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Abstract. The aim of this study was to examine the trend, seasonal and geographic
effects on tuberculosis (TB) incidence in the fourteen southern provinces of Thai-
land from 1999 to 2004. Data were obtained from the National Notifiable Disease
Surveillance Report (506), Ministry of Public Health. The joint effects of gender,
age, quarterly season and location on the TB incidence rates were modeled using
both negative binomial distribution for the number of cases and log-linear distri-
bution for the incidence rate; then these models were compared. The linear re-
gression models provided a good fit, as indicated by residual plots and the R2

(0.64). The model showed that males and females aged less than 25 years had
similar risks for TB in the study area. Both sexes had their risk increased with age
but to a much greater extent for men than women, with the highest rate noted in
males aged 65 years and over. There was no evidence of a trend in the annual
incidence of TB during 1999-2004, but the incidence has a significant season varia-
tion with peaks in the first quarter over the six year period. There were also differ-
ences in the incidence rate of TB both within and between provinces. The high risk
areas were in upper western and lower southern parts of the region. The log-lin-
ear regression model could be used as a simple method for modeling TB incidence
rates. These findings highlight the importance of selectively monitoring geographic
location when studying TB incidence patterns.
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INTRODUCTION

The scale of the global tuberculosis (TB)
epidemic is substantial. About a third of the
world’s population is infected with Myco-
bacterium tuberculosis, with an estimated
nine million new cases and two million

deaths occuring yearly due to the disease.
It is a leading cause of death among people
who are HIV-positive (WHO, 2009b). It af-
fects the mostly economically productive
age group comprising adults aged 15 to 54
years, with males being disproportionately
affected. The male/female ratio of newly
detected cases is 2:1. The impact of TB is
particularly evident in Asia (Southeast
Asia and the Western Pacific) and Africa
(WHO, 2008). Approximately 86% of all TB
cases reported worldwide occur in these
regions, where 60% of the world’s popula-
tions live. The Southeast Asia region
carries one third of global burden of TB.
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However, TB epidemic in Asia could gradu-
ally worsen by variations in the quality and
coverage of various TB control interven-
tions, population demographics, urbaniza-
tion, changes in socio-economic standards,
HIV and, more recently, emerging drug re-
sistance (WHO, 2009a).

TB is a serious public health problem
in Thailand. The country is ranked 18th on
the list of 22 high TB-burden countries. The
prevalence of TB was estimated at 192 per
100,000 persons for all forms in 2007, with
an incidence rate of 62 new smear-positive
cases per 100,000 (WHO, 2009a).  Several
studies suggest marked regional differ-
ences in incidence of TB in Thailand
(Wibulpolprasert, 2007). Recent research
based on National Tuberculosis Program
(NTP) surveillance data from 2001 to 2005
show higher numbers of cases and deaths
from TB occurred in the southern and
northern provinces of Thailand due to low
treatment success rates (Thongraung et al,
2008).

The Thailand Health Profile Report
indicates that the number of TB cases
declined between 1985 and 1989 but in-
creased slightly from 1990 to 2005. The tu-
berculosis prevalence has risen by 2% each
year during the past five years and there
was no tendency to decline during the pe-
riod 1995-2002 (Wibulpolprasert, 2007).
Thus, TB remains a major infectious dis-
ease in Thailand (Wibulpolprasert, 2007;
Phomborphub et al, 2008; Thongraung,
2008; Jittimanee et al, 2009).

Public health officials are often re-
quired to evaluate disease incidence in the
country. They compare the standardized
disease incidence rate within the area and
time frame for planning various interven-
tions. Statistical modeling may provide the
necessary quantitative framework for in-
vestigating main issues related to disease.
Since the 1960s, statistical models have

been used to understand tuberculosis
transmission dynamics and to predict the
effects of different interventions (Waaler
et al, 1962). The models have been used to
understand the impact of tuberculosis con-
trol strategies of tuberculosis, (Legrand
et al, 2008) HIV and TB joint epidemic
(Willam et al, 2005; Baclear, 2008) and spa-
tial and temporal variation of TB incidence
(Nunes, 2007; Uthman, 2008) and drug-
resistance tuberculosis (Castillo-Chavez
et al, 1997; Dye et al, 1998).

The purpose of this study was to ex-
amine the trend, seasonal and geographic
effects on TB incidence in the fourteen
southern provinces of Thailand from 1999
to 2004. In our study we used two differ-
ent statistical models: a negative binomial
generalized linear model and a simple lin-
ear model after logarithmic transformation
of incidence rates, and we compared the
results obtained from applying these
methods. After fitting the models, we ana-
lyzed the findings based on the best fit-
ting model.

MATERIALS AND METHODS

Study area and data source
The study design was a retrospective

analysis of reported TB cases obtained
from the National Notifiable Disease Sur-
veillance Report (506), Bureau of Epide-
miology, Ministry of Public Health, Thai-
land. The study population included all re-
ported TB cases during the 6-year period
1999-2004 for the 14 southern provinces of
Thailand. These data were available as
computer files with individual records for
disease cases. Fields were comprised of
characteristics regarding subject and dis-
ease, and included dates of sickness, di-
agnosis, the subject’s age, gender, address,
severity of illness and date of death for
mortality cases. The resident population
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ranging from 161,210 to 360,000 (Table 1;
listed in order of geographical location
from north to south keeping super-dis-
tricts within the same province).

Age, gender, residential area (by su-
per-district), quarter of the year and year
were selected as explanatory variables for
studying the incidence rates of TB. Age
was divided into four groups (0-24, 25-39,

Table 1
Definitions and populations of  super-districts.

Code Super-district     Population

1 Chumphon North    246,279
2 Chumphon South    199,927
3 Ranong    161,210
4 Surat Thani North West    206,713
5 Surat Thani City    241,373
6 Surat Thani East    168,801
7 Surat Thani South    252,523
8 Phang-Nga    234,188
9 Nakhon Si Thammarat North    240,392
10 Nakhon Si Thammarat North West    220,430
11 Nakhon Si Thammarat City    267,560
12 Nakhon Si Thammarat West    273,583
13 Nakhon Si Thammarat South Coast 194,771
14 Nakhon Si Thammarat South West    323,075
15 Krabi    336,210
16 Phuket    249,446
17 Trang South 264,412
18 Trang City 330,698
19 Phatthalung City 251,029
20 Phatthalung West 247,442
21 Songkhla North Coast 329,133
22 Songkhla City 340,096
23 Hat Yai 350,776
24 Songkhla South West Coast 235,657
25 Satun 247,875
26 Pattani City-West 332,757
27 Pattani East 263,228
28 Yala City West 211,180
29 Yala South 204,357
30 Narathiwat Central 224,646
31 Narathiwat West 214,412
32 Narathiwat South 223,292

denominators used to compute incidence
rates were obtained from the Population
and Housing Census of 2000 undertaken
by the National Statistics Office of Thai-
land. To simplify the effect of the location
of residence when calculating incidence
rates, smaller contiguous districts in each
province were grouped together to form
32 super-districts containing populations
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40-59 and >60 years) and age and gender
were combined together to form 8 gender-
age groups.  The year was divided into
four ‘quarter’ periods, defined as January-
March, April-June, July-September and
October-December, giving twenty-four
quarter periods over the six years.

Statistical methods
We first calculated the disease inci-

dence in cells defined by gender-age group
i, region j, quarterly season q and year t as
the ratio of the number of reported cases
nijqt to Pij, with the corresponding popula-
tion at risk in 1,000s.

The negative binomial generalized lin-
ear model (GLM) (Venables and Ripley,
2002) is an extension of the Poisson Regres-
sion Model and allows for over-dispersion.
If  λijqt  denotes the mean incidence rate per
gender-age group i, quarter q, super j and
year t, an additive model with this distri-
bution is expressed as:

      (1)

The terms αi, βq, γj and ηt represent
gender-age group, season, super-district
and year effects, respectively, that sum up
to zero, so that µ is a constant encapsulat-
ing the overall incidence. The variance of
this distribution is λijqt (1+λijqt / θ) with the
Poisson model arising in the limit
as ∞→θ . The model fit was assessed by
comparing deviance residuals with nor-
mal quantiles, and was informative to plot
observed counts and appropriately scaled
incidence rates against corresponding fit-
ted values based on the model.

The model also gives adjusted inci-
dence rates for each factor of interest, ob-
tained by suppressing the subscripts in
Equation (1) corresponding to the other
factors and replacing these terms with a
constant satisfying the condition the sum
of the disease counts based on the adjusted

incidence rates matches the total. Sum con-
trasts (Venable and Ripley, 2002;
Tongkumchum and McNeil, 2009) were
used to obtain confidence intervals for
comparing the adjusted incidence rates
within each factor with the overall inci-
dence rate.

The alternative additive log-linear
model for incidence rates with normally
distributed errors is:

      (3)

Since some cells had no reported
cases, thus disallowing log-transforma-
tion, we replaced the zeros with a suitably
chosen small constant d, without chang-
ing any values for nijqt greater than 0.

The model fit was assessed by plot-
ting standardized residuals against normal
quantiles, and by plotting observed counts
and appropriately scaled incidence rates
against corresponding fitted values based
on the model, and by using r-squared to
see how much variation in the data was
accounted for by the model.

To obtain estimates of incidence rates
in cells we used the formula:

)ˆ(expˆ cyr
iqjtiqjt

+= ,               (4)

where yijqt  is the fitted value of yijqt and
c is a constant chosen to match the total
number of observed cases with the total
given by the model.

After fitting the model, incidence rates
for levels of each factor adjusting for other
factors were calculated similarly. Standard
errors for these adjusted incidence rates
were obtained using sum contrasts to com-
pare the incidence rates for each level of a
factor with the overall mean incidence
rate. Using this method, the pattern of TB
was identified for each factor. Since the
confidence intervals for factor-specific in-
cidence rates obtained in this way divide

ˆ



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

578 Vol  41  No. 3  May  2010

Deviance residuals Studentized residuals

Expected counts Fitted incidence

Normal quantiles

TB counts TB incidence

Normal quantiles

naturally into three groups according to
their location entirely above the mean,
around the mean, or entirely below the
mean, we used this trichotomy to create
thematic maps for districts according to
their estimated tuberculosis annual inci-
dence rates.

All models were fitted by maximum
likelihood and the analysis was undertaken
using purpose-written code in R, version
2.7.1 (R Development Core Team, 2008).

RESULTS

The results of model fitting are shown
in Fig 1. The left and right upper panels
show plots of deviance residuals against

panel), each adjusted for the effects of the
other two factors in the model based on
the log linear model. The dotted horizon-
tal lines on each graph represent the over-
all mean annual incidence rate (0.45 per
1,000). The dotted vertical lines in the
lower panel separate the 14 provinces of
southern Thailand. The male to female in-
cidence rate ratio was calculated to be 2.16.

For those aged below 25 years, no gen-
der differences were found. There was a
notable difference in incidences between
males and females over age 25 years with
the highest difference observed in the over
age 60 years group (0.87). There was no
evidence of a change in trend in the inci-
dence of TB from 1999 to 2004. Higher

Fig 1–Diagnostic residual plots for negative binomial (top left) and
log-normal (top right) models, and plots of counts and inci-
dence rates for the log-normal model (lower panels) for tuber-
culosis incidence rates in Southern Thailand super-districts.

normal quantiles based
on the negative binomial
model (1) (upper panels)
and the log-linear alterna-
tive (2) with zero counts
replaced by 1 (lower pan-
els). The left and right
lower panels show plots
of observed counts and
observed annual inci-
dence rates per 1,000
population versus corre-
sponding fitted values
using the linear model.
Clearly, the residuals plot
from the negative bino-
mial model did not fit the
data as well as the linear
model on the log-trans-
formed incidence rates.

Fig 2 shows the 95%
confidence intervals for
the annual tuberculosis
incidence rates by gender-
age group (upper left
panel), year and season
(upper right panel) and
super-district (lower

Theta (θ) is a dispersion parameter in the negative binomial distri-
bution.

θ = 2.01

r2 = 0.635
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Male Female

Annual TB incidence

Annual TB incidence

Age group Year Quarter

Super-district ID

Chumphon
Ranong Phang-Nga

Surat Thani PhatthalungNakhon ST
Krabi

Phuket
Trang Songkhla

Satun
Pattani

Yala
Narathiwat

incidences occurred during each first quar-
ter, with lower rates during the second half
of each year.

Fig 3 shows a thematic map of the ad-
justed annual incidence by super-district
using the confidence intervals plotted in
Fig 2 to classify districts as above the mean
(darkest shade), below the mean (lightest
shade) or near the mean (intermediate
shade). Higher TB incidence occurred in
the super districts of Pattani, Ranong,
Phang-Nga, Phuket and Yala Provinces.
Hat Yai and Songkhla City had higher TB

incidences. The super-districts of Phang-
Nga, Ranong and Phuket Provinces also
had higher than average incidence rates.

DISCUSSION

This study used statistical modeling
of TB incidence to gain insights into its de-
pendence on several demographic and
geographic factors (age, gender, quarterly
season, year, and super-district) in south-
ern Thailand from 1999 to 2004. When the
dependent variable is disease count, the

Fig 2–Annual TB incidence/1,000 population in southern Thailand by demographic factor adjusted
for other factors, with 95 % confidence intervals for differences from the mean.
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Poisson and negative binomial general-
ized linear models are usually considered
to be most statistically appropriate. The
Poisson distribution assumes events to be
independent and does not account for
clustering, over-dispersion or serial corre-
lation. A negative binomial GLM is an ex-
tension of the Poisson regression model
that allows for over-dispersion. Negative
binomial models containing gender, age,
quarterly season and super-district as fac-
tors were fitted to disease incidence. For
these data the negative binomial model
gave a poor fit, as indicated by the residual
plot. Linear regression models containing
gender, age, quarterly season and super-
district as factors were fitted to the log-
transformed disease incidences, with zero

groups (WHO, 2009b). Epidemiological
findings indicate in most settings, TB inci-
dence rates are greater in males of all ages
except in childhood, they are higher in fe-
males. Studies have reported gender differ-
ences in TB incidence begin to appear be-
tween 10 and 16 years of age and incidence
rates remain higher for males than females
thereafter (WHO, 2009b).

During the six-year period of the cur-
rent study (1999-2004), there were no
changes in trend for the incidence of TB.
However, the incidence rates were higher
during each first quarter (January to
March), with lower rates found during the
second half of each year. Studies from the
UK (Douglas et al, 1996) and Spain (Rios
et al, 2000) also showed seasonal variation

UTMx1000-North
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1,100
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900

800

700

400 500 600 700 800
UTMx1000-East

Annual incidence rate

Above average
Average
Below average

Prachaup Khiri Khan

Gulf of Thailand

Andaman Sea

Malaysia

cell counts replaced by a con-
stant before log-transformation.
This model provided an accept-
able fit with an adjusted R-
squared of 0.64. The overall an-
nual incidence of TB in the 14
southern provinces of Thailand
was 0.45 per 1,000 population.

No gender differences in
incidence rates for TB were
found in people below age 25
years. However, substantial dif-
ferences between males and fe-
males were observed among
those age ≥ 25 years. This is con-
sistent with age and gender pat-
terns found in other recent stud-
ies. Similar studies by the World
Health Organization (WHO) in
Southeast Asia have shown the
male:female ratio of incidence
rates for TB reported in 2006
were lower in lower age groups,
and gradually increased with
older age groups, with cases
among men being 3.5 times
greater than women in older age

Fig 3–TB incidence patterns in super-districts of southern
Thailand.
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in TB rates, with higher levels of TB noti-
fications during the summer months. The
cause for the increased number of reported
rates during the summer months is un-
clear. It is hypothesized seasonal fluctua-
tions in vitamin D serum levels may con-
tribute to impaired host defense mecha-
nisms against TB bacilli (Davies, 1997).
However, a study in Russia gives contrast-
ing results, with hospital admissions for TB
increasing during the winter months (from
October to March) and declining  during
the warmer months (April to September)
(Atun et al, 2005).

A striking finding in this study was
the highest TB incidences occurred in all
the super-districts of Pattani and Yala and
in one super-district of Narathiwat Prov-
ince (the 3 southernmost provinces). How-
ever, the adjoining super-districts of
Ranong, Phang-Nga and Phuket Provinces
(on the west coast), north of the 3 south-
ernmost provinces, also showed higher
incidences of TB. These findings are con-
sistent with a recent study which found
higher incidences on the west coast and
in the southernmost provinces (Jittimanee
et al, 2009). Possible reasons for higher than
average incidence rates in these provinces
were not investigated in our study, and
could be due to HIV, which contributes to
high incidence of TB. In Thailand, high TB
case-fatality rates have been reported in
areas with high HIV rates in the general
population (Wibulpolprasert, 2007). Be-
sides this, urban migration and cross-bor-
der population movements are also con-
tributing factors to TB epidemics in these
areas (World Health Organization, 2005).
Our study findings also revealed that high
TB incidence occurred in border provinces
in Thailand including Ranong, Songkhla,
Yala and Narathiwat. Lower socio-eco-
nomic status, drug addiction and increas-
ing poverty seem to be linked with the re-

emergence of TB (Carolyn, 1996) and fur-
ther research in this area is needed.

Perhaps the major limitation of this
study is that the precise burden of TB in
Southern provinces Thailand is unknown
as that the surveillance data from the Min-
istry of Public Health is known to be un-
der-reported for major infectious diseases
(Lumbiganon et al, 1990; Saengwonloey et
al, 2003; Intusoma et al, 2008). It is not
based on registration in TB clinics in most
public hospitals. Despite this limitation,
the findings should reflect the relative pat-
terns of TB incidence with respect to de-
mographic, spatial and temporal variation
for the southern provinces of Thailand,
even though the absolute extent of these
incidence rates is inaccurate.
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