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Taalfidaneandinuiuiymassagueanisanalnauazinlan unieiidanmadeiion
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sosgildsunanszmilasawzasauahiiiyasthaiiulfidensen Imswanniadudmiulsaliidanaan
uiiadufdsiitannadulszansmwmstiasiulsauasamsilislssaed aaneliiinmmasuusadlsa
iinau® masznenaslsnldidaaseniianuduiusiuggma wussnemnnlungay wesdfisluuumsszna
uandafuluudazma® luthgiudiaiumsemuaugsmeduiiumve wsilasiumssanalsaldidoasan
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wuuhaasmsmamasizaslsauuiugiusasdayaiitofiu wazmamansalimamsailoslfuuuiiaas
msnennsainndayafidaiu® fimsmamsaimsialsaldidoneanildiadede o Nuugihodaeis
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wWnzihlsa (Vector) 1i3a (Agent) uazdunnasu (Environment )" Insnumaihiaenginen " uaz
gaieainen > > nlflumsidsunslsaldidanasn Jagiuienumvthnedmumalulagssuuansaumea
ni@aa3 (Geographic Information System, GIS) Huszuuasnimasfiannsatafiu :ausm Sened
wasudankadayaEeiuil wazldimaihinlssandldfumaiaudelse Tumshusuiiaouiiihalsea
madeudelsannmamiuiidsmaslsalduuuiiaed ™ o9 guideisahasdanuuasdaya
Hadeene g Aseninaliialsamnldlumsisussdmsumsmamsalimssznnalsaldidansanssiu
Fawdadifanuminzandmivluudozmenasszmalng aansmiludssgndlddmdumsidausouas

MuxumMsauanlsalaagniivszansnn freaadymmsssunavedlsaldidansen

MIAARaNNUN HTUNIIANY

Aatdandaniadiunumen: 8 3anie leglinszasaseaueguiiuiluudazmae uaziiudanie
d'd v L4 o % = Y A e d‘ Y A 4 YV Y A
nfidayansumuiadesdmsumsiienzilialiidensen lastadenld de dayaihalsaldidanaanain
aiinszsneinen dayeaailenine Ao gl ANNTUFNIANS wasUSnannidy Nnnsugaliaainen®

uazdayalsznnsuesears lasdnd uasanz (2564)”

msiudayaildlumsdnm

dufiumsnunudayenoudasimiaddldifudununs 4 ma s 32 Swie Tudadieu
unneu-wasmen ldun dayagihalsaliidensandauaulsznns (X)) mwasgamgil (X,) dwdae
AMNBUTHING (X,) AaasUsinanidy X,) u,awhLaﬁlﬂﬁmaulﬁﬁiaﬁ’ué’nlﬁqqmﬂ (X,) wpsdl

W.A. 2555-2558, 2555-2559 WAL 2555-2560 {UumuUsdassansumsmuuuigss

MssnsinenengasnIsunng
U 63 adun 2 W - Tguney 2564




Early Warning for Dengue Outbreak in Thailand Chitti Chansang et al.

MFIATEHHILUUIIAB

o = a '3 o U ER A Y A 1

afiumAenzdnuuunaadduudazame Tasmsmemsalfihelsaldidansandauaulszns
(y) wazmsmamsaillamansseunalsaldidanaan [logist ()] Wumudsmy meAsmsiensrionnas
nanaauys (Multiple linear Regression) uazismsinanevioansaladafianinan (Multinomial Logistic
Regression)®"** (l#an Classification cut off t¥nv 0.5) laglalusunsu SPSS®® (1 Method wuu Enter)
PDIIINAIUNUVDITT W.A. 2555-2558, 2555-2559 LAY 2555-2560 EUSUMUUUIIABNMSMANTa
2aNU W.A. 2559, 2560 WA 2562 MNAIAU

nsmansaimsszuauaslsaliidanaan

mylngimdayatadsamdsinnulddadudnldgeans (X)) Hudaunnnau-wgumen
24U W.A. 2559, 2560 AT 2562 2BY 77 WA NAMIUsTIIUANTINUNUTEMINTENMBERIUsEINA
MgszuvnITmnagimans iiamsuszanammisnmnuldaanudanligiaralunniminvesUszina™
Tagldlusunsu AreGIS®” wazihiladegihelsaldidensandauaulsznng (X)) Awmdsgungil (X,)
' - d{y L v ' - a H 1 Py ° [ °
AndsaNuEUENING (X,) wezAimdsUsinanneu (X)) Hrdaunnnan-wgumes dwmduldluuuuiees
tWamsaansaiuadll w.6. 2559, 2560 WAL 2562 YBNNNTNIA

MsHAaUEUTIsTUUM s ARTA A0S

duiiumandaunuiissuuanssumagiicnaafiion3suiisunansmansaildafiuaaie uay
Aenzianuuiudzasmsaamsel losihdays 5 Uadeluy 77 Jawmia Hrudaunnnan-wgune
Tdlunvuiieasmisaszaudasianialundasma waildihluiensidisszuumsaunagimand
ABmsteuiiutoya (Overlay analysis) aesyndsnia Taglidnhminuesudazdmiafu 1 Tasddauly
idlasmsmamsnisaniihelsaldidoneandausuilssnnsnnnheinasdaunas 20 T uazemsmanisal
Temamsszinazeslsalfidanseninnnd 0.5 uennndeulsil Tianhwinsesdmiadiu o wasims
Wisuidigunamsmensaiildiumass Tasmedosazamuuwiuioamsmamsaisadtl w.6. 2559, 2560
WAL 2562 YNNI
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namsRadenimindunuiinsznsdasaunquudasma maa: 8 Sania 1 32 Sania Taady
Jiaiitidayansumutadadmiumsiensilsaldidessan Smiaiidludunmaimenan da dszuih
A0 32889 ALFUNT NS Maauyd Feun uazany’ Saniefiludunuresmawmila fa Muwawes
dhe dedlval Beane weien iy fivalan wasiwesysal Siaidudunuussmensiusanidsaniia
Ao unsnudin Funll vouuiy e anauns uM@IMN guaTIEell wasgiund Saniaiiudununa
mald fa gums szuas Wan naxll 050 Wnae uAsABsTsnnY uasgNHgIoil

KaMaINUNINTayaudarianiadunune 4 Me T 32 Jvia hudauNner-wyumen
Taeldtayagihalsalfidensandausuilszans (X,) Awdsgumgil (X)) Auadsanuiudining (X))
AasUsinanney X)) u,a::ﬂ'wLaﬁ'ﬂf\i’mmlﬁsiaﬁ'uﬁnhiqqam (X,) #2191 w.A. 2555-2558 Aen 37.174,
27.304, 71.229, 74.988 U 4.468 MNMOU BNU W.A. 2555-2559 AN 32.867, 27.535, 70.557, 72.171 Ud
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mani 1 mduwdstadeanugnteeadeunnnan-ngumean vesduwdsythelsaldidensandaudy
Usenns (X)) auadesgamgil (X,) amdsanududuimg (X)) mwdsdFnaniny (X))

wazAdsinnulddanuanldgeme (X)) 2aene 4 Ma

s
229

. ,MA N X, X, X, X, X,
X SD X SD X SD X SD X SD
2555-2558 mﬁa 32 23.859 35.405 26.479 1.478 68.550 3.617 60.731 36.740 2.189 1.445
[GRN] 32 40.308 28.784 27.992 1.404 71.886 4.931 52.913 33.990 6.074 3.037
mi’uaamﬁmmﬁa 32 24.220 34.889 27.251 0.828 65.756 3.242 56.139 34.495 4.658 1.975
sl(ﬁl 32 60.308 60.372 27.494 0.350 78.725 3.212 130.169 70.803 4.950 3.150
ﬂ"ltﬂsﬂ 32 37.174 39.863 27.304 1.015 71.229 3.751 74.988 44.007 4.468 2.402
2555-2559 mﬁa 40 21.127 32.102 26.700 1.546 67.335 4.405 58.192 34.273 2.058 1.526
[GAN 40 36.379 27.139 28.261 1.397 71.483 5.227 51.845 36.540 5.152 3.313
mﬁuaamﬁmmﬁa 40 22.443 31.615 27.459 0.938 65.075 3.250 54.364 31.447 4.450 1.915
SLGT 40 51.519 56.837 27.720 0.572 178.335 3.310 124.282 68.283 6.123 4,273
ﬂ"lm?llil 40 32.867 36.923 27.535 1.113 70.557 4.048 72.171 42.636 4.446 2.757
2555-2560 LWile 48 18.709 29.805 26.770 1.512 67.567 4.229 67.736 40.315 1.980  1.438
[AGRN] 48 31.603 27.097 28.314 1.311 71.673 5.182 62.011 44.294 4.896 3.124

AziupanReNnila 48 19.508 29.574 27.451 0.911 65.513 3.249 60.804 33.251 4.066 2.118

16 48 47.589 53.100 27.651 0.553 79.038 3.508 150.210 98.504 6.163 4.113

Anay 29.352 34.894 27.547 1.072 70.948 4.042 85.190 54.091 4.276 2.698

HamAaNeiuuuhaatluudazmazasmsmamsalfihalsaldidanasndauaulszmns (y)
MeAsMIeNLanoearmaaiuls wazmsmamsallamamsszualsalildanaan [logist(y)] aae3d
msieNzviaaoasladsfanngn dmiul w.ea. 2559 lauuudassmsaanmsalihelsaldidanaan
aaudulsznng (y) dm R? veamawiia manan meazivsaniiaaniia mala I,Lazﬂ"lmaltlwmnﬂﬂ'lﬂ
WAU 0.791, 0.337, 0.718, 0.740 WAL 0.647 MUAAU LULMABIMIMAMIalamansszunalsaliidanaan
[ogist(y)] #f Overall Correct 2a4mawila manan Manziusanidsuviia Mmald wazmndsves
NAMAWINNY 78.100, 71.900, 71.900, 78.100 WA 75.000 MNAGU aaudaslumsed 2

amsul w.a. 2560 lauuunaasmsmamsalgithalsaldidaasandauaulsznns () il R ves
mawiia Manan Mmaeiusaniewniia mala LLasﬁwtaﬁﬂwamnmmﬁﬁu 0.776, 0.361, 0.624, 0.702 LA
0.616 MUMAU LUUIABINMIAAMsailamamssznalsa ldidenaan [logist(y)] 4@ Overall Correct 284
mewila Mana Mmeaziusanidauniia Mmala LLasﬂ'uaﬁ'ﬂwamnmﬂMwﬁu 80.000, 72.500, 67.500,
75.000 U8z 73.750 MUY eauaaslumed 3

dmsull w.a. 2562 lauuunassmsmamsoliihelsaldidansandauaulszans (y) e R’
PRIMALiD MAnaN Manziusaniiaarile Mald LLa:mLaﬁ'mamnmﬂ 0.778, 0.431, 0.651, 0.706
WAL 0.642MNNAAU LUUMBBIMIAMAMIallamamsseinalsalidanaan [logist(y)] i Overall Correct
2p9MAwHaManae Meaiusaniieaniia mala Ltawhl.aﬁ'wamﬂmﬂwhﬁ'u 81.300, 79.200, 75.000,

81.300 LA 79.200 MNSIOU AILFA IUAITNT 4
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mM3Nd 2 uvvhammsmansaldangihelsaldidaneandauaulszans (v) wasiuuiasimsmansol
Tamamsseunnzadlsalildanaan [logist(y)] 79 4 mMa U w.@. 2559

wUUIIABIMIAIANIIAL . wUUIABIMIAIANIIAL
o . o A , Durbin- Overall -2 log
ae ammﬂm‘[’sﬂlmaamaan R Tamanisszunuas I
. Watson v A Correct likelihood
sawaulszang Tsalddanaan
witla y = 4.995X -43.288X, 0.791 2.286  logist(y) = 0.095X, 78.100 24.465
-6.832X,-0.604X - 7.626X_ -0.421X, +0.059X,
+1715.803 -0.053X, +0.207X_ -9.010
RN y = 2.961X -7.287X +3.145X, 0.337 2.197  logist(y) = 0.068X, 71.900 35.150
-0.531X,-13.573X,+167.399 -0.148X, -0.185X,
+0.004X, -0.029X, +14.970
ALIUDDN y = 1.805X +39.221X,+2.298X_ 0.718 1.993  logist(y) = 0.052X, 71.900 28.634
GENTIG) -1.132X,-8.450X,-1027.178 +0.269X, ~0.059X_
-0.032X, +0.086X, -2.147
¥ .
1 y = 1.523X +44.991X,+3.007X, 0.740 1.581 logist(y) = 0.074X, 78.100 25.547
-0.107X,+0.736X,-1382.088 -1.427X, +0.027X,

—O.OOGX4 +0.041X5 +34.607

ARy 0.647 2.014 75.000 28.449

3199 3 wuuasamsmemsaisangihelsaldidansandauauiszmng (y) wazuuuassmsmanisal
Tamamsszunazadlsalildanaan [logist(y)] 9 4 mMa U w.d. 2560

HUUIIBBINITAIANITAL . LUUIBINITAIANITAL
o . o - . Durbin- Overall -2 log
MNe ammgﬂm‘lﬁsﬂmaamaan R Taman1sszunYas L
, Watson o Correct likelihood
pauaulssng Lsaldidanaan
Wila Y = 4.948X -42.192X, 0.776 2.187 logist(y) = 0.150%, 80.000 31.694
-7.684X_ -0.375X, -0.421X, +0.120X,
+4.202X_+1704.680 -0.043X, +0.385X_ +3.484
NaN y = 3.283X -17.887X, 0.361 2.431 logist(y) = 0.084%, 72.500 39.413
+2.416X, -0.620X, -0.336X, -0.198X_
~7.254X_+456.037 +0.002X +0.085X +19.809
MLIUDBN y = 1.830X +15.109%, 0.624 2.726 logist(y) = 0.053X, 67.500 42.176
Beiniia +3.752X, -0.988X, -0.262X, +0.015X,
-2.531X_-513.617 -0.019X,+0.321X,+5.055
16 y = 1.607X +43.046X, 0.702 1.549 logist(y) = 0.072x, 75.000 37.011
+4.408X, -0.142X, +1.025X,, +0.075X_~0.004X,
-1.991X_-1428.470 -0.021X_-36.620
ARy 0.616 2.223 73.750  37.574
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Py ° P DXl v v ° o
319 4 wuunassmImamsaldangihalsaldidansandauaulsznng (y), wasuuuiaasimsmansol
Temamsszunazadlsalitdanaan [logist(y)] 79 4 mMa U w.@. 2562

HLUUIBBINITAIANITAL . HWUUIIBBINITAIANITAL
> o " - . Durbin- Overall -2 log
A ammﬂwkﬂlmaaﬂaan R Taman1sszuNnvag .
! Watson " - Correct likelihood
pawaudszzng lsaldidanaan
Wila y = 5.190X -35.623X, 0.778 2.265 logist(y) = 0.143X, 81.300 33.756
-8.858X_~0.113X, -0.556X, +0.078X_
+1.819X,+1603.182 ~0.025X,+0.394X, +18.855
naN y = 2.376X,-6.801X, 0.431 2.419  logist(y) = 0.094X, 79.200 40.162
+4.314X_ -0.673X, -0.199X, -0.146X,
-1.893X,+14.213 ~0.008X,+0.017X,_+12.558
AzIuDan y =2.533X +26.225X, 0.651 2.472  logist(y) = 0.080X, 75.000 44.469
Weawile +0.991X, -0.636X, -0.175X, +0.005X,
-2.328X_-674.451 ~0.018X,+0.130X,~5.787
e y =1.669X +44.067X, 0.706 1.696  logist(y) = 0.077X, 81.300 40.013
+8.611X, -0.124X, +1.305X, +0.015X, -0.011X,
-1.555X_~1406.333 ~0.061X_-38.874
ARdY 0.642 2.213 79.200  39.600

wa‘imﬁwxﬁmﬁagaﬁﬁﬂmLaﬁlﬂﬁhmulﬂ@iaﬁuﬁﬂlﬁqqmﬂ (X,) Trfaunneu-wo e 209t
W.¢l. 2559, 2560 WAZ 2562 71amn%’wi’amﬂmsﬂ‘ssmmhL%qﬁyuﬁﬂizmniqqmawaqﬂs:mﬂﬁ'ﬁmwu
ssaumanienans Nndayadsall w.a. 2559 lagumswsanmeiuls Usznauedie Regression function
Y = 0.202* X +2.628, mean = 0.112, Root-Mean-Square = 6.547, Mean Standardized = 0.017,
Root-Mean-Square Standardized = 0.982, Average Standard Error = 6.671 l,l,a::vlﬁlwammuﬁ
szuunssumagiaans dauaadluammwii 1 n degegeiimald wazsesenn do mansiueenidsamiie
MANIN UazMAiie MNSaU

Nndayas 5t w.6. 2560 loaumansanaciuls Usznauais Regression function Y = 0.586*
X +0.279, mean = 0.017, Root-Mean-Square = 1.895, Mean Standardized = 0.011, Root-Mean-Square
Standardized = 1.181, Average Standard Error = 1.588 wazldwdauwuilssuumsaumagionans
Gaudaslumwil 1 o fegegaiimanas wazsesann da mald maaziusenidsunile wasmawiia
MUY

Nndayadrsatll w.a. 2562 laaumsnsanaaiuds Ussnauaie Regression function Y = 0.173*
X +2.097, mean = 0.129, Root-Mean-Square = 4.052, Mean Standardized = 0.031, Root-Mean-Square
Standardized =0.919, Average Standard Error = 4.372 LLaxloﬁ'wﬁmLmuﬁixuumsaumﬂgﬁmam{
Fauaaslunmwil 1 @ fidgageiinald uazsesasn da manas mawila wosmanziusanidsuniia
MUY
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waida

p High : 18.847
- _— Low :0.221

.
il 2562

M 1 unuiszuussaumagieandas msdszanamidiuiilssnasgarsnnaimisinnulidaiuan
Tagaans 1odaya n. U 2559 2. U 2560 uaz a. U 2562

wamsHAGURUAsFUUNsaUIMAnTmans lumsnSsuiausamsmamsaiilaiuease wasie e
MA3DEasANNUNUENYBINTAN AN I0IUBINNTINIADIY W.A. 2559 lﬁuwuﬁizuumsaumﬂgﬁmam{
saudaslumnii 2 Fedasazanuudugasmsmamsalasmawile Mmana Mmeeziusandsumia
wazmele Toefidman 77.778, 88.962, 55.000, 56.716 WAL 69.614 MNAIRU GaudaslumseN 5

wowasil w.a. 2560 lduwnufissuuansaumagiicnand duaaslumwil 3 fidsasazamuusiue
Fasmsmamsalrasmewmiia manas menzSusanisumila wazmeald lagiimmashiu ss.889, 100.00,
85.000, 65.285 UAY 84.793 MNEIAU FIUFAIlUMTIT 5

NouasU W.6. 2562 Iei"l,mu'*?iszuuaﬁauLwﬂgﬁmams’ saudaslunwnd 4 TasilaSasazanuusiug
209MsAMAMSalRIMAWile Manan manyiusanidauniie uazmald fewaswhiu 70.000, 75.923,
58.823, 64.886 WY 67.408 MNAINU Fauaaslumsei 5 Ul w.e. 2559, 2560 WAL 2562 NASDEAY
anuudughrasmsmamsaliasmeawiia manas meaziusandounile wazmeald Tasfldwaswhiv
78.889, 88.295, 66.274, 62.296 L8z 73.939 MNAIAU audaslumsi 5
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n. AU
il 2559

2A. ANIFY
il 2559

d' ‘J a s W e ‘:}‘S = e e ‘J 1T o o
MUV 2 UNUNTZUUFITTFUNADNAITAT WAIANNNITITUIN (o) u@zmm@mlmmsszm@ (dvaen)

U 2559 A. MNAINNY WAL 2. MNAIAF

2. ANIFY
il 2560

A. AU
il 2560

d' 4 a s W e ‘:’d = o e 4 1 o o
MUV 3 UNUNTTUUATTUNADNAITAT WAIANNNIFITUIN (o) LLaz‘NW)C'WIVLNNﬂﬁﬁﬁz‘Lﬂﬂ (dvaen)

U 2560 A. MNAINUNY WAL 2. MNAIAF
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2. ARSI
il 2562

. ANVINUNE
il 2562

Mui 4 wudszuuasEumAgimans Jnianimaszine (Fuee) wazdamianliimsszne (Fde)

U 2562 N. MNAIUNY LT 2. MNAIAF

M5 5 5088TANNUNUENBINTMANIAl N9 4 MA U W.A. 2559 2560 WAL 2562

v ] o J =
J08a8zANNUNUEINTAIANIMYANU (W.A.)

M . 4
2559 2560 2562 ARy

Wil 77.778 88.889 70.000 78.889
naN 88.962 100.000 75.923 88.295
AzIUDDNLALNLHILD 55.000 85.000 58.823 66.274
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Early Warning for Dengue Outbreak
in Thailand Using Entomology,
Epidemiology and Meteorology

Analysis with Advanced Statistics

and Geographic Information System

Chitti Chansang' Thanyapak Makruen' Jariya Krutbut' Wannisa Suebsaard’

Ekarat Denchonchai' Piti Mongkalangoon® and Uruyakorn Chansang’

!National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
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ABSTRACT Dengue fever is one of public health problems of Thailand and the disease control is
usually focused on Aedes mosquito suppression. However, there are various factors concerned with the
dengue outbreak. The models of dengue early warning were created in this study using the factors of
Entomology, Epidemiology and Meteorology in accordance with the analysis by the advanced statistics
and Geographic Information System (GIS). The data of dengue cases per 100,000 population (X ), mean
temperature (X,), mean relative humidity (X,), mean rainfall (X,), and average eggs per ovitrap (X,)
from January to May during 2012-2019 of 32 provinces in 4 regions of Thailand were combined and
analyzed for the selected years in each region. The results showed that the models for prediction of
dengue cases per 100,000 population (y) calculated by the multiple linear regression provided R2 between
0.616 and 0.647. In the meantime, the models for probability of dengue outbreak [logist (y)] calculated
by the multinomial logistic regression produced the Overall Correct from 73.750 to 79.200. Then, the GIS
was used to analyze the results from the models by overlay analysis for 77 provinces and the GIS maps
were created to compare the predicted results to the real data. The accuracy of the prediction of all
provinces in the years 2016, 2017 and 2019 were between 67.408 and 84.793. These models can be used
to early warning the dengue outbreaks in advance for 2-3 months in each province for each year by
in put all of the mentioned data into the models. In conclusion, this can be applied for dengue early

warning in order to control dengue vectors in the target provinces for the disease control in Thailand.

Keyword: Dengue, Entomology, Epidemiology, Meteorology, Geographic Information System

MsEsasiinenenadasmsunngd
U 63 atiun 2 Wy - Ty 2564




