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Abstract

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in late 2019 triggered the global
COVID-19 pandemic, presenting an unprecedented public health challenge. This review synthesizes critical aspects of
SARS-CoV-2, beginning with its origin, which genomic analyses trace to bat coronaviruses like RaTG13, though the exact
transmission pathway to humans remains debated. The virus possesses a large ~30,000-nucleotide RNA genome
encoding structural, non-structural, and accessory proteins that facilitate replication and pathogenesis. Key structural
proteins include the Spike (S) protein, which mediates host cell entry via the ACE2 receptor. The review details the
virus's epidemiological characteristics and the emergence of Variants of Concern (VOCs) such as Delta and Omicron,
driven by viral evolution and selective pressures. A significant portion is dedicated to the functions of viral proteins,
highlighting their roles in viral replication, immune evasion, and contributing to severe disease. Furthermore, the article
surveys diagnostic methodologies, emphasizing molecular techniques like RT-PCR as the gold standard, and explores
emerging biosensor technologies. Finally, it outlines therapeutic strategies, cataloguing antiviral drugs that target
essential viral components, including the main protease and RNA-dependent RNA polymerase. This comprehensive
overview underscores the multifaceted understanding required to combat SARS-CoV-2 through diagnostics,
therapeutics, and public health measures.
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1. Introduction

In 2019, a novel coronavirus called severe acute respiratory syndrome coronavirus (SARS-CoV-2) developed in Wuhan,
Hubei province, China [1]. Coronavirus illness 19 (COVID-19) is a new and extremely contagious viral infection caused
by SARS-CoV-2. Genomic investigations have showed that SARS-CoV-2 is phylogenetically close to severe acute
respiratory syndrome-like (SARS-like) bat viruses, implying that bats could be the major reservoir [2]. The pandemic
induced by the novel Betacoronavirus (-CoVs or Beta-CoVs), the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which triggered the epidemic of coronavirus disease 2019 (COVID-19), has been a serious public health
problem worldwide [3]. On February 11, 2020, the World Health Organisation (WHO) officially designated the current
coronavirus outbreak Coronavirus Disease-2019 (COVID-19), while the International Committee on Taxonomy of
Viruses (ICTV) named the virus SARS-CoV-2 [4]. The Betacoronavirus is the most investigated genera because it
contains airborne viral species capable of infecting people, such as severe acute respiratory syndrome-related
coronaviruses (SARS-CoV) and Middle East respiratory disease coronaviruses (MERS-CoV). SARS-CoV-2 is extremely
deadly because it spreads by sneezing and contact [5]. To multiply, viruses must enter a host cell and employ the cellular
machinery to aid in the replication of their genetic material and the translation of viral proteins [6]. Older age, male sex,
and several co-morbidities have been identified as risk factors for COVID-19 severity; however, these risk variables do
not entirely explain the variations between asymptomatic, mild, and severe patients [7]. Although molecular methods
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for measuring SARS-CoV-2, such as reverse transcription-quantitative polymerase chain reaction (RT-qPCR) with
primers and probes designed in the core coding region, cannot distinguish between non-infectious residual virions and
infectious (replicative) virus particles, are widely used in clinical settings [8]. The investigated antiviral techniques are
primarily based on current medications designed to treat viral infections or other disorders [9]. As a primary focus, the
coronavirus spike (S) protein is critical in coronavirus infection, pathogenicity, transmission, and evolution [10].
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Figure 1 Schematic outline of SARS-CoV-2 life cycle [11].

2. Origin and Evolution

On December 31, 2019, the WHO China Country Office was notified of cases of pneumonia of unknown etiology
discovered in Wuhan (Hubei Province, China), which was later identified as the epicenter of SARS-CoV-2 transmission
[3]. Early in the Wuhan pneumonia pandemic, scientists obtained full genome sequences from five SARS-CoV-2-infected
individuals [4]. Its genome consists of 14 open reading frames (ORFs), two-thirds of which encode 16 nonstructural
proteins (nsp1-16) that comprise the replicase complex, and the remaining one-third encodes nine accessory proteins
(ORF) and four structural proteins: spike (S), envelope (E), membrane (M), and nucleocapsid (N), with Spike mediating
SARS-CoV entry into host cells [12]. Coronavirus can cause a variety of disorders in people, including common colds and
the aforementioned deadly infections (SARS and MERS) [13]. SARS-CoV-2, like other coronaviruses, has a large RNA
genome of around 30,000 nucleotides. Its replication is mediated by RNA-dependent RNA polymerase (RdRP) and an
associated proofreading enzyme, exo ribonuclease (ExoN) [14].
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Figure 2 The taxonomic classification and positions for the known seven HcoVs [15].

The origin of SARS-CoV-2 is still contested, however the most closely related viruses originate from bats, such as the
RaTG13 virus, which shares around 96% sequence homology and was isolated from the Rhinolophus affinis (i.e,
intermediate horseshoe) bat [16]. Even though bats are presumably the primary source of SARS-CoV-2 transmission, it
is unclear whether it is transferred directly from bats to people or via an intermediate host [17]. When studying the
evolution of protein-coding sequences, it is critical to distinguish between nucleotide changes that change amino acids
(and thus possibly impact the protein structure) and those that do not [18]. The SARS-CoV-2 genome was extensively
sequenced, allowing for a thorough understanding of the evolutionary history of the virus's main lineages, particularly

the variants of concern [19].

3. Epidemiological Characteristics:
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Figure 3 Timeline of the key events of the COVID-19 outbreak [23].

Since December 21, 2019, doctors in Wuhan, Hubei province, China, have seen an unusually high number of patients
with atypical pneumonia [20]. According to the Johns Hopkins University dashboard, which was updated on November
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4, 2020, the number of fatalities from COVID-19 has increased to 1,215,173, with a total of 47,491,193 impacted cases
worldwide [21]. On December 14, 2020, England and Northern Ireland reported the first new strain of variant SARS-
CoV-2. COVID-19 incidence varies over the world, and the WHO recorded about 84 million confirmed cases and 1.8
million documented deaths from 218 countries [22].

4. Variants

Viruses mutate or modify their genetic material during replication, resulting in variations [24]. Low replication fidelity
enables RNA viruses to swiftly adapt to varied host conditions and selection forces, hence promoting viral replication
[25]. WHO identifies five SARS-CoV-2 variants of concern (VOC): Alpha, Beta, Gamma, Delta, and Omicron, as well as two
SARS CoV-2 variants of interest (VOI): Lambda and Mu (WHO SARS CoV-2 Variants) [26]. The evolution of the virus was
influenced by social behaviors such as masking and social distancing, host immune status (naive, vaccinated, and herd
immunity), the development of passive countermeasures to treat vulnerable hosts, and the resulting selective pressures
[27].

5. Structure
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Figure 4 The principal structure of SARS-CoV-2 [3].

Understanding the structure and genome organisation of SARS-CoV-2 is critical for determining the mechanisms of viral
replication, infectivity, and proteins that induce host immune responses, which could aid in the development of potential
treatments and vaccines for COVID-19 prevention [28]. Coronaviruses belong to the Coronavirinae subfamily of the
Coronaviridae family, which includes four genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus [4]. SARS-CoV-2 follows the normal genomic organisation of 3-coronaviruses. The genome is made up
of 14 functional open reading frames (ORFs), two noncoding areas at either end, and several regions that encode
nonstructural proteins (NSPs), accessory proteins, and structural proteins [29]. A comparative genomic investigation
of 44 Sarbecoviruses revealed that SARS-CoV-2 ORF3a, ORF3c, ORF6, ORF7a, ORF7b, ORF8, and ORF9b encode
accessory proteins designated using homology-based ORF nomenclature [30]. The coronavirus virion consists of
structural proteins such as the nucleocapsid (N), membrane (M), envelope (E), and spike (S) [31]. Coronavirus infection
begins with the specific binding of the coronavirus spike (S) protein to the cellular entry receptors, which have been
identified for several coronaviruses and include human aminopeptidase N (APN; HCoV-229E), angiotensin-converting
enzyme 2 (ACE2; HCoV-NL63, SARS-CoV and SARS-CoV-2), and dipeptidyl peptidase 4 (DPP4; MERS-CoV) [32].
Approximately two-thirds of the 5’ end of the SARS-CoV-2 genome encodes two overlapping polyproteins, ppla and
pplab12. Two viral proteases degrade these two polyproteins, resulting in 16 non-structural proteins (NSPs) required
for viral replication and transcription [33].
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Table 1 Functions of invasiveness and virulence of individual proteins of SARS-CoV-2.

Proteins

Functions

Reference

Nspl

Suppresses the host protein synthesis (including IFN-I and RIG-I) through association
with ribosomes. Inhibits IRF3 phosphorylation and IFN production; suppresses ISG
induction due to Tyk2 and STAT2 depletion and inhibition of STAT1 phosphorylation.
Changes the structure and function of the cytoskeleton.

[3]

Nsp2

Can participate in the binding of nucleic acids and the regulation of intracellular signaling
pathways. Participates Nsp2 in the processes of viral replication. Proteins that interact
with nsp2 are involved in several biological processes, such as endosomal transport and
translation. Changes the synthesis and modification of lipids.

[29]

Nsp3

Papain-like protease (PLpro) and deubiquitinase. Participates in the proteolysis of
la/1ab polyproteins. Cleaves IRF3. By removing ubiquitin in the structures of signaling
pathways, they disrupt the development of antiviral cellular stress, including
translocation of IRF3 into the cell nucleus and inhibition of RIG-I, STING, TRAF3, Nsp3
TBK1, IRF3. Nsp3 SARS-CoV-1 c promotes inactivation of conjugated ubiquitin-like
molecules such as interferon, which is involved in different pathways of the innate
antiviral immune response regulation. However, the deubiquitinase and IFN-blocking
functions of nsp3 SARS-CoV-2 seem to be significantly lower than that of nsp3 SARS-CoV-
1. Participates in the RTC formation.

[33,34]

Nsp4

AnER-localized transmembrane protein (as nsp3 and nsp6), is considered to be involved
in the assembly of virus-induced cytoplasmic double-membrane vesicles. Participates in
the RTC formation.

[35,36]

Nsp5

3-chymotrypsin-like “main” protease (3CLpro) is involved in the proteolysis of 1a/1ab
polyproteins. Inhibits the translocation of IRF3 into the cell nucleus and promotes the
degradation of IRF3. It regulates (by proteolysis) the Nsp5 development of pro-
inflammatory stress in different directions: activating the formation of NLRP12 by
inflammasomes and inhibiting kinase- TGF-beta activated kinase 1 (MAP3K7- mitogen-
activated protein kinase 7) binding protein 1 (TAB1). Participates in the RTC formation.

[5,37]

Nsp6

Inhibits the phosphorylation of IRF3, STAT1, and STAT2 [110]. Potentially contributes to
SARS-CoV-2 infection by Nsp6 impairing the ability of autophagosomes to deliver viral
components to lysosomes for degradation. Probably, along with orf7a, can interact with
sigma receptors, which are involved in lipid remodeling and the ER stress response.
Participates in the RTC formation.

[14,38,39]

Nsp7

During viral RNA replication, the nsp12 cofactor forms a primase complex with nsp.
Participates in the RTC formation.

[40,41]

Nsp8

The nsp12 cofactor in viral RNA replication. Participates in the formation of the RTC.
Forms a primase complex with nsp7, which plays a decisive role in the regulation of the
activity of RNA-dependent RNA polymerase (RdRP) nsp12. Suppresses the transport of
membrane proteins in cells infected with SARS-CoV-2, disrupts IFN secretion.

[42,43]

Nsp9

RNA-binding protein, interacting with nsp12, is one of the key factors of RTC. Suppresses
the transport of membrane proteins in cells infected with SARS-CoV-2, disrupts the
secretion of IFN and some other cytokines. Interferes with the activation of IRF3 and the
induction of IFN synthesis by inhibiting TBK1.

[29,44]

Nsp10

The cofactor of nspl4 and nspl6 forms functional complexes with them upon
methylation of viral RNA. Nsp10 Acting on NKRF (NF-B-repressive factor), can regulate
the levels of IL-8, NKRF and form a unique immune signature in COVID-19. Participates
in the RTC formation.

[36,43,45]

Nspl1

Includes only 13 amino acid residues. The role of the nsp11 protein in cells infected with
CoV has not yet been studied.

[34,41]

Nsp12

RNA-dependent RNA polymerase is a key enzyme mediating the synthesis of all viral RNA
molecules. A key component of RTC.

[36,39,46]
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Nsp13

Helicase, 5-triphosphatase. Inhibits the phosphorylation of TBK1, which leads to a
decrease in IRF3 activation, inhibits Nsp13 the phosphorylation of STAT1 and STAT2.
Participates in viral replication. Changes the structure and function of the cytoskeleton.
Participates in the RTC formation.

[47,48]

Nsp14

3-5 exoribonuclease and N-7-methyltransferase. Inhibits nuclear translocation of IRF3.
Participates in the RTC formation. As an exonuclease, it provides the ability to correct
errors in the RNA synthesis complex, which allows SARS-CoV-2 to maintain its large
genome.

[34,39,49]

Nsp15

NendoU, a uridylate-specific endoribonuclease. Inhibits nuclear translocation of IRF3.
Participates in the RTC formation. Meanwhile, nsp15-deficient CoVs are viable and can
replicate, but with some delay and errors. Another possible mechanism of nsp15 action
is an evasion of viral double-stranded RNA recognition by host sensors in macrophages,
including MDAS5, PKR, and OAS/RNaseL.

[5,50,51]

Nsp1l6

2-0-methyltransferase, which blocks the recognition of viral RNA by PRR by forming the
morpho-functional complexes with nsp10. Participates in the RTC formation.

[51,52,53]

Orf3a

Disrupts the IFN signaling pathways by inhibiting STAT1 phosphorylation. Can regulate
the effects of IL-6 action by inhibiting STAT3 and STATS5. Promotes lysosomal
degradation of the-chain of the IFN-I receptor (IFNAR1) and induces ER stress (shown in
SARS-CoV-1). Forms transmembrane ionic potassium-specific Orf3a channels that
facilitate the release of the virus from the cell. It is assumed that viral ion channels can
also promote membrane fusion and regulate viral replication and/or the packaging of
genomic RNA into viral particles. Activates NF-kB, NLRP3 inflammasomes, promoting
cytokine storm. Blocks the fusion of autophagosomes with lysosomes, contributing to the
survival of the virus.

[41,54,55]

Orf3b

Interferes with nuclear translocation of IRF3. Can cause a specific antibody response as
N and orf8 proteins. Orf3b is not expressed in many strains of SARS-CoV-2, however,
SARS-CoV-2 orf3b can suppress IFN-I induction more efficiently than its orthologue
SARS-CoV-1.

[36,43]

orfé6

Inhibits IRF3 (via action on TBK1) phosphorylation. Binds to KPNA2 (karyopherin
subunit alpha 2) and the Nup98-Rael complex, which inhibits nuclear translocation of
IRF3 and STAT1. Causes changes in Orf6 signaling pathways that include the activation
of apoptosis through caspase-3-mediated, ER stress, and JNK-dependent pathways (JNK-
c-Jun N-terminal kinases). Inhibition of STAT1 causes compensatory hyperactivation of
STAT3 in cells infected with SARS-CoV-2, which promotes overproduction and activation
of plasminogen activator inhibitor-1 (PAI-1) and can lead to coagulopathy.

[19,30,49]

Orf7a

Inhibits the STAT2 phosphorylation. According to the results of in silico calculations, can
interact with sigma receptors, as nsp6. Has structural homology to ICAM-1, binds to Mac-
1 and the integrin receptor LFA-1 on leukocytes. The orf7a expression leads to apoptosis,
blocking the cell cycle, activation of NF-kB, and mitogen-activated protein kinase
(MAPK). Binds to CD14 (TLR4 cofactor), promoting the production of proinflammatory
cytokines. Promotes the release of SARS-CoV-2 from the cell membrane by inhibiting the
membrane protein BST-2.

[39,54]

Oorf7b

Inhibits STAT1 and STAT2 phosphorylation.

[36,48]

Oorf8

Interacts with a variety of host proteins and blocks the class 1 major histocompatibility
complex (MHC-I) protein in the Orf8 ERlumen. Inhibits IFN signaling pathways and
activation of ISG promoters. Orf8, being secreted into the extracellular space can activate
the IL-17 signaling pathway by interacting with the host’s IL17RA. Forms cation channels
upon assembly in the lipid bilayer, like orf3a and E-protein.

[42,51]

Orf9b

Blocks the signaling pathways from TNF receptors by acting on TRAF3 and TRAF6 (TNF
receptor-associated factor 3 and 6), disrupts IFN-I synthesis, and induces ATG5-
mediated autophagy in host cells. Blocks TOM70, a key Orf9b adapter that transmits an
antiviral signal from the mitochondrial RLR/MAVS pathway to TBK1/IRF3 to induce an
IFN response. Interacts with RIG-I, MDA-5, MAVS, STING, and TBK1, prevents

[41,56]
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phosphorylation and nuclear translocation of IRF3, NF-B activation, and inhibits TRIF
(TLR adapter).

S Plays a key role in the process of receptor recognition and cell membrane fusion. The | [1,38,44,57]
structure of this protein allows it to interact with many receptors in host cells.

E Promotes the assembly and release of the virus, has the properties of a viroporin | [33,47,55]
membrane channel, which can contribute to damage to the epithelial barrier, the
pathogenesis, and the severity of COVID-19. The function of E the ion channel is
associated with the activation of inflammasomes and the development of
hyperinflammation in the lungs. These effects of E-protein are capable of initiating a
cytokine storm and the development of an experimental analog of ARDS.

M The dominant structural protein can bind to other structural proteins suchasSand Eand | [15,50,53,55]
determines the shape of the viral envelope. Participates in the packaging of the genome
in the viral particle, structures the viral particle. M Inhibits STAT1 phosphorylation. M
interacts with RIG-I, MAVS, and TBK1, thus preventing the formation of a multiprotein
complex containing RIG-I, MAVS, TRAF3, and TBK1, and subsequently preventing
phosphorylation, nuclear translocation, and activation of IRF3.

N Binds viral RNA and protects the viral genome, participates in the assembly of the | [35,46,52,56]
genomic RNA of the virus. Modifies the signaling pathway of the cytokine TGF-f3, blocking
the apoptosis of infected host cells, but can also induce apoptosis by activating the
mitochondrial pathway. Promotes hyperinflammation by activating NLRP3
inflammasome. It interferes with RIG-I activation, interferes with the association
between TBK1 and IRF3, and prevents nuclear translocation of IRF3. Inhibits the
formation of G3BP1-dependent stress granules during the development of the cell’s
antiviral response and blocks the host mRNA.

Abbreviations of Table 1.

CoV - Coronavirus

Nsp- Non-Structural Protein

Orf - Open Reading Frame (Accessory Protein)
RTC - Replication-Transcription Complex

S - Spike Protein

E - Envelope Protein

M - Membrane Protein

N - Nucleocapsid Protein

IFN / IFN-I - Interferon / Type I Interferon

ISG - Interferon-Stimulated Gene

IRF3- Interferon Regulatory Factor 3
STAT1/2/3- Signal Transducer and Activator of Transcription
NF-kB- Nuclear Factor Kappa B

NLRP3- Inflammasome sensor

RIG-I / MDAS5- Viral RNA sensors

MAVS- Mitochondrial Antiviral-Signaling Protein
STING- Sensor for cytosolic DNA

TBK1- Kinase that activates IRF3

TRAF3/6- Signaling adaptor proteins

ER- Endoplasmic Reticulum

MHC-I- Major Histocompatibility Complex Class I
ARDS - Acute Respiratory Distress Syndrome

6. Diagnosis

Early detection is critical for limiting the spread of COVID-19. COVID-19 can be clinically diagnosed using three major
approaches: epidemiological history, clinical symptoms, and laboratory examinations such as nucleic acid detection,
computed tomography (CT) imaging of the lung, and immunoassay-based tests such as enzyme-linked immunosorbent
assay (ELISA) [56]. Molecular and serological diagnostic techniques are used to detect the target analyte against SARS-
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CoV 2. Furthermore, the most commonly used molecular diagnostic techniques for SARS-CoV-2 diagnosis include PCR
(Polymerase Chain Reaction), qRT-PCR (Quantitative Reverse Transcription Polymerase Chain Reaction), CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats), RT-LAMP (Reverse Transcription Loop-mediated
Isothermal Amplification), and CT-imaging (Computed Tomography imaging) [57]. Saliva is an excellent choice for
sampling since salivary glands, gingiva, oral mucosa, and the tongue may act as hosts for SARS-CoV-2 due to the
expression of the hACE2 receptor [1]. Several molecular assays have been validated and are now available on the market
to diagnose SARS-CoV-2 infection. Validated specimen types include nasopharyngeal swab, aspirate, oropharyngeal
swab, bronchoalveolar lavage, and sputum [58]. Molecular detection of SARS-CoV-2 nucleic acid is the gold standard.
There are numerous commercial viral nucleic acid detection assays available that target ORF1b (including RdRp), N, E,
or S genes [23]. The CDC recommends two nucleocapsid protein targets (N1 and N2), but the WHO recommends the E
gene for first-line screening, followed by the RdRp gene as a confirmatory test due to its better sensitivity and specificity
[28]. The current method for diagnosing SARS-CoV-2 is to amplify the viral nucleic acid using reverse transcription
polymerase chain reaction (RT-PCR), with ORF1ab and the N gene of SARS-CoV-2 [1].

COVID-19 diagnosis criteria

Screening
Laboratory Imaging
tests

Novel
technique

Molecular
examination

Clinical

Features Immunological

s Decrease WBC  ChestXoray:
D?B";h Increase CRP and ESR. i sequencing
: Increase CPK and LDH : Quantitative RT-PCR : CRISPER
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Myalgia Tncrease ?rothrmnbin Ground glass opacities RTiiPCR Nucleocapsid protein Penn RAMP
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dimer »

Figure 5 Diagnostic protocol has been recommended for COVID-19 [53].

The majority of lateral flow tests are designed to identify SARS-CoV-2 nucleocapsid protein as a surrogate for infectious
virus in nasal or nasopharyngeal swabs [59].

Mass spectrometry (MS) is a promising analytical method for detecting viruses quickly and accurately from a variety of
materials. Prior to the COVID-19 pandemic, outbreaks of Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV)
in 2003 and Middle East Respiratory Syndrome Coronavirus (MERS-CoV) in 2012 encouraged efforts to create MS-based
detection techniques for human coronaviruses [60]. Mass spectrometry (MS) techniques are used to diagnose SARS-
CoV-2 in gargle or saliva samples [57].

A biosensor is an analytical tool made up of a biorecognition element that binds the analyte of interest and a transducer
that generates the assay results [55]. It can also be classed based on the type of detection signal, such as optical or
electrochemical sensor [61]. A photonic nanosensor targeting the SARS-CoV-2 RBD region using bioengineered
nanobodies (Nb) has been developed, and bimodal waveguide (BiMW) interferometric technology is employed for rapid
and direct detection of the SARS-CoV-2 virus's RBD [62]. Nanomaterials, specifically carbon-based, polymer-based,
quantum-dot, and metal-based nanomaterials, are often used in biosensing applications to diagnose SARS-CoV 2
infection using various detection methods such as viral sequence, antibody, or antigen [63].
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Various Biosensor techniques used in detection of SARS CoV-2: [64].

7. Therapeutics

Electrochemical Biosensors for SARS-CoV-2 RNA Detection
Electrochemiluminescence-Based Biosensors
Plasmonic-Based Biosensors
Electrochemical Biosensors for Antibodies against SARS-CoV-2 Detection
Ellipsometry- and SPR-Based Biosensors

Photoluminescence-Based Biosensors

Nanoplasmonic-Based Biosensors

Field-Effect Transistor Based Biosensors

Quartz Crystal Microbalance Based Biosensors

Nanomaterial Based Sensor for the Diagnosis of COVID-19 in Exhaled Breath

A healthy population with a strong immune system as a result of exercise, proper nutrition, and regular vitamin and
mineral supplementation ensures safety against SARS CoV-2 [65]. Understanding the variations in structural and

nonstructural proteins between SARS-CoVs and other coronaviruses may aid in the development of treatments for
SARS-CoV-2 infection [4].

Table 2 Antiviral Drugs and their Viral targets [11,13,16,23,33,40,44,45,34,36,56,66,67].

Antiviral Drug Viral Target
Bamlanivimab Spike protein
Amubarvimab Spike protein
Calpeptin Spike protein
Sertraline Spike protein
Arbidol Spike protein
Simnotrelvir Main protease
Leritrelvir Main protease
Apixaban Main protease
Nelfinavir Main protease
Glycyrrhizin Main protease

Lopinavir-ritonavir

Main protease

Nirmatrelvir Main protease

Danoprevir Main protease

Atazanavir Main protease

Boceprevir Main protease

Dipyridamole Main protease

Carmofur Main protease

Ebselen Main protease

Darunavir Main protease

Baicalein Main protease & RNA-dependent RNA polymerase
Deuremidevir RNA-dependent RNA polymerase
Remdesivir RNA-dependent RNA polymerase
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Favipiravir RNA-dependent RNA polymerase
Avifavir RNA-dependent RNA polymerase
Molnupiravir RNA-dependent RNA polymerase
Ribavirin RNA-dependent RNA polymerase

8. Conclusion

The review synthesizes current knowledge on SARS-CoV-2, covering its origins, genomic structure, and protein
functions relevant to replication and immune evasion. The emergence of new variants presents challenges, while
advancements in RT-PCR and biosensors improve diagnostics. Targeted antivirals and a strong immune response are
vital in managing infections. This comprehensive understanding informs public health strategies, therapeutic
developments, and vaccine creation, underscoring the need for ongoing research to combat viral evolution and prepare
for future threats.
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