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ABSTRACT
COVID-19 is an international public health emergency in need of effective and safe vaccines for SARS-CoV 
-2. A systematic review has been done to analyze the availability, development and status of new COVID- 
19 vaccine candidates as well as the status of vaccines for other diseases that might be effective against 
SARS-CoV-2 infection. PubMed, MEDLINE, EMBASE, Science Direct, Google Scholar, Cochrane library, 
ClinicalTrials.gov, Web of Science and different trial registries were searched for currently available and 
probable future vaccines. Articles and ongoing clinical trials are included to ascertain the availability and 
developmental approaches of new vaccines that could limit the present and future outbreaks. 
Pharmaceutical companies and institutions are at different stages of developing new vaccines, and 
extensive studies and clinical trials are still required.
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Introduction

COVID-19 (Coronavirus disease 2019), a communicable illness 
mainly causing respiratory distress, is caused by the recently 
identified virus Severe acute respiration syndrome coronavirus 2 
(SARS-CoV-2),1 previously called 2019 novel coronavirus (2019- 
nCoV).2 SARS-CoV-2, a single-stranded positive-sense RNA 
virus,3 is mainly spread by droplets exhaled by infected persons. 
To date no widely available drugs or biologics for worldwide use 
have been shown to be effective for the prevention of COVID-19. 
Numerous antiviral agents, immunotherapies, and vaccines are 
being studied and advanced as potential therapies.4 To date 
COVID-19 has caused tens of millions of confirmed cases and 
over one million deaths.

The Wuhan strain has been identified as a new strain of Beta- 
coronavirus from group 2B with ~70% genetic similarity to the 
previous described SARS-CoV. SARS-CoV-2 has 96% similarity 
to a bat coronavirus, so it is suspected to originate from bats. 
Vaccines had been produced for several diseases caused by other 
coronaviruses, including infectious avian bronchitis virus,5 canine 
coronavirus6 and feline coronavirus.7 Previous initiatives to pro
duce vaccines against viruses in the family Coronaviridae may 
provide vaccines that are clinically useful. Vaccines against severe 
acute respiratory syndrome (SARS)8 and Middle East respiratory 
syndrome (MERS)9 had been tested in animal models. However, 
no previous such coronavirus vaccine has been shown to be 
effective in humans.10 According articles from 2005–6, the iden
tity and development of new SARS vaccines become a concern for 
public and private health agencies around the world. At the time 
that MERS was predominant, it was generally believed that studies 
on SARS could deliver a convenient model for MERS vaccine 
development.11 Only one MERS vaccine (DNA-based) finished 
phase I clinical trials;12 the development of three other vaccine 

candidates is in progress, all as viral-vectored vaccines, two of 
them are adenoviral (ChAdOx1-MERS, BVRS-GamVac), and one 
MVA- (MVA-MERS-S) vectored.12

Many organizations have undertaken significant investment 
and research and development activities to develop a SARS- 
CoV-2 vaccine used the published genomic sequences.13 The 
objective of this systematic review is to summarize the avail
ability, development and status of new COVID-19 vaccine 
candidates as well as the status of vaccines for other diseases 
that might be effective against SARS-CoV-2 infection.

Coronavirus: at a glance

Coronaviruses are enveloped viruses and carry a positive-sense 
single-stranded RNA as genome and a nucleocapsid of helical 
symmetry. The genome size of coronaviruses ranges from 
approximately 26–32 kilobases, the largest among all RNA viruses, 
and they cause several diseases in mammals and birds. The 
symptoms in other species may vary: in chickens, they cause an 
upper respiratory tract disease, while in cows and pigs they cause 
diarrhea. Coronaviruses were first discovered in the 1930s as avian 
viruses during acute respiratory infection of chickens caused by an 
unknown infectious bronchitis virus at that time. Arthur Schalk 
and M.C. Hawn described the new avian virus as the possible 
causal agent of the respiratory infection in chickens in North 
Dakota in the year 1931.14

In humans, these viruses cause respiratory tract infections, 
which ranges from mild to lethal infections. Mild illnesses include 
some cases of the common cold (symptoms observed by the naked 
eye are similar to those of rhinoviruses). Some lethal varieties are 
SARS, MERS, and COVID-19. This group of viruses has typical 
club-shaped spikes (protein or glycoprotein) that project from 
their outer surface, which in electron micrographs create an 
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image similar to the solar corona or halo, from which their name is 
derived. The name was given by June Almeida and David Tyrrell, 
Common Cold Research Unit, Salisbury, Wiltshire, who observed 
and studied a kind of new coronavirus from a human source. The 
word was first used in print in 1968 by an ‘informal group of 
virologists’ to designate the new family of viruses.15 In the book 
entitled ‘Cold Wars: The Fight against the Common Cold,’ Dr. D. 
A.J. Tyrrell noted “We looked more closely at the appearance of 
the new viruses and noticed that they had a kind of halo surround
ing them. Recourse to a dictionary produced the Latin equivalent, 
corona, and so the name coronavirus was born.”16

Infection to multiplication then transmission

Infection by coronaviruses begins when the viral spike protein (S) 
attaches to its complementary host cell receptor. Upon attach
ment, a protease of the host cell cleaves and triggers the receptor- 
attached spike protein. Depending on the host cell protease avail
able, cleavage and activation allow the virus to enter the host cell 
through endocytosis or direct fusion of the viral envelope with the 
host membrane. Coronaviruses are multiplied through conven
tional replication, transcription, and then recombination systems. 
A number of the non-structural proteins combine to form a multi- 
protein replicase-transcriptase complex to carry over the process. 
After completion of the process of viral replication, RNA- 
dependent RNA polymerase (RdRp) of coronaviruses directly 
mediates the synthesis of the negative-sense sub-genomic RNA 
molecules from the positive-sense genomic RNA. This process is 
followed by the transcription of these negative-sense sub-genomic 
RNA molecules to their corresponding positive-sense mRNAs. 
The replicase-transcriptase complex is also capable of genetic 
recombination when at least two viral genomes are present in 
the same infected cell.17 RNA recombination appears to be 
a major driving force in determining the genetic variability within 
a coronavirus species, the capability of a species of coronavirus to 
jump from one host to another, and unusually, in determining the 
emergence of novel coronaviruses.18 The particular method of 
recombination in coronaviruses is still undiscovered, but it prob
ably involves template switching during genome replication.18 

These replicated positive-sense mRNAs are translated by the ribo
somes of the host cell into the structural proteins S, E, and M, and 
a number of accessory proteins. The viral structural proteins 
transfer along the secretory pathway into the Golgi intermediate 
section. Progeny viruses are then released from the host cell by 
exocytosis through secretory vesicles. Once released, the viruses 
can infect other host cells.

Infected carriers are able to shed the viruses into the environ
ment. The interaction of the coronavirus spike protein with its 
complementary cell receptor is central in determining the tissue 
tropism, infectivity, and species range of the released virus. 
Coronaviruses mainly target epithelial cells. They are transmitted 
from one host to another host, depending on the coronavirus 
species, by either aerosol, fomite, or the fecal-oral route. Human 
coronaviruses infect the epithelial cells of the respiratory tract, 
while animal coronaviruses generally infect the epithelial cells of 
the digestive tract. It was reported that SARS infects, via the aerosol 
route, the human epithelial cells of the lungs by binding to the 
angiotensin-converting enzyme 2 (ACE2) receptor. Transmissible 
gastroenteritis coronavirus (TGEV) infects, via the fecal-oral 

route, the pig epithelial cells of the digestive tract by binding to 
the alanine aminopeptidase (APN) receptor.19

Methods

Types of studies included

Any study regarding the intervention defined as SARS-CoV-2 
vaccine or SARS-CoV vaccine or coronavirus vaccine and used 
for curative intent either as the only vaccine or as an adjuvant to 
antiviral SOC or standard of care, which includes distinct prophy
lactic vaccine candidates, vaccine candidates with numerous adju
vants, several RNA vaccines, DNA vaccines, and technologically 
altered live vaccines. There was no constraint on the quantity or 
vaccination plan. Control sets may be present or not; if present, 
they may be receiving no treatment or placebo (Figure 1). The 
acceptance criteria have been defined according to the population, 
interventions, and comparisons including outcomes as well as 
study design (PICOS) arrangement.20 (View supplementary file)

Search approaches for the identification of studies

A methodical search was conducted in EMBASE, MEDLINE, 
PubMed, Cochrane Library, Web of Science, Science Direct, 
WHO reports, Clinical Trials.gov, and Google Scholar from 
database initiation through an MS-windows operating compu
ter-based search of articles cited by or cited in the selected 
articles, and relevant published literature or web-based inter
ventions until 18th September, 2020 using the keywords vac
cine OR vaccination AND SARS-CoV-2 OR SARS-CoV OR 
coronavirus OR novel coronavirus OR 2019 novel coronavirus 
OR 2019-nCoV AND coronavirus disease OR COVID 19 AND 
vectored vaccine OR plasmid OR DNA vaccine OR RNA 
vaccine AND recombinant OR non-recombinant AND protein 
subunit OR peptide AND modified live vaccines OR attenuated 
vaccines AND placebo. To get an insight into the clinical trials 
regarding previously available vaccine candidates for other 
diseases along with newly developed vaccine candidates, 
which are not published, a high-speed broadband-based 
Google search was performed. A standard Google search was 
performed to find out internet-based depictions, which had 
similar keywords as per the searching strategy (Figure 1).

Exclusion criteria

Studies that did not agree with the present interest and those 
that were primarily not dealing with SARS-CoV-2 vaccination 
were excluded.

Findings

Profile of SARS-CoV-2

SARS-CoV-2 belongs to the coronavirus group, which are 
enveloped viruses containing single-stranded, positive-sense 
RNA viruses that are well dispersed largely among humans, 
several other mammals, and bird species, causing neurologic, 
respiratory, hepatic, and enteric problems.21,22 There are six 
coronavirus species that cause severe infections in humans. 
Among them, four viruses, namely 229E, OC43, NL63, and 
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HKU1 coronaviruses are predominant and typically show 
symptoms of the common cold in immunocompetent 
people.23,24 The two other strains, namely SARS-CoV and 
MERS-CoV are probably zoonotic in origin and have some
times been linked to incurable infections.25 SARS-CoV was the 
main causative agent of the SARS outbreak in 2002–2003 in 
China. MERS-CoV is likely to be the main pathogen behind the 
MERS outbreak in 2012 in different Middle East countries.12 

With their high prevalence and worldwide distribution, huge 
genetic diversity, frequent recombination, and growing 
human-animal interface activities, coronaviruses are likely to 
emerge and infect humans periodically because of recurrent 
cross-species infections. SARS-CoV-2 has three key mem
brane-bound structural proteins, spike (S), envelope (E), and 
membrane (M) proteins, and several exclusive glycoproteins 
with a single structural protein within the virus core, the 
nucleocapsid (N) protein. Multiple vaccine candidates are 
being developed along with other therapeutic approaches to 

combat the present pandemic, and vaccines would likely 
become a major tool to control the present SARS-CoV-2 
outbreak.23 Key to the development of effective vaccine candi
dates is the generation of neutralizing antibodies, which would 
act with the S glycoprotein on the viral surface to provide 
complete protection upon passive transfer and are consistently 
connected with multiple vaccine formulations.12

Preclinical research

The WHO has issued a statement requesting collaboration from 
all concerned persons to develop a vaccine against SARS-CoV 
-2.23 The collaboration with WHO inspires international coop
eration between agencies, such as national controlling authori
ties, policymakers, finance persons, public health associations, 
and different governmental organizations for the development 
and manufacture of a new and successful vaccine candidate in 
large quantities, sufficient to supply all affected regions, mostly in 

Figure 1. PRISMA diagram showing literature search for eligible articles.
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low-resource countries.23 As SARS-CoV-2 is a newly discovered 
virus, most of the properties are still being revealed, which 
requires innovative developmental strategies and technologies. 
The risks related to developing successful vaccine candidates 
through every step of preclinical and clinical research are 
high.23 Before the clinical trial for an experimental vaccine on 
human beings starts, the general tendency is to try the vaccine on 
laboratory animals showing similar symptoms as humans to 
determine whether it is safe for humans and effective to prevent 
the particular disease. Only after conducting successful trials in 
animal models and being adjusted along the way, can a newly 
developed formulation be tested in human trials. There are 
several animals from mice24,25 to golden Syrian hamsters26 to 
monkeys that are tested as animal models,27 but in a news 
report,28 at present in most cases, researchers engaged in the 
vaccine development process rush to test SARS-CoV-2 vaccine 
on people without knowing how well it works on similar kind of 
animals.29

Rationales of different candidate vaccines

There are some clinical factors that would be essential in the new 
vaccine candidate against SARS-CoV-2. They are as follows:

(i) To develop a vaccine candidate, first of all, a vigorous 
immune response generating long-lasting neutralizing 
antibodies to SARS-CoV-2 antigens (S and/or N) is 
needed. When someone is infected with any foreign 
antigen, they induce simultaneously innate and adaptive 
immune reactions with a coordinated antigen-presenting 
cell (APC) attack on the virus and T-helper cell activation, 
which leads to B-lymphocytes producing antibodies. In 
the present framework of developing an ideal vaccine 
against SARS-CoV-2, the antibodies must directly restrict 
the ability of the virus to adhere to epithelial cells and 
allow type II pneumocytes, through ACE2, to neutralize 
the viruses. If an infection occurs, this might restrict the 
virus from infecting a host cell and make the host cells 
protective. It is still unknown what comprises a protective 
immune response against COVID-19 and how long it 
would stay in human blood.29

(ii) The probable vaccine candidate against SARS-CoV-2 
may also induce potent T-lymphocyte immunity. It 
would generally be a well-coordinated T-cell response 
that includes T-helper and cytotoxic T-cell subsets that 
identify SARS-CoV-2 infected cells in the host and 
destroy them to stop viral replication, along with mem
ory T-cells to prevent reinfection after several years.30

(iii) This type of candidate vaccine should limit any serious 
adverse events at the site of injection or systemically. For 
the respiratory disorders caused by any infectious agents, 
it is essential that vaccine-associated enhanced respiratory 
disease, antibody-dependent enhancement, antibody- 
dependent cellular cytotoxicity, complement-dependent 
cytotoxicity, including cytokine storm-inducing effects 
are completely avoided.31 Complement, inflammation, 
and coagulation systems are tangled and hyperactive in 
COVID-19 positive cases and the vaccine should not 
provoke these host response systems.32,33

Required profile of new vaccine candidates

(i)The candidate vaccine should be oral or nasal. (ii) It should 
be easy to administer and preferably in the lowest possible 
quantity. (iii) Feasible and rapid manufacturing must be essen
tial. (iv) For underdeveloped nations with inadequate supply 
chains and cold chain capacities, long-term storage of the 
vaccine at room temperature would be ideal.33

Moreover, before the mass application of the vaccines 
against SARS-CoV-2, we must remember that younger indivi
duals tend to have a higher proportion of asymptomatic people 
or people with mild symptoms are missing from any statistics 
in extreme scenarios34 but it is not clear how far they can infect 
other people. In contrast, elderly people are more vulnerable 
because of comorbidities to multimorbidities35 along with sev
eral chronic diseases. These elderly people must be in the target 
frame of the vaccine developers.

Diversity of technology platforms

A conspicuous feature of the vaccine development land
scape for SARS-CoV-2 is the variety of technology plat
forms being assessed, which include approaches with non- 
replicating and replicating viral vectors, nucleic acid (DNA 
and RNA), recombinant protein, peptide, virus-like particle, 
live attenuated virus, an inactivated virus (Figure 2) (Table 
1). Several of the above-mentioned platforms are presently 
not approaching licensed vaccines, but a platform such as 
oncology is encouraging developers to use the opportunities 
of next-generation sequencing approaches to increase the 
speed of development and manufacture. It may be possible 
that some vaccine platforms are appropriate for specific 
population subtypes, which comprises of elderly people, 
immunocompromised patients, pregnant women, or chil
dren. Considering the probable vaccine candidates depicted 
in Table 1, the new platforms based on cDNA or mRNA 
offer antigen manipulation.36 Certainly, clinical trials of the 
mRNA-based vaccine, mRNA-1273, just started a couple of 
months after SARS-CoV-2 sequence identification. Another 
platform based on viral vectors offers a high level of protein 
expression and long-term steadiness and induces durable 
immune responses. Moreover, the presence of licensed vac
cine platforms for other diseases and these candidates may 
have the advantage of a prevailing large-scale manufactur
ing capacity.36

Profile of vaccine developers

Among the established active vaccine candidates, more than 
70% are being developed with the resources of private/industry 
vaccine developers, with the remaining portion comprising 
academics, institutions, and other nonprofit organizations. 
Although a good number of big multinational vaccine devel
opers are taking initiatives to be involved in the development of 
a vaccine against SARS-CoV-2, currently, many of the lead 
vaccine developers are small and/or inexperienced or from an 
academic background in large-scale vaccine production.36 

Therefore, it is essential to establish convinced coordination of 
vaccine manufacturing to supply the capability that meets the 
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requirements. To date, US-based developers of the established 
active vaccine candidates are engaged the most in vaccine devel
opment activity against COVID-19, which is related to other 
vaccine developers around the world. In addition to the above, 
vaccine development efforts against COVID-19 have also been 
reported from China. The prime developers of probable SARS- 
CoV-2 vaccine candidates are distributed abundantly across coun
tries, which together comprise over three-quarters of the people 
living on earth. However, currently, there is no published data 
available on vaccine development activity from Africa or Latin 
America, besides the vaccine manufacturing capacity and regula
tory frameworks present in these regions. The epidemiology of 
COVID-19 may differ geographically, and it is far probable that 
effective management of the pandemic will require more partici
pation and coordination between vaccine research and develop
ment activities.37

In early April, the Coalition for Epidemic Preparedness 
Innovations (CEPI) observed that a hundred and fifteen vaccine 
candidates have been in development as either exploratory/pre
clinical ventures or in phase I safety trials in human participants.37 

The data in Table 1 originates from public sources, WHO websites, 
wikipedia, and the Milken Institute web page for corona monitor
ing for development on emerging vaccine candidates scheduled in 
2020.38

Use of readily available vaccines

The absence of any vaccine against SARS-CoV-2, compelled 
frontline health workers to use a readily available vaccine, 
which has heterologous effects or nonspecific effects. It is pre
sumed that vaccines that have nonspecific effects can have 
benefits beyond the disease they prevent. Keeping this in 
mind, several country old vaccines were tried as possible stop
gap vaccines. Some country old readily available vaccines 
widely tried include the Bacille Calmette-Guérin (BCG) and 
the Measles vaccines. Through a prospective study39 to find out 
among 178 countries, which were suitable for its study, 131 
countries had national programs of BCG vaccination still run
ning currently. The study also showed that the death rate has 
been reducing in the countries with running BCG vaccination 
compared to the countries devoid of it.40

In March 2020, a randomized trial of BCG vaccine was initiated 
to reduce the COVID-1938,39 in the Netherlands with a moderate 
number of frontline health workers.40 Simultaneously, a similar 
randomized trial has started in Australia in a similar population of 
health workers with four times larger numbers.41,42 Healthcare 
employees from Boston and Houston are going to be recruited in 
another BCG trial;43 similarly, Cairo University, Egypt has regis
tered healthcare employees for a BCG vaccine trial.44 An added 

Figure 2. Schematic illustration that depicts the strategies of development of new vaccine candidates against coronavirus or SARS-CoV-2.
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trial in the Netherlands is testing whether this vaccine delivers 
protection for older people.45 A trial of BCG on healthcare 
employees in Medellín, Colombia has been registered.46 Other 
trials of BCG for healthcare givers were registered in May 2020 
in Brazil,47 France,48 and Denmark49 (Table 2). However, in 
April 2020, WHO issued a statement, which indicates that there 
is still no material evidence that the BCG vaccine protects COVID- 
19 patients.50–52 Owing to the absence of evidence, WHO declared 
that currently, they do not endorse BCG vaccination intended for 
the prevention of COVID-19.53,54

Adjuvants

Adjuvants can boost immunogenicity and make lower doses 
feasible, thus allowing the vaccination of more people 
deprived of conceding safety. To date, several vaccine candi
date developers have specified strategies to develop 
adjuvanted vaccines against SARS-CoV-2, and vaccine devel
opers have committed to making licensed adjuvants, AS03, 
MF59, and CpG 1018, accessible for use with novel corona
virus vaccines.21 However, it must be clear that adjuvants are 
used only with subunit vaccines. Community data on the 
detailed SARS-CoV-2 antigen(s) used in vaccine development 
is inadequate. The maximum candidates for which informa
tion is out there aim to induce neutralizing antibodies against 
the viral spike (S) protein, averting uptake via the human 
ACE2 receptor. However, it is uncertain how different forms 
and/or alternatives of the S protein utilized in different vac
cine candidates relate to each other.27 Experience with SARS 
vaccine development indicates the potential for improvement 
in the immune effects of various antigens, which may be 
a topic of debate and will be relevant for the development of 
new vaccine candidates.55,56

Aluminum hydroxide:
Aluminum hydroxide (alum) is the most commonly used 
agent as an adjuvant. In non-human primates (NHPs), when 
purified inactivated SARS-CoV vaccine with and without 
alum was administered to Cynomolgus and Rhesus maca
ques, it protected the monkeys from the challenge of SARS- 
CoV without causing any adverse reactions. Inactivated 
SARS-CoV-2 vaccine with alum as an adjuvant has been 
tried.55

Matrix-M:
Recombinant Spike Protein Nanoparticle vaccine SARS-CoV-2 
rS has been tried with Matrix-M as an adjuvant.55

Delta inulin (Advax™)
Delta inulin (DI) is an isoform of inulin polysaccharide, which 
is stable at a higher temperature and has better immune 
potency. When co-administered with antigen it activates the 
complement system and helps mount a robust antigen-specific 
adaptive immune response consisting of both antibody and 
cell-mediated immunity. Vaccine developers use Advax as an 
adjuvant and recombinant spike protein as vaccine.55

CoVaccine HT
CoVaccine HT is an oil-in-water emulsion consisting of 
sucrose fatty acid sulfate ester (SFASE) and squalene, which 
has been reported to induce both humoral and cell-mediated Ta
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immunity and has been tried as an adjuvant for SARS-CoV-2 
vaccine candidates.55,56

MF59
MF59 has been used as an adjuvant by different developers 
from Germany and Australia, who employ novel molecular- 
clam technology in their COVID-19 vaccine candidates.56

AS03
AS03 has been used as an adjuvant (squalene-based) in some 
recombinant protein vaccine candidates.56

Glucopyranosyl lipid adjuvant (GLA)
Glucopyranosyl lipid adjuvant (GLA), a synthetic analogue of 
the MPL has been utilized as novel adjuvants by the Infectious 
Disease Research Institute (IDRI, Seattle, USA) for its SARS- 
CoV-2 VLP vaccine development.55

CpG 1018
CpG 1018 is an adjuvant based on TLR9 agonists, which was 
developed in the USA and is being used in a recombinant spike 
protein (S-Trimer) vaccine candidate against COVID-19 in 
China. The CpG 1018 adjuvant has been used in an FDA (Food 
and Drug Administration)-approved hepatitis B vaccine.55

Different newly developed potential vaccines have 
completed phase-I or phase-II trials

The different newly developed vaccine candidates that are 
thought to have potentials against SARS-CoV-2 are antibodies, 
antivirals, cell-based, RNA-based, and scanning compounds to 
be repurposed.39 (Table 1)

Ad5-nCoV vaccine

Ad5-nCoV is the first reported vaccine against SARS-CoV-2, 
and it is now going through a clinical trial in China. The 
vaccine candidate Ad5-nCoV is a genetically engineered vac
cine candidate with the replication-defective adenovirus type 5 
as the vector to express SARS-CoV-2 spike protein. Outcomes 
from preclinical studies on Ad5-nCoV in animals show that the 
vaccine candidate induces a strong immune response in animal 
models. Studies on preclinical safety in animal models also 
confirmed a decent profile of safety.57 (Table 3)

Clinical trial of Ad5-nCoV vaccine

Phase-I Trial: ChiCTR2000030906. The study is due to com
plete in December 2021.57

Phase-II Trial: NCT04341389. A randomized, double-blind, 
placebo-controlled phase II clinical trial, which is ongoing and 
will assess the safety and immunogenicity of the recombinant 
SARS-CoV vaccine (adenovirus vector) in healthy adults of 
more than 18 years.58 The present clinical trial is intended to 
estimate the immunogenicity and safety of Ad5-nCoV, which 
codes for a whole spike (S) protein of SARS-CoV-2. The phase- 
II trial started on 12th April, 2020.58,59 (Table 3)

BNT162 (a1, b1, b2, c2) vaccine:
European Union Trial: EudraCT No: 2020–001038-36
A multi-site phase I/II, two-part, dose-escalated trial for 
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SARS-CoV-2 RNA vaccines against SARS-CoV-2 using different 
dosing regimens in healthy adults aged more than 65 years.60 

(Table 3)

ChAdOx1 nCoV-19 vaccine

Phase-I/II Trial: NCT432460661

Phase-III Trial: NCT0444467462

ChAdOx1 nCoV-19 is manufactured from the ChAdOx1 
virus, which is a debilitating form of the common cold virus 
(adenovirus) that is contagious to chimpanzees, the ChAdOx1 
virus has been genetically modified so that it does not infect 
humans. The viral genetic material of SARS-CoV-2 has been 
added to the ChAdOx1 construct that is used to make proteins 
from the COVID-19 virus (SARS-CoV-2) called spike glyco
protein (S).63 This protein is usually found on the surface of 
SARS-CoV-2 and has a crucial role in the infection cascade of 
SARS-CoV-2. SARS-CoV-2 uses its spike protein to bind to the 
ACE2 receptors on human cells to gain access to the cells to 
initiate an infection.64 (Table 3)

The clinical trials of the ChAdOx1 nCoV-19 vaccine, now 
known as Oxford’s COVID-19 vaccine, begun in April 2020. 
The main focus of the phases I, II, and III studies is to assess the 
efficacy of the vaccine against COVID-19, its possible side 
effects, and whether it induces good immune responses.65

Phase I/II
A total of 1,077 participants were recruited at the commence
ment in April 2020 across multiple study sites in Oxford, 
Southampton, London, and Bristol. The participants were ran
domly allocated to receive either the ChAdOx1 nCoV-19 vac
cine or a licensed vaccine (MenACWY) that is used as a control 
for comparison. The dose used in this trial was chosen based on 
previous experiences with other ChAdOx1-based vaccines. 
There was also a separate small group of ten volunteers who 
received two doses of ChAdOx1 nCoV-19 4 weeks apart. The 
study participants were not aware that they have received the 
ChAdOx1 nCoV-19 vaccine until the end of the trial. After 
receiving the vaccine, the participants recorded any symptoms 
experienced for 7 days. They also recorded how they felt 
(unwell or well) for the following 3 weeks. Following the 
vaccination visit, the participants attended a series of follow- 
up visits to check their conditions, and their blood samples 
were taken. These blood samples were used to assess the 
immune response to the vaccine, by testing the neutralizing 
antibodies and T cell responses.63,64,65

Phase II/III
In total, this study will enroll up to 10,560 adults and children 
across the UK. The phase II part of the study involves expand
ing the age range of the participants, to include a small number 
of adults and children: aged between 56–69 years, over 
70 years, and 5–12 years. For these groups, the researchers 
are assessing the immune responses to the vaccine in people 
of different ages, to find out whether there is variation in how 
well the immune system responds in older people or children. 
The phase III part of the study involves assessing how the 
vaccine works in a large number of people over the age of 
18 years. This group will allow the assessment of how well 
the vaccine works to prevent people from becoming infected 

with COVID-19. As of mid-July 2020, over 8,000 people have 
been recruited. Following the same protocol as above, the adult 
participants were randomized to receive one or two doses of 
either the ChAdOx1 nCoV-19 vaccine or a licensed vaccine 
(MenACWY) that is used as a control for comparison. To 
recruit the large number of participants needed for this trial, 
multiple clinical research sites across the UK are involved in 
delivering the study. This is a collaborative effort led by the 
University of Oxford and a full list of the study sites is available 
on the trial website.65

The phase III studies have recently been initiated in South 
Africa, by the leadership of the University of Witwatersrand in 
collaboration with the Medical Research Council, South Africa, 
Bill and Melinda Gates Foundation, and the University of 
Oxford,62 to assess the vaccine in populations of South 
African adults with and without HIV-infection. The data is 
examined collectively across all the trial sites, and any cases of 
COVID-19 are recorded to assess the effectiveness of the 
vaccine.65

To assess whether the vaccine works to protect from COVID- 
19, the statisticians in the team will compare the number of 
infections in the control group with the number of infections in 
the vaccinated group. How quickly the trial team led by the 
University of Oxford will reach the numbers required is depen
dent upon the levels of virus transmission in the community. It is 
thought to follow the current low transmission levels in the UK; 
this could take several months. To increase the chances of achiev
ing an efficacy result sooner, the trial team led by the University of 
Oxford, prioritized those who have a higher chance of being 
exposed to SARS-CoV-2, such as frontline healthcare workers, 
frontline support staff, and public-facing key workers. Conducting 
studies in multiple locations where transmission levels vary also 
increases the chances of reaching an efficacy endpoint sooner.64,65 

Currently, investigators involved in the ChAdOx1 nCoV-19 trials 
observed that the vaccine showed signs of priming the immune 
system of the rhesus macaque monkeys to fend off the deadly 
virus and showed no indications of adverse effects.

INO-4800 vaccine

Phase -I Trial: NCT0433641066

INO-4800 is a DNA vaccine candidate matched to SARS- 
CoV-2, which causes COVID-19. This one-of-a-kind platform 
brings optimized DNA into cells, where this optimized DNA is 
translated into proteins that activate the immune system to 
generate a robust targeted T cell and antibody response [44]. 
DNA vaccines are composed of optimized DNA plasmids, 
which are small circles of double-stranded DNA that are 
synthesized or reorganized by a computer sequencing technol
ogy and designed to produce a specific immune response in the 
body. Injection of the DNA plasmid into a patient generates 
robust in vivo monoclonal antibody production.66,67 (Table 3)

The investigational DNA immunotherapy, INO-4800 (GLS- 
5300), is being developed. It is delivered as a vaccine intramus
cularly, using the electroporation delivery device. The vaccine 
was well-tolerated and demonstrated high immune responses 
when previously used against MERS-CoV, with high response 
in 94% of patients in the early-stage clinical trial in July 2019. It 
also generated broad-based T cell responses in 88% of the 
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subjects. The developers started preclinical testing for SARS- 
CoV-2. The development is supported by a ten million dollar 
grant from the Coalition for Epidemic Preparedness 
Innovations (CEPI). In addition,, the developers have received 
five million dollars as a grant from the Bill & Melinda Gates 
Foundation to accelerate the testing and development of their 
electroporation delivery device for the intradermal delivery of 
INO-4800.67

In the preclinical animal challenge study, INO-4800 pro
vided full protection against SARS-CoV-2 replication in the 
lungs in mice challenged with the virus.68

The phase 1 trial started in April 2020 with 40 volunteers in 
Philadelphia, PA (University of Pennsylvania) and Kansas City, 
MO. A total of 94% of the phase 1 trial participants demon
strated overall immune responses at 6 weeks after two doses of 
INO-4800. Through the 8th week, the INO-4800 regimen was 
deemed safe and well-tolerated with no serious adverse events; 
all reported adverse events were Grade 1 in severity.

The INO-4800 Phase II/III U.S. clinical trial is preparing to 
start this summer, according to a report from the developers at 
the end of April. The developers have agreed to expand their 
manufacturing partnership with a German-based contract 
manufacturer, to support large-scale manufacturing of the 
INOVIO investigational DNA vaccine, with plans to produce 
one million doses of INO-4800 by the end of 2020.67

A new phase I/II two-stage trial of INO-4800, the first clinical 
study of COVID-19 vaccine in Korea,67 is aimed to start in June 
and is funded by the Coalition for Epidemic Preparedness 
Innovations and supported by the Korea CDC/Korea NIH. 
Under normal circumstances, it would generally take several 
years to start clinical trials of a new vaccine. During the COVID- 
19 pandemic, however, the trial in Korea will be conducted within 
two months after a similar clinical study began in the USA in early 
April 2020. Seoul National University Hospital said it adminis
tered the first dose of INO-4800 vaccine to a patient in his 40s on 
the 15th of July, 2020.67,68

mRNA-1273 vaccine

Phase-I Trial: NCT0428346169

The investigational vaccine is going through development on 
a genetic platform called mRNA (messenger RNA). The investi
gational vaccine directs the cells of the body to express a virus 
protein that it is hoped will elicit a robust immune response.69 The 
mRNA-1273 vaccine has shown promise in animal models, and 
this is the first trial in humans69 (Table 3). The ongoing trial 
entitled Phase I, open-label, dose-ranging study of the safety and 
immunogenicity of 2019-nCoV vaccine (mRNA-1273) in healthy 
adults under the supervision of the National Institute of Allergy 
and Infectious Diseases (NIAID), USA.

Novel lipid nanoparticle (LNP)-encapsulated mRNA vaccine 
(mRNA-1273) against COVID-19 encoding for a prefusion sta
bilized form of the Spike (S) protein. The developers of the 
mRNA-1273 have shipped the first batch to the National 
Institute of Allergy and Infectious Diseases (NIAID) for use in 
a planned phase I study in the U.S. The primary aim of the Phase 
I open-label, dose-ranging trial study, which is yet to recruit 
patients at the deadline, is to evaluate the safety and reactogenicity 
of a 2-dose vaccination schedule of mRNA-1273, given 28 days 

apart, across 3 dosages in healthy adults.69 The first patient was 
dosed on March 16 and phase I is still ongoing and expected to 
conclude on June 1. The participants will be followed for one year. 
An unusual aspect is that this vaccine has not been tested in 
laboratory animals as is the rule. The phase II trials are expected 
to start this spring since the developers of the mRNA-1273 have 
received the green light to initiate the trial.69

Covid-19/aAPC vaccine

Phase-I Trial: NCT0429972470

Designed after the complete analysis of the SARS-CoV-2 gen
ome and search for potential immunogenic targets, a synthetic 
minigene has been engineered on the basis of the conserved 
domains of the SARS-CoV-2 structural proteins and a polyprotein 
protease. The infection by SARS-CoV-2 is facilitated through 
binding of the spike protein (S) to the ACE2 receptor, and the 
replication of the viral genome depends on the molecular mechan
isms of the viral protein. The Covid-19/aAPC vaccine trial aims to 
develop a universal vaccine and test innovative SARS-CoV-2 
minigenes based on multiple viral genes, using an operative lenti
viral vector system (NHP/TYF) to express the viral proteins and 
immune-modulatory genes to modify the artificial antigen- 
presenting cells (aAPC) and to activate T cells.70 (Table 3)

LV-SMENP-DC vaccine

Phase-I Trial: NCT0427689671

This is strongly based on the genomic sequence of the novel 
coronavirus or SARS-CoV-2, using the selected, conserved, and 
critical structural and protease protein domains to manufacture 
lentiviral SMENP minigenes to express SARS-CoV-2 antigens. 
The LV-SMENP-DC vaccine is made by modifying DC with 
lentivirus vectors expressing SARS-CoV-2 minigene SMENP 
and immune-modulatory genes. The CTLs will be activated by 
LV-DC presenting SARS-CoV-2 specific antigens.71 (Table 3)

bacTRL-Spike vaccine

Phase-I Trial: NCT0433498072

bacTRL-Spike is an oral vaccine. An individual dose of 
bacTRL-Spike contains the bacterial medium with either 
1 billion (Group 1A), 3 billion (Group 2A), or 10 billion (Group 
3A) colony-forming-units (CFU) of live Bifidobacterium longum, 
which has been modified to deliver plasmids containing synthetic 
DNA encoding the spike protein from SARS-CoV-2. The placebo 
will comprise a bacterial medium without bacteria.72 (Table 3)

Inactivated SARS-CoV in some unnamed candidate 
vaccines

Phase-I Trial: NCT0435260873

The SARS-CoV Z-1 viral strain is used for inactivated 
SARS-CoV vaccine candidate and was isolated from the 
blood of the first SARS positive patient from China, during 
2003. The vaccine is formaldehyde inactivated whole virus 
prepared in cultured Vero cells. At present this virus has 
been used in a phase I clinical trial as a potential vaccine against 
SARS-CoV-2.73 (Table 3)
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Inactivated SARS-CoV-2 virus in vero cells

Phase-I Trial: ChiCTR200003180974

The SARS-CoV Sino3 strain was propagated in Vero cells, 
obtained from the American type culture collection that was free 
of adventitious agents inactivated by β-propiolactone. When the 
total inactivation has been verified, the process of vaccination was 
initiated.74 The placebo vaccine for the control consisted of only 
sterile saline and aluminum hydroxide. The safety was assessed 
and the dose range was selected on the basis of preclinical trials in 
mice, rats, and rhesus monkeys, which need an aluminum hydro
xide adjuvant.74 (Table 3)

Other vaccine approaches

Currently, a vaccine against SARS-CoV-2 is developed by using 
the technology of the Hyleukin-7 platform.75 Through the fusion 
of interleukin-7 (IL-7) to hy Fc, the Hyleukin-7 platform improves 
the immune responses anticipated to hybridize IgD and IgG4 for 
long-acting effects of Fc fusion proteins.76,77 IgD has a stretchy 
hinge structure that assists in the biological activity of the Fc- 
fusion protein. IgG4 has an unexposed junction site that decreases 
adverse immunogenicity by averting antibody-dependent cellular 
cytotoxicity (ADCC) and complement-dependent cytotoxicity 
(CDC).78 In the influenza A virus infection model, it has been 
described that improved vaccine efficacy shows the accretion of 
pulmonary T cells and an increase in plasmacytoid dendritic cells 
by treating with Fc-fused IL-7.79 Along with the vaccine technol
ogies described here, some other identified hurdles must be over
come to develop a successful vaccine. Antibody-dependent 
enhancement (ADE) of disease is a phenomenon in which virus- 
specific antibodies allow the virus to enter into the host cell via the 
Fc receptor pathway, leading to higher viral infection.80 However, 
antibodies produced by vaccination may promote viral infectivity. 
Successful administration of ADE has been reported in some 
vaccines against Dengue and Zika viruses.81 Although the occur
rence of ADE of SARS-CoV-2 has not yet been established, poten
tial ADE of MERS-CoV and SARS-CoV has been observed in an 
in vitro model system.82 Numerous approaches have been intro
duced in vaccine development to circumvent the antagonistic 
effects of ADE. For example, the nucleocapsid (N) protein may 
be an alternative target to overcome ADE. Though the N protein is 
not a surface protein, antibodies induced by the N protein-based 
vaccine will not be able to facilitate viral entry into the host cell. 
DNA vaccine candidates targeting SARS-CoV N protein as an 
immunogen can produce N-specific humoral and cellular immune 
responses.83 Another major difficulty for vaccine development is 
the higher mutation rates of RNA viruses compared with the DNA 
viruses, consequential in higher genetic diversity.84 Moreover, the 
RBD of the S protein is the most flexible region in the SARS-CoV 
-2 genome.85 Therefore, the ADE and the higher genetic diversity 
should be considered as important factors for the design of new 
vaccine candidates against SARS-CoV-2.86

Potential limitations

There is a possibility that vaccines in the process of development 
may not be safe or effective or the effective vaccines may not be 
marketed or may be marketed but cannot be administered 

owing to different issues.87 From the preclinical research to the 
successful administration of a vaccine, at present, it is required 
to undergo a lengthy and complicated process (Figure 3). From 
start to finish, a successful vaccine development may take 
15–20 years. It was found that between 2006 and 2015, the 
success rate of obtaining approval for vaccines from phase I to 
successful phase III trials was 16.2%21 and CEPI indicates 
a potential success rate of only 10% for the development of 
vaccine candidates in 2020.87 The rapid development and 
urgency of creating a vaccine against the COVID-19 pandemic 
may increase the risk and failure rates of developing a safe and 
effective vaccine.88 To assess vaccine efficacy using COVID-19- 
specific animal models, such as ACE2-transgenic mice, other 
laboratory animals, and non-human primates, indicates 

Figure 3. Timeline cascade showing the development of two popular vaccines 
against Polio and Ebola. However, still there are no vaccine available for SARS-CoV 
-1 for approximately more than 15 years and MERS for more than 6 years of first 
recognized case. Similar to the other betacoronavirusus, no vaccines are still 
available for SARS-CoV-2, which is also a betacoronavirusus ‘only’ after 14 months 
of first recognized case.
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a necessity for biosafety-level 3 containment measures for man
ual supervision of living viruses, and able coordination between 
academics and industrial persons to ensure standardized safety 
procedures.87 In April 2020 CEPI stated that robust cooperation 
and coordination between vaccine inventors, controllers, public 
health bodies, funders, policymakers, and administrations will 
be needed to confirm that auspicious late-stage vaccine candi
dates can be manufactured in sufficient quantities and impar
tially distributed to all affected areas, mainly in low-resource 
countries.87 The general flu vaccine is largely produced by 
inserting the virus into the eggs of chickens but this method is 
not applicable for the SARS-CoV-2 vaccine, as the virus is not 
able to replicate inside eggs.89 Industrial analysis of vaccine 
development history shows a failure rate of 84–90%.47,90 To 
assess the potential for vaccine efficacy, exceptional computer 
simulations91 and new symptoms specific to animal models 
showing symptoms similar to humans upon infection by SARS- 
CoV-2 are being developed. These approaches remain interna
tionally unapproved for the unknown COVID-19 virus.92 

Among the confirmed active vaccine candidates, about 70% 
are being developed by developers from private industries, 
with the remaining being academic, government coalitions, 
and health organizations93 At present, a large number of the 
COVID-19 vaccine developers are small firms or university 
research teams with little experience in successful vaccine design 
and limited capacity for advanced clinical trial costs and 
manufacturing.94 The general geographic distribution of the 
SARS-CoV-2 vaccine development involves agencies belonging 
to the USA and Canada, which together have about 46% of the 
world’s dynamic vaccine research, relative to 36% in Asian 
countries, including China, and 18% in European countries.94,95

Conclusions

Various private companies and public-funded institutions 
are at different stages of developing a SARS-CoV-2 vaccine. 
Still, massive funds and extensive studies are required for 
clinical trials of vaccine development to address the present 
serious public health risk caused by the COVID-19 pandemic 
(Figure 3). Profitable marketplaces for vaccines, chiefly 
against evolving infectious diseases, are quite inadequate 
because vaccine development requires lots of money with 
time,93 and the ambiguity in cost-effectiveness. Thus, the 
development of infrastructure and conducive environment 
for vaccine research is being hampered because of the mas
sive gap between academic, institutional research, and com
mercial markets. Therefore, efficient, continuing research 
programs must be established with universally supported 
projects for the progress of vaccine development against 
newly emerged infectious diseases.94,95 Therefore, the coop
eration of various institutions, academics, governments, and 
pharmaceutical companies is inevitably necessary to prevent 
further spread of current and future outbreaks.
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