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ABSTRACT

The origin of Severe Acute Respiratory Syndrome Coronavirus -2 [SARS CoV-2] from Wuhan city, China advanced to the cata-
strophic pandemic. There are attempts universally to gear up the potential therapeutic line in the treatment of COVID-19. The
current management for COVID-19 is leaning towards the repurposing of drugs based on preceding outbreak data [SARS 2002-
2003, MERS-2012] and structural organization and genomics of the coronavirus. Unfortunately, no specific therapy is available
to treat coronavirus infection amidst this emergency. Antibody improvement is a key element for decreasing mortality related to
viral diseases. Viral vaccines have to be immunogenic, safe, efficacious and suitable to induce long-lasting immunity. Studies are
being expedited right now in the development of a vaccine for coronavirus globally. India with a dense population and enormous
resources related to pharmaceuticals can be one of the bulk manufacturers of Coronavirus vaccines. This article focuses on the
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outline of therapeutic options, vaccine development strategy and highlights the current status of vaccines trials in India.
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INTRODUCTION

Coronavirus disease (COVID-19) is disrupting infectious
disease. An epidemic of acute respiratory syndrome in hu-
mans appeared in Wuhan, China in December 2019, was
caused by this novel coronavirus (SARS-CoV-2) and is now
spread worldwide.! When compared to SARS and MERS,
severe acute respiratory syndrome-related coronaviruses
(SARS-Co V) spread swiftly. The outbreak was declared as
“a public health emergency of international concern” by the
WHO on January 30, 2020, and as a pandemic on March
11, 2020, as there is a rapid increment of cases globally.?
Fever (88.5%), cough (68.6%), myalgia or fatigue (35.8%),
expectoration (28.2%), and dyspnea (21.9%) are the primary
clinical symptoms and the minor symptoms are headache
or dizziness (12.1%), diarrhoea (4.8%), nausea and vomit-
ing (3.9%).* Globally as of 2™ September 2020, there have
been 25,602,665 confirmed cases of COVID-19 reported at
WHO, with Indian statistics of 3.85 million cases.

The viral genome of SARS-CoV-2 was rapidly sequenced to
enable diagnostic testing, epidemiologic tracking, and the de-

velopment of preventive and therapeutic strategies. Though
many drugs are being used in COVID 19 treatment including
the concept of drug repurposing and few in the clinical pipe-
line, promising results are not witnessed in narrowing down
mortality and morbidity numerical. As of 10 August, search
terms for COVID 19 resulted in 2935 studies on clinical tri-
als .gov. There are no FDA (Food and Drug Administration)
approved drugs for the treatment of COVID-19. However,
there are few drugs in the race in terms of management for
COVID-19.

HYDROXYCHLOROQUINE (HCQ) & CHLORQUINE
(cQ)

CQ was shown to potently inhibit the entry of SARS-Co V-2
into cells by interfering with the glycosylation of its cellular
receptor angiotensin-converting enzyme -2 receptor (ACE2).
Coronaviruses such as SARS-Co V were shown to be able to
enter target cells via a pH-dependent mechanism. CQ alter
acidic pH of the lysosome disfavouring and interfering fu-
sion of the viral and endosomal membranes involved in viral
particle uncoating and subsequent release of viral nucleic
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acid into the cytoplasm. CQ can also impair posttranslational
modifications of viral proteins through interfering with pro-
teolytic processes and inhibition of glycosylation via specific
interactions with sugar-modifying enzymes or glycosyltrans-
ferases. CQ works as an anti-inflammatory agent by reduc-
ing tumour necrosis factor (TNFa) release and suppressing
TNF receptors on monocytes.* HCQ and CQ share a common
chemical structure & Mechanism of action. HCQ has lower
toxicity compared to CQ. HCQ also has immunosuppressive
properties that may help reduce the cytokine storm in severe
COVID-19. In terms of adverse effects, though HCQ is safe
it may cause QT segment prolongation leading to arrhythmia
and myocardial arrest.” HCQ + azithromycin invitro showed
good results but associated with high cardiovascular abnor-
malities.

Renin Angiotensin system (RAS)

Harmful and Beneficial effects are the two opposite hy-
potheses proposed for RAS Inhibitors on the lungs). In the
“harmful effect” hypothesis, upregulation of ACE2 expres-
sion is done by RAS inhibitors promoting SARS-CoV-2
entry. In the “beneficial effect” hypothesis, RAS inhibitors
reduce inflammation and fibrosis in the lung mediated by
the Ang II-dependent AT1 receptor. According to a study,
RAS inhibitors do not directly inhibit viral replication but
pose an indirect antiviral role by regulating immune func-
tion and inhibiting inflammatory responses. RAS Inhibitor
therapy inhibits IL-6 levels and attenuates the inflamma-
tory response. These findings are consistent with the alle-
viation of lipopolysaccharide-induced pneumonic injury by
RAS Inhibitors.%’

HIV PROTEASE INHIBITORS

Lopinavir/ritonavir

3-chymotrypsin-like protease (3CLpro) is the enzyme in-
volved in SARS-CoV-2 replication. In in vitro, Lopinavir/
ritonavir can inhibit the 3CLprotease enzyme which appears
to be highly conserved in SARS-CoV-2. Coronavirus-infect-
ed enterocytes might be exposed to higher concentrations of
lopinavir as the drug is excreted in the gastrointestinal tract.®

Darunavir

Darunavir inhibits the 3-Chymotrypsin Like proenzyme of
SARS-CoV-2 and possibly also inhibits the Papain Like pro-
enzyme. The results from an in vitro study and an unpub-
lished randomized controlled trial of 30 patients in China,
darunavir did not show activity against SARS-CoV-2. ?

Ribavirin
Ribavirin a guanine analogue inhibits viral RNA-dependent
RNA polymerase can be used against SARS-Co V for COV-

ID — 19 treatment. However, in vitro activity against SARS-
Co V was limited and required high concentrations to inhibit
viral replication.?

Atazanavir

Invitro studies against SARS-CoV-2 with atazanavir inhib-
its the cysteine protease activity of cell lysates containing
Major protease. Atazanavir treated human epithelial pul-
monary cell line (A549) infected with SARS-CoV-2 dis-
played reduced viral replication. Besides that SARS-CoV-2
infected human monocytes, on treatment with the Ataza-
navir/Ritonavir combination lowered IL-6 and TNF-alpha
secretion.'?

ANTIVIRALS

Oseltamivir

Oseltamivir targets the neuraminidase distributed on the sur-
face of the influenza virus to inhibit the spread of the influen-
za virus in the human body. A study in Wuhan reported that
no positive outcomes were observed after receiving antiviral
treatment with oseltamivir.!!

Favipiravir

Approved by Japan for the treatment of avian influenza or
novel influenza resistant to neuraminidase inhibitors. Recent
in vitro and human studies have repurposed Favipiravir as an
experimental agent against enveloped, positive-sense, sin-
gle-strand RNA virus SARS-CoV-2. Also, the study showed
Favipiravir has exerted efficacy in Vero E6 cells infected
with SARS-CoV-2 with half-maximal effective concentra-
tion implying the high concentration is needed for safe and
effective treatment.!!

Arbidol (Umifenovir)

Broad-spectrum direct-acting antiviral with a unique mecha-
nism of action targeting the S protein/ACE?2 interaction and
inhibiting membrane fusion of the viral envelope. Based on

in vitro data against SARS renewed attention in the treat-
ment of COVID-19."

Remdesivir

Remdesivir is an intravenous (IV) investigational nucleotide
prodrug of an adenosine analogue. Remdesivir binds to the
viral enzyme RNA-dependent RNA polymerase. The host
metabolizes Remdesivir into active NTP, which competes
with ATP for incorporation into the nascent RNA strand, re-
sulting in premature termination of RNA synthesis, halting
the growth of the RNA strand."
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IMMUNOMODULATORS

Glucocorticoids

Low doses of methylprednisolone have the potential to the
prevention of extended cytokine response and may acceler-
ate the resolution of pulmonary and systemic inflammation
in pneumonia. It is believed that methylprednisolone, may
improve dysregulated immune response caused by sepsis (a
possible complication of infection with COVID-19) and in-
crease blood pressure when it is low.!' RECOVERY, a multi-
centre, randomized, open-label trial in hospitalized patients
with COVID-19, showed that the mortality rate was lower
among patients who were randomized to receive dexametha-
sone than among those who received standard of care.!*

Interferon

IFNs-o/p are broad-spectrum antivirals, exhibiting both di-
rect inhibitory effects on viral replication and indirect sup-
porting an immune response to clear virus infection. IFN
treatment accelerated viral clearance and reductions in cir-
culating IL-6 and CRP levels. The advantage of IFN-a2b
over blocking IL-6 rests in IFN targeting the cause (SARS-
CoV-2), not only the symptoms (IL-6).'?

Interleukin 6 antagonists

Syndrome of dysregulated and systemic immune overacti-
vation described as a cytokine storm or hyperinflammatory
syndrome worsens acute respiratory distress syndrome in
hospitalised COVID 19 patients. The surge in IL-6 along
with viral load is perceived in severe cases. By inhibiting
IL-1 signalling, decline NF-kB-mediated upregulation of
multiple cytokines, including IL-6.Early immunomodula-
tory intervention can prevent the demand for mechanical
ventilation.'® Tocilizumab-recombinant humanized anti-IL-
6R monoclonal antibody. FDA approved for rheumatologic
disorders. CORIMUNO-TOCT trial is in pipeline.

Kinase inhibitors

These drugs prevent phosphorylation of key proteins in-
volved in the signal transduction that leads to immune acti-
vation and inflammation. The inflammation and associated
immunopathologies observed in patients with COVID-19
can be reduced by the immunosuppressive action of kinase
inhibitors.

Acalabrutinib

Acalabrutinib is a second-generation, oral Bruton tyrosine
kinase inhibitor that can be proposed for COVID-19 because
it can modulate signalling that promotes inflammation.!

Ibrutinib
Ibrutinib is a first-generation Bruton tyrosine kinase inhibi-
tor. The conjecture of Ibrutinib in improving inflammation

and protection against lung injury in patients with COV-
ID-19 can also be considered as a target.!”

Zanubrutinib

Zanubrutinib is a second-generation, oral Bruton tyros-
ine kinase inhibitor proposed to be of use in patients with
COVID-19 by modulating signalling that promotes inflam-
mation.'

Baricitinib

Baricitinib is an oral Janus kinase inhibitor that is selective
for JAK1 and JAK2, can modulate downstream inflammato-
ry responses via inhibition of JAK1/JAK2 kinase and has ex-
hibited a dose-dependent inhibition of IL-6-induced STAT3
phosphorylation."

Ruxolitinib

Ruxolitinib is an oral Janus kinase inhibitor selective for
JAKI and JAK?2 and is theorized to have antiviral properties
through inhibition of AAK1, which may prevent viral entry
and infection of pulmonary AT2 epithelial cells.?

COVID-19 convalescent plasma

Plasma from donors who recovered from COVID-19 may
contain antibodies. SARS-CoV-2that may help suppress the
virus and modify the inflammatory response.?! The manage-
ment of COVID-19 with plasma therapy involves the process
of plasma retrieval rich in virus-neutralizing antibodies from
the recovered antibodies and transfusing them to COVID-19
positive patients.

Ivermectin

In the cytoplasm, Importin a/f1 and coronavirus cargo pro-
tein bind each other and translocates through the nuclear
pore complex (NPC) into the nucleus where the complex
break down and the host cell’s antiviral response is increased
leading to enhanced infection. Ivermectin binds to and desta-
bilises the Impa/B1 heterodimer thereby preventing Importin
o/B1 from binding to the viral protein and preventing it from
entering the nucleus. This likely results in reduced inhibition
of the antiviral responses, leading to a normal, more efficient
antiviral response.?

Anticoagulants

Coagulative and fibrinolytic abnormalities are closely in-
volved in the COVID-19 pathogenesis and have a big effect
on prognosis. non-vitamin K antagonist oral anticoagulants
(NOAC:s) can present side-effects caused by extensive inter-
actions with the drugs currently in use for the therapy of pa-
tients with COVID-19, whereas low-molecular-weight hep-
arins do not exhibit significant interactions; thus, the latter
is currently the first-choice drug to prevent thromboembolic
phenomena in these patients.?
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DEVELOPMENT OF IMMUNITY- HOPE TO BE A
SOLUTION

What is immunity?

Immunity can be defined as a complex biological system en-
dowed with the capacity to recognize and tolerate whatever
belongs to the self and to recognize and what is foreign (non-
self). Biological immunity can refer to constitutive physi-
cal innate mechanisms, such as the activity of natural killer
(NK) cells against virus-infected cells. Immunity can also
be innate but inducible, as in an antiviral state induced by
exposure to double-stranded (dsRNA).?* There are two types
of acquired immunity: active and passive.?

* Non -specific
* First line of defense
INN.\!\TE_‘< * Antigen independent
IMMUNITY * NK cells,macrophages,neutrophils,

dendritic cells, mast cells, basophils,
eosinophils

* Specific

» second line of defense
* Antigen dependent

¢ T and B lymphocytes

* ACTIVE and PASSIVE

ADAPTIVE
IMMUNITY

S

Figure 1: Differences between Innate & Adaptive Immunity

Active Immunity

Active immunity results when exposure to a pathogen trig-
gers the immune system to produce antibodies to that disease.
This exposure to the pathogens or toxins can occur through
infection with the disease or institution of a killed or weak-
ened form of the pathogens, its toxins or its surface proteins
through vaccination. Nevertheless, when an immune person
comes into contact with that same disease succeedingly, their
immune system will recognize it and immediately produce
the antibodies needed to fight it. Active immunity is long-
lasting and sometimes life-long.

Passive Immunity

Immunity is said to be passive when a person is given anti-
bodies to a disease rather than producing them through his or
her immune system.

A newborn baby acquires immunity from its mother through
the placenta. Antibody-containing blood products such as
immunoglobulin can right away impart immunity in an indi-
vidual. The major advantage of passive immunity is protec-
tion is immediate whereas active immunity takes time. Im-
mune response to SARS-CoV-2 involves both cell-mediated
immunity and antibody protection.

TRADITIONAL VS. PANDEMIC VACCINE DE-
VELOPMENT

Traditional vaccine development shows in upper while that
in the pandemic condition is depicted in the lower panel.

CLINICAL
DEVELOPMENT

PRECLINICAL
DEVELOPMENT

POST MARKETING
SURVEILLANCE

| PHASE LI, Il I

Figure 2: Difference between conventional and pandemic vac-
cine development.

I PHASE IV |

COVID 19 VACCINATION IMPORTANCES

The current danger of avian-flu to the human population
globally, the potential for the reappearance of serious, in-
tense respiratory disorder (SARS) - related Coronavirus and
the distinguishing proof of numerous novel respiratory in-
fections underline the need for the improvement of remedial
and preventive procedures to battle the viral disease.? Anti-
body improvement is a key element in anticipation of broad
viral contamination and the decrease of mortality related to
viral diseases.

Previously infected animal models such as mice and ham-
sters are protected from subsequent infection with SARS-
Co V in the absence of enhanced disease and vaccine stud-
ies, and passive immunoprophylaxis performed with these
animals suggest that previous exposure and the presence of
Neutralizing antibodies provide protection.?’

Coronavirus vaccines can be of various types:

Inactivated Coronavirus vaccines
Live attenuated Coronavirus vaccines
S protein-based vaccines

Vectored vaccines

DNA Vaccine

kD=

CONSIDERATIONS IN COVID -19 VACCINE DEVEL-
OPMENTS
e Vaccine development requires Biosafety level 3 pre-
cautions.
e Incomplete inactivation can be a potential health
threat.
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Ll IntJ Cur Res Rev | Vol 13 - Issue 06 - March 2021 S-128



Grace et al: COVID-19 treatment options and vaccination in india: a perspect

e Live attenuated vaccine strain may also be shed in fae-
ces, with chances of spreading of unvaccinated indi-
viduals.

e Vaccines targeting S protein could induce antibodies
that can block virus binding

e Can also be given in combination.

SARS-CoV-2

1|
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Figure 3: Process of Vaccine Development.

BCG vaccine hope in COVID-19

An interesting hypothesis suggests that multiple doses of tu-
berculosis vaccine bacillus Calmette-Guérin (BCG) could be
protective against COVID-19 due to the so-called trained im-
munity phenomenon. A recent preprint revealed nonspecific
beneficial effects of universal BCG vaccination on hindering
COVID-19 spread and its complications in some countries
(e.g., Japan).”®

BCG-CORONA (Reducing Health Care Workers Absentee-
ism in COVID-19 Pandemic Through BCG Vaccine) trial®
and BRACE trial (BCG Vaccination to Protect Healthcare
Workers Against COVID-19.3° The nonspecific protective
effect of the BCG vaccine can be clarified only when results
of the above two ongoing trials become available.

Measles, Mumps, Rubella (MMR) Vaccine hope
in COVID-19

There is a recent past report of reduction of under-five mor-
tality with the increased uptake of the MMR vaccine. The
interferons elicited by the vaccine are found to be more ef-
fective as well as the NK cells induced by vaccines showing
robust antiviral property.’! Thus, coupled with the advantage
of vaccine-induced IFNs, NK cells and the cross-protective

antibodies, successfully can ameliorate SARS-CoV-2 infec-
tion.

The common properties between MMR Viruses & SARS-
COV in terms of transmission and their primary replication
in the upper respiratory tract and possible cross-protective
innate immunity offered by vaccination is prompting us to
suggest the repurposing of MMR vaccine for COVID-19.*

Benefits of vaccination in arresting the cy-
tokine storm

The Pathogenesis involved in severity and mortality associ-
ated with COVID-19 cases is thought to be tied to the cy-
tokine storm that includes the production of the pro-inflam-
matory cytokines (IL-1p, IL-6, IL-12, IL-18, IL-33, TNF-a,
TGF-P) that causes IFN and NK cell production. Experimen-
tal studies are showing that vaccination followed by reinfec-
tion stimulates only very low levels of cytokine production,
which may result in mild infection.** This might explain the
mild SARS-CoV-2 infections in children globally who had
recent vaccination particularly viral.

COVID VACCINATION ECHELON

There are progressing clinical trials for the development of
prophylactic vaccines globally. There are various molecular
platforms like non replicating viral vector, RNA-based vac-
cine, Protein subunit, DNA-Based, inactivated virus, live at-
tenuated vaccine etc. As the status of September 2, 2020, 218
vaccines are undergoing various stages of clinical trials.**

COVID VACCINE TRIAL STATUS IN INDIA

COVAXIN by Bharat Biotech

Bharat Biotech, an Indian biotechnology company in Hy-
derabad, is partnering with the National Institute of Virology
(NIV) of INDIAN COUNCIL OF MEDICAL RESEARCH
(ICMR) to develop an inactivated vaccine candidate( BBV
152) for COVID-19 called Covaxin. A Phase 1/2 trial of
about 1,100 healthy participants is under process after ap-
proval by the Drug Controller General of India.** In addi-
tion to Covaxin, Bharat Biotech is also working on two other
vaccine candidates: one( BBV 150) with the University of
Wisconsin—Madison and FluGen which is an intranasal vac-
cine based on an influenza virus where gene sequences from
SARS-CoV-2 are inserted into M2SR- vaccine platform(M2-
ion channel protein Deficient single replication ) which com-
pleted Phase II trials in the USA.*¢ And the other (BBV 151)
with Thomas Jefferson University.

Indian Council of Medical Research has selected 12 in-
stitutes apart from one in Odisha for a clinical trial of the
country’s first COVID-19 vaccine coaxing. The 12 insti-
tutes are from Vishakhapatnam, Rohtak, NewDelhi, Patna,

IS Tookeeee————
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Belgaum(Karnataka), Nagpur, Gorakhpur, Tamilnadu, Hy-
derabad, Arya Nagar, Kanpur & Goa.”’

The trial’s principal investigator reported that the early re-
sults in the first 50 people who received the vaccine candi-
date appear to be “encouraging,”. There is hope of vaccine in
the market by the year-end of 2020.3

ZyCoV-D BY ZYDUS CADILA

India’s Zydus Cadila is developing two vaccine candidates.
The first ZyCoV-D, a plasmid DNA vaccine candidate for
COVID-19 that targets the viral entry membrane protein of
the virus. On 5 August 2020, Zydus announced the comple-
tion of Phase 1 and the candidate was entering Phase 2. The
second approach deals with a live attenuated recombinant
measles virus vectored vaccine.*

ChAdOx1nCoV-19 by SERUM INSTITUTE OF
INDIA:

Immunological drugs manufacturer developing two vac-
cines. The first, which is a Live attenuated virus candidate in
partnership with Codagenix and the second one the measles
based viral vectored vaccine, with Themis. At present, both
vaccines are in the pre-clinical stage. Also, SIIPL developing
VPM1002 which is an immune enhancer. Trials were initi-
ated in India, Germany and will start shortly in Canada, Aus-
tralia and New Zealand. In India, now it is in phase II1.*°As
of now, the vaccine developed by Oxford university Jenner
institute might the first Coronavirus vaccine to be available
for Indians by the end of 2020.%°

Vaccine by Indian Immunologicals, India
One of the prime vaccine makers in Hyderabad, India, Devel-
oping a Live attenuated vaccine in collaboration with Austral-
ia’s Griffith University using the latest codon de-optimization
technology and they are planning mass production of the vac-
cine candidate with Vero cell platform technology.*!

Vaccine of Biological E

The most recent entrant in the vaccine race developing the
Recombinant protein subunit, an adjuvant subunit vaccine
comprising the Receptor Binding Domain (RBD) of SARS-
CoV-2 spike protein as the vaccine candidate which com-
pleted pre-clinical studies.*’

Vaccine of Mynvax

Bengaluru based medical pharmaceutical startup, a few
months back announced their work on COVID-19 Vaccine
which is protein-based, in collaboration with the Indian
Institute of Science and the vaccine candidate now in pre-
clinical stage.®

Vaccine of Panacea Biotec

Delhi based biotechnology company, in partnership with
Refanalnc., a US-based pharma company to develop, manu-
facture & distribute inactivated vaccine strain for COVID-19.
The vaccine candidate in preclinical development at present
and expected to start the human trials by October 2020.%

CONCLUSION

Globally many countries are affected by the rapid outbreak
of SARS-CoV-2 so we are in urgency to develop a safe and
effective vaccine. At present, there are about 2400 ongoing
clinical trials globally including more than 200 clinical tri-
als in India with various therapeutic interventions including
vaccines and repurposing of existing drugs. Vaccine devel-
opment is based on the knowledge gained from SARS &
MERS vaccine development strategies. The receptor-bind-
ing domain of S protein is considered as the main target for
developing COVID vaccine candidates, as shown in several
preclinical studies. At present, the various biopharmaceutical
companies as well as academic sectors are in a race to de-
velop the COVID-19 vaccine by several platforms. To make
an effective SAR-CoV-2 vaccine possible, there are many
parameters to be considered like target identification, immu-
nization route, immune protection, suitable animal models,
scalability, production facility target population etc. Hence
it may take still more time because of the limitations such
as the unavailability of appropriate animal models to check
efficacy, immunogenicity and toxicity of the vaccine before
the clinical trials in human. So there is a need for coordina-
tion and technology transfer among governments, regulatory
agencies, pharmaceutical companies, and the World Health
Organization (WHO), for the global production of an ef-
fective vaccine against SARS-CoV-2. As well as once the
vaccine is on the market the next challenge will be the af-
fordability and availability of vaccines. India is one of the
pharmacological therapeutics distributors globally, there
should be enough resources for the production and the dis-
tribution of vaccines to other countries as well. Further, the
evaluation of immunity and long-term memory of COV-
ID-19 recovered individuals may be helpful in the develop-
ment of a potential prophylactic and therapeutic agent not
only against SARS-CoV-2 but other similar coronaviruses
during a future outbreak.
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