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Abstract : Malaria is a matter of concern in public health worldwide. Identifying its risk factors is essential to deter-
mine control efforts. We studied the potential environmental and human behaviour risk factors in malaria by a matched
case-control study conducted in the Banjarmangu I Public Health Centre area, Banjarnegara, from June to August 2018.
A structured questionnaire and checklist were employed to collect data from 50 participants. Data were analysed by
Chi-Square, Fisher exact and logistic regression. A positive association was found between malaria and not sleeping
under bed mosquito netting (OR=2.087 [95% CI: 1.148-3.795]), not using wire netting in the house ventilation (OR =
3.907 [95% CI: 0.647 —24.452]), and inadequate prevention practices during outdoor activities (OR =2.020 [95% CI:

1.033-3.953]). These three factors were identified as independent risk factors for malaria.
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Introduction

Malaria, which is caused by the Anopheles mos-
quito, is a global infectious disea The World Health
Organization (WHO) recorded 219 million malaria
cases in 2017, with 435,000 deaths [1]. Malaria has
been rapidly spreading all over the globe because of
the effects of globalization and human movement | 2].
The WHO set up the E-2020 initiative in 2015 to ac-
celerate the efforts to eliminate malaria, with the goal
of eliminating malaria in at least in 10 countries that
had malaria. To fulfil this target, a state must le
zero indigenous cases in 2020 [3]. Accordingly, it is
essential to know the risk factors that trigger the trans-
mission of malaria.

Indonesia, a count ith some malaria-endemic
places, has claimed t:@e successfully reduced the
number of malaria cases [4]. Its target is to enter ma-
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laria pre-elimination in 2020 and scale up to elimina-
tion by 2030 [5]. but as of 2016, Indonesia still contrib-
utes up to 16% of reported cases of malaria in South
East Asia and is responsible for 30% of malaria mor-
tality [6]. Accordingly, its efforts to reach these goals
has to improve both at the national and regional levels.
Banjarnegara, which is known as one of the malaria
endemic areas in Central Java, is not an exception in
regards to the indigenous cases of such places [7].
Studies that were carried out on the risk factors for
malaria in Banjarnegara [8-10] have reported an as-
sociation between environmental and physical con-
ditions, and also studied some human behaviors and
mosquito behaviors that influence the transmission of
malaria, but the effectiveness of using insect-repellant
bed nets to prevent malaria has never been assessed
since the program was launched in February 2018 by
the local government. This is the first research study,
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to the author's knowledge, to measure the usage of bed
nets in the area. This research aimed to find evidence
on what are the current environmental and human ma-
laria risk factors in a sub-area of Banjarnegara. This
research is essential to support the health authorities
to understand the current malaria situation and what
proper actions they should take to achieve the goals of
the E-2020 initiative and to eliminate malaria.

Materials and Methods

This matched case-control study was carried out in
the Banjarmangu | Public Health Centre (PHC) dur-
ing July 2017 - March 2018. Confirmed cases were
defined as malaria positive people who were living in
the study area (n=37), as confirmed by thick and thin
blood smear examinations. The confirmed cases had
to be listed in the malaria report system of the Ban-
jarmangu 1 Public Health Centre during July 2017 -
March 2018. Controls were defined as healthy people
without malaria (n=72).

The EpiTools epidemiological calculator was em-
ployed to estimate the sample size that is exclusive for
case-control studies (Ausvet, Canberra, http://epitools.
ausvet.com.au/content.php?page=case-controlSS (ac-
cessed on July 22, 2019)) by considering a 0.19 ex-
pected proportion exposed in the controls, a presumed
odds ratio of 5.2 (confidence interval, 1.3 to 19.7) for
wire netting [11], a confidence level of 0.95, and a
desired power of 0.80. Referring to the calculations,
the minimum sample size for the cases was (n=25).
We developed a 1:1 ratio among cases and controls.
Healthy controls (n=25) were matched by age and sex
with cases, and were recruited from the same popu-
lation. A total of 50 individuals participated in this
study. Simple random sampling through a table of ran-
dom numbers was employed to select the sample from
the population list.

A standardized questionnaire and an observation
list were employed for data collection. Demographic
characteristics such as sex, age, occupation, education,
and income were recorded. In the next section, risk
factor questions were asked, such as the presence of
wire netting in the in-house ventilation, the presence of
cattle cages, the existence of gutters around the house,
the usage of bed nets, poor prevention practices in out-

door activities, the use of mosquito repellent, the pres-
ence of spring water around the house, and the pres-
ence of shrubs around the house. A checklist was used
to observe the factual data for cattle cages. bed nets
and wire net condition, and distance of spring water.
Oral and written explanations about this study were
directed to the participants before the study, including
the freedom to quit from this research anytime without
any punishment.

Written informed consent was requested from the
participants before the interviews. We used Chi-
Square and Fisher exact at significant level 0.05. Lo-
gistic regression was then employed in multivariate
analysis for a variable significance level of 0.25 in bi-
variate analysis. The analyses were performed using
SPSS software version 24 (IBM, New York).

The Ethics Board of Universitas Ahmad Dahlan-
Indonesia approved this study. IRB # 011805088.

Results

In total, fifty respondents participated in this study,
comprising 25 cases and 25 controls. The majority of
respondents were male (60%), and the rest \ge female
(40%). The participants aged 45-55 had the highest
proportion (24%). Most of the participants had primary
school level education (42%), and the majority worked
as farmers (34%). More than 70% of the participants
had an income level of less than 500.000 IDR, or equal
to 34 USD per month (Table 1).

Based on the bivariate analysis, two variables were
significant at P < (0.05. Those variables were not sleep-
ing under a bed net anoor prevention practices dur-
ing outdoor activities ( Table 2).

In the mu]tivara: analysis we found three variables
as risk factors for malaria n" < (.05: not sleeping un-
der a bed net, not installs wire netting in the in-house
ventilation, and poor prevention practices during out-
door activities (Table 3).

Discussion

This study assessed the association between potential
risk factolamd malaria in Banjarnegara, Central Java.
We found a significant association between malaria and
the use of bed nets, wire netting usage, and inadequate
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prevention practices durm)utdoor activities.

We found that people who did not sleep under a bed
net had smiﬁcant]y higher odds (6.389 times) com-
pared to people who did sleep under a bed net. Us-
ing a bed net is one method of self-protection to avoid
contact between humans and the malaria vector [12].
Bed nets are considered to be a traditional means of
prevention, and it has been proven that they are use-
ful for avoiding mosquito bites. Thus, it is obvious
that our research findings are consistent with other
research findings in both Indonesia [13,14] and in
African countries [15, 16]. The local health authority
in Banjarnegara distributes impre gnated bed nets for
free to all households to protect at-risk groups such

Table 1. Participant characteristic based on the univariate
analysis

Characteristic Case Control Total
n (%) n (%) n (%)
Age
0-5 1(4) 1{4) 2(4)
6-11 5(20) 5(20) 10 (20)
12-16 4(16) 4(16) 8(16)
17-25 2(8) 2(8) 4(8)
26-35 3(6) 3(6) 6(12)
36-45 1(4) 1(4) 2(4)
45-55 6(24) 6 (24) 12 (24)
56-65 3(12) 3(12) 6(12)
Sex
Male 14 (56) 16 (64) 30 (60)
Female 11 (44)  9(36) 20 (40)
Education
No formal education 9(36) 10 (40) 19 (38)
Primary school 10 (40) 11 (44) 21(42)
Junior high school 5(20) 2(8) T(14)
Senior high school 1({4) 1{4) 2(4)
University 0(0) 1{4) 1(2)
Occupation
Farmer 9(36) 8(32) 17(34)
Housewife 3(12) 4 (16) T(14)
Mechanic 1 (4) 0(0) 1(2)
Builder 2(8) 1(4) 3(6)
Student 9(36) 7(28) 16 (32)
Entrepreneur 0(0) 1{4) 1(2)
Civil servant 0(0) 1{4) 1(2)
Unemployed 1({4) 3(12) 4(8)
Income
<500.000 18(72) 18(72) 36(72)
500.000 - 1.000.000 7(28) 5(20) 12 (24)
>1.000.000 0(0) 2(8) 2 (4)

Table 2. Bivariate analysis of malaria versus the risk factors

Control OR
(95% CI)

Variable Case
n (%) n (%

p-value

The existence of gutters around the house (<100 m)

Yes 18(72) 11 (44) 1.862 0.086
No 7(28) 14(56) (0.954-3.633)
The presence of cattle cages within
No 8(32) 4(16) 1490 0.321
Yes 17(68) 21(84) (0.874-2.541)
Sleeping under a bed net
No 16(64) 7(28)  2.087 0.023
Yes 9(36) 18(72) (1.148-3.795)

The presence of spring water within (<2 km) from the house
Yes 25(100) 25(100) - -

The presence of shrubs within (2 km) from the house

The using of mosquito repellent
es 25(100) 25(100) - -

The presence of wire netting in the in-house ventilation

No 24(96) 19(80) 3.907 0.098
Yes 1(4) 6(20)  (0.647-24.452)
Poor prevention practices during outdoor activities
Yes 18(72) 10(40) 2.020 0.046
No 7(28)  15(60) (1.033-3.953)
Repellent usage
No 23(92) 22(88) 1.278 1.000
es 2(8) 3(12)  (0.421-3.881)

OR. (95% CI), odds ratio (95% confidence interval )

Table 3. Logistic regression analysis of potential risk factors
for malaria

Variables B p-value  Adjusted 95% Cl
OR
The existence of 1376 0.071 3.960 0.891-17.604
gutters around the
Bme (=100 m)
Not sleeping under 1.855 0.024  6.389 1.277-31.972

ﬂed net

The presence of 3495 0011 32935
wire netting in the
in-house ventilation

Poor prevention  1.824 0.022 6.198
practices during
outdoor activities

2.198-493.540

1.303-29.480

OR, odds ratio; CI, confidence interval.
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as pregnant women and children under five years of
age. According to research in the Wonosobo district,
which is close to Banjarnegara, impregnated bed nets
was proved effective until 14 weeks by killing more
than 90% of mosquitos [17].

The next risk factor is the absence of wire netting
in the house ventilation. This study found that people
who did not install any wire netting in their house ven-
tilation had significantly higher odds of having malaria
(32.935 times) compared to people who had installed
it. Wire netting is a barrier against mosquitos enter-
ing the house. Based on the field observation, most
of the respondents’ homes had ventilation but did not
have wire netting installed. It is probably because of
the lack of knowledge among the community regarding
the benefits of using wire netting, which was clear from
their answers when we asked them about wire netting.

The last factor in this study was the respondents’
practices during outdoor activities from 6 pm to 5 am,
with OR=6.198. The peak activity of the mosquito is
between 6 pm and 10 pm, and it occurs outdoors [18].
Outdoor activity is known to increase the possibility of
someone contracting malaria [19] because people can
be bitten by Anopheles Sp, which contain sporozoite in
their saliva [20].

This research might have some limitations: first, it
did not include mosquito behaviour; and second, there
might have been information bias during the inter-
views due to incomplete information recall.

Conclusions

In conclusion, this case-control study presents the
potential risk factors, most of which are preventable.
We recommend to a national initiative through cross-
sectoral work to educate the at-risk population through
massive health promotion. Finally, we suggest that
future research include vector behaviour to get a more

comprehensive picture of malaria in the research area.
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