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ABSTRACT: Coronavirus disease 2019 (covid-19) is a pandemic which is instigated by Severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). So far around 9 million people are
infected by SARS-CoV-2 across the world and this number is increasing at an alarming rate. SARS-
CoV-2 uses ACE-2 receptor for entering into host cells and person-person transmission occurs via
direct contact with infected individuals, contaminated objects/surface or respiratory droplets.
Elderly people and those individuals with other complications are more prone to the development
of this severe disease due to cytokine storm associated acute respiratory distress syndrome (ARDS).
This review describes the virology of SARS-CoV-2, its transmission and immunopathagenesis.
Further the potential anti-virals and immune-based drug therapies for covid-19 have also been
discussed. Vaccines which are undergoing clinical trials for the management of covid-19 have also
been highlighted.
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1.LINTRODUCTION

A potentially fatal disease named as Coronavirus Disease 2019 (Covid-19) by World Health
Organization (WHO) on 11 February, 2020 has been regarded as a major public health concern
across the globe. Coronavirus (CoV) is regarded as the major pathogen which distresses humans
lower respiratory tract and results in pneumonia. International virus classification commission
named the novel coronavirus that caused covid-19 outbreak as Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Covid-19 is not the first coronavirus outbreak, rather other epidemic
diseases such as Middle East respiratory syndrome (MERS)-CoV and Severe acute respiratory
syndrome (SARS)-CoV have been reported in the past two decades [1]. In December 2019, a group
of patients with pneumonia (fever, cough and dyspnea with acute respiratory distress syndrome) of
unknown reason were observed in hospitals in Wuhan, Hubei province, China [2]. The seafood and
wet animal wholesale market was identified as the source of infection thus leading to the shutting
down of the area. However, during the spring festival the large influx of visitors resulted in the rapid
spread of the virus to other parts of China. Later on, Covid-19 was declared as a Public Health
Emergency of International Concern (PHEIC) and therefore a pandemic on 30 January, 2020 by
WHO [3]. According to the latest reports (up to 22 December, 2020) the number of confirmed
Covid-19 cases reached 77.3 million, out of which 43.6 million had recovered and 1.7 million had
died.

1. Phylogeny and virology of SARS-CoV-2

CoV is RNA containing virus (single stranded and positive sense) which is enveloped in a lipid
bilayer [4]. Four genera of CoV has been identified yet, with CoV infecting humans found in alpha
(HCoV-229E and NL63) and beta (SARS-CoV. MARS-CoV, HCoV-HKU1 and HCoV-0C43)
genera [5]. Genome sequencing of the virus obtained from five patients hospitalized in December,
2019 depicts the existence of the strain 3 of coronavirus in all of them [4]. The isolated genome of
SARS-CoV-2 was found to be 96.2 % similar to the bat coronavirus isolate RaTG13 obtained from
Yunnan province, China and 88% similar to 2 bat derived SARS-like CoV, SL-CoVZXC21 and SL-
CoVZ(C45 collected from Zhoushan, China in 2018 [4, 6, 7]. Thus, bats are considered as most
probable SARS-CoV-2’s natural hosts owing to their close relationship with RaTG13. Furthermore,
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SARS-CoV-2 showed seventy nine percent nucleotide sequence similarity to SARS-CoV and about

fifty percent to MERS-CoV. It has been shown that SARS-CoV-2 genome is similar to a typical CoV
and contains variable number of open reading frames (ORFs). Out of these ORFs, the first one
(ORF1a/b) which comprises of the two-third viral RNA translates two huge polyproteins ppla and
pplab and encodes 16 non-structural proteins (NSP) [8]. The structural and accessory protein are
encoded by rest of the ORFs. The ORFs in the other one-third of the genome encodes 4 structural
proteins including spike (S) proteins, small envelope (E), nucleocapsid (N) and matrix (M) and other
accessory proteins which interferes with the innate immune response of the host. The analysis of the
SARS-CoV-2 genome obtained from several patients of different provinces in China revealed that
the novel virus had been mutated in the patients [9]. Angeletti et al. showed that mutation in NSP2
and NSP3 plays an important part in the capability of infection and mechanism of differentiation of
SARS-CoV-2 [10]. Tung Phan analysed the 86 whole or near complete SARS-CoV-2 genomes.
Nucleotide sequence alignment showed 93 mutations in the whole genome of SARS-CoV-2 and 42
missense mutations in all the key structural and non-structural proteins (excluding envelope
proteins). Three mutations (F*¢7, D** and Y*%*) were found in receptor-binding domain of the spike
protein [11]. The S glycoprotein plays an important role in viral binding to the receptor of host cell
and is therefore the main target of neutralizing antibodies. Additionally, mutations in the S
glycoprotein of SARS-CoV-2 may change its confirmation, thus allowing it to escape immune
response by rapidly evolving and adapting to varying hosts in the future. The population genetic
analysis of 103 genomes of SARS-CoV-2 revealed two broad types of SARS-CoV-2, one is L-type
(70%) and the other S-type (30%) and the L-type strains were found to be more contagious and
aggressive [12].

2. Transmission of SARC-CoV-2

SARC-CoV-2 is considered to be of zoonotic origin due to the exposure of large number of infected
people to animal market in Wuhan where live animals are regularly sold. Earlier reports have
identified two snake species which could act as reservoir of human covid-19. Apart from birds and
mammals, no other reservoir of covid-19 has been reported [13]. Many studies have suggested
person-person transmission to be the likely route of covid-19 spread. Person-person transmission
takes place mostly by direct contact or via droplets (particles >5-10 um in diameter) which spread
by either sneezing or coughing of an infected person [14]. About 80% transmission is suggested to
be contributed by pre- and asymptomatic individuals. This transmission is mostly limited to close
contacts such as family members and healthcare professionals (6 feet). Owing to the virus mediated
contamination of surfaces and objects, a recent study showed that this virus can be found on stainless
steel for up to two-three days, plastic for up to two-three days, copper for up to four hours and on
cardboard for up to one day. Covid-19 can be found on computers, trashcans, sickbed handrails and
floors as well as in air up to four meters from patients in hospitals [15]. The mean incubation time
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has been reported to be three-seven days (with median of 5.1 days and up to two weeks). This implies

that SARS-CoV-2 doubled itself after around seven days and the basic reproduction number was
found to be 2.2, that is, each patient transmits this virus to additional 2.2 people [16]. About 18% of
the cases have been reported to be asymptomatic. Numerous studies have shown the potential of
asymptomatic individuals to transmit infection to other people. 10 days have been reported for the
resolution of symptoms. However viral shedding occurs even after disappearance of symptoms.
SARS-CoV-2 viral shedding continues for eighteen days (nasopharyngeal swab) or nineteen days
(feces). Viral shedding for asymptomatic and mild cases continues for 10 days (between 8-15 days)
after disappearance of symptoms [14].

3. Clinical features and diagnosis of covid-19

The symptoms of covid-19 arise after an incubation period of 5.1 days. The time period between
appearance of symptoms and death have been reported to be between six to forty one days (median
of fourteen days) [17]. This period is dependent on the immune system of the infected person and
his/her age. At the onset of covid-19, common symptoms includes fever, cough, fatigue, myalgia,
dyspnea, sore throat, anorexia, productive sputum. However a smaller percentage of patients also
display nausea, dizziness, diarrhea, headache and abdominal pain. The elderly and individuals with
other complications (diabetes, hypertension, cardiovascular complication and chronic obstructive
pulmonary disease) may rapidly develop ARDS, metabolic acidosis, septic shock which is hard to
revert back and coagulation dysfunction eventually causing death [14]. Laboratory features include
decreased or normal white blood cell count, lymphocytopenia and eosinopenia. An increase in
alanine aminotransferase (ALT), prothrombin time (PT), lactate dehydrogenase (LDH), D-dimer,
neutrophils, C-reactive protein (CRP), troponin, blood urea and creatinine have also been reported.
The most common laboratory features are eosinopenia (78.8%) and lymphopenia (68.7%) [18, 19].
An increase in pro-inflammatory mediators including cytokines and chemokines have also been
shown [19]. X-ray and chest CT-scans have shown ground-glass opacity and bilateral patchy
shadowing in the lungs of moderate and severe patients [20]. On the basis of severity of symptoms,
covid-19 can be approximately divided into four phases: mild, moderate, severe and critical.
Infected individuals with only mild symptoms and without radiographic changes comes under mild
phase. Patients with fever, radiographic features and respiratory symptoms comes under moderate
phase. One of the three criteria should be fulfilled for a patient to be said in severe phase: RR>30
times per minutes; oxygen saturation< 93% in ambient air; PaO2/ Fi02<300 mm Hg. For critical
phase one of the following feature is required: septic shock, respiratory failure, multiple organ
failure [21]. ARDS is the most common complication of covid-19. About 48.2% of covid-19 cases
develop ARDS. High mortality rate has been found in moderate and severe ARDS cases [22]. Age
plays an important role in worsening ARDS as patients with age more than 65 years have been
shown to have more severe ARDS and hence there is higher probability of mortality [23]. Elevated
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LDH, blood urea nitrogen and reduced albumin level predicts the mortality of covid-19 ARDS

individuals [23]. Some other complications associated with covid-19 includes diabetes mellitus,
cardiovascular disease, hypertension and chronic kidney disease [22]. Since signs and symptoms of
covids-19 patients are atypical therefore auxiliary examination is also done. Current diagnostic tests
for covid-19 include auxiliary examinations such as detection of nucleic acid in samples taken from
throat and nasal passage or in other respiratory tract samplings by real-time PCR, CT-scan, ELISA
and point-of-care testing of IgM/IgG [24].

4. Pathogenesis of covid-19

Covid-19 patients show symptoms which are comparable to those reported in SARS-CoV and
MARS-CoV infections. Since the pathogenesis of SARS-CoV-2 is not well understood, the similar
mechanism of action of SARS-CoV and MARS-CoV might be informative for understanding the
biochemical interactions and SARS-CoV pathogenesis. The S protein (glycoprotein expressed as
homotrimer on the envelope of virus) of coronavirus plays an imperative role in defining the entry
of virus into host cells [25]. There are two subunits of S protein. S1 consists of receptor binding
domain, hence it determines virus-host range while S2 regulates viral fusion with the host cell
membrane. The S protein binds with angiotensin-converting enzyme-2 (ACE-2) which is
abundantly present in lungs, heart, kidney and adipose tissue [7, 26]. Structural analysis by cryo-
electron microscopy showed that SARS-CoV-2 has 10-20 fold greater affinity for ACE-2 as
compared to SARS-CoV, thus suggesting SARS-CoV-2 to be more contagious than SARS-CoV [27].
Direct membrane fusion between plasma membrane of the host and viral envelope has been reported
for the entry of SARS-CoV into host cells (Figure 1). However, SARS-CoV entry into the host cell
by clathrin dependent and independent endocytosis has also been reported [28]. After virus entry
into cells, viral genome is released into the cytoplasm. The released RNA is translated into two
polyproteins ppla and 1ab which are then proteolytically cleaved into 16 non-structural proteins
including RNA-dependent RNA polymerase, helicase, exonuclease, 3C-like protease (3CLpro) and
papain-like protease (PLpro). After that, genomic replication and sub-genomic transcription occurs.
Subgenomic RNAs serves as the mRNAs for structural and accessory proteins including S, E and
M proteins. Nucelocapsid proteins and genomic RNA associate to form viral nucleocapsid and the
genomic RNA and viral proteins are assembled into mature virions in Endoplasmic reticulum-Golgi
intermediate compartment (ERGIC). Finally the mature virions are transported to the cell surface in
vesicles and are released outside by exocytosis. [5]. The early onset of rapidly replicating virus
results in the endothelial and epithelial cell apoptosis, vascular leakage leading to the release of pro-
inflammatory mediators [29]. Furthermore SARS-CoV-2 may also cause pyroptosis in lymphocytes
and macrophages which might be responsible for the observed peripheral blood lymphopenia in
82.1% patients [20]. After the entry of virus into host cells, ACE-2 downregulation occurs which in
turn has been reported to induce shedding of ACE-2 ectodomain. Downregulation of ACE-2 results
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in compensatory ACE mediated formation of angiotensin Il which in turn stimulates its type la

receptor leading to enhanced vascular permeability and lung pathology [1]. Loss of pulmonary ACE-
2 has also been reported to be associated with acute lung injury, renin-angiotensin system (RAS)
dysfunction and increased inflammation [30]. Furthermore SARS-CoV S protein mediated shedding
of ACE-2 has been linked with the production of TNF-a in cell culture conditions [31]. For the
initiation of immune response pathogen recognition receptor (PRR) detects the pathogen associated
molecular pattern (PAMP) on viral RNA. In case of coronavirus, key PRRs are toll like receptors 7
(recognize RNA in endosomes), nucleotidyl transferase cyclic GMP-AMP synthase (cGAS)
(recognition DNA in cytoplasm), retinoic-acid inducible gene I (RIG-I) and melanoma
differentiation-associated gene 5 (MDAJS) (recognize cytosolic ds RNA). [32] These signalling
molecules recruit adaptors such as TIR-domain-containing adaptor protein including IFN-f (TRIF),
stimulator of interferon genes protein (STING) and mitochondrial antiviral-signalling protein
(MAVS). This is followed by the activation of transcription factor nuclear factor-kB (NF-kB) via
adaptor molecule MyD88 which in turn results in the production of pro-inflammatory cytokines [32].
A significantly higher level of cytokines and chemokines such as IFN-y, TNF-a, IL-1, IL-2, IL- 4,
IL-7, IL-10, IL-12, IL-13, IL-17, hepatocyte growth factor (HGF), macrophage colony-stimulating
factor (MCSF), GCSF, , IP-10, MIP-1a and MCP-1 have been found in Covid-19 patients [33]. The
uncontrolled systemic inflammation caused by pro-inflammatory cytokines and chemokines
(cytokine storm) by immune effector cells have been shown to cause ARDS which is considered as
the leading cause of death in SARS-CoV and MERS-CoV patients. The main pathological change
in ARDS is the infiltration of non-specific cell which results in pulmonary and interstitial tissue
damage. Cytokine storm also determines the clinical course of extra pulmonary multiple-organ
failure [34]. Therefore in covid-19 patients cytokine storm might also be responsible for damage to
extra pulmonary organs and tissues (elevated creatinine and liver enzymes). It was found that the
levels of TNF-a, GCSF, MCP-1, IP-10 and macrophage inflammatory protein-1A were higher in
covid-19 patients in ICU as compared to those in general ward, thus suggesting the role of cytokine
storm in enhancing the severity of disease [19]. IFN has an important antiviral role in the early
stages of infection as the formation of IFN-I or IFN- o/ /8 is considered as the natural host defence
response against viral infection. Upon activation of PRRs by either cellular damage or release of
mitochondrial DNA by viral infection, initiation of signalling cascades leading to the production of
protective type I IFN occurs [35]. However, in SARS-CoV and MERS-CoV, antiviral response is
hindered due to the delayed release of IFN. Then, the cytokine and chemokine mediated attraction
of inflammatory cells (monocytes and neutrophils) occurs which in turn is followed by the lung
injury due to severe infiltration of inflammatory cells in lung tissue [36]. Activation of the cells of
the myeloid lineage by PRRs or damage associated inflammatory stimuli, presentation of antigens
to antigen presenting cells (APCs) via major histocompatibility complex (MHC) occurs. Both
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CD8+T (recognize peptide presented by MHC I) and CD4+T (recognize peptide presented by MHC

IT) cells are required for viral clearance in SARS-CoV-1 infection animal model [37]. HLA
molecules such as HLA-B%4601, HLA-Bx0703, HLA-DR B1%1202 and HLA-Cw=*0801 have been
correlated with the susceptibility to SARS-CoV whereas HLA-DR0301, HLA-Cw1502 and HLA-
Ax*0201 alleles have been shown to impart protection from SARS-CoV infection. On the other hand,
MHC 1I molecules, such as HLA-DRB1*11:01 and HLA-DQB1%02:0, impart susceptibility to
MERS-CoV infection [24]. After the presentation of antigen, the humoral and cell mediated
response of the body is stimulated by B and T lymphocytes respectively. Virally infected cells are
killed by the activated CD8+T cells. On the other hand CD4+T cells are involved in the production
of factors required for the help of B cells and antibody responses as well as enhancement of CD8+
T cell function. Studies suggests a reduction in the number of CD4+T cells and CD8+T cells in the
peripheral blood of individuals infected with SARS-CoV-2. A typical pattern of IgM and IgG
antibodies is observed for SARS-CoV infection [38]. The SARS-CoV specific IgM antibodies
vanish after around 12 weeks while IgG antibodies lasts for much longer time [39]. These antiviral
antibodies plays a vital role in the clearance of virus. However in case of SARS-CoV infection, the
generation of neutralizing antibodies for S protein (anti-S-IgG) results in severe lung injury by
changing inflammatory responses [40]. A greater chance of death was observed in patients who
developed anti-S-IgG faster as the time required for neutralizing antibodies to reach their peak in
deceased patients was 14.7 days while it was 20 days in recovered patients [41]. The appearance of
antiviral 1gG is related to the development of ARDS in 80% of SARS-CoV infected patients [42]. It
has been shown that in lungs anti-S-IgG promotes inflammatory monocyte/macrophage
accumulation and IL-8 and MCP-1 production. This inflammatory response is mediated by binding
of virus-anti-S-IgG complex to the Fc receptors (FcR) present on monocytes/macrophages and FcR

blocking resulted in diminished formation of inflammatory cytokines [40].
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Fig I. Replication cycle of SARS-Cov-2.

5. Possible therapeutic interventions

High virus titre and subsequent inflammation due to heightened cytokine and chemokine levels leads
to higher morbidity and mortality in SARS-CoV-2 infected individuals. Currently we don’t have
any clinically approved anti-viral drug or vaccine for the SARS-CoV-2 infection. The management
of SARS-CoV-2 infection includes the use of broad-spectrum antibiotics for preventing secondary
bacterial infection, fluid management and oxygen therapy. The genomic structure of SARS-CoV-2
and its molecular mechanism of infection enables the repurposing of existing anti-viral drugs or
other therapeutic interventions against covid-19 (Table I).

5.1 Antiviral therapeutics

Remdesivir is an adenosine analogue which can block viral RNA replication by targeting RNA
dependent RNA polymerase. It has shown promising results in many RNA virus infections (SARS,
MERS) in cultured cells and animal models [43, 44]. It has also been shown to treat the first case of
covid 19 in US [45]. Chloroquine has been used to treat malaria and hydroxychloroquine is a less

toxic analogue of chloroquine which has been shown to be more effective for SARS-CoV infected
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vero cells than chloroquine [46]. Both chloroquine and hydroxychloroquine have been shown to

inhibit the pH dependent steps of viral replication. They also inhibit the glycosylation of ACE
receptor, thus interfering with binding of the virus with host receptor [47]. They have
immunomodulatory effects and hence they might inhibit the cytokine storm observed in covid 19
patients. A combination of remdesivir and chloroquine has been successfully shown to inhibit
SARS-CoV in vitro [32]. Azithromycin has been used for the treatment of various bacterial
infections. It imparts anti-viral effects by induction of IFN stimulated genes thereby inhibiting viral
replication. It has also been shown to possess immunomodulatory effects by increasing neutrophil
activation and decreasing the levels of pro-inflammatory cytokines. The combination of
hydroxychloroquine and azithromycin seems to be potent for covid 19 [48]. Ribavirin is a
guanosine analogue used for the treatment of numerous viral infections including respiratory
syncytial virus and hepatitis C virus. By molecular docking, ribavirin was found to target the RNA
dependent RNA polymerase of SARS-CoV and hence this may increase its antiviral potential against
SARS-CoV-2 [49]. Faripiravir, a RNA polymerase inhibitor has been associated with enhanced viral
clearance and more frequent radiographic improvement than ritonavir-lopinavir [50]. Protease
inhibitors (ritonavir and lopinavir) which are used for the treatment of human immune deficiency
virus (HIV) could be used for treating SARS-CoV and MERS-CoV infected patients [32]. Molecular
docking showed that ritonavir and lopinarvir might inhibit protease 3CLpro, thus inhibiting
replication of SARS-CoV-2 [51]. In Korea, the viral load of covid-19 patients were significantly
decreased by ritonavir and lopinavir treatment [52]. Triple combination therapy consisting of
interferon beta-1P, lopinavir-ritonavir and ribavirin was found to be safe and effective than
lopinavir—ritonavir alone in reducing viral shedding duration and symptoms in patients with mild to
moderate covid-19 infection [53].

6.2 Immune-based therapy

Anti-cytokine therapy

Anakinra (IL-1p antagonist) is an anti-cytokine inhibitor which inhibits binding of IL-1p with its
receptor IL-1 type I receptor. During cytokine storm, most important cytokines of IL-1 family are
IL- B, IL-18, and IL-33. Anakinra was found to produce good clinical outcomes as assessed by
oxygen flow, reduction in CRP, no progression in infiltrates on serial CT scans in 9 hospitalized
covid-19 patients. However, 3 patients showed elevated liver transaminase level [54]. Tocilizumab
and sarilumab are IL-6 receptor antagonists while siltuximab is IL-6 antagonist. These drugs are
now a days studied for the management of individuals suffering from covid-19. Increased serum
levels of IL-6 have been found in covid-19 patients [55]. Therefore inhibition of IL-6 signalling
might also supress the observed cytokine storm in covid-19 patients. A clinical trial
(ChiCTR2000029765) with tocilizumab reported quick fever reduction and improvement of
respiratory function in 21 covid-19 patients in China. Siltuximab was found to reduce CRP level
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and improved clinical conditions in covid-19 patients who developed ARDS [56]. In a Phase 2/3

clinical trial, SARS-CoV-2 infected persons were grouped into three; first group received sarilumab
400 mg, second group received sarilumab 200 mg and third group received placebo. It was found
that the fraction of patients who were on ventilator or who died was lowest in patients receiving
sarilumab 400 mg followed by those receiving sarilumab 200 mg and placebo
(ClinicalTrials.gov Identifier NCT04315298). For the control of coronavirus infection, repurposing
of IFNs is another potential option for the development of effective drug. IFN-o and IFN- have
been shown to possess antiviral, antiproliferative and immune modulatory effects on several cell
types [57, 58]. However no clinical data is available for SARS-CoV-2 infection.

Convalescent plasma and antibody treatment

Covid-19 convalescent plasma is the plasma obtained from the individuals who have recovered from
SARS-CoV-2 infection and it includes antibodies against SARS-CoV-2. The use of convalescent
plasma is limited to small case series, small retrospective cohort study, and case reports. Generation
of monoclonal antibodies against SARS-CoV represents one effective way of treating covid-19
patients. Monoclonal antibodies neutralizing SARS-CoV such as CR3022, CR3014, m396 could
prove to be an effective covid-19 treatment [59, 60].

Corticosteroids

Corticosteroids are steroid hormones which have anti-inflammatory function. Timely administration
of corticosteroids have shown clinical improvements in SARS infection [55]. However dosage of
glucocorticoid and its timing of administration are critical for severely ill patients. Initiation of
body’s immune response is inhibited by the too early administration of glucocorticoid thus
increasing viral load and consequent adverse effects. Therefore, glucocorticoids are mostly given to
severely ill patients experiencing cytokine storm. The timely administration of glucocorticoid in
early stages of cytokine storm may prevent the inflammation induced ARDS and subsequent
multiple organ failure [53]. Recently dexamethasone has been shown to decrease mortality in
patients with COVID-19 requiring oxygen or ventilator support (ClinicalTrials.gov Identifier:
NCT04381936).

Signalling pathway inhibition

Baricitinib is an inhibitor of janus kinase (JAK) and used for the treatment of rheumatoid arthritis.
It is predicted to impede receptor mediated endocytosis of SARS-CoV-2 in AT2 alveolar epithelial
cells of lungs [61]. However no clinical data is available for SARS, MERS, and covid-19.

Blood purification treatment

Blood purification system including blood/plasma filtration, plasma exchange, perfusion, adsorption
etc., can remove inflammatory mediators and suppress the cytokine storm for the reduction of
inflammation induced body damage. This therapy can be used in the early and middle stages of the
disease of severe and critically ill patients. The artificial liver technology which was used for
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reducing cytokine storm in H7N9 patients seems to be potent for covid-19 patients as well [62].

Stem cell therapy

Mesenchymal stem cells (MSCs) have been shown to possess anti-inflammatory and immune
regulatory effects. They can hinder the hyper activation of macrophages and T lymphocytes and
promote their differentiation into inhibitory macrophages and T regulatory cells, respectively. MSCs
have been shown to produce anti-inflammatory factors which can suppress ARDS, resist fibrosis,
regenerate and repair damaged lung tissue. Hence, many immune modulatory effects of MSCs can
be expected in the treatment of covid-19 patients [63].

Table 1. Possible therapeutic intervention of covid-19 treatment

Drug Mechanism of Action Reference

Remdesivir Interferes with viral replication (RNA 42,43
dependent RNA polymerase)

Chloroquine Interferes with viral replication 46
(glycosylation of cellular receptors,
binding of virus to cell surface),
immunomodulatory effects (reduction

in pro-infammatory cytokines)

Hydroxychloroquine Interferes with viral replication 46
(virus-cell fusion, glycosylation of
cellular receptors,),
immunomodulatory effects (reduction

in pro-inflammtory cytokines)

Azithromycin Interferes with viral replication 47
(induction of IFN stimulated genes),
immunomodulatory effects
(neutrophil activation, reduction in

pro-inflammatory cytokines)

Ribavirin Interferes with viral replication(RNA 48
dependent RNA polymerase)

Faripiravir Interferes with viral replication 49
(3CLpro inhibitor)
Anakinra Competitively inhibits IL-1 binding 53

to the IL-1 type I receptor
Tocilizumab Human recombinant monoclonal ChiCTR2000029765

antibody (IL-6 receptor antagonist)
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Sarilumab Human recombinant monoclonal NCT04315298

antibody (IL-6 receptor antagonist)

Siltuximab Human-mouse chimeric monoclonal 55

antibody (IL-6 antagonist)

IFN-a and IFN-3 Antiviral, anti-inflammatory and 56, 57

immunomodulatory effects

Convalescent plasma and Modification of immune response 58,59

antibody treatment

Dexamethasone Corticosteroid (modification of NCTO04381936

immune response)

Baricitinib JAK inhibitor (interfere with receptor 60

mediated endocytosis)

Blood purification Cytokine storm suppression 61
treatment
Mesenchymal stem cells Anti-inflammatory and immune 62
regulatory effects
Vaccines

The development of effective SARS-CoV-2 vaccine is the need of hour for reducing severity of
disease, viral shedding and transmission for controlling coronavirus outbreak. Many vaccination
strategies such as live attenuated virus, inactivated virus, viral vectors, protein vaccines, subunit
vaccines and recombinant DNA vaccines have been tested in animals against SARS-CoV and
MERS-CoV infection [64]. Currently vaccines are not available for covid-19 treatment.
Experimental vaccines which are being tested in humans for covid-19 are listed in table II.

Table II: Most advanced covid-19 vaccine candidates.

Candidate Trial phase | Technology Clinical Trial
VPM1002 Phase 3 Other NCT04435379
MMR vaccine Phase 3 Other NCTO04357028

Bacillus Calmette-Guerin
(BCG) live-attenuated

vaccine Phase 2/3 Other NCT04328441
Non-replicating

AZD1222 Phase 1/2/3 | viral vector NCT04324606, NCT04335032
RNA based

MRNA-1273 Phase 2 vaccine NCT04405076
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RNA-based
BNT162 Phase 1/2 vaccine NCT04380701
Inactivated vaccine Phase 1/2 Inactivated virus | ChiCTR2000031809
BBIBP-CorV Phase 1/2 Inactivated virus | ChiCTR2000032459
CoronaVac Phase 1/2 Inactivated virus | NCT04352608
V-SARS Phase 1/2 Inactivated virus | NCT04380532
AV-COVID-19 Phase 1/2 Modified APC NCT04386252
Unnamed Inactivated
SARS-CoV-2 Vaccine Phase 1/2 Inactivated virus | NCT04412538
LV-SMENP-DC Phase 1/2 Modified APC NCT04276896
Non-replicating
Gam-COVID-Vac Lyo Phase 1/2 viral vector NCT04437875
Non-replicating
Ad5-nCoV Phase 1 viral vector NCT04313127
DNA-based
INO-4800 Phase 1 vaccine NCT04336410
DNA-based
bacTRL-Spike Phase 1 vaccine NCT04334980
NVX-CoV2373 Phase 1 Protein subunit NCTO04368988
Covid-19/aAPC Vaccine | Phase 1 Modified APC NCTO04299724
SCB-2019 Phase 1 Protein subunit NCTO04405908
COVAX-19 Phase 1 Protein subunit NCTO04428073

2. CONCLUSION

The occurrence and development of covid-19 is dependent on the interaction between SARS-CoV-
2 and immune system of the host which in turn is dependent on the genetics, age, gender, physical
and nutritional status and neuroendocrine system. These factors will decide the severity, duration
and reinfection of covid-19. Scientists across the globe have made tremendous efforts for the
characterization of novel SARS-CoV. Diagnosis of individuals suffering from SARS-CoV infection
in the initial stages is of utmost importance for preventing the spread of this virus. Due to the non-
availability of effective anti-viral and vaccine, self-isolation and quarantine are necessary. Since
covid-19 is a pandemic, therefore coordinated international efforts are required for the development
of potent therapy and vaccine against this deadly virus.
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