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Forecasting of Leptospirosis Transmission

in Sakon Nakhon Province
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Abstract

Leptospirosis, which is caused by one of several strains of bacterium spirochetes of the
genus Leptospira, is a zoonotic disease and an emerging public health problem in Thailand. The
bacterium can be transmitted either directly through contacts to human or between reservoir
hosts with urine of carrier animals or indirectly via contact with contaminated environment. In
this work, we consider ontology of human leptospirosis, using a variety of epidemiological and
forecast leptospirosis incidence using time series analysis. Seasonal Autoregressive Integrated
Moving Average (SARIMA) has been developed on the monthly data collection from January
1999 to December 2007 and validated using the data in 2008. Our results indicate that
leptospirosis incidence is significantly associated with climatic factors, and show that the
SARIMA(1,0,0)(0,1,1);, is not only the fittest model but also make prediction based on the

leptospirosis dataset.
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P (s1091un19ifse Tlsn. 2550) dnuaizvedlsalaeialufionisguussnniuninfiewy uagnudng
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L%a (M.AH. Zamil Choudhurya, Shahera Banub, M. and Amirul Islamc. 2008; Tassanee S et al..
2008) uazlspilduammuasnismeiididyuesiminanauas uildednuarniernmduuududes
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3.1 NMsfmuARILUULAESUSU (dentification) SARIMA (p,d,q) (P,D,Q) Tlmunzaulagiin
TouaymIoud108dduunadisunuainiiiofansudrduussandiladduanduiusludiies
(Autocorrelation  function ; ACF) wagaduuszansiledduanduiuslusiosunsdau (Partil
autocorrelation function; PACF) wesfeyauazniiadeuninniuainduuni (Stationary) vesdeya vn
wudayaliluawduuns szusudeyalaenisliitulasguiaa (Power transformation) uazn1smmasiig
(differencing) ﬁgﬁLLUUﬁQQﬂﬁﬁ (Seasonal differencing; D) M‘%@LLU‘UMﬁqama (Non-seasonal differencing;
d) MIMAUAFILUULAZ SURUTDIFIUU (p, d, g waz P, D, Q) aziinlnsnsiuIsuiisudnuuzvesileidu
ACF wag PACF aspndann fudnuaizues ACF Wag PACE snuviquiuasiiluu ARIMA Sudusing 4 3
i@uelay Box-Jenkins (1976)

3.2 N15U5EUIUAINISITIWBT YRR UY (Estimation) #1AIUTEN10819918910N15
BnTeiiuavmelusunsudnsagy

3.3 NMSATIAOUFILUY (Diagnostic checking) Aansanduuulnslddeoulufilianadf AlC

(Akaike Information Criteria) %38 SBC (Schwartz-Bayesian Information Criteria) d@niagan wa
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3.4 NM15WeN5al (Forecast) YAILUUTMMUNZAULINYINTAUTATIUILATLALADULNTIAND G

LWBUSUINAL W.A. 2551
NaN15398

1. msnensaldnsitasmemaiiansiiasizieynsuiailagisvestonduaziauiud (Box-
Jenkins) ﬁasJéTaLLUUﬂszmumiamaaiu&hmymwmsﬁuﬁ%a?{aLﬂ?{auﬁLLUUﬁqama (Seasonal
autoregressive integrated moving average models; SARIMA) mu‘ﬁgumu G‘fﬁ‘ﬁl

1.1 Msmmuafkuy Aa1suneynsiia1dnsitie Fausiiounnsiay O w.A. 2562 fafeu
Surrmn T w.e. 2550 wusn Tutaa 5 Jusn sesdaeniinen 0.2 WJu 7.7 dewaulszans wazand
W 2547 el 2549 Sasthefinan 4.05 Wy 5.9 seuauUsznnssaansluning 1 avifuindu
ounsunadimsuUsunuggna Jeeiauunmduyseansandustusludaies (ACF) wazanduiusly

LU (PACF) iefiansananduunivestoua
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Incidence rate (1x100,000)
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119U WA 2542 uag WA 2550

nsiasEneduUsEAnsanduiusludiies (ACF) uavanduiuglufiiiesunsdiu(PACF) ves
BuNTUNAY FeuSusuuuuveseynsuna iawduuns lnglinarwwesoyailienanvineiu 12 Wieu uay
Aaseieunsunatiiggnia (D=1) waglifigana (d=1) Awandlunng 2-4

(a) (b)

ACF of original data PACF of original data
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(@) (b)

ACF of seasonal differencing PACF of seasonal differencing

Confidence Limits

Confidence Limits

Partial ACF

[ Coefficient

1.0 [ Coeficient

Lag Number Lag Number

Transforms: seasonal difference (1, period 12) Transforms: seasonal difference (1, period 12)

AWl 3 nywAduUsEAVS ACF (a) uay PACF (b) vanasniggnia 12 ieuadeil 1

NNNT 3 iuIAdNUsEAND ACF 71 lag 24, 36,... fiflndaud duarduusz@ns PACF 7

4

lag 12, 24, 36 .. dfanaasilndaud
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(@) (b)

Confidence Limits

Confidence Limits

Partial ACF

[ Coefricient

1.0 (B coeficient
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1 3 5 7 9 11 1315 17 19 21 23 25 27

Lag Number Lag Number

T i (1), seasonal (1, period 12) Transforms: difference (1), seasonal difference (1, period 12)

AWl 4 nsvlAndudsans ACF (a) wag PACF (b) vesnasinsngnianagliifiggnia

N7 4 iudn Anduusednd PACE dandugud dle k = 3, 4,.. wazded1991naue
wiudad lag 1, 2, 11, 12 AduUsedvs ACF azanaudlndaud

MNMsRTINAENUSEANS ACF Wag PACF 99nounsuiat (nwdl 3 wag 4) wui Susiy
(P, D, Q) @mSuBUNTUIALULTYANIA (D=1) AB SARIMA0,1,1);, 4azdusu (p, d, @) dmsuaunsy
nauuulifiggnia (d=1) fia ARIMA(L,1,0), ARIMA(1,1,1), ARIMA(2,1,0) Uaig ARIMA(2,1,1) Fadusauuy
SARIMA (p,d,q)(P,D,Q) AdulUlER s 4 wuu fie SARIMA (1,0,000,1,1);, SARIMA (1,0,1X0,1,1)1,
SARIMA (2,1,0X0,1,1),,, 48z SARIMA (2,1,1)(0,1,1);,
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1.2 MIUSELUATNNS LMD SUBIFILUULALATIFABUAILUUUTZUIUATNITITLADTVOIF LU

Mdululsnndes 3.1 dendauuuil adequate wazlviradn AIC doedian Awanslumisied 1

A15199 1 AABRVDIFTILUY SARIMA (p,d,q)XP,D,Q) Adululgiammn

Fawuudl | fauuy A1 AIC A1 SBC
1 SARIMA(1,0,0)0,1,1),, 7751 85.20
2 SARIMA(1,0,1)(0,1,1),, 79.72 89.98
3 SARIMA(2,1,0)0,1,1),, 92.18 102.39
4 SARIMA(2,1,1)(0,1,1),, 87.12 99.89

9119099 1 WUd1 FUUUT 1 SARIMA(1,0,000,1,1);, tHudanuuiiidululdvesoynsuan
onstrelsaallnglulstdludominanauns sening U wa. 2542 wag U w.e. 2550 wsglianaia AIC
Wouan warUszaaA T ITime UL UUIATIZRALAAIAAE B UAIENISVIAGEU Ljung-Box WUT
30 Aruthasnduresmunanedouiianan (p-values > 0.05) annsnagy liduuui fe
(1-0.522B)(1-B"*)Z, =0.046+(1-0.883B")a,

1.3 nswennsal aswSeuliisuatasakazamensalons1velsataulaalulsdaludaunina
ANAUAT 1NFILUU SARIMA (1,0,0)(0,1,1);, S¥WINUADUNATIAL W.A. 2551 DaUAeUSWINAN W.A. 2551

o - A
LEANANANITNN 2 LasNINWN 5

A15197 2 Nan1siUSEUiEUANRSsLaLAINEINTAIENSIUBIINAILUY SARIMA(L,0,0)(0,1,1),,

FEMINWABULNTIAL W.A. 2551 DaPpUSUIIAL W.A. 2551

Month Actual Predicted Residual Lower CL Upper CL
January |0 0.18319 -0.18319 -0.47985 0.84622
February |0 0.25507 -0.25507 -0.49986 1.00999
March 0 0.33796 -0.33796 -0.44396 1.11988
April 0 0.35527 -0.35527 -0.43582 1.14637
May 0.207 0.35107 -0.14407 -0.44355 1.14568
June 0.104 0.75808 -0.65408 -0.03804 1.5542
July 0.311 0.87343 -0.56243 0.07659 1.67028
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August 0.621 1.15262 -0.53162 0.35535 1.94988
September | 0.518 1.16633 -0.64833 0.36874 1.96392
October | 0.414 0.63673 -0.22273 -0.16124 1.43469
November |0.725 0.37233 0.35267 -0.42617 1.17084
December |0.414 0.2592 0.1548 -0.54009 1.05849
3.0
2.5
2.0 ]
1.5
1.0
5
0.0 | Actual
-5 Predicted
Uanwe e e e wh we weGwe wh
0. 7905000505050 S0 00 S0-S0 SO0 SO0 S0 00 SO0
Bo Qo0 Q% 0,0, >0 05 05 0, O s 05 s O S0 G G

Date

MAl 5 aUNTUNANUTHUNEUAA3S (Actual) uazAmensal (Predicted) vednstae
LsaaUlnalulsda ludwminanauas Awsdeuunsiay w.e. 2551

DufoUSUINAL W.A. 2551

1NAMMT 5 WUINA13arAINeInsalvees ns1URe kR luuluRAn LRt Ut uA Al

SARIMA(1,0,0)(0,1,1),, Wsnzausan1swensalons1tay
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