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Pulmonary Objective: To investigate the distribution of pulmonary TB cases and develop a risk factor model
tuberculosis; for pulmonary TB occurrence in Makassar using Spatial Autoregressive (SAR) approach.
Spatial Method: This research was observational analytic using case control method to develop a risk
autoregressive; factor model for pulmonary tuberculosis occurrence with SAR. The sample was 368 people
Risks factor consisting of 182 cases and 186 control.

Results: The results indicate that there is relation between pulmonary tuberculosis occurrence
in one location and another (spatial effect). Variables that are related to the disease occurrence
are: occupancy density as well as humidity and lighting of house environment. Meanwhile,
variables that are not related to the disease occurrence are: temperature and history of contact
with tuberculosis.

Conclusion: The risk factor model for pulmonary tuberculosis occurrence was
(SAR): Y=-1212 - 0.1852;:1,’-;&1»Wijyi +0.28 occupancy density + 0.31 humidity +
0.44 lighting + 0.09 temperature — 0.24 history of contact.

© 2020 Elsevier Espana, S.L.U. All rights reserved.
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India, Indonesia, and China are countries with the largest
number of tuberculosis patients. In 2015, there were 5.2
million pulmonary TB cases and 57% of them were acid-fast
bacilli (AFB) smear-positive.?

TB in Makassar indicates fluctuating numbers. There were
2166 cases in 2014. The number increased to 2372 in 2015
with new cases of AFB TB. The number increased to 3917
in 2016, however, new AFB smear-positive cases decreased
to 1850.* Makassar, which is a coastal region, is vulnerable
to infectious diseases influenced by environmental factors,
including tuberculosis (TB). In addition to environmental
changes, several issues such the high population density,
poverty, low hygiene awareness and poor environmental
condition.>’

In examining infectious diseases, especially pulmonary
TB in the coastal areas of Makassar, the SAR model was
used due to the high community mobility from one loca-
tion to another. Therefore, based on this concept, the high
prevalence rate in a location was affected by the high preva-
lence rate in other nearby locations. This can be understood
because the chance of mobilization from one location to a
nearby location was greater than to a far away location.®
Prevalence modeling with its affecting factors can be per-
formed using regression analysis.” Modeling can also be
performed using Geographical Weighted Regression.°

Material and method

Research design

This research was analytic using case control design to study
the distribution of pulmonary TB cases and develop a risk
factor model for pulmonary TB occurrence in Makassar using
Spatial Autoregressive (SAR) approach.

Population and sample

The population in this study was people with AFB smear-
positive pulmonary TB recorded in TB 03 forms quarter I,
Il, 1l and IV in the 2018-2019 period in community health
centers in Makassar.

The case inclusion criteria were:

1. Willing to be a research subject by signing the provided
informed consent.

. Recorded in TB 03 forms quarter I, I, lll and IV in the
2018-2019 period in Makassar and domiciled in the area
(Tallo and Ujung Tanah Sub-districts).

. The control population was community health center
outpatients in the 2018-2019 period in Makassar (Tallo
and Ujung Tanah Sub-districts) with the following crite-
ria: Recorded in the outpatient register of the community
health center.

Results

Bivariate analysis

Bivariate analysis was performed to discover the relationship
between independent variables (occupancy density, humid-
ity, lighting, temperature, and history of contact with TB)
and dependent variables (and pulmonary TB occurrence)
(Table 1).

Statistical test using Chi-square obtained p =0.060, which
was larger than «=0.05. Thus, Ho was accepted. Finally,
history contact with patient’s family was higher in case com-
pared to control. It was 32 people (17.6%) in case and 20
people (10.8%) in control. Statistical test using Chi-square

Table 1 Risk of independent variables on pulmonary TB in Makassar in 2019.
Independent variables TB occurrence p
Case Control Total
n % n % n %

Occupancy density 0.734
Not eligible 104 57.1 102 54.8 206 56.0
Eligible 78 42.9 84 45.2 162 44.0

Humidity 0.012
High 38 20.9 20 10.8 58 15.8
Normal 144 79.1 166 89.2 310 84.2

Lighting 0.000
Not eligible 135 74.2 64 34.4 199 54.1
Eligible 47 25.8 122 65.6 169 45.9

Temperature 0.060
Not eligible 83 45.6 69 37.1 152 41.3
Eligible 99 54.4 117 62.9 216 58.7

History of contact 0.083
Have a history 32 17.6 20 10.8 52 14.1
No history 150 82.4 166 89.2 316 85.9
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Table 2  Spatial dependency diagnostic results.

No. Spatial dependency test Value p-value Conclusion

1 Lagrange multiplier (lag) 3.939 0.043 Ho rejected
2 Lagrange multiplier (error) 1.751 0.185 Ho accepted
3 Lagrange multiplier (SARMA) 2.474 0.290 Ho accepted
Table 3  Results of factor analysis on pulmonary TB occurrence in Makassar in 2019 using spatial approach.

Variables Coefficient SE Z value p R? value
W_TB —0.185 0.143 —1.292 0.196 0.89
Constant —1.212 8.085 —0.149 0.880

Occupancy density 0.286 0.138 2.067 0.038

Humidity 0.317 0.084 3.773 0.000

Lighting 0.448 0.091 4.890 0.000

Temperature 0.090 0.062 1.436 0.150

History of contact —0.246 0.211 —1.169 0.242

obtained p=0.083, which was larger than «=0.05. Thus, Ho
was accepted.

Spatial analysis

In most spatial data, observation in a location depends on
other nearby locations (neighboring). Pulmonary TB cases
are interrelated between one location and another. If some-
one gets pulmonary TB in a location, it may affect other
locations due to mobilization and contact with other people
with pulmonary TB.

Spatial dependency test

Prior to spatial analysis, a spatial dependency test was per-
formed to determine that pulmonary TB occurrence in a
particular location was related to other locations. Spatial
dependencies can be identified using two methods: Moran’s
| and Lagrange Multiplier (LM). The results of spatial depen-
dency analysis using GeoDa software can be seen in Table 2.

Based on Table 2, Lagrange Multiplier-Lag Test obtained
p=0.043, which was smaller than « =0.05. It indicated that
there was a spatial effect, pulmonary TB occurrence in a
particular location was related to other locations. If a spatial
effect exists, the best test to find out factors related to
pulmonary TB occurrence in Makassar is a test that takes
into account spatial effect.

Risk factor analysis on pulmonary TB occurrence
using spatial approach

The results of analysis using GeoDa software with queen
contiguity matrix can be seen in Table 3.

The p value of temperature was 0.150 and contact his-
tory was 0.242. Further, occupancy density, humidity, and
lighting variables have something to do with pulmonary TB
occurrence since the p value of those variables were smaller
than a=0.05. The p value of occupancy density, humidity,

and lighting variables were 0.038, 0.000, and 0.000 respec-
tively. So, the risk factor model for pulmonary TB occurrence
using spatial approach is as follows:

n
Y=-1212 - 0.1852_ i wijyi +0.28 occupancy
J=4Li#]

density + 0.31 humidity + 0.44 lighting + 0.09
temperature — 0.24 history of contact

where:
Y =number of TB occurrence
Wi; = spatial weights matrix

Pulmonary TB cases distribution mapping

The total number of patients with pulmonary TB was 182
cases. There were 41 (22.5%) patients within a radius of
250 meters and 124 (68.1%) patients within a radius of 500
meters from Community Health Center areas. The number
indicated that more than half the number of pulmonary TB
cases are located near the community health center areas

(Fig. 1).
Discussion

Rooms with poor air circulation and little to no sunlight
increase the risk of pulmonary TB transmission.!" One of
environmental variables affecting pulmonary TB occurrence
is occupancy density.'>'# Occupancy density is a compari-
son between the house floor area and family members in
one house. The occupancy density requirement for ordi-
nary housing is stated in m? per person. The minimum area
per person varies, depending on building quality and facili-
ties available.' The bivariate analysis results indicate that
housing density variable is not related to pulmonary TB
occurrence. However, in multivariate analysis that takes
into account spatial effect, housing density is related to
pulmonary TB occurrence. According to the researchers,
the difference occurs because all independent variables are
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Figure 1
Tanah sub-districts, Makassar.

analyzed simultaneously in multivariate analysis so that they
are correlated.”

High indoor humidity is a suitable medium for bacteria
growing process causing pulmonary TB since the disease is
easily transmitted in unhealthy environmental conditions.
The results of multivariate analysis that takes into account
spatial effect indicate that there is a relationship between
indoor humidity level and pulmonary tuberculosis occur-
rence in Makassar. The results of multivariate analysis that
takes into account spatial effect indicate that there is a sig-
nificant relationship between natural lighting and pulmonary
TB occurrence. A room with an indoor lighting <60 lx has a
higher chance of developing pulmonary TB than a room with
an indoor lighting >60 x.

Based on multivariate test results, there is no relation-
ship between temperature and pulmonary TB occurrence
because all family members of patients with pulmonary TB
and control share the same indoor temperature. Moreover,
the observation results indicate that most rooms for patients
with pulmonary tuberculosis and control do not have good
air circulation so that the room temperature level becomes
not eligible. The research states that there is a relationship
between temperature and pulmonary TB occurrence, yet it
is not linear with this research.

The results of bivariate and multivariate analyses indi-
cate that history of contact with family members is not
related to patients with pulmonary TB. It may happen

Map of pulmonary TB case distribution according to the distance to health center in the coastal areas of Tallo & Ujung

because most patients do not have any family member that is
affected by pulmonary TB. In fact, interviews with patients
reveal that contacts with neighbor or coworker may cause a
spatial effect that plays a role in spreading the occurrence
to other places.

Conclusions

There is a relationship between occupancy density and pul-
monary TB occurrence in Makassar. There is a relationship
between humidity and pulmonary TB occurrence in Makas-
sar. There is a relationship between lighting and pulmonary
TB occurrence in Makassar. There is no relationship between
house temperature and pulmonary TB occurrence in Makas-
sar. There is no relationship between history of contact with
family members of patient and pulmonary TB occurrence in
Makassar. Risk factor model for pulmonary TB occurrence in
Makassar is:

n
Y=-1212 - O.1852_ is wi;iyi +0.28 occupancy
J=41#]

density + 0.31 humidity + 0.44 lighting + 0.09

temperature — 0.24 history of contact

where:
Y =number of pulmonary tuberculosis occurrence
Wi;; = spatial weights matrix
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