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ABSTRACT

TheCOVID-19pandemichasaffectedthewholeworldquiteseriously.Thenumberofnewinfectious
casesanddeathcasesarerapidlyincreasingovertime.Inthisstudy,atheoreticallinguisticfuzzy
rule-based susceptible-exposed-infectious-isolated-recovered (SEIIsR) compartmental model has
beenproposed topredict thedynamicsof the transmissionofCOVID-19over timeconsidering
populationimmunityandinfectiousnessheterogeneitybasedonviralloadinthemodel.Themodel’s
equilibriumpointshavebeencalculated,andstabilityanalysisofthemodel’sequilibriumpointshas
beenconducted.Consequently,thefuzzybasicreproductionnumber,R0f,ofthefuzzymodelhasbeen
formulated.Finally,thetemporaldynamicsofdifferentcompartmentalpopulationswithimmunity
andinfectiousnessheterogeneityusingthefuzzyMamdanimodelaredelineated,andsomedisease
controlpolicieshavebeensuggestedtogetovertheinfectioninnotime.
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1. INTRODUCTION

Thenovelsevereacuterespiratorysyndromecoronavirus2(SARS-CoV-2),well-knownasCOVID-19,
hasbecomethesingle-mostburningissueallovertheworldrightnow.AsofSeptember08,2020,
from213countriesand regions throughout theworldalongwith2 international transportations,
thetotalnumberofreportedcoronaviruscasesis27,510,544,andthenumberofdeathstillnowis
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897,231whereasonly19,605,017recoveredfromthedisease(Worldometer,2020).Thenumberof
positiveinfectedcasesanddeathcaseshasbeenincreasingsorapidlythroughouttheworldthatthis
outbreakofCOVID-19wasnotifiedasapandemicbytheWorldHealthOrganization(WHO)on
March11,2020(WHO,2020).OnDecember31,2019,thisoutbreakwasfirstdetectedandreported
inWuhan,China(Yang&Wang,2020).Controllingtheoutbreakofthisdiseasehasbecomesomuch
strenuousforseveralreasons(Chatterjeeetal,2020;Yang&Wang,2020).Oneofthemajorreasons
forthisisthatthescientificworldstilllacksallthenecessarybiologicalandclinicalinformation
regardingthisnewvirus.Again,novaccineforthisdiseaseisstillavailable(Chatterjeeetal,2020).
Theresponsesoftheantibodyortheimmuneproteinagainstthevirusarenotyetunderstoodwelland
alsotheclinicalefficacyoftheserologicaltestinghasremainedambiguous(Tangetal,2020).Atthis
moment,ithasbecomeveryurgenttorealisticallyrecognizethetransmissionprocessofCOVID-19
withknownclinicalinformationandpredictthetemporalinfectiondynamicsaccordinglytocontain
thisepidemicwiththehelpofstrictandcorrectinterventionmeasures.

DifferentresearchworksarebeingconductedonCOVID-19incountriesallover theworld.
Jiaetal(2020)developedaspatio-temporalrisksourcemodeltostatisticallyderivethegeographic
spread of COVID-19 and the growth pattern based on the population outflow from Wuhan. In
anotherstudy,Wuetal(2020)forecastednationalandglobalspreadofCOVID-19inWuhanand
estimatedthatlargecitiesoutsideChinacouldalsobecomeoutbreakepicentres.Wuetal(2020)later
extendedhisresearchtoestimateclinicalseverityofCOVID-19fromthetransmissiondynamicsin
Wuhan,China.Variousclassicalcompartmentalepidemiologicalmodels(Braueretal,2019;Daley
&Gani,1999;Martcheva,2015)havebeenproposedforpredictingandunderstandingthetemporal
transmissiondynamicsofCOVID-19.Intheseclassicalmodels,theentirepopulationissplitinto
differentcompartmentsofspecificgroupsofindividualsdistinguishedbytheinfection.Tomodelthe
infectionoftheasymptomaticcarriers(Rotheetal,2020),theexposed(E)compartmentistypically
used in the compartmental models for SARS-CoV-2 predictive studies (Yang & Wang, 2020).
UsingtheSusceptible-Exposed-Infected-Recovered(SEIR)model,Wangetal(2020)estimatedthe
transmissiondynamicsinWuhanwithrespecttothenumberofinfectedcases.Anothercompartment,
whichisViralConcentration(V),hasbeenappendedtothisSEIRmodelinastudybyYangetal
(2020)tomodelmulti-transmissionchannelsofSARS-CoV-2.Chatterjeeetal(2020)executedthe
Susceptible-Infected-Recovered-Death(SIRD)modeltopredicttheinfectiondynamicsinIndiaand
othercountries.Giordanoetal(2020)performedthepredictivestudyforthetransmissiondynamics
ofSARS-CoV-2inItalyusingtheSusceptible-Infected-Diagnosed-Ailing-Recognized-Threatened-
Healed-Extinct(SIDARTHE)model.

However, all these classical models exploiting the system of ordinary differential equations
(ODE)thatbelongstothecrispsetdisregardedthedifferentuncertaintiesorvariabilitiesassociated
withthetransmissiondynamicsofSARS-CoV-2.Onemainassumptioninalltheseclassicalmodels
ispopulationhomogeneitythatindicatesthatallinfectiousindividualshavetheidenticalcapacityor
possibilityoftransmittingthediseasetothesusceptibleindividuals.Asaresult,manystudiesassumed
thetransmissionrate,βasaconstantvaluewhichisthemostsignificantlyinfluentialparameterinthe
systemofODEoftheclassicalcompartmentalmodels.Manystudiesexploitedphase-basedβinthe
classicalsystemusingphase-basedeffectivereproductionnumber,Rt(Chatterjeeetal,2020;Giordano
etal,2020;Wangetal,2020)valuesalthoughRtisadynamicparameter.Moreover,nopopulation
heterogeneitywasincorporatedintothesemodels.Inreality,transmissionratemightchangefrom
placetoplaceandtimetotimedependingondifferentcomplexpopulationheterogeneities,suchas
populationimmunity,infectiousnessetc.Again,theinfectiousnessofthediseasemayormaynot
dependontheviralloadofagivenviralinfectionordisease.However,astudyonSARS-CoV-2
conductedbyHeetal(2020)delineatedthatbothinfectiousnessandviralloadchangeaspopulation
transitfromasymptomaticexposedthroughsymptomaticinfectedtorecoveredstateovertime.Long
etal(2020)studiedtheantibodyortheimmuneprotein(immunoglobulin-Gandimmunoglobulin-M)
responsestoCOVID-19inthepatients.Denningetal(2020)recentlystudiedthetemporaldynamics
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