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Abstract

Background: Malariais a major health issue distributing across 85 countries globally including in Indonesia. Indonesiaisin the
progress to achieve malaria elimination and currently the high burden of malaria is in the rural eastern part of the nation
including in East Nusa Tenggara Province where the number of malaria cases increased significantly during COVID-19. To
achieve malaria elimination, malaria awareness should be measurable and integrated in malaria policy. Currently malaria
awareness of rural community in the region is low and interventional studies to improve malaria awareness of rural community
were less documented in Indonesia

Objective: The aims of the study are to investigate the impact of local wisdom-based health education campaign combining
local music, sub-district leader’s voice and loudspeaker to change behavioral aspects of malaria of the rural community.
Specifically, we want to assess the effect of this intervention on (1) the improvement of malaria awareness index of rural
community and their associated factors, (2) the change of appropriate malaria treatment seeking behavior (AMTSB) and their
associated factors, (3) the enrichment of knowledge and practice of malaria prevention measures and their associated factors, (4)
the enhancement of the use of long-lasting insecticide-treated nets and their associated factors.

Methods: This study applied a cluster-assigned quasi-experimental study with a pre-test and post-test both in the control and
intervention groups. Thirteen villages were in the intervention group and twelve villages in the control group. Health education
campaign is conducted in the intervention group once a week for 20 weeks. Before and after the campaign, household survey
was conducted to record behavioral aspects of malaria in relation to general knowledge of malaria, AMTSB, and malaria
prevention measures knowledge and practice. 894 respondents participated before and after intervention. The improvement of
malaria awareness index, AMTSB, good level of malaria prevention measures knowledge and practice will be determined based
on the difference score in each index before and after intervention in both groups. The chi-square test would be applied to assess
the difference score before and after intervention. Binary logistic regression will be applied to determined important risk factors
associated with the change in each index.

Results: The intervention has been conducted since the last week of August 2024 and it will be finished on the second week of
January 2025. The project isin the progress to draft some papers that will be published in peer-reviewed journals

Conclusions: This study will be expected to provide significant findings to comprehensively investigate the change of
behavioral aspects of malaria due to local wisdom-based malaria education campaign. These results could help stakeholders in
Indonesia to develop malaria health policy based on the local context to support the global effort to become a malaria-free zone
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Abstract

Background. Malaria is a major health issue distributing across 85 countries globally including in
Indonesia. Indonesia is in the progress to achieve malaria elimination and currently the high burden
of malaria is in the rural eastern part of the nation including in East Nusa Tenggara Province where
the number of malaria cases increased significantly during COVID-19. To achieve malaria
elimination, malaria awareness must be measurable and integrated into malaria policy. Currently
malaria awareness among rural communities in the region is low and interventional studies aiming at
improving malaria awareness of rural areas are poorly documented in Indonesia.

Objectives. This study aims to investigate the impact of local wisdom-based health education
campaign combining local music, the voice of sub-district leader’s and loudspeaker announcements
to influence malaria-related behavior in rural communities. Specifically, we aim to assess the effect
of this intervention on (1) improvement in the malaria awareness index among rural communities
and their associated factors, (2) changes in appropriate malaria treatment-seeking behavior (AMTSB)
and its associated factors, (3) enhancements in knowledge and practice of malaria prevention
measures and their associated factors, (4) increased use of long-lasting insecticide-treated nets and
their associated factors.

Methods. This study employs a cluster-assigned quasi-experimental design with a pre-test and post-
test assessments in both control and intervention groups. The control group, consisting of twelve
villages, receives malaria education integrated into routine health services provided by local health
centers. The intervention group, comprising thirteen villages, receives the same education as the
control, in addition to a malaria campaign conducted once a week for 20 weeks. Before and after the
campaign, a household survey is conducted to assess behavioral aspects of malaria, including general
knowledge of malaria, AMTSB, and malaria prevention measures knowledge and practice. A total of
894 respondents participated before and after intervention. The improvement of malaria awareness
index, AMTSB, good level of malaria prevention measures knowledge and practice will be
determined based on the difference score in each index before and after intervention in both groups.
The chi-square test will be used to assess score differences. Binary logistic regression will be applied
to identify key risk factors associated with changes in each index.

Results.

The intervention was conducted from the last week of August 2024 to the second week of January
2025. The project is currently in progress with multiple papers being drafted for publication in peer-
reviewed journals.

Conclusions.

This study is expected to provide significant findings to comprehensively investigate the change of
behavioral aspects of malaria due to local wisdom-based malaria education campaign. The findings
could assist stakeholders in Indonesia in developing malaria health policies that are contextual
relevant, thereby supporting global efforts to achieve malaria-free status by 2030.

Keywords: Malaria awareness, health education campaign, rural community, malaria health policy;
malaria elimination, COVID-19

Introduction

Background
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Malaria is a major health problem spreading across 85 countries globally with an estimation 249
million people suffering from malaria in 2022, of which 2% were from the Southeast Asia (SEA)
region [1] . The action plan in this region indicates that the entire SEA region would be targeted to
achieve malaria elimination by 2030 [2]. Two countries in the region, Maldives and Sri Lanka have
obtained a malaria elimination certificate from World Health Organization (WHO) since 2015 and
2016 respectively, whilst other countries have a high burden of malaria particularly India and
Indonesia contributing to 88.1% to the total number of the malaria cases in the region [1]. One
important indicator for a region to be categorized as malaria elimination is the absence of the local

malaria transmission cases for three consecutive years [3].

Following the global commitment, Indonesia has also set a national goal to eliminate malaria by
2030 [4]. Much progress has been obtained from this commitment. 75.7% of the total 514 districts
have received malaria elimination certificates since 2023 [5] and currently malaria is concentrated in
rural areas [4]. However, there is a huge disparity between Western and Eastern part of the country in
this achievement. Most of district in Western part have been classified as malaria elimination zone
whilst limited number of districts receiving malaria elimination certificates in the Eastern Indonesia
including East Nusa Tenggara (ENT) Province [5]. ENT Province having 22 districts is the third
largest contributor to malaria cases at the national level [6]. The number of malaria cases increased
during the COVID-19 pandemic from 12,909 in 2019 to 15,830 in 2022 [7]. Of the total number of
districts in this province, 9 districts (41%) have received malaria elimination certificates while the
rest are still categorized as high, medium and low endemic malaria areas [8]. East Sumba District is
one of the high malaria endemic settings in the ENT Province with the total number of malaria cases

reaching 5,537 in 2022 [9] and the majority of the cases was due to plasmodium falciparum [10].

Malaria is a complex health issue influenced by multiple factors including plasmodium types [11-
13], sociodemographic factors [14-16], environmental factors [17-19], and behavioral aspects of
malaria [20]. The distribution of malaria cases shows the different patterns within and between
regions, due to variations in the environment, vectors, and social conditions of the local community
[21]. Various studies have been conducted in ENT Province as an effort to reduce the incidence of
malaria in this area [22-27]. Studies of malaria parasite aspects show that the prevalence of vivax
malaria is greater than falciparum malaria [22—-24], this presents a major challenge in efforts to
achieve malaria elimination considering that vivax malaria treatment requires high public awareness

to complete the treatment for 14 days to get the optimal result of the medicine [28]. Studies on
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malaria vectors in this region show that the prevalence of mosquito biting in this area peaks at
midnight both indoors and outdoors [25,26]. Studies of environmental aspects show that increasing
the distance of residence from mosquito larval habitat is followed by a decrease of the risk of malaria
in all age groups [27]. However, studies on the behavioral aspects of local communities are very
poorly documented in ENT Province, though the contribution of malaria knowledge is very
significant in achieving malaria elimination [29,30]. Community behavior and their perspectives are

very important in the efforts to achieve malaria elimination in certain areas [31-33].

In the context of Indonesia, several studies of community behavior regarding the knowledge and
practice of malaria prevention have been conducted in various provinces [34—-36]. The results of
these studies indicate that community members have the awareness to practice several malaria
prevention methods. However, all of those observational studies were conducted in the western part

of Indonesia where most of the districts have been categorized as malaria elimination zone [6].

Some studies on the community behavior regarding of the knowledge and practice of malaria
prevention had been conducted in ENT Province [37—43]. A study conducted by the National Health
Research Agency in 2018 in the Eastern Indonesia including ENT Province showed that the
variations between provinces in terms of malaria prevention practices of rural communities were
very significant [37]. Other studies on malaria prevention measures knowledge and practice in the
region indicated that the Tetun ethnic group used traditional plants to prevent malaria [38], the use of
mosquitoes net was only common in rural communities of low endemic settings [43] and
communities in high endemic areas have a low level of malaria prevention measures knowledge
compared to community groups in low endemic areas [44]. Another study of malaria prevention
measures revealed that the knowledge on long-lasting insecticide-treated nets (LLINs), which is the
most effective prevention measures to prevent malaria [33,45], was only common on the high
endemic settings in this province [42]. Regarding the malaria treatment seeking behavior of the local
community, a current literature reveals that the prevalence of appropriate malaria treatment seeking
behavior among rural communities in the province is very low [41]. Research on malaria awareness
of this rural community demonstrated that the level of malaria awareness of rural communities in
ENT Province was very low [39] and the variation of malaria awareness amongst ethnic group is
very significant with the lowest level was in Sumba ethnic group [40]. However, all of those studies
are observational studies that only observe the behavior of rural communities at a certain time. The

results of study applying an experimental study on the behavior aspect of malaria to the rural
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communities in ENT Province are less documented. This indicates that there have been no efforts
made by various parties to increase malaria awareness for rural communities in this region.
Therefore, an innovation is needed to increase malaria awareness among rural adults who are an
important group of community to achieve malaria elimination [46]. Increasing malaria awareness of
rural community allows them to seek the right treatment if they are sick [33,47], reduce the

prevalence of malaria [48] and accelerate the achievement of malaria elimination [49].

In the global context, literature indicates that interventional studies have significantly improved
malaria knowledge [50,51] encouraged communities to adopt various malaria prevention measures
[51-55] and promoted early malaria treatment-seeking behavior [56]. In Indonesia, experimental
studies using video media have substantially increased malaria knowledge among the elderly in
Mimika District, Central Papua Province [57] and Kulon Progo District, Special Region of
Yogyakarta [58]. However, these studies were conducted with small sample sizes. A current
systematic review on interventional studies for malaria and dengue control indicates that the use of
various media in interventions  has enhanced disease knowledge among both the general
population [59] and school communities [60]. However, there is a lack of studies in the Indonesia

context focusing on this approach [59].

The use of loudspeaker media [61], local-based songs [62] , and local government involvement [63]
has been identified as highly effective in increasing health awareness among rural communities
[61,62]. However, the impact of these three culturally relevant approaches on malaria-related
behavioral changes in rural communities in Indonesia remains unexplored, despite rural populations
contributing significantly to the country’s malaria burden [4]. . Therefore, these interventional
studies will fill these gaps with the following objectives:

1. Determine the impact of locally based interventions on the improvement of malaria
awareness index among rural communities and their associated factors including socio-
demographic factors and environmental variables

2. Investigate the effectiveness of locally based intervention on improving appropriate malaria
treatment-seeking behavior among rural communities and their associated factors

3. Assess the influence of locally based intervention on enhancing knowledge and the practice
of malaria prevention measures among rural communities and their associated factors

4. Estimate the effect of locally based intervention on increasing the use of long-lasting

insecticide-treated nets in rural settings and their associated factors.

https://preprints.jmir.org/preprint/66982 [unpublished, peer-reviewed preprint]
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This study is projected to provide significant findings to comprehensively clarify the change of
behavioral aspect of malaria in the rural ENT Province because of the application of locally based
intervention. The improvement of malaria awareness index, the variation of malaria prevention
measures knowledge and practice, and the change of malaria treatment seeking behavior among rural
communities would be recognized. The findings of this study could assist public health policy
makers in Indonesia in designing malaria policy to boost malaria elimination progress in the country.
The findings might also be beneficial for other countries having similar of socio-demographics

settings in supporting global actions to achieve the malaria free area by 2030.

Methods

Study Population

East Sumba District was selected as the study area because it is classified as a high malaria endemic
region [64]. The district consists of 22 sub-districts and 156 villages [65]. The total population in the
district is 248,776, with an almost equal distribution of male and female, 51.4% and 48.6%
respectively. Approximately half of the population is engaged on the agricultural sector. The district
has four hospitals, 22 public health centers, and 78 subsidiary public health centers across the region
[65]. This study was conducted in four selected sub-districts where there is one public health center

in each sub-district as indicated in Figure 1.

Figure 1: Map of Study Sites

Study design and sampling technique

This study protocol employed a cluster-assigned quasi-experimental design with a pre-test and post-
test assessments in both control and intervention groups. The cluster unit for this study was the
village. Village was not randomized because the research team aimed to implement the intervention
across all villages within a selected sub-district, where the sub-district leader would serve as a role
model to encourage community in improving malaria awareness. To obtain a representative sample,
the research team randomly selected four out of 22 sub-districts. Two of these sub-districts was
assigned as intervention groups, while the remaining two served control groups. The first three sub-
district each has six villages and the fourth sub-district has seven villages, therefore the total number
of villages participating in the study was 25 villages representing about 16% of the total villages in
the district. Of these, 13 villages were assigned to the intervention group, while12 villages formed

the control group. The number of samples selected from each village was proportional to the number
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of households in that village. Within each selected village, households were randomly sampled to

serve as an experimental unit as indicated in Figure 2.
Figure 2: Flow chart of selection of malaria endemic settings and villager population.

Sample size calculation
To determine the required sample size for baseline prevalence of study outcomes, the research team

applied the Leslie-Kish formular for calculating the sample size in cross sectional studies [66]. The

formula indicates nozw
Where no is the initial sample size; p is the prevalence of malaria awareness in ENT Province =
0.48.8% [39], Z is the confidence level at 95% (standard value of 1.96), d (relative precision) = 0.05,
therefore the initial sample size was 384 participants. For the population survey, a community
correction factor of 2 was applied, doubling the required sample size to 768 participants.
Additionally, a 15% buffer was added to account for potential incomplete data, primary due to non-
response or failure to complete interviews. Thus, the final sample size was determined to be 884
participants with 442 individuals in the control group and 442 in the intervention groups. This

number served as a guideline for recruiting participants for the household survey, conducted both

before and after intervention.

Eligibility criteria

Individuals were eligible for recruitment if they had resided in the selected villages for at least 12
months and did not intend to migrate or relocate within the next six month after initial contact.
Furthermore, participants were required to be at least 18 years of age. All participants were required
to provide written informed consent. For those who were unable to read or write, the consent form
was read aloud by trained research assistants (RAs), and participants provided consent using a
thumbprint on an ink pad. The RAs graduated from public health degree and local nurses with prior
experience in data collection and employment at local public health centers. These professionals

were recruited to ensure the study’s data collection process was conducted effectively.

Study procedure for malaria awareness campaign

This study followed a four-stages process to achieve its primary outcomes.

https://preprints.jmir.org/preprint/66982 [unpublished, peer-reviewed preprint]
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Phase I (preparation stage). During this phase, the research team submitted an application to Health
Research Ethics Commission of Nusa Cendana University Kupang East Nusa Tenggara Province
Indonesia to obtain the research ethics approval. Following approval, the research team coordinated
with local authorities at various administrative levels, from the provincial to village level in East
Sumba District to obtain permission letters for conducting the study in the selected areas.

Phase II (baseline phase). After securing the necessary approvals and obtaining the recommendation
letter from the relevant authorities, the research team conducted a household survey in both the
intervention and control groups. Before data collection, respondents were provided with a general
overview of the study, and informed consent forms were obtained before their participation. The
survey aimed to assess behavioral aspects of malaria and was conducted using a questionnaire that
had been modified from a previous study conducted in rural East Nusa Tenggara [67]. The
questionnaire consisted of 40 questions designed to collect data on key malaria-related behaviors,
including general knowledge of malaria, treatment-seeking behavior, and the use of malaria
prevention methods. The questionnaire was completed by either the head of the household or another

household member aged 18 years or older.

Phase III (intervention stage). In the control group, malaria education to the local community was
integrated into routine services at the local health centre. These educational sessions were provided
during: the first prenatal visit of pregnant women to the health centre; food supplement distribution
activities; immunization programs conducted during integrated service post activities at the village
level. These activities were conducted once per month, and malaria-related information was
disseminated once per village on average. The primary audience for these sessions included pregnant
women, mothers with children under five years old, and young children. Occasionally, malaria
education was provided to all individuals attending the health centres. In the intervention group,
malaria education followed the same structure as in the control group but was supplemented with a

health education campaign targeting the entire village community.

The intervention followed these steps:

Firstly, the research team met with the sub-district head and village leaders in the two selected sub-
district designated as experimental areas. After obtaining their approval, the research team recorded
a campaign message delivered by each the sub-district leader. The campaign content, developed by
experts in malaria related behavior, mathematical modeling and rural development, included: main

symptoms of malaria, prevention strategies, and the appropriate treatment-seeking behavior for
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suspected malaria cases. During the campaign, the sub-district head occasionally emphasized key
points in the local language to improve comprehension. The recorded message was then combined
with a locally popular song to enhance engagement. The final recording was 15 minutes long.
Secondly, six health promotion staffs from Baing and Mahu Public Health Centers were selected as
research assistants (RAs) to play the recording. The recording was broadcast using loudspeakers to
ensure wide community outreach. Thirdly, the RAs played the recorded message once per week for
20 weeks in the 13 intervention villages. The intervention started in the fourth week of August 2024
and concluded in the second week of January 2025. In each selected village, the intervention was
conducted in four different locations per week to ensure that all community members were reached.
The principal investigator maintained weekly communication with the RAs to ensure that the
intervention was being conducted properly. Over the 20-week intervention period, the research team

monitored implementation by visiting the experimental villages once a month for five months.

Phase IV (evaluation stage). At this stage, the research team conducted a household survey in both
the intervention and the control groups, using the same questionnaire that was administered during
the baseline phase of the study. The final data collection was done from the third week of January
2025 to the second week of February 2025. Since the research aims to assess the impact of the
intervention on all rural adults, participants surveyed before and after the intervention may differ,

depending on respondent availability during the data collection period.

Data collection methods

Data were collected by face-to-face interviews, guided by a questionnaire adapted from a previously
published study [67]. The questionnaire consists of five sections covering demographic
characteristics, general knowledge of malaria, treatment-seeking behavior, practice of malaria
prevention measures, and practice of malaria treatment-seeking behavior. Each section contained
questions to capture key behavioral aspects of malaria. A detailed list of questions for each section is
provided in Multimedia Appendix 1. Furthermore, this data collection was conducted by local
nurses and health promotion workers from the selected health centers. These enumerators
participated in a one-day intensive training to improve their understanding on the study background
and objectives. Moreover, enumerators were trained on how to approach the potential participants to

be joined in this study and how to conduct the interview following the guidance of this study and
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local culture. The same enumerators were responsible for recruiting participants during both baseline
data collection and the post-intervention phase. For secondary data collection, malaria register books
from each public health center were reviewed to obtain data on the number of malaria cases and
malaria-related deaths over a ten- year period from 2013 to 2023. Data on the number of malaria
cases in each public health centers throughout the district were collected from Health Department of

East Sumba District for the same period.

Independent Variables of the Study

This study considers demographic and environmental factors as independent variables. Demographic
variables include gender, age, education level, occupation, and socio-economic status (SES).
Respondents' SES will be measured based on ownership of durable assets such as television,
refrigerator, car, electricity, telephone, radio, number of bedrooms and home infrastructure
conditions such as access to drinking water sources, and the presence of water channels around the
house [68]. Using principal component analysis, respondents’ SES will be categorized into five
quantiles ranging from the lowest (quantile 1) to the highest (quantile 5) [69]. Environmental
variables in the study include the location of residence categorized as rice fields, coastal areas, or
hilly areas, and the accessibility to villages, classified as easy, moderate, or difficult to access.
Additionally, the study considered proximity to health facilities, including the type and distance of
the nearest health facilities. Then for secondary data from the health center, the patient records from
2013 to 2023 were observed for all patients suspected with malaria and confirmed positive or
negative cases based on laboratory examination results. The number of malaria cases based on
gender, age group, type of plasmodium, time (year and month), location of residence, type of
treatment, number of deaths since the period under review was observed in the four selected health

centers.

Outcome variables

The study considers ten potential outcomes variables, with the first seven serving as the primary
outcome of the intervention, whilst the remaining three represent secondary findings. The first
primary outcome of the study is the improvement of malaria awareness index among rural
communities. If the malaria awareness index after intervention is higher than that of before, it
indicates that the health education campaign effectively enhanced malaria awareness. This index will
be assessed based on 12 questions covering general knowledge of malaria, treatment-seeking

behavior and knowledge of malaria prevention measures, following the methodology of a previous
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study [39]. Each correct response will be assigned a scored of one, whilst incorrect answers will
receive a score of zero with the total possible score being 12. Participants’ knowledge level will be
categorized based on their accuracy rate: 0% (zero awareness), 1- 59% (poor awareness), 60- 79%
(good awareness), and at least 80% (excellent awareness). Those classified as having excellent or
good awareness will be considered aware of malaria , while participants in the other categories will
be classified as unaware of malaria [39,70]. The malaria awareness index will be calculated before
and after the intervention in both the intervention and control groups to evaluate the effectiveness of

the health education campaign.

The second outcome variable in this study is the improvement of appropriate malaria treatment-
seeking behavior (AMTSB). This improvement will be demonstrated if the proportion of rural adults
exhibiting AMTSB after the intervention is higher than before. AMTSB is defined as seeking malaria
treatment at professional health facilities within 24 hours of experiencing malaria symptoms [41].
The proportion of rural adults engaging in AMTSB will be calculated both before and after
intervention in both the intervention and control groups. This assessment will be based on the three

key questions from the malaria treatment-seeking behavior section of the questionnaire.

The third outcome variable in this study is the improvement in good malaria prevention measures
knowledge (MPMK). This improvement will be demonstrated if the percentage of rural population
with good MPMK after intervention is higher than before. A good level of MPMK is defined as the
ability to correctly answer at least half of the total questions in malaria prevention measures
knowledge section, as indicated in the previous study [41,59]. The level of MPMK will be assessed

before and after the intervention in both the intervention and control groups.

The fourth outcome variable is the use of bed nets during the dry season in high malaria-endemic-
settings. The community behavior regarding bet net usage may exhibit seasonal variations, as
individuals may adjust their practices depending on weather conditions [72]. This outcome will be
assessed based on the participants’ self-reported responses to a survey question asking whether they

slept under a bed net the night before the survey.
The fifth outcome variable in this study is the variation of the use of bed net in dry and wet season.
Literature indicates that the bed net usage might fluctuate based on seasonal weather conditions, as

individuals adapt their malaria prevention behaviors accordingly [72,73]. This malaria awareness
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campaign began at the end of August 2024, during the dry season, and concluded in the second week
of January 2025, which corresponds to the wet season in the study area. The study will examine
seasonal differences in the bed net use by analyzing responses to four key questions from the malaria
prevention practice section of the questionnaire. The disparity in bed net usage between dry and wet

seasons will be assessed for both the intervention and control groups.

The sixth outcome variable in this study is the improvement in good malaria prevention measures
practice (MPMP). This improvement will be demonstrated if the percentage of rural population
practicing good MPMP after the intervention is higher than before. A good level of MPMP is
defined as the ability to correctly answer at least half of the total questions in the malaria prevention

measures practice section, as indicated in the previous study [74,75].

The seventh outcome variable in this study is the variation in access to basic drinking water and its
associated factors among rural communities in East Nusa Tenggara Province Indonesia. Household
access to basic drinking water is defined based on the World Health Organization (WHO) Join
Monitoring Program (JMP) guidelines, which classify water source into four categories: no service,
unimproved, limited, and basic [76]. To analyze this variable, a dichotomous classification will be
used, where households will be categorized as either having access to an improved drinking water
source (Yes =1) or lacking access to an improved drinking water source (No = 0). This classification
will help determine disparities in access to safe drinking water and identify key factors influencing

these differences.

The secondary outcomes of this study are derived from the analysis of patient medical records from
four selected health centers, along with additional data from the Department of Health, East Sumba
District. The eighth outcome variable focuses on the monthly number of malaria cases recorded over
the past ten years, from 2013 to 2023. By integrating data from both health centers and the
Meteorological Agency of East Sumba, this study aims to explore the impact of climatic variables on
malaria cases fluctuation in this region, following the methodology of the previous study [77]. This
analysis will provide valuable insights into seasonal and long-term trends in malaria transmission,

which could help inform future malaria prevention and control strategies.

The ninth outcome variable in this study examines the demographic variation in malaria prevalence
among communities residing in hilly and coastal area over the past ten years (2013 - 2023). Among

the four selected health centers, Baing and Nggongi Public Health centers are located in coastal
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areas, whereas Mahu and Kananggar Public Health Centers are situated in hilly region. Given that
vector distribution and species composition may vary between different geographic settings [78]
previous studies in Indonesia have reported significant differences in malaria prevalence between
coastal and hilly areas [79]. By analyzing malaria case records from these health centres, this study
aims to assess regional disparities in malaria burden and determine how demographic and
environmental factors contribute to these differences. This information may help tailor malaria

prevention and control efforts to the specific needs of different geographic regions.

The tenth outcome variable in this study investigates malaria prevalence and malaria-related
mortality rates in East Sumba district over the past ten years (2013 - 2023). Data on the number of
malaria cases and malaria-related death were obtained from malaria register books at the health
centers and malaria reports from the Health Department of East Sumba District. Therefore, the trend
of malaria prevalence and mortality rate over ten year period in the study area will be revealed,
following the previous studies [80,81].

Statistical Analysis

For the first outcome variable, descriptive statistics will be used to summarize participants’
sociodemographic characteristics and environmental variables including gender, age group, SES,
education level, family size, distance to the nearest health facilities, village accessibility, and
household location. A chi-square test will be applied within each study group (intervention and
control) to evaluate the association of basic malaria understanding, basic malaria knowledge, the
level of malaria knowledge, and the level of malaria awareness before and after intervention.
Unpaired samples t-tests will be employed to investigate the statistical differences, with a p-value of
less than 0.05 considered statistically significant. Comparation will be performed within groups (pre-
and post-intervention) and between groups to determine the impact of the intervention [61].
Furthermore, a binary logistic regression model will be applied to identify the potential factors
associated with malaria awareness in both the intervention and control groups [39]. Statistical

analyses will be conducted using SPSS version 27 (IBM Corporation).

For the second outcome variables, descriptive statistics will be used to summarize participants’
sociodemographic and environmental characteristics including gender, age group, SES, education
level, family size, distance to the nearest health facilities, access to village, household location for
both study groups. A chi-square test will be applied to evaluate the association between AMTSB and

the sociodemographic and environmental characteristics of participants. Unpaired samples t-tests
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were employed to assess the statistical differences, with a p-value of less than 0.05 considered
statistically significant. Comparation will be conducted within and between groups for both pre- and
post-intervention periods. Moreover, binary logistic regression method will be used to identify
predictors associated with AMTSB among participants in both study groups [41]. Only predictors

that demonstrate statistically significant differences (P<.05) will be retained in the final model.

For the third variable response, participants’ sociodemographic characteristics and environmental
variables in each group will be reported using descriptive statistics. The association between good
level of malaria prevention measures knowledge with predictors will be investigated by a chi-square
test. Unpaired samples t-tests will be employed to investigate the statistical differences with a p-
value of less than 0.05 considered statistically significant. Comparation will be conducted within and
between group for both pre- and post-intervention periods. Furthermore, binary logistic regression
analysis will be performed to identify key risk factors influencing malaria prevention measures

knowledge [44,71] among rural communities in both study groups.

For the fourth outcome variable, descriptive statistics will be used to summarize participants’
sociodemographic characteristics and environmental variables based on the awareness that malaria
can be prevented. The association between the bed net usage and its predictors will be examined
using a chi-square test. Then, binary logistic regression analysis will be conducted to identify the
primary risk factors associated with bed net usage during the dry season among rural communities

[72].

For the fifth outcome variable, participants’ sociodemographic characteristics, environmental
variables, and malaria-related behavioral aspect in both the intervention and control groups will be
analyzed. Data will be presented as proportion for each season (dry and wet seasons) to examine the
seasonal variations in malaria prevention behaviors. The association between bed net usage and its
predictors will be evaluated using a chi-square test for each season. The main risk factors of bed net
usage during dry and wet season will be investigated by applying binary logistic regression analysis.
The adjusted odds ratio will be applied to quantify the strength of association between bed net use

and its predictors in each season [72,73].

For the sixth outcome variable, participants’ sociodemographic characteristics, environmental

variables, and behavioral aspects of malaria in each group will be reported using descriptive
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statistics. The association between good level of malaria prevention measures practice and its
predictors will be investigated by a chi-square test. Unpaired samples t-tests will be employed to
investigate the statistical differences with a p-value of less than 0.05 considered statistically
significant. Comparation will be performed within and between groups for both pre- and post-
intervention periods. Moreover, binary logistic regression analysis will be performed to identify the

primary risk factors influencing MPMP [74,75] among rural communities in both study groups.

For the seventh outcome variables, descriptive statistics will be used to summarize participants’
sociodemographic characteristics, environmental variables, and malaria-related behavioral based on
their source of drinking water. The association between access to improved drinking water and its
predictors will be assessed using a chi-square test. Furthermore, a binary logistic regression model

will be applied to determine predictors influencing access to improved drinking water [76].

For the eighth outcome variable, descriptive analyses of climatic factors across different sub-districts
will be performed. Data will be aggregated at the sub-district level and statistical estimates will be
generated for each variable. Specifically, the total number of malaria cases and the average of
malaria incidence will be computed. Climatic variables, including maximum, minimum, and the
mean values of temperature will be calculated. Moreover, data from all 22 sub-districts will be
analyzed, focusing on malaria cases and climatic parameters, including maximum, minimum, and
average temperature. To depict the seasonal dynamics, seasonal variations in climatic parameters and
malaria cases will be plotted, covering the two main seasons. A time series for both predictor and
outcome variables will be plotted to deliver an overall perspective. A map of the number of malaria
cases will be generated. Scatterplots will be developed to illustrate relationships between malaria

cases and predictor variables, following a previous study [77].

For the ninth outcome variable malaria cases records from 2013 to 2023 will be analyzed across
different geographic areas. Data from Baing and Nggongi Public Health Centers, representing coastal
regions, will be combined, while records from Mahu and Kananggar Public Health Centers,
representing hilly areas will be aggregated separately. Malaria prevalence will be calculated on a
monthly, yearly and cumulative basis over the study period. To visualize the demographic trends,
malaria prevalence will be plotted against key demographic variables. The disparity of malaria

prevalence in demographic variables will be investigated by a chi-square test [10,82].
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For the tenth outcome variable, descriptive statistics will be applied to calculate frequencies and
percentages of overall malaria prevalence, trends of malaria transmission considering variations by
season, month, year, sex, age and species of malaria parasite. Epidemiological characteristics,
including age group, sex, and plasmodium species adjusted malaria-related mortality rates in East
Sumba District will be presented as the percentage following by their 95% confidence interval. Chi
square test will be used to compare the association of malaria burden by age groups and sex.
Altogether, with p-values less than 0.05 considered statistically significant. The malaria prevalence

and mortality rate will be illustrated in map to assess distribution of the case geographically [80,81].

Ethics and Dissemination

The Declaration of Helsinki was adhered to ensure that the rights, integrity, and confidentiality of the
respondents are strictly protected. All respondents signed consent forms before being interviewed.
For this interventional study, we received human ethics approval from Human Ethics Committee of
Nusa Cendana University Kupang ENT Province Indonesia (Ethics ID: 42/UN15.21/KEPK/2024) as
shown in Multimedia Appendix 2. The research team secured official permission letters from
relevant authorities at the provincial, district, sub-district, and village levels to conduct the study
within the designated areas. Written consent forms were collected from all participants participating
in this study. The findings of this interventional study will be disseminated through national and

international conferences and published in peer-reviewed journals.

Results

The time frame of the project is presented in Table 1.

Primary data collection for the baseline survey was conducted between August and September 2024.
A total of 894 rural adults participated in face-to-face interviews in both the intervention and control
groups. These participants were drawn from 25 villages across East Sumba District. The intervention
commenced in the last week of August 2024 and concluded in the second week of January 2025. The
project is currently in the process of drafting multiple research papers, which will be submitted for

publication in peer-reviewed journals to disseminate the findings

Table 1. Timeline of research phases.

Research phases January June - August 2024 February March
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| 2025 -
- May Ju - Januar
Y Y Y 2025 December
2024 2024 2025
2026
Questionnaire and question guide /
development
Ethics approval v
Training of field workers v
Household surveys for pre-test data v
Data entry v
Data analysis v
Manuscript preparation and v
submission
Intervention in 13 villages v
Household surveys for post-test data v
Data entry 4
Data analysis for the final outcome v
Manuscript preparation and v
submission
Discussion
Principal Findings

This research endeavoured to examine the impact of integrating multiple media into an interventional
study designed to influence malaria-related behavioral changes among rural communities. The
intervention incorporated local governmental leaders, traditional music, and loudspeaker
announcements, recognizing their potential to enhance community engagement and facilitate
effective malaria awareness campaigns. Local authorities play a pivotal role in public health
initiative as they serve as trusted figures within their communities and possess extensive experience
in mobilizing local population [63,83]. Furthermore, music has been shown to be a powerful tool for
fostering social connection and disseminating health information, particularly in efforts to promote

preventive behaviors for infectious diseases [62]. The use of loudspeakers as a communication
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medium has also been identified as an effective approach for delivering malaria health messages and
ensuring continuous information dissemination rural settings [61]. Moreover, integrating music-
based education enhances learning outcomes among populations with low literacy rate [84] making
it a particularly effective strategy for engaging rural communities. This is particularly relevant in
East Nusa Tenggara Province, where high school dropout rates remain a challenge [85,86]. By
leveraging these culturally relevant and widely accessible communication methods, this quasi-
experimental study has the potential to generate a significant impact on improving the malaria
awareness index, appropriate malaria treatment-seeking behavior, knowledge of malaria prevention
measures, and practice of malaria prevention measures among rural adults in East Nusa Tenggara

Province Indonesia.

Interventional studies have demonstrated a positive impact on improving malaria-related behaviors
at the community level across various settings [50,51,55,60,87-89]. In Southeast Asia, several
interventional studies have shown significant contributions to behavioral change in malaria
prevention and treatment [52,61,90,91]. For instance, a study conducted in Northern Myanmar
found that loudspeaker announcements delivering malaria prevention and treatment messages over
six months significantly increased malaria awareness among villagers [61]. Similarly, a school-
based educational intervention in India demonstrated a substantial improvement malaria prevention
and control knowledge among students in grades 9 to 12 [90]. In Pakistan, an interventional study
targeting pregnant women indicated that the use of long-lasting insecticide-treated nets (LLINSs)
increased significantly following 12-weeks health education program [52]. In Bhutan, a community-
directed educational intervention on malaria prevention, implemented over six-months, led to
improvements in malaria-related knowledge, attitude, and prevention practices among rural
communities in Sarpang district [91]. In Indonesia, there is a notable gap in interventional studies
focused on malaria education. Most existing research has been conducted in school settings [60] and
is primarily concentrated in the western region of the country [59]. To the best of our knowledge, this
is the first study in Southeast Asia to investigate the combined impact of local leadership, traditional
music, and loudspeaker announcements as an intervention to enhance malaria knowledge, improve
prevention practices, and encourage early treatment-seeking behavior among rural communities

affected by malaria.

The data collection instruments used in this study were adapted from a validated questionnaire, with

modifications made to ensure ease of administration. The measurement of key variables, including
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malaria awareness index, appropriate malaria treatment-seeking behavior, and malaria prevention
measures knowledge and practice, was based on standardized indicators from reputable international
journals. This methodological approach allows for comparability with national and international
studies, enhancing the credibility and applicability of the findings Consequently, the study’s results
will serve as an important reference for guiding malaria health policy in rural Indonesia and

supporting the national commitment to achieving malaria elimination by 2030.

Despite its strengths, this study has several limitations. First, village selection was not randomized
for the control and intervention groups, which may introduce potential selection bias. However, the
allocation strategy ensured that the distribution of villages between study groups was comparable in
terms of malaria endemicity, and the intervention was designed to maximize its impact by including
all villages within a selected sub-district. Second, most of the data collected in this interventional
study relied on self-reported responses from participants, covering aspects such as general malaria
knowledge, symptoms, diagnosis, and prevention measures knowledge. This reliance on self-
reported data introduces the potential for recall bias. However, to mitigate this limitation, all malaria
prevention measures practice were directly observed by research assistants during data collection,

improving the reliability of reported behavioral measures.

Conclusions

This study will be expected to provide significant findings to comprehensively investigate the change
of behavioral aspects of malaria among rural communities following the implementation of local
wisdom-based malaria intervention. The change in malaria awareness index, malaria prevention
measures knowledge and practice, the disparity in using core prevention measures such as LLINs in
two different seasons, the improvement of malaria treatment—seeking behavior among rural
communities due to the implementation of local wisdom-based health education campaign will be
recognized. These findings will provide evidence-based insights into the effectiveness of locally
driven health education strategies in malaria-endemic regions. Therefore, this research will
contribute to the development of contextually relevant malaria policies in Indonesia. Furthermore, it
aligns with global malaria elimination efforts, supporting Indonesia’s commitment to achieving a

malaria-free status by 2030.
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Flow chart of selection of malaria endemic settings and villager population.
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