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Abstract 

Background:  Comprehensive reports of malaria in Menoreh Hills, Central Java, Indonesia, a unique district cross-
boundaries area under three districts and two provinces have been published previously. However, no study was 
performed to identify the hotspots of malaria in this cross-boundaries area, Kaligesing and Bagelen Subdistricts in 
Purworejo, Jawa Tengah Province and Kokap Subdistrict in Kulon Progo, Yogyakarta Province, using a longitudinal 
spatial data.

Methods:  Monthly reports of malaria cases at primary health centres during 2005–2015 were collected and pro-
cessed with ArcGIS and SaTScan to identify the malaria distribution at the village level. Malaria distribution was 
analysed using global spatial autocorrelation (Moran index) in ArcGIS. Cluster analysis was conducted using SaTScan 
purely spatial clustering and purely temporal clustering. Cluster characteristics resulted from three different approach 
were compared and analysed.

Results:  During the last 11 years, 3812 malaria cases were reported and the number of high case incidence (HCI) 
villages were increased continuously. Malaria spatial distribution in Menoreh Hills was clustered spatially. Using three 
different approaches of time period ranges, consistent conclusion was found i.e. most likely clusters always occurred 
in the Purworejo district while the secondary clusters appeared later in the cross-boundaries districts.

Conclusion:  Spatiotemporal analysis of an 11 years surveillance data showed that hotspots of malaria cases in 
Menoreh Hills were continuously located in Purworejo district. The success of malaria elimination in the cross bounda-
ries area of Menoreh Hills might be depended on the success in malaria case management and surveillance in this 
hotspot area.
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Background
Although annual parasite incidence (API) of malaria 
in Java has decreased, some pocket areas still exist and 
remain difficult to control. One of them is Menoreh Hills 
that belongs under three districts (Purworejo, Magel-
ang and Kulon Progo) of two provinces (Jawa Tengah 
and Yogyakarta). Malaria is persistently endemic in this 

cross-boundaries area. In the last decade, malaria in 
Menoreh Hills was first documented as endemic and 
in fact, was the largest contributor of malaria cases in 
Java [1]. Malaria problems across the borders of Meno-
reh Hills involve several different districts and prov-
inces, each having different strategies to control malaria. 
Malaria across borders or cross-border malaria is defined 
by specific environmental characteristics including physi-
cal, social and geopolitical, anthropological, administra-
tive and geographic areas of border areas that influence 
epidemiology and control of malaria. The term cross-
border malaria refers to the transmission of malaria as 
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a result of human or vector cross-border movement and 
epidemiology pertaining to adjacent areas [2], a situation 
that is similar to the cross-border areas in Mekong [3], 
China–Myanmar [4], China and 14 neighbouring coun-
tries [5], Cambodia [6], and Indonesia–Malaysia [7]. The 
concentration of malaria events along international bor-
ders and cross-border migration activities make moni-
toring and control of malaria extremely difficult. Lack of 
monitoring and consistent surveillance can contribute to 
the causes of reoccurring malaria transmission.

The Menoreh Hills area consists of mainly Kulon 
Progo and Purworejo Districts that belong to Yogya-
karta and Jawa Tengah Provinces, respectively. In Kulon 
Progo, malaria incidences were found in Kokap, Girimu-
lyo, Samigaluh and Kalibawang sub-districts located in 
Menoreh Hills. The Kokap region is an area with dense 
vegetation, where temperature and humidity do not fluc-
tuate sharply, providing a suitable environment for mos-
quito breeding areas [8, 9]. Thus, although API tended to 
decline from 2005 to 2010, outbreaks still occurred in the 
next period of 2011–2012 at several villages [8].

Purworejo District was the largest contributor to 
malaria cases in Jawa Tengah Province with API number 
0.49 per 1000 population in 2010, which increased to 1.31 
per 1000 population in 2011. Malaria cases in Purworejo 
occurred around the hills, border areas, rivers, and paddy 
fields [10]. Malaria outbreaks were concentrated in areas 
adjacent to Magelang and Kulon Progo districts. The 
malaria endemic areas in Purworejo, i.e., Bagelen and 
Kaligesing Subdistricts, are adjacent to Kokap, Kulon 
Progo. Throughout the year, the Anopheles species 
accounts for transmission in 76–88% of malaria endemic 
areas in Purworejo, with vector density of 0.38–3.85 
mosquitoes/individuals/hour [11].

This cross-boundaries malaria situation in Menoreh 
Hills is similar to cross-boundary malaria transmission 
between countries, which is often very difficult to control. 
One of the reasons is that it involves different countries 
which apply different policies regarding malaria control. 
Although the three districts/two provinces in Menoreh 
Hills are in the same country, as decentralization era was 
starting in Indonesia since 2000, each district has auton-
omous authority to enact their own policies including 
those for malaria control. As a consequence, administra-
tive issues might influence policy execution and often 
become a hindrance in malaria control [8].

Malaria transmission in Menoreh Hills and its sur-
roundings varies depending on the time and place [1, 
8, 10]. Information about transmission is indispensable 
to formulate an appropriate strategy to control malaria. 
Geospatial analysis is currently being developed to deter-
mine the target of intervention based on local transmis-
sion. Spatial, temporal and spatiotemporal epidemiology 

provide information about spatial patterns of malaria 
epidemics, assessing transmission changes and identify-
ing high-risk areas and times [12–15]. In some countries 
such as Ethiopia, Bangladesh, China and Kenya, distri-
bution of malaria incidence was clustered into spatial 
clusters of both, most likely and secondary clusters [13, 
16–18] and clustered at specific times [14, 19]. Several 
studies on the usage of spatial and temporal information 
in malaria surveillance at district levels were conducted 
in Hubei Province of China [19], Ethiopia [16], Thailand 
[20] and Ethiopian highlands [21]. Studies in Cambodia 
[22], Ethiopia [14] and Nepal [23] used a spatial analy-
sis unit at the village level. Spatiotemporal clustering of 
malaria in the villages is indispensable for government 
collaboration, especially for malaria control and preven-
tion partners to provide appropriate malaria interven-
tions and resources allocation [14]. The spatiotemporal 
analysis in epidemiology is extremely useful, particularly 
to evaluate the occurrence of different events according 
to the geographic areas and to identify the patterns of 
clustering of disease. The result of spatiotemporal map-
ping can be used as a tool in health policy, decision-mak-
ing, and implementation of activities related to malaria 
elimination [24, 25]. So far, unfortunately, no spatial anal-
ysis is available in the Menoreh Hills region especially 
those at cross-boundaries area.

The objective of the study was to investigate spatial and 
temporal distribution of malaria at Menoreh Hills area, 
with three different approaches of analysis and to identify 
the challenges and solutions of the malaria control pro-
grammes in the bordering areas of Menoreh Hills.

Methods
Study area
The study was conducted across the boundaries of dis-
tricts and provinces in the Menoreh Hills of Java Island 
Indonesia (Fig. 1). Menoreh Hills is an area with an alti-
tude of 100–900  m above sea level; hardy plants spe-
cies are dominant in this ecosystem. Menoreh consists 
of many valleys and mountains that form many streams 
dominated by denudational mountain and hills with the 
dominant type of rock is andesite [8].

Purworejo district consists of 16 sub-districts and 434 
villages, while Kulon Progo district consists of 12 sub-
districts and 88 villages. There were three endemic areas 
with malaria cases always present in the last 10  years, 
adjacent to each other in this study: Bagelen and Kaliges-
ing subdistricts in Purworejo district and Kokap subdis-
trict in Kulon Progo district. Endemicity is categorized 
based on the rates of API as low (API < 1.0), middle (API 
is between 1.0 and 4.9) and high (API ≥ 5.0) per mil pop-
ulation (‰).
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The study area covered 43 villages. The population in 
the three sub-districts is 104,595, i.e., 8.7% of the total 
population in Purworejo and Kulon Progo.

Data collection
Confirmed malaria cases (microscopic assessment) 
monthly report data were collected retrospectively from 
the Primary Health Care offices (PHCs) from January 
2005 to December 2015. This data contained the iden-
tity of patients (including address), and malaria cases 
confirmed through microscopic examination. Monthly 
malaria data per village and the number of villagers per 
year were collected from related PHC a recapitulated at 
the district level. Village coordinate data included the 
coordinates of centroid latitude and longitude of each vil-
lage in Menoreh Hills.

Analysis
Data analysis included: (1) Spatial Autocorrelation 
Analysis (Moran Index), (2) Spatial cluster analysis and 
(3) Temporal analysis. Spatial autocorrelation analysis 
was used to analyse the patterns of malaria distribution 
in all villages in Menoreh Hills each year by generating 
Moran global indices. The determination of the patterns 
of distribution was determined by Z value and the level of 
significance (p-value). This analysis produced three pat-
terns: cluster, random (no autocorrelation) and dispersed 
with software ArcGIS 10.2. Spatial cluster analysis, using 
purely spatial clustering in SaTScan software version 8.0 
[26]. The temporal analysis was used to detect malaria 
grouping based on time of each year from 2005 to 2015 
with a time aggregation 1 month. All data were analysed 
in three approaches, i.e., in one whole period, 11  years 
(2005–2015), two periods (2005–2010 and 2011–2015).

Results
Malaria has been a long-standing health problem across 
the boundaries of Menoreh Hills. Over the past 11 years, 
more than 3500 cases of malaria in District cross-bound-
ary area have been reported. The following were char-
acteristics of malaria patients across the border in the 
Menoreh Hills: infants 0.7% (29/3812), 1–5 years old 7.3% 
(282/3812), ages over 5 years old 92.9% (3501/3812) with 
Plasmodium falciparum 58.5%, Plasmodium vivax 28.9%, 
mixed of P. falciparum and P. vivax 3.5% and unidentified 
species was 9.1%. During the study period, the API fluc-
tuated with average at 4.2‰ and varied from 0.2–10.8 ‰. 
Distribution of malaria in cross-border and non-cross 
border areas in two adjacent districts are shown in Fig. 2.

It was revealed that Menoreh cross-border areas were 
the highest contributor of malaria cases in the two regen-
cies (39–47% during 2011–2015). In the last 5  years, 
malaria cases in the cross-border areas of Purworejo were 
increasing significantly, while those on the Kulon Progo 
side were decreasing persistently. In the study location, 
the number of malaria cases reached 809 in 2005–2010 
and increased significantly to 3003 in 2011–2015.

Monthly Parasite Incidence (MoPI) data in cross-
border areas for 11 years collected from related District 
Health Offices showed that MoPI increased from July to 
January (rainy season) and decreased from February to 
June (dry season). MoPI value from 2005 to 2015 showed 
an increase with a peak value in 2015 (Fig. 3) MoPI in the 
last 5 years (2011–2015) showed the same pattern.

Endemicity of malaria in villages in Menoreh Hills 
varied for 11  years. In the last 5  years, the number of 
endemic villages increased, as did Low (LCI), Middle 
Case Incidence (MCI), and HCI villages. The number 
of HCI villages increased from 11 (25.6%) in 2014 to 17 

Fig. 1  Menoreh Hill is located at cross-boundaries area of two 
provinces (Central Java and Yogyakarta) on the Island of Java (red 
box, inset), Indonesia. The topography of Menoreh Hill (Kaligesing, 
Bagelen and Kokap Sub Districts) consists of hilly reliefs and 
ephemeral water bodies (rivers/streams). Most of land area is covered 
by mixed gardens and shrubs, fertile in the rainy season. Puddles are 
presence in the rivers at the beginning and end of the rainy seasons
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Fig. 2  Distribution of malaria cases in cross border and non cross border areas in Menoreh Hills, Indonesia (2005–2015)

Fig. 3  Monthly Parasite Incidence (MoPI) in cross-boundaries area, Menoreh Hills, Indonesia (2005–2015)
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(39.5%) and eventually each district in Menoreh Hills had 
HCI villages in 2015.

Global spatial autocorrelation analysis (Moran Index)
Eleven years analysis showed that 42 villages reported 
malaria cases and a clustering pattern of malaria distri-
bution. Two periods of analysis showed that villages with 
malaria cases increased from 37 in 2005–2010 to 40 in 
2010–2015. Moran global index showed that there were 
clustering patterns in 2005–2010 that changed to ran-
dom pattern/no autocorrelation in 2011–2015. Annual 
analysis showed that the majority of malaria cases were 
clustered. The number of villages reporting malaria cases 
in 2005–2015 ranged from approximately 9 to 32 vil-
lages, and there was an escalating trend in the last 5 years 
(Table 1).

Spatial clustering of Malaria during 2005–2015
Spatial clustering method was performed using SaTS-
can software to detect high-risk clustering. Long-term 
analysis result for 11 years showed that eight villages in 
Purworejo District were classified into the category of 
most likely clusters. Two periods analysis showed that 
there were more villages in most likely cluster category 
during 2005–2010 (24 villages) compared to 2011–2015 
(15 villages). Although less in number, the radius of the 
cluster was shorter in the 2011–2015 period, indicat-
ing a serious malaria problem in this area. The annual 
result showed that the number of most likely cluster 

villages varied between 2 and 15 villages. The major-
ity of most likely cluster areas (during 2005–2015) 
were located in Purworejo District (highest amount of 
annual frequency was found in Jatirejo Village, i.e., nine 
times) meanwhile villages in Kulon Progo District were 
detected into most likely cluster once in 2005 (Table 2).

Figure  4 shows the most likely clusters and second-
ary clusters from 11 years and two periods (2005–2010 
and 2011–2015) analysis in Menoreh. Eleven (11) years 
analysis concluded that the target of malaria problem 
in cross-boundary Menoreh Hills (the most likely clus-
ter) was Purworejo District, which was classified as an 
HCI and MCI area. Meanwhile, two periods of analy-
sis showed that malaria cases were evenly distributed 
amongst the three sub-districts of both regencies dur-
ing 2005–2010, demonstrated by the most likely cluster 
with 15.2  km radius and secondary cluster in Kaliges-
ing sub-district. In the second period (2011–2015), 
the most likely cluster was still in Purworejo District, 
although it was shifted with only a 6.42 km radius, cen-
tred in Kemanukan Village, Bagelen sub-district, and 
was dominated by HCI villages. The secondary clus-
ter area in 2011–2015 was a cross-border area in the 
two regencies. The villages in this area were classified 
into HCI and MCI categories. Annual analysis result 
(Fig. 5) showed that the category of most likely cluster 
frequently occurred in Purworejo. Most likely clus-
ter patterning happened in Kulon Progo twice in 2005 
and 2013 in the cross-boundaries districts. These most 

Table 1  Incidence of malaria and its global spatial autocorrelation in the cross-border area of Menoreh Hills, Indonesia 
2005–2015

N the number of village reporting malaria cases, I the global Moran’s coefficient, Z the global Moran’s statistic value

Years N Incidence Rate I Z p-value

11 years (2005–2015)

 2005–2015 42 0.088 32.74 0.00 Clustered

2 periods (2005–2010 and 2011–2015)

 2005–2010 37 1.3 0.049 6.27 0.00 Clustered

 2011–2015 40 7.7 0.007 1.10 0.26 Random

All years

 2005 24 1.3 0.01 8.12 0.01 Clustered

 2006 29 3.0 0.09 2.29 0.05 Clustered

 2007 13 0.6 0.03 6.16 0.01 Clustered

 2008 15 0.9 − 0.04 − 0.44 0 Random

 2009 9 0.2 0.04 4.8 0.01 Clustered

 2010 17 1.8 0.02 5.91 0.01 Clustered

 2011 32 9.3 0,1 5.47 0.01 Clustered

 2012 30 5.9 − 0.01 0 0 Random

 2013 32 6.1 0.06 3.71 0.01 Clustered

 2014 27 6.2 0.01 1.11 0 Random

 2015 32 10.8 0.1 5.1 0.01 Clustered
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likely cluster areas were dominated by villages with 
HCI and MCI categories.

Distribution of malaria temporal clustering
Temporal cluster analysis was used to determine the 
duration of clustering in the cross-border areas of Meno-
reh Hills. Table  3 is the result of temporal analysis of 
malaria cases with three approaches of analysis (11 years, 
two periods, and annual analysis) using SaTScan with 
purely spatial analysis. Temporal cluster analysis showed 
clustering of malaria cases occurred for 15  months (1 
August 2005 to 30 October 2006) in 2005–2010 and 
16  months (1 September 2011 to 31 December 2012 in 
2010–2015) with average cases per month of 45 and 30 
cases, respectively.

Temporal cluster analysis in the 11  years showed a 
longer duration of clustering, including 59 months with 
an average of 61 cases per month. Annual temporal 

cluster occurred in different months as shown in Table 4. 
The average number of clustered malaria cases per month 
from 2005 to 2015 were 30, 35, 10, 13, 6, 38, 147, 126, 86, 
112 and 152, respectively. The summary of annual spatial 
and temporal analysis approaches are shown in Table 4.

Discussion
API in Menoreh Hills fluctuated during the last 11 years. 
In general, API was decreasing from 2005 to 2009, and 
then was increasing from 2011 to 2015. The number of 
HCI villages increased from 2005 to 2015. In 2015, the 
villages in Menoreh Hills were dominated by HCI cate-
gory. All analyses from the three approaches [long term 
(11 years), two (2) periods (2005–2010 and 2011–2015), 
and annual analysis] showed a clustering of malaria cases 
in cross-border areas of Menoreh Hills. Long-term analy-
sis showed clustering patterns, while two periods of anal-
ysis showed random patterns, especially during 2008 and 

Table 2  The clusters of malaria cases detected using the  purely spatial clustering in cross-border area of Menoreh Hills, 
Indonesia 2005–2015

Type A: type of most likely cluster and B: second most likely cluster, N the cluster number of village was identified by Kulldorff’s spatial scan, RR relative risk, LL log 
likelihood ratio

Years Type N Coordinates/radius Observed Expected RR LLR p-value

11 years (2005–2015)

 2005–2015 A 8 − 7.761 S, 110.035 E/6.42 km 2573 1068.15 4.39 1164.28 0.000

B 5 − 7.796 S, 110.079 E/1.83 km 667 195.77 3.84 373.86 0.000

2 periods (2005–2010 and 2011–2015)

 2005–2010 A 24 − 7.691 S, 110.012 E/15.2 km 461 212.67 3.74 169.8 0.000

B 11 − 7.691 S, 110.091 E/4.02 km 239 71.10 4.36 142.76 0.000

 2011–2015 A 15 − 7.761 S, 110.035 E/6.42 km 2414 1424.23 3.11 554.70 0.000

B 3 − 7.796 S, 110.079 E/2.32 km 1064 543.66 2.36 241.21 0.000

All years

 2005 A 9 − 7.691 S, 110.012 E/15.27 km 461 212.7 3.74 169.84 0.000

B 1 − 7.819 S, 110.115 E/0 km 23 1.18 21.87 47.76 0.000

 2006 A 15 − 7.731 S, 110.088 E/5.67 km 160 81.47 3.07 45.66 0.000

B 5 − 7.696 S, 110.103 E/1.95 km 69 18.71 4.49 44.54 0.000

 2007 A 6 − 7.691 S, 110.091 E/3.60 km 17 2.97 7.35 17.30 0.000

 2008 A 6 − 7.696 S, 110.103 E/2.34 km 51 21.68 2.35 6.95 0.000

 2009 A 5 − 7.691 S, 110.091 E/11.21 km 7 2.07 3.86 3.91 0.030

 2010 A 10 − 7.696 S, 110.103 E/11.19 km 99 27.02 15.13 95.93 0.000

B 2 − 7.789 S, 110.064 E/1.93 km 32 1.36 31.47 74.62 0.000

 2011 A 13 − 7.761 S, 110.035 E/6.42 km 704 298.73 6.72 374.09 0.000

B 5 − 7.789 S, 110.064 E/2.73 km 385 159.01 3.44 151.77 0.000

 2012 A 2 − 7.713 S, 110.062 E/1.43 km 73 13.88 5.91 65.42 0.000

B 9 − 7.776 S, 110,085 E/4.58 km 285 196.94 192 29.15 0.000

 2013 A 13 − 7.780 S, 110,049 E/5.25 km 419 237.44 3.83 117.78 0.000

B 2 − 7.780 S, 110.047 E/1.62 km 120 47.45 2.53 44.03 0.000

 2014 A 13 − 7.780 S, 110.049 E/5.16 km 414 230.21 3.69 117.32 0.000

B 1 − 7.776 S, 110.085 E/0 km 124 47.99 3.01 47.31 0.000

 2015 A 2 − 7.796 S, 110.079 E/1.83 km 247 71.74 3.44 148.75 0.000

B 10 − 7.713 S, 110.062 E/5.75 km 373 294.21 1.44 14.60 0.000
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2012. Spatiotemporal analysis has been commonly used 
to identify clustering or non-clustering patterns and the 
locations e.g., a study in Hubei Province, China, which 
showed non-random purely spatial cluster in 2004–2011 
and identified 11 regencies as malaria high risk locations 
[19], a study in Ethiopia that showed clustering pattern 
among outpatients diagnosed with malaria and identified 
consistent location every year [21], and a study in Peru-
via that identified temporal clustering which occurred in 
April-June [27].

ArcGis analysis only analysed the coordinates of clus-
tering distribution while SaTScan analysed both coordi-
nates and its proximity time, thus autocorrelation using 
ArcGIS was unable to determine cluster location while 
SaTScan analysis could provide information about clus-
ter radius, allowing comparison between disease risk 
inside and outside the cluster [23]. Using three differ-
ent approaches for analysis, the differences and benefits 
of spatial analysis in a long-term time period can be 
shown. The benefits of the three approaches of retrospec-
tive analysis are to obtain a general idea about the het-
erogenicity of malaria in the Menoreh Hills region and 
locate the specific malaria clustering sites. Eleven years of 
analysis showed the Menoreh Hills region as a whole was 
endemic for malaria. Two periods of analysis showed that 
the most endemic areas were mostly located inside the 
Purworejo regency, whereas annual analysis showed spe-
cifically that malaria cases were located in villages inside 

the Menoreh Hills region. The trend of malaria endemic-
ity can be seen specifically in the yearly analysis.

The three approaches analysis using SaTScan showed 
that the main target of the malaria problem in cross-bor-
der areas of Menoreh Hills (the most likely cluster) was 
the Purworejo District, while secondary clusters might 
involve both districts. The areas of most likely clusters 
and secondary clusters were villages with HCI and MCI 
categories. There were villages that were always involved 
in primary clustering, that is villages in Purworejo Dis-
trict whereas villages in Kokap sub-district, Kulon Progo 
District were only secondary cluster villages. Based on 
the data, the main problem of malaria was concluded to 
be in the cross-border areas of Menoreh Hills, specifically 
in Kaligesing and Bagelen Sub-districts in Purworejo, 
resulting in a cross-border transmission towards Kokap 
Sub-district, Kulon Progo. SaTScan result for long-term 
(11 years) analysis identified two significant spatial clus-
ters during 2005–2015, while two periods analysis iden-
tified two significant spatial clusters in both 2005–2010 
and 2011–2015 periods. The annual analysis identified 
19 significant spatial clusters. Analysis of spatiotemporal 
studies is often used to conduct an intervention particu-
larly to target villages and cities [28], within cross-border 
areas with high incidence of malaria such as Greater 
Mekong Subregion (GMS) [3, 29]. Strategies under-
taken on the China–Myanmar border, which simplified 
the processes and shown interventions in cross-border 

Fig. 4  Overlay of spatial clusters of malaria cases in cross-boundaries Menoreh Hills, Indonesia, identified from 2005 to 2015 analyses: a as a whole 
period (11 years), and b in 2 time frame periods (2005–2010 and 2011–2015). Most likely clusters are presented by red circles and secondary clusters 
by purple circle
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areas can reduce about 90% of the burden of malaria 
[30]. Although the results show consistency in term of 
the source of transmission, some limitations related to 
the data sources, data aggregation and spatial analysis are 
acknowledged in this study. In terms of data sources, data 
was collected from the primary health centres (PHC) 
including the address of any malaria cases. According to 
the malaria surveillance SOP, surveillance officer in PHC 
should conduct a home visit for epidemiological investi-
gation based on the address location. Since no sampling 
check was done to ensure data quality, it could be a limi-
tation of the study.

Due to the retrospective approach, visiting all cases and 
collecting geo-coordinate of malaria cases at home was 
not possible. Therefore, in this study, cases were aggre-
gated by the village. Satscan allows for spatial analysis by 
area (thematic map), even though the accuracy was less 
accurate than the individual coordinate. However, pre-
vious papers in Malaria Journal also performed spati-
otemporal analysis using thematic map [18, 19]. Satscan 
Spatial method allows for identification of cluster either 

in circular or ellipsoidal form. However, this study con-
siders only the circular form cluster. Since mostly all vil-
lages involved in this study had square form (90%) rather 
than rectangle shape, we are quite a confidence with the 
results.

Purely temporal cluster analysis was used to show the 
duration of malaria risk. From the three approaches 
of analysis, it is shown that long term analysis pro-
duced longer duration of malaria clustering compared 
to annual analysis. The annual analysis is used to deter-
mine which month in a year is involved in the malaria 
cluster. No consistent pattern was found from the result 
of purely temporal cluster analysis in Menoreh Hills for 
11 years. Cluster duration was different every year. How-
ever, malaria clustering generally occurred more often in 
July–January. This clustering pattern was similar to the 
well-documented monthly malaria case incidence pat-
tern, which increased from July–January then gradually 
decreased. This situation leads to a supported recom-
mendation to do malaria intervention before July in the 
adjacent areas.

Fig. 5  Overlay of spatial clusters of malaria cases identified from 2005 to 2015 in cross-boundaries Menoreh Hills, Indonesia, analysed annually. Most 
likely clusters are presented by red circles and secondary clusters by purple circles
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Aside from the receptive status area [1, 28, 31–33], 
the high cross-boundary mobility in Menoreh Hills 
also influences malaria transmission [8–10]. Many of 
the local people visit each other for trading, working, 
socializing, religious events and recreation; however, 
the migration surveillance was not sufficient, resulting 
in unabated malaria transmission in this region. Malaria 
control efforts of the two regencies were not integrated 
in the cross-boundary region, resulting in the persis-
tent difficulty to eliminate malaria in the Menoreh Hills. 
Lesson learned from cross-border malaria studies in 
China–Great Mekong [3, 29, 34, 35], China–Vietnam 

[30], MOSASWA (Mozambique, South Africa, and Swa-
ziland) [36], China–Myanmar [30, 37] demonstrated 
how important joint efforts between countries in the 
cross-border area are needed to control malaria. A cross-
boundary fast response team is also needed to limit the 
period of transmission. Ignoring primary clustering in 
other districts which are actually in the same ecosystem 
area, cannot help malaria elimination efforts being pur-
sued by another nearby district. Integrated teams con-
sisting of three sub-districts at the cross-boundaries area 
are required to act in appropriate time-frames without 
ignoring any issues created by decentralization. Similar 

Table 3  The clusters of malaria cases detected using the purely temporal clustering in cross-border area of Menoreh Hills, 
Indonesia 2005–2015

RR relative risk, LLR log likelihood ratio

Years Cluster time frame Observed Expected RR LLR p-value

11 years (2005–2015)

 2005–2015 1/12/2010–31/10/2015 3586 1967.24 5.45 1261.8 0.001

2 periods (2005–2010 and 2011–2015)

 2005–2010 1/08/2005–31/10/2006 444 167.70 4.68 227.26 0.001

 2011–2015 1/09/2011–31/12/2012 714 301.31 2.71 230.31 0.001

All years

 2005 1/08/2005–31/12/2005 149 87.19 3.50 37.56 0.001

 2006 1/03/2006–31/8/2006 205 151.23 2.12 19.75 0.001

 2007 1/02/2007–30/6/2007 47 27.12 3.55 12.23 0.001

 2008 1/07/2008–31/8/2008 26 11.18 3.19 9.33 0.001

 2009 1/06/2009–30/09/2009 24 14.04 2.66 4.94 0.016

 2010 1/12/2010–31/12/2010 38 10.36 4.87 25.49 0.001

 2011 1/09/2011–31/12/2011 588 305.51 3.50 176.01 0.001

 2012 1/01/2012–31/01/2012 126 46.92 3.18 51.89 0.001

 2013 1/09/2013–30/11/2013 256 143.11 2.42 52.27 0.001

 2014 1/10/2014–31/12/2014 336 148.46 3.94 134.13 0.001

 2015 1/07/2015–30/09/2015 435 240.96 2.48 92.01 0.001

Table 4  Annual spatial and temporal analysis in the whole 11 years, 2 periods (2005–2010 and 2010–2015) and annually, 
in Menoreh Hills, Indonesia

11 years (2005–2015) 2 periods (2005–2010 and 2011–
2015)

All years

Annual spatial using SaTScan Primary clustering occurred in Pur-
worejo and secondary occurred 
in cross-border area of both 
regencies

Primary clustering of malaria in 
2005–2010 occurred in both regen-
cies. However, in 2011–2015, more 
clustering occurred in Purworejo

In general, clustering occurred more 
often in Purworejo district. In 2009–
2014, both primary or secondary clus-
ter occurred more often in Purworejo. 
In 2015, clustering occurred in the 
cross-border area

Temporal cluster Cluster duration during the 
11 years was 59 months with 
a case average clustering of 61 
cases per month

Cluster duration during 2005–2010 
was 15 months with an average of 30 
cases per month including 16 months 
with an average of 45 cases per 
month during 2011–2015

Cluster duration from 2005 to 2015 was 
different in each month. Average of 
cases per month in cluster varied. The 
lowest was 6 cases in 2009 and the 
highest was 152 cases per month in 
2015. Starting from 2011, clustering 
average in study location increased
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to China who adopted a 1-3-7 strategy [38, 39], Indone-
sia is going to adopt a 1-2-5 strategy, i.e., rapid reporting 
(day 1), case investigation (day 2) and response in day 
5 for all positive cases in all health facilities [40]. To be 
successful, Indonesia requires a solid, fast response team 
that is able to do vector control in its cross boundaries 
areas that will accelerate the target of malaria elimination 
in Indonesia. Any independent strategic action taken by 
related districts and provinces in these cross-boundary 
areas will only waste vital resources and funding without 
meaningful results.

The finding of this study has been presented to the pro-
vincial stakeholders, malaria programmers at Districts 
and sub-district level related and national authority. All 
three districts and the two provinces committed to build-
ing a partnership to eliminate cross-border malaria. To 
facilitate the stakeholders in translating this finding into 
the implementable strategic plan, an operational study “A 
participatory approach to address within-country cross-
border Malaria: the case of Menoreh Hills in Java, Indo-
nesia” has been done sponsored by a donor agency. The 
outcome of the study was strategic actions developed by 
the involved parties.

Conclusions
The use of long-term, intermediate and annual spati-
otemporal analyses using ArcGIS and StatsCan in Meno-
reh Hills lead to the conclusion that primary clusters 
of malaria in the cross-boundaries areas persistently 
occurred in Purworejo District. Neglecting this hotspot 
could potentially delay the malaria elimination in the 
entire area. The cross-boundary partnership needs to 
be properly outfitted and reinforced to support malaria 
elimination in all related districts.

Authors’ contributions
DSSR, HK, EEHM: the conception of the study; EEHM, AF, DSSR: drafting the 
paper critically for intellectual content; HK: involved in developing logical 
framework; BSW: involved in the acquisition of GIS data and interpretation. All 
authors read and approved the final manuscript.

Author details
1 Department of Public Health, Faculty of Health Sciences, Universitas Jenderal 
Soedirman, Purwokerto, Indonesia. 2 Graduate Program of Public Health, 
Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada, 
Yogyakarta, Indonesia. 3 Cartography and Remote Sensing Study Program, 
Department of Geographic Information Science, Faculty of Geography, 
Universitas Gadjah Mada, Yogyakarta, Indonesia. 4 Department of Parasitology 
and Center for Tropical Medicine, Faculty of Medicine, Public Health and Nurs-
ing, Universitas Gadjah Mada, Yogyakarta, Indonesia. 

Acknowledgements
The authors would like to express gratitude to Purworejo and Kulon Progo Dis-
trict Health Offices, Kaligesing, and Begelen Primary Health Cares, Purworejo 
district and Kokap Primary Health Care, Kulon Progo district in providing the 
data and information.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The original datasets analysed during the current study are available from the 
Public Health Office and recapitulated at the district level (Kulon Progo and 
Purworejo). But restrictions apply to the availability of these data, which were 
used under license for the current study, and so are not available. Permission 
was granted for the use of the basic geographical map which was obtained 
from the National Indonesia Geospatial Information. The data that support the 
finding of this study presented in the main paper.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The protocol was approved by the Medical and Health Research Ethics Com-
mittee of the Faculty of Medicine Universitas Gadjah Mada with number: KE/
FK/222/EC/2016 approval date March 10, 2016.

Funding
This study was supported by Ministry of Research, Technology and High edu-
cation of the Republic of Indonesia in the form of dissertation grant.

Appendix
See Table 5.



Page 11 of 12Rejeki et al. Malar J           (2019) 18:80 

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 28 November 2018   Accepted: 11 March 2019

References
	1.	 Barcus MJ, Laihad F, Sururi M, Sismadi P, Marwoto H, Bangs MJ, et al. Epi-

demic malaria in the Menoreh Hills of Central Java. Am J Trop Med Hyg. 
2002;66:287–92.

	2.	 Wangdi K, Gatton ML, Kelly GC, Clements AC. Cross-border malaria: a 
major obstacle for malaria elimination. Adv Parasitol. 2015;89:79–107.

	3.	 Cui L, Yan G, Sattabongkot J, Cao Y, Chen B, Chen X, et al. Malaria in the 
Greater Mekong Subregion: heterogeneity and complexity. Acta Trop. 
2012;121:227–39.

	4.	 Hu Y, Zhou G, Ruan Y, Lee M, Xu X, Deng S, et al. Seasonal dynamics and 
microgeographical spatial heterogeneity of malaria along the China–
Myanmar border. Acta Trop. 2016;157:12–9.

	5.	 Zhang Q, Sun J, Zhang Z, Geng Q, Lai S, Hu W, et al. Risk assessment of 
malaria in land border regions of China in the context of malaria elimina-
tion. Malar J. 2016;15:546.

Table 5  Number and  villages detected as  most likely clusters using the  purely spatial clustering in  cross-boundaries 
Menoreh Hills Indonesia, 2005–2015

N number of village (s)

Years Most likely clusters (villages) Secondary likely clusters (villages)

N Name of village(s) N Name of village(s)

11 years (2005–2015)

 2005–2015 8 Kedunggubah, Kaliharjo, Somongari, Jatirejo, Semagung, 
Semono, Durensari, Hargorojo

5 Semono, Durensari, Jatirejo, Hargotirto, Kalirejo

2 periods (2005–2010 and 2011–2015)

 2005–2010 24 Hargowilis, Hargotirto, Kalirejo, Hargorojo, Durensari, Semono, 
Hargomulyo, Dadirejo, Tlogokotes, Somorejo, Hargorejo, 
Semagung, SokoAgung, Jatirejo, Somongari, Kedunggubah, 
Jelok, Gunungwangi, Tlogorejo, Hardimulyo, Sudorogo, 
Ngadirejo, Somowono, Ngaran

11 Ngadirejo, Sudorogo, Hardimulyo, Tlogorejo, Gunung Wangi, 
Ngaran, Purbowono, Kedunggubah, Jelok, Somowono, 
Tlogobulu

 2011–2015 15 Jelok, Kedung Gubah, Kaligono, Kali Harjo, Hulosobo, Somon-
gari, Jatirejo, Semagung, Soko, Semono, Durensari, Hargo 
Rojo, Kalirejo, Donorejo, SokoAgung

3 Durensari, Semono, Hargotirto

All years

 2005 9 Hargowilis, Hargotirto, Kalirejo (Kokap), Hargorojo, Durensari, 
Jatirejo, Semono, Hargomulyo, Donorejo

1 Hargowilis

 2006 15 Kaligono, Kedunggubah, Kaliharjo, Tlogoguwo, Ngaran, 
Donorejo, Purbowono, Jelok, Tlogorejo, Sudorogo, Somon-
gari, Hardimulyo, Tlogobulu, Jatirejo dan Somowono

5 Sudorogo, Tlogobulu, Ngaran, Hardimulyo, Somowono.

 2007 6 Hardimulyo, Gunungwangi, Sudorogo, Ngaran, Ngadirejo dan 
Purbowono.

–

 2008 6 Sudorogo, Ngaran, Hardimulyo, Somowono, Ngadirejo, 
Purbowono

–

 2009 5 Hardimulyo, Sudorogo, Ngadirejo, Somowono, Piji –

 2010 10 Sudorogo, Tlogobulu, Hardimulyo, Somowono, Ngadirejo, 
Tlogorejo, Kaligono, Kemanukan, Semagung, Semono

2 Semono, Semagung

 2011 13 Kemanukan, Soko, Semagung, Somongari, Somowono, 
Kaliharjo, Sokoagung, Hulosobo, Jatirejo, Jelok, Hargorojo, 
Durensari, Kedunggubah

5 Semono, Durensari, Semagung, Sokoagung, Jatirejo

 2012 2 Jelok dan Kedunggubah 9 Jatirejo, Durensari, Somongari, Semono, Hargotirto, Hulosobo, 
Donorejo, Semagung, Kaliharjo

 2013 13 Semagung, Soko, Semono, Clapar, Sokoagung, Somongari, 
Durensari, Jatirejo, Hargorojo, Kalirejo, Hulosobo, Kaliharjo, 
Somorejo

2 Sokoagung, Hargorojo

 2014 13 Semagung, Soko, Semono, Clapar, Sokoagung, Somongari, 
Kemanukan, Durensari, Jatirejo, Hargorojo, Kalirejo, Hulosobo 
dan Kaliharjo

1 Jatirejo

 2015 2 Durensari dan Semono 10 Jelok, Tlogorejo, Kaliharjo, Kaligono, Hardimulyo, Ngaran, 
Hulosobo, Sudorogo, Somongari, Purbowono



Page 12 of 12Rejeki et al. Malar J           (2019) 18:80 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	6.	 Edwards HM, Canavati SE, Rang C, Ly P, Sovannaroth S. Novel cross-border 
approaches to optimise identification of asymptomatic and artemisinin-
resistant Plasmodium infection in mobile populations crossing Cambo-
dian borders. PLoS ONE. 2015;10:1–17.

	7.	 Boewono DT, Widyastuti U. Studi bio-epidemiologi dan analisis spasial 
kasus malaria daerah lintas batas Indonesia—Malaysia (Pulau Sebatik) 
Kabupaten Nunukan, Provinsi Kalimantan Timur. Bul Penelit Kesehat. 
2012;40:171–80.

	8.	 Murhandarwati EEH, Fuad A, Nugraheni MDF, Wijayanti MA, Widartono 
BS, Chuang T. Early malaria resurgence in pre-elimination areas in Kokap 
Subdistrict, Kulon Progo, Indonesia. Malar J. 2014;13:130.

	9.	 Sutjipto S. Pengembangan prototipe sistem surveilans-respon dalam 
program eliminasi malaria. Universitas Gadjah Mada; 2015. http://etd.
repos​itory​.ugm.ac.id/index​.php. Accessed 1 Sept 2018.

	10.	 Murhandarwati EEH, Fuad A, Wijayanti MA, Bia MB, Widartono BS, et al. 
Change of strategy is required for malaria elimination: a case study in 
Purworejo District, Central Java Province, Indonesia. Malar J. 2015;14:318.

	11.	 Mursid R, Sudibyakto HA, Gunawan T, Sutomo AH, Windraswara R. Global 
and micro climate change related to the dynamics of Anopheles sp. in 
malaria-endemic area Purworejo City, Central Java. Int J Sci Basic Appl 
Res. 2015;22:38–51.

	12.	 Coleman M, Coleman M, Mabuza AM, Kok G, Coetzee M, Durrheim DN. 
Using the SaTScan method to detect local malaria clusters for guiding 
malaria control programmes. Malar J. 2009;8:68.

	13.	 Ernst KC, Adoka SO, Kowuor DO, Wilson ML, John CC. Malaria hotspot 
areas in a highland Kenya site are consistent in epidemic and non-epi-
demic years and are associated with ecological factors. Malar J. 2006;5:78.

	14.	 Alemu K, Worku A, Berhane Y, Kumie A. Spatiotemporal clusters of malaria 
cases at village level, Northwest Ethiopia. Malar J. 2014;13:223.

	15.	 Gaudart J, Poudiougou B, Dicko A, Ranque S, Toure O, Sagara I, et al. 
Space-time clustering of childhood malaria at the household level: a 
dynamic cohort in a Mali village. BMC Public Health. 2006;6:286.

	16.	 Alemu K, Worku A, Berhane Y. Malaria infection has spatial, temporal, and 
spatiotemporal heterogeneity in unstable malaria transmission areas in 
Northwest Ethiopia. PLoS ONE. 2013;8:1–10.

	17.	 Haque U, Sunahara T, Hashizume M, Shields T, Yamamoto T, Haque R, 
et al. Malaria prevalence, risk factors and spatial distribution in a hilly 
forest area of Bangladesh. PLoS ONE. 2011;6:1–10.

	18.	 Zhang W, Wang L, Fang L, Ma J, Xu Y, Jiang J, et al. Spatial analysis of 
malaria in Anhui province, China. Malar J. 2008;7:206.

	19.	 Xia J, Cai S, Zhang H, Lin W, Fan Y, Qiu J, et al. Spatial, temporal, and 
spatiotemporal analysis of malaria in Hubei Province, China from 
2004–2011. Malar J. 2015;14:145.

	20.	 Zhou G, Sirichaisinthop J, Sattabongkot J, Jones J, Yan G, Cui L. Spatio-
temporal distribution of Plasmodium falciparum and P. vivax malaria in 
Thailand. Am J Trop Med Hyg. 2005;72:256–62.

	21.	 Wimberly MC, Midekisa A, Semuniguse P, Teka H, Henebry M, Chuang 
T, et al. Spatial synchrony of malaria outbreaks in a highland region of 
Ethiopia. Trop Med Int Health. 2012;17:1–17.

	22.	 Heng S, Durnez L, Mao S, Siv S, Tho S, Mean V, et al. Passive case detection 
of malaria in Ratanakiri Province (Cambodia) to detect villages at higher 
risk for malaria. Malar J. 2017;16:104.

	23.	 Dhimal M, Hara RBO, Karki R, Thakur GD, Kuch U, Ahrens B. Spatio-tem-
poral distribution of malaria and its association with climatic factors and 

vector-control interventions in two high-risk districts of Nepal. Malar J. 
2014;13:457.

	24.	 Pfeiffer DU, Robinson TP, Stevenson M, Stevens KB, Rogers DJ, Clements 
AC. Spatial analysis in epidemiology. Oxford: Oxford University Press; 
2008.

	25.	 Rezaeian M, Dunn G, Leger SS, Appleby L. Geographical epidemiology, 
spatial analysis and geographical information systems: a multidisciplinary 
glossary. Geogr Epidemiol. 2007;61:98–102.

	26.	 Kulldorff M. SaTScan User Guide for Version 9.4. 2015. http://www.satsc​
an.org. Accessed 15 Jan 2016.

	27.	 Rosas-Aguirre A, Ponce OJ, Carrasco-Escobar G, Speybroeck N, Contreras-
Mancilla J, Gamboa D, et al. Plasmodium vivax malaria at households: 
spatial clustering and risk factors in a low endemicity urban area of the 
northwestern Peruvian coast. Malar J. 2015;14:176.

	28.	 Bousema T, Griffin JT, Sauerwein RW, Smith DL, Churcher TS, Takken W, 
et al. Hitting hotspots: spatial targeting of malaria for control and elimina-
tion. PLoS Med. 2012;9:e1001165.

	29.	 Cui L, Yan G, Sattabongkot J, Chen B, Cao Y, Fan Q, et al. Challenges and 
prospects for malaria elimination in the Greater Mekong Subregion. Acta 
Trop. 2012;121:240–5.

	30.	 Xu J, Li Y, Yang H, Zhang J, Zhang Z, Yang Y, et al. Malaria control along 
China–Myanmar Border during 2007–2013: an integrated impact evalua-
tion. Infect Dis Poverty. 2016;5:75.

	31.	 Barodji B, Boewono DT, Boesri H, Sudini S. Bionomik vektor di Kokap di 
Kulonprogo. J Ekol Kes. 2003;2:209–16.

	32.	 Widyastuti U, Boewono DT, Widiarti S, Satoto T. Kompetensi Vektorial 
Anopheles maculatus Theobald di Kecamatan Kokap, Kabupaten Kulon 
Progo. Media Litbangkes. 2013;23:47–57.

	33.	 Shinta S, Sukowati S, Sapardiyah T. Pengetahuan Sikap Dan Perilaku 
Masyarakat tentang Malaria Di Daerah Non Endemis di Kabupaten Pur-
worejo. J Ekol Kesehat. 2005;4:254–64.

	34.	 Xu J, Liu H. Review the challenges of malaria elimination in Yunnan 
Province, People’s Republic of China. Southeast Asian J Trop Med Public 
Health. 2012;43:819–24.

	35.	 Xu JW, Li JJ, Guo HP, Pu SW, Li SM, Wang RH, et al. Malaria from hyperen-
demicity to elimination in Hekou County on China–Vietnam border: an 
ecological study. Malar J. 2017;16:66.

	36.	 Moonasar D, Maharaj R, Kunene S, Candrinho B, Saute F, Ntshalintshali N, 
et al. Towards malaria elimination in the MOSASWA (Mozambique, South 
Africa and Swaziland) region. Malar J. 2016;15:419.

	37.	 Yang D, Xu C, Wang J, Zhao Y. Spatiotemporal epidemic characteristics 
and risk factor analysis of malaria in Yunnan Province, China. BMC Public 
Health. 2017;17:66.

	38.	 Cao J, Sturrock HJW, Cotter C, Zhou S, Zhou H, Liu Y, et al. Communicating 
and monitoring surveillance and response activities for malaria elimina-
tion: China’s “1-3-7” Strategy. PLoS Med. 2014;11:e1001642.

	39.	 Wang D, Cotter C, Sun X, Bennett A, Gosling RD, Xiao N. Adapting the 
local response for malaria elimination through evaluation of the 1-3-7 
system performance in the China–Myanmar border region. Malar J. 
2017;16:54.

	40.	 Sitohang V, Sariwati E, Fajariyani SB, Hwang D, Kurnia B, Hapsari RK, et al. 
Malaria elimination in Indonesia: halfway there. Lancet. 2018;6:2017–9.

http://etd.repository.ugm.ac.id/index.php
http://etd.repository.ugm.ac.id/index.php
http://www.satscan.org
http://www.satscan.org

	Spatiotemporal patterns of malaria at cross-boundaries area in Menoreh Hills, Java, Indonesia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study area
	Data collection
	Analysis

	Results
	Global spatial autocorrelation analysis (Moran Index)
	Spatial clustering of Malaria during 2005–2015
	Distribution of malaria temporal clustering

	Discussion
	Conclusions
	Authors’ contributions
	References




