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Abstract
Background: Extrapulmonary

Tubercolosis (EPTB) is an infectious dis-
ease that affects tissue outside the lungs.
EPTB patients cannot be source of infec-
tion, therefore the findings in the communi-
ty indicate that there are still active pul-
monary TB patients acting as a source of
infection. Understanding distributions of
EPTB can be used as indicator to individu-
ate the unmonitored source of TB transmis-
sion in the community.

Objectives: The aim of this study is to
analyze EPTB using spatial modeling based
on patients’ location.

Methods: This study is an observational
research with spatial analysis approach
using SatScanv.9.4.4 and ArcGis v.10.4.
Involving 46 samples of EPTB patients in
Anatomy Pathology Laboratory of RSUD
Abdul Wahab Sjahranie in 2017 and 7 pul-
monary TB patients who were contacts of
EPTB patients. The distribution of EPTB
patients is mostly located in areas with high
population density.

Results: The results showed that the dis-
tribution pattern of EPTB patients was
mostly in areas with high population densi-
ties. Space-time permutation model shows
there are 3 clusters of EPTB with a 2.91,
0.97, 1.13 km radius centered on -0.504177
S/117.092132 E, -0.476895 S /117.141700
E, -0.517031 S/117.092132 E. 

Conclusion: The distribution of patients

with EPTB and pulmonary TB indicates
there is an interaction between EPTB and
pulmonary TB in the cluster area. Bernoulli
model shows that there is 1 cluster of EPTB
and pulmonary TB with relative risk 5.29,
radius of 3.19 km, and centered on -
0.458159 S / 117.149945 E. 

Introduction
Tuberculosis (TB) is an infectious dis-

ease caused by Mycobaterium tuberculosis
(M.TB), that can infect lung (pulmonary
TB) and other organs outside the lungs
(extrapulmonary tuberculosis, EPTB). TB
remains a global health problem, with an
estimated 6.3 million new TB cases in
2017,16% of which are EPTB cases.1

In recent decades, EPTB cases in devel-
oped countries have increased in proportion
to the total TB cases.2,3 Several studies have
been carried out in various countries, and
found the highest percentage of EPTB in
Brazil (45.6%), England and Wales (41%),
Iran (27.3%), North India (27.3%), Korea
(20.4%), and United States (18,7%), respec-
tively.2-7 Meanwhile in Indonesia, the num-
ber of national EPTB cases is unclear, even
though it can be estimated that there are
many EPTB cases in the community fol-
lowing the increase in TB in the past 5
years, which is went 324,539 cases in 2014
to 511,873 in 2018.8,9

Human can become infected with TB
when inhaling M.TB from the droplet
nuclei. When this tubercle bacillus reaches
the alveoli it will be digested by alveolar
macrophages, so that most of them will be
destroyed or inhibited and only a few of
them multiply intracellularly and are
released when the macrophages die. The
bacillus spreads through blood vessels or
lymph vessels to organs outside the lungs,
such as lymph nodes, genitourinary, pleura,
bones and joints, peritoneal organs,
meninges and the central nervous system,
which are the most common EPTB
manifested organs.10 However, EPTB can
also occur through reactivation of dormant
bacilli or directly from adjacent organs that
have been previously infected.11 Therefore
EPTB is less transmissible7,12,13 than
pulmonary TB, which makes the presence
of EPTB patients in the community makes
it possible to be an indicator of active TB as
a source of transmission.

Spatial analysis is one way to map the
pattern of disease spread so to obtain  EPTB
surveillance. Spatial analysis is widely used
in the health sector to help identify the dis-
tribution and clustering of disease cases,
individuate high-risk areas, and identify the
risk factors that influence them, so to

increase the efforts to control diseases.14 In
addition, it also helps in supporting decision
making with short time and relatively little
cost in terms of health resource manage-
ment, epidemiological monitoring and dis-
ease control.15

The aims of this study were to spatially
analyze the spread of EPTB based on the
location of the patient’s residence and to
determine the geographical relationship
between EPTB sufferers and pulmonary TB
patients.
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Materials and Methods
This study is a cross sectional study

with a spatial analysis approach aimed to
describe the geographical distribution of
EPTB sufferers in the population. The sam-
ple in this study were all patients with
EPTB who were diagnosed based on the
results of histopathological examination
and/or FNAB. The diagnosis of EPTB was
carried out by pathologist based on the
examination of the lymph nodes, breast,
intestinal, genitourinary, bone and joint and
pleura obtained from the patients of the
Abdul Wahab Sjahranie Hospital,
Samarinda, from January 2017-December
2018. 

All patients were visited at their respec-
tive homes, based on the address indicated
on the medical record. The coordinates of
the patient’s residence were carried out
using the GPS, and direct interviews were
conducted to find out the history of contacts
with patients with pulmonary TB in the
patient’s residence area. All sufferers were
in the city of Samarinda spread over 10 sub-
districts. Data processing was performed
using the GPS Map Coordinate application
version 4.5.0, ArcGIS software version 10.4
and SaTScan software version 9.4.4.

Results and Discussion
There were 69 EPTB patients based on

the results of the Anatomic Pathology
examination at the Anatomy Pathology
Laboratory of the Abdul Wahab Sjahranie
Hospital Samarinda. Only 46 people met
the criteria and became the study sample.
When conducting a field visit, based on the
results of interviews, we found 7 pulmonary
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Table 2. Geographical distribution and distribution pattern of EPTP in Samarinda city. 

Sub-district            Total EPTB       Percentage (%)     Population density (people / km2)

Samarinda Ulu                        12                               26,09                                                    6.982
Sungai Kunjang                        9                                19,57                                                    3.500
Samarinda Utara                     8                                17,39                                                      503
Sungai Pinang                           6                                13,04                                                    4.200
Samarinda Kota                       4                                  8,7                                                      5.800
Samarinda Ilir                          3                                 6,52                                                     3.200
Samarinda Seberang              2                                 4,35                                                     6.200
Palaran                                      1                                 2,17                                                       200
Loa Janan Ilir                           1                                 2,17                                                     2.900
Total                                          46                                 100                                                          

Table 1.General description of EPTB
patient in Samarinda City.

Variable                                 Total (%)

Age (year)                                                    
       0-4                                                    2 (4,36)
       5-14                                                 6 (13,04)
       15-64                                               38 (82,6)
Sex
       Female                                         30 (65,21)
       Male                                              16 (34,79)
Organs Location                                         
       KGB                                               30 (65,22)
       Mamae                                           6 (13,05)
       Intestinal                                        4 (8,69)
       Genitourinari                                3 (6,52)
       Bones and joints                          2 (4,35)
       Pleura                                             1 (2,17)
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Figure 1. Spatial and pattern distribution of EPTB in Samarinda City. SaTScan Space-
Time Permutation model analysis showed 3 clustering of TBEP. Cluster 1 consisted of 9
patients centered at -0.504177 S / 117.118058 E with a radius of 2.91 km. Cluster 2 con-
sisted of 4 patients centered at -0.476895 S / 117.141700 E with a radius of 0.97 km.
Whilst cluster 3 consisted of 2 patients centered at -0.517031 S / 117.092132 E with a
radius of 1.13 km



TB patients confirmed by the DOTS (Direct
observed Treatment, Short-course) pro-
gram. These patients were approved by the
Samarinda City Health Office. Of the 46
EPTB sufferers, 11% have a history of pul-
monary TB, and only 4.3% have a history of
clear contact with pulmonary TB sufferers.

General description
EPTB data on age, sex, and location of

organs offered can be seen in (Table 1).
EPTB was found in all age groups, with the
highest number recorded in the productive
age groups (15-64 years), with 82.6% of the
cases. There are more women than men. For
what concerns the location of organs, the
most common type of EPTB interested the
lymph (65.21%). 

The results of this study indicate that
EPTB occurs mostly in the productive age,
among those who are in a place to work or
produce something for themselves or oth-
ers. Therefore, in this age group many work
and relate to the outside environment. TB
can be transmitted without realizing it
through the air that contains TB.16
Transmission of TB germs can also occur
among toddlers and children. The immune
system takes part in this case, as in toddlers
and children the immune system has not
formed properly, and at a young age the
required is low.17 This will be increased

when attacked by TB infection. The results
of this study refer to the types obtained from
EPTB sufferers more in women than in
men. These results are the same as those
from the study conducted by Garcia et al.,
arguing that women are more at risk from
EPTB than men.18 These results are also the
same in previous studies at Abdul Wahab
Sajhranie Hospital in Samarinda in 2016
obtained from 91 EPTB patients, 51.6% of
which were female.19 This situation is
inversely proportional to that of pulmonary
TB sufferers for which there are more male
sufferers.20

There is a greater level of awareness in
women about health, meaning that more
women have health checks and subsequent-
ly EPTB is more often found in women.21
On the other hand, in women are found
lower levels of adequate protein intake and
less energy .9 This can be a cause of
decreased immunity, which makes women
more susceptible to infectious diseases.
This needs more in-depth research.

Spatial and pattern distribution of
EPTB in Samarinda City

The results showed that the 46 EPTB
patients were spread in 10 subdistricts in
Samarinda, and mostly found in Samarinda
Ulu Subdistrict (26%), while Palaran
Subdistrict and North Samarinda

Subdistrict hosted only 2.2% of the cases
each (Table 2). A total of 7 people have a
history of suffering from pulmonary TB: 5
of the patients had a history of pulmonary
TB, two patients had a history of direct con-
tact with pulmonary TB patients in the sur-
rounding environment. The high incidence
of EPTB in Samarinda Ulu sub-district cor-
relates with the highest TB pulmonary inci-
dence rate in this sub-district. This area is
also the most populous sub-district in
Samarinda city. These results are consistent
with research conducted in Maryland, USA,
which stated that TB is mostly due to social
factors, therefore more common in poor and
densely populated areas.22

The results summarized in Table 2
showed 46 of EPTB patients were located
in 10 subdistricts in Samarinda and mostly
found in Samarinda Ulu Subdistrict (26%),
while in Palaran Subdistrict and North
Samarinda Subdistrict only 2.2% each. The
high incidence of TBEP in Samarinda Ulu
sub-district correlates with the highest TB
pulmonary incidence rate in this sub-district
and this area is also the most populous sub-
district in Samarinda city.

SaTScan Space-Time Permutation
model analysis showed 3 clustering of
EPTB. Cluster 1 consisted of 9 patients cen-
tered at -0.504177 S / 117.118058 E with a
radius of 2.91 km. Cluster 2 consisted of 4
patients centered at -0.476895 S /
117.141700 E with a radius of 0.97 km,
while cluster 3 consisted of 2 patients cen-
tered at -0.517031 S / 117.092132 E with a
radius of 1.13 km (Figure 1). These results
proved that there are sources of transmis-
sion among these community groups that
are in one cluster. Another factor is the ten-
dency of people to live in groups with indi-
viduals who are all from lower socioeco-
nomic groups, who have a greater risk of
becoming infected with TB. This causes
differences in the incidence of cases
between geographical locations, resulting in
clustering.23,24

The results also showed the cluster
formed were mostly located in densely pop-
ulated districts and traditionally crowded
places, as this facilitates the transmission of
pulmonary TB through direct contact with a
fellow patient. Pulmonary TB is transmitted
through droplets with a source of infection,
namely people with pulmonary TB disease
who cough, sneeze, or talk. Coughing from
pulmonary TB patient can produce 3000
droplet nuclei and can stay in the air for a
long time. Direct sunlight can quickly kill
the bacteria, but they can survive in a dark
and humid environments.25

One clustering of 17 patients was
obtained from EPTB and pulmonary TB
analysis, which consisted of 5 pulmonary
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Figure 2. Distribution patterns of EPTB and pulmonary TB patients in Samarinda City.
One clustering in 17 patients was obtained from EPTB and pulmonary TB analysis,
which consisted of 5 pulmonary TB patients and 12 EPTB patients centered on -
0.458159 S / 117.149945 E with a radius of 3.19 km. The formation of clustering indi-
cated there is a geographical relationship between EPTB and pulmonary TB in
Samarinda city. Based on Purely Spatial analysis with the Bernoulli model, a relative risk
of 5.29 is obtained.
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TB patients and 12 EPTB patients centered
on -0.458159 S / 117.149945 E with a
radius of 3.19 km (Figure 2). The formation
of clustering indicated there is a relation-
ship between EPTB and pulmonary TB geo-
graphically in Samarinda city. The presence
of pulmonary TB in the cluster area can be
a potential source of transmission to the sur-
rounding environment. Based on Purely
Spatial analysis with the Bernoulli model, a
relative risk of 5.29 is obtained, which
means that people in the cluster have a 5.29
times greater risk of suffering from TB than
those who live outside the cluster.

Conclusions
The conclusion of this study was the

individuation of 3 EPTB clusters in
Samarinda City in 2017 in densely populat-
ed areas. There is a geographical relation-
ship between EPTB and pulmonary TB in
the city of Samarinda with a relative risk of
5.29 times. Spatial analysis of EPTB pro-
vides information on the spread of the
source of infection from patients with active
pulmonary TB.
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