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Abstract. This study aimed to determine temporal patterns and develop a forecasting model
for dengue incidence in northeastern Thailand. Reported cases were obtained from the Thai-
land national surveillance system. The temporal patterns were displayed by plotting monthly
rates, the seasonal-trend decomposition procedure based on loess (STL) was performed us-
ing R 2.2.1 software, and the trend was assessed using Poisson regression. The forecasting
model for dengue incidence was performed in R 2.2.1 and Intercooled Stata 9.2 using the
seasonal Autoregressive Integrated Moving Average (ARIMA) model. The model was evaluated
by comparing predicted versus actual rates of dengue for 1996 to 2005 and used to forecast
monthly rates during January to December 2006. The results reveal that epidemics occurred
every two years, with approximately three years per epidemic, and that the next epidemic will
take place in 2006 to 2008. It was found that if a month increased, the rate ratio for dengue
infection decreased by a factor 0.9919 for overall region and 0.9776 to 0.9984 for individual
provinces. The amplitude of the peak, which was evident in June or July, was 11.32 to 88.08
times greater than the rest of the year. The seasonal ARIMA (2, 1, 0) (0, 1, 1)**> model was
model with the best fit for regionwide data of total dengue incidence whereas the models with
the best fit varied by province. The forecasted regional monthly rates during January to De-
cember 2006 should range from 0.27 to 17.89 per 100,000 population. The peak for 2006
should be much higher than the peak for 2005. The highest peaks in 2006 should be in Loei,

Buri Ram, Surin, Nakhon Phanom, and Ubon Ratchathani provinces.

INTRODUCTION

Dengue is a mosquito-borne infection
which in recent years has become a major in-
ternational public health concern in tropical and
subtropical regions around the world. The glo-
bal burden of dengue has grown dramatically
in recent decades and all tropical regions of
the world have now become hyperendemic,
with all four serotypes circulating simultaneously
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(WHO/SEARO, 1999; Suwanchaichinda, 2000;
Nisalak et al, 2003). The factors associated with
the worldwide increase in the incidence and
distribution of dengue are closely linked to
changes in human ecology and behavior (WHO,
1997, 2004; Thomas, 2004). Although case fa-
tality is decreasing, dengue infection is still a
great burden on public health of Thailand
(Gubler, 2000; Bureau of Epidemiology, 2002;
UNDP/World Bank/WHO, 2004). Presently,
neither a vaccine nor specific treatment are
available. The only solution to prevent the dis-
ease is vector control. Thus, well designed and
reliable strategies to specify the temporal pat-
terns and a predictive model for the disease
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are needed. Most previous research efforts
about dengue have focused on the biologi-
cal, entomological and clinical aspects and risk
factors for dengue incidence and epidemics.
During the past few decades, research regard-
ing the temporal patterns and the develop-
ment of forecasting models for dengue have
gained in interest, especially in Thailand, where
graphical presentation of the data is a major
strategy in specifying the temporal patterns
of the disease and associated factors, espe-
cially in regard to climatic variables, which have
been used to model disease epidemics. Find-
ings from the research so far has indicated
that the temporal patterns and ability to de-
velop a predictive forecasting model for this
disease ocurrence are still doubtful and not
reliable (Kanchanapairoj et al, 2000; Nagao et
al, 2003; Muttitanon et al, 2005; Thammapalo
et al, 2005). Our research was carried out in
an attempt to determine the temporal patterns
of disease using a decomposition procedure

and to propose a forecasting model for den-
gue incidence by taking seasonal variation into
account using a seasonal autoregressive in-
tegrated moving average model.

MATERIALS AND METHODS

The northeastern part of Thailand occu-
pies approximately 170,226 km? or roughly
one-third of the country. It is bordered by Lao
PDR in the northern part of the region and
by Cambodia in the southern part of the re-
gion. In 2005, reported census population
was 21,297,769 with a population density
ranging from 52.13 to 154.69 persons/km?2.
The mean annual rainfall ranged between
824.4 mm and 2,306.0 mm, with a relative
humidity of 70% to 77%. It is comprised of
19 provinces (Fig 1) and the major source of
income is agriculture, especially the cultiva-
tion of rice. During the last decades there has
been a huge development of infrastructure
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Fig 1-Northeastern Thailand by province.

Vol 39 No. 1 January 2008

91



SouTHEAST AsiaN J TRop Mep PusLic HEALTH

and travel in this region with the availability
of regional airports, domestic airlines, and
several bus routes (Anonymous, 2007).

Reported dengue fever, dengue hemor-
rhagic fever and dengue shock syndrome (DF,
DHF and DSS) cases and midyear population
were obtained from the national surveillance
database, Bureau of Epidemiology, Ministry of
Public Health. Such reported cases were diag-
nosed by physicians using WHO criteria (WHO,
1997) and reported following national surveil-
lance system guidelines.

Monthly incidence rates for the overall re-
gion and for individual provinces were calcu-
lated using the midyear population as the de-
nominator. The temporal patterns for total den-
gue cases, DF and DHF were explored by plot-
ting monthly rates and the seasonal-trend de-
composition procedure based on loess (STL)
using R 2.2.1 software. In determining trends
and seasonal variation, techniques based on
locally weighted least squares were employed.
The trend was assessed using a Poisson re-
gression model with monthly cases, with
population size being the offset term, as the
outcome and month as the predictor variable.

Modeling and forecasting of dengue in-
cidence was performed using R 2.2.1 and
Intercooled Stata 9.2 using the seasonal
Autoregressive Integrated Moving Average
(ARIMA) model. In order to identify the best fit
model, different models were examined includ-
ing ACF and partial ACF. Possible seasonal
ARIMA models, with seasonal and non-sea-
sonal differencing, were fitted to data series
for the overall northeastern region and indi-
vidual provinces from 1996 to 2003 (the train-
ing sets). Then the one-step ahead prediction
method was used for each of the remaining
data series during 2004 to 2005 (the testing
sets). The model diagnostic test was per-
formed by examining the stadardized residu-
als, residual ACF, p-values for Ljung-Box sta-
tistic, the cumulative periodogram for residu-
als, and the Box-Pierce statistic. A value of
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p>0.05 was considered a good model. The
mean errors for actual rates and predicted
rates for the good models were calculated.
The best model and least mean error were fit-
ted to the data from 1996 to 2005 and monthly
dengue incidence rates from January to De-
cember 2006 were forecasted.

RESULTS

Temporal patterns of dengue incidence

The median annual incidence rates of to-
tal dengue, DHF, and DF in nineteen provinces
in northeastern Thailand during 1996 to 2005
were 92.99 (range= 7.70-233.76), 73.85
(range=5.47-197.71), and 19.39 (range=2.23-
48.31) per 100,000 population, respectively.
Almost all cases had DHF, whereas the rates
of DF have been increasing in recent years.
Regarding the occurrence of the disease in
the region from 1996 to 2005, there were ini-
tially three yearly peaks, followed by two small
yearly peaks then three yearly peaks and two
medium peaks which likely indicated that epi-
demics of the disease in the overall region
were evident every two years, with approxi-
mately three year long epidemic periods (Figs
2, 3). For the trends, we found that if a month
increased, the rate ratio for dengue infection
would be expected to decrease by a factor
0.9919 for the overall region and 0.9776 to
0.9984 for the individual provinces. After re-
moving the long-term trend, the seasonal pat-
terns of dengue incidence showed sharp
peaks in June or July, exceptin 1997 in which
the peak was evident in August. The ampli-
tude of the peak was 11.32 to 88.08 times
greater than the rest of the same year (Fig 4).

Modeling and forecasting of dengue incidence

For the total dengue incidence in the over-
all northeastern region, the seasonal ARIMA
(2, 1, 0) (0, 1, 1)*2 model was fitted to data
from 1996 to 2003. Employing the ARIMA
model, monthly rates during 2004 to 2005
were predicted and compared to actual rates
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Fig 2-Monthly rates of total dengue (black-thick),

DHF (grey), and DF (black-thin) incidence in
northeastern Thailand during 1996 to 2005.
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Fig 3—-Monthly rates of total dengue incidence in the
overall northeastern region (black) and indi-
vidual provinces (grey) during 1996 to 2005.

during the same period. The model indicated
that the predicted rates and the actual rates
fit closely (Fig 5) and the mean absolute per-
centage error (MAPE) was 6.6%. The model
was also the best model for forecasting re-
gional monthly rates during January to Decem-
ber 2006. When examining the models for
each province in the region, the best seasonal
ARIMA model for each individual province was
also identified. The best fit models varied for
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each province. As shown in Table 1, data se-
ries for the six provinces best fit the ARIMA
(1, 1, 0) (0, 1, 1)*? model, five provinces best
fit the ARIMA (0, 1, 1) (0, 1, 1)*2 model and
five provinces best fit the ARIMA (0, 1, 0) (0,
1, 1)2model, two provinces best fit the ARIMA
(2, 1, 0) (0, 1, 1)*? model, and one province
best fit the ARIMA (1, 1, 1) (0, 1, 1)2 model.

After fitting the best model for the data
from 1996 to 2005 and forecasting monthly
dengue incidence rates for January to Decem-
ber 2006, it was found that the monthly rates
for the northeastern region should range be-
tween 0.27 and 17.89 per 100,000 population
and the peak in 2006 for the overall region as
well as the individual provinces would be much
higher than the peak for 2005, except for the
Mukdahan Province where the two peaks
would be equal (Figs 6, 7). The highest peak
was seen in the Loei Province (33.07 per
100,000 population), followed by Buri Ram,
Surin, Nakhon Phanom, and Ubon Ratchathani
(26.84, 25.74, 24.29, and 23.05 per 100,000
population), respectively (Table 2).

DISCUSSION

From 1996 to 2005, there were initially
three yearly peaks, followed by two small
yearly peaks then three yearly peaks and two
medium peaks which indicates the disease
epidemic occurred every two years, with ap-
proximately three year epidemic periods. This
is similar to the countrywide pattern and is
thought to reflect host-pathogen population
dynamics (Bureau of Epidemiology, 2002;
Nisalak et al, 2003; Cummings et al, 2004),
and that the next epidemic will be observed
in 2006 to 2008. The annual rates during the
epidemic periods for nearly all the provinces
were higher than the control target set by the
Ministry of Public Health (50 per 100,000
popoulation) (Suwanchaichinda, 2000;
Julaserikul, 2002; Usaha et al, 2004). This in-
dicates that efforts for disease control, which
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Fig 4-The trend, seasonal and residual (remainder)
components derived from the STL decompo-
sition of monthly total dengue incidence for
the overall northeastern region (Data), log10
scale during 1996 to 2005; (a) monthly total
dengue incidence; (b) monthly DHF inci-
dence; and (c) monthly DF incidence.
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Fig 6-Forecasted monthly total dengue incidence

for the overall northeastern region after fitting
an ARIMA (2, 1, 0) (0, 1, 1)*2 model to data
for 1996 to 2005. Top: actual rates (grey) and
forecasted rates (black) during 1996 to 2006;
Bottom: forecasted rates for 2006.
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Fig 7-Forecasted monthly total dengue incidence
for the overall northeastern region (black) and
individual provinces (grey) during January to
December 2006.

rely on vector control, have not met desirable
outcomes and this goal has been difficult to
achieve for most provinces in the region
(Thavara et al, 2006). This may correlate with
the predominant dengue serotypes which
change from time to time and place to place
(Anantapreecha et al, 2004). Moreover, epi-
demics may be due to the spread of a new or
rare virus serotype in areas with limited im-
mune protection against that serotype (herd
immunity) (Mutttitanon et al, 2005). A sharp
seasonal peak is usually observed in June or
July, which may be attributed to patterns of
vector occurrence and the high rates of den-
gue transmission in May and June (Strickman
and Kittiyapong, 2003).

Table 1
Differences between actual and predicted monthly rates for total dengue incidence for the
overall northeastern region and individual provinces.

Average monthly rate/100,000 population

Province Best fitted model
(Seasonal ARIMA) Actual rates  Predicted rates Actual-predicted rates

Nakhon Ratchasima (1, 1, 0) (0, 1, 1)*? 4.63 4.35 0.28
Buri Ram (0,1, 1) (0, 1, 1)*? 4.58 4.23 0.34
Surin (2,1,0) (0, 1, 1)12 3.61 3.56 0.04
Si Sa Ket (1,1,0) (0, 1, 1)12 4.00 4.05 -0.06
Ubon Ratchathani (0,1,0)(0, 1, 1)*? 3.93 3.74 0.19
Yasothon (1,1, 1) (0, 1, 1)12 2.30 2.31 -0.01
Chaiyaphum (0,1, 0) (0, 1, 1)12 3.63 3.21 0.43
Amnat Charoen (0,1,0)(0, 1, 1)*? 3.19 2.93 0.26
Nong Bua Lam Phu (0, 1, 1) (0, 1, 1)*2 2.13 2.04 0.09
Khon Kaen (1,1,0) (0, 1, 1)12 3.19 2.72 0.47
Udon Thani 0, 1,1)(0, 1, 1)12 2.07 1.74 0.33
Loei 0,1, 1) (0, 1, 1)12 3.35 3.28 0.07
Nong Khai (1,1,0) (0, 1, 1)12 2.76 2.75 0.01
Maha Sarakham (0,1,0) (0,1, 1)*? 1.94 1.29 0.65
Roi Et 0, 1, 0) (0, 1, 1)12 4.17 4.16 0.00
Kalasin (1,1,0) (0,1, 1)12 3.75 3.50 0.25
Sakon Nakhon (0,1,1)(0, 1, 1)*? 4.01 3.86 0.15
Nakhon Phanom (2,1,0)(0, 1, 1)¥? 1.77 1.83 -0.06
Mukdahan (1,1, 0) (0, 1, 1)12 3.92 3.86 0.06
Northeastern region (2, 1, 0) (0, 1, 1)*2 3.53 3.31 0.22
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Table 2
Forecasted rates of total dengue incidence for the overall northeastern region and the
individual provinces duning January to December 2006.

Province

Forecasted rates/100,000 population

Jan-06 Feb-06 Mar-06 Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sept-06 Oct-06 Nov-06 Dec-06

Nakhon Ratchasima 0.06 -0.03 1.08 2.30

Buri Ram 139 184 500 497 1112

Surin 075 084 382 3.79

Si Sa Ket 155 167 445 586 12.85
Ubon Ratchathani 053 138 531 6.28 13.71

Yasothon 049 066 332 367
Chaiyaphum -0.05 084 320 220
Amnat Charoen 087 048 416 594 10.74
Nong BuaLam Phu 1.68 2.04 9.16 10.95 18.01
Khon Kaen 163 182 361 539 1034
Udon Thani 0.60 060 253 3.26
Loei 216 211 421 1267 2311
Nong Khai 112 129 278 719 1278

Maha Sarakham 122 112 359 286

Roi Et 099 079 155 284

Kalasin -0.71 -033 151 385 10.11
Sakon Nakhon 0.00 -0.03 1.78 4.24 10.27
Nakhon Phanom -0.12 -0.37 1.70 5.01 10.34
Mukdahan 125 083 263 417 1152

Northeastern region 0.67 0.77 3.01 4.34 10.32

1549 16.56 1589 1195 7.10 349 0.46
20.73 26.84 24.02 16.15 7.00 281 0.77
19.63 25.74 2291 15.03 588 1.70 -0.29
15.65 18.07 11.33 550 237 114 0.84
23.05 1983 1369 579 224 053 0.10
1407 1297 7.22 398 147 0.04 -0.28
18.11 1759 1273 843 477 257 0.15
2044 1457 745 279 108 -0.07 0.09
21.26 1746 1221 573 373 115 0.59
17.05 16.89 1516 846 5.07 295 159
1195 1125 828 366 198 129 0.65
33.07 2368 13.11 723 500 3.64 206
1475 1081 691 361 205 146 0.76
1257 1395 1683 866 435 176 0.76
1585 15.69 10.80 514 212 0.20 -0.18
16,98 14.85 1026 510 232 0.76 -0.04
1588 1453 860 3.05 096 059 0.17
2288 2429 1328 382 148 045 -0.56
1986 1769 9.88 655 365 165 0.33
1788 17.89 1389 7.83 372 150 0.27

This study identified the best seasonal
ARIMA model for each data series. The model
was found to be effective in forecasting
monthly rates of dengue incidence. The re-
sults of the model indicate higher forecasted
rates of dengue for 2006 compared to 2005,
especially in four provinces located along the
Thai-Lao PDR and Thai-Cambodia border ar-
eas. This may be correlated with the predomi-
nant dengue serotypes, spread of a new virus
serotype in those areas or travel of people,
both within and across countries.

In conclusion, epidemics of dengue in-
fection in northeastern Thailand by modeling
are forecast to occur every two years, lasting
approximately three years per epidemic peri-
ods, and the next epidemic should occur from
2006 to 2008. It was found that if a month
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increased, the rate ratio for dengue infection
would be expected to decrease by a factor
0.9919 for the overall region and 0.9776 to
0.9984 for each individual province. The sea-
sonal patterns for dengue incidence showed
a sharp peak in June or July, of which the
amplitude of the peak was 11.32 to 88.08
times greater than the baseline throughout the
year. This study identified the best fitted sea-
sonal ARIMA model of each data series and
the model was found to be effective in fore-
casting monthly rates of dengue incidence.
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