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ABSTRACT

Background: Dengue infection is well known of mosquito-borne viral disease, which
causes significant public health problem in Thailand. Space spraying is the only
measure to suppress adult female Aedes aegypti mosquito, which is the primary
epidemic vector in dengue virus infections. However, resurgent of the vector which

may reduce control effectiveness has never been studied.

Objectives and Methodology: The fist study aimed to verify the resurgence rates of
the Ae. aegypti vector following space spraying using Standard Indoor Ultra Low
Volume (SID-ULV), carried out by the research trained spraying team, compared with
the rates after using the regular methods used by the local municipality (Regular
ULV), carried out by the routine spraying team. A cluster randomized controlled trial
(12 clusters: 6 Regular ULV and 6 SID-ULV; around 20 - 31 households per cluster)
was conducted between March and October 2014 in the outbreak scenarios. Each
cluster consisted of all houses located in a circle of 100 m radius of dengue
index cases. Entomological parameters of Ae. aegypti populations were assess in pre-
and post-spraying. House Density Index (HDI): the number of adult female Ae. aegypti
mosquitoes collected in each house for 15 minutes using hand-held net, monitored
on 2 days before and 1, 2 and 6 days after spraying, Parous rate (PR): the proportion
of female mosquitoes that have laid eggs at least once, and Ovitrap Index (Ol): the
percentage of positive ovitraps and the number of eggs per trap, monitored every
two days, on day of spraying and 2, 4 and 6 days after spraying. Data were analyzed
by R software using line graphs and paired sample t-tests at a 95% confidence
interval (P < 0.05). The second study aimed to determine households with not being
space spraying locate close to those with outdoor spraying has increase in
Ae. aegypti populations that could be the escape effect of external spray by using
HDI monitor. A total of 141 study houses in 6 SID-ULV clusters were monitored
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dengue vector density. All households, located in a circle of 100 m radius, were geo-
located using high resolution satellite images. Houses close to (within a 20 m radius)
the study houses were analyzed using spatial analysis tools (Buffer and Identity) of
GIS software (ArcGIS 10.1). HDI in the study houses was compared with the density in
the neighboring houses, based on three spraying conditions: (1) unsprayed, (2) only
outdoor sprayed and (3) indoor plus outdoor sprayed. Data were analyzed by using
statistical tests (Chi-square test, sign test and one-way ANOVA test at a 95%
confidence interval (P < 0.05)).

Results: For the first study, the HDI dropped significantly from the baseline 1 and 2
days after spraying to a non-zero value in the SID-ULV treated locations. In contrast,
the HDI of the sites treated with Regular ULV spraying unexpectedly increased
significantly from the baseline. However, by 6 days after spraying, the HDI of both
groups had returned to the base value measured 2 days before spraying. Only the Ol
of both indoor and outdoor ovitrap decreased significantly from the baseline 2 days
after spraying in the SID-ULV group. However, within 6 days after spraying, the OI of
both groups had returned to the baseline. In addition, none of the groups had a PR
of less than 10%. For the second study, reduction of Ae. aegypti density in the house
from ULV spray has significant only in the houses with indoor plus outdoor sprayed,
not among the outdoor sprayed only. Although, there were a trendy of association
between increase of Ae. aegypti density among house being increased number of
neighboring houses having outdoor sprayed, the relation did not reach statistical
significance. Moreover, the study houses without screens on their windows and doors

were found to have a significantly higher dengue vector population after spraying.

Conclusions: SID-ULV is more effective in reducing Ae. aegypti populations. However,
rapid resurgence of dengue vector numbers after spraying in urban areas was
observed in both groups. As a result, space spraying applied as a single intervention
to suppress dengue vector populations may be an ineffective measure and the
Ae. aegypti mosquitoes’ avoidance behavior to insecticide spraying requires further
study.
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$ouar 0.2 (driinszuraingt 2557) uenanddamuidaud® wa. 2552 Srurufiaeluiun
weauasaa vt usg e o

mydansuasmuauasrzdaduniasnisdrdglunisauaulesiulsa
I#\donoon Uszneulushe msdansasnndes (environmental management) 115AUAY
AI838N19%301% (biological control) kagn15AIVANAIEITNI9LAL (chemical control)
(WHO 2011) msviuedl (space spraying) iudsniaiaiiildiduninsnisaivaunagsii ia
gaanowvzluaniumsalaniduiiiessiumsssuiavesldidenson (WHO 2009) Tagansiadl
sgilanszanvasseglusmalusiilinazestazBuniiodudanavangsfiuinunionizin e
wwdomuasedlfnsourquituiivestnugassiausn (primary case) uagngutiulusad
othation 100 wes seuthudthesiousn waswwalisnluyng 2 - 3 Ju Tugae 10 Ju ved
oy edfntedfidelfald donsanludaeiiFondn ssesfinganisuonluys
(extrinsic incubation period) fie 8 — 12 fu Wannilan iearlomanisuwdileangsgau
(WHO 2009) sasidisnsrdaesanesasiriofigsifidousiionadundanulugusuniodiae



figsoglusroriifidelifanglunssuadon (Viremia) o1 7 - 12 Yu Faduszosiiielfa
anansaaienendnAugesld (Reiter and Nathan 2001) Fn1snutaiiluyseimalnedl 2 35
Ao N1Tnuesazdea (ultra-low volume - ULV) tag n1sWunuenady (thermal fog) lae
mimﬁfﬁ’ﬂf{‘]’mLLmaﬂﬁi%'%agj“luﬂajmm pasnluneaina (Organophosplate) wag Wsnseun
(Pyrethroid) (fiinlsaRnsethlnautas 2554) idewiuresazidenldidnuseiuglunis
nanfinazoosieell Tnsvuafimnzauweafinazoosien de 15 - 25 um MWlusnsndiu
vosUSinauasiell 4.6 anseiols (WHO 2011) manunsgasidualiussdnsainaniinisny
vuenafullefinnsansusunuuazUiinansldansed faimsviuasdosdiinueifuasly

'
=X ada 1

ioslefldnmsgiu (WHO 2003) d935aaviudesaziBammuuuuinmsguiiieniunugsane
faufiutonsiiAanisseuinvedlsaluiiud anudeuusiivesesdnisourdelan Fund
eIy iRnstunmsnudesaziden (Standard indoor ultra-low-volume - SID-ULV)
(Ditsuwan et al. 2012)

TunwsausgauUsemeanuin insnisnuansialuszaudynin1saiunis
UTRFmnesgu 17 n1sldarsiefidanunainuats nsldiadosniuansiadiilsl
wnga YransuInesdnnsiaginziinlunsuedl [udu Tnsaivginainnisuin
Fosmafirlunsienenssdmaiiazmssraunuszinsnhsunsludsiansenag
ansnsnguluitufifuesdnsunasesduriesiu Fedinavinlvinnsniswuiafionndssaninaly
mMsfdngemnng Mamseriulazaas o gy sfeiliAsaldiefiganniie
Fleufumnsnsaus (@dnlsainserilaewuas 2554) TnetideiidmaseUssdvinavenis
siurlerawiBen Usznaune enuaneauesavesdinavenninewarUsu pan siadild
mMsUfdRnunueiifigndes (Frana1dfuRnusiuaiifuiainisfuvesgsats Ay
AsBUARIN THLATIRURUTINSIE0IR wesriiluanwe nATmanzay) uaz woRnssunis
MOUAUBIROANTATLAZAINA T UNIUADE1U1LNAIYBIEsaN e (WHO 2009, Marcombe
et al. 2011, Bonds 2012, Chareonviriyaphap et al. 2013) wenIIndSanuitnineia
AnudaElovesurukaznsBugeslitimewualin slufiine1devesdrvestiu azvinli
Usgavsnavaamsnuaiilunisaiuguesniveldiianeenanad (Achee et al. 2015) fAnu
wurltfunisldarsiniiitenistdngnituasgeasdufufonduiiuannduynaiadiy
Tnsiamzasinsunasasaiuriosny @ninlsainsotlnouas 2554) Snadmuindaminis
Aestoansiafivesgsanefuuliigunsstu Tnsameluan sedii dauuasnguuadlninsess
sazinavinliuszavBnavesnmsn siuasieiianas (135007 g23500A0 LavANg 2551,
Marcombe et al. 2011) uendinimsAnuifiudmirseTslussezenrludunansenuse
uywdlavaunadenaninasmsnuatl (Schleier Il et al. 2008, Bonds 2012)

INAITNUNIUITTUNTTUNSANBIAUUSLANTHAVRINITHULAT WU §9 b
anansadudulainnmsitussniswuaiianunsatdeanunisssuinvesldidenaanag1alana
(Esu et al. 2010, Gubler 2011) wenandfamuinanasmsnueillilansnsaannsiingfniye



selvadluiuiiszuinvedsald (Thammapalo et al. 2012) Fudszan3nanisnuansiadl
Tunisandszrinsvesgenuitaglinassesdude 2 - 3 Yu wdwanianuiadl aandu
Inulssnnsgrgnauuwinanluniely 2 819ad (Esu et al. 2010) 99511158AV0S
Fruudsznsedluiiufiannnisvuiaiiogifosas 99 (Pant et al. 1971), 95 (Pant et al.
1973), 80 (Castro et al. 2007) wag 74 (Perich et al. 2001) sa1nToyadand1nuin
UsganSuan snulaliinulliuanas dunan1sAnwIves 359 WARTYTTA wavaug (2552)
BalsvimsfnwiTeudisussavsninvesni siunuena iy wiudesaziBon wazviuilos
awBusRnsosud lunsemuaugsaeduiiufimauiauasasuat wuiinisiudesaziden
aansnasmIULues SN st uldRTigansns1fesay 50 - 80 Audnwins
nszaeilsiuiiuazsveznanmandudiunuiivesuss nsgeituiindani s iuiefivesnds
trumeluadl 100 was wuimdainnswuedl 2 fu nqutuiideegiszeziead 85 wwns
MnFudnana nugsiiensmanduuenitufimaviuadidununuiivssensgeluiiuiinued
Famelu 7 Yundsmanuedimsewenunuiuszainsgadanartarunsanulalungudiud
Fegfisveriall 50 wAsaNAUSNAN (Koenraadt et al. 2007) danadasiunanisAnunly
spifuTompaesdmugmeimginssunmavauideseanainiiuiidaisiail (Kongmee et al
2004, Mongkalangoon et al. 2009, Chareonviriyaphap 2012) Gﬁ’a;&ammmwumu
assnssudsiuuanddfifiui Inndsunvasisludafon Beituiuaznanvos
mafiwesUsznsgmevdanmsviued Finsdsunlasinanagldifudeyafiugiu
TumsUsudssufiRveamsviued tielvnasmswueiiAeuszansnageaalunisaiuny
AN

M ITNDTAMTUNMIAITIANUYNYUNTEANUNUILUUYBIUTEYINTYIAY
Janvsmuszazrainssyiulalua9siinvesgsate lawn n1sd1sivgsareduiute
(adult mosquito) Mse153alesa1e (egg) msé’wsmqﬂﬁ;ﬂqamﬂ (Larva) Lagn15d199367
Talsgaane (Pupa) (WHO 2009) sudinnsdisiagsiniuds Usznoudie 33dvgslaeldaudy
widedeo e $a31n157A (Biting rate) winefs Srunugsnidioseaudedalus way §a51013
i (Landing rate) vaneds Sruaugameiiduliimundoaudedalus dyilFandialdia
Uspmnsgsangluiuiififiussnnsssnguldumuiyih U iiRouisenuds soni i
Wearnnstavaagsld (Reiter and Nathan 2001) @nilsdugsiufuismuunaanigining
Hie30sile 19y vaanga 1ASesgAe (aspirator) wazals (hand-held net) Usznausay §ns1
31N (Resting rate) vanes S1unugaduldsiotau Net index nanofis $1u2Uge67
Sleserusiotlusndulneldada wag House density index anefis S1urugeidosotu
sio 15 unfl FBdugsifiuiemauvaumeinlflaftugsasthudanusasmeiineglutiu
msldinfestiovliiugdldhetudmiuiuiidsianuynguysdos @af Tuniuas 2553)
drudnsuaeidli (Parous rate) vanefa Sovazvesysiaifie il Wudaddindaly
msUssdiumudssionisfindie (Reiter and Nathan 2001) ffinmsdsageszezld Toun



dasmuligsans (Ovitrap index) winefis Srunududnligeiinuldgaduiesay wazaade
Juuleanesiaiuin (average egg per trap) T’S{fmmzﬁm%’umiﬁﬂmmiﬂsmmaq
gaanethuluituiidadammnyusuasliresnugnih (Bad funsuas 2553) Fadin1sdraaa
gasvergminuazslis Usenaude House index 3o Premise index (H) sunefis $1uau
Srudufesasiidrsranugni Tumﬁmiﬂvﬁwa f H anand 10 Saduiiuiidssgedelsa
¥\densendiuiuiidowh A1 H 9881n97 1 Container index n3® Receptacle index (CI)
ynefls Sruumausdudosasiidrsanugmit Breteau index (BI) mnefly S1ummmyuzd
dmanugniinluthu 100 uds lunsinszinaiialu é Bl innnd 50 daduitufidegs Bl
fount 5 Saluituiidesh sdndlsinanfedmardvenldudanudlunisnuuslinsu
a"ﬂmuqﬂﬁwﬁuﬂuau (FniA Juniuas 2553) Larval density index nun8f4 a"wuauqﬂfwﬁ
d19791UmnaU U Stegomyia index MLNBAS fé’wu’auﬂwuzﬁé’ﬁmwuqﬂfwiaﬂimﬂ N3 1,000
au (Wudvdatuayunisszuininerldudlunisufiadnladoyadilinuuey Larvitrap
density index vineis Surugniniidrsanulusudngnin (Larvitrap) fusslovidents
ﬁ'}iwqﬂfﬁqqmﬂuﬁuﬁgﬁaﬁmmqﬂﬁmaqqqmﬂizéfw‘i'} Stegomyia Larval Density Index
WNBnY ﬁi’m’gugﬂﬁgwiaﬂwmm 1,000 AY ﬁ%ﬁﬁawanmmé’uﬁua‘wquaﬂimmiqﬁu
Usznsauld (3nR sunsuas 2553) uenani Strickman and Kittayapong (2003) lataue
Brsudruuildsiidrsranudetiu Weldussiiuanudsedonisssuinveslsn
Hidenvonluymay feogesveeiliannsolivsaiussnnsgaiuieldfniignit Tne
Tunsesginaialumawuildannndt 5 fadediu faduituiiianudesgadonts
svvavedlsa nMsfamamaiweiUszrnsssansndsinniswuiadl daldiluiivalu
nuATelist House density index SmsuAea19lY uay dnsn1snulvgsane (Reiter and
Nathan 2001, WHO 2011, 3af Sunusas 2553) frswilmaniiiaranamdsainnisnuied
wanrindamsnueiiindsvavinaannisiasevesldidensanluiiuiils Tnadyiddfyne
dnspelundinsnutaiinlsanasaudiaildiiusesaz 10 (WHO 2009) wazAl3n1dn
Srunuvssnnsedluiufianidalalishninfesas 97 (Giglioli 1979)

AUFIARYYRIUgm

e sAnsiuUTEAnENaveanaIMIHLATLUUND B gL B AN U @
Tngifisvuuumsidedunuuinsieat (@nalytical research) %qawﬁsﬁaﬁi”]ﬁ’ﬂiuﬂﬁmuau
Hadedusuuseuny (control variables) flenadmasuniuionadnsvoinsanyi 014
Haduiuansiad Jaduduaiesiu uazidadeduiFnisviu Reiter and Nathan 2001)
sufatadpAauanden Wy mudinazfiAniswesnszuaay du gamgll dnvazvostiy
ormsuaztuvy [y (Esu et al 2010, Bonds 2012) warlumsfnuiadedidunsinu
Wisuilsuusgansuaveaitniswuaiifiuandiefusenitenisvulosasfenniuuuy
1ATIL ¥ide SID-ULV AftRnmslaefiide fumswudesasdenmuwuuun@iufuanag
IngosdnsUnasesdiusiesdu nsdnwndmaaesuuudulasiingualuan (Cluster-



randomized controlled trial) FafusUuuuiiifoliinunldlunsdnuaded didifioan
YednintuniseuauladusunuiasinnuminzauiunsfinwTeuiis vl seansuaves
snpsmsiuanssiuluiiud leegueuidanudssgedonisssuinvelsnazldfudaiden
wuvdslumsviueaiiiuanmafulitunguiniludedl 100 wms Wetesfunisszuinvedlsa
luaarunisaidnassnisnugUieldifensansieusnluguyy Ussesnisun1svnasy
UsENausig NTeUIuNsnseuYuYy Numuell 131593 gunsalnull a15.a8 wasssuy
asaumanimans daduunuinendinnFeuditimsssyhumididanianiaans dnwoy
yosthuuazAuIndoN

n15ANYY “m3LU§8uLL‘LJawaﬂ‘wwiﬂﬁma%ﬂswmiqamsﬁ’mwmz
lUFensanuaInnsiukegazdeamuwuUINAIg I UUT s us uAUIE LA TR uUN ALY A
Sesmeldnoudnssunalng” adsdl ashliAannudladiddudunisivdsunlasos
mafmesusrnsgsatediunivgldifonsonvdaninnisiuad Tnsanglufiuiid
dnvamdururuandiesiiinnudssonisszuinvedlsagauazdadunisneudgynidiu
UsgAnSuaveanmslinmsmsviueilunsmuaunisszuinvesldidensenvesniigaud
Aedos ssdmnulmiiildarinnsinu e Uinnumseguesusznnsgsatsndaainni sy
WWUUNBEauden Teeza1LaengAnssulunTAUNGUYEITIUINUTEINTEMAIR 1NN THY
dovasdoalufiufiguruiiies andudoyafidifysuazinlugnisivsannsgiuds
UuRnisuazenseivdsedniainvesnisiduinsnisnuaiilunisdesiumiuaulse
lddoneanvesUsemenall



1.2 N1ASIABNENS
1.2.1 @arunisalvasldiianasn

Tsaldidonaon (Dengue Hemorrhagic Fever-DHF) nanads lsafnidaann
12%amsA (Dengue virus) S RNA virus e 4 §15970¢ #o DEN-1 DEN-2 DEN-3 uaz
DEN-4 fidnuauzeinisveslsafidndyde Hl497ufU Hemorrhagic Disease fdulnuazeiadl
Azden lgsatatnu Aedes Aegypti Buuanilsafid1 ey (nsumIvAulsARnde 2544)
19 deneentudulsainidehiameiinnlvl (emerging disease) fimssienuifuafusnd
JsnweiaUTudidiel na. 2497 wdmmiulissualusssameaiaiiogluiundoureaniv
deuagiinlan Taewunsszuialusemelneded we. 2501 gifinsalveslsaldidensen
hlanlunmssefiniun wuiind 2.5 fuduau wiewnnindesay 40 vesUszynslan @
audssnnlsaliidenson sstussanamsitlunn gl filanonvaslifindoldidensen
50 - 100 &uay Sszunandn 100 Usananslunivuensn sudn wiwesisllouny Tuoen
feny fuonidedduazuuifines fusn Feiudflésunansenuainnisszuiauiniian fe
niinaedesyiuesndedduazuud@iinagTunn laglud wa. 2551 wu;jﬂwiunﬁmﬂﬁ
01 1.2 §use wasingetuduinnndn 22 drusie Tud we. 2553 Tnsussana
500,000 $18 oM sgunssesinululsmeuia edwlngdudinuasiesas 25 deTin
(WHO 2011) (1wl 1.1)

2500000 T

2204516

2000000 1+

1500000 1- 1451083
1279668

1000000 T 925896

Number of cases

500000 479848

295554

122174

15497 -
04 t t t |

55-59 70-79 80-89 20-99 2008 2009 2010

Period of year

A 1.1 deyavesdiuugthelsaldifensannilanaaudl a.a. 1995 -
2010

fan: WHO (2011)



dmsudsendalnednnunisssuinneiiomnUasinggoutadn1sseulalg
nn9 10 U lngluseud e 2001 - 2010 wugtheasaalul a.a. 2001 Udns1Ur8 224.43
AOUTEYINTUAUAU MEINTUT AU TANALASTNEWUBNATIY WA, 2008 - 2010 (AWl 1.2)

250,00 5

20000 +

150.00 - u 7

100.00 4 n m = . K
LR, ] —= "‘..

Rate per 100,000
I
e

50000 4

0.00 T T T T T T T 1

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

AWl 1.2 Snsthevesiaelfidensenyusemealne szwined a.a. 2001 - 2010
(w.A. 2544 - 2553)

Mn: dINTTUIAINGT NTUAIUANLIA NTLNTIENTITUGY

Tt ae. 2012 didnszuininer lasusenugtieldidensensiu 79,593
518 8051038 124.60 deUszuinsuaunu gUieldeTin 87 518 w1y 0.14 fe Usevns
waua Sms1thenne fosaz 0.1 fihednlngjeglunguoigmnin 15 U lefidnvazduly
mugan1a fe dnnugthednuiuganiugaHy Hafounguaiautaiuetsy uHnaIa1nRau
danaunasuney uugiisaninadisesiu 5 Tdeunas udanadlutfousulinay wans
1l A 2012 ImsszunvedsaldideneenuusannniUiiinun (awi 1.3)

——2011 .-_«-Median 2007-2011 —=— 2012

14000+
12000+
10000+
8000+
6000+
4000
2000

Number of Cases

0 - . r r D e - S x . = !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Al 1.3 n13nszanevedlsaldidensenusemelnemuggnia U aa. 2011 uaz
2012 (w.f. 2554 Way 2555)

n: AINTTUIAINGT NTUAIUANLIA NTENTETITUGY



aoumsaimszuininevedsaldideneanlulsunalneuasiuiiniald
nOUENT aus W 2546 - 2555 Tuwaltumsialsaiuldlufianiadafunazlul wa.
2553 fdns1Uleaanindnstheseiudsemennn @t wa. 2555 I51ga1ugUle 5950 518
§n51098 127.51 douaudszuins Smiaifidns1Uangegn fe aswal 214.15 deuau
Useans sedaanlan e (179.97) aga (142.01) 959 (116.11) 8gan (60.53) us1s3a
(54.80) waz Jnenil (43.19) (A il 1.4)

ansmauauLlszaing

450
400 .
350 VA
300
250 /

200 :
150
100
50
0

..

2546 2547 2548 2549 2550 2551 2552 2553 2554 2555

—— Uszwne| 101.14 | 62.59 73.79 | 74.78 | 104.21 | 141.78 | 89.27 | 17791 | 106.61 | 119.53

---8--- 912 | 10663 | 60.34 | 77.87 | 44.61 | 15222 | 138.07 | 107.77 | 391.61 ( 5812 | 127.51

Ad 1.4 oas1vrearelsaldidensannialanaualwuSsurisuduuseaneaine
Un.d. 2546 - 2555

n: INTTUIRINGT NTUAIUANLIA NTENTIENTITUGY

suanunsaiesliidonsoniminawan Tnedrinautestuaiungulsad
12 fwiaasan @oya a1 Fuil 30 wwoy 2556) wuinBuwuswudiheganiimisogu 5
9 fusiFoutugisu 2555 waslidnsihegeasluiiou unsau 2556 S1uu 717 deuau
Uszang (nwdl 1.5)
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[ ]
208_®
]
i) 108 Tt 9% d.
84 83

53 e @
A, ila. L. YA . fl.f. a.a. f.e. #.R. .2l o.A.

I Med Zone (51-55) [ Target Zone [N Base Line 7one === 2556 © off® 2555

And 1.5 9ns1Uaedaelsaldidonsondaningsvand w.a. 2555 - 2556

n: drdnnulesiumueulsail 12 Sminawan (Jeya o Juil 30 Wwgu 2556)

! d’lj A a v 3 Q‘l’ = 1 dy A o 1
druwmAviauasaaniunAnwridelunsel GZNGQIUL‘IJGIWUWC‘HU%?UE]EJ’N

gnaulosaal Jwinawan Twnuyusuluwesuiavey 36 yuwu Tl wa. 2553 lasu
Menugigliidensensiu 318 518 8ns1Ule 447.50 deuszrnsuauau Tul wa. 2554
wugthe 72 518 8n51thy 101.32 deuszninsuauau lul wa. 2555 wugdiy 265 518
8n51U3 372.91 soUsernnshauay MNUeyadaunasy wa. 2553 - 2555 81Ln0kiledauan
wuuwldadufihgluanmauiagedy anfesas 34.64 Dy 43.02 Sl 1.6
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65.36 60.44
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DILNaLD

I I B wAuIauUATaIvan
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53 U sa U 55

AR 1.6 daduszviUigliifensenlulwmnauiaasvariugiineiosdsran
U A 2553 - 2555
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Poaguiuaniunisavadldifensentuninsiussdvlantunuitduui iy
Tnugthudedadunaviinsveneiunnmsssualudssnenieg Negluunounaniy
wigakazlan (WHO 2011) dmsudsemelnadinnunisssuiaseiioanUuasiinesauves
nsszuIngyne 10 U teglud we. 2555 In1sseuiavedsaldifonsanguussuinnin Ui
1 & A v oA v a & a = YY) =
Huan wagiunnalaneuasiiuunldumsfalsalululufiani whgafiuduvesusena &9
Jwdanidnstheasan Ae awwal diudneiliesasvarnusudldudadiugulsluiun

wAUagy (§rinszuninen 2556)
1.2.2 geanetnuuasnnsndwasuszynsesans
1.2.2.1 gaanetiy (Aedes aegypti)

1 . I3 ) [y [Vl =&
g8t (Aedes aegypti) WUt lsanIvigndnvedldiianaon il
= . = aa  aa a ] I
WIVEIOINUIAD gaa8aI (Aedes albopictus) 1easyInninsaeuasgustaduiyy
auysal (complete metamorphosis) Mssaivlavesgsans wialu 4 szez laun 1
(egg) @i (Larva) Ml (Pupa) wagdnde (adult) (WHO 2011) (nwil 1.7)

Adult/Gonotrophic

Survivorship Development
temp ! rate(temp)
saturation deficit 3 T\ ¥

Emergence vnposntlon
temp > 18 C #eg9gs = !(Iarval welghx)
temp > 2
water (> 10mm
Pupa

Survivorship Development Surwvorshlp Development

rate(temp) temp rate(temp)
predation

Pupation Hatchmg
cD
minimum weight L tem >=13C
water (> 10mm)
Survivorship Development
temp rate(temp)
water (>10mm) weight gain

o Y
AN 1.7 'Ji]"i]ﬂi?ﬂ@?lﬁ]ﬂﬁj{\ia']ﬂ

fisn: Hopp wag Foley (2001)
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geanoidugafilivounasnnuazauuss faduiamnAuldlnaainungs
wnestus 30 - 50 w3 uavenadlszezdulnaldis 400 wms MavALARUTLNEaNd 13U
n5314l9 (WHO 2011) uaﬂmﬂﬁﬁqwudﬁﬁqqmsjsqﬂsqﬂuqawwdawﬁmumﬂsqﬂ WIS 1¥RUnNQ
LLﬁ%ﬂ?WN%’uﬁNaﬁiaﬂﬂ3LL‘1N5"W‘U$: (WHO 2009) gaansiifaauifugeiaily Taguiniaian
nansfutanafiveuinfe 9.00 - 11.00 u. LazAOUUBY 1981 14.00 - 1600 u. (2 - 3
%‘Imﬁauwwmﬁmémﬂau) msfigeaginannuietesiueg fuguvnlvaseinia gevaudn
mmumammuaaumw 28 - 35 DALYy quwunammummﬂ 26 2IMBALTY A
gaaziatioras uonandgamal esduuasuSinanicy Sedinaden siuitrinuauveys
(3550401 AITIAUAR 2549) eamreeuefAueglutiu veusnuseu Uiy undanigiugves
gaans 1wy g Safwudlddn Yeraunia lusesth a1useswdiuua srssnsudin
nzles watu airufifings nean uewdn muluilsd 3iuldl (guni anase 2553)

gaanethumadesuioiusidnonlumsunsidelhialddonsongs de
é’ﬂwmzﬁé’aﬁ%auawﬁsagiuﬁwuﬂu (highly domesticated) sinwauAuwmLaanail (strongly
anthropophilic) uazwaufinAun1elutu (endophagic) Insaunsafaauldnaisqaduay
mangeu (nervous feeder) Aauflazasuisasmsmilaluusagsou MengAnssudangiads
yhlmArmsszuiavedlsaldidonsendunguqliie lasamzudnaiiuiiasluiainsiu
oEIane (WHO 2011) fafunmsmuaugsmusuasina s giug dadumnsniandnly
nmsemupudesiulsaldiiensan (WHO 2011) nstduinsnisdesiuaiuauganivswuy
NAHAY Tdhuresiinmsuasmsdamainleunesasiilimstesiuavaulsaldidonsen
fUszAvBnndetu (Gubler 2011) M3119uNUATIUANEINITE S TuFos1HBAILSTLE
UsuugstndutiagtuiReafuiineuasineingt Wun maeigdvls msunsnszans n1s
Wasuuaswesusennsgduusazggma anuanansalunsiilse undsende wdeiveuiu
Fon paonuNgAnITNBuPTUselovidensmuaNg e (1R 01938 2553)

1.2.2.2 W151wesUsEvINsYeay

w1518 e A MFUNITA T NTIUAINYNYUNT BAUN U LLUUY B
Uszrnsedate wiseaniunsd1saageanadiduie (adult mosauito) n1sdisaalugeans
(egg) miﬁfﬁwgﬂﬁﬁqqma (Larva) kg sd1siadalisesany (Pupa) Fodfildn1sd599
Usgansgdlaeyialy liun
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n. fylin1sdrsavgadaiu iy

1. §ms1Msinedn (Biting Rate: BR) vinefis 1uiugediilufanusie
tluandulalegldpudumiods 1 BR > 2 daduiuiidegs

2. 8939 3iMein (Resting Rate: RR) vunafis I1uugsidulasetnu

3. dnsume319lY (Parous Rate: PR) vanefis fogaguasgaiiiilefiing
Ml

4. Net Index (NI) vsngdis Iuugsilluseaudatiluiidulagldeaia

5. House Density Index (HDI) visnefia S1udugednilenetiude 15
Wi Niulngldvaengauazais

House Density Index 18ld@fugsanethu damaunazinizineglutu v
Trannsndusdldnnilnglivaonuarais mangdmsuiiufitedenion dau Biting Rate oy
snnnidn 2 38 ifesanldldifugaisgmmethunasegsansanu vilhdieudsuainugnaguls
(Fnf Funsuas 2553)

. fytidsragnuigeaneuazid i

1. House Index %38 Premise Index (HI) vinads ruiutuiu Soe
agid1sranugnin lumsliesigina fan HE > 10 daduiiuiidesgedelsaldidonsondiu
Wudewn A1 H Agendn 1

2. Container Index #3® Receptacle Index (Cl) #1883 97U7U
mMvuzdusevaziidisranugnmi

3. Breteau Index (BI) e S1uumyugidsianvgnuluduy
100 wad

Tuvssméviise 3 2 Chan (1985) (Bn4lae 3nf Tumiuas 2553) asudn
Breteau Index LHuilffign sizagvinlimsumnugnyuvesgaaiefiferdeadudiuiu
¥hu 1189917523 House Index wag Container Index i1defiu Tumsiiasizsinasialy e
Bl > 50 dmbuiiuiiidesgs Bl < 5 daduiuiidesh oghdlsffedivanduonlduiaiiud
Tumsnuudlivnsuduugninfiuiuou @ef Junsuas 2553)
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nsuUINaTENINg Hi wag Cl

HgeClge = gauiiiamannlaes

Hi o Qo = queniifitymiiesTaesa

Higa Cloh = yueuiiddymiilunszanevion

Hih Clge = yuiadymiduugevesmmu ufluemegald

4. Larval Density Index #3809 aﬁ’mauqﬂﬁﬁﬁﬁﬁnwumﬁﬂuLaua
Tne Chan (1985) (819lae 3nR Sunduas, 2553) suililaonndosiu House Index uax
Breteau Index ualidgonadesiuan Container Index 1119 Chan (814lag 3nf JunSuas
2553) fimnaiiuinlinsld Container Index Tunsuhszisesane

1%

5. Stegomyia Index vd18fe 91UUANYUENd1TIaNUgNUNsD
Useans 1,000 Ay Felmidnuiunigusinugniiinduiusiuinunulssunsvesau Fadu
FoRlumeszuIninel wilumsufuadnladeyailiuyuey

¥
o a o

6. Larvitrap Density Index vngfis 91usugniindrsianulududn
anu1 (Larvitrap) fUselevison1sd1519gnungaangluiungediannuynyuy 0998 e Aum

9 9

7. Stegomyia Larval Density Index viangie 91utugniiseussynnsg
1,000 A AilagvenAuduiussenitsUssmnsesiulseansaula

A. Avildrsaalugeans

1. Ovitrap Index (Ol) waneds Sruuiusnlygainuliguiuiesay
TBwzdamsumfnsmsusinguesesatsUruluinundadianuynyudiuazliddaany

1%

g

Tumsinwadadldmsnfines Snsinanuligeas dnsnaeasly uay
House density index lun1sfinmauUseansesaneviamInnIsnueail §113un15d1539008
mslédarumetn o1l afieudssiomsfinidoldidonsan (Reiter and Nathan
2001, WHO 2011, ansuidtiinenmansansnsagy 2553) frdwiinandfidianamdsann
manueiuaneiimsnualiiaUsyaniuaaanisiarevesldidensenluituiily Tnodwd
dfey Ae onseenglindinsnueiimsanasauliatliifusosas 10 (WHO 2009) wagAls

[

Minduulsznnsgduiunnpulalisindifesas 97 (Giglioli 1979)
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1.2.3 ﬂ'liﬁﬂﬂ’]iLLaZﬂ’JU@uEﬂWﬂﬁz

1asM AU UANslumsdanisuazaupugsnnglutdagdu (WHO 2011)
A1 UNNFUITNN TN TINvRsgsaalaneeazide alum s 1.1

M3 1.1 TBN1TTANTHATAIVANEIMNEMUTEELINTTIAVBIE a8

29359 Ingeany BNMIIANTUALAIUANYINI VY

L]

1 1 Y o LY 1 v 6 Y o
gaane eyl M3INSuAEMIANITUELaIN EUS N15TavinAd1Y
azorantianvugldlvilvgans

¥ 1l e o w . o 2  aa ,
gAY IsYSgNUI ﬂ’]izﬂﬂﬂ’]‘iLLaBﬂWQWﬂWGUUZLL‘ViaQL‘W’lS‘W‘Uﬁ: WUANLIY B.Li
UadegUarfiugnua dvin o1 lsu13a (Cyclopoid

3 ,
copepods) “Auivea Spinosad Insect growth regulators

kAU UNOUTELY
-V 1 ]. % o U 1 U 6 2 1 a
AN TEEAIlL MIIAMSHagMIAMTULUUA NI EAUT UaseUanu
ani
U
v @B W 3 1 . 1 a a a a [ %
ganngsreviuANdY M 3Nua (space spraying) N1suLATYlALgMEANATS

(indoor residual spraying) Insect repellents 819 DEET

1 & aa v ) a % . 2 & aa

WWItNIIAIUNITIANITAILIAGDYL (environmental management) LUUIEN1TAIUAN
v aa a . . 3 & aa v aa a .
AI87751197101W (biological control) wag LUUITNITAIVANAIYITNIILAN (chemical
control)

uenNLENRENM TN suazmuANgI et Ssegluduneuvesni sAinu
AT (Nguyen et al. 2009, Pettit et al. 2010, WHO 2011, Baldacchino et al. 2015
wag Achee et al. 2015) 919 n15AIUANLABTENINUTNTIU (genetic control) 1514
wuAilse Wolbachia pipientis mﬂﬁ%@mmju Entomopathogenic fungi n15ldfudnlyes
LUUSNge 9191 Lethal Ovitrap waznisldansindiludefuunaamziiuges 1Wusiu

NndeyatrsduaniiuliiniiiBnmsdansuazaruaugan ne Auansiafuly
PusEEIsTInUetewans 1 Gubler (2011) flauadn nsldunnsnistestumugues
WVEUUURANHATY TduTasisnIsuasmsdansdalennsasyinlinisdesiuaiuaulsa
Hidemeeniivsyansnind iy
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1.2.4 MSWULAH

1.2.4.1 #aNNISWULANLNDANNIS Ansavaeldiianaan

v
ad a

nsnuifansenulesluluainie (space spraying) 35iilunnsnisiu
anumsalpniduilessiunsszuimesliidensenlnenisidngeanedaiiiude (WHO 2011)
asesarfanszansassegluenmdlusudinazessaziBuaiieduiauazaingaidurunio
imgin Womingeaeinginssuiudenauinnnindendn wazsinazdumaulilnasin
uwndaneiusBsoglueasthubou veuimeinerfemudariosuviu fifissdrudesiios
ety Felifedldimmviuasaiiviafignandng (residual spray) aurui
i nmawuelifteannsisovaddidoneenasfemumaniliinsounquituive s ugiae
318UsN (primary case) wagnguinulusaiiognadey 100 wns seutugUigsiousn laedl
asevveamsnuasaiinely 7 Yu aiiilesdageasiufnfefifidolafaldidonoen
TuthefiSondn szeziindiasuenlugs (extrinsic incubation period) A 8 — 12 Ju lsfuan
ﬁqm LﬁaaﬁﬂamamiLLWéL%aaﬂﬂqqﬁﬂu (Gratz 1993, WHO 1997, @11inlsafnnoullag
uuas 2554) suiemsidngeaesaiutofsihifidoudilonadnanfanuluguauniefuae i
feglusveriifidelriaoglunszuaden (Viremia) Aotaa 7 - 12 Fu Fulusresiidelaia
ansamnenendnnaugyls (Reiter and Nathan 2001) fan1wdl 1.8

15 time source reduction Sf\:"ﬁ
Infectious \*\ ewannnset

mosquitoes A -3--"‘""'-‘. 214 time soypCe reduction
= 4
*
N
A *
Dengue Period of | Extrinsic inc ubatioq."
fients Infectivity period  o°
patiet 0-5 days 8-12 daysi.' /c&::
Infected Intrinsic Period of | Ext_rinsic :
m incubation Period| Infectivity | incubation period
P 4-7 days 0-5 days 8-12 days
7 days 7 days
1t time 2nd time 31 time

insecticide spray | | insecticide spray | | insecticide spray

AN 1.8 1950UVBINSHULATNanN1SARfavas lUde noan

fian: Teng wazAndy (2007)
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Mammen wazag (2008) laAN¥IN19nTEAELTaNuNLazIa1 v Ul
ldideneen vawinnugUies1ewsn (index case) TugnvuiunyuunvesUszinalng wuin
msnsisvatliifansanazlidnuamlungy (cluster) vosithe geatauazlifansi Tudiug
v b Y a = o (% ' Y @ !
$Ai 100 wns soutudieTeusn (A 1.9) Fadnuaeiina1iuandiiuinuinsni s
st Msrumgtieeusnuazn sHwelimIaganveleudfydanisatvaudesiunisg
JrU1AvedlIn

A Index case; DENV-4 infected
index case

(O Dengue-uninfected,
enrolled child

@ Dengue-infected
(serolype unknown},
enrolled child

M DENV-4infected.
enrolled child

X = no.of female
DENV-4 infecied
y Ae. asgypti

y = no. of female
Ae. asgypti
captured and tested

nfa = Houses not surveyed

meiers

[
=

AW 1.9 anwaizrangy (cluster) §U7e gaansuavlidawnsd Tuiunsad
100 e soutugiesewsnluguyy

f11: Mammen LavAny (2008)
1.2.4.2 35015NULAN

Pesticides and Their Application for the Control Vectors and Pests of
Public Health Importance 1a8 Department of Control of Neglected Tropical Diseases
WHO Pesticide Evaluation Scheme (WHOPES) (dhiinlsadinsietlaguuas 2554) laszyia
wTesflefilidmsuarsialimdauuas 6 Ussam fe

1. Hand-operated compression sprayer
2. Mist blowers (power-operated)
3. Aerosol generators (power-operated)

4. Thermal foggers (power-operated)
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5. Aerial spraying equipment
6. Dusters

dunsulsemdlvenisdeniedldnualinndngsatadufuied 2 Ussan

o a' 1 Y] o a ! a
AD LATDINUNUBNAIU (thermal foggers #38 thermal fog generators) WAZLATDINUATITLAL

WUy Ultra-low cold foggers #3® Aerosol generators #39H8uL38NAUI1 LATOINUNDE

audun (Ultra Low Volume: ULV) Taemis 2 Usstanaiunsaldeulavisiuuauasmouas
Aasauusneus lngiideyallSouiigudwnsed 1.2 (@inlsaiaseinlauume 2554)

A9199 1.2 WIUMBUMIINIUIENING sesnunuenadu (Thermal foggers) fiu
I BsNUNDYazIBEn (ULV)

PANNISNI9IUVBILATDY

Thermal

foggers

ULv

T¥mnadou drelumsuanivenineseniduazesudingn 4 Suhdsuldans
fvhazanefitgamglias 100 ssmwaidea S1gamgigsnirdesinalunis
vaenun e siall Suinazdinnudududl Snsrnisluavesarsiad
(Flow rate) laitfosndn 24 dns/dala

Towasnuna wssau Lsamies aamieliuansmeendudiadn 9 vuiadfiian
71 50 wazydnanswedinldnuindusuuanududugs dnsin1slvaves
a15um3l (Flow rate) Llifiu 3 ams /9%

ANWUZLAZIUINVD Lﬁﬂﬁ’]ﬂﬂ

Thermal

foggers

ULV

answdluaniazgnussanvihliifsnszanglugunuenaiu vuradaiieney
U929 0.1 - 60 pm wazdA1 Volume Median Diameter (VMD) 1Ay 20

pm

a U 1 o b4 = d‘
ansniunnsnvzgnussauvih inszangluguilesasden aunaivungay
egluyae 15 - 25 pm Jf1 VMD winiu 27 um n3efadudszuianey
azdaawandlusnalidsenindsuay 85
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e
©
o))}

- $1AATDIYN
- p51daumINnasurallunsnuladne
Thermal |

: - TANaN19ININGIA
oggers

- Us¥nvuaIlnsaviaunanazeatdsaiiladne

_ viuazenuienlduunnashiame
- §USinmansiedinenidanheiiuiives
- Tdunuseniiusenisviutey

ULV - AU SN sszenIles

- Uszaauweusuluussansna

- AaRsutneuaznaunndnmsaennnnsiudes

- ”Lajﬁmwm?imé’wué'ﬂﬁﬁaGiaamuﬁw'uuazmimmLﬁumﬂmm%’auﬁa;ﬂ%’am

ndayamsaUTeuiiutunsiuleyavidealiuszd@nsaan

WuvsenAule a1 sanmuiunuLazIInansldansieil Melldanudediine
wsasleflaunnsgiu (WHO 2003)

1.2.4.3 U29inanauseansnavaan1s nuLadl

J9389inasaUseanSHavaINISHULAL Usenaunie a@15.alkuad LA 89Ny
Wil wazgu U unued

. @1sAANAnUaY (Insecticide)

asimsaunsielan (2011) Wuuzhasedifdausasieldlunsnuiaiis o
ganazuaninlsn Usenaumeasiaiilunguues aasniluneaina (Organophosplate) uae
Indnsoss (Pyrethroid) Tnsnguilmunzaudviuniudesazidon Ao Ininsosd (class I
moderately hazardous, LD, oral 200 - 2,000 dermal 400 - 4,000 mg/kg) LU Deltamethrin
Fanmit 1.10
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Deltamethrin UL 0.5 0.05 05-1.0| 05-1.0
Deltamethrin EW - 0.05 1 -
Lambda-cyhalothrin EC - - 1-2 2
Malathion EW and UL - - 112-600 112-600
F'_ermethn_’n (25 cis:75 trans; 10.35% wiw) + S- 0.55 073

gﬂﬂlw%ﬂ.u wiw) + piperonyl butoxide permethrin | permethrin = =
d-d, trans-cyphenothrin EC 0.1-0.2 0.2 35-400| 35-4.0

EC = Emulsifiable concentrate; EW = emulsion, oil in water; UL = ulira-low volume (LILV) liquid

o Ao w - ' Ao w ° a °
Awi 1.10 ansedimInuuaadieldlunsriuelimdnguaseuasinlsanuuzinlay
29ANSBUNIIE AN

fan: WHO (2011)

@ A

aswilisdausasilddvsuntsnuaiiazdeaduansiaiifidiunisnagsy
UsyAvsawlumssngsfidondn nsnsaafausunalee®iis (Bioassay test) Snvisdadu
Franesgulunsufoinunueiidngs (WHO 2011) Seideldnsaouifioutineniaiily
svgriaTounTsAsunIsNaaeInIra Y Taeflsieazidonvesnisaeuiiisuiienaiily
AARWIN

{ngmLﬁm%uﬁuawﬁLﬂﬁﬁwﬁﬂLLuaq fio Msfisduvesn1sReRoe e uLa VD
gaane Taoiamnzansiafivedlninsoss Aanudasaiogeieuyud Teaziinasiliuszansua
YBRNATNITHUATIATAAAT (ITTUNT §ITT0ULAN wazAng 2551, Marcombe et al. 2011)
Funanssnurdaadouasayd N siueilussesdununanssnudesninld anu
wnasuifivue uimsiini s seidluszezoruaz@nviiudumsz arsiadingalng
nsosforadufuioUauavdnitvasaiia (Peterson et al. 2006, Schleier Il et al. 2012,
Bonds 2012)
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= ' =
U. HAIDINULAN

veeudinazaeiie, (Droplet size of the aerosol) ﬁgﬂﬁdaaaaﬂmﬂﬁ's
viuvoardesiuell utladoddyflazdivuamiuainsoluns fanszatsassegluesinie
voudinarossheidlusuresSinauasnarlunisaaniwondinther Hadiiedudauas
ghgefifusnuvdoinzinluuinadifinsiued (Reiter and Nathan 2001) #atayalunisns
fi 1.3 @iinnumueuldidensen 2545, La Mer et al. 1947)

AN5199 1.3 LAAIALALTUSTEIN1UUNAY0IRZeRIntN e UUS U LAY TR S5 7
’Lumimﬂaagjﬁumﬂmmﬂ%uﬁmazaaaﬁwm

Fuauazeasinen Tu dnsusqlunisen

" vAinazeRY x 2 0 5
AL9BIUNEN y WU 1 cm” (BRSINU AIWUIINBINA
wg1 (um) - p
1 AN3/LTANDI) (m/sec)
AU (Smoke) 1-5 > 19,099
0.01 (60 W19 Anas
Howaziden (Aerosols) 10 - 20 2,387 - 19,099 100 #n %138 30
LIMT)
Cloud particles 30 708
0.1 (6 W91 eNad
Noaeazeas (Mists) 50 - 100 19 - 153 100 ln %39 30

LURNT)

. 0.3 (2 w7 ANal
avapsvulaan (Fine

100 - 250 24 -19 100 ln 39 30

sprays)
LUAT)

ALD99IUIANAN

250 - 400 0.15-24
(Medium sprays)
azaa9uny1u (Coarse

> 400 < 0.15

sprays)
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nn1suseiiunanisdiseielesiuadvaulsaldifenson n1nsay
seauUsewma U we. 2554 vesddnlsafadeuilaguuas nsuauaulse wulyninisld
wapsualinliivinzan Wy metieTemiuaiiniansiaeas (Mist blowers) 3nviuf1dngs
uay Panmsrnasugumnlunssdadimie1voueiemiued aenrdasiunisfinuives 4
o ssula uazAn (2553) Smuiiademuasiadiflimuaugsluiiuiinialdneudia 3
Fesdoray 18.8 wihilu findmazessienldmunasiinmsgu

Volume median diameter (VMD) o fdedininenfiesdnisounsielan
Avuadufidmiuinaunmveaeiomiuied lnsnuaudivonrdosiudesaziBondifags
1A1 VMD AU 5 - 27 um Q’%%’alé’miaamﬁwm%wﬁumﬁtﬁai’mm VMD luszey
w3uNsAaunsaanInIAauL Tneflsieazidenvoinisnisd eutiiouindoanuiaiily
AARWIN 9

Y 1A va 1 ]
f. E)J‘IJ{]‘UGIQ']NWNL?NQJ

Anuduagiinuzlumsiueiivesauniu 1JudadodAyiifinaseUszansua
nesmsueilegiBauazdodldiunsiineusuaionenanuilagviisnudiiaudiungy
iy aemsimsfanulssiusensufiRnuethadussuun nndas ududede
017 psAnsUnATEsEILTIRIIY MNSuazinuefina1UsEnoumE (WHO 2011)

1. enunlalufidfovesgsmnue wu dunisfioguaziiviaieaniy
miuvedgeane ieldivualugisianivanezadluniswund (06.30 - 10.00 w.) szezdu
YosgaaeioiruaruInTesiuAivie sl s

2. S9nanninfenfivanauiunsiueil Wy vandeanisnuiall
4 < a X o @ v
ARUNUANMIBNALLTY (ANMFIaIAL 13 Alawns/ $alue) Wuey

3. mulufiviasauaudfvesaisiadl 1wy n1sldyadosiunuies
pE9NABIIAUAT NM33INTware1NITRAUNANLANAINA15IANSINAISUguneIUa
easiu sy

4. AR TAT WU NTHANASLATILFet1IgnfaIn Ndndquy

msldansinfignussnn WWusuy

5. AMNNUDIATOIN LU N1333nTBNTUNeSheTignaes n1suile
wsegenUrsslawuvurliRnuiigniemian1sanguawmne1atinainn1sldnIolle
\usiu
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6. Uszmvunguiving wu msdeasiudivestiurugl joRu
warliruuzthilumsananudswinmsdudaansieiivagiuwasndiniswy e n1s
Untne1vns msilauseavitiisng aaniswuegiaios 30 w1l Feanunsanduiininuvseias
16 mn%mgﬁuwé’qmiviu Jusu

7. aunnuaznailaveafuf iR 1y Aunualsiiednatey 5 au
Usenaume fRiuau 1 au washiuviu 4 au deaduduwdsuiulunisvuyng 15 - 30 U1
finsauauiounIsHWRIYNASY 917 NMsfvumduna nsTdunud W

anumsaiesnasMsTiueiiiemunuysaisuatlfidensenvesuszing
annsoagUlihiuuliunmsldanatifionsmhdagmesuiuiofmnnfunnaiediu uaz
UszautlyyénunsuoRlildnnnassiu end msldansieifanumannuans msldiaies
viuansiediilsivnzan yaannsvinesdmnuiuasinuriimlumsiued Wudu Tnsaiivaiie
MNnMINeteIsiRlumsaenenssimNiuaEn1sUT A UIUTENI1s 1 uangly
Aaftansevmsenssnauluiiuiifvesnsnaseshudiosiu Sikaildunasn1s wuiadaan
UszdnSualun1smdnganive 119n158u5UkaTAIINSINT01NYNYY TIuD LA
Alddefigannitleifisuiuannsnisdu (@idnlsadndethlasuuas 2554) Tngann
msfnwduusentiesetevdsslumsiueiiuuuilesaziBoaniuunnsgiu (SID-ULVY)
vosUsznalnelud 2551 funudmiumirenuiujiRnisegi 114 aoaarianss nie
Uszanau 3,900 U9 uazaninsaufingsiis 705 noaansansy wieUszanal 24,200 UM NN
15U UM IFANsINE (Ditsuwan et. al, 2012)

1.2.4.4 AMULANAINTLRININITNULAN SID-ULV AUNISNUNBYAZLDEANIN KUY
Unh

NSUSHUWIEUAMULANAINTEN TN TN U B8 AL AR UL UULIATFIUN
asmmseudulantivuzin ¥3038 SID-ULV dunisnutalinuudevazidaanliugianiu
WINTFIUNTOITNULUUUNG 1NNITNUNIUITIUNTTN LaNATHATIIUITEMNAEITR
(Ditsuwan et. al. 2012, WHO 2011, d11inlsafnsaulagniad 2554) WuI1daIdunnmng

aal 1 5 1% 1 1 IS a vua 1 IS v 1 IS
YodIsN150¢ 3 Tunew Useneausie 1) newniuall 2) MsUuRnmsnuell uag 3) naanuial

A v = 5 < a =~ a a -7 ad o i = aaa
wazllownensnunidunmsiUSeuiieuyssadnsuani1snuneaolsdendny 39835013
AuANTITETUNIUTIDNAAATUIINANULANATITENIIIBNMTNUTIADWUY AeT8azidunly
M3 1.4
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AN519N 1.4 WSgULgUAINULANAIITEIRININITHULAL SID-ULV AUNISHUNBY

AZRUANULULUNG
NILUIUMS SID-ULV nsviucayazdYn nsauaNlaly
WuLall MUUUUUNG SUNIY

1. NoUNULAN

2. MU R
ANSNULAR

18015719 NULASAN YN
NUNNDUNTNULAIL

23n15nadau VMD U84
LA DINULAIL

34n15NA@DU bicassay
Y99815ANNN I ALUAS

43imseusavseliadug
INUUNERGHRIGHG

LinTsudedeyauay
UszanuyuyunAsnny
il Ly

a A YY)
- ANSVANLA YA UN A
A5PNTENININITWUNST @
PAINTTWU

- M3Un Uauseaniinfng
ADULATTAINITNULAL]

- msunagudesiunis
Juouansiailus1nns
I3 1%

Wuau

1ldfin1snmds U
VMD U89tAS9INY
WAl

2lddinsnegs v
bioassay 184@15LAl

[y

ANAALUAY

- YIAANUATOUARY
nguUulusall 100
AT AUTOUANA
d‘ ISR 1 1 %

duativualilanniin

1lddnrsnadeu
VMD %03LA389ny
LAl LR ounu
5reazidenoglu
ANANUIN 9)

2liin1snage U
bicassay U83a15LA
A1danuas wagly
RGP I ERREY
51vazidenogly
ANAKNUIN )

3lvlinisnade u
Ay Vinwe 38019
UHUR waziAuad
Yesfumusaesiiy

1 snsnwueiiludu
wazafiefy wile
AAANHLANAIIATY
AATNDIN1ALA Y
Y98N ULAL

2ldnssuqunis
WIENYNYUMI DU
NBanAIULANAT S
AUNTUTEAUYNYY
waghdatoua
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NITUIUNIST SID-ULV nsnueazden nsnuaNlady
WuLAdl AuLuUUNR FUNIY
2. MIUQuR 2. Imsnungnis W 3ldszuvansaumne
mInuell (o) o aimranstunig
- vwalilugiwlatgeeen Jssiiueany
mnu AsouAgulunIsHu
C dudeaninetna muimaﬂwﬁmuium
Wi EANLAZATIAVNIAL PIUTOTEN Lo
lunarsdudn
- viupaauAgunguUIuly A0UTNINULATILAY
$Al 100 wns wasuIuu
- viuaneuludiueeni
wanunu
= - o
- Ansatuaseslesiu
wazyArULALTIgNADs
- AnsdniATe LAYy
aduaumun 15-30 WA
- fimsnugrseugesngly
7-10 T Jusiu
3. vaenwedl - InsUTEluEe N9ANU - A1en1sARaUkaE - ud1Tna1Aauny
UUYTEYINTYS wae  Ussiundaau g linsiuin

Fuugie Tuiunnlasy
nsuLA

UuRnisiivdeya
wiazadadunga
AIUAUNTENGY
NAAO
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(1971)
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Wwinfiu 30

- fannnadenanngifeazui
msvuresazidenlasLa3odu
Tagld malathion ansnsaldlu
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lddomaanla

- P8msInTw 438 mUha §751
mstn1ginanaiiegas 99 us
FUUTEMNTLINTUN WL AL
VRN SN 2 dUA19 Tagan
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JDLEUBUY

Y o
VDEINA

Pant Lag
ALY
(1971)

Thailand

(s12)

Pant uag
AR
(1973)
Thailand

- Tngivualvinguiuseuiiiy
warnguAmueN fszegnnafiu 5
Alawns anduhmsiuaaiivuy
HovasienlaeLrseanuinsn s
lnglda1sialieduuas Ao
malathion #ufiagee 5 A
LAY f351%7 3 A% ¥in1siana
WIBULTIEUAMU AUIL ULV §
gaAYnaULAT NN THULAL

fleiSeufiauussavsuaves
msuresazLBlneLPR R
soeusTldensnslnavesansad
wansneiu Tunisauanesany
wvzlsalUidenaenssezen

- TogdinguenuanuaziUseu ey
Tagldansialietuuag Ao
fenitrothion

- PNHARINENIRITEATUIINS
wurlowazLBanlnuLA3 o nuRa
INYUABRIINTNU 438 ml/ha 2
afa lusou 3 ¥u awnsaldiua
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Thduuinsnislumvaunis
syuavadldifensanta

_ydsanmsnuiadindsit 1 8w
A1SNNEARanalseuay 95ua
TUUUTEIINTYPINTUL WL AL
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100 WA mILUTEYINTYINGULN
WINANNAII1N1THY 7 dUAA
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fnen
- NNWaMINAFITeaTUINT
Wurlowar LBeAlALLATBINURARA
INYUAAINITOAIUANEIANY
wimelsaldidoneenszaveila
Hudson - Wiefn¥UsEAnSNaveINIINY - aunsnandsnuldgeatels - Suiuvesgu vy
(1986) HovaziBuslaeiaseanufinsasus  weuszualefiuanuuanaie  Aldlunis@nen
Suriname  lumsmuangsateninglsald  daauluiun 3 ndenisnued onadesiiuly
\dongen WAAAINANIENNITANAUN NN wagAITH YU yY
wuldegnesamsinnelu 4 -6 Adu AU Lile
-laoldiinguaivanuas 5 ygmeiued Wiguiiieu

Perich wag
ALY
(1990)
Dominican

Republic

Wiguleu Toansiadenuuas A
malathion YIAISHUAIL O UUTTS
gostanng duam

~ WeRnwnUSeuiieuusz dndua
YIN1SNUlD YAz LdunlaY
isesfufumsruniaitufuleag
\owiuAnsnsudlunisaIuay
gaanemvglsaldidenaen

- Teainualvinguiuseuiiiou
wanguAuRN dsveeiinefiu 500
1WA ntuThmsHuedwuuley
avLSunlaoirsesdunazLA3 B I Ny
Ansaous f8nsIn1HL 438.8
ml/ha Tegldansiadiguuas A
malathion 3 ﬂ%ﬂ Tugag 4 - 10
T YmsiamalUSsuLigualu
MUUUUTDIIA18NDULAE UE3
MINULAL

- MARaNaEITEagUdIN1 g
wuneazLBualagLAToanufn
soeusdnaandnsmulvgaanglu
seedun

- ldnwumAruuanstsedned
Hod1Agyn19anfnveIdnulIu
Uszynsgaanadihiudouas
dnsmulUdianesgninangu
muAukarnauLUTsuL B U
fouwazvaIn SNl

- sWuiEes3E e msviures
aviBenlagiadasduiunisnu
AUl aeLeReuRn SO B U
ldansnsaanuszynsyeaanela
unnidesas 97 Fadumiusi
i Giglioli (1979) waueli

- JTUTRINVDI
fufieueuenalyl
AUz aNE U U
nsLUSeuLiiey
FENINITNITNY
TagLadesduiu
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d wazsULuUNsIaY ARIGRINIE
fnen
Perich uag - WefnwiSeuisuused@nsna - AnedeUssvnses (feuuny - mneuiigy
AR YoM sHuresazLlBeafiunIsiy  1all 1 dUnmi ) Wudnsnfevay
(2001) nuenadulunisaluaugsane ENUINTIUIY
Honduras w1%zlsaldidensen 1y ULVatfrontdoor=>5 Usgnsgeiou
anuM el . wanaIn snuly
ULV in each room = 6.5 o v
waneinafuinin
- TevfmuslvilinguiuSeuiiiey F90n91R
o ' il Fogging at front door = 2.8 WNANATINATT
LAENFUAIUAN NITNUKDY Suemnaaa S

Perich ay
AU
(2003)

Costa Rica

azlduafunisnunuenayy 9
8RTIN1TNY 100 mU/min U0
gousiathen 10 - 25 um Taeld
a1siafletuuag Ae lambda-
cyhalothrin 1 a4 wuu Ao 1y
wngnttu 1 wnd du nuly
Unuiesag 15 3 Mnisiana
WIBULEU AU NULUUVD
gaAngnauLAYNaINTHULAL

_ fefnwilSouniieulsz dnsna
YRINITNUNBEALLDEA N1THU
nuenATular MsnuHsyazensly
m3mueNgeangnmvlsaldiien
pon luanumsalandu

Fogging in each room = 2.8
NANAIUAN = 4.7

(ndaviuall 7 dani)

ULV at front door = 1.8
ULV in each room = 1.7
Fogging at front door = 3.0
Fogging in each room = 18.3
NRUAUAL = 4.5

- mMInudosazLdeniunI TN
wionaTulpeldansiadeuuas
lambda-cyhalothrin @150
musNgsatenInglsaldiien
an luanumsaigniduld

- AadgUszyInseys (nauiu
viued 1 dUani Tu 2 Wi Laun

Juanita Mora wae Fray Casiano

NAVAINULAL N
wruAuld (u1n
A 2 d@Uanan)

- nlSeuLieu
I3 (v ¥

WuepsIsayay
AYNUINTIUIY
Use¥nseenay
wazvaan1snuly
LANENIAUUINTIA
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Rt . )
o Ingusaen KANSANEN AgUNALaY Y o
AR Y Y Jodanm
= LLa%g‘ULL‘U‘Uﬂ'ﬁ'JQEI UBLEUBLLUS
AN
Perich waz - leehwuslifingui3euifisu ULV at font door = 13.6/83  390191Ana1nn13
A LAYNAUAIUAN NITNUND Y MUUATILIA TR

(2003)
Costa Rica
(n9)

azlduafunisnunuenady 9
gMT1N1TNU 100 mU/min U1A
yeadiaien 10 - 25 pm Tagld
g@1sAdignuuay A lambda-
cyhalothrin 1 afa 6 wuu Ao W
wWgnnUl 1 wid du nulu
Unuesag 15 ¥ ynnsiana
WIBULTEU AU AUIL ULV §
gIANENOULAENAINTHULAL

ULV in each room = 5.3/5.6
Fogging at front door = 4.8/8.8

in each room =

Fogging
8.3/8.0

LV at front door = 9.6/8.8

LV in each room = 6.8/6.0
NANAIUAL = 6.6/6.5
(wéaviuadl 7 dant)

ULV at front door = 7.6/6.8
ULV in each room = 5.2/8.4
Fogging at front door = 6.0/7.2

in each room =

Fogging
5.0/9.2

LV at front door = 5.2/13.3
LV in each room = 6.8/14.3
NANAIUAN = 6.8/12.3

-ANTNUNBYAE DA NITHUY
NUDNATULAE MINUNDEAL DD
Tngldasiadaduuas Ao
lambda-cyhalothrin - @14159
muRNgsaIEnInglsaldiien
gan Tuamumsalgnidula

NAVAINULALN
wrwuly (unn
A1 2 #Uanii)
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Koenraadt - \efinwUse@vsuavesnisny - awnsaanussynsegslaluiiuil  anangueaduesly
LazAMY Houazldun NNADNSNTLINULTY  UATAIINNTHUEISIAN 2 T n1sAnu¥ILa e
(2007) Wuiuazanveslszunsgeany nagudnuiidsegsserial 85  uIUNUNANY
Thailand wesINAUEna1e wuganewen  1difles 2 ngu de
1 1 ¥ a 12 1
-nglaifinguenuau Wansinden g gy endudnmsieidun 1 Tmawu o1aly
uas fia pyrethrin Tugnsnis wiunUssrnsesluiuiinuiad  tieganelunisly
v 55 mUmin Taeldasnani o167y 7 Syndensnuiadl  Wisufleudsnig
uansnai 3 wuu sunguduly Uszmnnsgeanunsandunnieies  wufuansefudle
v a LY a a
Sl 100 wes onadTeuiiisy 4 5 3 UL
PNUALWUUTDIE ANE O ULAY
NAINTNULAL] - MINUHeyazLdAdINITOAN
I
Usgnsealuiiunssuiavedlsa
lansadsverefunnIsnul v
117N31 100 LUAT AIUNUATT
NRULTINTUNUNVBIUTEYINT
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(2007) TunisaiuAunIssEUIAey O ANANIBYAZ 34 Wude wavngu
ldensen " ) . N1SAN Y1819 §
. anassosay . .
Taiwan Fumliifigane
-Tegldifinaueuay Tdansiaiiein . : = v
ins "Lﬁu,;i | Ltq in 0.5 o snnuftheselmianas Tagwy  A0N1IANEIATY
eltamethin 0.5 % . L v s
‘ . C e 1 918 widsannmsnued ¢ AINENWUDTEY
ey permethrin 7 % W'Lﬂ,‘uﬂﬁjm o §ns U8 funs
v X g . dUenai
UUNUNTZUIN 2 WAS 50U 6 - 7 -

Tu IonaUSeuisuPmMuTLILLY
YOI NDURAENAINITHLAL]

- myviudleyar 1By ALAT NI THY
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Rt . )
r INUITEA KANSANEN AgUNALaY Y o
GRUINT o ” Yaeannm
wazsULuUNsIaY JaLduBLUY
fAnen
Wyad - delSsudisumsiuiuunten - wiustenATulsEInsgIanas - n15lEenIIng
Asny 36l ATUNULUUN DAY LDEALATNY  tRRe5aeay 20 - 30 ANTANAD12Y1 A
uATANY WUURBEAZIBE ARRTn e UATUNS ANLLUBULAY ]
(2552) PuANUsEYINTgIaIeTnY WUNBEAZLOBAUSEYINSYIANAY 55 ynquqin
a v
Usznalng Wagsetas 50 - 80 Uadenangodne
a ! £ a1
- loefinguaduny ldansiadsn ; o o S S ——
a i W, NudewaviBeafnsosudly ., o
ke A deltamethin 0.5 % Wy e Fugsiuanen iy
Tuguau 4 wis 2 sou laewiuesy  @NsRAAUSEINSEILA iy

7 2 9NNUASILSA 2 FUAN
AL US e UL g UAIN U AU LU
VDN ADURALNAINTTHILAT]

- mMsnulesazdenlneld
ansiailainiuas Ao deltamethin
0.5 % au130AIVANUTEYINT
gaanetnulan

INNTNUMIUITTUNTTUTAUNUIINTANYI AT UU TEEANTHAVBIUIATN
viunduuudesagideaiiiunn dulngfisvuuunidoiduuuuiegieyd @nalytical
research) Ssp1afiedrinlumsmuantiadefiidudauusaiunu (control variables) #1914
dawasumusenadnsyesnsinu 017 Jadesumsiadl Jadesuinioaiu uasladodiu
B39y (Reiter and Nathan 2001) swfstadodeuwinden 1wy mnusnaziiAnisves
nazhaau Wy gamndl dnwazuestiiu erarsuazyuyy LUudu (Esu et al. 2010, Bonds
2012) elhAnaudnlafitusomadsunlasesmafinesussensgeatediunng
Hidereenudminnauailasamuiui didnvausdugusuoniesdianuds e
msszuemedisags Snvisdafunismeuiymiulsyaviuavesnisldesnisiuailunis
muAuMsssInvesliidensenuemsnuiiierfoduiiui 35830133 AnuuTamnans
wuvdulasiingumiunu (Cluster-randomized controlled trial) u1ld@nw1LUSoUIE U
UssAvSuaitnen imefUssrinsgsmethu aniimenuaiiuanasfusenineni sy
dopazBenmunuuInnsgiu e SID-ULV funiswudesazidennuuuuuniiiiioan
JadnfntunismuauladesuniuuasiinnumngauiunsfinwUssuie vl seansuaves
T aueiifusndsiuluituiifnm



32
1.3 Inguszan

1.3.1 InqUszaaAnan

Wesuiis unisilasunasvesnsfimesUszuinsgeatediunine
H\donoonlunguthudilssumsuslesasdeamunuuuinsgiu (SID-ULY) AUjdanslne
faide AunguinuiilssumsiudesasBennuuuuUndfujvinislagesdnsunasesdiu
yiosdu meldfeulvmsdnasyidniswuaiiuvudulnefinguaiugu (Cluster-randomized
controlled trial) Ing@amarinnsiwesusyrnsgeangludiuneunasnamiuiall

MITRSUTTVINTYI8NFRIN AN A
1. House Density Index (HDI)
2. 9ns A9k (Parous Rate)

3. gns1msnuligeae (Ovitrap Index)

[V Y]
Y

= a 1 a Y a ad a o
Matis1andenvaaiaznislwes i esure i luis nside

1.3.2 InQUIZeNATOY

diofinwmansenuannmginssumsnaudesazesta sefinesgsangluiiud
fldgunsviuedt TnawSsuifisuiumsasunlamwemnsiinesUszvnsgsats 1y House
Density Index (HDI) Tuthufnwiiilildsunisiuiail fAudrusuiiieutuiidanguaiy
anugmsviuaTiuanatuy Wun duilildvued Suiueiiaonnzaisusndatiu uas
Srufivmediameluwazaeuonsatiy
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2.1 33n01533pTngUseasAnan: n1sAnwUseuisunisasullasvaanisfines
Uszrnsgeanetiunnsldidensanlunguinuildsuniswuresazideaniuuuuuinsgiu
(SID-ULV) fungudnuildSuniswunes azdeamuuuuund (Regular ULV)

2.1.1 d@aunFnen

anuiviinsfinu Ao waunaunsawa Gsegluaaiuiidivaesns s1une
dios Sminasan Tdnwumiuwonegssrimziaaivasarfuilangiasnalae deeg
duiad 7 osenmile wasnduinail 101 esmeziusen awanianingiionniALUULTALLYA
You lneggousuieununiiusisningirunazggeubuifioudsiaudansiay Saaumgl
wApial 28.2 ssniwaifua (e 193 - 365 ° O) anuTuiadesiel 76% (324: 38 - 97%)
waeiiUGinaniuysesnd 1,941 mm 1ol we 2014 Aulifustuan 142 Fu (Audenieine
meldinzTuoen) maviauasastardfuiivenun 9.27 a1919ilamns vie Ussua
5,793.75 13 Ussrnsluamaunauasasal 23112 67,600 AU 31UUTUIU 26,600 ndl
uaztuiaes1d 1,459 vds mnumuiuiuUszngiade 7,300 AU AemsaAlaluns §1u9y
Usgnnsiade 3 au devdemiZeu Tennuymwululueiuiavey 36 yuvu Tngdruniad
dnwauziduygurunedn ﬁiama;mﬁmﬁuﬁgaé’ﬂwmz%’amnLLazmii’mmjmwumai Hl
AUGUINITATSITUAUNALID F1UU 2 wiks anrufiiiuaniuiFeatutunisdine

Y 9
[

TUIEARTes (WHukanInAwegvuiundnwmaglunianuIn A)
2.1.2 gUuuumsan

sUsuvrassAnmasdl fo nsfnvuamaassuuudulasfinguaiuay
(Cluster-randomized controlled trial) Inglasun1sRANTUNITUIBIUITUEITUVDINTINY
Tusgue (ethical approval) 9MNAAENTIUNITITEFITUNITITETUNY LS AMTUNNYAIEARNS
W IveNduawaIuaIuvs @il 57-068-19-9
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2.1.3 Jeufnii
2.1.3.1 ngunnaes (experimental group)

wneds ngutiulasunisuudevasildeamunuuunsgiuiivuziilag
s saundelannufianistaeiiaide vse SID-ULV

2.1.3.2 ngumuAu (control group)

mneds nguinuldsunsnuregasBuam L uUUNANU]URN151Ag09ANS
UnAsasdiunesdu w39 Regular ULV

2.1.3.3 SID-ULV

vinefls mavulesandeanufiinslaefiaide e diinculdesiualugu
Tsaf 12 Swripaswan Tmahanassudaiiinmslumsiudesazdeniiuugiilageadnis
owtislaninldegnuatsnn laeiF8msey 3 dumeu Uszneude douriuedl n1sUfiRnng
viuiadl wagndwiuadl (oasndenfinnsei 1.3)

2.1.3.4 Regular ULV

wneds Msnudevazdeanu)uiAnislagesfnsunasosdiuyiosdu Ao
wihsauludaiamauiauasasan Jsfitunounsufiinmuuuuinilulszdlunisdesiu
mupulsaliifaneendanuandunmsim 1.3

2.1.3.5 N1snukeyazden s ULV

mneds dnuaiilagldinsosnunavazidun (Ultra-low cold foggers) Tu
nuITsiagldnafinisnuyiawuu SID-ULV wag Regular ULV

2.1.3.6 ngudnuwadl (cluster)

ynefa nguihuiinsegluseil 100 wns vesthusumiatmnedldFuns
duliidunguinw uagldiumeriulesazidoaitedesiunisszuravealsaluaniunisal
raemanugtheldideneensiewsnluguyy lneinsissuvasawmagiaiansunlddu
iwdestiolumsimiusuiinasssyfitansgiimanssondsmiBeuvesngutuilasunisdy
Tdunguinw fannd 2.1
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vty
gasfuiouay
Mafudnlves

ANLULNTINUING
fuan laige

R UL LTI
iTluamide
""" (Smillaesou
tugudnan

100 LuMY)

a v | a
AN 2.1 LLNuﬂ"IWLLaﬂ\TﬂQQJUWULﬂWﬁNWEJELUﬂ'ﬁWULﬂll

2.1.4 ngudagrelunshnm

meadunsfinvidmeasaiuudulaeiinguniuay I3Usuun153T8uuUaes
nAuAYUIY (Two-sample parallel) IMYUANTNAROULAAINITINIAUVDIATNAANT (Test
for equality)

Hy:my—m, =0

InenadnsvoInsnaaasdudndiu (Proportions) S1UIUIUIAGIDE19UDILA
aznaulunmsfinunialdgasnisduiniiail (Hayes and Bennett 1999)
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[z% + zﬁ]z [, (1 — 1) + 71,(1 — 7)1
n =

(no - 7T1)2

Wgdl M fR WIUVUIAAIDYIIVDIUAALNAN UTD FIUIUVDINAIAILTOU
nlasumsdrsrusymnsadunsaznguinuilasunsnuadl

Za  fe maadnaulafitiiedifgynisais
2

Zg e FrgadaiuanauaansalunsIIuunANILANGsEINeng
Ty Ao MdndIuNaansy 1
T Fo mdnduNadnsn 2

a ] ! ' o v & ' cs' ] 1Y
(77,-0 - T[l) AD ATNANNNTEWINANAAAIUNDANWIVDIVN 2 ngu mﬂqﬂ']qﬁ]glﬂﬁﬂﬂ

o o a

NNSANBINI OVUIAMLLANANTIITEE Ay saia

Adndunadng Ahanldlunmsdnnanunnveanguiiodidlunisdnu fe
dnsnaensle fulsiuvesn1sise Judumsnfmesuszrnsgaaneiidrdglunisin
Useavanavean snuall (WHO 2009) 310NsNUmulssanssunudl asinseundelanlad
N3HULEIIBN SNUATMULUUINATFIURA I UAERT Ae el UnaIn s uLATiAd 5 3An L
Aufesay 10 nga1nmsAnwIves Koenraddt wagaaiz (2007) dléliBmsviuiaiiuvunes
azldgamuALuzdvesesinseusitlanuazdisywuulnaidesiunisnuiaiinuy SID-ULV
Tngdinnudeatumualsafl 12 Swinasman wuidnsuesansldndanisvuaiifunsn
ogfifevay 14 uazaInNNAMSANKNYEY 3% 2AASTYaE wazany (2552) Faldviinisdnen
WisuifulsyAvsninmesnsruslesasBenlunsmueussastuiiuiimau  auasasan
wuhdnriaendindimuaiivinduiesar 50 defulunisAinuadeiTasimunlsien
drdrunainsuodnsaedlianmsnuaiinuy SID-ULV i1dusesas 30 wasiinuala
drudpdiunaandueswnsine19liannn1snuLATLUUN DY asLB AR ULUY Regular ULV
wiriuseeay 50
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2.1.4.1 MIMUINIUIANGUFAIDESTUNTIVY

Myuardedifynisadfuuunnaeay 2 Arnianiifuieseas 5 A19060
MelalAlsnd Za = 1.96 uagAndunadiwuniiiiuiesas 80 A1gnsinntalalasusnd

Zg= 084 2
Ty =030
(AdndrunaaNSURORIIAENNIIINNTTHULATILUY SID-ULV)
Ty =050

(AdndrunaandvesonstasglUaInnITNULATLUU Regular ULV)

~ [1.96+0.84]1*x((0.3)(0.7) +(0.5)(0.5))

INUIUVUINAIDY19VDILAATNAL >
| (0.2)

=90
43U UIAVBITINIUNGUAIDETLARINATAWIMNAY 90 dengy

medunsfnyidmaasswuudulasiinguaiuau (Cluster-randomized
controlled trial) 340N TAUIUMNITIUIUNGY

2 —_— —_—
[Zg + Zﬁ] [”0(1n M) ¢ MU =T) g2 4 nlz)]
1+ =2

n
Cc =
— 2
(1o — 1)
c Ao Turuvengy TlumsfinwesslliAeduiuves

¥ '
o

nautunlAFUN SHATHWNSAI 100 WS
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k flo AduUsEaVEURInURULUS VeI dRd uNaa NS I ¥inanay

[y

= o ' = aadva ° o a
Faurain@dangIdemvuely lgiansananmsnuniu
15IUNTSNANUINNTINEBmeaesdulvg dvuslien K
WAU 0.25 (Hayes and Bennett 1999) WagAuiuNzaunU

[y

FURUUYBIN SANNTIFI9E1991 NN WITB TR

[1.96+0.84]2x [%+$+(0.25)2 ((0.3)2+(0.5)2)]

(0.2)?

wungd = 1+

= 6 NqY

1% [

2 [l
(% a4 Av A

a3y lumsfnwesslifidnuungudiuilasun sviualiuisal 100 wes Mavun 12
Ny Usenauniy nguAlIuAy (Regular ULV) 91U3U 6 ndu wagngunaaas (SID-ULVY)

[

31U 6 NAY

2.1.5 inaeimsfadenyuvungsitviang

[y [

nailunsfmdenyusunguiianelunIdeifadl

1. Huiuiiiwugtaeliidensondulsedimntlu 3 Ydounds (we. 2554 - 2556)

[
€ a A

2. Tuniganason s 1eiiBaiuinigssuvalsaumaniaians Ae Yuyull

Gl (%

uniuiegeiey 130 x 130 wes 3o AseupausAiiudeyasendnnsoulusall 100
03

3. D3verRINYuBUALAs UM INuATiognos 1,000 Wwns
4. Jugvuildlasumsueiinnewdunal 4 davineunisvnaes

5. \uguwunfianuniauiabinusuiielunsaiunuiuteyaniaauny
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a v [

wnailun1saadantnudvanelunisideisad
1. ssegluwaiiuinsmunivagsze snudeya

2. fifendelugieninisiiudeyauaglirnusiudiolunsasuany d1539Us891n589

1 =X v
uaznwuailuly
. / nﬁumuw‘.‘lmums \ ASTULUU
/ Fa \ v duilunguatuan |
(RS p—— \ endu Regular ULV
| AnLdanmUNM | ,
v -
36 yuvu | N
| LUAMAUIAUATENYAT |
\ i . AINULUY
o {yuouitlildFums | SID-ULV

| o - ¢ |
| ANLADNANULNEUN |

dl o U vV a v
AIWN 2.2 ﬂ’]iﬁ]ﬂﬁi’iﬂﬁjﬂU’]Tﬂ.MﬁU’J%U

2.1.6 fauuslunisAnen (Variables)
2.1.6.1 U982 (Independent Variables)

fanusdaszlunisAnuwiasadd nunene Jade (treatment) AU IUFAN®ED
Wisuweulunisneass lawn

- ANSWULATILUY SID-ULV
- MINUATLUYU Regular ULV
2.1.6.2 Useu (Dependent Variables)

snUsmuluni1sfinwiaseil nuede nadns (outcome) vo3dadafilsa
Uszmnsgesaetuluinundneide Usenause

- Ovitrap Index (Ol) mnedia S1uuiusnligainuligaiuiosas

- Parous Rate (PR) visnefia Souazvesgiiileniagialy
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- House Density Index (HDI) nangfis S1utugenilledetiuse 15 w1l AU
Ingleia

2.1.6.3 ausneuan (Extraneous Variables)

De

muUsA1guen v3e AwUsAIuAY (control variables) Tun1s@nwiasail

s

PUNYDY FNINLINADUNTYUDNYULTIINITNABBINAINITASUNIU (confounders) NABNS
(outcome) Tun1snaasdls vSelinasaUszansuavasnisnuadl Taun

n. ngushuusneuanildsunseiuau Usznaude
- fanalumsufUiRnunwell (time)
2 o .
- YUIAVDILIAUIY (droplet size)

- UsgAnSamwesdignall (Mswunsaeingdldaisialivliafednu Ae
WaMEIU (deltamethrin) lnglasumsadvayuandridnnulesiumunulsail 12 Janin
q9981 T1gavdenegluniANuIN )

v. ngufudsneuenitliléfunsaiuay Usznaudiae
- AT IULATDIANT
1. Uszamaesinu
2. T1UIURDS

. MIAndslsnInUsEauaznsg

[CN)

o

4. JanUgnasna

_mMsiUssUaznsiAutnanelutu

U

6. WagaNyuTINTUIY
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2.1.7 myshsndayamlduasiamaudayanisiiiinesussyinsgeatsluauide
2.1.7.1 msdsauuussuaudayavidluvesdunlasunmsgu

thudldumsduiteiiuieyamsfimessznnsgans fordeazldsuns
Tifoyaifefufiinveamsidelnsazdensufieiisduneuiinisiivteyavesuidely
tuninende wSenfulinisasnuluwuunesusammiualinsladisiunisideowazinudaya
wuvaeuaAsufiaziimsAudeyaifiedamunsivasuuiamesn s fitnesUsev1nTyea1e
naznsuailuthusely wuvasuaindaduiedesilolunisidelisunisnsivasuuas
$UTRIINAMYNTTUNTITETTIUNM TITeTuNy Wl

2.1.7.2 msfamudayanisndiinesuszynsgeans

msfamunsasuLlasesnsfiwesUssnnsgsatslunuidonounas
) ' = v P Y] = o & v ) =
NAININULAL Usenaumie HDI way Ol IWEJNENLL?WN'iq?JagLaEJﬂsUEN'JULﬂUGUEJZ‘]IaﬂﬂﬂWWV] 2.3

N. HDI

dieRamunsiasunlamesUszuinsgaaiedinde (Reiter and Nathan
2001) Tngdugsluthundadudlésunisdy s1uau 4 ade lWud asil 1 Ao Fuil D, wio reu
Suriued 2 Su Tne¥udl D, e Yunwes! adedl 2 fo Sudl D, (1 YundwnSuriuadl) adedt 3
fio Suit D, (2 FundnTuriued)) uwazadedl 4 fo uil D, (6 FurdminTuriued)

2. Ol

dieRamumsiAsuilan asuszuinsgaanslagldfudnifiuligs (Reiter
and Nathan 2001) Tngmsfudnluthundaduilésunisdunng 2 Yu saudiuau 4 ads
Tgun adalt 1 Ao Juft D, wie AouTunwedl 2 Ju addl 2 fe Tuit D, Funued) pdeit 3 Ao
Sufi D, (2 TundawnTuriuied) LazAsait 4 Ao uil D, (4 Fundaanniunuiadl)

o ' ot
AUNULAL

D, — D, —{Dy D, — D, — D; — Dy — Ds —/ D
I T ] l } I
HDI _ HDI HDI : HDI
ol o| | -||o ol ;

AR 2.3 dafvueiuianudeyamsiwesussrinsgeangluanuise
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2.1.8 W1sdiwasuszynseaanaluauide
2.1.8.1 House Density Index (HDI)

House Density Index (HDI) viangfia Sauiugsiuilesiatnude 15 w19l 19y
lngliviaengn ATegaLazal

ANSAIUIN

'
o

o v A A 9/?/
AMUIUENRAILNEN ulaiavium
HDI = >

AT WD AUV

HDI unsdugaaneuazin1eiin (indoor resting rate) agn1uveti19qly
s shats neaidern dhihu wan Tngldaislau neonga wiesgavioaseudievasn las
nuiteedeildatiaduniosdiofugs fufudeyarzléfunisfinnsduganiangquf u
WRIUHURANSIUAYINEININITLINE AzmATanITUNN e WnIne1deaswaiunsuns uag
qudsnadamvzinlsa didnaulestumuaulsadl 12 fminasvar daumsiAudoya
aaguzdinigivevnamswmddudiiugua

[

a oA U @ U o Y a d‘ o 1
97 Ao anansavenUssninsysinitlalaense wazingesndenlaludiuinuan

]

[y [y

AU 09 onsAesl

dauds Ao Jdsiasediinuegiludugs dirdeaunasiiaruinlunisifudeya 14
AUYUEN kaEABID1AYAINTINTDINIVRIUY

aunsal

adUes waz NaenLfvsavaaanaIaRn UM aLRATN
/M3 (FiakUasIN Reiter Uag Nathan (2001) Uag If Funsuas (2553))

uwimornuindionastuarisuiiRnuiudvestin funargsaienomuai
inzineNiII s Nz sidnulutiu Uauay 4 Wes viesas 1 vasanalann o1
Wosuou vioni wesndh westuau sumisilaviugdneaisliun anrufidfionasztu fds
Foouviu 1wy et i Wen Teeldnartiuay 15 unit geanedidulduinnsiusaudiuun
sllauazimeLd i i iiieades lnsdugduiuneusiuiadasaiu wazndaviu
wilutud 12 uar 6 SruuvimanUssnm 20 w8 dengudiusioty

[ < 1 1 o = =
NMUIUAUNULBUA NHNUTUR 3-49NUURY 2 -3 AY




a4
Wouau -
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3 1
3 2 Polaau
i $199A52
|
=] | e} | 1= coessm— | _ ’

MMUNBNAIUIY

a ' v ~ o | aa [ v 2 @ v
AN 2.4 ﬂ?iLLUQUiSLﬂW‘UEN'W@QLW’E]?%‘QG]WLmu\Wlllﬂ’]'i’i]UEng’J wadglunu

PR R T
Y] C - -
’ﬂ’]iﬂ’lUQﬂﬁ’]EJWJLmJ’JEJ b

| EGRLIIER

P

'~

Z nsuunviinuedes

] [ 14 v @ a o
a0 2.5 ﬂiSU'JUﬂ']3LﬂU“ZJE]3‘]Ia°LJ'§3%’]ﬂiq&@nmi\l’.}‘éﬂu\ﬂw}ﬁ]ﬂ
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2.1.8.2 3n5ABN9LY (Parous Rate: PR)
gn31LAealY (Parous Rate: PR) viunefis Sogazvasesidleniagingly
MIAIUIN

g Ieiael
PR = x 100

Iugwdieinmusslussee 1 — 2

Snsnaenily Duseidiadffianlunisaiaaziuanudssninnis inde
(WHO 2011) dudenisnutaiionsimeinsluanasauiimliinusosas 10 Lanainn1swuLAdl
Aaustavisraannsansevedldidensonluiiuiild (WHO 2009) Tnslun1sisendadasnide
gsanethududoyniidulsd

/M3 FEridneueulsaldidensan 2545)
1. vilvigsaau Tnethvaeananafnfifleseguulundlugeududuny 15-20 uiil

2. dhggeaninIINvaeanaIaRin Msgsasuunsyandlan Anuasvieenlyviun agla
dzansonsin udeaulsssumadliidniesitetosiulalligwis

3. ymsiildndesganssaumaaenss Milareveadudenaidiuenaasgald 19
Uanaduledndunilsnaiusnanatsdiumies udiresqgainlataduieliiugingaesn
1N AIUVBITEUUNMARAUDIM SN oUMETIlazgnAteaninfie i

4. Ysuraweneligauiteganuwaevassily 410U nulliparous fe Wugaialnad

filvuslvsou wandugeiidslinendlimnnou sgiiulaisduvasnas (tracheole) vanie
vnneguid iy parous fe Wugsnendliuuds sunvesisldfiverglnaiuazsinli
Janeiduvasnaudaoon sghdlsimundigsiiuonsndugafalmifisdiinednddurdn 18
mM3asyiuladfuiudmdeuiiarnsesnin weadulilidnvuzadowdad1iaslddaaw)
Janeiduvnesaufiagineaniuiu oravhliAsanuduauliingsiuineansldunudandelyl
faifu deuntsfuaam PR Seesusnslafifilussns 3 - 4 (undetermined) ponidsriou s

AN 2.6
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AWi 2.6 MsTuunsserilvvesssaslunuide Asslinrensliwds (Parous) B
Falandelaineansla (Nulliparous) wag C59lafisgue 3 - 4 w09 Christophers’ stage

(Undetermined)
2.1.8.3 dnsmswulugeaney (Ovitrap Index: Ol)

gns1nsnulesate (Ovitrap Index) Ao 91w dudnluiinsianuldegsany
Tu 100 8w

ANSANLIE

uufudnlennuligeany
Ol = . X 100

FuUUsN NN

uulvgaaneiiula

ARdedulUesany = 7

U UAN AT

msdslgmeiinguirasdiionsuhluitufiduniovsnaduiiyane
oevidolal UnAud il dluiuivtenimngmesssaned Wy nsUssdiuauy nyuves
gaaneviuiindsaniisidusnasmslumseuaslse @aR dunsuas 2553) wazannsaldidy
sriussiiiunamsriueiiiiomueugsae mugiusviidisaageiafute (Reiter and Nathan
2001)

Y a A ¥ ¢ o a way v Yo w o 1 I < 14 1%
2R A muwuqﬂﬂsmm UQUG]IGN’]EJ Iﬂjmaaﬂumimlmmmmmmsammagah

9

Fuaunn asanudesiensintevedsia Wdndudesdrsaaludiuannissuniusie
et

Y P ' YR v 4 v %
Jody fie llanansavenuszmnsesifuielilagnss uazevdesldiatuasinwy
galumsduunalievadligs mnnudeyaluiuiiinug wangaeiug
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aunsad

nwugldln denanafndmuiolinld TiduriaudnatsUssanm 3 97 a9
Uszana 5 93 Jagnlddmsuliganenaanvimensemuanyiniiiamuivse Jvuianiig
Useanas 2 17 8717 5 17 anugnawhiuanugeesmsuglig mu1eld (s 2.7)

3813 (FAkUasa1n Reiter wag Nathan (2001) kg INR JuUNTHas (2553))

uwimoruindionastuadituiiRnutudvesiu thiudnldgeans Ald
nsgmvgniinsEyMIneiavsfiu wiugelimiuviendufudinaaug Bt ndnvamdexn
avornadlulunmauggeinInanveuduLuMTuslsTn 1 - 2 G2 (Nl 2.7) fruns
NefudinUszneuse 1) sulutiu (indoon) Tasanuiivenzauiunsindlivesgeans 1wy
Tigitudng draduih saviesiireudnaiinfiauay 2) #1uuentu (outdoor) 2afudnlely
Uhaseusithuldnemthy Vinafauasuuazuasunadedlsiis lunuidelandudn
geane 2 Fusn sie 1 Uhu (Fruluthu 1 fudn wag duuentu 1 Audn) Sruaudui
Mafudnimun 40 nds donguiiu Tngndlineutumuedi 2 Yu udnfvdeyannqansiu
Ao Tuiuriueiiviotuil 0 uwariuil 2 4 uay 6 wdsanturiuedl lnefumsifvaglifudneg
Tushumiafssimsduasuamenszavgniindnlags Wethlunsatdudiuiuligeanedie
naeanssAditoyainmuIamansinsnuligsany

Pwuawiudaya ngutiuas 2 v ivas 2 au

fiudnlugeane (Ovitrap)

nszawiulugsany

A 2.7 fudnlygsany (Ovitrap) Tuauide
n: ddnaudesiumuaulsan 12 Yminaava



1
v | i 9 &
‘ PIUILAU

e

v v

udnlaes (Ovitrap)

—

AUUBNFIIUIU

Ani 2.8 suntsnisaedudnligasludiusasuentiu lnedonewnuludiu
fudnuazmuuentiy 1 fudn

nstuuligmiy

nsiiukareiudnlugsay
e o ,\\x}( 57 1

nNseAuANLUEaTe

M 2.9 nszvaumsiiuteyaiudnlugeaie (Ovitrap) lunuide
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2.1.9 msnaseideya

Toyadns1gnlagldlusunsy R (R Development Core Team 2014) k@
TUsunsu RStudio (RStudio, Inc., USA) TagnsldnsnWidulasnadaua1unane19531Ing
NauveINIWesUszInsesats HDI PR wag O vesngutudilédunisvuiaiuuy SID-
ULV wag Regular ULV A78 Paired sample t-tests fisgiuainudiaiiu 95% (P-value <
0.05)

2.2 MR IngUsaIATas: MSANYIRANITENUIINNAANITTUNITNAULALIaZR a1 TLAl
& ddy yo 1 = = = Y = a 3
vasgeagluiunnlasuniswuail lasIeuiisuiunisiudsuudasuaanisines
1329115898188 House Density Index (HDD) Tududinwlailasunisnuadl Ay
° = Y Ao : . aa ' o Yy 1 v UL a v a
uruinautundangumuanuznmsiuaiinuandteiy laun drunldldvuiail drun
wuediawiznieuenittiu uasthuiviueinenigluwazaiguanditnu

2.2.1 dudslumsfneninguseaensag

muUstumsfnu IngUussadseansAnwInan sEnuINNNGANTIUNITNAY
a = L ddy ve ! a & e o w i =
Besavossasialivesesasluiunnlasunisnuaiingall Wunsihdeyavenqunnasinie
nauiunlisunsnueduuy SID-ULV annmsenwluingussasandnundnsied Mediiie
anadasuniufionaifinanisnuelinliufiRanuninsgiu lnelisteaziBeavesiinyslu
nsANwIAil

2.2.1.1 HDI

Ao TeyanamILLLYeTEYINTEgIay Ingfnmunisidsuiuasves HDI
S 1 % ] = G ' =~ o ° ]
vanouwazraan el lunguiiuilasumsnueiinuy SID-ULV Nawvuadiuiu 6 ngu lag
1 ] o Ao 2 v = o e ! A ' 9 Y w P
Uruusiagndsniinisinudeya HDI aglinstufinaniugniswulaiinuanaedu loaun drud
Ladlaviuell druivuelianzaisuendatiy wag Miunnueiininglusasnewenditiu

2.2.1.2 Yeyavuruvaaiiauduluiall 20 was

Trunnnaalused 100 wes vesiunnueivuy SID-ULV aglasunisdudin
AfiiavnagiAmans (gseographic coordinates) lngn1sldainaten1iisuninuazidengs

'
a1

wavtnunnuaaRsinsiufinanusnsnueiinuandeiu loud druildldnuiedl druninu
willarnzaiguendmtinu wag unnueiinsnglusazaeuensiitiy Wwdganuiuiiung
maiudeya HDI luide 2.2.1.1 d@wdsuudwudeutrulusal 20 wns seutiuniu

[

gaanefhniensefnau HOI IHaTaslion1siesziBaiud (spatial analysis) Usznausig
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Buffer uag Identity analysis Tulusunsumauiiawmes ArcGIS 10.1 3 naudaiiatamalulad
mALaz i sauna (n1ald) anzn1sTanisdinden unIng1deasvalunIuns
(51azdEARININT 3.2)

2.2.2 m3AnpTeidoya

foyadruugmethuineusasvimiuaiivestudlésunisdy s
AnspiTouiisussnininguuesthufidunmaaanuzm sriueduandsiu Tiun Gaud
Lailgviwedl Sruiimuaiiowmzaeuendathu way thuiueiientslusaraisuondatay
TnenslgnsvageunIeaif Chi-square test, Sign test Lay One-way ANOVA test fiszav
Aoy 95% (P-value < 0.05)
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nsfinvBameassuvdulaeinguaiuauiielSeuisunsiuasunyasves

M UsErnsgeatsdiuniveldidensanseniteanguiiunlasunisnuiai wuy

SID-ULV funguinuitldsunmsnuiafinuy Regular ULV anifiunisiiudeyaninauiugas

WouluANtanaAl WA 2557 Nan15iATIeRdeyan1saidunuIdelag sl

YUYUTIUIY 12 YUYW 91N 36 vy LlusvaAuIauasaaranlasunisgy

o A a o = A o | i« A w 2
ﬂﬂLaE]ﬂsLUﬂ']'iTﬂﬂ (319ALLDYALNUVIANLAUIYDG 12 ﬁqll?ju E]giu.ﬂ?ﬂNU'lﬂ f) Iﬂﬂﬂﬁaﬂﬂqlﬁﬁlu

AV Yo ! = o ! I a o 5 v v A Av Yo
WvLﬁ]'iUﬂ']ﬁﬁ;llLW’élaTi’Jﬁ]LL“U’UﬂE]‘Uﬂ']NﬂEJUﬂ'ﬁWULﬂNﬁ]'IU'JUVN%ZJG] 481 %84 NaIALIauUNlAsU

nMsfnmulsTNIENateisnoukasndsnuLall Usznauaie asuaziiuiudnlygeane

(Ovitrap) Wlavium 460 w84 waz Jugsanemunlagldals avun 292 nas fan i 3.1

Assessed for eligibility

(Cluster: ngutunmegluunieil 100 wns

& A ve ' a a
‘UENW‘LJ‘VWIlﬂiUﬂﬁwumuﬂaﬁamaﬂm )

-

SID-ULV (6 clusters)

)

é']‘i')‘\]LLUUﬁEJUﬂ"IJJ
(237 s, 1ady 40 a3 sio cluster )

v

Miaviuiudnligaane
(228 w3, Ay 38 W sie cluster)

Jugsaneiuauiy

(154 way, Wiy 26 was die cluster)

12 clusters, 481 %84

v

duidenng

:

Regular ULV (6 clusters)

.

d153uuvasuny

(244 a3, 1l 41 nds sio cluster)

'

MaziuiuAnlUgsay

(232 nds, WAy 39 nde fo cluster)

Jugsanesadiu iy

(138 w3, w0y 23 nds fo cluster)

A# 3.1 unuwUTUguRansAunWIdesEninangy SID-ULV fu Regular ULV
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3.1 dayalieuiisusendnengufinen

3.1.1 wamsilSauiigudneazvasdiunasyu v uNuNIde5eudnengy SID-ULV Ay
Regular ULV

o £4 gy ° ° & % <
PuuthunlasunmsdrmanvuasunudwIuimun 481 vde lnsuenidu
nauUu SID-ULV 91uau 237 %t Anvdudesay 49.3 uaz ngudiu Regular ULV 91U

244 vids Anuoraz 50.7 nefimsiSeudisudnuasvostiiuiazyuyuiiigesonisilu
wAsNRugvede@Iy (WHO 2011) seninengunisanudandlunisien 3.1

M3197 3.1 WIguguanuasrei I ukasyuYuNunITesEninengy SID-ULV Ay
Regular ULV

anwazaluvastnu SID-ULV
nlasunsgudsnn

Regular ULV

UIUNEY (%) UIUNEY (%)

1. Usznnvastiny

Tudhesviieusdn 9(3.8) 3(1.2)
Thuifien 155 (65.4) 146 (59.8)
ANWA? 58 (24.5) 74 (30.3)
IUEd 15 (6.3) 18 (7.4)
DINFNLUUN 0 3(1.2)
2. msfnnadiaain
laifimsfindedlaan 141 (59.5) 114 (46.7)
Andlaadnamz Loy 71 (30) 86 (35.3)
AnslsaInATUYNYIDY 25(10.5) 44 (18)
3, mMs¥amsnvusinfiuh
L mauzinduih 61 (25.7) 42 (17.2)
nnsuzualidnUn 40 (16.9) 61 (25)
dnwuziaziinle 136 (57.4) 141 (57.8)
4. wunshevezsauTR It 39 (16.5) 39 (16)
5. WUBNNSARUALAUSIIMTNY 16 (6.8) 12 (4.9)
6. Ainasvivounasnnvezlndtnu 35 (14.8) 33 (13.5)
7. imsdnaauuazltausesnszans 51 (21.5) 71(29.1)
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1997 3.1 nuhdnvagresulassuiiedenadunmd s gwug
5¥1319ngu SID-ULV iU Regular ULV Taggusnnlaunnsneiu doyaainn1sdrsiauanaly
WuhemudnlvgfianmnadouiiBeromaduuvdumeiusuegs dusisazndeadeya
flganmsdinanuuasuaunegurulsiiausliluniemun o

3.1.2 uamsilssulisumuuf UR M suuaiisendanswukuy. SID-ULV fiu Regular
uLv

Mnsuawiun 12 nguthuriuied Tiumsdaldsunisiuaiiftedosiu
m3szuIaveslsauuy SID-ULV $1uau 6 nguthu Tnefdiuudufideeglungutusiuied
Favun 1,689 983 wazuuy Regular ULV $1uau 6 ngutu Tasfidruiutiuiidseglungs
Shunedl avun 1,629 s mawSeudisusmuufoimsiuaiisznineni snuneaesuuy
LANINARINTIIN 3.2

M15199 3.2 WiguiguiuUfUuRn1 s enInenIsuukuy SID-ULV fiu Regular ULV

UuAn1TWuLA SID-ULV  Regular ULV

F4 = 1 S
1. AMUNIDUVBDINUNULAL

1.1 PusuA iU aUTHASHY SID-ULV T Tula
1.2 1A589NY ULV HNunSaaumiieu* T T
1.3 8189189 HIUNSERULgU* T T

2. AUWSaNAuRneIns lusuwuAd (Ao 1 cluster)
2.1 Shuauesesiu ULV ALY (1sea) 3-4 1
2.2 IuuauUfURuviuAdl (Au) 12-16 2-4

3. AUATIUA qmmmiWumﬁ

3.1 thufilyilemuedl (vds / Sovay) 579 /34.3 1,384 / 85
3.2 Srudinuadiianzneuensatnu (wds / Sevaz) 362/ 21.4 162 /9.9
3.3 Prufiviwednanelunag nnoueninthu (nds / Sesay) 748 / 443 83/5.1

* |AS8INU ULV (Fontan Portastar S, Germany) ey 11e11adl (2% deltamethrin w/v)
Aldlunuidevesmsiunisdesiuuitunsaeuiisulnedrdnarudesiualvqulsai 12
Jwdnaan lngsgaziduananisaauliisuagluniauin

1NANTIN 3.2 WUTT AIUATOUARNYBINTTHAT SEMI1angal SID-ULV fu
Regular ULV fimnuuanm1siuinn lngsesasuestnuilasunisnulaiinauuunuiaiiianiy
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meuenftusastuedvaniglusaznisuendatiiu veengun1sHULUY SID-ULV i1y
65.7 @1ungu Regular ULV Wit 15 dsaesndosiunamsfnudeuniluiufinauiauns
a9wan INUIIANLATEUARUAIWLLUY SID-ULV Wiy 64.4% (Ditsuwan et al. 2012) @74
Regular ULV wuiianadsvesieiinisvulassoutiugie sgludis 22 - 24 wns
Wity Fsnndn 100 wes madeuusiesesinisewisielan (Thammapalo et al. 2012)

3.1.3 Jayauszvnseeiuiudendulalunuide

yataafisulnensldaiamelutuie 12 nduthunuied 5109w 3,924
i Toedulnginuindugaanetu (Aedes aegypti) 3,161 #a Anudesaz 80.6 waniy
Hugawlindug 750 fh Andufesay 19.1 daugsarsain (Aedes albopitus) Tadumingses
vatldiiensen wu 13 i Anlufesaz 0.3 lnedeyauaninsiieuiieuduiug sunazyin
LenaueaidusEninsaesnguAnu ldLanslilupsei 3.3

o =l = o o < @ v P Y 1 1
$f1919N 3.3 LU?EJULV]EJUR]’]U’JHQWI’JmLmJ’JEJLLEJﬂG]’]%JU'ﬁ%LﬂWUEN‘ME]WH]‘UQﬂﬁzwmﬂﬂqm
SID-ULV fiu Regular ULV

o % o SID-ULV (6 clusters) Regular ULV (6 clusters)
GINIAAUIYUN
mwelauazior FT O ETR o gy SRR ol tova
X Wy B \g

geanetiu 827 725 1,552 809 856 753 1,609 80.2
Poetlnay 397 395 792 510 381 423 804  50.0
Winamia 224 156 380 245 277 176 453 28.2
Vimauau 106 135 241 155 85 96 181 113
Toath 65 74 139 9.0 87 84 171 106

89aM8E Y 0 3 3 0.2 3 7 10 0.5
Poetlnany 0 2 2 670 3 7 10 100.0
NGk 0 1 1 33.0 0 0 0 0.0
Wosusu 0 0 0 0.0 0 0 0 0.0
Toath 0 0 0 0.0 0 0 0 0.0

geRuY 163 200 363 189 153 234 387 193
Poetlnauy 91 109 200 551 80 99 179 463
VoMo 30 40 70 19.3 26 59 85 220
Wosusu 28 26 54 14.9 20 29 49 12.7
Toath 14 25 39 107 27 a7 74 191

waiquﬁwm 990 928 1,918 1,012 994 2,006
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39 3.3 wuh SunugsisauvdiausnanuUssanvesiesiiduga
5e139NaY SID-ULV fiu Regular ULV Td1uiuuavdndulnaifesiu lneanunsaduegslaunn
fanuinaesindy sesmunlduniiesnsh feseu wasiesihniud iy Faaenadesiuna
AsAnEYRs Perich (2000) Anuidmanngsatstiuseuoifoegnislutduuasdulan
wosTaaududnlng
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3.2 NANFIVEMUINGUITE ANEN
3.2.1 MmswasuwlasvasUszynsgeanefniudy (HDI) wisanniswureeaziden

M3AIIBENI A ULUABIUsEYNTEa 8 fLANTB a9 1NN T WUk B Y
azBuAIEnINNgy SID-ULV Ay Regular ULV lakandlilumsnan 3.4

3197 3.4 WisuWisuawisessanstnunadisfuinisie U unoulagnain1 s
WisEndnangy SID-ULV fiu Regular ULV

1 a a W <@ o/ 1 ¥
ARAYVDIYIAYLNALIYAILANIYABUIUY (SD)

Tufisugs P-value*
! SID-ULV Regular ULV
D, 2.1(2.2) 1.8 (1.6) NS
D, 1.4 (1.9)%* 2.4 (2.3)** < 0.001
D, 1.5 (1.9y% 1.9 (2) NS
D¢ 2(2.0) 1.8 (1.9) NS

* P-values S18IUNANITIARBUANILLANAT Y8 HDI mufuidugs sewinengu SID-
ULV ffu Regular ULV (t-tests fiszfuainundosiy 95% P-value < 0.05) waz NS = Not
statistically significant.

** §ITURNANITNAADUAULANAIIYY HDI Tulsasngufnwiseuiieur seninenau
wazvaaniuLAll

219197 3.4 WUIMERINULATILUY SID-ULV Aladguesdiuiugsay
thunadesetuanasinfuneunuedl (D,) sgrafidadrfynieadaluiud 1 (D) uag 2
(D) ndmInnswuad Tuvaeiinsnueliuuu Regular ULV WUﬂﬂiLﬁM%ﬁJ@&JNﬁﬁ&Jéﬁﬁ@
ynsadRvesiiadsvosiiuiugsmet umadiodetuluudl 1 ndaarnnisviuadl (D) lne
nawuTasnauTiaIuAnA1seEs A d e flutud 1 (0,) ndminniaviued
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HAIINNTANYIRINA1ITIAY WU snueEuuy SID-ULV ldanunsaiidn
Usgrnseanediiuiold wianansaananamuiwiuresszinsgeangldszdunila fe
anasndugsiuteuriueiidesas 33.3 Tufudl 1 vdsanniusiuedl fevay 28.6 Tufud 2
ydsaniuriuied] wasifisdosas 4.8 Tuiuil 6 ndsaniumuiedl annnamsAnyinanslsiiy
aneluseesian 6 Tu NaRINNUATKUY SID-ULV wudnUsernsgeasnduanyinfuduiu
Usenagsluturounuad Tumanssifudranuihmsiaiviuiuy Regular ULV duldlannsn
anAMIMuRIuYeIUsEYINseIansld lae 1 Jundaninnswueliuuu Regular ULV nduny
mafaduUssrnagsegadiuliiaietosay 333 Sovar 5.6 lutuil 2 ndmintunued was
FruugandusniiAuduugsieuuiueiluiud 6 ndsanturiued! 9nnafinaauang
imswuaitauuy SID-ULV uag Regular ULV lianansafdndssennsgslfunnnirfonay
97 mutewuz1ve Giglioli (1979) 14
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3.2.2 maasuulasvasdnsnaedsly (Parous rate) UszrinsgeangwnaiiafdaLi
FNARINNTNUNBEAL DY A

a 6 = % ! o I IS AY Yo
nMsinTzinMsisuslawedndiuvesanuesilvosgmiemelionlasu
NSHIRNTIAOUNIMUATINIY 1,399 67 Usenaume nqunukuy SID-ULV 675 1 wagngy
WULUU Regular ULV 724 ¢ lauanal3nsm1s1efl 3.5

3199 3.5 Wisuifeuanuzvessilvgaansmamiednfuissenitangy SID-ULV iy
Regular ULV Aoulazndanuiail

Fufi - SID-ULV Regular ULV
W Amunasily dugsarewmAlisnaudy  SnulussatewellioAfude ~
gaang** L , L , value*
kb .] (Fouaz vosgalduldsnedy)  (Sewas vasyedulasieiu)
Parous 86 (37.1) 68 (38.4) NS
D, Nulliparous 9 (3.9) 8 (4.5) NS
Undetermined 137 (59) 101 (57.1) NS
Parous 37(27.8) 90 (36.6) NS
D, Nulliparous 11(8.3) 12(4.9) NS
Undetermined 85 (63.9) 144 (58.5) NS
Parous 55 (37.4) 61 (36.1) NS
D, Nulliparous 10 (6.8) 8 (4.7) NS
Undetermined 82 (55.8) 100 (59.2) NS
Parous 59 (36.2) 46 (34.9) NS
D¢ Nulliparous 6 (3.7) 5(3.8) NS
Undetermined 98 (60.1) 81 (61.3) NS

* P-values 31891UNANMINAGOUAMINLANNSUBIANUZY 895 LUt BT fLhuTe
parfuiifugs seminengu SID-ULV fu Regular ULV (t-tests Aiszfuad1andosiu 95% P-
value < 0.05) waz NS = Not statistically significant.

* gonuzyeastligsans S1uundu Parous: $eluiaeanslaiudn Nuliparous: $sladiels]
el way Undetermined: $alafiszoe 3 - 4 va4 Christophers’ stage

1NEN5199 3.5 nudtunguukuy SID-ULY finnsanasveseslusseviag
Nalrrdnmsnuiisadntdesluiun 1 (D)) nasarnn1snued warnduiinduluiun 2
(D,) wagduudluunduasunnduansuAuAaun1sHuLAdl Tuvugiietdundulinunnsg
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Wasuuwlaswasdndiuvesanussilyvesgeatemallionlasunisinlunguinuiaivuy
Regular ULV Tpevivaaenguliifinanuunnsamisad avassninangy

HANSANY U1 WUNUTIINT 1A I LY UBINT THUVSADILUUFINT N N T
sadnseundielanliwuzinlin wdsnmsnuelidnsaendluvesgsaisieandn 10% Fadu
Ly dyu 1 1 aa a a o [ 1 d‘ a dg{l [ a I
faiadnnsnualiivssavsnnlunisiidaganifersfaige Lrsawmsinaziduniveves
9 deneanluiuiinnisssunaveddsa
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3.2.3 MaUasuLUaIva9dns1n1swuldgeane (Ovitrap Index) #i9aINAITHU
Hogazidun

Ovitrap fildaliieiivdeyanisanslyvesgsatsnalovenigeIngy
= a o 3 5 1 @ [ [ o c{' Y a (] d!
Anwiidnuaunavun 2,008 Tu eensaesnguaiusativiudnlaludnuiauinlnaifesiu 3
ngu SID-ULV iufiusinlevianun 1,007 Tu Aaludesas 50.1 wazngu Regular ULV LAufiu
snleviavun 1,001 Tu Andusesas 49.9 NanI15ILATILANUIITUFNTAINIST1UUBNUS LI
soufUruaziilentanuldgsarsuinninduanfianslududnies visdln1s3msea
Wiguigunaseninnaulawanslilumsned 3.6 uaz 3.7

M3°99 3.6 W3guilgu Ovitrap Index vasiiudnlvgannwnulufmiiufoukasnainis
WwAllsEnInenay SID-ULV iy Regular ULV

il Ovitrap Index
iuiuan (fudnfinedulusating SIb-ULV Regular ULV Pvalue”

Sruutusniiulaame 218 229

Do Sruauusninuldgans (%) 102 (46.8) 117 (51.1) NS
Aindedualtgsmesoiiudn (SD) 5.7 (11.4) 6 (13.1)
Srutusniulataoue 252 257

D, Srunuiuininuldgans (%) 79 (31.3)% 118 (45.9) < 0.001
Aindsduldgsanesotiudn (SD) 3.5 (13.4) 4.9 (12.2)
Sruutusniulaae 254 250

D, '«i’m’auﬁ’ué’ﬂﬁwulﬁziqqma (%) 105 (41.3) 119 (47.6) NS
iedsduldgsanesotiudn (s) 4.8 (12.3) 4.4 (10.4)
SrutusniiulaTame 283 265

Ds Sruuifusniiwulveeans (%) 144 (50.9) 136 (51.3) NS
ﬁWLaﬁaﬁwuauiﬂqnaﬂaﬁiaﬁuﬁﬂ (sp)  7.4(18.9) 5.3(10.8)

* P-values $189UNANITNAGOUANALANGNIYDY O mufuiidugs seninangy SID-ULV
U Regular ULV (z-tests fiszfumrnundosiu 95% P-value < 0.05) waz NS = Not
statistically significant.

** §IGURANITNAADUANLLANAIYRY Of luudasnquiinwiUSeuiieuA1sendnenau
wagvdaviuLall

PN 3.6 WUIMERINNWATLUY SID-ULV 2 Ju (D,) 8nsaniswulal
gaangvUuvesiudnindbisuluvesitnuanaseinuneunuall (D) og19ldad1Agynis
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atn luunueNaaRInMiuAliuy Regular ULV wunsanadvedsnsinisnuldesarsdiuly
o Y ! a1 o ] 1 aa o a = Y

Tui 2 (D,) naINMsNUeTWLAY wilidenawansasadifileTeuis uiudnsinis
wulvgeanetuluuneunuiall a1ndayalumsiamuingnsinisnuldgeatsdruveaniges
nauaznduantnamesivAluiuneunuaineluiun 6 (D,) naaInNnITHULAL d3un1T
Wigueuanuunnsedns M snuldgsats Unuseninangy SID-ULV fu Regular ULV

wuIdANuLANANAUeE Tt d AysaRARWZIUN 2 (D,) BEI9INNITHULATIVINTUY

Ovitrap ﬁawé’muaﬂé’aﬁmﬁuaqﬁgqaaqﬂ'gjuﬁﬂmﬁﬁwmuﬁgwm 2,117 1u
Tnevaaesnduansnsafufusnldluduauilndidestu Sandu SID-ULV Wiufudnlddanun
1,052 lu Anifiudesar 49.7 wawnau Regular ULV iiududnldonun 1,065 lu Aadudes
av 50.3 TaimAnTsidisudeunassrinanguliuandilumsned 3.7

M13199 3.7 W3suiileu Ovitrap Index aufnlUganINIf1uLaNAIUIUNDURAENEY
nsviuelsEndnengy SID-ULV fiu Regular ULV

ity Ovitrap Index
fluan (fudniinedmuuandatu) SIb-ULV Regular ULV Pvalue®
Sruuiusniiulataae 210 243
Do '«a"wmuﬁuﬁﬂﬁwﬂﬂqamﬂ (%) 114 (54.3) 114 (46.9) NS
iodeduldgsanesiotiusn (D) 7.4 (21.1) 55(11.1)
Sruuiusniiulsroe 255 277
D, Sruufusniiwuldgsans (%) 100 (39.2)* 142 (51.3) 0.01
iodssuldgsanesioiush (SD) 4.5(9.9) 4.8 (10.8)
Sruuiusniiuldtavae 285 263
D4 Sruaufusniiwuldgsans (%) 150 (52.6) 142 (54) NS
mLa?ieJﬁi’wmu"LSds;aa’lasiaﬁUﬁﬂ (sp)  8.1(22.1) 6.2 (13)
Sruuiusniiulataae 302 282
Ds Sruauiusndinuldgaans (%) 173 (57.3) 164 (58.2)* NS
ﬁ'}La?ieJﬁi’mau"LSds_Jaa’miaﬁuﬁﬂ (sp)  10.8(25.7) 7.5(16.2)

* P-values $189UNANITNAOUANALANGIIYDY O mufuiidugs seninangu SID-ULV
U Reular ULV (z-tests #iszduadnudosiu 95% P-value < 0.05) wag NS = Not
statistically significant.

** §IETURNANITNAADUANULANAIIYY Of lundasnquiinwUTsuig uA1sEnInenau
wazvanLAll
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NPT 3.7 WUNUSRIANUATILUY SID-ULV 2 Tu (D,) 8ms1nisnula
gaanevuvesiuanialisuuenvestiuanaminiunowiuedl (D,,) sg1slted1Agynig
aa [ Y U ! (Y ! ! IS o A (% | IS ‘:{I
ana wavnaualnafesiuatuiuneunuelinigluiui 6 (D) ndeainnisnuall Tuvued
N3NWATILUU Regular ULV ndununisiiinduresdnsiniswulvesaisinulunaenssegiian
6 Tu viaINMINuATl wardnsINMInultgsaetiuluiunes (D) lanuuans1ani1sadfile
Wisuiguiusnsnsnulvgeanetruluiuneunuell @aunisiSeuiisuainuunne1 a9
ansnanulvgaanetinuseninangy SID-ULV fu Regular ULV wuinfinauukans19iueagns

o o a

dydAgynsadfmziud 2 (D,) KaIRINNINULARWINUY
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3.3 NAN1FIVWIUINQUILEN A0S

3.3.1 trufinwfaniunisiimesuszyinsgeaneiudnuruiivaudiunduunaiy
dnuznsHULAL

Mnmsiengidsiiudinuinlufed 20 wes vesthufiaaumiafimes
Uszrnsgsans HDI S1uau 141 wds Tdnuiteuthulaeseuinds 11 vds 91nm13197 38
wandliiiudn tudesamniwesuszvinsgsaroilildnuiadaziidadsuresdiuiy
deuthuiilsildviueiiaean fe 5.3 uds Tumamssiruhufamumnsifimesussvinsgsat e
suedivsmelunazaeueniatuasiidiads uresduanieutuiiuedienslunas
meuenintugega fe 5.6 vas Jauansinimsnszgniivengutiuifianiuzniswuiadl
wilouqfu Fannd 3.2

a | v ¢ a a ¢ v o P v
M3197 3.8 NFNTBIUIUANWIAAIINMTITADTUTEIINTEIAY HDI AT uluLieudu
TusFal 20 Wwas AuADIUENITNULAL

Unufinwfeey HDI Idanguay
aonugnsnued (141 waq)

nuLAdl WULANNY
Lilonwuwell  wwizeu aelunay
(31 189)  WBNAILIU  N18UBNAIUNU
(34 a9) (76 %ag)
Aadsvesuilallgny
- 53(2.5) 4.9 (2.5) 3.1(2.3)
WAl (SD)
AadsvesuinuLAll
4 . v o 25(1.4) 25(1.8) 27 (2.1)
WaUUU RWIZA1BUBNAIUIU (SD)
Tusad ANRAYVDIVIUNNULATIN
20 wes  Aglusaznisusnsiunu 3.3 (2.7) 3 (2.8) 5.6 (2.8)
(SD)
ARAEUDIsUIuT Y
11 (4.5) 10.4 (4.7) 114 (4.1)

WauUUamus (SD)




Urufanunisfivasuszynsgs HDI

B Juiviweiinanislukazaneusnaadiu
L UunnuAdilRnIzAguenAUIY

vnldlawwe
; O : =
nduvastufiaaiu HDI "’ .'I j
nlailavuwadi - :,.-‘;' l.

v o P # _y 5 . -
U"luﬂﬂﬂ'\uw"?qulﬂaiﬂs:’nﬂiE{Q HDI : ><.j i AU 20 NS

1iwautu —

200 Meters

63

i % 2 = a a s Y o
N1WN 3.2 fﬂ3?’]33"{]']EJG]'J?JENU'TL!?T?’]UWG]ﬂﬁﬂllW?ﬁ']llLG]E]iUﬁ8‘1]']ﬂiﬁgﬂﬁ'lﬂ HDI AUa1UIU

Weutulusall 20 Was YWIUALE INAUIAUATAIAT
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3.3.2 UseananannsnuresazdeauI s uliig useninenguauana1usn1s WAl v s
Y e Y 1oy A My a vy oA = v oy y ad
thufnen laun truinlilinuedl druivuediawizatsuandatiu waz drunnwueiing
melunazaneuanatnu

nautusiuiATuUY SID-ULV 19 6 nau Sendssuiugsastumeied
suldlunsiaz Susuunmuanuznswuel] GsUssnoude Srudilalanuiadl Truiinuwad
Rnznsueniathy was trufinuaiivinnslunaznisuendatiu waninisiasiedly
JURUUNT Y fanmil 3.3

3.0

— tuivuaiivienelusazniguenditiu
== dwimiuailiawzneuendiiinu
- === Jrunlulanuadl -l

-

v
FunuLadl

2.5

@

=

2.0

1.5

9

1.0

o

ANRAITUIULIANELNFALT SR U

0.5

0.0 1 !
I | [ I I T T [
D, - D4 ‘ Di (D2 — D; — Ds — Ds —{Ds Juilduys

a Y] ] a o 19 a ado ] )
AN 3.3 ﬂﬁqWLaULLﬁﬂﬂﬂqLQaEJT\]TUTUENa']EJU']ULWF‘L@JEW]QUIVTLULLW@Z']ULLEJﬂGHlI

anuensruaiivestudnulungy SID-ULV

1l 3.3 wansirdiuilildnued I51uiuvszrnsyafinanndy
ydsanmanuell druthufiiuafinmezaiouenditnu finsandiuiuvesUsswinsgea
ntfosuslsifimnuunnsinsysadAfuswanyssnnsgateuiuledl Gauan et eiufutiuiing
wivamelunazameuenshtiu ffnsantesdiuinvesszansgsegruiiuldda uasd
foddynsedffudnaulsenngnounuiad Swaenadosiuteuu piiivetasdniseunsle
Tanfilvijatiunmsviuemelutudundnlunsmuaugaans drudadiude (WHO 2011) 84
nauthulildsunmsiueiagldisumsinssinansznuaniitoutuilasuni sviuiaise
mafisturessulsznsgduthuluided 333
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3.3.3 n1ssUAsuLUaIvae HDI Tudnudnuinlilanupinuaiuiuvasinaudnu
Tes5aUsAN 20 WA NASUNITWULATAIEUBNAI U

nauthufnmildldzuntswuiafisiuausienun 31 uds iudesed
KANsEUIININANTINN SaudssaressaTaiivesgsaeluiui il d Sunswuiadl Taenns
fuduuveafiouthuildsumsrueinmeuenthulaeseusasl 20 wes Wisuifisuiunis
WazuuUasweamnsfimesUsznseaats House Density Index (HDI) Tuthufnwiitlalésy
nsviuedl fns1eil 3.9

5197 3.9 WSsusumsiasuwlasuad HDI Tutnudnw Abulanualduanuiue e
WeuTNUlaesausAsl 20 WS NlesuNSHuUAineuansIuNy

o do - nswasuLUasves Sruruvediou
undugalSeudiey . Y o
o o A mmuqﬂumuﬂnm UulpesausAll P- value*
VIUNDUNULAL . o
(UUKAN) 20 wms (SD)
YA TuIugsanas (7) 5.4 (2.9)
naInuLAl 1 U . 2
AUIUYIAIN (10) 51(3.1) NS*
(D,vs D) . o
PUIUYUNNVY (14) 6.4 (3.8)
o e uueanad (7) 4.4 (2.8)
naINULAL 2 U . r
1UIUAIN (10) 5.9 (3.3) NS*
(D,vs D) o - X
AMUIULNLIY (14) 6.4 (3.7)
oA Juuanas (6) 5.8 (3.3)
NAINULAN 6 U . 4
AUIUAIN (16) 51(29) NS*
(Dgvs D_,) . oo
IUIUNLYU (9) 6.9 (4.2)

* Pvalues TIBUNANSNAABUANALAN A4V 99 1 uIuvatilaut 1 ulassous Al 20
wins mufuiidugauTeudisuiufunounuiad ssvinngunisiddsuudasvesdiuaugaly
Trudnuildlenuial (One way ANOVA tests fiszfiua1uidiosiu 95% P-value < 0.05)
kae NS = Not statistically significant.

9nn5ait 3.9 wunthudnnilildviuniivazeglunguiiuiiiinisifivves
Fnnuvszrnsgdluthundaaimeriued asdiduveaiieutuildiunisvuiaiaiguen
thulpeseusas 20 wms innnindutufnundiidnnugsasiiuazanas winadsnaialid
PaANaMeada feuihdsliivinguiansihsiunussnnsgsiindulu g udlald
yiuwedl Anangsionenniazessarsiaiiunatntiulndidssivueiisouditiu wioin
A3ANYIYES Chareonviriyaphap (2012) wuingsingAnssuvauidssarsiailnenisdy
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[V VRN
v aa 1

sauvianiuditiansied sundusalunuideadsdfnuinguduilifodmetiuualunis
Faturesiunussrnsgsegiednau ilidudsnudululfuemanssnuainnginssa
vauldesazenian sailegaosenmsmsviuailagiem st uilaildfagsaan Feusuifu
Fandmmsldsumsinwfisdslusunam sang uinwiiilvg i

o
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3.3.4 MaasuuUasvasdnuiugsluthuiunshansgsadnusegvisvastnu

nautuAnnAlilasunsnueiiTnuIunmue 31 was lasunisiesien

PdiusTEinan sWagulUawesduugslutiuiunisindedsadndseg nisnaves

UU A918aLDEAMAITIN 3.10

%
LY 4

35199 3.10 MsidsunUaswesduugslutufnuidunisiadedeainusegnineig

v
YDIVY
o o o o Y o
o do VAN IUVBITURNYIN
qumauaqq al v = a v = a v
- maldsunlasuas  ynviesinsingdeadn ldlinshndeadnusen P-
wWisuiiey Y ¢ Lo A v "
v o UL Ut Useanunnng UUIRY value
Auiunou o . K » . .
i Anwn (Fuumnas) (n = IUIUNAY) (n = IMUIUNAY)
n P-value* n P-value*
naswAd  F1uuLIanas (7) 3 4
190 91u9ueeAsH (10) 4 NS 6 NS 0.012
(D, vs D)  FudugeLiiudu (14) 0 14
naswAl  F1uuLIanas (7) 4 3
29U 1AL (10) 2 NS NS 0.012
(D,vs D,)  Fuuiiuau (14) 1 13
VAINULAN  91uIUanad (6) 3 3
6 YU F1UUAITN (16) 3 NS 13 NS 0.052
(Dgvs D) F1UIULTANTU (9) 1 8

* P-values T18MUHANSNARBUANNANTUSTEINGuNM TR uL Uasresd1uIugaly

U ([@wiuganad deo Iuiugeiind) dutuninsienuazliinfsdiain
** P_values $189UNAN1SVIAADUAINNLANARsdRd T uTlllafndmIniuRngeaIn

5 4 o Ao ) < v ! 1 IS J 1 a o
YNUTU WWN'JUVH]“UENLU'iEIULV]EJUﬂU'JUﬂE)UWULﬂ?,J 3$V'JWQﬂQNﬂ7'§LﬂﬁEJULLUﬁQGUE]\V\]']U’JUE!\;L‘N

Trufinuniildlénuadl (Chi-square test Aisgsupuidiotiu 95% P-value < 0.05)
NS = Not statistically significant.

m135197 3.10 wanaliiiudn drudnwr ilalddadearanuwurldunis

Wuuvesszansgamdinnanuelluiun 1 uay 2 sgradiuladn dwdtinadinanaladd

ANULANANINGEDA daunanIsnageuauandvatdndutiunldlafindaainduings

amiatumuiundugaleuiieuiuiuneunuedl serinangunisiagulua e uiugs
Tuthufnuldlanueiinundmiuiandiseg1iidedAgnieda Twiun 1 daz 2 ndsain
Tunuiadl (P = 0.012)
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uni 4

UNIsad

4.1 Uszavdwavasmswuaiinuudesazidentunisanduaulssyinsgeansmaiisszes
fAue

MFNULANKUY SID-ULV @13nsaanaaumuiwiuyeslseynsgaaigineiily
srogdufiuivognslina Taenudiluiudl 1 uay 2 nds1nmsniulaiiLuy SID-ULV Uszanng
gaanemadlszeziuiuielisiuivanasandrwugduiunsunsiuailiod 19lidad Ay nia
ahm @aunsnualiuuy Regular ULV ldfidss@ndualunisanmiunuiniuvesuszsing
geane Taenuinluiud 1 ndaainmsviuaiiiuy Regular ULV Ussuinsgeanoinaiiosses
fdrteisnnuisduanduugdutuiounswualiosdideddymisada uanainiss
wuhmsnuediaesuuinanssusieyssrnsgduszesdug S1uauUsEeInTgIaEmA
desvagiifuiaiimsaundunnuiduiiuiunsunsnueiiognssaasanielu 6 Jundeain
NINULA

$oUaYN15aAARIUTEYINTYIMARINNSHULATILUY SID-ULV (D; = 33.3%
wag D, = 28.6%) uanrilianinsnanusinauszanseslauinwedisseiveg1atos Souay
97 mudi Giglioli (1979) aueliinduseiuiitnavliannissruinveslsaldidenseanls
Famamsanuadiiidenndesiunanisinunountn 109 Esu wazany (2010) way Bonds
(2012) flimunssenuramsinu e saanuinulszensgeatsfesefudingi
UONINTRINMITNUTNILATS NI SUNUIN SR Renanafluwaliiuanaseg ssaiiles (99% (Pant
et al. 1971), 95% (Pant et al. 1973), 80% (Castro et al. 2007), 74% (Perich et al. 2001))
dumsiieuiflouiunamsanedewminlufiuiimauiaunsaswa (50 - 80%) Tng 35w
2RSS waveae (2552) funaluauideadsdnudinisnunuy SID-ULY @1unsaan
Frnudssnnsgaldmnimamsanunouti andeyatnsunandiifiuinnasnisiuai
lannsamdnuszrnsaald

Tumanduiuranmsanekansliiuinnswueinuy Regular ULV wenain
anduBsiliansnaneunuiiuvesUszsrnsgeaneliuda Sindununisifiutuues
Fruaudszrinsgeatomadedifuisludiudnwegraiulide deyadinariduilu
senuiithadlaftagilfAsmedidmsumbsn uluiiui wanddiiuiwadnsiions
Lﬁ@s'fumﬂmwﬁ’%ﬁumsw'umﬁﬁiajmmsaﬂg’jﬁammmmgwu §aa1nn15AATIEiA
LANANATEINaMINUNBEARBEALUY SID-ULV AUkuy Regular ULV (318az188mlun13199
3.2) nuhAnuAToUARNTasiuall TnstanzdosazvesthuilldSunisnunesaziBonii
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melutazameueniiu daduidmsuililssavinaguanlumshingsarsdhuvesnismu
WUU Regular ULV sndnnswuuuy SID-ULV agraiiulédn Svaenndasfunanisineives
Ditsuwan tazaady (2012) wag Thammapalo wazaue (2012) finudtuinsnisnuaiily
fuislosfimnunsounguue suilésu s

MnramAegiandidiuin mandudianunuivesszeinsgsansly
fuidnuldsresnadunimanms@nwfidiuunves Esu wazanz (2010) Fenudidiuau
Usennsgaaznduinifsluniely 2 919ind nnsnduidiniunuiivesuszeinsgaegng
nafwesmsuiaeuuuannsninTsiaman uladefife ded ded

1. Yademaintulmivosuszennsgslugusudimdsaintusiuiad
Fromanuiaiilaifinadoysiioglussezly gniiuasdalila (Esu et al. 2010) yhlviigash
WafeAslvsiangsszezialaislutimdsainnisnuiaiildnageradawalinisnduidnn
uwnufivesszrnsgaansluiiuiidinuldszezinarduas ilonsrvasunanszmudanaialu
ALY Smsiaeansla (Parous Rate) Tunsnsrnaeudszynsyeiliinlmidsionsaing
nsfnwlainaueliluite 4.2

2. Yafumsenemesssnnsgsinfiuteanitudlllédfunsnuied
dnaunufivszensgsiianaslufiufivuiafl Koenraadt wazamy (2007) Wuin
wé’qmﬂﬂﬁw'umﬁwummwawwuﬁﬂi“mmaﬂuﬂduﬁmﬁéﬁgw&i%ﬂamauﬁuﬁWuLﬂﬁ
LAEAINNITANEIVDY Kongmee hazAnde (2004) Mongkalangoon azamue (2009) way
Chareonviriyaphap (2012) meqmaqummiumwamﬁmaaﬂmﬂ‘wuwmmiLﬂmaulwa'
yseBsduATIZN (synthetic pyrethroids) lusuideafsdtadadungfnssudenaiives
gamgtnulasuAnuluingUszasdseanayiansalnanmsfinnluiide 4.4

3. fademsmesomaadildlunsiueiivesgsluitui aannisfnw
289 Marcombe WagAme (2011) nuiinisaedearsiafivesdszainsgaluitufiidinane
aunsnanlszdvisnavesnasnsnueils dmsulsendlnenanisinyivas Ponlawat wag
Az (2005) wuhganethuiidulfaniuiidnui nnaiavesdsemainishedeansiadily
naulwinsosddansneyt urn15Anw189 Jirakanjanakit uagamy (2007) linunishese
deltamethrin wag permethrin vosgasthuludminawa Saaenndeaiutoyaluszuy
Ehagfaimstedeasielivoauaminzilsaves ans.12 sadluruideldiinisasuifio
answiifounsunAauIRan sTiuLUY SID-ULV uas Regular ULV lngnan1snagaunuin
gaanethuluituiidnundanalviede delttamethrin Tuszdugs f8ns1018 (Mortality Rate)
Wity 99.9% (seaziBealuaanuan 1) wafinanuansiinsndutinuuivesszsing
gragmnimdnmaueilumsinuedsd ldldnansznuiiAnainnisiedearsiafives
gaanethuluitufinisfinm
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4.2 Uszavisnavasnsviuaiinuurbeasdenlun1sandnuiulssyinsgsansinalissses
a9l

NSNUATKUY SID-ULV @18nsnananuviuiwiueesl sensgaaigineiile
szpzaeelgldiinnninnmnueiuuy Reeular ULV Tnenudnlufudl 1 wdsannisnuad
fnsnaenslivesgaduanngutuiueiiuuy SID-ULY snnuanasiiiesas 27.8 el
Hoddynaddlodisutusasnenddaluiunounuadl (37.1%) sagnuiidnsaeancle
Uiyt 2 wdmnmsiuedifidesar 37.4 arliuurTvunduluwirfuas uduly
Sufi 6 wdnuall druniswuediuuy Regular ULV wudindsannniswusaildiings
WasuulamesUssrnsgsmemadoszozsasndd Tnedsuasmsldvesisassnguniuiad
WUU SID-ULV tag Regular ULV Tdfianuusnenan 1 9a@da nafenaalanangaInnisanyl
989 Koenraadt wazamz (2007) finuirdnsnasndindiamiuniianasviifuiosas
14 Tududl 1 wag 2 ndwnfurued

msmﬁauLLﬂaaLﬂmﬁﬂﬁamawixmniqaé‘hLﬁmi’aﬁl,ﬂmwlﬁdl,l,é’mé’aﬂﬁ
1 a v | Y 1 v A -ell I [ ] a0 (=1
WwATiFINa1? wandliiiuiimMsnduAuInfsasvesUssrnsgvain sualidswlugilu
gatniluiiud (gelungu parous wag undetermined) Fo1atdunansznuiiing1nnas
A v v a X Adav ve ' Ny v a X day v yvoe ' a
wasudeluinseninetnums e unnlasun1snueiinudruns aiunfbulasunisnuadl
(Koenraadt et al. 2007) wazwgRNIIUNITNAULALIADALDBIUIEILAT (Kongmee et al.
2004, Mongkalangoon et al. 2009, Chareonviriyaphap 2012) @1813g931uunilan
aAunsavaugauNsEulafeazenatngAlilagn1snauRnlud kU Inazesing1ailly
anansauindidla vainanismsrueiinllainsanuluiunuaeiAvvesedliog susiug
LaLie (Esu et al. 2010, Bonds 2012)

é’emLﬂmwlsu'Lﬁuﬁ%ﬁ%ﬁhﬁﬁwé’wﬂumﬁmﬂizﬁw%ﬂwwsuaamsWum:ﬁm'ami
muANN1TsEUIATedlsaliidensasn tnuasdniseundelanlakuginlilnndnisnuaidng
wenslivesanemadisluiiuiinisiueiastosnidesay 10 Fudusedufivansinges
Sarfeiiflegrount svuiafifiduningueadelfaneilignindauazazsilfnsindo
Hideneensnelmiluiiufianas (WHO 2011) dowFsufisuinasidindnfuranisisonans
Tfuid g smadiofauduiofiduldlumadelredlngidulszvinsgsaromedle
ﬁaLﬁufaﬁﬁagidaui’uWumﬁ Fadunansinnisnuaifanuy SID-ULV wag Regular ULV
ldanansafidaussnnsgaaemadeszesaenddluiiuiliuaz enaaglaifivszansanly
MsmuANNIIEUInvRdlIAllidenaen
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4.3 Usgavisuavaansuuail uuusee azide alunmsaninuiudszyinsgsanessey iy

mMsviuAiLuy SID-ULV @snsaandnsinmanylvgsaethuvesfudndianeld
wasulusasuuenshthuethdteddymeadiluiuil 2 ndwinnsiwedl antudns
msnulvgeaneiimsaundulndifssdFusunounmswuaiiangly 6 Sundmimsnuedl dau
N15NULANLUY Regular ULV Lifiuseansualunisandnsinisnulygaaiednu anua
msfinwasiulaiUsedvsnaveanisrueiinuuleazBenlunsandi uiuysevinseeany
seevld IanuaenndeiulsyavinavesnsiuniiuuuHogazdenlun1sand 1 uiulsey1ns
geanomadoszozinfute Juandifiuimaduulsznnsganadiodfuioanasazii
Tignsnsnuldgsanvanainaeig

F1ANTTNUNIUITIUNTTUNUI 1898 n15Anw il Ovitrap Tunas i
Usgavanavaanisnuiailaiundn Tasnan1sAnw1ves Hudson (1986) Wuin1snuLAll
aunsnandnsnsnulvgaelangiainnisuedl 3 Ju laeatelu 6 Tudnsinisnula
gameIgRunduIuh iU uutounaifronadesiunanisinu ased drunanisdinun
Y09 Castle uazany (1999) wulwmdmswuaddnsnsnuldgaanefisiurudfiumnn duain
Sovag 72 W 93 Reiter uag Nathan (2001) lakugihituenainnsldisnsiadulsesing
gadindBudINsRnmumgAnssumsslivesgeanasniuiomeiislasldduanlugms e
Ovitrap @nnsaldilursediot nussaninavosnsnueilés srews1zarunsolduansis
AITULUYeITLILUTzIn Ty T el ld anunsafianiunisidsuntasues
Foyauszrnsgdldainame wanzdwsumaiudeyadnflusumiafuasldfunutesndi
39U denndasiu Bowman uazane (2014) way Codeco wazaniy (2015) fiausinaisd
msfnwiudlulssdumsiaundngnimessnsmnuligsar ool fiduduidiiiseye
nssruinvedsaldidensaniuyuyy
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4.4 NANTENUINWOANTINNTVAULABNA DRI A1SLATIvRLsas luNUITILAS un1sW LAl

nansiUssuisunsasuwlasas HDI Tudrudnenlulasunisnuwail
AUTIUIUVDRNDUTIUNLATUNISNUATT WU UTAIN LA NAIINIAD RN LAAIITNTIANT Y
° % v ¢ A oMoy P ~ ~ ~
waatuInUsznsesastulunguinudnn nldlivuaiiduganene nuilazeesansiaiiun
nTulndResin snuein1ouantiu wiog19lsAnIuNaaINNITANBINUIITIUIUY
Usgnsgavasnguinufinunilidlasunisnueiazdivudlduiingnnduniniin siiuduv e
FIUIURBUTIUNATUNSNUATILUUN G UBATIU

uenininansinwdauandiiuhmtuainisuendatiuvestiuiieg
TndiFesdinasensiinsznnsgslutudnnilifngainuinnintiunu idadeadn 3
aopRdesiuNaMSANYIB Ogoma wavAaly (2010) AnuinthuiilinsindiarnUssguas
wihsmmniesaninsatesiunmsiuditiuvesgwazanaaumuwinveasseansasludiy
1§ uenaniinansinunues Ko wasay (1992) Smuimsindeliidensenlunguiends
TuthudidndfsaananasedradifodAymaeaia nadanaiuandliiuinnsingdeaindseguay
mhimaduismssamsmumemmesiunseiinerdedinasenstosfutazaruaunis
Andolsamsivasditnende

dunamsengidsiuiivesnguiiuiiianiugnisuiedfinandretuly
fufidhmnemsuaivesurasusu wuihdidnvasinzngudsiufiosafiuldta Toun
nauthuiiferfelimnusmiiedouinsnsuaiidsalfidnnguiusiutaiifiaun sy
aelunazaeoueniuld daunguiuigerdoliilirnusuiiosomasmsviuiaiidanalfiin
nautuiilalldunsviued (fieazBoalunmil 3.2) sadsnarvinlfiAnngudugaidss
semsfndiolfideneendaiuarimguilafivinliunsnsiuaiifiedesfunazaivaulsa
ldideneenhiling warsuuuvrasmsifiangudnauandiiuianiudidgyvesdadesiiu
s ndlevesnguithsesuiaglugmy Sonnngussnaidfimaduuds ufsaudifgy
yosnmsmsrueiiazatuayulivdiniGeuiiguasuiave ulvmnusiuiiodeuinsniswy
el vl uuthulugmeuldsunsuedneluthufunniu fvdwaliauasouagy
yoamsufiinuimelivond wmihfuasmisnugiuinreudisan nduuazyinliussaviua
vounasmsvuailumsiestusazenuaulsaldide neen fiumnntumugd
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4.5 Ua38NlinNanssnUfa Useans Navaan1swuLall Tuanuidaey

Uadedionaduampdanaliin1suuiafinuy SID-ULV waz Regular ULV g
ansaminUsznsgeanamadiosfuisldegndivsy@vsna  Ussnause

4.5.1 WOANTINNIVAUIALIRRATRRIU e ISl vRdg MY

PNNANTITANYIVDY Kongmee tazAty (2004) Mongkalangoon WazAg
(2009) tag Chareonviriyaphap (2012) WmhqqmmmmquﬁmimmiviauLf?iswiaasaaq
iheweilasnstueenanuinaiifazessarsafiednesania uenanilunisAnuives
Koenraadt uagany (2007) WUIMARINNNTHULATIRLENTONINARULT U1 989U 8 INTYI
Mnftufiuenuansiwell 1inmskansinwiisuiadululfimeinssunisvauide e
aveosneuaiesmeduiladonidaivhldnmeiuedfa swuulian s dausseins
gaaemedloduiatoluiuildnnies s flosdniseundielan] fuusls

4.5.2 @nnwwindaunieludiu

911A13ANWIY84 Bonds (2012) nudtaninuandeunisludiuiludy
sulouiitan Awes 097 fuliase Wy Giderdn dseain fifivues taTedld n1wuedieg
suidsnosyaros uasiduliduthusasseutiuun sz lfgdddidamaudouainnis
dudaarenmamsniilaing Jadedmnandiwuaninsoandniin1sduiaazoeasialives
galduavenadenalissavinavesmsnuieiianas FadlefimnsaniSeuidisuiunanisdisia
Snunzreshuuasruiuiite (113199 3.1 warsreandeslunianuan a) nudidau
gt ufnuifian nuindouiiBorensluundunigiuguesgs Tuduldlginiade
anmedouniglutuuazuinadiuiidiusildnswueiivsassuultainsatida
Uszrnsesanemadlesaifuiale

4.5.3 fauutnunkasunisnusaiinieludnuliunnne

PMAMTIET 3.2 WU THULASITRUY SID-ULV waghuu Regular ULV 3
dnsANuATauAgEN SN slut ukasuenU uteennTeuay 50 AINHANITILATIEN
UszavisamsriulesazBoaSeuifisuseninanguiiufidanugnswuiadnunnsn sty
un truildldmed thufiwuiafiiawizgatsuenditiu wasdiufinuedianislunas
meuanitu wandiiuiiBnsuediimeluaznisuendatuagliusraninagean
Tumsansiuiudsernigs aenndeaffunansAny1ued Harwood wagAny (2014) Ainuin
myvuslesazBnneluenmaduitalsnalumsmidaduiulsznnsgsasdiu Fainua
fananndsienudululiinlussrudnsvesmsiueiimafid i uildsuni sviued
eglutuldinnnesvdwmalyiusyavinaveinsnuiniianas
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1 IS

waNANIITN TP T LT R laSun sl aneludiulisnwe
3gylin1snszanevesazorsenailivngs liraourquiiuiniinissuinvadlsa LAinngy

=

yosazepienaiinnszarelundenquaziifnududus F991nn15@nw1989 Cooperband

' g A Yy v 5 o Ay £ v
wazAy (2010) wuavepnenelntnudutui lussduiliaiunsasangnseigale
Wedulagnmesaznsziuliedinsiudm Juldunuiuiaslisseglnandiund waskadenand
919EHALALAT WO NG ANTTUNTVAUIRE SRR ZoR e ATV ANl MIT1EasBunte 4.5.1

MnuamsAnyansdifiuinfeisn s i s uauiuildsun siund
meluthulsbnnweuagnginssunisvauideseazesnienaivegsans uadeduasy
Berunaziuioraduanivadenalinisnueiiuuy SID-ULV wag Regular ULV laianansa
iaussrnsgsmemadefuiutoldodsiissaning vilvidensensmuazni sifintuvos
FrunudssnnsgduthuSorumilndiAedld Faiulfesnsdmaulunguiuildfunisriuiad
Uy Regular ULV
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unit 5

unasuiazdatauauug

Tselfidonoentuiiulsafnretlnegsiifinnsszuinegssiasanandy
Hapminumssaguididguensemalng unsnisluaniunisalaniduiiomuauuas
Uosiunmsszuinvedlsa Ao msw'umﬁﬁaﬁﬁmqﬁawﬁm (Aedes aegypti) ?fﬂLfJuqumz
ydnvadlsa uinuan sAnukiunliamnsadudulfinitn siuiaiianinsoandiuau
Uszrnsesliognsdiuss@vsuanazlumanduiuinuinnesmsisnanliaiunsadesiunis
ssamedsaliidensonls fifuiadimnusidudesinnsfnuUsgdniuaunnisnuind
deldifuusslovilumsiisszansanvosiasnisdsnariuazlfidudeyadndulaide
ulsurgluiBmsmuaumnvzveslsaindoiiilnge siely

5.1. n1sAnwUseufisun1sasuLUaIvaInis linasussyinsgsatadnunane
Idensanlunguthunldsuniswurbeazdsan i wuuuinsgiu (SID-ULV) Aungudaun
18sumsnurlovazidgamuuuuun® (Regular ULV)

’3’mqﬂismﬁlﬁam'§wLﬁsmm3Lﬂ§suLLﬂaﬂﬁumwwmﬁmaﬁfﬂismmqqmsn’hu
TungutuildiumsniudesaziBoamuuuuinasgiu (SID-ULV) AUfvdnislaefiuide
funguiudldsunsudosazidoaniuuuuunifi ujdanislagesdnsunasosdiu
yioadu (Regular ULV) neléiTeuluntsdnassisniswueduvudulasiinguaiuny
(Cluster-randomized controlled trial) ifiedaafunsszuiavedsaluaniunisaisiasanis
wugtheldidensensieusnluguvuiiadeuliunAufisgainy wa. 2557 ngudinwidnuiu
favun 12 gy léTunsduiiionuiafinuy SID-ULV $1u7u 6 ngu waswuLuy Regular
ULV $1uau 6 nga ngathusiuied (cluster) vanes thufissegluiiuiiyed 100 was sou
vdsmFouilasumsgulndutiugine Tasinnuiamisilinesuszvinsgearslutiy
$1uru 20 - 31 ndsniBeusenguiumiuiedl lufudeunazudanisiuad Fesznoude
House Density Index (HDI) vanefis S1urugeasthumadisdethusie 15 uit Adulneld
s Tuturowiuiedl 2 Yu wagtuil 1 2 wag 6 W& TviuLell Parous Rate (PR) vinufla o
azvesgsanethumadiofagsly uag Ovitrap Index (O mneds S1urufudnligeated
wldgaduiesar lneifiudeyanng 2 Ju fe Yusiuiall Yufl 2 4 wag 6 ndsn1sviuLadl
Tengnteyalagldlusinsy R laemsldnsnidunagnaaoundtuuand195eninanguves
yn3fimesUszInsysans HDI PR way Ol vesnguduiildduniswuiaiiuuy SID-ULV way
AISWULUU Regular ULV A28 paired sample t-tests fiszuanudeiuy 95% (P-value <
0.05)
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AN sANAFULIINUI NIt UTlF UM il SID-ULY fnsanadves
HDI eeafitidndnymaata Tuiudl 1 uae 2 ndwnuruedl @9un159uLUY Regular ULV
ﬂﬁuwumﬂﬁmﬁuaﬂwﬁﬁaéﬂﬁfymaaaasuaa HDI pgnslsAmiuniely 6 Junasanniinisnu
WATaLUy SID-ULV wag Regular ULV $1uauvesdszyinsgeatsdiulddunduuiviify
FugIneuiuniwall N1srwATinuy SID-ULV anansaandnsinisnulygsarstiuvesiu
snfinditenulusavsuueninthuedndived dyniadaluiudl 2 ndaarnnisruad
daun1snuAiuuy Regular ULV liifiusgnsualunisandnsimsnuldgsatedu lay
melu 6 Tu wé’qmﬂﬁmsvﬁumﬁﬁgmauwué’mﬂmiwulﬂjqamsﬁmiﬁmé’umwhﬁ’uai’wmu
AouvuiAll uennddmuthmavuaiiiaeuuulimmnsoandnsuae1dltvosgsatsine
delutuillsishnindesas 10 16

(%

ANMANNITNWATINILUY SID-ULV wag Regular ULV laiaiu1samdn
UszynsgeargmadladanuSeluiiuiidianenuaild o19tfaldainvataYade
Usznaume wginssunisuauldssdeazessieialivesgiats Juduanvgliinnis

44' v P = & 4 v
wRsuheUszrnsealvin s siuinueivasiunyevevlaesey aninwindeunialu
Y av s =~ Ao 4 Ao o o § ¥ a v 9w % @ o A v o
Urunlifisulsuidwewseimyannyiliifingesuliia shavauinisinnanidean1sdula
avepshguall T9uuthunlafumsrueinigluduliinane Mmeundserdeinizinues

A o < ' lv O aa ' a v = & aad °o v
gamghanglutuludnlngdaiuisnmmuaiinglududaluisnansamdadszvins
galuiuiiidhnneldinniian msiddwsudiunlasunisnueiintgludiudesdeusinli
eI IHUATvIAUsEavENalunIsannuukiuYesUs srnsysluuidmnela

5.2 MIANYINANTENUIINNEANTIUNITVIAURENazasanswivasesataTununnlisunis
WAl

TagUsraeAn1sAnw e AN ¥ INaNsENUIINNANTTUNITNAULAE AL B
IS dglj Qlldl Y 1 a o ¥ = g (% 1 ¥ d‘
asnlivesgaangluiuinlasunsriuedl Suaudiufinuvianue 141 w89 lu 6 ngudiud
WwPTUU SID-ULV aglasunisfiamunnuvuisiuuealssyinsgsars iy HDl wasdnu
nanasbuNuAnuelsal 100 wes 3glasun1sseuA1fiinn19gliAans (geographic
coordinates) lngmsldnmaramiieunnuazdengauaiudnuuinaudiuidsegnely
o a Y = v a ¢ a & A . . v aa
el 20 wns TaeseutnuAnwImMENTIATIATINUN (spatial analysis) #2875 Buffer way
Identity Analysis Ingllusunsa ArcGIS 10.1 MsdsuulaveIdiuiIugsa g Uiuninou
wagvaaueTvest AN gl dAs iU s uis u Audnuiuieu U1 undanguniy
anuzmsnuaiiiuaneneiu laun truitlilanwuedl drunnuaiiewnizaisusnditiiu was
Ununuaiiisneluteznisusndiiiu leeldnsuageunisai 35 Chi-square test Sign
test ay One-way ANOVA test 7152AUANLTRIU 95% (P-value < 0.05)
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HANSANINUIINERINMTNUATE B IS snurlosazde AL uunun 18Ty
Srusafurunisuenduwhiuiisaussn nsgeats i uanasededited dyni @i
wiragdinualdunsifsduresiaudssnnseduthudnn L ldnuiafifunsifiut uves
Frunudiouthuiinueinieuenthy wafldnudedfynisadffiosduduisauduiug
~

Aanademslesunsfinwiimdnsiely wenanidanuittnudnw nldlafasaainasdl
N3LALYDITIWINYTEYINSYIa1e U weg 1A Ay NaEdiana R Inin sviu auazden

5.3 ayUnanIsAnen

ASHWATILUY SID-ULV anansaanaamuiiuuyeslsesinsgsansviula
89 6 YU uANFN9TINNIAULUY Regular ULV findununsifisduremnsssinggendsaind
mswueilluiiuil msfundusgnamnmessiuiuresUssrnsgmdsinriuiaiionaiinan
wgAnssINsvaUABIaosEsAiivessan s T ulazn1senemd I YT TN YIuen
fufiviuedl BN sudosanBeniiannsoansiuiuUsznsgsaetuesdlikg fe N1
viuneluthunsediiine de

5.4 Yag1NAVDINISANY
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Objective: To examine the resurgence rate, house density index (HDI) and parous rate of
the Aedes aegypti vector after space spraying carried out by the routine spraying team,
and compare with the rates after standard indoor ultra low volume (SID-ULV) spraying
carried out by the trained research spraying team.

Methods: Between March and September 2014, a cluster randomized controlled trial
including 12 clusters (6 regular ULV, 6 SID-ULV) with totally 4341 households was
conducted, and around 20-31 houses in each cluster were selected for assessment. The
parous rate and HDI of collected mosquitoes 2 days before and 1, 2 and 6 days after
spraying were obtained and compared.

Results: The HDI dropped significantly from the baseline 1 and 2 days after spraying to
a non-zero value in the SID-ULV treated locations but not in the regular ULV group
locations. However, by 6 days after spraying, the HDI of both groups had returned to the
base value measured 2 days before spraying. There were no statistically significant dif-
ferences in the parous rate between groups.

Conclusions: SID-ULV is more effective in reducing Aedes aegypti populations.
However, rapid resurgence of dengue vector after spraying in urban areas was observed in
both groups.

1. Introduction

more field research is needed on the effect of various kinds of
space spraying [7.8].

Dengue infection is a well-known rapidly spreading
mosquito-borne disease, which causes significant public health
problems in Thailand. The most effective way to prevent dengue
virus transmission during an outbreak is exterminating the
disease-carrier Aedes aegypti (Ae. aegypti) 11.2]. In emergency
conditions, space spraying is the only effective means of
suppressing an acute dengue virus outbreak [3.4]. However, it
has been demonstrated that routine space spraying does not
completely prevent secondary dengue cases [5.6]. Therefore,
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In Thailand, local administrative organizations (LAO) are the
main organizations responsible for conducting space spraying.
Two forms of space spraying have been implemented since
2002, ultra low volume (ULV) and thermal fog [6]. The effect of
ULV spraying is more sustained for vector suppression when
applied as an indoor space spraying (9], but the effectiveness is
dependent on the droplet size and the application method
because there is a low probability of contact between adult
mosquitoes and the insecticide droplets [8l. During dengue
outbreaks, LAO space spraying has been shown to be
ineffective in preventing dengue transmission and evidence of
the effectiveness of standard indoor ultra low volume (SID-
ULV) spraying is still lacking [6.8.10.11],

The infected vector density in outbreak clusters is linked to
the parity rate (PR), the proportion of female mosquitoes that

2221-1691/Copyright © 2015 Hainan Medical University. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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have laid eggs at least once [12]. To effectively interrupt
transmission, the PR should be kept below 10% which results
in a reduction in the adult dengue vector population of more
than 97% 12.13]. While it is difficult to assess the effectiveness
of measures taken to prevent secondary dengue cases, the
number of female Ae. aegypti per house, (a good proxy for
PR [2]) and the house density index (HDI), the number of
adult female Ae. aegypti mosquitoes collected in each house
for 15 min, can be employed as an indication of potential
success.

The objective of this study was to verify the resurgence rate
of the Ae. aegypti vector, by comparing the rates after regular
ULV treatment carried out by the municipality and SID-ULV
spraying, which was carried out by the research team.

2. Materials and methods
2.1. Study site

The study site was Songkhla City which is located at 7°12' N,
100°36 E on a peninsular of the east coast of Southern Thailand.
The municipality covers 9.3 km?, and is divided into 32 com-
munities with 26000 households containing a population of
71000 people, a population density of 7400 persons/km2 in
2013. The study was conducted in both the dry (February—July)
and wet (August—January) seasons during which periods there
was an average annual rainfall of 1434 mm, an average tem-
perature of 28.4 °C and an average relative humidity of 73%
(South Eastern Meteorological Center, Songkhla, 2014). The
study site was selected because it is urban area prone to endemic
transmission, with an average annual incidence rate of 500 per
100000 population [6.14],

2.2. Study design

A clustered randomized control trial was used with, for
practical reasons, only one type of spray being used in each
community. The design also covered externality effects, i.e., the
spray affecting nearby unsprayed houses. The trial was designed
comparing 6 randomly selected SID-ULV clusters with 6 regular
ULV clusters. A cluster in this study consisted of households
located in a circle of 120 m in radius. In each cluster, around 20—
31 houses were randomly selected for entomological
assessment.

The inclusion criteria for eligible clusters were that they
were all communities in dengue endemic areas with high
population density; at least 100 houses; and a minimum area
per cluster of at least 120 m x 120 m. The minimum distance
between each SID-ULV cluster and regular ULV cluster with
which it was compared was at least 1000 m. Maps of all the
clusters were generated and the clusters were geo-located us-
ing high resolution satellite images (Quick Bird, USA) and
Geographic Information System software (ArcGIS 9.3) from
Southern Regional Geo-Informatics and Space Technology
Center, Faculty of Environmental Management, Prince of
Songkla University.

2.3. Spraying operations

SID-ULV spraying was conducted by well-trained officers
from the Office of Disease Prevention and Control 12 (DPC-12).

The application strictly followed the World Health Organization
(WHO) guidelines. Regular ULV treatment was based on
routine space spraying conducted by LAO. This application did
not follow the WHO guidelines [15]. Both the SID-ULV and
regular ULV treatments were carried out with portable ULV
equipment (Fontan Portastar S, Germany). Both the SID-ULV
and regular ULV treatments were conducted based on the
same spraying conditions representing controlled variables
within the study. These included time, wind, rain and tempera-
ture. The meteorological conditions were monitored using the
same daily time slot data from the Songkhla Weather Obser-
vation Station located in the center of Songkhla City. The dates
of spraying and the locations sprayed were informed to the local
health department and there was regular surveillance and
response to dengue cases in cooperation with the local health
officers.

2.4. Calibration of chemicals and spray generators

The equipment and the insecticides used were calibrated
before the field spraying operations were conducted. The mea-
surement of the volume median diameter of the droplets pro-
duced by the ULV generators was conducted according to the
slide wave technique [15]. Then 2% deltamethrin (w/v) (Type II
pyrethroids insecticides) was applied for field spraying
operations. A droplet bio-assay test was used to evaluate the
efficacy of deltamethrin by semi-field evaluation in experimental
rooms [16]. Both tests were performed at DPC-12.

2.5. Entomological surveys

The pre- and post-space spraying parameters of the Ae.
aegypti populations were monitored. The parameters included
PR and HDI assessed 2 days before, and 1, 2 and 6 days after
spraying in the same houses. Adult Ae. aegypti mosquitoes were
collected using hand-held nets by the trained collecting team
following WHO guidelines [2.15]. The adult mosquitoes were
collected from the living areas of around 20-31 houses in
each cluster over a period of 15 min. The identification of the
collected mosquitoes and the dissection of the ovaries from
the female Ae. aegypti to establish their parity status were
conducted at Faculty of Medical Technology, Prince of
Songkla University.

2.6. Statistical analysis

The data were analyzed using the R statistical program (R
Development Core Team) and RStudio software (RStudio, Inc.,
USA). The PR and HDI of the SID-ULV and regular ULV
clusters were compared using line graphs and paired sample -
tests at a 95% confidence interval (P < 0.05).

3. Results
3.1. Droplet size and bio-assays

The volume median diameter of the five ULV generators
(four belonging to DPC-12 and one from LAO) used in the study
was measured. The equipment delivered droplets of 23, 25, 25,
26 and 26 pm respectively, which were within the acceptable
ranges (5-27 pum) recommended by WHO [2].
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The vector susceptibility to deltamethrin (2%, w/v) estab-
lished at the DPC-12 laboratory was 99.8% knockdown and
99.9% mortality.

3.2. Results of mosquito collection

Field trials were carried out between March and September in
2014 at a total of 292 randomly selected houses in 12 clusters, of
which 138 houses in 6 clusters received regular ULV treatment and
154 houses in 6 clusters received SID-ULV treatment (Figure 1). A
total of 3924 adult mosquitoes, comprising 3 161 (80.56%) Ae.
aegypti, 13 (0.33%) Aedes albopitus and 750 (19.11%) other spe-
cies, were collected before and after space spraying (Table 1).

A

Figure 1. A map of six comparison groups studied.

93

967

As Table | shows, the mean number of Ae. aegypti per house
was not significantly different between the two groups at base-
line [2 days before space spraying (D_») and 6 days after space
spraying (Dg)], however, there were significant differences be-
tween the groups at 1 and 2 days after spraying (D, D»).

3.3. Difference in HDI after spraying

After spraying, the HDI at the sites treated with SID-ULV
became significantly lower than that at baseline (D_3)
throughout the follow up period (Figure 2). In contrast, the HDI
of the sites treated with regular ULV spraying unexpectedly
increased significantly from the baseline.

N

SID-ULV clusters
(n = 2178 houses)

Regular ULV clusters
(n = 2163 houses)

Comparison Group 1: Thasaan (A, n = 444) and Bonwuakao (B, n = 360); Comparison Group 2: Watthasalahuayang (A, n = 185) and Watchaimongkon (B,
n = 413); Comparison Group 3: Ruamjaiphatthana (A, n = 396) and Wangkhiaowangkao (B, n = 320); Comparison Group 4: Noksuan (A, n = 344) and
Watsraket (B, n = 391); Comparison Group 5: Kubo (A, n = 445) and Wachirasoiku (B, n = 365); Comparison Group 6: Kaoseng (A, n = 364) and Banbon
(B, n = 314). A: SID-ULV clusters; B: Regular ULV clusters; n: Number of houses.
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Comparison of number of adult mosquitoes collected by days before and after regular ULV versus SID-ULV spraying.

Day of Group sprayed Ae. aegypti Aedes albopitus Other species Total by days
el (OKCIUster) n (%) Mean per n (%) Mean per n (%) Mean per n (%) Mean per
house (SD) house (SD) house (SD) house (SD)
D_, Regular ULV 404 (79.68) 2.93 (3.59) 0 0 103 (20.32)  0.75 (1.92) 507 (100)  3.67 (4.36)
SID-ULV 564 (81.86) 3.66 (4.66) 0 0 125 (18.14)  0.81 (1.90) 689 (100)  4.47 (5.07)
P-value - 0.14 - - - 0.77 - 0.15
D, Regular ULV 486 (81.00) 3.52 (4.08) 10 (1.67) 0.08 (0.92) 104 (17.33) 0.75 (2.00) 600 (100)  4.35 (4.97)
SID-ULV 286 (80.34) 1.86 (2.81) 2 (0.56) 0.02 (0.13) 68 (19.10)  0.44 (1.00) 356 (100) 231 (3.07)
P-value - 0.00" - 0.40 - 0.10 - 0.00"
D> Regular ULV 371 (82.26) 2.69 (3.43) 0 0 80 (17.74) 0.58 (1.73) 451 (100)  3.27 (4.11)
SID-ULV 301 (81.57) 1.95 (2.95) 1(0.27) 0.01 (0.09) 67 (18.16) 0.44 (1.10) 369 (100) 2.40 (3.24)
P-value - 0.05" - 0.34 - 0.39 - 0.05"
D¢ Regular ULV 348 (77.68)  2.52 (3.90) 0 0 100 (22.32)  0.72 (1.91) 448 (100)  3.25 (4.80)
SID-ULV 401 (79.56)  2.60 (5.01) 0 0 103 (20.44)  0.67 (1.50) 504 (100)  3.27 (5.54)
P-value - 0.88 - - - 0.78 - 0.97
Total (% of all species) 3161 (80.56) - 13 (0.33) - 750 (19.11) - 3924 (100) -

: P-values reported are the results of independent sample r-tests weighted by number of houses per cluster (138 houses for regular ULV and 154

houses for SID-ULV).

3.0
Regular ULV
o —SID-ULV
22
3 251 *e
I
S 201
~g
K}
S 1.5
L)
:2,"
2
< 104
0.5

T T T 1 T T 1
D; -0, @) Dy -Ds-D, D, D, D,
Figure 2. Variability of average number of female Ae. aegypti per house
after SID-ULV versus regular ULV spraying.
*: Significant difference in vector density compared with the base values of
the same group (D_») (r-test, P < 0.05); *: Significant difference between
groups (t-test, P < 0.05).

In a comparison between the two groups (ULV and SID-
ULV) on the same days, the only statistical significance was
found on D where the HDI increased in the regular ULV group
but decreased dramatically in the SID-ULV group.

Table 2
Comparison of parity status of female Ae. aegypti collected between
regular ULV clusters and SID-ULV clusters.

Day of collection Parity status Regular ULV SID-ULV P

n (%) n (%)
D_, Parous 68 (38.4) 86 (37.1) 0.28
Nulliparous 8 (4.5) 939 035
Undetermined 101 (57.1) 137 (59.0) 0.09
D, Parous 90 (36.6) 37 (27.8) 0.14
Nulliparous 12 (4.9 11 (83) 095
Undetermined 144 (58.5) 85 (63.9) 0.37
D> Parous 61 (36.1) 55 (37.4) 0.51
Nulliparous 8 (4.7) 10 (6.8) 0.18
Undetermined 100 (59.2) 82 (55.8) 0.52
D¢ Parous 46 (34.9) 59 (36.2) 0.50
Nulliparous 5(3.8) 6 (3.7) -
Undetermined 81 (61.3) 98 (60.1) 0.91

P-values reported are the result of independent sample r-tests weighted
by number of houses per cluster.

3.4. Comparison of parity status

Female Ae. aegypti from regular ULV group locations (724)
and SID-ULV group locations (675) were dissected to examine
their ovaries. The PR status of the females dissected was
classified into 3 types, parous, nulliparous, and undetermined
(Figure 3). Table 2 summarizes the differences in parity status
between treatment groups on the day after spraying. None of

Figure 3. Types of parity status of dissected female Ae. aegypti.

A: Parous (ovaries that have completed at least one gonotrophic cycle); B: Nulliparous (ovaries that have not completed a full gonotrophic cycle); C:

Undetermined (Christophers' stage III or IV of oocyte and gravid females).
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the groups had a PR of less than 10% and no significant dif-
ference was detected between the two groups at any of the time
periods.

4. Discussion

Our study demonstrated that SID-ULV spraying transiently
decreased the density of, but did not eliminate, Ae. aegypti in the
first few days after spraying, but the resurgence to baseline
density followed within one week. On the other hand, regular
ULV spraying did not reduce the density but was followed by a
possibly transient increase of Ae. aegypti density. Based on
mosquitoes collected at sites treated with both types of spraying,
a high percentage of the mosquitoes were parous throughout the
monitored period.

The finding of only a small change in mosquito density after
spraying raises several questions. The bio-assay conducted in the
laboratory revealed high susceptibility, and the previous studies
of natural resistance to deltamethrin in Songkhla by DPC-12
reported that deltamethrin induces the specified level of sus-
ceptibility (> 98% mortality).

The rebound effect of new mosquito populations may reduce
the effectiveness of space spraying, because space spraying is
not effective in controlling immature mosquitoes. There is need
for integrated control approaches including spraying combined
with environmental management since otherwise space spraying
may not be sustained over long periods [7.10]. It is notable that in
this study, there were minor increases in the percentages of
emerging nulliparous mosquitoes after spraying.

Thus it is likely that resurgence can be due to immigrating
mosquitoes. When exposed directly to deltamethrin, the major
behavioral responses of Ae. aegypti are contact irritancy,
increased movement and flying 17, and rapid flight escaping
from sprayed areas to unsprayed areas [18]. After space
spraying, exposed or unexposed mosquitoes immigrate from
untreated areas back to treated areas [19. The behavioral
responses of mosquitoes to pyrethroids are likely to cause a
reduction in the effectiveness of space spraying, and the
association  between these phenomena needs further
investigation [20.21],

In addition, the urban environment in which this study was
conducted, with high house density, is likely to play an impor-
tant role in the high resurgence rate of dengue vector populations
and thus in efforts to suppress vector populations, because the
externality effects of nearby unsprayed houses can reduce the
effectiveness of space spraying. This suggests that intensive
space spraying should be conducted in urban areas.

This study shows that the resurgence of dengue vectors after
space spraying in urban areas is rapid, and within 6 days of
spraying, adult Ae. aegypti populations returned to their base
value. SID-ULYV is an effective method of space spraying which
has greater potential to control adult dengue vector populations
than regular ULV spraying. However, SID-ULV spraying or
regular ULV spraying applied as a single intervention to sup-
press dengue vector populations may be an ineffective measure
and the externality effects on nearby unsprayed houses requires
further study.
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Graphical abstract Abstract
d areas of ficide spraying This study aims to demonstrate a spatial clustering approach for identifying risk
I households of dengue virus infection during the period of insecticide spraying-ultra
' ' low volume (ULV). All households located within 100 m radius of spraying area were
s""""m"’m‘ Ovitraps survey recorded with geographic coordinates and divide into three groups of spraying
y (Before and offer spraying. E
[After spraying. with geo- with gec-located point (unsprayed, only outdoor and indoor plus outdoor sprayed house). A total of 45
Seedponay data) households with geographic coordinates, were randomly selected to monitor
l ovitrap index, the percentage of positive ovitraps and the number of eggs per trap,
:"";"Iy""h“g, e s in pre- and post-ULV spraying. Application of spatial analyst tools and spatial
sprayed houses of ovifrap statistics tools in ArcGIS 10.1 were used to determine mosquito density and identify
L et collections risk households using ovitrap index. The prediction maps of Aedes aegypti vector
{Global Moron's | analysis) R poue .
ocl ot Lol abundance were illustrated by kriging technique. Base on the results, the cluster of
Density of g Ae. aegypti populations were detected on four day after the spraying. This finding
sprayed areas Dibumonof shows the significant spatial pattern of dengue vector populations which may
(Kene dorsiy spraying cause high risk areas of dengue virus infection after insecticide treatment. This
ol Disioufion of dengue methodological framework could be used for improving the strategy of dengue
mosquito population vector and outbreak control. The spatial association between dengue vector and
Risk households of dengue virus Infection the coverage of space spraying requires further study.
Keywords: Spatial clustering, Aedes aegypti, Dengue, Ulira low volume, Ovitrap
© 2016 Penerbit UTM Press. All rights reserved
1.0 INTRODUCTION control [1]. However, there were insufficient
evidences that the insecticide spraying is the
At dengue outbreak areas, space spraying, thermal effective way to prevent dengue virus infection [2]. In
fogs and ultra low volume (ULV), is the major method addition, human health and environmental impact
to reduce dengue virus fransmitted mosquito, adult of chemical spray to control dengue vector has
female Aedes aegypti, populations using insecticide become the public concerns [3].
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Behavioral avoidance to insecticides of mosquitoes
may reduce the effectiveness of chemical vector
control measures [4]. In laboratory, a small number of
ULV droplets with sub-lethal of synthetic pyrethroids
on mosquito bodies cause immediate excitation
movements of flying mosquito, increasing duration of
fight and speed [5]. After insecticide treatment, the
immigration pattern from untreated to treated areas
of Ae. aegypti populations were detected [4].
Similarly on previous study, it has been presented that
the recovery of adult female Ae. aegypti population
density after the spraying in the endemic urban area
is rapid within a week [7]. Thus, it is possible that the
actions of ULV spraying on mosquitoes not only the
direct toxicity (knockdown/death) but also the
excitation or repellency, which may play a critical
role to improve chemical control intervention of
fransmitted dengue mosquitoes [4, 8]. The escape
effect of external ULV spray which may cause high
risk of dengue virus infection in the group of
households without spraying with rapid immigration
of transmitted mosquitoes from treated houses is still
lacking.

During dengue outbreaks, the prioritized areas of
proactive vector control with high or low risk of
dengue fransmission were determined using the
Priority Area Classification (PAC), the mapping
approaches of entomological indices [9]. Ovitrap
Index, the percentage of positive ovitraps and the
number of eggs per trap, is the entomological
parameter of Ae. aegypti to assess the impact of
insecticide spray treatment [10]. The predict map of
Potential Breeding and Resting (PBR) sites of Ae.
aegypti was generated by total egg numbers of
ovitrap using spatial autocorrelation, Moran's Index
and hot spot identity [11]. The ovitrap survey was
used to estimate the spatial risk of urban dengue
infection using a geographic information system (GIS)
[12]. Moreover, the study of a space-time clusters
analysis shows that vector monitored by ovitrap and
mosquito trap can use to predict the risk of dengue
fransmission [13].

The objective of this study is fo develop a spatial
clustering method to identify households within
dengue transmission risk areas after insecticide
spraying, by using households and ovitraps survey
data (Figure 1).

2.0 EXPERIMENTAL

2.1 Ethics Statement

The study received approval from the ethics
committee of Prince of Songkla University, Thailand.
The Ethical Protocol number is 57-068-19-9. All
respondents signed an informed consent form.

2.2 Study Site

The study site (7°12' N, 100°36"' E) with tropical
monsoon climate, is located in Songkhla province,

lower southern Thailand. Songkhla City municipality
was divided into 32 communities, 26,000 households
with population of 71,000 people and density of
population of 7,400 persons per sg. km. in 2013.
Thasaan community of Songkhla City was randomly
selected as study site with population of 4,074 people
and 1,513 households.

Targeted areas of Insecticide spraying
I

Sprayed households Ovitraps survey
survey (Before and after spraying,
(After spraying, with geo- with geo-located point

located point data) data)

Spatial cluster l

Clustering of sprayed

analysis of houses Clustering analysis
sprayed houses — | of ovitrap
(Global Moran's | collections
analysis) (Global Moran's | analysis)
(Local Moran's | analysis)
(Hot spot analysis)
Density of
sprayed areas Distribution of
— il ticide
analysis T
(Kernel density speaying
ssimdiion) Distribution of dengue
mosquito population

Risk households of dengue virus infection

Figure 1 The methodological framework of spatial clustering
approach to identify the risk households of dengue virus
infection

2.3 Spraying Operation

Base on guideline of WHO [14], the hand-portable
ULV generators (Fontan Portastar S, Germany) and
chemical (Deltamethrin 2% w/v) were calibrated at
the Office of Disease Prevention and Control 12
(DPC-12) before the space spraying of insecticide for
prevention and control of mosquito vectors were
carried out by DPC-12 staff. The spraying area cover
all households located in a circle of 100 m radius.

2.4 Ovitrap Collection

Base on guideline of WHO [10], the oviposition
activity of adult female Ae. aegypti populations in
treated area were monitored at pre- and post-space
spraying by using infusion-baited ovitraps. A total of
45 households were randomly collected ovitraps in
March 2014. Ovitraps were placed indoors (living
room, bath room or kitchen) and outdoors (sheltered
areas) of houses. Ovitrap collections were performed
and replaced at the same time every two day on
day of spraying (D0O), and after 2 (D2), 4 (D4) and 6
(D6) days of spraying in the same house. The
percentage of positive ovitraps and the number of
eggs per trap were counted in the laboratory with
the aid of a magnifying glass at Faculty of Medical
Technology, Prince of Songkla University.
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2.5 Spatial Clustering Analysis

To display and analyze spatial data of households
and ovitrap survey we used Spatial Analyst Tools and
Spatial Statistics Tools [15] in ArcGIS 10.1 (ESRI
ArcGISTM, Redlands, CA, United States) with high-
resolution satellite images from Southern Regional
Geo-Informatics and Space Technology Center,
Faculty of Environmental Management, Prince of
Songkla University.

2.5.1 Spatial Clustering Of Sprayed Houses and Area

The spatial analyses were carried out on dataset of
geo-located houses in spraying areas. To determined
the distribution of sprayed houses, we used Average
Nearest Neighbor Analysis fo calculate mean
distance of houses, and to identify the location of
cluster or hotspots of significant sprayed houses
(unsprayed, outdoor sprayed and indoor plus
outdoor sprayed houses) by using Cluster and Outlier
Analysis (Anselin Local Moran's 1) [15]. We used Kernel
Density to calculate and display the density of
sprayed areq.

2.5.2 Spatial Clustering of Ovitrap Collections

To determine the distribution of ovitraps, we used
Average Nearest Neighbor Analysis to calculate
mean distance of ovitrap collected houses. We used
Hot Spot Analysis (Getis-Ord Gi*) to identify
statistically significant hot spots and cold spots of
number of Ae. aegypti eggs, and to identify the
location of hotspots by using Cluster and Outlier
Analysis (Anselin Local Moran's 1). To illustrated the
spatial pattern of Ae. aegypti eggs, we used Kriging
Interpolation to create prediction maps [15].

3.0 RESULTS AND DISCUSSION
3.1 The Mosquito Oviposition Survey Data

A total of 253 ovitraps, comprising 124 (49%) indoor
ovitraps and 129 (51%) outdoor ovitraps, were
collected with the percentage of positive ovitraps of
53 (indoor traps) and 47 (outdoor fraps), and the
mean numbers of Ae. aegypti eggs per trap (SD) of
14(24) indoor traps and 14(37) outdoor traps. In a
comparison between the two places (indoor and
outdoor) of ovitrap, there were not significantly
different.

3.2 Spatial Cluster of Sprayed Houses

A total of 444 houses, comprising 208 (46.8%)
unsprayed houses, 70 (15.8%) only outdoor sprayed
houses and 166 (37.4%) indoor plus outdoor sprayed
houses, located in Thasaan treatment area. Global
Moran's | analysis of study sites revealed that types of
sprayed houses was significantly clustered (Table 1).
The result revealed that high coverage of indoor

insecticide spraying as vector control intervention
need more community involvement with awareness
of household owner to allow inside house spraying.
Because indoor sprayed was more effective to
suppress the transmitted mosquito [16], two clusters
of households (unsprayed and only outdoor sprayed)
likely be still habitats of Ae. aegypti mosquito which is
risk areas of dengue infection after conducted
space spraying.

Table 1 Spatial characteristics of houses and ovitraps survey
data in Thasaan community

Spatial characteristics of survey data Thasaan

Data of collected ovitrap houses
Number of collected ovitrap houses 45
Mean distance to the nearest neighbor (m) 18.1

Data of sprayed houses

Number of sprayed houses ( 100 m radius) 444
Number of unsprayed houses (%) 208 (46.8)
Number of outdoor sprayed houses (%) 70 (15.8)
Elumber of indoor plus outdoor sprayed 166 (37.4)
ouses (%)
Mean distance to the nearest neighbor (m) 5.6
Global Moran's | analysis of sprayed houses

Moran's Index 0.04
Z-score 207
P-value 0.04
Spatial pattern of type of sprayed houses Cluster

3.3 Distribution of Insecticide Spraying

As Figure 2 (A) shows, the maps of high and low
value of indoor sprayed houses was determined by
using Anselin Local Moran's |, and displayed spatial
pattern by using Kernel density analysis. The method
can be help to visuadlize the spatial distribution of
insecticide sprayed. In the next study, to improve the
method meteorological factors such as win speed
and direction should be use to determined the
density of insecticide sprayed [17].

3.4 Distribution of Dengue Mosquito Population

Result of Global Moran's | analysis, there were only
significantly clustered of Ae. aegypti eggs after
space spraying on D4 (Table 2). In addition, the
number of hotspots was detected throughout the
follow up period, but little locations of hotspots were
identified.

As Figure 2 (B) shows, the distribution of Ae. aegypti
mosquito populations were estimated by using
Kriging Interpolation of the number of Ae. aegypti
eggs per frap by days.
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Ovitrap has the potential for predicting adult
mosquito abundance [18]. As Table 2 shows, adult
female Ae. aegypti mosquito activity were cluster
detected within four days after ULV spraying. The
spatial cluster of adult mosquito abundance was
presented by the prediction map (Figure 2 (B)). Base
on result, the escape effect of external ULV spray
likely play a role in the spread of transmitted
mosquito and required further investigation.

Table 2 Spatial distribution of Ae. eagypti mosquito after
spraying by day of collections of ovitraps in Thasaan study
site

Spatial analysis of
Day of number of Aedes

< Thasaan
collection  aegypti mosquito eegs

per traps Indoor Outdoor

Global Moran's | analysis
(Cluster detected?)
Local Moran's | analysis
(Number of clusters)

Hot spot analysis
(Number of hot spots)

No No

Global Moran's | analysis
(Cluster detected?)

D, Local Moran's | analysis ) 2
(Number of clusters)
Hot spot analysis

(Number of hot spots)

Global Moran's | analysis
(Cluster detected?)
Local Moran's | analysis 2
(Number of clusters)

Hot spot analysis
(Number of hot spots)

Da

Global Moran's | analysis
(Cluster detected?)
Local Moran's | analysis
(Number of clusters)

Hot spot analysis
(Number of hot spots)

D¢

3.5 Risk Households of Dengue Infection

Mapping of risk households of dengue infection were
demonstrated in Figure 2 (C) by using overlay analysis
of the spatial clustering maps (insecticide spray
density map, sprayed houses map and distribution
map of Ae. aegypti after spraying). To identify high
risk households of dengue virus infection, house
constructed with corrugated iron sheet and full
windows screened [19], and house without being
insecticide sprayed were key factors of dengue risk
identification.

The results and maps (Figure 2) showed that the
spatial distribution patterns of dengue vector after
insecticide spraying were significant difference from
the baseline. The recovery patterns of Ae. aegypti
populations were found to be significantly clustered
in households located near the border of spraying
area within four days after space spraying. In
addition, the map revealed that all unsprayed

houses located within detected cluster of Ae.
aegypti populations could be high risk of dengue
virus infection after conducted space spraying. The
finding of clustering pattern of dengue vector may
be related to the behavioral responses of mosquitos
to chemical control [4] and environmental factors,
housing and man-made breeding sites [1, 16].
However, the limitation of the study was the number
of study site. This suggests that the spatial correlation
between dengue vector density within insecticide
tfreated areas and environmental factors need
further study.

(A)
Mapping of Insecticide spray
density vs houses from which
ovitraps were collected

. Houses from which
ovitraps were collected

e Houses

Insecticide spray density
(Kemel density)

(B)
Mapping of distribution of Ae.
eagypli mosquito population after
spraying by Ovitap Index

® Houses

Spatial pattem of Ae. cegyphi
population (four days affer
spraying)

(Kriging interpolation)

High

(C)
Mapping of clusters of risk
households of dengue infection
on four days after spraying

& Unsprayed houses
(High risk)

Only outdoor sprayed
houses

Indoor plus outdoor
sprayed houses

Detected areas of high
density of mosquito
population

Figure 2 Set of maps showing the results of spatial clustering
analysis of the study, A: Mapping insecticide spray density
vs houses from which ovitraps were collected, B: Mapping
of distribution of Ae. aegypti population after spraying by
ovitap index, C: Mapping of clusters of risk households of
dengue infection on four days after spraying



102

77 Kuaanan Techato et al. / Jurnal Teknologi (Sciences & Engineering) 78:5-3 (2016) 73-77

4.0 CONCLUSION

This study demonstrated the use of spatial clustering
analysis to predict risk households of dengue virus
infection in endemic urban area after insecticide
spraying measure using ovitrap index. The spatial
approach can be applied to identify the high risk
area of dengue virus infection in household scale
which is informative data to reduce and control
dengue outbreak in community level. In addition, this
method could be use for improving the coverage of
space spraying application. The spatial and temporal
risk factor analysis can be potential tools for
developing the local strategies of dengue prevention
and control [20]. However, the spatial association of
dengue vector populations, environmental factors
and the coverage of insecticide spraying require
future study.
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Variability of entomological parameters of the dengue vector Aedes aegypti
populations after standard indoor ultra low volume (SID-ULV) versus regular
space spraying in an urban area of lower southern Thailand: a cluster-
randomized controlled trial
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FIIUNFIANTBUTINNIUA 481 183 Ty 12 YUYW VBUNAUIAUATAIVA

lsunisdsauuuasunuies msrualilesazdeaiionuaNgsatanvsldideonsanly

vy s vasdennwmisng 1

A5719 1 PIWIULUUADUNITLATUNITANITID 12 YUYW IMAUIAUATAIAN

a1y VoyuYY MUIULUUFBUNY
1 nlus 38
2 LA 40
3 a1y 45
4 UDNAIU 34
5 VDU 43
6 YUY 33
7 salaiaun 43
8  2751908A 43
9 JaRe173917 43
10 EINGE 40
11 ALY 37
12 deassiny 42
394 481
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Tngludnnugpeuiuvasunuviaviun 481 au fo1gegludiewas 11 f9 93
U Ingdulvgjeglunguenayaa 40 fa 60 U (anmdl 1) wazdiulugiumandgs 344 au
(71.5 %) wiege 137 A (28.5 %)

807 Mean =48 26
Std. Dev. =18.089
N =481

n
(=]
1

Frequency
8
1
|
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1 ol

o T T T T T T
o 20 40 60 80 100

DY

WA 1 Histogram NENeYYBIEABULUUEDUNY

Hnaukuuasundlagdulngiiainsfnnnseiuuseaudne Jeeay 39.3
JeN@ANADTEAUUIYYIATVTREINIT Teuay 19.8 AIRNT1eN 2

M3199 2 SEAURIN AN YRR UL UUARUAY

SERUANTANEN MUY Souay
Tallgiseu 24 5.0
Uszaufnw 189 39.3
ispuAnwInaUAY 71 14.8
ispfnwInaulane/Ua. 65 135
aulsy /U 37 7.7
U3Syayn3visegend 95 19.8

33U 481 100
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Aneukuvasuaslagdulvgiondnevievsedseneussiadiudl Teuas
33.5 sesaunAewUIY Sevay 23.3 9M13199 3

M31991 3 D IANVBIEMBULUUADUNY

YN U Sovay
Un@nw 46 9.6
wainu 112 233
Sudraily 94 195
A1UE/§31A 161 33.5
WUNIULDNBU 15 3.1
JUS1IMS/3TIEUN/ BUn. 21 4.4
INBATNT 3 0.6
Uz il 0.8
Jug 25 5.2

33U 481 100
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e 12 yavulagadulngSevay 75 Insmingdudiuseu lnsguvudiuuu

AnTeua 65 Mataualunsei 4

M399 4 Sevarvain1smingslutiuTauveIguvy

simsmdngslutiuinniigainsesay 90 dyuvuridlaiauiinismdngsudiudes

lifimsindagslutie  dnsidegsludiu

feu Yeyuwu Y Sewar  dwou Fewax 594
1 nlus 7 18.4 31 81.6 38
2 LA 6 15.0 34 85.0 40
3 AGERRY 8 17.8 37 82.2 45
4 usnaEIu 10 29.4 24 70.6 34
5 VB 19 44.2 24 55.8 43
6  Uuuu 3 9.1 30 90.9 33
7 sulavaun 15 34.9 28 65.1 43
8  W1eyd 14 326 29 67.4 43
9 oS ERETRL 10 23.3 33 76.7 43
10 ntuiema 8 20.0 32 80.0 40
11 a1 10 27.0 27 73.0 37
12 dedszing 10 238 32 76.2 42
394 120 24.9 361 75.1 481
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e 12 yuvulesdiulugSesas 26.4 Ansldergaiugaienidngsly

tuiseu sesmanlawnmslde@newiinnssdonalsdsosas 23.4 uagnsiefilivea Sovas

15.9 muasiu dedeyalunisned 5

M3197 5 Jegazvadionsmuaukasindngsaeluinuinedy

SasavvesdisnisaduAuuazidngsanelutuinends

4
W Eee 1 o 1l 14endn
v Um Wdes  fo Wiu v 9a dem Ter  gevilla
o fu §a Yu  @n  Gn fMu Be fuge  nszdes
fdu  Foyuwu e gmir  wuefiBe edl Wi WA me T WA eusd Buq
1 nlus 159 23 0.0 00 00 00 500 136 23 13.6 2.3
2 s 24 24 0.0 00 24 24 571 24 143 167 0.0
3 VRGERRD 12.5 6.3 0.0 0.0 0.0 0.0 354 16.7 2.1 27.1 0.0
4 uenau 184 53 2.6 00 26 26 105 132 26 421 0.0
5 Yautum 9.1 9.1 0.0 00 00 00 333 121 3.0 303 3.0
6 SIRIT 28.9 6.7 0.0 0.0 2.2 2.2 26.7 20.0 4.4 8.9 0.0
sala
7 e 236 55 0.0 00 00 00 200 145 7.3 291 0.0
8 ’J‘QZJSWE]EJ@ 22.5 7.5 0.0 7.5 0.0 0.0 32.5 7.5 5.0 17.5 0.0
TudTs
9 wm 83 4.2 0.0 00 21 21 167 333 0.0 250 83
10 Jafemses 211 8.8 0.0 00 1.8 1.8 158 175 35 21.1 8.8
A
11 89 13.0 185 1.9 19 00 00 167 185 1.9 222 56
12 easzinw 125 14.6 4.2 00 21 42 125 167 2.1 292 21
59 159 7.8 0.7 07 1.1 1.3 264 159 4.0 234 2.7
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2. YoyadnuusneauleialIndoNvRIYNYUL AL VAT Y
2.1 dnuaznenInvastiiulas Inande

Snwniivnendedis 12 gy AldFunisasuniulasdiulngfosas 62.2
Huthuie: Tnssesaandufinumdosar 274 (Fedoyalunisnsi 6) lnsfidsvomdsan
Boudldsumsaouauegluwsyiunesauaziuniiliuesaneqfufio fovas 47.8 uaz 42.6
Tnefiwdesoglughunsmdvdviofuneiidosar 7.9 Sethuilldsunsasunalasdaulg)
iinenduegrafenfesas 74 sesasnidunsliinendouazuszneunsmdudfisosay
25

A3 6 SevarvosdnuETIine ey 12 uwu Nlasunsaeuaiy

deugnadnalal
g dufen finwan nlend awInsTuv
%ou fou oy Soy Soy
19U wNYW WU A WU ar MWW @Ay WU ar WU ar 3
1 nlus 0 0.0 33 88 5 132 0 00 0 00 38
2 LA 2 5.0 37 92.5 1 2.5 0 0.0 0 0.0 40
3 VRGEOR] 2 4.4 32 71.1 10 22.2 1 2.2 0 0.0 45
q UDNAIUY 0 0.0 19 55.9 14 41.2 1 2.9 0 0.0 34
5 Yaudum 2 a7 35 81.4 6 14.0 0 0.0 0 00 43
6 vy 0 0.0 29 87.9 2 6.1 0 0.0 2 6.1 33
ulla
7 U 5 11.6 17 39.5 13 30.2 8 18.6 0 0.0 43
8 Uvwess 0 0.0 39 90.7 2 4.7 2 47 0 00 43
ENERRRN
9 U1 0 0.0 10 23.3 31 72.1 2 4.7 0 0.0 43
10 aduinea 1 2.5 12 30.0 18 45.0 9 22.5 0 0.0 40
AN
11 g9 0 0.0 17 45.9 15 40.5 5 13.5 0 0.0 37
12 Joaseiny 0 0.0 21 50.0 15 35.7 5 11.9 1 2.4 42

33U 12 2.5 301 62.6 132 27.4 33 6.9 3 0.6 481
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msandsanduismsuiislunmsdosiugadr i unaziosind g Tnediu

IngiSevar 53 Wldfnann Aadulainensionou Sevay 32.6 TWesiovay 14.3 N6in

FeaanyNYeetny BeuruinledTeunildnsinsingdsalnuiniign drugususiula

Wunigns1nsindiaiaieefian Aweyalunisien 7

M399 7 Sevarvainsindadnluiiinende

Angfeananie

Liifindfsadn Visuau Anglsadnnniiag
Wy Yayuvy . Fewar  Fwau Fewar  dwau Sewar 99U
1 Alus 25 65.8 13 34.2 0 0.0 38
2 21 525 16 40.0 3 7.5 40
3 Wihazeu 27 60.0 14 31.1 4 8.9 45
4 UaNFIU 15 a4.1 13 38.2 6 17.6 34
Uauim 35 81.4 7 16.3 1 2.3 43
6 UIuuu 16 48.5 17 515 0 0.0 33
7 sulawaun 38 88.4 5 11.6 0 0.0 43
8  2Wweyd 20 46.5 17 39.5 6 14.0 43
9  Tudwrisam 12 27.9 14 326 17 39.5 43
10 detfensna 11 27.5 20 50.0 9 22.5 a0
11 maihey 15 40.5 10 27.0 12 324 37
12 easziny 20 476 11 26.2 11 26.2 42
37 255 53.0 157 32.6 69 143 481
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2.3 Fayamsinuinldluiivinende

msnifuildludidnendedutladondsiienadelifaund wmneiusygsans
Tuthuld ddaedulngfevas 57.6 Tmsinfivilneneuiila d1udns1nsinEu
Tnenvuglaifhlnegiisosar 21 Fegumuthuvuidasnmsinmsinduiilas ausiiida
snnftan A nasanuiidannisinfuilas nsugldfi Uauaniian (Fdoyalu
P39t 8) 91nnsdrsraT 12 guvn wuilaednlvgSesar 80 14thuszUn sesasundes
av 16 1Hhiuima Tasymutoutaiuassulafannisnmnsldiianeviaaunnds
Buudue

] 1 v & H ) o
f1379N 8 3@8@3‘?]’&]\‘1ﬂ’1iﬂﬂLﬂUUWisﬂuWWﬂaﬁﬂﬁJ

. finsiniiusinlag fmsinifiuinlag
laifinmsinifuda avugldfinta AuziicUa
anu doyuwu  dwou  Fewar  dwou  Jewaz  Swau Fewar v
1 nlus 0 0.0 6 15.8 32 84.2 38
2 WAL 7 17.5 5 12.5 28 70.0 40
3 Mz 13 28.9 6 13.3 26 57.8 45
4 UBNEIY 10 29.4 6 17.6 18 52.9 34
5 UBuU T 21 48.8 9 20.9 13 30.2 43
6 U 1 3.0 2 6.1 30 90.9 33
7 s lasaun 22 51.2 7 16.3 14 32.6 a3
8 WIeue 4 9.3 13 30.2 26 60.5 a3
9 TUTTIIV™N 4 9.3 10 23.3 29 67.4 43
10 “dedeusea 5 125 11 27.5 24 60.0 40
11 FNAIRINY 9 24.3 10 27.0 18 48.6 37
12 edszing 7 16.7 16 38.1 19 45.2 a2

33U 103 214 101 21.0 277 57.6 481
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- A o v & [ = A J Y a ' v ¢
ﬂ']ﬁi%‘U']EJ‘U']“UEN‘V]‘WF]E]']ﬂEJL‘Uu{jﬁ]"i]EJ‘V?‘LN‘V]E]']ﬁ]ﬂE]IMLﬂG]LLWﬁQLWW%WUﬁENa']EJELL!

tuld FelaediulngFesay 56.1 Iszuuviessunetaldliundy Fwusuialeriawnifens)

sruvviesTusAliiunTanniian dugusuiidiiiuinendelidnsinislifissuuvie

5 a v v =
i%‘UﬂEJUW@J’mVlEjﬂ (m‘ua;&aiumi’ldﬂ/l 9)

AN 9 SPYATVDINITIZUIYUNVRINNN DA

Tiigiszuuvie fszuuviaszune Hszuuiioszune
svuneth Pruagivhde dlaisidhde

a1y voyuwy iy  Fewar dwou Fewaz  dwou Fewaz 5o
1 nlus 5 132 18 47.4 15 39.5 38
2 WAL 11 27.5 12 30.0 17 42.5 40
3 ey 8 17.8 18 40.0 19 42.2 45
4 Uanau 3 8.8 15 44.1 16 47.1 34
5 UauTum 10 23.3 12 27.9 21 48.8 43
6 UTUUU 5 15.2 10 30.3 18 54.5 33
7 slawaun 6 14.0 9 20.9 28 65.1 43
8 Ieue 8 18.6 16 37.2 19 44.2 43
9 JuTeriaun 4 9.3 5 11.6 34 79.1 43
10 Jedeusea 4 10.0 7 175 29 72.5 40
11 manen 3 8.1 6 16.2 28 75.7 37
12 deaszing 2 4.8 14 333 26 61.9 42
394 69 14.3 142 29.5 270 56.1 481
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2.5 dayamsnuladensdanindaniidessen1sfi aunaauwiziugesludiuuasyusu

msdamsyaslesludiinendoidudadendeiienaneldAnund wnieius
gaanglutuld annmsdisaais 12 gumu Tnedlvgdesar 92 Insidayaresluduiin
odelaemmunadugliiins waslimsmidnesheisugievas 8 dndadomeduinden
fidswensiaundameiugyduthusaggursu Feloyalupaed 10) aansaaguldsd

2.5.1 Yadunsnuyaregluuiaminendy

nswuyaregluuinamine dens 12 yuvuegnsevay 16.2 lngnuinyuvy
indsdinsnugasgluusnauminenduinniigniiensiesas 30 diuguvuuenaunuey
Nganosay 2.9

2.5.2 Yadunasnaviefiusiusayaneeluguwy

A A e ] 1y !
wiasisvsaiiuTIuTILanesluYung 12 yyuegiisevay 14.1 Tagnuin
AneunuuaaunugNruindeyimaldssuihdinsunasians etiiusiusiuyadesluguyud
Jnsnsesaz 30 duguruinuuuinsssyiuaivseususgaes luguyunulae

9
s dw
nannsevag 3

2.5.3 U399 SNUg9Tagumn iU RN e fey

[

MsnuEesasuRmluUS Ui Auve 12 Yusuegiisesas 5.8 Tagwuii
uyunlusIn Inueasagudimluusnaninerfesnniigandnsisesas 15.8 druguyuuen
aukariaderinlinusasudinluusnaiivnedy

2.5.4 999959 naI UL aULAYINUTDINTEANS LS RN Fe

MsInaIugoukaraTUTRINTEsluUsUNine A 12 yuvuedNTeuas
25.4 Tngnuingueuinde i limsnun sInaIug aukara1uT0In T a1 SluuT TN
pfigInigaiidnsTevay 51.2 dyuruidsivesdnutesiigaisevay 9.3
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M3199 10 Fewaznsnudadennsdauindeunidsswienisiiaunanmeiugeduiiuias
YUY

3

Sovazniswuladenisdanindouidesansiinunaanizwuges

Tuduuasyuyuy
wideiote  enssoeud MIINFILDULAY
Ay Joyuvu nosyarlon \ivyanes fiy UITDINTLAN
1 nlus 18.4 15.8 15.8 13.2
2 LALES 30.0 7.5 2.5 30.0
3 Mayou 15.6 11.1 6.7 20.0
4 UDNEIU 2.9 14.7 0.0 17.6
5 Uaudnm 18.6 4.7 2.3 11.6
6 YUY 24.2 3.0 6.1 18.2
7 salafmiun 16.3 233 2.3 11.6
8 T w08e 9.3 9.3 4.7 9.3
9 eSISTPp kT 14.0 30.2 0.0 51.2
10 Wtesana 22.5 17.5 10.0 37.5
11 AR 13.5 16.2 13.5 378
12 WETTINY 9.5 14.3 7.1 45.2

33U 16.2 141 58 254
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3. YayafiudiAuaf AN3uazngAnsTy Nilden1snuialileyazidsaNanduny

ddenoanvasyuvu
9

ToyamuviAuAR AusiasngAnssl Nilsensiueilesazide alilanluay

Iddeneanvesurulunislduuuasuanuluiuuinasidiulssuiaai (Rating scale) @il

Fomauimun 10 U8 lnefiduldmvuaanininvesmsusaduiu 5 sgau a1uisvedd

WA (Likert) fiadd
SEFUVD DA ALY
laiiusieae1984
Taiiiufne
Taiwdla
=3 (%
WAUAIE

WAUAIEDEN98

ANUNNTNAZLUUYBDIFIADNABDU

Myualivng 1
MAUALAWNAY 2
MRUALAWINAY 3
AMuualminnu 4

MAUALINAY 5

TReTNUgI NS LUAANUIN ST ATEAUAL LU UL AU UDIAT AT UAALIA UV DI

yusamanuietunsnuaiilevasiBeaiiomunuldidensenlundazde Avumdugae

AznuudelUl
AzLULRAY 1.00 — 1.49
AZURAY 1.50 — 2.49
ATLULLRAE 2.50 — 3.49
ALY 3.50 — 4.49

ﬂ%LL‘LAULQa‘IEJ 4.50 - 5.00

wlama1uI
wlama1uI
wUamnan
wlamnan

LUanI1uI

laiiug g8
laiiiude
Taiwadla

=3 v
WiUAe

LAUAIEDEN989
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91015197 11 wanednie 12 gy lwmnauiaunsdasaiiiunig

(X = 3.58, SD. = 1.40) Mmenuailduisiiannsogngaanssinnlutiuasgusueog9lina

InefisneazdenvesgaunuRnuLAe sYUTURIIN 19N 11

3197 11 uanspefsnavdinnlenuuinasguve R auiugusuno n1swun iduas

Panusagesaeiuilutiulasyusuegglang

1. Msnuadidudsnauisaan
geaedaunlutiuna zyavy

agaldma
clayt YUYY Li gy T Awede  SD.  swiudedadiu
wiv . d o
. - o Wiy a9
[2he 3] WU ; o '
) v widla Al @819
289 (2 13] =
a 89
83
1 lus 5 1 4 15 13 38 379 139 Wiusie
2 LANLES 1 1 6 31 1 40 3.75 1.27 WiUE
3 MEYeY 0 5 7 23 10 45 3.84 1.24 WiuE
4 usnaEw 0 5 6 20 3 34 362 141 Wiuge
5 YN 0 1 9 32 1 43 3.77 1.24 WiuE
6  UIUUU 7 7 2 6 11 33 3.21 1.89 laula
7 swlasiaun 1 10 4 22 6 43 351 1.51 Nles
8 Wweud 0 1 11 21 10 43 393 1.17 WU
9 Jueraun 0 9 6 23 5 43 356 1.45 WiE
10 Jeduusea 2 10 6 19 3 a0 3.28 1.69 luwla
11 maiviend 1 4 7 21 4 37 362 1.41 LieE
12 dedseiny 6 13 q 13 6 42 3.00 1.97 ludla
39U 12 YUY 23 67 T2 246 T3 481 3.58 1.40 LAUAQE




124

3.2 mynwaiiluthuuazseuthuiai dageareil AuUasadie Ao guaINvae AUEWN

afeTutnu

NATIH 12 Uanednne 12 yuvu lulvsmmaviauasasvanlinila

(X = 332, SD. = 1.59) Imsviueillutiuwagsaudiuiiemingsaisiiniulasndese

gunmwasauiiinefelutnulnelisnuazBunue 15sAUANLANITULAS LYITUAINITIT 12

3197 12 uansrefsnazdidonuuinasgiuvesdaf iy uvusie nsnuedludiy

wazsoutuieingsaneiinuUasnsiesogynnuesaugnatdeludiu

2. msvualudiuuazsau
trutitefdngeane faany
UaanfenagunmuasauEnn
adeludin

o w . oA AU
[3HI2)0) YUYU s 33U ALRKY S.D. v a
] < UVIAALAU
< . AU
wiw . o v
Y - T wiu  de
[0 1] WU p P '
| Y wila  @qe @819
YUY [ 13] -
a 84
89
1 s 4 22 6 4 2 38 242 247 e
2 s 0 il 7 28 1 40 365 1.34 WAue
3 Yiazeu 2 4 11 24 4 45 353 146 Wiuee
4 usnaEu 0 6 8 17 3 34 3.50 1.50 Taiwula
5 UsauTum 0 2 7 32 2 43 379 1.23 R
6  UIuUU 7 0 3 10 13 33 367 1.54 WiueIe
7 swlawaun 1 13 6 18 5 43 330 1.67 Taiuaila
W10 0 6 12 16 9 43 365 1.39 Wiuee
9 JuIYITIVN 3 13 10 13 4 43 305 1.88 Taiwula
10 adunana 3 11 12 12 2 40 298 1.93 Taiuwla
11 @ 0 7 7 21 2 37 3.49 1.49 Taiwula
12 Jedseiny 8 9 10 11 4 42 286 2.08 Taiula
39 12 YuYu 28 97 99 206 51 481 332 159  aiwdla
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3.3 msviuafisanndngsaneluthusazssauduluduenededndbeuazdniuia

aue

310M15197 13 WAAIIINY 12 Yuyu TUUAmnNAUIa UATAIUaIRUAIY

(X = 3.59, SD. = 1.38) Inmswwpiiioidngaansludiusazseutiuiudunsiosodnd

& v & a A = a [ a =3 ' v =
LaEJQLLﬁSﬁG]’J‘UU@E]UﬂI@EJ@ﬁ’]EJEWLE]EIWU’PNE%@‘UWNZJP]G]LWULLG]@%“Q@J“UU@QW]TNVI 13

3197 13 uanspefsiazdinnlenuuinasguvesdafaiuguvuso nsnuaiie

Mdngeangluthusagseutinududunsesedniibowazdnisinauy

3. maviwadendnesaelu
Tunazsoutnu tYudunse
fadndldssuasdniviindue

d1au YUYY L PR (1 dwads sD. o

s Sy 15 _ VDARN LAY

. - T Wiy d9e

[2he 3] WU . o '
| Y wila  @qe  age
28N (213} =
a 40|
83

1 lus 1 2 10 15 10 38 382 129 \iiiuse
2 NLEd 0 1 8 23 8 40 395 1.15  iusme
3 vihaveu 3 7 11 21 3 45 331 164 lywdls
4 wsnay 0 6 11 10 7 34 353 150  \%iusme
5 YauIWM 0 1 10 24 8 43 391 117  wiuse
6  UuUU il 0 2 16 11 33 391 130  L¥iume
7 swlavaun 1 13 10 17 2 43 314 177 ldwdls
8  Wiwews 0 2 13 18 10 43 384 124  \diue
9  JuIyITavn 0 8 18 14 3 43 328 164 lywdls
10 Jeduueea 0 7 14 16 3 40 338 157 lawdle
11 @mamens 1 il 15 12 5 37 343 155  luwdle
12 Seaseiny 2 6 7 17 10 42 364 143  iusme
39U 12 YUBY 12 57 129 203 80 481 359 138 iusne
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3.4 nsnuaiiveidngsanglutnuuazsauthuasinansialinndeninanssnuse
Aandou wu erguuas Wiy Dudu

91NAN5197 14 wanginge 12 guyy TUAAUIA UATAIVANAUAD Y
(X = 352, SD. = 143) Imsviueiiieddagsasluthulazsevtiuasinai siaiinndned
fransenusedindey Wy viehuas 1ishy Wudu Tnefisvavdenvesseiuai1uanudiu
uasYLYLA I T19T 14

397 14 uansredsnavaiudenuuinasguvesdaAniuyuwuse N snwaLite

mMingaanglutnuuagsouiiuazinaselnnmWinansen udeFWINR oY iU 8% uiad

v
o o [

Y13 W unu

a. maviusafiiefdngeanely
Tunazsautiu AzNadaIsIAd
AnATitNansENURedI LI g ou
Wi gneinuuas Ystu Wudy

o o . EAU
a1y ?111‘11‘14 i 394 Awray  S.D. v o
< VAN AU
< . N%3))
Wiy T . o v
Y - o Wiy aae
[2he13] WY Py '
| v widla  fde  age
YN [2he1d] o
a 89
84
1 nlus 12 24 8 3 338 326 165 liwlla
2 LANLES 0 3 8 21 8 a0 3.85  1.23  iusme
3 VRGO il il 18 19 0 45 316 174 lawidla
q YONEIU 0 9 9 12 q 34 332 165  lawile
5 Repan 0 3 18 21 1 a3 347 147 ludwile
6 TUUY 1 1 5 8 18 33 424  1.06  Wiusme
7 sl 0 13 7 22 1 a3 326 167  luwile
8  Wvwesn 0 0 8 26 9 43 4.02 1.09  wiusme
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1 85 wamthsumealiily 25 ans Seviuludns 1.25
8n3/ 10,000 M1519LURT

AN 3 LEAAINITNAZDU Droplet Bio-assay Test
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