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Summary. – Coronavirus disease 2019 (COVID-19) is a severe acute respiratory syndrome caused by a 
novel strain of coronavirus (SARS-CoV-2) which was declared by WHO as a cause of global pandemic. By 
human-to-human transmission it caused severe damage to mankind with increased mortality rate world-
wide. Coronavirus is a spherical enveloped virus with single stranded positive-sense RNA with a size of 
~30 kilobases encoding various structural, non-structural and accessory proteins. The entry of coronavi-
rus into the host cells is mediated by spike proteins. SARS-CoV-2 efficiently replicates in host cell and by 
evading immune surveillance, like innate and adaptive immune responses, in the host cells ultimately 
leads to increased virulence and disease outcome. In the current review, we highlighted the molecular 
insights of SARS-CoV-2 and its infection mechanism in the host cell via host-viral protein interactions 
based on currently available data up to 16thMay 2020 using various research literature databases. The di-
agnostics of SARS-CoV-2 is mainly done by RT-qPCR and serological tests. There is no effective treatment 
for COVID-19, however, few methods like plasma therapy and remdesivir treatment are reported to show 
promising results in improving patient's health and decreasing mortality rate.
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Introduction

In late 2019, coronavirus disease 2019 (COVID-19) was 
first reported in Wuhan, China and has extensively spread 
in China and worldwide. According to the World Health 
Organisation (WHO) COVID-19 situation report by May 
16th, the number of people infected has increased to 4.65 
million cases with 312 thousand of deaths globally. In the 
majority of cases the infection is characterized by a range 
of symptoms including fever, cough, and general malaise 
(Chen et al., 2019). The causative agent of this outbreak is 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) belonging to the family Coronaviridae which con-
tains single-stranded positive-sense RNA viruses with a 
genome size of ~30 kilobases. Among the four common 
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coronavirus genera: alpha, beta, delta, and gamma corona-
virus, COVID-19 is caused by beta coronaviruses. Research-
ers proposed that SARS-CoV-2 has genomic sequence simi-
lar to SARS-CoV from 2002–2003 causing respiratory and 
enteric symptoms (Wrapp et al., 2020). Similar to SARS-
CoV, novel SARS-CoV-2 genome encodes several smaller 
open reading frames (ORFs) such as ORF1ab, ORF3a, ORF6, 
ORF7a, ORF7b, ORF8 and ORF10. These ORFs are predicted 
to encode for the replicase polyproteins, the spike (S) 
glycoprotein, envelope (E), membrane (M), nucleocapsid 
(N) proteins, accessory proteins, and non-structural pro-
teins (nsp) (Kandeel et al., 2020; Srinivasan et al., 2020). 
SARS-CoV-2 encodes four structural proteins, spike (S), 
nucleocapsid (N), envelope (E) and membrane (M) protein, 
and sixteen non-structural proteins (nsp1-16) (Fig. 1). The 
structural proteins are responsible for the formation of 
viral capsid that surrounds and encapsulates the genome 
(Srinivasan et al., 2020), virus entry into host cells and 
assembly of the virus (Li, 2016). Some members of coro-
navirus family encode additional membrane glycoprotein 

known as hemagglutinin-esterase protein (HE) (Li, 2016; 
Risco et al., 1998). This review concerns the SARS-CoV-2 
proteins and its interaction with host proteins and also 
discusses possible diagnostics and treatment.

Spike protein (S)

Coronavirus entry into host cells is mediated by spike 
glycoproteins that in the micrographs create an image 
resembling solar corona. SARS-CoV-2 spike glycoproteins 
(S) share 76% aa sequence identity with the SARS-CoV, 
while receptor binding domain (RBD) in the S glyco-
protein molecule share 72% aa identity (Ou et al., 2020). 
SARS-CoV-2 RBD has a stronger interaction with angio-
tensin converting enzyme 2 (ACE2) which is present on 
the surface of many human cells. SARS-CoV-2 affinity is 
10- to 20-fold higher than that of SARS-CoV contributing 
thus to the higher infectivity and transmissibility (Wrapp 
et al., 2020). Additionally, SARS-CoV-2 S glycoprotein has a 

Fig. 1

Virus entry into the host cell and replication (Song et al., 2019, Jiang et al., 2020)
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distinct loop with flexible glycyl residues replacing rigid 
prolyl residues in SARS-CoV (Chen et al., 2020). 

S protein of SARS-CoV consists of two functional subu-
nits responsible for: 1.) binding to the host cell receptor 
(S1 subunit); 2.) fusion of the viral and cellular membranes 
(S2 subunit). S1 subunit is located within the N-terminal 
14–685 aa of S protein, containing N-terminal domain 
(NTD), receptor binding domain (RBD), and receptor 
binding motif (RBM). S2 subunit contains fusion peptide 
(FP), heptad repeat 1 (HR1), heptad repeat 2 (HR2), trans-
membrane domain (TM), and cytoplasmic domain (CP) 
active in membrane fusion (Walls et al., 2020; Xia et al., 
2020). Prior to membrane fusion, the S protein is cleaved 
and activated to release the fusion peptide to mediate 
the fusion of envelope and host cell membranes (Gal-
lagher and Buchmeier, 2001). The cleavage of S protein 
occurs to be between the S1 and S2 domains (S1/S2 site) 
and within the S2 domain proximal to the fusion peptide 
(S2' site). This cleavage has been proposed to activate the 
protein for membrane fusion via extensive irreversible 
conformational changes and results in the release of the 
viral genome into the host cell cytoplasm (Ashour et al., 
2020). Gui et al. (2017) reported that the S1 subunit also 
contributes to stabilisation of the membrane perfusion 
state of S2 subunit. By using molecular dynamics simula-
tion of co-crystal structure of ACE2 and SARS-CoV-2 RBD, 
Zhang et al., reported that in ACE2 receptor peptidase 
domain '1 helix plays major role in binding to SARS-CoV-2 
RBD (Zhang et al., 2020). Further, Ou et al. (2020) demon-
strated that fusion of SARS-CoV-2 S protein with human 
cell plasma membrane is mainly regulated by endocytosis 
using enzyme phosphatidylinositol 3-phosphate 5-kinase 
(PIKfyve), TPC2, TMPRSS2 and cathepsin. Madu et al. 
(2009), stated that by host proteases enzyme cathepsin L 
or cellular serine protease TMPRSS2, S protein is cleaved 
at the S2' site (Madu et al., 2009; Hoffmann et al., 2020). 
This proteolytic cleavage activates the membrane fusion 
protein in S2 subunit through extensive irreversible con-
formational changes (Belouzard et al., 2009). Using west-
ern blot analysis, Walls et al. (2020) also identified that in 
SARS-CoV-2 S protein, an unpredicted furin cleavage site 
at the S1 and S2 subunit, is cleaved during the process of 
biosynthesis and this is considered to be a main distinct 
feature that differentiates it from SARS-CoV. Blocking of 
furin cleavage site might affect the entry of SARS-CoV-2 
into host cells (Belouzard et al., 2009). 

Diagnostics using S protein

As S protein mediates the SARS-CoV-2 entry into host 
cells, it could be considered as a target for developing virus 
neutralizing antibodies and a hot candidate for vaccine 
and other therapeutic designs. Currently to detect IgM 

and IgG antibodies against SARS-CoV-2 in patient's serum, 
two enzyme-linked immunosorbent assay (ELISA) kits 
based on recombinant SARS-CoV-2 S protein (rS) and nu-
cleocapsid protein (rN) are being used. In the same study, 
Liu et al. (2020), suggested that due to high sensitivity, ELI-
SA is preferred for detection of SARS-CoV-2 virus in serum 
samples. Additionally, the researchers evaluated the diag-
nostic feasibility of both rN and rS on 214 patients. Their 
results based on rS ELISA showed 77.1% IgM and 74.3% IgG 
antibodies. Liu et al. (2020) concluded that rS based ELISA 
has higher sensitivity than rN based ELISA. In another 
study, Qiang et al. (2020) used S protein to identify the 
infection risk of SARS-CoV-2. They used three algorithms 
such as amino acid composition, G-gap dipeptide compo-
sition and parallel correlation-based pseudo amino acid 
composition to recognize SARS-CoV-2 pattern and study 
concluded that seven patterns of human coronaviruses 
were found, including MERS-CoV, SARS-CoV, and SARS-
CoV-2, indicating the S protein as a diagnostic marker 
for SARS-CoV-2 (Qiang et al., 2020). In recent studies, 
researchers reported that SARS patients who recovered 
from viral infection have neutralizing antibody response 
mostly against S protein. These antibodies can be detected 
even after 24 months after infection. The experimental 
vaccine which includes both rS protein and inactivated 
virus is capable of neutralizing antibodies induction. 
The increased neutralizing antibody responses against S 
protein of SARS might give some protection against SARS-
CoV-2 infection (Hoffmann et al., 2020). Since S protein 
is main target for neutralizing antibodies induction, it 
can be targeted for diagnosis and vaccine development. 
Vaccines such as recombinant subunit vaccine, DNA vac-
cine, mRNA vaccine containing viral S protein/sequence 
trigger strong immune response because of neutralizing 
antibody induction (Yang et al., 2005). 

S protein targeted treatment

S protein is one of the major components that deter-
mine the virulence of the virus, host range and its infec-
tion risk, thereby it can be considered as a main target 
for designing drugs against SARS-CoV-2. Virus entry into 
human cell and its fusion is mediated by endocytosis 
which in turn is regulated by the production of PI(3,5)P2 
(phosphatidylinositol-3,5-bisphosphate) via phosphati-
dylinositol 3-phosphate 5-kinase enzyme. The study 
reported that the inhibition of enzyme phosphatidylino-
sitol 3-phosphate 5-kinase by the drug apilimod, strongly 
inhibited entry of SARS-CoV-2 mediated by S protein. 
Therefore it indicates that PI(3,5)P2 pathway is involved 
in S protein regulation and might be considered as poten-
tial drug target for SARS-CoV-2 infection (Ou et al., 2020). 
Zhang et al. (2020) reported that blocking the SARS-CoV-2 



	 RAJARAMAN, R. et al.: REVIEW� 13

RBD binding to ACE2 with drugs might inhibit the entry of 
virus into human cells. In the same study, they proposed 
that peptide based binders can also be used to inhibit 
RBD-ACE2 interaction. 23-mer ACE2 PD peptide fragment 
containing amino acids that are proteinogenic, has been 
synthesized. Biolayer interferometry showed that 23-mer 
ACE2 PD peptide particularly linked with the SARS-CoV-2 
RBD binds with low nanomolar affinity. This peptide 
binder could be a new potential drug for COVID-19 treat-
ment as it inhibits the binding of SARS-CoV-2 S protein 
with hACE2 (Zhang et al., 2020). To develop an effective 
anti-coronavirus prophylactics and therapeutics, the un-
derstanding of molecular mechanisms of viral infection 
need to be thoroughly studied. Xia et al. (2020) developed 
a SARS-CoV-2 S protein mediated cell-cell fusion assay and 
reported that SARS-CoV-2 shows efficient fusion capacity 
with plasma membrane compared to SARS-CoV. They 
produced lipopeptide EK1C4 derived from EK1 (corona-
virus fusion inhibitor of SARS-CoV) and reported that 
EK1C4 can be considered as a potent protein mediated 
virus-cell fusion inhibitor also for SARS-CoV-2. EK1C4 
also potentially inhibited the infection and replication 
of SARS-CoV-2 by targeting the HR1 domain in S2 subunit 
of S protein (Xia et al., 2020). Recent evidence suggested 
that SARS-CoV-2 uses cathepsin L and TMPRSS2 (cellular 
serine protease) for S protein priming, therefore using 
cathepsin L and TMPRSS2 inhibitor blocked entry of vi-
rus and it might also be considered as treatment option. 
Hoffmann et al. reported that camosat mesylate which is 
an approved serine protease inhibitor, inhibits TMPRSS2 
activity and partially blocks SARS-CoV-2 entry into cells. 
The complete inhibition is reported to be attained only 

after both E-64d epoxy succinylpeptide (inhibitor of 
cathepsin L) and camosat mesylate were administered 
together (Hoffmann et al., 2020). Imatinib which is a BCR-
ABL kinase and TMPRSS2 inhibitor was also identified as 
drug against SARS-CoV-2. TMPRSS2 inhibitor prevents 
virus entry whereas imatinib blocks the virus-host cell 
fusion (Dong et al., 2020). Chloroquine is another potential 
antiviral drug which inhibits the endocytosis which is the 
main process for viral fusion. 

Nucleocapsid protein (N)

Coronavirus particles consist of a helical nucleocapsid 
structure or ribonucleoprotein (RNP), formed by the as-
sociation between nucleocapsid phosphoproteins and 
the viral genomic RNA (Table 1). The nucleocapsid protein 
(N) is one of the four structural proteins of the thirteen 
major ORFs, expressed from the 3' end of the SARS-CoV-2 
genome (Gordon et al., 2020; Tan et al., 2005). N protein 
of the SARS-CoV-2 shares almost 90% aa similarity with 
the N protein of the SARS-CoV. Among the four structural 
proteins, N protein is also one of the most abundant pro-
teins present in the infected host cells (Tan et al., 2005; 
Ahmed et al., 2020; Lee and Lee, 2015). Nucleotide sequence 
alignment done by Phan et al. (2020) showed that there 
are about 4 missense mutations in the N protein of SARS-
CoV-2. Mutations play crucial role in forming helical 
ribonucleoprotein during packaging of the RNA genome 
and are involved in regulating viral RNA synthesis during 
replication, transcription and modulating the metabolism 
of infected cell (Cong et al., 2020).

Table 1. Structural proteins with their functions and drugs 

No. Protein Function Drugs 

Structural proteins

1. Spike facilitates entry of the virus into host cells, through 
formation of protruding homotrimers

apilimod (Ou et al., 2020)
mer ACE2 PD peptide fragment (binder), EK1C4 (Xia 
et al., 2020), cathepsin L and TMPRSS2 (camosat me-
sylate) inhibitors (Uno, 2020),, imatinib (Mulgaonkar 
et al., 2020), chloroquine (Ohe et al., 2020)

2. Nucleocapsid packaging of viral genome into ribonucleoprotein 
complex, facilitating self-assembly

vaccines based on N220, N223 and N317 peptide; 
drugs targeting the protein's oligomerisation and its 
translocation into the nucleus (Cheung et al., 2007)

3. Envelope mediates replication of viral particles in host via 
protein-protein interactions; production of VLPs and 
viroporin

remdesivir (Wang et al., 2020), darunavir (Dong et 
al., 2020), mercaptopurine + melatonin; toremifene 
+ emodin; sirolimus + dactinomycin; epoxyvibsanin 
C, macaflavanone, luzonoid, grossamide K, blestri-
arene, macaflavanone F and dolichosterone (Zhou 
et al., 2020)

4. Membrane essential in assembling and releasing VLPs along with 
E protein; evasion of host's immune response against 
the virus; induction of apoptosis in host cells

vaccines developed from rabbit antisera obtained 
from immunization using SARS-CoV, and those that 
induce CTL activity (Samrat et al., 2020)



14	 RAJARAMAN, R. et al.: REVIEW

Coronavirus N proteins contain three characteristic 
intrinsically disordered regions (IDRs) of N protein; the 
N-arm or N-terminal RNA-binding domain (NTD), central 
linker (CL), and the C-tail or C-terminal dimerization do-
main (CTD). NTD and CTD are the major structural and 
functional domains of the N protein. The most important 
function of the N protein NTD is RNA binding, while the 
CTD is involved in dimerization and the C-tail is necessary 
for the interaction with M protein and oligomerization 
which is identified by decreased ability to oligomerize 
upon removal of 40 aa from the domain of C-tail (Chang 
et al., 2014). Studies have proven the presence of many 
phosphorylation sites in the central linker region, owing 
to the presence of arginine and serine residues (Prajapat 
et al., 2020). Under normal conditions, the N protein is 
bound tightly to the viral genome and maintains stabil-
ity. During the process of infection, N protein dissociates 
from the genome, which is then exposed and ready for 
replication (Chang et al., 2014). 

Function of N protein

One of the major roles of the N protein is the packaging 
of the viral genome into the RNP complex, thus protecting 
the genome (McBride et al., 2014). Apart from this, it has 
also been observed in gastroenteritis coronavirus that 
the C-terminal domain of the M protein directly binds to 
the N protein and thereby, facilitates greater stability of 
the viral genome (Escors et al., 2001). The N protein of the 
SARS-CoV is known to interact with human elongation 
factor 1-alpha, which in turn, quells the process of protein 
translation, by inhibiting the F-actin bundling (Zhou et al., 
2008). In this manner, the virus impedes protein synthesis 
in the host, while promoting the synthesis of its own pro-
teins (Lee and Lee, 2015). In addition, other studies have 
shown that the N protein interferes with host cell cycle 
proliferation by targeting the CDK-cyclin complexes and 
functions in two ways: 1.) directly, when N protein binds 
to cyclin D and suppress the activity of CDK4-cyclin D 
complex and CDK2-cyclin complex; 2.) indirectly, when 
N protein down-regulates the levels of CDK2 and inhibits 
its activity and disrupting the balance in the host cell 
cycle progression (Surjit et al., 2006). Further, in mouse 
hepatitis virus, N protein acts as an enhancer of mRNA 
translation (Tahara et al., 1994).

N protein targeted diagnostics and therapeutics

High levels of N protein can be detected in the serum 
of SARS patients via antigen-capture ELISA based assay 
using monoclonal antibodies against the N protein of 
SARS-CoV. Liu et al. (2020) reported the usage of ELISA 
based kits that detect IgG and IgM antibodies using re-

combinant SARS-CoV-2 N protein. The study reported that 
out of 216 patients tested the success rate of diagnostics 
was 68.2% (146 patients) with rN-based IgM ELISA kit and 
of 70.1% (150 patients) with the rN-based IgG ELISA kit. N 
protein is also reported as a possible target for antiviral 
drugs, as it due to self-oligomerisation, is less-likely to 
induce drug-resistant variants. A set of B-cell and T-cell 
epitopes from the SARS-CoV-2 patients derived from S 
and N protein, were found to be identical to SARS-CoV, 
without mutations, hence, facilitating easier immune 
targeting (Ahmed et al., 2020). N220 peptide has been 
shown to trigger an immune response by activating the 
cytotoxic T-lymphocytes in vitro, due to an innate binding 
affinity to major histocompatibility complex (MHC) class I 
molecules, making it possible candidate for vaccine. N223 
and N317 peptides, as vaccines, have also been found to 
induce cytotoxic T-lymphocytes, but aren't as profound as 
that produced by the N220 peptide (Cheung et al., 2007). 
Leung et al. (2004) reported that IgG-mediated response 
was targeted at N protein in patients infected with SARS 
virus. Chenavas et al. (2013) explored the possible way of 
targeting the N protein for therapeutic purposes by in-
hibiting the oligomerization of N protein via introducing 
higher-order oligomers or blocking the exchange domain-
binding groove of the N protein.

Envelope proteins (E)

The envelope (E) protein is the smallest protein of 
SARS-CoV-2 associated with the regulation of the virus 
life cycle, such as budding, assembly, envelope forma-
tion and pathogenesis (Fig. 1) (Ruch and Machamer, 
2012). Envelope protein plays a major role in ion chan-
nel activity by a protein called viroporin involved in 
pathogenesis (Gupta et al., 2020). E proteins interact 
with other SARS-CoV-2 structural proteins and host 
cell proteins (Schoeman and Fielding, 2019). Mostly 
E proteins are located at the intracellular trafficking 
sites like Golgi apparatus, ER and mainly in ER-Golgi 
intermediate compartments where they are involved in 
assembly of SARS-CoV-2 and budding (Nieto-Torres et al., 
2011). In recombinant coronaviruses lacking E protein, 
reduction in virus quantity and crippled maturation of 
virus has been shown, thereby indicating that E protein 
plays major role in the virus production and maturation 
(Nieto-Torres et al., 2011) (Fig. 1).

E protein contains 76–109 aa ranging from 8.4 to 12 
kDa in size and in virion it is present at a low amount. It 
has three regions, small 7–12 aa long hydrophilic amino 
terminus, 25 aa long hydrophobic transmembrane do-
main (TMD) and remaining majority of amino acids in 
long hydrophilic carboxyl terminus (Li et al., 2014). TMD 
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consists of nonpolar amino acids like valine and leucine 
resulting in strong hydrophobic property of the E pro-
tein (Wu et al., 2003). By computational approach, Li et 
al. (2014) predicted the secondary structure of E protein 
and reported that carboxyl terminus contains conserved 
proline residue in a binding motif. After the mutation of 
proline the localization of E protein in Golgi apparatus is 
disrupted, while replacement of proline mutation leads to 
re-localization of the protein to plasma membrane (Li et 
al., 2014; Cohen et al., 2011). Interestingly, envelope amino 
acids at (N) terminus are negatively charged, whereas 
carboxyl (C)-terminal tail is positively charged and the 
middle region remains uncharged, resulting in zero 
net charge (Schoeman and Fielding, 2019). Kandel et al. 
(2020) calculated nucleotide composition of SARS-CoV-2 
E protein by relative synonymous codons usage (RSCU) 
method and reported that T nucleotides were abundant 
in higher percentage (34.5% to 40.4%) followed by nucleo-
tide A (21.52% to 25.7%). Nucleotide percentages in the E 
protein were in the order G<C<A<T (Ahmed et al., 2020). 
When compared to SARS-CoV, SARS-CoV-2 has lesser GC 
percentage (38.2%) and higher AT percentage (63%).

In recent studies, it has been found that the E protein 
of SARS-CoV contains a binding motif called PDZ that is 
located at the carboxyl terminus (Teoh et al., 2010). The 
PDZ domain is a protein-protein interaction module that 
can bind to the C-terminus of target proteins such as the 
cellular adapter proteins involved in host-cell processes 
which are important for viral infection (Schoeman and 
Fielding, 2019). SARS-CoV-2 has 94.7% genetic similarity 
with SARS-CoV and is reported to also exhibit the same 
mechanism in virus maturation and its pathogenesis 
regulated by E protein (Schoeman and Fielding, 2019). 
E protein of SARS-CoV-2 has most efficient interaction 
with membrane protein (M), thus M-E co-expression 
is sufficient to form and release infectious virus like 
particles (VLP). Interaction between E and M protein is 
regulated by C terminal region of both proteins on the 
ER-Golgi intermediate compartment complex (ERGIC) 
cytoplasmic site (Schoeman and Fielding, 2019). VLP 
production is further increased by interaction with N 
protein. Studies reported that E-N interaction is also 
mediated by C-terminus of both proteins and when the 
last residue of C-terminal region is deleted, interaction 
between the E and N protein was reduced (Schoeman 
and Fielding, 2019).

E proteins interact with host proteins as they depend 
on the host protein interaction for its propagation. The 
first host protein that was found to interact with SARS-
CoV E protein was B-cell lymphoma-extra-large (Bcl-xL) 
which is the anti-apoptotic protein (Yang et al., 2005). In-
teraction between host and E protein is mediated through 
the PDZ domain. After binding with host protein, viruses 

activate host signalling pathways which are responsible 
for replication, propagation and pathogenesis (Gupta et 
al., 2020). Further, research found only five host proteins 
that interact with E proteins, i.e Bcl-xL, syntenin, PALS1, 
stomatin and sodium/potassium (Na+/K+) ATPase α-1 
subunit (Yang et al., 2005).

E protein targeted diagnostics and therapeutics

The presence of SARS-CoV-2 in specimens was con-
firmed by RT-qPCR and next generation sequencing meth-
ods. For rapid detection using RT-qPCR, the probes and 
primers which target E protein sequence became main 
diagnostic target for SARS-CoV-2. Since the E protein plays 
a major role in virus production, maturation and patho-
genesis, targeting this protein would inhibit infectious 
virus particle production. Several studies also reported 
that in the absence of E protein SARS-CoV-2 becomes 
attenuated and can be considered as a key biomarker 
of SARS-CoV-2. Gupta et al. (2020) used a computational 
approach to identify phytochemicals that can be used as 
inhibitors of SARS-CoV-2 E protein and tested for about 
4153 phytochemicals using Drugmint server and CASTp 
server. They selected 10 phytochemicals based on their 
binding energies: belachinal, macaflavanone E, vibsanol B 
15-epoxyvibsanin C, macaflavanone, luzonoid, grossamide 
K, blestriarene, macaflavanone F and dolichosterone. 
Among them, macaflavanone E, belachinal and vibsanol 
B binds to the E protein of SARS-CoV-2 and decreases the 
E protein production. The above mentioned three phyto-
chemicals passed the Lipinski's rule of five and ADMET 
test (absorption, distribution, metabolism, excretion and 
toxicity) and could be used as potential drugs against 
SARS-CoV-2 (Gupta et al., 2020). Recently, antiviral drug 
remdesivir received a lot of attention as it inserts into the 
viral RNA and limits viral replication and thereby reduces 
the spread of the SARS-CoV-2 virus. Remdesivir drug also 
targets E protein and acts by inhibiting the ability of E 
protein gene to replicate and make viral copies; thereby 
used as potential drug to inhibit SARS-CoV-2 (Wang et 
al., 2020). Dong et al. (2020) also reported that the drug 
darunavir, a protease inhibitor of HIV, effectively inhib-
ited the viral replication by targeting envelop protein as 
it plays major role in replication. Zhou et al. (2020b) used 
network proximity analyses in order to understand the 
interaction between the virus and host proteins and also 
to identify drug targets with respect to the E protein. 
They have showed that three drug combinations such as 
mercaptopurine and melatonin, toremifene and emodin, 
and sirolimus and dactinomycin act as a potential drugs 
against SARS-CoV-2. Thus, research studies suggested 
that E protein can be targeted for both diagnostic and 
therapeutic applications.
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Membrane protein (M)

The membrane (M) protein is a glycoprotein, consist-
ing of around 221 aa, essential for maintaining the shape 
of the viral envelope (Fang et al., 2007). It is composed 
of three parts: a short N-terminal glycosylated domain, 
three transmembrane domains (TM) and a carboxy-ter-
minal domain (Ujike and Taguchi, 2015). The M gene, that 
codes for the M protein has been found to be composed 
predominantly of T (29.9%–31.9%), and A nucleotides 
(24.4%–25.6%). TM domains contain about 80 aa that fa-
cilitate the protein's attachment to the membrane. Ma et 
al. (2008) reported that the second (46–68 aa) and third 
(78–100 aa) segment of TM domain are considered to be 
primary helices that essentially contribute to membrane 
penetration. Moreover, the first (14–36 aa) segment for 
its stabilisation interacts with the other two segments. 
The second and third TM segments are more efficient in 
protein transfer from the cytoplasm into the membrane 
of the ER, in comparison to the first TM segment (Ma et 
al., 2008). An interesting characteristic of M protein is 
that when the process of maturation is absent, it starts 
accumulating in the ER membranes (Rottier et al., 1986). 

Functions of M protein

M protein is an important structural protein providing 
the shape of the viral envelope. It is considered as the cen-
tral organiser of CoV assembly, interacting with all other 
virus structural proteins (Masters, 2006). The membrane 
protein interacts with two stretches of aa, 168–208 aa and 
211–254 aa of SARS-CoV N protein. The importance of this 
interaction is 1.) to restrict the migration of the M protein 
within the budding compartment or the ERGIC at the 
same time, 2.) to envelope the nucleocapsid (Narayanan 
et al., 2000). The envelope assembly is reported to be sup-
ported by M-M interactions by forming large complexes. 
However, it also interacts with the S protein in order to be 
maintained in the ERGIC, a feature that is unique to coro-
naviruses (Schoeman and Fielding, 2019). Studies showed 
that the M protein is also essential for the assembly of vi-
ral like particles (VLPs) (Hsieh et al., 2008). Assembly and 
budding of VLPs is facilitated by the interaction between 
the M and E proteins which is sufficient for the assem-
bling of viral particles, but can be enhanced by N protein 
(Narayanan et al., 2000). Deletion mapping data showed 
that second or third TM segment plays a major role in the 
interaction of M and E proteins. Both, E and M proteins are 
essential for the release of VLPs (Schoeman and Fielding, 
2019). Fang et al. (2007) reports that the carboxyl terminal 
end of M protein suppresses the activity of nuclear factor 
kappa B (NF-κB), possibly through direct interaction with 
IκB kinase (IKKB). The NF-κB is also known to regulate the 

production of cyclooxygenase-2 (COX-2) which is essential 
in inducing immune responses. This study also suggests 
that the SARS-CoV M protein has the ability to cause the 
down-regulation of COX-2 and evade the host's immune 
response. Since NF-κB is involved in the body's immune 
response against a pathogen, its interaction with M pro-
tein makes the host much more vulnerable to SARS-CoV 
infections. Western blot analysis showed that there was a 
reduction in the translocation of p50 and p65 units of the 
NF-κB pathway, as a result of M protein expression. An-
other study suggests that the M protein of SARS-CoV can 
also tamper with the Akt-mediated cell survival pathway, 
and induce apoptosis in Drosophila (Chan et al., 2007).

M protein targeted diagnostics and therapeutics

The diagnostic and therapeutic aspects of the M pro-
tein aren't fully understood and are yet to be explored. 
However, in the study conducted by Pang et al. (2004) rab-
bit antisera was prepared using the complete SARS-CoV 
M protein. Under in vivo conditions, the neutralisation 
titre of the obtained antisera was observed to be more 
than 1:128, thus hinting at the possibility of the develop-
ment of an efficient vaccine from M protein (Okada et al., 
2006). In an experiment conducted by Okada et al. (2006) 
cDNA of the M protein from three strains of SARS-CoV 
was cloned into pcDNA vectors and expressed in E. coli 
as well as eukaryotic systems. Following this, the vector 
with the cloned cDNA fragment was introduced into mice 
and the neutralising antibodies obtained were produced 
and assayed. In addition to this, the system's immune 
response was studied using human alveolar epithelial 
cells or T7 cells, by enabling them to express the M protein 
antigen (Okada et al., 2006). Wang and Liu et al. (2016) sug-
gested the role of the M protein as a cytosolic pathogen-
associated molecular pattern (PAMP) and inducer of 
the interferon-B production that is independent of TNF 
receptor associated factor 3 (TRAF3). Some of the drugs 
targeting structural proteins are listed in the Table 1.

Non-structural proteins (nsp)

After receptor recognition, the nucleocapsid with viral 
genome is released into the cytoplasm of the host cells. 
The terminal 5' two-thirds of the RNA genome contain 
two open reading frames (ORF 1a/ORF1b) which produce 
two viral replicase polyproteins (PP1a and PP1ab) that 
are auto-proteolytically cleaved into 16 non-structural 
proteins (nsp1-16) which self-assemble into the viral 
replication and transcription complex (RTC). The RTC 
consists of multiple enzymes, including the papain-like 
protease (nsp3), the main protease (nsp5), the nsp7-nsp8 



	 RAJARAMAN, R. et al.: REVIEW� 17

primase complex, the primary RNA-dependent RNA 
polymerase (nsp12), a helicase/triphosphatase (nsp13), 
an exoribonuclease (nsp14), an endonuclease (nsp15), 
and N7- and 2'O-methyltransferases (nsp 10 and 16) 
(Gordon et al., 2020). In general, these 16 non- structural 
proteins are joined together and contain RNA-dependent 
RNA polymerase enzyme (RdRP) which is responsible 
for replication/transcription of viral RNA (Risco et al., 
1998). Mostly SARS-CoV-2 proteins are processed by main 
protease (Mpro) and papain-like protease to yield non-
structural proteins (Kandeel et al., 2020). The Mpros of 
the SARS-CoV and the SARS-CoV-2 share an identity of 
96% aa. Mpro which is encoded by ORF1 has 11 cleavage 
sites (Hilgenfeld, 2014; Thiel et al., 2003). Additionally, 
papain like protease (PLP) is responsible for processing 
non-structural proteins (nsps) 1 to 3 (Hilgenfeld, 2014). 
Kandeel et al. (2020) reported nucleotide composition of 
two important non-structural proteins including Mpro 
(nsp5) and RdRP (nsp12). In RdRP of SARS-CoV-2, T and A 
nucleotides are abundantly present and RdRP contains 
more pyrimidines than purines while Mpro has low G3s 
frequencies (nucleotides at the third position of codon) 
(Kandeel et al., 2020).

Nsp1 (cellular saboteur) plays major role in the interac-
tion between the virus and innate immune response and 
protects the virus from antiviral proteins. In recent stud-
ies, the mutation in nsp1 showed to modulate the process 
of replication and pathogenesis (Dhama et al., 2020). The 
nsp2 is known as mystery protein for which the function 
is not yet known, but it regulates the function of nsp1 and 
nsp3. The nsp3 (untagging and cutting) is a large protein 
that has many conserved sites that are responsible for 
PLP activity and is also involved in the synthesis and 
processing of viral RNA (Graham et al., 2008). Nsp3 has two 
roles, the first one is cutting the other viral proteins and 
the second one is untagging the antiviral proteins from 
the viral surface, thereby reducing the ability of the host 
cell to fight against the virus. The proteins nsp4 (double 
membrane vesicles maker) and nsp6 (double membrane 
vesicle factory) are involved in formation of double mem-
brane vesicles filled with the fluids around the ER region 
where new virions are constructed. Nsp4, a membrane 
protein with numerous hydrophobic amino acids along 
with nsp3 and 6 proteins are involved in viral replication 
in cytoplasm (Sakai et al., 2017). Protein nsp5 called pro-
tein scissors is involved in cutting the loose viral proteins 
similarly to nsp3. Nsp7 and nsp8 proteins are called copy 
assistants and help nsp12 to synthesize new copies of 
RNA in SARS-CoV-2. Protein nsp9 is involved in forming 
tiny channels inside the nucleus of infected cell, however 
only few information of the tiny channel function is avail-
able. Nsp10 called genetic camouflage protein works with 
nsp16 to protect the viral genes from the attack of antiviral 

proteins synthesized in the healthy human cell (Sakai et 
al., 2017). Nsp12 known as copy machine contains RdRp 
(RNA-dependent RNA polymerase) which is responsible 
for developing new copies of the viral genome (Zhou et al., 
2020a). Protein nsp13 (unwinding RNA protein) is respon-
sible for unwinding the viral RNA. Protein nsp14 (viral 
proof-reader protein) is responsible for cutting the wrong 
nucleotides which were added during genome replication 
by nsp12 (Eckerle et al., 2010). Researchers reported that 
nsp15 (cleaning up protein) might clean the remaining or 
leftover RNA to protect it from the antiviral defences. Pro-
tein nsp16 works together with nsp10 to protect the viral 
genes. Over all, the different non-structural proteins are 
also reported to possess prominent role in the replication 
and pathogenesis of SARS-CoV-2 infection.

Therapeutic applications targeting non-structural 
proteins

Non-structural proteins are widely used for develop-
ing antiviral drugs for SARS-CoV-2. It was reported that 
nucleoside analogues such as favipiravir, ribavirin, rem-
desivir generally interact with the nucleotide synthesis 
of virus and inhibit the replication of viral genome by 
targeting the RdRp in nsp12 (Dong et al., 2020; Ahn et al., 
2020). These drugs are also used in the combination with 
other antiviral proteins specifically with interferon and 
thereby reduce viral synthesis and replication and could 
be considered as the most promising agents for treating 
patients with SARS-CoV-2. However, safety and efficacy of 
remdesivir and favipiravir are not yet confirmed in clini-
cal trials of SARS-CoV-2 patients. Additionally, researchers 
reported that protease inhibitors such as lopinavir and 
ritonavir can be considered as potential antiviral drugs 
against SARS-CoV-2, as they can reduce the replication 
of SARS-CoV-2 viral genes by targeting and interacting 
with the enzymes that are associated with cleavage 
of viral proteins, however the efficacy of this protease 
inhibitor in SARS-CoV-2 is still questionable (Ahn et al., 
2020). Structure-based selection of drugs was performed 
recently to identify protease inhibitors of SARS-CoV-2 and 
identified the drugs with better inhibition potency and 
binding capacity: indinavir, tipranavir, atazanavir, ritona-
vir, darunavir, amprenavir, cefixime, cefditoren, clarithro-
mycin, erythromycin and azithromycin. Ohe et al., (2020) 
also used similar structure-based selection of drugs to 
identify best protease inhibitors such as clarithromycin, 
erythromycin and azithromycin which possess better 
antiviral effects thanks to its anti-inflammatory and im-
munomodulatory effects. Clinical studies have reported 
that hydroxychloroquine combined with azithromycin 
could be effective against COVID-19 (Ohe et al., 2020). Non-
structural proteins were also considered for developing 
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vaccines. It was reported, that live attenuated SARS vac-
cine designed using reverse genetic strategies to inhibit 
the nsp14's exonuclease activity and thereby reduce the 
virus expression (Dhama et al., 2020). Prajapat et al. (2020) 
reported the usage of lopinavir-ritonavir combination, in 
inhibiting viral proteases. Apart from this, both lopanivir 
and retinovir bind to the same target site of Mpro and 
inhibit the protease (Liu et al., 2020). Analysis by Lung et 
al. using molecular docking methods, revealed that the 
active site of the SARS-CoV-2 RdRp was able to facilitate 
the docking of the aflavin, making it a candidate for anti-
viral drug (Lung et al., 2020). Another study reported that 
compounds like IDX-184 and setrobuvir can bind tightly 
to the active site of the RdRp, although their efficiency 
of inhibiting its activity is unknown (Lung et al., 2020). 
Some of the drug targets of non-structural proteins are 
listed in the Table 2.

Host proteins in response to SARS-CoV-2

The SARS-CoV-2 viral genome is 75 to 80% identical to 
the SARS-CoV and has similar pathogenic mechanisms 
to SARS-CoV and MERS-CoV (Prompetchara et al., 2020). 
Studies have shown that the increased release of cytokines 
by host immune system in response to the viral infection 
and/or secondary infections can result in a cytokine storm 
and sepsis symptoms, leading to death in 28% of sever 
COVID-19 cases. Additionally, uncontrolled inflamma-
tion causes multi-organ damage leading to organ failure, 
especially of the cardiac, hepatic and renal systems (Tay 
et al., 2020). The entry of the virus into the host cell is trig-
gered by the recognition of virus-specific components via 
pattern recognition receptors (PRRs) including Toll-like 
receptors (TLRs), NOD-like receptors (NLRs), RIG-I-like 
receptors (RLRs) that distinguish the viral genome from 
the host genome mainly by DNA, single-stranded RNA 
(ssRNA), double stranded RNA (dsRNA) and surface gly-

Table 2. Non-Structural proteins with their functions and drugs 

No. Protein Function Drugs 

Non-structural proteins

1. nsp1 confers protection from host's immune response, mediates 
pathogenesis

remdesivir, favipiravir, ribavi-
rin (de Lima Menezes and da 
Silva, 2020)

protease inhibitors such as 
lopinavir and ritonavir (Mahdi 
et al., 2020)

macrolides (MAC) such as clar-
ithromycin, erythromycin and 
azithromycin (Ohe et al., 2020)

hydroxychloroquine com-
bined with azithromycin (Gau-
tret et al., 2020)

2. nsp2 presumed to regulate the functions of nsp1 and nsp3

3. nsp3 contains multiple domains, including one for papain-like pro-
tease, synthesis and processing of viral RNA, untags antiviral 
proteins from viral surface

4. nsp4 double membrane vesicles formation to facilitate generation 
of copies of the virus, along with nsp6

5. nsp5 (or) main protease (Mpro) essential in cleavage of pp1a and pp1ab polyproteins

6. nsp6 double membrane vesicles formation to facilitate generation 
of copies of the virus, along with nsp4

7. nsp7 also known as copy assistants; assist nsp12 in generation of 
viral RNA

8. nsp8

9. nsp9 generates tiny channels in the nucleus of an infected host cell

10. nsp10 (or) genetic camouflage protects the virus from antiviral proteins attack along with 
nsp16

11. nsp11 no function reported

12. nsp12 (or) RNA-dependent 
RNA polymerase enzyme 
(RdRP) (Hillen et al., 2020)

replication/transcription of viral RNA

13. nsp13 (or) helicase unwinding of viral RNA

14. nsp14 proof-reading the activity of nsp12

15. nsp15 presumed to clean any leftover RNA to avoid host immune 
response

16. nsp16 obscuring viral genes from host antiviral responses
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coproteins (Lee et al., 2019). The proteins like melanoma 
differentiation-associated protein 5 (MDA5), laboratory 
of genetics and physiology 2 (LGP2), and oligomerization 
domain-containing protein-2 bind to viral RNA in the cell 
cytosol via RNA binding motifs, followed by interaction of 
signalling domain with downstream proteins and result-
ing in the activation of signalling events to counter the vi-
ral infections (Jensen and Thomsen, 2012). Virus infection 
triggers the secretion of IFNs and cytokines to enhance 
innate immune responses via autocrine and paracrine 
mechanisms and induce expression of interferon stimu-
lated genes (ISGs) that inhibit viral replication inside the 
host cell. The secreted cytokines and chemokines are also 
critical for inducing effective adaptive and memory im-
mune responses. In most mild cases, type I IFN is highly 
effective in inhibiting viral replication during early short 
periods of viremia. BALB/c mice infected with SARS re-
ported to show enhanced viral replication accompanied 
by a delayed IFN-I response, which in turn promotes the 
accumulation of pathogenic inflammatory monocyte-
macrophages, resulting in elevated lung cytokine/
chemokine levels, vascular leakage, and impaired virus-
specific T cell responses (Channappanavar et al., 2016). IFN 
stimulates immune responses by activation of JAK/STAT 
pathway which forms complex with interferon regulatory 
factor (IRF) and is transported to the nucleus to stimulate 
the expression of over 300 IFN-stimulated genes (ISGs) 
that inhibit viral replication (Teijaro, 2016). Baricitinib, 
another inhibitor of cytokine-release, is a Janus kinase 
inhibitor (anti-JAK) and it seems to act though its affinity 
for AP2-associated protein AAK1, thereby reducing SARS-
CoV-2 endocytosis (Richardson et al., 2020)

Interferon-inducible transmembrane proteins (IFIT-
Ms) are key ISGs induced by interferon and interfere with 
virus entry. It has been reported that interferon-induced 
transmembrane protein-3 genetic variant rs12252-C is as-
sociated with disease severity in COVID-19 (Zhang et al., 
2013). However, in severe forms of viral replication, the 
ability of type I IFN to inhibit viral replication is over-
whelmed by excess release of pro-inflammatory cytokines 
such as IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α, 
TGFβ, and chemokines CCL2, CCL3, CCL5, CXCL8, CXCL9, 
CXCL10 from immune effector cells and cause hyper 
inflammation (Cavalcanti et al., 2012). Importantly in re-
sponse to SARS-CoV-2, NHBE cells elicited strong chemot-
actic and inflammatory response, indicated by the expres-
sion of CCL20, CXCL1, IL-1B, IL-6, CXCL3, CXCL5, CXCL6, 
CXCL2, CXCL16, and TNF-α (Blanco-Melo et al., 2020). The 
post-mortem studies of COVID-19 patients suggested that 
COVID-19 caused an inflammatory response in the lower 
airway and led to lung injury (Eketunde et al., 2020). In 
COVID-19 patients, few cytokines and chemokines were 
observed in the plasma including IL-1, IL-2, IL-4, IL-7, IL-10, 

IL-12, IL-13, IL-17, GCSF, macrophage colony-stimulating 
factor (MCSF), MCP-1, hepatocyte growth factor (HGF), 
IFN-γ and TNF-α (Blanco-Melo et al., 2020). Interferon-
induced with helicase C domain 1 (IFIH1) gene encodes a 
cytoplasmic receptor critical for viral RNA sensing, and 
belongs to a family of helicases. Loss of IFIH1 and Z-DNA-
binding protein provided an evolutionary advantage by 
reducing inflammation-induced damage to host tissues 
and thereby contributes to a switch from resistance to the 
tolerance of viral infections (Fischer et al., 2020).

The role of NF-κB in interferon response during viral 
infection is well reported. The NF-κB family of proteins 
are significant for both innate and adaptive immunity 
determination. NF-κB activity has been demonstrated 
to be important for the inflammatory response and 
pathological condition induced by respiratory viruses 
such as SARS-CoV (Fischer et al., 2020) and influenza 
A virus (Oslund and Baumgarth, 2011). The SARS-CoV 
nsp1, nsp3a, nsp7a, spike, and nucleocapsid proteins 
promote NF-κB activation and thus also contribute to 
pathogenesis. Plasmin, a key player in fibrinolysis was 
reported to enhance the virulence and pathogenicity 
of SARS-CoV-2. The worsening of clinical outcomes  of 
COVID-19 patients with hypertension, diabetes, chronic 
obstructive pulmonary disease, and kidney dysfunction 
is severe and may lead to death (Hong-Long et al., 2020). 
Prostaglandin-endoperoxide synthase 2 (PTGS2) or COX-
2 is an inducible pro-inflammatory enzyme. COX-2 is an 
immediate-early response gene, which upon induction 
generates mainly hyperalgesic and pro-inflammatory 
prostaglandins at sites of inflammation. Some studies 
have shown that two structural proteins from the SARS-
CoV induced the expression of COX-2 in vitro (Liu et al., 
2007). Excessive prostaglandin E2 (PGE2) accumulation 
in the urine of COVID-19 patients which is mediated by 
COX-2 was the key pathological symptom of COVID-19. 
It was suggested that celebrex adjuvant treatment may 
be helpful for the therapy of COVID-19 as it reduced the 
PGE2 levels and promotes recovery of ordinary or severe 
COVID-19 (Hong et al., 2020). 

The complement is a major component of innate im-
munity that functions to recognize and eliminate invad-
ing pathogens. In a SARS-CoV-infected mice study, it was 
reported that complement activation results in immune-
mediated damage of lungs in C3 deficient mice and sug-
gests that inhibition of the complement pathway might 
be an effective therapeutic target (Gralinski and Menach-
ery, 2020). The lung biopsy samples from patients with 
severe COVID-19 showed complement activation, char-
acterized by C3a generation and C3-fragment deposition 
together with increase in the levels of C5a in the serum 
of COVID-19 patients (Gao et al., 2020). Better recovery of 
patients treated with an antibody blocking complement 



20	 RAJARAMAN, R. et al.: REVIEW

component C5a suggested a potential benefit of targeting 
complement in patients with COVID-19 with severe lung 
injury (Gao et al., 2020).

Sample collection and diagnostics of COVID-19

The WHO recommends collecting samples from 
both the upper and lower respiratory tracts. This can 
be achieved through sputum, bronchoalveolar lavage, 
or endotracheal aspirate and also mouth/nose swabs. 
These samples are then assessed for viral RNA extraction 
followed by PCR. If tested positive, it is recommended to 
repeat and confirm the test. Collecting the correct speci-
men at the right time from patients is very important for 
laboratory testing of the COVID-19 diagnostics. The main 
sample collection sites for detection are from upper and 
lower respiratory sources including, nasal, nasopharyn-
geal (NP), throat, sputum and bronchial fluid (De Virgilio 
et al., 2020). It was reported during COVID-19 outbreak in 
Wuhan of China that only 32% of oropharyngeal swabs 
were successful in detecting SARS-CoV-2 RNA in patients, 
however other studies have shown that saliva is a prom-
ising agent and exhibits higher sensitivity for COVID-19 
detection than nasopharyngeal swabs. Saliva collection 
is also less invasive and can be self-administered pro-
viding less exposure to health workers. Collected swab 
specimens should be placed in a universal viral medium 
for better results. The highly sensitive detection of SARS-
CoV, MERS-CoV, and SARS-CoV-2 is possible also from 
both upper and lower respiratory samples like sputum 
and bronchoalveolar lavage fluid (BALF) (De Virgilio et 
al., 2020). The collection of BALF via bronchoscopy is dif-
ficult and requires technically skilled health workers and 
also risk of biosafety is higher as it may spread through 
aerosols. RNA detection of SARS-CoV and MERS-CoV 
can also be done from stool, urine and blood specimen's 
(Chen et al., 2020b). Similar to SARS-CoV RNA detection 
after onset symptoms within 7–10 days, SARS-CoV-2 is also 
expected to be detected within 5–14 days after the illness 
(He et al., 2020).

WHO declared health emergency for COVID-19 on 
January 30 and thereafter, many different companies 
started developing diagnostic kits and many are still in the 
development stage for rapid detection kits. In response 
to the COVID-19 emergency many in vitro diagnostics 
entered the market and many are still in research and 
development. Most of the kits detect the COVID-19 anti-
gens or antibodies in a so-called “Rapid Diagnostic Test” 
(RDT) design. Antigen based RDT kits detect the pres-
ence of a protein of the virus in body fluids like blood or 
serum and mostly in secretions of the upper respiratory 
tract like bronchiolar lavage fluid. The antibody-based 
detection RDT kits can detect antibodies produced by 

B-lymphocytes of the virus infected patients during the 
infection period. Antibodies are mostly detected in the 
blood during the post infection period of around 5–10 days 
after the onset of illness (He et al., 2020). These tests are 
qualitative tests and do not give any information about 
virus quantity. The advantages of RDTs are its possibility 
to be performed on spot, they are small stand-alone tests 
that are simple to use outside the hospital, by minimally 
trained staff, and provide test results within 15–30 min.

Real-time reverse transcription PCR (RT-qPCR)

The most important method for COVID-19 diagnostics 
is nucleic acid detection by real time reverse transcription 
polymerase chain reaction (RT-qPCR). It is considered 
as the ‘gold standard’ for the detection of viruses and in-
volves the reverse transcription of SARS-CoV-2 RNA into 
complementary DNA (cDNA) strands, followed by am-
plification of specific regions of the RdRp, E and N genes 
(Choudhary et al., 2020, Kageyama et al., 2003) by real-time 
PCR (qPCR). It has been performed on nasopharyngeal 
and oropharyngeal swabs in symptomatic people, in indi-
viduals who are in close contact with SARS-CoV-2 positive 
people and also among health care workers, in potentially 
exposed category individuals (policemen, military) (San-
duzzi and Zamparelli, 2020). RT-qPCR helps efficiently to 
confirm a viral infection in suspected patients within 2 
h. Studies conducted in COVID-19 patients reported that 
RT-qPCR is positive even at a low level of viral load until 
day 13 in lower respiratory tract specimens and day 14 in 
upper respiratory specimens (Tahamtan and Ardebili, 
2020). However, sample collection, transportation, and kit 
performance affect the total positive rate of RT-qPCR for 
throat swab samples and was reported to be about 30% to 
60% at initial presentation (Yang et al., 2020). Most of the 
kits were checked for the cross-reactivity with other res-
piratory viruses with samples positive for other viruses 
like influenza A, influenza C, SARS-CoV and MERS-CoV 
with RT-qPCR results. The RT-qPCR kits also contain a 
specific positive control, which is in vitro transcribed RNA 
derived from SARS-CoV-2 or recombinant plasmid DNA of 
RdRp and E gene. For the countries like USA, Brazil, Italy, 
UK and other countries with rapid raise in the number of 
SARS-COV-2 infections, it is strongly suggested to use RT-
qPCR/SARS-CoV-2 NAT. More personal should be trained 
and prepared for RT-qPCR detection under a Biological 
safety cabinet level 4.

Serological test

By using the ELISA method, it is possible to detect the 
presence of antibodies to coronavirus in a whole blood or 
serum sample. These tests detect IgM and IgG antibodies 
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produced during the viral infection. Tests can determine 
whether a patient has previously been infected (IgG) with 
coronavirus and also, they will give positive results dur-
ing infection (IgM). Currently, serological tests are not 
provided by most of the countries as a part of routine 
diagnostics. These tests are less likely to detect the early 
stage of infection, however they are widely used to check 
how large population was exposed to coronavirus (Jacof-
sky et al., 2020). If the tests are to be used in diagnostics, 
they always should be supported by RT-qPCR. 

Rapid antigen tests

Rapid antigen tests usually based on S protein detec-
tion provide the advantage of fast, efficient and low-cost 
diagnostic method of human coronavirus. The actual 
principle behind this assay is its fluorescence based 
immunochromatographic method for detecting S pro-
tein of SARS-CoV-2 in COVID-19 patients by using naso-
pharyngeal swabs for rapid, early and simple method 
for diagnostics. The commercial diagnostic kits present 
in the market for COVID-19 detection (FDA approved) are 
shown in Table 3.

CT scan

Some of the published reports have revealed higher 
sensitivity of chest CT in early detection of SARS-CoV-2 
positive cases other than diagnostic tests. The importance 
of CT scan was recommended because of the false-positive 
tests reported in many cases. In a recent COVID-19 testing 
report on 51 patients, around 70% of patients showed posi-
tive results after RT-qPCR on swabs whereas, abnormal CT 
scan findings compatible with viral pneumonia was seen 
in almost all the patients (98%) (Ai et al., 2020). CT scans 
are reported to be more sensitive than PCR. The reasons 
for low sensitivity of PCR may include insensitive nucleic 
acid detection methods, viral load, handling errors and 
instrumental error. There are now over seven different 
SARS-CoV-2 nucleic acid PCR tests (van Kasteren et al., 

2020). In respiratory swab method it has been shown that 
upper respiratory tract samples have their peak viral loads 
3 days after onset of symptoms, and that nasal, rather than 
throat samples have the highest viral loads (van Kasteren 
et al., 2020). On contrary, reports suggested that safety 
measures using CT to study COVID-19 patients are neces-
sary to be with proper cleaning protocols and health-care 
professionals. Additionally, CT scanners could become a 
source for infection to other patients who has to undergo 
CT scanning (Hope et al., 2020).

Management and treatment for COVID-19

Isolation is the best and most effective measure to 
avoid COVID-19. Till date no specific treatment or spe-
cific antiviral medication or vaccine is currently avail-
able, however, many countries all over the world using 
different strategies like a combination of antiviral and 
antibiotic drugs are used to treat patients. The treat-
ment of COVID-19 mainly includes symptomatic care 
and oxygen therapy. Patients with mild viral infections 
require early oxygen therapy, nutritional supplements 
and antibacterial therapy. The patients with complica-
tions like severe pneumonia or acute respiratory distress 
syndrome (ARDS) may require mechanical ventilation, 
glucocorticoid therapy and chemotherapy. Currently, the 
drug repurposing approach is being used for the rapid 
identification of therapeutic strategies against COVID-19. 
The viral proteins such as S, N, E and M proteins are 
considered for the identification of potential inhibitors 
by virtual screening-based approaches.  Our team also 
suggested possible repurposable drugs for COVID-19 
treatment based on upregulated proviral factors by the 
host-transcriptome-based drug-repurposing approach. 
Such in silico studies can generate potential drug candi-
dates for wet lab and clinical level validation experiments. 
Many countries also recommended avoiding unnecessary 
administration of antibiotics. Patients with a history of 
vascular disease, respiratory failure, gastrointestinal 

Table 3. Some of the commercial kits available for the detections of COVID-19

Name of kit Type of test Test time Application Samples 

In Bios Smart detect 
SARS-CoV-2

RT-qPCR 4 h diagnosis (detection) nasal and nasopharyngeal swabs

Gnomegen COVID-19 RT-
digital PCR detection kit

RT-qPCR 3–4 h diagnosis (in vitro detection) nasal and nasopharyngeal swabs

Logix Smart Coronavirus 
2019 (COVID-19) kit

RT-qPCR 4 h diagnosis (in vitro detection) upper and lower respiratory tract 
specimens and also serum

Cellex qSARS-CoV-2 IgG/
IgM rapid test

immuno-assays to detect 
IgG & IgM antibodies 

20 min diagnosis (detection) blood samples 
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problems and multiple organ dysfunction require inten-
sive care unit with full supply of oxygen via mechanical 
ventilation or high-flow nasal oxygen ventilation. Here 
we discussed ongoing important clinical studies of treat-
ment for COVID-19.

Interferon therapy

In this type of treatment, a class of cytokines called 
type 1 interferons (IFN-I) are used to treat virus infected 
patients. They are secreted mainly by dendritic and NK 
cells upon recognition of viral components by pattern 
recognition receptors. IFN-I is the first line of defence 
in the form of cytokines produced during a viral infec-
tion. IFNs interfere with replication of virus inside the 
host cells and slow the cell metabolism and promote 
the secretion of cytokines and activation of the adaptive 
immunity in the infected host. IFN-I treatment has been 
extensively studied during SARS-CoV breakout in 2004 in 
numerous experiments both in vitro and in vivo but failed 
to significantly improve the recovery of the patients (Sal-
lard et al., 2020). Daniel et al. (2020) in recent study from 
USA, showed some interesting results on IFN-I, where 
the post-mortem lung samples of COVID-19 patients were 
compared with lung samples of healthy individuals. The 
transcriptional profiling of the genes was significantly 
induced in response to SARS-CoV-2 however no IFN-I or 
IFN-III RNA was detected by sequencing. Interestingly, 
serum sample analysis consistently showed absence of 
both IFN-β and the IFN-γ family, however analyses of cy-
tokines and chemokines showed a significant increase in 
circulating IL-6, IL-1β, IL1RA, CCL2, CCL8 CXCL2, CXCL8, 
CXCL9, and CXCL16 levels (Blanco-Melo et al., 2020, Major 
et al., 2020). The sequence similarity of SARS-CoV and 
SARS-CoV-2 is high and presents similar pathology con-
sequences. Many preclinical trails testing IFN therapy 
against SARS-CoV-2 are carrying on over the world.

Plasma therapy

During the Spanish flu pandemic in 1918, plasma iso-
lated from the survivors contributed to a 50% reduction in 
deaths among severely ill patients. Plasma-derived ther-
apy was used to treat patients during outbreaks of SARS-
CoV, MERS-CoV, and Ebola. The main principle behind 
this is that antibodies developed by recovered patients 
boost the immune system of virus infected patients with 
no adverse side effects. Collected plasma injected into 
the infected patients, provides “passive immunity” until 
the patient's body produces enough antibodies to fight 
against the viral infection. During the SARS outbreak, 
data show a shorter hospital stay and lower mortality in 
patients treated with plasma than those who were not 

treated with plasma. Study of in vivo model also showed 
that the effects of plasma antibodies in viral clearance 
and blocking reinfection (Rajendran et al., 2020). During 
the COVID-19 outbreak, many countries like USA, China, 
India and other countries have implemented the therapy 
after obtaining permission from their respective agencies. 
In India, states like Delhi, Maharashtra and Tamil Nadu 
implemented the plasma therapy. Most of the countries 
to the best of available data, are implementing plasma 
therapy to treat COVID-19 patients (Duan et al., 2020; Ahn 
et al., 2020b).

Hydroxychloroquine

Chloroquine (CQ) and hydroxychloroquine that are 
commercial drugs used to treat malaria, were recently 
proposed as a treatment that could reduce the coro-
naviral infection, however with only limited data and 
information available for use as prophylaxis to treat 
COVID-19. Although there is limited data on chloroquine 
and hydroxychloroquine in viral studies, in vitro studies 
show that both can inhibit SARS-CoV-2 transmission via 
alkalinisation of the intracellular phagolysosomes. These 
drugs prevent virion fusion and uncoating thus, delay the 
viral infection (Duan et al., 2020). The cell culture studies 
also showed that chloroquine works by inhibiting the 
entry of SARS-CoV-2 S protein and increases the acidity 
of endosomes inside the cell. Hydroxychloroquine, in 
particular, has a variety of side effects and can in rare 
cases affect heart – increases QT interval in the ECG and 
may cause cardiac arrhythmias and high doses are toxic. 
The possible mechanism of CQ is by suppression of T 
cell proliferation, Th1 cell differentiation and also sup-
pression of chronic inflammatory reactions. CQ also ac-
tivates the p53-induced transcription of p21 by unknown 
mechanism. 

Remdesivir

Remdesivir is an antiviral drug developed to treat 
Ebola virus by American drug company Gilead Sciences. 
Similar to hydroxychloroquine, this drug was also sug-
gested to treat COVID-19 patients. This drug is a nucleotide 
analogue that works by inhibiting the RdRp (Pruijssers 
et al., 2020). A group of researchers from North Carolina 
studied both in vitro and in vivo inhibition of SARS-CoV 
and MERS-CoV by remdesivir. Ongoing clinical studies 
suggest that remdesivir (GS5734) can be used for prophy-
laxis and more clinical studies are under observation 
(Pruijssers et al., 2020; Cao et al., 2020). The remdesivir was 
given emergency use authorisation by the US Food and 
Drug Administration (FDA) on May 1, under emergency 
circumstances only. The leading manufacturer of remde-
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sivir Gilead Sciences Inc. has done two clinical trials, and 
results are expected to be released by June 2020.

ACE inhibitors

Angiotensin-converting enzyme 2 (ACE2) has been 
shown to be a co-receptor for viral entry for SARS-CoV-2. 
It is widely expressed in kidney, heart, and recently ACE2 
was reported in type II alveolar cells in the lungs. Re-
searchers expected that ACEIs (angiotensin-converting 
enzyme inhibitors) and ARBs (angiotensin receptor 
blockers) would affect the severity and mortality of 
COVID-19 patients. One of the suggestions was that ACEIs 
could directly inhibit ACE2 in lung tissue and could act 
as a carboxypeptidase, however expected inhibition of 
ACE2 by the clinically recommended ACEIs has failed. 
The SARS-CoV worsened lung injury was improved by 
the treatment with ARB during the SARS outbreak in 
2003. There are limited data and evidence to suggest that 
treatment with ACEIs or ARBs can control the severity of 
pulmonary injury by SARS-CoV-2 in COVID-19 patients 
with hypertension (Verdecchia et al., 2020).

Conclusion

The recent COVID-19 pandemic has become the greatest 
public health crisis caused by a novel strain of coronavirus 
SARS-CoV-2. Infected patients showed mild symptoms as 
fever, cough, body pain while severe symptoms include 
chest pain and difficulty in breathing which leads to 
mortality with an estimation of about 312,000 deaths 
among 4.65 million infected cases according to WHO. 
The entry of the virus into the host cell is triggered by a 
receptor and virus evades the host's immune response 
by suppressing the host innate and adaptive immune 
response proteins. Rapidly increasing infection rate of 
virus can be decreased by deep understanding and analy-
ses of mechanisms in viral protein interaction with host, 
viral genetics and its replication, host immune response 
signalling and improved therapeutic strategy. Various di-
agnostic methods including RT-qPCR, rapid test kits and 
also treatment protocols like plasma therapy, remdesivir 
treatment and also vaccine development could improve 
patients' survival. Major countries of the world are in race 
for the vaccine development. Moreover many vaccines are 
in clinical trial stage and many of the phase II results are 
expected in the end of June 2020.
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