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Abstrect This aimm of this sudy wes foasses the possible associotion of Bl Nidio Soathern Oscillation
(EMSCH amd Dipole Mods Indes {01 on chikungumya meidence overfime, imehidicg the significand
reducton mcases that was ehserved in 2017 inIndonesia. Maonthly naticn-wide chikungunya case
reports wene obiined from the Inderesian Mational Disease Surveillance database, and incidence
rates (1K) and case fatality rate {CFR) wene calcalated. Monthly data of Mina34 {indicator used ta
represent the ENSC) and DMI betweam 2001 and 307 were ol collecied, Corndativnns bebveen
muenthly 1 and CFR and Mifod.4 and D01 were assessisd usiog Spearman's rank correlabion. We
foured that :hikunplu.ng,-a case repor b declimesd from 1972 coses im 2006 o 12 cases in 2017, a92.6%
reducton; the IR reduced from (AT to 0005 cases per 10000 population. Mo deathe associabied
with chikimpunva have b recorded sinoe its re-ermergence m Indonesia in 2000 There was no
significant correlation beteemn monthly Bifiod 4 and chikungunya inddence with » = —(00142 (05500
-0 320-0086) 0 = 0198, However, there was a significant negative cormelabim behween monthly 31
amel r]'.]icumgu.u].'.l incidemoe, r = =ikl {¥5%C] —0.229——0554) with p < Q001 Inoonclusiom, our
imitial daka suggests that the climate variable, DMEbot oot Bifiod 4, s likeby associated with changes
i chikungunya incidence. Thensfone, further analvas with a higher resclation of data, using the
ress-wavelet oohicrence :|:|:|-'F:rwi:h. may 'pml.rjd:' e Tobust evidenee.
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i Hﬂkﬁﬂluﬂﬂ

Chikungurya, cnsed by chikungunya virus {CHIEY), & one of the mest epidemiologically
irparbant muections diseases plobally, fogether with dengoe and Zika [1,2] CHIKY = a amall,
apherical, and n"ma.'ipﬁl vinis ared helomgs bo the Afphaires genus 13 An ontbreak of chikungunya
wins first reported In Tonzands bn 1952 [+.80 with sporadic ontbreaks subsequently idenibfied in Adrics
and Asin during the 19505 and 1960 [4] W re-emerged mothe early of 30008 and cavsed massive
outbreaks in several islands of the Indian Coean and Sewtheast A= 7] In Béunom [skand, o French
department in the Indian Ocean, chikungunya affected about a third of the popualation [89], while
in India the vimiz infected moee than 1.3 million persems duning 305 =306 [10]. A sonbemporary
systemnaths review il cates thit maore tan 20 counitries in the Asia-Pacifle bad reported chikugunya
outhreaks sinee i modem reemengence [11]

Chitkurgumya i endemdd in Indonesta | 12], Historical report suggests that CHIKY bas circalated
in the capatal, Jakarta, sinee 1779 [13,14], Seralegienl shadies bebveen 1969-1971 demionetra b
significant titlers of ant-CHIKY antibodies in mest of the Indonesian archipelago whem tested using
hermagzhatinakion inhibstin assay and the plague reduction neatralisation best [15,70], Howeyver, 'la
first offcial chikungunya cases recorded by the Isdomesian Ministry of Health (MoH) ocoumed in
Samarinda of Kakmantan Island m 1993 {17 The fiess virdogically condirmed chikungunys outbecak
wins reported in Jambi (Sumatra lsland ) in 1982 [18], Multiple cutbreaks were reporbed bebaveen 1983
amd P984 before & J0-vear period where disease cases wee not reported in Indonesia |12 Chikunguiga
re-emergod in bndomesie in 2000, ansd bos sinoe caused mubliple outtreaks in thee coundey |17, The
highest number of cases of chikungunya was recorded during 2000-2010, where 137,655 cases wers
peparied [17]

In TN 7, 2 sgnificant decline of chikungumyea cases was observied where the cases reduced fBrom
1972 casers im A6 bo just 126, nationewicdes Interestingly, m the same: viear, a sharp neduction of dengpae.
a dimease comsed by a virus that shares similar tranemission dharacteristics and ocological features to
CHIEY, was alss maoticed in Indoeia [12] a2 seell a5 inoseveral countries in e Amaricas | 19) Soane
hypotheses hive ben proposed for the reduction of the dengue, Im:ang chizmges In the density
andd competencies of vectors, doe to changes in climatic conditions, oross-immmuanity genetated by
the simultamerus arcala of several arbovinases, and :I:ua.n!.;L-J in epideo ological survedllanoe
syatemms | 19] A study weas eomducted to determane the Bickrd assocabed with the reduction of dengno
i 2017 in Indomesia [12], buatno such study exists for chikimgunya.

P'revioms shudies have hypothesized o pobotiol asociation between te vanabilily ard
chikungunya indection [20,71] Two of the moest important indicators used for climate changes are El
Mo Southern Ceetllation (ENS0) and Indian Ceean Diple (BO0F). These indicaters ink with a dry and
wearm seascm that potenbially increase mosguite vector bresdimg and shorter virns extringic inosbation
prriids [ 21| The role of these mdicators m other infectons such as dengue, malara, hantavicus, Kif
‘r"-:]lr_l.' fever, chiclera, and Zika ol have been stodied, with varatse resuls [21-27] The aims li.a.'lib
study are (a) bo investgate the red uetivn of chikungunya cases that oecurred in Indonesdan in 2007
and (b} o assess the eifects of ENE0 and DM on r]l.i.'kungml}'a mcidence m Indonesia, gvertime, since
the Fe-ermarpen e
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2. Marerials and Methods
ET, Varkedes ard Dvitn Sources

211, Chikungunya Motificabons

Mativsal chilkungura case riports were obtained from Matonal Dscase Sarvellance; the
Direvtorate General of Disease Frevention and Condrol, MoH of Health of Endonesas, The chilumgunya
case definition used in this surveillance system has been pablished in the National Guideline for
Freventon and Combrolof Chikimgomya [258] which fedlowes the World Health Ongamaeatiom cribenia [249],
In brief, chilumgunya cases were classified into three |:.:Ir_'@;|:|ri.|:-;: [a.'l-'p-:lx:il:ll.e case, diagrsed based on
clinical eriteria alvre, inchud ing acatbe omset of fever (=385 “Cland sevene arthralgio/orthribis that s
net explained by ather mesdical comditons: {b) probable case, dizgnosed besed onthe dinical critenia as
rrentipned and epidemiclogical critena {residing or having visited epidemic arcas) ard, (o} confirmed
case, dingnesed based on laboratory criberia which show a positive msalt for vims isolation, reverse
transription-polymerase chain reaction (RT-PCR), Ighd antibodies, or the demonstration of a feur-fold
incresse in g0 antibodies (17 The surveillamce system includes chikungunya cases as defined by
each of these three categgores. In this study, monthly and arrual Gme series of chikungunyva cases
bebwesen 0001 and 3017 woere nsed.

1.2, El Midin Santhern Cecillabon (ENS0)

ESMO is pericdic fluctuation in sea surface lemperature {35T) and the air pressure of e ovedyving
atrmipsphere across the equatarial Pacibe Cheean. I8 s one of the most imporknt modes of variability
impacting the climate in the tmpics and subtropics [M0,31 ] ENS0 primarily feaases on 35T amomalies
im fenar peeographic regions of the squatorial Pacific Ocean, In this sbady, Mino® 4 was used fo reprosend
thie ERSCL N':E'l-:ﬁ.ﬂ-_.mm'pu'ixhg a 'pm'l'ilm oof Mt negions 3 amed 4, = the averages S5T a.nl:u'nal:,.-'in Elue
rozian bounded I.'-:.I 55 B bo 5O 8, ad froen 10° W olo L2205 W Mine3 4 dak wore obtainad from the Earth
System Hesearch Laboratory of the Mational Oceanic and Atmosphernic Admmustration (SOAA) [ 22].
Blorthly Mined.d data, codlectesd between 2011 and 2017 were used for am[}':.ix.

1.3, Indian Dosain I.J'i]:-.1|.e (L}

IO is defined as the difference in 55T between bwo poles: a western pole in the western Indian
Cheean {located im the Arabian Sea, 50° E-A0° E and 8P 51 W) and an eastem pole in the eastem
Indian Coean south of Indomesia (9 E-1107 E and 00° 5407 N} [25.0]. This gradient is called the
Di]:u:-]r.- Mode Index (DR Mnnﬂ\]}' average af DAL values were petrioved from ].:||:-a|.'| ..I'l.j;;u;-ru:y for
Marine-Earth Science and Technology (L AMSTEC) [35]. DRI valdes collected Betwimen 2011 and 2017
were analyzed in this study.

22 Dwte Arrhsrs ol Appromcties

In 20001, after ned reconded for :q:'p-mhﬂa!fli].' A years, CHIKY n.'-i.-:rm:r-ﬁ-cd in Indoreesia. The
anmual incidence rate (IR) and armual case Batality rabe (CFR) of chikungunya were eaboulated o
characterize chikinguaya adivity in the ocountry since Db re-emergenoes (Le, fom 2000 and 2007); The
nakional L was calealated by dividing the total number of coses by the botal Indenesian population o
that tirme. The CFR i% reported as the folal number of deaths caused by chikurgunya divided by the
total mamber of cases reported inthat same year Annazl IR and CFR were expressed as the number of
cases per LOOUNID population and as a percentage (%), fespectively. The tedal Indonesdan population
wias nbdained from the Indoresian Bureau of Statistics. Ty determine the geographical distributions
at chikumpgpumyea reduction in 3017, chikangunya 1B and CFR of each provines in 2016 and 2007 wers
caleulated and mapped v gy ArcllS softwane [345).

Tos assess thie rale of Mitio2 4 and 30D amd :hiku.ngmya cases in Indonesia, ronthly Hime series
data were 1= between 2011 and 2017, Cormelations betsweesn the mu-:r-ﬂ.'lly Pifned d ared DL amcd
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mc:nth]:r 1K and CFR vahees, were asiessed nsing ﬂ-ptuman'x rank cormrelatom This a.ml}':dr: e usid
based on .Inal}.-"sis of daka n':-mu'li.tu I1:|.' Ehan El'su].'uim-—l.l'l."llh ket Foreach coembiton, 95% oonfedence
imberval (5% O was caloulated and significance was aesessed at o = 003,

1. Resulls

1. Chibirgraminr dncaifence Moty Overbinge ond e Redction in 2007

Temporal distribsation of dhikungumya IR and CTR smoe its re-emergence in 2000 is presented in
Frgure 1. From 2001 toc IR A, chikungumya |K 1'.1:ng|.'d froem 0U15 cases {im 2005) b 35 36 cases [in 2008
per 00T population. The highest mumber of infectors dofng sur study perod was reported in
HH, weith maore than 83,000 cass, A large namber of chilkunguoys cases were al=o reporbed in 2003
[Fgure 1), Mo deaths asaociated with chikungunya wens eporied in Indomnessy sinoe (5 re-eme ngence
L 2{H3L

407 & Incidence mate

Incidence rate (per 100,000)
8
Cawe fatality rate (%)

3
&

EEERERE

Figare 1, Incidence rele and case fatolity rale of dhikungonya betweon 2601 and 2007 m Indoress, The
s b b dhefails od rediacton of clkingiya incilderce rade = 1007

The kv number of chikungunya cases reportesd in 00T is tot exceptional i the context of the
whole pichare of chikunguamea IR during our stod y period (300 0 2007 {Figure 1), However, there
was a submtanbal rsduchon ot chikurguma cases in Indonesia from 2016 fo 2017, with case reports
d.m'li.ning Fromn 1702 b 126 cascs, -:nrrc-.':-pm'l.d.lnﬁ o a 92.46% reduchon. C]"likl.l.‘l‘l.ﬁl.m}'ﬂ IR declimisd
significanily from DAT (016) o 005 (2007) mses per TOOH0 popalation, a decline of 9285 {Figune 1),

In XL, |:I.1.ikl.|.11|q|.|.11:|.'a. e were reported i fowr '|:u1|'|.'i.'r:n=1: East fava, Central Sulawes, Bakl,
amd West Java, with 1488, 103, &), and 33 cases, respectively, sccounting for [Baof 283, 158, 192, and
(0% peer TOOLCHND population. In 0L7, hevvever. chikungumyea cases were reported in st By provinoes:
Central Sulawesi (121 cases) and Aceh {5 cases) with s of 407 and (09 per LA FEATH] Pn-PuE.:I:i-:nn.
respectively. Spatial distribution of dhikungaeaa B in 2006 and 2017 in each provinee ane presented in
Figure 2.
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Figure L. Provincial incideno: rates of chikusguoea m 2006 (AL and 207 (8).

32, Correfation etween Clirarte Varabbes and Chid@vongumum Dreidence

.21, El Midin Southermn Oscillation

Correlatiors bebwoen monthly Nifo3 4 and chikunganya incidenece for sesen years (2001-2007)
wene caleulated. The fuctuation of monthly Nido3d and chikungunyes mcdence are presented in
Figure 25 There was no significant correlabion bebween Mifa)4 ard chikungunya inddence with
F= =0 142; 955%0): 11 32040046, p = 148 However, data from 2004-30007 suggests that the rise of
chikungunya incid emce was influenced negatively by Mino3.). With the exceptiom of data frian 2003,
a mexgative cormed abicn Bebveen Mifio 0 mnd chikungumya incidence rabe wis chserved, whene incness
of Minpdd correlated with 2 decrease in chikungumya notificatione
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Figare 3. Temporal bend of .".hnn:l.-l.am:l chikununya incldence rate {A) and P @nd chikungunya
moclenee rate (B in ndoeesa, 200520107,

322 Indian Ogean D4 pole

Correlabons between monthly Dl and chokungunya ma demce for seven years (2001-2017) was
calculabed, The fluctuadion of menthly Ckdland IR of chibungunye i presented in Figure 8. Thers
was i signibicand negative correlation bebween 0 and chikungunys ind dence with ¢ = —00804; 955001
=22 - <1554, p o 001, Decreased DL (decreased difference in 55T between western pole in the
westem [ndian Ovean and sastern p-ﬂl.l' in the saztem Indian Ocearn south of Indonesial, cormela bisd
with increased inddence of chikungurnya, There was a clear asseciation between inereased incidence
of chikumguya wilh negative (I

4. Diiscuseian

AT, Dvetived of Notined Chikoiyganiag fn 2007

Aﬁiﬂniﬁunt decreass of notified r!1.i.'|-:u:nE|.l1_1_.u| cases 1 Indenesia was observed in Hi?,rn-mi:urﬁd
o the previous year. The Ind onesian MoH suggested that the reimforcement of vector eradication
program narmed “one house one umantik” (ene howse, ane mesquilo lirvae's monitor) condributed
to the decline of dengue and chikungunya in that vear [37]. Howesor, a recent study indicated that
the im plementation of that program was med the main facter in reduction of deogue [12). In 2007,
chikungunya cases declived significantly to zero in thees provinces (Eact Java, Bali, and Wl Java)
bt it did mist oocur inCentral Sulasest. Based on MoH data, only 15.85% and 3895 of districts in
East Jasva i.t'rl.p]o:muntr.-d. i.nl!n:ﬁm!'ed. vecter management, m:'ludin@; a vector gradicaion pmpu:rn,:i.n
26 amd 2007, respechively. Coverage was muach higher in Central Salawest 76,55 (2006} and 1005,
(EN7) Chikunguny s was alseo reparbed in Aceh in 2007, yet 100% of the districes i this pooevioee
implemented the program, In some provinces such as Ria, West Sumatra, West Kalimantan, and
Bamien, mo chikungunya cases were pepoited desplte poor coverage of vechor contmol programs, with
= 30% of districts covered in 2006 and 2017 [30,3%]. This suggests that there are other fackors contributing
to the decline of chikungumya cases in Indornesia in 2007,
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&2 Climmmde Ch'rr:gl: WVarfailes i El'r.ihlr:‘g"r.'.lrlwr il

EMS0, the strongest imterannual climate cpcle, impacis on glokbal climate and weather anpamialy
potberns wilh warm (Bl Biie) and cold phases {La Midial of e cyele. ENSO = associated with droapghi
and flood conditions, and ove of the bpical conditions of El Mifle b= dry conditions in Indenesia,
Freciptticn and femperatuflesuliing from ENSOevents are the backpround deivers of vector-bome
disense activiey |21,40-42), e persistence of ecireme conditions of temperabare o precipitation
i pacts the scebogy and habitat size, growth rates, dynancs, and distrbotion of the vector populatien,
azwell az viral replication amed extrmeic incabation duration [ 20,21 £3,44],

A pecent study supgpested severe ENSCLinduced drought conditions in Southeast Asia were
assechated with ncnsased water sborage arand hoises and elevated amblent ale temperatoes. Thse
Factors coiviribirted b eleyated Aades mosepibto populations and redhsced the extrinsic incubation period
af CHIEY, respectively, and themefore comfributed to the increase of chikungumya cases [21] However,
our findings sugpEest there i no significont comelation betveeen Mifiod, 4 and chibamgumya incidenos,
Somie shudies aka foundBlimilar fndirgs in the contest of ofher infections, In fhe western Kenyan
highlorel=, jor t'm].ﬂu.%:ﬂunw ol g assciabon Betwesen Bidod and the numbser of malaria
cases was deduced [27] Wik m:rﬂ'k association betwesn ENS0 and dengue incidemnce in
Bangladesh [24], However,.in India, was positively correfated with dEAeue cases, with a 3-8
minihs lag period [25]. I Taisan, lemperature and precipitation influenced gue incidence rates
with & lag of 10-201 weeks [26], In the context of dengue mfection in Indonesia, studies have shown
thit demgue incidence is asaociabed with ternperature, ramifall, and buamidity [45-47] In this presend
study, these local climate variables: (emperature, ramball, ard bumidity ), which might have had a
stromger imgract om chikunguiys ncidence, wene mot cluded. A previous siudy feind that these
local dimate varifgles were more mfuential on dengoe incdonce than ERSCH 2], Another study
fourd tha@iNS0 had a weaker impact on the seasonality of local cimate conditions than 500 [26].

IOHD s ampthir climate mode that mesults from eomne-atmesphere inberaction, and canses
miberanniaal climate varakility in the bopical Indian Oveane KD characteriees 55T anomalies
cliriing this e sent, whth warneer than mormal 5575 over the westers basin and cooler than usaal 5505 in
the eastermn basin. Cur sudy showed that decreased D81 was signiticontly asscciabed with increased
chikungunya incidence. A clear assodation is seen, with mereased incidence of chikungunyva '.-|.'I.1=
negative DM is observed. A positive DML often refemred bo as the positive BOD, causes drosght in
Indonesia, East Asia, and Awsiralia, and H.nn:lmg 1 Semie parhn.l: thie African contment [22,793]. In
comiirest, & megative DM olien is associabed with raindall, providing saitable conditions for Aol aogppd
breed g [45], podentially leading o inereased chikungumea case eporting,. Studies have shown that
Dl 15 associated withi thectuatiors: in the incidenoe of other infectimas diseases, including malaria [ 27]
angd -'.lurlguq.'JEf-.E S|

Im thas prediorivary shudy, an asuociabon between DM and elnkungunya incidence was identified,
Several shady lmisabivns should be acknowledged. Notified chikugunyn coases weere used b ngpresend
chikumgunya incidence in this shid y. This might be biased, as we relied solely om the report by the
Bl Since the disvase has similar featwmres o dl:np;uu_. o of i:}l.i.km;i;l.l.n:r.:l e guflesn mLﬂJj.:rpwm:d
amsd s kead to undermeportings:. Moreover, due o is challenging geopraphical nature, and limi ted
acress bo techinodosgy, the reporting syshemon Indonesiais shll non mameally m some provinces, making
ik alifficul b lor sorme anses bo neport Bhesir cases, | this study, monthly Bme serees were used ol disd
nak include bocal clirmate variables., Therefore, a further sbady is needed bo analyze the sole of those
climate variables on ransmissi oo dynamics of chikwengunem wsing higher emgoral resolutions such as
weekly or daily ime ssries dats together, including lageing wp to particular Hmes, and o include ether
clirmabe variables. In additdon, the cos-wavelet cobernenice approach should be emmployed.

F Comclusiens

A substantial declme of chikungumya cases occurred in Indemesia m 2017, from the presious
reporting year. This reduction did nob seem fo be assoviated with the endorcement of vector condral
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programs by the Indonesian government. Ohr anabyss identified an assectation between the climate
change madicator O0} and chilungunya incdence in Indaresia. The present stsdy suggests thiat [N
comld e & potential driver of chikangunya incidence in Indonesia,
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