
Institut Pasteur du Laos
Activities Report 2015-2016



Summary

(C-Letter-from-Dr’-Paul-BREY---
(k-Scientific-!ctivities-)(CI7)(Cô

(O-!rbovirus-and-Emerging-viral-diseases
laboratory

(ô-!rbovirus-surveillance
(8-!rbovirus-ecology-
CO-ResearchTDevelopment

-

Lao-French joint Lab 1 

Medical-Entomology-9-Biology-of-Disease-
Vectors-Laboratory

Cô
Lao-French joint Lab 2 

C,-Malaria-vectors-in-Lao-People’s-Democratic-Republic-and-Thailand-
and-capacity-building-in-medical-entomology--/M!LVECp-
)C-Risk-Of-Vector7Borne-Diseases-In-Relation-To-Rubber-Plantations-
In-Lao-PDR-/ECOMOREp
k)-Risk-of-Vector7borne-Diseases-in-Relation-to-Rubber-Plantations-in-Côte-
d’Ivoire-as-compared-to-Lao-PDR--
kI-Vector-mappingV-characterization-of-insecticide-resistance-of-!edes-
populationsV-and-entomology-capacity--development-in-Lao-PDR-/!RBOVECp
OC-Efficacy-of-alternative-larvicides-for-dengue-vector-control-in-semi7field-trial-

Vaccine-Preventable-Diseases-LaboratoryOô-

Oz-Serosurveillance-of-vaccine-preventable-diseases-
and-hepatitis-C-in-healthcare-workers-from-Lao-PDR
O8-Diphtheria-seroprevalence-in-Huaphan-Province
IC-Hepatitis-B-and-C-virus-in-Lao-blood-donors
I)-Varicella-zoster-outbreak
I)--Evaluation-of-zoonotic-virus-circulation-and-transmission-
in-domestic-animals-from-mixed-farms-in-rural-Lao-PDR-

Lao-Lux joint Lab 

Lao-Japan joint Lab 
Parasitology-LaboratoryIO

II-S!TREPS-Projectw-Project-for-Development-of-Innovative-Research-Technique-
in-Genetic-Epidemiology-of-Malaria-and-Other-Parasitic-Diseases-in-Lao-PDR-for-
Containment-of-Their-Expanding-Endemicity

ôI-They-visited-Institut-Pasteur-du-Laos6-
ô,-TeachingTTraining
-ôz-Main-organigram



Mandate

InstitutjPasteurjdujLaosjkIPL:jisjajLaojNationaljInstitutionjcreatedjbyjPrimejMinisterialjDecreejinjNovemberjqAA7jjIPLj
isjthejresultjofjajlongjtermjandjjointjdecisionjbetweenjLaojMinistryjofjHealthjandjInstitutjPasteurjParisjwhichjcommitsj
tojstayjF6jyearsjbeforej retrocedingj thej fulljmanagementjofj IPLCjSustainabilityjwilljbejachievedjbyjpreparingjajnewj
generationjofjLaojdoctorsjandjscientistsjtojfilljkeyjpositionsjasjheadsjofjlaboratoriesjandjadministrationjatjIPLC

IPLjhasjajmandatejfromjLaojMinistryjofjHealthjtojfulfiljactivitiesjofjpublicjservicej:
FCjResearchjandjdiagnosticsjonjemergingjinfectiousjdiseasesjandjvectorjbornejdiseasesC
qCjTraining,jeducationjandjcapacityjbuildingC
3CjTechnicaljassistancejtojNationaljCenterjforjLaboratoryjandjEpidemiologyjkNCLE:jforjinvestigationjofjepidemicsC

IPLjbenefitsjfromjajlargejdegreejofjautonomyjklegal,jscientific,jmanagement,jfinancial:jandjasjsuchjcanjbejconsideredj
asjajnewjmodeljofjLaojpublicjinstitutionCjAlljthejownershipjbelongsjandjremainsjthejpropertyjofjLaojPDRC

IPLj hasj aj scientificj autonomyj withinj itsj mandatej providedj byj thej MoHCj Itj isj ablej toj engagej freelyj inj collaborativej
researchjandjinvestigationsjwithjotherjLaojandjinternationaljresearchjandjpublicjhealthjorganisationsC
Financialj issuesj arej independentj fromj thej Laoj publicj financej systemCj IPLj isj ablej toj receivej outsidej fundingj
kdonations,j grants,j bequeaths,j etcC:j andj toj generatej itsj ownj resourcesj throughj itsj ownj discoveriesj toj insurej itsj
sustainabilityC
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appointedbbybIPbParisVbAbspecificitybofbthebBoardbmeetingsbisbthebparticipationbofbthebmainbcontributorsbandbstakeholdersbasb
observersbinbthebspiritbofbtransparencybandbpartnershipVb

Actual composition of the Board of Directors:
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DrVbSamlanebPOMPIDAubFormerbDirectorbNationalbCenterbforbMalariologyubParasitologybandbMedicalbEntomologyu
MinistrybofbHealthubLaobPDRV
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Department
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LetterAfrom

+rFAPaulA:R6Y
+irector

+uringAtheApastAyearJAIPALaosAhasAconsiderablyAconsolidatedA
itsA laboratoryA staffA asA wellA asA itsA laboratoryA andA trainingA
infrastructureFA–sAofASeptemberA)G(&AIPALaosAhasAaAtotalAstaffA
ofA TqApersonsAofAwhomA&qAareALaotianFA InA lineA A ourA originalA
planJA establishedA inA )GGNJA IPA LaosA isA nowA fullyA staffedA andA
functionalA withA allA laboratoriesA occupiedFA InA additionJA anA
exceptionalA donationA onA theA partA ofA theA HenryA MFA JacksonA
FoundationA withA supportA fromA USA +epartmentA ofA +efenseA
GlobalA6mergingAInfectionsASystemA7G6ISxJAallowedAIPALaosA
toA fullyA equipA itsA dedicatedA :SL(A 5A :SL)A trainingA
laboratoriesFA TheA trainingA laboratoriesA provideA aA uniqueA
facilityA inALaoAP+RAandAwillA contributeA toA theA trainingAofALaoA
medicalAdoctorsAandAMinistryAofAHealthAstaffA fromAtheAcapitalA
andAtheAprovincesF
A
InAlineAwithAitsANationalAInstituteAstatusJAIPALaosAcontinuesAtoA
workAhandA inAhandAwithA theALaoAMinistryAofAHealthAprovidingA
evidencekbasedAdataAtoAtheALaoAMOHAonAaAweeklyAbasisFAToA
facilitateA thisA communicationA +rFA +arounyA PhonekeoA wasA
officiallyA appointedA asA +eputyA +irectorA ofA IPA LaosA byA theA
MinisterA ofA HealthFA +rFA +arouny’sA presenceA facilitatesA theA
communicationA andA informationA transferA betweenA IPA LaosA
andAtheAMinistryFA AFollowingAtheAseriousAdengueAepidemicAofA
)G(qJA theA GovernmentA ofA LaoA P+RA andA otherA stakeholdersA
suchAasAtheAWorldAHealthAOrganizationAhaveArecognizedAtheA
–rbovirusA andA 6mergingA VirusesA LabA ofA IPA LaosA forA theirA
excellenceA andA tirelessA effortsA inA theA areaA ofA dengueJA
surveillanceJAdiagnosticsAandAserotypingF

+uringAtheAyearJAIPALaosAalsoAwelcomedA+rFAShigeyukiAKanoA
andAhisAteamAfromAtheANationalA/enterAforAGlobalAHealthAandA
MedicineA 7N/GMxA TokyoJA whoA setA upA theA LaoA JapanA LabA
focusingA onA MalariaA drugA resistanceA andA trematodeA
infestationsA withA theA supportA ofA theA JapanA InternationalA
/ooperationA –gencyA 7JI/–xA andA JapanA ScienceA andA
TechnologyA–gencyFATheALaokLuxAlabAcontinuesAtoAcontributeA
importantA findingA onA vaccineA preventableA diseasesA andA hasA
carriedAoutAseveralAprojectsAwithAtheALaoA:loodA:ankJAMinistryA
ofA HealthA andA LuxemburgA +evelopmentA toA improveA diseaseA
surveillanceJA betterA monitorA vaccinationA coverageA andA
efficacyFATheAIPALaosAMedicalA6ntomologyALabAcontinuesAitsA

ongoingA programsA withA theA USA NavalA MedicalA ResearchA
/enterA –siaA 7NMR/k–xJA theA FrenchA MinistryA ofA ForeignA
–ffairesA andA FrenchA +evelopmentA –gencyA 7–F+A –A
6/OMOR6xA toA identifyA medicallyA importantA arthropodA
vectorsJA inA specificA biotopesA 7rubberA plantationsJA cavesJA
remoteAvillagesJAprimaryAforestsJAetcFxJAasAwellAasAtheirAstatusA
toAAinsecticideAresistanceFA

TheseAdataAwillAallowAtheALaoAMOHAtoAimproveAvectorAcontrolA
strategiesFA

InA additionJA aA specialA effortA wasA madeA toA reinforceA ourA tiesA
withAtheALaoAMilitaryAMedicalA+epartmentA7LMM+xAofAtheALaoA
MinistryA ofA +efenseFA –A MemorandumA ofA UnderstandingA
7MOUxAwasAsignedAonA)NAMayA)G(&AtoAallowALMM+AstaffAtoA
carryA outA jointA researchA projectsA andA toA trainA inA IPA LaosA
laboratoriesFA

WithA regardA toA trainingJA IPA LaosA conductedA threeA trainingA
courses’A –A RegionalA /hikungunyaA WorkshopJA aA workshopA
onA TaxonomyA andA SystematicsA ofA medicallyA importantA
arthropodsA forA MOHA staffA fromA theA centralA andA provincialA
levelA andA aA :iosafetyA andA :iosecurityA WorkshopA forA MOHA
staffAatAtheAcentralAandAprovincialAlevelFA

IPA Laos’sA juniorA scientistsJA workingA togetherA withA theirA
foreignA mentorsJA areA becomingA moreA andA moreA involvedA inA
theA InstitutesA researchA programsA andA areA nowA takingA theA
responsibilityA toAmanageA theseAprogramsFA–fterA threeAyearsA
ofA ScientificA –ctivityJA IPA LaosA isA becomingA aA centerA ofA
excellenceA forA researchA andA trainingA ofA LaoA scientistsU
medicalA doctorsA inA theA areaA ofA infectiousA andA vectorA borneA
diseasesFA

FinallyJA theA LaoA MinistryA ofA HealthA andA WHOA haveA
nominatedAIPALaosAasAtheAfrontklineAlaboratoryAforAdiagnosticA
ofA suspectedA 6bolaA casesA inA LaoA P+RFA TheA 6bolaA publicA
healthA crisisA hasA promptedA IPA LaosA toA upgradeA theA :SL)MA
labA toA aA :SLqAstatusA withA theA incorporationA ofA aA gloveA boxA
andA autoclaveA insideA theA securityA laboratoryFA +rFA MarcA
GrandadamJAHeadAofAtheA–rbovirusAandA6mergingAVirusesA

G(AINSTITUTAP–ST6URA+UAL–OSAA–NNU–LAR6PORTAA)G(Tk)G(v
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Laboratory.is.working.closely.with.the.Lao.MOH.and.WHO.to.
put.into.place.a.failsafe.T4.hour.Ebola.diagnostic.platformz.IP.
Laos.has.also.participated. in. the.realvtime.Ebola.simulation.
exercises. with. the. Lao. Ministry. of. Health. and. other.
institutionsR. such. as. Wattay. AirportR. Mittapab. Hospital. and.
the. National. Center. for. Laboratory. and. Epidemiology.
CNCLE(z

A.decade.agoR.the.idea.of.the.creation.of.an.Institut.Pasteur.
du.Laos.emerged.with.the.SARS.and.Avian.Influenza.H5ND.
epidemicsz..At.that.timeR.the.Lao.Ministry.of.Health.rallied.the.
creation.of.IP.Laos.to.provide.Lao.PDR.with.a.research.and.
training. facility. to. deal. with. highly. pathogenic. emerging.
diseases. threatening. the.country.and. the. regionz.TodayR. IP.
Laos. stands. ready. to. fulfill. this. important. role. and. to. work.
with.the.Ministry.of.Health.and.other.stakeholders.to.mitigate.
the.arrival.and.spread.of.emerging.infectious.diseasesz..

...
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ArboviruspandpEmergingpviralpdiseases
laboratoryp Lao-French joint Lab 1 

Head of Laboratory: Marc GRANDADAM, PhD    

Junior Scientists: 
KouxiongpSAYTENGVpMD
SompavanhpSOMLORVpMD
ThonglakhonepXAYBOUNSOUVpMDp

Technicians:
ChintanapLATHAPHASAVANG
PhaithongpBOUNMANY
SouksakhonepVIENGPHOUTHONG
SitsanapKEOSENHOM
BountapVONGPHACHANH

Projects

Arboviruspsurveillance
Arboviruspecology
ResearchcDevelopment

Sincep1/21VpthepArboviruspandpEmergingpViralpDiseasespLaboratorypdevelopedpcombinedpfieldpstudiesptopimprovepknowledgep
ofpviralpvectorIbornepdiseasespinpthepLaopPDRjpOverptheplastpthreepyearsVpthepteampwasporganizedparoundpspecificpprojectsptop
helppthepyoungpLaopscientistspandptechniciansptopacquirepskillspinpvirologypwithpstrongppracticalpapplicationsjpInporderptopexpandp
thepcapacitiespofpthepunitpandpreinforceptheppositioningpofptheplaboratoryp inptheppublicphealthparenaVpapnewpstrategyphaspbeenp
developedjpThepteamphaspnowpbeenprestructuredpintopthreepgroupspthatVpbetweenpthemVpencompasspthepdifferentplaboratories’p
areaspofpresponsibilityj

ProgresspinparboviruspsurveillancepandpstaffpchangespaffordedpopportunitiesptopreorganizepthepteamjpApmajorppartpofpthepgroupp
ispnowpdedicatedptopthepglobalpsurveillancepofparbovirusesVpprovidingpUiCpassistanceptopVientianepandpprovincialphospitalspforpthep
confirmationpofparboviralpinfectionsVpUiiCpupdatedpinformationpandpalertsptopnationalpandpinternationalphealthpauthoritiesVpandpUiiiCp
trainingp forp medicalp staffp inp hospitalsjp Ap secondp groupp focusesp itsp activitiesp onp arbovirusp ecologyjp Interactionsp withp
entomologistspandpvertebratepexpertspwerepreinforcedpinporderptopdiversifypthepfieldspofpinvestigationptopstudyparboviruspcyclesp
andpmaintenancep inpwildpenvironmentsjpAp thirdpgroupp isp inpchargepofpconductingp researchponpmorep fundamentalpaspectspofp
virus–hostpinteractionspandptopdeveloppnewpdetectionporpdiagnosisptestsjp

NeverthelessVp thep capacityp ofp thep unitp top mobilizep sufficientp staffp top facep ap majorp publicp healthp crisisp inp thep areap ofp thep
emergencep ofp unrecordedp viralp pathogensp inp thep regionp orp reIemergencep ofp endemicp virusesp p onp ap 1wczp basisp hasp beenp
maintainedj
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Figure 2: Map of the international interactions 2015

Figure 1: Arbovirus and emerging viral diseases laboratory Lab organigram  

HEAD:OF:LAB
MarciGRANDADAM

ARBOVIRUS:SURVEILLANCE ARBOVIRUS:ECOLOGY RESEARCH:/DEVELOPMENT

Project:leader::
SompavanhiSOMLOR

Technicians:
PaithongiBOUNMANY
SitsanaiKEOSENHOME
ChintanaiLATHAPHASAVANG

Project:leader::
KouxiongiSAITANG

Technicians:
SouksakhoneiVIENGPHOUTHONG

Project:leader::
MarciGRANDADAM

Technicians:
ChintanaiLATHAPHASAVANG
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”ackground

ProjectKcoordinatorGKSomphavanhKSomlorK
MemberKofKstaffGKPhaithongK”ounmany4KSitsanaKKeosenhomeKandK
FhintanaKLathaphasavang

“rbovirusKsurveillance

“nnualKdengueKfeverKoutbreaksKandKepidemicsKhaveKravagedK
LaosKforKdecadesKcausingKsevereKmortalityKandKmorbidity4KasK
wellKasKsignificantKeconomicKlossDKInstitutKPasteurKofKLaosK)IPK
Laos2K hasK beenK focusingK onK dengueK sinceK itsK inceptionDK InK
’H;’4K IPK LaosK establishedK theK firstK comprehensiveK
surveillanceK networkK inK VientianeK capitalK incorporatingK TK
civilianKhospitals4KasKwellKasKtheKmilitaryKandKpoliceKhospitals4K
providingK diagnosticK confirmationK ofK dengueK infectionsK plusK
viralK typingKandKsequenceKanalysisK toKbetterKunderstandK theK
molecularK epidemiologyK ofK dengueK virusK circulationK inK LaoK
P°RDK°ataKobtainedKoverKtheKfourKyearsKofKsurveillanceKcouldK
helpK theK°F°FKdepartmentKofK theKMinistryKofKHealthKofKLaoK
P°RK toK defineK aK preventionK strategyK forK ’H;5DK “sK dengueK
surveillanceK isK notK fullyK coordinatesK yetK )differentK analysisK
algorithmszK interpretationK ofK testsK resultszK patients’K
classification…24K aK clearK overviewK ofK dengueK circulationK
remainsKchallengingKatKtheKKcountryKlevelD

TrendsKofKdengueKcirculationKinKVientianeK
FapitalK’H;’q’H;-

°engueK virusK isK underK surveillanceK byK InstitutK PasteurK duK
LaosKsinceK’H;HKinKVientianeKFapitalKwithKtheKcooperationKofK
hospitalsK andK privateK clinicsK inK theK cityDK TheK teamK isK nowK aK
memberK ofK theK UNITE°ENGUEK networkDK TheK strongK
mobilizationK ofK theK clinicianK allowedK collectingK dataK overK TK
yearsDKTheseKdataKpermittedKtoKestablishKtheKmainKfeaturesKofK
dengueK virusK circulationDK TheK mainK outcomeK ofK thisK
permanentKsurveillanceKsystemKwasK toKevidenceKanKefficientK
circulationK ofK dengueK virusK outsideK theK rainyK seasonDK ThisK
phenomenonK hasK depictedK forK dengueK virusK serotypeK ;K
)°ENVq;2KbyK theK teamKofK theKLOMWRUKofK inK ruralKareasK inK
LaoKP°RK[°ubotqPeres4K’H;…]DK

ThisK “interK rainyK circulation”K hasK beenK documentedK allK overK
theK periodK studiedK andK allK theK fourK dengueK serotypesK wereK
involvedK)FigureKn°…4KT2DK°ifferencesKinKamplitudeKhaveKbeenK
recordedK butK wereK moreK likelyK linkedK toK environmentalK
variationsK fromK yearK toK yearK ratherK thanK onK virulenceK ofK theK
dengueKvirusesDKK

°engueKsuspectedK
cases

Weeks

FigureKn°…GK°engueKsurveillanceKinKVientianeKFapital4K’H;T

°engueKsuspectedK
cases

FigureKn°TGK°engueKsurveillanceKinKVientianeKFapital4K’H;-
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Trendsyinydengueyvirusyserotypesycirculation

Vientianey Capitaly experiencedy ay continuousy buty
heterogeneousy circulationy ofy denguey viruses4y Denguey
serotypey (y hasy beeny aty they originy ofy they )3(3y epidemic4y
Sincey thenmy thisy serotypey hasy beeny detectedy permanentlyy
exceptedy iny )3(F4y They samey typey ofy circulationy hasy beeny
observedyatyaylowerylevelyforydengueyserotypey)4y

DengueyvirusyserotypeyJybreh,emergedyinyVientianeyCapitalyiny
Juney )3()y andy spready outy asy ay predominanty serotypey untily
Novembery )3(Jy andy suddenlyy disappearedy bFigurey n°°h4y
DengueyFyhasybeenydetectedyatyayveryylowylevelyinyVientianey
suburbany areasy buty surprisinglyy increasedy iny latey )3(Jy andy
wasy aty they originy ofy earlyy casesy iny they cityy iny earlyy )3(Fy
bFigureyn°:h4yy

Iny)3(°myautochthonousycasesyofyDENv,Fycasesywereyagainy
detectedyinytheycity4yDENv,(yreappearedyasytheypredominanty
serotypeyiny)3(°ybFigureyn°Mh4y

Figureyyn°°y[yDengueyserotypesyinyVientianeyCapitaly)3(),(Jy

Figureyyn°:y[yDengueyserotypesyinyVientianeyCapitaly)3(F

Figureyn°My[yDengueyserotypesyinyVientianeyCapitaly)3(°

Moleculary epidemiologyy helpy understandingy they featuresy ofy
denguey virusy circulationy iny Vientianey Capital4y Ity hasy beeny
establishedythatyDENv,(ystrainsythatycirculatedybetweeny)3(3y
andy)3(Jywereylinkedytoytwoyindependentyintroductionyeventsy
whereasy DENv,)y strainsy werey maintainedy overy they samey
period4

They formery DENV,Jy genotypey IIy strainsy aty they originy ofy they
)3(),(Jy epidemicy displayedy strongy geneticy relationsy withy
strainsy identifiedy inyMyanmarybetweeny)33°yandy)339y [Laomy
)3(F]4y They emergencey ofy ay secondy DENV,Jy genotypey
bgenotypey IIIhy hasy beeny evidencedy duringy they )3(),(Jy
outbreak4y Thesey strainsy sharedy highy identityy levelsy withy
DENvy strainsy fromy Buthany andy Indiay highlightingy they
complexityy ofy they emergencey pathwaysy iny Vientianey [Laomy
)3(F]4y

Denguey Fy strainsy arey undery investigationy toy establishy theiry
origin4y They )3(°y DENvy isolatesy bserotypesy (m)mFhy arey alsoy
undery studyy toy determiney whethery theyy derivedy fromy pasty
autochthonousy Laoy strainsy ory linky toy ay newy introductiony
event4y

Theseydatayrevealedythatmyasyaypossibleyconsequenceyofythey
cityydevelopmentyandytheyincreasingypopulationyexchangesyaty
they regionaly levelmy DENvy strainsy circulatingy iny Vientianey
Capitalyareybothyendemicyandyimportedystrains4

Zikay virusy y wasy firsty isolatedy iny Uganday iny (9FMy fromy ay
sentinely monkeyy stationedy iny they Zikay forest4y Iny Asiamy they
presenceyofyZikayvirusyhasybeenysuspectedysinceythey(9:3sy
iny Indiamy Malaysiamy Northerny Vietnamy andy they Philippinesy
bFigurey n°kh4y They prototypey strainy ofy Zikay virusy iny Asiay hasy
beenyobtainedyiny(9k(yfromyaypoolyofyfemaleyAedes aegypti

Zikayvirus
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PictureCn°37C VectorC controlC aroundCdengueCconfirmedCcasesC
bphotoCIPCLaosU

trappedC inC aC smallC townC inC WestC CentralC MalaysiaxC SinceC
thanDC onlyC fewC sporadicC casesDC eitherC autochthonousC orC
importedCfromCAsiaCinCWesternCcountriesDChaveCbeenCreportedC
inCtheCIndochineseCpeninsulaxCUntilCnowDCnoCevidenceCofCZikaC
virusCinCLaoCPDRCexistsxCInC5-35R3%DCLaoCPDRCexperiencedCaC
hugeC dengueC epidemicC butC 5-C toC T-,C ofC theC etiologiesC ofC
dengueC likeCsyndromesC recordedC remainC toCbeCdeterminedxC C
WeC reportC theC detectionC andC theC preliminaryC geneticC
characterizationC ofC ZikaC virusC isolatedC fromC patientsC
suspectedC ofC denguexC TheseC dataC evidencedC theC
cocirculationC ofC ZikaC andC dengueC virusC aC localC circulationC ofC
theCvirusCandCitsCroleCasCanCalternativeCetiologyCofCdengueClikeC
syndromCinCLaosx

AC totalC ofC 3%T%C patientsC sampledC fromC JuneC 5-35C toC
SeptemberC 5-3%C wereC testedC forC ZikaC virusC byC realRtimeC
SybrGreenC RTRPCRC bFigureC n°9UxC AmongC themDC 3FC b3x%,UC
gaveCaCpositiveCsignalCbyCRTRPCRxCTheCvirusCwasCdiagnosedC
inC 3GC LaoC residentsC ofC VientianeC CapitalxC NoneC ofC themC
reportedCanCstayCinCaCforeignCcountryCorCinCanCotherCprovince

ofCLaoCPDRCduringCtheCthreeCweeksCthatCprecededCsymptomC
onsetxC TheC lastC positiveC signalC wasC foundC inC anC expatriateC
returningC fromCThailandxCAsCshownC inCFigureCn°9DCZikaCvirusC
circulatedC inC VientianeC CapitalC atC leastC overC aC periodC ofC 3TC
monthsxCAllC CPCRCproductsCdisplayedCaCmeltingC temperatureC
bTmUCslightlyCdifferentCfromCTmCobtainedCwithCtheCSenegaleseC
prototypex

PictureC n°57C TrainingC onC dengueC surveillanceC andC diagnosisC
inCaCprovincialChospitalCbphotoCIPCLaosU

SingleC ZikaC virusC infectionC representedC J3x3,C ofC theC casesxC
OfC theC GC b%Fx9,UC dengueRZikaC coRinfectionDC sixC ofC sevenC
correspondedC toC ZikaRDENV%C coRinfectionsDC theC lastC oneC
remainsCtoCbeCdeterminedxCCC

FigureCn°F7CZikaCvirusChistoryCinCSoutheastCAsia
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Hengue Positive Negative

Figuret n°xqt Histributiont oft Zikat virust casest int Vientianet
WapitalqttZ:fZvfkt

Ourt retrospectivet studyt providest thet firstt evidencet oft Zikat
virustintLaotPHRFtPositivetcasestweretfoundtintpatientstwitht
atclinicaltsuspiciontoftatdenguetinfectionFtMosttoftthetcasest
correspondedttotsingletZikatvirustinfectionFtLaotPHRtfacedtat
continualtcirculationtoftdenguetvirustfromtZ:fZttotthetendtoft
Z:fkFt Thusot denguevZikat covinfectiont couldt bet expectedFt
Suchtcovinfectionsthavetalreadytbeentreportedtbuttourtseriest
appearst ast thet largestt recordedt upont nowFt Interestinglyot at
covinfectionthastalsotbeentrecordedtintantimportedtcasetfromt
ThailandFtThistlasttcountrytalsotexperiencedtathugetdenguet
outbreakFtSincetZ:fZotantactivetcirculationtoftZikatvirusthast
beent provent int residentst oft differentt provincest oft Thailandt
andt int touristst returningt fromt thist int Z:fkt andt Zikat casest
weret recordedt int differentt provincesFt Sincet Z:f:ot differentt
countriest intSoutheastt—siatreportedtsporadictcasestoftZikat
virust butt not datat wast availablet fort Laot PHRFt Theset
preliminarytdatatshadetthet lighttontatnewtvirust intLaotPHRt
thatt shouldt nowt bet includet int thet routinet differentialt
diagnosist oft denguet liket syndromsFt Sequencet comparisont
willthelptunderstandingthowtthetvirustcirculatedtintVientianet
WapitaltandtattthetregionaltlevelF

—rbovirustecology
ProjecttcoordinatorqtKouxiongtSayteng
MembertoftstaffqtSouksakhonetViengphouthong

Twotmaintprojecttintthetdomaintoftarbovirustcycletdescriptiont
int Laot PHRt weret achievedt int Z:fCFt ;otht oft themt weret
conductedtintclosetcollaborationtwithtthetmedicaltentomologyt
unittoftthetInstituttPasteurtdutLaosFt

SandflyMap

Sandfliest aret knownt ast vectorst oft viralot protozoanot andt
bacterialtdiseasesFtThetsandflyvbornetvirusestcomprisetthreet
generaqt yfJt Phlebovirust yFamilyt BunyaviridaeJot yZJt
Vesiculovirust yFamilyt RhabdoviridaeJot andt ykJt Orbivirust
yFamilyt ReoviridaeJFt Thet mostt importantt groupst aret thet t
Phlebovirus genusotwhicht includest thetsandflyt fevertSiciliant
andt Toscanat virusesot andt thet Vesiculovirust genusot whicht
includestvesiculart stomatitistastwelltast thetWhandipuratandt
Isfahant virusesFt Thet vastt majorityt oft sandflyvbornet virusest
causet onlyt moderatelyt severet diseasest int onlyt specifict
geographicalt regionsot sot theyt aret givent littlet attentiont byt
physicianstandttheirtprevalencetistunderestimatedFttThethight
morbidityt ist usuallyt amongt nonvnativet populationst sucht ast
militaryt personnelt andt travelerst int thet endemict regionsFt —t
recenttreviewthastindicatedtthattsandflyvbornetvirustdiversityt
int thetMediterraneantbasint isthighert thant initiallytsuspectedt
yMaroliot Feliciangelit et al.t Z:fkJFt Furthermoreot recentt
investigationsthavetshowntthattflavivirustRN—tcloselytrelatedt
tot insectvonlyt flavivirusest weret detectedt int sandfliest
yMoureauotNinovetettalFtZ:f:otSanchezvSecootVazqueztettalFt
Z:f:JFtTheretarethightpossibilitiestthattsandflyvbornetvirusest
maytbetcirculatingtintLaotPHRtastwelltastintSoutheastt—siaot
buttwetlacktevidencetattpresenttbecausetofttheirtselfvlimitedt
symptomst withint at specifict areaot thet absencet oft at
surveillancet systemot limitedt laboratoryt resourcest fort
differentialt diagnosist andt at paucityt oft scientifict interestt int
sandflyvtransmittedtviraltdiseasesFt

Thet S—NHvMapt projectt involvedt UFSFt Navalt Medicalt
ResearchtWenterv—siatyNMRWv—JtandtthetInstituttPasteurtdut
Laost yIPvLaosJFt Itst goalst weret tot establisht ant inventoryt oft
sandflytspeciestandt theirtdistributiont intLaostandt totassesst
theirt rolet int pathogent transmissionot especiallyt fort
PhlebovirusesF

Fivet sitest weret selectedt fort sandflyt collectiont duringt ourt
study—onet int Fuengt districtot Vientianet provincejt twot int
Nakait districtot Khammuant provincet andt Korbongt villageot int
Watershedt Managementt andt Protectiont —uthorityt areat
yWMP—Jt onet int ;oualaphat districtot t Khammuant provincet
yPhout Hint Namt Nort Nationalt Protectedt —reat yPHNNt NP—Jt
andt onet sitet int Vientianet capitalFt Fromt Mayt tot Junet Z:fCot
sandflytcollectionstweretperformedtduringt thet fieldtmissionst
oftatparalleltprojecttyRes—rbovWoll°Res—rbopathtseetbelowJFtt
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SamplingCandCidentificationCofCsandfliesChaveCbeenCperformedC
byC theC entomologyC teamC 7referC toC theC medicalC entomologyC
annualCreport%6

Pan-phlebovirusCRT/PLRCscreeningCallowedCtheCidentificationC
ofC viralC sequencesC inC N*IC ofC theC N9VI*C 7N:6Fk,%C sandflyC
specimensC testedC soC far6C ;mongC them9C O=KU*FC 7=6N,%C andC
F:K:*VC 7I*6*N,%C ofC theC positiveC samplesC wereC captured9C
mainlyC insideC caves9C inC KhammuanC provinceC andC VientianeC
provinceC respectively6C NoC positiveC samplesC wereC foundC inC
VientianeCcapital6C;lmostCallCpositiveCsamplesCwereCdetectedC
withinC theC SergentomyiaC andC PhlebotomusC generaC andC atC aC
lowerClevelCinCtheCChiniusCgenus6CInCtheCgeneraCPhlebotomus

PhlebotomusCandCSergentomyia9CbothCfemaleCandCmaleCwereC
foundCpositive6C InCKhammuanCprovince9C theCpositiveC ratesCofC
genusCPhlebotomusCandCgenusCSergentomyiaCwereCequalCatC
NV,C 7NV6=U,C andC NV6:I,C respectively%6C InC VientianeC
province9C theCpositiveCrateCwasC:N6:U,CinC theCSergentomyiaC
genusCandCN:6*:,CinCtheCPhlebotomus genusC7TableCN%6

TableCNMC CPhlebovirusCdetectionCbyCconventionalCnestedCRT/
PLR6C
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Grand*Total 1024 142 13.87

ACLorethrellaMCfrog/bitingCmidges9CLorethrellidaeCfamily9C
AACOtherCinsects6
AAACUnknown6COnlyCheadCofCsandflyCpresentConCslideCorCslideC
notCproperlyCprepared6C
AAAACJéJemale9CMéMale

Province,*district*
and*genus

Total*No.*
of*pools

No.*of*positive*
pools****

Percent

Khammuan
NakaiCdistrict
Lhinius
LorethrellaA
NemopalpusCMacquart
NotCphlebotominaeAA
PhlebotomusCRondaniC3Czerté
SergentomyiaCJrançaC3CParrot
UnknownAAA

Vientiane*capital
°adsayfongCdistrict
SergentomyiaCJrançaC3CParrot
NaxaythongCdistrict
PhlebotomusCRondaniC3Czerté
SergentomyiaCJrançaC3CParrot

36
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Nk
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Vientiane*province
JuengCdistrict
Lhinius
NotCphlebotominaeAA
PhlebotomusCRondaniC3Czerté
SergentomyiaCJrançaC3CParrot
UnknownAAA
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MostCofCtheCsamplesCpositiveCforCphlebovirusCsequencesCwereC
foundC inC specimensC collectedC insideC cavesC fromC VientianeC
provinceC 7F:KN*I&C OF6*O,%C C andC fromC KhammuanC provinceC
7O=KN*IC &C *N6OO,%C whereasC noC samplesC fromC VientianeC
capitalC wereC foundC positive6C zothC femalesC andC malesC withinC
theCgeneraCPhlebotomusCandCSergentomyiaCwereCpositiveCforC
viralCsequences6CInterestingly9CinCmostCcases9ChighCinfestationC
ratesCwereCfoundCinCmalesCnearlyCequalCtoCthoseCrecordedCinC
females6C TheseC resultsC suggestC thatC multipleC modesC ofC viralC
transmissionC areC involvedC inC atC leastC theseC twoC sandflyC
generaC 7i%C directC bloodC feedingC forC females9C 7ii%C horizontalC
sexualC transmissionC betweenC femalesC andC males9C andC 7iii%C
verticalCtransmissionCtoCoffspringCforCbothCmalesCandCfemales6C
ThisC isC theC firstC timeC thatCphlebovirusCsequencesChaveCbeenC
detectedC inC sandfliesC fromC LaoC PDR6C ViralC speciesC
identificationC isC nowC ourC mainC focus6C ThisC willC beC tentativelyC
achievedC byC viralC isolationC assaysC andC genomicC sequenceC
analysis6

;rbovirusesC poseC majorC healthC problemsC inC SoutheastC ;siaC
andC inC bothC ruralC andC urbanC areas6C Intriguingly9C sylvaticC
transmissionC 7i6e6C transmissionC inC theCwildC environment%C hasC
beenC poorlyC studiedC inC ;sia9C includingC forC majorC pathogensC
suchC asC dengueC andC chikungunya6C ;rbovirusC transmissionC
oftenC reliesC onC mosquitoes9C especiallyC ;edesC andC Lulex6C
DistributionC ofC theC primaryC vectorsC ofC dengueC andC
LhikungunyaC 7i6e6C Aedes aegypti&C Ae. albopictus%C andC ofC
JapaneseC encephalitisC 7i6e6C Culex tritaeniorynchus%C isC wellC
documentedCinCSoutheastC;sia6C

°owever9CotherCgroupsCofCarthropodsChaveCbeenCrecognizedC
asC primaryC vectorsC ofC arboviralC diseases6C C TicksC areC
responsibleC forC theC transmissionC ofC theC Tick/zorneC
jncephalitisCvirusC7Tzj%CandChaveCbeenCrecentlyCrecognizedC
asC aC vectorC ofC theC newlyC discoveredC SevereC JeverC andC
ThrombopeniaC virus6C SandfliesC areC wellC knownC vectorsC ofC
Leishmania sppC parasitesC butC alsoC ofC BluetongueC virusC
7Reoviridae%C andC neuro/invasiveC phlebovirusesC 7Toscana&C
SandflyC Naples%6C StudiesC ofC ticksC andC sandfliesC haveC beenC
neglectedCinCSoutheastC;siaCcountries6

Res;rbo

PictureCn°:MC
SampleCpreparationC
duringCaCResarbo/LollC
projectCfieldCmissionC
7photoCIPCLaos%

PictureCn°*MCzloodCsamplingConClivedC
vertebratesCduringCResarbo/LollCprojectC
fieldCmissionC7photoCIPCLaos%C
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Thesefgapsfinfthefinventoriesfoffbothfvectorsfandfamplifyingj
reservoirf vertebratesf involvedf inf knownf andf unknownf
arbovirusesf mayf havef seriousf consequencesf forf diagnosisf
andfpatientfmanagement,f epidemiology,f andf thefpreventionf
offhumanfandfanimalfarboviralfdiseasesJfSoutheastf%siafhasf
beenf consideredf forf decadesf asf anf endemicf areaf forf
dengue,f chikungunya,f Japanesef encephalitis,f andf numbersf
off otherf arbovirusesf butf majorf questionsf aref stillf tof bef
answeredVfiwfHowfdofarbovirusesfmaintainfthemselvesfinfthe
environment3fiiwfHowfdoftheyfsurvivefduringfadversefperiodsf
whenfvectorsfarefnotfprevalent3fSomefpreliminaryfdatafhavef
suggestedf thatf animalf reservoirsf andjorf thef arthropodsf
themselvesfcouldfservefasfreservoirsJfIffarbovirusesfcirculatef
specificallyfinfthefwildlifefpopulation,fthefsylvaticfcyclesfcouldf
probablyf switchf intof thef humanf populationf inf ruralf areas,f
thenf inf urbanJf Inf orderf tof addressf thesef questions,f Institutf
Pasteurf duf Laos,f thef Nationalf Universityf off Laos,f andf thef
Navalf Medicalf Researchf Center–%siaf kNMRC–%wf inf
Singaporefproposedfafstudyf tofassessf thef temporal–spatialf
distributionf andf infectionf statusf off arbovirusf hostsjvectorsf
andfanfanalysisfoffputativef reservoirsjvectorsf infkarsticfandf
peri.karsticfareasfofftwofprovincesfinfLaofPDR

Picturefn°CVfSandfliesfcollectionfinfafcavefduringfafResarbo.
CollfprojectffieldfmissionfkphotofIPfLaos

Onef off thef mainf objectivesf off thef projectf wasf tof setf upf af
networkf off expertsf inf orderf tof collectf af largef spectrumf off
animalfspeciesfkincludingfbats,frodents,famphibians,freptiles,f
hematophagousf arthropods,f ectoparasites,f etcJwf thatf mayf
playf af rolef inf thef transmissionf andjorf thef maintenancef off
arbovirusesf inf wildf environmentsJf f Laof limestonef karsticf
areas,f drilledf byf numerousf caves,f offerf idealf studyf sitesf tof
identifyf suchf interactionsJfRes%rbo.Collfwasf coordinatedfbyf
thef %rbovirusf adf emergingf viralf diseasesf laborartoryJf Thisf
phasefoff thefRes%rbofprojectf focusedfonf thefcollectionfandf
identificationf off thef animalf species,f willf providef thef
foundationsf off thef Res%rbo.Pathf projectf thatf aimsf tof
evidencefarbovirusfmarkersf inf thefbiologicalfmaterialfandftof
identifyftransmissionfpathwaysfbetweenfspeciesJ

Res%rbo.Path

Vector.bornef diseasesf constitutef af significantf infectiousf
diseasef riskf forf allf populationsf inf LaosJf However,f inf Laos,f
definitivef diagnosisf isf oftenf notf availablef forf vector.bornef
illnesses,fsof thef infectiousfdiseasesf thatfarefaf threatf tof thef
populationf aref oftenf notf wellf definedJf Onef off thef majorf
biologicalf questionsf tof addressf isf howf dof vector.bornef
diseasesf maintainf themselvesf inf nature3f Howf dof theyf
survivef duringf adversef periodsf whenf vectorsf aref notf
prevalent3f Somef preliminaryf dataf havef suggestedf thatf
animalf reservoirsf andjorf thef arthropodsf themselvesf couldf
servefasfreservoirsJfInforderftofaddressfthesefquestionsfandf
tof identifyf thef putativef reservoirsf off thesef knownf andf
emergingf vector.bornef pathogensf inf Laos,f Institutf Pasteurf
Laos,fthefNationalfUniversityfoffLaos,fandfthefNavalfMedicalf
Researchf Center.%siaf kNMRC.%wf inf Singaporef proposedf af
studyftofassessftheftemporal.spatialfdistributionfandfinfectionf
statusf off arbovirusf hostsjvectorsf andf tof analyzef putativef
reservoirsjvectorsJ

Resarbo.Pathfconstitutedf thefsecondfphasefoff thefRes%rbof
projectf andf focusedf onf thef screeningf off thef samplesf
collectedfduringfphasef)fforfafselectedfpanelfoffpathogensJ

7loodf samplesf fromf differentf vertebratef speciesf weref
investigatedf byf pan.genusf kiJeJf alphavirus,f flavivirus,f andf
phleboviruswf conventionalf RT.nestedf PCRJf %mongf thef
samplesfavailable,fwholefbloodfandjorfdryfbloodfspots,fonlyf
wholef bloodf samplesf weref analyzedf inf orderf tof drawf af
correlationf betweenf RT.PCRf screeningf andf viralf culturef
assaysJf %f totalf off C°xf bloodf samplesf collectedf fromf bats,f
rodents,f reptilesf andf amphibiansf weref testedf withf thef
differentf RT.PCRf systemsf kTablef HwJf Off them,f ?°Cf k–CJMlwf
weref foundf positivef forf atf leastf onef off thef targetedf viralf
gereraf Respectivef proportionsf forf alphavirus,f phlebovirus,f
andf flavivirusf weref H–JHlf k)CMjC°xw,f H:JClf k)H)jC°xwf andf
)°J(lfk)):jC°xwfrespectivelyfkTablefHwJ

%mphibiansf andf reptilesf presentedf thef highestf flavivirusf
sequencef positivityf ratesf withf H°JHlf k))j?xwf andf H–J(lf
k)–j–:wf respectively,f followedfbyfbatsfwithf)(JClf k°?jM(MwJf f
%lphavirusfsequencesfwereffoundfpredominantlyfinf?)J(lfoff
batsfk)C:jM(Mwfbutfalsofinf)°J°lfk?j)–wfoffrodentsfandf)J(lf
k)j–:wf off reptilesJf %llf fourf groupsf off hostsf displayedf
phlebovirusf sequencesf atf significantf levelsf withf )°JMlf
k°(jM(Mw,f?)J?lfkCj)–w,fH°J?lfk)(j–:wfandf?:J°lfk)Hj?xwf inf
bats,frodents,freptiles,fandfamphibiansfrespectivelyJfff
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Tablew%0wMrboviruswscreeningwofwvertebratewbloodwsampleswbywRTzPCR

Inworderwtowdemonstratewactualwinfectionwofwvertebrates7wmaterialwfromwwholewbloodwsampleswwaswsavedwatwthewbeginningwofwthew
extractionwprocedurewforwimmediatewinoculationwonwC:°(:wandwVerowE:wcellwlines0wwInwall7wNWBwwholewbloodwsampleswwerew
screenedwandwinoculatedwonwbothwcellwlines0

Mtwthiswstage7wthewscreeningwofwculturewsupernatantswhaswbeenwachievedwforw)N%wofwthewNWBwcultures0wThewq(;wremainingw
passagewqwcultureswwerewstoredwfrozenwatw−WSw°CwuntilwRTzPCRwanalysis0wScreeningwofwpassagewqwculturewsupernatantswbywRTz
PCRwallowedwthewdetectionwofwflaviviruswsequenceswinwqN0B3w5;%°)N%8wofwVerowE:wcultureswbutwfromwonlywS0)3w5%°)N%8wofwC:°(:w
culture0wPhleboviruseswwerewsuccessfullywisolatedwfromw)%3w5qBS°)N%8wofwthewVerowE:wcultures0wMswshownwinwTablew)7wthew
numberwofwpositivewcultureswexceededwthewnumberwofwwholewbloodwsampleswdetectedwpositivewforwphleboviruswsequences0wNow
alphaviruswcouldwbewretrievedwfromweitherwVerowE:worwC:°(:wculturesw5Tablew(80w

Thesewresultswdemonstratedwthatwsomewofwthewvertebratewspecieswharborwactualwarboviralwinfections0wThus7wdetectionwofwflavivirusw
andwphleboviruswsequenceswbywRTzPCRwonwwholewbloodwwaswnotwanwartifactw

Tablew(0wScreeningwofwvertebrateswsampleswcultures

n*wnumberwofwwholewbloodwsampleswinoculatedFwWB*windicateswthewnumberwofwwholewbloodwsampleswpositivewbywRTzPCRwFwV°C*ww
positivewculturewonwVerowE:wandwC:°(:Fwnd*wnotwdone0w99%qwpositivewcultureswwerewobtainedwfromwwholewbloodwsampleswscreenedww
positive0w99q;wpositivewcultureswwerewobtainedwfromwwholewbloodwsampleswscreenedwpositive0wFivewofwthewq(wrodentwsampleswwithww
positivewphleboviruswcultureswwerewobtainedwfromwwholewbloodwsampleswscreenedwpositive0w5†85‡8wWholewbloodwscreenedw
positive0
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Flavivirust infectiont occurredt witht batsst reptilesst andt
amphibianst butt wast nott evidencedt int rodentsBt :lphavirust
detectiont wast alsot positivet int allt vertebratet groupst exceptt
amphibiansBt Howeverst ast thet numbert oft specimenst wast
limitedst theset resultst dot nott excludet at possiblet infectiont oft
rodentstbytflavivirustandtamphibianstbytalphavirusB

:ltogetherst thist exhaustivet inventoryt oft thet caves’t faunat
allowstusttotspeculatetabouttatspecificttransmissiontcycletoft
phlebovirusest int thet cavesBt Thet absencet oft mosquitoest
insidet thet cavest supportst thet hypothesist oft moret complext
cyclestfortflavivirustandtalphavirusstwithintwhichttransmissiont
oftvirusesttotcaveddwellingtvertebratestoccurstduringtanimalt
displacementtoutsidet thetcavesBtFort instancestRattusn rattust
istatrodenttspeciestwhichtoftentsharesthumanthabitatstintthet
villagest locatedt neart thet cavest wheret environmentalt
conditionstaretmoretadaptedttotthetproliferationtoftmosquitot
speciesBt Thist doest nott excludet thet existencet oft alternativet
vectorst fort flavivirust andt alphavirusBt Indeedst recentt studiest
evidencedt flavivirust sequencest int sandfliest andt ourt teamt
foundtalphavirustsequencestinttickst(referntonTickMapnprojectn

report).t Futuret investigationst plannedt ont ectoparasitest
collectedtfromtvertebratestmaytbringtsometanswersB

Potentialt dualt andt triplet infectionst involvingt thet arboviralt
generat testedthavetbeentevidencedt intdifferenttvertebratesBt
:mongt thet batt specimensst fBvat weret codinfectedt byt
flavivirustandtalphavirusst7cB,atweretpositivetfortalphavirust
andt phlebovirust sequencestandt 7Bwatdisplayedt sequencest
oftthetthreetviraltgeneraBtThistphenomenontwastnottlimitedttot
batsBt Event ift thet speciment numbert wast limitedt fort rodentst
andtreptilesstdifferenttpatternstoftmultipletinfectionstcouldtbet
evidencedBt Theset lastt resultst suggestt thatt thet vectorst
transmittingt thet virusest mayt havet at widet feedingt patternBt
SequencetanalysistwillthelptintexploringtthistquestionB

Viraltsequencestbelongingttotthetthreetgeneratweretdetectedt
intsignificantlytdistanttstudytsitesBtThesetdatatsupporttathight
viraltbiodiversitytinteachtprovincetandtpossiblytattthetcountryt
levelBt Itt ist nott yett knownt whethert thet memberst oft thet
differentt viralt generat presentt int thet twot provincest aret
identicalst representtgenetictvariantstoft thetsametspeciesstort
aret independenttspeciesBt:ntextendedtsequencingtprogramt
istnowtneededttotestablishtthistdegreetoftbiodiversitytandttot
drawtupthypothesestontthetdistributiontoftthetvirusesBt

Thistonedyeartprogramtallowedt thetgatheringtoft preliminaryt
resultstontviraltbiodiversitytinttwotprovincestoftthetLaotPDRBt
Thetdifferenttsitestcantbetconsideredtasthottspotstinttermstoft
ratest oft infectionst diversityt oft infectedt vertebratesst andt
diversityt oft viralt generat circulatingt att thet samet timet int thet
samet placeBt :st onlyt at uniquet fieldt missiont couldt bet
organizedtforteachtsitestittistnottpossiblettotdeterminetthettt

:ttthetendtoftthetprogramstf.cthxaltspecimenstoftthetcvfvt
sandfliest couldt bet testedt fort thet presencet oft phlebovirust
sequencest becauset oft thet timet takent fort thet specimenst
identificationt andt preparationt processesBt :mongt theset
samplesst 77t hvBxalt weret foundt positiveBt Thet 77t positivet
samplest weret distributedt respectivelyt int ct hf,Bcalt andt pt
h,fB,alt oft sandfliest belongingt tot thet Phlebotomusn hrefHt
Rondanit çt Kertélt andt Sergentomyiat hrefHt Françat çt Parrotlt
generathTabletclBttMosttoftthetpositivetspecimenstweretfoundt
int femalest butst int botht generast infectedt malest weret alsot
foundB

TabletcHtPhlebovirusestdetectedtintsandflytgenerat

Virologict investigationt oft vertebratet andt arthropodt
specimenst collectedt duringt twot fieldt missionst int Vientianet
andtKhammuantProvincestprovidedtinformationtontarbovirust
geographict distributiont andt possiblet interdspeciest relationst
thatt mayt contributet tot arbovirust maintenancet int wildt
environmentsB

Phlebovirust sequencest weret evidencedt int allt groupst oft
vertebratest investigatedst whicht comprisedt batsst rodentsst
reptilesst andt amphibiansBt Moreoverst thet presencet att thet
samet timet andt int thet samet areast oft thet maint recognizedt
arthropodt vectort oft phlebovirusesst iBeBt sandfliesst stronglyt
supportstatlocalttransmissiontoftphlebovirusesBtInterestinglyst
thet presencet oft viralt sequencest int malest shedst lightt ont
possiblet complext mechanismst oft phlebovirust maintenancet
thatt mayt includet verticalt andt horizontalt transmissiont int
sandflyt populationsBt Thet rolet oft thet differentt vertebratet
speciest int thisheselt cyclehslt remainst tot bet determinedBt
Indeedst not conclusiont couldt bet drawnt att thist staget ont thet
significancet oft thet viralt sequencest detectedt tot determinet ift
vertebratest participatet ast at reservoirst amplifyingt hostst ort
deaddendt hostBt Howeverst successfult viralt isolationst fromt
batsstrodentsstandtreptilestdemonstratetthattatlargetspectrumt
oft vertebratest ist supportingt phlebovirust replicationBt
Sequencetdatataretnowtneededt tot identifyt thetviraltspeciest
andtestablishtthetlinkstbetweentarthropodstandtvertebratesB

Mostt memberst withint thet flavivirust andt alphavirust generat
aret knownt tot bet transmittedt byt mosquitoesBt Thet arthropodt
collectiont strategyt htypet oft trapst collectiont siteslt wast moret
adaptedttotsandfliesBtThistexplainsstatt leastt intpartst thet lackt
oft mosquitot samplesBt Neverthelessst evidencet oft thet
presencet oft flavivirust andt alphavirust hast beent establishedt
bytsequencetdetectiontandéortviraltisolationBtttttt
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Project2coordinator62Marc2Grandadam
Member2of2staff62Chintana2Lathaphasavang

Research2and2development

In2September2(BUWu2 the2AEEVD2laboratory2was2approached2
by2 the2 Lao2 Ministry2 of2 Health2 to2 reinforce2 the2 national2
laboratory2 capacity2 to2 face2 a2 possible2 outbreak2 of2 MERSk
CoV-2A2procedure2adapted2 from2 the2Ebola2alert2 system2set2
up2 in2 (BUz2 was2 adopted-2 Methods2 were2 obtained2 with2 the2
collaboration2of22CIBU2DInstitut2Pasteuru2Parisy2and2validated2
by2participation2in2an2international2proficiency2test2organized2
by2the2World2Health2Organization

The2 AEEVD2 laboratory2 supported2 different2 Institutes2 within2
the2Pasteur2Network-2Table2W2summarizes2biological2material2
transfers2in2(BUW-

Table2W62Biological2material2transfer2activityu2(BUz–(BUW

2 2 2 2 Information2on2dengue2surveillance2and2Rapid2diagnosic2
tests62 Attapeu2 Provincial2 Hospitalu2 Saravanh2 Provincial2
Hospital2DO2daysu2August2(BUWy-
222

Emerging2viral2diseases.Response2to2public2
health2threats

Support2activities

Consignee2 Biological material2

Institut2Pasteur2 Ho2Chi2
Minh2City2

AntikChikungunya2virus2IgM2MACkELISA2prototype2kit2

Institut2Pasteur2de2
Nouvelle2Calédonie2

AntikChikungunya2virus2IgM2MACkELISA2prototype2kit2

Institut Pasteur de la 
Guyane 

Anti-Chikungunya virus IgM MAC-ELISA prototype kit 

 

Education2activities

influence2 of2 seasonality-2 Howeveru2 as2 the2 missions2 took2
place2at2 the2end2of2 the2dry2seasonu2 it2 can2be2expected2 that2
infection2 rates2 and2 both2 vertebrate2 and2 arthropod2 diversity2
may2 increase2 temporarily2 during2 the2 rainy2 season-2 Cave2
environments2 explored2 during2 this2 project2 offer2 optimal2
conditions2 for2 virus2 spillover2 as2 illustrated2 by2 the2 infection2
rates2 in2 animal2 populations-2 Our2 study2 sites2 in2 wild2
environments2 but2 located2 at2 the2 limit2 of2 humankoccupied2
areas2 could2 be2 used2 as2 sentinel2 sites2 to2 assess2 the2 risk2 of2
viral2emergence2in2human2populations-

The2availability2of2serological2tests2remains2a2critical2issue2to2
face2 emerging2 arbovirus-2 In2 (BUzu2 the2 AEEVD2 laboratory2
launched2 preliminary2 developments2 to2 set2 up2 MACkELISA2
tests2 that2 do2 not2 require2 highly2 specific2 reagents2 such2 as2
antibodies2from2hyperkimmune2ascetic2fluids-2

A2 first2prototype2 for2chikungunya2virus2 IgM2detection2 is2now2
under2 validation2 through2 a2 multicentric2 study2 DValoexpress2
MACHk(y-2 Encouraging2 preliminary2 results2 led2 to2 apply2 the2
technology2to2new2emerging2arboviruses2in2Lao2PDR-2Using2
reference2 strains2 DZikay2 or2 primary2 isolates2 obtained2 from2
fields2specimens2Dphlebovirusyu2antigen2were2produced2on2a2
large2scale2to2prepare2prototypes2for2serological2kits2DIgM2and2
IgGy-2 Zika2 ELISAs2 will2 be2 validated2 in2 (BUO2 on2 a2 reference2
panel2 of2 sera2 provided2 by2 the2 Institut2 Pasteur2 de2 Nouvelle2
Calédonie-2 The2 phlebovirus2 tests2 have2 been2 utilized2 to2
rescreen2a2collection2of2 sera2collected2 in2groups2of2 the2Lao2
population2 living2 in2 the2 geographic2 area2 from2 which2 the2
phlebovirus2were2isolated-
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Trainingfoffstudents

Namesf Degreef Institutionf Time periodf Subjectf

Zounmyf
OUT8xYxVON9f

Labf
technicianf

Wpidemiologyf
andfPreventionf
centrefoffthef Laof
xrmyf

May.–ulyf
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MedicalAEntomologyAIABiologyAofADiseaseAVectors
LaboratoryA Lao-French joint Lab 2

Head of Laboratory: Dr. Paul BREY, PhD   

Junior Scientists: 
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KaithongALakeomany
LaeATHUTKHINUAMS
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Projects

TheAmainAobjectiveAofAourA labA isA toAstudyA theAbiologyAandAecologyAofAarthropodAvectorsA SmosquitoesUAsandfliesUA ticksUAsnailsUA
etcvRUAasAwellAasAtheAtransmissionAcyclesAofAtheAvirusesUAparasitesAandAotherAmicrobialApathogensAtheyAtransmitvAFurthermoreUA
weAareAworkingAonAwaysAtoAmitigateAvectorAborneAdiseaseAtransmissionAAinALaoAPDRAviaAvectorAcontrolAtrainingAprogramsv

Scientists: 
SébastienAMARCOMBEUAPhD
KhamsingAVONGPHAILOTHUAMD

PhD. Student:
JulieAanneATANGENAUAMS

MalariaAvectorsA inALaoAPeople’sADemocraticARepublicAandAThailandAandAcapacityAbuildingA inAmedicalAentomologyA A
SMALVECRA
RiskAOfAVectorjBorneADiseasesAInARelationAToARubberAPlantationsAInALaoAPDRASECOMORER
RiskAofAVectorjborneADiseasesAinARelationAtoARubberAPlantationsAinACôteAd’IvoireAasAcomparedAtoALaoAPDRAA
VectorA mappingUA characterizationA ofA insecticideA resistanceA ofA AedesA populationsUA andA entomologyA capacityA A
developmentAinALaoAPDRASARBOVECR
EfficacyAofAalternativeAlarvicidesAforAdengueAvectorAcontrolAinAsemijfieldAtrialAAAAAAAAA
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Wackground

ProjectecoordinatorweFrCeSébastieneMarcombeeandeFrCePauleWREYe
MembereofestaffweJulieeWOWIxHONeMJuniorescientistmfe
WoutsadyeSOMPHONGeMTechnicianmeandeNothasineePHOMM3V3NHe
MTechnicianm

MalariaevectorseineLaoePeople’se
FemocraticeRepubliceandeThailande
andecapacityebuildingeinemedicale
entomologyeMM3LVExm

Ine Laoe PFRfe ae recente nationale surveye one thee distributione ofe
malariaeshowedethateVhéeofetheepopulationewasestille livingeine
transmissioneareaseMJorgenseneet alCfe,()(mCeThisestudyealsoe
showede thee predominancee ofe Plasmodium falciparume
particularlye ine thee southerne parte ofe thee countrye associatede
witheaehigheriskeofetransmissionC

Ine ,((Gfe ane entomologicale surveye showede thate Anopheles 

dirus waseaneimportantemalariaevectoredespiteeitselowedensitye
ande thate thee rolee ofe An. minimus ine thee transmissione variede
overe timee ande spacee MTrunge et alCfe ,((GmCe Howeverfe thee
successivee appearancee ine tropicale foreste arease ofe An. 

minimuseduringetheedryeseasoneandeAn. dirus s.sCeduringethee
secondeparteofetheerainyeseasoneallowseaesustainableemalariae
transmissionCe Moree worryingfe thee recente environmentale
modificationse linkede toe agriculturee ande forestrye culturee MeCgCe
rubbereplantationsmemayechangeetheestatuseofeseveralevectorsfe
secondaryeandemajorfebyegivinge themeappropriateeecologicale
conditionse toe thrivee MOsbomere et alCfe ,((vmCe Insecticidee
bioassayse showede thate An. minimuse wase resistante toe
pyrethroidse ine northerne Vietname ande Thailande ande An. 

epiroticus waseresistantetoeFFTeandepyrethroidseinexambodiae
andesoutherneVietnameMVaneWorteleet alCfe,((pmCeIteisepossiblee
thatetheeuseeofeagriculturaleinsecticidesemayebeeatetheeorigineofe
thee selectione ofe thesee resistancese ande soe constitutinge ae
dangere fore thee implementatione ofe effectivee vectore controle
strategiesCeUnfortunatelyfethereeiseaepaucityeofedataeavailablee
one thee insecticidee resistanceeofe theemainemalariae vectorse ine
LaoePFRCeThee“hotJspots”eofetransmissionebeingelocatedeinee

bordere zonese MThailandfe xambodiafe VietnamCCCmfe theree ise ane
importante riske ofe dispersale ofe thee populatione ofe vectorse ande
thee resistancese ine thee surroundinge areasCe e Ine Laoe PFRe noe
datae aree availablee regardinge thee impacte ofe agriculturee
pesticidese one thee resistancee selectionCe Thee onlye availablee
meanseofecontroleofetheetransmissioneisetheeuseeofepyrethroide
treatedebedJnetsfebuteineLaosfey(etoeh(éeofetheepeopleeateriske
sleepeunderetreatedebedJnetsCeWeedoenoteknoweifetheemalariae
vectorse frome Thailande ande Laoe PFRe aree endophagice ore
exophagicCeForeexamplefeAn. diruseiseknownetoebeeexophagicfe
bitinge peoplee ate twilighte ate ae timee ofe daye whene thate ise note
protectede bye treatede bedJnetsCe Hencefe ite ise necessarye toe
understande theevectorsebiologye ineLaoePFReandeThailande toe
adaptetheevectorecontrolestrategiesCe

Thee riske ofe distributione ofe thee insecticidee resistancese ofe
vectorseineSouthJEaste3siaerepresentseaeseriousethreatetoethee
goode resultse recordede thesee laste yearse ine thee controle ofe
malariaCeIteiseurgentetoeidentifyetheedistributionfetheelevelseande
thee mechanismse ofe resistancee ofe thee vectorse ine thee lowere
Mekonge countriese withe thee aime ofe helpinge thee healthe
authoritiesetoedevelopemoreeeffectiveestrategieseofepreventione
andecontroleofetheediseaseC

ThiseprojectehaseGefundamentaleobjectivesw

eeeeeEvaluationeofevectorsebionomicseandedistributioneandetheire
roleeinemalariaetransmission
e e Evaluatione ofe thee levelsfe typese ande mechanismse ofe
insecticideeresistance
e e e Evaluatione e ofe e thee impacte ofe environmentale factorse one
vectoredynamiceanderesistanceeselection
eeeeexapacityebuildingeinemedicaleentomologyeineLaoePFR

Expectedeoutcomesw

eeeeSeteupeaecomprehensiveemaperepresentingethee“hotespots”e
fore malariae transmissione ine Laoe PFRe ande Thailande Mbordere
aream
eeeeGenerateeaneInsecticideeResistanceedatabaseeinetheemaine
malariaevectors
e e e 3ddresse thee dynamicse ande genee flowse betweene malariae
vectorsepopulations
e e Guidee publice healthe authoritiese e ine thee designe ande
implementatione ofe Insecticidee Resistante Managemente
strategiese
e e e xapacitye e strengtheninge e ofe Laoe ande Thaie studentse ine
medicaleentomologyeandevectorecontrol

Objectiveseandeoutcomes
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Methods

Field sites 

The(study( took(place( in(4:(provinces(distributed( throughout(
Lao( PDR( and( A( districts( in( Ubon( Ratchathani( province( in(
Thailand( wFigure(4,3(This(enables( to(have(a(global(vision(of(
the(situation(in(the(country3(CMPE(already(have(an(important(
collaboration(network(with(all(the(health(district(departmentsz(
which( is( a( fundamental( parameter( for( the( success( of( the(
project3

Figure(43(Sampling(locations(in(Lao(PDR

Mosquito collection

Every(village(was(divided(into(four(zones(from(a(central(axis(
to(select(at( random(4(house(by(zone3(The(selected(houses(
were( distant( from( each( others( of( at( least( 2:( meters3( For(
every(house(a(collector(was(placed( inside(and(another(one(
outside( from( BH::( pm( in( the( evening( till( BH::( am( in( the(
morning(on(/(consecutive(nights3(Mosquitoes(were(collected(
with(glass( tubes( wFigure(q,3(Mosquitoes(were(also(collected(
overnight(with(the(cow6buffalo(bait(collection(method3(A(long(
mosquito( net( was( disposed( around( the( animal( and( adult(
mosquitoes(were(collected(on(it(wFigure(2,3

Ubon(Ratchathani

Figure(23(Buffalo(bait(collection

Mosquito identification

The(mosquitoes(collected(were(morphologically( identified( to(
the(species(or(complex(using(microscopes(and(following(the(
identification( keys( wMedical( Important( Anophelines( of(
Southeast( Asia,( wFigure( /,3( The( Anopheles( collected( were(
then( separated( by( species( for( the( insecticide( resistance(
tests3

Figure(/3(Field(laboratory(in(Vientiane(province(

Insecticide resistance

Insecticide( bioassay( wtube( tests,( were( performed( following(
WHO( protocols( to( measure( the( insecticide( susceptibility( of(
the(different(mosquito(species(collected( wWHO(q:42,3(Adult(
female( were( exposed( to( DDT( w/C,z( deltamethrin( w:3:AC,z(
and(permethrin(w:3IAC,z(the(main(insecticides(used(in(public(
health(in(Lao(PDR3

Figure(A3(Insecticide(resistance(test3Figure(q3(Human(landing(catching
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Resultsw7Bk3

Mosquito abundance and diversity 

Figurew8wshowswthewnumberwofwAnopheleswcollectedwinwthewkBw
provinceswduringwthewdrywandwrainywseason,wMorewmosquitoesw
werewcollectedwduringwthewrainywseasonwandwLuangwPrabangMw
VientianewandwBokeowprovincewshowedwthewhighestwnumberwofw
Anopheles sp,w collected,w Figurew %w vAw andw Byw showsw thew
numberw ofw Anopheles sp,w collectedw onw humanw andw coww
duringwthewdrywandwwetwseasonw7Bk3,wDuringwthewdrywseasonMw
awtotalwofwk(k%wAnopheles sp,wwaswcollectedwandwamongwthemw
7Ccw werew collectedw onw human,w Duringw thew rainyw seasonMw
3k3BwAnopheles sp,wwerewcollectedwandwamongwthemw(Bcwonw
human,w Figurew %w vCw andw Dyw showsw thew Anopheles sp.w
collectedw fromw humanw landingw catching,w Duringw thew dryw
seasonMw ()cw werew collectedw indoorw andw duringw thew rainyw
seasonw)%cwwerewcollectedwindoor,

Figurew 8,w Totalw numberw ofw Anopheles sp. collectedw fromw
HumanwLandingwCatchingwinwthewtenwprovinceswduringwdrywandw
rainywseasonw7Bk3wvAwandwBy,

Figurew %,w Totalw numberw ofw Anopheles spp.w collectedw fromw
humanw landingw catchingw andw coww baitw collectionw duringw thew
dryw andw rainyw seasonw 7Bk3w vAw dw By&w insidew andw outsidew thew
housewvCwdwDy,ww

Drywseason
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Rainywseason

DuringwthewdrywseasonMwk(wdifferentwspecieswofwAnopheles sp.w
werewcollectedwonwhumanwvFigurewCy,wThewtwowmostwabundantw
specieswwere Anopheles minimusMwAn. maculatuswwhichwarew
thewprimarywmalariawvectorswinwthewLaowPDRwvprimarywvectorsMw
nK33w andw nKk%Bw respectivelyy,w Duringw thew rainyw seasonMw kCw
differentwspecieswofwAnopheles sp,wwerewcollectedwonwhumanw
vFigurew4y,w w wThewmostwabundantw specieswwaswAn. minimusMw
representingw 74cw ofw thew totalw ofw mosquitow collectedw onw
humanwvnq)3(y,w

Figurew C,w Abundancew andw proportionw ofw Anopheles spp.w
collectedwfromwHLCwduringwthewdrywseasonw7Bk3,

Figurew 4,w Abundancew andw proportionw ofw Anopheles spp.w
collectedwfromwHLCwduringwthewrainywseasonw7Bk3MwLaowPDR,
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Human biting rates 

FigureV 76V showsV theV humanV bitingV ratesV SnumberV ofV
AnophelesV collectedVperVmanVperVnight,V inV theV76VprovincesV
inV z67x4V :uringV bothV dryV andV wetV seasonV VientianeV andV
LuangV PrabangV provincesV collectionV presentedV theV highestV
HjR4V HjRsV wereV lowerV inV averageV duringV theV dryV seasonV
comparedVtoVtheVrainyVseason4

FigureV 764V HumanV bitingV ratesV duringV theV rainyV SW,V andV dryV
Sj,V seasonV z67xV inV theV 76V provinces4V HjRV isV theV numberV
Anopheles sp4VcollectedVperVhumanVperVnight4V

Insecticide resistance 

TheV resultsV areV shownV figureV 774V SeveralV speciesV showedV
resistanceV orV aV reducedV susceptibilityV toV theV insecticideV
tested4V WmongV theV primaryV vectorV testedKV Anopheles 

maculatus showedVaVreducedVsusceptibilityVtoVpermethrinVandV
::TVinVPhongsalyVwhileVAn. minimusValsoVshowedVaVreducedV
susceptibilityV toV ::TV inV LuangV Prabang4V TheV secondaryV
malariaV vectorV Wn4V nivipesV showedV resistanceV toV theV MV
insecticidesVtested4

FigureV 774V ResistanceV statusV ofV Anopheles sp4V againstV
permethrinKVdeltamethrinVandV::TKVLaoVP:RVz67x4V
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:iscussionVandVperspectives

TheVresultsVfromVLaoVP:RVshowedVthatVAn. minimusVandVAn. 

maculatusKV primaryV vectorsV ofV malariaKV andV severalV
secondaryV vectorsKV areV bitingV humansV constantlyV duringV theV
nightVbothV indoorsVandVoutdoors4VThisVemphasizesV theVneedV
forVuseVofVbedVnetsVwhenVpeopleVareVsleepingVandVpersonalV
protectionV whenV peopleV areV outside4V HoweverV insecticideV
resistanceVtestsVshowedVthatVseveralVAnopheles speciesVareV
resistantV toV ::TV andV toV pyrethroidsV SusedV forV bedV netsV
coating,V inV severalV provincesV ofV theV LaoV P:RKV emphasizingV
theVneedVforVaVconstantVmonitoringVofVinsecticideVresistanceVinV
malariaVvectorsVinVtheVarea4V

MolecularVworkVtoVidentifyVtheVsiblingVspeciesVofVtheVdifferentV
group8complexV ofV AnophelesV speciesV startedV inV z67x4V
PlasmodiumV detectionV inV theseV mosquitoesV willV alsoV beV
implemented4VFurthermoreVtheVpossibleVmechanismVinvolvedV
inV insecticideV resistanceKVmetabolicVandV targetVmutationKVwillV
beVresearched4

V V NationalV %enterV V ofV V MalariologyKV V ParasitologyV andV
'ntomologyVS%MP',KVVientianeKVLaoVP:R
VVVVInstitutVdeVRechercheVpourVleV:éveloppementVSIR:,VIR:9
MIV'G'%KVIR:VUMR9M:MKVjangkokVThailand
V V KasetsartV V UniversityKV V :epartmentV V ofV 'ntomologyKV
jangkokKVThailand
VVVVVInstitutVdeVMédecineVTropicaleVd’WnversVSIMTW,KVjelgium
VVVVVUniversityVofVLifeVSciencesVSULS,KVOsloKVNorway
V V V jureauV V ofV V VectorV jornV :iseasesV SjVj:,KV MinistryV ofV
HealthKVThailand
VVVVVWorldVHealthVOrganizationVSWHO,

TheV MWLV'%V projectV wasV initiatedV thanksV toV theV researchV
grantVfromVtheVInitiativeVxRVofVtheVGlobalVFundsVtoVfightVWidsKV
TuberculosisVandVMalariaVandV'xpertiseVFrance
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Fackground

Projecttcoordinator]t'rvtPaulttFrey
Membertoftstaff]tJulieh3nnetTangena,tPhoutmanytThammavong,t
Somsanitht’honephetsarath,tHonglakhonetXayasing

RisktOftVectorhFornet'iseasestInt
RelationtTotRubbertPlantationstInt
LaotP'R

Southh/astt 3siat bS/3ft ist experiencingt unprecedentedt
economict growtht whicht ist transformingt landhuset ont at
massivetscaletintthetregionvt3ntincreasingtnumbertoftstudiest
showtthattthesetlandtusetchangestaretatmajortforcetbehindt
thet surget oft emergingt infectioust diseasesvt Int recentt yearst
epidemicst oft S3RS,t Nipaht virus,t cholera,t malaria,t denguet
andt Japaneset encephalitist havet beent documentedt [Hh(]vt
Vectorhbornetdiseasestaretemergingtandtincreasingtintareast
wheret ecologicalt disruptiont occurs,t drivent byt populationt
growth,t landt uset change,t urbanization,t agriculturalt
reforming,tandthumantmigrationt[)h4]vt

’hinat ist att thet heartt oft thet economict growtht int thet regiont
andtitsteconomythastbeentgrowingtsincetH4w[tattatratetoft±t
4tytpertyear,tapproximatelyt threet timest thetglobaltaveraget
[Hp]vtTheteconomytoftthetregionthastbeentgrowingtsincetthet
majort economict reforms,t witht grosst domestict productt pert
capitatincreasingtfromtH,VV4tUS'tintH4w[ttotHp,)(ptUS'tint
XpHpt [HH]vt ’hinat officiallyt becamet thet secondt largestt
economyt int qebruaryt XpHHt andt itt ist likelyt tot surpasst thet
UnitedtStatesttotbecometthetlargestteconomytintXpXpt[HX]vtt

/’Onomictdevelopment,t/’OsystemtMOdifications,tandtemergingt
infectioustdiseasestRiskt/valuation

3llt S/3t countriest aret benefittingt fromt thet ’hineset growtht
[HV,t H(]vt ’hinat importedt V(Ht billiont USt dollars’t wortht oft
productstfromtS/3tintXpp4,twhichtwastnearlythalftoft’hinamst
totaltimportt[HV]v

Onet oft thet cleart examplest oft thet strongt economict tiest
betweent ’hinat andt S/3t ist thet rubbert industryt whicht
supportst thet rapidlyt expandingt ’hineset cart industryvt Int
’hinatH[v)tmilliontcarstweretmanufacturedtintXpHptfortwhicht
antestimatedtVv[)tmilliont tonstbV(tytoft thetglobaltdemandft
oft rubbert wast needed,t mainlyt fort tyrest [H),t Hx]vt Rubbert
consumptiont hast beent increasingt (yt annuallyt int thet lastt
decadest witht (Xyt oft thist beingt producedt naturallyt fromt
plantationst[H),tHw]vtNaturaltrubbertproductiontcouldtnottkeept
upt witht thet increasedt demandt andt causedt pricest tot reacht
recordt highst int XpHHt aftert thet naturalt rubbert stockt oft thet
worldtreachedtatnegativetVxw,pppttonnestintXpHpt[H[hXH]vtInt
LaotP'RtthistmeanttlatextpricestincreasedtfromtV,ppptkipCkgt
bpvVwtUS'ftintXppXttotantinflatedtH),ppptkipCkgtbHv[wtUS'ftint
XpHHt[XX]vtThetincreasetintpricetoftnaturaltrubbertfromtXppXt
onwardst encouragedt manyt moret tot investt int rubbert
plantationsvt IntViettNamt thet totalt areat fort rubbertplantationt
rosetfromtww,pppthatintH4wxttot(x),pppthatintXpp),twithtlandt
designatedt fort rubbert plantationst closet tot wpp,pppt hat [XV]vt
Presentlytantestimatedt4vHxHtmillionthatoftrubbertplantationst
existst int S/3t [X(]vt Rubbert plantationst aret largelyt foundt int
Thailand,t Indonesiat andt Malaysia,t togethert accountingt fort
wXyt oft globalt naturalt rubbert productionvt Thailandt int Xpp4t
hadt Xv[t milliont hat oft rubbert growingt regiont witht almostt )t
millionttonnestoftnaturaltrubbertproducedteverytyeart[X),tXx]vt
Southt/astt3siatsuppliest4wtytoftthetworld’stnaturaltrubbert
[Xw]v

Thet hight naturalt rubbert productiont aftert thet peakt oft
investmentt togethert witht thet globalt recessiont fromt
Xpp[hXpHptcreatedtantexcesstoftnaturalt rubbertandtnaturalt
rubbert pricest havet slumpedt sincet XpHHt [X[,t X4]vt Int
'ecembert XpHVt naturalt rubbert productiont growtht wast Vyt
whilsttit’stutilizationtshrankt[Vp]vtNaturaltrubbertpricestintLaot
P'Rt droppedt fromt H),pppt kipt bHv[wt US'ft int XpHHt tot
w,ppph[,ppptkiptbpvw)hpv[wtUS'ftpertkgtintXpH(t[XX]vtIntXpHVt
thet worldt naturalt rubbert productiont wast HX,p(X,pppt tonnest
witht x[w,pppt tonnest oft rubbert overproduced,t resultingt int
V,ppx,pppt tonnest int stockt [VH]vt ’onsequentlyt fromt thet
beginningtoftXpH(tnaturaltrubbertpricesthavetdroppedtmoret
thant Xpyt [VX,t VV]vt Thet declinet int thet pricet oft rubbert ist
concerningt manyt naturalt rubbert producerst andt havet event
ledt tot protestst int Thailandt [V(,t V)]vt 3lthought difficultt tot
predict,t thet Internationalt Rubbert studyt Groupt expectst
demandtfortnaturaltrubberttotincreasetuntiltattleasttXpXpt[H),t
XH]vtt
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It-takes-about-five-to-eight-years-for-the-trees-to-matureL-from-
when-the-trees-can-be-tapped-for-rubber-for-up-to-]C-yearsD-
The- whitish- latex- used- for- rubber- production- is- present-
outside- the- phloem- in- latex- vessels- of- the- barkD- These-
vessels- are- curved- at- a- ]Co- angle- up- the- tree- in- a- rightP
handed- spiralD- This- spiral- makes- tapping- latex- very- difficult-
and-requires-a-certain-skillD-A-sequence-of-thin-slices-of-bark-
are-cut-without-damaging-the-growing-layer-4Figure-[5D-Every-
worker- is- able- to- tap- between- ]CCP;6C- trees- per- night-
equivalent-to-[ha-of-rubber-plantationD-

Figure-[%-Rubber-plantation-in-Luang-Prabang-provinceL-Lao-
PDR- 4A5- Rubber- plantation- 4B5- Rubber- tree- with- collecting-
cup-4C5-Cutting-of-rubber-tree-for-tapping

Lao- PDR- has- seen- a- high- increase- in- rubber- plantations-
4Table- [5L- where- relatively- low- number- of- plantations- are-
present-compared-to-neighbouring-countries-[[SL-7S]D-This-is-
a- new- kind- of- mass- farming- not- seen- in- Lao- beforeD- There-
are- two- different- kinds- of- rubber- plantations- in- Lao- PDR‘-
small- scale- Lao- owned- rubber- plantations- and- industrial-
scale- plantationsD- After- 7C[6- the- area- of- rubber- plantations-
will- continue- growing- with- currently- ];7L;CCha- of- land-
designated-for-rubber-plantations[]M]D

Table-[%-Mature-rubber-plantations-in-Lao-PDR-4hectare5

In- the- next- decade- an- estimated- M- million- people- will- be-
working- as- tappers- on- rubber- plantations- in- SEAL- which-
highlights-the-importance-of-understanding-the-exposure-risk-
to- mosquitoPborne- diseases- for- these- workersD- Currently-
there-is-a-paucity-of-information-on-vectorPborne-disease-risk-
in-rubber-plantations-despite-the-fact-malaria-epidemics-have-
been-linked-to-rubber-plantations-in-SEA-for-over-a-centuryL--

A B C

Year  Mature rubber plantations in Lao PDR (hectare)  

7C[C  JCC  

7C[[  MLJCC  

7C[]  ]6LJMC  

7C[6  [;SL6CC  

L-as-have-outbreaks-of-dengue-and-the-presence-of-lymphatic-
filariasis- []SP;[]D-Data-on-mosquitoesL- vectorPborne-disease-
epidemiology- and- human- movement- are- often- difficult- to-
collect- for- rubber- plantation- areas- with- low- quality-
surveillanceL-unregistered-migrationL-insufficient-capacity-and-
difficult-to-reach-areasD

The- range-of-vectors- found- in- rubber-plantations- is- likely- to-
be-broad-and-similar- throughout-AsiaD- In-one-study- in- India-
vectors- of- dengueL- chikungunyaL- Japanese- encephalitisL-
malaria- and- filariasis- were- found- in- rubber- plantations- [;7]D-
Rubber- plantations- are- unnatural- forests- with- generally-
higher-humidity-and- lower- temperatures- than-other-nonPtree-
cropsD- This- is- a- habitat- that- some- important- vector- species-
like-Anopheles dirus and-Aedes albopictus-prefer-[;CL-;]P;M]D-
These- extremely- anthropophilic- mosquitoes- thrive- in- these-
unnatural-forested-areas-of-SEA-as-there-are-sufficient-larval-
breeding- sitesL- high- humidityL- stable- temperaturesL- high-
rainfall-and-frequent-contact-with-primates-and-peopleD

Seasonal- workers- at- the- plantations- could- create- a- whole-
new-dynamic-to-the-vectorPborne-diseases-in-the-plantationsD-
Currently- ]SL6CC- people- work- on- rubber- plantations- in- Lao-
PDR- of- which- J6D;1- are- Lao- []M]D- The- increase- in- rubber-
plantations-in-the-coming-decade-is-expected-to-create-work-
for- another- [SSLSCC- peopleD- This- will- increase- the- need- for-
seasonal- workers- from- other- areasD- These- temporary-
workers- may- not- have- immunity- against- the- local- diseases-
and- are- more- likely- to- develop- serious- adverse- effectsD-
AdditionallyL- these- workers- can- spread- the- disease- when-
they- travel- to- areas- where- the- vectors- are- already-
establishedD- Even- more- worrying- is- the- possibility- to-
introduce-a-drug- resistant- strainL- like-ACT- resistanceL- in- an-
area- by- either- returning- home- with- a- resistant- strain- or-
transporting- the- resistant- strain- to- the- place- of- workD- It- is-
suggested- that- the- presence- of- high- numbers- of- different-
vector- mosquitoes- combined- with- the- increase- in- seasonal-
rubber- workers- and- their- high- exposure- to- the- vector-
mosquitoes-is-creating-a-‘perfect-storm’-in-and-around-rubber-
plantations-for-future-disease-outbreaks

The-area-of-land-cultivated-for-rubber-is-expanding-rapidly-in-
Lao- PDRD- We- anticipate- that- the- changes- in- ecology- from-
primary- and- secondary- rainforestL- to- rubber- cultivation- and-
the-maturation-of- these- rubber- trees- is- likely- to- result- in-an-
altered- risk- from- vectorPborne- diseases‘- predominantly-
malariaL- dengue- and- chikungunyaD- It- is- envisaged- that- this-
study- will- provide- an- opportunity- to- understand- the- vector-
ecology- in- rubber- plantations- and- be- able- to- advise-
organizations- on- how- to- decrease- vectorPborne- disease-
incidenceD-This-study-will-be-of-relevance-to-public-health-

Rationale
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workersyt governmentst andt thoset workingt int thet rubbert
industriestoftLaotPDRtandtothertcountriestintSEAztt

AlltmethodstweretapprovedtbytthetLaotEthicstcommitteetandt
DurhamtUniversitytethicstcommitteeztThetcomparisontstudyt
wast alsot discussedt witht thet CORCCethicst committeet oft
InstituttPasteurtandtapprovedzt

Overall goal: To assess the potential risk of vector-borne 

disease infections arising in rubber plantations

tttttRecognizetpossiblettvectorstandtthetdiseasesttheytcarryt
intthetrubbertplantationst
t t t Identifyt att whicht timest rubbert workerst aret exposedt tot
vectors
t t t tWritet t tpublict t thealtht t tadvicet t t fort t thealtht t t tworkersyt
governmentsyt andt thoset workingt int thet rubbert industriest oft
Laot PDRt andt othert countriest int SouthCEastt Asiat howt tot
decreasetandxortkeeptvectorCbornetdiseasetincidencetlow

DuringtMW/(tthetECOMOREtteamthastbeentbusytconductingt
thet finalt fieldworkt andt analysingt thet resultst oft previouslyt
conductedt fieldworkzt Wet havet beent focussingt ont thet
publicationtoftourtresultstintscientifictjournalsytpresentingtourt
workt att differentt nationalt andt internationalt conferencesyt
sharingtourtresultstandtrecommendationstwithtstakeholderszt
MosttimportantlytwethavetbeentworkingtcloselytwithtthetLaot
governmentttotincludetourtrecommendationstintpolicyz

Longitudinal study on mosquito ecology in rubber 

plantation

Totunderstandt thetecologytoft thetmosquitoest int thet rubbert
plantationsytwetcomparedtthetmosquitotnumbertandtdiversityt
oftthetplantationtwithtthetforesttandtvillagetfortonetyearztWet
collectedt mosquitoest int thet differentt habitatst usingt thet
humanCbaitedt doublet nett trapt cFiguret M.yt whicht doest nott
exposetparticipantsttotmosquitoesztIntMW/jCMW/qtmosquitoest
weret collectedt int threet studyt areast locatedt int borderingt
Nanet andt Xiengt Ngeunt districtt cLuangt Prabangt province.t
wheret thet followingt fourt habitatst weret presentJt immaturet
rubbert plantationyt maturet rubbert plantationyt villaget andt
forestzt Int MW/jt wet sampledt mosquitoest witht threet
participantst everyt hourt fort twot dayst andt twot nightst int thet
threet studyt areast everyt montht fromt Julyt tot Novemberzt Int
MW/qtthistwastcarriedtoutteveryttwotmonthstfromtJanuaryttot
Julyzt At totalt oft jy444t hourst oft datat wast collectedt int eacht
habitattduringtthetcollectiontperiodtoftMW/jCMW/qzt

Methods

FiguretM;tThetHumanCbaitedtDoubletNetttraptmethod

Vectorial capacity

Totunderstandt thet importancetoft differentt vectort speciest int
thet transmissiont oft diseaset oftent thet vectorialt capacityt ist
calculatedzt Thist vectorialt capacityt cRW.t ist thet numbert oft
malariaxdenguetcasestderivedtfromtonetinfectivetcasetbeforet
hexshet diest ort ist curedzt Ift thet RWt ist lowert thant oneyt thet
diseaset goest extinctzt Howevert ift thet RWt ist largert thant onet
thetdiseasetwilltbetablettotestablishtitselftintthetareaz

TabletM;tValuetoftformulatandtdescription

Tot calculatet thist capacityt wet neededt tot conductt ant
additionalt studyt int thet fieldt tot identifyt thet parityt ratet oft
malariat andt denguet vectorst int thet fieldzt Int Junet andt Julyt
MW/(t wet collectt Anophelest andt Aedes albopictust
mosquitoestfortqMtnightstusingtthethumanCbaitedtdoubletnett
trapst int thetvillageyt secondaryt forestyt immaturetandtmaturet
rubbertplantationtoftvillagetThinkeoztMosquitotweretcollectedt
byt twot participantst int eacht habitatt fort Ft hourst duringt thet
highestt collectiont timest oft malariat vectorst accordingt tot
previoustfieldworktintthetareaytfromt/);WWttotMj;WWzttt

Valuet Descriptiont

mat Vectortexposurexpertdayxpertpersont

at Thetfrequencytoftfeedingtontatpersontdailytratet

bt Proportiontoftfemaletmosquitoestdevelopingt
parasitesxvirusestafterttakingtinfectivetbloodtmeal

t

pt Probabilityttotsurvivetonetdayt

nt Developmenttdaystoftparasitexvirusestintmosquitot

rt Ratetofthumantrecoveryt

μt Mortalitytratetoftfemaletmosquitoest

dt Proportiontoftpeopletbecomingtinfectedtaftertbeingt

bittentbytantinfectivetmosquito
t
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After7 identification17 the7 abdominal7 condition7 of7 all7 female7
Anopheles7 and Aedes albopictus mosquitoes7were7noted7 in7
the7 laboratory7 form7and7grouped7as7unfed17 freshly7 fed17halfS
gravid17and7gravidI7All7unfed7and7 freshly7 fed7Anopheles7and7
Aedes albopictus7mosquitoes7were7dissected7and7parity7was7
determined7 using7 the7 Detinova7 method7 [U9]I7 Females7 in7
which7 the7 ovaries7 have7 coiled7 tracheolar7 skeins7 are7
nulliparous7 and7 have7 not7 taken7 a7 blood7 meal7 yet7 not7 have7
laid7eggs7BFigure7KA:I7Ovaries7 in7which7 the7 tracheoles7have7
become7stretched7out7are7parous7and7have7laid7eggs7at7least7
once7BFigure7KB:I

Figure7 KR7 Ovaries7 dissected7 from7 female Ae. albopictus;7 A:7
nulliparous7mosquito7with7coiled7tracheolar7skeins7B:7parous7
mosquitoes7with7stretched7out7tracheolar7skeins

Larval survey

To7 understand7 where7 mosquitoes7 breed7 in7 the7 rubber7
plantations17a7larval7survey7was7conducted7from7August7xMLU7
until7December7xMLU7on7a7monthly7basis7using7a7systematic7
approachI7 Surveys7 were7 done7 in7 immature7 rubber7
plantations17 mature7 rubber7 plantations7 and7 villagesI7 In7 the7
mature7rubber7plantations7random7collecting7cups77

A

B

were7checked7and7all7possible7breeding7sites7were7analysedI7
Data7on7water7quality7of7all7identified7water7bodies17their7size17
turbidity17 location17 presence7 of7 mosquito7 larvae7 and7 other7
insects7 were7 notedI7 Mosquito7 larvae7 were7 collected7 and7
reared7 at7 the7 field7 laboratory7 for7 identification7 purposeI7
Surveys7 were7 conducted7 monthly7 with7 the7 help7 of7 two7
villagers7BFigure7U:I

Figure7 UR7 Larval7 survey7 conducted7 by7 our7 team7 and7 local7
villagers7

Molecular data, malaria vector species identification

The7 Anopheles7 complexes7 collected7 during7 the7 longitudinal7
study7were7analysed7for7species7in7Kasetsart7UniversityI7DNA7
of7 Anopheles7 specimens7 was7 extracted7 according7 to7
procedures7 of7 Linton7 et alI7 xMML7 and7 Manguin7 et alI7 7 xMMx7
[UP17 UC]I7Molecular7 identifications7were7performed7using7 the7
ASSPCR7assay7of7Garros7et alI7xMMU7with7primers7specific7for7
An. minimus s.s.7 and7 An. harrisoni7 for7 the7 An. minimus7
complex17 the7 ASSPCR7 assay7 of7 Walton7 et alI7 xMM97 with7
primers7 specific7 for7 An. maculatus s.sI7 and7 An. 

sawadwongporni7for7the7An. maculatus7complex7and7the7ASS
PCR7assay7of7Walton7et alI7LCCC7and7Audtho et alI7LCCN7with7
the7 specific7 primers7 for7 An. dirus s.sI17 An. cracens17 An. 

scanloni17An. baimaii7and7An. nemophilous7 for7 the7An. dirus 

complex7[NMSNK]I

Molecular data, dengue vector viral identification

No7 plasmodium7 detections7 were7 conducted7 on7 malaria7
vectors17 due7 to7 the7 absence7 of7 the7 disease7 in7 our7 study7
areasI7 All7 collected7 Ae. albopictus7 samples7 were7 screened7
for7arboviral7sequencesI7Additionally7all7 collected Armigeres 

kesseli7 and7 Ar. subalbatus mosquitoes7 were7 screened7 for7
arboviral7sequencesI7
777
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Thes abdomenVs wingss ands legss ofs sampless weres separateds
froms thes thoraxs ands females ands males sampless pooleds
separatelys ins k:k3s samples7s RN)s wass extracteds usings thes
NucleoSpinRs+sVirusVsRef]sGq3sYqv7KVsextractionskit7sThesRN)s
ofs ours sampless weres amplifieds usings specifics primerss withs
RT:P9Rs ands screeneds fors thes alphaviruss ands flaviviruss
genuss sequences usings agaroses gels electrophoresis7s Thes
externalssetsofsprimerss)lphak:sKYTs9YTs9H=sTRTs=YTsTH=s
TH9s9H=s=Vs)lphak8s=)Ys=9HsT)YsYTHs=)Ys)T=s=THs=)Hs
==s wass useds fors reverses transcriptions ands externals
amplification7s Thes internals primerss )lphas C:s =9Rs ))Hs )RHs
=9Hs =9Ys TYHs ==Hs 99Vs )lphas C8s =H)s )YTs =Y)s )Y=s TH)s
9H9s )R)s T=s weres useds fors thes nesteds P9Rs [Kq]7s Thes
externalssetsofsprimerss;lavik:sT99s9)Hs99Hs=9HsRTRsT9Rs
T9Hs=9Vs;lavik8s=)YsTYHs==HsT=Ys==HsH=Hs==HsR=HsT==s
wassusedsforsreversestranscriptionsandsexternalsamplification7s
Thes internals primerss ;lavis C:s 99)s RT=s HT9s YKYs RTTs H)Hs
R))s H99Vs;laviC8sY=YsRTHsYTYs)W9s)YSs)T=s=9sweres
usedsforsthesnestedsP9Rs[KK]7

Longitudinal study on mosquito ecology in rubber 

plantation

)nalysissofssamplingsefficiencyswassmadesusingsgeneralizeds
estimatings equationss usings as negatives binomials models fors
countsdataswithsaslog:linksfunctions.H’MsSPSSsstatisticsVsver7s
C3c7s Speciess diversitys wass compareds usings thes Simpson’ss
indexs ofs diversitys .k:%cs withs thes results representings thes
diversitysfroms3s.nosdiversitycstosks.infinitesdiversityc7s

%urings vV+++s collections hourss ins eachs habitats overs nines
monthss surveys CqV[CGs females mosquitoess +7Gts weres
collecteds ins villagess .CVkYq4CqV[CGcVs Ck7qts ins immatures
rubbers plantationss .KVvCv4CqV[CGcVs kq7Yts ins matures rubbers
plantationss .vVYKk4CqV[CGcs ands KK7vts ins secondarys s forests
.kvVG+[4CqV[CGcs s kkYs speciess weres collectedVs includings YCs
speciess thats haves nots beens recordeds ins Laos P%Rs before7s
kVCq[s males mosquitoess weres collecteds ofs whichs Gk7Cts
.++[4kVCq[cs wass Ae. albopictus7s kvs females ands [s males
mosquitoess coulds nots bes identified7s Mores thans Y3ts
.[Vv[K4kKVKKCcs ofs thes samplings occasionss yieldeds nos
mosquitoess.+3tVsvVkkk4vV+++sinsvillageFsK[7CtVsCVv334vV+++s
ins immatureFs Yq7GtVs CVKkq4vV+++s ins matureFs vG7+tVs
kVqG34vV+++s ins forestc7s Hns thes villagess YCs mosquitos speciess
weres collecteds withs as Simpson’ss indexs ofs diversitys ofs 37+Yqs
.[Kts 9Hs 37+KK:37+Gvc7s Thiss diversitys indexs wass highers thans
fors immatures rubbers plantationss wheres G[s speciess weres
collecteds .k:%zs 37+qvs withs [Kts 9Hs 37+v+:+q+cs ands matures
rubbers plantationss wheres GCs speciess weres collecteds .k:%zs
37+kYswiths[Kts9Hs37+3Y:37+CKc7sThessecondarysforestsss
sss

Resultss<anuarysC3kKss:s%ecembersC3kK

showeds similars speciess diversitys tos thes villagess withs +[s
speciessfounds.k:%zs37+Kvswiths[Kts9Hs37+K3:37+KYc7

Thes speciess distributions wass quites similars betweens thes trees
habitatss .immatures rubbers plantationVs matures rubbers
plantations ands secondarys forestcs durings boths thes rainys ands
drys seasons .Tables vVs qcs withs as highs numbers ofs Aedess
mosquitoesscollectedsinsthesrainysseasonsandsashighsnumbers
ofsCulexsmosquitoesscollectedsinsthesdrysseason7sJoweversalls
trees habitatss differents considerablys withs thes speciess
distributionsofs thesvillageswheres thesCulex mosquitoessweres
dominants durings thes rainys seasons ands Anopheless
mosquitoess durings thes drys season7s Hns thes matures rubbers
plantationssvY7Kts.kVvvk4vVYKkcsofs femalesmosquitoessweres
Ae. albopictusVs as vectors ofs dengue7s ;urthermores C7Kts
.[v4vYKkcsofsfemalesmosquitoessweresthesmalariasvectorssAn. 

minimus s.l.Vs An. maculatus s.l.Vs An. dirus s.l.s ands An. 

barbirostris.s )bouts kCts .qq34vVYKkcs ofs females mosquitoess
weresCx. vishnui .vectorsofs<apanesesencephalitisc7

Tables v]s Mosquitos speciess distributions ins thes villageVs
immatures rubbers plantationVs matures rubbers plantations ands
secondarys forests durings thes rainys seasons froms Mays tos
OctobersandsthesdrysseasonsfromsNovemberstos)prils

Aedess mosquitoess weres mosts abundantVs ofs whichs Gvts
.Yv3K4+K[3cs wass Ae. albopictuss mosquitoes7s Aedess
mosquitoess weres collecteds sixs timess mores ins thes rainys
seasonss.MaystosOctobercsthansinsthesdrysseasonswithsrainfalls
relatedstoshighersnumbersofsAedes mosquitoes7s9omparedstos
thesvillagessexposuresto Aedes mosquitoesswassalmostsnines
timess highers ins immatures rubbers plantationss .PW37333kcVs
eights timess highers ins thes matures rubbers plantationss
.PW37333kcs ands almosts CKs timess highers ins thes forests
.PW37333kcs.Tablesqc7s
Theres wass lows Anopheless activitys throughouts thes studys
periodsforsallshabitatsswithsK3tsmorescollectedsduringsthesdrys
seasons compareds tos thes wets season7s Anopheles speciess
wereshost:seekingsfromsk+733:Cv733Jswithslowsactivitysfroms

nszsKkssssssssssssssssssssssssssssssssnszskC3KssssssssssssssssssssssssnszsYYqsssssssssssssssssssssssssssssnszsCvYC

Maturesrubbers
plantations

Hmmaturesrubbers
plantations

Secondarys
forest

Rainys
season

%rys
season

nszskYKCssssssssssssssssssssssssssnszsqkk+sssssssssssssssssssssssssnszsv33GsssssssssssssssssssssssnszskkqCGsssss
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9M9939RM99HM1 In1 all1 tree1 habitats1 two1 to1 three1 times1 fewer1 Anopheles1 mosquitoes1 were1 collected1 than1 in1 the1 villages1 8all1
P<9M999DA18Table1zAM1

Armigeres1 mosquitoes1 were1 collected1 most1 frequently1 in1 the1 rainy1 season1 with1 two1 host3seeking1 behaviour1 peaks1 at1
CM993*M99H1and1DFM99HM1Almost1CRk18=/C=DOz/D=zA1of1collected1Armigeres1mosquitoes1were1Ar. kesseli1mosquitoesM1Higher1
number1of1Armigeres1mosquitoes1were1collected1in1the1tree1habitats1compared1to1the1villages1with1D:1times1more1Armigeres 

mosquitoes1collected1in1the1forest18P<9M999DA18Table1zAM1

Most1Heizmannia mosquitoes1were1collected1during1the1rainy1season1with1host3seeking1behaviour1throughout1the1dayM1Only1
few1Heizmannia mosquitoes1were1collected1 in1 the1villages1with1R91 times1more1collected1 in1 the1 immature1 rubber1plantations1
8P<9M999DA/1almost1=R1times1more1in1the1mature1rubber1plantations18P<9M999DA1and1DD91times1more1in1the1secondary1forest1
8P<9M999DA18Table1zAM

Culex1mosquito1collection1peaks1were1present1both1 in1 the1 rainy1and1dry1seasonsM1During1 the1 rainy1season1Culex1 numbers1
were1 most1 abundant1 in1 the1 villages1 whilst1 in1 the1 tree1 habitats1 Culex1 mosquitoes1 were1 most1 abundant1 in1 the1 dry1 seasonM1
Highest1host3seeking1behaviour1was1during1the1evening1with1cooler1temperatures1increasing1host3seeking1behaviour1of1Culex1
mosquitoesM1In1the1villages1DMC1times1more1Culex mosquitoes1were1collected1than1in1the1mature1rubber1plantations18P<9M999DAM1
However1DMD:1times1less1Culex mosquitoes1were1collected1than1in1the1immature1rubber1plantations18P=9M9:DA1and1more1than1
two1times1less1than1in1the1secondary1forest18P<9M999DA18Table1zAM

Table1z:1Mean1catch1size1of1female1mosquitoes1per1person3hour1for1village1compared1to1immature1rubber1plantation/1mature1
rubber1plantation1and1secondary1forest1with1odds1ratio18ORA1and19Rk1confidence1interval18CIA1%significantly1different/1P<9M9R111
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Female1

mosquitoes1

9MRC1

89MR9319MC=A)
D1

DM:*1

8:M:931

:M*DA)

=M=F1

8=MD=3=MzRA1

<9M999D%

1

9M9z1

89MFF3

DM99A)

DMRC1

8DMzz 3DMCFA

1

<9M999D%

1

:MRR1

8:M:93

:M*DA)

CM**1

8CM:D3*M=CA)

<9M999D%

1

Aedes sp.1
9M9R1

89M9z39M9CA1
D1

9Mz*1

89Mz:3

9MRDA1

FM9:1

8*MCD3D9MzFA1

<9M999D%

1

9Mzz1

89Mz93

9MzFA1

FM=D1

8CM99 319MCRA

1

<9M999D%

1

DM=R1

8DMD*3

DM:=A1

=RMzC1

8=DM**3

=9M**A1

<9M999D%

1

Anopheles sp. 
9MD*1

89MDz39MD9A1
D1

9M9*1

89M9C3

9M99A1

9MzC1

89M:939MR:A1

<9M999D%

1

9M9z1

89M9:3

9M9zA1

9M=91

89MD91319M=FA

1

<9M999D%

1

9M9*1

89M9C3

9M9FA1

9Mz91

89Mz=39MR*A1

<9M999D%

1

Armigeres sp. 
9M9C1

89M9R39M9FA1
D1

9M9F1

89M9*3

9M99A1

DM==1

8DM9D3DMz*A1
9M9z%1

9M991

89M9F3

9MD9A1

DMz:1

8DM=9131DM*=A

1

<9M999D%

1

9MF:1

89M*R3

9M99A1

D:MDC1

8DDM:D3

DRM:DA1

<9M999D%

1

Heizmannia sp. 
9M99*1

89M9939M9DA1
D1

9M:91

89M:R3

9Mz=A1

R9MDF1

8:zMzC3

*:M9CA1

<9M999D%

1

9MD91

89MD*3

9M=DA1

=zMR:1

8DCM*9131:RMFRA1

1

<9M999D%

1

9MFR1

89M*F3

9M9DA1

DDFM991

8FDMFC31

D*=M9CA1

<9M999D%

1

Culex sp. 
9M=C1

89M=D39M:DA1
D1

9M:z1

89M=93

9Mz9A1

DMD:1

8DM9D3DM=*A1
9M9:D%1

9MD*1

89MDz3

9MD9A1

9MC=1

89MRz1319M*9A

1

<9M999D%

1

9MR:1

89MzC3

9MR9A1

=M991

8DMFF3=M::A1

<9M999D%

1
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Parity study 

Duringf thef ;pf nightsf off collectionf b9:pkf vectorf mosquitoesf
weref collectedf off whichf b9pk:f weref dissectedf successfully9f
includingfb9bVb Ae. albopictus mosquitoesfandf%pfAnophelesf
mosquitoesf w/pf malariaf vectorsd8f Unfortunatelyf numberf off
Anophelesf malariaf vectorf mosquitoesf weref veryf lowf
throughoutf thef collectionf periodf withf inf maturef rubberf
plantationsfonlyfb.fcollectedfwTablefxd8f Infgeneralf thefparityf
ratefwasfhighfwithflongflivingfvectorfmosquitoesfpresentfinfallf
habitats8f

TablefxMffThefparityfratefoffthefdenguefvectorfAe. albopictusf
andf malariaf vectorsf inf thef village9f immaturef rubberf
plantation9fmaturefrubberfplantationfandfsecondaryfforest

Vectorial capacity

Thefvectorialfcapacityfforfmalariafdiseasefwasfcalculatedfforf
Plasmodium falciparumf andf Plasmodium vivaxf parasitesf
separatelyf forfeachfhabitatf forf thef threefmostf commonfandf
importantf primaryf vectorf collectedf inf ourf studyf areasWf An. 

maculatus s.l., An. minimus s.l.fandfAn. dirus s.l.fAllfhabitatsf
showfhighfvectorialfcapacityfduringfthefdryfandfwetfseason8f
Itf seemsf thatf An. minimusf isf thef mainf vectorf forf malariaf
transmissionf inf thefdifferentfhabitatsfduringf thefdryfseason9f
whichf shiftsf tof An. maculatus duringf thef wetf season8f An. 

dirusf isf notf anf importantf malariaf vectorf inf ourf studyf sites8f
Similarf vectorialf capacityf canf bef foundf forf bothf parasitef
species9fwithfafslightlyfhigherfR.f forfP. vivax8fThefvectorialf
capacityfoffdenguefwasfcalculatedfusingf thefprimaryfvectorf
Ae. albopictus8fThefvectorialfcapacityfinfthefsecondaryfforestf
wasfhighest9ffollowedfbyfthefmaturefrubberfplantations8

Infthefnextffewfmonthsfthefvectorialfcapacitiesfwillfbefrelatedf
tof thefhumanfbehaviorfoff thefrubberfplantationfworkersfandf
thef villagersf tof understandf thef riskf off infectionf inf eachf
habitat8f

Habitatf Vector species parity % parousf

Villagef Ae. albopictusf :)xf k.vf

f Anophelesfmalariafvectorsf ::):xf %;vf

Immaturefrubberfplantationf Ae. albopictusf p:;)pk%f /Vvf

 Anophelesfmalariafvectorsf /)p:f :xvf

Maturefrubberfplantationf Ae. albopictusf :.%):pVf %pvf

f Anophelesfmalariafvectorsf x)b.f x.vf

Secondaryfforestf Ae. albopictusf ;.k);;Vf %bvf

f Anophelesfmalariafvectorsf b:)b;f %:vf

 

TablefkMffThefvectorialfcapacityfoffP. falciparumfinfthefforest9f
maturef rubberf plantation9f immaturef rubberf plantationf andf
villagefhabitatsfwasfcalculatedfforfdryfandfwetfseasonfusingf
thefvectorsfAn. maculatus s.l.9fAn. minimus s.l. andfAn dirus 

s.l.

Tablef VMf f Thef vectorialf capacityf off P. vivaxf inf thef forest9f
maturef rubberf plantation9f immaturef rubberf plantationf andf
villagefhabitatsfwasfcalculatedfforfdryfandfwetfseasonfusingf
thefvectorsfAn. maculatus s.l.9fAn. minimus s.l8fandfAn dirus 

s.l.

Tablef /Mf f Thef vectorialf capacityf off denguef inf thef forest9f
maturef rubberf plantation9f immaturef rubberf plantationf andf
villagefhabitatsfwasf calculatedf forf dryfandfwetf seasonfwithf
thefprimaryfvectorfAe. albopictus

Larval survey

Duringf thef fivef monthlyf surveysf inf immaturef rubberf
plantations9f maturef rubberf plantationsf andf villagesf b9:/;f
waterbodiesf weref surveyed8f Af totalf off xpvf wVpx)b9:/;df off
waterbodiesf surveysf weref positivef forf mosquitof larvae8f
InterestinglyfweffoundfCulex9fArmigeresfandfAedes mosquitof
larvaefinftheflatexfcollectionfcups9fevenfwhenflatexfwasfstillf
present8f Aedes larvaef weref furthermoref foundf breedingf inf
latexf collectionf cups9f bananaf plantf axils9f leavesf off bananaf
plantsfandfinfgarbagefdiscardedfbyfrubberfworkers9fincludingf
tiresf andf coconutf shells8f Wef foundf Anophelesf mosquitoesf
breedingf inf roadfsidefpuddlesfandf inf smallf puddlesfnextf tof
thefstreamsfwFigurefxd8

 Dry season Wet season 

P. falciparum Forestf Mature 
rubberf

Immature 
rubberf

Villagef Forestf Mature 
rubberf

Immature 
rubberf

Villagef

An. maculatus 

s.l. 

b:8bf pp8bf :%8pf bb8;f p/8kf bk8kf k;8.f p/8kf

An. minimus s.l. b/8bf :k8bf ;b8kf /;8%f /8:f p8/f k8%f ;p8/f

An. dirus s.l. .8.:f .8pf .8xf .8.pf .8pf .8bf .8xf .f

 

 Dry season Wet season 
 

P. vivax Forestf Mature 
rubberf

Immature 
rubberf

Villagef Forestf Mature 
rubberf

Immature 
rubberf

Villagef

An. maculatus 

s.l. 

b;8%f px8pf ;;8/f b:8bf :b8pf b/8bf k%8/f :b8pf

An. minimus s.l. b%8:f :/8xf ;;8:f %.8kf /8/f p8%f V8;f ;x8Vf

A. dirus s.l. .8.xf .8:f b8.f .8.xf .8:f .8pf .8Vf .f

 

Dry season Wet season 
 

Forestf Mature 
rubberf

Immature 
rubberf

Villagef Forestf Mature 
rubberf

Immature 
rubberf

Villagef

b.8kf p8/f b8xf .8.bf ;p8.f b/8/f %8xf .8.kf
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FigureP7jPLarvalPbreedingPsites4PincludingPoldPdiscardedPtires4P
leavesPofPbananaPplantsPandPlatexPcollectionPcupsP

Molecular data, malaria vector species identification

UnfortunatelyPnonePofP theP subspeciesPofPAn. dirusP couldPbeP
identifiedP dueP toP problemsP withP theP PCRP atP KasetsartP
UniversityXPHoweverP for An. minimusPandPAn. maculatusP theP
followingPspeciesPwerePidentifiedX

 Molecular data, dengue vector viral identification

WeP triedP toP identifyP theP vectorP ofP dengueP inP ourP studyP areaP
whereP duringP ourP studyP periodP fromP JulyP zAq69JuneP zAqT4P
qMMP dengueP casesP wereP reportedP inP studyP districtP XiengP
NgeunPandPqqPcasesP inPNanePdistrictXPIllP samplesPof Aedes 

albopictusPwerePscreenedPforPthePpresencePofPthePalphavirusP
andPflavivirusPinPpoolsPofPqPtoPqAPmosquitoesXPIPtotalPofPq4z7zP
Ae. albopictusPpoolsPwerePtestedPforPalphavirusPandPflavivirusP
sequencesXP NoneP ofP theP poolsP displayedP ampliconP ofP
expectedPsizePforPalphavirusXPForPflavivirus4P6/PpositivePpoolsP
werePidentifiedXPThePpositivePpoolsPofPflavivirusPwerePfrom

An. minimus complex

 Anopheles minimusPPPPE/Psamples
 Anopheles aconitus PPP7OPsamples
 Anopheles varunaPPPPPPPPqPsample

 An. maculatus complex

 Anopheles maculatusPPPPPPPPPPPqEAPsamples
 Anopheles pseudowillmoriPPPPP67Psamples
 Anopheles sawadwongporni PPPMPsamples
 Anopheles dravidicas PPPPPPPPPPPPqAPsamplesP

bothP maleP andP femaleP mosquitoP poolsP andP mosquitoesP
collectedP fromP matureP rubberP plantations4P immatureP rubberP
plantationsP andP secondaryP forestXP FurtherP analysisP ofP theseP
positivePpoolsPhasPnotPgivenPanyP informationPonP thePspecificP
flavivirusPpresentPinPthePsamplesXP

TheP possibleP secondaryP dengueP vectorP Armigeres kesseli N
Ar. subalbatus wasP alsoP analysedP forP alphaP andP flavivirusP
presenceXPOfPtheP7qAPpoolsPtested4PnonePdisplayedPampliconsP
ofPexpectedPsizeX

TheP emphasisP ofP thisP ECOMOREP projectP isP onP theP
communicationP withP theP stakeholdersP withinP LaoP PDRXP WeP
haveP thereforeP organizedP multipleP villageP meetingsP inP ourP
studyPareasPthroughoutPzAq74PwithPourPfinalPonePconductedPinP
SeptemberPzAq7XPThesePvillagePmeetingsPwerePorganizedP toP
shareP ourP resultsP andP recommendationsP andP haveP closeP
relationsP withP theP villagesP weP workP withXP FurthermoreP anP
ECOMOREPNationalPStakeholdersPmeetingPwasPorganizedPinP
VientianeP CapitalP toP discussP ourP findingsP andP
recommendationsP withP theP governmentP andP otherP importantP
stakeholdersPwithinPthePcountryXPMoreoverPwePparticipatedPinP
theP StrategicP PlanP forP HealthP meetingP inP LuangP PrabangP
provinceP andP sharedP ourP resultsP withP theP DepartmentP ofP
CommunicableP DiseaseP Control4P MinistryP ofP HealthP ofP LaoP
PDRP0FigureP/1X

FigureP /jP ImagesP ofP ourP villageP meeting4P NationalP
StakeholdersPmeetingPandPparticipationPinPthePStrategicPPlanP
forPHealthPmeetingP

P

NationalPcommunication
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Currentlyo weo areo alsoo ino theo processo ofo includingo ao healtho
Chaptero ino theo governmento Rubbero Informationo booko vbotho
LaooandoEnglisho languagem.oThisochaptero focussedoonowork)
relatedo injurieso vriskso ando preventionm(o environment)relatedo
injuriesovrisksoandopreventionmoandopathogenicodiseasesovriskso
ando preventiono indoor(o outdooro ando larvalo sourceo
managementm.oTheoinclusionoofothisochapteroinotheoinformationo
bookowillohopefullyomakeo rubbero industryostakeholdersomoreo
awareo ofo theo riskso relatedo too workingo ino rubbero plantationso
andohowotoopreventothese.o

ôparto fromo communicationo ofo ouro projecto ando resultso withino
LaooPDRoweoattendedoseveralomeetingsotooshareoouroresults.o
Weo gaveo ano oralo presentationo ato theo Grdo GRFo Oneo Healtho
Summito 3,WHo ino Davos(o Switzerland.o Furthermoreo weo
presentedoaoposteroatotheoInternationaloScientificoSymposiumo
)oInstitutoPasteuroInternationaloNetworko3,WHoinoParis(oFrance.o
Weo alsoo presentedo ouro worko ato theo Vientianeo Internationalo
symposiumo ono ethicso ino researcho foro internationalo
developmento vFigureo Vm.o ôdditionallyo weo publishedo ouro firsto
scientifico papero ino theo openo sourceo journalo ofo PloSo One(o
namedo ‘TheoHuman)xaitedoDoubleoNetoTrapBoanoôlternativeo
too Humano Landingo Catcheso foro Collectingo Outdooro xitingo
MosquitoesoinoLaooPDR’.

Figureo VBo Imageso ofo theo GRFo Oneo healtho summito
presentation(o theo postero presentationo ato theo Internationalo
ScientificoSymposiumoofoPasteuroParisoando theopresentationo
atotheoVientianeoInternationalosymposiumoonoethics

oo

Interationalocommunication

Trainingoprovision

Theo ECOMOREo projecto noto onlyo conductedo research(o weo
alsoo trainedo ano entomologisto fromo Myanmar(o Mr.o Sawo
Mitchell(oatoouroinstituteoinoLaooPDRoforozoweeks.oHeoreceivedo
basicotrainingoinoentomology(oincludingofieldotrainingotoocollecto
mosquitoo larvae(o adulto mosquitoo identification(o trainingo ino
differento collectiono techniqueso vCDCo lighto trap(o xGo sentinel(o
Human)baitedo Doubleo Neto trap(o Humano Landingo Catchesmo
andohowotooworkoinotheoentomologicalocolonyoroomovFigureo7m.

Figureo 7Bo o Imageso ofo theo trainingo ofo Mr.o Sawo Mitchell:o theo
team(otheofieldworkoandotheolaboratoryoworko

Theo ECOMOREo projecto haso beeno sucho ao successo thato weo
haveo nowo startedo workingo togethero witho Instituto Pasteuro deo
Côteo d’Ivoireo too doo ao mirroro studyo ino theiro countryo whereo
malariao iso endemic.o Thiso south)southo cooperationo betweeno
theo twoo instituteso willo beo ao greato wayo foro twoo developingo
countriesotooshareoknowledgeoandoexperience.oEspeciallyoforo
theoLaooteamotooshareotheiroknowledgeoandoexperienceofromo
theoECOMOREoprojectowillobeo invaluableo foro theosuccessoofo
theo Ivoriano project.o Theo Laoo teamo haso visitedo theo projecto ino
Côteod’Ivoireoasohaso theo teamo fromoCôteod’Ivoireovisitedo theo
fieldositesoandolaboratoryoinoLaooPDRovFigureo‘m.

Opportunitiesoinoôfrica
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zigureMGSM &magesMofM theM twoM teamsMworkingM togetherDM inM theM
fieldMandMinMtheMlaboratory

TheM Y)OMORYM projectM willM comeM toM anM endM inM JulyM Hqx5,M
(eforeM theM endM ofM theM projectM weM willM focusM onM finishingM theM
rubberM informationM book,M WeM willM workM closelyM togetherM withM
N8zR&M toM ensureM theM updatedM bookNM includingM ourM healthM
chapterNMwillMbeMavailableMforMtheMrubberMindustryMstakeholdersM
beforeM theM endM ofM ourM project,M WeM willM finishM theM analysisM ofM
theM longitudinalM studyM andM larvalM surveyM andM publishM ourM
resultsMinMscientificMjournals,MMostMimportantlyMweMwillMconductM
aM studyM inM theM fieldM toM compareM differentM commerciallyM
availableM methodsM inM whichM rubberM workersM canM protectM
themselvesM fromM mosquitoM bitesM whilesM tappingM latex,M TheM
resultsMfromMthisMstudyMwillMbeMcommunicatedMtoMtheMinterestedM
stakeholdersM toM ensureM aM properM recommendationM canM beM
madeMconcerningMprotectionMmethodsMinMtheMplantations,

x,M )okerM RJNM =unterM M (MNM RudgeM M JWNM LiveraniM MNM
=anvoravongchaiM PSM Emerging7 infectious7 diseases7 in7
southeast7 AsiaS7 regional7 challenges7 to7 control,M LancetM
HqxxNML--S7GGA5qG,
H,MMNewhouseMVPNM)hamberlainNMR,W,NMJohnstonNMJ,?,NMSudiaNM
W,U,MS7Use7of7dry7ice7to7increase7mosquito7catches7of7the7
CDC7miniature7light7trap,MMosquitoyNewsMxG55NMH5SLqAL7
L,M Dengue7 and7 severe7 dengue7 Fact7 sheet7 N°jj5M [httpSvv
www,who,intvmediacentrevfactsheetsvfsxx-venv]
P,7 Japanese7 encephalitisM7 Fact7 sheet7 No7 I.0M [httpSvv
www,searo,who,intvthailandvfactsheetsvfsqqxxvenv]
7,MKilpatrickM8MNMSYMRSMDriversM7dynamicsM7and7control7of7
emerging7 vectorRborne7 zoonotic7 diseases,M Lancety HqxHNM
LVq6GV7-.SxGP5AxG77,
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RiskfoffVectorpbornefDiseasesfinf
RelationftofRubberfPlantationsfinfSôtef
d’IvoirefasfcomparedftofLaofPDRf

w1

InfMarchf120wfwefstartedf thefESOMOREfprojectfonf riskfoff
vectorpbornefdiseasesfinfrelationftofrubberfplantationsfinfLaof
PDRLf Thisf studyf isf off importancef inf Laof PDRf wheref anf
estimatedf w22’222f peoplef willf workf inf rubberf plantationsf inf
thef nearf futureLf Mosquitoesf weref collectedf usingf af doublef
bedfnetfmethodf infLuangfPrabangfprovincef inf fourfdifferentf
habitats9f secondaryf forest’f immaturef plantation’f maturef
plantationf Fyieldingf latexRf andf villageLf zf totalf off 0x’Eqqf
mosquitoesfwerefcollectedfandf identifiedf infOfmonthsf inf thef
fourfdifferentfhabitats’fconsistingfoff00wfdifferentfspeciesLfOff
thesef mosquitoesf 0’qE0f possiblef denguef andf chikungunyaf
vectorsf andf 1O2f possiblef malariaf vectorsf weref collectedf inf
thefrubberfplantationLfWefthereforefidentifiedfputativefmalariaf
andf denguef vectorsf aref presentf inf thef rubberf plantationsLf
Thisf indicatesf thef possibilityf off vectorpbornef diseasef
transmissionfoccurringfinfthefplantationsfandfshowedfusfthef
timesf duringf thef dayf andf duringf thef yearf whenf risksf off
exposuref weref highestf forf thef workersf andf theirf familiesLf
Usingfthisfinformationfwefcanfadvisefafproperfvectorfcontrolf
methodf forf thef rubberf workersf tof decreasef theirf riskf off
vectorpbornefdiseasesLf

Whilef doingf thisf studyf wef realizedf thef dataf wef weref
collectingfisfnotfonlyfinterestingfforfzsia’fbutfcouldfalsofbefoff
importancef inf otherf continentsf wheref af lotf off rubberf
plantationsf aref presentf andf manyf vectorpbornef diseasesf
occurLf Itf isfknownf thatfmalariaf isfactivelyf transmittedf infandf
aroundf rubberf plantationsf inf Sôtef d’Ivoiref andf itf isf off vitalf
importancef tofunderstandf thefbehaviorfoff thesefmosquitoesf
inf thef rubberf plantationf areaf tof advicef af properf controlf
methodLfNotfonlyfthat’fcomparingfthefdatafoffthisfmirrorfstudyf
withfdataffromfLaofPDRfwillfgivefusfafmorefcomprehensivef
knowledgef off thef mosquitof ecologyf andf theirf behaviorf inf
rubberfplantationsLfThisfgeneralizationfcanfhelpfprotectfstafff
workingfinfrubberfplantationsfallfoverfthefworldL

zreasfoffWestfzfrica’fsuchfasfSôtefd’Ivoire’fhavefextensivef
naturalfrubberfproductionLfWefanticipatefthatfthefchangesfinf
thefenvironmentftofrubberfcultivationfwillfresultf infanfalteredf
riskffromfvectorpbornefdiseasesfforfthefworkers’ftheirffamiliesf
andf surroundingf villages9f predominantlyf malariaf andf yellowf
fever’f butf alsof arboviralf diseasesf suchf asf denguef andf
chikungunyaLfThisfstudyfwillfprovidefanfopportunityftoffurtherf
developf thefentomologicalfdepartmentfatf InstitutfPasteurfdef
Sôtef d’Ivoiref whilstf deepeningf ourf understandingf off thef
vectorf ecologyf inf rubberf plantationsf inf Westf zfricaLf Itf isf
envisagedf thatf thisf projectf willf allowf usf tof advisef differentf
governmentalf andf healthf organizationsf howf tof decreasef
vectorpbornef diseasef incidencef inf rubberf plantationf areasf
wherefactivef transmissionf off vectorpbornefdiseasesfalreadyf
occurLf Furthermoref thisf dataf willf bef combinedf withf dataf
collectedf inf af similarf wayf inf Laof PDRf tof writef af
comprehensivef documentf aboutf thef vectorpbornef diseasef
risksf forf rubberf workersLf Thisf studyf willf bef off relevancef tof
publicfhealthfworkers’fgovernmentsfandfthosefworkingfinfthef
rubberf industriesf off Sôtef d’Ivoire’f otherf countriesf inf Westf
zfricafandfSouthpEastfzsiaLf

Overall goal: To assess the potential risk of vector-borne 

disease infections occurring in and around rubber 

plantations

Objectives:

f f f Determinef f thef f riskf f off f mosquitopbornef diseasesf likef
malaria’f yellowf fever’f denguef andf chikungunyaf arisingf inf
rubberfplantationsfcomparedftofsurroundingfvillages
ff f fUnderstandffwhenffandfwherefrubberfplantationfworkersf
arefexposedftofthefvectorfmosquitoes
f f f fProvidefadvicef fonfhowf tofdecreasefexposurefoff rubberf
plantationf workersf andf theirf familiesf tof vectorpbornef
diseases
ffff

Rationale
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mmmmmUnderstandmthemdifferencesmandmsimilaritiesmbetweenmLaosm
andm Côtem d’Ivoirem inm vectorybornem diseasem riskm form rubberm
plantation

Them projectm officiallym startedm inm Mg()m andm ism currentlym inm them
startyupmphase.mNomdatamhasmbeenmcollectedmyetjmwithmworkmstillm
inmthempreparatorymphase.m

Field sites selection

Duringm twom visitsm tom Côtem d’Ivoirem bym them Laom teamm vMarchm
Mg(FmandmFebruarymMg()kjmthemIvorianmandmLaomteammtriedmtom
identifymsuitablemfieldmsitesmbymvisitingmtogethermseveralmrubberm
plantationmareasmclosem tomAbidjanmcity.mWemtriedm tom findm threem
villagesm surroundedm bym maturem andm immaturem rubberm
plantationmandmonemlargemvillagemwithoutmanymrubbermplantationm
inmthemarea.mAftermvisitingmseveralmsitesjmfourmstudymareasmwithm
threemhabitatsmweremselectedmvtablem(k.mThemthreemstudymareasm
AgnimangbojmAdangbayEbymandmKotokodjimconsistmofmamsmallm
villagem surroundedm bym rubberm plantations.m Inm thesem studym
areasmentomologicalmsurveysmwillmbemconductedminmthemvillagejm
inm them surroundingm immaturem rubberm plantationm vi.e.m notm
tappedm form latexkm andm inm them surroundingm maturem rubberm
plantationm vi.e.m tappedm form latexm form atm leastm (gm yearsk.m Inm
Lopoujm am largem villagem withoutm rubberm plantationsjm
entomologicalmsurveysmwillmbemconductedminmthreemsites.mThesem
threem sitesm withinm Lopoum villagem willm servem asm them controlm tom
understandmthemdifferenceminmriskmofmmosquitoybornemdiseases.

Tablem (:m Studym sitesm ofm them Yersinm project:m them fourm studym
areasmwithmthreemhabitatsm

Rapid rural appraisals

Beforem them startm ofm them entomologicalm surveym am rapidm ruralm
appraisalmwillmbemconductedminmallm fourmvillagesmtomunderstandm
them behaviorm andm attitudem ofm them villagersm towardsm vectory
bornemdiseases.mThismmethodmenablesmourmteammmembersmtom

Methods

 

Study aream Habitat m

Agnimangbom Villagemsurroundedmbymrubbermplantations m
Immaturemrubbermplantation m
Maturemrubbermplantation m

AdangbayEbym Villagemsurroundedmbymrubberm plantations m
Immaturemrubbermplantation m
Maturemrubbermplantation m

Kotokodjim Villagemsurroundedmbymrubbermplantations m
Immaturemrubbermplantation m
Maturemrubbermplantation m

Lopoum Villagemsitemnotmsurroundedmbymrubbermplantations m
Villagemsitemnotmsurroundedmbymrubbermplantations m
Villagemsitemnotmsurroundedmbymrubbermplantations m

introducemourmprojectmandminvolvemvillagersjmbymaskingmthemmtom
sharem theirm opinionsm andm ideasm onm vectorybornem diseasesm inm
anminteractivemway.mThesemappraisalsmwillmalsombemusedmtomgetm
am villagem layoutm andm anm overviewm ofm them areasm inm them villagem
withmhighmnumbermofmmosquitoes.m

Human-baited double net collections

Adultmmosquitoesmwillmbemcollectedminmthemthreemhabitatsmofmourm
fourm studym areasm usingm them humanybaitedm doublem netm
collectionm method.m Participantsm arem positionedm onm am bedjm
protectedm fromm mosquitom bitesm usingm am bedm net.m Am secondm
biggermbedmnetm ismhungmovermthemsmallmbedmnetmwithmamgapmatm
thembottommvFigurem(k.mThroughmthismgapmbetweenmthemtwombedm
netsm mosquitoesm attractedm tom them participantm enterm andm arem
caught.m Everym hourm them participantm insidem them smallm bedm netm
collectsm them mosquitoesm inm betweenm them bedm netsm form (gm
minutes.mMosquitoesmcollectedmwithmthemhumanybaitedmdoublem
netmmethodmaremfrozenmandmidentifiedmtomspecies.

Figurem (:m Schematicm overviewm ofm them humanm baitedm doublem
netmtrapm

Parity status of vector mosquitoes

Tom understandm them longevitym ofm them vectorm mosquitoesm andm
thereforem theirm vectorialm capacityjm them vectorm mosquitoesm
collectedm withm them humanybaitedm doublem netm methodm willm bem
analyzedm form parity.m Them ovariesm ofm them importantm denguejm
yellowmfevermandmmalariamvectorsmaremdissectedmandmidentifiedm
tomparousmormnulliparousmovaries.mEverymseasonmvrainymormdrykm
atm leastm (ggm mosquitoesm ofm eachm vectorm speciesm willm bem
dissected.m Thism includesjm ifm presentjm them mosquitom speciesm
Aedes albopictusjm Aedes aegyptij Anopheles gambiae s.l.m
andmAnopheles funestus.

Quick seasonal survey

Ourm entomologicalm surveym needsm tom bem relatedm tom humanm
behaviormformanalysismofmvectorybornemdiseasemrisk.mWemwillm
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thereforeDcollectDtheDhumanDbehaviorDdataDusingDquickDseasonalDsurveysDinDallDfourDvillages1DQuestionsDwillDbeDaskedDaboutDtheirD
mosquitoDprotectionDbehaviorDandDtheirDactivitiesDtheDdayDbeforeDtheDsurveyDinDaDsevenDminuteDlongDquestionnaire1DTheDsurveyD
willDbeDconductedDonDaDpredeterminedDnumberDofDrandomlyDchosenDvillagersDandDrubberDworkersDWtoDbeDdeterminedDlaterDusingD
householdDdata-DeveryDseason1DThisDseasonalDbehavioralDdataDofDvillagersDandDrubberDworkersDwillDbeDrelatedDtoDtheDseasonalD
entomologicalDdata1D

Health and environment data

DataDonDdiseaseDprevalence2DenvironmentalDdescriptionDandDweatherDneedsD toDbeDcollectedD fromD theDhealthDandDagriculturalD
departmentDofD theD IvorianDgovernment1DAsD thereD isDhugeDamountDofDdataDavailable2DaDnewDSOPD isDcurrentlyDbeingDwrittenD toD
clearlyD defineD whichD dataD weD wouldD needD andD howD weD couldD receiveD thisD dataD fromD departmentsD withinD theD government1D
Furthermore2DinDtheDSOPDweDdetailDhowDthisDdataDwouldDbeDintegratedDinDourDanalysisDandDresults1

WeDwillDprovideDaDthree0monthlyDnewsletterDwithDaDgeneralDupdateDofDtheDproject2DaDroadDmapDwithDourDaccomplishmentsDsoDfarD
andDaDscientificDupdate1DInDJanuaryDRMC62DtheDMichelinDCorporateDSocialDResponsibilityDteamDwillDvisitDtheDprojectDinDCôteDd’IvoireD
bothDinDtheDfieldDsitesDandDinDtheDentomologyDlaboratoryDinDAbidjan1

C1DReceiveDequipmentDforDtheDfieldDlaboratory
R1DConductDRapidDRuralDAppraisalsDinDallDfourDstudyDvillages
ô1DStartDtheDhuman0baitedDdoubleDnetDcollectionsDinDtheDfourDvillagesDwithDaDtotalDofDCRDcollectionDsites
’1DConductDparityDstudyDonDvectorDmosquitoesDcollected
51DConductDtheDquickDseasonalDsurveyDinDtheDfourDvillages

DD
DD

Communication

FutureDactivities
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ProjectVcoordinator7VV–rTVSebastienVMarcombe3V–rTVIanVSutherlandV
andV–rTVPaulV;reyV
MemberVofVstaff7VKhamsingVVongpaylothVqScientistz
NoyVKhounsombat3VqLaboratoryVtechnicianz
NothasineVPhommavanVqLaboratoryVtechnicianz
;ounmaVXayasoukVqMosquitoVinsectaryVtechnicianz

VectorVmapping3VcharacterizationVofV
insecticideVresistanceVofVCedesV
populations3VandVentomologyVcapacityV
developmentVinVLaoVP–R

0-VINSTITUTVPCST_URV–UVLCOSVVCNNUCLVR_PORTV2EO-52EO6

;ecauseV ofV globalV changesV qenvironment3V climatezV andV
increasingVtransportation3VinVtheVpastVdecadesVweVhaveVseenV
aV dramaticV resurgenceV ofV dengueV andV chikungunyaV
throughoutV regionsV whereV AedesV mosquitoV vectorsV areV
presentV andV thisV hasV ledV toV majorV publicV healthV problemsV
qWHOV2EE63V;enedictVet alT3V2EEwzTVInV2EO03VLaoVP–RVfacedV
oneVitsVmostVsevereVdengueVoutbreakVinVyearsVqFigureVOzTVTheV
mosquito Aedes aegypti isV theV mainV dengueV virusV vectorV inV
LaoV P–RV q–rV VongphaylothV persV comTzTV CnotherV species3V
Aedes albopictus3V isV aV secondaryV vectorV ofV dengue3V butV isV
alsoVtheVvectorVofVtheVchikungunyaVvirusVthatVisVreemergingVinV
SoutheastV CsiaV andV inV LaoV P–RTV ;ecauseV thereV isV stillV noV
vaccineVorVspecificVtreatmentVavailableVagainstVtheseVviruses3V
vectorVcontrolVremainsVtheVonlyVstrategyVforVreducingVdengueV
orV chikungunyaV transmissionTV _ffectiveV vectorV controlV
measuresV relyV onV activeV communityV participation3V healthV
educationV programs3V andV environmentalV managementV thatV
includeV improvementV ofV waterV suppliesV andV storage3V solidV
wasteVmanagement3VandVmodificationVofVhuman5madeV larvalV
habitatsVq_rlangerVet alT3V2EEWzTV–uringVinter5epidemicVperiodsV
orVwhenVtheVeliminationVofVbreedingVhabitatsVofVtheVmosquitoV
isV notV easilyV achievable3V insecticideV applicationV inV larvalV
habitatsV isV routinelyV conductedV byV publicV healthV servicesV inV
manyV countriesV includingV LaoV P–RV qThavaraV et alT3V 2EE1zTV
SpaceVsprayingVapplicationsVareVconductedVduringVepidemicsVVVV

orV whenV theV entomologicalV indicesV ofV mosquitoesV areV highTV
ForVbothV larvicidingVandVadulticiding3VorganophosphatesVandV
pyrethroidsV areV theV insecticideV familiesV ofV choiceV worldwideV
asVwellVasVinVLaoVP–RTV

Unfortunately3V manyV dengueV vectorV controlV programsV areV
threatenedV byV theV developmentV ofV insecticideV resistanceV inV
AedesVpopulationsVacrossVtheVworldTVInsecticideVresistanceVisV
associatedV withV mutationsV inV theV sequenceV ofV theV targetV
proteinV thatV induceV insensitivityV toV theV insecticideVqtarget5siteV
resistance3Vknock5downVresistanceVmutation3Vkdrz3VandUorVtheV
up5regulationV ofV detoxificationV enzymesV qmetabolic5basedV
resistance3V P1-EV monooxygenasesV qP1-Esz3V glutathioneV S5
transferasesVqGSTszVandVcarboxyUcholinesterasesVq99_szzTV

StrongV levelsV ofV resistanceV toV organophosphatesV andV
pyrethroidsVhaveVbeenVdetectedVinVAedes aegyptiVpopulationV
inVSoutheastVCsiaVqRanson3V2EOEzTVResistanceVtoVtheseVsameV
familiesV ofV insecticideV hasV alsoV beenV detectedV inV Aedes 

albopictusV populationsV worldwideV qKamgangV et alV 2EOE3V
MarcombeV et al.V 2EO1zTV TheV organophosphateV temephosV
qlarvicidezV andV insecticidesV fromV theV pyrethroidV familyV
qpermethrin3V deltamethrinFV adulticideszV haveV beenV usedV inV
LaoVP–RVforVdecadesVtoVreduceVtheVvectorVpopulationsVduringV
importantV dengueV epidemicsV butV toV date3V comparedV toV itsV
neighboringVcountriesVthereVisVnoVinformationVavailableVonVtheV
resistanceV statusV ofV AedesV populationsV andV theV possibleV
impactV ofV theV resistanceVonV vectorV controlV operationsV inV theV
countryT

TheVriskVofVinsecticideVresistanceVinVdengueVvectorsVinVSouth5
_astV CsiaV representsV aV seriousV threatV toV theV achievementsV
seenV inV dengueV controlV duringV recentV yearsTV ItV isV urgentV toV
identifyV theV distribution3V theV levels3V theV mechanisms3V andV
potentialV environmentalV factorsV ofV resistanceV inV dengueV
vectorsV inV theV lowerV MekongV countriesV toV assistV healthV
authoritiesVtoVdevelopVmoreVeffectiveVstrategiesVofVpreventionV
andVcontrolVofVtheVdiseaseT
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ObjectivesRandRexpectedRoutcomes1

TheRpurposeRofRthisRprojectRisRtoRprovideRentomologyRcapacityR
building2R identifyR circulatingR levelsR ofR insecticideR resistanceR
CIRS2RandR improveRdataRonRvectorRriskRprofilesR inRhighRpriorityR
locationRinRLaoRPDR1R

Objectives:

R R R EvaluationR ofR theR levelsR ofR insecticideR resistanceR inR theR
vectorRpopulationsRinRLaoRPDR1
R R R EvaluationR ofR theR typesR andR mechanismsR ofR insecticideR
resistanceRCi1e1RmetabolicRorRtargetRsiteSRinRLaos1
R R EvaluationR inR semi0fieldR trialsR ofR commonR insecticideR
formulationsRusedRinRLaoRPDRRversusRcandidateRinsecticidesR
forRlarvalRcontrol
RRRRRCapacityRbuildingRinRmedicalRentomologyRinRLaoRPDR1

Expected outcomes:

R R R RSetRupRaRcomprehensiveRmapRofR theR levelsRofR insecticideR
resistanceRinRLaoRPDR
RRRRGenerateRanRInsecticideRResistanceRdatabaseRinRtheRmainR
dengueRvectorsRinRLaoRPDR
RRRRGuideRpublicRhealthRauthoritiesRofRLaosRinRtheRdesignRandR
implementationR ofR InsecticideR ResistantR ManagementR
strategies1
RRRRCapacityRstrengtheningRinRmedicalRentomologyRandRvectorR
controlRinRLaoRPDR1

Mosquito collections:

DuringR theR rainyR seasonR ofR XwVF2R collectionsR wereR madeR inR
VientianeR capital2R XayaburyR andR LuangR PrabangR provincesR
andR larvaeR collectedR byR collaboratorsR fromR SaravaneR andR
AttapeuR CCMPER andR districtR staffSR wereR sentR toR theR InstitutR
Pasteur1R InR XayaburyR province2R larvaeR wereR collectedR inR
breedingRhabitatsRinRseveralRvillagesRandRbroughtRbackRtoRtheR
laboratoryR forR rearing1R LarvaeR wereR collectedR inR theR forestR
surroundingR TinkheoR villageR andR inR rubberR plantationsR CruralR
areasSR inR LuangR PrabangR province1R LarvaeR wereR alsoR
collectedR inR LuangR PrabangR cityR inR householdsR andR inR
templesR CurbanR areaS1R SentinelR sitesR wereR establishedR inR
VientianeR CapitalR inR severalR districtsR andR villagesR andR larvalR
collectionsRwereRmadeReveryRweekRatRtheseRlocations1RAllRtheR
collectionR sitesR wereR geo0referencedR CFigureR XR ER TableR VS1R
AnotherRcollectionRwasRmadeRinRLuangRPrabangRinRJulyRXwV&R
toRcollectRAe. albopictus populations1RCFigureRAS1

MethodsRandRResults
FigureRX1RLocationRofRtheRmosquitoRcollectionRsites1

TableRV1RListRofRthe Aedes aegyptiRpopulationsRcollectedRandR
theirRGPSRcoordinates1

Xayabury
LuangRPrabang

VientianeR
Capital

Saravane

Attpeu

Borten
LuangRPrabang

Saythany

Chanthabouly
Sisattanak
Lakhonepheng
Vapi
Samakheexay

Taling
Khomkhuang
Thatnoy
Thongchaleun
Oudomphon
Phailom
Dongpalab
Kao0ngotG
Lakhonepheng
Khonsaiy
Xaysa0art

V515qF5XBoN
VB1BwX55&oN
VB1&AVFAXoN
VB1qq5AJJoN
Vq1VX&5AAoN
Vq1w&5wA5oN
V51BqqwqAoN
V51BJXJqFoN
Vq1AAXqFoN
V&1&AqA5oN
VF1qVVFoN

VwV1V5w&XVoE
VwX1V&JXVAoE
VwX1w5&AJFoE
VwX1VAXA&XoE
VwX1JJ&wVVoE
VwX155FBBAoE
VwX1Jw&XJqoE
VwX1JV&wA&oE
VwA1w&A5XoE
VwA1AFwVwoE
VwJ1qA5XXoE

Province         District           Village           GPS coordinates

GIPLRstrain2RcollectedRatRtheRInstitutRPasteurRduRLaos
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Figurec )qc Larvalc collectionc ofc denguec vectorsc inc Luangc
PrabangcprovincehcJulyc4(;Cq

Morphological mosquito identification

Forc allc thec mosquitoc populationsc collectedhc larvaec werec
rearedc untilc adultsc pF;c generation/c Figurec k,qc °fterc adultc
identificationhc mosquitoesc obtainedc werec separatedc byc
speciescandclocationqcOnlycAedes aegypticandcAe. albopictusc
wereckeptcforcbreedingqcFemalescmosquitoescwerecthencbloodc
fedcusingcquailcandctheceggscobtainedcwereckeptcforctheclarvalc
andcadultcbioassaysq

FigureckqcColonycroomcatcthecInstitutcPasteurcducLaosq

Insecticide resistance status

WectestedcthecsusceptibilitycofcAedes aegypti mosquitoesctoc
ac rangec ofc insecticidesc representativec ofc thosec historicallyc
andccurrentlycusedcforcmosquitoccontrolcincLaocPDRcpiecDDThc
temephoshc malathionhc deltamethrinc andc permethrin,qc Larvalc
andc adultc bioassaysc werec bec performedc followingc WHOc
guidelinescpWHOc4((Chc4((W/cFigurecC,qc

Larvalc bioassaysc onc Ae. aegyptic werec performedc usingc latec
thirdmc andc earlyc fourthminstarc larvaec ofc thec fieldc strainsqc Forc
eachcbioassayhclarvaecofceachcstraincwerectransferredctoccupsc
containingc ––c mLc ofc distilledc waterc andc ;c mLc ofc thec
insecticidectestedcatcthecdesiredcconcentrationqcFiveccupscperc
concentrationcp4Cclarvaecperccup,candcC–9cconcentrationscinc
thecactivitycrangecofceachcinsecticidecwerecdilutedcincethanolqc
USD°c preferencec susceptiblec strain,c andc fieldc strainsc werec
consideredc asc havingc differentc susceptibilityc toc ac givenc
pesticidec whenc thec ratioc betweenc theirc LCC(w–Cc orc LDC(w–Cc
presistancecratio8cRRC(w–C,chadcconfidenceclimitscexcludingcthec
valuecofc;qc°cmosquitocstrainciscconsideredcsusceptiblecwhenc
itsc valuec ofc RRC(c isc lessc thanc Chc moderatelyc resistantc whenc
RRC(ciscbetweencCcandc;(hcandchighlycresistantcwhencRRC(cisc
overc;(qcLarvalcbioassaysconcthecAe. albopictuscpopulationsc
werec runc withc diagnosticc dosesc pWHOc recommended,c ofc
deltamethrinc p(q((;)4c mgwL,hc permethrinc p(q(;kc mgwL,hc
temephosc p(q(4c mgwL,c andc DDTc p(q(kc mgwL,qc Mortalityc wasc
recordedc afterc 4khqc Followingc WHOc criteriahc ac populationc isc
consideredcresistantcifcthecmortalitycafterc4kchciscunderc–(dhc
resistancec iscsuspectedcwithcmortalitycbetweenc–(candc–9dc
andcacpopulationciscsusceptiblecwithcmortalitycoverc–9dq

°dultc bioassaysc werec runc usingc filterc papersc treatedc withc
diagnosticcdosescofcdeltamethrincp(q(Cd,hcpermethrincp(q4Cd
,hcDDTc pkd,hc andcmalathionc p(q9d,qcMortalityc resultingc fromc
tarsalccontactcwithc treatedcfiltercpaperscwascmeasuredcusingc
WHOc testc kitsc onc adultc mosquitoesc ofc thec differentc
populationsqcFourcbatchescofc4Ccnonmbloodmfedcfemalescp4–Cc
daysc ofc age,c werec introducedc intoc holdingc tubesc andc
maintainedcforcW(cminutescatc4Hc±c4°Ccandcacrelativechumidityc
ofc9(c±c;(dqcInsectscwerecthenctransferredcintocthecexposurec
tubesc andc placedc verticallyc forc W(c minutesc underc subduedc
lightqcMortalitycwascrecordedc4kchourscaftercexposureqc

FigurecCqcLarvalcandc°dultcbioassayq

ccc
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Results of the larval bioassays on0 the0 Ae.1 aegypti0
populations0are0shown0in0Tables0CO0For0each0strain0and0each0
insecticideL0 the0 dose0 mortality0 relationships0 were0 fitted0 by0
regression0 UPI6O6xSO0 For0 each0 bioassayL0 when0 control0
mortality0 was0 greater0 than0 xA0 but0 less0 than0 C6AL0 then0 the0
observed0 mortalities0 were0 corrected0 using0 Mbbott’s0 formulaO0
The0 resistant0 ratios0 URRS0 were0 calculated0 using0 the0
susceptible0reference0strain0UUSDMSO0

The0 Aedes1 aegypti0 populations0 from0 Taling0 UXayabury0
provinceSL0 Lakhonepheng0 USaravane0 provinceSL0 and0
Oudomphon0 village0 showed0 the0 highest0 resistant0 ratios0 to0
temephos0 URRx6I1SO0 The0 other0 populations0 had0 significant0
RRx60 and0 RR*x0 but0 like0 the0 previously0 cited0 cannot0 be0
considered0 as0 fully0 resistantO0 Mll0 the0 populations0 showed0 a0
tolerance0 to0 the0 insecticide0 deltamethrinL0 with0 significant0
RRx60 UIqOCxS0 and0 RR*x0 UICO1SO0 The0 populations0 from0
Saravane0 and0 Vientiane0 Capital0 UPhailom0 villageS0 showed0
the0highest0 resistance0 levels0with0RRx60 of0V=Ox0and0RR*x0of0
V6O1L0and0RRx60of0V:O:0and0RR*x0of0xO*L0respectivelyO00Mll0the0
population0 tested0 against0 permethrin0 exhibited0 low0 to0 high0
resistance0 to0 the0 insecticide0 with0 RRx60 between0 C0 and0 VxOC0
and0 RR*x0 between0 1Oq0 and0 CCO:O0 Aedes1 mosquitoes0 from0
Vientiane0 were0 the0 most0 resistant0 to0 permethrinO0 URRx6IV10
and0 RR*xICCSO0 Mll0 the0 population0 tested0 against0 DDT0
exhibited0 high0 resistance0 to0 the0 insecticide0 with0 RRx60
between0 =Oq0 and0 V=VO=0 and0 RR*x0 between0 qO*0 and0 :*O1O0
Aedes1 mosquitoes0 from0 Taling0 in0 Xayabury0 province0 were0
the0most0resistant0to0DDT0URRx6040V=VO=0and0RR*x040:*O1SO

Table0 C/0 Resistance0 status0 of0 Aedes1 aegypti0 populations0
UlarvaeS0 against0 temephosL0 deltamethrinL0 permethrin0 and0
DDTO

LC040Lethal0concentrationL0DResistant0ratios040LCx60of0wild0strain090LCx60of0USDM0
susceptible0reference0strainO0

Vientiane0
Captial

Luang0
prabang

Saravane

Mttapeu
Xayabury

Kaokngot
Dongpalab
Phailom
Oudomphon
Khomkhuang
Thatnoy
Thongchaleun
Khamsaiy
Lakhonpeng
Xaysakart
Taling

VOq
COC
VO*
1Ox
VOq
VO*
CO1
CO7
1O1
VO:
1Oq

VO*
CO*
VO:
COq
VO=
VO:
COV
7OC
qOx
COC
1Oq

V1
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V7
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VC
VC
q
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q
:

Vx
k
k
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k
k
k
k

V6
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k
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k
k
k
k

V7
7
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*q
V66
VC7
*x
C7
:1
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V6
=C
:

V=C

q6
:V
=x
7q
V:
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=6
=
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Province0000000Strain000000000000000
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7
q
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7
q
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V6
C
1

RRx6D RR*xD RRx6D RR*xD RRx6DRR*xD RRx6D RR*xD

Results0 of0 the0 larval0 bioassays0on0 the0FV0Aedes1albopictus0
populations0are0shown0in0Table01O0The0result0showed0that0all0
the0 populations0 tested0 were0 resistant0 to0 DDTL0 except0 in0
Oudomphon0 were0 resistance0 is0 suspectedO0 Mll0 the0
populations0 were0 susceptible0 to0 permethrinO0 In0 Luang0
Prabang0 provinceL0 resistance0 to0 temephos0 is0 suspectedO0 In0
Vientiane0provinceL0both0population0 tested0were0 resistant0 to0
temephos0and0 the0population0 from0Suanmone0was0resistant0
to0permethrinO

Table0 1/0 Resistance0 status0 of0 Aedes1 albopictus0 UlarvaeS0
against0 DDTL0 temephosL0 malathion0 deltamethrin0 and0
permethrin

The1 diagnostic1 dosages1 of1 DDT,1 temephos,1 malathion,1

deltamethrin1 and1 permethrin1 used1 were1 0.041 mg/L,1 0.021 mg/L,1 11

mg/L,10.001321mg/L1and10.0141mg/L,1respectively.

The results of the adult bioassays0are0shown0in0Figure0qO0
Aedes1 aegypti1 populations0 from0 VientianeL0 Luang0 PrabangL0
SaravaneL0 Mttapeu0 and0 Xayabury0 were0 testedO0 For0 each0
bioassayL0 when0 control0 mortality0 was0 greater0 than0 xA0 but0
less0 than0 C6AL0 the0 observed0 mortality0 was0 corrected0 using0
Mbbott’s0 formulaO0 Ms0 expectedL0 the0 susceptible0 reference0
strain0 UUSDMS0 showed0 full0 susceptibility0 to0 the0 four0
insecticides0 testedO0 Mll0 the0 populations0 tested0 were0 highly0
resistant0 to0 the0 organochlorine0 DDT0 with0 resistance0 levels0
varying0 from0 zero0 to0 thirtykone0 percent0 mortalityO0 The0 most0
resistant0 population0 was0 in0 Thongchaleun0 village0 in0 Luang0
Prabang0 province0 U6A0 mortalitySO0 Mll0 the0 populations0 tested0
against0 permethrin0 Upyrethroid0 familyS0 presented0high0 levels0
of0resistance0with0mortality0rates0values0between0seven0and0
eightykthree0percentO0

Luang0Prabang00Huayhoy

Luang0Prabang00Phomphao

Vientiane00000000000Suanmone

Vientiane0000000000Oudomphon

DDT
Temephos
Malathion
Deltamethrin
Permethrin
DDT
Temephos
Malathion
Deltamethrin
Permethrin
DDT
Temephos
Malathion
Deltamethrin
Phermetrin
DDT
Temephos
Malathion
Deltamethrin
Phermetrin

V7x
V66
C66
Vx6
Vx6
Vx6
C66
C66
Vx6
C66
Vx6
VCx
C66
V66
Vx6
x6

C66
C66
x6
x6

V=
=7

V66
*66
V66
VV
*C

V66
*V
6

C:
7C

V66
:C

V66
*:
:=

V66
*7

V66

Resistant
Resistant
Susceptible
Resistant
Susceptible
Resistant
Resistance0supected
Susceptible
Resistance0supected
Susceptible
Resistant
Resistant
Susceptible
Resistant
Susceptible
Resistance0supected
Resistant
Susceptible
Reistance0supected
Susceptible

Province           Village        Insecticide     n    % Mortality   Status



The-most-resistant-population-was-in-Thongchaleun-village-in-
Luang- Prabang- province- 7RV- mortality<W- xll- the- populations-
tested-against-permethrin- 7pyrethroid- family<-presented-high-
levels- of- resistance- with- mortality- rates- values- between-
seven- and- eighty6three- percentW- Most- of- the- mosquito-
populations- were- susceptible- to- deltamethrinF- which- is- also-
an- insecticide- from- the- pyrethroid- familyW- Only- one-
populationF- from- Vientiane- province- 7Iongpalab- village<F-
showed- a- moderate- resistance- to- this- insecticide- 72GV-
mortality<W- xll- the- populations- tested- against- malathionF- an-
insecticide- from- the-organophosphate- familyF-were- resistant-
to-this-insecticide-7mortalityB2RV<-or-showed-the-beginnings-
of-a-resistance-7mortality-between-3UV-and-33V<W

Figure-KW-Mortality-rates-in-WHO-tube-tests-of-Aedes aegypti-
from-Lao-PIRW-
USIx4- susceptible- reference- straink- Vientiane- /apital- U4-
Kao6Gnotk- VW- /apW- S4- Phailomk- VW- /apW- :4- Iongpalabk- VW-
/apW- ;4- Oudomphonk- Luang- Prabang- U4- Khomkhuangk- LPj-
S4-Thatnoyk-LPj-:4-ThongchaleunW

Insecticide resistance mechanisms

Detoxification enzyme activities

The-levels-P;CRsF-and-the-activities-of-//Ys-and-GSTs-were-
assayed- from- single- :- day6old- FU- females- following- the-
microplate-methods-described-by-Hemingway- 7WHOF-U332<-
and- jrogdon- 7U33G<- on- a- spectrophotometerW- Total- protein-
quantification- of- mosquito- homogenates- were- performed-
using- jradford- reagent- with- bovine- serum- albumin- as- the-
standard-protein-in-order-to-normalize-enzyme-activity-levels-
by- protein- contentW- For- P;CRs- assaysF- the- OI- values- were-
measured- at- KSR- nm- after- :R- min- incubation- of- individual-
mosquito-homogenateW-Nonspecific-α6-and-β6//Ys-activities-
were-assayed-by-UR-min-incubation-of-mosquito-homogenate-
in-each-well-with-URR-μL-of-:-mM-napthyl-acetate-7either-α6-or-
β6<-at-room-temperature-and-the-OI-values-were-measured-

at- C;R- nmW- The- activities- were- determined- from- α6- or- β6
naphtol- standard- curvesW- Glutathione6S6transferases- 7GST<-
activity-were-measured- in-kinetic-at-:;R-nm-for-SR-minF-and-
the- activity- was- expressed- in- nmoles- GSH- conjugatedHminH
mg-proteinW

xll- the-populations-tested-showed-significant-higher-quantity-
of-P;CRs-compared-to-the-susceptible-reference-strainW-Most-
of-the-populations-except-the-population-from-Luang-Prabang-
showed-higher-GSTs-activities-compared- to- the-susceptible-
reference-strain-USIxW-xll- the-populations-tested-presented-
higher- alpha- and- beta6Ysterases- activities- than- the-
susceptible-strain-7Figure-G<W

Figure-GW-Global-amount-or-activity-of-detoxification-enzymes-
in- Aedes aegypti- larvae- from- field- populations- and- the-
reference- strain- 7USIx<W- /ytochrome- P;CR-
monooxygenases- 7P;CRs<F- Ysterase- 7α- and- β6//Ys<F- and-
Glutathione6S- transferases- 7GSTs<W- Sample- sizes- are- ;G-
specimensHpopulation<W- /onfidence- intervals- are- one-
standard-deviation-of-the-mean

KDR detection

Pyrethroid- resistance-can-be-due- to-metabolic-detoxification-
andHor- target- site- modification- through- non- silent- points- of-
mutations- 7kdr<- in- the- gene- encoding- for- the- Voltage6Gates-
Sodium-/hannel-7Hemingway-et alWF-SRR;<W-In-Aedes aegypti-
the-known-kdr-mutations-conferring-pyrethroid-resistance-are-
located- at- loci- URUK- 7Val→Gly<- and- UC:;- 7Phe→/ys<-
7jrengue-et al.F-SRR:k-Harris-et alWF-SRUR<W-joth-mutations-are-
present- in- Ae. aegypti- in- South6Yast- xsia- 7Yanola- et al.F-
SRUUk-Kawada-et alWF-SRR3-and-SRU;<-and-are-considered-as-
relevant- molecular- markers- to- investigate- pyrethroid-
resistance-7Figure-2<W

-

:3-INSTITUT-PxSTYUR-IU-LxOS--xNNUxL-RYPORT-SRUC6SRUK



K,

%igureVW7V–iagramVofVtheVlocationsVofVpossibleVkdrVmutationsV
foundVinmAedesmaegypti7VPointVmutationsVinVtheVvoltage2gatedV
sodiumV channelV proteinV soV farV reportedV fromV pyrethroid2
resistantVAeCmaegyptiVareVindicated7

MolecularmdetectionmofmthemV1016Gmsubstitution

TheV detectionV ofV Vw,wXGV mutationV inV theV voltage2sensitiveV
sodiumVchannelVhasVbeenVperformedVbyVqP>RVbasedVonVtheV
HighV ResolutionV MeltingV MHRM(V curveV developedV byV
Saaverda2RodriguezVetmal7V inV5,,<7V/VtotalVofVwz,<XVfemalesV
ofV Aedesm aegyptiV comingV fromV wwV field2caughtV populationsV
wereV testedVbyV real2timeVP>RVtoVdetectV theVpresenceVofV theV
Vw,wXGVandV%w&3K>VkdrVmutations7V
TheVgenotypicVdistributionVandVkdrVfrequencyVforVtheVVw,wXGV
kdrVmutationVareVshownVinVTableVK7VTheVw,wXGVmutationVwasV
foundVatVlowVfrequencyVandVrangeVfromV,VMKhonsaiyVRVXaysa2
art(V toV ,73XV M–ongpalab(7V SignificantV differencesV inV theV
frequencyV ofV theV w,wXGV alleleV wereV foundV betweenV
populationsVMpair2wiseVcomparisonszVPL,7,&(7V/llVpopulationsV
wereV atV hardyV WeinbergV 'quilibriumV exceptV KhomkhuangV
MPI,7,,K3(VandVThongchaleunVMPL,7,,w(7

TableV K7V GenotypeV distributionV andV allelicV frequencyV ofV theV
Vw,wXGVkdrVmutation

)Hardym Weinbergmequilibriumm testedmbymexact4testmFisherCm Inm bold3m significantm <p4

value<0C055mpopulationmthatmshowedmdifferencemfrommHWmexpectationsCm
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MolecularmdetectionmofmthemF1534Cmsubstitutionm

TheV detectionV ofV theV %w&3K>V mutationV onV theV voltage2
sensitiveV sodiumV channelV wasV basedV onV theV HRMV methodV
developedV byV YanolaV andV colleaguesV andV adapted7V byV ourV
team7V TheV principleV isV theV sameV asV forV theV detectionV ofV theV
Vw,wXGV mutationV TheV genotypicV distributionV andV kdrV
frequencyV forV theV %w&3K>V kdrV mutationV areV shownV inV TableV
w,7VTheVw&3K>VmutationVwasV foundVatVhighV frequencyV inVallV
populationsVMO,7X(VexceptVatVXaysa2artVwhereVtheVprevalenceV
wasV lowVandVsignificantlyVdifferentV thanVallVotherVpopulationsV
Mpair2wiseV comparisonzV PL,7,&(7V PopulationV geneticV studyV
showedV thatV allV populationsV wereV atV hardyV WeinbergV
equilibriumVMHWzVp2valueO,7,&(7

TableV &7V GenotypeV distributionV andV allelicV frequencyV ofV theV
w&3K>VkdrVmutation

)Hardym Weinbergmequilibriumm testedmbymexact4testmFisherCm Inm bold3m significantm <p4

value<0C055mpopulationmthatmshowedmdifferencemfrommHWmexpectationsCm

WeV alsoV checkV forV linkageV disequilibriumV betweenV Vw,wXGV
andV%w&3K>VinVallVpopulationsVMseeV/nnexVw(7V'xceptVforVtheV
twoV populationsV fromV KhonsaiyV andV Xaysa2artzV thereV wasV
non2randomV associationV ofV allelesV atV theV twoV kdrV lociV Mp2
valueL,7,,w(7V TheV non2independenceV interactionV betweenV
kdrV mutationsV mayV indicateV selectionV processV occurringV atV
theseVtwoVloci7

Genotype4phenotypemassociation

ToVassessVtheVroleVofVeachVmutationVinVpermethrinVandV––TV
resistancezVweVconductedVaVphenotype–genotypeVanalysisVbyV
comparingV theV genotypicV distributionV ofV theV Vw,wXGV andV
%w&3K>V mutationsV betweenV theV deadV andV liveV mosquitoesV
afterVexposureVtoVtheVtwoVinsticidesVMcomparisonsVwereVmadeV
usingV %isherHsV exactV testV atV E&CV >I(7V TheV assumptionV wasV
thatV aV higherV proportionV ofV RRV genotypesV wasV expectedV inV
mosquitoesVsurvivingVtheVinsecticideVthanVtheVonesVthatVdied7V
>onsideringV thatV theV comparisonsV cannotV beV doneV withV
populationsV havingV fixedV allelesV Mi7e7V aroundV wV orV ,(zV weV
selectedVpopulationsVhavingVkdrVallelicVfrequencyVforVbothV
V
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mutationsW rangingW fromW RzFW toW RzEzW HenceW onlyW twoW
populationsW metW thisW criteriaxW izezxW OudomphonW andW
DongpalabzWW

TheW resultsW areW shownW inW TableW 8zW WeW didW notW findW anyW
significantWdifferenceWbetweenWtheWfrequencyWofWkdrWmutationsW
GforWbothWS2FAUWandWSRS8G)WandWtheWsurvivalWrateWfromWDDTW
andW permethrinW GpNRzR2)zW ThisW mayW suggestW thatW theW kdrW
allelesW mayW haveW noW orW onlyW aW minorW roleW inW theW phenotypeW
resistanceW observedW toW DDTW andW permethrinzW HoweverxW theW
linkageWdisequilibriumWbetweenWtheWtwoW lociWmayWexplainW thisW
trendW asW theW twoW lociW areW notW independentW fromW eachW otherzW
IndeedxWweWnotedWnegativeWassociationWbetweenWtheWpresenceW
ofWhomozygoteIresistantWgenotypesW forWSRSAGWandW theWonesW
forW theW S2FAUW substitutionzW InW otherW wordsxW mosquitoesW thatW
exhibitedW RRW genotypesW forW SRS8GW wereW mostlyW SSW forW theW
S2FAUWGandWviceWversa)zWThisWphenomenonWmayWthenWbiasWtheW
numberWofWRRWgenotypesWexpectedWinWeachWcategoryWGdeadWorW
alive)zWInWadditionxWonlyWtwoWmosquitoesWGofWSxRE8)WwereWfoundW
homozygoteW resistantW forW bothW S2FAUW andW SRS8GxW henceW
suggestingWpotentialWgeneticWcostWassociatedWwithWtheWdoubleW
mutantsz

TableW 8zW VSR8GW andW FS2FAUW genotypicW differentiationW
betweenWdeadWandWliveWmosquitoesWforWDDTWandWpermethrin
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F1534C
DDT
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p-value
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F
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9liveW
Dead
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F
2

0.62

RS
FR
SA

RR
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S8

9live
Dead
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Permethrin Permethrin

SS
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0.47

RS
V2
S2

RR
P
2

9liveW
Dead
p-value

SS
SS
2

0.27

RS
V8
S8

RR
VV
VR

EfficacyWofWalternativeWlarvicidesWforW
dengueWvectorWcontrolWinWsemiIfieldWtrial

ProjectWcoordinator:WWDrzWSebastienWMarcombexWDrzWIanWSutherlandW
andWDrzWPaulW/reyW
MemberWofWstaff:WKhamsingWVongpaylothWGScientist)
NoyWKhounsombatxWGLaboratoryWtechnician)
NothasineWWPhommavanhWGLaboratoryWtechnician)
/ounmaWXayasoukWGMosquitoWinsectaryWtechnician)

/ackground

ToWprovideWinformationWonWalternativesWtoWtemephosWforWvectorW
controlWoperationsWinWtheWLaoWPDRxWweWstudiedWtheWresistanceW
levelsW ofW Aedes aegyptiW mosquitoesW fromW VientianeW toW
Bacillus thuringiensis var israeliensisW GBtixW bioIinsecticide)W
andWtheWspinosadWGnaturalyte)xWeachWofWwhichWhasWaWdifferentW
modeW ofW actionzW WeW alsoW testedW theW efficacyW ofW theW insectW
growthW regulatorW diflubenzuronW Gbenzoylurea)W thatW actsW byW
disruptingWchitinWsynthesisWandWdepositionWGMatsumuraWVRSR)zW
ThisW IGRW showedW aW promisingW efficacyW againstW severalW
mosquitoW speciesxW especiallyW Aedes aegyptizW BtiW hasW
desirableWpropertiesW forWmosquitoWcontrolWbecauseWofW itsW fastW
killingW effectxW aW goodW toxicologicalW profileW GLaceyW VRRE)xW andW
theW absenceW ofW crossIresistanceW withW conventionallyW usedW
pesticideszW9llWofWtheWaboveWinsecticidesWareWrecommendedWbyW
theW WorldW HealthW OrganizationW GWHO)W forW useW forW vectorW
controlWinWdrinkingWwaterWsourcesWandWcontainersWandWmayWbeW
usedW routinelyW byW mosquitoW controlW servicesW GWHOW VRRAxW
VRRPxWVRSR)z

TheWpurposeWofWthisWstudyWwasWtoWcharacterizeWtheWresistanceW
statusW of Ae. aegypti larvaeW fromW VientianexW LaoW PDRxW toW
temephosxW BtixW andW diflubenzuronW andW toW assessW theW
efficaciesW andW residualW activitiesW ofW theseW insecticidesW underW
simulatedWconditionsz

TheW trialW wasW carriedW outW inW VientianexW LaoW PDRxW onW theW
premisesWofW theW InstitutWPasteurWduWLaoszWTheW tentsWandW theW
plasticW containersW wereW installedW inW earlyW OctoberW andW theW
experimentW startedW onW theW PthW ofW OctoberW GFigureW j)zW TheW
effectsWofW temephosW GSmg-L)xWdiflubenzuronW GRzV2mg-L)xW andW
BtiW GPmg-L)W formulationsW wereW evaluatedW andW comparedW
againstW Ae. aegyptiW larvaeW GIPLW strain)zW /lueW plasticW
containersW withW aW capacityW ofW VRRW litersW wereW usedW becauseW
theyWareWwidelyWusedWforWwaterWstorageWinWVientianeWUityWand

MaterialsWandWmethods
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have( been( shown( to( be( an( important( productive( breeding(
habitat( for( Ae.c aegypti.( These( drums( were( filled( with( °=%(
liters(of(domestic(water(and(covered(with(a(mosquito(net( to(
prevent( oviposition( by( wild( female( mosquitoes( in( the( area(
and(to(prevent(the(deposition(of(debris,(The(containers(were(
placed(under(a(shelter(to(prevent(direct(exposure(to(rain(and(
sunlight( GFigure( ×0,( 6ll( the( insecticides( were( tested( at( the(
dosage(recommended(by(the(WHO(or(the(manufacturers(for(
the( control( of( mosquito( larvae,( Twelve( containers( Gthree(
replicates( per( insecticide0( were( allocated( to( insecticides( at(
random,( Three( were( left( untreated( and( used( as( a( control,(
Groups(of(°88(thirdLinstar(larvae(of(the(F°(generation(of(the(
Institut(Pasteur(du(Laos(strain(GIPL(strain(collected(in(sentinel(
containers(at(the(Institute0(were(added(to(each(container(with(
one(gram(of(food(Gdry(cat(food0(at(time(8P(and(then(every(°8(
days,( The( containers( were( replenished( every( °8( days( to(
maintain( the( initial( level( of( water,( Emerging( adults( were(
collected(from(each(container(by(using(electric(aspirators(and(
then( stored( at( −–8°C,( Temperature( and( pH( were( checked(
every(°8(days(with(a(portable(tester(to(detect(any(differences(
between( replicate( andEor( treatments,( External( temperature(
and(humidity(were(recorded(by(using(a(meteorological(unit,(
Emergence( inhibition( rates( GW( EI0( and( ×%W( CIs( were(
calculated( for( the( average( of( the( three( replicates( per(
insecticide(according(to(the(formula<(W(EI(R(GGC(–(T0EC0(×(°88
where( C( is( the( emergence( in( the( control( and( T( is( the(
emergence(in(the(treated(container(at(the(same(time(period,(
For(each( formulationP(curves(were(presented(until( the(W(EI(
decreased( to( S–8WP( which( corresponded( to( the( threshold(
generally(considered(for(reapplication(of(the(treatment,
The( susceptibility( status( of( the( IPL( strain( against( Bti( and(
diflubenzuron( was( measured( following( the( same( protocol(
described(above,

Figure( ×,( Semi( field( trial( at( the( Pasteur( Institute( of( Laos,(
Efficacy( of( conventional( versus( alternative( insecticide(
formulations(used(for(vector(control(are(tested,

Results

Results( of( the( larval( bioassays( on( the( IPL( strain( GVientiane(
capital0(are(shown(in(Table(=,(The(result(showed(that(the(IPL(
strain( was( fully( susceptible( to( the( insecticides( Bti( and(
Diflubenzuron( showing( that( these( insecticides( are( good(
candidates(for(vector(control(in(the(Lao(PDR,

Table( =<( Resistance( status( ofc Aedesc aegypti( GIPL( strain0(
against(Bti(and(Diflubenzuron(

*Resistantc ratiosc =c LC50c ofc wildc strainc /c LC50c ofc USDAc

susceptiblecreferencecstrain.

The( results( of( the( semiLfield( experiment( are( presented( in(
Figure( °8,( TwentyLthree( weeks( after( the( treatmentsP( the(
average(percentage(of(emergence( in( the(containers( treated(
with(3ti(was(more(than(C8WP(which(is(the(limit(recommended(
for( a( new( treatment( in( field( conditions,( This( threshold( was(
exceeded( in( the( containers( treated( with( diflubenzuron( after(
twentyLfour( weeksP( while( the( temephos( treatment( showed(
×:W(efficacy(G/W(emergence0(after(twentyLeight(weeks,(One(
should( note( the( dramatic( decrease( of( emergence( in( the(
control(containers(dropping(from(–8W(to(/8W(between(T°°8(
and( T°%8( GFigure( °80,( This( corresponds( to( an( increasing(
temperature( inside( the( containers( during( the( same( period,(
During( this( periodP( the( temperatures( rose( from( CCo( C( to(
almost( k8o( C( inside( the( containers,( This( event( may( have(
consequences( also( on( the( treated( containersP( delaying( the(
increase(of(emergence(for(a(few(weeks,(

Figure( °8,( Percentage( emergence( of( Ae.c aegypti( in( the(
control(and(treated(containers

(

(

Larvicides          RR50*          RR95*

Bti

Difflubenzuron
8,–/
°,°

0.38
8,=k



NiscussionvandvKonclusions

Thev semiBfieldv trialv assaysv showedv thatv afterv >>v weeks5v allv
thevinsecticidesvtestedvHixexvBti5vtemephos5vandvdiflubenzuronOv
havevremainedvabovev1RgvEmergencevInhibitionvHEIO5vixexvthev
acceptablev thresholdv forv av larvicidev accordingv tov WHOPESv
HWHO5v >RRqOxv jelowv 1Rgv EI5v av newv treatmentv isv
recommendedxvOurvresultsvindicatedvavgoodvresidualvefficacyv
ofv thesev threev insecticidev formulationsv againstv Aedes 

aegyptixv However5v itv hasv alreadyv beenv pointedv outv thatv thev
performancevofvlarvicidesvinvwellBcontrolledvconditionsvhasvtov
bev takenv cautiouslyv becausev ofv thev absencev ofv directv
exposurevtovrain5vsunlight5vandvorganicvmattervthatvcouldvleadv
tovanvoverBestimationvofvthevresidualvactivityvofvanvinsecticidexv
SimulatedBfieldv experimentsv representv av usefulv methodv forv
screeningvnewvinsecticidesvand/orvtovselectvdosagesvforvfieldv
application5v butv theyv cannotv bev usedv tov predictv thev
performancev ofv formulatedv productsv underv realv conditionsxv
Nespitev thevrelativelyvgoodvresidualvactivityvofv thevtemephosv
formulation5v wev shouldv takev intov accountv thatv severalv
populationsv presentedv moderatev levelsv ofv temephosv
resistancev HixexvRRVq<>OxvTemephosv insecticidev isv thevactivev
ingredientv ofv thev Xbatev formulation5v thev larvicidev usedv forv
denguev vectorv controlv inv thev Laov PNRxv Thosev levelsv ofv
insecticidev resistancev indicatev thatv av selectionv pressurev
occurredvinvthesevmosquitovpopulationsxvThisvemphasizesvthev
needv tov findv av substitutev forv thev Xbatev formulationv tov avoidv
thevdevelopmentvofvresistancevandvmakevfuturevpublicvhealthv
operationsv uselessxv Furthermore5v Xbatev isv posingv
environmentalv issuesv andv wasv bannedv inv thev Europeanv
Unionv inv >RRVxv Thev futurev usev ofv morev environmentallyv
friendlyv productsv suchv asv jtiv andv diflubenzuronv isv
recommended5v especiallyv knowingv thatv nov crossBresistancev
betweenv thesev insecticidesv andv temephosv hasv beenv
reportedx

Thev adultv bioassaysv showedv thatv mostv ofv thev Ae. aegyptiv
adultv populationsv werev highlyv resistantv tov permethrinv andv
NNT5v butv susceptiblev tov deltamethrinxv Permethrinv andv
deltamethrinvbelongv tov thevpyrethroidv familyvandvhavevbeenv
usedv inv thev Laov PNRv forv adultv controlv sincev thev ninetiesv tov
fightv againstv malariav andv denguexv jothv havev beenv usedv inv
spaceBsprayingv applicationsv orv inv treatedv bedv netsv andv canv
bevfoundvinvhouseholdvaerosolvspraysxvThisvlongvandvintensev
insecticidevusevhasvprobablyvledvtovthevpermethrinvresistancev
andvdeltamethrinv resistancev isv likelyv tov followvsoonvhisv longv
andv intensev insecticidev usev hasv probablyv ledv tov thev
permethrinvresistancevandvdeltamethrinvresistancevisvlikelyvtov
followv soonv Hmoderatev levelsv ofv resistancev inv larvae5v Tablev
>OxvNespitevthevfactvthatvNNTvwasvbannedvinv9V1VvinvthevLaov
PNR5vstrongvlevelsvofvresistancevhavevbeenvobservedxv

Thisvcouldvbevexplainedvbyv thevwellBknownvcrossBresistancev
occurringv betweenv pyrethroidsv andv organochlorinev HNNTOxv
Thev usev ofv malathionv sincev thev ninetiesv forv denguev controlv
certainlyv explainsv thev highv resistancev levelsv inv Aedesv
populationsvinvthevLaovPNRx

WevinvestigatedvthevpresencevandvthevfrequencyvofvtwovwellB
knownv kdrv mutationsv HV9R9FGv andv F9qALKOv inv 99v fieldB
caughtv populationsv ofv Aedes aegypti inv thev Laov PNRxv Thev
resultsv showedv thatv thev 9R9FGv andv 9qALKv kdrv allelesv arev
presentv inv thev Laov PNRv butv atv variousv frequenciesxv Thev
9qALKv wasv foundv atv highv prevalencev H<RxFv exceptv inv onev
populationOvwhereasvthev9R9FGvwasvfoundvatvlowvprevalencev
H3RxLOxv Inv ourv studyv nov correlationv wasv foundv betweenv thev
presencev ofv mutantv allelesv andv thev survivalv ratesv ofv
mosquitoesv tov NNTv andv Permethrinxv Thisv canv bev explainedv
byv significantv linkagev disequilibriumv Hasv discussedv aboveOv
and/orvbyvthevpresencevofvadditionalvmechanismsvHmetabolicOv
playingvavgreatervrolevinvresistancevthanvthevkdrxvjrookevandv
colleaguesv H>RR1Ov havev alreadyv showedv earlyv showedv thatv
resistancevcouldvbevmultigenic5v andv thevkdrvgenotypevmightv
notv fullyv explainv allv thev variancev inv phenotypexv Thisv wasv
confirmedv recentlyv byv av studyv publishedv inv Genomev
Researchv thatv showedv thatv nonev ofv thev V9R9FI/Gv kdrv
mutationsv previouslyv associatedv withv pyrethroidv resistancev
werev retainedv asv bestv candidatev markersv HFauconv et alx5v
>R9qOxvKontradictoryvfindingsvonvthevrolevofvthevkdrvmutationsv
invpyrethroidvresistancevwerevpreviouslyvreportedvHSaavedraB
Rodriguezvet al.5v>RRUGvNonellyvet alx5v>RRVOxvKlearlyv furtherv
validationvstudiesvarevneededvtovaddressvthevexactvrolevofvthev
variousvkdrvmutationsvinvNNTvandvpyrethroidvresistancex

Wevinvestigatedvthevrolevofvthevdetoxificationvenzymesvinvthev
resistancev inv fivev resistantv populationsv fromv Vientianev H>v
populationsO5v Luangv Prabang5v Saravanev andv Xayaburyxv
Resultsv showedv significantv differencesv inv detoxificationv
enzymev activities/quantitiesv comparedv tov thev susceptiblev
referencev strainv HUSNXOv suggestingv thev involvementv ofv
metabolicv basedv resistancev mechanismsxv Ourv toxicologicalv
datavwithvthevusevofvsynergistsvsupportedvthesevresultsxvThev
efficacyvofvmalathionvandvpermethrinvagainstvthevpopulationsv
testedv wasv restoredv afterv thev mosquitoesv werev exposedv tov
inhibitorsv ofv detoxificationv enzymesxv Esterasesv basedB
resistancev mechanismv isv av majorv mechanismv forv
organophosphatev resistancev inv insectsv HHemingwayv andv
Karunaratne5v 9VV1Oxv Severalv examplesv ofv Ae. aegyptiv
resistancevtovorganophosphatesvworldwidevlinkedvtovelevatedv
carboxylesterasesvactivitiesvhavevbeenvdescribedvHRodriguezv
et alx5v >RR9Gv Wirthv et alx5v 9VVVOxv Ourv toxicologicalv andv
biochemicalv datav confirmedv thesev observationsxv Xmongv
detoxificationvenzymes5vPLqRsvhavevbeenvshownvtovplayvavvv

LAvINSTITUTvPXSTEURvNUvLXOSvvXNNUXLvREPORTv>R9qB>R9F



LL

Referencesmajor2role2in2pyrethroid2resistance2in2insects2MWrogdon2et alG-2
q[[NF26emingway2et alG-2DTTLF2Ranson2C26emingway-2DTTOuG2
?n2 the2 Qaribbean-2 Marcombe2 et alG2 MDTT[u2 suggested2 the2
involvement2of2PLOTs2in2the2reduced2efficacy2of2deltamethrin2
spaceEspray2operationsG23levated27ST2levels2have2also2been2
frequently2 associated2 with2 insect2 resistance2 to2 insecticides2
such2as2YYT2and2pyrethroids2MVontas2et2alG-2DTTqF23nayati2et 

alG-2 DTTOF2 Lumjuan2 et alG-2 DTTOuG2 Our2 toxicological2 and2
biochemical2 data2 support2 the2 role2 of2 PLOTs2 and2 7STs2 in2
insecticide2resistance2in2the2Lao2PYRG

Wetter2 understanding2 of2 the2 levels2 and2 mechanisms2 of2
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and2differentially2expressed2genes2[Y32genes]F2Jaucon2et al.2
DTqOu2 is2 urgently2 needed2 to2 fight2 against2 dengue2 and2 to2
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,,,,Dissemination,of,research,results,through,scientific,publications2,presentations,and,international,meetings,as,well,
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Background

ProjectCcoordinator%CAntonyCBlackC
MemberCofCstaff%CKeooudomphoneCVilivongC

SerosurveillanceCofCvaccineC
preventableCdiseasesCandChepatitisCCC
inChealthcareCworkersCfromCLaoCPDR

HealthcareCworkersC )HCWxChaveC increasedC riskCofCexposureC
toC infectiousC diseasesC andC infectedC HCWC representC aC
potentialC sourceC forC onwardC transmissionC ofC pathogensC toC
susceptibleC patients-C ItC isC importantC thatC theseC risksC areC
minimizedzCbothCbyCreducingCexposureCandCbyCvaccinationCinC
theCcaseCofCvaccine,preventableC infections-C InC theCLaoCPDRzC
theC0Nz80OCHCWC)7883xzCcorrespondedCtoCaCratioCofConlyC2-70C
perC 0888C population-C WhilstC thereC areC noC dataC onC theC
immunityCofCLaoCHCWCagainstCimportantCinfectiousCdiseaseszC
exposureC isC probablyC highC consideringC thatC theC lackC ofC
resourcesC underminesC vaccinationC coverageC andC post,
vaccinationC follow,upC forC thisC importantC riskC population-C InC
additionzClowCratesCofCchildhoodCvaccinationCwithinCtheCcountryC
andC waningC ofC vaccine,inducedC antibodiesC inC adultsC furtherC
exacerbateCtheirCrisk-

ManyCcountriesCadviseC thatCHCWCshouldC receiveC2CdosesCofC
HBVC vaccine-C FurthermorezC ifC thereC isC noC evidenceC forC
immunityCtoCmeasleszCmumpsCandCrubellazC7CdosesCofCvaccineC
areCrecommended-CSimilarlyzCaCboosterCforCdiphtheriazCtetanusC
andCpertussisCandCvaricellaCvaccineCshouldCbeCgivenC toCnon,
immuneCHCW-COtherCrecommendationsCincludeCmanagementC
ofC riskC ofC infectionC byC increasedC awarenessC andC protection-C
NeverthelesszC inC LaoC PDRC thereC isC currentlyC noC nationalC
policyCwithC respectC toC immunisationCorCserologicalCscreeningC
ofCLaoCHCW-

TheC objectiveC ofC thisC cross,sectionalC seroprevalenceC studyC
wasC toC determineC theC levelC ofC vaccineC coveragezC exposureC
andC riskC ofC infectionC inC LaoC HCWC againstC HBVzC HCVzC
measleszCrubellazCtetanuszCdiphtheriazCandCvaricellaCzoster-C
C

m Agemnm(p)m

m 15–24m 25–29m 30–34m 35–39m 40–44m 45-49m 50–54m 55–70m Totalm

Anti-HBs+m 60 

(43.2) 

127 

(50.4) 

67 

(53.6)
 

53 

(52.5) 

67 

(52.8) 

95 
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(53.0)
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(8.0)
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59 

(43.7) 

110 

(44.2) 

71 

(55.0) 

46 

(44.2) 

88 

(67.7) 

110 

(69.2) 

75 

(64.7) 

37 

(66.1) 

598 

(55.6)
 

Anti-tetanus+m 115 

(84.6) 
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 OnlyC 32-0HC ofC theC HCWC hadC protectiveC anti,hepatitisC BC
surfaceCantigenCantibodiesCwithC5N-NHChavingCanti,hepatitisCBC
coreCantibodieszCindicatingCpreviousCexposureCandCN-8HCwereC
hepatitisC BC surfaceC antigenC carriers-C 2-THC wereC hepatitisC CC
seropositive-C MeaslesC andC rubellaC antibodiesC wereC detectedC
inCT3-5HCandCNF-7HCofCtheCHCWzCwithC00-THCofCfemalesC

5N

Activities

007NCHCWCwereCrecruitedCfromC2CcentralzC7CprovincialCandCNC
districtC hospitalsC withinC VientianeC CapitalzC HuaphanC andC
BoulhikhamxayC provincesC inC LaoC PDR-C FollowingC informedC
consentzC TmlC ofC venousC bloodC wasC collectedC andC agezC sexzC
lengthC ofC timeC inC theC jobzC jobC descriptionC andC numbersC ofC
childrenCandCself,reportedCvaccinationChistoryCwereCrecorded-C
AllC participantsCgaveC theirCwrittenC informedCconsent-CResultsC
fromCtheCHBVCandCHCVCserologicalC testingCwereCreportedC toC
theC participantsC andC anonymousC dataC wereC sharedC withC theC
hospitalC managementC accordingC toC theC informedC consent-C
TheC studyC wasC authorizedC byC theC LaoC NationalC EthicsC
CommitteeCforCHealthCResearch-CC

TableC 0-C Age,stratifiedC seroprevalenceC ofC HCW-C Anti,
diphtheriazC anti,tetanusC andC anti,HBsC representC protectiveC
levelsCofCantibodies-
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beingc unprotectedc againstc rubella3c Xntibodiesc againstc
varicellac zoster7c tetanusc andc diphtheriac werec detectedc inc
kH.7c WB3B.c andc HH3m.7c respectivelyc ,Figurec Fh3c
Seroprevalencecvariedcaccordingctocage7cgendercandcnumberc
ofcchildrenc,TablecFh3

Ourcdatacshowc thatcancunacceptablychighcproportioncofcLaoc
HCWc remainc susceptiblec toc infectionc withc hepatitisc j7c
diphtheria7c tetanusc andc rubella3c Somec publicc healthc
investigatorscrecommendcserologicalctestingcofcHCWcpriorctoc
employment3cHowever7cthisciscnotcfeasiblecincLaocPDR3cThus7c
consideringc scarcec resources7c wec recommendc systematicc
vaccinationcofcLaocHCWcwheneverc thecvaccinec iscavailable3c
Furthermore7c thechighcprevalencecofcchronicchepatitiscjcandc
CcincHCWcsuggestscthatcriskcmanagementcstrategiescshouldc
becenforcedctocprotectcbothcHCWcandcpatients3
c
Finally7c thec HCWc attitudec towardsc theirc ownc vaccinationc isc
likelyc toc mirrorc theirc permissivec attitudec toc vaccinationc inc
general3c Therefore7c vaccinationc awarenessc campaignsc forc
HCWc inc hospitalsc wouldc bec ofc veryc broadc benefit3c Xsc ac
minimum7c ac riskc awarenessc strategyc isc warrantedc inc thisc
contextc inc additionc toc mc dosec HjVc vaccinationc forc allc Laoc
HCW7cirrespectivecofcvaccinationchistory3

ThesecdatachavecbeencreportedctocthecLaocMOH3c

jlackc XP7c Vilivongc K7c Nouanthongc P7c Souvannasoc C7c
Hubschenc JM7c etc al3c ,)(FHhc Serosurveillancec ofc Vaccinec
PreventablecDiseasescandcHepatitiscCcincHealthcarecWorkersc
fromcLaocPDR3cPLoScOnecF(xce(F)mCfW3

c c Nationalc Centerc forc Laboratoryc andc Epidemiology7c
Vientiane7cLaocPDR3
c c c c Vientianec centralc hospitalsVc Mitthapab7c Settathirathc andc
Childrens3
c c Vientianec districtc hospitalsVc c Sykhod7c Chantabouly7c
Sysatanak7cXaysetha3
cccccccProvincialcLaochospitalsVcHuaphancandcjoulhikhamxay3
c c c c Nationalc c Immunizationc Programme7c Ministryc ofc Health7c
LaocPDR3

c

c

Partners

Figurec F3c Tetanusc antibodiesc accordingc toc genderc ofc HCW3c
Numberscaboveccolumnscrepresentcnumbercpercgroup3

Diphtheriac isc ac vaccine8preventablec infectiousc diseasec
causedc byc thecbacteriumc Corynebacterium diphtheriae3c Thec
diseaseciscspreadcprimarilycbycdropletscfromcthecnose7cthroatc
andc eyesc andc affectsc allc agesc butc isc morec prevalentc inc
unvaccinatedcindividualscbelowcthecagecofcFHcyears3cjetweenc
Octoberc andc mid8Decemberc )(F)7c thec Nationalc Centrec forc
LaboratorycandcEpidemiologyc,NCLEhcreportedckmcsuspectedc
casescofcdiphtheria7cincludingcCcdeaths7cfromcthecXamtaicandc
Huameuangc districts7c Huaphanc province3c Xgec distributionc
wascspecifiedcforc)fcsuspectedccasesc,)k3).cundercfcyears7c
fF3W.c betweenc fc andc kc years7c )(3B.c betweenc F(c andc Ffc
years7cB3m.coldercthancFfcyearsh3cFurthercoutbreakscoccurredc
inc otherc provincesc andc continuedc inc )(Fmc ,aboutc )kc
suspectedc casesc inc Huaphanc andc )(c morec nationwidec inc
)(Fmh3c Suchc reemergencec ofc ac seriousc butc vaccine8c
preventablecdiseaseccouldcbecdueceitherctocpoorcvaccinationc

Diphtheriacseroprevalencecinc
HuaphancProvince3

jackground

ProjectccoordinatorxcXntonycjlackc
MembercofcstaffxcKeooudomphonecVilivong7cPhonethipsavanhcNouanthongc
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coveragekorklowkeffectivenesskofkthekvaccineskused6

]nk collaborationkwithk thek ]nstitutk dek lak;rancophoniekpourk lak
Medecinek Tropicalek ink Vientiane4k wek aimedk tok assessk thek
diphtheriak immunizationk statuskofk childrenk ink twokdistrictskofk
thek provincek ofk [uaphank andk tok determinek thek reasonsk fork
non(vaccinationk andk lackk ofk seroconversionk amongk
vaccinatedkchildren6

;ollowingk parentalk informedk consent4k UC/k bloodk samplesk
werek takenk fromk childrenk betweenk thek agesk ofk U/k tok yPk
monthsk ink Kuank andk Xamtaik districtsk ofk [uaphank province6k
;actorskassociatedkwithknon(vaccinationkarekshownkinkTablek
/6kSntibodiesktokéiphtheriaktoxinkwerekdetectedkinkB0kchildrenk
A<C6<9Dk ofk whichk yBk A0C6P9Dk hadk ak titerk greaterk thank Uk
internationalkunitkperkmilliliterkA]U%mlDkcorrespondingktokaklong(
termkprotection6k7hildrenkfromkvillageskwithinkU))kminuteskofk
ak healthk centerk werek significantlyk betterk immunizedk againstk
diphtheriak Apk Rk )6))UDk thank thek childrenk ofk morek remotek
villages6k Tetanusk antibodiesk werek alsok higherk ink thosek
villageskcloserktokhealthkcentreskA;igurek/D6kWekalsokfoundkak
highk percentagek A<y9Dk ofk thek childrenk hadk nok protectivek
antibodiesk againstk hepatitisk ?k virusk andk 0P9k werek infectedk
withk intestinalk parasites6k Thesek datak indicatek veryk lowk
vaccinek coveragek andk highk intestinalk parasitek infectionsk ink
[uaphankprovince4kparticularlyk inkruralkareaskfark fromkhealthk
centres6k Thek occurrencek ofk ak diphtheriak epidemick ink thek
[uaphank Provincek clearlyk revealsk ak seriousk deficiencyk ink
immunizationk coveragek ofk childrenk underk yk yearsk ofk age6k
Whetherk significantk proportionsk ofk childrenk targetedk byk thek
JP]k arek notk reachedk byk mobilek teamsk ork thek vaccinesk arek
poorlykpreservedkandkused4kork thatk thek immunogenicitykmayk
havekbeenklow4kremainsktokbekdeterminedkmorekpreciselykbutk
thekfirstktwokfactorskappearktokbekassociatedkpredominantly6k

Thisk studyk supportsk thek findingsk ofk previousk surveysk
conductedk ink Laok PéRk leadingk tok thek followingk
recommendationsEk strengtheningkhealthkeducationk fork targetk
populations4kprioritizationkofkvaccinationkinktheknationalkhealthk
strategies4k reinforcementk ofk mobilek teamsk ink remotek areas4k
improvingkcoordinationkwithkvillagekleadersktokreachkallktargetk
children4k strengtheningk ofk equipmentk ofk allk healthk centersk
Afridges4k kerosenek and%ork gasD4k ensuringk regulark supplyk ofk
vaccines4k coldk chaink managementk andk adoptionk ofk
temperature(monitoringk technologiesk duringk storagek andk
transportk ofk vaccines6k Withk regardk tok ethnick minorities4k ank
anthropologicalkapproachkshouldkbekimplementedktoktakekintok
accountk anyk culturalk barriersk tok vaccination6k Thek
implementationk ofk thesek recommendationsk shouldk bek ak
priorityk ink thek mostk remotek provincesk ink orderk tok avoidk thek
recurrencek ofk outbreaksk ofk deadlyk butk vaccinek preventablek
diseaseskinkchildren6

Thesekdatakwerekpresentedk inkposterk formatkatk thekNationalk
[ealthkResearchk;orum4kVientiane4kOctoberk/)UCkandkhavek
beenkreportedktokthekLaokMO[6kk

Nanthavongk N4k ?lackk SP4k Nouanthongk P4k Souvannasok 74k
VilivongkK4k etk al6k A/)UyDkéiphtheriak ink LaokPéREk ]nsufficientk
7overagekork]neffectivekVaccineNkPLoSkOnekU)Ekke)U/UW0P6

k

kkkkkk]nstitutkdeklak;rancophoniekpourklakMédecinekTropicale6k
k k Laos(Yapank Yointk Laboratoryk fork Parasitology4k ]nstitutk
PasteurkdukLaos4kVientiane4kLaokPéR6

Tablek /Ek Logisticalk regressionLk factorsk associatedk withk non(
vaccinationk ofk children6k refEk referenceLk cOREk crudek Oddsk
ratioLk aOREk adjustedk Oddsk ratioLk Py9k 7]Ek Py9k confidencek
interval6
k
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Independent(variables( Bivariate(analysis( Multivariate(analysis(

( cOR( Py9k7]k p( aOR( Py9k7]k p(
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]lliteratekArefDk (k (k (k (k (k (k

Primaryk )6Byk [)6/0(/6Py]k )6Wk -( (k -(
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kkk]lliteratekArefDk (k (k (k (k (k (k
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k

y)

Prospective

Partners



’)aINSTITUTaPASTEURaDUaLAOSaaANNUALaREPORTaH<)’;H<)w

Figurea H*a Anti;diphtheriaa anda anti;tetanusa antibodya
seroprevalenceainachildrenafromavillagesalessathanaoragreatera
thana)<<aminutesatravelafromahealthacentresafnaja)BH4amnsaja
minutes4a(paja<*<H3a((pM<*<<)m*

HepatitisaBavirusafHBVmaisahighlyaendemicainatheaLaoaPeople’sa
DemocraticaRepublicawithaupa toa)<vaofabloodadonorsabeinga
positivea fora HBsAg*a Luxembourga Institutea ofa Health3a
Luxembourga anda thea Laoa Reda Crossa havea alsoa previouslya
founda aa higha prevalencea ofa occulta infectiona ina Laoa blooda
donors*a Sucha potentiallya infectiousa blooda isa currentlya nota
screeneda fora ina theaLaoabloodadonations*aThea currenta studya
aimsatoaexpandatheseafindingsainaaanation;wideasurvey*

HepatitisaBaandaCavirusainaLaoa
bloodadonors*a

Background

Thea HBVa serologya profilea wasa determineda amonga
approximatelya ’<<<a first;timea anda repeateda donorsa duringa
H<)V;H<)’ainasixarepresentativeaprovinces*

PrevalenceaofaHBsAgawasahighainafirstatimeaLaoabloodadonors*a
Repeata donorsa alsoa hada higha prevalence3a suggestinga thata
theyahaveanotabeenaeffectivelyascreenedaoutaofa theadonationa
process*aRepeatadonationsafromaHBsAgapositiveadonorsaneeda
toabeareduced3ainaorderatoasaveacostaandaresources*

 

Thea dataa werea presenteda anda discusseda witha thea Laoa Reda
Cross*aTheaimplementationaofaanaeffectiveadatabaseatrackinga
systema duringa blooda donora recruitmenta coulda bea aa cost;
effectiveawaya toaexcludea repeatadonorsa thatawereapreviouslya
testedapositive*a

a a Laoa Reda Cross3a Nationala Blooda Transfusiona Centre3a
Vientiane3aLaoaPDR*
a a a aDepartmentaofaPathology3aUniversityaofaHealthaSciences3a
Vientiane3aLaoaPDR*
aaaaaDepartmentaaaaaofaaPathology3aFacultyaofaMedicine3aChianga
MaiaUniversity3aThailand*a

Partners

ProjectacoordinatorkaAntonyaBlack
MemberaofastaffkaPhonethipsavanhaNouanthonga

Activities

Preliminaryaresults

Prospective



Varicellawzosterwoutbreak

Background

Thew Nationalw Centrew forw Laboratoryw andw Epidemiologyw
5NCLE.w wasw notifiedw regardingw anw outbreakw situationw inw aw
remotewregionwofwParksengwdistrictHwLuangwPrabangwProvincew
inw Januaryw -ZS4Iw Anw investigationw teamw includedw
epidemiologistswandw laboratorywscientistsw fromwNCLEHwWHOHw
andw Institutew Pasteurw duw LaosIw Clinicalw diagnosisw wasw
performedw byw aw physicianw andw bloodw samplesw fromw allw
subjectsw withw clinicallyw diagnosedw VZVw infectionw werew
collectedwbywthewIPLwscientistwandwclinicianIwSuspectedwcasesw
werew testedw forw presencew ofw antiOVZVw IgMw atw IPLIw AntiOVZVw
IgMw wasw detectablew inw MZw outw ofw M3w casesw 566I-2.w withw anw
averagew agew ofw 8I4w yearsIw w Thesew dataw confirmedw thew
outbreakwwasw varicellaw zosterw andHw togetherwwithwnationwidew
serologyw dataw 5notw shown.w indicatew thatw thew virusw isw widelyw
circulatingwinwLaowPDRI

ProspectiveRwallwdatawwerewreportedwtowNCLEI

PhotoRw IPLw staffw collectingw andw organisingw samplesw fromw
varicellawoutbreakIw

Evaluationwofwzoonoticwvirusw
circulationwandwtransmissionwinw
domesticwanimalswfromwmixedwfarms 
inwruralwLaowPDR

ProjectwcoordinatorRwMaudewPauly
ww

Background

Togetherw withw subOSaharanw AfricaHw SouthOEastw Asiaw
representswawmajorwhotspotwforwemergingwinfectiouswdiseasesHw
largelyw duew tow closew contactsw betweenw wildlifeHw domesticw
animalswandwhumansIwPeoplew inwruralwareaswofwLaowPDRwarew
predominantlyw subsistencew farmersw andw cultivatorsw andw Laow
farmersw practicew mixedOspeciesw backyardw farmingHw wherew
poultryHw pigsHw ruminantsw andw otherw animalw speciesw arew
traditionallyw rearedw togetherIw Livestockw isw rearedw mostlyw forw
directwconsumptionHwbutwalsowaswpotentialwcashwreserveworwasw
“wealthw insurance”Iw ThusHw animalw healthw directlyw influencesw
humanwwellObeingHwsincewthewlosswofwanwanimalwentailswnotwonlyw
lossw ofw proteinw provisionHw butw alsow ofw thew cashw reservew
requiredwinwemergencywsituationsw5eIgIHwawmedicalwtreatment.Iw
Despitew thew considerablew riskw forw interspeciesw andw zoonoticw
diseasew transmissionHw humanw andw animalw healthw carew
servicesw arew insufficientw andw earlyw andw rapidw detectionw ofw
diseasewoutbreakswremainswchallengingI

Activities: 

Inw collaborationw withw thew localw partnersHw samplesw fromw
domesticw animalsw 5includingw cattleHw smallw ruminantsHw poultryw
andw pigs.w werew collectedw inw ruralw settingsw andw inw
slaughterhouseswandw testedw forwseveralw relevantwviralwanimalw
diseasesw5eIgIwNewcastlewdiseaseHwInfectiouswbronchitiswvirus.w
andw forw virusesw withw zoonoticw potentialw 5eIgIw Influenzaw AHw
Hepatitisw EHw ParamyxovirusesHw Coronaviruses.w applyingw
differentwlaboratorywtechniquesIwParticularwfocuswwaswputwonw

4-

ProjectwcoordinatorRwAntonywBlack
MemberwofwstaffRwPhonethipsavanhwNouanthongw



CFwINSTITUTwPASTEURwDUwLAOSwwANNUALwREPORTww)z(Cq)z(6

closewcollaborationwwithwpeoplewwhowarewinwcontactwwithwlocalw
farmerswonwawdailywbasiswtowincreasewthewchancewtowdetectwandw
controlw diseasew outbreaksgw Herebyvw wew aimw tow providew ourw
partnersw withw thew requiredw capacityw andw knowledgew forw
diseasew outbreakw managementgw Theyw werew involvedw inw allw
stepsw ofw studyw designvw samplew collectionvw processingw andw
analysesgw Moreovervw knowledgew transferw wasw assuredw byw
organizingw workshopsw onw basicw laboratoryw analysesvw byw
activelyw participatingw inw onqsitew samplew collectionw andw byw
givingwlectureswkegggwonwbasicwvirologyvwonwzoonoticwdiseases.g

wwwwwFacultywofwAgriculturevwUniversitywofwLaosvwLaowPDRg
wwwwwVeterinarianswwithoutwbordersg
w w w Departmentw ofw Pathologyvw Universityw ofw Healthw Sciencesvw
VientianevwLaowPDRg
wwwwwDepartmentwwwofwwwPathologyvwwwFacultywofwMedicinevwChiangw
MaiwUniversityvwThailandg
wwwwwNationalwAnimalwHealthwLaboratoryvwVientianevwLaowPDRg

Partners
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ParasitologyTLaboratoryT
Lao-Japan joint Lab  

Head of Laboratory: ShigeyukiTKANOfTMDfTPhTD

Junior Scientists: 
PhonepadithTKHATTIGNAVONGfTMD
SengdeuaneTKEOMALAPHETfTMD

Technicians:
PheovalyTSOUNDALA
LavyTLORPHACHAN

Projects

SATREPSTProject:TProjectTforTDevelopmentTofTInnovativeTResearchTTechniqueTinTGeneticTEpidemiologyTofTMalariaT
andTOtherTParasiticTDiseasesTinTLaoTPDRTforTContainmentTofTTheirTExpandingTEndemicity

AimsT ofT theT ParasitologyT laboratoryT areT toT carryT outT researchT andT trainingT inT theT areaT ofT parasitologyT toT betterT understandT
parasiticTdiseasesTaffectingTtheTLaoTpopulationTandTtoTproposeTwaysTtoTmitigateTpossibleTinfectionsfTandTtoTprovideTtechnicalT
supportTtoTtheTnationalTlevelTinstitutionsTinTtheTareaTofTmalariaTandTotherTparasiticTdiseasesq

Scientists: 
MoritoshiTIWAGAMIfTPhTDfTLaboratoryTManager
PhonepadithTXANGSAYARATHfTMDfTPhTD

Visiting Scientists:
MasamiTNAKATSUfTPhTD
TamotsuTNAKASAfTMDfTMPH
EmilieTMATSUMOTOmTAKAHASHIfTPhTD
SatoruTKAWAIfTPhTD
MegumiTSATOfTPhTD
MasamineTJIMBAfTMDfTPhTD
JunTKOBAYASHIfTMDfTPhTD
ToshihiroTMITAfTMDfTPhTD
TakashiTKUMAGAIfTPhTD
SatoshiTNAKAMURAfTPhTD
DaisukeTNONAKAfTPhTD
AkihiroTDOIfTMSc

Ph D Students:
EmiriTTAKAHASHI
KenTIngTChenrngTONG
MasafumiTYAMABE

Master Students:
HitomiTARAKI
MasafumiTAZUMA
InthavongTNOUHAK



CCtINSTITUTtPASTEURtDUtLAOSttANNUALtREPORTttGvlC,Gvl(

Background

ProjecttcoordinatorztDrptShigeyukitKano
MembertoftstaffztMoritoshitIwagamiwtPhonepadithtXangsayarathwt
PhonepadithtKhattignavongwtSengdeuanetKeomalaphetwt
PheovalytSoundalawtLavytLorphachanwtandtothertvisitingtscientists
andtstudents

istavailablettotdevelopteffectivetmeasurestfortpreventiontandt
diagnosistoftthetdiseasesp

ThetGovernmenttoftLaotPDRtrequestedtJapantInternationalt
CooperationtAgencytmJICAbttotestablishtthetLao,JapantJointt
laboratorytwithintInstituttPasteurtdutLaostmIPLbtfortconductingt
highlyt technologicalt researcht ont humant malariat parasiteszt
Plasmodium falciparumwt P. vivaxwt andt monkeyt malariat
parasiteztP. knowlesiwtandthumanttrematodiasisztS. mekongit
and O. viverrinipt Thet jointt researcht willt concentratet ont
genetict epidemiologicalt studiest tot detectt andt controlt oft thet
emergencet andt disseminationt oft theset parasitict diseasespt
ThetProjecttalsotcontributest tot thetcapacitytdevelopmenttoft
researcherstandt technicianst intLaotPDRtthrought trainingtoft
fieldtandtLabtworkwtseminartandtcareertdevelopmentp

Int ordert tot carryt outt thist projectwt thet IPLt collaboratest witht
Nationalt Centert fort Globalt Healtht andt Medicinet mNCGMbwt
Tokyowt Japanwt Centert oft Malariologywt Parasitologyt andt
Entomologyt mCMPEbwt Nationalt Institutet oft Publict Healtht
mNIOPHbwt andt othert Departmentswt Ministryt oft Healthwt Laot
PDRp

Objectivestoftthistprojecttaretmlbttotdeveloptmoretconvenientt
andtaccuratetmethodstmPCRtmethodswtLAMPtmethodswtetcpbt
fort diagnosist oft thet diseaseswt mGbt tot monitort temporalt andt
spatialt epidemiologicalt situationst oft pathogenst andt vectorst
oft thet diseaseswt mqbt tot analyzet mechanismst oft emergencet
andt expansiont oft thet drugt resistantt malariawt especiallywt
artemisinint resistancewt andt mJbt tot analyzet glucose,(,
phosphatetdehydrogenasetmG(PDbtactivitytoftLaotpopulationt
fortevaluationtoftpossibletusagetoftprimaquinetmHowestettalpwt
Gvlqbwtutilizingtmoleculartbiologicalttechniquespttttt

Malariawt Schistosomiasist mSchistosoma mekongibt andt
Opisthorchiasist mOpisthorchis viverrinibt havet tremendoust
healthtburdentontthetpeopletintLaotPDRptAlthoughtsignificantt
reductionst int malariat transmissiont havet beent reportedt duet
tot thet large,scalet insecticide,treatedt bedt netst mITNsbt
distributiont throught thet Globalt Fundt tot Fightt AIDSwt
TuberculosistandtMalariawt strategiestbasedtont thetscientifict
evidencethavetnottbeentdevelopedt totdealtwitht thetgenetict
variationt int parasitest andt vectorst populationwt andt drugt
resistanttmalariaptRecentlywtartemisinintresistanttmalariatwast
reportedt int Attapeut provincet int GvlJt mAshleyt ett alpwt GvlJbpt
Thereforewt itt ist necessaryt tot surveyt othert provincest
especiallyt intthetsoutherntparttoftthetcountryttotmonitortandt
containtthetspreadtoftdrugtresistanttmalariaptLaotMinistrytoft
HealthtandtWHOtsettatgoalttoteliminatetmalariatbytGvqvptTot
achievet thist goalwt wet havet tot understandt realt malariat
situationt includingt drugt resistantt malariat andt tot developt
eliminationtstrategiesp

SincetSchistosomiasistmS. mekongibtandtOpisthorchiasistmO. 

viverrinibt aret localizedt tot Laot PDRt andt surroundingt
countrieswt theyt aret recognizedt ast neglectedt tropicalt
diseasesptNeverthelesswtthetprevalencetoftOpisthorchiasistist
estimatedtasthightastlC,CJytintLaotPDRptLittlet informationt
ontthetmolecularXgenetictepidemiologytoftthetOpisthorchiasisttt

Objective

ProjecttfortDevelopmenttoftInnovativett
ResearchtTechniquetintGenetictEpidemiologyt
oftMalariatandtOthertParasitictDiseasestint
LaotPDRtforttContainmenttoftTheirtExpandingtt
Endemicity



StudyRsitesRofRtheRproject

EthicalRclearance

JasedR onR theR scientificR evidenceR obtainedR byR thisR projectTR
healthR educationR forR theR peopleR willR beR strengthenedR andR
endemicityR ofR theR diseasesR willR beR monitoredR togetherR withR
theRlocalRLaoRMinistryRofRHealthIRResearchRresultsRwillRalsoRbeR
utilizedR inRgovernmentRservicesR forRsustainableRdevelopmentR
ofRLaoRPDRI

R

0
Malaria-
SavannakhetRprovinceTRSaravaneRprovinceTRSekongRprovinceTR
UttapeuR provinceTR &hampasakR provinceTR KhammouaneR
provinceTRPhongRSaliRprovinceTRLuangRPrabangRprovince

SchistosomiasisRKS. mekongi(-R
KhongR districtR andR MounlapamokR districtTR &hampasakR
province

OpisthorchiasisRKO. viverrini(-R
KhammouaneRprovinceTR&hampasakRprovince

TheRSUTREPSRprojectRwasRapprovedRbyRtheRNationalREthicsR
&ommitteeR forR HealthR ResearchR inR theR NationalR InstituteR ofR
PublicRHealthRKNIOPH(TRMinistryRofRHealthTRLaoRPDRRinR401xTR
401WRKextendReveryRoneRyear(I

WeR conductedR 3R fieldR surveysR onR parasiticR diseasesR andR 5R
trainingRcoursesRofRparasiticRdiseasesRdiagnosesR forRmedicalR
labR techniciansR atR IPLR andR WR trainingR coursesR inR WR southernR
provincesR KSavannakhetTR SaravaneTR SekongTR &hampasakTR
andRUttapeu(RsinceRweRpublishedRIPLRUctivitiesRReportR401xIR
ThisRactivitiesRreportRsummarizedRourRactivitiesRandRresultsRofRR
theRSUTREPSRprojectRinRParasitologyRlabRfromROctoberR401xR
toROctoberR401WI

UllR fieldR surveysR wereR conductedR withR collaborationR withR
&enterR ofR MalariologyTR ParasitologyR andR EntomologyR
K&MPE(TRProvincialRHealthROfficeTRandRDistrictRHealthROfficeTR
MinistryRofRHealthTRLaoRPDRIRUllR theR trainingRcoursesRatR IPLR
wereR alsoR conductedR withR collaborationR withR &MPER andR allR
theR trainingR coursesR atR provincesR wereR conductedR withR
collaborationRwithR&MPERandRProvincialRHealthROfficeIRR

UctivitiesRandRResultsRinROctoberR401xRtoR
OctoberR401W

FieldRsurveysRonRMalariaTRSchistosomiasisR
andROpisthorchiasis

R R SchistosomiasisR R andR OpisthorchiasisR SurveyTR KhongR
districtTR&hampasakRprovinceRonRFthN14thRDecemberR401x
R R R MalariaR R SurveyR R R ofR R R foreignR R migrantR R populationTR
ThapangtongR districtTR SavannakhetR provinceR onR 47thR
FebruaryNWthRMarchR401W
R R R SchistosomiasisR R andR OpisthorchiasisR R SurveyTR R KhongR
districtTR&hampasakRprovinceRonR40thN4WthRUprilR401W
R R MalariaR SurveyTR XaysethaR districtTR PhouvongR districtTR
SanamxayRdistrictTRUttapeuRprovinceRonR8thN17thRMayR401W
R R SchistosomiasisR R R andR R R OpisthorchiasisR R SurveyTR
MounlapamokRdistrictTR&hampasakRprovinceRonR13thN45rdRMayR
401W
R R OpisthorchiasisR R R SurveyTR R R YommalathR R R districtTR
KhammouaneRprovinceRonR17thN47thRUugustR401W
R R R OpisthorchiasisR R R R SurveyTR R R R R YommalathR R R R R districtTR
KhammouaneRprovinceRonR40thN50thRSeptemberR401W

WrittenR informedR consentR wasR obtainedR fromR allR theR
participantsR priorR toR theR interviewR andR bloodR collectionR forR
malariaR diagnosisIR ThreeR malariaR diagnosticR methods-R
microscopyTR rapidR diagnosticR testR KRDT-R MalariaR UgR Pf/Pv,R
StandardR DiagnosticsTR IncIR RepublicR ofR Korea(R andR DNUR
diagnosticR testR KP&RR method(R wereR usedR forR detectingR
malariaR parasitesTR malariaR parasitesR antigenR andR malariaR
parasitesRDNUTRrespectivelyI

ThisR surveyR wasR conductedR inR collaborationR withR DrIR
TiengkhamR POMGVONGSUTR DirectorR ofR MalariaR SectionTR
SavannakhetR ProvincialR HealthR OfficeTR andR aR teamR ofR
UniversityR ofR theR RyukyusR leadedR byR ProfessorR JunR
KOJUYUSHITR UssociateR ProfessorR DaisukeR NONUKUTR whoR
areR membersR ofR theR SUTREPSR projectIR SeventyNsevenR
foreignR migrantR workersR participatedR inR thisR malariaR survey-R
7xR VietnameseTR 3R &hineseR andR 7R ThaiIR FourR outR ofR 33R
participantsR refusedR bloodR examinationR KmalariaR RDTR AR
microscopy(R andR bloodR collectionR onR aR filterR paperIR MalariaR
RDTRwasRconductedRonRsiteRofRtheRsurveyTRwhileRmicroscopyR
wasRconductedRatRMalariaRStationR inRSavannakhetRprovinceTR
andRP&RRanalysisRwasRconductedRatRIPLIRUllRtheRparticipantsR
wereRmalariaRnegativeRbyRallRtheRdiagnosticRmethodsIR

MalariaRfieldRsurveys

Malaria0Survey0for0foreign0migrant0population,0
Thapangtong0district,0Savannakhet0province0on0
26th0February0-05th0March02015

W7

StudyRperiodRofRtheRproject

FiveRyearsRKMayR401xRtoRUprilR4018(
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Malaria0Survey,0Xaysetha0district,0Phouvong0
district,0Sanamxay0district,0Attapeu0province0
on09th-16th0May02015

k,master,course,student(,Brj,Sengdeuane,KEOMkLkPHET(,
from, Institut, Francophone, de, Medecine, Tropicale, FIFMTp,
joined,,this,survey,and,now,she,is,a,member,of,Parasitology,
lab, at, IPLj, k, total, of, 3wV, villagers, in, kttapeu, province,
participated, in, this,malaria,surveyj,Table,w,shows,summary,
of,the,surveyj

Table,wj,Summary,of,Malaria, survey, in,kttapeu,province, in,
May,bywC

RBT4, Rapid, Biagnostic, Test, FMalaria, kg, Pf / Pv(, Standard,
Biagnostics(, Incj, Republic, of, Koreap(, Pf, 4, Plasmodium 

falciparum(,Pv 4 P. vivax

RBT, was, conducted, on, site, of, the, survey(, and, microscopy,
and, P+R, analysis, were, conducted, at, IPLj, When, the,
participants, were, diagnosed, as, malaria, by, RBT, in, the,
survey(, Health, +enter, or, Bistrict, Hospital, provided,
antimalarial,drugs,F+oartem4,artemether,and,lumefantrinep,to,
themj,k,total,of,98w,blood,samples,Fwby,from,Hard,Sun(,wy3,
from, Vong, Say, and, wC:, from, Som, Poi, villagesp, were,
analyzed, by, the, 9, methods, FTable, bpj, The, remaining, 998,
blood,samples,are,under,analysis,at,IPLj,Genomic,BNk,was,
extracted, from, the, filter, papers, using, a, QIkamp, BNk, Mini,
Kit®,FQiagen(,Valencia(,+k(,USkpj,Nested,real)time,P+R,was,
used,to,detect,malaria,parasites,BNkj,First(,universal,human,
malaria,parasites,primer,set,was,used(,and,second(,species,
specific,primer, sets, FP. falciparum and,P. vivaxp,were,used,
for, malaria, parasites, BNk, detectionj, Partial, cytochrome b 

gene in,mitochondrial,genome,of,P. falciparum and P. vivax,
was, used, as, a, target, of, the, P+R, analysisj, k, total, of, 99V,
samples,were,malaria,BNk,negative(,while,:b,samples,were,
malaria, BNk, positive, by, real)time, P+R, methodsj, Table, b,
shows,detail,of,:b,malaria,BNk,positive,cases,in,this,studyj

kll, the, :b, malaria, parasites, BNk, positive, cases, were,
asymptomaticj,kverage,body,temperature,of,them,was,,
,

,

District000000000000Village00000000000Population000No.0of0Participant00
RDT

Pf Pv

Xaysetha

Phouvong

Sanamxay

Bon,Ngew
Hard,Sun

Vong,Say
Ta,Oum

Hard,Sai,Soung
Som,Poi

Vy9
wyC9

:9w
99y

b8y
wyby

w9b
wby

wy3
wy:

wyb
wC:

y
y

w
y

y
w

y
y

w
y

y
b

Total0 719 2 3

9Wj3o+,and,no,one,was,higher,than,93jCo+j,kverage,age,of,
them,was,bV,years,oldj,Number,of,male,and,female,were,9W,
and,W(,respectively,FP G,yjyCpj,k,manuscript,of,these,data,is,
in,preparation,for,publicationj

Table,bj,Summary,of,malaria,positive,cases,by,9,diagnostic,
tests

The, analyses, showed, that, all, of, the, positive, cases, were,
asymptomatic, malaria, parasites, carriers, Fparasite, reservoir(,
or, hidden, malariap, and, that, adult, male, was, a, high)risk,
population, in, the, areasj, kccording, to, WHO, World, Malaria,
Report,bywC(,WbH,of,malaria,cases,in,Laos,were P. falciparum    

 
Pjf Pjv Pjf Pjv Pjf Pjv

Saysetha Hard,Sun Wy M 9WjW l

Saysetha Hard,Sun :8 M 9WjV l

Phouvong Vong,Say b3 M 9WjC l l l

Phouvong Vong,Say bW M 9Wjy l l l

Phouvong Vong,Say 9C M 9Wj: l

Phouvong Vong,Say bV F 9WjV l

Phouvong Vong,Say b9 F 9Wj3 l

Phouvong Vong,Say :C F 9Wj9 l

Phouvong Vong,Say 9y M 9Wj: l

Phouvong Vong,Say bC F 9WjC l

Phouvong Vong,Say b: M 9WjW l

Phouvong Vong,Say :3 M 93jw l

Phouvong Vong,Say :w M 9Wj3 l

Phouvong Vong,Say w: M 9WjV l

Sanamxay Som,Poi bb M 9WjV l

Sanamxay Som,Poi b9 M 9WjW l l l

Sanamxay Som,Poi 9: M 9Wj3 l

Sanamxay Som,Poi bb M 9Wj9 l

Sanamxay Som,Poi bb M 9Wj3 l

Sanamxay Som,Poi w: M 93jy l

Sanamxay Som,Poi wC M 9Wj3 l

Sanamxay Som,Poi bw F 9WjV l

Sanamxay Som,Poi bb M 9WjV l l

Sanamxay Som,Poi 9y M 9Wj8 l

Sanamxay Som,Poi w8 M 9Wj8 l l

Sanamxay Som,Poi b: M 93jw l

Sanamxay Som,Poi 9y M 9WjC l

Sanamxay Som,Poi bV M 9WjW l

Sanamxay Som,Poi :b F 9Wj8 l

Sanamxay Som,Poi wW M 9Wjb l

Sanamxay Som,Poi w3 M 93jy l

Sanamxay Som,Poi :w M 9Wj9 l

Sanamxay Som,Poi w9 M 9Wj3 l

Sanamxay Som,Poi b9 M 9WjW l

Sanamxay Som,Poi :W M 9Wj8 l

Sanamxay Som,Poi b: M 9Wj: l

Sanamxay Som,Poi 9W M 9W(3 l

Sanamxay Som,Poi C3 M 9Wj3 l

Sanamxay Som,Poi 99 M 9WjV l

Sanamxay Som,Poi by M 9Wj8 l

Sanamxay Som,Poi wC M 9WjV l

Sanamxay Som,Poi 9C M 9WjV l

RBT Real)Time,P+R
Bistr ict village kge Sex %ody,temj

　Microscopy

Discussion0of0malaria0survey0in0Attapeu0province0
in0May02015



and2SWb2of2them2were P. vivax62On2the2contrary”2our2survey2
showed2that2P. vivax2is2a2dominant2species2qWW6kbF2SHPCIL2in2
the2 study2 areas62 Our2 survey2 was2 conducted2 in2 May2 qdry2
seasonL62 This2 might2 be2 influenced2 malaria2 transmission2
dynamics2in2the2endemic2area62Generally”2malaria2season2is2
rainy2 season2 because2 mosquito2 density2 is2 high2 in2 rainy2
season”2 although2 this2 pattern2 is2 getting2 unclear2 in2 Laos62 P. 

vivax2has2a2dormant2stage2called2“hypnozoite”2in2human2liver2
cells2that2causes2relapse2of2vivax2malaria2months”2or2even2a2
year2 later62 Only2 primaquine2 can2 treat2 hypnozoite2 but2 this2
antimalarial2drug2cannot2be2used2for2people2who2have2G5PJ2
deficiency62 G5PJ2 deficiency2 is2 a2 genetic2 disorder2 and2 if2
G5PJ2 deficiency2 people2 take2 primaquine”2 acute2 hemolytic2
anemia2 is2 liable2 to2 occur62 In2 Laos”2 this2 drug2 is2 not2 officially2
used2because2few2information2about2G5PJ2deficiency2among2
the2 population2 is2 available2 so2 far2 and2 G5PJ2 test2 kit2 is2 not2
available2 in2 the2 country2 yet”2 except2 Luang2 Prabang”2
Savannakhet2 and2 Uhampasak2 provinces2 where2 a2 pilot2
primaquine2 treatment2 for2 vivax2 malaria2 patients2 was2
conducted2in2IDk02by2Lao2Ministry2of2Health2with2support2of2
WHO62Therefore”2P. vivax2has2a2potential2 to2be2a2dominant2
species2during2dry2season2in29ttapeu2province62

Further2 survey”2 especially2 in2 rainy2 season2 is2 needed2 to2
understand2 malaria2 transmission2 in2 the2 study2 areas62
Moreover”2 to2understand2 real2malaria2 transmission2status2 in2
the2 country”2 wide2 range2 of2 malaria2 sample2 collection2 in2 02
southern2 provinces2 qSavannakhet”2 Saravane”2 Sekong”2
Uhampasak”2 and2 9ttapeuL2 has2 been2 conducted2 by2 the2
S9TR+PS2project2with2the2collaboration2of2Provincial2Health2
offices”2Jistrict22Hospitals2and2Health2Uenters6

Written2 informed2 consent2 was2 obtained2 from2 all2 the2
participants2 prior2 to2 the2 interview2 and2 stool2 collection2 for2
diagnosis2of2Schistosomiasis2and2Opisthorchiasis62

Schistosomiasis4 and4 Opisthorchiasis4 Survey,4
Khong4 district,4 Champasak4 province4 on4 8th-12th4
December42014

This2survey2was2conducted2at2Jonetharn2Secondary2School”2
Jonlong2 Island2 in2 Khong2 district62 It2 was2 one2 week2 before2
mass2 drug2 administration2 qMJ9L2 of2 praziquantel62 One2
hundred2and2ninetyxtwo2students2participated2 in2 this2survey62
Stool2 examination2 by2 microscopy2 was2 conducted2 by2 I2
methodsF2 KatoxKatz2 qKKL2 method2 and2 FormalinxJetergent2
qFJL2 method2 for2 detecting2 the2 parasite2 eggs2 in2 the2 stool2
samples2 either2 on2 site2 or2 at2 IPL62 The2 results2 of2 the2 stool2
examination2were2shown2in2Table2S2qKK2methodL2and2C2qFJ2
methodL62Ny2KK2method”2I06Db2of2students2qCWPkAIL2were2

Schistosomiasis2and2Opisthorchiasis2Surveys

O. viverrini positive”22while2by2FJ2method”2I06Hb2of2students2
qCAPkAkL2 were2 O. viverrini2 positive2 including2 mixed2 infection2
with2O. viverrini2and2other2parasites62S. mekongi egg2was2not2
observed2in2this2study6

Table2S62Results2of2KK2method2in2Khong2district”2Uhampasak2
province2in2Jecember2IDkC

Table2C62Results2of2FJ2method2in2Khong2district”2Uhampasak2
province2in2Jecember2IDkC

JN92diagnostic2method2qL9MP2methodL2was2also2conducted2
using2 the2 kkD2 stool2 samples2 at2 Tokyo2 Medical2 and2 Jental2
University”2 Japan62 Only2 H2 out2 of2 kkD2 samples2 were2
Opisthorchis viverrini JN92positive2by2L9MP2method6

92 total2 of2 I”00A2 freshwater2 snails2 qresembling2 Neotricula 

apertaL2 was2 collected2 at2 Jonglong2 Island2 near2 the2 school62
Infection2 rate2of2S. mekongi2 of2 the2 snails2was2examined2by2
microscopy2 and2 by2 L9MP2 method2 targeting2 cox12 gene2 of2
mitochondrial2 genome2 of2 S. mekongi”2 but2 all2 of2 the2 snails2
were2negative2for S. mekongi. 

Parasites44444444444444444444444444444444444No.

Opisthorchis viverrini (Ov)

Hookworm
Taenia

+nterobius
Ov z2Hookworm

Ov z2Trichostrongylus
Ov z2+nterobius

Hookworm2z2Taenia
Negative

SW
I0
k
k
W
k
k
k

kk5

Total 19244444100.0

Parasites44444444444444444444444444444444444No.444444l

Opisthorchis viverrini (Ov)

Hookworm
Trichuris trichiura

Taenia
Giardia2cyst

Ov z2Hookworm
Ov z2Giardia2cyst

Ov z2Hookworm2z2Giardia2cyst
Negative

Ck
I0
k
k
k
0
I
k

kkC

Total 1914444100.0

0W

kA6W
kS6D
D60
D60
C6I
D60
D60
D60

5D6C

l

Ik60
kS6k
D60
D60
D60
I65
k6D
D60

0A6H
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SchistosomiasisPandPOpisthorchiasisPSurvey,
KhongPdistrict,PChampasakPprovincePonP
20th-25thPAprilP2015

ThisosurveyowasoconductedoatoDonetharnoSecondaryoSchoolpo
Donlongo Islando ino Khongo districto ko monthso aftero MD:o ofo
praziquantelqoOneohundredoandofiftyztwoostudentsoparticipatedo
inothisosurveyqoTheyoareosameopopulationoatotheosameoschoolo
ino theo previouso surveyo ino Decembero (bHkqo Howeverpo theo
sampleosizeoofothisosurveyo4Hx(mowasosmallerothanothatoofotheo
previouso surveyo 4HC(mo becauseo someo ofo theo studentso wereo
takingo Laoo newo yearo holidayso 4middleo ofo :prilmqo Stoolo
examinationo byo microscopyo waso conductedo byo KatozKatzo
4KKmo methodo 4triplicatemo foro detectingo parasiteo eggso ino theo
stoolo sampleso eithero ono siteo oro ato IPLqo Theo resultso ofo stoolo
examinationowereoshownoinoTableoxqoInothisosurveypo(HqH,oofo
studentso 4)(.Hx(mo wereo O. viverrinio positiveo includingo mixedo
infectionowithoO. viverrini andootheroparasitespowhileoHq),oofo
studentso 4(.Hx(mowereoS. mekongio positiveqoTheyoareomixedo
infectionowithoO. viverrini.

TableoxqoResultsoofoKKomethodoo4TriplicatemoinoKhongodistrictpo
Champasakoprovinceoino:prilo(bHx

oo

 

DN:odiagnosticomethodo4L:MPomethodmowasoalsooconductedo
usingo theo Hx(o stoolo sampleso ato Tokyoo Medicalo ando Dentalo
UniversitypoJapanqoITSHoregionooforRN:ogeneoofotheoparasiteso
nuclearo genomeo waso usedo aso ao targeto geneo foro L:MPo
methodqo H)q/,o ofo sampleso 4(H.Hx(mo wereo Opisthorchis 

viverrinioDN:opositivepowhileobq3,oofosampleso4H.Hx(mowereoS. 

mekongio DN:o positiveo byo L:MPo methodqo Thiso resulto
suggestedo thato sensitivityo ofo L:MPo methodo waso lowero thano
thato ofomicroscopyo 4KKomethodmooro thato theoO. viverrinio eggo
mighto beo ano O. viverrini-likeo eggpo “minuteo intestinalo
fluke”o4Sayasoneoetoalqpo(bbCmqoFurtheroanalysisoisoneededotoo
elucidateo thiso issueqo :o manuscripto ofo theseo datao iso ino
preparationoforopublicationqo

ParasitesPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPNo.PPPPPPM

Opisthorhcis vierrini (Ov)

Hookworm
Ov + Hookworm
Ov MoS. mekongi

Enterobius
Trichuris trichiura

HookwormoMoTaenia
Negative

(k
H)
%
(
H
H
H

Hbk

Total 152PPP100.0

SchistosomiasisPandPOpisthorchiasisPSurvey,P
MounlapamokPdistrict,PChampasakPprovincePonP
17th-23rdPMayP2015

Hxq/
/q%
)qC
Hq)
bq3
bq3
bq3

%/qk

:o totalo ofo HpC3xo freshwatero snailso 4resemblingo Neotricula 

apertamo waso collectedo ato Donglongo Islando nearo theo schoolqo
Infectiono rateo ofo S. mekongio ino theo snailso waso examinedo byo
microscopyo ando L:MPo methodo targetingo cox1 geneo ofo
mitochondrialo genomeo ofo S. mekongipo buto allo ofo theo snailso
wereonegativeofor S. mekongiqoSpeciesoofotheocollectedosnailso
waso identifiedo byo PCRo ando DN:o sequencingo ino Tokyoo
Medicalo ando Dentalo Universitypo Japanpo aso Neotricula apertao
gammaostrainowhichoisoreportedoasoaohostoofoS. mekongiqoTheo
molecularo phylogenetico treeo ofo theo snailso waso showno ino
FigureoHq

Figureo Hqo Molecularo phylogenetico treeo ofo Neotricula apertao
gammao straino collectedo ino Donglongo Islando ino Champasako
provinceoino(bHx

Thisosurveyowasoconductedoato(ovillagesJoNadyoandoSanvaoino
Mounlapamokodistricto)omonthsoafteroMD:oofopraziquantelqo:o
totalo ofo )(xo villagerso participatedo ino thiso surveyqo Stoolo
examinationo byo microscopyo waso conductedo byo KatozKatzo
4KKmo methodo 4triplicatemo foro detectingo parasiteo eggso ino theo
stoolo sampleso eithero ono siteo oro ato IPLqo Theo resultso ofo stoolo
examinationowereoshownoinoTableo%qoInothisosurveypo%Cqx,oofo
villagerso 4((%.)(xmo wereo O. viverrini positivepo whileo bq),o ofo
villagero 4H.)(xmo waso S. mekongio positivepo includingo mixedo
infectionqo L:MPo analysiso foro detectingo S. mekongi ando O. 

viverrinioisonowobeingoconductedoatoTokyooMedicaloandoDentalo
Universitypo Japanqo :o manuscripto ofo theseo datao iso ino
preparationoforopublicationqo



ParasitesKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNo.KKKKKKKKKKg

Opisthorchis O. vierrini (Ov)

Hookworm
Ov + Hookworm
Ov ,.S. mekongi

Ov.,.T. trichiura

Ov ,.Taenia
Ov. ,.Ascaris

Ov ,.Hookworm.,.E vermicularis

Ov ,.Hookworm.,.T. trichiura

Ov ,.Hookworm.,.Taenia
Negative

q8S
/Y
8P
q
P
9
/
q
/
q

S8

Total 325KKKKKKKK100.0

9z

Table.9L.Results.of.KK.method.pTriplicate).in.Mounlapamok.districtC.Champasak.province.in.May./zq8

E. vermicularis: Enterobius vermicularis, T. trichiura: Trichuris trichiura 

OpisthorchiasisKSurvey,KYommalathKdistrict,KKhammouaneKprovinceKonK16th-26thKAugustK2015

Lao.Ministry.of.Health.has.been.conducting.MDA.of.praziquantel.in.combination.with.health.educationDpromotion.for.villagers.
in.the.endemic.provinces.of.Opisthorchiasis.for.control.of.the.diseaseL.HoweverC.infection.rate.of.Opisthorchiasis.has.been.still.
high.in.the.endemic.areasL.To.find.a.breakthrough.for.the.controlC.we.attempted.to.find.out.positive.deviance.in.the.villagersL.
Positive.deviance.approach.is.to.identify.good.practices.that.are.linked.to.good.outcomesC.such.as.preventing.malnutrition.of.
childrenC.and.infectious.diseasesL

This.survey.was.conducted.at.8.villages.pMeuangC.Na.PhaimaiC.Nong.PingC.Don.PhuayC.Nagatang). in.Yommalath.district.x.
months.after.MDA.of.praziquantelL.Yommalath.district.is.known.to.be.one.of.the.high.Opisthorchiasis.endemic.areas.in.LaosL.
A. pair. of. PYx. mothers. and. one. of. their. children. in. the. villages. participated. in. this. survey. ptotal. 9-9. villagers)L. Detail.
questionnaire. survey. was. conducted. with. mothersC. and. stool. samples. were. collected. from. both. mothers. and. one. of. their.
childrenL.ConsequentlyC.stool.samples.were.collected.from.9xS.villagersL.Nine.samples.were.not.collected.in.this.surveyL.Stool.
examination.by.microscopy.was.conducted.by.KatoyKatz.pKK).method.ptriplicate).for.detecting.parasite.eggs.either.on.site.or.
at.IPLL.The.result.of.stool.examination.was.shown.in.Table.SL.A.manuscript.of.these.data.is.in.preparation.for.publicationL.

.Table.SL.Results.of.KK.method.in.Yommalath.districtC.Khammouane.province.in.August./zq8

YxLP
SLY

q9LP
zLP
zL-
qLx
zL9
zLP
zL9
zLP

/PLq

 Village
No.yof

examined

Meuang 258 232 90w 119 46w 38 15w 5 2w 2 1w 1 0w 0 0w 1 0w

Naphaimai 128 113 88w 45 35w 5 4w 3 2w 0 0w 0 0w 2 2w 1 1w

Nongping 92 77 84w 24 26w 5 5w 0 0w 2 2w 0 0w 0 0w 0 0w

Donphuay 83 71 86w 33 40w 9 11w 1 1w 0 0w 0 0w 0 0w 0 0w

Nagatang 126 112 89w 22 17w 5 4w 3 2w 1 1w 0 0w 0 0w 1 1w

Total 687 605 88w 243 35w 62 9w 12 2w 5 1w 1 0w 2 0w 3 0w

Fasciola

hepatica

Ascaris

lumbricoides
O. viverrini Hookworm

Trichuris

trichiura
Taenia

Enteroblus

vermicularis
Paragonimus
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Opisthorchiasisf Survey,f Yommalathf district,f
Khammouanef provincef onf 20th-30thf Septemberf
2015

Thisn surveyn wasn conductedn atn /n villagesn mMeuangfn Nan
Phaimaifn Nongn Pingfn Donn Phuayfn Nagatang)n inn Yommalathn
districtn Kn monthsn aftern MDAn ofn praziquantelzn Thisn wasn then
secondn surveyn ton findn outn positiven deviancen thatn wasn
associatedn ton prevent O. viverrinin mOv)n infectionzn Wen visitedn
kkn householdsn mfamilies)n ton observen theirn kitchenfn cookingfn
andn washingn utensilsn andn interviewedn theirn eatingn habitn asn
wellzn Thosen kkn householdsn weren selectedn basedn onn then
resultsn ofn then firstn Opisthorchiasisn surveyn inn Yommalathn
districtn inn Augustn 4.W/zn Theyn weren W.n Ovn negativen familiesn
mbothn mothern pqchildn p)fn bkn Ov halfppositiven familiesn mmothern
9n qchildn p)fnandnWnOv fullppositiven familyn mbothnmothern9qchildn
9)zn Inn thisn surveyfn wen alson collectedn stooln samplesn fromn alln
familyn membersn andn examinedn byn KatopKatzn mKK)n methodn
mtriplicate)nforndetectingnparasiteneggsneithernonnsitenornatnIPLz

Wen foundn thatn Ovn negativen familiesn tendedn ton cleann theirn
kitchenn andn utensilsn consciouslyn comparedn ton Ovn positiven
familiesznFornexamplefncuttingnboardsnat Ovnnegativenfamiliesn
werencleanfnandninnfactfnsuchnfamiliesnhadnmorenthannWncuttingn
boardsFnonenforncuttingnfishnornmeatnandnthenothernforncuttingn
vegetablesn mFiguren 4n Mn b)zn Thisn findingn mayn ben an positiven
deviancenfornpreventingnOvninfectionznThendatanarennownbeingn
analyzednatnthenUniversitynofnTokyoz

Figuren 4zn Cuttingn boardn inn an kitchenn atn Ov negativen familyzn
Thensurfacenofnthenboardnwasncleanz

Figuren bzn Cuttingn boardn inn an kitchenn atn Ovn positiven familyzn
Manynfishnscalesnwerenonnthensurfacenofnthenboardz

DiscussionfoffOpisthorchiasisfsurveyfinf
ChampasakfandfKhammouanefprovincesfinf2014f
andf2015

Laon Ministryn ofn Healthn hasn beenn conductingn MDAn ofn
praziquanteln andn healthn educationqpromotionn forn controln ofn
trematoden infectionsfn especiallyn Opisthorchiasisn inn severaln
provincesn andn Schistosomiasisn inn Champasakn provincezn
Howeverfn then infectionn ratenofnOpisthorchiasisnhasnstillnbeenn
highninnseveralnendemicnareasznThisncannbenexplainednbynlown
coveragenofnthenMDAnandnrepinfectionnofnO. viverrini byneatingn
rawn orn insufficientlyn cookedn freshwatern fishn thatn isn
contaminatednwithnO. viverrini metacercariaeznLowncoveragen
ofnpraziquantelnMDAnmaynbenduen ton itsn severensideneffectsfn
suchn asfn severen epilepsyfn rashfn nauseafn headachefn
dizzinessfnabdominalnpainfnorndiarrheaznThusfntherenarenstrictn
inclusionqexclusionncriterianofnpraziquantelnMDAnmadenbynLaon
Ministryn ofn Healthzn Accordingn ton then criteriafn peoplen withn
chronicn diseasefn epilepsyfn centraln nervousn systemn problemfn
pregnancynandnlactatingnwomannwillnbenexcludedznThisnisnthen
limitationnofnpraziquantelnMDAznThereforefnhealthneducationnisn
crucialntonmakenpeoplenawarenofnthenneedntonstopneatingnrawn
ornundercookednfishnandntonusenlatrineninntheirnvillageszn

Summaryf off thef trainingf coursesf atf IPLf andf
provinces

Thenobjectivenofnthisntrainingncoursenisntonincreasenknowledgen
andnimprovenskillsnofneffectivendiagnosisnofnmalarianandnothern
parasiticn diseasesn forn medicaln labn techniciansn atn provincialn
andn districtn levelsn inn /n southernn provincesn mSavannakhetfn
SaravanefnSekongfnChampasaknandnAttapeu)fn thatn arennown
reportedn ton ben highn malarian endemicn provincesn inn Laoszn
Medicaln labn techniciansn orn staffn membersn fromn Malarian
StationninnprovincialncapitalnandndistrictfnDistrictnHospitalsnandn
HealthnCentersnattendednthentrainingncoursesznTargetndistrictsn
weren selectedn basedn onn Annualn Parasiten Incidencen mAPIFn
numbern ofn malarian caseqWf...n populationqyear)n reportedn byn
CMPEninn4.WbznWenconductednbntrainingncoursesnatnIPLnandn
/n trainingncoursesnatn thenprovincesznDetailn ofnparticipantsnofn
thentrainingncoursesnisnshownninnTablenxzn

Trainingncoursesnofnparasiticndiseasen
diagnosisnfornmedicalnlabntechniciansnatnIPLn
andnprovinces



 Province District &PI HC7 DH DM PM Total
Thapangthong (W:/ / J J J W

Nong d,:) B J J J,
Phin J):f ) J J W

Sepone Jf:B Jd J J J(
Vilabury Jf:( B J J J,

Toumlane JJO:J ) J J J J,
Vapy /B:W f J J )
Ta7oi fJ:( B J J J,

Lamarn dd:W / J J J W
Thateng B:) B J J J,

Pathoumphone fO:B B J J J JJ

Mounlapamok O/:W / J J B
Khong Of:, Jd J J J(

Phouvong J,O:( f J J J B

Sanamxay fW:W B J J J,
Saysetha OJ:d f J J )

Total 119 16 16 5 156

Training7at7IPLF7J,thxJ(thK7&ugust7d,Jf
Training7at7IPLF7JOthxJ)thK7July7d,Jf
Training7at7IPLF7ddndxd/thK7June7d,Jf
Training7at7ProvinceF7October7d,Jf

Savannakhet

Saravane

Sekong

Champasak

&ttapeu

&PIF7 &nnual7 Parasite7 Incidence7 mNo:7 of7 malaria7 case-JK,,,7
population3K7 HCF7 Health7 CenterK7 DHF7 District7 HospitalK7 DMF7
District7Malaria7StationK7PMF7Provincial7Malaria7Station:7

Training7at7IPLF

77777&ttapeu7mJd37on7ddndxd/th7June7d,Jf7
77777Sekong7mJJ37and7Champasak7mJf37on7JOthxJ)th7July7d,Jf
77777Savannakhet77mJ)377and77Saravane7mJ(37on7J,thxJ(th7
&ugust7d,Jf

Training7at7provincesF

77Savannakhet7mOf37on7JWthxd,th7October7d,Jf
77Champasak7mJB37on7ddndxdOrd7October7d,Jf
77Saravane7mJO37on7d/thxd)th7October7d,Jf
77Sekong7mB37on7dBthxdWth7October7d,Jf
77&ttapeu7mJO37on7OJst7October7d,Jf

Numbers7in7parentheses7represent7number7of7participants7of7
the7training:

Blood7sample7collection7from7malaria7
suspected7patients7at7Hospitals7and7Health7
Centers7in7the7f7southern7provinces

/d

Table7B:7Number7of7participants7from7the7f7southern7
provinces

7

We7 provided7 filter7 papers7 mFT&TM7 Classic7 CardK7 GE7
Healthcare7 Life7 SciencesK7 WhatmanTMK7 UK37 for7 collecting7
blood7 samples7 from7 malaria7 suspected7 patients7 to7 the7
medical7lab7technicians7mparticipants37of7the7training7courses:7
The7first7sample7collection7was7conducted7at7 the7f7southern7
provinces7 on7 October7 d,Jf7 from7 the7 participants7 who7
attended7 our7 training7 courses7 at7 IPL7 on7 JuneK7 July7 and7
&ugust7d,Jf:7&7total7of7(K((J7blood7samples7were7collected7
from7malaria7suspected7patients7 mboth7positive7and7negative7
by7 microscopy7 or7 RDT3:7 &bout7 JO7 b7 of7 the7 samples7
mfB)-(K((J37 were7 malaria7 positive7 by7 microscopy7 or7 RDT7
mTable7W3:7In7LaosK7standard7diagnostic7method7for7malaria7is7
microscopy7 at7 hospitals7 levelK7 while7 RDT7 is7 used7 at7
community7level7where7microscope7is7not7available:

Malaria7 DN&7 analysis7 is7 now7 being7 conducted7 using7 those7
filter7paper7blood7samples:7FirstK7malaria7parasite7species7will7
be7identified7by7the7nested7realxtime7PCR:7SecondK7mutation7
of7drug7resistant7genesK7such7as7KJOK7pfcrtK7will7be7examined7
using7 P. falciparum7 positive7 samples:7 ThirdK7 population7
genetic7analyses7will7be7conducted7using7highly7polymorphic7
DN&7 markers7 of7 malaria7 parasitesK7 such7 as7 microsatellite7
DN&7loci7 to7understand7transmission7dynamics7of7malaria7 in7
Laos7mIwagami7et7al:K7d,Jd7u7d,JO3:
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Pfd+ Pvd+
Pfd+

Pvd+

Unkown

species

Savannakhet 17CAugC-C16COct,C2015 20 15 0 24 621 100 780

Saravane 17CAugC-C23COct,C2015 10 8 0 23 496 0 537

Sekong 20CJulyC-C27COct,C2015 19 37 1 99 771 2 929

Champasak 20CJulyC-C21COct,C2015 68 103 5 95 557 20 848

Attapeu 29CJuneC-C30COct,C2015 16 33 0 11 1,204 83 1,347

Total 133 196 6 252 3,649 205 4,441

TotalProvince Samplingdperiod

Malariadpositive
Malaria

Negative

No

Data
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