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Abstract: The global pandemic of COVID-19 caused by SARS-CoV-2 continues to spread 
and poses serious threats to public health and economic stability throughout the world. Thus, 
to protect the global population, developing safe and effective vaccines is mandatory to 
control the spread of SARS-CoV-2 pandemic. Since genomic sequences of SARS-CoV-2 and 
SARS-CoV-1 have similarity and use the same receptor (ACE2), it is important to learn from 
the development of SARS-CoV-1 vaccines for the development of SARS-CoV-2 vaccines. 
Normally vaccine development takes 10–15 years but vaccine development against SARS- 
CoV2 is going on at a very fast pace resulting in almost breakthrough methods of vaccine 
development by several research institutions. The whole process of vaccine development 
including clinical trials gets shortened and may be fast tracked to 15–18 months. Global 
collaborations and increased research efforts among the scientific community have led to 
more than 214 candidate vaccines globally. The current review highlights the different 
approaches and technologies used around the world for the design and development of the 
vaccines and also focuses on the recent status of the SARS-CoV-2 vaccine candidates under 
development by various institutions to combat the world threat of COVID-19 pandemic. 
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Background
Viruses have the potential to cause irreparable loss to human beings. In 1960, 
coronavirus (Covs) was identified as the cause of the common cold. At the present 
time seven types of Covs species can infect human beings. The four Covs species 
(HCoV-NL63, HCoV-229E, CoV-HKU1, and HCoV-OC43) cause up to a third of 
community-acquired upper respiratory tract infections. The remaining three species 
are highly pathogenic; SARS-CoV-1 discovered in 2002 as the cause of severe 
acute respiratory syndrome (SARS), the Middle East respiratory syndrome Covs 
identified in 2012 as the cause of the Middle East respiratory syndrome (MERS), 
and SARS-CoV-2 as the cause of Covs disease 2019 (COVID-1).1 COVID-19 
characterized by respiratory distress was first reported in December 2019, in the 
People's Republic of China. On March 11, 2020, the World Health Organization 
(WHO) declared COVID-19 as a pandemic disease.2 For example, the S protein in 
SARS-CoV-1 is highly conserved in SARS-CoV-2 and has great potential to induce 
T cell response. These similarities help to develop treatment interventions.

As of December 21, 2020, there were 75,479,805 cases and 1,686,267 confirmed 
deaths in the world.3 SARS-CoV-2 has stronger infectivity than that of SARS-CoV-1 and 
poses an immense threat to the world population. SARS-CoV-2 is highly contagious, 
spread by the inhalation of respiratory aerosols and direct human contact.4 The serious 
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pandemic situation has highlighted the need for safe and effec
tive therapeutic and preventive measures to reduce the trans
mission of the disease. Since effective antiviral agents are still 
lacking, vaccination is the best approach for controlling the 
current outbreak of SARS-CoV-2.5 Therefore, several coun
tries have accelerated clinical trials to develop an effective and 
safe vaccine to curtail the current ongoing pandemic. The 
purpose of this review article is to provide an up-to-date status 
of various promising vaccine platforms.

Genomic Characteristics of SARS-CoV-2
The genome of SARS-CoV-2 is a positive sense, single- 
stranded, non-segmented RNA genome of 29,903 nucleotides. 
The three pathogenic Covs species have several structural and 
immunological similarities. SARS- CoV-2 genome has 80% 
similarity to SARS-CoV and 50% to MERS-Cov and similar 
life-cycle shown in Figure 1. The S protein in SARS-CoV-1 is 
highly conserved in SARS-CoV-2. These similarities help to 
develop treatment interventions. The genome of SARS- CoV-2 
has two open-reading frames (ORFs), ORF1a and ORF1b, 
which encode the non-structural proteins (nsps) and structural 
proteins. ORF1a encodes for polypeptide 1a (pp1a) that sub
sequently breakdown into 11 nsps. ORF1b initially translated 
into a polypeptide (pp1ab) next cleaved into 15 nsps by viral 
proteases. Another key nsp, viral RNA-dependent RNA poly
merase (nsp12), is responsible for replication and transcription 
of the viral genome.6,7

Like all CoV, SARS- CoV-2 encodes four structural pro
teins which are the S, N, M, and E proteins. The S protein 
mostly serves for Covs vaccine development due to its ability 
to induce neutralizing antibodies and T cell response. S protein 
also mediates viral entry into host cells. S has two domains S1 

and S2. The S1 has the receptor-binding domain (RBD), and 
the S2 contains the fusion peptide, which is responsible for 
receptor binding and cell fusion, respectively.8,9 Lan et al 
reported the crystal structure of RBD of SARS-CoV-1 is 
almost identical to that of SARS-CoV-2. Some mAbs targeting 
the RBD can neutralize both viruses, making it a promising 
target for vaccine development with a dual target. For SARS- 
CoV-2, studies with monoclonal antibodies have shown that 
humans infected with SARS-CoV-2 develop robust neutraliz
ing antibody responses against S protein and in particular the 
RBD.10 In addition to S, N-protein-immunized BALB/c mice 
also induced CD4+ and CD8+ T cells. However, vaccination 
with vaccines expressing N resulted in no protection against 
SARS-CoV challenge as well as enhanced infection, which 
were characterized by increased pulmonary eosinophil infiltra
tion. The M and E proteins have garnered less interest as 
vaccine targets due to lower immunogenicity, although the 
SARS-CoV patient sera was shown to be reactive to 
M peptides.11

SARS-CoV-2 Vaccines Under 
Development
Vaccination is one of the world’s most successful health inter
ventions, saving as many as 3 million lives every year. 
Vaccination is the cheapest and the most effective way of 
controlling disease, so efforts are directed towards vaccine 
designs against COVID-19 to avert the pandemic. Several 
vaccine candidates have been developed using the S-protein 
of SARS-CoV-2.12 As of December 10, 2020, over 214 candi
date vaccines against SARS-CoV-2 from pharmaceutical 
industries and academic institutions were under development 
using different vaccine platforms. These vaccine platforms are 
recombinant viral-vectored vaccines, live attenuated viruses, 
protein subunit, inactivated vaccines, nucleic acid-based vac
cines, and virus-like particles and are presented in Figure 2. 
Among 214 candidate vaccines, 52 candidate vaccines are in 
clinical trials.13 Currently, Ad5-nCoV (CanSino Biologicals), 
mRNA-1273 (Moderna), INO-4800 (Inovio, Inc.), BNT162/ 
mRNA (Fosun Pharma), BBIBP-CorV (Sinopharm), 
CoronaVac (Sinovac), and ChAdOx1 (University of Oxford) 
have entered Phase III clinical trials.11,13

Protein Subunit Vaccines
Subunit vaccines may possess antigens with strong immuno
genicity that can induce the host immune system. Peptide 
epitopes isolation is essential for the protein of interest. The 
epitopes must have the potential to express a strong humoral Figure 1 Distribution of different SARS-CoV-2 vaccine candidate platform.
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and T cell immunity against the pathogen that may have a long- 
lasting effect.14 Most subunit vaccines require an adjuvant to 
induce an enhanced immune response. An adjuvant may 
increase the half-life of the vaccine or may decrease the immu
nomodulatory cytokine response. So, an adjuvant overcomes 
the limitation of the protein subunit vaccines. Research for the 
development of vaccines for SARS-CoV and MERS-CoV give 
positive inputs.15 Different forms of S-proteins, including the 
full-length S protein, S1, and RBD, displayed a varying degree 
of neutralizing antibody responses and protection from the 
virus in several studies.16

Vaccines Based on Full-Length S Protein
Several institutions utilize the subunit vaccines platform to 
develop the COVID-19 vaccine, especially when using the 
S protein as an antigen. The spike (S) protein induces 
strong immunogenicity, which is the most promising anti
gen for COVID-19 vaccine development. S protein is the 
surface protein that mediates virus binding to the host 
ACE2 receptor for viral fusion and entry. Currently, sev
eral vaccine candidates used the S protein to induce an 
enhanced immune response.17 The S protein-based vac
cines developed against SARS-CoV and MERS-CoV 
viruses were effective to a large extent. Since SARS- 
CoV-2 shares a considerable genome sequence and 
sequence identity of different crucial enzymes with SARS- 
CoV, the vaccine approaches already built for SARS may 
facilitate the development of a COVID-19 vaccine.18

NVX-CoV2373 is under development by Novavax 
from recombinant full-length S protein with saponin- 
based Matrix-M1 adjuvant that is Novavax’s proprietary 
nanoparticle technology. Matrix-M induces leukocyte 
migration into the draining lymph nodes (LN) that increase 
T cell, B cell, NK, and dendritic cells in draining to LNs. 
NVX-CoV2373 produces high levels of S protein-specific 

antibodies that can block ACE-2 human RBD and wild- 
type SARS-CoV-2 neutralizing antibodies after one dose. 
NVX-CoV2373 is in Phase 3 clinical trials in the United 
Kingdom in combination with the seasonal influenza vac
cine. Novavax is currently conducting phase 3 clinical 
trials in the United Kingdom.19,20

Protein (RBD-Based) Subunit Vaccine
Subunit vaccines based on recombinant antigenic proteins are 
essential for expressing long-lasting immune responses. RBD 
of SARS-CoV-S contains major antigenic epitopes that induce 
both neutralizing antibodies and T cell responses.21 The immu
nogenicity of RBD vaccines was better than the full-length 
S protein. SARS-CoV RBD did not cause immune damage in 
the animal model, while the full-length S protein could do. It is 
proposed that there are super-antigens in the region beyond the 
RBD of the full-length S protein. Therefore, the RBD-based 
subunit vaccine may be the ideal and safer alternative to 
develop a vaccine for Covs.22,23 Kentucky Bioprocessing Inc 
is developing an RBD-based vaccine candidate and undertak
ing phases I and II clinical trials (NCT04473690). Anhui Zhifei 
Longcom Biopharmaceutical/Institute of Microbiology, the 
Chinese Academy of Science has a candidate vaccine that is 
currently in phase III clinical trial.24

Vaccines Based on S2 Subunit
SARS-CoV S2 subunit is responsible for fusion between virus 
and target cell membrane is proposed to be an effective vaccine 
candidate against SARS-CoV. Several studies showed that S2 
protein induces neutralizing antibodies, although their potency 
is lower than the RBD-based subunit vaccine. However, Zhang 
et al reported the immune responses against S2 fragment in 
BALB/c mice induced a specific cellular immune response.25 

Besides, Zhao et al purified S2-specific IgG from mice immu
nized with S2 proteins and found that anti-S2 IgGs could 
abolish the binding between S protein and its cellular receptor
(s). Thus, the S2 subunit has a promising potential to be a target 
to develop a vaccine against divergent virus strains. Currently, 
several vaccines are under preclinical studies using this 
platform.26

Inactivated Vaccines
Inactivated vaccine platforms have been widely used over 
the past 70 years. Inactivated vaccines are produced by 
inactivating the viruses with chemicals, UV light, and 
heat. Inactivation of the organism makes a safe vaccine, 
especially for immunocompromised persons. However, 
these vaccines induce a weaker immune response than 

Figure 2 Life cycle of SARS-CoV-2 virus.
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live vaccines and need several booster doses. These inac
tivated vaccines take a longer time to manufacture as the 
virus needs to be cultured in the lab and then 
inactivated.27,28 Nowadays, seven inactivated COVID-19 
vaccine candidates are in clinical trials, and 12 candidates 
are in preclinical trials.13

CoronaVac, formerly known as PiCoVacc, is an inacti
vated vaccine candidate developed by the People's 
Republic of China’s leading vaccine manufacturers, 
Sinovac Biotech. CoronaVac vaccine is made by prolifer
ating the viruses in cell culture followed by inactivation by 
formalin with alum adjuvant. Inactivated SARS-CoV-2 
viruses possess the RBD within the S protein as immune 
inducer.28 CoronaVac was granted an emergency use 
authorization by Chinese authorities before the initiation 
of phase III studies. This authorization resulted in 90% of 
company employees immunized with the vaccine. The 
phase II clinical trial results by CoronaVac showed that it 
induced neutralizing antibodies 14 days after vaccination. 
The neutralizing seroconversion rate of CoronaVac was 
over 90% in 600 healthy volunteers and can trigger 
a positive immune response. Currently, CoronaVac is in 
phase III (NCT04456595) clinical trials.29,30

New Crown COVID-19 has been developed by Wuhan 
Institute of Biological Products and Sinopharm as an inac
tivated whole-virus, alum-adjuvant vaccine. The whole 
virus cultivated in vitro and infected cells was further 
inactivated using β-propiolactone and adsorbed to 0.5 mg 
alum. The phase 1 clinical trial was carried out using three 
doses (10 μg, 5 μg, and 2.5 μg) of antigen. The results 
revealed that the vaccine has better safety profiles and 
strong neutralizing antibody response in all three doses. 
There were no severe side effects. Phase II clinical 
trials were undertaken using a 5 μg antigen, and the results 
displayed New Crown COVID-19 vaccine can effectively 
generate antibody titer with fewer side effects. A booster 
dose is essential to produce enough immune response, 
with (21 days and 28 days) interval between the first 
doses. The booster dose triggers a better antibody titer as 
compared to the 14-day intervals. Generally, the New 
Crown COVID-19 vaccine candidate displayed acceptable 
safety and a better immunogenic profile, supporting its 
assessment in the ongoing phase III trials. A phase III 
(ChiCTR2000034780) clinical trial began in July 2020 
and planned to enroll 21,000 participants. Phase III 
(ChiCTR2000034780) clinical trials are currently taking 
place in the United Arab Emirates. Sinopharm gave these 
candidate vaccines to thousands of people under 

emergency use conditions approved by the Chinese 
Government.31–33

BBIBP-CorV is another inactivated vaccine candidate 
developed by the Beijing Institute of Biological Products 
and Sinopharm. In preclinical studies, BBIBP-CorV pro
duced a better immune response in guinea pigs, mice, rats, 
rabbits, and non-human primates to protect against SARS- 
CoV-2. In the phase I and II trials, BBIBP-CorV was safe 
and well-tolerated at all three doses (2 μg, 4 μg, or 8 μg) 
on days 0 and 28. A robust immune response was 
observed in 100% of vaccine recipients. The phase III 
trial of BBIBP-CorV is ongoing in Abu Dhabi, UAE.34

Bharat Biotech’s Covaxin is India’s first inactivated vac
cine candidate developed by Bharat Biotech, Indian Council of 
Medical Research, and National Institute of Virology against 
COVID-19. The phase I and II clinical trials were conducted in 
12 hospitals in different cities across the country. The vaccine 
produced robust immune responses, thereby preventing the 
SARS-CoV-2 virus. Bharat Biotech is also undertaking 
a phase III clinical trial with 26,000 participants from across 
22 sites in India.35

Live-Attenuated Vaccines
Live-attenuated vaccines (LAV) controlled several infec
tions disease outbreaks like yellow fever, mumps, measles, 
rubella, polio, and chickenpox. The highly attenuated 
modified vaccinia virus Ankara, recombinant adeno- 
associated virus, or an attenuated parainfluenza virus 
encodes recombinant forms of the S protein.36 Cao et al 
evaluated the immune protection of a rAAV encoding RBD 
vaccine in a mouse model by intranasal inoculation, which 
induced strong mucosal immune responses and provided 
long-term protection against SARS-CoV infection.37 Other 
groups reported that immunization of monkeys via the 
respiratory tract with BHPIV3/SARS-S induced the pro
duction of SARS-CoV-neutralizing serum antibodies. 
Weingart et al immunized ferrets with rMVA-S and the 
immunized ferrets induced neutralizing antibody. After 
challenging with SARS-CoV, ferrets showed strong 
inflammatory responses in liver tissue, suggesting that 
vaccination with rMVA-S enhances hepatitis, which is 
not observed in the above infection model. It is suggested 
that we should not only use mice or monkeys as an animal 
model but also use ferrets as the infection model, because 
of their sensitivity to SARS-CoV.38 LAVs associate with 
the risk of reversion by either mutation- or recombination- 
driven processes, which cause dangerous outbreaks in 
unvaccinated populations.
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LAV vaccines against SARS-CoV-2 are currently in 
preclinical development. For example, Indian 
Immunologicals Limited is currently working together 
with Griffith University to develop a vaccine using 
codon deoptimization as a strategy against SARS-CoV-2. 
The vaccine candidate provides a long-lasting immunity 
against SARS-CoV-2 following a single vaccination.39

DelNS1-SARS-CoV2-RBD is an influenza-based vac
cine strain with deletion of the virulent NS1 gene. It is 
attenuated by the deletion of a virulent element and the 
immune antagonist. It is more immunogenic than the wild- 
type influenza virus and can be given as a nasal spray. An 
attenuated version of the influenza virus was modified to 
encode the RBD domain of SARS-CoV-2 spike protein on 
its surface.40

Nucleic Acid-Based Vaccines (DNA or 
mRNA) Platform
Nucleic acid-based vaccines offer a cost-effective 
approach to SARS-CoV-2 vaccine development. In the 
1990s Wolf et al reported in vivo the encoded protein 
expression after administration of encoded nucleic acids 
(RNA or DNA) into mice.41 This discovery was the start 
of the use of nucleic acids encoding antigens as a form of 
vaccination. While the instability of mRNA limited its use, 
plasmid DNA emerged as the promising platform even 
though the first clinical trial was disappointing. Advances 
in the delivery of vaccines have spurred new clinical trials 
to develop vaccines against Covid-19. Currently, several 
companies are developing nucleic acid-base 
d vaccines.42,43

mRNA Vaccine
The mRNA-based vaccine is an emerging, non-infectious, 
and non-integrating platform with less risk of insertional 
mutagenesis. It is the most promising alternative due to its 
cost and safety profile in animal studies. The immunogeni
city of the mRNA can be minimized, and alterations can 
increase the stability of these vaccines. Furthermore, the 
anti-vector immunity can be removed as the mRNA is the 
minimally immunogenic genetic vector, allowing repeated 
use of the vaccine. This platform has empowered the rapid 
vaccine development program due to its flexibility and 
ability to mimic the antigen structure and expression as 
seen in the course of natural infection.44,45 Currently, six 
mRNA-based vaccine candidates are in the clinical trials, 

and 19 vaccine candidates are in the preclinical trial for 
COVID-19.13

mRNA-1273 is an mRNA vaccine with a synthetic 
viral mRNA, which encodes the full-length spike protein 
(S) of SARS-CoV-2 and mimics the natural infection. The 
host body recognizes the synthetic viral mRNA and trans
lates the viral protein shown in Figure 3. mRNA is not 
stable, but through chemical modifications, mRNA is sta
bilized and packaged into an injectable form using a liquid 
nanoparticle.44–46 The mRNA-1273 is a lipid nanoparticle 
(LNP)-encapsulated mRNA-based vaccine that encodes 
a stable form of the spike protein of SARS-CoV-2. The 
encapsulated mRNA-1273 then travels to the immune cells 
(lymph nodes) and instructs them to make copies of the 
spike protein on their surface as if SARS-CoV-2 infects 
them. Other immune cells learn about the spike protein 
and prepare themselves for the future response to SARS- 
CoV-2.47 mRNA-1273 evoked neutralizing antibody titer 
levels observed in convalescent sera within their initial 45 
participants. It is also generally safe and provided com
plete protection in a mouse challenge model.48 Moderna 
has collaborated with Catalent since June 25, 2020 to 
perform large-scale, commercial fill-finish manufacturing 
of Moderna’s mRNA-1273 COVID-19 vaccine at 
Catalent’s biologics facility in Indiana, US. Besides, it is 
relatively safe as it is neither an inactivated pathogen nor 
the subunits of the live pathogen. mRNA used in vaccina
tion is safe to use since it cannot become part of a person’s 
chromosomes.47,48 Most adverse events were mild or mod
erate, with Grade 3 (severe) in 2%, typically pain at the 
injection site and fatigue, achiness, joint pain, headache, 
and redness at the injection site after the second dose. 
Moderna reported that the mRNA-1273 vaccine candidate 
passed its most important test, the 30,000+ participant 
phase III clinical trial (NCT04470427) by showing 
94.5% effectiveness in preventing COVID-19. The FDA 

Figure 3 RNA vaccine platform.
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advisory panel voted to recommend the approval of the 
mRNA-1273 vaccine for emergency use.49

BNT162b1/BNT162b2 vaccines are codon-optimized 
mRNA vaccines that encode SARS-CoV-2 RBD and full- 
length spike respectively. The mRNA is encapsulated in 
80 nm ionizable cationic lipid nanoparticles that increase 
its delivery. The phase II and III clinical trials showed the 
two vaccine candidates elicited similar dose-dependent 
SARS−CoV−2−neutralizing geometric mean titers 
(GMTs), comparable to the GMT of a panel of SARS 
−CoV−2 convalescent sera. BNT162b2 showed less sys
temic reactogenicity, particularly in older adults.50

The ongoing phase 3 clinical trial of BNT162b2, has 
enrolled more than 44,000 participants, from 150 sites in 
the US, Germany, Turkey, South Africa, Brazil, and 
Argentina. Most participants have received their second 
dose. The phase III trial BNT162b2 was 95% effective 28 
days after the first dose. FDA granted Pfizer and BioNTech 
an emergency use authorization (EUA) of the BNT162b2 
COVID-19 vaccine.51

THe LUNAR-COV19 (ARCT-021) vaccine contains 
a lipid-mediated delivery system called Lipid-enabled 
and Unlocked Nucleomonomer Agent-modified RNA 
(LUNAR). After administration, the vaccine enters the 
host’s cells, where the mRNA translates into proteins. 
These proteins are from the SARS-CoV-2 virus, and thus 
the host can induce an immune response against them and 
fight off an infection from the native virus. It is developed 
by Arcturus Therapeutics’ on an RNA-based vaccine plat
form and enters phase I and II clinical trials in 
Singapore.52

DNA Vaccines
The most revolutionary approach to vaccination is the 
introduction of the DNA vaccine, which encodes antigen, 
and induces the adaptive immune response. The trans
fected cells express the transgene that provides a steady 
supply of the transgene-specific proteins, which is similar 
to the live virus.53 DNA vaccines targeting S, M, and 
N proteins induce humoral as well as cellular immune 
response. Although the DNA vaccine platform is tempera
ture stable and rapidly manufactured, their efficacy and 
immunogenicity in persons are not yet proven. DNA vac
cine administration, vector mutations, and genome integra
tion into the host gene are remaining issues. DNA vaccine 
platform was started in 1993 with promising results 
against influenza viruses, but the same results cannot be 
translated to humans yet.54

INO-4800 is a DNA vaccine candidate developed by 
Inovio Pharmaceuticals. It was designed to optimize the 
S protein sequence of the SARS-CoV-2 virus. The pre
sence of humoral and T cell response in the preclinical 
trials suggest that INO-4800 can produce an effective 
immune response. The vaccine has entered phase I and II 
(NCT04336410) clinical trials. The clinical trial will eval
uate the immunological profile, safety, and tolerability of 
the vaccine candidate.55

Replicating and Non-Replicating Viral 
Vectors Vaccines
Viral vectors vaccine is a promising prophylactic solution 
against a pathogen. These vaccines are specific in deliver
ing the genes to the target cells, highly efficient in the gene 
transduction, and induce the immune response. Viral vec
tors vaccine provides prolonged time and enhanced anti
genic protein expression and, therefore, has better 
prophylactic use as these vaccines trigger the cytotoxic 
T cells, which leads to the removal of the virus-infected 
cells. Viral vectors are grouped into replicating (measles 
virus and vesicular stomatitis virus) or non-replicating 
vectors (Adenoviruses (Ad) and poxviruses). Several vac
cine developments rely on non-replicating Ads vector. 
These vectors are relatively safe, physically, and geneti
cally stable, and do not integrate into the host genome. 
Ads vector can infect DCs and dividing or non-dividing 
cells. However, Ad vectors need high doses to induce the 
host immune response.56,57

AZD1222 (ChAdOx1 nCoV-19): is a SARS-CoV-2 
vaccine candidate that uses a non-replicating chimpanzee 
adenovirus as a vector (ChAdOx1) and is modified to 
induce the S protein from SARS-CoV-2. AZD1222 is 
under development by the University of Oxford and 
AstraZeneca. This adenovirus is genetically modified so 
that it does not replicate in humans.53 After vaccination, 
cells induce spike protein and the critical immune system 
to produce neutralizing antibodies that bind to spike gly
coprotein and attack SARS-Cov-2 virus. Besides, the vac
cine induces T-cells, which can attack the host cells if they 
get infected by the SARS-CoV-2 virus. Phase I and II 
studies show that the candidate AZD1222 vaccine given 
at a dose of 5 × 1010 viral particles was safe and tolerated, 
however higher reactogenicity was displayed than the con
trol vaccine. The reactogenicity decreased with 1 
g paracetamol for the first 24 hours after vaccination. 
Generally, the two doses were enough to induce a potent 
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immune response in all the participants and had no severe 
adverse reactions. Phase III trials are currently ongoing in 
several countries.56–59

On June 29, 2020, the People's Republic of China’s 
military received permission to use the Ad5-nCoV vaccine 
(Adenovirus vaccine) candidate developed by the People's 
Republic of China’s CanSino Biologics Inc. as it was 
proved safe and efficient in the clinical trials 
(NCT04341389). Ad5-nCoV uses replication-defective 
human Ad5 as a vector and is modified to express the 
S protein. This vector was used for the Ebola vaccine 
(Ad5-EBO) development. Ad5-nCoV vaccine candidate 
developed by the People's Republic of China’s CanSino 
Biologics Inc. as it was proved safe and efficient in the 
clinical trials (NCT04341389). The phase I clinical trials 
showed four-fold in RBD and S protein-specific neutraliz
ing antibodies and specific T cell responses. However, the 
pre-existing anti-Ad5 immunity may antagonize both the 
antibody and the T cell responses before an immune 
response to the S protein develops.60,61

Coroflu (M2SR) is a unique influenza virus. It lacks 
a gene called M2 that limits the influenza virus to undergo 
only a single replication in cells. M2SR is modified by the 
insertion of the spike protein gene sequence of the SARS- 
CoV-2. It can enter into the host cell, thereby inducing an 
immune response against the SARS-CoV-2. It is adminis
tered intra-nasally, mimicking the natural route of viral 
infection. The immune response is higher as compared to 
the intramuscular injections. It is in the preclinical phase.62

LV-SMENP-DC vaccine: Dendritic cells are antigen- 
presenting cells which induce immune response via anti
gen presentation. Dendritic cells exist in the periphery and 
are active at engulfing and presenting exogenous antigens. 
LV-SMENP-DC vaccine is developed by modifying den
dritic cells and T cell activation by the lentiviral vector to 
encode COVID-19 antigen. The subcutaneous inoculations 
of the vaccine present the cytotoxic T cells and generate 
the immune response. LV-SMENP is currently undergoing 
a phase I and II multicenter trial (NCT04276896) in 
healthy volunteers.63,64

On August 11, 2020, Russia approved the “Sputnik V” 
anti-SARS-CoV-2 vaccine developed by Moscow’s 
Gamaleya Institute. It is not clear if the completion of all 
phases of clinical trials were carried out. Phase III clinical 
trial for its effectiveness would be done after regulatory 
approval. Sputnik V uses a non-replicating viral vector 
“adenovirus” containing gene-specific spike protein like 
other vaccine candidates. The difference with other 

candidate vaccines is that Sputnik V uses two adenovirus 
vectors: Ad26 and Ad5, instead of a single serotype. In the 
first dose, Ad26 is given and, the second dose of Ad5 is 
administered after 21 days. This strategy has an advantage 
as, after the first dose, antibodies are produced against the 
Ad26 serotype. The second dose is of Ad5 serotype; there
fore, the body is stimulated to produce an enhanced 
immune response. Phase I and II trial results of Sputnik 
V have shown antibody production in all the trial partici
pants, though the sample size was small, and further stu
dies will be carried out in the elderly.65–68 After the 
announcement of Sputnik-V, the Russian government 
received preliminary orders for greater than 1 billion 
doses of Sputnik V vaccine from 20 countries. Now, 
Russia is manufacturing more than 500 million doses of 
Sputnik V vaccine.68

Virus-Like Particle Vaccines
VLPs mimic the conformation of native viruses. VLPs 
contain almost all viral proteins, but lack a viral genome 
that causes disease transmission and non-structural pro
teins. Due to a lack of genetic material, VLPs cannot 
replicate in the host but can express both the cellular and 
humoral immune responses. VLP can be produced using 
a combination of structural proteins from various types of 
viruses and plants. Currently, several VLP-based vaccines 
are available such as HBV and HPV vaccines for prophy
lactic use.69

Plants are an ideal platform for oral vaccine production. 
The genome for viral proteins is delivered to the plant using 
Agrobacterium bacteria. After infection, the gene of interest 
integrates into the plant genome and produce virus-like par
ticles. Plant-based vaccines produced using Agrobacterium 
and Nicotiana benthamiana against influenza A viruses (A/ 
H1N1, A/H3N2), and avian influenza H5 (AIV) were effec
tive, safe, and well-tolerated. This vaccine platform was dis
played as a promising source of vaccine for Lyme disease, 
Newcastle disease, bovine viral diarrhea virus, and recombi
nant colicin M. Several studies proposed different recombi
nant VLP vaccines against SARS-CoV-2 viruses.69,70

Currently, several VLP vaccines under development 
are RBD SARS-CoV-2 HBsAg VLP vaccine in phase 
I and II (ACTRN12620000817943) developed by 
SpyBiotech and Serum Institute of India, and CoVLP is 
in phase II/III (NCT04636697) developed by Medicago 
biopharmaceutical in Canada. The Medicago Inc. vaccine 
was developed by using its proprietary plant-based tech
nology using tobacco plants to produce virus-like particles. 
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The RBD-HBsAg-VLPs-Covid vaccine based on the RBD 
domain of SARS-CoV-2 conjugated to the hepatitis 
B surface antigen (HBsAg) virus-like particles.71,72

Conclusion
A vaccine is necessary to end the world's SARS-CoV-2 
pandemic. A successful vaccine is safe, effective, durable, 
and deployable to large populations. RNA viruses may 
mutate and this may make previously effective vaccines 
useless. Thus, development of a safe and effective vaccine 
against SARS-CoV strains is crucial for protecting future 
SARS-CoV outbreaks. A broad spectrum SARS vaccine that 
is effective against all the Covses using ACE2 as their 
receptor can be applied immediately when we face the 
recurrent threat of Covs. Particularly, taking SARS-CoV-2 

as an example, the virus might disappear before the vaccine 
is developed. Therefore, development of safe and broad- 
spectrum vaccines against SARS-CoV-2 and other SARS- 
CoV-related viruses is of great significance for preventing 
humans from CoV infection. Most vaccine strategies aim to 
generate S-specific neutralizing antibodies. Vaccines based 
on RBD of S protein against SARS-CoV may efficiently 
cross neutralize SARS-CoV-2. Besides antigens, adjuvant 
can increase the immune response and reduce the amount 
of antigen needed for each dose of the vaccine.

As of December 10, 2020, over 214 candidate vaccines 
are under development and 52 candidate vaccines are in 
clinical trials as shown in Table 1 and seven of them have 
entered phase 3 trials. Several of the candidates have been 
judged safe enough for use in humans and have shown 

Table 1 The Most Promising Vaccine Candidates That Have Recently Moved into Human Phase

Vaccine 
Platform

Candidate Clinical Trial Stage Developer

Viral 

vector-based 

vaccines

Ad5-nCoV Phase 2 ChiCTR2000031781 

Phase1ChiCTR2000030906

CanSino Biological Inc./Beijing 

Institute of Bio-technology

AZD1222 (ChAdOx1 nCoV-19) Phase 3: ISRCTN89951424 

Phase2b/3: NCT04324606

University of Oxford/AstraZeneca

Lenti viral based Minigene dendritic cell (DC) and 

T cell vaccine (LV-SMENP-DC)

Phase 1: NCT04276896 Shenzhen Geno-Immune Medical 

Institute

Adeno-based Gam-COVID-Vac Phase I: NCT04436471 

NCT04437875

Gamaleya Research Institute

Inactivated 

virus vaccines

Inactivated viral vaccine Phase 1/2: 

ChiCTR2000031809

Wuhan Institute of Biological 

Products/Sinopharm

CoronaVac Phase 3 (NCT04470427) Sinovac

New Crown Phase 3 (ChiCTR2000034780) Wuhan Institute of Biological 

Products, Sinopharm

BBIBP-CorV Phase 3 (ChiCTR2000034780) Beijing Institute of Biological 

Products, Sinopharm

DNA 

vaccines

INO-4800 Phase 1 NCT04336410 Inovio Pharmaceuticals

RNA vaccines mRNA-1273 Phase 3 (NCT04470427) Moderna/NIAID

BNT162/mRNA Phase 3 (NCT04368728) BioNTech| FosunPharma| Pfizer

Cure Vac mRNA/RABV Phase 1(NCT04449276) CureVac

LNP-nCoVsaRNA/RNA/EBOV Phase 1: ISRCTN17072692 Imperial College London

Protein 
subunit 

vaccine

NVX-(CoV2373)/RSV Phase 1/2: NCT04368988 Novavax | Emergent BioSolutions
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substantial protection against SARS-CoV-2. Over the next 
several months, additional studies will be undertaken on 
immune responses providing protection against COVID- 
19. Throughout history, several vaccine candidates have 
disappointed when their protective effect was evaluated in 
large clinical trials. It is well documented that vaccines 
which show promise in phase I and II trials, are found to 
be ineffective in phase III trials.
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