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ABSTRACT

Anoutbreakof theCOVID-19pandemiccausedby theSARSCoV2hasprofoundlyaffected the
world.Thisstudyaimedtoidentifythespatio-temporalclusteringofCOVID-19patternsusingspatial
statistics.LocalMoran’sIspatialstatisticandMoranscatterplotwerefirstusedtoidentifyhigh-high
andlow-lowclustersandlow-highandhigh-lowoutliersofCOVID-19cases.Getis-Ord’s〖 G〗_i^*
statisticwasthenappliedtodetecthotspotsandcoldspots.Theauthorsfinallyillustratedtheusedmethod
byusingadatasetof10,742locallytransmittedcasesinfourCOVID-19wavesin63prefecture-level
cities/provincesinVietnam.Theresultsshowedthatsignificantlow-highspatialoutliersofCOVID-19
caseswerefirstdetectedinthenorth-easternregioninthefirstwaveandinthecentralregioninthe
secondwavewhereasspatialclusteringofhigh-high,low-high,andhigh-lowwasmainlyfoundinthe
north-easternregioninthelasttwowaves.Itcanbeconcludedthatspatialstatisticsareofgreathelpin
understandingthespatialclusteringofCOVID-19patterns.
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INTRODUCTION

TheCOVID-19pandemic,causedbytheemergenceofsevereacuterespiratorysyndromecoronavirus
2(SARS-CoV-2),hasbeendescribedasanunprecedentedglobalhealthandsocio-economiccrisis
(Kassema,2020).Thelatestdatashowthat,globally,asof18June2021,theCOVID-19pandemic
hasresultedinmorethan177.1millionconfirmedcasesandmorethan3.8milliondeaths(WHO,
2021).Thepandemicwillcreatesocio-economicburdensdifferentlyindevelopedanddeveloping
countiesoftheWorldduetothelossofhumanresources(UnitedNations,2020).Itis,therefore,the
useofmoderntechniques,especiallygeographicalapproaches,isofgreathelpinthefightagainstthe
COVID-19pandemicingeneral,andintheunderstandingofthespatialdistributionandmanaging
theCOVID-19infectioninparticular.
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COVID-19-relateddatasuchasthegeographicallocationsof(visited)COVID-19caseswhich
have a spatial and geographic dimension can be considered a type of spatial object and can be
studiedwiththehelpofaGeographicInformationSystem(GIS)andspatialstatistics.Theclustering
phenomenonofthesespatialobjectsingeneralandCOVID-19infectioninparticular,itselfistied
toTobler’sFirstLawofGeography,whichoffersthatwhileallobjectsarerelatedinspace-objects
nearertooneanotheraremorerelated(Sadler&Furr-Holden,2019,Tobler,2004).Itis,therefore,
geographical approaches are fundamental to keep infectious diseases and their geographical
distributionundercontrol(Cicalò&Valentino,2019).FollowingtheideaofTobler(2004),commonly
usedstatisticsforspatialauto-correlationanalysissuchasglobalspatialstatistics(Moran’s I,Getis-Ord 
G*andGeary’s c)andlocalindicatorsofspatialassociation(LISA)havebeensuccessfullyapplied
inepidemiologicalstudies(seeRobinson(2000)foradetailedreview)ingeneralandinthestudyof
COVID-19pandemic(seethefollowingreview)inparticular.Amongthesespatialstatistics,Getis-
Ord G*andMoran’s IhavebeenwidelyusedinthestudyoftheCOVID-19pandemic.TheGetis-Ord 
G*statistichasprovenitseffectivenessinhotspotdetectioninepidemiologystudies,thus,ithasbeen
widelyappliedtodetecttheCOVID-19hotspotsatglobal,regional,country,andprovince-levels.

Atagloballevel,withthecombinationoftheglobal,localMoran’s IandGetis-Ord G*statistics,
Fatimaetal.(2021)successfullydetectedthespatialclusteringandhotspotsofCOVIDincidencein
2020.Later,whenperformingspatio-temporalanalysisandhotspotsdetectionofCOVID-19using
geographicinformationsystem(GIS)withnewconfirmedCOVID-19casescollectedattheendof
MarchandApril2020,Shariatietal.(2020)alsorevealedthathotspotanalysiscoupledwithlocal
Moran’s Iprovideascrupulousandobjectiveapproachtodeterminethelocationsofstatistically
significantclustersofCOVID-19cases.

Atacountrylevel,extensivestudiesontheidentificationofCOVID-19hotspotsbasedon
Getis-Ord G*statistichavebeenconductedinmanybadly-affectedcountriesbyCOVID-19
suchasChina(Liuetal.,2021,Wangetal.,2021),UnitedStates(Mollaloetal.,2020),Brazil
(Alvesetal.,2021),Italy(Ghosh&Cartone,2020),England(Sartoriusetal.,2021),andmost
recentlyIndia(Bhuniaetal.,2021,Parvinetal.,2021).Oneofthefirststudiesonthespatial
clusteringoftheCOVID-19pandemicwasconductedbyWangetal.(2021)utilizingtheglobal
andlocalspatialcorrelationanalysis(Moran’s I).Inthatstudy,Wangetal.(2021)successfully
detected the spatio-temporal changes of COVID-19 transmission in China using 81,000
COVID-19confirmedcasedatacollectedin337prefecture-levelcitiesfromJanuarytoMarch
2020atthebeginningoftheepidemic.Later,whenanalyzingtemporalandspatialCOVID-19
transmissioninChina,Moran’s I,Getis-Ord G*,Kulldorff’sspace-timescanstatistics,andthe
geographicallyweightedregressionmodelhaveproventheireffectivenessinastudybyLiuet
al.(2021)toidentifyspatialclustersof67,449COVID-19laboratory-confirmedcasesandto
investigatetheeffectsoftheassociatedfactorsonCOVID-19incidence,respectively.Inthe
UnitedStates,thecombinationofGetis-Ord G*statisticandartificialneuralnetworkinaGIS
environmentwasemployedbyMollaloetal.(2020)tomodelCOVID-19incidenceratesacross
theContinentalUnitedStates.Sartoriusetal.(2021)effectivelyappliedaBayesianhierarchical
space-time SEIR model to assess the spatio-temporal variability of COVID-19 caseloads
(transmission)anddeathsatasmall-areascaleinEngland.WhenanalyzingCOVID-19spread
inIran,Ramírez-Aldanaetal.(2020)successfullyemployedunivariateandbivariatespatial
statisticstoidentifyspatialclusteringofCOVID-19casesataprovincelevel.Withtheaimsof
analyzingthegeographicaldistributionofCOVID-19andofidentifyinghigh-riskareasforthe
occurrenceofcasesanddeathsfromthediseaseintheindigenouspopulationofBrazil(Alves
etal.,2021),bothofGetis-Ord General GandGetis-Ord G*statisticsweresuccessfullyused
byAlvesetal.(2021)toidentifyhighspatialriskclustersfrom32,041casesofand471deaths
byCOVID-19.InItaly,widelyusedspatialindicatorssuchasthelocalMoran’s I,Getis and 
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