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Conclusions/Significance

The future projection of CL in Palestine until 2060 show a tendency of increasing incidence
in the north western parts of the West Bank, disappearance from Jericho and Tubas
throughout the Jordan Vally, and emergence of new CL endemic foci in the Gaza Strip.
These results should be considered to implement effective control and surveillance systems
to counteract spatial expansion of CL vectors.

Introduction

Leishmaniasigs aneglectedropical diseaseausedy anobligatoryintracellularprotozoan
parasitebelongingto the genusLeishmania andtransmittedto humansby the bite of
bloodsuckingsand-fliesof the genusPhlebotomus in the Old World and Lutzomyia in the New
World. Thethreemain clinical picturesof leishmaniasisrecutaneoudeishmaniasi¢CL),
whichis the mostcommon,mutilating mucocutaneousandvisceraleishmaniasisyhich can
belethalif left untreated Thediseaséasawidedistribution andis endemicin circumscribed
areasn Asia,Africa, Europe Middle Eastand Centraland SouthAmerica[1, 2].

Cutaneoud.eishmaniasesontinuesto beamajor public healthproblemin PalestineThe
two indigenousspecied eishmania major and L. tropica causemostof thehumanCL cases.
However L. infantum, whichis the main causativespecie®f humanvisceraleishmaniasis
(VL) in Palesting3], wasrecentlyisolatedirom humanCL casesiswell [4]. L. major causes
zoonoticCL in rodents,mainly the?fat sandrat® Psammomys obesus, servingasthe animal
reservoir. Thevectoris the femalesandflyof the specie®hlebotomus papatasi. However L.
tropica is consideredo beanthroponotic,beingtransmittedfrom personto personby female
sandflyof the specie®hlebotomus sergenti [5, 6]. Neverthelessecentstudiesrom Israelhave
suggestethat someof CL casegausedy L. tropica arezoonoticwith rock hyraxeqProcavia
capensis) servingasthe animalreservoir{7, 8]. PalestiniarCL casesrereportedexclusively
from certainfociin the WesBankwithout casedeingreportedin the GazaStrip[9].

Clinical presentatiorof CL appear@soneor multiple lesionscommonlyon theface neck,
arms,andlegs A papuleappearsattheinoculationsitewhichmayenlargeto becomeanindo-
lentulceratechoduleor plaque Lesionpresentatiorvariesaccordingto the causativespecies
of the parasiteL. major frequentlyappearsisseverelylceratecandinflamedoneor multiple
lesionson the skin, which usuallyhealspontaneouslyvithin 2+8months.However L. tropica
appearsasdry ulcerswhicharemoredifficult to treatand maypersistmorethanayearand
leavingdisfiguringscarsMoreover,L. infantum typicallycauses singlenodularlesionof the
facewithout appearancef crustor ulcerandwithout anyviscerainvolvement.The occur-
renceof thethreeLeishmania speciesvasdescribedn manycountriesin the Middle Eas{4,
10,11]. Thisoccurrencas climate-sensitiveChangesn averagéemperaturehumidity and
rainfall havestronginfluenceon vectorsandreservoirnostsof Leishmania by influencingtheir
survivalandalteringtheir distribution and populationsizesFluctuationsn temperatureaffect
thedevelopmentatycleof Leishmania promastigotesn the salivaryglandsof sandfliesallow-
ing parasitesransmissiorand emergencef newendemicfoci. Moreover climatichazards
anddisasterganleadto massivalisplacemenand migration of populationto Leishmania
endemicareaghuscontributing to increasencidenceof thediseas¢12,13].

RecenWHO reportson cutaneousdeishmaniasié the Palestiniarterritory highlightthe
needfor morecomprehensivstudieson CL incidence prevalencanddistribution especially
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from GazaStripwhereno case®f humanCL werereported,thoughCL isabundantin the
nearbySinaiPeninsuld14,15].

Populationdensityof phlebotominesandfly in Palestindhasnot beenthoroughlystudied.
Sawalhat al. [16] describedive potential Phlebotomus vectorsof leishmaniasié the West
Bankof which P. papatasi constitutedapproximately90%,P. syriacus 8%,P. mascitti 2% ,fol-
lowedby P. sergenti and P. tobbi which werelessabundantHowever theyconcludedthat P.
papatasi, P. sergenti, and P. syriacus arethe mostprobableregionalvectorsfor L. major, L. tro-
pica, andL. infantum, respectivelyln Hebron GovernateP. syriacus and P. tobbi wereabun-
dantwith 45%and 10% respectivelycomparedo 15%P. tobbi and 13%P. syriacus in Jenin
and45%pP. perfiliewi in the north of PalestineThesespeciesreconsideredsL. infantum vec-
torsin the Mediterranearbasin[3, 13].

This polymorphicandcomplexoccurrenceof CL in Palestinewhich includesdifferent
modesof transmissionreservoirhosts,and Phlebotomus sandflyvectorss influencedby sev-
eralfactors.Thesefactorsincludeseasonabccurrenceof the affectingsandflyvectord17],
whichincreasefrom mid-springthroughto mid-autumn[16, 18],temperaturerainfall,
humidity, andsunshing14,19,20]. Moreover,CL dynamicshavechangedn responseo
environmentalagriculture demographi@andhumanbehaviorafactors.Thishasledto a
changen thegeographidistribution of the transmitting vectorsand animalreservoirs.[49,
19,21].

Many infectiousdiseasesncluding leishmaniasigxhibitheterogeneityn spatialandtem-
poraldistribution [22+24].Spatiaktatisticainethods pasedn the geographicahformation
system(GIS),havebeenwidelyappliedin the surveillanceandthe evaluationof the effective-
nesf preventiveinterventions . Spatiotemporahnalysigprovidesan efficienttool to visualize
the epidemiologicatiataand helpobservehe geographicadlistribution of diseasérom a
moreintuitive point of view.Moreover,it canidentify spatialandtemporalclustersfrom a
deepeievelanddeterminethe high- andlow-risk areas.

Theaim of this studywasto investigateeco-epidemiologicgarameterand spatiotemporal
projectionsandclusteringof CL in Palestinevera30-yearperiodfrom 1990through2020.
Our studyinvestigatedlemographicharacteristicef reportedpatientsby the Palestinian
Ministry of Health(PMoH), CL prevalencén the Palestiniarpopulation,geographicaand
seasondlistribution, distribution of cased®y ageandgender Furthermore possibldactors
associatewvith CL transmissioranddistribution arediscussedvioreover,weinvestigatedhe
spatiotemporadlistribution of CL in afuture projectionto shedmorelight on the expansion
potentialof the diseasén Palestineuntil 2060basedn scenario®f climatechangehatinflu-
encethe occurrenceand densityof the sandfly.

Materials and methods
Study design

A long-termdescriptiveepidemiologicastudywasconductedo investigatthumanCL cover-
ing the 30-yeamperiodfrom 1990to 2020in PalestineWe collectedCL patient'sprofilesfrom
the primary healthcareclinicsandannualreportsasrecordedby the PalestiniarMinistry of
Health(PMoH). Thedataincludesage gendergeographicabrigin, dateof infection,diagno-
sismethodsandtreatment.SinceCL is areportablediseasén Palestinediagnosisandtreat-
mentareprovidedexclusivelyandfreeof chargeby the PMoH andits primary healthcare
clinics.Therewasno changean thereportingsystenoverthetime period.Inclusioncriteria
includedall patient'sprofilesavailablén the PMoH reportsandarchivesuntil 2020.

Diagnosisvasbasedn clinical picture, microscopicexaminationof giemsa-stainedmears
of skintissuefor amastigotesand patient'splaceof residenceor documentedravelingto an
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endemicarea Serologicahndmolecularapproachefor diagnosisand Leishmania species
identification havebeenintroducedto the PMoH after2010and haveledto increasedpecific-
ity andsensitivityof the diagnosis.

Study area and population

WeinvestigatechumanCL caseseportedby the PMoH in all elevergovernoratesf the West
Bank:Jenin,Tulkarem,Nablus,Tubas Jericho Salfit,Qalgilya,RamallahJerusalenBeithla-
hemandHebron;with no reportedcasesn the GazaStrip. Thewestbankis borderedby the
Kingdom of Jordonto thewest It is occupying5640km? (including Eastlerusalemyvith a
total populationof 2.85Mio inhabitantsasreportedby the PalestiniarCentralBureauof Sta-
tistics(PCBS)n mid-2017[25]. Theinhabitantsaredistributedacrossl1governorateand
rangedfrom 70,5053n Hebronto 49,568n Jericho.

Theseareasarecharacterizedby greatvariationsin landformandaltitude (rangesrom
-400mbelowthe sedevelin the DeadSeabeacho 1020min the highestpoint in Hebron
vicinity). The climateis mostlyMediterraneanThe averagéemperatureén the mountains
overtheyearis 7+£10degreesowerthanatthedry, hot DeadSeashoreline The precipitation
andtemperaturearevariedaccordingto altitude (rangesrom warmandto dry hot summers,
andcoolto mild winters).Terrainsaremostlyrugged dissectediplandin westernareasflat
plainsdescendingo JordanValleyto the east.

Data analysis and calculations

We calculatedhe averag@nnualincidencerate (AAIR) per 10° populationfor eachof the 11
governoratein the WestBankbetweertheyears1990+202basedn the mid-yearpopulation
sizefor eachgovernorateestimatedoy the (PCBS)25]. At first, wecalculatedhe annualinci-
dencefor eachgovernoraten eachyearfrom 1990until 2020by dividing the numberof cases
in thegivenyearandgivengovernoratd mid-yearpopulationsizefor this governoraten that
year 105population.Thenwe calculatedhe averag@nnualincidencefor eachgovernatesep-
arately. The AAIR for the WestBankwascalculatechsan averag®f the AAIR for the11gov-
ernatesDistribution mapsandfrequencytableswvereplottedfor eachgovernorateyearand
month of infection,andthe averageumberof casepergovernorateMoreover,casesvere
distributedby, age genderand seasorof infection.

Spatiotemporal analysis and projections mapping

We conductedacorrelativedistribution modellingwith the databasef the CL caseén Pales-
tine for the time period 1990+202@soccurrencedata.Thedistribution of climaticallysuitable
zonedor transmissiorof CL wasconcludedbasedn thesedataand on the biologyof the
sandfly.

Wereviewedhe literatureto identify environmentaland ecologicafactorsaffectingsandfly
distribution [23,24,26,27], eightof the 19bioclimaticvariableof Worldclim (afreeclimate
datafor ecologicamodellingand GIS) (http://www.worldclim.org/biodim) [28] wereselected
for the currentandfuture projections.Thesevariablesare:BIO1DAnnual MeanTemperature,
BIO2bMean Diurnal Ranggmeanof monthly (maxtempBbmin temp)),BIO4bTemperatue
Seasonalitystandarddeviation*100),BIO7 £t TemperaturéAnnual Rangg BIO5-BIO6),
BIO10bMeanTemperatureof WarmestQuarter,BlIO11+tMeanTemperatureof Coldest
Quarter,BIO12bAnnual Precipitation,and BIO15+PrecipitationSeasonalityCoefficientof
Variation). All climatedatahavespatialresolutionof 2.5arc-minutes(approximatelys km).
Thegeographicdbcationof eachendemicvillage(longitude latitude) wasobtainedusing
GeolLocato(http://tools.freeside.sk/géuacator/) (versionl.35).
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We appliedfour modellingalgorithmsto modelthe distribution of CL in PalestineThese
algorithmsare:GLM (Generalized.inearModel) [29], GBM (Generalizedoostedviodel)
[30] andRF(RandomForest)[31] includedin the biomod2R-Package&ersion3.3+7(https://
CRAN.R-project.org/packagerimod?)[32] andMAXENT (Maximum-Entropy-Modeling)
[33]. Ensemblemodelling[34, 35] wasappliedusingthesefour algorithmswith eachalgorithm
havingthe sameweighting(25%).TheavailableCL datafrom 1990+202@ereusedto calcu-
latethe currentandthe future projections(2041+2060for CL in PalestineThecalculationof
CL future projectionswasperformedbasedn mpi-esm-Irclimatemodelandthe RCP4.5
emissionscenarioThelatteris anintermediatescenaricexpectingaraisein the globalmean
surfacetemperaturebetweerl.1EGind 2.6EQntil the endof this century[36]. RCPis the
Representativ€oncentrationPathwaygRCPs)which areusedfor making projectionsbased
on factorsdriving the AnthropogenicGreenhousé&asemissionshichincludepopulation
size Jifestyle economicactivity,land usepatterns gnergyuse technologyand climatepolicy.
(RCPsXescribeour different21% centurypathwayf Greenhous&asemissionsThese
includeastringentmitigation scenarig RCP2.6)two intermediatescenario§RCP4.5and
(RCP6.0rndonescenarianith veryhigh Greenhousé&asemission§RCP8.5)We usedGIS
softwarg(QGIS2.8.4-Wienhttp://www.qgis.org/de/siteflor mappingof the derivedcurrent
andfuture projectionsof CL in Palestine.

Ethics statement

Thestudyuseddezidentifieddataandall information regardingindividualswasmadeanony-
mousto investigatorgrom the source(PMoH) prior to analysisinformed consentwasnot
necessarpecaus¢he datawereanonymizedThis processvasapprovedoy the Researclith-
icsCommitteeat Al-Quds University.All dataareavailabldrom PMoH archivesandreports
(http://site.moh.ps/index/inde/Language/ar).

Results

We collectedandinvestigatedhe Palestiniarministry of healthreportsandthe availableCL
patient'sprofilesfor the period betweer 990+2020T he numberof CL patientsreporteddur-
ing this period was5855casesandthe averagannualincidenceratewas18.5cases/10popu-
lation. All CL patientscameexclusivelyfrom the WestBankwith no caseseportedin the
GazaStrip. Themaleto femaleratiowas1.25:1.

Distribution of patients-agat onsetof ilinessrangedfrom 2 monthsto 89years
(mean=22.55std18.6 yearsandthe medianwas18years)57%of the patientswereyounger
than20years16%agedbetweer?1+30yearld, 9%were31+40and 18%were41yearsor
older.

More than 65%0f the casesamefrom threegovernatesjenin29%(1617cases)Jericho
25%(1403),and Tubas12%(658). The AAIR/10° populationandthe average@umberof
patients/yeain thesegovernatesvere22.9(50.5),106.943.8),and40(21.2) respectively.
(Tablel) and(Fig 1) showall endemicgovernate the WestBankwith respectivalistribu-
tion of patientsrepresentedby total and averageumbersperyearandthe AAIR/10° popula-
tion. No casesverereportedthroughoutGazaStrip during this study.

Annualandmonthly distribution of CL casesvereinvestigatedverthe studiedperiod. A
peakof diseaséncidenceoccurredin 1995followedby severapeaksn 2004,2009,2011and
thehighestwasin 2015.Thediseas@eakedagainin 2017andfollowedby adramaticdecrease
during theyearsafter(Fig 2A). Trend of seasonalitpverthe 30-yeargperiodwasexplored
accordingto the monthly distribution of CL casesNumberof casestartsto increaseon
Decembemndcontinuesto peakduring MarchandApril of thefollowing year.Gradual
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Table 1. Distribution of cutaneous leishmaniasis cases in the West Bank between 1990 and 2020.

Governorate Number of patients * Percentage AAIR/10° population K Average number of patients/year
Jenin 1617 29% 22.9 50.5
Jericho 1403 25% 106.9 43.8
Tubas 658 12% 40 21.2
Nablus 521 9% 5.6 16.3
Hebron 386 7% 2.0 12.1
Beithlahem 325 6% 5.8 10.2
Qalgilya 202 4% 6.2 6.3
Salfit 176 3% 8.8 5.5
Tulkarem 148 3% 2.8 4.8
Ramallah 138 2% 1.5 4.3
Jerusalem 81 1% 0.7 3.0
Total 5655 100% 18.5 176.7

2 Thetotal numberof patientsrecordedby the PMoH betweerl990and 2020in eachendemicgovernorag
b The AverageAnnual IncidenceRate(AAIR) per 100.00(population.

https://da.org/10.1371durnal.pon®268264.t001

decreasef diseaséncidencestartson May and continuesdecreasingluring summerseason
(June-Augustjo reachits minimum during autumn(September-Noven#r) (Fig 2B).

For 1649patientsthe expectednfection datewasprovidedtogethemwith therecording
date.Theaveragemumberof dayshetweerinfection andrecordingdatedor this cohortwas79
daysandthe medianwas60days.

Treatmentof CL in Palestings availableexclusivelyandfreeof chargeby the PMoH. This
includeintramusculampentavalenaintimonial sodiumstibogluconatéPentostam)10+20mg/
kg bodyweight)daily for 10+20daysNo resistantCL casesverereportedand completeheal-
ing wasobservedftertherapy.Spatiotemporaanalysidasedn climatic settingsn Palestine
showdifferentclimatic suitability for the sandfliestransmitting CL in differentpartsof the
WestBankandthe GazaStrip. This spatiotemporahnalysisncludedall confirmedCL patients
asreportedby the PalestiniarMinistry of Healthovera 30-yeargeriodfrom 1990through
2020.

Thepresentandfuture climatic suitabilitiesfor occurrenceof CL for this periodis shownin
Fig 3. Correspondinghumberof CL casesn eachendemicareawasaddedasdifferentsymbols
in the presencerojectionmap(Fig 3). Moreover,wecalculatedhe future projectionfor the
year2041+2060@asedn expectedlimatic settingsandtheir adaptabilityto the sandflypopu-
lation. It showshigherincidencedor the westernWestBank.Furthermore first casefaveto
beexpectedn the southernGazastrip.

Discussion

Theepidemiologyandspatiotemporadlistribution of CL in Palestinever30-yeargperiod
wereinvestigatedThetotal numberof reportedcasedy the PMoH was5855andthe calcu-
latedAAIR wasl18.5caseper 100.00(population.Thisfigure did not indicatecase$y causa-
tive Leishmania specieandgroupedall CL patientstogether Routingdiagnosidy the PMoH
doesnot includeparasitespeciatiorandgenotyping Accordingto previousstudieq9], L. tro-
pica and L. major arethe causativéeishmania specie®f CL in PalestineHowever L. infantum
wasisolatedfrom fewcasedn the Jeningovernoratg9]. CL casesvasconfinedto the West
Bankandno casesverereportedfrom Gazastrip. Although, cutaneoudeishmaniasiss abun-
dantin North Sinai[14] andIsrael[37], borderingthe GazaStrip, thereis no information
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Fig 1. Distribution map of human cutaneous leishmaniasis in Palestine 1990-2020. Thelocationof GazaStripandWest
Bank,Palestie (top left). Geographial distribution of humancutaneosleishmarasisbetweer 990and 2020in each
endemicgovernagatein the WestBank.No casesverereportedfrom GazaStrip. CL casegrerepresentedy theaverage
numberof patients/yearandin parentheis the averagannualincidencerate/100.00 populationcalculate for each
governorae from 1990until 2020.Tablel showsthe mid-yearpopulaton asestimatedy the PalestiniarCentralBureauof
StatisticCBSn 2017 Mapswerecreatedadaptedandeditedfrom the freelyavailabé sourceghttp://eoljsc.nasa.gdv
sseop/clickmaf) by AdobePhotoshopgCC 2021.

https://doi.0g/10.1371§urnal.pon®268264.9g001

aboutLeishmaniasis in generafrom therewith no autochthonousnfectionsreported|[3, 9,
23].Like manyareasn thecoastaplainin Israel the diseaséncidenceis verylow andreached
to zeroin manyareag37]. Themostlikely scenarico justify thistrend of CL distribution is
the ecologicalclimatic conditions,farming activities cultivation,and overcrowdingn Gaza
Stripwhich areprobablynot preferredby the sandflyvectorsnor by the reservoirhost.How-
ever,misdiagnosisself-healingand seekingnedicaltreatmentin privateclinicswhich do not
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Fig 2. Annual and seasonal distribution of human cutaneous leishmaniasis in Palestine between 1990-2020. (A): Annual distribution of cutaneos
leishmanias patients1990+202Matalabelsshowannualincidencerateper100.00@opulationcalculatedor eachyear(B): Seasonalistribution of patients
permonth representedby the dateof reportingasobtainedfrom PMoH profiles.Datalabelsshowpercentag of caseper month overthe studiedperiod.

https://doi.0g/10.137 1§urnal.pon®268264.9g002

reportcaseso the PMoH shouldnot beexcludedTheinfluenceof thesefactorshasto bethor-
oughlyinvestigatecand comparedwith therestof theregion.

Genderdistribution of CL in Palestinalid not showsubstantiatlifferencedetween
infectedmalesandfemalesThetrend of equalgenderdistribution wasdescribedor visceral
leishmaniasisswell [3, 23]. Thisindicatesan equalexposureof both gendergo sandflybites
andequalinfectionwith different Leishmania speciesAgedistribution of patientsshowedhat
themajority of casesvareyoungerthan 20yearsTrendsof agedistribution of CL casedn Pal-
estineremainsthe sameoverthe pastyearsasdescribedn otherstudieq19].

Thecurrentgeographicadlistribution of CL in Palestings focusedn threegovernorates
extendingfrom Jerichathrough Tubasto Jenin.However Fig 1 showsthe mapof CL distribu-
tion in all governoratesf the WestBankwith no caseseportedin GazaStrip. Previousstudies
showedhat L. major wassignificantlyrestrictedto the Jerichadistrict while L. tropica were
from Jericho,TubasNablus,Bethlehemandin all othergovernate§l19, 37]. This uniquegeo-
graphicaldistribution of causativd.eishmania specieshroughoutthe WestBankis deter-
mined by the sandflypopulationsandthe parasitehostdistribution which arehighly
dependenbn climaticandenvironmentaffactors.Thelatter showedhigh variability ranging
from desert-likehot, anddry environmentin Jerichcand Tubasin the JordanVally with a
uniquetopographyandelevationdownto 300m belowthe seadevel to hilly andmountain-
ousdistrictsin the middle andwesternpartsof the WestBank.

Annualdistribution of CL case®verthe 30-yearstudiedperiod showedmultiple peaks.
Thefirst peakoccurredin 1995and mostcasegamefrom the JerichogovernorateA previous
studyfrom this areaidentified L. major asthe causativespeciesndattributedthis peakto the
socio-politicalchangesfterthe Osloagreementvhenthousandf Palestiniarreturneefrom
abroadandthe PalestiniarPoliceForcewereresettledn Jerichogovernoratd19]. Thesecond
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Fig 3. Spatiotemporal analysis of cutaneous leishmaniasis in Palestine. Spatiotenporal analysi®f cutaneousdeishmaniagsiin Palestindor thetime period
1990+202Mesigneccurrentandfuture climatic suitabilitiesfor cutaneosleishmarasisin Palestie areshownon the maps.Currentprojections(right map)
andthefuture projections(left map)areshown.Futureprojectian of cutaneosleishmaniass in Palestinavascalculate for the comingyears2041+260using
thempi-esm-t climatemodelandthe RCP4.5scenarioNumberof (CL) casedn eachendemicareawereaddedto the presencerojectionsandindicaedas
differentshapesn the map(left map),showingthe numberandthe occurrenceof CL casen differentendemicareaghroughou of the country. Thisfigureis
licensedunderCCBY 4.0.

https://doi.0g/10.1371Hurnal.pon®268264.g003

peakwasin 2004andfollowedby severapeaksasshownin Fig 2A. Previousstudiesdentified
L. major and L. tropica ascausativegentxoexistingn the WestBankand contributing to the-
segeographicahndseasongbeaksf the diseas¢9, 19,37]. Thereareseverafactorscontrib-
uting to theincreasingCL incidencein PalestineThesencludehumanimmigration to
endemicareasyrbanizationandagriculturalactivities Jand use andclimaticandenviron-
mentalconditions.However migration of CL case$n Palestings not easyto predictandwas
not quantified.

Monthly distribution of the CL caseshoweda seasongbatternthattrails the sandflyseason
andabundancewhichincreaserom mid-springto mid-autumn[16, 18]. Theaverageum-
berof daysbetweerinfectionandrecordingdatewas79days.Thisincubationperiod (~2+3
months)justifiesthe peakof case$rom Marchthrough April following the sandflyseason.
However seasonalistribution of CL case$n Jerichogovernatevasdescribedor L. major
andL. tropica which peakdn January-Februargnd March-April respectively19].

Currentandfuture projectionsof CL in Palestinavereexploredbasedn eightbioclimatic
variablesaffectingclimatic suitabilitiesof the sandfly vectors Currantdistribution basen
patient'sinformation collectedrom 1990through 2020showsthat Jericho,Tubas Jeninand
Nablushavethe mostsuitableclimatic settingsfor the sandflyvectorsin the WestBank,while
GazaStripwasnot likely thefavourableThe selectedioclimaticvariablesncluding Annual
MeanTemperatureMeanDiurnal RangeTemperatureSeasonalitylemperaturéAnnual
RangeMeanTemperatureof WarmestQuarter,MeanTemperatureof ColdestQuarter,
Annual Precipitation,and PrecipitationSeasonalithaveshownhigh climatic suitability and
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favouredclimatic conditionsfor the sandfly in thesepartsof the WestBank.Theseesultsare
in agreemenwith previousstudyfrom Jerichogovernorateandits vicinity which found signif-
icantcorrelationbetweerthe monthly numberof casesvith meanaverageéemperaturerela-
tive humidity, meanaveragevaporationwind speedmeanaverageainfall and sunshine
which arefavourabldor the parasitevectorsand hosts[19].

Thefuture projectionsof CL in the WestBankuntil 2060indicatea stabilizationof Jenin
andNablusgovernorateashighly suitableregionsandanincreasef the suitabilityin the
westernpartsof thesegovernoratesMoreover,increasingsuitability is shownin Tulkarem,
Qalqilya,Salfit,and Ramallatgovernoratesndhencea high risk of CL will expandstarting
from northwestof Jenindown to the southwesbf RamallahThefociin Jerichoand Tubas
throughoutthe JordanVally arepredictedto disappeain thefuture accordingto the projected
climatechange®f the bioclimaticvariablesncludedin our analysisThesechange$ncludean
increasen the annualtemperaturerangeandadecreasef the humidity to alevelthat cannot
betoleratedby sandflyvectorsMoreover,spatiotemporaprojectionsshowedhat endemic
foci aroundHebroncity areprojectedto offerlessfavourableconditionsfor CL vectorsand
thereforeareatlowerlevelof risk. However the westernpartsof BeithlahemandHebronare
projectedto beathigherlevelof risk comparedo the currentsituation.Interestingly the
future projectionof CL until 2060indicatesanincreasingsuitability of climatic conditionsfor
CL vectorsin GazaStrip,andapossibleemergencef newendemicsespeciallyn the citiesof
KhanYunesand Rafahto the south.

Sincesandflyvectordistribution dependsn climaticand environmentalconditions,tem-
peraturewasfound to beoneof the mostimportant parametersn their survival development,
behaviourandactivity [20]. Daily minimum temperatureghat normally recordedin the even-
ing andat night is morevital thanthe daily maximumtemperaturesincemostsandflyspecies
exhibit predominantactivity periodsduring the night [38+41].Theseactivitiesincludeblood
andsugarfeeding hostseekingmating,andoviposition[42, 43], However species-specifidif-
ferencesn the peakactivity, which caninfluencethe vectorialcapacityof differentspeciesvere
observed44+46].This canjustify the differencesn currentoccurrenceandfuture projections
betweerCL andVL in PalestinePreviousstudieson VL indicatedthat the endemicfociin
mostgovernoratesf the WestBankareprojectedto disappeain the future [23] comparedo
CLwhichis projectedto continuein the WestBankand possiblyemergan GazaStrip.

Anotherfactorfor the sandflyeggandlarvaegrowthis humidity which originatesasrain-
fallsandcondensationlt haslessmportant role in adulthoodbut is verysignificantin the
pre-adultstageso reachthe stageof amaturationof the sandfly. However humidity in general
islessmportant thantemperatureparameter$41]. Climatechangeassociatewith tempera-
ture andhumidity hasthe potentialto expandthe geographicangeof leishmaniasigh many
countries[24,47]. Thisexpansioris relatedto alikely increasen annualmaximumand mini-
mum temperaturethelatteris assumedo experience greaterincreaseMoreover,precipita-
tion in Palestindhasexperienceé significantdecreasespeciallyn winter andearlyspring.
Futureprojectionsof climatechangesn Palestineexpeciareductionin rainfall and precipita-
tion levelswith seasonalvarminganddrying. On the otherhand,humanactivitiesincluding
urbanisationagricultureandland usecancontributeto changesn vegetatiorwith subsequent
changeén vectorandhostdensityand composition.Furtherinvestigationof thesefactors
andtheir potentiallycontrastingeffectsarestill needed.

Theresultsof this studymayhavethe following limitations; somecase®f leishmaniasisnay
havebeenunderreportedbecausef their sub-clinicalsymptomsThe spatialdistribution pattern
andepidemiologicatharacteristicef the diseaseverecarriedout betweerl 995and 2020 data
before1995wasnot availableandthe environmentafactors meteorologicatlata,urbanization,
andsociologicafactorsthat maydrive the leishmaniasigpidemichaveyetto beexamined.
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In conclusionthe epidemiologyand spatiotemporatlistribution of CL in Palestinever
30-yearperiod showeda climatic suitability of CL in the WestBankbut not the GazaStrip.
Futureprojectionof CL until 2060indicatesincreasingncidenceof CL startingfrom north-
westof Jenindownto the southwesbf Ramallahincluding Nablus,Tulkarem,Qalgilya,and
Salfit.CL in Jerichoand Tubasthroughoutthe JordanVally is projectedto disappeain the
future andthe modellingfor Hebroncity suggestiessavourableconditionsfor CL vectorsin
GazaStrip,thereis anincreasingclimatic suitabilityfor CL vectorsandapossibleemergence
of newendemicsespeciallyn KhanYunesand RafahgovernatesTheseresultsshouldbecon-
sideredto implementeffectivecontrol andsurveillancesystemsn specificregionsatanearly
stageof risk exposureThisincludesperiodiccheckof the sandflyoccurrencen theareas
underrisk and sprayliving andsleepingareasof the sandflywith insecticidesHence the
threatof the climatic-drivenspatialexpansiorof CL vectorscanbecounteractedMoreover,
control of animalreservoirhostsof CL shouldbeimplementedaspart of the surveillancesys-
temin the PMoH. Theresultsof this studycouldimprovethe understandingof the epidemic
characteristicand spatiotemporapatternsof leishmaniasisliseasén the country. It canalso
aidin shapingapproacheor interventionand provideabasigfor policy decisiongn caseof
healthresourceananagemenandallocationdn thetargetedareasOn the otherhand,spatio-
temporalclusteringanalysiss apredictionstrategyfor a sustainabl@pproachto monitor the
spreadof CLin Palestine.
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