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ABSTRACT

ItissignificanttoaccuratelypredicttheepidemictrendofCOVID-19duetoitsdetrimentalimpact
ontheglobalhealthandeconomy.Althoughmachinelearning-basedapproacheshavebeenappliedto
predictepidemictrend,standardmodelshaveshownlowaccuracyforlong-termpredictionduetoa
highlevelofuncertaintyandlackofessentialtrainingdata.Thispaperproposesanimprovedmachine
learningframeworkemployinggenerativeadversarialnetwork(GAN)andlongshort-termmemory
(LSTM)foradversarial training to forecast thepotential threatofCOVID-19 incountrieswhere
COVID-19israpidlyspreading.ItalsoinvestigatesthemostupdatedCOVID-19epidemiological
databeforeOctober18,2020andmodelstheepidemictrendastimeseriesthatcanbefedintothe
proposedmodelfordataaugmentationandtrendpredictionoftheepidemic.Themodelistrainedto
predictdailynumbersofcumulativeconfirmedcasesofCOVID-19inItaly,USA,China,Germany,
UK,andacrosstheworld.Thepaperfurtheranalyzesandsuggestswhichpopulationsareatriskof
contractingCOVID-19.
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INTRODUCTION

Thenovelcoronavirus,alsoknownasSARS-CoV-2,isafamilyofvirusesthatarenamedaftertheir
spikycrownandwasfirstreportedonDecember312019inWuhan,China(Liuetal.,2020;F.Zhou
et al., 2020). COVID-19 spread explosively throughout China and other countries of the world,
especially in theUSA, Italy,Spain,andUK.Thevirushasshownevidenceofhuman-to-human
transmission(Awadasseidetal.,2020;Kucharskietal.,2020).WorldHealthOrganization(WHO)
hasdeclaredCOVID-19asapandemiconMarch11,2020(Takianetal.,2020).Globally,asof22
October2020,a totalof41,104,946confirmedcasesofCOVID-19, including1,128,325deaths,
reportedtoWHO.Comparingtootherglobalpandemicinthehistory,suchasthe1918influenza
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pandemic(Morens&Fauci,2007),SevereAcuteRespiratorySyndrome(SARS)(Setoetal.,2003)
andMiddleEastRespiratorySyndrome(MERS)(Hemidaetal.,2013),COVID-19isknownasits
1)higherinfectiousrate;2)longerincubationperiod,whichvariousfrom2-14daysafterexposure
tothevirus;3)higherfatalityrate,especiallyforpeoplewithweakimmunesystemorunderlying
diseases(Sharma,2020).Moreover,someinfectedpeopleareasymptomaticbutstillcontagious(Day,
2020;Huetal.,2020).

Although COVID-19 continues to spread globally, the experience of China indicates the
outbreakiscontrollableif thegovernmentemployseffectivemitigationmeasures(Kraemeretal.,
2020;B.-Z.Lietal.,2020).Inaddition,giventhefactthatthevirusishighlycontagiousandthere
isnocurativemedicineortreatmentyet,mostcountriesformulatedavarietyofpolicytocurbthe
spreadofCOVID-19,includingbutnotlimitedtoLockdown,TravelBans,TestingRequirements,
SocialDistancing,MaskWearingandQuarantine.Ofnote,betterunderstandingofthepossiblefuture
developmentoftheCOVID-19pandemicwillhelpwithspreadingcontrolandprevention(Shiauetal.,
2021).Todate,studiesarefocusingontreatmentoptions(L.Chenetal.,2020;Gaoetal.,2020)and
clinicalsymptoms(Gemmar,n.d.;Tianetal.,2020;Zhaoetal.,2020),whereasonlyafewresearch
haveconcentratedonlong-termcontrolandprevention.Givenimprovedunderstandingofthepandemic
trendmayprovidevaluablesuggestionsonhowtoeffectivelycontroltheepidemicspreadandrelieve
theimpactstoglobaleconomyandsociety(M.Lietal.,n.d.), it issignificanttoaccuratepredict
theepidemictrendofCOVID-19.Tothisend,manyapproacheshavebeendevelopedtoanalyze
andforecastCOVID-19.Thoseforecastingmethodscanberoughlycategorizedintotwoclasses:
predictionapproachesbasedonCTscansandchestX-rayimages,andestimationapproachesbased
onthenumberofcasesofCOVID-19.Thefirstcategorymainlyadoptsdeeplearningalgorithmsto
analyzeX-rayorCTscansforCOVID-19diagnosis.ACNN-baseddetectionmodelwasproposedto
detectCOVID-19(Narinetal.,2020)andthemodelistrainedusing100chestX-rayimageswhere
halfarefromcasegroupandhalfarefromcontrolgroup.Themodelwasevaluatedusingfive-fold
cross-validationandachieved98%classificationaccuracy.Anotherframework,COVIDX-Net,was
proposed(Hemdanet al.,2020) toassist radiologists indiagnosingCOVID-19patientsbasedon
X-ray.COVIDX-NetemploysseveraldeeplearningmodelsandindicatestheVGG19outperforms
othermodelswithanF-scoreof91%. Inaddition,Gozeet al.(Gozeset al.,2020)automatically
identifiedCOVID-19patientsandexaminedthediseaseburdenquantificationonCTscansbasedon
adeep-learningapproachandachievedAUCof99.6%.Wangetal.(S.Wangetal.,2021)employed
amodifiednetworkinceptionmodeltoextractregionsofinterest(ROIs)ofsizesfromtheCTscans,
andobtained82.9%accuracy.

Ontheotherhand,researchershaveimplementedmachinelearningbasedmodelstoforecastthe
futuretrendsofCOVID-19,i.e.,theestimatednumberofconfirmed,recoveredanddeathcases.Several
studieshaveappliedeitherstandardormodifiedepidemiologicalmodelstopredictthefuturetrends,
i.e.,SIR(Susceptible-Infected-Recovered)(Abuhaseletal.,2020;Alboaneenetal.,2020;Y.-C.Chen
etal.,2020;Sujathetal.,2020;Wangpingetal.,2020)andSEIR(Susceptible-Exposed-Infectious-
Removed)(Houetal.,2020;Pandey,n.d.;Xuetal.,n.d.;Yangetal.,2020;X.Zhouetal.,n.d.),to
predicttheepidemictrendofCOVID-19.Ontheotherhand,machinelearninghasbeenemployed
asanalternativetotheepidemiologicalmodelsfortheepidemictrendprediction,suchasLogistic
model(Ahmedetal.,2020;Kriston,n.d.;Malavikaetal.,2020;Malhotra&Kashyap,n.d.;X.Zhou
etal.,n.d.),FbProphet(Gaur&Gaur,2020;Kumar&Susan,2020;Taylor&Letham,n.d.;P.Wang
etal.,2020),Cloudframework(Panda,n.d.;Tulietal.,n.d.),Gaussianmixturemodel(Bhandarietal.,
2020;Singhaletal.,2020),etc.Doganeretal.(Doganer&Zhang,2021)evaluatedtheusabilityof
GoogleTrendsdatatopredicteandmodeltheCOVID-19outbreak.Theycollectedthesearchwords
relatedtocoronavirusandshowedthatGoogleTrendsdatacanbeusedtobuildtheforecastmodel
forcasenumbersintheCOVID-19outbreak.Sincethepandemicdataaresequencescollectedover
aperiodoftime,anumberofmachinelearningbasedmethodsfortimeseriesanalysis(Malekietal.,
2020;H.Wangetal.,2018;H.Wang,Wu,etal.,2019;H.Wang,Zhang,etal.,2019)couldbeapplied
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