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ABSTRACT

The objective of the study was the analysis of malaria incidence based on widespread rainfall factor in
Ogan Komering Ulu District, South Sumatera Province. The research sites were conducted in Ogan Komering
Ulu District, South Sumatera Province. The dataused in the study was from the Department of Health and
was the monthly report of the discovery and treatment of malaria in2013-2015. The maps of rainfall foronly
2 KM from the settlements become an area of study. The distance determination was carried out using the
approach of buffering, upon consideration of the flight range of Anopheles spp which only reached to fly
no more than 2 km from the where it origin. The approach used the spatial analysis using geographic
approach, and the data that had been through the stages of data processing were analyzed using univariate
data analysis to looked at the distribution of malaria cases by type of area rainfall. The rresearch showed
thatan average incidence of malaria per 1000 population in 2013 to 2015 occurred in every district fluctuations.
The fluctuations occurred due to an accumulation of various factors such as mosquitoes, parasites,
environmental and human amended from time to time. The highest incidence of malaria spatially occurred
in the Subdistrict of Lubuk Batang in the period of 2 (two) years. The characteristics of the region provided
an indication of the vulnerability of the spread of malaria, with an area of 53.645 m* and a total population
of 32,146 inhabitants. The region also was the area of the extensive rainfall> 3500 mm per year which
would support the transmission of malaria. Theother factors that played a role were the lack of public
awareness on malaria prevention familiarize behavior. The spread of malaria incidence in spatial ecology
approach confirmed that OganKomering Ulu District in the medium category of the endemicity of malaria.
The approach using the geographic information system (GIS) facilitated the monitoring of malaria and
planning program for more accurate control efforts.
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Introduction

Malaria is a public health problem that is most seri-
ous in the world. In 2010, an estimated 219 million
malaria cases (estimated to be between 154-289 mil-
lion) occur worldwide, and 660,000 (estimated be-
tween 490.000-836.000) people died, most of them

are children (WHQO, 2015). Malaria incidence in the
population of Indonesia in 2013 in five (5) provinces
with the highest incidence of Papua (9.8%), East
Nusa Tenggara (6.8%), West Papua (6.7%), Central
Sulawesi (5.1 %) and Maluku (3.8%). Of the 33 prov-
inces in Indonesia, 15 provinces have malaria preva-
lence above the national average, mostly in eastern
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Indonesia. (The Ministry of Health RI, 2013).

South Sumatra Province in 2012, Annual Malaria
Incidence (AMI) of 6.80 %o, in 2013 amounted to 6.85
%o and 2014 amounted to 5.39 %o, Data Annual
Parasite Incidence (API) in 2012 amounted to 0.62
%o, in 2013 of 0.47 %o, in 2014 of 0.36 %.. (South
SumateraProvince Health Department, 2014). Re-
ports of epidemiological surveillance of malaria in
20122014 in Ogan KomeringUlu undergone signifi-
cant changes. Annual Malaria Incidence (AMI) in
2012 amounted 10 %o, in 2013 amounted 11 %o, in
2014 amounted 14%. (OganKomeringUluHealth
Department, 2014). Efforts to reduce morbidity and
mortality conducted through the malaria eradication
program whose activities include the following
early diagnosis, rapid and precise treatment, sur-
veillance and vector control, all of which aimed to
break the chain of transmission of malaria (The Min-
istry of Health RI, 2013).

In general, The rainfall will facilitate the develop-
ment of mosquitoes and malaria epidemics. The size
of the effect depends on the type and torrential rain,
vector species and types of breeding places. Rain in-
terspersed heat will increase the likelihood of an
Anopheles mosquito breeding (Arsin, 2002; Sunarsi
et al., 2009; Suwito et al., 2010; Pratama et al., 2015;
WHO, 2015). To evaluate the control and elimina-
tion of malaria strategies, techniques Geographic In-
formation System (GIS) has been adopted to visual-
ize and assess the risk of malaria distribution in
space and time malaria in Mali, West Africa
(Coulibaly et al., 2013), in Yunnan, China (Bi, 2013).
Geography Information System (GIS) with spatial
and temporal modeling method have been increas-
ingly used for disease-based mosquito in terms of
supervision and risk management, and it can also
help to understand the distribution of disease in
space and time (Hakre et al., 2004; Gray and Bradley,
2005; Hui et al., 2009; Bi, 2013; Coulibaly et al., 2013).
The functional capabilities of Geographic Informa-
tion Systems (GIS) of the data obtained and stored,
recorded and spatial displayed in accordance with
the definition of Geographic Information System
(GIS) that combined with all the elements necessary
for problem-solving and analysis (Clarke et al., 1996;
Bailey, 2001; Hakre et al., 2004; Hui et al., 2013).

Materials and Methods

The place of the research was conducted in Ogan
Ogan Ulu, South Sumatra Province which the
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geographicalwas in a position between 103 ° 40'-104
°33'BT and 3 ° 45'-4 © 55 ‘LS or sits astride Central
Crossing Trans Sumatra, which connected Lampung
province with Bengkulu province. The area had a
wet tropical climate and temperatures varied be-
tween 22-31 °C. The research was a descriptive epi-
demiological study using a quantitative approach.
The study design was ecological studies that used
data from the entire population to compare the fre-
quency of different diseases in a population at the
same period and the same group in different areas
(Rothman, 2008; Webb and Bain, 2011). The popula-
tion in this study were all the incidences of malaria
in the region of districts in the county OKU recorded
in health centers in the system of recording and re-
porting of malaria in 2013-2015.

Study Area

The research sites were conducted in Ogan
KomeringUlu District, South Sumatera Province
which geographically located between 103° 40 ‘East
Longitude to 104° 33" East Longitude and 3° 45
‘South Latitude to 4 ° 55" South Latitude or on the
Trans-Sumatra Trans-Pacific Highway, which con-
nected Lampung Province with Bengkulu Province.
The area had a tropical, and wet climate with tem-
peratures varied between 22 -31°C.

Collection Data

The data from the Department of Health was the
monthly report of the discovery and treatment of
malaria in 2013-2015. The maps of rainfall were
taken from the administration of Planning and Re-
gional Development and Public Works Department.
The data presented in the form of maps used for a
spatial approach in malaria cases was the analysis of
malaria endemic areas and the endemicity of ma-
laria cases with potential mosquito breeding territo-
ries which was then stacked upbased on the data
collected from secondary data.

Data Analysis Research

In this study, the districts which became an area of
study was only the area in 2 KM from the settle-
ments. The distance determination was carried out
using the approach of buffering, upon consideration
of the flight range of Anopheles sppwhich only
reached to fly no more than 2 km from the where it
origin (Gandahusada, 2006). The approach was con-
ducted withthe spatial analysis using geographic
approach, and software. Data that had been through
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Fig. 1 .Study area in District of Ogan Komering Ulu, South Sumatera.

the stages of data processing were analyzed using
univariate data analysis that looked at the distribu-
tion of malaria cases by type of area rainfall. The
mapping was carried out based on the distribution
of cases by region with a predetermined level of en-
demicity in the classification of each variable. Fur-
thermore, the area was mapped by overlaying the
endemic areas with potential mosquito breeding ar-
eas by using spatial analysis. The analysis of experi-
mental data on malaria cases was done using the
indicator malaria incidence. The analysis of data
using the extraction method was to take some of the
features before becoming a full information. The
overlay method was performed to address informa-
tion by the purpose of research.

Result and Discussion

Annual Malaria Incidence

OganKomeringUluDistrict is a regency in South
Sumatra Province which has 12 districtsand have
malaria endemic areas. Endemistas malaria could be
figured out from Annual Malaria Incidence (AMI)

indicator figure which categorized as very low, low,
medium, and high if AMI were <5 %, 5-10 %o, 10-50
%o, and> 50 %, respectively. From this study, the
rates of AMIin 2013, 2014, and 2015 were calculated
to 11 %o, 14 %, and 8 %o, respectively. The spatial
distributions of AMI bysubdistricts were shown in
Fig 2.

The physical environmental factors indirectly af-
fected the dynamics of malaria transmission, so that
by monitoring physical environmental factors
would be obtained a description of the population
dynamics, distribution and location of the incidence
of malaria. The physical environmental factors
could be projected in space scale regularly to pre-
dicting of malaria incidence and could be done in
anticipation.

The research showed that an average incidence of
malaria per 1000 population in 2013 to 2015 oc-
curred in every district fluctuations. The fluctua-
tions occurred due to an accumulation of various
factors such as mosquitoes, parasites, environmental
and human amended from time to time. The In-
creasing of incidence of malaria was influenced not
only the physical environmental factors but also the
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(b)
Fig. 2. Annual Malaria Incidencesin Year,(a) 2013, (b)
2014 and (c) 2015.

changes in behavior (Sujari ef al., 2007; Sunarsih et
al., 2009; Pratama, 2015).

The highest incidences of malaria spatially oc-
curred in the District LubukBatang in the period of
two years. The characteristics of the region provided
an indication of the vulnerability of the spread of
malaria, with an area of 53.645 m?, a total population
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of 32.146 inhabitants, and thearea had the extensive
rainfall> 3500 mm per year. These factors would
support the transmission of malaria. Furthermore,
the other factors that played a role were the lack of
public awareness on malaria prevention familiarize
behavior.

The distribution pattern of malaria based on
factors rainfall

In this study, the approach of GIS (geographic infor-
mation system) was used to analyze the spatial dis-
tribution of malaria by the sub-district. The data of
rainfall extent collected from the Department of
Public Works and Regional Planning Board was a
map of the spatial plan and regional plan (RTRW) in
2012-2032. The results of this study confirmed that
malaria was a disease that could easily spread or
transmitted, in which in some cases have specific
characteristics resulting from the combination of
many variables. The physical environmental factors
influenced and consistent relationship associated
with the transmission of malaria.

The incidence of malaria would arise by the vec-
tors of malaria. The malaria vectors would be ex-
tended if their breeding places and vector breeding
sites were supported by the physical environment
that allowed the sites to become a breeding place
and resting place. Fig. 3 showed that the extent of
the risk factors of rainfall would bring the malaria
vector breeding places. Fig. 5 showed that the exten-
sive Precipitation was rainfall> 3500 mm / year
spread 85%. The factors of rainfall would increase
the amount of stagnant water which previously had
little or nothing in the dry season. These conditions
facilitated the breeding of mosquitoes so that the
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Fig. 3. Average AMI/1000 population from 2013 to 2015

density mosquito would be higher.

The results of this study showed that the number
of extents> 3500 mm / year rainfall had an influence
on the incidence of malaria. It could be seen from
almost all of the districts in the research site become
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Fig. 4. The spatial pattern of malaria incidence by rainfall factors

the incidence of malaria risk zone.The stagnant wa-
ter would be the main mosquito breeding and the
development of puddlein the lowlands or below 500
m above sea level due to essential for the develop-
ment of mosquito larvae.The research on the extent
of rainfall supported the breeding places of malaria
vectors because the half life cycle of the malaria
mosquito was spent in the stagnant water or water
that flowed from egg to adult mosquitoes. Further-

<2500 2500 -
mm/year 3000
6% mm/year

900

Fig. 5. Percentagesof extensive rainfall

more, without water, there would be no mosquitoes
(Arsin, 2002; Gandahusada, 2006; Mordecaiet al.,
2013).

The study on the influences of rainfall on malaria
transmission had been studied and found that the
larval habitats of Anopheles spp increased in the
moist areas where would improve the survival of
mosquitoes (Aron andPatz, 2001; Stoops et al., 2008;
Stoops et al., 2009; Suwitoet al., 2010). This study
was supported by the meticulous research by
Eiseleet al. (2007) in Haiti which concluded that the
rainy season was more favorable for malaria trans-
mission.

The results of this study were also similar to the
study conducted in Kwazulu Natal province of
South Africa which showed that the malaria burden
increased with the increasing of rainfall level in the
range of 32 -110 mm, and showed the decreasing
level with the reduction in the monthly rainfall. In
particular, the transmission was maximized for rain-
fall in the range of 95 -125 mm. This occurs was only
for a period of six months in Kwazulu-Natal. It was
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shown that the burden of malaria decreased each
time the amount of rainfall exceeds a certain thresh-
old value (Okuneyeand Gumel, 2016). There would
be a decrease, and an increase in cases of malaria
with fluctuations in rainfall remained calculations
mm. The opinion of Epstein revealed that an in-
crease in air humidity and rainfall was directly pro-
portional to the increase in the density of the malaria
mosquito (Robert et al., 1998; Lindblade et al., 2000;
Jury and Kanemba, 2007; Sujari et al., 2007;
Impoinvil et al., 2007; Mordecai et al., 2013).

Conclusion

The spread of malaria incidence in spatial ecology
approach confirmed that Ogan Komering Uluwas in
the medium category of the endemicity of malaria
where theendemicity occurred in the working area
of the Subdistrict of LubukBatang and endemicity of
the lowest in the region of the Subdistrict of
Lengkiti. The approach using geographic informa-
tion system (GIS) facilitated the monitoring of ma-
laria and plan the program for more accurate control
efforts.
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