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Abstract

This paper aims to highlight and
address topics on structure ofvirus,
treatmentprotocolsandsuccessrates,
developmentofdiagnostickits,vaccine
trials,India’sresearchanddevelopment
progress and controland preventive
measures ofCOVID-19 .Systematic
literature review was carried outand
experimentalstudies,researchfindings
andcontributions,reportsofscientists
from acrosstheworld,knowledgeand
datafrom crediblesourcesarecollected
andincorporatedinthepaper.
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Introduction

Coronaviruses (CoVs) are a diverse
familyofviruses.Theycauseavariety
of diseases in mammals and birds
rangingfrom enteritisincowsandpigs
and upper respiratory disease in
chickens to potentially lethalhuman
respiratory infections.[1]Severe acute
respiratorysyndrome(SARS),thefirst
identified in 2002 and diagnosed in
SouthernChina,occurredfrom ahuman
CoV[2].Then,exactly10yearsafterthe
SARS-CoVemergence,anew emerging
Coronavirus named Middle East
RespiratorySyndrome(MERS-CoV)has
infected people with a high mortality
rateofnearly50%intheMiddleEast.10
March 2016, the World Health
Organization(WHO)globalcasecount

for MERS was 1,651 laboratory-
confirmedcases,includingatleast590
deaths(casefatalityrate36%)sincethe
firstcaseswerereportedinSeptember
2012[3].

StructureofVirusanditsdiversity

Coronavirus virions are sphericalwith
diametersofapproximately125nm as
depicted in recent studies by cryo-
electrontomographyandcryo-electron
microscopy [4].The mostprominent
feature ofcoronaviruses is the club-
shaped spike projections emanating
from thesurfaceofthevirion.These
spikes are a defining feature ofthe
virionandgivethem theappearanceofa
solar corona, prompting the name,
coronaviruses.Within the envelope of
the virion is the nucleocapsid.
Coronaviruses have helically
symmetricalnucleocapsids,which is
uncommonamongpositive-senseRNA
viruses,but far more common for
negative-sense RNA viruses.
Coronavirusparticlescontainfourmain
structuralproteins.Thesearethespike
(S),membrane(M),envelope(E),and
nucleocapsid(N)proteins,allofwhich
areencodedwithinthe3′endoftheviral
genome.The S protein (~150 kDa),
utilizesanN-terminalsignalsequenceto
gainaccesstotheER,andisheavilyN-
linkedglycosylated.Homotrimersofthe
virusencoded S protein makeup the
distinctive spike structure on the
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surfaceofthevirus[5].ThetrimericS
glycoproteinisaclassIfusionprotein[5]
and mediatesattachmentto thehost
receptor[6].Inmost,coronaviruses,Sis
cleavedbyahostcellfurin-likeprotease
intotwoseparatepolypeptidesnotedS1
and S2 [7,8].S1 makes up the large
receptor-bindingdomainoftheSprotein,
whileS2formsthestalkofthespike
molecule[9].

The M protein is the mostabundant
structuralproteininthevirion.Itisa
small(~25–30kDa)proteinwiththree
transmembrane domains [10]and is
thoughttogivethevirionitsshape.It
has a smallN-terminalglycosylated
ectodomain and a much larger C-
terminalendodomainthatextends6–8
nm intotheviralparticle[11].Despite
beingco-translationallyinsertedinthe
ERmembrane,mostM proteinsdonot
contain a signal sequence. Recent
studiessuggesttheM proteinexistsas
adimerinthevirion,andmayadopttwo
differentconformations,allowing itto
promotemembranecurvatureaswellas
tobindtothenucleocapsid[12].

TheEprotein(~8–12kDa)isfoundin
smallquantitieswithinthevirion.The
coronavirus E proteins are highly
divergent but have a common
architecture [13]. The membrane
topologyofEproteinisnotcompletely
resolvedbutmostdatasuggestthatitis
atransmembraneprotein.TheEprotein
hasanN-terminalectodomainandaC-
terminal endodomain and has ion
channelactivity.Asopposed to other
structuralproteins,recombinantviruses
lacking the E protein are notalways
lethal, although this is virus type
dependent[14].TheEproteinfacilitates
assemblyandreleaseofthevirusbut
alsohasotherfunctions.Forinstance,

theionchannelactivityinSARS-CoVE
protein is not required for viral
replication but is required for
pathogenesis[15].

The N protein constitutes the only
proteinpresentinthenucleocapsid.Itis
composedoftwoseparatedomains,an
N-terminaldomain (NTD) and a C-
terminaldomain(CTD),bothcapableof
bindingRNA invitro,buteachdomain
usesdifferentmechanismstobindRNA.
IthasbeensuggestedthatoptimalRNA
bindingrequirescontributionsfrom both
domains [16,17].N protein is also
heavily phosphorylated [18], and
phosphorylationhasbeensuggestedto
triggera structuralchange enhancing
theaffinityforviralversusnonviralRNA.
N proteinbindstheviralgenomeina
beads-on-a-string type conformation.
TwospecificRNAsubstrateshavebeen
identifiedforN protein;theTRSs[19]
andthegenomicpackagingsignal[20].
Thegenomicpackagingsignalhasbeen
foundtobindspecificallytothesecond,
orC-terminalRNAbindingdomain[21].
Nproteinalsobindsnsp3[22,23],akey
componentofthe replicase complex,
andtheM protein[24].Theseprotein
interactionslikelyhelp tethertheviral
genometothereplicase–transcriptase
complex (RTC), and subsequently
packagetheencapsidatedgenomeinto
viralparticles.

A fifth structural protein, the
hemagglutinin-esterase(HE),ispresent
in a subsetofβ-coronaviruses.The
proteinactsasahemagglutinin,binds
sialic acids on surface glycoproteins,
and contains acetyl-esterase activity
[25].These activities are thoughtto
enhance S protein-mediated cellentry
andvirusspreadthroughthemucosa
[26].
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Fig.1. Structureofrespiratorysyndrome
causinghumancoronavirus.[27]

Fig2:Transmissionmodes.[27]

Fig.3. ThelifecycleofSARS-CoV-2in
hostcells;beginsitslifecyclewhenS
protein binds to the cellularreceptor
ACE2. After receptor binding, the
conformation changein theS protein
facilitatesviralenvelopefusionwiththe
cellmembranethroughtheendosomal
pathway. Then SARS-CoV-2 releases
RNAintothehostcell.GenomeRNAis
translated into viral replicase
polyproteinspp1aand 1ab,whichare
thencleavedintosmallproductsbyviral
proteinases.Thepolymeraseproduces
a series of subgenomic mRNAs by
discontinuous transcription and finally
translated into relevantviralproteins.
Viralproteins and genome RNA are
subsequentlyassembledintovirionsin
theERandGolgiandthentransported
viavesiclesandreleasedoutofthecell.
ACE2,angiotensin-convertingenzyme2;
ER, endoplasmic reticulum; ERGIC,
ER–Golgi intermediate compartment.
[27]

Treatmentprotocols-Potential
therapeuticstrategiesagainstCOVID-
19
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Initially,interferons-αnebulization,broad
-spectrum antibiotics, and anti-viral
drugs were used to reduce the viral
load [28],however,onlyremdesivirhas
shown promising impactagainstthe
virus [29]. Remdesivir only and in
combination with chloroquine or
interferonbetasignificantlyblockedthe
SARS-CoV-2 replication and patients
were declared as clinically
recovered [30].Variousotheranti-virals
are currently being evaluated against
infection. Nafamostat, Nitazoxanide,
Ribavirin, Penciclovir, Favipiravir,
Ritonavir,AAK1,Baricitinib,andArbidol
exhibitedmoderateresultswhentested
against infection in patients and in-
vitro clinicalisolates [ 31].Severalother
combinations,such as combining the
antiviralorantibiotics with traditional
Chinesemedicineswerealsoevaluated
againstSARS-CoV-2inducedinfectionin
humans and mice [30]. Recently in
Shanghai,doctors isolated the blood
plasma from clinically recovered
patientsofCOVID-19andinjecteditin
the infected patients who showed
positiveresultswithrapidrecovery [32].
Inarecentstudy,itwasidentifiedthat
monoclonal antibody (CR3022)
binds withthespikeRBDofSARS-CoV-2.
This is likely due to the antibody’s
epitope not overlapping with the
divergentACE2receptor-bindingmotif.
CR3022 has the potential to be
developed asatherapeuticcandidate,
alone or in combination with other
neutralizing antibodies for the
prevention and treatment of COVID-
19 infection [33].

VaccinetrialsforSARS-CoV-2

There is no available vaccine against
COVID-19,while previous vaccines or

strategies used to develop a vaccine
against SARS-CoV can be effective.
Recombinantprotein from the Urbani
(AY278741)strain ofSARS-CoV was
administered to mice and hamsters,
resultedintheproductionofneutralizing
antibodiesandprotectionagainstSARS-
CoV [34].

Antibodies from Ilamas have been
engineeredto blockcoronavirus.They
arecalledsingledomainantibodiesor
nano antibodies.They bind to spike
proteinandpreventsvirusfrom invading
humancells.TBvaccineoffershopefor
treatmentofCOVID-19.Scientistsare
currentlytestingTBvaccinebelievedto
sensitise immune system. A new
inactivated COVID-19 vaccine called
PiCoVacc,showspromising resultsin
neutralizing 10 differentSARS –CoV2
strains thatare circulating worldwide.
Thevaccinewastestedonmice,rats
andnonhumanprimates.Itinducedthe
productionofantibodiesthatcantarget
multiple strains ofcoronavirus SARS-
CoV -2.Clinicaltrialsareexpectedto
beginlaterthisyear.[35].

A randomized,controlledtrialinvolving
1063patientsfundedbytheU.S.NIH
shows Remdesiviracceleratesrecovery
from advancedcovid–19.Preliminary
results indicate that patients who
receivedRemdesivirhada31% faster
time to recovery than those who
receivedplacebo.Themediantimeto
recovery was 11 days for patients
treatedwithRemdesivircomparedwith
15daysforthosewhoreceivedplacebo.
[36].

92vaccines,45antibodies,20antivirals,
12cell basedtherapies,5RNAbased
treatmentsand52othersolutionsare
currentlybeingexploredtofightcorona
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virus SARS-CoV 2. Milken institute
launchedawebsitethattrackseachone
ofthesetreatmentsand itsprogress,
whetherinpreclinicalorclinicalstage.
[37]
DevelopmentofDiagnostickits

In response to Coronavirus disease
2019 (COVID-19),governments have
instigatedrulesthatconstrainpersonal
freedoms and hamstring their own
economies, placing approximately 3
billion people under lockdown.Some
haverolledoutwidespreadtestingfor
currentinfections,whileotherslimited
these tests to people who were
hospitalised,atleastduring the early
stages of their responses.As new
controls begin to bite,the race to
develop and approve a testwith a
differentpurpose—toassessnotcurrent
viralinfection,butimmunity to severe
acuterespiratorysyndromecoronavirus
2(SARS-CoV-2)—hasheatedup.Medical
diagnostic companies are
scrambling,and governments are
lookingtoordertheseantibodytestsby
the millions.The task now facing
governmentsandnationalregulatorsis
tobalanceurgencyagainsttheeveryday
sensitivityandspecificityconcernsthat
applytoanynew medicaldiagnostic.A
few technical questions still exist
aroundoptimizingtestdesign,primarily
hingingonunderstandinghow theviral
coating triggers a healthy immune
system’srecognitionandneutralization
of the virus. Antibody testing is
multipurpose:itcanverifythatvaccines
areworkingasintendedduringclinical
trials,orbe used in contacttracing
weeks or longer after a suspected
infection in an individual.Antibodies
revealevidenceofapreviousinfection
anytimefrom aboutaweekafterthe
infectionoccurred.[38].

Therearetwo testsforCOVID – 19.
Viraltestsandantibodytests.Viraltests
detects presence ofcurrentinfection.
Antibody tests detects presence of
previousinfection.

IntheRT– PCR testfordetectionof
SARS-CoV2,twoprimersintheSARS
–CoV2nucleocapsid(N)gene(N1and
N2), One primer for the universal
detection ofSARS – like coronavirus
(N3)andoneprimerandprobesetto
detecthumanRNaseP(RP)inaclinical
sample.Anotemplatecontrol(NTC)is
used to check forcontamination of
extractionandassayreagents.COVID-
19 rapid test detects antibodies .
Positive samples of RT – PCR are
showingtoomuchvariationwhentested
byrapidkitsintherangeof6to71%
said DrRaman Gangakhedkar,a top
scientist at the Indian Council of
Medical Research. FDA authorizes
CRISPR-based testforCOVID-19.It’s
the firstauthorization ofCRISPR for
patientuse.CRISPR means clustered
regularlyinterspersedshortpalindromic
repeatregion.

India’sScienceandtechnology

researchworkagainstCovid19

India’s Science and technology
Department , DST has been
implementingseveralmeasurestofight
COVID19.Itisseekingproposalsfrom
industries,academias,potentialstart
ups with focus on affordable
diagnostics, novel therapeutics and
vaccinesforthecontrolofCOVID-19.
AsperDSTsecretaryAshutoshSharma,
there are 25 projects to study the
pathologyofthevirus,800startupsare
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mapped forCOVID specific products
and 50 of these are selected for
financialsupport.One of the most
significantprojectsDSTisworkingonis
tocreateanationalCOVID19predictive
modelwhich willhelp guide policy
decisions.Twentyresearchgroupsare
working togetherto ensureacredible
and scientific modelcomes byJune.
DSTissupportingresearchbyateam of
scientistsfrom IITKanpurtodevelopa
protective coating thatwould help in
making medicated masks to fight
COVID-19.Thecoatingwouldinclude
combination of common polymers
containingantimicrobialpropertiesand
repurposableantiviralmoleculesand
materialsused would make ita cost
effectivesolution.Doctorsandnurses,
treatingCOVID 19patientswillbenefit
from thisas itwould add a layerof
securityforthem whiletreatingCOVID
19patients.
SreeChitraThirunalInstituteformedical
sciencesandtechnologyhasdeveloped
asaninnovativetechnology,magnetic
nanoparticlebasedRNAextractionkit,
calledChitraMagnatoisolateRNAfrom
swabs forPCR and LAMP tests for
COVID 19andhasalso appliedfora
patent.

Silver is known to possess strong
antimicrobialactivity.ProfessorAgrawal
developedN9bluenanosilveratSMITA
ResearchLab,IITDelhi.AspartofNano
missionprogramme,TheDepartmentof
Science and technology ( DST) has
approvedsupportforupscalingantiviral
nanocoatingasappropriatematerialto
produce anti COVID 19 triple layer
medicalmasksandN-95respirator.3D
Printed face shields manufactured
throughinnovativeopensourcedesign
were distributed to 2500 police
personnel and frontline healthcare

workersinMaharashtra.[39]

ResearchersandscientistsattheSN
BosenationalCentreforbasicsciences
(SNNBNCBS)in Kolkata developed a
nanomedicine, the nanoparticle
technologywhichwillspecificallytarget
the respiratorysystem ofthe Corona
patients and therefore,provide better
therapeuticefficacyagainstCOVID 19
thatcausespneumonia–induceddeath.
The medicine has been tested
successfullyonanimalsandnowawaits
humantrials.“Itmaytaketwoyearsto
finally rolloutthe nanomedicine as
someformalitiesarestillinvolvedinthe
process.WehaveappliedtotheDrugs
ControllerGeneralOfIndia(DCGI)for
itspermissiontobeginhumantrialsfor
thenanomedicine.Wearealsolooking
fortheFood and Drug Administration
(FDA)approvalfrom theUSA to get
internationalmarket.We are the first
institute in the world to conduct
research and develop nanomedicine
withrespecttoCOVID–19“,saidProf
SamirKumarPal,aseniorprofessorat
thedepartmentofChemical,Biological
and Macromolecular Sciences under
SNBNCBS.

Conclusions-Controlandpreventive

measures

Covid 19 has drawn attention to the
need for problem solving in a
collaborativeapproach.Itisimportant
tothinkaboutrealprioritiesintermsof
socialandeconomicaspects.Although
finding vaccine is the long term
permanentsolutiontoendtransmission
of corona virus, our collective
commitment and responsibility as
citizensfollowingstrictprotocolsuchas
social distancing, containment
measureswilldictatecontrolofspread
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ofvirus. Totideovercurrentcrisisof
COVID 19 pandemic,let us follow
scientificprinciplesofrightprecaution
guidelinesandstayhealthyandsafe.It
is also importantto keep ourselves
updatedwithinformationonscientific
progress,R and D innovation from
crediblesourcesandstopspreadingor
followingfakenews.
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