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Abstract. Malaria is still a public health concern in Tanjung Agung, Muara Enim District,
South Sumatra, Indonesia, although the third SDG aims to eliminate the disease by 2030.
This study aimed to identify the environmental factors that put mining workers at a higher
risk of malaria. It was a cross-sectional study. The study included 92 selected participants.
Bivariate analysis revealed a correlation between malaria and mosquito mosquito breeding
(p-value = 0.039), mosquito resting sites (p-value = 0.018), and house wall conditions (p-
value = 0.028). Multivariate analysis revealed that a housewall was the most significant
risk factor, with PR = 0.267, 95% confidence interval (0.089-0.797), and p-value = 0.006.
Understanding the interactions between the mosquito resting behaviour patterns of malaria
mosquitoes is essential for planning adequate vector control. As demonstrated by these
results, malaria elimination requires reducing mosquito resting malaria vectors.
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1. Introduction

Muara Enim, South Sumatra, Indonesia, is still a malaria-endemic region
[171,[21,[31,[4],[5],[6]. Mineral mining, plantations, agriculture and fisheries are suitable nesting
sites for the Anopheles mosquito: Ponds, rice fields, ditches and former open-cast mines. These
conditions are the trigger for malaria in Muara Enim. Anopheles habitats include irrigation
canals, rice fields, watercourses in rice fields, fish ponds, buffalo ponds, swamps and lakes.
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Anopheles barbisrostris, An. kochi, An. barbumbrosus, An. tesselatus, An. umbrosus, An.
nigerrimus, An. subpictus, and An. maculatus was captured [7]. Malaria transmission occurs in
small-scale mining in the gold, rubber, and oil palm industries, putting workers at risk for
malaria [8]. Malaria is more prevalent in artisanal mining communities than non-artisanal areas
[9]. As a risk group, it is essential to study malaria transmission, commonly found in artisanal
or small-scale miner (ASM) communities [9]. The small-scale mining area is risky for malaria
transmission[10]. Another research has collected data analysing housing as a risk factor for
malaria. This study examined roof type, wall type, floor type, closed or open eaves, ceiling
presence or absence, house height, and modern or traditional dwelling [11]. It is essential to
know where vectors rest so that strategies to eliminate them can be implemented [12]. So
malaria transmission in miners is interesting to investigate in Tanjung Agung Muara Enim
District, South Sumatra, Indonesia

2. Materials and Methods

The cross-sectional survey was conducted in June and July 2022. Using a purposive
method, the investigator chose three villages following Tanjung Lalang, Tanjung Agung, and
Penyandingan in Tanjung Agung Sub-District, Muara Enim District. The respondents are illegal
artisanal miners who have resided in these areas for over six months. Variables studied include
the presence of mosquito breeding and mosquito resting sites and the condition of the domestic
environment. The sample size was calculated using the sampling formula to test the two
proportions hypothesis. Table 1 shows the number of samples.
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Researchers used a cross-sectional study including 92 study participants in the study area.
A logistic regression model is used to investigate the risk factors related to malaria occurrence.
The dependent variable is malaria. The disease definition is a microscopy-based diagnosis
reported in the Muara Enim Malaria Surveillance Information System (SISMAL). The diagnosis
is based on the disease being detected by microscopic examination by health professionals and
then documented or registered in SISMAL. Before a questionnaire was used for data collection,
its validity and reliability were investigated. The independent variables of this study were the
environmental conditions, mosquito mosquito breeding and mosquito resting places. The home
environment includes the walls, ceiling and floor.

3. Results and Discussion

Each variable in the study was evaluated using univariate and bivariate analysis. The
variables include mosquito breeding, mosquito resting sites and home environment. Table 2
shows the univariate and bivariate analyses.



Table 1. Univariate and bivariate analysis based on environmental risk factors of participants (n=92)

Research variables n=92 95% CI (Ib-ub)a PR; 95% CI (Ib-ub)b P-value
Malaria

No 84.78

Yes 15.22 0.08-0.24

Mosquito breeding

No risk 39.13

At risk 60.87 0.50-0.70 0.038 (1.13-2.02) 0.039
Mosquito resting

No risk 34.78

At risk 65.22 0.54-0.74 0.018 (1.22-1.94) 0.018
House wall

Eligible 38.04

Not Eligible 61.96 0.51-0.71 0.028 (0.26-1.10) 0.028
Ceiling

Eligible 54.35

Not Eligible 45.65 0.35-0.56 0.819 (0.48-1.77) 0.820
Floor

Eligible 34.78

Not eligible 65.22 0.54-0.74 0.056 (0.33-1.15) 0.056

Ib Lower 95% confidence boundary of cell percentage, ub Upper 95% confidence boundary of cell
percentage

295% CI of percentage in univariate analysis

95% CI of percentage in bivariate analysis

Based on the availability of mosquito breeding sites, more mining employees in Tanjung
Agung Sub-district were at risk (60.87%) than those who were not (39.13%). Based on the
availability of mosquito resting places, more mining workers were at risk (65.22%) than those
not (34.78%). Based on the condition of house walls, more miners did not meet the criteria
(61.96%) than those who did (38.04%). More miners have unqualified house skylights (45.6%)
than qualified (54.35). Regarding house floor conditions, more miners do not meet the standards
(65.22%) than meet them (34.78%). Bivariate analysis showed an association between the
presence of a mosquito breeding place (p-value 0.039), mosquito resting site (p-value 0.018)
and house walls (p-value 0.028) and malaria among miners in the study site.

Table 2. Factors associated with malaria prevalence in the low endemic area (n=92)

Research variables PR crude (95% CI)a  P-value PR adjusted (95% C)b  P-value
House wall
Eligible
Not eligible 0.028 (0.26-1.10) 0.028 0.267 (0.089-0.797) 0.018
Ref.: The reference category is represented in the contrast matrix as a row of one
Crude prevalence ratio (PR)
®Adjusted prevalence ratio (APR)

Multivariate analysis showed that an adequate house wall was the most significant risk
factor, with a PR =0.267, 95% CI (0.089-0.797), and a p-value of 0.006. Figures 1, 2 and 3 show
the house environment and mosquito breeding and mosquito resting sites.



Figure 2. Mosquito T Figure 3. Mosquito
environment mosquito breeding resting sites

In low-transmission settings, housing improvements can provide similar protection to
vector control strategies. Malaria risk is influenced by mosquito entry and indoor residence.
Besides, malaria vector management requires knowledge of Anopheles mosquito resting
sites[13]. Living in the highest quality housing reduces the number of vectors [14].
Understanding the feeding and mosquito resting habits and transmission potential of adult
vectors in an area is critical for properly planning and implementing improved vector control
strategies which is part of Integrated vector management and helps eliminate malaria by 2030
[15]. Knowing adult vector feeding and mosquito resting habits helps control them [16]. Malaria
surveillance and control rarely include collection of outdoor mosquito resting Anopheles
mosquitoes, partly due to the lack of standardised collection equipment [17]. Knowledge of the
mosquito resting sites and blood sources of Anopheles minimus is essential for implementing
vector control measures [18]. Structural changes can reduce rural malaria transmission. In
western Kenya's rice irrigation area, home renovation with locally available insecticide-treated
blankets and small ITNs can reduce malaria vector and parasite exposure [19]. Malaria
transmission depends on indoor and outdoor conditions. This highlights the need to better
understand mosquito mosquito resting behaviour and transmission ecology [20]. Another study
showed malaria vectors' diverse mosquito resting and feeding habits and Plasmodium infections
despite long-lasting insecticidal nets (LLINs) [21]. Good house construction reduces malaria
risk by blocking mosquito vectors. Mosquitoes and malaria risk are affected by Ugandan house
construction [22].

4. Conclusion and Recommendation

Malaria control requires understanding mosquito mosquito resting behaviour
Understanding mosquito resting places is critical for vector control. Besides, changing the
design of rural homes can reduce indoor mosquito populations and malaria transmission cost-
effectively. Housing improvements give protection to current vector control measures in low-
transmission areas.

The health office must collaborate with primary care physicians to enhance monitoring,
particularly in unlawful mining sites. Facilitate malaria counseling through collaboration across
sectors and community engagement efforts to persuade decision-makers to implement malaria-
combating policies or alternatives. PHCs must collaborate with physicians and MCH officials
to map malaria-endemic areas using routine data and surveys and educate the population about
malaria's dangers, prevention, and treatment.



Controlling malaria requires an understanding of the mosquito resting behaviour of
mosquitoes. Understanding mosquito resting sites is critical for vector control. In addition,
changing the design of homes in rural areas can cost-effectively reduce indoor mosquito
populations and malaria transmission. Improvements in housing design provide protection for
current vector control interventions in areas with low transmission.

The health department needs to work with GPs to improve surveillance, especially in illegal
mining areas. Facilitate malaria outreach through intersectoral collaboration and community
engagement to convince decision makers to implement malaria control measures or alternatives.
PHCs need to work with doctors and MCH officials to use routine data and surveys to map
malaria areas and educate the population on the dangers of malaria, its prevention and treatment.
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