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Abstract. Tuberculosis (TB) is an important public health problem in Nepal. The aim
of this study was to investigate the spatial and temporal variations in TB incidence
in Nepal. Data regarding TB cases were obtained from the Nepal National Tuber-
culosis Center (NTC) for 2003-2010 and analyzed. Models were developed for TB
incidence by gender, year and location using linear regression of log-transformed
incidence rates. Apart from a relatively small number of outliers, these models
provided a good fit, as indicated by residual plots and the r-squared statistic (0.94).
The overall incidence of TB was 1.31 cases per 1,000 population with a male to
female incidence rate ratio of 1.83. There were trends of increasing incidence in TB
for recent years among both sexes. There were marked variations by location with
higher rates occurring in the Terai region and relatively moderate and low rates of
TB in the Hill and Mountain regions, respectively. TB incidence was also higher in
the capital city Kathmandu and other metropolitan cities. A log-linear regression
model can be used as a simple method to model TB incidence rates that vary by
location and year. These findings provide information for health authorities to help
establish effective prevention programs in specific areas where the disease burden
is relatively high.
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INTRODUCTION

Tuberculosis (TB) is a major cause of
infectious disease mortality, with a world-
wide estimated 8.8 million new cases and
1.6 million deaths annually (WHO, 2009a).
The global burden of TB is large, and is
likely to remain a major public health
problem in the coming decades (Lopez et
al, 2006). The spread of human immuno-
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deficiency virus (HIV/AIDS) and the emer-
gence of multidrug-resistant TB (MDR-TB)
are contributing to the worsening impact
of this disease. TB is a leading cause of
death among people who are HIV-positive
(WHO, 2009a). It is a disease of poverty; it
has the greatest impact on youth and adults
and is a major cause of mortality among
adults (WHO, 2009a).

TB is a leading public health problem
in Nepal, causing significant morbidity
and mortality. Every year approximately
30,000-40,000 people in Nepal develop ac-
tive TB; among them 20,000 have infectious
(smear- positive) cases (National Tubercu-
losis Center, 2010). These 20,000 are able to
spread the disease to others. Although TB
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is curable, the mortality and incidence are
high (Department of Health Services, 2008;
National Tuberculosis Center, 2010). TB
in Nepal has been worsened by the HIV/
AlDs epidemic, population demographics,
urbanization, changes in socio-economic
standards and, more recently, emerging
drug resistant TB that has fueled the high
levels of disease in the country (National
Tuberculosis Center, 2010).

Several studies and the National Tu-
berculosis Center (NTC) annual report
suggest marked regional differences in the
incidence of TB in Nepal (Kakchapati et al,
2010; National Tuberculosis Center, 2010).
The incidence rate of TB is generally higher
in urban areas than in rural areas and in
the Terai parts of the country, bordering
India (Kakchapati et al, 2010; National
Tuberculosis Center 2010). TB is a major
public health problem in Nepal, especially
in the highly populated lowland Terai and
in urban cities, including the capital Kath-
mandu (Kakchapati et al, 2010; National
Tuberculosis Center 2010).

The application of statistical models
to TB was initiated in the 1960s, and since
then these statistical models have been
used to develop strategies to control TB
(Legrand et al, 2008), co-infections with
HIV and TB (Williams et al, 2005) and
MDR-TB (Dye et al, 1998). Several research-
ers have studied spatial and temporal
variations in TB incidence. Kongchouy
et al (2010) used log-transformed linear
regression to examine trends, seasonal and
geographic effects on TB incidence in the
fourteen southern provinces of Thailand,
and identified the upper western and lower
southern parts of Thailand as the region
at the highest risk for TB. Kakchapati et al
(2010) studied TB incidence rates in various
districts of Nepal from 2003 to 2008 using a
negative binomial model and found spatial
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variations with higher rates occurring in
the Terai region, followed by the Hill, and
Mountain regions. Uthman (2008) applied
Poisson regression models to determine
spatial and temporal variations in TB inci-
dence in Africa and found southern, east-
ern and central Africa were experiencing
an increasing TB incidence and suggested
25 countries were at increased risk of TB.

Public health officials are often re-
quired to evaluate disease incidence in a
country. They need to compare the stan-
dardized disease incidence rate within
an area over time to determine what and
when necessary actions need to be taken.
Thus, understanding their spatial and tem-
poral distribution is essential for further
health intervention policies.

MATERIALS AND METHODS

Study area and data source

Nepal, officially the Federal Demo-
cratic Republic of Nepal, is a landlocked
country in South Asia and is the world’s
youngest republic. It is bordered to the
north by the People’s Republic of China,
and to the south, east, and west by the
Republic of India. It is divided into 14
zones (75 districts), and has a current
population of approximately 27.7 million
and an annual population growth of 2.2%
(World Atlas, 2010). Itis divided into three
areas: mountain, hill and Terai, in order of
decreasing altitude.

Data regarding TB were obtained from
the NTC during an 8-year period: 2003-
2010. These data are the characteristics of
the disease, gender, location and treatment
status of TB patients.

The population density in Nepal
varies substantially by district; therefore,
we computed the TB incidence rates for
combine districts called “super-districts”,
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Table 1
Definitions and populations of super-districts.
Code Super-district Population Code Super-district Population
1 Darchula 143,148 33 Rupandehi 857,291
2 Baitadi 273,219 34 Chitwan 568,495
3 Dadeldhura 148,217 35 Makwanpur 657,220
4 Kanchanpur 465,912 36 Parsa 599,199
5 Bajhang+ Bajura 323,202 37 Bara 675,072
6 Doti 244 907 38 Rautahat 654,723
7 Achham 269,504 39 Rasuwa+ Sindupalchowk 409,518
8 Kailali 761,652 40 Dhading 398,915
9 Karnali (zone) 975,186 41 Nuwakot 336,873
10 Dailekh 460,026 42 Kathmandu 1,363,512
11 Jajarkot 156,744 43 Kavre 451,595
12 Surkhet 344,237 44 Bhaktapur 270,107
13 Bardiya 466,702 45 Lalitpur 405,469
14 Banke 250,148 46 Dolkha 238,628
15 Rukum 221,859 47 Ramechhap 244 534
16 Salyan 249,442 48 Sindhuli 331,736
17 Rolpa 245,082 49 Mahottari 465,292
18 Pyuthan 245,503 50 Dhanusha 793,609
19 Dang 264,616 51 Sarlahi 759,631
20 Mustang+ Myagdi 149,599 52 Solukhumbu+ Okhaldunga 304,969
21 Baglung 312,830 53 Khotang 264,129
22 Parbat 181,277 54 Udaypur 344,588
23 Manang+ Lamjung 218,294 55 Siraha 677,957
24 Gorkha 334,022 56 Saptari 673,056
25 Kaski 455,559 57 Sankhuwasabha+ Tehrathum 313,791
26 Syangja 362,929 58 Bhojpur 228,983
27 Tanahu 368,194 59 Dhankuta 192,889
28 Gulmi 341,828 60 Sunsari 756,321
29  Arghakhanchi 242,159 61 Morang 1,000,114
30  Palpa 311,021 62 Taplejung+ Panchthar 390,466
31 Nawalparasi 672,760 63 Illam 334,376
32 Kapilvastu 576,769 64 Jhapa 801,041

defined as regions comprising contiguous
districts in the same zone with a 2010 total
population greater than 140,000, (Table
1). We divided the country into 64 super-
districts listed in geographical order from
west to east (keeping districts within the
same zone together).

Gender, residential area (by super-dis-
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trict) and year were selected as explanatory
variables in studying the incidence rates of
TB. Gender and year were combined to-
gether to form sixteen gender-year groups.
Age was not recorded.

Statistical methods

The additive log-linear model used for
incidence rates with normally distributed
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Fig 1-TB incidence/1,000 population in Nepal by super-district 2003-2010.

errors was:

n.
In (P_[]j:yij:u+ o, + B, (1)

i

In this model, P, is the corresponding
population at risk in 1000s and the terms
o,and B, represents the super-district and
gender-year effects that sum to zero so that
{ is a constant encapsulating the overall
incidence. The model fit is then assessed by
the linearity in the plot of deviance residu-
als against normal quantiles.

The model also gives adjusted inci-
dence rates for each factor of interest, ob-
tained by replacing the parameters corre-
sponding to the other factors by constants
chosen to ensure the total expected number
of cases equals the observed number.

Sum contrasts (Venable and Ripley,
2002) were used to obtain confidence
intervals for comparing the adjusted in-
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cidence rates within each factor with the
overall incidence rate. Since the confidence
intervals for factor-specific incidence rates
obtained from the model divide naturally
into three groups according to their loca-
tion entirely above the mean, around the
mean, or entirely below the mean, we used
this trichotomy to create schematic maps of
super-districts according to their estimated
TB incidence rates.

The R program was used for all statis-
tical analysis, graphs and maps (R Devel-
opment Core Team, 2008).

RESULTS

Preliminary analysis

A total of 271,873 TB cases were re-
ported to the NTC during the eight-year
studied period (2003- 2010); 175,365 were
males and 96,508 were females. Fig 1 shows
the distribution of TB in Nepal by super-
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Fig 2-Diagnostic residual plots for log linear model before (left)
and after (right) omitting outliers. Key to Fig 2a: F-female,
M-male, the third column is the district ID and the fourth

Fig 3 shows 95% con-
fidence intervals for TB
incidence rates by year for
males (Fig 3a) and females
(Fig 3b). The mean TB
incidence among males
was 1.70/1,000 popula-
tion. The mean TB inci-
dence among females
was 0.92/1000 popula-
tion. Among both males
and females there was an
overall decline in TB inci-
dence between 2005 and
2008, followed by a sharp

column is the year.

increase in TB incidence
between 2008 and 2010.
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Fig 4 shows 95% con-
fidence intervals for an-
nual TB incidence rates
by super-district, and
regions. The mean inci-
dence of TB was 1.3/1,000
population. Super-dis-
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Fig 3-Annual TB incidence/1,000 population by year.

district in order of increasing incidence
rate. Super-districts 53 and 14 had the
lowest and highest TB incidence, respec-
tively. Males had a proportionately higher
incidence rates than females.

Statistical analysis

While fitting the model, we detected
outliers in the data. The residual plots
before (Fig 2a) and after (Fig 2b) omitting
13 residuals greater than 3 in magnitude
are shown in Fig 2. Seven of these outliers
occurred in 2010. The omission of outliers
makes the normality assumption plausible.
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03 04 05 06 07 08 09 10

were categorized as hav-
ing a higher than average
incidence, super-districts
with confidence intervals
below the mean were
categorized as having a lower than aver-
age incidence and super-districts with
confidence intervals overlapping the mean
were categorized as having an average
incidence.

Ahigh incidence of TB was seen in the
Terai region (Fig 5).

DISCUSSION

We studied spatial and temporal varia-
tions in TB incidence for Nepal from 2003 to
2010. Linear regression models containing
gender, year and super-districts as factors
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differences in TB inci-
dence begin to appear
between age 10 and
16 years and remain
higher among males
{ ! than females there-
after (Uplekar et al,
2001; WHO, 2009b).

The incidence of
TB in Nepal increased
sharply during 2008-
2010. The reasons for
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Fig 4-Annual TB incidence/1,000 by super-district.
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the increase were not

investigated in the
study. It could be due
to an increase in HIV
infection, MDR-TB

or the emergence of
extensively drug-re-
sistant TB (National
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2010). Further research
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this increase. TB was
distributed uneven-
ly in Nepal: higher
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Fig 5-Map of annual TB incidence in Nepal, 2003-2010.

were fitted to the log-transformed disease
incidences. After omitting 13 outliers, this
model provided an acceptable fit with an
adjusted r-square of 0.94. The overall in-
cidence of TB was found to be 1.31 cases
per 1,000 population. There was a marked
gender difference in the incidence of TB:
males had a higher incidence rate than fe-
males. This is consistent with the findings
of a recent study from Nepal (Kakchapati
etal, 2010) and from other countries (Borg-
dorff et al, 2000; Martinez et al, 2000). Epi-
demiological studies have found gender
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incidence rates were
found in the Terai re-
gions which could be
attributed to medical,
social and environ-

mental factors. The Terai region has higher
temperatures, a lower socio-economic
status, a high population, malnutrition,
more poverty and social deprivation, all
contributing to TB infection (National
Tuberculosis Center, 2010). The greater
number of TB cases in Terai may have
been influenced by people from neighbor-
ing India crossing the border into Nepal
seeking treatment. India occupies the first
position on the World Health Organiza-
tion’s list of high TB burden countries
(WHO, 2009a).
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TB incidence is higher among densely
populated metropolitan cities, such as
Kathmandu, Banke, Bhakthapur, Chitwan,
Dang, JThapa and others. The highest inci-
dence was in Banke followed by the capital
city Kathmandu. Several studies have
found urban centers have higher TB rates
than rural areas (Tupasi et al, 2000; Barr
et al, 2001). Population density, migration,
poverty and overcrowding appear to be
major factors for disease transmission in
these areas (Acevedo-Garcia, 2001).

There were several limitations in our
study. It was based on secondary data;
therefore, we could not include some risk
factors for TB, such as age, due to unavail-
ability of age-specific incidence data. Ad-
ditional analyses are needed to evaluate the
trends of TB using data over a longer study
period, or more detailed incidence data
(monthly, quarterly). However, our find-
ings are illustrated by the map showing the
districts with higher incidence rates. Such
maps can be used by public health authori-
ties to prioritize preventive measures to
control TB outbreaks by focusing on zones
with a high or increasing incidence of TB.
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