
Author summary

TheOropouche,Mayaro,SaintLouis,andRociovirusesareneglectedemergingmos-
quito-bornevirusesthatarespreadingandcausingwide-scaleepidemicsin SouthAmer-
ica.However,under-reportingof thesecasesispossible,asthesymptomsaresharedwith
otherendemicdiseases.Moreover,little isknownregardingenvironmentalconditions
that favorthesetropicaloutbreaksof arboviraldiseases.Thisstudyexaminedtheassocia-
tion of environmentalfactorswith theprobabilityof occurrenceof Oropouche,Mayaro,
SaintLouisandRociofeveroutbreaks(presentandfuture)andfindsthat temperatureisa
centralvariablethatdeterminesthedistribution of high-riskareas.This factisveryworry-
ing,becausetheaveragetemperatureof someareashasincreasedsignificantlyoverthe
time.Resultsfrom thisstudystronglysuggestthat thesefour diseaseshavethepotentialto
becomeimportant publichealthproblemsor becomeincreasinglyrelevantin Braziland
othertropicalareasin thecomingyearsandshouldbemonitoredaspartof effectivecon-
trol programs.

Introduction
Arboviruseshavebecomeimportant andconstantthreatsin tropicalregions,dueto rapidcli-
matechange,deforestation,populationmigration,disorderlyoccupationof theurbanareas,
andprecarioussanitaryconditionsthat favorviral amplificationandtransmission[1]. Climate
fluctuationsproduceconditionsthatacceleratearbovirusepidemics,directlyaffectingglobal
publichealth[2]. Abnormallyhigh temperaturesfor example,affectpopulationsof insectvec-
tors,andarboviraldiseases,by influencing:thesurvivalandreplicationof thevirus,suscepti-
bility of thevectorto viruses,distribution of vectors,extrinsicincubationperiodof avirus in
theinsect,andseasonalityof virustransmissionpatterns[3,4].Besidesthat,arbovirusesare
highlyspreadablebecausetheir vectorscanbecarriedlongdistances,andevenbetweencoun-
triesor continents,whichcanleadto pandemics.

Brazilis thelargestSouthAmericancountryandhasapopulationof approximately207
million in anareaof 8,514,215km2 [5]. More than>30%of Brazilremainscoveredby rainfor-
estsandothernaturalecosystems,despitethehigh rateof deforestation[5]. Thesenatural
environmentscanharbormanyarbovirusesthataremaintainedin differentzoonoticcycles.
Forexample,approximately200differentarbovirusspecieshavebeenisolatedin Brazil,
including40speciesthatcancausehumandiseases[6,7].Althoughit isacknowledgedthat
dengue,zika,chikungunya,andrecently,yellowfever,aretodaythemostimportant emerging
andre-emergingarboviraldiseasesin Brazil,in thisstudywefocusedon othersthathavebeen
neglectedandconsequently,arelessdiscussedin medicalliterature.TheseincludeOropouche
(ORO),Mayaro(MAY), SaintLouis(SLE),andRocio(ROC).Besidesthelackof specifictests
to identify thesediseases,thesimilaritiesamongthesymptomsareveryhigh;fever,for exam-
ple,iscommonto all of them.Thismakesthecorrectdiagnosisverydifficult andin mostcases
mayhavebeenunderreported.

Oropouche (ORO)
TheOropouchevirus(Orthobunyavirusgenus)wasfirst isolatedin 1955from afebrilehuman
patientand�����������	�
 ������������ mosquitoesin Trinidad andTobago[8]. Fiveyears
later,theviruswasdetectedin aBrazilianterritory in asloth(��
	���� ���	
������) andin
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��������
��� ����
��� mosquitoes[9]. Sincethen,OROhasbeenacommoncauseof explosive
urbanepidemicsin theAmazonregion,affectinglargecitiessuchasBelemandManaus.

Thisvirus is transmittedamongvertebratehosts,suchasmarsupials,sloths,primates,and
birds,throughagenerallywild transmissioncycleby the��������
��� ����
��� and����� �����
����
���
��� mosquitoes.Notably,thisarbovirushasadjustedto anurbantransmissioncycle
with humansasthemain reservoirand�������	�� �
�
����� (Ceratopogonidae)asthemain
vector.Thus,thereisaworrisomerisk of OROemergencein thedenselypopulatedcoastof
Brazil,whichcoverthenortheasternandsoutheasternregions,consideringthatvector�. �
�
�
����� ispresentin low-altitudeareasof theentireBrazilianterritory [7,10].Moreover,��. �����
����
���
��� mosquitoesarespreadthroughouttheBraziliancities,suggestingtheneedto pay
moreattentionto thismosquitospeciestoo.

OROisoneof themostimportant arboviraldiseasesin theAmericas,especiallyin theBra-
zilianAmazonregion.However,becauseOROfeverisnot consideredareportabledisease,it
isdifficult to estimateits incidenceduring outbreaks,althoughserologicalsurveysareusefulin
thissetting.Thus,researchhasindicatedthatapproximately500,000peoplein theAmazon
regionmayhavebeeninfectedwith theOROvirussincetheearly1960s[6].

Mostepidemicsof OROfevertypicallyoccurduring therainy season.However,someepi-
demicshavealsoextendedinto thedry season,althoughwith lessintensity.Theseasonal
natureof theOROismostlikely linked to thehigherdensityof thepopulationsof thevector
�. �
�
����� in monthswith higherlevelsof rainfall,combinedwith ahigherconcentrationof
exposedhosts.Unfortunately,thediagnosisof OROcanbeconfusedwith otheracutefebrile
diseasesthatareendemicin theAmazonregion,suchasmalariaanddengue[11].

Mayaro (MAY)
TheMAY virus,belongingto theAlphavirusgenus,hasbeenresponsiblefor outbreaksof
acutefebrileillnessandarthralgiasyndromein northernandmidwesternBrazil,aswellas
Peru,Bolivia,andVenezuela[7,12].Thisviruswasfirst detectedandisolatedin 1954,from
rural workersin Trinidad [13].

Humancasesof MAY aresporadicandmainly involvepeoplewholive in rainforests,asthe
mainvectoris the�
��
����� mosquitoesthatarecommonin thoseforests.Vertebratehosts
aremainlymammals,althoughthereissomeevidenceof bird infectionsin southernBrazil.
��	�� mosquitoescanalsotransmitthevirus in rural, suburban,andurbanareas[14]. The
courseof 3±5dayof illnessischaracterizedby fever,headache,myalgia,rash,andpain,mainly
in thelargejoints,andlessoften,arthritis [15,16].Thespreadof thisviruscanextendto cities
throughaninfectedhumanor throughbirdsthatcantravellongdistancesin ashorttime,and
adaptto anewcyclethat involveshumansasreservoirs.

This febrileillnessoccursthroughouttheyear,morefrequentlyin therainy season,aswith
dengueandORO,andaffectspeopleof bothsexes,of all ages.Theestimatedtransmissionof
thevirus in Manaus,stateof Amazonas,isabout2million people.This isapublichealthprob-
lembecausethereisno vaccine,andvectorcontrol isnot feasible[12].

Saint Louis Encephalitis (SLE)
TheSLEvirusbelongsto theJapaneseencephalitisviruscomplex,whichiswithin the��
�����
��� genus,andFlaviviridaefamily [17]. Theviruswasfirst isolatedin 1933fromsuspensionsof
humanintracerebralbrain samplesthathadbeeninoculatedpostmortemwith tissuesfrom
rhesusmonkeysandwhitemice(SaintLouis,Missouri,USA)[18]. Currently,theSLEvirus is
broadlydistributedthroughoutall Americas(from Canadato Argentina),andhasneurotropic
characteristics[12]. It causesanacutediseasein humans,with manifestationsthat rangefrom
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febrilesyndrometo fatalmeningoencephalitis[19]. Reportsof fatalcasesvaryfrom 5%to 20%;
however,thenumbersareevenhigheramongtheelderlypopulation[20].

Transmissionof theSLEvirusoccursthrough����� mosquitoes,andmigratorybirds
spreadthevirusandotherformsof encephalitisalongtheir migratoryroutes[12]. Despiterare
casesof theisolationof SLEvirusin humansin Brazil,theantibodiesof thisviruswerefound
in approximately5%of thepopulationsof theNorthern andSoutheasternRegions[12].
Recently,therewasanoutbreakof SLEin thecountry,whichoccurredsimultaneouslywith
thatof denguein S�o JoseÂdo RioPreto(SaoPaulo)[21]. During thisoutbreak,somepatients
with SLEexhibitedhemorrhagicmanifestations,suchasapositivetourniquettest,petechiae,
andbleeding[21].

Rocio (ROC)
TheROCviruswasfirst isolatedin 1975from afatalcaseof encephalitisin arestrictedareaof
theAtlantic Forest(RibeiraRiverValleySaoPaulo)[7]. Thecasewasdetectedduring the
1973±1980outbreakwhichcausedanestimated1,000casesof encephalitisin morethan20
municipalities.Themortality ratewas10%,andamongthesurvivors,about200sufferedbal-
anceor mobility sequelae[7]. It isunclearhowtheROCvirusspreadto this regionandwhy it
subsequentlydisappeared7yearslater,althoughantibodieshavebeendetectedin rural resi-
dentsof southeasternandnortheasternBrazil.[22,23].Basedon theviral isolationandserolog-
icaldata,it isbelievedthat theROCvirusismaintainedin atransmissioncyclethat involves
wild birds,includingsomemigratoryspecies,asthereservoirs,and��	�� and���������

mosquitoes,asthevectors.

Despitetheavailabilityof acomprehensiverecordin theliteraturefor theserelevantdis-
eases,to thebestof our knowledge,no predictivemodelshavebeendevelopedin thiscontext.
In thisstudy,weanalyzeandillustratehowthesefour mosquito-bornediseasescanhaveseri-
ouspublichealthimplications,or increasetheir relevancein thefuture.Thus,thestudy'sgoals
were:(a) to obtaintheprobabilityof occurrenceof ORO,MAY, ROCandSLEin Brazil,based
on environmentalconditionscorrespondingto theperiodsof occurrenceof theoutbreaks;(b)
to describethemacroclimaticscenarioin Brazilin thelast50years,evaluatinganydetectable
tendencyto increasetemperaturesand(c) to predictfutureexpansionof ORO,MAY, SLEand
ROCin Brazil,basedon future temperatureprojectionsfor 2046±2065and2071±2100,using
two differentscenariosof greenhousegasemissions.

Methods

Study area and data source
Theapproximatelocationsof humanORO,MAY, SLE,andROCcasesweredeterminedusing
sitesthatwereidentifiedin theliteraturebetween1961and2012(Table1).Datawereexhaus-
tivelycollectedusingsearchesof thePubMedandGoogleScholardatabases(searchterm:
ªOropoucheºORªMayaroºORªSaintLouisºORªRocioºAND ªBrasilºORªBrazilº)andthe
library of Universityof SaoPaulo,Brazil.Wehaveincludedall recordsof diseasesin Brazilian
municipalitiesreportedin epidemiologicalbulletinssincetheveryfirst recordup until 2012.
Thecriterion for inclusionof amunicipality in theanalysiswaspresence� 1of ORO,MAY,
SLEor ROCcase.This isbecausetheWorld HealthOrganizationhasstatedª
 ������ �
�� �� 

��������
��� 	���
�� ���� 
����� ���� 
 �����
����, �� �
���	 �� 
� 
����  �.�. �
������� ��
�����! ��� ���������� ��������	 �� ��
� ��������� �� 
��
, �� ��� ��������� �� 
 ����������
��"��#� 	���
��, �
� 
��� ���������� 
� ������
"º [24].

To determinetheecologicalandclimaticconditionsassociatedwith ORO,MAY, SLE,and
ROCmosquito-bornediseaseoutbreaks,weexaminedtherelationshipsbetweenthelocations
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Table 1. Brazilian municipali ties that have presented arbovirus outbreaks in the 1961±2012 interim. (Data from Google Scholar and Pubmed data-
bases. Searching topics = ªOropoucheº OR ªMayaroºOR ªSaint Louisº OR ªRocioºAND ªBrasilºOR ªBrazilº).The acronyms next to each municipality indicate
the State.

Virus Municipalit y Epidem ic Year Reference s

Oropouc he BeleÂm (PA) 1961, 1968, 1979, 1980 [25±29]

BragancËa (PA) 1967, 1979±1980

Bai�mo(PA) 1972

SantareÂm region (PA) 1974±1975

Itupiranga (PA) 1975

TomeÂAcËu (PA) 1978

Portel (PA) 1979

Bragantina region (PA) 1979±1980, 2006

Mazag�mo(PA) 1980

Barcelos (AM) 1980

Manaus (AM) 1980±1981

TocantinoÂpolis (TO) 1988

Porto Franco (MA) 1988

Ouro Preto d'Oeste (RO) 1991

Ariquemes (RO) 1991

Serra Pelada (PA) 1994

Brasil Novo (PA) 1996

Novo Air�mo(AM) 1996

OriximinaÂ(PA) 1996

VitoÂria do Xingu (PA) 1996

Xapuri (AC) 1996

Parauapebas (PA) 2003

Porto de Moz (PA) 2004

Mayaro Belterra (PA) 1977±1978 [30±36]

ConceicË�modo Araguaia (PA) 1981

Itaruma (GO) 1987

Benevides (PA) 1991

Peixe (TO) 1991

AcrelaÃndia (AC) 2004

Manaus (AM) 2007±2008

Santa BaÂrbara (PA) 2008

Sinop (MT) 2011±2012

CuiabaÂ(MT) 2012

Sorriso (MT) 2012

VaÂrzea Grande (MT) 2012

Nossa Senhora do Livramento (MT) 2012

Saint Louis S�moPedro (SP) 2004 [37±39]

Ribeir�moPreto (SP) 2006

S�moJoseÂdo Rio Preto (SP) 2007

Rocio Cubat�mo(SP) 1975 [40±43]

GuarujaÂ(SP) 1975

ItanhaeÂm (SP) 1975

S�moVicente (SP) 1975

MongaguaÂ(SP) 1975

(Continued)
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of theoutbreaksandsevenvariables:annualrainfall (RAIN, mm), annualtemperature
(TEMP,ÊC),elevation(ELEV,m), seasonalityof temperature(SEA-TEMP),seasonalityof pre-
cipitation (SEA-RAIN),thermalamplitude(THER-AMP),anddaytimetemperaturevariation
(DTV). TheSEA-TEMPvaluewascalculatedasthestandarddeviationof theaveragemonthly
temperatures.TheTHERM-AMP valuewascalculatedbysubtractingtheminimum tempera-
tureduring thecoldestmonth from themaximumtemperatureduring thehottestmonth.The
SEA-RAINvaluewascalculatedasthecoefficientof variationfor averagemonthly precipita-
tion. ThemeanDTV valuewascalculatedbysubtractingthemeanminimum temperature
from themeanmaximumtemperature.All weatherdatawereobtainedin ASCII-rasterformat
filesandusingthe"LAT/LONG" geodeticcoordinatesystem(DatumWGS-84).Thesedata
wereobtainedfrom theWorldClimÐGlobal ClimateDatadatabase,whichcontainsrepresen-
tativeobservationaldatafor 1950±2000thatwereinterpolatedto aresolutionof 30arc-seconds
(approximately1km). Astheenvironmentalvariableswereexpressedin variousunits,the
principalcomponentsanalysis(PCA)wasperformedafterstandardizingthevariablesusinga
Pearsoncorrelationmatrix.Thetemperaturelayersfor 1970±2010wereobtainedfrom the
NationalInstituteof Meteorology[44], anddataregardingothervariableswereobtainedfrom
theAMBDATA [45] andWorldClim [46] databases.

Data analysis
Our analysisincludedall probable(clinicallydiagnosed)andconfirmed(serological)casesof
personswith theonsetof thediseasefrom 1961throughto 2012.Foreachdisease,theenviron-
mentalvariablesanalyzedwerethosethatcorrespondedwith theyearsof outbreaks:ORO
(between1961and2006),MAY (between1977and2012),SLE(between2004and2007)and
ROC(1975and1976).Thedatabasewasdevelopedbasedon thepresenceandabsenceof arbo-
viroses.Weconsideredvalue1 for yearswith at leastonecase(or more)of ORO,MAY, SLE
or ROC,andvaluezerofor otheryears(no occurrence),during theperiodstudied(1961to
2012).Table1showsthemunicipalitiesthathadcasesof thesearbovirusesandtheyearsin
whichtheyoccurred.

Table 1. (Continued)

Virus Municipalit y Epidem ic Year Reference s

Praia Grande (SP) 1975

Santos (SP) 1975

CananeÂia (SP) 1975±1976

Iguape (SP) 1975±1976

Itariri (SP) 1975±1976

Jacupiranga (SP) 1975±1976

JuquiaÂ(SP) 1975±1976

Miracatu (SP) 1975±1976

Pariquera-AcËu (SP) 1975±1976

Pedro de Toledo (SP) 1975±1976

PeruõÂbe (SP) 1975±1976

Registro (SP) 1975±1976

Sete Barras (SP) 1975±1976

Barra do Turvo (SP) 1976

Eldorado Paulista (SP) 1976

https://doi.org/10.1371/journal.pntd.0005959.t001
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ThePCAwasperformedusingRsoftwareto preselecttheenvironmentalvariablesthathad
thegreatestinfluenceon thedistributionsof eachdisease[47]. ThePCAapproachwasused
for two reasons.First,PCAfacilitatestheidentificationandeliminationof covariantvariables,
whichisakeyprocedurefor avoidinganalyticalartefacts.Second,PCAhasbeenwidelyused
in equivalentstudiesandthenfacilitatescomparisons,reproducibility,andfuturemeta-analy-
sis.After thePCA,weselectedthefour mostrepresentativeeigenvectorsof thevariablesfor
eachdisease,whichwereusedfor Maxentanalysis(version3.3.3k: amachinelearningalgo-
rithm for modelingspeciesdistributionsbasedon existingdataandenvironmentalvariables)
[48,49].Thedataselectionwasperformedaccordingto thecriterion of maximumentropy,
with theoriginal variablesthat reachedmaximumandminimum valueswithin theordered
rankingof eachprincipalcomponent,becausetheydescribethefull rangeof datavariation.
TheMaxentmodelmaybeexpressedas:

p fj
h i

ˆ
1

N

XN

iˆ1

f i…xi†

Where:x
�

= thegeographicalregionof interest;x = {x1,x2 . . ., xN} with x 2 x
�

; x ! observed
pointsatx

�

; fj = f1Â, f2Â. . .,fm (environmentalvariables);N = thenumberof observedcases;and
p = theprobabilityof diseaseoccurrence.Themodelwasrun 25times,whilewithholdingadif-
ferenceof 10%of thelocalitiesfor eachrun to estimatetheparametersandits precision.The
potentialdistribution mapswerecreatedby interpolatingtheoccurrencepointsandthesimi-
larity measuresof theenvironmentalvariablesin eachpixel(i.e.,aknownobservationproba-
bility valuecanbeassignedto eachpixelbycalculatingaprobabilitywhoseexponentisa
quadraticfunction).To describethetemperaturechangepatternsin Brazilduring thesampled
50years,weusedthekriging method[50,51]anddatafrom approximately250monitoring
stationsthroughoutBrazil.Thisapproachgeneratedamapbyestimatingthevalueateach
nodeof aregulargrid, whichwassuperimposedovertheareaof interest,andthenacontour-
ing programwasappliedto drawiso-levelcurves.Weuseda250� 250grid of Brazilmap,
whichprovides62,500sections,becauseit wasthemaximummapresolutionwith aminimum
requiredamountof computationaltime.Rsoftware[47] wasalsousedto evaluatethetemporal
trend in temperatureduring thelastfivedecades.

Futureclimatedatawereintegratedusingtwo globalclimatemodels(GCMs):theHad-
GEM2-ES[52] andMIROC-5[53], whichwereselectedfor their differentstrengths.TheHad-
GEM2-ESmodelisastablemodelthat representsarealisticstateof theclimate,vegetation,
andoceanicbiology,without theneedfor artificial corrections.On theotherhand,the
MIROC-5modelalsoincludescomponentsof theEarth'ssystemandclimatechange,in rela-
tion to anthropogenicradiation.Theadvantageof usingthismodelis that it increasestheaccu-
racyof short-termclimateprediction,asit canbeaffectedbybothanthropogenicandintrinsic
fluctuationsof theclimatesystem.Thespatialresolutionof theGCMswasthesameasthatof
theenvironmentalvariables(30arc-seconds,approximately1km). Thecomparisonmethod
wasthesameasfor theMaxentmodel,althoughtheprobabilitycalculationfor theGCMs
incorporatedacomparisonof thepresentandfutureenvironmentalconditions.To obtain
futureclimatescenariosusingGCMs,it isalsonecessaryto chooseacondition for evolutionof
thegreenhousegasemissions(GGE),during theperiodwhenthefutureclimateisprojected.
In our predictionweusedtwo differentscenarios:low emission(RCP2.6)andveryhighemis-
sion(RCP8.5),detailedin theSpecialReporton EmissionsScenariosby theIntergovernmen-
tal Panelon ClimateChange[54]. In thefirst case,theglobaltemperaturetendsto increaseby
1.0ÊCandcanreachatemperatureanomalyrangingfrom 0.4to 1.6ÊCand0.3to 1.7ÊC
between2046±2065and2081±2100,respectively[55]. In thesecondscenario,with highGGE,
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theglobaltemperaturetendsto increase2.0to 3.7ÊCandcanreachto athermalanomalyrang-
ing from 1.4to 2.6ÊCand2.6to 4.8ÊCbetween2046±2065and2081±2100,respectively
[56,57].

Themodelsof futureexpansionof ORO,MAY, SLEandROCin Brazilwerethenprojected
into thetimeline,andthetwo futureclimaticconditions(2046±2065and2071±2100),to iden-
tify areassuitablefor thosediseases.A mapof rawtemperatureprojectionsfrom theGCMs
usedto drivethediseasemodelscanbeseenatS1Fig.ThedefaultMaxentautofeaturesetting
wasused(linear,quadratic,product,threshold,andhinge).ThemapswereeditedusingQGis
software2.10.1.

Results
ThroughPCAof climaticfactors,it waspossibleto identify threemaingroups:ROC,SLEand
ORO+ MAY (Fig1). It is important to notethatbothdiseasesOROandMAY occurredmore
in theNorth andMidwestof thecountry.Thefirst two components(F1andF2)wereableto
explain82.96%of thevariation.

Analyzingeachdiseaseseparately(Fig2),accordingto PCAit waspossibleto perceivethat
themostinfluential factorsweredistinct for eacharbovirus.With respectto OROcases,the
mostimportant variableswereTEMPandSEA-TEMP;for MAY: THERM-AMP andSEA-
TEMP,whichwassimilar to ORO;for SLE:RAIN andDTV, andfinally for ROC,themost
important variableswereTHERM-AMP andELEV.Detailsaredescribedin Table2.

Assomevariablesco-varied(Fig2),weselectedonly thenon-covariantvariablesasinput
for analysisin Maxentsoftware.Thecut-off wasfour variablesandwasbasedon ROC,which
presentedthelowestnumber(four) of non-covariantvariables.After selectingthefour most
important variablesfor eachdisease,weconstructedapredictivemodelin Maxent(Fig3), in
orderto determinewhatareasweremostlikely to presentoutbreaks.Thecontribution of each
variablefor eachmodelisdescribedin Table3.Thefinal modelfor ORO,MAY, SLEandROC
hadanareaunderthecurveof 0.79,0.76,0.85and0.99,respectively,significantlybetterthan
therandomprediction(p = 0.001),indicatinggoodperformanceof themodel.TheMaxent
outputsandreceiveroperatingcharacteristiccurves[58] for all arbovirusesareshownin S2
Fig.Weobservedthat thereisaconcentrationof OROandMAY in theNorthern regionof
Brazil,whileSLEandROCaremainlypresentin theSouthregionandcoastalregion.

Fig 1. PCA of arboviruse s. This PCA showing the distribution of ORO (brown), MAY (blue), SLE (yellow)
and ROC (red) cases according to environmental variables. The green ellipses show the main clusters: ROC,
SLE and ORO+MAY.

https://doi.org/10.1371/journal.pntd.0005959.g001
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Mostof theimportant variablesfor thedistribution of all four diseasesaretemperature-
related(TEMP,SEA-TEMP);soweanalyzedthetemperaturesituationin Brazilin thelast50
years.After analyzingthehistoricaltemperatureseries,andusingthekriging method,wereal-
izedthat therehasbeenanincreasein temperatureoverthedecades(Fig4),especiallyin the
North of thecountry.

In thecaseof continuity of thisscenarioof temperatureincrease,wegeneratedprobability
mapswith two differentclimatefutureprojections(Fig5).Theresultsrevealaprogressively
expandingareaswith anincreasedlikelihoodof ORO,MAY, SLEandROCcases,especiallyat
theedgesof thetransmissionareas.In scenarioof highGGEit waspossibleto observethe
increaseof high risk areasfor OROandMAY, whilefor SLEandROCtherewereno drastic
changes.Thisfactis in agreementwith our observationsof temperatureincrease(Fig4),

Fig 2. The most influentia l environ mental variables. PCA of each disease showing which environmental variables are
the most influential.

https://doi.org/10.1371/journal.pntd.0005959.g002
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