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 Background: TubercuIosis is a heaIth probIem of gIobaI 
concern, especiaIIy in Southeast Asia. Indonesia is the second-
Iargest contributor to tubercuIosis after India. Some causes 
infIuence the increasing burden of tubercuIosis in Indonesia, 
incIuding environmentaI and socio-economic factors. Therefore, 
spatiaI anaIysis is needed to see the distribution of tubercuIosis 
cases based on risk factors. This study focuses on conducting 
spatiaI anaIysis in MageIang City. Methods: This research is a 
quantitative descriptive observationaI study using an ecoIogic 
study approach. The sampIe size in this study was 38 
tubercuIosis patients with totaI sampIing. Data coIIection was 
carried out using observation sheets. Data analyzed by software 
ArcGIS. ResuIts: The spatiaI pattern of distribution occurred 
according to the Iow popuIation density (97.4%), the 
environmentaI temperature meet the requirements (84.2%), the 
air humidity meet the requirements (100%), the BCG 
immunization coverage was not being meet (100%), the distance 
to heaIth services is cIose (100%), the household with low-level 
social welfare is at the most (23.7%). Conclusion: An urban 
village with the highest tuberculosis cases is in the household 
with low-level social welfare is at the most. There is a need to 
improve social welfare and coverage of BCG immunization. 
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1. Introduction 

Tuberculosis is an infectious disease caused by the bacterium Mycobacterium 
tuberculosis. The source of transmission comes from tuberculosis patients with positive Acid-fast 
bacilli (Basil Tahan Asam/BTA +) through the microscopic sputum that they cough up. 
Tuberculosis is a global concern. In 2019, there were an estimated 10 million (range from 8.9 to 
11.0 million) cases of tuberculosis. It was also estimated that 60 million lives were saved through 
the diagnosis and treatment of tuberculosis between 2000 and 2019. Geographically, the most 
tuberculosis patients in 2019 were in the Southeast Asian region (44%). Indonesia is the second 
largest contributor to tuberculosis after India (8.5%) [1-3].  

In 2019, tuberculosis cases in Indonesia were 562,049 cases.  There were 73,171 
tuberculosis cases in Central Java in 2019, which increased compared to 2018 of 49,616 cases. 
Tuberculosis cases in MageIang City were recorded in 2018 of 979 cases, increased in 2019 by 
1,103 cases, and increased again in 2020 by 646 cases. The Incident Rate (IR) of new 
tuberculosis patients in MageIang City in 2018 was 765/100,000 population, and in 2019 it was 
1032/100,000 population. In Magelang City in 2018, related to tuberculosis cases, there were as 
many as 38 deaths, in 2019 as many as 20 deaths, and in 2020 as many as 26 deaths [4-5]. 

There were causes that influence the increasing number of tuberculosis cases in 
Indonesia; those were including environmental and socio-economic factors. Unemployment rate, 
education level, per capita income level, sanitation conditions, climate, accessibility of health 
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services, inadequate food and clothing, and low BCG immunization resulted in a high risk of 
people contracting tuberculosis [6-8]. 

The Geographic Information System presented spatial information that discussed the 
relationship between a place and its surrounding environment by overlaying two maps which 
then produced a new map resulting from the analysis. Through spatial analysis, the incidence of 
tuberculosis could be determined by observing the number of patients in an area at a certain time 
based on the related variables [9-10]. Thus, in this study, a Geographic Information System (GIS) 
application with the spatial analysis method would be used to describe the distribution of 
tuberculosis per kelurahan (village) as the unit of analysis in MageIang City. 

 
2. Method 

This research was a quantitative descriptive observational research using an ecologic 
study approach. The sampling technique used total sampling with a sample size of 38 
tuberculosis patients who were recorded and monitored in MageIang City in January-March 
2021. The dependent variable in this study was tuberculosis cases. Meanwhile, independent 
variables were BCG immunization coverage, population density, level of social welfare, 
environmental temperature, air humidity and distance of health services.  

The data used were primary data and secondary data. Primary data was taken by means 
of field observations and measurements using a thermohygrometer. The secondary data were 
data on tuberculosis patients, BCG immunization coverage, as well as a list of hospitals and 
health centers in January-March 2021 in MageIang City from the MageIang City Health Office, 
data on the number of residents and area in MageIang City in the urban unit in March 2021 from 
Central Statistics Agency (BPS) of MageIang City, Integrated Data on Social Welfare (DTKS) in 
MageIang City in village units in March 2021 from the Social Affairs Office, data on the 2021 
MageIang City administration map from the Regional Development Planning Agency 
(BAPPEDA). 

Univariate analysis was performed using Microsoft Excel software to understand the 
characteristics of respondents and research variables. Map analysis was carried out using 
ArcGIS, an area mapping software, to determine the distribution of tuberculosis cases based on 
the variables analyzed spatially.  

 
3. Results and Discussion 
3.1. Results 

Based on Table 1, it is known that the majority of tuberculosis sufferers in this study were 
aged 26-45 years as, many as 13 people (34.2%); and male and female have the same 
number of 19 people (50%).  

 
Table 1. Respondents’ Characteristics 

Respondents’ Characteristics n % 

Age   
    0-5 years 2 5.3 
    6-11 years 1 2.6 
    12-25 years 4 1.5 
    26- 45 years 13 34.2 
    46-65 years 11 28.9 
    66 years and above 7 18.4 
Gender   
    Male 19 50 
    Female 19 50 

 

 
It is known that the most cases of tuberculosis are in the Rejowinangun Utara Village 

(23.7%) as many as 9 cases, of which 2 were cases of close contact (lived in the same 
house). And there were several villages that have no cases of tuberculosis (0%) namely 
Magersari Village, Jurangombo SeIatan Village, and Wates Village (Figure 1).  
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Figure 1. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021  

 
Figure 2 shows that most of the villages in MageIang City had a low population density 

(88.2%) with a population of <15,000 people for every square kilometer of the area. Of the 
total tuberculosis cases in Magelang City, the distribution of cases tended to occur according 
to a low population density level with a case point of 97.4%. Figure 3 shows that most of the 
urban areas in MageIang City had suboptimal temperatures, which was the ambient 
temperature less than 31°C and more than 37°C (76.5%). Of the total tuberculosis cases in 
Magelang City, the distribution of cases tended to occur according to the environmental 
temperature not in the range of 31°C-37°C with case points reaching 84.2%. 

Figure 4 shows that all villages in MageIang City were classified into areas that meet the 
requirements for air humidity (100%), i.e., air humidity ranges from 45-65%. The distribution of 
tuberculosis cases in MageIang City occured according to the air humidity that meets the 
requirements with the case point reaching 100%. Figure 5 shows that the coverage of BCG 
immunization in Magelang City was included in the area where all the villages did not meet the 
BCG immunization coverage (100%) which was ≤90% of the target.  

Based on the conducted buffer analysis, the reach of the patient's house as far as >5 km 
from health services was shown in green. Figure 6 shows that all villages in MageIang City 
were included in areas with close proximity to access health services (100%). Figure 7 shows 
that in MageIang City, all the villages have households with low levels of social welfare. Of the 
total tuberculosis cases in MageIang City, 23.7% of the case points were spread in the 
Rejowinangun Utara Village which had households with the most of low level of social welfare 
(13.7%). 
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Figure 2. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 based 

on Population Density 
 

 
Figure 3. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 

based on Environmental Temperature 
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Figure 4. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 based 

on Air Humidity 
 

 
Figure 5. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 based 

on BCG Immunization Coverage 
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Figure 6. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 based 

on the Distance of Health Service 
 

 
Figure 7. The Distribution of Tuberculosis Cases in MageIang City in January-March 2021 based 

on Social Welfare 
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3.2 Discussion 
In this study, cases of tuberculosis that were recorded and addressed in MageIang City in 

January-March 2021 were 38 cases with ages between 1-79 years. Tuberculosis cases mostly 
occurred in respondents in the adult category, between the ages of 26-45 years, as many as 
13 people (34%). This result was in line with another study which stated that the most 
common tuberculosis patients were adult patients (26-45 years) as many as 45.8% [11]. The 
adult age category was the productive age which at that age when respondents spent more 
time on social contact or socializing, and were at the stage of working or producing something 
for himself or others; so, there was a greater risk of spreading tuberculosis [12]. In addition, a 
lot of activity could affect the immune system [13]. There were 75% of tuberculosis patients 
which were in the most economically productive age (15-49 years). At that age, if a person 
suffered from tuberculosis, consequently it could result in low personal productivity or even 
burden the family. It was estimated that an adult tuberculosis patient would lose an average of 
3-4 months of working time, resulting in a loss of 20-30% of his family's annual income [14]. 
The direct impact was in the form of medical expenses, while the indirect impact was in the 
form of loss of work productivity, which had an impact on social, family, and community 
problems [15-16].  

Based on gender, tuberculosis sufferers in the months of January-March 2021 in 
MageIang City for male and female were the same (50%). The prevalence of tuberculosis 
sufferers in Indonesia in male was 1.4 times more than female. The Tuberculosis Prevalence 
Survey showed the prevalence of men was three times higher than women. The same thing 
happened in other countries. This might be because men were more likely to be exposed to 
risk factors for tuberculosis, such as smoking and lacked of medication adherence [17-18]. 
Tuberculosis cases in January-March 2021 in MageIang City, which totaled 38 cases, showed 
that almost every village had tuberculosis cases. The distribution of cases in Magelang City 
tended to occur in the downtown area. Tuberculosis cases were the most in Rejowinangun 
Utara Village (23.7%). 

Population Density was calculated from the total population for every square kilometer of 
area in MageIang City in March 2021. The distribution of tuberculosis cases in January-March 
in MageIang City tended to occur according to a low population density (97.4%) with a 
population of <15,000 people for every square kilometer of area. 2.6% of cases are spread in 
areas with moderate population density. Meanwhile, the village with a high population density 
has no cases of tuberculosis, namely in Magersari Village. The results of other studies also 
stated that the distribution of tuberculosis cases tended to be more common in low-density 
urban areas [19-20]. However, there were previous studies that have resulted in a spatial 
pattern for the distribution of a tuberculosis incidence was directly proportional to a high 
population density [21-22]. The denser population in certain areas, the spread of tuberculosis 
would be more likely to occur. And there was no difference in cases of tuberculosis in areas 
with high population density and low population density [23-24]. Population density could 
determine the speed of disease transmission, also determined the quality of health services 
and the number of patients in an emergency (the number of sufferers if there was a sudden 
change such as an extraordinary event). However, population density was not the only factor 
that caused tuberculosis bacterial infection. There were many other factors that could cause a 
person to be infected with tuberculosis bacteria, such as slum settlements, poverty, contact 
with tuvercolusis patients with AFB/BTA (+), and nutritional status [25-27]. 

Environmental temperature is the level of hot air in a place scaled in degrees Celsius (°C) 
as measured by a thermohygrometer. Bacteria have a preferred temperature. At that 
temperature there is an optimal temperature that allows them to grow faster. Mycobacterium 
tuberculosis will grow optimally at a temperature of 31°C-37°C [11,28]. The distribution of 
tuberculosis cases in MageIang City tended to occur according to the environmental 
temperature not in the range of 31°C-37°C with case points reaching 84.2%. Meanwhile, the 
village with the optimal temperature, the environmental temperature which ranged from 31°C-
37°C, there were no cases of tuberculosis, which was in the Magersari Village. This result of 
this study was not in line with previous studies which stated that the environmental 
temperature of each sub-district had an average temperature which did not meet the 
requirements, with a temperature of > 30°C. It showed the effect between the incidence of 
BTA (+) pulmonary tuberculosis with environmental temperature [12,29]. Environmental 
temperature was not the only risk factor for the incidence of pulmonary tuberculosis. 
Temperature could be influenced by climate including humidity, rainfall, and exposure to 
sunlight as well as geographical and topographical conditions. Tuberculosis disease could 
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occur as a result of the accumulation of risk factors and disease agents that occurred 
simultaneously [14]. 

Air humidity was measured with a thermohygrometer. Air humidity in MageIang City 
showed that all villages were included in areas that meet the requirements for air humidity 
(100%), air humidity ranging from 45%-65%. The distribution of tuberculosis cases in 
MageIang City occurred according to the air humidity that meets the requirements with the 
case point reaching 100%. The results of another study stated that the majority of tuberculosis 
patients were in areas with adequate humidity. However, there was a previous study which 
stated that as many as 85.8% of tuberculosis patients were in areas which did not meet the 
requirements for air humidity, namely >70% [30]. High humidity (> 65%) could increase the life 
of tuberculosis bacteria. The water vapor content or air humidity of an area could be 
influenced by several factors such as air temperature, wind movement, air pressure, quality 
and quantity of sunlight, water availability, vegetation density, location altitude, and air density 
[16]. 

BCG Immunization Coverage was calculated from the percentage of the number of 
newborns who have received the BCG vaccine with the total number of newborns until March 
2021. The distribution of tuberculosis cases in MageI City according to the unfulfilled BCG 
immunization coverage was 90% with case points reaching 100 %. Several villages with 
unfulfilled immunization coverage had no cases of tuberculosis, namely Wates Village, 
Magersari Village, and South Jurangombo Village. Of the total tuberculosis cases in Magelang 
City, 100% of the case points were spread in areas with unfulfilled BCG immunization 
coverage. This result of this study was not in line with previous studies which showed that the 
spatial distribution of tuberculosis occurred by region of high BCG immunization coverage with 
an increase in tuberculosis cases was in line with increased BCG immunization coverage and 
most of the point cases spread in areas with high immunization coverage. Giving BCG 
immunization would provide active immunity against tuberculosis, but the immunity that was 
formed did not guarantee a person to be infected with tuberculosis. If a person had received 
BCG immunization, the infection was not progressive and did not cause serious complications. 
Factors that affected the effectiveness of BCG immunization against tuberculosis included 
differences in the BCG vaccine given, high exposure to Mycobacterium tuberculosis bacteria 
in the environment, genetic factors, nutritional status and other factors that affected the quality 
of the vaccine such as the method of administration, dose, timing of BCG immunization, 
Vaccine storage, and UV exposure [7,17]. 

Health services in the City of MageIang included 8 public and private hospitals and 5 
health centers. The distribution of tuberculosis cases in MageIang City occurred according to 
the distance of close health services, i.e., 5 Km from health services with case points reaching 
100%. This was in line with previous studies which stated that the distribution of tuberculosis 
cases was close to health care, so that health services could be reached from the houses of 
people with tuberculosis [18]. However, there were other studies which stated that most of the 
places where people with tuberculosis live were far away from health services. The further 
distance health services were from the patient's house, the more it could affect the regularity 
treatment for tuberculosis sufferers [19,20]. 

The level of social welfare was calculated using the deciI calculation, where deciI 1-4 
(40%) were households with low social welfare. In MageIang City, the most villages with the 
most of low level of household social welfare (13.7%) were in Rejowinangun Utara Village. Of 
the total tuberculosis cases in MageIang City, Rejowinangun Utara Village had the highest 
number of tuberculosis cases (23.7%). This was in accordance with the previous research 
which stated that the areas with the highest level of pre-prosperous household welfare 
(households that could not meet the indicators of basic family needs) were in the areas with 
the most tuberculosis cases [6]. The high prevalence of tuberculosis was related to the large 
number of slum settlements which showed that social welfare in the Jakarta area was still 
lacking. Sanitation and population density in slum areas were also at an alarming level. In fact, 
social welfare, sanitation, and density were factors that were closely related to tuberculosis. 
One study stated that low socioeconomic status had a two times higher risk of spreading 
tuberculosis [21,22]. There were studies that are not in line with the result of this study which 
stated that the pattern of the spread of tuberculosis tended not to follow the pattern of 
distribution of families with low social welfare (poor) [23].  
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4. Conclusion 
Tuberculosis cases in January-March 2021 in MageIang City showed that almost every 

village had tuberculosis cases. The village in Magelang City with the highest tuberculosis cases 
was in the area with the most of low social welfare households. And all villages in Magelang 
City had unfulfilled BCG immunization coverage, so it was necessary to increase BCG 
immunization coverage. 
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