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ABSTRACT: The outbreak of novel coronavirus (nCoV) or severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) in December 2019 in Wuhan, China, has posed an international pub-
lic health emergency worldwide and forced people to be confined in their homes. This virus is of 
high-risk category and is declared a pandemic by the World Health Organization (WHO). The 
worldwide researchers and various health professionals are working together to determine the best 
way to stop its spread or halt this virus’s spread and circumvent this pandemic condition threaten-
ing millions of human lives. The absence of definitive treatment is possible to explore to reduce 
virus infection and enhance patient recovery. Along with off-label medicines, plasma therapy, vac-
cines, the researchers exploit the various plants/herbs and their constituents to effectively treat 
nCoV infection. The present study aimed to present brief and most informative salient features of 
the numerous facts regarding the SARS-CoV-2, including the structure, genomic sequence, recent 
mutation, targeting possibility, and various hurdles in research progress, and off-labeled drugs, con-
valescent plasma therapy, vaccine and plants/herbs for the treatment of coronavirus disease-2019 
(COVID-19). Results showed that off-labeled drugs such as hydroxychloroquine, dexamethasone, 
tocilizumab, antiviral drug (remdesivir, favipiravir), etc., give positive results and approved for use 
or approved for restricted use in some countries like India. Future research should focus on these 
possibilities that may allow the development of an effective treatment for COVID-19.
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I. INTRODUCTION 

A novel and alarming primary contagious atypical pneumonia was found in December 
2019 at Wuhan in China, the cause of which was not known at the initial stage. The 
cause of this atypical pneumonia was then found to be a zoonotic coronavirus (CoV), 
which was similar to the Middle East respiratory syndrome (MERS) and severe acute 
respiratory syndrome (SARS) CoV and named coronavirus disease-2019 (COVID-19).1 
COVID-19 infection includes the fever and respiratory symptoms in which cough fol-
lowed by shortness of breath is most important and is fatal in about 10% of cases. 
The COVID-19 infection is transmitted from person to person, primarily by respiratory 
droplets and the things which come in contact with these droplets.2 The reproduction 
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of SARS-CoV-2 compared with SARS-CoV was much higher,1 and COVID-19 was 
declared a pandemic by the WHO on March 11, 2020. The leading cause of this virus’s 
spread risk to more than 200 countries was due to carriers moving abroad from China 
through commercial aircraft. Accordingly, the new CoV infection is roughly divided 
into three main stages. Stage I represents an asymptomatic incubation period with or 
without detectable virus, Stage II represents a non-severe symptomatic period with the 
presence of the virus, and Stage III represents a severe respiratory symptomatic stage 
with high viral load.3

This disease’s outbreak is challenging as there are no specific therapeutics or vac-
cines available to cure and control, even in developed countries. Only non-pharmaceuti-
cal health measures like avoiding person-to-person contact through various means such 
as social distancing isolation and quarantine and community containment have been 
taken into account to control the spread and growth rate of this epidemic respiratory 
disease. These massive tools have played a vital role in the non-spreading of this dis-
ease when taken timely.4,5 Many pharmaceuticals such as drugs and vaccines are in the 
developing stage and require many clinical trials and other regulatory formalities before 
entering the market.

As of June 15th, 2020, COVID-19 has been confirmed in 8,525,042 people world-
wide, having 456,973 deaths6 and increasing day by day, thus an urgent need to find out 
the effective and novel treatment. The current focus has been developing a proper and 
effective therapy for its management, including antiviral, vaccines, and other therapies. 
Here, targeting the possibility for the treatment of COVID-19 based on the structure 
composition and surface protein available on the SARS-CoV-2 surface and other aspects 
are reviewed.

II. STRUCTURE OF COV 

CoV is spherical-shaped lipid bilayer enveloped particles, having 26.4 to 31.7 kb (ki-
lobases) single-stranded RNA genome, which is longer than all other RNA genome-
viruses. This largest or longer genome provides different gene modifying capacity to 
this family (family: Coronaviridae, sub family Coronavirinae, Order: Nidovirales) of 
the virus.7,8 

Genetically SARS-CoV-2 is 76% similar to SARS-CoV and 50% to MERS-CoV. 
The length of non-structural proteins in SARS-CoV-2 is 29844 base pairs (bp) (7096 
amino acids [aa]) while 29751 bp (7073 aa) and 30119 bp (7078 aa), respectively, found 
in SARS-CoV and MERS-CoV. The spike protein of SARS-CoV-2 contains 1273 aa 
while 21493 aa in SARS-CoV and 21493 aa in MERS-CoV.8

 There are four types of structural proteins: membrane (M)-protein, spike 
(S)-protein, envelope (E)-protein, and nucleocapsid (N)-protein are encoded by 
the viral genome (Fig. 1A). These structural proteins have played their role indi-
vidually in the replication of the virus.9 Among these four proteins, M and E are 
the most essential small transmembrane proteins involved in developing virus  
structure. 
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The M-protein is a glycoprotein, plays a critical role in the intracellular formation 
of virus particles, and is responsible for the virus’s shape.9 It possesses four different 
domains, i.e., carboxylic acid or cytoplasmic domain, amino or luminal domain, trans-
membrane cluster, and amphiphilic domain.10 Homotypic interaction between M and 
other viral proteins (E, S, and N) is most important for forming the virion envelope.11 
Interaction between the carboxyl domain of M-protein and N-proteins plays a crucial 
role in completing viral assembly by the stabilizing internal core and nucleocapsid of 
virions in the infected cells.12 Assembly and release of virus-like particles (VLPs) and 
viral envelope development results from the interaction between the C-termini of M- 
and E-proteins.13 The deletion of this M-E domain causes the reduction of VLPs.9

S-protein (Fig. 1B), also known as a fusion protein, is signal peptides containing 
type-1 glycoprotein, projected as spikes at the virus’s surface and provides crown-like 
characteristics structure to the SARS-CoV-2.7,14,15 S-protein is divided into two termi-
nal S1 amino-terminal and S2 carboxyl-terminal, both S1 and S2 terminals are indis-
pensable for attachment of virus and membrane fusion with the host cell.16 S1 terminal 
formed a knoblike structure while S2 formed a stem. S2 terminal contains two heptad 
repeat regions (HR1 and HR2) and fusion peptide (FP) at the amino-terminal of the HR1 
region.10 The details about the S1 and S2 will be discussed in the section “S-protein of 
CoV.”

The E-protein is the most mysterious smallest structural proteins of 8.4 to 12 kDa 
with 16–109 amino acids.17 It passages an extended hydrophilic carboxyl terminus, hy-
drophilic amino-terminus (has 7–12 amino acids), and hydrophobic transmembrane do-
main (TMD; has 25 amino acids).18 An amply amount of E-protein is expressed during 
the replication cycle of the virus in the infected cell. These expressed E-proteins remain 
localized in the Golgi body, endoplasmic reticulum (ER), and ER-Golgi intermediate 
compartment (ERGIC) for the assembly and budding of SARS-CoV-2, and only a small 
portion of E-proteins are involved in the formation of the virion envelope.9

Hemagglutinin-Esterase protein is a glycoprotein that is not found in the SARS-
CoV genome, but it forms a smaller (5–7 nm) S-protein peplomers on the envelopes of 
some group II CoV.18

FIG. 1: Structures (A) Structure of SARS-CoV-2. (B) Structure of the S–protein.
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A. Genome Organization of CoV

CoV contains a positive-sense, unsegmented single-stranded RNA genome (genus Beta 
CoV) with a diameter of 80–120 nm.19 Among all known RNA viruses, the largest ge-
nome (26.4–31.7 kb) makes the virus family more flexible to accommodate and modify 
genes with G + C content ranging from 32% to 43%. It is divided into four types: α-CoV, 
β-CoV, δ-CoV, and γ-CoV. Earlier, six CoV were known to cause human disease, and 
SARS-CoV-2 is the seventh member of the CoV family that infects humans after SARS-
CoV and MERS-CoV.20 The SARS-CoV-2 genome shows high sequence resemblance 
(89–96.3%) with two bat CoV, bat-SLCoVZC45 and bat-SL-CoVZXC21, and 79–82% 
with that of human SARS-CoV.21 There are small open reading frames (ORFs) present 
in an uneven number between the different conserved genes (ORF 1ab, spike, envelope, 
membrane, and nucleocapsid) and downstream to the nucleocapsid gene in different 
CoV lineages.15 CoV genomes are composed of short untranslated regions at both the 
5ʹ and 3ʹ ends. The genome organization of all CoV has identical characteristic gene 
sequences for the coding region, i.e., 5′-replicase ORF1ab, S, E, M, N-3′.22 The genome 
contains 14 ORFs encoding 27 proteins (Fig. 2). The longest ORF is located at the 5ʹ 
terminus encoding for 16 nonstructural proteins collectively involved in virus replica-
tion and possibly immune evasion. The 3ʹ terminus of the genome encodes structural 
proteins and accessory proteins. Hypervariable genomic hot spots have been detected 
in the spike gene and other ORFs for nonstructural proteins (nsps).8 Interestingly, the 
unique aspects of SARS-CoV-2 were found in genes of spike glycoprotein, orf8, and 
orf3b. Intermediate frameshifts of ORF1a and ORF1b produced two polypeptides: pp1a 
and pp1ab that are processed into 16 nsps by virus-encoded chymotrypsin-like protease 
or main protease and one or two papain-like proteases.23 Single guide RNA (sgRNAs) 
of CoV translate all structural and accessory proteins. One-third of the genome con-
tains four essential structural proteins S-, M-, E-, and N-proteins near the 3’-terminus 

FIG. 2: Genome organization of SARS-CoV-2 showing that there are 14 ORFs. The genome 
comprises of 5ʹ untranslated region (5ʹUTR) with two ORFs coding for polyprotein (pp1a/ab) 
necessary for replication, followed by structural proteins including spike S–protein, E–protein, 
M–protein, and N–protein. Accessory proteins (3a, 3b, p6, 7a, 7b, 8b, 9b and orf14) at 3ʹUTR. 
ORF, open reading frame; SARS-CoV-2, severe acute respiratory syndrome CoV.
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encoded by ORFs 10 and 11. These nsps reposition the membranes derived from the 
rough endoplasmic reticulum (RER) into double membranous vesicles, where virus rep-
lication and transcription occur.24 A transcriptional regulatory sequence (TRS) motif has 
existed at the 3′ end of the leader sequence that precedes most ORFs. The TRS motifs 
are thought to be necessary for the “copy selection” mechanism that mediates specific 
spontaneous template changes during RNA replication, leading to the high frequency of 
symmetric RNA recombination in CoV.25

B. Division/Multiplication Mechanism of COVID-19 

The life cycle of a CoV in a host cell subdivided into four phases are (i) attachment of virus 
with the host cell and entry into the host cell, (ii) replicase protein expression, (iii) replica-
tion and transcription of viral protein in the host cell, and (iv) assemble and release the virus.

The angiotensin-converting enzyme (ACE) 2 is a crucial receptor for the subunit of 
S1 and S2 of S-protein for the CoV (Fig. 3) and expressed in cells of the lungs, heart, tes-
tis, liver, vascular endothelium, kidney, and intestine.16 After binding the S1 terminal to 

FIG. 3: Structure of the S-protein before and after membrane fusion. (A) Structure of the trimeric 
ectodomain of S from nCoV. The S2 subunit in one monomer is shown in green, the NTD of S2 
is shown in magenta and the CTD of S2 is shown in blue. The CTD is in the “up-conformation,” 
exposing the binding domain for the ACE2 receptor (cyan). The S1/S2 and S2′ cleavage sites are 
indicated in red (Figure was created with Pymol from Protein Data Bank [PDB] file 6VSB). (B) 
Structure of the HR domains of S from SARS-CoV. HR1 is labeled green and HR2 is labeled 
blue. The formation of this six-helix bundle is supposed to drive membrane fusion (Figure was 
created with Pymol from PDB file 1ZV8). (C) Structure of the HR1 of S from SARS-CoV (green) 
bound to the panCoV peptide inhibitor EK1 (blue). The amino acids in S essential for binding 
to EK1 are shown as magenta sticks in one helix. The amino acids in S from SARS-CoV-2 not 
conserved in S from SARS-CoV are shown as red sticks. Because the nonconserved amino acids 
are apparently not required for binding to EK1, the fusion inhibitor is likely to prevent cell entry 
of SARS-CoV-2 (Figure was created with Pymol from PDB file 5ZVM) (reprinted from Sun et 
al. with permission from Elsevier, copyright 2020).
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the receptor, it triggers conformational changes that expose the fusion peptide for the fu-
sion function of the S2 terminal. As a result, the two HR regions formed a heterotrimeric 
six-helix bundle (at the S2 terminal). This heterotrimeric six-helix bundle is responsible 
for the membrane fusion between the fusion peptide and the transmembrane domain.26 
This fusion mainly occurs in acidified endosomes. Then the viral genome is released 
into the cytoplasm of the host cell. After entry of the virus into the host cells’ cytoplasm, 
the translation of polypeptides (pp) replicated the viral genome into negative-strand 
RNA and transcription of mRNAs.27 

Firstly, two large polypeptide/polyproteins, such as pp1a and pp1ab, are trans-
lated using frameshift mechanism by ORFs, i.e., 1a and 1b at the 5ʹ end of the genome 
RNA. For this purpose, the virus utilizes an RNA pseudoknot and a slippery sequence 
(5′-UUUAAAC-3′). The polyproteins pp1a contain nsps 1–11 while pp1ab contains 
nsps 1–16. CoV family encoded 2–3 protease enzymes like the main protease or Mpro 
enzyme, Papain-like proteases (PLpro), and serine-type protease. These enzymes cleave 
polyproteins into individual nsp by acting at specific polyprotein sites, nsp3 encoded 
PLpro that cleave polyprotein into nsp1, nsp2, and nsp3, while nsp5 encoded Mpro for 
cleavage of remaining nsps in the polyprotein. Now cleaved nsps are gathered into rep-
licase–transcriptase complex (RTC), which provides an ambient environment for RNA 
replication and transcription of the sub-genomic mRNAs.4,18,27

Synthesis of sub-genomic mRNAs is regulated by transcription-regulating se-
quences present at the transcriptional start sites in the genome RNA for each mRNA. 
mRNA translated individual viral proteins from its 5′ end.28 Structural proteins M, S, 
and E-protein after translation were inserted into the ER. Then viral proteins move into 
endoplasmic reticulum–Golgi intermediate compartment (ERGIC) using secretory path-
way and M-protein get to interact with N-protein and bud into membranes of the ERGIC 
which formed mature virions. These virions move to the cell surface and get released 
from the cell by exocytosis. Some S-proteins are also distributed on the plasma mem-
brane, promoting syncytium by S-mediated cell-to-cell fusion.29,30 

C. S-Protein of CoV

One of the CoV characteristics is a spiked club-shaped protein (~ 180 kD) present on the 
virus’s surface. The S, which is a type I membrane glycoprotein, compose peplomers. 
Indeed, the primary inducer of neutralizing antibodies is S-protein. The S is the primary 
determinant of cellular tropism, therefore, the main determinant of interspecies transmis-
sion to host cells. The number of these S-proteins is a critical feature of virus risk. CoV 
infection can increase as the number of S-proteins increases per virion. In addition, ad-
verse surroundings, for example, alterations in pH and temperature, make a wide range of 
virions relatively spike free.31 The S-protein is a trimeric transmembrane protein with an N 
terminal cleavable signal peptide, one heavily and large ectodomain (60–90 carbohydrates 
per trimer), a single-pass transmembrane region, and a short cytoplasmic intracellular tail 
containing a cluster of S-acylated cysteine residues. Among these sections, the ectodomain 
is cleaved by proteases into two subunits, namely S1 of a single polypeptide and S2 of 
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highly conserved polypeptides.8 The S1 subunit binds to receptors on the host cell surface 
(i.e., essential for CoV to enter host cells) and subsequent conformational changes in S2 
facilitate the fusion of the cell membrane between the envelope and the plasma membrane, 
and it is the leading cause of virus-neutralizing antibodies.32 Subunit S1 is again divided 
into terminal parts N and C into two independent domains and is known as the N-terminal 
domain (NTD) and C-terminal domain (CTD).33 The NTD exhibits a structural fold like 
human galectins, galactose binding lectins, and therefore, in most CoV, sugars present on 
the cell surface can serve as binding factors. Although CTD is responsible for direct con-
tact with the human receptor through ACE-2. The CTD contains two subdomains: the core 
structure (five-strand antiparallel β-sheet) and the actual receptor binding motif (RBM), 
which determines the binding specificity of the receptor (Fig. 4).34,35 

During SARS-CoV-2 infection, RBM in the S1 subunit of S-protein binds directly 
to ACE2 in human or host cells. The RBM of SARS-CoV-2 contains a significant amino 
acid residue, i.e., Gln493, which is responsible for the binding and fusion of the viral 
S-protein with the ACE2 protein of human cells, mainly that is present in the lungs 
that cause human respiratory infections.36 After virion RBM binding to targets ACE2 
receptor to the target cell, HR1 and HR2 domains in the S2 subunit of the S protein 
combine with each other to form a six-helix bundle (6-HB) fusion core, and brings 

FIG. 4: SARS-CoV-2 attached with host cell using own S–protein and ACE2 cellular receptor 
of the host cell, and then it releases viral genome into the host cell cytosol by receptor–mediated 
endocytosis, polyproteins pp1a and 1ab are translated by the viral genome, pp1a and 1ab cleaved 
into small nsps (non–structural proteins) which forms an RTC. The RTC engages in the synthesis 
of genomic RNA as well as subgenomic mRNAs. mRNA translates viral proteins from the 5′ end. 
New virions are assembled by budding into intracellular membranes and used rough endoplasmic 
reticulum (RER), endoplasmic reticulum/Golgi intermediate compartment (ER/GIC) like cell 
secretory mechanisms for release from the host cell.
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viral and cell membranes for fusion and infection. As a result, the 6-HB fusion core 
structure of SARS-CoV-2 was studied, and the structural basis of its S-protein-mediated 
membrane fusion laid the foundation for the rational design of CoV fusion inhibitors.37 
Significant research has been carried out for identifying antibody molecules directed 
against S-proteins that mediate the entry of virus and their potential to induce host im-
mune responses and elicit protective antibody responses in infected individuals.38

III. MUTATIONS IN SARS-COV-2

SARS-CoV-2 has a particular mutation and cause unpredictable effects on COVID-19.39 
In the entire genome of SARS-CoV-2, 42 missense mutations were investigated, includ-
ing structural and non-structural protein, except the E-protein. Besides, 29 missense mu-
tations identified in ORF1ab polyprotein, 8 in the spike surface glycoprotein, 4 in the 
N-protein, and 1 in the matrix protein Notable, three mutations (F36, D354, and Y364) 
present in the spike surface glycoprotein receptor-binding domain (RBD) on ACE2 re-
ceptors.40 Similarly, SARS-CoV-2 RNA-dependent RNA polymerase (RdRp; also known 
as nsp12) is the central part of the replication/transcription machinery and a vital target-
ing moiety for antiviral drug development. Mutations in critical residues, a significantly 
less binding affinity of therapeutic molecules with RdRp, may lead to drug resistance.41

IV. IMMUNE RESPONSE IN COVID-19 INFECTION

The initial infection site and pathogenesis of SARS-CoV-2 are still poorly understood 
and under investigation. The histopathological examination of COVID-19 showed acute 
respiratory distress syndrome (ARDS), bilateral diffuse alveolar damage, pulmonary 
edema, and normal syncytial cells in the alveolar lumen.42,43 The pathology of COVID-19 
is similar to SARS-CoV’s finding in 2002–03.44,45 Chu et al. performed a comparative 
study of the replication of immune activation between SARS-CoV and SARS-CoV-2. 
The result showed that the SARS-CoV-2 replication was faster than SARS-CoV in hu-
man lungs and produced more than three folds of infectious virus particles after 48 h. 
SARS-CoV-2 and SARS-CoV were similar in cell tropism, the two types of targeting I 
and II pneumocytes and alveolar macrophages. In contrast to SARS-CoV, SARS-CoV-2, 
even with the more efficient virus replication, did not significantly induce types I, II, or 
III interferons (IFNs) in the infected human lung tissues.46

The SARS-CoV-2 triggers lower levels of IFNs and pro-inflammatory cytokines/
chemokines despite being capable of infecting and producing a significantly higher 
amount of virus in human lung tissue. Chu et al. studied the expression of pro-inflam-
matory cytokines/chemokines in SARS-CoV-2 and SARS-CoV. They found that the 
proinflammatory mediators such as interleukin-6 (IL-6), monocyte chemoattractant pro-
tein-1 (MCP-1), chemokine (C-X-C motif) ligand-1 (CXCL-1), CXCL-5, and CXLC-
10 expression were upregulated, which are lesser than the SARS-CoV. The infection 
with SARS-CoV-2 did not significantly trigger an IFN response and only significantly 
activated lesser proinflammatory mediators than the SARS-CoV.46 SARS-CoV-2 can 
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be infected and reproduced in a significantly higher yield in the human lung, and it has 
generally triggered significantly lower levels of IFN and pro-inflammatory cytokines/
chemokines. The innate immune response in infected cells is our first line of defense 
against acute viral infection. Due to the lesser triggers of IFN and proinflammatory 
mediators’ activation, the fever and pneumonia-like symptoms in the people positive 
with SARS-CoV-2 showed lesser than that SARS-CoV infection. SARS-CoV-2 may 
target and deplete the natural killer cells, which are the primary cell type, is respon-
sible for the destruction and elimination of virus-infected cells.47 The mild symptom 
and asymptomatic COVID-19 one of the severe problems to the community spread of 
SARS-CoV-2. A report confirmed that about 50% of positively tested healthcare work-
ers in King County, Washington, were asymptomatic. A statement of the Indian Council 
of Medical Research confirmed that 69% of positive cases are asymptomatic out of 
18,601 positive cases tested over four lack samples in India.48 In the case of intensive 
care unit (ICU) and non-ICU COVID-19 patient’s, it was found that their plasma con-
tains a higher concentration of proinflammatory mediators such as IL-1B, IL-1RA, IL-7, 
IL-8, IL-9, IL-10, MCP-1, IFN-γ, basic fibroblast growth factors, granulocyte-colony 
stimulating factor (GCSF), colony-stimulating factor, granulocyte-macrophage, mac-
rophage inflammatory protein 1A (MIP-1A), MIP-1B, platelet-derived growth factor, 
tumor necrosis factor-α (TNF-α), IFN-γ–induced protein 10 (IP-10), and vascular endo-
thelial growth factor. While the plasma levels of IL-2, IL-7, IL-10, GCSF, IP-10, MCP-
1, MIP-1A, and TNF-α was found to be more compared with the non-ICU patients.49 
Another study has been shown that a cluster of differentiation (CD) 4 T cells ICU pa-
tients with COVID-19 produced more IL-6 and GM-CSF than that of non-ICU.50 Xu 
et al. investigated a seriously COVID-19 infected 50-year-old man and found that the 
number of peripheral CD4 and CD8 T cells decreases considerably when their states are 
over-activated. High concentrations of pro-inflammatory CD4 T cells and CD8 T cell 
cytotoxic granules were also determined, suggesting antiviral immune responses and T 
cell overactivity.43 Several studies also suggested that lymphopenia is a common feature 
of COVID-19 and is a critical factor that decides severity and mortality.51,52

Host innate immunity acts as the first line of defense during virus attack or entry 
of any foreign particles like antigen in the host body. It activates when viral pathogen-
associated molecular patterns (PAMPs) like viral surface glycoproteins, capsid, and the 
viral genome are recognized by host pattern recognition receptors (PRRs).53 Toll-like 
receptors (TLRs) are present in the endosomal compartment or at the cell-surface to 
recognize viral motifs, known as non-cytoplasmic PRRs. The retinoic acid-inducible 
gene I (RIG-I) like receptors (RLRs), the nucleotide-binding domain-leucine-rich re-
peat-containing molecules (NLRs), novel DNA-binding factors, C-type lectin receptors, 
nucleotide-binding oligomerization domain (NOD)-like receptors, and cyclic guano-
sine monophosphate–adenosine monophosphate (cyclic GMP-AMP) synthetase for 
cytosolic DNA sensor is the cytoplasmic PRRs which plays chief roles in recognition 
of viral nucleic acid. Interaction between PAMPs and PRRs in the infected cell acti-
vates various signaling pathways through various adaptor proteins, such as stimulator 
of IFN genes (STING) and mitochondrial antiviral signaling protein (MAVS), which 
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cause the production of host defense molecules such as proinflammatory chemokines-2, 
cytokines, type-I and III IFNs. After the secretion, IFNs and cytokine activate Janus 
kinases (JAKs)/signal transducer and activator of transcription proteins (STAT) sig-
naling cascade via autocrine and paracrine mechanisms, which inhibit the replication 
through activation of IFN-stimulated genes (ISGs) and also cause cellular apoptosis of 
the infected cell. Besides, viruses have various strategies to avoid the PAMPs detection 
by the host immune system, which include masking the specific molecular motifs of 
the viral genome that are recognized by cytosolic sensors and degradation of signaling 
molecules.54,55

V. MEDICINES/THERAPIES USED IN THE TREATMENT OF COVID-19 

A. Off-Label Medicines

The use of licensed drugs for indications that have not been approved by a national 
drug regulatory authority is considered “off-label” use.56 Currently, no drugs have been 
approved for COVID-19. However, some have been used to treat COVID-19 patients, 
including hydroxychloroquine (HCQ) by the President of Brazil on April 7, 2020 was 
called “Sanjeevani Booti.” The following section has tried to compile the off-label 
medicines for COVID-19 in the scientific brief released by the WHO. The numbers of 
potential investigational therapies have been suggested and are in a clinical trial by vari-
ous countries. The treatment strategies that attempt to interfere with different parts and 
stages in the CoV replication cycle (Fig. 5) are discussed here.

1. Chloroquine and HCQ

It is a 4-aminoquinoline antimalarial drug, which is a derivative of quinine. It is a weak 
base that increases the intracellular pH necessary for membrane fusion and blocks endo-
some maturation as acidic pH is not available, thus finally blocking the virions transport. 
This drug is effective due to the phagolysosome’s alkalinization and has been reported 
in its effectiveness against CoV.57 Wang et al. demonstrated that chloroquine plays a role 
in both the entry and post-entry stages of SARS-CoV-2 infection in Vero E6 cells. In 
addition to its antiviral activity, chloroquine also has immunomodulatory activity, which 
can synergistically enhance its antiviral effect of remdesivir in vivo. After oral adminis-
tration, chloroquine is broadly distributed throughout the body, including the lungs. In 
Vero E6 cells, the EC90 value of chloroquine for SARS-CoV-2 is 6.90 μM, which can 
be demonstrated in the plasma of rheumatoid arthritis patients receiving 500 mg and is 
clinically achievable. Chloroquine is a cheap and safe drug that has been used for more 
than 70 years. Therefore, it may be clinically applicable to SARS-CoV-2.58

HCQ is a 4-aminoquinoline, an analog of chloroquine where one of the N-ethyl 
substituents of chloroquine is β-hydroxylated. It has been used as a drug for rheumatoid 
arthritis and malarial treatment. It is a weak base that increases the intracellular pH 
necessary for membrane fusion and blocks endosome maturation as acidic pH is not 
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available, thus finally blocking the virions transport. These two drugs, i.e., chloroquine 
and HCQ, have been used as a prophylactic treatment to prevent the persons at risk of 
COVID-19.57,60 The U.S. Food and Drug Administration (USFDA) has approved chlo-
roquine and HCQ for use in the management of COVID-19. The detailed mechanism of 
action of chloroquine and HCQ are as follows.

FIG. 5: Line of attack. Experimental treatment strategies attempt to interfere with different steps 
(numbers) in the CoV replication cycle (reprinted from Kupferschmidt and Cohen with permis-
sion from American Association for the Advancement of Science, copyright 2020).59
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Chloroquine in the deprotonated form gets diffuse into acidic vesicles, such as lyso-
somes, late endosomes, trans-Golgi network (TGN) vesicles across cell membranes. The 
protonated chloroquine does not diffuse out of these acidic vesicles and thus get trapped 
in the protonated form’s vesicles. The drug gets accumulated inside these vesicles due 
to the difference in pH. The virus gets entrapped in the endoplasmic and TGN vesicles 
by modifying glycoproteins envelope by using the enzymes glycosyltransferases and 
proteases requiring low pH. Chloroquine and HCQ neutralize this acidic pH, causing the 
deactivation of these enzymes in the vesicles, which leads to inhibition of glycosylation 
(by inactivation of glycosyltransferases). Glycosylation inhibition causes the host to de-
velop an adaptive immune response against the infection. This also weakens the cellular 
receptor enzyme called ACE2 required for the entry of SARS-CoV-1 into the host cell.61

Both chloroquine and HCQ help prevent viral entry into the host cells by inhibiting 
the biosynthesis of sialic acids, which have a critical role in virus-cell ligand recogni-
tion. This, in turn, causes the inhibition of viral attachment and its entry into the host 
cell.62 

Chloroquine has also been reported to reduce the phosphatidylinositol binding 
clathrin assembly protein (PICALM) expression. PICALM is a cargo-selecting adap-
tor having its lead role in clathrin-coated pits regulating the cellular clathrin-mediated 
endocytosis, which is considered to be involved in SARS-CoV entry in human cells.62

2. Lopinavir/Ritonavir

Lopinavir and ritonavir are protease inhibitors that block viral cellular entry given at 
a dose of 400 mg twice daily, thus found to be effective against SARS-CoV studied in 
both in vitro and human studies and have been approved for human immunodeficiency 
virus-1 (HIV-1) infections.63 It has been registered in a clinical trial and is in phase II.64 
Another clinical trial has been registered to compare the Lopinavir/Ritonavir or HCQ in 
COVID-19 patients and is in phase II.65

3. IFN Plus Lopinavir/Ritonavir

Type I IFN acts as an immunomodulator is the first cytokine produced during a viral 
infection. After secretion, type I IFN is attached with IFNAR receptors present in the 
plasma membrane of cells. Interaction between type I IFN and IFNAR stimulates phos-
phorylation and relocalization to the nucleus of transcriptional factors STAT1, where 
STAT1 activates IFN-stimulated genes (ISGs). Activated ISG inhibits or reduces the 
cytokine secretion, and metabolism of the cell causes hindered viral replication and 
spread.66 Type I IFN also provides antiviral immunity through ISG genes, which reduce 
the cell membrane fluidity and prevent fusion with the virus. IFN-β1 is a more potent in-
hibitor of coronavirus than IFN-α, protects the lungs by maintaining the endothelial bar-
rier, increases the secretion of anti-inflammatory adenosine through up-regulation of the 
cluster of differentiation 73 (CD73) in endothelial cells. The immunomodulator nature 
of type I IFN and the antiviral property of lopinavir/ritonavir enhance the efficacy of the 
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combination against viral infection.67,68 IFNβ inhibits viral replication, which is based 
on the study for SARS-CoV-2 and MERS. IFN-β1a is safe and comfortable to be used 
against COVID-19 treatment in the early stages of infection. The combination of IFN 
plus lopinavir/ritonavir has been registered in clinical trials in China to assess the abil-
ity of lopinavir/ritonavir and IFN combination in COVID-19 (ChiCTR2000029387).68

4. Ribavirin 

Ribavirin is a nucleoside analog that blocks the viral RNA synthesis and mRNA cap-
ping. This antiviral activity of ribavirin against SARS-CoV-2 through in vitro activity 
may be useful for its potency in developing treatment strategies based on its potential 
strategy developed during the prior MERS and SARS outbreaks.69 In Hong Kong, the 
antiviral therapy of lopinavir/ritonavir alone or ribavirin and IFN-β1b has been tried for 
its treatment.70 Ribavirin, in combination with IFN, works by inhibiting viral replication 
and has shown mixed results against MERS.71 Ribavirin, in combination with steroids, 
has also been tried.

5. Lopinavir/Ritonavir, Ribavirin, and IFN-β1b

Lopinavir/ritonavir belongs to medication class HIV protease inhibitor blocking cel-
lular entry. Lopinavir/ritonavir, ribavirin, and IFN-β1b are in phase II clinical trial70 by 
SAME University of Hong Kong with a hypothesis that the said combination will ac-
celerate recovery rate with decreased viral load and mortality in COVID-19 patients as 
compared with lopinavir/ritonavir alone.

6. Remdesivir

Remdesivir is small molecule GS-5734, an antiviral prodrug of adenosine, developed by 
Gilead Sciences in 2016 for the treatment of RNA-based viruses that is mostly responsi-
ble for a global pandemic such as Ebola virus disease caused by Ebola virus (Zaire ebo-
lavirus; Family: Filoviridae), and Coronaviridae family viruses (MERS and SARS).72,73 
Remdesivir shows broad-spectrum antiviral activity against many RNA viruses, i.e., 
Ebola, MERS-CoV, SARS CoV, Nipah, and respiratory syncytial virus. Remdesivir acts 
as delayed chain termination of RNA synthesis. It metabolizes into active nucleoside 
triphosphate and converts into remdesivir triphosphate (RDV-TP) after entering the host 
cells. RDV-TP resembles ATP. RDV-TP competes with ATP for i-position (site for in-
corporation of ATP or RDV-TP) and acts as substrate for viral enzyme RNA- dependent 
RNA polymerase (RdRp). After attachment with i-position, RDV-TP formed phospho-
diester bond with upcoming nucleotides, but terminate premature RNA synthesis at i+5 
position due to steric clash between 10-CN substituent of the incorporated RDV-TP and 
an S861 specific residue of RdRp upon further chain elongation.74,75

Remdesivir prevents virus replication and shows its prospective in mild-to-mod-
erate COVID-19 patients but is not found to be suitable for severe cases. It can be 
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added as therapy and improve clinical efficacy but no improvement in mortality in 
COVID-19 patients. Remdesivir is in multiple ongoing trials, including phase III trial 
by the for mild-to-moderate (NCT04252664) and severe (NCT04257656) patients by 
investigators in China. Another clinical trial is ongoing by American biopharmaceutical 
Gilead Sciences, Inc., and was in phase III for moderate (NCT04292730) and severe 
(NCT04292899) COVID-19 patients.76 But this drug fails its first trial and is not found 
to show any remarkable effect in the COVID-19 patients. Some of the ongoing clinical 
trials are summarized in Table 1. 

7. Favipiravir

Favipiravir has been approved for CoV by the National Medical Products Administration 
of China as the first CoV drug in China. This antiviral drug works by inhibiting RNA 
polymerase, which is required and necessary for viral replication. It is a broad-spec-
trum antiviral drug that shows its effectiveness against arenavirus, bunyavirus, filo-
virus, and influenza.77 The clinical trial for the favipiravir has been registered in a 
clinical trial to evaluate efficacy in COVID-19 (NCT04336904 and NCT04349241 in 
phase III).78,79 Recently, Glenmark Pharmaceutical Ltd. received regulatory approval 
for the oral favipiravir (FabiFlu®) in India. The favipiravir showed clinical improve-
ments of up to 88% in COVID-19, with a rapid viral load reduction by 4 days. The 
result showed the clinical improvement in patients across age groups 20 to > 90 years, 
including in patients with diabetes and heart disease suffering from mild to moderate 
COVID-19.80

8. Ifenprodil

Ifenprodil, an N-methyl-d-aspartate (NMDA) glutamate receptor antagonist, has been 
reported for its efficacy to improve the survival rate in survivability in H5N1 infected 
mice.81 The NMDA receptor plays a crucial role in glutamate signaling and shows its 
expression in neutrophils and T-cells. The NMDA receptor activation in T-cells leads 
to the release of cytokines, blocked by Ifenprodil. Algernon Pharmaceuticals has re-
ported the new therapeutic potential of its brand NP-120 (ifenprodil) as a potential treat-
ment COVID-19 and has submitted an application to Health Canada for its phase IIb/
III Multinational Clinical Trial. The company is to submit the same to the USFDA and 
Australian regulatory authorities.82

9. Camostat Mesylate

Camostat nesylate is a protease inhibitor that blocks viral maturation and its entry into 
cells. A virus needs a living body for survival, so its survival requires our genes and 
proteins to replicate and survive in our body. This drug blocks the interactions between 
the virus and body proteins and genes; thus, the drug targets the host and not the virus 
and effectively block the entry of SARS-CoV-2 in lung cells. First, the S-protein on 
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the viral surface gets attaché to the human cell receptor called ACE2. Then, trans-
membrane protease serine 2 (TMPRSS2), another human protein, cleaves the viral 
S-protein, which helps for the fusion of the virus with the cell and its replication inside 
the cell, allowing the virus to fuse with the cell and start to replicate inside it. camo-
stat mesylate blocks TMPRSS2 protein and entry of virus in the cell.83 The combined 
therapy of camostat mesylate (400 mg three times a day) with HCQ (400 mg twice on 
day 1, 200 mg twice on days 2–7) is under clinical trial for COVID-19 (NCT04338906) 
and is in phase IV.

10. Nafamostat

Nafamostat, a drug used for pancreatitis in Japan, can inhibit S-protein fusion with the 
cell membrane and stop virus entry in human cells when administered as an intravenous 
infusion. Both camostat and nafamostat have been used in pancreatitis treatment, and 
the University of Tokyo is planning for clinical trials in April 2020 to test the efficacy 
of these two drugs in COVID-19 treatment. The concentration of camostat is about 
10 times more than that required for nafamostat administered orally. These drugs can 
be used alone or with other antiviral drugs that target RNA replication or viral pro-
tein processing.84 A clinical trial (NCT04352400 in phase II/III and NCT04321096 in 
phase I/II) has been registered to find the efficacy of nafamostat (TMPRSS2 inhibitor) 
in COVID-19 patients.85,86

11. Darunavir/Cobicistat

Darunavir and cobicistat are protease inhibitors that block viral cellular entry and have 
found their applicability as anti-HIV medication. A clinical trial is under process to find 
the efficacy and safety of protease inhibitors darunavir and cobicistat by taking one tab-
let per day for 5 days in the COVID-19 treatment and is in phase III.87 

12. Umifenovir (Arbidol)

Umifenovir, an antiviral fusion inhibitor drug, is used for influenza infection in Russia 
and China. It works by inhibiting the fusion of cellular and viral membrane, restrict the 
entry in cells, and may show its antiviral activity against other CoV. An interventional 
phase IV trial GDCT0378006 (NCT04246242) has been tried on 500 patients to ex-
plore the use of umifenovir in antiviral therapy. The two sets of experimental studies 
are planned by administering the 200 mg and 400 mg of umifenovir with conventional 
antiviral therapy in China.

13. Oseltamivir

Oseltamivir is a neuraminidase inhibitor approved by the USFDA in 1999 that inhibits 
viral replication and is recommended by the WHO for people at high risk of pandemic 
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influenza. Since then, it has played a vital role in treating influenza A and B. Atypical 
pneumonia caused by the SARS-CoV that broke out in Guangzhou, China, in 2003 
linked oseltamivir to the coronavirus. Zhang et al. found that the active site of the Spike 
(S)1 protein of SARS is similar to that of neuraminidase, which indicates that neur-
aminidase inhibitors may be useful for the treatment of SARS-CoV.88 

14. Oseltamivir, HCQ, and Azithromycin

The combination of these three drugs is registered as a clinical trial to test the effective-
ness of oseltamivir (75 mg twice in a day for 5 days orally), HCQ (200 mg thrice in a 
day for 5 days orally), and azithromycin (500 mg daily or 250 mg twice in a day on days 
2–5 orally) individually and in combination.89 The combination of HCQ and azithro-
mycin showed a favorable effect on COVID-19 patients,90 but medications increased 
QT-interval prolongation.91

15. Baloxivir and Marboxil

It is a viral endonuclease inhibitor that inhibits the multiplication of influenza viruses 
and is approved for uncomplicated influenza when given by oral route. In China, a clini-
cal trial is registered to check the efficacy and safety of baloxavir, marboxil, and favipi-
ravir tablets in COVID-19 patients, which are detected positive with the current antiviral 
therapy (ChiCTR2000029544).

16. Tocilizumab, Sarilumab, and Eculizumab

Tocilizumab and Sarilumab are monoclonal antibodies which act as IL-6 inhibitor and 
blocks cytokine storm. Among these, tocilizumab reduces the fever and oxygen require-
ment in COVID-19 patients and is an approved drug for rheumatoid arthritis treatment. 
IL-6 plays a crucial role in the cytokine storm for patients severely infected with SARS-
CoV-2 pneumonia, and blocking of IL-6 may provide a suitable therapeutic target for 
their treatment. It is under phase II clinical trial, where the use of all these three mono-
clonal antibodies against IL-6 receptor has been used.92 Eculizumab is a distal comple-
ment inhibitor used to alter the distal complement activity, preventing the membrane 
attack complex formation. By adjusting this distal complement activity in immune re-
sponse, the patient recovers from the virus, while the mortality can be arrested with 
medical care support.

17. Acetazolamide

It is a drug approved by the USFDA for the treatment of high-altitude sickness. 
Acetazolamide forces the kidneys to excrete bicarbonate, and bicarbonate excretion acid-
ifies the blood’s pH. Because the body matches the blood’s acidity by its CO2 concentra-
tion, artificial acidification of the blood makes the body feel excess CO2. To compensate 
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for this situation, more profound and faster-breathing starts, resulting in increased body 
oxygen levels. This mechanism adjusts the body for high altitude,93 and the same is used 
for COVID-19 treatment. High-altitude pulmonary edema and COVID-19 exhibits a 
decreased ratio of the partial pressure of arterial oxygen to fractionally inspired oxygen 
with hypoxia and concomitant tachypnea. Acetazolamide medication may significantly 
enrich COVID-19 respiratory symptoms.94,95

18. Dexamethasone

During the viral infection immune system activate the control virus replication. Still, in 
uncontrolled viral replication or an advanced stage of infection, the number of infected 
cells, debris, and epithelium cells increased, which caused a massive release of cytokine, 
called ‘cytokine storm’.96 A massive release of cytokine caused lung injury, decreasing 
the alveolar gas exchange by reducing the alveolar surfactant. Infected cell debris and 
epithelium cells also stimulate the release of inflammatory cytokines like IL-1, IL-6, and 
TNF-α, which causes shock, multi-organ failure, hypotension, disseminated coagula-
tion, and death.97 Dexamethasone (synthetic corticosteroid) mimics cortisol, a hormone 
that produces naturally from the adrenal glands.

 Dexamethasone used for the immune modulation that downregulates cytokines’ 
release reduces systemic inflammation, prevents alveolar diffusion, reduces the risk 
of respiratory failure, and accelerates clinical recovery in a severe case of COVID-19 
requiring mechanical ventilator or artificial oxygen therapy.97,98 Recently, an Oxford 
University researcher announced the dexamethasone trial result in 2104 enrolled pa-
tients. Administration of 6 mg dexamethasone for ten days in enrolled patients showed 
that less than a third of deaths were detected in ventilated patients and in one-fifth of 
patients who received only oxygen. The overall mortality rate was reduced by 17% in 
28 days,99 showing the high significance and great benefits among the patients requiring 
ventilation.

B. Convalescent Plasma Therapy 

The convalescent plasma therapy is a preventive measure and simple immunized 
therapy in which antibodies from the blood of a patient recovered COVID-19 will 
be used to critically affect COVID-19 patients and help them get immunized against 
it. It is a passive immunization in which the particular antibodies developed from 
the blood of recovered COVID-19 patients are ingested into another person under 
treatment and help in fighting the second patient against CoV.100 This therapy is 
useful for many diseases, like hepatitis B, hepatitis C, HIV, etc.101 As suggested by 
immunologists John Hopkins study, the convalescent plasma therapy is associated 
with some of the risks, which include transmission of inadvertent infection to the 
patient, enhancement of infection on the failure of treatment in some therapy, and 
suppression of the body’s natural immune response causing the re-infection in the 
COVID-19 patient.102
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In India, a 49-year-old male in Max Hospital, New Delhi, received plasma therapy 
and found positive results and reported being out of danger by the hospital team.

C. Vaccine

Vaccines are essential and work by training and preparing the body’s immune system to 
recognize and fight disease-causing germs, such as bacteria and viruses. When the body 
is exposed to these disease-causing germs, the body immediately prepares to destroy 
them and save the body from disease. According to the WHO, every year, 2–3 million 
deaths are prevented due to vaccination.

 During the COVID-19 pandemic, the effective vaccine is excellent hope for the 
world’s population, and the whole world is looking at the vaccine with hopeful eyes. 
The development of the vaccines is essential and superior to all therapy as it will 
stop the COVID-19. The first human trial for such vaccines in Europe has started in 
Europe by taking more than 800 people for the study by taking them into two groups. 
One group will be receiving the COVID-19 vaccine, and the second will act as a con-
trol receiving a vaccine against meningitis but not against the CoV without knowing 
who will get which vaccine. This vaccine, “ChAdOx1 nCoV-19,” is developed by 
Professor Sarah Gilbert and the Jenner Institute, Oxford University, in three months 
and under the phase II clinical trial.103 So far, two vaccines have been approved, i.e., 
Sputnik V was approved by the Gamaleya Research Institute in Moscow on August 
11th by the Ministry of Health of the Russian Federation,104 and there is another 
EpiVakCorona, also without registering phase III clinical, regulatory approval.105 

Experts have expressed considerable concern about the vaccine’s safety and efficacy, 
given that it has not yet entered phase III clinical trials. Also given tests, the three vac-
cines, namely “BNT162” from Pfizer and BioNTech, “mRNA-1273” from Moderna 
and “AZD1222” from AstraZeneca and the University of Oxford, have been funded 
for phase III clinical trials by Operation Warp Speed (OWS) in collaboration with the 
United States Department of Federal Government.106 The Chinese COVID-19 vaccine 
“BBIBP-CorV” is safe and effective in phase I and II trials, developed by research-
ers at the Beijing Institute of Biological Products Co. Ltd.107 Sanofi, in collaboration 
with GlaxoSmithKline Plc. has been developing the vaccine and under the clinical 
trials phase II and ready to start phase III clinical trials before 2020. In collabora-
tion with Translate, Sanofi developed another high level of protective neutralizing 
antibody, currently in an early animal study, and ready to go for the clinical trials in a 
later year.108 Other vaccines have also been developed and under the pre-clinical and 
clinical trial stages. Hopefully, safe and efficacious vaccines will be approved for use, 
and the vaccination may reduce the infection of SARS-CoV-2 and deaths due to the 
COVID-19.

Genes for the S-protein present on the CoV surface were taken and added to the 
harmless virus for making the vaccine. This vaccine is then injected into the patients 
where on entering the cell, it will start producing S-protein for CoV and prompts the 
immune system to produce antibodies and activation of killer T-cells, thus helping in the 
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destruction of infected cells. If the patient reencounters the virus in the future, the T-cells 
and antibodies will trigger to fight against the virus.109 

D. Anti-Coagulants as Lifesavers

In COVID-19-patients, it is generally diagnosed with thrombocytopenia, increased fi-
brinogen, and D-Dimer levels.110 In the first stage of infection, SARS-CoV-2 uses the 
abundant expression of ACE2 in type II alveolar cells to enter vascular endothelial 
cells.111 Then, platelet adhesion/aggregation and increased thromboembolism incidence, 
mainly in the microvasculature.112 As outlined by Qin et al., the production of various 
pro-inflammatory cytokines and elevated levels of infection-related biomarkers contrib-
utes to a pro-coagulant state promoting platelets’ activation and expression of tissue fac-
tor in COVID-19. They also characterized hyper-inflammation different levels of various 
cytokines, i.e., TNF-α, IL-6, and IL-1, which leads to an increase of plasma concentra-
tions of fibrinogen and activation of T cells, CD4 and CD8+ T cells and their essential 
role for controlling the viral replication, limiting the spread of virus, inflammation and 
cleaning the infected cells.113 Currently, clinicians agree the coagulopathy is a common 
complication of the novel coronavirus SARS-CoV-2 and the use of anticoagulation in 
critically ill COVID-19-patients, reduced venous thromboembolism (VTE), and cere-
brovascular accidents risk scores.114 McGovern et al. investigated the therapeutic effect 
of low molecular weight heparin (LMWH) as an anticoagulant in COVID-19. They 
found that clinical trajectory was enhanced after the initial dose of LMWH. In resulting, 
platelet count, ECG was normal and showed no pulmonary embolism evidence.115

E. Traditional Use of Plants and Herbs for the COVID-19

There are numerous plant/herbal products, and their derivatives are used as traditional 
medicines and effective against various virus infections such as rabies virus, H1N1, 
HIV, Enterovirus, Japanese Encephalitis virus, etc.116 There are several pieces of evi-
dence that a large number of herbal medicines or their components have demonstrated 
possible antiviral activity to date. Nevertheless, there is a lack of substantial research on 
the development of anti-SARS-CoV-2 agents from such natural products to prevent and 
combat SARS-CoV-2. Based on previous research, the following section of the review 
aims to sketch the current possibilities of plants/herbs and herbal products to prevent 
and treatment against SARS-CoV-2 infection.

1.  Plants and Herbs for Preventive and Prophylactic Treatment and 
Symptomatic Management

a. Tinospora cordifolia

Tinospora cordifolia (Guduchi) has active chemical constituents such as steroids, alka-
loids, diterpenoid lactones, glycosides, aliphatics, etc., are extracted from the root, stem, 
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and whole plant.117 The active constituents such as N-formylannonain, magnoflorine, 
11-hydroxymustakone, cordifolioside A, N-methyl-2-pyrrolidone, syringe, and tino-
cordiside118 have been documented to have possible cytotoxic and immunomodulatory 
effects.119,120 These active constituents have been reported to work by boosting macro-
phages’ phagocytic operations and generating reactive oxygen species (ROS) in human 
neutrophil cells.121 The aqueous extract affects the cytokine production, mitogenicity, 
and stimulation of immune effector cells.117 Guduchi’s immunomodulatory activity at-
tributed to the Synergistic effects of active constituents, cordifolioside A and syringin, 
which is well reported.118 Hence because of positive effects like boosting phagocytic 
of macrophages and ROS in human neutrophil cells, cytokine production, mitogenic-
ity, and stimulation of immunomodulator response, it can be used in combat against 
COVID-19.

b. Andrograhis paniculata

The extract of Andrographis paniculata is traditionally used as a medicine to treat 
various diseases globally. The main active constituents of A. paniculata are an-
drographolide, 14-deoxyandrographolide, and 14-deoxy-11,12-didehydroandrogra-
pholide.122 Andrographolide is a diterpenoid lactone,123 and it is used as an antiviral, 
anti-bacterial, and immunity regulator. It has a broad spectrum of antiviral properties 
and inhibits various viral infections such as influenza A virus, dengue virus, and human 
immunodeficiency virus.124 Andrographolide may be a suitable drug for the treatment of 
COVID-19 because it can bond well with the key targets such as spike protein, 3CL.pro, 
ACE2, RdRp, and PLpro, and it has potential efficacy against such virus.124

c. Cydonia oblonga

Cydonia oblonga (quince) is a pome fruit that belongs to the family Rosaceae. Quince 
fruit is a good source of flavonoids, phenolic acids, cell-wall polysaccharides, fibers, 
organic acid, minerals (potassium, phosphorus, and calcium), and sugar.125 Quince 
fruit extract with citrus juice reduces TNF-α, histamine, and IL-8 from mast cells 
induced by phorbol myristate acetate and Immunoglobulin-E (IgE) during allergic dis-
orders, and inhibit the release of eotaxin from bronchial epithelial cells of human.126 
Hot water extract of quince fruit reduces the IgE, IL-13, and TNF-α expression and 
suppresses prostaglandin D2 and leukotriene C4 production in bone marrow-derived 
mast cells, Lipopolysaccharide of quince also inhibit the stimulation of pro-inflamma-
tory cells.127 The phenolic extracts of quince fruit exhibit better antioxidant properties 
than ascorbic acid and chlorogenic acid when DPPH (2,2ʹ-diphenyl-1picrylhydrazyl) 
radical scavenging system and linoleic acid peroxidation system was used for com-
parison. Methanolic extracts of quince fruit and seed prevent the oxidative hemolysis 
of human erythrocytes by inhibiting 2,2ʹ-azobis (2-amidinopropane) dihydrochloride 
(AAPH).128,129 All these properties of quince fruit will help in the treatment of SARS-
CoV-2 infections.
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d. Zingiber officinale

Active components of Zingiber officinale (ginger) are isolated from their roots and 
rhizomes.130 It contains many volatile and non-volatile oils (gingerol, zingiberene, 
β-sesquiphellandrene, bisabolene, farnesene, β-phellandrene, cineol, citral), enzymes 
(allinase, myrosinase, and peroxidase), and other Sulphur containing compounds (al-
licin, ajoene, and alliin).131 Traditionally, it has been used to treat colds, bronchitis, indi-
gestion, and antiviral agents. Gingerol, an active component of ginger, has been reported 
to give immunomodulatory and anti-inflammatory activity. The n-gingerol prevents 
T helper 2 cells mediated immune response and airway inflammation, whereas 6-gin-
gerol suppresses eosinophilia132 and inhibits TNF-α, IL-1β, and IL-12 production.133,134 
In a cell line study on human respiratory tract cells, it has been found that fresh ginger 
dose-dependently inhibited viral attachment and internalization. At high concentrations, 
it can stimulate mucosal cells to secrete IFN-β that possibly contributed to counteract-
ing viral infection.135 In an in silico study, it has also been reported that 8Gingerol and 
10Gingerol are significantly active against COVID-19 with a significant Glide score 
more (−5.47) than currently used drug HCQ.136

e. Aloe barbadensis

Aloe barbadensis (Aloe vera; A. vera) gel contains a large number of bioactive ingredi-
ents, such as vitamins, amino acids, trace elements, polysaccharides, and anthraquinones; 
as such, it has antibacterial, anti-inflammatory, antioxidant, wound healing-promoting, 
and immunity-enhancing functions.137,138 A. vera can function as nutritional support for 
patients who are infected with HIV in clinical trials and can simultaneously affect the 
viral capability of replication.139 A. vera also shows antiviral activity may be due to in-
direct or direct effects. The indirect effect is due to stimulation of the immune system, 
and direct effect is due to anthraquinones. The anthraquinone aloin inactivates various 
enveloped viruses such as Herpes simplex, Varicella zoster, and influenza.140 A. vera gel 
extracts are conducive to treating genital herpes in males.141 Acemannan polysaccharide 
is a representative acetylated mannan extracted from A. vera gel and has been approved 
by the USFDA for the treatment of AIDS in humans.142 Gauntt et al.143 also reported that 
Aloe polymannose can increase the titers of specific antibodies in mice infected with 
coxsackievirus B3, thereby inducing antiviral effects. Therefore, it can be speculated 
that A. vera may have great potential to inhibit SARS-CoV-2 infection.

f. Azadirachta indica

Indian origin traditional medicinal plant Azadirachta indica (Neem) has been used to 
treat several acute and chronic diseases. The insecticidal, larvicidal, antimalarial, an-
tibacterial, antiviral, and spermicidal effect of different plant parts, including flowers, 
leaves, seeds, and barks, helps to treat several microbial diseases.144 Water extracted 
polysaccharides (pectic arabinogalactan) from Neem leaves were found to have antiviral 
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activity against bovine herpesvirus type-1.145 Neem leaves derived polysaccharides were 
also observed to have an in vitro antiviral potential against poliovirus type 1.146 Neem 
seed kernel, bark extract, and neem oil were observed to have in vitro antiviral effect 
against the duck plague virus,147 herpes simplex virus type-1,148 and polio,149 respec-
tively. Aqueous extract of neem leaves was found to have both in vivo and in vitro antivi-
ral potential against dengue virus type-2.150 Neem leaf crude extract and twig is a widely 
used Ayurvedic medicine to treat normal fever and malarial fever,151 and cough and 
asthma, respectively.152 Diarrhea is another commonly observed clinical symptom for 
COVID-19–infected patients. Neem leaves are used to treat gastrointestinal disorders 
like diarrhea in India’s different parts as a traditional practice.153 Neem leaves extract 
was reported to induce a cell-mediated and humoral immune response in the albino mice 
model.154 Aqueous preparation of Neem leaf was also observed to enhance Th1 type im-
mune responses against breast tumor-associated antigen in mice and rats.155 Similarly, 
Neem leaf extract was found to enhance HIV/AIDS patients’ immunity by increasing 
CD4+ cell levels.156

g. Withania somnifera

Withania somnifera, widely known as ashwagandha, among the most important medici-
nal plants in the traditional ayurvedic medicinal system, is used in more than 100 ancient 
ayurvedic formulations, and is considered to be therapeutically similar to ginseng.157 
It is often used as an antiviral herbal medication to treat venereal diseases caused by 
the herpes simplex virus among African tribes158 and has been reported to have anti-
influenza properties.159 The main active chemical constituents of Withania somnifra is 
withanolides and has a significant role in frequent stress, improve brain and cognitive 
function, sustain glucose and lipid metabolism within the normal range, and strengthen 
the immune system. In a recent molecular docking study on ashwagandha’s active con-
stituents, it was found that withanone was well docked in the binding domain of the 
AEC2-RBD complex and dramatically reduced the electrostatic binding energy compo-
nent of the ACE2-RBD complex. Such disruption of electrostatic interactions involving 
RBD and ACE2 leads to an obstruction in the entry of SARS-CoV-2 and its eventual 
infectivity.160

h. Emblica officinalis

Emblica officinalis (embelic myrobalan or Indian gooseberry or amla) embraces a sa-
cred position in the ayurvedic medicine system and is native to mixed tropical Indian 
deciduous forests.161 It is stated to comprise phenolic constituents such as gallic acid 
and its derivatives, mucic acid, and its derivatives, corillagine, chebulagic acid, putra-
jivain A,162,163 tannins such as pedunculagin, punigluconin, and emblicanin A and B,164 
flavonoid compound quercetin,165 and alkaloids (phyllantin and phyllantidin).166 It was 
also reported to have high levels of vitamin C and significantly high levels of amino 
acids, minerals, and proteins such as proline, lysine, cysteine, alanine, aspartic acid, 
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and glutamic acid. Fruits also contain glucose, sugar, phosphorus, iron, and calcium.167 
Numerous studies have shown that the fruit extract is highly immunomodulatory when 
chromium (VI) has been used as immunosuppressive medication. The fruit also pos-
sesses anti-apoptotic properties and prevents DNA degradation, thus counteracting the 
immunosuppressive activity of chromium (VI) on immune functions.

Moreover, the fruit significantly enhances the development of IFN-γ and IL-2. This 
helped restore antioxidant status against chromium (VI) by getting free radical produc-
tion back under control.168,169 In another study, the immunostimulatory function of the 
aqueous extract of Emblica officinalis has been shown to increase white blood cell count 
significantly and the percent distribution of lymphocytes in treated mice, indicating its 
potential to strengthen the hemolymphopoietic system.169 All these findings revealed the 
stimulating effect of Emblica officinalis for both cell-mediated and humoral immune 
responses. Therefore, it may play a worthy role in the treatment of viral infection.

i. Ocimum sanctum

Ocimum sanctum (sacred basil or tulsi) was used as a demulsifier, stimulant, and potent 
expectorant since ancient times. It has also been used to treat respiratory tract infections, 
chest infections, and skin infections.34 The leaf of O. sanctum is consumed with the com-
mon belief that it strengthens immunity. This argument was tested in laboratory animals. 
When rats administered with methanolic extract of O. sanctum were exposed to typhoid 
H-antigen and sheep erythrocytes, it triggered a noticeable improvement in antibody 
titer in each group in comparison to saline-treated controls. It was also observed that the 
propensity of erythrocyte rosette formation in tulsi-treated animals was more significant 
than the saline control group.170 The fresh leaf extract of tulsi obtained from steam dis-
tillation stimulated humoral immune responses among laboratory rats. It was demon-
strated by an improved count of anti-sheep erythrocyte hemagglutination titer and IgE 
antibody titer evaluated by passive skin anaphylaxis in rats. Antigen mediated histamine 
secretion from peritoneal mast cells of attuned rats in vitro was substantially blocked 
by fresh leaves extract of tulsi.171 Along with this, humoral and cellular immunity was 
found to be potentiated in non-stressed and restrain-stressed laboratory rats after admin-
istering tulsi seed oil, which is again confirming its immunomodulatory capacity.172

j. Curcuma longa

Curcuma longa (turmeric) is used as a spice in India and is derived from the plant’s 
rhizomes, which belong to the family Zingiberaceae. From ancient times, it is used as 
an Ayurvedic medicine for the treatment of inflammation.173 It is used effectively in 
the coagulation of blood and immune stimulation.174 An aqueous extract of Curcuma 
longa, along with honey and lemon juice, effectively treats the common cold, viral in-
fections.175 Curcumin is a principal active constituent of C. longa, and it is responsible 
for yellowish color. Demethoxycurcumin and bisdemethoxycurcumin are other active 
constituents of C. longa.173 Curcumin is an antiviral agent and inhibits several viral 
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infections such as influenza A, Zika, HIV, hepatitis, etc. The mechanism of curcumin ac-
tion includes- inhibition of entry of the virus into the cells, stimulation of IFNs and some 
cytokines, and suppression of viral replication. Curcumin also inhibits viral growth by 
binding with spike protein and ACE-2 receptors,174 which means it is a natural ingredient 
that may help in treatment.

k. Allium cepa

Allium cepa (onion) contains quercetin, zalcitabine, allicin, ribavirin, and kaempferol as 
the main phytoconstituent strong inhibitory effect on virus multiplication.176 These phy-
tochemicals present in onion have been observed to block the formation of protein and 
genetic material in the virus.177,178 Onion extracts effectively decreased the New Castle 
disease virus infection by blocking the virus’s attachment with the cell179 and reducing 
the infection of potato virus Y.180 Quercetin is also associated with an anti-infective and 
anti-replicative effect on viruses such as poliovirus, hepatitis viruses, influenza type A 
virus (IAV).177 Quercetin acts against the entry of the virus into the host cell. For ex-
ample, hemagglutinin and neuraminidase are envelope glycoproteins responsible for the 
entry of the Influenza virus. This glycoprotein helps in membrane fusion of the virus to 
the host cell.181 Quercetin was observed to interact with haemagglutinin protein, which 
resulted in the inhibition of virus entry into the cell.182 Quercetin and its derivatives 
have been proved to inhibit the translation of poliovirus RNA,177 inhibit the transla-
tion process of the hepatitis C virus,183 inhibit the SARS-CoV protease in SARS-CoV176 
and disrupt the activation of RNA polymerase in Rhinovirus proteases.184 Quercetin 
can change proinflammatory cytokine activities in dengue virus-infected cells185 and 
blocks cleaving eukaryotic initiation factor (eIF)-4GI and eIF4GII in rhinovirus release 
protease which attack host cells by cleaving eukaryotic initiation factor (eIF)-4GI and 
eIF4GII,186 by which minimize the formation of viral capsid protein. Quercetin 3-O-D-
glucoside, a quercetin derivative, was demonstrated to target the Ebola virus’s entry into 
the host cell.187 Other components present in onion also affect the immune system during 
viral infections by inhibiting the release of pro-inflammatory cytokines such as IL-6 and 
TNF-α.188 Allicin has a high amount of selenium and sulfur, which impart antioxidant 
effect by reacting with intracellular thiol compounds.189 Therefore, onion’s chemical 
constituents may help suppress SARS-CoV-2 viral infection via avoiding viral entry 
through interacting with haemagglutinin protein as well as by modulation of immunity.

l. Allium sativum

Allium sativum (garlic) is an herb grown around, and garlic is also considered to possess 
potent antiviral properties. The garlic is effective against cytomegalovirus,190 rhinovi-
rus, HIV, herpes simplex virus 1 and 2,191,192 common cold virus,193 infectious bronchitis 
virus,194 and influenza A and B viral.195 Phytochemicals such as azin, allele alcohol, 
and diallyl disulfide in garlic may work against HIV-infected cells.194 Organosulfur 
compounds like allicin, diallyl trisulfide, and ajoene have antiviral properties.192 In an 
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experimental study, compounds like diallyl disulfide, diallyl sulfide, and alliin consider-
ably reduced inflammation during dengue virus infection.196 The effects of garlic must 
be evaluated against the SARS-CoV-2 infection. 

m. Glycyrrhiza glabra

Glycyrrhiza glabra (licorice) is an herbaceous perennial legume used as a medicinal 
remedy and flavoring agent from ancient times. The root of licorice has been widely used 
to treat cough.197 Glycyrrhizic acid is a major active component isolated from licorice. 
Other active constituents of licorice are thymol and carvacrol, which have significant 
bactericidal and antiviral effects. Licorice has a protective effect on lung inflammation. 
SARS-CoV-2 has the receptor ACE2, and glycyrrhizic acid potentially binds to this 
receptor and has the potential to treat SARS-CoV-2.124 Glycyrrhizic acid also plays an 
essential role in inhibiting immune hyperactivation.124 

n. Lycoris radiata

The root and bulb of Lycoris radiata (red spider lily) are used to treat swellings and 
ulcers, and emetic and expectorant. The active constituents such as lycorine, crinine, 
galanthamine, tazettine, narciclasine, lycorenine, homolycorine, and montanine are 
present in herb red spider lily.198 Recently, Islam et al.199 reported that the extract of ly-
coris radiata and extracts of Lycoris radiata with Rheum officinale Baill and Polygonum 
multiflorum Thunb. are effective against SARS-CoV. Besides, compounds such as lyco-
rine, homoharringtonine, silvestrol, ouabain, tylophorine, and 7-methoxycryptopleurine 
have potent inhibitory effects against CoV species by inhibiting the entry of the virus 
into host cells.199 

o. Houttuynia cordata

The traditional Chinese medicine plant Houttuynia cordata has been used by scientists 
to treat various disorders, including SARS, although there is no high-quality clinical 
research to confirm such use is safe or effective. Lau et al.200 reported that Houttuynia 
cordata inhibits two critical proteins of SARSCoV, such as 3-chymotrypsin-like prote-
ase (3CLpro) and RdRp. The extract also increased CD4+ and CD8+ cell counts in test 
animals, suggesting its immunostimulatory effect, which may be an added advantage 
and its role in slowing viral replication.200 The phytoconstituents of Houttuynia cor-
data, such as quercetin, rutin, cinanserin (1 and 2 dpi), etc., are effective against murine 
CoV.201

p. Other Drugs

The various medicinal plants have great potential against the COVID-19 prophylaxis, 
treatment, and systemic relief. Some of the other plants/herbs that have the possibility 
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in the COVID-19 treatment are discussed. The herbal extract of Rehum palmatum202 and 
Litchi chinensis203 and root extract of Isatis indigotica204 have the inhibitory effect of 
3CLpro. The phytoconstituents such as sinigrin obtained from Brassica nigra, Indigo 
from Indigofera tinctorial, hesperetin from Citrus reticulate, quercitin from Grevillea 
robusta, epigallocatechin gallate, and gallocatechin gallate from Grevillea robusta have 
the inhibitory effect on 3CLpro.204,205 Betulinic acid (obtained from Z. jujube) is a penta-
cyclic lupane-type triterpene that exhibits antimalarial, anthelmintic, anti-inflammatory, 
antinociceptive, anticancer, and antibacterial properties and also used in the treatment 
of HIV infection. Betulinic acid is extensively present in Z. jujuba. Lupane triterpenoids 
inhibit the reproduction of viruses and proteinase activity.206 Eun et al. studied the an-
tiviral activity of betulinic acid using influenza A/PR/8/34 virus as a sample and found 
that 98% antiviral activity at 50 µM concentration of betulinic acid and 30% at 10 µM 
concentration. Betulinic acid decreases the level of IFN-γ and reduces the inflammation 
related to the virus attack.207 Bryonia alba is traditionally used in the treatment of fron-
tal pain, cough, inflammation of serous tissues, typhoid, pneumonia, jaundice, rheuma-
tism, and as heart tonic208 and as a prophylactic agent for the treatment of chikungunya 
in India.209 The fruits and seed oil Cordia myxa showed significant anti-inflammatory 
activity.210 Another plant, Toxicodendron radicans, also known as Rhus toxicodendron 
(poisonous ivy), is diluted to make traditional preparations. The dilution used in ho-
meopathic medicine is prescribed for many complaints, including chickenpox, back 
pain, colds, herpes, hives, flu, mumps, measles, sore throat, nerve pain, muscle strains 
and sprains, dermatitis, arthritis, and rheumatism.211,212 Another plant, Eupatorium per-
foliatum, is used to treat diseases like the common cold, influenza, malaria, and im-
mune-stimulating agent.213 Herbacetin is one of the essential active constituents and has 
antiviral activity. It has excellent oral bioavailability, and it is a potential candidate to 
treat SARS-CoV-2 infection. SARS-CoV-2 has the receptors main protease and spike 
protein, and herbacetin potentially bind to these receptors and have the potential to treat 
SARS-CoV-2.214 Another plant, Adhatoda vasica, contains alkaloids such as vasicine, a 
bronchodilator, and respiratory stimulant.215

The current scenario is needed to explore various plants/herbs and their constituents 
for the effective treatment of COVID-19. Previously studied plants and phytoconstitu-
ents, including antiviral effects, immune boosters, a bronchodilator, and other systemic 
relief, should be studied exhaustively in the context of SARS-CoV-2 infection.

VI.  CAN TARGETING POSSIBILITY FOR THE PROTEIN AVAILABLE OF THE  
SURFACE

There are currently various research and clinical studies in progress for the various 
therapeutic drugs and prophylactic vaccines, but none have been approved for specific 
SARS-CoV-2 infection. As already discussed, S-protein (consists of two subunits, S1 and 
S2) is responsible for interacting with host cell receptors and entering into the cells by 
binding to the ACE2 through the RBD enables the virus entry and replication inside the 
cells.216–218 Therefore, S-protein may be one of the key targets to develop the prophylactic 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRT-35392.indd               101                                           Manila Typesetting Company                                           04/09/2021          09:17PM



102 Haider et al.

vaccine and therapeutic drugs. In silico molecular docking studies of USFDA-approved 
LOPAC library drugs against S-protein and the ACE2 host cell receptor were performed 
by the researchers and revealed that KT185, KT203 GSK1838705A, BMS195614, and 
RS504393 were identified as binding to the RBD whereas eptifibatide acetate, TNP, 
GNF5, hydrochloride hydrate GR 127935 and RS504393 have been shown to bind to 
ACE2 receptor.219 Similarly, Cavasotto and Filippo perform the in silico molecular mod-
eling of drugs and compounds (USFDA approved; under clinical trials) against three 
S-protein and two proteases (3CLpro and PLpro), which process the two viral polypro-
teins encoded by ORFs orf1a and orf1b. The experiment findings showed the potential 
inhibition of the 3CLpro with drug ID DB02747, DB04692, DB04722, and DB03311, 
whereas inhibition of PLpro was associated with the drug ID CH3360203, DB13635, 
DB11871, DB01340, CH77517, DB05932, DB13327, DB01748, DB08656, DB02861, 
and DB02429. Additionally, the potential S-protein binding inhibitors with ACE2 re-
ceptors were DB06813, DB13553, DB12126, DB12631, DB11842, and CHEMBL 
4297618.220 These findings need further clinical research for better efficacy against the 
COVID-19 treatment. The antibodies that target the SARS-CoV-2 S-protein may be 
prominent tools to inhibit the virus’s entry inside the cells. Walls et al. also suggested that 
the SARS-CoV S mouse polyclonal sera inhibiting the entry of SARS-CoV-2 S pseudo-
typed viruses and leads to neutralization of the virus.221 Recent research focuses on the 
TMPRSS2 because it employs S-protein priming after the S-protein engaged ACE2 for 
entry.82,222 In that respect, Hoffmann et al. demonstrated that the serine protease inhibitor 
(camostat mesylate) is active against TMPRSS2 and responsible for the partial blockage 
of their entry into Caco-2 and Vero-TMPRSS2 cells which were infected pseudotyped 
virus particles bearing SARS-Cov-2 S protein.82 Additionally, TMPRSS2, the proprotein 
convertase furin, cleaved the S-protein at the S1/S2, an essential step for the activation 
of SARS-CoV-2 in the human air passage. It may provide promising drug targets for the 
SARS-CoV-2 infection. The combination of TMPRSS2 and furin inhibitors showed the 
potential antiviral activity against COVID-19.223

It is already discussed that the entry of SARS-CoV-2 dependent on the binding of 
the surface unit, i.e., S1and S2 of S-protein to a cellular receptor and virus fusion with 
the cellular membrane, respectively.82 These S1 and S2 may be exploited to block ACE2 
and S-protein interaction, leading to entering the viruses inside the cells. The docking 
analysis of some flavonoids-SARS-CoV-2 interaction showed that the C-terminal of 
S1 and S2 domain can bind with flavonoids like hamferol and curcumin pterostilbene, 
and HCQ.224 Wang et al. developed a monoclonal antibody for the S1 targeting from the 
immunized transgenic mice expressing variable heavy and light chains of human Ig, 
which can cross-neutralize SARS-CoV and SARS-CoV-2, using a mechanism that is 
independent of inhibition of binding to SARS-CoV-2 and SARS-CoV receptors.225 The 
blockage of SARS-CoV-2-RBD-ACE2 interaction may other valuable targets to neutral-
ize the COVID-19. Chen X et al. cloned the two human blocking monoclonal antibodies 
using SARS-CoV-2 RBD-specific memory B cells isolated from recovered COVID-19 
patients. These monoclonal antibodies can specifically bind to SARD-CoV-2 RBD, in-
terfere with the interaction between the SARS-CoV-2 RBD and the ACE2 receptor, 
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and lead to effective neutralization of infection by SARS-CoV-2 S-protein pseudotyped 
virus infection.218

Other than the S-protein, the M-protein and E-protein may also be exploited to pro-
tect the SARS-CoV-2. These glycoprotein proteins (M and E) play a critical role in 
virus morphogenesis and assembly via their interactions with other viral proteins. The 
M-protein’s active sites are Lys50, Leu51, Leu54, Leu93, and Ala98, which may need 
to be further evaluated with the novel antivirals as well as USFDA-approved drugs for 
repurposing against SARS-CoV-2 by rational design and docking studies.226 E-protein 
may also be an essential virulence factor because it was reported to trigger lymphocytes’ 
apoptosis and causes lymphopenia. Lymphopenia is one of the causes of mortality due to 
COVID-19. In recent report showed that the E-protein of SARS-CoV-2 has C-terminal 
Bcl-2 homology 3 like motif that could be a potential therapeutic target.227

VII. CONCLUSIONS AND FUTURE PROSPECTIVES

COVID-19 is a pandemic and has affected most of the countries in the world. By April 
28, 2020, COVID-19 has nearly three million cases and killed more than 211 thousand 
people worldwide. Until recently, there have been no vaccines and therapeutics avail-
able for the treatment. Due to the high rate of community spreads, most of the countries 
have imposed lockdown to stop/slow down the virus’s spread. The lockdown may also 
affect the world economy. There is a need to develop vaccines and therapeutics for 
the prevention and treatment against SARS-CoV-2 infection. The S-protein, E-protein, 
M-protein, SARS-CoV-2-ACE2 complex, serine protease inhibitor, TMPRSS2, S1, S2, 
RBD-SARS-CoV-2 interaction, etc., are identified as the potential target for the devel-
opment of treatment against SARS-CoV-2 infection. The plasma convalescent therapy 
is under clinical trial for the treatment of COVID-19. The antibodies are under inves-
tigation, which can interact and neutralize the virus. The antiviral drugs and pre-exist-
ing drugs such as chloroquine, HCQ, etc., are under trial for treatment in COVID-19. 
Various plants/herbs and new molecules are under consideration for treatment possibil-
ity in COVID-19. All these will result in a successful treatment against the COVID-19 
pandemic.
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