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ABSTRACT: The novel coronavirus (COVID-19) outbreak has covered almost 185
countries worldwide, causing infection to 32, 50,000 people and the death of
approximately 2, 30,000 people to date. World Health Organisation (WHO) has
declared it a pandemic that seems to be unstoppable as no vaccine or drug is
available as of now to kill the virus. Several research labs are trying to develop a
vaccine against the virus as soon as possible. Several drugs, like a combination of
hydroxychloroquine and azithromycin, have been shown to be beneficial in COVID19 infected patients. In-silico experiments suggest that methylcobalamin and
valproic acid can reduce virus titer and thereby reducing the severity of the infection.
BCG vaccine may provide immunity against the infection of coronavirus. As there is
a strong correlation between the immune system of the infected person and the
virulence of coronavirus, any therapy which could help in boosting the immune
system shall be of prime importance. Hence, the efficacy of convalescent plasma
therapy has been tried in COVID-19 infection, thinking that the antibodies from
convalescent plasma might suppress viremia. Angiotensin-converting enzyme 2
(ACE2) receptors have been shown to be the entry point in human cells for COVID19. RNA dependent RNA polymerase (RdRp) of the virus could be a potent target
for inhibitor drug design and discovery against COVID-19. Recently, non-classical
actions of vitamin D have been recognized. It affects upon cell proliferation and
differentiation as well as immunologic functions resulting in an ability to maintain
tolerance and to promote protective immunity. Zinc has been shown to affect
multiple aspects of the immune system. Zinc has a significant role in the normal
development and function of cells mediating innate immunity, neutrophils, and
natural killer (NK) cells. The deficiency of zinc affects macrophages, phagocytosis,
cytokine production, and intracellular killing. As there is a strong correlation
between the immune system of the infected person and the virulence of coronavirus,
any therapy which could help in boosting the immune system shall be of prime
importance.

INTRODUCTION: Today, the whole human
population is facing the threat of novel coronavirus
(COVID-19) infection.
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The first case was reported in December 2019 from
Wuhan city, Hubei province, China 1. The pathogen
was identified as SARS-CoV like a virus causing
―pneumonia of unknown etiology‖ on January 8,
2020 2.
Later, it was reported to be transmitted from
human-to-human. Till now, the virus has spread to
185 countries infecting 35 million peoples. World
Health Organization (WHO) has declared it a
pandemic.
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To date more than 1 million people have died due
to a severe respiratory problem caused by a novel
coronavirus (COVID-19). The infection spreading
rate can be understood by the reproductive number
(R0) value of this virus 3. R0 value of COVID-19
ranges from 2-5, which means an infected person
can infect 2-5 persons either by coming into contact
with them or by spreading viral particles by
sneezing and coughing around them. The R0 values
have important implications for predicting the
effects of pharmaceutical and nonpharmaceutical
interventions. Few methods of nonpharmaceutical
interventions are social distancing, contact tracing,
and quarantine 3.
In view of the current outbreak and death toll
scenario, novel drug design and discovery is a
challenge constrained by time. On the other hand,
drug repurposing and trial of available therapy as
prophylactic as well as treatment, could help in the
prevention and management of the coronavirus
infection.
According to the virologists, coronaviruses are a
large family of viruses that belongs to the
Coronaviridae family. These viruses have the
largest RNA genome of 26-32 kilobases (kb) with a
positive-sense single strand 4. The viral genome
encodes four different structural proteins. These are
nucleocapsid (N), spike (S), membrane (M), and
envelope (E) 5. Spike (S) and membrane (M) is a
glycoprotein, while envelope (E) is the nonglycosylated protein 6. The viral envelope interacts
with the host cell membrane to initiate the
infection. Spike protein is important for receptor
binding, membrane fusion, internalization of the
virus, tissue tropism, and host range. Due to this
fact S protein is an important target for vaccine
development 7.
The gene for viral spike (S) glycoprotein has a
greater frequency of recombination in the
coronaviruses. Novel coronaviruses such as Covid19 has emerged due to RNA recombination without
a proof-reading mechanism amongst the existing
coronaviruses. Some members of this family, such
as Severe Acute Respiratory Syndrome Corona
Virus (SARS-CoV-1), and Middle East Respiratory
Syndrome Corona Virus (MERS-CoV) have been
found to infect animals as well as humans. The
novel coronavirus (Covid-19), which has become
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pandemic, causes severe acute respiratory
syndrome in humans only. That is why this virus is
also called as SARS-CoV-2. The length of the
Covid-19 encoded proteins was found to be almost
similar to bat SARS-like coronaviruses. However, a
notable difference was found in the longer spike
protein of Covid-19 when compared with the bat
SARS-like coronaviruses and SARS-CoV-2 8.
Signs and Symptoms of Infection Caused by
Covid-19: Patients are mainly reported with
pneumonia-like symptoms, high-grade fever,
shortness of breath (dyspnoea), dry cough,
headache, and fatigue. Blood estimations will show
lymphopenia, an elevated level of lactate
dehydrogenase, and prolonged prothrombin time.
Chest radiographs show patchy bilateral shadows
or ground glass, including invasive pneumonic
infiltrates 9, 10. As the disease progresses, it may
result in respiratory failure owing to alveolar
damage and even death. There are several
pharmacological challenges in controlling the
infection because the severity of infection caused
by the virus depends on the host immune system,
health condition, and disease history of the patient.
Current Researches Suggesting a Potential
Target for the Development of Drugs or
Vaccines against Covid-19 Infection: A.
Angiotensin-Converting Enzyme 2 (ACE2) is
present on the cell membranes where the SARSCoV binds and gets entry inside the cell. The
human version of the enzyme is often referred to as
hACE2 11. Studies on virus infection suggest that
2019-nCoV is able to use the ACE2 proteins as an
entry receptor to enter ACE2-expressing cells
indicating that ACE2 is probably the cell receptor
through which COVID-19 virus enters the human
cells. A recent study based on structural analysis of
the virus particles suggests SARS-CoV-2 has a
higher affinity to the receptor needed for cell entry
providing a molecular basis for the high
infectiousness of SARS-CoV-2 12. It has also been
found that 2019-nCoV does not use other
coronavirus receptors, such as aminopeptidase N
(APN) and dipeptidyl peptidase 4 (DPP4) 13.
B. Attachment inhibitors designed for SARSCoV: The S-glycoprotein of COVID-19 is a vital
part of the virus envelope through which the virus
gets attached to the host cell receptor.
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COVID-19 virus interacts with the host receptor
using novel glycosylation sites, thereby affecting
the internalization process and its associated
pathogenesis 7. The COVID-19 has few antigenic
similarities with SARS coronavirus, which is
associated with a similar antigenic response.
Therefore, this similarity has been considered as
one of the preventive strategies based on Sglycoprotein peptide-based vaccine designed for
SARS-CoV.
C. RNA-dependent RNA Polymerase Inhibitors
(nsp12 Protein Inhibitor): There is an urgent need
for the identification of new molecules that can
reduce viral titers and thus limit the severity of the
disease. A gene at the 5’ end known as ORF1AB is
found in the genome of COVID-19 that encodes for
all the polyprotein of the non-structural proteins 14.
This polyprotein undergoes proteolytic processing
and gives rise to sixteen different proteins, namely
non-structural proteins nsPs 1-16 15. The protein
nsP3 has an adenosine diphosphate-ribose 1‖phosphatase activity 16, while the protease activity
responsible for the cleavage of the polyprotein is
present in the nsP5 protein. The nsP12 protein
houses the RNA-dependent RNA polymerases and
is responsible for duplication of the genome. The
nsP13 protein has RNA helicase activity that is
critical for genome duplication. The nsP14 protein
has
exoribonuclease
(exoN)
and
N7methyltransferase activities 17. The nsP15 protein
contains a Nidoviral ribonuclease specific for U,
while the nsP16 protein has a SAM-dependent Omethyl-transferase activity 14.
Structure of the SARS nsp12 (6NUR) was used as
a reference model to prepare a homology model of
nsP12 for COVID-19. The model can be used to
carry out in silico screening for the identification of
molecules of natural products or FDA approved
drugs to inhibit the activity of nsP12. Vitamin B12
(methylcobalamin) was shown to bind to the active
site of the nsP12 protein 18. In-silico model of the
nsp12 in complex with substrate RNA and
incoming nucleoside triphosphate (NTP) showed
that Vitamin B12 binding site overlaps with that of
the incoming nucleotide. It is, therefore, possible
that Vitamin B12 (methylcobalamin) binding may
prevent association with RNA and NTP and thus
inhibit the RNA-dependant RNA polymerase
(RdRP) activity of nsp12.
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Hence, it can be suggested that methylcobalamin
form of vitamin B12 may serve as an effective
inhibitor of the nsp12 protein of COVID-19 18.
Similarly, Valproic acid has also been studied, and
in-silico results indicate that valproic acid may also
be the possible inhibitors of the RNA-dependentRNA polymerase (RdRP) activity of the nsP12
enzyme of COVID-19 19. Since nsP12 is vital for
the replication of the viral enzyme, its inhibition
can decrease viral titers and reduce the severity of
the COVID-19 disease. Hence, the ability of
methylcobalamin and valproic acid to inhibit viral
replication should be tested urgently using in vitro
and in vivo experimental models.
D. Convalescent Plasma Therapy: Convalescent
plasma therapy has been a successful trial done in
hospitals of Delhi government in which plasma of
recovered corona positive patients are being used.
This process has been used in China and other
countries with successful results in COVID-19
infected patients. The antibodies against the virus
developed in COVID-19 infected and successfully
recovered patients are transferred into the blood of
newly infected patients through the plasma
isolation technique.
The plasma contains the antibodies and prevents
the virus from spreading. Convalescent plasma or
immunoglobulins have been used as a last resort to
improve the survival rate of patients with SARS
whose condition continued to deteriorate despite
treatment with pulsed methylprednisolone.
Moreover, several studies showed a shorter hospital
stay and lower mortality in patients treated with
convalescent plasma than those who were not
treated with convalescent plasma 20-22.
E. Clinical Trial for the Preventive Effect of
BCG Vaccine against Coronavirus Infection: It
has been noted that the incidence of COVID-19 in
nations with a BCG vaccination protocol was 38.4
per million, while that in nations without BCG
vaccination protocol was 358.4 per million.
The death rate in nations with a BCG vaccination
program was found to be 4.28 per million, while in
countries without the program, it was 40 per
million. The data clearly shows that the difference
in infection surges, and the death rate is almost 10
times.
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The US and other countries without universal
policies of BCG vaccination, like Italy and the
Netherlands, have been more severely affected
compared to countries with universal and longstanding BCG policies. Unlike other vaccines, the
BCG vaccine may also boost the innate immune
system, first-line defenses that keep more than one
pathogens from causing an infection. According to
the researchers, the vaccine is also believed to
protect the body against different types of
respiratory infections, which have similar
symptoms to COVID-19. BCG vaccination protects
against experimental viral infection in humans
through the induction of cytokines associated with
trained immunity 23.
A clinical trial with the title ―BCG Vaccination to
Reduce the Impact of COVID-19 in Australian
Healthcare workers following Coronavirus
exposure‖ has been started since March 30, 2020.
An estimated 4170 participants shall be included in
an interventional clinical trial and will be
randomized to receive a single dose of BCG
vaccine or no BCG vaccine. This is a phase III
multicentric, open-label randomized controlled
study that is expected to be completed by March
30, 2022. Participants will be followed-up for 12
months with regular mobile phone text messages
(up to weekly) and surveys to identify and detail
COVID-19 infection. Additional information on
severe disease will be obtained from hospital
medical records and government databases. Blood
samples will be collected prior to randomization
and at 12 months to determine exposure to severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2). Where required, swab/blood samples will
be taken at illness episodes to assess SARS-CoV-2
infection.
F. Clinical Trial for Prevention and Control of
COVID-19 Infection using HydroxychloroquineAzithromycin (HCQ-AZ) Combination 24: A
cohort of 1061 COVID-19 patients, treated for at
least 3 days with the HydroxychloroquineAzithromycin (HCQ-AZ) combination and a
follow-up of at least 9 days were investigated. A
good clinical outcome and the virological cure was
obtained in 973 patients within 10 days (91.7%). A
poor outcome was observed for 46 patients (4.3%);
10 were transferred to intensive care units, 5
patients died (0.47%) (74-95 years old), and 31
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required 10 days of hospitalization or more. Poor
clinical outcome was significantly associated with
older age, initial higher severity, and low hydroxylchloroquine serum concentration. In addition, both
poor clinical and virological outcomes were
associated with the use of selective beta-blocking
agents and angiotensin II receptor blockers.
Mortality was significantly lower in patients who
had received > 3 days of HCQ-AZ than in patients
treated with other regimens.
It was concluded that the HCQ-AZ combination,
when started immediately after diagnosis, is a safe
and efficient treatment for COVID-19, with a
mortality rate of 0.5%, in elderly patients. It avoids
worsening and clears virus persistence and
contagiously in most cases. No cardiac toxicity was
observed 24.
G. Optimum Vitamin D Level for Protective
Immunity against Novel Coronavirus Infection:
Vitamin D has been used (unknowingly) to treat
infections such as tuberculosis before the advent of
effective antibiotics. Cod liver oil, a rich source of
vitamin D has also been employed as a treatment
for tuberculosis as well as for generally increased
protection from infections 25. Individuals with
lower vitamin D levels (<30 ng/ml) were more
likely to self-report a recent upper respiratory tract
infection than those with sufficient levels, even
after adjusting for variables including season, age,
gender, body mass, and race 26. There have been a
number of other cross-sectional studies looking at
vitamin D levels and rates of influenza 27 and HIV
28, 29
. Calcitriol (1,25-dihydroxyvitamin D3) exerts
a significant impact on ACE2 30. Lower vitamin D
levels have been associated with increased rates of
infection. A recent prospective, double-blind
placebo study using nasopharyngeal swab culture
(and not self-report), and a therapeutic dose of
vitamin D showed that administration of vitamin D
resulted in a statistically significant (42%) decrease
in the incidence of influenza infection 31.
The effects on the innate immune system are
responsible for the beneficial effects of vitamin D
on protective immunity. Vitamin D inhibits B cell
proliferation and blocks B cell differentiation and
secretion of immunoglobulin 32, 33. Vitamin D also
suppresses T cell proliferation 34 and results in a
shift from T helper cells 1 (Th1) to T helper cells 2
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(Th2) phenotype 35, 36. Furthermore, maturation of
T cells is also affected, which makes them shiting
away from the inflammatory Th17 phenotype 37, 38,
causing induction of T regulatory cells 39-42. These
effects result in increased production of antiinflammatory cytokines such as IL-10 with
decreased production of inflammatory cytokines
(IL-17, IL-21). Vitamin D also inhibits monocyte
production of inflammatory cytokines such as IL-1,
IL-6, IL-8, IL-12, and TNFα 43. H. Multiple targets
for zinc and its role in COVID-19 protection: Zinc
deficiency has been found to be responsible for
16% of all deep respiratory infections world-wide
44 providing a link of zinc deficiency with the risk
and severe progression of COVID-19 infection.
Zinc causes mucociliary clearance of virus 45 and
has been shown to improve the integrity of lungs in
a murine model of acute lung injury 46.
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increasing the dosage of methylcobalamin in their
current patient care protocols since it can rapidly
reduce the severity of the COVID-19 disease.
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