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Abstract
BACKGROUND: South Kalimantan is one of province in Indonesia which has endemic area, mainly in the villages 
at forest area. Understanding the risk factors which can increase the risk of malaria in individuals at forest area will 
enable more effective use for controlling the disease. The identification of risk factors will provide information about 
local malaria epidemiology and usefull for making appropriate and effective malaria eradication program policies in 
this area.

AIM: To know the risk factors of malaria prevalence in endemic forest areas in South Kalimantan, Indonesia.

METHODS: This cross-sectional study was conducted on 107 adult people who lived in Batu Bulan Village and Batu 
Paha Village, South Kalimantan. Blood samples for malaria microscopy and rapid diagnostic test is taken from cubital 
vein. Household factors and demographic data were obtained. Chi-square and logistic regression were performed to 
analyze the factors associated with malaria prevalence in South Kalimantan. This research didn’t do vector survey, 
only on the prevalence of malaria and risk factor in human and environment.

RESULTS: The prevalence of malaria based RDT examination was 35.5% with 23.68% Plasmodium falciparum, 
21.05% Plasmodium vivax, and 55.27% mixed infection. The prevalence malaria based on microscopic examination 
was 17.75% with 47.36% P. falciparum, 26.32% P. vivax, and 26.32% mix infection. Demographic factors influencing 
the prevalence of malaria were aged below 25-years-old (p = 0.01, 95% CI, OR = 2.289), villages in Batu Paha 
(p = 0.048, 95% CI, OR = 3.55), and occupation as a forest worker (p = 0.022, 95% CI, OR = 6.38). House factors 
that influence the prevalence of malaria were the condition of the walls that are open or not tight (p = 0.048 95% CI, 
OR = 5.205), the roof is made of plastic (p = 0.015 95% CI, OR = 2.831), and the presence of animal cage around 
the house (p = 0.015 95% CI, OR = 6.292).

CONCLUSIONS: Malaria incidence remains occurs with high prevalence in the pupolation in remote forest areas.
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Introduction

Malaria cases in Southeast Asia from 2000 
to 2019 also decreased from 23 million to 6.3 million 
from 2010 to 2019. This 73% decline was also followed 
by a decrease in case incidence, from 18 to 4 cases 
from 2000 to 2019 [1]. This reduction in malaria cases 
is related to the success of various programs that have 
been implemented such as distribution of long-lasting 
insecticide treated nets, use of indoor residual spraying, 
wide coverage of diagnosis using microscopes and 
rapid diagnostic tests (RDTs), and easy access to 
treatment [2]. Even so, there is still a high burden in 
managing malaria, including the difficulty of eliminating 
malaria in remote areas which are the largest contributor 
to current cases [3].

Data from the Ministry of Health show that the 
annual parasite incidence (API) for Indonesia in 2020 = 
0.87 and 2019 = 0.93; for South Kalimantan in 2019 = 

0.22; and for Tanah bumbu 2019 = 0.31. There are 96 
villages in the red category across 9 districts, one of which 
is Tanah Bumbu District with an API of 0.54 in 2016, 0.49 
in 2017, and 0.17 in 2018. Although there has been a 
significant decrease in malaria cases in the last 3 years, 
still found red category villages in Kusan Hulu and 
Mantewe Districts. The villages with high case incidence 
in Kusan Hulu and Mantewe Districts are mostly located 
in remote areas with secondary forest areas and on the 
edge of the forest [4]. Forests are one of the ecosystems 
that can support the formation of an environment where 
malaria vectors can reproduce [5], [6], [7]. Malaria in this 
area is the biggest contributor to malaria prevalence 
in South Kalimantan. Barriers to eradicating malaria in 
this area including difficulty road access, minimal health 
facilities, inadequate infrastructure, high population 
mobility to the forest due to socio-economic factors, and 
a lack of knowledge about malaria transmission [5].

The environment is an important factor in 
malaria transmission [5]. As a human and mosquito 
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vector habitat, the influence on human behavior and the 
reproduction of mosquitoes is very large [7]. Anopheles 
mosquitoes that live in certain environments must have 
a habit of biting humans and have a longlife cycle. This 
is needed by the parasite to complete its life cycle to 
produce an infective form (sporozoite) and transmit it 
to humans. Environmental temperature also affects the 
speed of plasmodium development in the mosquito’s 
body, the intensity of malaria transmission increases 
after the rainy season which is associated with an 
increase in the mosquito population [8], [9], [10].

Other environmental factors such as the 
existence of breeding places for Anopheles mosquitoes 
(rivers, swamps, ponds, rainwater puddles), and 
changes in forest function affect malaria transmission 
significantly [2], [3], [5]. The existence of standing water 
can be a source of breeding for mosquitoes, especially 
close to residential areas [3]. Changes in forest function 
also affect socio-economic changes that have an impact 
on the incidence of malaria. For example, land clearing 
due to logging activities is associated with unstable 
conditions, including population mobility, exposure to 
non-immune people, and housing conditions conducive 
to transmission [11].

Several studies have shown an increase 
in the incidence of malaria in areas experiencing 
deforestation, especially in Africa and Latin America 
but decreasing in Asia. Deforestation leads to an 
increase in ambient temperature [12], more sunshine 
and puddle [13], which causes an increase in the life 
cycle of mosquitoes [14], the rate of growth and pupa 
formation is faster [15], longer survival time [16], and 
the high frequency of mosquito bites [17], [18].

To support the elimination program in 2030, 
it is necessary to carry out research related to the 
factors that influence the prevalence of malaria in the 
population in endemic areas in South Kalimantan, 
especially the housing and environmental conditions 
factors. Understanding the risk factors which can 
increase the risk of malaria in individuals at forest area 
will enable more effective use for controlling the disease. 
The identification of risk factors will provide information 
about local malaria epidemiology and usefull for making 
appropriate and effective malaria eradication program 
policies in this area.

Methods

Study area and population

The study was conducted within Kusan Hulu 
District in Tanah Bumbu Region of South Kalimantan 
Province (20° 57’ 0” LS – 30° 38’ 24” LS dan 1150 24’ 0” 
BT – 1150 49’ 12” BT) [19]. The population of that district 
was 19.861. We did a descriptive analysis and conducted 

a cross-sectional study to identify environmental 
factors associated with malaria. Data were collected 
in September 2020, the early rainy season. Malaria 
transmission usually peaks during the rainy season, but 
in this district incidence of malaria is considered high 
throughout the year. All participating respondents, in 
this study, were men and women aged 16 until 60 years 
and resided in two villages (Batu Bulan and Batu Paha). 
Sampling was done using simple random sampling of all 
residents who met the inclusion criteria. Villages were 
selected based on criteria: endemic area of malaria with 
annual parasite index in 2018 was more than 1%. The 
research was conducted in selected areas involving 
the health office, the malaria program manager at the 
local public health center, and the village authorities. 
Researchers and village officials will visit every house to 
conduct interviews, collect venous blood, and observe 
the surrounding environment.

Variables

We used a standardized questionnaire from 
kinds of literature to collect data from participants. The 
questionnaire was administered by trained interviewers 
to collect data on patient age, gender, the residence 
of villages, education, occupation, ethnicity, and house 
condition including roof condition, walls, having a house 
ceiling, using a mosquito wire screen, and having animal 
cage. This research didn’t do vector survey, only on 
prevalence of malaria and risk factor in human and 
environment.

Malaria diagnostic

The venous blood that has been taken will 
be dropped onto an object-glass to make thin and 
thick blood preparations and measured with RDT. 
Microscopic identification of malaria will be carried out 
at the Parasitology Laboratory at Faculty of Medicine 
Universitas Lambung Mangkurat.

RDT examination

Qualitative detection of Plasmodium spp 
antigens, Histidine-rich protein II (HRP2) expressed 
by Plasmodium falciparum or parasite lactate-
dehydrogenase (pLDH) metabolic enzyme, expressed 
by all species of Plasmodium spp. (Pf/pan) using 
lateral flow immunochromatography devices containing 
antigen-specific monoclonal antibodies from mice. 
Using a capillary tube (5 µL), the whole blood sample is 
collected until it reaches the black line and transferred 
to the cassette sample well. Four drops of diluent are 
added vertically for testing in the well. The result is read 
after 15–30 min. A result is considered negative if a 
color band is observed in line “C;” it is P. falciparum-
positive if 2 color bands are observed inline “P.f” and 
C, or 3 color bands in lines P.f, “Pan” and C; the test is 
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considered positive for another species of Plasmodium 
(Plasmodium vivax, Plasmodium malariae, Plasmodium 
ovale) if 2 color bands are observed inline Pan and 
C. A color band should always be observed inline C; 
otherwise, it is considered as an invalid result and the 
test must be repeated [19], [20].

The kind of RDT in this study was:
SD Bioline Malaria Ag Pf/Pv. Manufactured by 

Standard Diagnostic Inc
Specification: Detect HRP2 Ag specific 

to P. falciparum and pLDH specific to P. vivax
Differentiate mono infection and mix infection
Using whole blood
Sensitivity: Pf = 99.7%, Pv = 95.5%

Specifiicity = 99.5%

Microscopic diagnosis

Thick and thin blood smears were made on the 
same slide at the same time, air-dried for one night, 
and fixation with methanol. The slides were transported 
to the parasitology laboratory, the Faculty of Medicine 
Banjarmasin. The slides were stained with 3% Giemsa 
for 10 min and screened for the presence of plasmodium 
infections. The slides were read by a microscopist who 
was blinded to the individual RDT results. A slide was 
classified as negative if no Plasmodium asexual forms 
or gametocytes were found after counting 500 WBCs. 
Thin blood films were examined for Plasmodium 
species by counting the number of parasites per 5000 
red blood cells. For quality control purposes, a second 
experienced microscopist randomly selected 5% of the 
slides for re-examination [21], [22].

Data processing and analysis

Data were checked for completeness and 
consistency and entered into an SPSS 25.0 (SPSS 
Inc) database. Descriptive analyses were conducted 
frequency with percentages for categorical variables. 
Both Chi-square (χ²) test and multivariable logistic 
regression were performed to identify factors associated 
with the prevalence of malaria. An error probability 
(p < 0.05) was considered statistically significant. Data 
were presented using odds ratio (OR).

Results

Sociodemographic characteristics

A total of 107 participants were included in 
this study and all of them living in Batu Bulan and Batu 

Paha villages [23]. Sociodemographic characteristic of 
the subjects are in Table 1.

Table 1: Below presents a summary of the sociodemographic 
characteristics of the subject population in this study
Variables Frequency (n = 107)
Age

<25 35 (32.7%)
>25 72 (67.3%)

Gender
Male 69 (64.5%)
Female 38 (35.5%)

Ethnicity
Banjar 102 (95.3%)
Dayak 5 (4.7%)

Villages
Batu Bulan 69 (64.5%)
Batu Paha 38 (35.5%)

Education
No school 52 (48.6%)
School 55 (51.4%)

Occupation
Forest workers 79 (73.8%)
Non-Forest workers 28 (26.2%)

Household characteristic factors

Household characteristic factors were identified 
and show in Table 2.

Table 2: House hold characteristic factors
Variables Frequency (n = 107)
Wall

Open 83 (77.6%)
Closed 24 (22.4%)

Have a house ceiling
No 84 (78.5%)
Yes 23 (21.5%)

Roof
Plastic 15 (14%)
Tin roof 92 (86%)

Mosquito wire screen
No 93 (86.9%)
Yes 14 (13.1%)

Body water (puddles)
Yes 38 (35.5%)
No 69 (64.5%)

Animal Cage
Yes 15 (14%)
No 92 (86%)

Prevalence of malaria parasites in this 
study population

Thirty-eight (35.5%) participants in this 
study had RDT confirmed malaria positivity but just 
only 19 participants (17.75%) had microscopically 
confirmed malaria parasites in their blood sample. 
The most of Plasmodium species in RDT were mixed 
of P. falciparum and P. vivax 21 (19.6%), followed by 
P. falciparum 9 (8.4%) and P. vivax 8 (7.5%). However, 
in microscopic examination, the dominant Plasmodium 
species were P. falciparum 9 (47.36%), followed by 
P. vivax 5 (26.32%) and 5 (26.32%) showed mixed 
infections of P. falciparum and P. vivax (Table 3). In 
this research, P.Knowlesi was not found (based on 
PCR examination). The report of PCR examination not 
include in this paper.

Difference between microscopic and RDT 
result was caused by less of parasite number in blood, 
so it could not detected in microscopic examination. 
High prevalence of malaria based on RDT was caused 
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by HRP2 P. falciparum antigen and pLDH P. vivax could 
maintain until some times although already cured. In 
this research, respondents were infected already by 
plasmodium and cured before blood examination but 
still could be detected by RDT.

Table 3: Prevalence of malaria among the study participants
Mode of 
examinations

Number of 
Participans

Number 
positive (%)

Positive for 
Plasmodium 
falciparum (%)

Positive for 
Plasmodium 
vivax (%)

Positive for 
mixed (%)

Rapid 
Diagnostic 
Test

107 38 (35.5%) 9 (23.68%) 8 (21.05%) 21 (55.27%)

Microscopic 107 19 (17.75%) 9 (47.36%) 5 (26.32%) 5 (26.32%)

Factors associated with malaria positivity

The malaria prevalence data used to determine 
the relationship between risk factors and malaria incidence 
were based on microscopic examination. The potential 
risk factors associated with the incidence of malaria in 
this study were age, the village of residence, occupation, 
condition of the walls of the house, the type of roof used, 
and the presence or absence of an animal cage (Table 4).

Table 4: Risk factors analysis for malaria positivity detected by 
LM using Chi‑square test
Variables Negative Positive OR (95% CI) p (95% CI)
Age

<25 years 68.58% (24/35) 31.2% (11/35) 2.289 0.010*
>25 years 88.88% (64/72) 11.12% (8/72)

Gender
Male 81.16% (56/69) 18.84% (13/69) 0.693
Female 84.21% (32/38) 15.79% (6/38)

Ethnicity
Banjar 82.35% (84/102) 17.65% (18/102) 0.893
Dayak 80% (4/5) 20% (1/5)

Villages
Batu Bulan 76.81% (53/69) 23.19% (16/69) 3.522 0.048*
Batu Paha 92.10% (35/38) 7.9% (3/38)

Education
No School 78.85% (41/52) 21.15% (11/52) 0.371
School 85.45% (47/55) 14.55% (8/55)

Occupation
Forest workers 77.2% (61/79) 22.8% (18/79) 6.380 0.022*
Non forest workers 96.4% (27/28) 3.6% (1/28)

Wall
Open 78.3% (65/83) 21.7% (18/83) 5.205 0.048*
Closed 95.8% (23/24) 4.2% (1/24)

Have a house ceiling
No 79.8% (67/84) 20.2% (17/84) 0.199
Yes 91.3% (21/23) 8.7% (2/23)

Roof
Plastic 60% (9/15) 40% (6/15) 2.831 0.015*
Tin roof 85.9% (79/92) 14.1% (13/92)

Mosquito wire screen
No 80.6% (75/93) 19.4% (18/93) 0.265
Yes 92.9% (13/14) 7.1% (1/14)

Body water (puddles)
Yes 76.3% (29/38) 23.7% (9/38) 0.234
No 85.5% (59/69) 14.5% (10/69)

Animal cage
Yes 60% (9/15) 40% (6/15) 6.292 0.015*
No 85.9% (79/92) 14.1% (13/92)

*Significant association.

Multivariate analyzes was done to know fit 
model of this data. The result was 0.792; this data 
could be analyzed. Determinant coefficient was 0.266, 
it meant the variability of malaria could be explained 
by independent variables 26.6% (73.4% was caused 
by other factors). Fitting moder information was 0.002; 
there was significant effect from independent variables 
to dependent variable.

Multinomial logistic regression showed people 
who work in the forest area had possibility to get malaria 

5,195 more than people who work not in the forest area 
(Confidence interval [CI] 0.572–47.169). People who 
lived in a house that not standardized to get malaria 
was 4.677 (CI = 0.533–41.079). People who lived in 
unstandardized roof house had possibility to get malaria 
3.025 (CI = 0.761–12.024). People under 25-years-old 
had risk to get malaria 2.526 (CI = 0.804–7939).

Batu Bulan is a village in the middle of a 
forest inhabited by people who work as forest workers. 
Occupation is one of the factors that influence the 
incidence of malaria in this study where participants who 
work in the forest both as gold miners and woodcutters 
get malaria by 22.8% compared to participants who 
work not in the forest (p < 0.05; OR = 6.380).

Likewise, the condition of the roof of the 
house made of plastic is a risk factor for the incidence 
of malaria, where in this study it was found that 
40% of participants were infected with malaria from 
all participants whose roofs were made of plastic 
compared to roofs made of zinc (p < 0.05; OR = 2.831). 
A roof made of plastic is a roof that is not permanent, 
easily damaged due to sun exposure and heavy rain, 
so the possibility of mosquitoes getting into and biting 
the occupants is very large. Another factor that affects 
the prevalence of malaria, in this study, is the presence 
of animal sheds around the house, where in this study 
it was found that 40% of participants were infected with 
malaria compared to participants who did not have an 
animal pen, which was only 14.1% (p < 0.05; OR = 
6.292). The type of animal cage owned by residents is 
a chicken coop and this cage is placed between 2 and 
3 meters from the house.

Sociodemographic factors that were not 
directly related significantly in this study were gender, 
race, and education. Although it was not directly 
related statistically (p > 0.05), it appears descriptively 
that the incidence of malaria in men was more 
(18.84%) compared to women (15.79%). Most of the 
participants were Banjarese (95.3%) who 17.65% had 
malaria parasites in their blood based on microscopic 
examination. In contrast to the Dayak tribe, only 4.7% of 
all participants, but 20% of them had malaria parasites 
in their blood (p > 0.05). The education category of 
participants in this study was almost the same between 
those who did not go to school (48.6%) and those who 
were in school (51.4%). Most of those who attend 
school are elementary school graduates (72.9%), 
while junior and senior high school graduates are still 
very few (18.1% and 9%, respectively). As many as 
21.15% of participants who did not go to school were 
found malaria parasites in their blood, while in school 
participants only 14.55% were found. Although there 
were differences between participants who went to 
school and those who did not go to school, statistically 
there was no significant relationship (p > 0.05). Several 
factors related to the condition of the house that were 
not related to the incidence of malaria in this study 
were the presence or absence of a ceiling in the 
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house, installing mosquito nets, and the presence or 
absence of standing water around the house. As many 
as 78.5% of the participants did not have a ceiling in 
their place, 86.9% did not install mosquito netting, and 
only a fraction (35.5%) had standing water around their 
house. About 20.2% of participants with a house without 
a ceiling found malaria parasites in their blood, while 
in participants with a house with a ceiling only 8.7% 
had parasites found. As many as 19.4% of participants 
who did not install mosquito wires found parasites in 
the blood, while only 7.1% of participants who installed 
mosquito wires were positive for malaria. In the 
participants with standing water at home, 23.7% were 
found to be positive for malaria, while the participants 
who did not have stagnant water were only 14.5%.

Discussion

P. falciparum was the most common species 
in this study, with about 47.37% of all malaria-positive, 
followed by P. vivax and mixed infections. This study has 
similarities with the research of Nath and Mwchahary in 
India which showed that the prevalence of P. falciparum 
was still high in forest and non-forest areas [8]. The 
high of P. falciparum infection indicates a risk of serious 
complications. However, falciparum malaria can be 
treated quickly using an artemisinin regimen. In contrast 
to P. vivax infection, this is usually more difficult to treat 
because it has a hypnozoite stage in the liver [24]. To 
kill this hypnozoite stage, treatment with Primakuin 
is required for a longer oral administration time and 
potentially causes low drug adherence rates. P.vivax 
also can transmit malaria despite the low parasite 
density in the blood. Mixed infections (P. vivax and P. 
falciparum) that are persistent and usually asymptomatic 
are common in areas within low malaria transmission. 
Infections with low-density parasitemia can progress to 
high-density infections at other times, and this tends to 
maintain the level of endemicity [25], [26], [27].

The most of the participants with positive 
malaria parasites in this study were asymptomatic. It is 
probably a consequence of acquired immunity due to 
the high transmission intensity in this area. People with 
asymptomatic malaria have the potential to spread and 
sustain transmission if they are not detected and given 
treatment. This research was conducted at the beginning 
of the rainy season, which theoretically is not the peak 
of malaria transmission. It is possible to find more cases 
during the peak season of transmission at the end of 
the rainy season. Therefore, it is necessary to carry out 
regular surveillance to detect and monitor asymptomatic 
malaria to prevent wider transmission [25], [26].

Batu Bulan and Batu Paha Villages are the 
remote villages in Tanah Bumbu Regency. These two 
villages are on the border with Banjar Regency. The 

most of the people who live in this village are Banjarese. 
Another tribe that also exists is the Dayak tribe, although 
the numbers are small. They have lived side by side for a 
long time, making physical ethnic separation extremely 
difficult. Ethnically, there is no significant difference in 
the incidence of malaria between the two tribes. Apart 
from being mixed, the factor of the same occupation as 
forest workers was the reason. There was no significant 
difference in the prevalence of malaria based on 
ethnicity. The study by Achidi et al. in Cameroon shows 
that there are differences in the number of parasitemia 
in 3 different tribes even though they live in the same 
area. This difference is due to a genetic variation in the 
immune response to a pathogen [28]. Some tribes have 
a certain susceptibility to malaria, while others may be 
more resistant to infection. However, the research also 
shows that this difference is due to more pathogenic 
factors than to immune factors [29].

Activities in the forest are one of the risk factors 
for malaria transmission in The Kusan Hulu District. 
Forest workers were 4,332 times more likely to be infected 
with malaria through the bite of Anopheles sp. The 
types of work they do are gold miners and woodcutters. 
Gold mining in these forest areas starts in the morning 
around 04.00. This is the reason why gold miners are 
more frequently infected with malaria. This result was 
have similarities with the research of Sulistyowati and 
Fitriani in Kulon Progo Indonesia that the risk occupation 
for malaria was miner, carpenter, wood cutter, and 
all outdoor work until the late of night [30]. Similarly, 
Sandfort et al. showed that working in the forest is a 
risk factor for malaria transmission in Cambodia 2 to 
3 times. This research also shows that living in a village 
that is in the forest has a high probability of contracting 
malaria (aOR 12.47) [2]. In Asia-Pacific, forest activities 
such as agriculture, logging, and gold mining at high risk 
for exposure to malaria. Workers in these forest areas 
tend to show patterns of mobility between endemic and 
non-endemic areas which can contribute to sustaining 
transmission and even lead to new cases of malaria that 
have previously been eliminated [31].

The forest ecosystem provides a suitable 
habitat for the development of the malaria mosquito 
vector. Environmental factors including climate, 
vegetation, and the availability of breeding places are 
important factors in malaria transmission. The mosquito 
species that is often found in the forest is Anopheles 
balabacencis. This species is the main vector of 
Plasmodium knowlesi transmission in Malaysian 
Borneo [32]. The study of Harbach in Sinka et al., 
showed that malaria vectors found in South Kalimantan 
are A. balabacencis and Anopheles leucosphyrus [33]. 
Research by Edward et al., In Central Viet Nam, 
the study shows that the most common species of 
Anopheles are Anopheles dirus, and Anopheles 
maculatus were captured as far as 4.5 km from forest 
area and farm [34]. In this research, researcher did not 
do identification of mosquito vector.
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The higher abundance of mosquitoes is one of 
the causes of ongoing infection in the forest [35]. Vector 
species and biting behavior are important factors 
in malaria transmission. In some areas, it has been 
shown that vector biting behavior in the late afternoon 
or early morning influences the incidence of malaria 
even though the use of bed nets is very high. Therefore, 
the main vector species with its characteristics and 
behavior in an area must be known so that prevention 
can be carried out appropriately and effectively. The 
habit of biting vectors such as indoors or outdoors, 
the time of biting, and their preference for animal or 
human blood will affect the transmission of malaria in 
an area [36], [37], [38].

The structure of the house has been proven to 
be one of the factors that facilitate the transmission of 
malaria [26], [27], [37]. The results of this study indicate 
that almost all residents own houses with wooden walls 
and tin roofs. Only a small proportion of the population 
has a plastic roof. The population who experienced 
malaria infection in this study had a partially open house. 
The malaria vector biting outdoors will freely enter 
this open house and obscure the indoor/outdoor bite 
difference. People are more easily exposed to mosquito 
bites if they live in a shack or temporary house where 
the walls are mostly open and the roof is not permanent 
[35]. A study in Vietnam showed that wooden or bamboo 
houses had a higher risk than permanent houses in the 
same village (odds ratio 4.18 CI: 1.45–12.10) [6]. It is 
easier for mosquitoes to enter houses with wooden or 
bamboo walls through open gaps. Arranging bamboo or 
wood in an overlapping or layered manner can reduce 
the possibility of mosquitoes entering the house. The 
use of insecticide-treated mosquito nets in the house 
that is not tight can reduce the bite of malaria vector 
[46]. Similar observations in Gambia and Ethiopia show 
that houses equipped with ceilings, and mosquito nets 
can reduce the density of mosquitoes inside the house 
[39], [40], [41].

Role of health officer in this location of research 
was finding case actively and passively. Active program 
used mass blood survey using RDT. Passive program 
was visiting patients in Teluk Kepayang Public Health 
Center and village health center in Batu Bulan and Batu 
Paha Village. Program of malaria intervention was done 
by giving insecticide kelambu and treatment of patient if 
they are possitive RDT.

The existence of cattle sheds around the 
house or inside the house is one of the risk factors for 
malaria transmission [42]. In this study, residents who 
had cattle sheds around their houses were more likely 
to be exposed to malaria (OR = 6.292) compared to 
residents who did not have cattle sheds. The livestock 
that kept in this village is chickens and goats with a cage 
distance from the house ranging from 2 to 3 meters. 
Having cattle sheds can lead to an increase in vector 
density around the house. This risk will increase if the 
cage is inside the house [43]. It shows that livestock can 

attract Anopheles, especially those that are zoophilic. 
The presence of livestock can also reduce Anopheles 
mosquito bites in the home, but not all studies support 
this result. The impact of livestock on malaria and vector 
density is complex. Some studies show that livestock 
provides zooprophilic protection while other studies 
show that livestock increases the risk of [44] [45].

The research of Hasyim et al. shows that there 
is a positive relationship between keeping animals in 
the house and the prevalence of malaria (AOR = 2.809). 
The explanation for this result is that the presence of 
livestock attracts the population of mosquitoes that 
are vectors of plasmodium into the house, thereby 
increasing exposure to humans through zoopotentiation. 
Zoopotentiation can also occur if physical disturbance 
caused by animals (e.g., standing water, hoof prints, 
watering sites) increases the potential for larval habitat 
and therefore increases vector density near houses [42]. 
Increased abundance of goats or sheep has been 
shown to increase Anopheles mosquito abundances 
within a 20 m radius around Kenyan households. Each 
additional goat or sheep increases local malaria vector 
abundance [46].

Conclusions

This study provides evidence on factors that 
influence the high prevalence of malaria in remote forest 
areas in South Kalimantan. The factors that influence 
malaria are age, village, occupation, and the structure 
of the house. The influential factors of the house are the 
walls that are not tight/open, the roof made of plastic, 
and the presence of animal cages around the house. 
Intensive malaria management is needed to improve 
housing conditions, expansion of the use of insecticide 
mosquito nets, and treatment for asymptomatic and 
symptomatic patients. This intervention could have an 
enormous impact on the success of the national malaria 
elimination goals.
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