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| Abstract

Background: Malaria, a parastic infechon, s a de-dhreatening disease in

‘Surnatra Proinee, Indonesia, Trus

study amead to ireastigate the spatial amocition batween malfaria occurence and environmental risk factors.
Methads: The number of confirmed malans cases was anahsed for the vaar 200 3 from the reatine repeting of the

Prosdncial Health Office of South Sumatra. The cases were spread over

ut of 1613 villages. 5k potential ecological

prediciors of malark cases wene aralysed in the different regions usng erdinane keast square (OL5 and gaographically
weighted recression (GWE] The global pattern and spatial varisolity of asscoatons betwean malana cases and the

setecied polenta acological predicions was exgoned,

Rasults: Tha 'n.am:e of differant envircnmartal and gecgraphic parsrmatars for malarka was shown at gliobal
and willage-level I South Sumatra Indonesia, The mdeperdant variaties dfituds, distance from forest and ranfall in
ciiabial OLS wee signifi canty sssociaied waabirmalara cases. Howewer, as showrs by GWVE miode and in ke with o ecent
ey, the reiationship benween malana and envirgnmeraf facior n South Sumatr strongly vaned spatlally in dif

fanerit regeon: g

Conclusions: A more indepth undestandng of lecal eccfogical factons mfluencing malara disease asshiman In
present sEudy méy not onky be useful for developing sustainabée regional malara control programimes, bul can dso

benefit mataria eirmination effos af wilage leval

Heywords: Geographically weighted regression IOWH], Ondinary least squares (OLSL Akake informmation criterion
(ALY Plysical emdronment, Locat climate Sumatra Rainfall, Bavation, Distancs 1o watss

Background

I.ar.in is a significant public health concern woddwide,
:|:|.|:|.u|iu:|E Iur.lnutn: [L]. The Ind.nn:ﬁnn Fmrmml: has
set o n.ndlnmnl Bl:nl ta ke malaria- E‘}ﬁﬂrﬁntﬁ'
24 out of 576 districts in Indonesia dassified a8 being
mﬂlarla HId.EI!HI:l‘.‘. and an mﬂEmd 45% lgdmgha
tatal p-u-ptlur.bn are living at rsk nf :nmmﬂng rnalaria
|2] In South Sumatrz Province, the malaria incidence
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was B per TEE people in 2003 e this provieoe, the
proportion of childven under 5 years of age wha applied
misguito pets was 307%. and the percentage of chil-
deen wider five who treated for fever witl antimalarial
medication was §9.8% i 2005 [2). Malada elimination
has been a priocity in the millenniom development goals
AMDGs) |31 and since then has contiued w be central
o the sustzinable development goals (SDGs), supporting
Indonesias makiria elimination commitments 4] B s
nrw asential o generate the knowledge that 5 necessary
ta develop lasting policies for the naticnal malaria elimi-
nation programme.

Several meteorselogical and ervironmental variables ane
risk factors for maleria [5). Since specific meteorological.
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enviconmental factors are of interploy and different G-
tors can affedt malaria transmission within o given prov-
ince |4 T-']. it 1% important to differertiate between
factors that inflesnce the veoton the parasite and the
hast-vector relationship [B]. At e al have demon-
strated that the topographic variables elevation. slope,
and aspect are influencing the development af .-‘Ia.rk-
eles mosquitoes [9) In north-eastern Venezoela, there
is a elgnificant association of malaria transmission with
local spatiad veriations like population dersicy, lowland
location, and prosiouty G0 aquatle enviroaments [10]
Elsewhere (e.g, thiopa and Senegall spatial eelation-
ships between climatic variability like rainfall and malaria
accurrence have been demonstrated |11). Rainfall indi.
rectly benefite dnaphels mosguities by incseacing vela-
tive humidity which prolongs adult longevity [12], and
the mumber al breeding@@lces which in turn favaurs
population growth [13]. Terperature and the extent of
water availability for larval breeding are couciad factors in
the vector |ife-cyele, affecting transmisslon (3] Vectors
and parasites are bath highly sensitive to any temperature
changes. for example, the parasite proliferation depends
an temperaturss [14] Temperatures above 28 °C have

i ehown o reduce malaria Incldence in Aftiea [15],
In Indonesia, the optimum temperature for makiria mos-
guitans ranges between 25 and 27 °C [3]. Far the vectar-
hast elationshdp, factors such as the distance of people’s
herases Trodva riven, lakes, pond, distance o the cegional
wrban centre [16-18] distance to forest [1% 20] were
shown to be signihicant predictors.

Spatial nonstatianary is 2 condition in which a simple
“global” model canmigt define the relationship amaongst
aeveral sets of varlables [21]. Thus, global OLS and kool
GWE modelling was performed o analyse the envieon-
mental risk factors for malacia in South Sumetra that
vary gecgraphically at the regional level The Locally dif-
ferent ecological factors studied to potentally predict the
:e;qma- varlable ‘oonfirmed malarla case’ (Y) ame alti-
tude (X1}, aspect (X2}, distance from the river {X3), dis-
tance from lakes to pond (X4), distance from the forest
1 X5], and raindall | X&),

Mathods

Sty area

The study area is located between 196° and 4°55' af
southern  latibede and  between 029" and  104%41°
o eastern longitede and has a total sudace area aof
237740 ki {Fig. 11 It eavers eight endemle malaria
districts of Sowth Sumatra, Indonesia. namely Lahat,
Mmra Enime Musi Banyuasin, Muos Bawas, Morth Muos
Rawas, Oman Komering Ul South Ogan Komering U,
and Lubuk Linggan The topography of the area varies
fromy lowland bo moumainous landscapes, The elevation
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irs the swady area varies between 0 and 3130 metees above
aed level The climate is tropleal and wet [22], In 2013 in
Sousth Surmatra. the lowest raindall was 3 mm {August)
in Labat district. and the highest mintall wax 613 mm
isareh) in Palembang City. Monthly average tempera-
tures ranged from 2606 to 2835 U amd relative humidiy
from B1 to 88% in 2013 [23].

Imdanesias South Sumatra Province & home o
P inhabitants. [n 2003, the gross peglanal domes-
tic product JGROP) with ofl and gas was IR 23168
trilligis (17,32 billion USEH [22], based on [DR o LISE
exchange mtes at the time of writing. Sowth Sumatra is an
ethnically highly diverse prowvince and home to different
local bnguages and diverse cultural and sodiceconomic
practices [2] Local people engage o coffee, rubher and
palm ol plantabon activities or waork in the industrial
mining area, which shapes not only people’s lives but also
the erwironment [24], Indonesia contributes significantly
to deforestation in Southeast Asia, Beoent developiments
af deforestatlon have led to unsustainoble practioes
which have resubted in o high freguency of deforestation
in some regions and are an impacant fctor influencing
milaria incidence [153] Deforsstation bas been shown
ta be connected with malaria incidence in the cowty
isuniciplo) of Mancio Lima, Acre State, Brazil, There
a cme-wectional shisdy shewe 48% increass in malaria
incidence are assockated with cumulative deforestation
within respective health districts in 2006 [2a],

Study population and data collection

36572 patients seeked  treatment due o suspected
mialaria fever in 140 primary bealth centres (PHC) in the
atuely pegion South Sumatia during lansary to Decermbeer
20013 Amaong them, 3578 were laboratory positive for
malaria The cases spread over 436 out of 1613 villages
that were used for unit analysis. The detailed number
of malaria cases in different provinees are presented in
Fig. 2. The spatial distribution of participznts who had
confirmed cases of malaria is shown in Fig 5.

The patients are categorised into “clinical diagnoss?
“suspected mabria® and Sconfirmed malaria cases” Cat
egorles “clivical disgnosis” or “wuspected malaa” e
based an the patients symptoms and physical Andings
at exprnination. A “confiemed malario case™ 15 a case af
mialaria dizgnosed microscopically (examination of blood
specimen/preparation) or mpid dagnesis test (ROT)
with positive results for Faomodiner Either BEDT ar
itietmcopie asetaeient g bath sers used to sanficn the
diagnogds of malara. The mabria diagnostic data wens
abtained from the regular health information reporting
aystemi of the Provincial Health Office of South Sumatra
The data hod been colkected during 12 menths {fam-
ary o December 2003 at the vilkbage level from patients
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seeking oeatmment In PHC, locally called Posat Keseha-
tan Masyarabat ("pushesmas®), and that were reported
monthly to the Pravincial Health Office via the malaria
progmmmes in the District Health Odfices.

Geographic information

The study area map (Fig. 1) uses the Waorld Geodetic
Systemn ("WEEE4) as itx reference coordinate system. As
alwavn dm Fig. 4. three sfages of working with geographic
information were distinguished data acquisition and pro-
censing. data analyeis and data presentation [57] GW R
4.0 version 4090 and Arc G158 103 were used for data
processing, andyss, and visualization. Malaria case data
were collected from the Provincnl Health Department,
Minlstry of Health (see previcus parographl as well as
topographic {taporiymy miage, hypsogeaphic map, Feedre-
graphic maps, land cover map) and climate data (raln-
fall map) The primary spatial data were abtained (rom a
topopraphical map of Indonesia (eartographic material)
which has a seale of 1:50,000 and consists of several lay-
ers o plots grouped. The makria input data is aggregated
village level data with the vilbge centroid used as the

apatial unit. This map consistied of a collection of geo-
graphic dats presented as thematic layers for land cover,
hydrographic data and a shest of hypscgraphy. indone-
sian topographic map known as Peta Bupabumi Indo
nesia [REL was updated in 2014, In 2013, topographic
data visualbation has been changed oo geodatabase
cartography to reduce the steps of creating cartography
visualisation in topographic mapping activity 28] Thess
maps were obtained from the Geospatiol Inlformation
Agency {BIG) of Indonesia, Authorization for the ose
af the topagraphilcal map of Idanesin was provided by
the Indonesian Geaspatial Indormation Agency. Haowe-
ever restrictions were put to use the availability of thess
data and therefore are not publidy avaibible. Data were
sellected by creating o research protocol swhich is used
under leense for the current study, The data that backs
the findings of the research are secved in the main paper.

Thee forest cover maps were extrected from the lond
cover map in 2013 on the scale of 12500000 The map
wis sourced fom Minkstry of Esviconment and Forestry,
Indonesia. The precipitation map {annoal average) was
abtained by inserting the data of average vearly rainfall
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The number of confirmed
malaria cases

b 13
. 4-9

10 -

18- 27
28 - 41
42-55
56 - 121

The primary Anopheles malaria vectors in South Sumatra Provinces:
An. letifer, An. nigerrimus, An. maculaius, An. sinensis, An. barbirostris,
An. vagls, and An. sundaicus

Sowurce: Vector and Animal-Borne Disease Control Unit of Research and
Development, National Institute of Health Research and Development
(INIHRDY), Minlstry of Health (Indoneska) at Baruraja and some relevant
referances

Fli. 2 b b comr e geceoragshi cal loran o in the sucly ama
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from BMEG Climatological Station Class [ in Palembang,
Souath Sumatea. Indoseska, The distance between weather
abservation stetions was 30100 km In {lar topography
angl 103 ki i lly teeraln

Dharta pre- processing

The malarls disteibution map (Fig, 2) was ereated and six
selected explanatory variables plotted (Fig. 5). The alti-
tude map was abtained by interpolation and contouring
af the map into a digital elevation madel (DEM). Subse-
quently, the DEM data was corverted into o mag con-
taining the divection of the dope {aspect), The paraveter
distance from the viver and distance from lake and pond
proceses] from mver, lakes, and ponds maps which were
derived from the topographic map whereas distance [rom
the forest proessed from forest cover map Thw e vari-
ables were analysed using Euclidean distances. Raindall
parameter was caloulated bassd an anmal averge min-
fall ewer 5 vears, and it was interpolated frome several
weather observatlon stations in study area, The rainfall
miap Csohyets map) was obtaloed foom the scanned magps
which are the esult of interpalation and <lassified nto
several classes The map needed to be rectified and digit
ized to get a digital rainfall map.

Data processing and modelling

The response varlable “malaria case” and explanatory
variahles “albtude/aspect’, “dstance from river”, "distance
from hke and pond’ “distance from torest™ and “raintall”
were tested for multicollinearity, Therefore, the valoes

at all explanatory variables were extracted for each case
legation. An index based on predictive modelling warl-
ance, the vavianee lnflation factor {(VIF) wag used [29]
Multicollineanity could ootur when oo Independent
varkhle was a linear function of arother independent
variahle and previously observed o GWER maodelling [20]
The pattern of conpection between corfirimed malari
cawes and environmental factors was expressed by the
5 method, Here, OLS madel is called global regres-
sion madel becavse the existence of local variation had
not taken inte account in pegresslon s thet the estbmate
af the regression remmained constant. Thus, the regression
parameters had the save value for each polnt within the
study aren. I gpatial hetercgeneity ooourted in regres-
sion parameters, then the information that cowld not be
processsd by the global vegresaion mode was secn os
an errac In such cases. the glabal regression mode] was
less oble to explain the actual data phenomenon [31]. A
glokal regresion coeficeEnt value dese to zera indicated
that the explanatory varlables kad a emal effect on e
response variable,

Ag aleermative, the GWE model was wed to investi-
gate the relatiorships between response and explanatary
varidbles since the study area was characterized by spa-
tial beterogensiy |12]. A semiparametric GW RO for
Windowe {provided by Makaya et al, [32]1 was cacried out
which is a new releass of the windows application soft
ware taal lor madelling spatially varying relationships
among varlables by calibrating GWE,

The estivmated parameter of the GWE mode] wses
the least squares given the location coopdinates as a
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weighting factor The infleence of the points in this
nedghbourhood varles according to the distance to the
central point [33] The optimum distance threshold {ako
known as the bandwidih) or the optimum number of
nefghbours determined n wo ways: by monimising the
squere of the pslduals erese-validation (CWV) or by milini-
inlsing the Abalke Information Critecion (AT [34]. At
this stage, the type of weighing (kernel type) and opti-
mum bandwidth selection method based were selected

an AlL selection criteria. Chissic AIC dhooses. smaller
tandwidths in geographically varying coefficients ane
possible o be under smoothed [32] In 2 GWE context.
the méasurement of utilioe 15 the AIC to know whether a
global regression model or GWE & most useful [32],

Thee lecal AR maodel a5 eadier described is as folkws:

3= Falwv)+ 3 Aetan, whew + 5 i
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Based on the model, v xp, (uavh Bisg, vih and
were sequentially the tesponse and explonatory varlables
& tolecation ¢ bcation coordipates to § pealization of the
continaons. finetion M e, at poieb § ad Gaussion
ervor to locatlon & [ is poteworthy that the kerpel Figed
Gausstan funcilon was wsed which highlights the opi-
il handwidth found by using the Golden section search
with the AIC zel=ction criteriz. Alwo, the Gaussian ler-
nel supported the constant weight, and the value became
less from the centre of the kernel bul never bouched zermo.
The kerpel was suitalsde for fixed kerrel beguse it could
prevent the sk of the absence of data in the kernel. The
Fixed Gaussian kernel earller described [33] s as follows:

Wy = q:-'n:lai—[.u'u_.'.ﬁ j!] {2

Alsoy, wy was the weight valiee abserved at the lecation |
ta appraximate the calculation of the cosfhoents an area
i, iy wae the Euclidean distance between { and f, and &
was the size of fAixed bandwidth given by the size of met-
il The Goklen section avtamatically searcwd the opti-
mal {requency ranges value by comparing indicators of the
mode] with the bandwidth sxe. A positive B indicates a
pasitive carrelation. A positive coeflicient means X and Y
changed in the seme direction and if the emiranmental
risk factor increased. then number of confirmed malaria
cases increased. Conversely, o negative coefiicient means
X fenplonatory varkablel and Y (the response varlable)
changed In opposite divections, Students ¢ distribu-
tion that had values cutside the nge of — 157 and 1,597
formed a critical region with a 005 (95% C) level of sig-
nificance, whenas values outside the range ol — 259 and
2,59 formed crtical regions with a Q01 19%% Cl) lewvel
of significance. Step-wise computation performed with
these data |5 shown in Fig. 4,

Thae lacally wilghed B between the sheseved and Ai-
ted values has been caleudated to measure how well the
miode] replicates the kocal malaria Incident values around
each oheervation, A variable is correctly dacified B each
Iocation by the model if B = 1 with values ranging from
o L.

To compare the performance betwesn global OLS and
bocal GWR. GWE4 software was also used, We per-
formied an ANOYA testing the pull Bypothesis that the
GWE model represents na improvensent over a global
model. For local GWWE, the sufficient number of degrees
af freednm was a mnction of the bandwidth

Results

Data pre-prooesing

Multicollinearty does not oocur, because the VIF value
is less than 10 and the tolerance value is higher than 0.1,
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Ervviranmental factars influencimg confirmed malaria casas
at global level: OLS miodal

The global OLS model reveals that altitude and distance
to the forest (negative coefhicients) and raintall (posi

tive coeffickent] significantly influence the pumber of
mialaria cases. Confirmed malaria caees are more com-
mon in regions with high raintll, lowland and areas
a:da'::znl: to Forest. On the other band, emvircnmental
factors such 28 aspect or directon towards the slope,
distance from the river, and the distance from lakes
1o pond do not have ame significont association witl
mialaria cazex. Based on OLS model sach lfactor has a
different predictor of malaria case preferences in GWER
miodel stage

Environmental factors influencing confirmed malaria cases
at bocal lewel: GWE model

The results of GWR using Fioed Gavssian are shawn in
Tahle 1, The lseat baredwidth genorates %184 peiglbaurs
and a significant spatial relationship with a specific region
has been found. The GWE mode] provides evidence for
2 locally difleremt influence of environmental Botors on
malaria cases as shown by varving parameter estimate
value {Fig, &) “Adtitede” and “distance from lake and
ot " shaw o positive assoclatkon and “aspect” o pegative
aagnciation with malaria incidence in the Mortheen study
area (Wusi Bamyuosind “Radofoll® and “distance from
river” show a positive sssociation with malaria coses in
the Eastern part of Musl Bawas ond Lahat, The variables
“azpect’, distance from lake and pond” and “distance from
forest” are positively associated with conb malariz
cazes in lorge parts of the study area. The signibicance

thresholds of eipmm vatfabdes according to Stu-
dent’s 1 test bn the GWFE model are shown in Fig, 7, The

lesgal confficient of determination local 1) for confirmed
mialaria caes at the local k=vel ranges between 018 and 1
{Fig. &}

Table 1 GWE result based on fived Gaussiam (distance)
kernelfunction for geographical weighting

Ercatwidth and geographic remges W

Baraiadih sl LAY

CA s nensie Ffnieanon
Rasicusl sum of sauarnem 155105
Chassc 8C 383217
BT 413830
(Y 17802
B 1L
Adpracet B a4l
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Camparison betwean the teo methods OLS aad GWR
Like ¥, GWE is a statistical model that provides
insights into the relationship between the dependent
variable condirmed malaria cases and six independent
explanatory variables. GWR s selected as best model
bazed on the residual sum of sguare, and clasic AIC, and
the B* ff}tated in Table 2

The global regression model indicates that the varia-
bkes have some influence on the study area {Table 31 The

Table 2 Comparisen betwesen global OLS and lecal GWR
meadels

Vaklue aLs iR

Heudusl yumof spare LT 15,085
Daanic AL 105080 LER
3 il] (L

Arfuyied i TP {141




Haxyim sfal Mok J (2078 1787

global OLS model explains 6.2% variation of malaria inci-
denoes by eenironmental factors (B = 0,08 This lmplies
that 93 8% of the malario incidence is caused by uﬂl:n@
enviranmental factors related to local sariaton which are
not taken into account (n the OLS moded [33], The kel
GWE explained 68, 7% varlation in malarks incidences (Y)
by emvimnmental factors (B = 0.69), The DLFF criterion
indicates that the spatial distribution of malaria incidence
is asociated with the independent variables “altitude”,
“distance from lakes and pond’, “distance from forest”
and “radnfal” with logal spatial heterogeneity (Table 3),
Though the testing of local coefficlonts for “aspect”
and “distapce from river” supgesia no epatial variabilicy
{Tahle 3}

The GWE maodel explains the relationship between
the pesponse sarlable “confibmed malarla cse” and aix
explanatory varobles signihcantly hetter than the global
regression madel OLS {F = 212, ' < 0.05} (Table 4} The
best pmodel woights e automatically determibned for
each location and abe mapped In Fig 7,

Discussion

ﬂhnumhunﬂ:uﬂmﬂnfqrﬂspn-
taal, 1 and interannual varation malaria

Faga 126 15

understanding of relevant spatiokemporal variakilite [10)
The envivanmeiital o chawn to be dgnificantly asso-
clated with makerla cases vary steongly at the village level
This finding is consictent with those abtained in stodies
in Ethiopia (Addis Ababal, the Amazon megion of Brazil
{Roenddia), and Cambodia [11, 37, 38]. A validated OLS
can lead to 3 plabal palicy and a validated relationship
with GWH i= mare appropriate to drive 1o the local sys-
tem. A geostatistical mode] based on analysis af cesiduals
and wming climatic, population and topographic variables
has also been ghown o beoan important ool for local
malasia prediction in Mall [39]. In the highlpds of west-
ern Menva, topopraphic parametess could be uped to
identify the risk of malarna and thershy helped to improve
malaria moritoring or targsted malaria control activities

.-rcl.l.l:imﬂ:.ip t:flhh:;ﬂzmdmnlﬁinmﬂhnlh:_l:u
hmlm . press=nt

o

transmission, for example th :l\r_nlu'lll: malaria model
m“lula prevalence with seasanal ¢ {1
published by Hoshen and Marse [35]. The global OLS
miode] revealed hers that altitude, distance to forest,
and rainfall significantly | e mialarin Jrg:iden-:u in
s.mm Sumatre, Stmilaly, lasd e, Ty

ralnfall lie bien

rqh:mhﬂm
nesia [34]. However, the GWR madel :n.rmdﬂl.ng

hetter the association af

ﬁ%ﬁm Saouth Sumatra, Like-
wise bn ‘-fenezua. CWR analyeis rovealed that ecolopg-
cal interactions that a0t on difforent cealec pliy 2 ole in
malaria tronsmission and hat modelling enhances the

af |'.'|!H.|1!Lm.|h.rl.| CasiEk iu Tu'hl.l 'ul.l.lﬁ I].ﬂm:lnn 47

riatlons ¥ rin i zanla wene

Table 3 The result of global regression model and gecgraphical variability test of local coeficients lor win environmental

factars
Varlabies Gletal regredsion medel output Geoegrapkical variability tes
Extimaie 1 ] Tvalus Prmbae 3 G F For F e DFF of cribericn

gl'.l'nl: 8 L] 1LAa M 1.0 1 201 W —Hrm
“Mitiode X1 =L [HLEA] — iy i e 1 LN rag
“Eapecl X3 — Al [HH] — 15 o (HE1 2153 25128 LR

" Dest N frcam Che vy (317 LK [T E 1] — D34 a4 134 18.15 291 32 — &0
"Discanca fronn |k and poocl (94T dli e Kk HEL ol L] T o - TR
*[iance from forest (K5 HELH 041 — 5 0. 254 £ F 1] Al LN
“Bairdel | 67 Wi [ ] 2R HEAH LR e PR —15Em




Hasjlmgllh.hr.i aniairar

largely aff)ciated with malaria [48]. Rainfall creates avi-
pasition sites for female mosquitoes. whensas humidity
is a key parameter for adull mesquito dally survival [49],

Amapheline A 0Es Tequine STAEnAnt water fa com-
plete (Y larval and pupal development, This. rainfall

affects the mhunﬁﬁﬁ'érr&ilﬁ'ia'ﬁf'ﬁﬁﬁng water
eate awallr’!utd.uta The pumber of malarla cases
was significantly p-nnl'.l.\ﬂ'r connected with higher winter
rainfall, but also with a hlahﬂ AVErLgS Maxinmm temper:
ature ard significantly n:phwl‘p associated with increas
ing distance from water bodies in Sowth Africa [50]
Southern Africa Doveloprment Community estimates the
pasitive corrchitlon between Increasing roinfall ard the
number of cases in Botswana during 2005 and 2014 [51)
text to climatic and snvironmental faciors, distance
of hiouses to o forest are Interrelated through anthrops-
genic achyities infliencing the local and regional climate
|52, 53]. These observations can be confirmed for the
relationship of malaria case with distance %o lake, poand
and forest for south Sumatra, A cross-sectianal view in
Brazil revealed for examiple that malaria incidenoe across
health districts is positively corvelated with the percent-
age of aggregated deforestation [26]. Indenesia contrib.
utes indesd signihcantly to deforestation in Scutheast
Axia, Arophefas was reporied from sight sources at 47
independent sites, The first recard of dnapheles arees-
Feresis from Sumatra was reported by O'Connor and Sopa
{1981}, but with no details an location |54). Arcpfeles
fCelia M eveosphyras B oonddered to be of epidemiolop -
cal ivpertance for malaria transmiasion in forested areas
af Sumatra [34]). In curtent researels, the maln Anogdie-
Ies vector diversity o each study area was however not
investigated.

Present study has identihed Lahat as the outh Suma-
wan distrlet in which eovironmental factore were of
greatest relevance for makicla incidence, Labat District
has both kwdand and manntain segions and i home o
diverse ethnle groups. sudh as the Guimal whe live along
the rl'--'ue-rar the highland areas [55]

One of the key activities for malacia elimination should
be the esahlishment of mhr:lm nm.d. I'.n-ul'l tn- red.l.lr_:
ﬂ.msue In.mlzn. whm loral transmission is iug;h By
m:‘l:q:nrmg the kocal GWR model with the ghobal OLS
miade] (Table 41, It became apparent that GWE vielded

TlHld-m:lﬂtnlhlgﬂ'-ml hiypothesis that the GWE
mendel represents no improvement owver a global medel

S 5 [ ek Floant  FTafle
(bl ekl a2 AR

LH Impr e BllEra e Ut ol

W ek L R ] B R B i b
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new information ahowt the spatial variation of malaria
m.der'u:e apul thereby better explaing local phenomena
The varkbility of malaria cases v our study was due (o
envicanmenta]l and geogmphical local differences |41
GWIE should be used as o diagnostic model disoover-
ing spatially varying relationships between confirmed
maolaria cases and environmental factors, The use of
GWE allows the uncowvering of significant erviconmen
tal variation for malaria incidence, which has previoush
been unabservable in a specific location [5].

Limitatiors of rseanch

D to practical constralnts, this study was unable o
encompass the entirety of environmental factors, par-
ticularly climate parameters. tempersture and  humid-
ity, for which anly Tinlted data were availabde and hence
nel-representative data cowdd not be ncuded. Also the
factor land use was eliminated. Malaria Jocation informa-
ticn was plbed wsing a village centre approach which
ignored all other locations where actual irdections may
have oceurred (eg, forests, plantatiors), The number of
pasitive malaria per willage, did not ncade the specifie
coardinates of rach positive malaria case and thus, each
pasitive case was placed in the centre ot the settl=ment
Therefors, i land uwse varables would be imahved, there
will very likoly be o strong blas. Heawever, these climi-
natsd or uninvestigated variahles may be morrslated wath
existing variables. for sxample, the temperature con-
nected with altitude and with aspect or dirsction of the
B:spv. L the some way, land e may be associated with
the digtonee from the ever and the distance from lakes
and ponds, Thus, although these paremeters (bempera-
ture, humidity, bnd use] were exchided from analysis.
these erwvironmental factors were represented by our
chasen set of variables. In the future, additional explana-
tory varihles shoold be addressed o provide a compre-
hensive review of malaria o the sudy area. It showld
oamprise, for example, the bebavior of meosguite vectors
and that of community members, the acoess e and the
delivery of bealth services, and other eco-bio-soclal fac-
tors that afect the incldence of malaria Despite these
limitations, cur study sheds light on relevant indorma

tion, nat oaly in regional but also local realfties regard

ing environmental vamation which might interplay with
vector-host relationships and seciocultual practice and
provide a suitable epvlronment for malacia mosquitces

Conclusion

L the present sudy, the impontance of difevent environ-
mental and geopaphic parameters aalarla diseose
was shiown at global and village-level in South Sumatra,
Indonesia. The independent variahles nl.l:l:l.lﬂ.r distance
from forest. and minfall in global OLS were significantly
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Wﬂ*m cases Ax shown by GWE mods]
and i Jine with recent reviews, the relationship between
malaria and erwironmental fctors in Scath Somatra
wak fourd 1o vary patially in different regions, & more
in-depth understanding of kical ecologl factors infle-
mﬂng mnﬁm-ed malaria case cannot ol be used fost
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