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ABSTRACT: The ongoing outbreak due to SARS-CoV-2 in all over
the World resulted in extreme pressure on researchers for urgent and
rapid development of vaccines. In this paper, the brief introduction of
viruses and various vaccine candidates under various stages of
development are discussed in the context of SARS-COV-2. This paper
comprises details of vaccines and clinical trials which are recently
performed in different countries. Vaccines for COVID-19 Like disease
thus present a unique model to standard development precepts.

INTRODUCTION: As we know that WHO has
declared COVID-19 as a pandemic across the
World. Coronaviruses are found in a variety of
mammalian species cattle, chicken and swine, etc.
In animals, different tissues are occupied by the
corona virus and create a variety of diseases as
compared to humans. In humans, coronavirus
majorly affects the respiratory tract or mild upper
respiratory infection. In very rare cases, it has been
seen that coronavirus affects the gastrointestinal
tract, which results in diarrhea in children * 2.
COVID-19 is spherical in shape, which enveloped
pleomorphic particles. The envelope is observed
with projecting glycoprotein, surrounded by a core
consisting of matrix protein (which is known as
spike protein) within a single strain of positive
sense-RNA associated within nucleoprotein **.
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The spike protein is responsible for the attachment
of antigen to the host cell and carried the main
antigen epitopes, which neutralized the antibodies.
Coronavirus occupies the respiratory tract via nose
after it enters the human body, replicates and shows
a symptom like the common cold, nasal
obstruction, having a problem in breathing, fever,
runny nose, etc. > °.

SARS-COV-2 or COVID-19: Whenever a new
disease occurs, which deals with the human, they
are named to access the discussion on their
prevention and controls. International classification
of diseases (ICD) is maintained by WHOM for the
classification and nomenclature of new disease’™.
Official names of the virus, which is responsible
for coronavirus disease-2019 (COVID-19) is
served acute respiratory syndrome coronavirus-2
(SARS-COV-2) previously known as the 2019
novel coronavirus originate on February 2020
because the COVID-19 is genetically related to the
coronavirus responsible for SARS outbreak in
china 2003. The COVID-19 outbreak involves
larger geography with abundantly higher speed of
transmission, and it is re-emergent disease ** .
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Human Corona Virus and Different Strains of
COVID -19: As we know, that coronavirus is not
new as they are a large group of viruses that have
been present around for a long time. Some of them
infect humans with sniffles or coughing and droplet
generate during talking.

As per literature, the coronavirus is categorized into
four subgroups, such as 229E (alpha), NL63
(alpha), OC43 (beta), HKU1 (beta). The rare
subgroups are a beta virus that causes Middle East
Respiratory Syndrome (MERS), a beta virus that
causes severe acute respiratory syndrome (SARS-
COV), the virus that causes severe acute respiratory
syndrome-2 (SARS-COV-2 or COVID-19). As till
today, scientists have found two different strains in
studied of 107 cases across the World, and they
found that there are two different strains available
of new coronavirus (COVID-19), and these are L-
strain and S-strain 2
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Challenges in Vaccine Development for COVID-
19: In the case of a disease like COVID-19, still the
source of the virus is not identified, and the lack of
knowledge about the epidemiology and
pathogenesis of infection is one of the major
challenges for the development of a vaccine. The
immunological protection connection of the
outbreak is not completely understood. The concept
of vaccines such as live, subunit, and killed virus
vaccines are traditional and not able to respond to
COVID-19 like virulent disease ** **. The newer
type of vaccines, such as DNA vaccine, RNA
vaccine, and virus-like particles has their technical
limitation. Another aspect is clinical trials of these
vaccines, which include careful concern of sample
size, the involvement of control group, ethical
issues, and event rate. A deep understanding of
epidemiologic studies could help to develop an
efficient vaccine. As per the data shared by WHO
(15" May 2020), approximately 110 vaccine
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candidates are in preclinical assessment, and eight
vaccine candidates are in clinical evaluation *>*°.

Recent Updates of Vaccines Under Trials for
COVID-19 Treatment: Several countries,
academia, pharmaceutical industry, the government
in a collaborative manner are trying to develop the
effective vaccine for novel coronavirus (COVID-
19) and some candidates are progressed into
clinical developments phases, as per the data
available in literature review the vaccine candidates
are discussed below and summarized in Table 1.

ChAdOx1: ChAdOx1 is a vaccine developed by
Oxford University, containing adenovirus as a
vector to evoke the immune system against viruses.
This technique utilizes the use of DNA sequence
from the adenovirus to target the spike protein of
the SARS-Cov-2. This vector virus is not able to
replicate in the host body and enhances its safety
potential for the children. The trial using this
vaccine was successful in rhesus macaques with
stimulated immunity and developed the antibodies
against corona virus-2 '

Ad5-nCoV: Ad5-nCoVwas the first vaccine which
was undergoing human trials developed by the
biotech firm Can Sino Biologics Inc, China. This
vaccine is currently in Phase Il clinical trials and is
the farthest along in research for vaccines against
the novel coronavirus. It uses a harmless virus
known as adenovirus to transport DNA to the
coronavirus spike proteins which present on the
surface of the SARS-CoV-2. Ad5-nCoVis the
combination of recombinant protein and live virus
(Adenovirus type-5) to produce antigen like
protein, which in turn initiate the production of
antibody *8

INO-4800: INO-4800 vaccine was announced by
the US-based firm Inovio Pharmaceutical which
was currently in phase-1 clinical trials. This
vaccine is based on a relatively new vaccine
technique involves the translation of DNA into
protein after the delivery into the cells. Row, this
translated protein activates the immune system to
produce the antibody against SARS-CoV-2 *°.

MRNA-1273: mRNA-1273was designed by US
biotech firm Moderna, based on the concept of
MRNA, the information molecule. The lipid
nanoparticles loaded mRNA as a vaccine provokes
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the cells to produce the specific protein which is
required to fight against infection. The instruction
for producing the protein to the cell is transferred
by mRNA vaccine %°.

PiCoVacc: The PiCoVacc consists of an
inactivated form of SARS-CoV-2, developed by
Sinovac Biotech. This vaccine was successfully
used in three animal models. This animal model
uses rats, mice, and rhesus macaques showing
activation of an immune response in all models. In
response to  SARS-CoV-2, the produced
neutralizing antibodies are able to fight infection **.

BNT162: BNT162 vaccine is designed with the
combined efforts of Bio N Tech, Pfizer, and Fosun
Pharma by involving different types of modified
RNA. This RNA include mRNA containing mRNA
(URNA), modified nucleoside mMRNA (modRNA),
and self self-amplifying mRNA (saRNA). Every
MRNA is combined with lipid nanoparticle
technology (LNP) for delivery and formulation %.
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Inactivated SARS-CoV-2 Vaccine by Wuhan
Institute of Biological Products: Wuhan Institute
of virology with Sinopharma is working on the
development of an inactivated vaccine. The
development process is in the phase-2 trial, and the
results from the trials show good safety outcomes
using 96 human volunteers within three age groups.
The organization requires 1 year to a final
conclusion about the efficacy and safety of the
developed vaccines %,

Inactivated SARS-CoV-2 Vaccine (Vero cells)
by Beijing Institute of Biological Products: The
Beijing Institute of Biological Products, China, is
also working on the development of vaccines by
using inactivated for SARS-CoV-2. The trial is in
phase %2 and involves the volunteer aged above 3
years. The outcomes of the trial show the increase
in serum antibody level to combat against the
corona virus after the 28 days of full vaccination 2*.

TABLE 1: CURRENT STATUS OF VACCINE DEVELOPMENT FOR THE COVID-19 AS PER WHO (15 MAY 2020)

S. no. Vaccine Name Technology/Platform used Developed by Clinical trial Phase

1 ChAdOx1 Non-Replicating Viral (Adenovirus) Oxford University, United Kingdom Phase 1/Phase2
Vector

2 Ad5-nCoV Non-Replicating Viral Vector Can sino biologics Inc, China Phase 1/Phase2

Adenovirus Type 5 Vector
3 INO-4800 DNA plasmid vaccine with Inovio Pharmaceuticals, United States Phase 1
electroporation

4 mRNA-1273 (Lipid nanoparticles) LNP encapsulated Modernalnc, United States Phase 1
mRNA

5 PiCoVacc Inactivated SARS-CoV-2 Sinovac, Biotech, China Phase 1/Phase 2

6 BNT162 3 LNP-mRNAs BioNTech/ Pfizer/FosunPharma, United Phase 1/Phase 2

States
7 Unnamed Inactivated SARS-CoV-2 Wuhan Institute of Biological Phase 1/Phase 2
Products/Sinopharm, China
8 Unnamed Inactivated SARS-CoV-2 Beijing Institute of Biological Phase 1/Phase 2

Products/Sinopharm, China

CONCLUSION: In this paper, we have discussed
the basic introduction of SARS-CoV-2 and main
challenges in the vaccine development for COVID-
19. We have also discussed several vaccine
candidates under the development stages with their
key concept and clinical stages.
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