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ABSTRACT
Introduction: Measles a very contagious disease 
which responsible for the thousand’s mortality in 
the world, including Indonesia. Even though vac-
cination has been claimed victorious to reduce the 
transmission, but it does not mean that the world 
is free from Measles. GIS is offering a powerful 
method to support the decision maker in gen-
erating the Measles program. Aim: This research 
aimed to investigate Measles clustering in Bantul, 
Yogyakarta, Indonesia by considering population 
density and income level. This study was essential 
to support decision maker to develop a proper 
intervention for preventing Measles. Material and 
methods: Quantitative approach was used in this 
study. Secondary data that consisted of measles 
cases, population density and income level were 
collected from the district health office and related 
government office in Bantul District. Ordinal Scan 
Statistic Model by using SaTScan v9.6 was applied 
to detect the cluster and to test the association 
between the cases and the variables. Results: This 
research revealed that population density and 
income level are the two predictors of Measles 
hotspot cluster. People who live in the very high-
income level district will have 4.8 higher possibility 
to be exposed with Measles. People who live in the 
district with medium and high population density 
predicted to have 4.5 fewer risks to be infected 
with Measles. Conclusion: There is a correlation 
between income level and Measles cases. Geo-
graphic Information System (GIS) can contribute to 
a decision support system for disease prevention 
such as on Measles.
Keywords: measles, cluster analysis, spatial 
analysis.

1.	 INTRODUCTION
Measles is caused by a virus, it draws atten-

tion to public health due to the extraordinarily 
contagious disease. Measles is responsible for 

89.780 people died across the world in 2016, 
most of which are children under five year (1). 
While in Indonesia, in the same year, was re-
ported 6.890 Measles cases which 5 died due to 
the Measles (2). Before that period, Indonesia 
government stated has been successful to reduce 
the number of Measles cases about 76,6% from 
55.348 in 2006 to 12.943 in 2014 (3). However, in 
2016, remain reported 115 outbreaks in several 
areas in Indonesia (2) including in Yogyakarta 
province in 2014-2015 (3).

Measles is easy transmits to not immune peo-
ple. Accordingly, vaccination is the best strategy 
to protect people from the Measles transmis-
sion. World Health Organization (WHO) stated 
in their report that Measles vaccination has a 
significant impact on the Measles incidence and 
mortality globally (4). Nonetheless, it does not 
mean that every region is safe from Measles. In 
the USA who declared Measles was eliminated in 
2.000, but after 14 years, Measles was returned 
with 514 reported cases even though the vacci-
nation program had been run (5). Therefore, re-
search to support the routine programme that is 
vaccination is needed to help the policy maker in 
make priorities program. Thus as the proposed 
by research in Australia who said improving 
the immunization access and management are 
essential in measles program (6).

This research was conducted under the 
framework that GIS can play a role on deci-
sion support system in disease prevention. As 
stated by a review that GIS is a potential tool 
on medical or public health which is work effec-
tively together other disciplines (7). The leading 
GIS research was done by John Snow when he 
mapped the cholera disease in London(8). By 
this research, a map is well known as disease 
surveillance tool. And nowadays, coincides with 
the development of science and technology, 
the map is produced through vary Geographic 
Information System (GIS) software. SaTScan as 
one of GIS software is commonly used to seek 
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the disease pattern and to look for the association within 
the environmental variable. For this research, SaTScan was 
employed to detect cluster among Measles cases to see the 
association between population density and income level. 
We used ordinal model due to the data characteristic and 
preventing the data dichotomization (9)such methods for 
studies involving current status data are scarce. Here, we 
propose a method for calculating power and sample size for 
studies using current status data. This method is based on 
a Weibull survival model for a two-group comparison. The 
Weibull model allows the investigator to specify a group 
difference in terms of a hazards ratio or a failure time ratio. 
We consider exponential, Weibull and uniformly distributed 
censoring distributions. We base our power calculations on 
a parametric approach with the Wald test because it is easy 
for medical investigators to conceptualize and specify the 
required input variables. As expected, studies with current 
status data have substantially less power than studies with 
the usual right-censored failure time data. Our simulation 
results demonstrate the merits of these proposed power 
calculations.(9). This research is vital by arguing the direc-
tion for priorities of a particular area in Measles prevention.

Some previous research has proofed the uses of GIS study 
in disease prevention. For instance, an investigation in In-
donesia that found exciting finding by elaborated Malaria 
incidence and lithology, landform, complex slopes and land 
cover maps (10). Correspondingly, a study on Leptospiro-
sis which successfully identified Spatio-temporal cluster 
in Bantul, Indonesia (11). While in Measles, some studies 
have researched some topics, such as GIS application for 
real-time mapping and cluster detection (12)there was a 
large measles outbreak in Dublin. Nationally 285 cases were 
notified to the end of December 2011, and 250 (88% and the 
using of GIS to understand the local pattern associated with 
some variables to support the vaccination program (13).

2.	AIMS
This paper describes the using of SaTScan as one of GIS 

tool to detect Measles cluster in Bantul, Yogyakarta, Indo-
nesia during 2015 by considering the population density 
and income level, which will provide essential evidence to 
policy maker as consideration on the vaccination policy.

3.	MATERIAL AND METHODS
Study Design and Participant
This study was performed by using spatial analysis in 49 

participants who have been diagnosed as positive Measles 
during 2015. Individual positive Measles cases, population 
density and the level of income per district were collected 
from Bantul Health Office, Yogyakarta Indonesia and re-
lated Bantul agency.

Ethical consideration
This research was approved by the Department of Public 

Health, Universitas Ahmad Dahlan. A research permit was 
requested from Bantul District Health Office.

Variables
This present research involving three variables, i.e. the 

individual positive Measles case, population density and 
the level of income per district. First, Geographical position 
(latitude, longitude) for each Measles case, it was recorded 

by using Geographical Positioning System (GPS). Second 
variable was population density which was classified as low 
(500-1.249 people/km2), medium (1.250-2.449 people /km2), 
high (2.500-3.999 people /km2) and very high (4.000-5.999 
people /km2).The classification is referring to the Indonesia 
Statistical Bureau by adjusting to this research context (14). 
The last variable was level of income which was classified 
using the quartile as follows: low income (IDR <3.807.446/
month), medium (IDR 3.807.446-4.234.339/month), high 
(IDR 4.231.339-5163743/month), very high (IDR >5.163.743/ 
month).

Data analysis
Ordinal Scan Statistic Model by using SaTScan v9.6 was 

applied to determine: 1) association between the level of 
population density and the Measles cases distribution in 
2015 and 2) association between the level of income is as-
sociated and the Measles cases distribution in 2015. Cluster 
significance was considered at< 0.05 of p-value. Map was 
generated from Arc-GIS.

4.	RESULTS
There were 49 cases of Measles which spread across the 

Bantul district in 2015. Among the cases, more than 36% 
and 30% of Measles cases found in the very high and medi-
um population density area respectively. Meanwhile, almost 
45% of Measles cases discovered in a very high-income level 
and only 6% of which located in low-income level (Table 1).

Variable Case

N %

Population density /sub district/km2

Low 10 20.41

Medium 15 30.61

High 6 12.24

Very High 18 36.73

Total 49 100.00

Level of income/sub district/month

Low 3 6.12

Medium 13 26.53

High 10 20.41

Very High 23 46.94

Total 49 100.00

Table 1. Description of Measles case in Bantul, Yogyakarta, 
Indonesia by 2015

Table 2 shows the cluster detected from two different 
variables. First, there was one significance cluster with the 
p-value of less than 0.05 for Measles incidence vs. popu-
lation density. SaTScan regrouped the classification into 
three categories by merging the category 2 and 3 (district 
with medium and high population density respectively). 
According to the analysis, people who live in the area with 
medium and high population density predicted to have 4.5 
fewer risks to be infected with Measles. While for very high 
population density the risk could not be identified. Cluster 
location is present in Figure 1.

Second significance cluster is showing the association 
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between the level of income and Measles incidence. Refers 
to the SaTScan analysis express that people who live in 
category 4 or very high-income level district will have 4.8 
higher possibility to be exposed with Measles. Cluster de-
tected shown in Figure 2.

5.	DISCUSSIONS
Measles remains to draw attention globally, due to the 

highly contagious viral disease. Nowadays the number of 
Measles mortality reduced by about 84% from the year 2000 
to 2016 (15). Thus, possibly the consequences of intensive 
Measles prevention through the vaccination program. 
However, Measles remains to become a problem in some 
middle-income country in Africa and Asia, including in 
Indonesia (15). Vaccination program remains essential 
to execute, on the other hand, an approach that supports 
that program is necessary to produce. Identification clus-
ter using GIS technic is an approach that could assist the 
Measles programmer to determine the high-risk area as 
vaccination target.

In this study, we assessed the using of spatial analysis 
technic to detect Measles cluster incidence. Through an 
ordinal model of SaTScan, we identified significant cluster 
among Measles incidence which considering population 
density and income level as the determinant. Population 
density or population size has been recognized as the de-
pendency of Measles transmission in a particular area or 
country (16, 17)i.e., a higher population size was correlated 
with a disproportionate high incidence of measles and ru-
bella. No such tendency was found in other infections with 
possible exceptions of pertussis and keratoconjunctivitis. 

The dependency of rubella and measles on population 
density was examined by log-log plots of patient number/
population vs. population density, which revealed strong 
population density dependency of rubella; the dependency 
of measles on population density was equivocal. Measles 
could transmit directly from infected person droplet when 
they are breathing, talking, sneezing, coughing that pro-
duce Measles virus (18). The virus stays in the air for up to 
two hours to infects the others people (19). Accordingly, 
when the density of people increases, it will increase the 
risk of Measles transmission in a particular area because 
the easiness of the virus to contaminate the next people. 
Previous studies have elaborated on the ability of SaTScan 
to detected spatial, temporal and spatiotemporal Measles 
cluster by using the population size (20, 21). These research 
in line with our finding which found a statistically signifi-
cant Measles cluster within population density. According 
to that result approved that the Measles incidence is closely 
associated with population density.

Using the same analysis, this study furthermore, identi-
fied a significant cluster of Measles with attribute variable 
was income level. Income is known as a determinant of 
health. A study in the United States of America said that 
people with lower income reports having poor health qual-
ity (22). That statement is supported by the theoretical 
causal mechanism that stated income inequality affected 
fewer live opportunity, less social capital, direct psycho-
social effects, and immediate socio-biological effect. After 
that, all of which influences the health status (23).

Conversely, we found a contrast result with the two 
previous studies. In our study, people who live in very 

Analysis Cluster

Variable Loc* Cases Exp* Category RR* LLR* P*

Measles vs Population Density 3 21 4.29, 9.00, 
7.71 [1], [2, 3], [4] 0 

0.22 infinity 24.850054 0.000

Measles vs Income Level 3 21 6.86, 4.29, 
9.86 [1, 2],[3], [4] 0 

0.57 4.80 15.311368 0.000

Table 2. List of Measles Cluster using Ordinal Model in Bantul, 2015. Loc: the total of location included. Exp: expected cases. RR: 
relative risk. LLR: log likelihood ratio. P: p-value.

Figure 1. Measles cluster vs population density in Bantul, 2015. Figure 2. Measles cluster vs income level in Bantul, 2015
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high-level income have the highest possibility to expose 
with Measles. Our communication with the Measles pro-
gram officer of Bantul District strengthens the capability 
of the SaTScan role as decision support system. The officer 
explained, the anomaly on that cluster because there was 
immunization refusal cluster on that community. This clus-
ter which likewise educated and in high economic status 
refuses to vaccine their children on the Measles vaccination 
program. The refusal is due to their believing and religious 
reason. Local health authorities have been trying to encour-
age this cluster however it has not successful thoroughly.

Another interesting finding is regarding the cluster loca-
tion. According to the previous research in Bantul at 2014 
(24) who conducted analysis using clustering method, they 
found a Measles cluster in the same area as our finding that 
is in Banguntapan sub-district. Based on this two data set, 
it shows such temporal consistent pattern that location is a 
potential as Measles hotspot. Therefore, it could be a sign 
for the local health authorities to priorities this area on 
running their Measles program.

Limitations
This study may have some limitations regarding the vari-

able comprehensiveness. For instance, this study involving 
two variables to predict the cluster thus associates with 
time and finance issue. However, this study remains had a 
contribution to provide evidence for local health authori-
ties and proved the ability of SaTScan to detect cluster for 
the policy-making purpose. For next coming study is sug-
gested to involve more variable to predict the cluster. Also, 
running temporal mapping for a couple of years probably 
give evidence accurately.

6.	CONCLUSIONS
Measles is a contagious disease that infects mostly 

children. There is no specific antiviral therapy for Measles 
infection (25). As a result, vaccination is the recommended 
solution to tackle the infection. In some developing coun-
tries, even though the vaccination campaign intensively 
conducted, but outbreaks remain in some areas. Accord-
ingly, GIS such as SaTScan can be a role as decision sup-
port for health authorities to priorities a particular area as 
program target. This research pointed out that the ability 
of SaTScan to detect Measles cluster with underline density 
and income level as the determinant.
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