themountainsand35inthevalleyAHBactivitypeakedinAprilwithasmallersurgelateinSeptember
Beedistributionbyhabitatwas60inonvegetation17inonstructures6inutilityboxesand
17miscellaneoushabitatsThereweretwoanimalandtwohumanbeestingingincidentsreportedin
1999Trainingandpubliceducationeffortswerecarriedoutasneeded

ThecostonAHBservicesamountedto104650including3600usedonpesticidesand101050
4042manhoursx25averagehourlyrateonlaborTheperparcelcostwas025andpercapitacost
010

MATERIALSANDMETHODS

Theresponseprotocolfor1999wasalmostsimilar
totheoneusedduringthe1998operationsMianand
Yakhou1999Acallaboutnuisancebeesina
residentialneighborhoodwaspromptlyrespondedbya
beeteamTheteamconsistedoftwoAHBtrained

techniciansinavehicleequippedwithamounted
sprayercarryingtheMPedeinsecticideregisteredfor
AHBcontrolinCaliforniaAftercontrollingthesuspect
colonyasampleof50beescollectedin70ethanol
wasbroughttothelaboratoryforidentificationusing
thefastAHBidentificationsystemFABISInthecase
ofahumanoranimalstingingincidentthesample
wasforwardedtotheCaliforniaDepartmentofFood
andAgricultureLaboratoryinSacramentoforDNA
confirmationMoreovermultiplestingingvictimswere
routinelyadvisedtohavefollowupmedicalattention
tomonitoranydelayedtoxicity

RESULTSANDDISCUSSION

Duringthe1999seasonSBCVCPreceived1405

LDepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397

21DepartmentofAccountingGeorgiaCollegeandStateUniversityMilledgevilleGA310610490
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beerelatedcallsOutofthese662appearedtobeactual
beeswarmsorcoloniesOfthetotalbeesamples
collectedduringthe662responses33250 were

AHBsand33050 weretheEuropeanhoneybees
EHBsApismelliferaligusticaSpinForbee
distributionpurposethecountywasdividedintothree
biotopesnamelydesertmountainsandvalleyThearea
ontheeastsideofthemountainsuptotheColorado
riverwasthedesertregionTheareatothewestofthe
mountainswascalledthevalleyregionWithineach
biotopetheproportionofAHBstoEHBswasquite
differentTheoverallbeesamplestestedbyregionwere
286fromthedesert12fromthemountainsand

702fromthevalleyInthedeserttheratioof
AHBsEHBswas8812 Inthemountainsitwas

3862andinvalley3565TablelSeasonally
beesremainedactivethroughouttheyearwithpeaks
inAprilintheSpringandSeptemberintheFallFig
1Inspatialdistribution60oftheswarmscolonies
werefromvegetationtreecanopybranchesandtree
holesfollowedbystructuresbothinsideandoutside
17 utilityboxeswatermeterboxessprinklervalve
boxesmailboxes6 andmiscellaneoushabitats

17 Table2

Duringthisperiodoneanimalmultiplestinging
incidentoccurredonFebruary20inSanBernardino
whentwopitbullswereattackedbyprovokedbees

TABLE1DistributionofbeesamplesbyregioninSanBernardinoCounty1999

Region AHB EHB

Desert

Mountains

Valley

Numberand ofsamplesidentifiedbyregion

16788
338

16235

2212
562

30365

Total 33259 33050

Total

189286
8 12

465702

662100

includesonesampleconfirmedasEgyptianhoneybeesApismelliferalamarckii
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killingoneofthedogsAhumanstingingincident
occurredatasanitarylandfillinRialtoonJune29where
onepersonwasstung26timesbybeesAsampleof
thebeeswaslaterconfirmedasEgyptianhoneybees
ApismelliferalamarckiiCockerelInanotherincident

inLucerneValleyonJuly4oneofthethreestung
horseswassoseverelyaffectedthattheattending
veterinarianeuthanizedherthefollowingmorningFive
peopleamaleandfourfemaleresidentsalsoreceived
multiplebeestingsintheincidentThebeeswere
confirmedasAHBs

IntrainingandpubliceducationtheSBCVCPstaff
gavel0trainingsessionstovariousciviland
governmentalagencypersonnelAspartofthepublic
educationandawarenessprogramtheprogramstaff
gave17newspaperarticles2radiointerviewsand4
television

Thebeecontrolprogramused200gallonsofM
pedeAtacostof1800gallonthecostofpesticide
alonewas360000Inbeeserviceresponsesincluding
labtimetheprogramspent4042manhoursAtan
averagehourlyrateof2500theincurringlaborcost
was10105000Thetotalprogramcosttimeand
pesticideamountedto10465000Withaparcel
countof416988intheprogramterritorythecostper
parcelwas025Similarlywithapopulationof
1057055thepercapitacostwas010
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Vegetation1 15239
Structures21 7063

Utilityboxes2879
Others4 8271

ProceedingsandPapersoftheSixtyEighthAnnualConference 60

Table2DistributionofbeesamplesbyhabitatinSanBernardinoCounty1999

Numberand ofsamplesidentifiedbyhabitat

Habitat AHB EHB Total

24261
4637

822
3429

39460
11617
36 6

11617

1Allplantpartsincludingtreeholes
2Outinsideofwallseavesetc

2Watermeterboxessprinklervalveboxesmailboxesandsimilarothercontainers
4Includedhaystackbirdhouseboattrailerbulldozercablespoolrailroadtracksequipmentfence
postflagpolefurnituregardentoolboxgastankjunkpilelightpoleloveseatlumberwoodpile
metaldrummilkcratepalletparkingsignplantstandplaysetshoppingcartsolarreflectorstreet
signtabletelephonepoletruckwastetirewatertankandwoodenwagoneachwithoneormore
swarms

Figure1NumberofbeeservicerequestsInSanBernardinoCounty1559

0
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Month
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MianLSandMYakhou1999TheAfricanizedHoneyBeePrograminSanBernardinoCounty
ProcandPapersMVCAC67711
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HistoryofPesticideDispersalEquipmentUsedtoControl
AedessquamigeronBairIsland
SanMateoCountyCalifornia

ABSTRACTBairIslandisaseriesofartificialandnaturalislandsapproximately3000acreslocated
midwaybetweenthecitiesofSanFranciscoandSanJoseontheeastsideoftheSanFranciscoPeninsula
SanMateoCountyCaliforniaTheislandsarelocatedinproximitytothecitiesofBelmontSanCarlos
andRedwoodCitywithcombinedpopulationsof150000personsThispaperisanoverviewofthe
problemsequipmentandcontrolstrategiesemployedtocombatthewintersaltmarshmosquitoAedes
squamigerCoquillettontheseislands

INTRODUCTION

ThewintersaltmarshmosquitoAedessquamiger
isamajorpestspeciesintheSanMateoCounty
MosquitoAbatementDistrictItscontrolaccountsfor
alargeproportionoftheDistrictsresources30000
80000annuallyLarvaeofthisspeciesdevelopin
impoundedwaterinsaltmarshesofSanFranciscoBay
duringwinterandspringAdultsemergingfromMarch
throughMayflyupto15milesinlandinsearchofa
bloodmealbeforereturningtothesaltmarshtolay
eggsBohartandWashino1978Thisisaparticularly
pestiferousmosquitobecauseitisarelentlessdaybiter
thatreadilyfeedsonhumansBairIslandisthelargest
larvalhabitatforsaltmarshmosquitoesinSanMateo
CountyIfleftuncheckedthissourceresultsin
enormousnumbersofservicerequestsfromresidents
ofthecitiesofRedwoodCitySanCarlosandBelmont
MosquitocontrolatBairIslandhasevolvedas
conditionshavechangedandtheDistricthaslearned
newwaystomeetthechallengesThispaperwillreview
changesinthedistributionofsaltmarshmosquitoesin
SanMateoCountyovertimeanddescribesomeofthe
equipmentthathasbeenusedtocontrolthem

HistoricalChangesintheDistributionand
AbundanceofAesquamiger

Wintersaltmarshmosquitoeswereabundant
throughoutSanFranciscoBayattheturnofthecentury
andtheneedfortheircontrolwastheimpetusforthe
formationofamosquitoabatementdistrictontheSan
FranciscoPeninsulaintheearly1900sQuayle1906
Throughoutmostofthe1950sand60showeverAe

JamesHCountsDennisJewellandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRdBurlingameCalifornia
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squamigerwasvirtuallyabsentfromSanMateoCounty
andotherareasinthesouthernarmofSanFrancisco

BayTheirabsenceduringthistimehasbeenattributed
toconversionofmosttidalwetlandsintheareatosalt

pondsandtheuseoforganochlorinepesticidesfor
mosquitocontrolIn1967Aesquamigercommenced
arecrudescenceintheDistrictafteraperiodofnearly
15yearsTheywerefirstobservedinaquarteracre
sitelocatedatthefreewayinterchangeofUS101and
Highway92inthecityofSanMateoLarvalsources
followedadefinablepatternofexpansionfromthissite
insucceedingseasonsBythe197172seasonlarval
sourceswerefound10milessouthand75milestothe

northoftheoriginalsiteInApril1971theDistrict
beganreceivingcallsfromresidentsofthecityof
BelmontfordaybitingmosquitoesBytheendofMay
thatyear150servicerequestshadbeenreceivedA
halfacreparceloflandattheinterchangeofHighway
101andRalstonAvenowMarineWorldParkway
wastreatedtocurbthisoutbreakIn1972the

surveillanceprogramwasintensifiedand2additional
breedingsiteswerelocatedThatseasonwereceived
31servicerequestsBy1973Aesquamiger
populationshadbecomeestablishedonBairIsland

BairIslandisa3000acreparcelencompassing
fourlandmassesseparatedfromthemainlandandeach
otherbysloughsFigure1Theareawasdeveloped
intoaseriesofsaltevaporationpondsin1946While
thesaltpondswereinoperationandforseveralyears
afterwardthisareadidnotsupportmosquitolarvae
Thepondscontainedlargestretchesofopenwaterwith
ahighsaltcontentandlackedemergentvegetationThe
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Figure1MapofBairIslandSanMateoCounty
California

pondsweredrainedin1965butcontinuedtofillwith
rainwatereachwinterRepeatedseasonalfloodingand
dryingcausedtheformationofdeepcracksonthe
interiorofthepondsBy1970pickleweedSalicornia
virginicaLinneaushadrecolonizedthecrackedground
andBairIslandhadbecomeidealhabitatforsaltmarsh

mosquitolarvaeCaliforniaexperiencedanumberof
droughtyearsinthemid1970switharesultant5year
periodofinactivityIn1978nearnormalrainfall
returnedtoCaliforniaRainwateronceagainfilledthe
interiorofthepondscreatingthousandsofacresof
habitatforAesquamigermosquitoeswithin2miles
of150000residentsItwasestimatedthattherewere

365trillionmosquitoesdevelopinginwaterimpounded
onBairIslandThatyearwereceivedarecord2039
servicerequestsThe198182seasonwasalsoayear
ofheavyrainfallandtheDistrictemployedahelicopter
forthefirsttimetosuccessfullycontrolAesquamiger
Droughtconditionsreturnedinthemid80sandDistrict
personnelwereabletocontrolthemosquitoesatBair
Islandwithhandcansand4wheeldriveequipment
Howevertheearly1990sshowedanotherincreasein
mosquitopopulationsandtheDistrictonceagaincalled
foraerialinsecticideapplicationsAerialapplications
havenowbecomethestandardforpesticide
applicationsinthisarea

HistoricalReviewofEquipmentUsedbythe
District

Fluctuationsintheabundanceanddistributionof

saltmarshmosquitoesinSanMateoCountyovertime
haveresultedinchangesintheequipmentusedto

controlthemDuringthe1950sand60stheDistri
usedapre19504wheeldriveDodgePowerWagon
andanOlivertractorformosquitocontrolinthe
saltmarshesThetractorwasusedforbothlarviciding
andadulticidingA5hpPottsmistbloweror50gal
powersprayerunitwasmountedonarearplatformand
themarshwastreatedbydrivingalongthedikesIn
thelate1960sandearly1970stheDistrictbegan
purchasingIntemationalHarvesterScoutTM4wheel
drivevehiclesThesewereequippedwith50gallon
powersprayunitsorcouldbeusedwiththePottsmist
blowerLargeareascouldbetreatedmuchfasterthan
withothervehiclesbuttheScoutssufferedfromclutch

andtransmissionproblemsatvehiclesprayingspeeds
In1974wepurchasedaCootTMATVandthefollowing
yearasecondonewasobtainedThesevehicleswere
abletotraverseareasthatweredifficulttocrossonfoot

andaccommodated2techniciansplusapowerspray
unitforremoteareas TheCootshadseveral

disadvantagestheyrequiredfrequentmaintenanceand
partsweredifficulttoobtainInadditiontheirwheels
leftdeeprutsthatlaterhadtobetreatedformosquitoes
themselvesShortlyafterCootswereintroducedthe
manufacturerceasedoperationsandpartsbecame
unavailableTheDistrictsoldthevehiclesatauction

andin1981purchasedamilitarysurplusMightyMiteTM
AllWheelDrivevehicleThisvehiclewasbuiltforthe

USArmybyChryslerCorpTMOnceagainreplacement
partsbecameaproblemandthevehiclewassoldThe
Districtnowuses2ArgoTMATVsinmarshesBoth
vehiclesareequippedwithpowersprayerscluster
nozzlesandtelescopingarmextensionsforapplication
ofliquidlarvicidesAherdseedercanbeinstalledfor
granularorpelletformulationsThesevehiclescanbe
usedwithorwithouttracksdependingontheterrain
Maintenancesupportisreadilyavailableandthe
vehicleshavetheaddedadvantageofverylowground
pressureTheirimpactonmarshvegetationisminimal

Theaforementionedequipmentwasusefulfor
mosquitocontrolinsaltmarshesborderingEastPalo
AltoandEastMenloParkanda300acresectionof

BairIslandadjoiningHighway101Howeverthe
majorityofBairIslandisseparatedfromtheshoreby
sloughsandcanonlybereachedbyboatIn1970the
onlyboatownedbytheDistrictwasa12footwooden
craftwitha7hpoutboardmotorThishadbeenadequate
forthelimitedinspectionthathadbeenrequiredupto
thattimebutnotfortheregularvisitsthatwerenow
neededforsurveillanceoftheareacolonizedbysalt
marshmosquitoesIn1971theDistrictpurchased
secondhanda14ftwoodenboatwitha50hpmotor
Thiswasusedtotransportpersonneltotheislandsfor
inspectionandhandtreatmentworkHoweverthisboat
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hadadeepdraftandcouldonlybeusedathightideA
5hpairboatwaspurchasedwithaveryshallowdraftto
beusedatlowertidecyclesUnfortunatelyitproved
tobewhollyinadequateforourneedsandwassoon
abandonedWenowhaveamodified14ftKlamath

aluminumboatwitha25hpoutboardmotorfor
transportingpersonnelandequipmentThisboathas
becometheworkhorseoftheDistrictItisusedduring
favorabletidecyclesinthefallwinterandspringfor
marshinspectionandspottreatmentItcancarryupto
800lbsyetislightenoughandsmallenoughtotravel
throughmanyofthesloughsatlowtideHandsupports
havebeenaddedtoallowpersonneltostandinthebow
duringsprayapplicationsThisboatisalsocurrently
beingusedtoassisttheUSFish WildlifeServicein

itseradicationprogramfornonnativecordgrass
SpartinaalternifloraLoisel

In1996theDistrictpurchasedahovercraftasa
meansofaccessingtheouterislandsduringunfavorable
tidecyclesThevehicleaccommodates5personsand
isprimarilyusedforinspectionbutcanalsobeused
forlighttreatmentworkaswellasrescueoperationsif
calledonbyothergovernmentagenciesThereisagood
dealofmaintenanceinvolvedwiththisvehicleanda

numberofproblemsoccurredearlyonThetechnical
andmaintenancesupportbythedealerhasbeen
outstandingandtheinitialproblemshavebeenresolved
Thisvehicledoesnotactuallyflyintothepickleweed
marshesbutisusedtosidleuptothedikemarginsover
waterormudItisabletoliftoffthebaymudwith5
passengersaboardandallowsforinspectionswithout
theconstraintoftides

OverthelastseveralyearstheDistricthasdevoted
vastamountsoftimeandresourcestothecontrolAe

squamigerinsaltmarshesatBairIslandTrialanderror

hasledtotheacquisitionofbetterequipmentallowing
ustoinspectandtreattheislandsinatimelyfashion
preventingmostmajorflyoffsWiththepresentboat
andhovercraftallpartsoftheislandcanbeaccessed
underawiderangeofconditionsThequantityof
pesticidesappliedisminimizedthroughearlydetection
oflarvalsourcesandcarefuldelineationoftheir

distributionTheamountoftimerequiredfortreatment
hasbeencutdrasticallythroughtheuseofaerial
sprayingForexamplein19786techniciansspent
thebetterpartof13daystotreattheislandswithlittle
successAtpresenttheDistrictemploysahelicopter
serviceoncontracttotreattheentire3000acresin6
7hoursThiscombinationofbettersurveillanceand

moreefficientmethodsofpesticideapplicationover
largeareashasmaximizedtheefficacyofourcontrol
program
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SourceReductionMethodsUsedtoControlAedes

SquamigerCoquillett
onBairIslandSanMateoCountyCalifornia

INTRODUCTION

Abandonedsaltpondspresentasignificant
breedingsourceforsaltmarshmosquitoesinsouthSan
FranciscoBayOncedrainedthesepondsbecome
seasonalwetlandscollectingrainwaterduringwinter
monthsanddryingupeachsummerThisrepeated
seasonaldryingresultsintheformationofdeepcracks
conduciveforthedevelopmentofsaltmarsh
mosquitoesOvertimepickleweedSalicornia
virginicaLbecomesestablishedintheinteriorofthe
pondsfurtherpromotingmosquitodevelopmentBair
Islandisanexampleofthemosquitocontrolproblems
presentedbyformersaltpondsItisthelargestsingle
mosquitobreedingsourceinSanMateoCounty
30000 80000isexpendedannuallyatthissite
towardscontroleffortsThispaperwillbrieflyreview
thehistoryofBairIslandanddescribesourcereduction
methodsthathavebeenemployedthere

BairIslandislocatedonthewesternedgeofSan
FranciscoBayadjacenttoRedwoodCityandSan
CarlosThepropertyisroughlyrectangular15mi
acrossatitswidestpointandapproximately3milong
Itcoversapproximately3000acres1600ofwhich
arepotentialmosquitobreedinghabitatFourmajor
waterwaysrunthroughthepropertyFigure1
SteinbergerSloughseparatesthepropertyfrom
RedwoodShoresonthenorthRedwoodCreekruns

alongitssouthernboundaryCorkscrewandSmith
SloughsseparatetheparcelintothreesectionsTwoof
thesesectionsareislandsentirelysurroundedbywater
Theremaining328acrepieceistheonlyareaaccessible
byland

HistoricallymostofBairIslandwastidalsalt

StanleyBKamiyaandChindiAPeavey

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCA94010

ABSTRACTBairIslandisa3000acreparcelonSanFranciscoBaylocatedonemilefromthehighly
urbanizedareasofRedwoodCityandSanCarlosThisareaconsistsofsevenabandonedsaltevaporation
pondsbreedinglargepopulationsofthesaltmarshmosquitoAedessquamigerCoquillettThispaper
reviewssourcereductionmethodsthathavebeenusedatthesiteincludingdiskingtoeliminatecracks

andsiphonstoremoverainwaterthataccumulatesbehindthedikeseachwinter
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marshIn1946theLeslieSaltCoconstructeddikes

todeveloptheareaintosevensaltevaporationponds
Whensaltproductionwascurtailedin1965theponds
weredrainedleavingthedikesintactMobilOil
Corporationacquiredthepropertyin1973withthe
intenttobuildamajorhousingdevelopmentPlansfor
thedevelopmentwereeventuallydroppedandafter
severalchangesinownershipthelandwasacquired
byPeninsulaOpenSpaceTrustThepropertyis
currentlyownedbyCaliforniaDepartmentofFish
GameandtheUSFish WildlifeServiceItwillbe

restoredtotidalsaltmarshtoenhancepopulationsof
theSaltMarshHarvestMouseReithrodontomys

flaviventrisDixonandtheCaliforniaClapperRail
RalluslongirostrisobsoletusOberholserThisisthe
largestpieceofsaltmarshremaininginSanMateo
CountyItsupportslargeanddiversepopulationsof
ducksgeeseandshorebirdsinadditiontothetwo
endangeredspeciesmentionedaboveGoalsProject
1999

Whilethesaltpondswereinoperationandfor
severalyearsafterwardBairIslanddidnotproduce
mosquitoesAlthoughtheinteriorofthepansheld
watertheyhadalargesurfaceareaandlackedemergent
vegetationMosquitoproblemsdevelopedintheearly
1980sfollowingtheformationofcracksinthesediment
onthefloorofthepansIn1983theDistrictconducted
diskingatoneofthepanspondAl2theonlyarea
accessiblebylandThismethodofsourcereduction
breaksupthetoplayerofsoil48toeliminatecracks
andimprovedrainageHermsandGray1944Disking
formosquitocontrolgrewoutofitsuseforagriculture
inreclaimedsaltmarshalongSanFranciscoBayIt
stimulatedplantgrowthbyallowingwatertopenetrate
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thetoplayerofsoilDiskingforsourcereductionhas
beenusedroutinelyinthepastindikedreclaimedsalt
marshalongtheBaySanMateoCountyMosquito
ControlDistrictAnnualReport1950Otherdistricts
intheCoastalRegionareahaveemployedthesame
methodtoreducecrackedgroundindredgedisposal
sitesRKeithMarinSonomaMVCDpersonal
communicationInthe1960sand70sthisDistrict

useddiskingtocontrolbitingblackgnatLeptoconops
torrensTownsenddevelopingindeepcracksinadobe
soilsofthecoastalfoothillsWhitselandSchoeppner
1966

The1983diskingatBairIslandresultedina
dramaticreductioninmosquitoproductionfor7years
PermissionwasreceivedfromtheArmyCorpsof
Engineerstodisktheareaagainin1991Restrictions
onthepermitincludedaprovisionthatnomorethan
100acresofgroundbedisturbedatagiventimeand
thatnochangesweremadeinexistingwaterwaysAt
thattimetheinteriorofthepancontainedlittleorno
vegetationandwasthereforenotconsideredhabitatfor
SaltMarshHarvestMiceMostofBairIslandcontains
extensivestandsofpickleweedandcannotbedisked
againduetoitspotentialimpactonthemice

AnothermethodofsourcereductionatBairIsland

istheuseofsiphonsSiphonswereinitiallyinstalled
in1973bySouthShorePropertiesasuccessortoMobil
OilCorporationFiveofthesevenpondslackedany
typeofdrainagestructuressuchastidegatesThe
siphonsservedtopreventtheaccumulationofrainwater
behindthedikesinpreparationforconstructionofthe
housingdevelopmentTwotothreesiphonswere
installedineachpondEachsiphonconsistedofapipe
extendingfromtheinteriorofeachsaltpanoverthe
topofthedikeandemptyingintothesloughThey
wereconstructedfromschedule4020PVCpiping8
diameterin20sectionscementedtogetherwithWeld
On725WetRDryPVCPlasticPipeCementIPS
CorpGardenaCAThesiphonswerestartedatlow
tidebyattachingavacuumpumptoavalveoneach
pipeatitshighestpointthetopofthedikeOncethe
waterhadbeenpulleduptothispointitflowedinto
thesloughbygravityValveswereinstalledonthe
outboardsideofeachsiphontopreventbackflushing
athightideEarlyvalveswerefashionedbyattaching
alengthofinnertubeontotheendofeachsiphonThese
hadatendencytogetpulledintothesiphonsathigh
tideallowingthewatertoreverseflowIn1999the
Districtpurchased2TideFlexCheckValvesRedValve
CoIncCarnegiePaatacostofapproximately
1000eachTheseweresectionsofrubber18long
attachedtotheendofthepipesandcontoureddownto
aduckbilltoallowpassageofwateroutbutprevent
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backflowFig2Lateralowcostvalveofthesame
typewasfabricatedfroma24pieceofrubberinner
tubeandapieceofwood13x2x1Oneendofthe
innertubewasattachedtotheoutboardendofthe
siphonpipeThewoodenpiecewasanchoredinside
theinnertubesothatitformedaduckbillTheresulting
valvelookedsimilartotheonepicturedinFigure2
Thisarrangementclosedthesiphonwhenthetiderose
inthechannelandpreventedthevalvefrombeing
pushedbackintothepipe

Whenfirstinstalledthesiphonswereeffectiveat
removingwaterfromtheinteriorofthepondsTheir
usefulnessdeclinedinlateryearsbecausesubsidence
withinthepansandsiltdepositionintheslough
dramaticallydecreasedtheelevationaldifferences

betweentheinsideandoutsideofthepansAtpresent
thesiphonsfunctionefficientlyatlowtidebutshutoff
whenthetiderisesDrainingthepansbythismeans
requiresthatthesiphonsberestartedatsuccessivelow
tidesoverseveraldaysandisverylaborintensive

BairIslandisanexampleofthedevelopmentof
mosquitocontrolproblemsfollowingmanmade
changestothesaltmarshesofSanFranciscoBayBy
198834455acresofformertidalsaltmarshinSan

FranciscoBayhadbeendevelopedforsaltproduction
GoalsProject1999Landusepracticesonsomeof
thislandhasshiftedawayfromsaltproductionwith
thesubsequentdevelopmentofmosquitocontrol
problemssuchasthoseencounteredonBairIsland

Twentyfivethousandacresofsaltevaporationponds
remaininactiveuseinthesouthBaytodayandthese
havethepotentialtobreedlargenumbersofsaltmarsh
mosquitoesinthefutureThebestsolutiontomosquito
controlinsuchareasistherestorationoftidalflow

Howeverbreachingdikesisoftenunfeasibleorrequires
anextendedperiodofreviewbyvariousregulatory
agenciesandthepublicDiskinganduseofsiphons
aretworelativelylowcostalternativesfortemporary
sourcereductiontoreducetheacreagerequiring
pesticidetreatment
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HermsWBandHFGray1944MosquitoControl
PracticalMethodsforAbatementofDisease

VectorsandPestsTheCommonwealthFundNew

Yorkpg166

Figure1MapofBairIslandSanMateoCountyCalifornia

WhiteselRHandRFSchoeppner1966Summary
ofthebiologyandcontrolofthevalleyblackgnat
LeptoconopstorrensTownsendDiptera
CeratopogonidaeCaliforniaVectorViews133
1725

Sze

PipeADP8625
LengthL1
MaximumHeightH13

Figure2DiagramofacommerciallyavailablevalveusedonsiphonsatBairIslandtopreventbackflushing
TideFlexCheckValveRedValveCoIncCarnegiePa
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WilliamCReeves

NewInvestigatorAward

TheWilliamCReevesNewInvestigatorAwardisgivenannuallybytheMosquitoandVectorControl
AssociationofCaliforniainhonorofthelongandproductivescientificcareerofDrWilliamCReeves
ProfessorEmeritusSchoolofPublicHealthUniversityofCaliforniaatBerkeley

TheAwardispresentedtotheoutstandingresearchpaperdeliveredbyanewinvestigatorbasedonqualityof
thestudythewrittenreportandpresentationattheannualconference

JasonRasgonwastherecipientofthe2000awardatthe68thAnnualConferenceheldinSacramento
CaliforniaTheotherfinalistswereKeithBowBethMayandLindaStyerAvailablefinalistspapersare
printedonpages6884

PreviousWilliamCReevesNewInvestigatorAwardWinners

1999 ParkerDWorkman

1998 YvonneAnnOffill

1997 JohnGimnig
1996 none

1995 MargaretCWirth

1994MerryLHollidayHanson
1993 JeffreyWBeehler
1992 DaroldPBatzer

1991 DavidRMercer

1990GaryNFritz
1989 TrulsJensen

1988 VickiLKramer
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EstimatingtheEfficacyofLagenidiumgiganteum
LiquidCultures

BethMayandJeanSVanderGheynst

DepartmentofBiologicalandAgriculturalEngineering
UniversityofCaliforniaDavis

ABSTRACTLagenidiumgiganteumanEPAapprovedbiologicalcontrolagentofmosquitolarvae
wasgrowninshakeflaskcultureanditsefficacytestedagainstsecondinstarAedesaegyptimosquito
larvaeBioassaysweresetupbasedupontherespiratoryactivityorCOevolutionrateCERofthe
liquidcultureLogisticregressionwascompletedonthebioassayresultsusingCERasapotential
predictorofefficacyanditwasdeterminedthatCERwasnotcorrelatedwiththeprobabilityofattaining
atleast95infectionp026Onepossibleexplanationisthatthedynamicresponseoftheliquid
culturetoambientatmosphericconditionsbiasedtheCERmeasurement

INTRODUCTION

ThefungusLagenidiumgiganteumCouch
LagenidialesPythiaceaeafacultativeparasiteof
mosquitolarvaeisamongthemorepromising
biologicalcontrolagentsformosquitocontrolDueto
bothitseffectivenessandhostspecificityithasbeen
approvedforusebytheUSandCaliforniaEPAWhen
appliedinthefielditiscapableofestablishingitself
andprovidingmosquitocontrolbothinitiallyandover
timeGuzmanetal1987Jaronskietal1983Kerwin
etal1986Kerwinetal1987Additionallyithas
beenfoundtosurvivethewinterinsomesitesand

providecontrolduringthenextmosquitobreeding
seasonJaronskietal1983TheabilityofL
giganteumtoeffectivelycontrolmosquitoesdepends
onwaterconditionssuchastemperatureJaronskiet
al1983Jaronskietal1983salinityandpHLord
etal1985aswellastheconditionoftheorganism
itself

Afactorintheadoptionofbiologicalcontrolagents
formosquitocontrolistheabilityoftheenduserto
predictresultingcontrolfromagivenapplicationrate
PreviouslyfieldapplicationratesofLgiganteumhave
beenbasedonnumberofcellsKerwinetal
1986Kerwinetal1987volumeofliquidgrowth
mediaKerwinetal1986numberofpetridishes
Guzmanetal1987Jaronskietal1983Jaronskiet
al1982andnumberofinfectedfragmentedmosquito
cadaversMcCrayetal1973Althoughinfection
wasmonitoredoveraperiodoftimeineachcasenone
ofthesemethodsattemptedtopredictobservedcontrol
Thereforeitisadvantageoustofindanindirectmethod
toevaluatetheefficacyofabiologicalcontrolproduct

atanygiventimeduringeitherthecultivationprocess
oritsstorage

SpecificcarbondioxideevolutionrategmolCO
mingandoxygenconsumptionratehavebeenused
asindirectmeasuresofactivefungalbiomassinboth
solidstatecultivationSatoetal1983Satoetal
1988andliquidfermentationstudiesShuleretal
1992ItisactivebiomassofLgiganteumthatis
responsiblefortheasexualproductionofinfective
zoosporesThusmeasurementofrespirationratemay
offerameansofpredictingefficacyofLgiganteum
producedinliquidcultureorothercultivationprocesses
Thegoalsoftheexperimentspresentedinthispaper
weretodetermineifLgiganteumefficacycouldbe
correlatedtoCOevolutionrateandtodevelopamethod
topredictefficacyfromapplicationrateandCO
evolutionrate

MATERIALSANDMETHODS

SourceandmaintenanceofthefungusL
giganteumwasobtainedfromAgraQuestDavisCA
Thefunguswasmaintainedinbothliquidandagar
culturesconsistingof0025gcholesterol125g
peptone125gArdaminepHautolyzedyeastextract

3gglucose0075gCaC10075gMgC13gcornoil
and01gsoybeanlecithininoneliterofdistilled
deionizedwaterPYGLCAgarculturescontained15
gagarperliterinadditiontothePYGLCliquid
describedaboveComoilwasaddedasepticallytothe
autoclavedmediatopreventthermaldegradation
Liquidculturesweremaintainedinanincubatedshaker
at30Cand150rpmAgarculturesweremaintained
at26C
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RespirationrateLiquidcultureswereharvested
andsampledforspecificCOevolutionrateafter
varyingcultivationperiodsrangingfrom1to9days
Bioassayswerepreparedbyfixingtheamountof
materialneededper100mlbioassaytodelivera
specifiedamountofCOevolutionrateSpecificCO
evolutionratewasestimatedfromaCOmassbalance
on50goftheliquidcultureequation1Thiswas
accomplishedbytransferring50goftheliquidculture
toaflaskwithaconstantairflow20or40mlmin
andstirredviaastirbarCarbondioxidelevelsatboth

theinletandoutletoftheflaskweremeasuredusingan
infraredCOsensorTelaireGoletaCAafter45min

PWCO CO
ZiNaZama

SpecificCOevolutionrate

where

pdensityofairgcm
uvolumetricflowrateofaircmmin
MWmolecularweightofairggmolair
CO2outletmolarfractionCOinoutletair

gmolCOgmolair
CO2inletmolarfractionCOininletairgmol

COgmolair
Wweightofliquidmediainflaskg

BioassaysMosquitobioassayswereconductedusing
amodificationoftheproceduredescribedbyKerwin
andcoworkersKerwinetal1986Allbioassays
wereperformedintriplicateandconsistedofexposing
10secondinstarAedesaegyptimosquitolarvaeto
aliquotsofLgiganteumPYGLCliquidculturesdiluted
to100mlwithdistilledanddeionizedDIwaterfor7
daysControlsweresetupasdescribedwithoutmedia
additionDeadmosquitoeswereremovedfromthe
bioassaydailyandinvestigatedmicroscopicallyforthe
presenceofLgiganteumhyphaeBioassayswere
conductedatvariousCOevolutionratesgmolCO
min100mlTheamountofmediaaddedtobioassays
wasdeterminedbydividingthedesiredCOevolution
ratebythespecificCOevolutionrateoftheliquid
culture

Statisticalanalysis
Statisticalanalyseswereconductedoneach

ofthepotentialindicatorsofefficacyamountofmedia
CERandnumberofcellsandbioassayresultsto
determineiftheycouldpredictwhen95 infection

wouldoccurThedatawasseparatedintothose
bioassaysthatachievedatleast95infectionsuccess
andthosethatdidntfailureLogisticregressions
werecompletedwithJMPINv326CaryNC
Thelogisticregressionwasdoneusingthefollowing
equation 1

P
110bonx

Wherepprobabilityofattainingatleast95
infection

b0b1empiricalcoefficientsdeterminedfrom
logisticregression

xpotentialpredictorvariableCERcellsor
media

SuspendedanddissolvedsolidsBioassayliquids
wereanalyzedforbothtotalandvolatilesolids

suspendedanddissolvedFivegramsofliquidculture
wereshakenwith20mlDIwaterfor10minThe

resultingsolutionwasfilteredthrougha47mmglass
fiberfilterEnvironmentalExpressMtPleasantSC
andwashedwithanadditional20mlDIwaterThe

retainedsolidsweredriedat101Ctoyieldtotal
suspendedsolidsandthencombustedat550Cto
obtainvolatilesuspendedsolidsTotaldissolvedsolids
weredeterminedbydrying20mlofthefiltrateat101
CVolatiledissolvedsolidsweredeterminedby
combustingtheresultingdrysolidsat550C

CERandpHmonitoringToassessthepotential
effectofthecarbonatesystemonCERmeasurements
LgiganteumcultureswereharvestedandpHandCER
weremonitoredfortwohoursTwo75mlliquid
culturessixdaysoldwereopenedmixedtogetherand
thenseparatedintotwoidentical50gramsamplesBoth
sampleswereplacedonthesameshakerandaeratedat
20mlminCERwasmonitoredononeflaskandpH
ontheother

RESULTSANDDISCUSSION

Figure1showstheeffectofmediaadditiononlevel

ofinfectionobservedintheliquidculturebioassays
Ingeneralinfectiondecreasedastheamountofmedia

increasedabove3gAtloadinglevelsabove3g
infectionlevelsdroppedbelow50 Itwasobserved

thatwaterclaritywasreducedwhenmediaaddition
roseabove3gThedecreaseininfectionathigher
loadingratesmighthavebeenduetotheinhibitionof
zoosporeproductionbyLgiganteumasaresultof
overloadingthebioassayswithsuspendedanddissolved
organicmaterialDecreasedinfectionhasbeen
observedathighCODloadingratesJaronskietal
1982andzoosporeproductionhasbeenshowntobe
inhibitedbysolutesassociatedwithgrowthmedia
Lordetal1985

Figure2showsthepupationrateatvariousloading
levelsGenerallyasmoremediawasaddedtothe
bioassaysthepupationrateincreasedThehigher
levelsofpupationmayhavebeenduetothereduction
inzoosporogenesisbyLgiganteumasloadingrate
increasedandoranaccelerateddevelopmentalratedue
totheexcessivemediaadditionactingasafoodsource
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Figure1Effectofmediaadditiononinfectionlevelin100mlbioassays
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Figure2Effectofmediaadditiononpupationlevelin100mlbioassays
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Pupationwasnotobservedinthecontrols
Bioassayliquidswereassessedfortotalsolids

contentTable1showstheresultsofthesolidsanalysis
forliquidculturesafter04and8daysofcultivation
Eachgramofliquidcultureprovidedapproximately5
mgoftotalsolidsThetotalsolidswithintheliquid
didnotchangeovertimeeventhoughthefractionsof

Table1Totalsolidscontentofliquidcultureduringcultivation

Daysofcultivation

0

4

8

Totalsolidsdry
gramwetgram

Suspendedsolids of Dissolvedsolids of

totaldrysolids totaldrysolids
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dissolvedandsuspendedsolidsdidfluctuateInitially
almostallsolidsweredissolvedbutbyday4mostof
thesolidsweresuspendedSolidswereevenly
distributedbyday8Sincehighloadingratesresulted
inlowlevelsofinfectiononlythosebioassays
containinglessthan3g15mgtotalsolidswere
consideredfurther

e

s

8 100 2 4 6

daysofgrowth

Figure3InfluenceofcultivationtimeonlevelofinfectionofAedesaegyptilarvaein100mlbioassays
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Figure4EffectofCOevolutionrateadditiongmolCOmin100mloninfectionlevelinbioassays

Figure3showstheinfectionlevelsforthose
bioassayscontainingmedialevelsbelow3gofmedia
asafunctionoftheageoftheliquidculturePercent
infectionincreasedwithlengthofcultivationregardless
ofloadingrateCulturesyoungerthan4daysdidnot
induceinfectionatlevelshigherthan80 Perhaps
theseyoungercultureshadnotyetdevelopedthe
presporangialstructuresnecessaryforzoosporogenesis
tooccurupondilutionThereforeitisrecommended
thatculturesyoungerthan4daysnotbeusedfor
operationalmosquitocontrol

Figure4showsthelevelofinfectionatvarying
amountsoffungalrespiratoryactivityaddedforonly
thosebioassayscontaininglessthan3gofmediafrom
culturesgreaterthan3daysoldTherewasno
correlationbetweenCERandtheprobabilityof
achievinggreaterthan95infectionasdeterminedby
logisticregressionp026

Figure5showsthepHandCERprofilesfora6
dayoldliquidcultureTimeismeasuredinminutes
fromwhenaerationbeginsCERwasobservedto
increaserapidlyinthefirstfiveminutesandthendrop

toasteadystatevalueof07molCOminafter60

minutesofaerationThispulsemayhavebeenadirect
resultofCOmasstransferfromtheliquidtothegas
phasePriortoharvestingliquidcultureshakeflasks
werecoveredwithaluminumfoilwithonlydiffusive
gastransferThegasphaseabovetheliquidhadaCO
concentrationofabout2Onceflaskswereopened
andaerateddissolvedCOquicklylefttheliquidphase
inanattempttocometoequilibriumwiththenewCO
concentrationintheambientair03COsupplied
totheflaskAsaresultthetotaldissolvedCOinthe
liquiddecreasedcausingthepHtoincreaseFigure33
Sawyeretal1978

AsteadystatevalueforCERwasobservedafter
onehourofaeratingOurmethodsmeasuredCERafter
only45minofaerationThismayexplainwhyCER
asmeasuredcouldnotbecorrelatedtoefficacy

CONCLUSION

LiquidculturesofLagenidiumgiganteumwere
testedforspecificrespirationrateanddilutedtosupply
aknownCOevolutionrategmolCOmin100ml
tobioassayscontaining10secondinstaraegypti
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Figure5MeasuredcarbondioxideevolutionrateCERandpHfromtimeofculturetransfer

mosquitolarvaeAnalysisofthebioassaydatashowed
thatsolidsoverloadinglikelyleadingtoadecreasein
zoosporeproductionandsubsequentreductionin
infectionoccurredwhenmorethan15mgtotalsolids
wasaddedtothe100mlbioassaysAdditionally
cultureslessthan3daysoldhadlowerinfectionlevels
thanoldercultures

Statisticalanalysisrevealedthattherewasno
correlationbetweenCERandtheprobabilityof
achievinggreaterthan95infectionp026
HoweversubsequentstudiesinwhichCERwas
measuredovertimehavesuggestedthatthesystemmay
nothavebeenatsteadystateatthetimeofCER
measurementAdditionallylowerCERdilutionsin
bioassaysmayhaveimprovedthestatistics

OnepotentialadvantageofusingCOevolution
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rateasameasureofefficacyisthatanestimateofa
productspotentialforcontrolcouldbemadewithina
fewhoursAlternativelymosquitobioassaysrequire
severaldaystocompleteThusmoreefficientdelivery
ofLgiganteumformosquitocontrolmaybemade
possiblebymeasurementofCOevolutionrate
HoweveritshouldbenotedthattheoptimalCO
evolutionrateadditionrangemightchangewithmedia
makeupandorparticularstrainusedThereforethe
methodprovidedheremayneedtobeverifiedtofind
theoptimumrangefortheLgiganteumcultureof
interest

Thisresearchwassupportedbyagrantfromthe
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UCBiotechnologyProgramandAgraQuestDavis
CATheauthorsalsowishtothankHeatherAkaufor
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GeographicDistributionofWolbachiainthe
CaliforniaCulexpipiensComplex

InfectionFrequenciesinNaturalPopulations

BACKGROUNDANDOBJECTIVES

Thematernallyinheritedbacterialendosymbiont
Wolbachiaisfoundinawidevarietyofarthropods
infecting1520ofallknowninsecttaxaWerrenet
al1995InmanytaxaWolbachiainfectionis
associatedwiththephenomenonofcytoplasmic
incompatibilityCIYen Barr1973Whenthere
isasinglestrainofWolbachiapresentinthepopulation
infectedmalesarereproductivelyincompatiblewith
uninfectedfemalesnoviableoffspringresultfromthe
mating Infectedfemalesarereproductively

eif
d9c
df

491

JasonLRasgon

DepartmentofEntomologyUniversityofCaliforniaDavisDavisCA95616

ABSTRACTWolbachiaisabacterialendosymbiontassociatedwiththephenomenonofcytoplasmic
incompatibilityCIInthelast10yearsgeneticmanipulationofmosquitoeshasbeenexplored asa

waytomakethemrefractorytoandorunabletotransmitpathogensInorderforthis strategytobe
successfuldesirabletraitsmustbespreadthroughvectorpopulationsCIhasshowntheoreticalpromise
asamechanismfordrivinggenesthroughmosquitopopulations1 amcurrentlydeterminingtheutility
ofmathematicalmodelsthatpredictWolbachiaequilibriuminfectionfrequenciesinnaturalCulexpipiens
complexpopulationsthroughoutCaliforniaTobevalidthepredictedoutputofthesemodels mustbe

comparedtoandagreewithobservedinfectionfrequenciesinnaturalmosquitopopulationsUsingthe
polymerasechainreactionPCRIdeterminedinfectionfrequenciesandthegeographicdistributionof
WolbachiainCaliforniapopulationsofCulexpipienscomplexmosquitoesPopulationsfrom14sites
acrossCaliforniaweresampledand10populationshavebeenexaminedforWolbachiafrequencyat
thistimeInfectionfrequencieswerefoundtobeapproachingfixationatall10sitesThesehighinfection
frequenciesindicatethatWolbachiainducedCIisindeedapromisingcandidatefor atransgenicdriver
mechanisminmosquitoes

compatiblewithbothinfectedanduninfectedmales
Figure1Hoffmannetal1990ONeill etal1992
Turelli Hoffmann199119951999 The

phenomenonofCIgivesinfectedfemales areproductive
advantageandallowsWolbachiatodriverapidlythrough
populationsTurelli Hoffmann199119951999

Recentlyconsiderableattentionhasbeenplaced
onusingWolbachiaaspartofastrategytogenetically
transformvectorsinordertomakethemincapableof
transmittingpathogensBeardetal1998Pettigrew
ONeill1997Becausegeneticallytransformedinsects
areoftenlessfitthantheirwildtypecounterpartsa

WolbachiaInfected

WolbachiaUninfected

Figure1Matingoutcomesfromall4possiblecrossesbetweenindividualsinfectedwith asinglestrainofWolbachia
simplestcaseCcompatiblecrossIincompatiblecross

75
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drivingmechanismisneededtopushengineered
refractorygenesthroughvectorpopulationsaprocess
knownaspopulationgenereplacement The

phenomenonofCIisreceivingseriousconsideration
asjustsuchadrivemechanismBeardetal1998
Pettigrew ONeill1997Sinkinsetal1997Turelli

Hoffmann1999
InordertouseCIforvectorcontrolitisessential

thatweunderstandthepopulationdynamicsof
WolbachiainfectioninmosquitopopulationsTodate
allstudiesofthepopulationdynamicsofWolbachia
infectioninnaturalarthropodpopulationshavebeen
limitedtoDrosophilaTurelli Hoffmann19911995

Mathematicalmodelshavebeendevelopedtoexplain

andpredictequilibriuminfectionfrequenciesandthe
spreadofWolbachiainDrosophilaHoffmannetal
1990Turelli Hoffmann1995Theobjectiveofthis
studywastodeterminetheinfectionfrequenciesand
geographicdistributionofWolbachiaintheCalifornia
CulexpipienscomplexThiswasanecessaryfirststep
towardmyultimategoalofmodelingtheinfection
dynamicsofWolbachiainCaliforniaCulexpipiensspp

PROCEDURES

ExperimentalsetupSpecimensoftheCulex
pipiensspeciescomplexCxpipiensCx
quinquefasciatusandhybridswerecollectedfrom
naturalpopulationsacrossCaliforniaandassayedfor
Wolbachiainfectionbyapolymerasechainreaction
PCRbasedassayThisassayhasbeenvalidatedin
otherstudiesTurelliandHoffmann19911995PCR

assayoffieldcollectedspecimensrevealedthe
geographicdistributionandinfectionfrequenciesof
WolbachiainfectedCxpipienscomplexmosquitoes
throughoutthestate

FieldCollectionsExceptforspecimenscollected
fromAndersonmosquitoeswerecollectedaslarvae
andpupaeandshippedliveinwaterfromtheir
collectionsitestoUCDavisSpecimensfromAnderson
werecollectedasadultsusingaCDCminiaturelight
trapandshippedondryicetoUCDavisImmatures
wereplacedin500m1plasticcupsand05glarval
food1partflakefishfood2partsgroundrabbitpellets
2partsbovineliverpowderICMBiomedicalsInc
AuroraOHwasaddedifnecessarySpecimencups
werethenplacedin38literemergencecagesand
maintainedinanenvironmentalchambersetat27C
and90relativehumidityCageswerecheckeddaily
foremergenceofteneraladultsAdultswereremoved
byaspirationandstoredat80Cuntilprocessedfor
DNAextraction

DNAExtractionDNAwasextractedfrom

individualadultsbyamodifiedprotocolofBlackand
DuTeau1997Individualwholeadultswereplaced
in15mlmicrocentrifugetubesgroundin100111
extractionbuffer008MNaCI016Msucrose006M
EDTApH8001MTrisHCIpH805SDSand
incubatedat65Cfor20minTwentyfivep44M
KOacwasthenaddedtoeachtubeHomogenized

specimenswereplacedonicefor35minandcentrifuged
at15000Gfor20minSupernatantsweretransferred
tonewtubesandcellulardebrisdiscardedTwohundred
t1icecold100EtOHwasaddedtoeachtubetubes

weregentlymixedbyoverturningtwiceandstoredat
20Cfor2448hourstoprecipitateDNAFollowing
DNAprecipitationtubeswerecentrifugedat15000G
for25minutestopelletDNASupernatantswere
carefullydecantedtoavoiddisturbingDNApelletsand
discardedPelletswerewashedoncewithicecold70
EtOHandtwicewithicecold100EtOHPelletswere
driedat37Cfor1hrandresuspendedin100pl
autoclaveddeionizedwaterDNAsampleswerestored
at 20CuntilusedforPCR80Cforlongterm

storageOnelofDNAsolutionwasusedastemplate
DNAforeachPCRreaction

PCRProcedurePCRwasconductedusingaprimer
multiplexsystemwhichconsistedoftwoprimersets
amplifiedsimultaneouslyPrimerset1amplifieda
09kbfragmentfromWolbachia16SrDNAandis
specifictoWolbachiaofallstrainsforward5TTG
TAGCCTATGGTATAACT3reverse5GAATAG
GTATGATTTTCATGT3ONeilletal1992
Primerset2amplifieda04kbfragmentfrominsect
mitochondrial12SrDNAforward5CTAGGATTA
GATACCCTATT3reverse5AAGAGCGAC
GGGCGATG3ONeilletal1993Thesecond
primersetisuniversalforinsectmitochondrialDNA
andwasusedasacontroltoverifythequalityofthe
DNAextractionSampleswereamplifiedonaPerkin
ElmerGeneAmpPCRSystem9700thermocyclerPE
AppliedBiosystemsFosterCityCaliforniausinga
protocolof95Cfor5minfollowedby30cyclesof
95C 1min54C 1min72C 1minAfter

amplificationsampleswereheldat72Cfor5minand
storedat4CuntilvisualizedReadytogoRTGPCR
beadsAmershamPharmaciaBiotechPiscatawayNJ
wereusedforPCRreactionstoensurestandardized

amplificationEach25t1PCRreactioncontained20
ngofeachWolbachiaspecificprimer10ngofeach
insect12SrDNAprimer1t1templateDNAand1
RTGPCRbeadPCRproductswereseparatedina1
agarosegelbyelectrophoresisstainedwithethidium
bromideandvisualizedonaUVtransilluminatorGels

werephotographedforapermanentrecordofresults
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RESULTSANDDISCUSSION

Cxpipienscomplexmosquitoeswerecollected
from14differentlocationsinCaliforniaduringthe
summerof1999Atpresentmosquitoesfrom10of
thepopulationshavebeenassayedbyPCRfor
WolbachiainfectionFigure2Thegeographic
distributionofpopulationssampledextendedfrom
RiversideCountyinthesouthtoShastaCountyinthe
northarangeof1000km

IndividualspositiveforWolbachiainfection
exhibitedtwoamplifiedbandstheWolbachiaspecific
fragmentat09kbandtheinsectmtDNAcontrol
fragmentat04kbFigure3ForWolbachianegative
individualsonlythecontrolbandwasdetected
Individualsmissingbothbandswereexcludedfrom
theanalysisduetopresumedfailedPCRPreviously
confirmedpositiveandnegativespecimensandor
knownWolbachiainfectedanduninfectedDrosophila
simulanswereusedaspositiveandnegativecontrols
respectively

Infectionfrequenciesatall10siteswereextremely
highrangingfrom96to100Figure2Outof
537totalindividualsassayedstatewide533were
infected99Uninfectedspecimenswere
confirmedtwicebyPCROnehundredpercentof

N50Hanford

100N50Delano

100N48Bakersfield

N50Lancaste

100N50Chino

N50SantaAna

100N100PalmDesert

females265and99ofmales268272tested
positiveforWolbachiaInfectionfrequencieswerenot
significantlydifferentbetweensitesx2 0096df

9orbysexx2 0059df 1
Theconceptofpopulationreplacementwith

transgenicinsectsiscurrentlyhamperedbythelackof
asuitabledrivemechanismtospreadtransgenicfactors
throughnaturalinsectpopulationsofinterest
Wolbachiaassociatedcytoplasmicincompatibilityis
beingcloselyexaminedasonesuchpossibletransgenic
drivemechanismIntheoryCIcanspreadtraitsthat
areverycloselylinkedwithWolbachiaintothe
populationalongwiththesymbiontsForpopulation
replacementwithtransgenicinsectstobesuccessful
transgenesofinterestmustbedriventohighfrequencies
throughoutnaturalpopulationsInnaturalCxpipiens
complexpopulationsinCaliforniaWolbachiainfection
levelsareextremelyhigh100forepidemiologically
importantfemalesandnearly100forbothsexes
combinedstatewideThisisencouragingbecauseit
indicatesthatatransgenicdrivemechanismin
mosquitoesbasedonWolbachiainducedCImayspread
introducedtransgenestohighenoughlevelstointerrupt
thediseasecycle

InordertouseCIefficientlyasatransgenicdrive
mechanismitiscrucialtounderstandwhichparameters

Anderson98N40

Lincoln98N27

ElkGrove98N80

Stockton100N50

Merced100N50

MaderaN50

Fresno99N72

Figure2CulexpipienscomplexcollectionsitesinCaliforniaandWolbachiainfectionfrequenciesSolidcirclesdenote
locationswhereWolbachiainfectionfrequencywasdeterminedOpencirclesdenotelocationswherespecimenswere
collectedbuthavenotbeentested50specimensfromeachsitewillbetested
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Figure3PCRproductsseparatedona1agarosegelstainedwithethidiumbromideandvisualizedby UVlightWolbachia

specificbandsarevisibleat09kbandinsectmtDNAcontrolbandsarevisibleat04kbSpecimens16and8positivefor
WolbachiaSpecimen9isnegativeforWolbachiaSpecimen7isanexampleoffailedPCR Ldenotes123bpladderand

NAdenotesnoamplification
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Figure4AnexampleofthedynamicsofWolbachiaspreadbasedontheTurelliand Hoffmannmathematicalmodelwhere

verticaltransmission90 incompatibility90andtherearenofecundityeffectsduetoinfectionMinimumfrequency
ofinfectedindividualsthatmustbeexceededtoestablishstableinfectionspreadis125ABelowthisfrequency
infectionwillnotbecomeestablishedandwillbelostinapproximately120generationsBIftheminimumestablishment
thresholdisexceededtheinfectionrateispredictedtoreachastableequilibriumof986 inapproximately60generations

CIfinitialintroductionishigherthantheminimumestablishmentthresholdstableequilibrium willbereachedina

correspondinglyshortertimeperiodWithaninitialintroductionof20stableequilibriumof986willbereachedin18

generationsD
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governWolbachiaspreadinnaturalinsectpopulations
Thefollowingparametershavebeenidentifiedanda
mathematicalmodeldescribingtheirinteractionshas
beenvalidatedforWolbachiaspreadinnatural
DrosophilasimulanspopulationsIfoneknowsthe
verticaltransmissionefficiencylevelofincompatibility
andfecundityloadofinfectionthemodelcanbeused
topredict1whetherWolbachiainfectionwillbecome
establishedinthepopulationandifsoatwhatfrequency
2howmanygenerationsestablishmentwilltakeand
3perhapsthemostimportantfromavector
modificationperspectivetheminimumfrequencyof
infectedindividualsthatmustbereleasedinorderto

establishastableinfectioninapopulationofwild
mosquitoesFigure4

VerticaltransmissionCIandfecundityloadare
currentlyunderinvestigationinbothlaboratorycolonies
andfieldpopulationsofCxpipienscomplexmosquitoes
Theextremelyhighinfectionfrequenciesdetectedin
naturalCaliforniaCxpipienssppleadstothefollowing
3predictionscurrentlybeingtested1vertical
transmissionofWolbachiainCaliforniaCxpipiensspp
isessentiallyperfectie100ofaninfectedfemales
offspringwillbeinfected2thelevelofWolbachia
inducedCIexpressedinCaliforniaCxpipienssppis
perfectieacrossbetweenaninfectedmaleandan
uninfectedfemalewillresultinnoviableoffspringand
3therearenomajorfitnesseffectsfecundityand
survivalloadsassociatedwithWolbachiainfectionin
CaliforniaCxpipiensspp
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EpidemiologicImplicationsofDynamicMortality inthe

YellowFeverMosquito
LindaMStyer

DepartmentofEntomologyUniversityofCaliforniaDavisCA95616

ABSTRACTTheyellowfevermosquitoAedesaegyptiaffectsthehealthofmillionsofpeopleeach
yearbytransmittingthevirusthatcausesdenguefeveroneofthemostimportantarthropodborneviral
diseasesintheworldBecausenolicensedvaccineexiststopreventdengueandnoclinicalcurehas
beenfounddiseasesuppressiondependsentirelyoncontrolofmosquitovectorpopulationsSincethe
1950smedicalentomologistshaverecognizedtheimportanceofadultmosquitosurvivalindetermining
theextentofpathogentransmissionandthisinsightledtotheextensiveuseofadulticidestoreducethe
dailysurvivalofadultmosquitoesModelsofvectorbornediseasespreadsuchasvectorialcapacity
useentomologicalfactorstopredictthenumberofnewhumaninfectionsresultingfromasingleinfected
personenteringafullysusceptiblepopulationMosquitosurvivalrateisthemostsensitivecomponent
ofthesepathogentransmissionmodelsbecauseoftheextendedincubationperiodofpathogensintheir
mosquitohostsAkeyassumptionofamajorityofthesemodelshoweveristhatmosquitoesexperience
aconstantmortalityrateatallagesItestedthisassumptionofageindependentmortalitybyexamining
themortalitypatternsofalargepopulation100000ofAeaegyptiTheresultingdailymortality
curvesrefutedtheassumptionthatmortalityisageindependentandrevealeddistinctageandsex
specificmortalitypatternsTodeterminetheeffectsofdynamicmortalitypatternsonvaluesofvectorial
capacityImodifiedthevectorialcapacityequationtoaccountforagedependentmosquitomortality
Theresultingestimatesofpathogentransmissionvariedsignificantlywhentwodifferentmortalitypatterns
wereassumedAbetterunderstandingofthemortalitypatternsofAeaegyptiwillcontributetoimproved
controlmeasuresofthisandotherimportantvectorsofarthropodbornepathogens

INTRODUCTION

FemaleAedesaegyptiarethemostimportant
vectorsofdenguevirusavirusthatgreatlyimpacts
humanhealthworldwideBecausenolicensedvaccine

existstopreventdengueandnoclinicalcurehasbeen
founddiseasesuppressiondependsentirelyoncontrol
ofmosquitovectorpopulationsSincethe1950s
medicalentomologistshaverecognizedthatadult
mosquitosurvivalisthemostsensitivecomponentof
pathogenspreadmodelssuchasvectorialcapacitydue
totheextendedincubationperiodofthepathogenin
themosquitovectorMacDonald1952GarretJones
1964Dye1992Thisinsighthasledtotheextensive
useofadulticidestoreducethedailysurvivalofadult
mosquitoes

Consideringtheimportanceofmosquitomortality
forpredictingpathogentransmissionmanystudieshave
attemptedtoquantifythepatternsofmortalityseenin
fieldandlaboratorypopulationsofvectormosquitoes
Usingresultsofpreviouslaboratoryandfieldstudies
MacDonald1952concludedthatmostmosquitoesdo

80

notsurvivelongenoughtoexperiencesenescenceand
thereforemosquitomortalitypatternsaredictatedby
ageindependentfactorssuchaspredationClements
andPatterson1981counteredthisnotionofa
constantmortalityratebyreanalyzingsurvivaldata
forwildandlaboratoryrearedpopulationsof
mosquitoesTheyfoundthattheGompertzfunction
exponentiallyincreasingmortalitywithagebest
describedthepatternofmortalityformostmosquito
speciesalthoughforAeaegyptitheygotmixedresults
inwhichthemortalityofacohortofbloodandsugar
fedfemaleswasbestdescribedbytheGompertz
modelwhereasthesugarfedcohortexhibited
increasingmortalitywithagebutwasnotadequately
describedbytheGompertzmodel

Recentlyathirdpatternofmortalitywasdetected
inmortalitystudiesoflargecohortsoftwoother
dipteranspeciesMediterraneanfruitfliesCeratitis
capitataCareyetal1992andDrosophila
melanogasterCurtsingeretal1992inwhichafter
aninitialincreaseinflymortalitytherateofdeath
leveledoffandthendeclinedThismortalitypattern
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calledthelogisticpatternwasdetectedinthesestudies
duetothelargesamplesizes10000Dmelanogaster
12millionCcapitataBecauseofthesheernumbers
offliestheresearcherswereabletocapturethedeaths
offliesthatlivedtotheoldestagesandhadincreased
resolutionofthemortalitypatternespeciallyatvery
youngandveryoldagesPromislowetal1999

Giventheimportanceofmosquitomortalityand
thelargenumbersofstudiesundertakentobetter
understandmosquitomortalityfewhaveused
populationsizesofgreaterthan1000mosquitoes
Thereforemuchofthedynamicsofmosquitomortality
patternshavegoneundetecteddynamicswhichmay
explainhowpathogentransmissioncanstillexisteven
whenvectorpopulationlevelsareveryloworcould
helpidentifythemostcriticalperiodintheadultlifeof
amosquitothatshouldbetargetedbycontrolefforts
Additionallytheeffectofdynamicmortalitypatterns
onmodelsofvectorbornepathogentransmissionthat
assumeageindependentmortalityGarretJones1964
Focksetal1995islargelyunknownaschangesin
thepredictionsofthesemodelshavethecapacityto
greatlyalterestimatesofentomologicalthresholds

Accordinglytheaimsofthisstudywereto1use
alargepopulationofcaptiveAedesaegyptitotestthe
hypothesisthatmortalityrateschangewithageand2
determineifdynamicmortalityratesenhanceestimates
ofpathogentransmissionfromthevectorialcapacity
modelAbetterunderstandingofmortalitypatternsof
thisimportantvectorspecieswillincreaseour
understandingofmosquitomortalityingeneral
informationthatcanbeusedtoimprovecontrol
strategiesforavarietyofmosquitobornepathogens

PROCEDURES

Immatureandadultmosquitoesweremaintained
ina12hlight12hdarkphotoperiodundercontrolled
environmentalconditions2629C2550RHTo
ensuresynchronousemergenceimmaturemosquitoes
werefedastandardizeddietandmaintainedata

constantdensityPupaewerecollectedplacedinto15
cmx60cmx90cmscreenedadultexperimentalcages
andallowedtoemergefora24hperiodAdult
mosquitoeswereprovidedwithwaterand10sucrose
solutionfromcottonwicksintroducedthroughportsin
thesideofeachcage

Eachexperimentalcagewasinspecteddailyatthe
sametime 1hdeadmosquitoeswereremovedby
mouthaspirationandrecordedbydateandsex
Mortalitydatafromeachcagewerecontinuously

tabulatedinaMicrosoftExceldatabasewhichwas
utilizedtoconstructacohortlifetableCarey1993
Lifetableparametersweredeterminedfornumber
livingNfractionsurviving1agespecificsurvival
pagespecificmortalityqfrequencyofdeathd
andexpectationoflifee

Theeffectofdynamicmortalityonthevectorial
capacitymodelwasdeterminedbymodifyingthe
originalGarretJones1964modeltoincludeage
specificparametersfordailysurvivalandlife
expectancyTheoriginalequationdescribesthe
numberofnewinoculationsinfectivepersondayC

ma
C
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ln

andisdescribedbythefollowingtermsmmosquito
densitya mosquitobitingratep mosquitodaily
survivalraten extrinsicincubationperiodand1ln
pexpectationofinfectivelifeThemodifiedequation
describesvectorialcapacityfortheageatwhicha
mosquitofirstbitesaninfectivepersonx

xn

C ma2npe
ix

Thetwomodifiedtermsinthisequationare
xn

npi
ix productofthesurvivalratesobservedfor

cagedmosquitoesfromagextoagexnande
expectationofinfectivelifeatagexnwhenamosquito
isinfectiousMosquitodensitymbitingrateaand
extrinsicincubationperiodnwereheldconstantfor
allagesinbothmodels

RESULTSANDDISCUSSION

Thedeathsof100000mosquitoes55997males
and45111femalesfrom29experimentalcageswere
recordedMeanandmaximumlifespansdiffered
betweenmalesmean 16daysmax 71daysand
femalesmean 32daysmax 92daysMoreover
thereweredistinctsexspecificmortalitypatternsThe
mortalityrateofmalemosquitoesincreasedrapidlyfor
thefirst20daysafterwhichitleveledoffanddeclined
Femalesontheotherhandexhibitedalowerinitial

mortalityratethatsteadilyincreasedwithage
Theobservedsexspecificmortalitydifference

couldbeduetothedifferentdietaryrequirementsof
maleandfemalemosquitoesMaleAeaegyptifeed
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exclusivelyoncarbohydrateswhilefemalesfeed
primarilyonhumanbloodbutcanalsoutilize
carbohydratesforenergyEdmanetal1992Inthis
studymalesreceivedtheircompletedietwhilefemales
receivedadietrestrictedtocarbohydratesthatlacked
bloodLargescalemortalitystudiesoffemale
Mediterraneanfruitfliesdemonstratedthatfliesfeda

restricteddietlivedlongerthanthosefedafullprotein
dietCareyetal1998Therestricteddietoffemale
mosquitoesinthisstudymayhaveplacedthemintoa
nonreproductivewaitingmodewhichmayexplain
theirlongerlifespancomparedtomales

Mortalitypatternsofbothmaleandfemale
mosquitoesweredynamicwithrespecttoagerefuting
theassumptionthatmortalityisageindependentThis
resulthasimportantimplicationsforvectorborne
diseaseepidemiologybecausecurrentmodelsofvector
bornepathogentransmissionassumethatmosquito
mortalityisconstantatallagesConsideringthatvector
mortalityisthemostsensitivecomponentofthevector
bornediseasetransmissioncycleDye1992thecurrent
useofanaverageorconstantmortalityratewithoutan
attempttoidentifytheunderlyingpatternofmortality
resultsinvectorialcapacityestimatesthatunderestimate
thecomplexityofthearbovirustransmissioncycle
Resultsfromthisanalysisindicatethatusinglaboratory
resultsthepatternofvectormortalitycancause
estimatesofvectorialcapacitytovarysignificantlyFig
1showstwohypotheticaltypesofdynamicmortality
patternsaquicklyacceleratingmortalityratethatlevels
offanddeclinesandaninitiallylowbutsteadily
increasingpatternofmortalityThesepatternshave
thesameaveragedailymortalityof010Whenvalues
fromthesemortalitypatternsareusedinthemodified
vectorialcapacitymodelEqn2theresulting
estimatesofpathogentransmissionareverydifferent
Fig2Lowinitialmortality001leadingtoapeak
mortalityof015byday30AFig1allows
mosquitoesthatbiteaninfectedpersonearlyintheir
lifetosurvivethroughtheextrinsicincubationperiod
Theseinfectiousmosquitoeshoweverhaveaveryshort
lifeexpectancybecauseofhighmortalityearlyinlife
Thereductioninpathogentransmissionefficiencywith
thistypeofmortalitypatternisapparentinthatafter
day15vectorialcapacityvaluesarenolongerhigh
enoughvectorialcapacity1tosustaincontinued
pathogentransmissionAFig2Moderatelylow
mortality01forthefirst30daysBFig1results
inalargerpercentageofmosquitoesthatlivethrough
theextrinsicincubationperiodandresultsinarelatively
longexpectationofinfectivelifeThispatternof
mortalitytranslatesintoinitiallyhighvectorialcapacity
valuesthatwouldsupportcontinuedpathogen

transmissionvectorialcapacity1inmosquitoesthat
biteaninfectedpersonupto23daysofageBFig2

Ifthesemortalitypatternscharacterizedtwo
populationsofcompetentmosquitoestheirestimates
ofvectorialcapacitywouldbeidenticalunderthe
assumptionofageindependentmortalityEqn1
Howeverconsideringthedynamicnatureofmortality
ratesthepotentialforthesetwopopulationstospread
pathogensisverydifferentHavingthistypeofdetailed
knowledgeofmosquitomortalitypatternswouldallow
controlpersonneltodirectadulticidesatthepopulation
withthehighestpotentialforpathogenspreadleading
tobettercontrolofvectorbornediseases

Fromthistypeofanalysisitisclearthatamore
thoroughunderstandingofthepatternsofmortality
experiencedbymosquitoesisnecessaryforaccurate
predictionsofpathogentransmissionAgespecific
patternsofmortalitydeterminetheagestructureof
mosquitopopulationsandconsequentlytheproportion
ofthepopulationthatisoldenoughtopotentiallybe
infectiousInadditionthesepatternsdeterminethe
lifeexpectancyofinfectiousmosquitoesandthusthe
numberofnewhumansinoculatedwiththepathogen
Thereisaneedtodetermineifmosquitoesthatarefed
bloodandareinfectedwithdengueviruswillexhibit
mortalitypatternsthataresimilartotheonesinthis
studyInfuturestudiesIplantoinvestigatetheeffects
ofbloodfeedinganddengueinfectiononmortality
ratesoflaboratoryrearedmosquitoes
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MosquitoAbundanceandArboviralActivity
inSanBernardinoCountyDuring1999

LalSMian1 ChrisNNwadikeandLesliAllsup

SanBernardinoCountyVectorControlProgramEnvironmentalHealthServicesPublicHealth
2355EastFifthStreetSanBernardinoCA924150064

ABSTRACTOfthe8079mosquitoescollectedinNewJerseylighttrapsandCO2baitedCDCtype
trapsinSanBernardinoCountyin1999themostabundantmosquitowasCulextarsalis539
followedbyCulexquinquefasciatus169 Culexstigmatosoma135 Culisetaincidens97
andCulexerythrothorax25OtherspeciesfoundinsmallnumbersincludedAedessierrensisAedes
vexansAnophelesfranciscanusandAnophelesfeeborniSpeciesabundanceandcompositionbetween
regionsvariedsignificantlyAll110poolsofculicinespeciessubmittedfortestingwerefoundnegative
forbothSaintLouisencephalitisSLEandwesternequineencephalomyelitisWEEvirusesThe
NeedleschickenflockshowedtwoseroconversionstoSLEinSeptemberandOctober

INTRODUCTION

TheSanBernardinoCountyVectorControl
ProgramSBCVCPconductsencephalitisvirus
surveillanceEVSandmosquitocontroloperationsin
allareasofSanBernardinoCountyexceptforareas
servedbyWestValleyVectorControlDistrictandsome
nonmembercitiesThecountywiththreedistinct
biotopesthedesertmountainandvalleyhasa
majority80 ofits16millionhumanpopulation
residinginthevalleyareaTheremainingpopulation
isscatteredovervariouspartsofthedesertandmountain
regionsHistoricallycasesofSaintLouisencephalitis
andwesternequineencephalomyelitishavebeen
reportedinthedesertandvalleyregionsfromtimeto
timeDuringthepast13yearstherewerefive
confirmedhumancasesofSaintLouisencephalitisin
thecountyEmmonsetal198819891994Reillyet
al1995Duringthesameperiodactivitiesofboth
SLESaintLouisencephalitisandWEEwestern
equineencephalomyelitisviruseswerereportedinthe
desertregion Needlesandadjoiningareasalongthe
ColoradoRiver

DatageneratedinEVSactivitiesin1999are
presentedhereinrelationtomosquitoabundanceand
arboviralactivity

MATERIALSANDMETHODS

vDepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397
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EVSproceduresdescribedbyMianandProchaska
1990werecontinuedasfollows

AdultMosquitoPopulationDynamics
Theabundanceofvariousmosquitospecieswas

monitoredweeklybytheuseofNewJerseylighttraps
Thenumberandlocationsofthesetrapsalongwith
proceduresforidentificationandprocessingwerethe
sameaslastyearMianetal1999

ArboviralActivityinFemaleMosquitoes
Theprocedureandfrequencyofmosquito

collectioninthedesertandvalleyareasweresimilar
tothosereportedbyMianetal1999Female
mosquitoescollectedovernightwereprocessedinthe
samemannerasdonein1997Mianetal1998
Mosquitotestingforvirusactivitywasdoneatthe
CenterforVectorBorneDiseaseResearchUniversity
ofCaliforniaUCDavis

ArboviralActivityinSentinelChickens
Thenumberandlocationsofsentinelflocksand

bloodsamplingandtestingprotocolwerearepeatof
lastyearMianetal1999
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RESULTSANDDISCUSSION

DataonmosquitoescollectedinNewJerseylight
trapsandCO2baitedCDCtrapswereusedtocalculate
thefaunalspeciescompositionin1999Table1Of
thetotal8079adultmosquitoescollected563were
fromtheformertypeoftrapsand437fromthelatter
ThemostabundantmosquitowasCulextarsalis
Coquillet539 followedindescendingorderby
CulexquinquefasciatusSay169Culex
stigmatosomaDyar135Culisetaincidens
Thompson97 andCulexerythrothoraxDyar
25Otherspeciesfoundinsmallnumbersincluded
AedesandAnophelesspeciesAnophelesfreeborni
made04 AnophelesfranciscanusMcCracken03
Aedesvexans04andAedessierrensisLudlow
02ofthetotalmosquitoescapturedCulextarsalis
CxerythrothoraxCsinornataAevexansandAn
franciscanuswerefoundinsignificantlyhigher
numbersinthedesertthaninthemountainsandvalley
areasAdverselyCxquinquefasciatusCx
stigmatosomaCsincidensAesierrensisandAn

Table1PercentspeciescompositionofadultmosquitoescaughtindifferenttrapsinSanBernardinoCounty
during1999

Aedessierrensis

Aedesvexans

Anophelesfranciscanus

Anophelesfreeborni

Culexerythrothorax

Culexquinquefasciatus

Culexstigmatosoma

Culextarsalis

Culisetaincidens

Culisetainornata

TotalA

ofTotal

TrapnightsB

MosquitoIndexMB

Mosquitocompositionbyarea

CO2baitedtraps
Number

freeborniwerehigherinthevalleyandmountainsthan
inthedesertregion

Atotalof110poolsofculicinemosquitoesCx
tarsalisCxquinquefasciatusandCxstigmatosoma
collectedinCO2baitedCDCtypetrapsinthedesert
andvalleyareastestednegativeforbothSLEandWEE
viruses

Theresultsonchickenserologyshowedtwo
seroconversionstoSLEvirusintheNeedlesflockonly
ThefirstseroconversionwasreportedonSeptember
17bledSep71999andthesecondonOctober18
bledOct81999Lastyearsflockatthissitehad
twoseroconversionstoWEEandnonetoSLE

Uponreceiptofconfirmationofseroconversions
inthedesertregiontheareaswerepostedwith
EncephalitisWantingsignsfollowedbypressreleases
tolocalnewspapersadvisingresidentstotakenecessary
precautionstoavoidmosquitobitesduringoutdoor
activitiesespeciallyatduskanddawnintheaffected
areasInthewakeofvirusactivitymosquitosource
reductionandcontrolactivitieswereintensifiedinthe

areaDuringthe1999EVSseasonMaythrough

NJlighttraps
Number

Total

Number

3 01 11 03 14 02

0 0 33 09 33 04

3 01 25 07 28 03

29 06 0 0 29 04

8 02 197 56 205 25

1222 269 146 41 1368 169

434 95 657 86 1091 135

2735 601 1616 458 4351 539

114 25 669 190 783 97

0 0 177 50 177 22

4548 100 3531 100 8079 100

563 437

194 3402

234 10
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Octobernohumancaseofmosquitoborneencephalitis
occurredintheSBCVCPterritory
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SurveillanceforRodentBornePathogensinSan
BernardinoCountyDuring1999

INTRODUCTION

RodentbornediseaseshavebeenfoundinSan

BernardinoCountyfromtimetotimeFordecades
enzooticandoccasionallyepizooticplagueactivityin
rodentpopulationshavebeenreportedinthefoothills
andmountainhabitatsnecessitatingregular
surveillanceeffortsduringthesummermonthsMian
andHitchcock1998OftheHantavirusestheSin
NombrevirusSNVactivitywasfirstdetectedinSan
BernardinoCountyindeermicePeromyscus
maniculatusandcactusmicePeromyscuseremicus
intheNeedlesareaalongtheColoradoriverin1996
Mian1997Similarlyactivityofthelittleknown
ArenavirusWhitewaterArroyovirusWWAwasfirst
detectedinadeermouseintheDevilsCanyonarea
SanBernardinoin1998 Mianunpublisheddata
WWAwasfirstisolatedandcharacterizedfromthe

southwesternUSbyFulhorstetal1996Detailed

LalSMianChrisNNwadikeandCharlesFulhorsty

SanBernardinoCountyVectorControlProgramDivisionofEnvironmentalHealthservices
DepartmentofPublicHealth2355East5thStreetSanBernardinoCA924150064

ABSTRACTTheSanBernardinoCountyVectorControlProgramcarriedoutroutinesurveysfor
bacterialandviralpathogensinlocalrodentpopulationsduring1999Of13plaguesurveysinvolving
137rodents97CaliforniagroundsquirrelSpermophilusbeecheyinoneoftheseratestedpositive
forYersiniapestisantibody

In16Hantavirussurveys53ofthetotalanimals212testedseropositivefortheSinNombre
virusSNVSNVpositiveanimalsincluded5deermicePeromyscusmaniculatus4westernharvest
miceReithrodontomysmegalotis2CaliforniavolesMicrotuscalifornicusandoneeachofCalifornia
micePeromyscuscalifornicuspinyonmicePeromyscustrueiandduskyfootedwoodratsNeotoma
fuscipes

InArenavirussurveysincluding143smallrodents535 testedseropositiveforarenaviruses
OfthefiveanimalstwoPmaniculatusoneChaetodipusformosusandoneNfuscipeswerepositive
fortheAmaparivirusandonePmaniculatusfortheWhitewaterArroyovirus

88

informationincludingserologicalgroupingof
arenaviruseshasbeendescribedintheliterature

Fulhorstetal1996Kosoyetal1996
TheSanBernardinoCountyVectorControl

ProgramSBCVCPconductssurveillanceprogramsfor
plagueHantavirusandArenavirusesinselectedareas
ofthecountyDatageneratedinthesurveillanceof
rodentbornepathogensin1999arediscussedhere

MATERIALSANDMETHODS

Thegeneralmethodologyusedinthesurveillance
wassimilartoMianetal1999Inplaguesurveillance
nationaltrapswereusedtocollectdiurnalrodentssuch
asgroundsquirrelsandchipmunks

InbothHantavirusandArenavirussurveys

ShermantrapswereusedtotrapnocturnalmiceBlood
samplescollectedfromgroundsquirrelsandchipmunks
onnobutostripsweresenttotheCaliforniaDepartment

1DepartmentofHealthScienceCaliforniaStateUniversitySanBernardinoCA924072397
vDepartmentofPathologyMedicalBranchUniversityofTexasGalvestonTX775550609
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ofHealthServicesforplaguetestingattheUniversity
ofCaliforniaDavisMiceseraforSNVtestingwere
mailedtotheViralandRickettsialDiseaseLaboratory
inBerkeleyandthoseforArenavirustotheUniversity
ofTexasMedicalBranchatGalveston

ForplagueandHantavirusactivitytheprotocol
usedforpubliceducationwassimilartothatdescribed
byMianandHitchcock1998

RESULTSANDDISCUSSION

Inplaguesurveillance13surveyswerecarriedout
fromMaythroughOctoberTable1Atotalof187
animalsincluding18397 Spermophilusbeecheyi
32 Ammospermophilusleucurusandone1
TamiasmerriamiweretestedNoneoftheanimals

testedpositivefortheYersiniapestisantibodyTheflea
indexrangedfrom1to48Plagueactivityinwild
carnivoreswasreportedbytheCaliforniaDepartmenet
ofHealthServicesCharlesMyerspersonal
communicationTwocoyotessampledonAugust17
and18attheGreenValleyLakeandoneonAugust25
atSanAntonioHeightswereseropositiveforplague

EarlierintheseasontheSerranocampgroundin
theBigBearareawhichwascloseddownduetoplague
activitylatein1998wastreatedinmidMayusing
Diazinon2DinbaitstationstocontrolfleasThe

campgroundwasreopenedintimefortheLaborday
weekendafteraposttreatmentevaluationfortheflea
indexwasperformed

InHantavirussurveillance16surveyswerecarried
outduring1999Basedatotalof212rodentstrapped
thepercentfaunalcompositioninthesesurveyswas
Peromyscusmaniculatus250 Reithrodontomys
megalotis146 Permyscusboylii113
Peromyscustruei113 Neotomafuscipes90
Musmusculus57 Peromyscuscalifornicus57
Peromyscuseremicus57 Chaetodipusformosus
28 Peromyscuscrinitis28 Microtus

californicus23 Neotomalepida19 T

merriami14 andRattusrattus05 Asshown

inTable2chronologicalSNVactivitywasdetectedat
differentsites ColtonHighlandSanBernardino
DevoreFontanaandBartonFlatsareademonstrating
awidedistributionofviralactivityintheareassurveyed
sofarSNVactivitywasfoundinsamplesfromP
maniculatusRmegalotisMcalifornicusandN
fuscipesEachSNVactivitypromptedpressreleasesto
thelocalnewsmediaadvisingresidentstotake

precautionarymeasuresintheaffectedareas
SurveillanceforArenavirusesbeganinlate1998

whenonePmaniculatusoutof25differentrodents

wasfoundpositiveforWWAintheDevilsCanyon
areaSanBernardinoBasedonatotalof143animals
collectedin1999Pmaniculatuswasthemost

abundantspecies287followedbyRmegalotis
230 Pcalifornicus203 Peremicus63
Pboylii56 Nfuscipes49 Cformosus
35 Ptruei28 Nlepida21 Pcrinitis

14 andMcalifornicus14 AsshowninTable

3onePmaniculatuswaspositiveforWWAinthe
ForestFallsareaFromtwoseparatesitesinRedlands
fourrodentstwoPmaniculatusoneCformosusand
oneNfuscipestestedseropositivefortheAmapari
virusserologicallyquitedifferentfromWWAEfforts
toisolatevirusesfromthetissuesdidnotyieldpositive
resultsMoresurveillanceoveralargerareaisrequired
inordertogetabetterunderstandingofthedistribution
andprevalenceofthesevirusesinnaturalrodent
populationsinSanBernardinoCounty



January2000 ProceedingsandPapersoftheSixtyEighthAnnualConference 90

Table1PlaguesurveillanceinSanBernardinoCounty1999

Date Location Animalstesteda Ectoparasites Fleaindex

0513 SerranoCG 12 1 10

0622 SanGorgonioCG 19 60 32

0628 AppleWhiteCG 23 69 30

0817 GreenValleyLakeCG 21 55 26

0825 GoffsStationI40 312 0 0

0830 RioBarrancaGC 16 77 48

0831 CrabFlatCG 7 19 27

0831 ChildrensForestCG 4c 6 15

0927 BigFallsCG 7 14 20

0928 HeartBarCG 14 5 04

1012 ElRanchVerdeCtryClub 2 6 30

1025 LittlefieldSPark 8 10 12

1027 MillerCanyonGC 1 2 20

CGCampgroundGCGroupCamp

ASpermophilusbeecheyi

bAllAmmospermophilusleucurus
oneTamiasmerriamithreeSbeecheyi

Table2DistributionofSinNombrevirusactivityinSanBernardinoCounty1999

Date Location animalstested seropositive

0204 FloodChannelColton 26 1

0218 SheltonTrailsHighland 40 2

0331 2N49EPalmSanBernardino 28 1

0416 CajonBlvdFSDevore 34 2

0506 4470LytleCreekRdLytleCreek 8 0

0512 NCherryCoyoteCrFontana 18 7

0708 NMountainDamUpland 9 0

0714 FloodChannelUpland 4 0

0804 1N69AngelesOaks 15 0

0806 RedfordCampRdBartonFlats 23 1

0813 Trona 6 0

0818 GreenValleyLakeCampground 15 0

0819 CrabFlatCampground 3 0

0825 SweenyGraniteMTCenter 12 0

0909 10000BikEdisonAveChino 7 0

1103 DevilsCanyonSanBernardino 17 0

Total 265 1453
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Table3DistributionofarenavirusesinSanBernardinoCounty1999

Animals Positive

Positive

Date Location Tested APV WWA

0108 AlabamaStRedlands 9 1 0

0115 ThurmanFlatsForestFalls 10 0 1

0129 PetCemeteryDevore 28 0 0

0304 KilkareRoadPicnicPark 23 0 0

0312 OakGlenPark 7 0 0

0720 KilkarePicnicSite 8 0 0

0729 GreenSpotDamMentone 5 0 0

0730 2N56UpperLytleCreek 30 0 0

0917 AlessandroFCRedlands 10 3 0

1209 CleghornRdCajonPass 13 0 0

Total

APVAmaparivirus
WWAWhitewaterArroyovirus

REFERENCESCITED
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