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Abstract

Background

Malaria remains highly endemic in the coastal working area of Puskesmas Hanura, Pesawaran District,
Lampung Province, Indonesia, with cases surging from 21 in 2020 to 1,883 in 2024 and a positivity rate
of 80.4% among 107 suspects in January—April 2026. Despite this alarming increase, no spatial analysis
has been conducted to understand the geographic distribution of cases or healthcare accessibility
patterns in this setting. This study aimed to: (1) map malaria case distribution using QGIS; (2) analyze
geographic accessibility through buffer analysis; (3) determine global spatial autocorrelation using
Global Moran's I; and (4) identify local spatial clusters using Local Indicators of Spatial Association
(LISA) in the Puskesmas Hanura working area.

Methods

A cross-sectional observational study was conducted from January to April 2026, enrolling 107 malaria
suspects (= 15 years, residing = 6 months) through stratified random sampling proportional to village
population across six villages. Geographic coordinates of respondents' residences were recorded using
GPS Essentials. Spatial analyses were performed using QGIS version 3.28.0 for case mapping and buffer
analysis (0-2, 2-3, 3-5, and > 5 km from Puskesmas Hanura). GeoDa version 1.20 was used for Global
Moran's | (queen contiguity spatial weights matrix, 999-permutation Monte Carlo simulation) and
Univariate Local Moran's | (LISA) with a significance threshold of p < 0.05.

Results

Of 107 respondents, 86 (80.4%) tested positive for malaria. Positivity rates ranged from 71.4% to0 92.9%
across all six villages, with Sidodadi showing the highest rate (92.9%) and Gebang the highest absolute
case count (n = 27). Buffer analysis revealed that 27.1% of respondents resided within 2 km, 41.1%
within 2—3 km, 18.7% within 3—5 km, and 13.1% beyond 5 km of Puskesmas Hanura. Malaria-positive
cases were present in all buffer zones, with the highest positivity rate (92.9%) in the > 5 km zone. Global
Moran's | was 0.076 (Z-score = 0.828, p = 0.230), indicating a random spatial distribution pattern. LISA
analysis classified all six villages as Not Significant (p > 0.05), confirming the absence of statistically
significant local clusters or hotspots.

Conclusions

Malaria cases in the Puskesmas Hanura working area are distributed randomly across all villages,
reflecting uniformly high endemicity without geographic clustering. The 13.1% of residents living beyond
the 5 km accessibility threshold face structural barriers to healthcare access. Equitable, area-wide
malaria control strategies including universal insecticide-treated net distribution and strengthened
mobile health services targeting underserved populations are required rather than hotspot-based
interventions. These findings provide critical spatial evidence to guide malaria elimination efforts in this
endemic coastal region.

Page 2/23



BACKGROUND

Malaria remains a persistent public health challenge in Indonesia, particularly in coastal regions of
Lampung Province. Pesawaran District, with its extensive shoreline and brackish water ecosystems, has
long been recognized as a malaria-endemic area [1,2]. Data from Puskesmas Hanura, the sole primary
healthcare facility serving the Teluk Pandan Subdistrict, illustrate a dramatic epidemiological escalation:
malaria cases surged from 21 cases in 2020 to 1,883 cases in 2024, representing an almost 90-fold
increase over four years [3]. Even more concerning, during the first four months of 2026 alone, 86 of 107
malaria suspects (80.4%) tested positive, indicating that transmission intensity remains alarmingly high.
The working area encompasses six coastal villages, Sukajaya Lempasing, Hurun, Hanura, Sidodadi,
Gebang, and Batu Menyan, characterized by diverse topography including coastal flatlands, tidal ponds,
rice paddies, and marshes, all of which serve as productive breeding habitats for Anopheles mosquitoes
[4,5].

Surveillance data from the Pesawaran District Health Office reveal that malaria incidence in the
Puskesmas Hanura working area has consistently exceeded the provincial average over the past three
years [6]. In 2024, the Annual Parasite Incidence (API) rate in this subdistrict reached 48.5 per 1,000
population, compared to the Lampung provincial average of 12.3 per 1,000 population, positioning this
area as one of the highest transmission foci in the province. The majority of cases are attributed
toPlasmodium falciparumandPlasmodium vivaxco-endemicity, with microscopy and Rapid Diagnostic
Test (RDT) confirmation at Puskesmas Hanura. Furthermore, entomological surveys have identified
Anopheles sundaicus and Anopheles maculatus as the primary vectors in the coastal and hilly terrains,
respectively, with peak biting activity occurring between dusk and dawn [4,7]. Despite national malaria
elimination targets outlined in Minister of Health Regulation No. 22 of 2022 [8], the persistently high
transmission in this area suggests that existing control measures, including insecticide-treated net
distribution, indoor residual spraying, and prompt case management, have not achieved optimal
coverage or effectiveness.

Despite the alarming rise in malaria cases in the Puskesmas Hanura working area, there remains a
critical knowledge gap regarding thespatial dimensionof disease distribution and its relationship with
healthcare accessibility. Previous studies in Pesawaran District have predominantly focused on
individual-level risk factors, including environmental conditions [5], behavioral prevention practices [9],
and vector ecology [4,7], yet none have systematically examined the geographic patterns of malaria
transmission using GIS-based spatial analysis. Specifically, no study has investigated whether malaria
cases are randomly distributed or clustered in specific villages, nor has any research quantified the
geographic accessibility of the population to Puskesmas Hanura as the sole healthcare facility in the
area. Understanding these spatial dynamics is essential becauseclustered transmissionwould justify
targeted, hotspot-based interventions, whereasrandom distributionwould necessitate equitable, area-
wide strategies. Furthermore, the absence of Local Indicators of Spatial Association (LISA) and Global
Moran's | analysis in this setting means that decision-makers lack spatially explicit evidence to allocate
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limited resources such as vector control teams, mobile health services, and diagnostic supplies
efficiently across the six villages.

The reality on the ground is that Puskesmas Hanura operates with constrained human resources and
logistical capacity, serving a population of 38,790 people across 78.29 km? with only one primary care
facility [10]. This geographic mismatch creates structural barriers to healthcare access, particularly for
residents in remote villages such as Gebang and Batu Menyan, who must travel distances exceeding 5
kilometers to reach the facility. The Ministry of Health's primary healthcare accessibility standard
(Permenkes No. 43 Tahun 2019) defines 5 kilometers as the maximum acceptable distance for
community access to primary care [11]; however, no empirical study has confirmed how many residents
in this working area fall beyond this threshold. Moreover, the absence of spatial evidence on malaria
distribution means that current control efforts may be misaligned with epidemiologic reality; resources
may be deployed to areas of perceived high risk while true transmission hotspots remain unaddressed.
Given the national commitment to malaria elimination by 2030 as articulated in Indonesia's Roadmap for
Malaria Elimination 2025-2045 [3], it is imperative to generate actionable spatial intelligence that can
guide resource allocation, prioritize mobile health interventions, and ultimately reduce transmission
inequities across the six villages.

Given this context, the present study was designed to address the spatial evidence gap by employing
Geographic Information Systems (GIS) and spatial statistical tools. Spatial analysis using QGIS enables
visual mapping of the study area and case distribution, while Global Moran's | and LISA provide objective
statistical measures of spatial autocorrelation and local clustering [12,13]. Buffer analysis further
quantifies healthcare accessibility by measuring the distance between respondents' residences and
Puskesmas Hanura, allowing identification of structurally underserved populations. Specifically, this
study aimed to: (1) map the study area and malaria case distribution using QGIS; (2) analyze geographic
accessibility through buffer analysis; (3) determine Global Moran's | spatial autocorrelation; and (4)
identify local spatial clusters using LISA in the Puskesmas Hanura working area, 2026. The findings are
expected to provide evidence-based recommendations for equitable malaria control strategies, aligning
with Indonesia's elimination agenda while addressing the unique geographic challenges of this coastal
endemic setting.

METHODS

This cross-sectional observational study was conducted from January to April 2026 in the working area
of Puskesmas Hanura, Teluk Pandan Subdistrict, Pesawaran District, Lampung Province, Indonesia. The
study area encompasses six villages: Sukajaya Lempasing, Hurun, Hanura, Sidodadi, Gebang, and Batu
Menyan, with a total area of 78.29 km? and an estimated population of 38,790 people [10]. Puskesmas
Hanura is the sole primary healthcare facility serving this working area. The region is characterized by
coastal flatlands, tidal ponds, rice paddies, and marshes, which provide favorable breeding habitats for
Anopheles mosquitoes, with elevations ranging from 0 to 200 meters above sea level. The selection of
this study site was purposive, based on: (1) consistently high malaria endemicity over the past five years;
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(2) availability of complete surveillance data; and (3) the absence of previous spatial analysis studies in
this area.

The study was designed to: (1) map the study area and malaria case distribution using QGIS; (2) analyze
geographic accessibility through buffer analysis; (3) determine Global Moran's | spatial autocorrelation;
and (4) identify local spatial clusters using LISA in the Puskesmas Hanura working area, 2026.

All individuals residing in the six-village working area of Puskesmas Hanura who were at risk of malaria
infection during the study period. All malaria suspects (individuals presenting with clinical symptoms
suggestive of malaria, including fever, chills, headache, and muscle pain) who sought care at Puskesmas
Hanura or were identified through active case detection during January—April 2026. A total of 107
respondents were enrolled using stratified random sampling proportional to village population size,
ensuring representation from all six villages proportionate to their respective population distributions.

This study was conducted in accordance with the principles of the Declaration of Helsinki and
Indonesian national research ethics guidelines. Ethical approval was obtained from the Research Ethics
Committee of Universitas Malahayati (Reference No. 5374/EC/KEP-UNMAL/V/2026) prior to the
commencement of data collection. The ethics committee reviewed and approved the study protocol,
including the informed consent procedures, data collection instruments, and measures to protect
participant confidentiality.

Written informed consent was obtained from all participants prior to enrollment. As the study population
included individuals aged 15 years, written informed consent for these participants was obtained from
their parent or legal guardian, in accordance with national research ethics guidelines for the protection of
minors. The consent form provided comprehensive information about the study objectives, procedures,
potential risks, and benefits. Participants (or their parent/legal guardian, where applicable) were
informed that participation was voluntary and that they had the right to withdraw from the study at any
time without penalty or impact on their access to healthcare services. All participants were assured of
confidentiality, and data were anonymized using unique identification codes to protect individual privacy.

For participants who tested positive for malaria, immediate standard treatment was provided according
to Ministry of Health guidelines at Puskesmas Hanura at no cost. The study did not involve any
experimental interventions or procedures beyond standard diagnostic testing and questionnaire
administration.

The ethics committee also approved the use of GPS coordinate data collection, with strict protocols to
ensure that geographic data were stored securely and used only for spatial analysis purposes. No
identifying information was linked to geographic coordinates in the final dataset.

RESULTS
Study area
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Puskesmas Hanura is located in Hanura village, serving six coastal villages in Teluk Pandan Subdistrict,
Pesawaran District, Lampung Province. The working area encompasses 78.29 km? with a total
population of 38,790 people distributed across six villages: Sukajaya Lempasing, Hurun, Hanura,
Sidodadi, Gebang, and Batu Menyan. The region is characterized by varied topography including coastal
flatlands, hills, and areas bordering Teluk Lampung to the east and south, with elevations ranging from 0
to 200 meters above sea level. Land use in the area is dominated by tidal ponds, rice paddies, marshes,
and mixed gardens, which collectively provide favorable breeding habitats for Anopheles mosquitoes

(Fig. 1).

Base map showing the six-village working area of Puskesmas Hanura in Teluk Pandan Subdistrict,
Pesawaran District, Lampung Province. The map includes village boundaries, road networks, coastal
areas, and the location of Puskesmas Hanura (marked with a red cross). The working area spans 78.29
km?2 and borders Teluk Lampung to the east and south. Elevations range from 0 to 200 meters above sea
level. Land use in the area is dominated by tidal ponds, rice paddies, marshes, and mixed gardens.

A total of 107 malaria suspects were enrolled in this study, with a mean age of 34.7 + 12.4 years (range:
15-68 years). The majority of respondents were male (62.6%, n = 67) compared to female (37.4%, n =
40). Occupationally, the largest proportion were farmers (35.5%, n = 38), followed by fishermen (24.3%, n
= 26), laborers (18.7%, n = 20), and others (21.5%, n = 23). The distribution of respondents by village
reflected the proportional stratified sampling method: Gebang (29.9%, n = 32), Hanura (20.6%, n = 22),
Sukajaya Lempasing (13.1%, n = 14), Sidodadi (13.1%, n = 14), Batu Menyan (13.1%, n = 14), and Hurun
(10.3%, n=11). All respondents had resided in their respective villages for at least 6 months prior to data
collection (mean duration: 8.3 + 5.6 years).

Distribution of malaria cases by village

Of 107 respondents, 86 (80.4%) tested positive for malaria through microscopy and/or RDT
confirmation. All six villages showed positivity rates exceeding 70%, indicating uniformly high
transmission across the entire working area. The highest positivity rate was observed in Desa Sidodadi
(92.9%, n =13 of 14), followed by Batu Menyan (85.7%, n = 12 of 14) and Gebang (84.4%, n = 27 of 32). In
terms of absolute case counts, Desa Gebang had the highest number of positive cases (n = 27),
representing 31.4% of all positive cases in the study population, consistent with its larger population size
(Table 1). The distribution of positive cases by village was statistically comparable, with no significant
differences in positivity rates between villages (x2=3.12, p = 0.682), confirming the absence of village-
level heterogeneity in malaria transmission.
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Table 1
Distribution of malaria cases by village, Puskesmas Hanura, 2026

No. Village Total Positive (n) Negative (n) Positivity (%)
1 Sukajaya Lempasing 14 10 4 71.4
2 Hurun 11 8 3 72.7
3 Hanura 22 16 6 72.7
4 Sidodadi 14 13 1 92.9
5 Gebang 32 27 5 84.4
6 Batu Menyan 14 12 2 85.7
Total 107 86 21 80.4
QGIS case mapping

Case mapping using QGIS revealed widespread distribution of malaria-positive cases (red dots) across
all six villages, with the highest geographic concentration in Desa Gebang (southern working area) and
around Puskesmas Hanura. Positive cases were observed in all village territories without clear
geographic separation or clustering patterns. Negative cases (yellow dots) were sparsely distributed
throughout the study area, consistent with the high overall positivity rate (80.4%). The visual inspection
of the case distribution map suggested a relatively uniform dispersion of cases rather than focal
aggregation, which was subsequently confirmed through statistical spatial autocorrelation analysis

(Fig. 2).

Buffer analysis

Buffer analysis around Puskesmas Hanura revealed that the majority of respondents (41.1%, n = 44)
resided within the 2—-3 km zone, followed by 27.1% (n = 29) within 0—-2 km, 18.7% (n = 20) within 3-5 km,
and 13.1% (n = 14) beyond 5 km (Table 2, Fig. 3). The 13.1% of respondents in the > 5 km zone,
predominantly from Gebang and Batu Menyan, represent the population with the greatest structural
barriers to healthcare access, exceeding the Ministry of Health's recommended maximum distance of 5
km for primary care facilities [11].

Importantly, malaria-positive cases were identified in all buffer zones, including the 0—2 km zone closest
to Puskesmas Hanura. Among the 29 respondents within 0-2 km, 22 (75.9%) tested positive; among 44
respondents in 2-3 km, 36 (81.8%) tested positive; among 20 respondents in 3—5 km, 15 (75.0%) tested
positive; and among 14 respondents in > 5 km, 13 (92.9%) tested positive. The positivity rate was highest
in the > 5 km zone, suggesting that residents with the poorest geographic access to healthcare may
experience delayed diagnosis and treatment, potentially contributing to continued transmission.
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Table 2

Distribution of respondents by
buffer zone from Puskesmas

Hanura
Buffer Zone n %
0-2 km 29 27.1
2-3 km 44 41.1
3-5km 20 18.7
>5km 14 13.1
Total 107 100.0

Global Moran’s |

Buffer zones around Puskesmas Hanura at distances of 0-2 km (green), 2-3 km (yellow), 3—=5 km
(orange), and > 5 km (red). Respondent residences (points) are overlaid on the buffer zones. The map
shows that 27.1% of respondents live within 2 km, 41.1% within 2—-3 km, 18.7% within 3-5km, and 13.1%
beyond 5 km from Puskesmas Hanura. Residents in the > 5 km zone are predominantly from Gebang and
Batu Menyan villages.

Global Moran's | was calculated using village-level malaria case counts with a queen contiguity spatial
weights matrix and a 999-permutation Monte Carlo simulation. The resulting Global Moran's | value was
0.076 (Z-score = 0.828, p = 0.230), indicating a random spatial distribution pattern without statistically
significant global spatial autocorrelation (Table 3). An I-value of 0.076 is very close to zero, which
represents a random pattern, and the p-value of 0.230 (far above the 0.05 significance threshold)
confirms that the observed spatial pattern could have occurred by random chance. The 999-permutation
Monte Carlo simulation further validated this finding, with the simulated distribution showing a mean of
approximately 0.0, indicating that the observed I-value falls within the expected range of random
variation.

Table 3

Global Moran's | spatial autocorrelation
results, Puskesmas Hanura, 2026

Parameter Value
Global Moran's|  0.076
Z-score 0.828
p-value 0.230 (Not Significant)

Spatial pattern Random
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The Moran Scatter Plot (Fig. 4) visually confirms the absence of spatial autocorrelation, displaying a
near-zero regression slope. In a Moran Scatter Plot, the x-axis represents the standardized variable
values (case counts) and the y-axis represents the spatially lagged values (weighted average of
neighboring values). The near-horizontal orientation of the regression line indicates that case countsin a
village do not predict case counts in neighboring villages, consistent with random spatial distribution.

Moran Scatter Plot generated from GeoDa analysis showing the relationship between standardized
village-level malaria case counts (x-axis) and spatially lagged values (y-axis). The near-zero regression
slope (0.076) indicates the absence of global spatial autocorrelation. The plot visually confirms the
random spatial distribution pattern of malaria cases across the six villages.

LISA (Local Indicators of Spatial Association) Analysis

Univariate Local Moran's | analysis was performed to identify local spatial clusters and outliers at the
village level. The results showed that all six villages were classified as Not Significant(p > 0.05),
indicating the absence of statistically significant local spatial clustering (Table 4, Fig. 5). No High-High
(HH) hotspots, Low-Low (LL) coldspots, High-Low (HL) outliers, or Low-High (LH) outliers were detected
in any village. The LISA cluster map (Fig. 5) visually confirms that all villages in the Puskesmas Hanura
working area exhibit similar levels of malaria transmission without significant spatial differentiation.

Table 4
LISA local spatial cluster analysis results by village
No. Village Total Cases  LISA Cluster Type
1 Hanura 22 Not Significant
2 Hurun 11 Not Significant
3 Sukajaya Lempasing 14 Not Significant
4 Sidodadi 14 Not Significant
5 Gebang 32 Not Significant
6 Batu Menyan 14 Not Significant

Local Indicators of Spatial Association (LISA) cluster map showing all six villages as Not Significant (p >
0.05). No High-High (HH) hotspots, Low-Low (LL) coldspots, High-Low (HL) outliers, or Low-High (LH)
outliers were detected. The map confirms that all villages in the Puskesmas Hanura working area exhibit
similar levels of malaria transmission without significant spatial differentiation.

DISCUSSION

This study provides the first spatial epidemiological evidence for the Puskesmas Hanura working area,
Pesawaran District, using GIS-based mapping and spatial autocorrelation analysis. The findings reveal
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uniformly high malaria endemicity across all six villages, with positivity rates ranging from 71.4% to
92.9% and an overall rate of 80.4%. The random spatial distribution pattern (Global Moran's | =0.076, p =
0.230) and absence of LISA clusters indicate that malaria transmission is evenly dispersed rather than
concentrated in specific geographic foci. These findings have important implications for malaria control
policy and practice in this endemic coastal region.

Spatial Distribution Pattern and Its Implications

The random spatial distribution pattern identified in this study contrasts with findings from other
malaria-endemic regions in Indonesia where significant clustering has been documented. In North
Sumatra Province, Juliani and Nasution [15] found positive global spatial autocorrelation for malaria
cases in 2021 and 2022, with hotspots consistently identified in Asahan and Batubara Regencies.
Similarly, Kapoh [16] reported a Moran's | value of 0.124 (p = 0.04) in Purworejo Regency, indicating
positive spatial autocorrelation and clustered malaria distribution at the sub-district level. In Central
Java, Rejeki et al. [17] demonstrated that malaria was spatially clustered in Banyumas and Purbalingga
Regencies, with clusters predominantly appearing during January—April. The contrasting random pattern
in Pesawaran District suggests that this area is in a different epidemiological phase characterized by
uniformly high transmission across all villages rather than focal hotspots.

At the national level, Djaafara et al. [18] analyzed Indonesian surveillance data from 2010-2019 and
found significant regional heterogeneity, with Papua's contribution to national cases rising from 40% to
90% despite comprising only 2% of the population, while other regions showed declining incidence and a
demographic shift toward older, predominantly male cases. This finding supports the need for region-
specific approaches: in uniformly endemic areas like Puskesmas Hanura, area-wide strategies are more
appropriate than hotspot-targeted interventions.

The Random Pattern as a Reflection of Uniform Endemicity

The absence of spatial clustering (LISA: all six villages Not Significant) is epidemiologically consistent
with the pattern of uniform high endemicity. When all geographic units exhibit similarly elevated
transmission, the inter-unit variance required for spatial autocorrelation to emerge is insufficient [19].
This finding aligns with research by Lestari et al. [20], who analyzed 13,386 malaria cases in Sumatra
(2019-2021) and identified spatial clustering tendencies with localized clusters for P. falciparum,P. vivax,
and probable P. knowlesi, but noted that as transmission declines, malaria becomes more spatially
concentrated. The uniform high transmission in Puskesmas Hanura suggests this area remains in an
earlier stage of the elimination continuum where transmission has not yet been sufficiently suppressed
to reveal spatial heterogeneity.

Hasyim et al. [21] examined spatiotemporal clustering of malaria in South Sumatra (2018-2022) and
identified 13 high—high clusters in OKU Selatan and Muara Enim in 2018, with no high—high clusters
detected between 2020-2022, although high—low outliers persisted. This temporal variation in
clustering patterns underscores how transmission dynamics can shift over time, and the random pattern
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observed in our 2026 data may represent the current stable state of high transmission across all
villages.

Geographic Accessibility and Healthcare Access

Buffer analysis identified 13.1% of respondents living beyond the 5 km primary care accessibility
threshold, consistent with Ministry of Health standards [11]. These residents, predominantly from
Gebang and Batu Menyan, face the greatest structural barriers to timely diagnosis and treatment.
Ngadino et al. [22] conducted spatial analysis in East Java and found that imported malaria cases were
unevenly distributed, with hotspots identified in areas with high population mobility. Their research also
demonstrated thatAnopheles sundaicusis more common in coastal areas while An. maculatus is found in
valleys and rice paddies, confirming the importance of ecosystem-based approaches to malaria control
[22]. The presence of both coastal and agricultural environments in the Puskesmas Hanura working area
provides favorable habitats for multiple Anopheles species, contributing to uniform transmission.

The finding that positivity rates increased with distance from Puskesmas Hanura (from 75.9% in the 0-2
km zone t0 92.9% in the > 5 km zone) suggests an access-to-care gradient. This is consistent with the
concept of healthcare access articulated by Penchansky and Thomas [23], who defined access as the
degree of fit between patients and health systems across five dimensions: availability, accessibility,
accommodation, affordability, and acceptability. Residents in the > 5 km zone face diminished
geographic accessibility (the distance dimension), potentially leading to delayed care-seeking and
increased transmission [24,25]. Weiss et al. [26,27] demonstrated that travel time to healthcare facilities
is a critical determinant of health outcomes in low-resource settings, and their global mapping of
healthcare accessibility underscores the importance of identifying underserved populations.

Implications for Malaria Elimination Strategy

Indonesia's national elimination target by 2030 requires tailored approaches for different transmission
settings [3]. In uniformly endemic areas such as Puskesmas Hanura, the traditional hotspot-based
approach (which relies on identifying high-risk foci) would be insufficient. Instead, equitable, area-wide
control strategies including universal distribution of insecticide-treated nets, mass drug administration,
and intensified vector control across all six villages are required. Lestari et al. [20] identified that higher
human development index (aOR 1.15), lower historical API (aOR 0.46), and fewer endemic neighbors
(aOR 0.78) were associated with a higher likelihood of elimination in Sumatra. This suggests that the
sociodemographic and geographic context of Puskesmas Hanura, where all villages share similar
environmental conditions and transmission intensity, necessitates comprehensive rather than selective
interventions.

The World Health Organization [28] emphasizes that malaria elimination requires a transition from
vertical, targeted approaches to horizontally integrated health systems strengthening. In the context of
Puskesmas Hanura, this means strengthening routine surveillance, ensuring universal access to
diagnostics and treatment, and implementing vector control measures across all villages rather than
focusing on presumed hotspots. The absence of spatial clusters in our study confirms that no village
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can be considered "low risk," and all six villages require sustained, high-quality malaria control
interventions.

Comparison with Other Indonesian Studies

Our findings are consistent with several studies in Indonesia that have documented the importance of
environmental factors in malaria transmission. Mardiana et al. [4] and Ernawati et al. [29] identified that
tidal ponds, rice paddies, and marshes in Pesawaran District serve as productive Anopheles breeding
habitats, contributing to sustained transmission. Utami et al. [5] found that household environmental
factors were significantly associated with malaria in Sidodadi village, which had the highest positivity
rate (92.9%) in our study. The uniform distribution of environmental risk factors across all six villages
may explain the random spatial pattern observed.

Fahmi et al. [30] conducted spatial analysis to evaluate malaria risk in Northern Sumatra and identified
that elevation, distance to forest, and land use were significant predictors of malaria incidence. In the
Puskesmas Hanura working area, the relatively uniform topography (0-200 meters elevation) and similar
land use patterns (coastal flatlands, tidal ponds, rice paddies) across all villages provide a plausible
ecological explanation for the absence of spatial clustering.

Strengths of the Study

This study has several strengths. First, it provides the first spatial analysis of malaria distribution in the
Puskesmas Hanura working area, generating evidence that can directly inform malaria control policy.
Second, the use of GPS-recorded coordinates ensures accurate geolocation of cases, minimizing
positional error. Third, the combination of QGIS and GeoDa analyses (buffer, Global Moran's |, LISA)
provides a comprehensive spatial analytical framework. Fourth, the findings challenge the assumption
that hotspot-based interventions are universally applicable, demonstrating the need for context-specific
approaches.

Limitations

This study has several limitations that should be considered when interpreting the findings. First, the
small number of spatial units (n = 6 villages) reduces statistical power for LISA analysis; future studies
with smaller spatial units (hamlets or sub-villages) would provide more precise estimates of spatial
clustering. Second, the cross-sectional design precludes assessment of temporal changes in spatial
patterns; longitudinal studies are needed to track how spatial patterns evolve over time and in response
to interventions. Third, the analysis did not incorporate environmental covariates such as rainfall,
temperature, or vegetation indices that could explain spatial patterns. Future research should integrate
environmental and climatic data to identify drivers of transmission heterogeneity. Fourth, potential
selection bias exists because the study included only individuals who sought care at Puskesmas Hanura
or were identified through active case detection; individuals with asymptomatic malaria or those who did
not seek care may have been missed. Fifth, reliance on self-reported residence may introduce
misclassification error, though GPS validation minimized this risk. Sixth, the findings are specific to the
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Puskesmas Hanura working area and may not be generalizable to other endemic areas in Indonesia or
elsewhere. Seventh, the study did not distinguish between Plasmodium species, which may have
different spatial and epidemiological characteristics. Future studies should incorporate species-specific
analysis.

CONCLUSIONS

This study provides the first spatial epidemiological evidence for the Puskesmas Hanura working area,
Pesawaran District, using GIS-based mapping and spatial autocorrelation analysis. The findings reveal
several critical insights with significant implications for malaria control policy and practice in this
endemic coastal region.

Abbreviations

API

Annual Parasite Incidence

aOR

Adjusted Odds Ratio

BAPPEDA

Badan Perencanaan Pembangunan Daerah (Regional Development Planning Agency)
BPS

Badan Pusat Statistik (Central Bureau of Statistics)

GIS

Geographic Information System
GPS

Global Positioning System

HH

High-High (cluster type)

HL

High-Low (cluster type)

HRP2

Histidine-Rich Protein 2

ITN

Insecticide-Treated Net

LDH

Lactate Dehydrogenase

LH

Low-High (cluster type)

LISA

Local Indicators of Spatial Association
LL
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Potential of Hydrogen
PHC
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commencement of data collection. The ethics committee reviewed and approved the study protocol,
including the informed consent procedures, data collection instruments, and measures to protect
participant confidentiality.

Consent to participate

Written informed consent was obtained from all participants prior to enrollment. As the study population
included individuals aged 15 years, written informed consent for these participants was obtained from
their parent or legal guardian, in accordance with national research ethics guidelines for the protection of
minors. The consent form provided comprehensive information about the study objectives, procedures,
potential risks, and benefits. Participants (or their parent/legal guardian, where applicable) were
informed that participation was voluntary and that they had the right to withdraw from the study at any
time without penalty or impact on their access to healthcare services. All participants were assured of
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confidentiality, and data were anonymized using unique identification codes to protect individual
privacy.For participants who tested positive for malaria, immediate standard treatment was provided
according to Ministry of Health guidelines at Puskesmas Hanura at no cost. The study did not involve
any experimental interventions or procedures beyond standard diagnostic testing and questionnaire
administration.

The ethics committee also approved the use of GPS coordinate data collection, with strict protocols to
ensure that geographic data were stored securely and used only for spatial analysis purposes. No
identifying information was linked to geographic coordinates in the final dataset.

Trial registration
Clinical trial number: not applicable.
Consent for publication

Not applicable. This manuscript does not contain any individual person's data in any form, including
individual details, images, or videos. No identifiable personal information, photographs, or clinical details
of participants are presented in this manuscript. Therefore, specific consent for publication from
individual participants is not required.

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly available due to privacy
and ethical restrictions, as they contain potentially identifiable geographic coordinates (GPS) of
respondents’ residen ces, which could compromise individual privacy. However, the datasets are
available from the corresponding author on reasonable request, subject to approval from the Research
Ethics Committee of Universitas Malahayati to ensure appropriate data sharing agreements are in place.

The aggregated data presented in the tables and figures of this manuscript are fully included in this
published article. The spatial data (shapefiles, GPS coordinates, and QGIS project files) and statistical
analysis outputs (GeoDa project files) are stored in a secure institutional repository at the Department of
Public Health, Faculty of Health Sciences, Universitas Malahayati, Bandar Lampung, Indonesia.

Requests for data access should be directed to the corresponding author, Agung Aji Perdana, at
agungajiperdana@gmail.com.
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Figure 1

Map of Puskesmas Hanura Working Area, Pesawaran District, 2026.
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Figure 2

Spatial Distribution of Malaria Cases, Puskesmas Hanura Working Area, 2026
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Figure 3

Buffer Analysis Map, Puskesmas Hanura Working Area, 2026
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Figure 4

Moran Scatter Plot, Distribution of Malaria Cases by Village, 2026
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Figure 5

LISA Cluster Map, Distribution of Malaria Cases, Puskesmas Hanura, 2026
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