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ABSTRACT

Background: The Gunungkidul District in Indonesia achieved malaria elimination status in 2014;
however, the risk of reintroduction remains due to environmental suitability and population mobility.
This study aimed to identify malaria-receptive areas in Gunungkidul District through spatial and
environmental analyses to support the strategic maintenance of malaria elimination.

Methods: A descriptive observational study was conducted using secondary data from a vector
survey conducted in October 2023 across 18 sub-districts. Geographic Information System (GIS)
mapping and larval habitat index (LHI) calculations were used to identify potential Anopheles
breeding sites. Climate data from 2020 to 2023 were analyzed to assess environmental receptivity.
Result: Rivers were the most common breeding sites for Anopheles mosquitoes (59.41%), followed
by lakes and springs. Gedangsari and Karangmojo sub-districts showed the highest larval habitat
indices, indicating localized malaria receptivity in these areas. Climatic factors, such as high rainfall
and humidity during the wet season, support year-round mosquito breeding. In 2023, four imported
malaria cases were reported, underscoring the district's continued vulnerability.

Conclusion : Spatial identification of malaria-receptive areas provides operational evidence to
support the maintenance of the elimination status in the Gunungkidul District. Targeted surveillance
and vector control in high-risk sub-districts, along with a rapid response to imported cases, are
essential to prevent malaria re-establishment.
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Introduction

Malaria continues to pose a significant
global health challenge, despite considerable
progress in controlling and eliminating the
disease over the past several decades.'? It
remains one of the most prevalent vector-borne
diseases, responsible for an estimated 249
million cases and 608,000 deaths worldwide in
2020 alone. This enduring burden, particularly
in sub-Saharan Africa and parts of Asia,
underscores the importance of continued
vigilance and strategic efforts to eradicate
malaria  globally.’ The World Health
Organization (WHO) Introduced the Global
Technical Strategy for Malaria 2016-2030,
setting a target to reduce malaria incidence and
mortality by at least 90% relative to 2015
levels. This ambitious plan focuses on both
eliminating malaria transmission in more than
35 countries and preventing re-infection in
nations that have already achieved malaria-free
status.* By combining strengthened
surveillance, targeted interventions, and
continuous monitoring, the strategy aims to
sustain long-term progress against malaria
while addressing potential challenges in
maintaining disease-free conditions. Achieving
these objectives is also critical for advancing
the broader health-related targets within the
Sustainable Development Goals (SDGs),
particularly SDG 3, which seeks to promote
well-being and ensure healthy lives for all.’

The roadmap proposed by the WHO is
crucial not only for malaria control but also for
enhancing the capacity of national and regional
health systems. Within this global framework,
WHO launched the E-2020 and E-2025
initiatives, which acknowledge countries
approaching malaria elimination by 2020 and
2025, respectively.® These programs highlight
the need for context-specific strategies to
address malaria in endemic areas while
fostering international cooperation.>’
Nevertheless, malaria transmission continues in
certain regions, particularly those characterized
by high population mobility and insufficient
vector control measures.?

In Southeast Asia, Indonesia is among the
countries contributing most significantly to the
regional malaria burden, reporting over 1.16

million cases in 2020 and ranking as the second
most malaria-endemic country after India.’
According to data from the Ministry of Health,
malaria cases in Indonesia rose from 254,055
in 2020 to 443,530 in 2022. This increase in
cases has been accompanied by a rise in
mortality, with 71 deaths reported in 2022,
representing the highest number recorded over
the past five years.” These figures underscore
the persistent challenges Indonesia faces in
achieving sustained malaria control and
eventual  elimination.  The  Indonesian
government has responded with renewed
efforts to accelerate the elimination of malaria
by 2030, as articulated in the Minister of
Health Regulation Number 22 of 2022,
concerning Malaria Management.!® As of
2021, 347 districts representing 67.5% of
Indonesia’s total districts have achieved
malaria elimination, underscoring significant
progress.’ Gunungkidul District, located in the
Special Region of Yogyakarta, received its
Malaria Elimination Certificate in 2014,
positioning it as a leader in malaria control
efforts in the region.!!

However, achieving and maintaining
malaria elimination is a dynamic challenge,
particularly for districts like Gunungkidul
District that have already reached the
elimination  stage.!? Malaria prevention
strategies follow a structured approach that
includes the acceleration, intensification,
elimination, and maintenance phases, each
tailored to the endemicity level of the region.!?
Although the elimination of indigenous malaria
cases may be attained, the threat of re-infection
persists, largely driven by the potential
importation of cases from endemic regions.'*
This risk is particularly pronounced in areas
with high population mobility, where frequent
travel between locations with differing malaria

transmission intensities can facilitate the
continued spread of the disease.!?
Environmental factors, including

temperature, humidity, and rainfall, continue to
play a crucial role in the breeding and survival
of Anopheles mosquitoes, the primary vectors
of malaria transmission.!® The presence of
favorable mosquito habitats in areas such as
Gunungkidul District, which is characterized
by variable rainfall and temperature patterns,
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highlights the need to consider environmental
determinants in malaria control strategies.'®
Additionally, climate change and seasonal
weather fluctuations can further complicate
control efforts, posing new challenges to
sustaining malaria elimination.!”!3

In Gunungkidul District, tourism plays a
significant role in both the region’s economy
and its malaria control strategy.!” In 2022, the
Gunungkidul District Tourism Office recorded
3,106,772 visitors, reflecting the area’s strong
appeal as a tourist destination.?? Nevertheless,
the arrival of travelers, particularly from
malaria-endemic regions, elevates the risk of
imported malaria cases.!*!> In 2023, four such
imported cases were reported, indicating that
Gunungkidul District remains susceptible
despite having achieved elimination status.?!
This situation underscores the importance of
ongoing surveillance and vector control,
particularly in locations frequently visited by
tourists.®!1

Despite progress in malaria elimination, few
studies systematically map malaria-receptive
areas in districts that have achieved
elimination. Most research in Indonesia has
focused on endemic regions to reduce
incidence, while strategies for sustaining
elimination remain underexplored. Moreover,
district-level evidence integrating
entomological data with spatial environmental
analyses to guide risk-based surveillance is
scarce.

Therefore, maintaining malaria elimination
status in Gunungkidul District requires a
comprehensive and sustainable approach that
integrates strengthened surveillance systems,
targeted vector control, and localized risk
mapping. Particular attention is needed to
identify =~ malaria-receptive  areas  where
environmental and epidemiological conditions
may allow re-establishment of transmission,
especially in zones with high human mobility
and tourist activity.®'%?? This study aimed to
identify malaria-receptive areas in
Gunungkidul District by assessing the presence
of Anopheles larvae and analyzing spatial
environmental  conditions  that  support
mosquito breeding. The results are expected to
support the strategic maintenance of malaria
elimination by providing geographically

targeted evidence for intervention planning,
resource allocation and risk-based surveillance.

Methods

This study employed a descriptive
observational design with a cross-sectional
approach. Secondary data from a vector survey
conducted by the Yogyakarta Special Region
Provincial Health Office in October 2023 were
used. The survey covered 18 sub-districts
within the Gunungkidul District and provided
detailed information on mosquito vector
populations and their potential breeding sites.

Geographic Information System (GIS)
software, specifically ArcGIS version 10.8,
was used to create spatial visualizations of
malaria-receptive areas. The spatial analysis
involved overlaying larval breeding site
locations, the larval habitat index (LHI), and
sub-district administrative boundaries. These
spatial variables were obtained directly from
vector surveys. Environmental variables,
including the types of water bodies and the
geographic coordinates of each breeding site,
were geocoded and spatially analyzed to
identify zones with increased receptivity to
malaria transmission.

In addition to mapping the receptive areas,
the larval habitat index was calculated to assess
the proportion of surveyed sites that tested
positive for Anopheles mosquito larvae. These
indices were compared with environmental
health standards for vector-borne diseases to
evaluate the relative risk of malaria re-
establishment across sub-districts.

To strengthen the interpretation, climate

data from 2020 to 2023, including average
temperature, relative humidity, rainfall, and
number of rainy days, were obtained from the
National Central Bureau of Statistics. These
climatic parameters were analysed
descriptively and compared with the
distribution of larval habitats to contextualize
whether the environmental conditions in recent
years supported Anopheles receptivity.
The combined spatial, environmental, and
climatic analyses aimed to identify and
prioritize malaria-receptive areas, thereby
supporting targeted interventions to maintain
the malaria elimination status of the
Gunungkidul District.
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Result

In 2023, vector surveys were conducted
across the Gunungkidul District to identify
potential breeding sites for Anopheles
mosquitoes, which are key to maintaining the
malaria elimination status of the region. A total
of 1,700 potential mosquito breeding sites
across 18 sub-districts were inspected in the
study. The findings revealed several prominent
breeding habitats for Anopheles larvae.

Table 1. Distribution of Anopheles spp.
Mosquitoes Breeding Sites in Gunungkidul
District

Total
Types of Breeding (N=1,700)
Places n (%)
Reservoir 26 (1.53)
Used Pond 9 (0.53)
Waterhole 50 (2.94)
Spring 123 (7.24)
Wood Soakage 2(0.12)
Irrigation Canal 41 (2.41)
Rice Field 102 (6.00)
Well 20 (1.18)

Total
Types of Breeding (N=1,700)
Places n (%)
River 1,010 (59.41)
Reservoir 317 (18.65)

Table 2. Distribution of Positive Breeding
Places of Anopheles Mosquitoes

Types of Breeding Total (N=7)
Places n (%)
River 4 (57.14)
Waterhole 2 (28.57)
Irrigation Canal 1(14.29)

Among the 1,700 breeding sites surveyed,
the highest proportion of positive breeding
habitats for Anopheles mosquito larvae was
found in rivers, which accounted for 57.14% of
the positive sites (Table 2). Waterholes and
irrigation canals accounted for 28.57% and
14.29%, respectively. These results suggest
that, although rivers are the most frequent
breeding sites, they also harbor the highest
proportion of positive mosquito larvae,
indicating a higher risk of malaria transmission
in areas near rivers.

IN GUNUNGKIDUL DISTRICT, 2023

MAP OF MALARIA RECEPTIVE AREAS

Malaria receptive areas are regions with a high density
of malaria vectors and environmental and climatic factors
that support malaria transmission

{Ministry of Healtn, Republic of Indonesia, 2017).
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Figure 1. Map of Malaria Receptive Areas in Gunungkidul District, Indonesia, 2023
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Table 3. Habitat Index of Anopheles spp. Larvae in Sub — districts with Positive Breeding

Sites
Observed Sites Positive Sites Habitat Index
Sub-district
(n) (n) (%)
Gedangsari 75 4 5.33
Karangmojo 100 3 3.00

As illustrated in Figure 1, the map of malaria-
receptive areas in Gunungkidul District reveals
that Gedangsari and Karangmojo sub-districts
are the most malaria-receptive, with positive
Anopheles larvae found in 5.33% of breeding
sites in Gedangsari and 3.00% in Karangmojo
sub-districts (Table 3). These findings highlight
the need for intensified surveillance and control

measures in these sub-districts to prevent
malaria transmissions. In contrast, other sub-
districts, such as Girisubo, Ngawen, and
Nglipar, showed no positive larvae presence,
indicating a lower risk of malaria in these areas
during the study period.
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Figure 2. Climate parameter in Gunungkidul District between 2020 — 2023
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Based on the graph in Figure 2, the climate
parameters for Gunungkidul District between
2020 and 2023 showed distinct inter-annual
variations in  temperature, precipitation,
humidity, and rainy days. In general, average
temperatures tended to rise during the dry
season months. However, an anomaly was
observed in 2021, when the highest average
temperature occurred in May rather than in
July or August. The lowest temperatures across
the four years were recorded in 2023,
particularly between June and August.
Precipitation patterns reflected clear wet and
dry season cycles. Over the past four years,
2023 recorded the lowest annual rainfall, with
very limited precipitation between June and
October. This contrasts with 2022, when
rainfall increased again in October despite
preceding dry months. Relative humidity
remained stable throughout most months but
consistently increased toward the end of each
year. In 2021, humidity rose steadily from
September to December. This seasonal increase
in humidity aligned with a rise in both the
number of rainy days and the intensity of
rainfall. The number of rainy days peaked in
the wet season for all years, but the highest
overall frequency occurred in 2021. In contrast,
2020 recorded fewer rainy days, particularly in
the mid-year months.

Discussion

This study provides valuable insights into
the environmental and climatic factors
influencing malaria receptivity in Gunungkidul
District, with the goal of supporting long-term
elimination maintenance. By identifying sub-
districts with high receptivity and linking them
with ecological and climatic data, this study
provides operational evidence to guide risk-
based vector control and surveillance. These
results emphasize the importance of water
bodies, particularly rivers, as major breeding
sites for Anopheles mosquitoes. Rivers, owing
to their varying flow rates and abundant
vegetation along the riverbanks, create optimal
conditions for mosquito larval development.
This finding aligns with prior studies that have
demonstrated that rivers offer stable and
protected habitats for mosquito breeding,
where larvae are shielded from physical

disturbances and the water remains conducive
to their growth.222° The presence of positive
larvae in rivers underlines their central role in
sustaining mosquito populations, making
riverbank areas a critical focus for vector
control interventions.

Although lakes and springs also serve as
breeding sites, their contribution is secondary
to that of rivers. Lakes, especially those with
slow-moving or stagnant water, provide stable
conditions for mosquito larvae, whereas
springs offer clean and nutrient-rich water,
both of which foster larval survival. The ability
of these water bodies to maintain relatively
calm water conditions allows for better
temperature regulation and water quality,
which are essential for the development of
mosquitoes. As noted in previous studies, clear
water and minimal physical disturbances
support the growth of algae and
microorganisms, which are vital for larval
nutrition.?” This study’s findings are consistent
with existing literature that emphasizes the
importance of these environments in creating
optimal conditions for Anopheles larvae,
particularly rivers and lakes.?3?

One of the key results of this study was the
identification of sub-districts with high habitat
indices, such as Gedangsari and Karangmojo,
which indicate areas of heightened malaria
transmission risk. The presence of positive
larvae in these areas signals favorable
conditions  for  Anopheles = mosquitoes,
presenting a higher likelihood of malaria
reintroduction, especially when coupled with
imported cases from endemic regions.>*3? The
importance of these sub-districts cannot be
overstated, as they demonstrate that even in
regions with declared malaria elimination
status, the persistence of favorable breeding
conditions poses a significant risk for
transmission.*%3!-33 These areas must be closely
monitored to prevent malaria outbreaks that
could threaten ongoing malaria control efforts
in the country.

Climatic factors, including temperature,
humidity, and precipitation, are key
determinants of the life cycle and breeding
places of Anopheles mosquitoes.'® '8 The
temperature patterns observed over the past
four years in Gunungkidul District revealed a
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consistent annual fluctuation, with
temperatures rising from March to May,
peaking in May, and decreasing in August,
before rising again. In 2021, temperatures
reached their highest levels, with peak months
recording particularly intense heat, while 2023
was  comparatively  cooler.  Anopheles
mosquitoes  develop  optimally  within
temperatures ranging from 25°C to 36°C,
which aligns closely with the conditions
observed in Gunungkidul District throughout
the year.’*3° This favorable temperature range
allows uninterrupted completion of their life
cycle, supporting continuous growth and
reproduction.'®335 Coupled with consistently
suitable breeding habitats, these stable
environmental conditions make Gunungkidul
District highly conducive to Anopheles
mosquito survival, sustaining their population
year-round.

Humidity levels in Gunungkidul District,
ranging from 70% to 90%, play a key role in
supporting the survival and reproduction of
Anopheles mosquitoes. Studies indicate that
while mosquitoes are adversely affected by
very low humidity below 10%, they thrive in
conditions with 60%—-100% humidity, which is
optimal for their life cycle.’® Combined with
favorable temperature conditions, the district’s
relatively  stable  humidity creates an
environment conducive to continuous mosquito
development and  proliferation.’”  These
observations underscore the importance of
consistent  environmental conditions in
sustaining mosquito breeding and survival
throughout the year.

The precipitation patterns in Gunungkidul
District, characterized by heavy rainfall during
the wet season from September to December,
further enhance the availability of mosquito
breeding sites. Extended periods of high
rainfall lead to the accumulation of standing
water in natural reservoirs, creating optimal
conditions for the development of mosquito
larvae and increasing the overall risk of vector
proliferation.® The high rainfall in 2023,
particularly in the final quarter, created
favorable breeding conditions for mosquitoes,
even in the early stages of the rainy season.
This observation aligns with previous studies
that have shown how intense rainfall during the

20

wet season significantly increases the number
of mosquito breeding sites and consequently
the risk of malaria transmission.!®373% The
presence of prolonged rainy days exacerbates
this, with the number of rainy days in 2023
peaking, facilitating the continuous presence of
standing water.

Population mobility, especially that of
tourists, also plays a critical role in the malaria
transmission  dynamics in  Gunungkidul
District. The influx of tourists from malaria-
endemic areas contributes to the risk of malaria
reintroduction.!*!®  Previous studies have
similarly highlighted that human mobility is a
major driver of imported malaria and can
undermine elimination efforts. For instance, in
Zambia, GPS tracking showed that people
spent around 10.6% of their time away from
households, with seasonal increases in long-
distance movement, highlighting the potential
for parasite importation.* In Brazil, analysis of
imported malaria cases from 2004-2022
demonstrated that between-state movement has
become proportionally more important than
within-state movement, with persistent source
clusters and seasonal importation patterns
impeding subnational elimination.*® Cross-
border mobility in Bhutan represents a key
factor in the importation of malaria,

particularly as the nation approaches
elimination.*!

Although the district has achieved
substantial reductions 1in local malaria

transmission, the occurrence of imported cases
emphasizes the persistent risk associated with
population mobility. This situation highlights
the necessity for robust surveillance systems to
monitor high-risk travelers and migrants who
may reintroduce the parasite into the area.?!
The reported imported malaria cases in 2023
demonstrate that, despite considerable progress
in control efforts, the threat of parasite
importation continues to pose a significant
challenge to sustaining elimination status.

To address these risks and enhance malaria
control efforts, Gunungkidul District should
prioritize the monitoring and management of
mosquito breeding sites. Considering the
significant contribution of rivers, lakes, and
springs to mosquito populations, it is essential
to implement targeted vector control measures,
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including larval management, environmental
modification, and the use of insecticide-treated
nets, within malaria control programs.>>°
Moreover, engaging the community and
conducting public education campaigns are
critical for raising awareness about the
importance of eliminating mosquito breeding
habitats, particularly during the rainy season.
Active local participation in monitoring and
controlling breeding sites can substantially
improve the overall effectiveness of malaria
control strategies.*

Improving the rapid identification and
management of imported malaria cases is

imperative.  Systematic  registration  and
oversight of travelers and migrants from
endemic areas are vital to prevent

reintroduction of the parasite.*** An early
warning system that integrates mobility data,
surveillance reports, and climatic conditions
will further strengthen the district’s capacity to
anticipate and respond to risks of malaria
importation.>  Continuous research  and
localized monitoring are also essential to
ensure adaptive elimination strategies. Finally,
strengthening  cross-sectoral  collaboration
(PPM) between government agencies, tourism
and transportation authorities, and private
stakeholders ~ will ~ support  coordinated
prevention, rapid response, and sustainable
resource allocation.*®

This study had several limitations. First, it
relied solely on secondary data from a single
vector survey conducted in October 2023,
which may not capture seasonal variations in
mosquito breeding activity throughout the year.
Second, data were unavailable for two sub-
districts, Panggang and Tanjungsari; therefore,
malaria receptivity in those areas could not be
assessed. Third, the study focused primarily on
entomological and environmental parameters
without integrating socio-behavioral or health
service access factors that could also influence
the risk of malaria reintroduction. Future
studies should consider longitudinal data and
incorporate broader determinants of malaria
transmission. Despite these limitations, this
study provides an important preliminary
framework for spatially guided malaria
elimination maintenance in receptive regions.

21

Conclusions

This study identified rivers as the primary
breeding sites for Anopheles mosquitoes in the
Gunungkidul District, with lakes and springs
also contributing to receptivity. Climatic
conditions,  particularly = high  rainfall,
temperature, and humidity, create favorable
environments for mosquito breeding, especially
during the wet season. The identification of
high-risk sub-districts, such as Gedangsari and
Karangmojo, highlights the spatial
heterogeneity of malaria receptivity within the
district. These findings provide critical input to
support the maintenance of malaria elimination
status in Gunungkidul by enabling risk-based
prioritization of surveillance and vector control
measures. Strengthening the early detection of
imported cases, conducting targeted vector
interventions, and sustaining community
engagement are essential to prevent the re-
establishment of local transmission in receptive
areas.
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