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Abstract: Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2), better known as COVID-
19, is a highly contagious virus, transferable via air droplets from close human-human contact. The
pandemic has led to over 6.5 million deaths worldwide, making it the largest global health crisis
since the influenza pandemic in 1918. SARS-CoV-2 rapidly spread around the world, forcing the
World Health Organization (WHO) to deem it a global health pandemic after three months of its
initiation. The virus has wreaked havoc on many countries worldwide, overwhelming healthcare
systems, hence damaging many economies. Even though research has progressed the understanding
of the SARS-CoV-2 virus, the information gathered about the vaccine trials and their findings have
been scarcely distributed to the public in a single study. The information available to scientists has
therefore given researchers a pathway to building an efficacious vehicle to substantially decrease
the spread of the virus. The vaccines formulated had many challenges due to multiple factors such
as viral mutations and clinical trial delays. This paper will aim to educate readers on the processes
that the vaccine candidates took, and better understand the procedures; additionally, we'll look at all
candidates’ findings that went into clinical trials, assessing, analyzing, and evaluating the 27 vaccine
candidates that went into phase III trials and the 13 candidates that went into either phase I/1I trials.
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of the Vaccine Candidates Tested in

Combatting and Eliminating the
COVID-19 Virus. Vaccines 2022, 10,
2086. https:/ /doi.org/10.3390/ 1. Introduction

vaccines10122086 Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), better known as

Academic Editor: Rafael Blasco Coronavirus (COVID-19), is an infectious disease that is said to have firstly originated in
Wuhan, China [1]. The World Health Organization (WHO) first learned of this new virus
on 31 December 2019, following the reporting of a cluster of cases of ‘viral pneumonia’ in
Accepted: 23 November 2022 Wuhan, People’s Republic of China [2]. By the end of January 2020, the WHO officially
Published: 7 December 2022 declared COVID-19 as a pandemic, a Public Health Emergency of International Concern
Publisher’s Note: MDPIstays neutral  (PHEIC). The virus spread to around 25 countries by early February 2020, the spreading
with regard to jurisdictional claims in  of the virus was due to the lack of action taken in many parts of the world. The spread of
published maps and institutional affil-  the virus since then was rapid and currently, COVID-19 cases are present worldwide in
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ations. 213 countries, areas, or territories. Hence, guidelines and criteria for diagnosis, treatment,

and preventative measures had to be established rapidly due to the increasing number of

people that were getting infected with the virus [3]. Researchers worldwide worked and
BY

shared their contributions regarding the epidemiology, prevention, treatment, clinical and
diagnostic patterns of the COVID-19 virus. Viral detection using RT-PCR identified the
SARS-CoV-2 virus to be the disease that has caused this viral transmission worldwide [3].

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a beta coronavirus
that belongs to the Coronaviridae family. The family is composed of single-stranded
positive ribonucleic acid (RNA) viruses [4]. The size of the virus is between 50 and 150 nm
creativecommons.org/licenses,/by/ in diameter, and its linearity and positive-sense RNA genome are large. SARS-CoV-2 is
10/). an enveloped spherical-shaped virus. It has four structural proteins and 16 nonstructural

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

Vaccines 2022, 10, 2086. https:/ /doi.org/10.3390/vaccines10122086 https:/ /www.mdpi.com/journal /vaccines


https://doi.org/10.3390/vaccines10122086
https://doi.org/10.3390/vaccines10122086
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com
https://orcid.org/0000-0001-8495-3076
https://doi.org/10.3390/vaccines10122086
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com/article/10.3390/vaccines10122086?type=check_update&version=1

Vaccines 2022, 10, 2086

2 of 26

proteins. The structural proteins are the nucleocapsid (N) protein, the membrane (M),
the S protein, and the envelope (E) protein. The ribonucleic acid (RNA) is oriented in
a 5'-3'direction which makes it a positive sense RNA virus, and the RNA can be read
directly as a messenger RNA [4]. The RNA replicase is encoded at the 5 terminal end.
The nonstructural protein 14 (nsp14) has proofreading activity which allows the rate of
mutations to stay low. The S protein causes the attachment of the virus to the host cell at
the angiotensin-converting enzyme 2 (ACE2) receptor, which is present on the membrane
of the host cell. The ACE2 receptors are found in abundance on alveolar cells [4] (Figure 1).

Structure of SARS-CoV-2
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Figure 1. The structure of SAR-CoV-2 under a microscope as illustrated by Agarwal et al. [5].

Most infected people will develop mild to moderate respiratory illness and recover
without requiring special treatment or hospitalization. Nevertheless, some infected Patients
with COVID-19 can develop pneumonia, severe symptoms of acute respiratory distress
syndrome (ARDS), and multiple organ failure [6]. Patients with underlying medical
conditions such as cardiovascular disease, diabetes, chronic respiratory disease, and cancer,
and older people are more likely to develop serious illness. However, Epidemiological
studies have shown that mortalities are higher in the elder population and the incidence is
much lower in children [7]. COVID-19 affects different people in different ways. Symptoms
of COVID-19 consist of two states, the (i) symptomatic state, and the (ii) asymptomatic
state. The symptomatic state can be noticed through the patient showing multiple different
symptoms such as fever and/or cough [8]. The less common symptoms of COVID-19
include sore throat, headache, aches, pains, diarrhoea, a rash on the skin, discoloration of
fingers or toes, and red or irritated eyes. While the more serious symptoms of COVID-19
are difficulty breathing (due to the lowering of oxygen levels) or shortness of breath, loss of
speech or mobility, or confusion and chest pain. The transmission of the virus occurs if a
person touches a surface contaminated with SARS-CoV-2, and then the hands come into
direct contact with mucous membranes such as the eyes, nose, or mouth [9]. Although it
is more common that transmission occurs through symptomatic patients, asymptomatic
patients who show no symptoms of the virus due to the immune system’s capability
of combatting the virus, are the main source of transmission; through their respiratory
droplets being airborne, as well as transmitted through virus contaminated containers
and foods [10]. Therefore, rapid contact tracing and testing that identifies asymptomatic
cases are conducted [11]. Similar to other coronaviruses, SARS-CoV-2 can be established by
multiple virus genotypes. This genetic diversity can lead to some advantages for the virus,
such as better binding to the receptor, faster replication, and more effective suppression or
avoidance of the host’s immune response [12].
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1.1. COVID-19 Variants

Viruses innately have the ability to mutate constantly and lead to variants. Some
variants emerge and disappear while some persist [3]. Mutations to the virus happen
during the process of viral replication, that is when the virus attaches to the ACE2 receptor,
which is present on the membrane of the host cell. In viral replication and amplification,
the assembly of the virions is carried out in the host cell endoplasmic reticulum and Golgi
apparatus. During this process, errors can occur in the genome leading to mutations that
give rise to variants [3]. A change in the genetic sequence is called a mutation. Mutations
can increase the transmissibility and/or virulence of the virus with a possible reduction
of vaccine effectiveness [13]. Genomes that differ from each other in genetic sequence
are called variants. Variants can differ from each other by one or more mutations. When
a phenotypic difference is demonstrated among the variants, they are called strains [3].
So far, COVID-19 has been defined by 17 known mutations (14 non-synonymous muta-
tions and 3 deletions), eight of these mutations have been on the spike protein, the main
target site for the vaccination, with at least three of these mutations having a significant
biological effect [14]. Several human Coronaviruses (alpha-CoVs, HCoVs-NL63, beta-CoVs,
HCoVs-0OC43, HCoVs-229E, HCoVs-HKU1, MERS-CoV, SARS-CoV, and ARDS) have been
identified [14]. New versions of the Coronavirus Vaccines will appear due to the large
genomic potential, rapid mutation capabilities, and high prevalence. The US Department
of Health and Human Services (HHS) established the SARS-CoV-2 Interagency Group
(SIG) to focus on the rapid characterization of emerging variants and actively monitor
their potential impact on critical SARS-CoV-2 countermeasures, such as immunizations,
pharmaceuticals, and testing. SARS-CoV-2 variations are divided into four categories under
the SIG Variant classification scheme: variants being monitored (VBM), variants of interest
(VOI), variants of concern (VOC), and variants of high consequence (VOHC) [15]. The
following are some of the variants of coronavirus:

1.  20A/S:439K

This variant The 20A /S:439K variant was initially found in Ireland [16]. It has an
S:N439K mutation with the deletions of amino acids at positions 69 and 70 of S proteins
that result in an increase in ACE2 binding, resistance to antibodies, and convalescent
plasma [16].

2. 20A/S:98F

The 20A /S:98F variant has an S:98F mutation which was found predominantly in
Belgium and Netherlands [16].

3. 20C/S:80Y

The 20C/S:80Y variant had 18 nucleotide mutations, possibly related to apolipoprotein
B editing complex (APOBEC)-like editing within the host which is found in at least ten
countries in Europe [16].

4. 20B/S:626S

The 20B/S:626S variant has an S:626S mutation. This variant is found in 15 countries
in Europe and is predominantly seen in Norway, Denmark, and the UK [16].

5. 20B/S:1122L

The 20B/S:1122L variant has an S:V1122L mutation and is found predominantly in
Sweden, Norway, and Denmark [16].

6. N440K

Another new variant N440K resulted in the sudden increase in cases in Andhra
Pradesh, India. N440K is a new variant with the mutation in the S protein, which has
enhanced binding to ACE2 receptors, is 10 to 1000 folds more transmissible, and is resistant
to class 3 monoclonal antibodies C135 and REGN10987 [16].
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7. 20A.EU1/S:A222V

The 20A.EU1 variant has non-terminal domain (NTD) mutations which do not play a
direct role in receptor binding or membrane fusion. This variant was initially identified on
20 June 2020 in Spain but rapidly spread across Europe and many countries [16].

8. 20A.EU2

The 20A.EU2 variant was found in France in June 2020 and has become the second
dominant variant in Europe. The notable mutations are S477N, E484K, and N501Y, which
demonstrated a slight increase in ACE2 binding, resistance to multiple antibodies, and
convalescent sera [16].

9. B.1.526 (20C/S:484K) and B.1.525 (20A/S:484K)

These variants were first identified in New York, USA. The notable mutations are
E484K and S477N. While E484K decreases antibody response, S477N increases the attach-
ment process [16].

10. Double Mutant Variant (B.1.617)

This variant is first detected in India. As two mutations are seen in the same virus, this
variant is called a “double mutant” variant. There was a significant increase in COVID-19
cases in India. The notable mutations are E484Q and L452R. These variants are at increased
risk of transmission and are also resistant to vaccination [16].

11. Triple Mutant Variant (B.1.618)

In addition to E484Q and L425R in double mutant variants, the new triple variant
discovered on 20 April 2021, is characterized by the deletion of two amino acids, H146del
and Y145del in the S protein [16].

12.  US Southern California Variant (CAL.20C)

It was first seen in July 2020 in Southern California and detected again amongst
population samples of the same region in October 2020. Its notable mutations are ORFla:
14205V, ORF1b: D1183Y, S: 5131; W152C and L452R [16].

1.2. Vaccines

With the economic, societal, and public health effects of COVID-19, it was essential
to develop a vaccine to minimize the severe consequences of this virus. Before the devel-
opment of the vaccines, some non-pharmaceutical interventions have shown benefits in
minimizing the spread of COVID-19. Those non-pharmaceutical interventions included
social distancing, wearing of facemasks, and limits of large gatherings. However, they had
limited effectiveness due to poor adherence to those practices and unclear advice from
ministries of public health. Therefore, the development of an effective COVID-19 vaccine
has been a critical need to control the disease and its effects [17].

Global collaboration among pharmaceutical companies, governments, and academic
researchers was mounted to develop a COVID-19 vaccine since a publication about the
SARS-CoV-2 viral sequence was released on 10 January 2020. The three main authorities
that coordinated the vaccine research were World Health Organization, Gavi, and the
Coalition for Epidemic Preparedness and Innovation (CEPI). It was reported by CEPI that
there were 321 vaccine candidates in development around the globe in September 2020.
However, only 40 vaccine candidates progressed to clinical trials in humans in October
2020 and 11 of them were in phase III clinical trials that aimed to provide the safety and
efficacy evidence that is required for approval of the vaccine.

The most important outcome that was assessed in these trials is vaccine efficacy. In
June 2020, the U.S. Food and Drug Administration (FDA) set a definition for vaccine
efficacy and it included two main components. Firstly, for the vaccine to be considered
effective it should have the ability to minimize the virus transmission, which means it
should prevent the ability of the virus from an infected person to another person. Moreover,
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the vaccine should have disease-modifying effects in vaccinated individuals. This means
that it should decrease the severity of the disease progression and decrease mortality. This
definition provided guidance to trial sponsors to set endpoints to their specific settings
and population [17]. With this definition, many clinical trials started in several countries
and more than 200 million doses of coronavirus vaccines with different vehicles have been
delivered [18].

In August 2020, the government of Russia announced its creation of a vaccine, named
Sputnik V. While the Chinese biotech company, Sinovac Biotech Ltd., launched clinical trials
of an inactivated virus vaccine, named CoronaVac between April and July 2020. Around
the same time, clinical trials of two novel vaccines (made by biotech companies Moderna
and Pfizer-BioNTech) began in the United States. In December 2020, the United States Food
and Drug Administration authorized two mRNA vaccines for emergency use. In February
2021, a viral vector vaccine made by Johnson & Johnson Janssen was also authorized for
emergency use [19].

1.3. Vaccine Vehicles
1.3.1. Traditional Whole-Pathogen Vaccines

COVID-19 vaccines have a variety of compositions, some are traditional whole-
pathogen vaccines and others are new-generation vaccines that work by new mechanisms.
The traditional whole-pathogen vaccines include two types. Firstly, the live-attenuated
vaccines, which are live pathogens but with reduced virulence. This type of vaccine intro-
duced an infection similar to the real infection which triggers an immune response and
thus an immunological memory that will fight against future infection. However, live-
attenuated vaccines have potential safety concerns because they have higher reactogenicity
and they can cause infection in immunocompromised patients. In contrast, the second
type of traditional whole-pathogen vaccines are considered safer. The inactivated vaccines
consist of chemically or thermally inactivated viruses. They are considered to be safer
because live pathogens are not involved. However, in terms of efficacy, they result in lower
immunogenicity and might require multiple dosing [20].

1.3.2. The New-Generation Vaccines

Due to the safety concerns associated with the traditional vaccines, a new generation
of vaccines was developed that only incorporate the antigens that are responsible for
pathogenesis instead of the whole pathogen. However, it requires more time and effort
to study and understand the exact pathogenesis of the virus compared to injecting it as
a whole.

Fortunately, the COVID-19 virus is very similar to SARS-CoV and the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV), which has been well studied and investi-
gated for many years.

The new generation of COVID-19 vaccines can be classified based on the carrier
of the antigen into Recombinant protein vaccines, viral vector-based vaccines, bacterial
vector-based vaccines, plasmid DNA vaccines, Messenger RNA vaccines, and trained
immunity-based vaccines [20].

1.3.3. Recombinant Protein Vaccines

These vaccines use a protein-fragment-like Receptor Binding Domain (RBD) or com-
plex of RBD with a carrier protein as an antigen. Then, the antigen presenting cells (APC)
will engulf the antigen, and it will be digested in the endosome. A very small fraction of
the ingested antigen will be expressed on the cell to respond to the major histocompatibility
complex (MHC) II molecules, which initiates an immune response. Moreover, it was shown
that recombinant protein SARS-CoV vaccines injected into animal models resulted in the
production of neutralizing antibodies.
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However, recombinant protein vaccines require an adjuvant in the formulation such
as Matrix-M because by itself it only triggers a specific humoral response and only induces
partial protection against the infection [20].

1.3.4. Viral Vector-Based Vaccines

The viral vector vaccines resemble the viral infection disease state. It is a modified
version of the virus, which is not the virus that causes the disease, known as a vector
virus. This modified virus is harmless [21]. They can produce stronger immune responses
compared to recombinant protein vaccines. Viral vector vaccines work by cloning the
antigen into a viral vector that is unable to reproduce. Lentivirus, adenovirus, and adeno-
associated virus (AAV) is the most commonly used vectors. One of the vectors that were
used in the past for SARS-CoV vaccine candidates was the AAV vector.

1.3.5. Bacterial Vector-Based Vaccines

They are considered another way for developing vector-based vaccines. The most
common example is the non-pathogenic lactic acid bacteria (LAB). It is implemented in
Symvivo’s COVID-19 vaccine candidate which is currently in clinical trials. Bacterial vector-
based vaccines have some advantages including low cost of manufacturing and better
stability as they can be prepared by lyophilization [20].

1.3.6. Plasmid DNA Vaccines

Plasmids are circular deoxyribonucleic acid (DNA) vectors that can be used as vaccines
to prevent various types of diseases [22]. Plasmid DNA vaccines have a better safety profile
because they do not use a live virus. Moreover, the double-strand DNA molecules are more
stable than m RNA, virus, and protein. In addition, it is suitable for long-term storage as it
can be freeze-dried. This vaccine works by injecting it along with electrodes. After that, an
electrical pulse is applied to allow the opening of the cell membrane and hence the entry of
the plasmid into the cell.

1.3.7. Trained Immunity-Based Vaccines

Trained immunity-based vaccines are non-infectious vaccines, they differ from other
conventional vaccines by stimulating the innate immunity that provides protection against
unrelated pathogens. While other conventional vaccines target the adaptive immunity that
provides pathogen-specific protection. Trained immunity-based vaccines are conceived
to confer a broad protection far beyond the antigens they contain [23]. There is a current
clinical trial that investigates the ability of the Bacille Calmette- Guerin (BCG) vaccine
which was developed for tuberculosis disease to be effective against COVID-19 [20].

1.3.8. Messenger RNA Vaccines

These are the newest generation of vaccines and all their components can be prepared
by chemical synthesis. mRNA vaccines teach our cells how to make a protein that will
trigger an immune response inside our bodies [24]. They work by introducing mRNA as
an intermediate to be translated to an antigen to induce an immune response in the host.
There are many advantages to using mRNA vaccines. Firstly, they are easily manufactured,
and they do not require a lot of time because RNA synthesis can be conducted once the
sequence encoding the immunogen is available. Moreover, they are considered to have a
better biosafety profile compared to DNA-based vaccines because the antigen translation
happens in the cytoplasm rather than the nucleus and because it carries a short sequence
to be translated so it does not interact with the host genome [25]. The different vaccine
vehicles are illustrated in Figure 2.
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Figure 2. A schematic diagram showing the different vehicles used to combat the COVID-19 virus. [26].

Trials on vaccines: different phases in clinical trials that the vaccines went through:
For the development of the COVID-19 vaccine, the vaccine must undergo three clini-
cal phases.

1.4. Phase I Clinical Trials

This is the first stage where the vaccine is administered to humans [27]. In phase I
clinical trials, dozens or hundreds of healthy adult volunteers are enrolled to assess the
initial safety profile of the vaccine and to compare different vaccine doses. If the vaccine
shows an acceptable safety profile from phase I, it will proceed to phase II clinical trials.

1.5. Phase II Clinical Trials

In Phase II vaccine trial, a larger group of several hundred individuals participate in
testing [28]. Phase II clinical trials aim to continue to assess the safety of the vaccine, test
the immune response to the vaccine in healthy people compared to those who remained
unvaccinated. In many trials, they combine both phase I and phase II into phase I and II
clinical trials where they achieve the aims of both phases together.

If the results from the phase II clinical trials are promising, then the vaccine will
continue to phase III clinical trials.

1.6. Phase III Clinical Trials

All of the current phase III trials are designed as individually randomized, placebo-
controlled clinical trials (RCTs). These trials will help ensure that necessary data are
generated as quickly and efficiently as possible while maintaining high ethical and scientific
standards [29]. Phase III clinical trials are conducted on thousands or sometimes more than
100,000 volunteers who will be randomly assigned to be vaccinated or remain unvaccinated.
This allows the researchers to determine whether the vaccine will provide protection against
the virus in those who received the vaccine compared to unvaccinated subjects. Therefore,
phase III clinical trials are very important to provide strong evidence about how safe and
protective the vaccine candidate is. Sometimes researchers can combine phase II and phase
III clinical trials into phase II/III clinical trials that achieve the aims of both trials.

After that, if the results from phase I, II, and III clinical trials showed that the vaccine
candidate is safe and effective, national authorities and regulatory agencies will review this
evidence and decide whether the vaccine candidate should be approved and authorized.

However, after phase I, II, and III trials, and after authorization, the vaccine candidate
continues to be monitored to ensure their safety and effectiveness through phase IV.
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1.7. COVID-19 Vaccines Developed More Rapidly Than Ever Before

In the past, the process of developing a vaccine took years to provide enough evidence
about its safety and efficacy. This slow progress was due to a lack of sufficient funding, the
small number of researchers working on vaccine development, and insufficient resources.

However, the development of COVID-19 vaccines was accelerated without delay
due to their urgency and rapid spread [30]. The accelerated developments resulted from
devoting huge funding, and many resources and investigating multiple candidates by
many countries and companies [31].

This literature review aims to analyze all the vaccine candidates that went to phase II
and above with the rationale behind the completion of some vaccines to phase Il and why
others failed to continue to phase III. Moreover, this paper will provide comprehensive
information about COVID-19 infection, its symptoms, the structure of the virus, the variants
that we have become aware of, and how they differ. Furthermore, it will inform the
literature about vaccines developed for COVID-19 infection, vaccine vehicles, and trials on
vaccines. This paper shall open doors for further research and a better understanding of
the reasons that hinder vaccines from reaching the market, which is important to be taken
into consideration when developing new vaccines for viruses in the future.

2. Results

Many vaccine candidates were able to proceed from phases I and II to phase III clinical
trials. Those candidates are summarized in Table 1 with their developer, country of origin,
the technology used to develop them, clinical trials they went through, and the findings of
the completed phases of those trials. For vaccines that have findings for phase III clinical
trials, earlier findings of Phases I and II are discussed below in the table.

Table 1. Vaccines that went to phase III.

. Clinical
Vaccine Technology Phase II Phase III Completed Phases .
Candidate Developer Country Used Phase I Study Study Study Findings "l;riltaelss
Phase III Phase I (45)
(30,420) Antibody response
Lioid Phase I trial to Phase I trial to Interventional; was detected after
nano particle study Short assess the randomized, the administration
mRNA-1273 Moderna United States dis I;rsion term efficacy safety, placebo- of two doses; side 89 sites in
[32,33] of America nIZ inin. and systemic reactogenicity, controlled effects included the USA
co IgN A g adverse and immuno- study for fever, fatigue,
m events. genicity. efficacy, safety, headache, muscle
and immuno- ache, and pain at
genicity the injection site
P I?on— ' P r?on— ' (40,000)
Gamaleya Adenovirus . . Randomized Lo
- randomized randomized . 28 sites in
Research vector vaccine . . double-blind, Phase I-1I (76)
. X R combined combined L. Europe,
Sputnik V Institute of . (recombinant . . placebo- Neutralizing
) . . Russia . phase I/II trial ~ phase I/1II trial . South
[34] Epidemiology adenovirus controlled to antibody and T cell .
to evaluate the  to evaluate the America,
and type 5 and 26 evaluate responses .
. . safety, safety, ) . and Asia
Microbiology vectors) t t efficacy, im-
reactogenicity, reactogenicity, munogenicit
and immuno- and immuno- 8 ¥
and safety

genicity. genicity.
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. Clinical
Vaccine Technology Phase II Completed Phases .
Candidate Developer Country Used Phase I Study Study Phase III Study Findings "l;riI:elss
A Randomized,
Double-blind,
Placebo-
controlled Phase .
. Phase III findings:
Phase I trial Phase II a trial Il Study to The vaccine
Janssen established the . Assess the .
. . established the . showed efficacy .
Ad26.COV2.S Pharmgc? utica (a United viral vector safety{ . safety, Efficacy and against severe/ 16 trials
[35' 36] ' subsidiary of States of vaccine reactogenicity, reacto enicit Safety of crifical COVID-19 in18
’ Johnson & America and and irgmuno}? Ad26.COV2.S for hospitalization ’ countries
Johnson) immunogenicity nicit the Prevention of d CI:())VID 1 t, d
of Ad26.COV25 gemetty: SARS-Cov-2- M relate
. deaths.
mediated
COVID-19 in
Adults Aged 18
Years and Older
Randomized,
Double-Blind,
Placebo Parallel-
controlled Phase
randomised, III Clinical Trial
randomised, double-blind, to Evaluate the
double-blind, placebo- Efficacy,
Sinopharm Sinopharm placebo- controlled, Immunogenicity, Phase III findings, 19 trials
B]igBP Beijing Institute China Inactivated controlled, phase  phaseI/Il trial ~ and Safety of the efficacy against in 10
137,38] of Biological vaccine 1/11I trial to to assess Inactivated severe COVID and countries
. Products assess safety, safety, SARS-CoV-2 hospitalization.
tolerability, and tolerability, Vaccine (Vero
immunogenicity and immuno- Cell) in an
genicity Argentine
Healthy
Population Aged
Between 18 and
85 Years
A
A Randomized, Randomized, Phase III
Double-Blinded, Double- o ed
Placebo- Blinded, rr?:ﬂg?;ﬁeer/ 28 trials
Controlled, Placebo- A L in8
endpoint-driven, Phase III results .
Phase I/11 Controlled, . . countries.
C : double-blind, from Brazil showed .
Clinical Trial, to Phase I/11 lacebo- i inst China,
Evaluate the Clinical Trial, P atceuo d ¢ 1cac3: agaltr_ls Turkey,
. Safety, to Evaluate the controre _ Symptomatic Brazil,
CoronaVac . . . Inactivated | i d ¢ clinical trial to infections, cases d .
[39-41] Sinovac Biotech China virus tolerability, an Safety, assess the fhat require Indonesia,
: Immunogenicity tolerability, . . Chile,
efficacy and medical treatment, o
of the and Immuno- £ £ th d . Philip-
SARS-CoV-2 genicity of the safety of the and against severe, pines
. adsorbed vaccine hospitalized, and o
Inactivated SARS-CoV-2 COVID-19 fatal cases Thailand,
Vaccine in Inactivated (inactivated) ’ and Hong
Healthy Adults Vaccine in roduced b Kong.
Aged 18~59 Healthy L el
Years Adults Aged movac.
18~59 Years
A Phase I/11,
A Phase I/1I, Randomized,
Randomized, Observer-
Observer- Blinded Study . .
Protein Blinded Study to  to Evaluate the rani&gfd’ 11;;172115
bunit: Evaluate the Safety and Im- pntr lled, High titers of ntri
subunit: Safety and munogenicity controled, 1 HIers o countries
nanoparticle Immunogenicit ofa observer-blinded neutralizing including
Novavax technology Ofga y Quadrivalent study to evaluate antibodies in all Australia,
(NVX- Novavax Australia Yhtlelcfﬂli-()lgiigl’ﬁ Quadrivalent Hemagglu- ts}:ieetfﬁ;fg’ Pa;'ﬁ‘;szaln/tﬁ " tt}}:ee 81%
CoV2373) SARS-Cov2 ~ lemagglutinin tinin immunogenicit CD4+ T cell Northern
[42-44] . . Nanoparticle Nanoparticle & Y A
spike protein Influenza and Influenza and of NVX-CoV2373 activation in all Ireland,
and a with Matrix-M in participants in Mexico,
Matrix-M1 Sﬁffocpgxlilzs SARSr'SC"V'z up to 10,000 phase I/11 India, and
adjuvant Combination Nanoparticle su};]egf agerd 18 Pf{lierto
Vaccine With Combination 0 &% years co-
Matrix M1™ Vaccine With
Adjuvant Matrix M1™

Adjuvant
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Vaccine Technology Phase III Completed Clinical
Candidate Developer Country Used Phase I Study Phase II Study Study Phases Findings Trials Sites
An Adaptive
An Adaptive Phase I,
Phase I, Followed by
Followed by Phase IT An
Phase 1T Randomized, Event-Driven,
Randomized, Double-blind, Phase III, In the phase I
Double-blind, Multicenter Randomized, trial, BBV152
Multicenter Study to Double-blind, with a dose of 6
Study to Evaluate the Placebo- ug showed
Evaluate the Safety, controlled, better
Safety, Reactogenicity, Multicenter reactogenicity
Reactogenicity,  Tolerability, and Study to and safety
; . Tolerability, Immunogenicity Evaluate outcomes and 1k
C,O vax B_harat India Inac?lvated and Immuno-  of BBV152intwo  Efficacy, Safety, enhanced 7 trlals m
[45-48] Biotech virus L . India
genicity of arms of healthy Immunogenic- humoral and
BBV152 in volunteers who ity, Lot-to-Lot cell-mediated
Healthy will receive two Consistency of immune
Volunteers intramuscular BBV152, and a responses
who receive doses of BBV152 Whole-Virion compared with
two vaccine Inactivated the phase I trial
intramuscular formulations SARS-CoV-2 (the dose was 3
doses of (BBV152-A & Vaccine in ug)
BBV152 BBV152-B)ina Adults > 18
vaccine 1:1 ratio with Yrs of Age
formulations dosage schedule
or Placebo on Day 0 and
Day 28.
A Phase III,
Randomized,
Double-blind,
An Open Placebo- According to
Stud OP; the Randomised controlled phase III results,
SZfet Phase II Study to International a single shot of
4 Assess the Multicenter the Sputnik light
Tolerability, s .
Immunogenicity Study to vaccine has
Gamaleya and Immuno- X
L and Safety of Evaluate shown efficacy
Research genicity of H 1 Effi I . 4 trials in 2
o Institute of “Sputnik eterologous icacy, ‘n_1- against severe trials }n
Sputnik light ) - . ) o SARS-CoV-2 munogenicity COVID and the countries:
) Epidemiol- Russia Viral vector Light” t . . .
[49-51] A Vaccine and Safety of single dose Russia and
ogy and Vaccine for Schedules the regimen solves Argentina
Microbiol- Prevention of 4 d S ik-Ligh hg hall i & '
Coronavirus (rAd26-rAd5, putni -ng t 1l e challenge o
08y Infecti rAd26-rAd26, Vector Vaccine immunizing
niection rAd26-ChAdOx1 in the Parallel large groups in a
Caused by the d rAd2 Assi ¢ h .
SARS-CoV-2 andr 6- smgnment o S or?er time to
. mRNA-1273). the Subjects in achieve herd
Virus . . X
Prophylactic immunity faster.
Treatment for
SARS-CoV-2
Infection
Data from the
late-stage clinical
trials,
single-dose
Kandomied sy Carsne
double-blind, A Randomized, A Global int reoventin
placebo- Double-blind, Multicenter, II; tom. tig
controlled I/1I Placebo- Randomized, sy dpgg 9§[,/C
clinical trial, in controlled Phase Double-blind, arflf " N
order to II Clinical Trial Placebo- eree\felnvt?rin 12 trials in 6
evaluate the to Evaluate the Controlled, p severe & countries
safety and im- Safety and Adaptive COVID-19 including
AD5-nCOV. munogenicity Immunogenicity Designed infecti China,
DY, CanSino . Viral vector of of the Phase III intection. Chile,
(Convidecia) R . China . . ) . . However, the -
Biologics vaccine Recombinant Recombinant Clinical Trial . Mexico,
[52-55] efficacy .
Novel Novel to Evaluate the dropped from Russia,
Coronavirus Coronavirus Efficacy, Safety, Ep Argentina,
. . 68.83% after two
Vaccine Vaccine and Immuno- o and
) . . weeks to 65.28% .
(Adenovirus (Adenovirus genicity of Pakistan.
- . after four weeks.
Type 5 Vector) Vector) in Ad5-nCoV in
. Hence, a booster
for Inhalation Healthy Adults Adults 18 shot may be
in adults 18 Aged Above 18 Years of Age requir c}llt
years of Age Years and Older equred to

and Older.

develop desired
neutralizing
antibodies
and the efficacy
might also
increase to 90%
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Vaccine Technology Phase III Completed Clinical
Candidate Developer Country Used Phase I Study Phase I Study Study Phases Findings Trials Sites
Evaluation of
the safety and Multicenterouble
immunogenic- Evaluation of the Blind, Parallel
ity of safety and Placebo-
inactivated immunogenicity Controlled, In this phase III
Novel of inactivated Phase III randomized trial
Coronavirus Novel Clinical Trial in adults, 2 8 trials in 7
Pneumonia Coronavirus to Evaluate the whole-in phase couan:ries
(COVID-19) Pneumonia Protective 111 trial, virus includin
Sinopharm vaccine (Vero (COVID-19) Efficacy, Safety, inactivated China g
P . . Inactivated cells)ina vaccine (Vero and Immuno- vaccine showed g
WIBP Sinopharm China . health 1Is) in a health ity of i y Egypt,
[56-59] virus ealt y cells) inahea thy gemgty (o) an efficacy o Morocco
) population population aged Inactivated 72.8% against UAE !
aged 6 years 6 years and SARS-CoV-2 symptomatic Bahrai/n
and above in a above in a Vaccines (Vero COVID-19 cases and Jor. da,n
randomized, randomized, Cell)ina and it had rare
double-blind, double-blind, Healthy serious adverse
placebo placebo parallel- Population events.
parallel- controlled phase ~ Aged 18 Years
controlled I/1I clinical trial Old and
phase I/11 Above
clinical trial
Phase I, a
multicenter,
. domized,
Randomized ran L
controlled trial Randomized dou};lce‘;lh;l()lfld,
double-blind, controlled trial p
. controlled
placebo, double-blind, clinical trial Late-phase
factorial, placebo, factorial, | atep
Center for hase I/1T to hase 1/11 to for the clinical trial data
Abdala Genetic Protein p luate th p luate th evaluation in revealed that 5 trials in 1
(CIGB-66) Engineering Cuba subunit sg}ljt uz: 4 ir;— e:aaf;a Zn de adults of the Abdala is 92.28% country:
[60-63] and Biotech- vaccine yancu . tyand efficacy, safety,  effective after the Cuba
munogenicity immunogenicity R
nology - . and immuno- full, three-dose
of the vaccine of the vaccine enicity of the cvele
candidate candidate & vacZine yele.
CIGB-66 CIGB-66 against :
. candidate
against SARS-CoV-2 CIGB-66
SARS-CoV-2 .
against
SARS-CoV-2.
(COVID-19)
Multicenter
Double-blind
Placebo-
Simple, Blind, controlled
Placebo- Simple, Blind, Comparative
controlled, Placebo- Randomized .
) Phase III trials
Randomized controlled, Study of the
A s showed that
Study of the Randomized Tolerability, Eoi
piVacCorona
Safety, Study of the Safety, Im-
R . S provokes an
eactogenicity, Safety, munogenicity immune reaction
and Immuno- Reactogenicity, and .
enicity of and Prophylactic against o
Epi VECTOR ) sen . ; COVID-19 3 trials in 1
piVacCorona . Peptide Vaccine Based Immunogenicity Efficacy of the
. center of Russia - ) . . and promotes country
[64-67] . subunit on Peptide of Vaccine Based EpiVacCorona .
Virology Anti . - the further (Russia)
ntigens for on Peptide Peptide development of
the Prevention ~ Antigens for the ~ Antigen-based immurlfit with
of COVID-19 Prevention of Vaccine for the 100% eft}i,cac
(EpiVac- COVID-19 Prevention of nd Ov vl };v
Corona), in (EpiVacCorona), COVID-19, and da e;fy to
Volunteers in Volunteers With the St i;filic s
Aged 18-60 Aged 18-60 Participation P ’
Years (I-1T Years (I-II Phase) of 3000
Phase) Volunteers
Aged 18 Years
and Above

(Phase III-1V)
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Vaccine Technology Phase III Completed Clinical
Candidate Developer Country Used Phase I Study Phase II Study Study Phases Findings Trials Sites
A Multi-center,
Double-blind, AR . A Phase; I The latest data
Randomized andomized, Randomized, £ hase I
andomized, . . rom phase
Blinded, Placebo- Double-blind, L. N
Placebo - clinical trials
controlled Trial Placebo-
Parallel showed that the
to Evaluate the controlled L
Controlled, Immunogenicit Clinical Trial efficacies of the
Safety and unog y . ZF2001 vaccine 11 trials in 5
T s and Safety of a in 18 Years of o .
olerability : were 77.54% and countries
Recombinant Age and o . . .
Phase I New Above to 92.93% against including
ZF2001 Anhui Protein Clinical Trial Coronavirus Determine the Delta and Alpha China,
(Zifivax) Zhifei China bunit of Vaccine (CHO Safety and infections, Ecuador,
[67-72] Longcom subu Recombinant accne b atety a respectively. In Indonesia,
Cell) With Efficacy of L. .
Novel . addition, the Pakistan,
. Different Doses ZF2001, a L
Coronavirus - - efficacies of all and
N and Different Recombinant )
Vaccine (CHO I P Novel cases of Uzbekistan.
Cells) in mmunization ovel COVID-19
Health Procedures in Coronavirus (81.76%) and
Peo ley Healthy People Vaccine (CHO severe li)’orms
P Aged 18 to 59 Cell) for the o
Between 18 Y P . ¢ (100%) were also
and 59 Years ears revention o high.
of Age COVID-19
Phase III
clinical trial,
multicenter,
adaptive,
parallel-group,
randomized,
Phase I study, placebo-
open, controlled, .
sequential, Phase II study, double-blind Fl;)};i}?en;il;essullltls
and adaptive multicenter and study to trials in C eb
for evaluating adaptive for evaluate the ha N i uba
Finla the safety, evaluating the efficacy, safety, show efticacy
Y b & Y % against the
Institute, a reactogenicity immunogenicity, and immuno- symptomatic
Soberana 02 (?gbar't Cub Conjugate ;nd. explore safety, and ¢ genicity of disease of 71.0% 3 trials mvl
[73-77] epidemio- uba vaccine e immuno- reactogeplmty o vacc1r}at10n against the beta country:
logical genicity of the the Anti-SARS against and delta strains Cuba
research prophylactic Prophylactic SARS-CoV-2 while a third ’
institute Vaccine Vaccine with 2 doses of dose of Soberana
Candidate Candidate— FINLAY-FR-2 Plus incr d
FINLAY-FR-2  CoV-2, FINLAY- and a the offiacy ot
anti-SARS- FR-2 (COVID-19) heterologous ee 951‘;7 up to
CoV-2 scheme with 2 o
(COVID-19) doses of
FINLAY-FR-2
and a booster
dose with
FINLAY-FR-
1A
(COVID-19)
Phase I-1I (543)
Neutralizing
antibodies were
phase I/11 A phase II/1IT Phase IIT b(i?)tsetcetregoasfetej\/:s
(1090), (12,390) (30,000) iven on day 56
Interventional, e Interventional; gve ¥y 20
Modified single-blinded, Interventional, randomized, Side effects
AZD1222 The chim raidomised ' randomised, lacebo- ' included pain at
N X p . ¢ single-blinded p the injection site, 20 in the UK,
University of OxfordAstraZeneca UK adenovirus multi-centre study, study to controlled headache. fever S3o Paulo
Oxford, [78] (C}Y;idtoor 1) dst;udy to determine the ff.study fofr + chills, and
x etermine efficacy, safety, etlicacy, satety, muscle aches,
efficacy, safety, 4 and immuno- tami h
and immuno- . and genicity. Brazil acetaminopen
nici immunogenicity (5000) was allowed for
genicity some
participants to
increase

tolerability.
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Vaccine Technolo Phase III Completed Clinical
Candidate Developer Country Used & Phase I Study Phase II Study Study Phases gindings Trials Sites
Phase IIT
A two-dose
regimen of
BNT162b2 (30
Phase % (45), Plzz;e‘)lgls/)lll ug per dose,
placebo- Intervéntio,n al given 21 days
controlled, lacebo- ’ apart) was found 152 in the
placebo
. observer- controlled, Phase 111 to be safe and USA,
BioNTech Germany, blinded Ran domise;l (44,820) 95% effective Argentina,
BNT162b2 Fosun United States mRNA dose_- Observer-blind, Randomized, against Brazil,
[79] Pharma £A . escalation dose-findi lacebo- COVID-19. The South
Pfizer ot America study, stud, ose-finding p'aceso vaccine met both Africa,
3 y ,
study, study on controlled - .
on safety, safety, primary efficacy Turkey, and
tolerability, tolerabilli t endpoints, with Germany
- s
and immuno- immunogenicity more than a
genicity. and efficacy. ! 99.99%
’ probability of a
true vaccine
efficacy greater
than 30%.
the trial is almost
50% completed
and “people who
Phase I/11 have received
(244), [the] vaccine feel
interventional, Phase I/1I (244), Phase TIT well; there have
Randomized, interventional, (3000) been no
Blind, Placebo- Randomized, Interventi(;nal side-effects and
controlled Blind, Placebo- Multicenter 4 the effectiveness
QazCovid-in Research Phase-I1Study  controlled Phase- Randomize ci of the vaccine is
is Ins':tltut('e for inactivated and. I Study ?md Blind, Placebo- ) hlgh. e 2 trials in
commercially Biological Kazakhstan. virus vaceine Randomized, Randomized, controlled QazCovid-in Kazakhstan
known as Safety Open Phase Open Phase Clinical Stud vaccine was safe (88)
QazVac [80] Problems Phase-ii Study Phase-ii Study of Studv on ¥ and
of QAZCOVID- safe e);ﬁ cac well-tolerated
QAZCOVID-  IN®-COVID-19 % dt{;nmuno{" and induced
IN®- Inactivated icit predominantly
COVID-19 Vaccine genicity: mild adverse
Inactivated events; no
Vaccine serious or severe
adverse events
were recorded in
both trials.”
KCONVAC
induced a
significant
antibody
response. 87.5%
(21/24) to 100%
(24/24) of
Phase I (180), 1:;; 3%(1)? participants in
Minhai interventional, Phase II (1000), In tervéntio’n al the phase I trial
Minhai Biotechnol- Randomized, interventional, Randomized ! and 83-0%
COVID-19 ogy Co., and Double-blind, randomised, Double-blind. (83/100) to 100%
vaccine Shenzhen China inactivated Placebo Double-blind, Placebo- 4 (99/99) of 5 trials in
trademarked Kangtai virus vaccine Parallel- Placebo Parallel- controlled participants in China (88)
as KCONVAC Biological controlled, controlled, study studv for ! the phase II trial
[81,82] Products study for for safety and efficac ysa fot seroconverted
Co., Ltd. safety and im-  immunogenicity. and in}:muno)-,, for neutralising
munogenicity antibody to live

genicity.

virus,
neutralising
antibody to
pseudovirus,
and RBD-IgG
after receiving
two doses.
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Vaccine

Technology
Candidate

Developer Used

Country

Phase I Study

Phase II1

Phase II Study Study

Completed Phases
Findings

Clinical
Trials Sites

Shifa
Pharmed
Industrial

Co.,

COVIran
Barekat
[81,82]

inactivated

Iran X -
virus vaccine

Phase I (56),
randomized,
double-blind,
parallel arms,

placebo-
control clinical
trial, study for
safety and im-
munogenicity

Phase II/1II
(20,000),
randomized,
double-blind,
parallel arms,
placebo-
controlled
clinical trial,
study for efficacy
and
immunogenicity

Phases IT and
11T of the
clinical trials
were
combined

Phase I-11
only mild adverse
effects were
registered except
for one case of
hypotension, one
case of level-2
headache, and one
case of diminution
of platelets that
didn’t need
medical care.
Conventional Virus
Neutralizing Test
(cVNT) is reported
to have shown
93.5%
immunogenicity
(95% confidence
interval:
88.4-99.6%).
Phase I
“the serum of the
people who
received the
vaccine has 93.5%
power to neutralize
the virus; thus,
meaning the
vaccine has a very
good efficacy that
will be shown after
the end of the third
phase”.

4 trials in
Iran (88)

Chinese
Academy of
Medical
Sciences
COVID-19
vaccine
[81,82]

Chinese
Academy of
Medical
Sciences.

inactivated

China X -
virus vaccine

Phase I/1I
(942),
Interventional,
randomized,
double-
blinded, and
placebo-
controlled,
study for
safety and im-
munogenicity

Phase III
(34,020),
Interventional,
randomized,
double-
blinded,
placebo-
controlled,
study for
efficacy, safety,
and immuno-
genicity

Phase I/1I (942),
Interventional,
randomized,
double-blinded,
and placebo-
controlled, study
for safety and
immunogenicity

Phase III (Brazil)
In the age group
18-59 years old, the
efficacy of the
vaccine was
50.66%, and 50.11%
in the age group 60
years and above.
The overall
incidence of
adverse reactions
was 77.10% in the
vaccine group and
66.37% in the
placebo group,
with local and
collective adverse
reactions as the
main; 7tThe
incidence of local
adverse reactions
was 62.14% in the
vaccine group and
35.32% in the
placebo group. The
incidence of
systemic adverse
reactions was
58.45% in the
vaccine group and
56.91% in the
placebo group; The
most common
symptoms were
pain at the
inoculation site,
headache, fatigue,
and myalgia;

Phase IIT
3 trials in
UAE, Brazil,
and
Malaysia.
Phase 1T
2 trials in
China.
Phase I
2 trials in
China. (88)
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Vaccine Technology Phase III Completed Phases Clinical
Candidate Developer Country Used Phase I Study Phase II Study Study Findings Trials Sites
Indian- Phase IIT
based Interim results
harmaceu- Phase III from Phase IIT
p tical Phase II (1000), (28,216), showed a primary
compan Phase I (48) as part of the Interventional, efficacy of 66.6 %
Cadpilay sin Ie—cente; adaptive Phase randomized, for symptomatic
Healthear & n-label 4 1/11 multi-centre, RT-PCR positive
7 calthcare open-iabel, multi-centric, double-blind, cases. This vaccine R
yCoV-D with Indi . non- . 3 trials in
ndia DNA plasmid . dose-escalation, placebo- had already .
[83] support randomized, domised lled hibited rob India (88)
from the stu dy for randomised, controlled, exhibited robust
. . double-blind study to immunogenicity
Biotechnol- safety and im- o
- placebo- evaluate the and tolerability
In(fl)tglzt'r munogenicity. controlled efficacy, safety, and safety profile
Researcﬂ method. and immuno- in the adaptive
Assistance genicity. Phase I/1I clinical
Council trials carried out
’ earlier.
It is not yet known
how safe and
Phase I (135), Phase III . Aﬁg‘*&‘\’; N
Randomized, Phase II (500), (41,128), The defense ’
- double-blind, Randomized, Randomized, . )
Organization placebo- double-blind, non-inferiority, ministry, which
FAKHRAVAC of Defensive . . . L L7 developed it, was L.
. inactivated controlled trial controlled trial double-blind, . 3 trials in
(or MIVAC) Innovation Iran X X . . . . having trouble
virus vaccine with factorial with parallel controlled trial S Iran. (88)
[84] and . . . finding enough
design, study design, study on with parallel L
Research . participants for
on safety and safety and design. Study those trials, due to
immunogenic- immunogenicity. on safety and the lack of é rlrll nd
ity. efficacy. ¢ lack ot dema
for vaccines which
are domestic
manufacturers.
Phasel(40), A Phase I (400), f{‘g‘;‘;g
Interventional, Randomized, e
. Interventional,
Australian- A parallel, .
. Randomized, . o
based Randomised, Two-armed, Vaccine passes 60% C .
COVAX-19 . N Two-armed, N 5 trials in
company . protein Controlled, Double-blind, ; efficacy bar.
also known - Australia/ . Double-blind, - Iran, and
. Vaxine and subunit parallel, Placebo- SpikoGen has a .
as SpikoGen Iran . . . Placebo- Australia.
81,83] Iran-based vaccine non-blind controlled Trial trolled favourable safety 8)
a company study. to Evaluate the controtie profile.
Ci Trial to
innaGen Study on Safety, Evaluate the
safety and Im- Tolerability, and .
L L. Efficacy and
munogenicity Immunogenicity Safety
People who
received COV Pars
did not have any
side effects.
COV Pars vaccine
can not only induce
antibodies but can
also activate
Phase I (500), Phase Il cellular immunity.
14,000 people
Phase I (133), a two parallel (41,128), two recoived the shot
randomized, groups, parallel and
that was
Razi Vaccine rotein double-blind, randomized, equal groups, mpletel
Razi Cov and Serum I p ]2 e t placebo- double-blind, randomized, o " p te te 2;\ 3 trials in
Pars [81,83] Research ran subunt controlled placebo- double-blind, resistant fo the Iran (88)
X vaccine . . . A Wuhan variant, but
Institute. trial, study on controlled trial, non-inferiority with the advent of
safety and im- study on safety design; study the delta strain, the
munogenicity. and on safety and ffoctiven f' th
immunogenicity efficacy. ¢ e\ia:ceinees:v;)s N

slightly reduced
and 20 percent of
those who received

the vaccine had
mild symptoms of
the disease, which
disappeared within

one to two days.
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Candidate Developer Country Used Phase I Study Phase II Study Findings Trials Sites
Phase I (44),
Interventional,
Hgalth double-blind, Phase I (250),
Institutes double dose Interventional,
of Turkey . . ’ Randomised, It is not yet known how Lo
Turkovac inactivated parallel, . 6 trials in
and Turkey . . Parallel, Study safe and effective
[85] Erci vaccine randomized 4 . Turkey (88)
rciyes vaccination on Efficacy, Turkovac is.
Univer- Immunogenicity,
sit study. Study on and Safety
y safety and
immunogenicity.
Phase I1I:
A large multi-country 18 trials in
Phase I/1I (690), Phase III trial has Iran, China,
Interventional, phase II (800), shown that 2 doses, Pakistan,
China non-randomized, Interventional, administered at an Argentina,
. recombinant parallel, non-randomized, interval of 21 days, have China,
. National . . R . o
Sinopharm Biotec China protein single-blinded open-label, an efficacy of 79% Mozam-
CNBG [86] Grou subunit study. Study on clinical trial to against symptomatic bique,
(CNBGp) vaccine Safety, evaluate the SARS-CoV-2 infection Thailand,
Reactogenicity, safety and 14 or more days after UAE, Peru,
and immunogenicity the second dose. Bahrain,
Immunogenicity. Vaccine efficacy against Egypt, and
hospitalization was Jordan, (88)
79%.
Phase III
Corbevax was found to
be safe, well-tolerated,
and immunogenic.
CorbeVax demonstrated
a superior immune
response than the
COVISHIELD vaccine
when assessed for
Neutralizing Antibody
(nAb) Geometric Mean
Titers (GMT) against the
Ancestral-Wuhan strain
and the globally
dominant Delta variant.
CorbeVax vaccination
also generated a
Texas significant Th1 skewed
Chil- Phase I/1I (360), Phase I/1I (360), & .
) . . cellular immune
dren’s rotein Prospective, Prospective, resSPOnse
Corbevax Hospital Houston, p . multicentre multicentre ponse. - 2 trials in
subunit Phase III clinical trial .
[87] at the Texas . study. Study on study. Study on I . India (88)
B vaccine results indicate vaccine
aylor safety and safety and . o
. s . s effectiveness of >90%
College of immunogenicity.  immunogenicity.
Medicine

for the prevention of
symptomatic infections.

CorbeVax nAb GMT
against the Delta strain

indicates vaccine

effectiveness of >80
percent for preventing
symptomatic infections

based on published

studies.
While none of the
subjects who took

CorbeVax had serious

adverse events,
CorbeVax had 50

percent fewer adverse

events than
COVISHIELD.
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Clinical phase I and phase II findings for vaccines that have completed Phase III

findings:

Janssen: Phase I-Ila findings include: enough antibodies to neutralize the virus,
Injection site reactions: pain, and redness of the skin. General side effects: headache,
fatigue, myalgia, nausea, and fever [36].

Sinopharm BIBP: In this phase I/II trial, the BBIBP-CorV inactivated vaccine, given
as a two-dose immunisation, was safe and well tolerated at all three doses in both
age groups. A robust humoral immune response was observed in 100% of vaccine
recipients and the most common adverse effects were pain and fever [35].
CoronaVac: Two doses of CoronaVac at different concentrations and using different
dosing schedules were well tolerated and moderately immunogenic in healthy adults
aged 18-59 years. The incidence of adverse reactions in the 3 pg and 6 ug groups
were similar, indicating no dose-related safety concerns but more long-term follow-up
is needed. Furthermore, most adverse reactions were mild, with the most common
symptom being injection-site pain. All in all, CoronaVac was well tolerated and
induced humoral responses against SARS-CoV-2 (neutralizing antibodies), which
supported the approval of emergency use of CoronaVac in China, and three phase
III clinical trials that are ongoing in Brazil (NCT04456595), Indonesia (NCT04508075),
and Turkey (NCT04582344) [39].

Novavax: After phase I/1I trials, the adverse effects produced were null or mild and of
short duration. The addition of adjuvant enhanced the immune responses elicited by
the vaccine candidate and resulted in cellular responses that exhibited a Th1-skewed
phenotype. Anti-S IgG and neutralizing antibodies induced by vaccination exceeded
those detected in convalescent sera from COVID-19 patients. All phase III clinical
trials are still ongoing; therefore, their results have not been reported [44].

Covaxin: The interim findings from the phase I clinical trial, the vaccine was well
tolerated in all dose groups with no vaccine-related serious adverse events. Both
humoral and cell-mediated responses were observed in the recipients of the Algel-
IMDG-based vaccines. The most common adverse event was pain at the injection site,
followed by headache, fatigue, and fever. The overall incidence of solicited local and
systemic adverse events in this study was 14-21% in all vaccine-treated groups, which
is noticeably lower than the rates for other SARS-CoV-2 vaccine platform candidates
18,19, 20, 21, 22, 23. BBV152 induced binding and neutralising antibody responses that
were similar to those induced by other SARS-CoV-2 inactivated vaccine candidates [45].
In the phase II trial, BBV152 showed better reactogenicity and safety outcomes, and
enhanced humoral and cell-mediated immune responses compared with the phase I
trial [46]. The 6 pg with Algel-IMDG formulation has been selected for the phase III
efficacy trial. However, the refusal rate for Phase III trials was much higher than that
for Phase I and Phase II. As a result, only 13,000 volunteers had been recruited by 22
December with the number increasing to 23,000 by 5 January [48].

Sputnik light: In terms of safety outcomes, the “Sputnik Light” vaccine was well
tolerated both in seronegative and seropositive groups (appendix p20). The most
common solicited systemic adverse effect was flu-like syndrome equally found in
seronegative (47/96 [49-0%]) and seropositive (7/14 [50-0%]) groups. Interestingly
that only participants without immunity to SARS-CoV-2 complained of muscle and
joint pain after vaccination (5/96 [5-2%]). Moreover, “Sputnik Light” showed to
be immunogenic, inducing both binding and neutralizing antibody responses in
100% (93/93) and 81-7% (76/93) of seronegative participants by day 42, respectively.
These results from phase I and II have made a basis for provisional vaccine approval
for clinical use issued on 6 May 2021 (registration of LP-006993). The Provisional
licensure made it possible to start an international multicenter randomized, double-
blind, placebo-controlled phase III clinical trial (NCT04741061) to evaluate the efficacy,
immunogenicity, and safety of the “Sputnik Light” vector vaccine in the parallel
assignment of the subjects in prophylactic treatment for SARS-CoV-2 infection [35].
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Convidecia: Phase II results showed that the vaccine induced seroconversion of the
neutralising antibodies in 59% and 47% of participants, and seroconversion of binding
antibodies in 96% and 97% of participants. Positive specific T-cell responses measured
by IFNy-ELISpot were found in 90% and 88% of participants receiving the vaccine.
Moreover, most reactions reported post-vaccination were mild or moderate. Although
the proportions of participants who had adverse reactions such as fever, fatigue, and
injection site pain were significantly higher in vaccine recipients than those in placebo
recipients, adverse reactions within 28 days were generally not severe and resolved
within a short period of time [53]. In addition, phase III clinical trial has shown the
efficacy of Convidecia, however, the efficacy dropped from 68.83% after two weeks to
65.28% after four weeks. Hence, a booster shot may be required to develop desired
neutralizing antibodies and the efficacy might also increase to 90% [55].

Sinopharm WIBP: In this is the first report of phase I and II clinical trials of a whole-
virus-inactivated COVID-19 vaccine among healthy adults. The inactivated vaccine
was well tolerated in all dose groups under different injection procedures with no
vaccine-related serious adverse events. The most common adverse reaction was
injection site pain, which was mild and self-limiting. The incidence rate of adverse
reactions in the current study (15.0% among all participants) was lower compared
with the results of other candidate vaccines. Moreover, The neutralizing antibody
response was monitored over 14 days after injections in the current preliminary report,
and the results suggested that the inactivated vaccine may effectively induce antibody
production. The results in both phases indicated that a longer interval (21 days and
28 days) between the first and second injections produced higher antibody responses
compared with a shorter interval schedule (14-day group) [57].

Abdala (CIGB-66): The product was well tolerated. Severe adverse events were not
reported. Adverse reactions were minimal, mostly mild and local (from the injection
site) and resolved in the first 24-48 h without medication. In phase I, at day 56
seroconversion of anti-RBD IgG was seen in 95.2 % of the participants (20/21) for
the 50 ug group whereas neutralizing antibodies to SARS-CoV-2 were seen in 80 %
of the participants (8/10) for the 50 pug group. In phase II, at day 56 seroconversion
of anti-RBD IgG was seen in 89.2% of the participants (214/240) for the 50 ug group
whereas neutralizing antibodies to SARS-CoV-2 were seen in 97.3% of the participants
(146 /150) for the 50 pg group [62].

EpiVacCorona: Phase I-II clinical trials showed that all local reactions in response to
vaccine administration were mild, such as short-term pain at the injection site. There
were no signs of the development of local or systemic adverse reactions. The two-dose
vaccination scheme induced the production of antibodies, specific to the antigens that
make up the vaccine, in 100% of the volunteers. Seroconversion with a neutralizing
antibody titer > 1:20 was reported in 100% of the volunteers 21 days following the
second immunization dose which means that the peptide-based EpiVacCorona Vaccine
has low reactogenicity and is a safe, immunogenic product [65].

ZF2001: According to phase I and II clinical trials, most of the local and systemic
reactogenicity was mild or moderate (grade 1 or 2 adverse events). The most common
solicited local adverse events were injection-site pain, redness, and itch. The most
common solicited systemic adverse events were cough, fever, and headache but
no vaccine-related serious adverse events were reported. Moreover, neutralizing
antibodies were detected in the serum of vaccinated participants. Consequently, the
protein subunit vaccine ZF2001 appears to be well tolerated and immunogenic. The
safety and immunogenicity data from the phase I and II trials support the use of the
25 pg dose in a three-dose schedule in the phase III trial for large-scale evaluation of
ZF2001’s safety and efficacy [70].

Soberana 02: Based on phase I and phase II clinical trials, the most frequent adverse
event was local pain with no serious related AEs reported. Phase Ila confirmed the
safety results in 60-80-year-old subjects. In phase-I SOBERANA 02-25 mg elicited
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a higher immune response than SOBERANA 02-15 mg; in consequence, the higher
dose progressed to phase Ila. Phase Ila results confirmed the immunogenicity of
SOBERANA 02-25 mg even in the 60-80 age range. Two doses of SOBERANA02-25
mg elicited an immune response (neutralizing antibodies and specific T cell response)
similar to that of the Cuban Convalescent Serum Panel; it was higher after both the
homologous and heterologous third doses; the heterologous scheme showing a higher
immunological response [75].

BNT162b2: Based on phase I and phase II clinical trials, the immune system was
found to generate neutralizing antibody response peaking 7 days after a booster dose.
side effects included pain at the injection site, fatigue, headache, chills, muscle pains,
joint pain, and fever [79].

QazCovid-in commercially known as QazVac: In the phase I trial, there was a 59%
fourfold increase of antibody titres in MNA after one vaccine dose and amounted
to 100% after two doses. Neutralizing antibody titres reached the geometric mean
titre (GMT) of 100 after the administration of two doses [80]. A statistically significant
increase in the levels of pro-inflammatory cytokines after vaccination indicated the
Thl-biased response. On day 180, 40% of placebo-treated subjects demonstrated a
statistically significant increase in the levels of antibodies measured by both ELISA and
MNA, which suggests the infection with SARS-CoV-2. In the phase II trial, 100% of
subjects aged 18-49 years seroconverted for SARS-CoV-2 on day 21 after the first dose,
yielding the GMTs of 32 or 30 in the one- and two-dose groups. Amongst >50-year-old
subjects, the number of seroconversions in the two-and one-dose groups on day 21
was 94% and 92% with the respective GMTs of 25 and 24. After the second dose, the
seroconversion rate reached 100%; however, the GMT was significantly lower when
compared with the corresponding value measured in subjects aged 1849 years (83 vs.
143). In both trials, specific antibodies were detected in MNA and ELISA on study day
180, but the titres dropped in comparison to day 42 [80].

Chinese Academy of Medical Sciences COVID-19 vaccine: Based on phases I and II
clinical trials, on the 28th day after immunization with different doses of vaccine by
0,14 and 0,28 procedures, the effective neutralizing antibody seroconversion reached
more than 94% in different age groups [81,82].

Zycov-D: Phase I trial found the vaccine to be “safe, well-tolerated and immunogenic”.
12/48 (25%) subjects reported at least one AE during the study. There were no deaths
or serious adverse events reported [83].

Sinopharm CNBG: The two inactivated Chinese vaccines showed efficacy rates of 72.8
percent and 78.1 percent, respectively, against symptomatic COVID-19 cases, with
rare serious adverse effects reported, according to an interim analysis of the ongoing
trials [86].

Corbevax: A previous Phase 1/1I clinical trial evaluated the safety and immunogenic-
ity of the vaccine candidate in about 360 healthy subjects aged 18-65 years. The
schedule consisted of two doses for each participant, administered via intramuscular
injection, 28 days apart. Bio E’s novel COVID-19 vaccine was safe, well-tolerated, and
immunogenic [87].

Vaccine candidates can also go through the first phase of clinical trials. However, if

there were questions about the safety or the efficacy of the vaccine, the trials may be paused
or abandoned. Regarding the safety of the vaccine candidate, if the investigators observe
worrying symptoms in the volunteers, they can pause the trial. While the trials may also be
abandoned if they indicate that the vaccine candidate is not effective against COVID-19.
There are about 13 vaccine candidates that were abandoned to continue the clinical trials
summarized in Table 2.
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Table 2. Vaccine candidates that went to phase I-II but were paused.

Vaccine Developer Count Technology irfll;/il}l:i}l;s?t
Candidate evelope ountry Used
Is Paused
GX-19N Genexine South Korea DNA-l?ased Phase I/11
[88,89] vaccine
Imperial College “self-
C[g ;/ 1;‘0(]: ! London partnering with UK amplifying” Phase I/11
! Morningside Ventures RNA vaccine
Sanofi collaborated with
N{I;g g?(])o Massachusetts-based France mRNA vaccine Phase I/11
’ Translate Bio
CORVax12 OncoSec
[88,92] Immunotherapies New Jersey a loop of DNA Phase |
Merck acquired the
. . . a weakened
Austrian firm Themis measles virus
V591 Bioscience in ]'une 20.20 . that carries a
[88,93] to develop their vaccine, America ene for the Phase ]
! which had been & .
originally developed at coronavirus
Institut Pasteur. spike protein.
viral vector
V590 Merck partnered with . vaceme, based
[88,93] TAVI America on vesicular Phase I
! stomatitis
viruses
Intranasal
adenovirus type
5-vectored
AdCOVID Maryland-based United States of en:c?ciicrinethe Phase I
[88,94] Altimmune America & 1
receptor-binding
domain (RBD) of
the SARS-CoV-2
spike protein.
) eattle, rotein subunit ase
I?g;( 94 51]1 ICOSAVAX Seattle, USA P b Phase I/11
Optimized
peptides selected
to induce a
lasting sentinel T
lymphocyte
CoVepiT OSE . immune
[88,96] Immunotherapeutics Belgium response against Phase I
SARS-CoV-2in
barrier tissues,
the respiratory
tract, and the
lung.
QazCoVac-P Research Institute for
[38] Biological Safety Kazakhstan Protein subunit Phasel /11
Problems
NBP2001 SK Bioscience South Korea Protein subunit Phase I

[88]
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Table 2. Cont.

Vaccine Technology The Phase
Candidate Developer Country Used in Which It
Is Paused
Protein subunit
V451 The University of . Molecular
[88,97] Queensland and CSL Australia Clamp vaccine Phase I
technology
Fakhravac Orng\mzatlon Of. inactivated
Defensive Innovation Iran . Phase II
[88,98] coronaviruses

and Research

The reasons behind the pause of the clinical trials of vaccine candidates are sum-

marized in Table 2.

Each of these vaccines had different reasons for being abandoned. For example, GX-

19N needs improvement to be competitive with other vaccines as suggested by results from
the Phase I/1I trial [88,89].

While the Imperial College London found that the self-amplifying RNA platform

was safe and promising, the vaccine (COVAC1) couldn’t generate a promising immune
response [89]. Additionally, Sanofi decided to pull the plug on its own mRNA COVID-19
vaccine (MRT5500) program, when Pfizer-BioNTech and Moderna vaccines became widely
available [88,91].

On 27 January 2021, OncoSec Immunotherapies began dosing participants in its
Phase I trial to test the safety of CORVax12. In November, a spokeswoman said that
OncoSec was no longer investigating the vaccine [88,92]

Merck acquired the Austrian firm Themis Bioscience in June 2020 to develop their
vaccine V591, which had been originally developed at Institut Pasteur. However, on
25 January 2021, Merck announced it was abandoning the effort because the vaccine
provoked a response that was weaker than a natural infection. In addition to its
project with Themis, Merck partnered with IAVI on a second viral vector vaccine
V590. However, on 25 January 2021, they announced they were abandoning the effort
because the vaccine failed to trigger an immune system comparable to what happens
in a natural infection of COVID-19 [88,93]

AdCOVID vaccine was developed to be a nasal spray vaccine for COVID-19, delivering
the Ad5 adenovirus to the airway because it was suggested that a nasal spray could
be more effective for blocking the transmission of the virus than vaccines given by
injection. However, on 29 June 2021, Altimmune decided to abandon their COVID-
19 vaccine because they found that sprays of the vaccine produced lower levels of
antibodies than other authorized COVID-19 vaccines [88,94].

IVX-411 vaccine was stopped at phasel/2 trial on 25 March 2022 because it did not
deliver a stronger immune response than natural infection [88,95].

CoVepiT received approval to go through phase I trial, however on 19 July, OSE
decided to voluntarily pause its trial after the development of some adverse drug
reactions to the vaccine. Moreover, OSE decided to pause its development because
some therapeutics and vaccines have already proven successful in patients [88,96].
QazCoVac-P is the second vaccine developed by the Research Institute for Biological
Safety Problems. It was developed as a protein subunit vaccine unlike their first
vaccine, QazVac, which was made from inactivated viruses. Kazakhstani researchers
started a phase I/1I trial on 15 June 2021. However, there was no evidence of QazCoVac-
P use in Kazakhstan until February 2022. Therefore, on 28 April, Kazakhstani health
officials decided that is unnecessary to continue the production of QazCoVac-P because
there were enough QazVac doses to cover the population [88].

NBP2001 won approval on 23 November 2020 to go to phase I trial. In the trial’s
registry, it was scheduled to end the trial on April 2021, however, on SK BioScience’s
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website the company said that the trial is complete and they did not launch a phase
II trial to carry the research forward. Additionally, the company was busy pushing
another vaccine, called GBP510 through a phase III trial [88].

e V451 vaccine was developed by Queensland University. In July, the university
launched a phase I trial, combining coronavirus spike proteins with an adjuvant
made by CSL. While the Phase I trial safety and immunogenicity data are positive, the
researchers found that volunteers were getting false positive tests for HIV even though
they were not actually infected with the virus. In February 2021, the researchers re-
ported that these false positive results were due to the way the researchers developed
the vaccine. However, the Australian government decided to stop the trial because
that false positive HIV results would lead to hesitancy in getting that vaccine [88,97].

e  Finally, Fakhravac was launched on 16 March 2021 in Iran. It completed phase I
and then entered phase II in June. In September 2021, it gained emergency use
authorization. However, in October Iran decided to abandon its production of it as
Iranians turned to imported vaccines instead [88,98].

3. Conclusions

Vaccines save millions of lives every year, and the formulation of a safe and effective
vaccine for COVID-19 has allowed people to return to somewhat of normality. After almost
three years of the pandemic, COVID-19 vaccinations have effectively and significantly
reduced the course of the pandemic, saving many lives globally. Based on official reports,
the vaccinations could have saved up to 20 million deaths worldwide. This study looked
at 40 vaccine candidates that went into clinical trials, discussing and evaluating their
platforms, trials, findings, and limitations for each of the candidates. It was seen that most
candidates that went into phase III clinical trials, had an effective profile of between 65 to
95%, hence reducing the incidence and severity of SARS-CoV-2 infection. This research
paper also showed that all candidates that have been approved by the WHO are safe and
effective for use, without compromising on any standards whilst assessing their capability
to combat the virus. This review aimed to disseminate all the information that has been
achieved in clinical trials and be collated into one article. The objective of this review paper
was to put all the data onto one paper, as this is not currently available, and hence make
it easier to read all information from one source, and we, the authors, believe this was
achieved via this paper.

Author Contributions: Conceptualization, A.D.; methodology, L.E., H.A., A.D.; formal analysis, L.E.,
H.A.; investigation, L.E., H.A.; resources, L.E., H.A., A.D.; data curation, L.E., H.A.; writing—original
draft preparation, L.E., H.A; writing—review and editing, L.E., H.A., A.D.; visualization, A.D;
supervision, A.D.; project administration, A.D.; funding acquisition, NA. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study did not require any animal or human subjects.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: This study did not report any data.

Conflicts of Interest: The authors agree that there is no conflict of interest.

1. McGill University Interdisciplinary Initiative in Infection and Immunity (MI4). 2022. How Many Types of COVID-19 Vaccines
Are There? COVID-19 Vaccine Tracker. Last Updated: 2022. Available online: https://covid19.trackvaccines.org/vaccine-types/
(accessed on 15 November 2022).

2. World Health Organization. Coronavirus. Available online: https://www.who.int/health-topics/coronavirus#tab=tab_3
(accessed on 21 August 2022).

3. Jiang, E; Deng, L.; Zhang, L.; Cai, Y.; Cheung, C.W.,; Xia, Z. Review of the clinical characteristics of coronavirus disease 2019
(COVID-19). J. Gen. Intern. Med. 2020, 35, 1545-1549. [CrossRef] [PubMed]


https://covid19.trackvaccines.org/vaccine-types/
https://www.who.int/health-topics/coronavirus#tab=tab_3
http://doi.org/10.1007/s11606-020-05762-w
http://www.ncbi.nlm.nih.gov/pubmed/32133578

Vaccines 2022, 10, 2086 23 of 26

10.

11.
12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

Vasireddy, D.; Vanaparthy, R.; Mohan, G.; Malayala, S.; Atluri, P. Review of COVID-19 Variants and COVID-19 Vaccine Efficacy:
What the Clinician Should Know? J. Clin. Med. Res. 2021, 13, 317. Available online: https://www.ncbinlm.nih.gov/pmc/
articles/PMC8256910/ (accessed on 4 February 2022). [CrossRef] [PubMed]

Agarwal, KM.; Mohapatra, S.; Sharma, P.; Sharma, S.; Bhatia, D.; Mishra, A. Study and overview of the novel corona virus
disease (COVID-19). Sens. Int. 2020, 1, 100037. [CrossRef] [PubMed]

Yang, L.; Liu, S,; Liu, J.; Zhang, Z.; Wan, X.; Huang, B.; Chen, Y.; Zhang, Y. COVID-19: Immunopathogenesis and Immunothera-
peutics. Signal Transduct. Target. Ther. 2020, 5, 128. [CrossRef]

Yuki, K.; Fujiogi, M.; Koutsogiannaki, S. COVID-19 pathophysiology: A review. Clin. Immunol. 2020, 215, 108427. [CrossRef]
[PubMed]

Ciotti, M.; Ciccozzi, M.; Terrinoni, A.; Jiang, W.C.; Wang, C.B.; Bernardini, S. The COVID-19 pandemic. Crit. Rev. Clin. Lab. Sci.
2020, 57, 365-388. [CrossRef]

Lotfi, M.; Hamblin, M.R.; Rezaei, N. COVID-19: Transmission, prevention, and potential therapeutic opportunities. Clin. Chim.
Acta 2020, 508, 254-266. [CrossRef]

Adhikari, S.P.; Meng, S.; Wu, Y.J.; Mao, Y.P; Ye, RX,; Wang, Q.Z.; Sun, C.; Sylvia, S.; Rozelle, S.; Raat, H.; et al. Epidemiology,
causes, clinical manifestation and diagnosis, prevention and control of coronavirus disease (COVID-19) during the early outbreak
period: A scoping review. Infect. Dis. Poverty 2020, 9, 29. [CrossRef]

Moghadas, S.M.; Fitzpatrick, M.C.; Sah, P.; Pandey, A.; Shoukat, A.; Singer, B.H.; Galvani, A.P. The implications of silent
transmission for the control of COVID-19 outbreaks. Proc. Natl. Acad. Sci. USA 2020, 117, 17513-17515. [CrossRef]

Darby, A.C.; Hiscox, J.A. COVID-19: Variants and vaccination. BMJ 2021, 372. [CrossRef]

Hadj Hassine, I. COVID-19 vaccines and variants of concern: A review. Rev. Med. Virol. 2022, 32, €2313. [CrossRef] [PubMed]
Ullah, H.; Ullah, A.; Gul, A.; Mousavi, T.; Khan, M.W. Novel coronavirus 2019 (COVID-19) pandemic outbreak: A comprehensive
review of the current literature. Vacunas (Engl. Ed.) 2021, 22, 106-113. [CrossRef]

Rathinasamy, M.; Kandhasamy, S. An exploratory study on the propagation of SARS-CoV-2 variants: Omicron is the most
predominant variant. . Med. Virol. 2022, 94, 2414-2421. [CrossRef]

Davies, N.G.; Abbott, S.; Barnard, R.C.; Jarvis, C.I.; Kucharski, A.J.; Munday, ].D.; Pearson, C.A.B.; Russell, TW.; Tully, D.C.; Wash-
burne, A.D,; et al. Estimated transmissibility and impact of SARS-CoV-2 lineage B.1.1.7 in England. Science 2021, 372, eabg3055.
[CrossRef] [PubMed]

Paltiel, A.D.; Schwartz, ].L.; Zheng, A.; Walensky, R.P. Clinical Outcomes Of A COVID-19 Vaccine: Implementation over Efficacy:
Study examines how definitions and thresholds of vaccine efficacy, coupled with different levels of implementation effectiveness
and background epidemic severity, translate into outcomes. Health Aff. 2021, 40, 42-52.

Ledford, H. Why COVID vaccines are so difficult to compare. Nature 2021, 591, 16-17. [CrossRef]

Coronavirus. History of Vaccines RSS. Available online: https:/ /historyofvaccines.org/diseases/coronavirus (accessed on 21
August 2022).

Wang, J.; Peng, Y.; Xu, H.; Cui, Z.; Williams, R.O. The COVID-19 vaccine race: Challenges and opportunities in vaccine formulation.
AAPS PharmSciTech 2020, 21, 1-2. [CrossRef]

Centers for Disease Control and Prevention. Understanding Viral Vector COVID-19 Vaccines. Available online: https://www.cdc.
gov/coronavirus/2019-ncov/vaccines/different-vaccines /viralvector.html (accessed on 21 August 2022).

IntechOpen. Plasmid-Based DNA Vaccines. Available online: https://www.intechopen.com/chapters/61091 (accessed on 21
August 2022).

IntechOpen. Trained Immunity-Based Vaccines: A Ready-To-Act Strategy to Tackle Viral Outbreaks. Available online: https:
/ /www.intechopen.com/chapters /74915 (accessed on 21 August 2022).

Centers for Disease Control and Prevention. Understanding mrna COVID-19 Vaccines. Available online: https://www.cdc.gov/
coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html (accessed on 21 August 2022).

Park, J.W,; Lagniton, PN.; Liu, Y.; Xu, R.H. mRNA vaccines for COVID-19: What, why and how. Int. ]. Biol. Sci. 2021, 17, 1446.
[CrossRef]

Biosystems ACRO. An Overview of Different COVID-19 Vaccines. ACRO. Last Updated: 9 December 2021. Available online:
https:/ /www.acrobiosystems.com/A1374- An-Overview-of-Different-COVID-19-Vaccines.html?gclid=Cj0KCQjwj (accessed on
11 September 2022).

Sharma, O.; Sultan, A.A.; Ding, H.; Triggle, C.R. A Review of the Progress and Challenges of Developing a Vaccine for COVID-19.
Front. Immunol. 2020, 11, 585354. [CrossRef]

Dutta, A K. Vaccine against COVID-19 disease—present status of development. Indian ]. Pediatr. 2020, 87, 810-816. [CrossRef]
Kim, J.H.; Marks, E; Clemens, ].D. Looking beyond COVID-19 vaccine phase 3 trials. Nat. Med. 2021, 27, 205-211. [CrossRef]
[PubMed]

Grobler, J.A.; Anderson, A.S.; Fernandes, P.; Diamond, M.S.; Colvis, C.M.; Menetski, J.P.; Alvarez, RM.; Young, J.A.; Carter,
K.L. Accelerated preclinical paths to support rapid development of COVID-19 therapeutics. Cell Host Microbe 2020, 28, 638—645.
[CrossRef] [PubMed]

Learn more about vaccine clinical trials. COVID. Available online: https://covid19.trackvaccines.org/trials-vaccine-testing /#:~{}:
text=Vaccines%?20are%20tested %20in%20phase, outweigh%?20any%20potential %20side%20effects (accessed on 21 August 2022).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8256910/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8256910/
http://doi.org/10.14740/jocmr4518
http://www.ncbi.nlm.nih.gov/pubmed/34267839
http://doi.org/10.1016/j.sintl.2020.100037
http://www.ncbi.nlm.nih.gov/pubmed/34766042
http://doi.org/10.1038/s41392-020-00243-2
http://doi.org/10.1016/j.clim.2020.108427
http://www.ncbi.nlm.nih.gov/pubmed/32325252
http://doi.org/10.1080/10408363.2020.1783198
http://doi.org/10.1016/j.cca.2020.05.044
http://doi.org/10.1186/s40249-020-00646-x
http://doi.org/10.1073/pnas.2008373117
http://doi.org/10.1136/bmj.n771
http://doi.org/10.1002/rmv.2313
http://www.ncbi.nlm.nih.gov/pubmed/34755408
http://doi.org/10.1016/j.vacune.2020.09.005
http://doi.org/10.1002/jmv.27634
http://doi.org/10.1126/science.abg3055
http://www.ncbi.nlm.nih.gov/pubmed/33658326
http://doi.org/10.1038/d41586-021-00409-0
https://historyofvaccines.org/diseases/coronavirus
http://doi.org/10.1208/s12249-020-01744-7
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/viralvector.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/viralvector.html
https://www.intechopen.com/chapters/61091
https://www.intechopen.com/chapters/74915
https://www.intechopen.com/chapters/74915
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html
http://doi.org/10.7150/ijbs.59233
https://www.acrobiosystems.com/A1374-An-Overview-of-Different-COVID-19-Vaccines.html?gclid=Cj0KCQjwj
http://doi.org/10.3389/fimmu.2020.585354
http://doi.org/10.1007/s12098-020-03475-w
http://doi.org/10.1038/s41591-021-01230-y
http://www.ncbi.nlm.nih.gov/pubmed/33469205
http://doi.org/10.1016/j.chom.2020.09.017
http://www.ncbi.nlm.nih.gov/pubmed/33152278
https://covid19.trackvaccines.org/trials-vaccine-testing/#:~{}:text=Vaccines%20are%20tested%20in%20phase,outweigh%20any%20potential%20side%20effects
https://covid19.trackvaccines.org/trials-vaccine-testing/#:~{}:text=Vaccines%20are%20tested%20in%20phase,outweigh%20any%20potential%20side%20effects

Vaccines 2022, 10, 2086 24 of 26

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Mary Van Beusekom | News Writer | CIDRAP News | Jul 15 2020. Hopeful results from phase 1 moderna COVID vaccine trial.
CIDRAP. 2020. Available online: https://www.cidrap.umn.edu/news-perspective /2020/07 /hopeful-results-phase-1-moderna-
covid-vaccine-trial (accessed on 21 August 2022).

News 1 June, Suvoda. Moderna Starts Dosing in Phase II COVID-19 vaccine trial. Clinical Trials Arena. 2022. Available online:
https:/ /www.clinicaltrialsarena.com/news/moderna-phaseii-vaccine-trial / (accessed on 21 August 2022).

Tukhvatulin, A.I; Dolzhikova, I.V.; Shcheblyakov, D.V.; Zubkova, O.V.; Dzharullaeva, A.S.; Kovyrshina, A.V.; Lubenets, N.L.;
Grousova, D.M.; Erokhova, A.S.; Botikov, A.G.; et al. An open, non-randomised, phase 1/2 trial on the safety, tolerability, and
immunogenicity of single-dose vaccine “Sputnik Light” for prevention of coronavirus infection in healthy adults. Lancet Reg.
Health-Eur. 2021, 11, 100241. [CrossRef]

Sadoff, ].; Le Gars, M.; Shukarev, G.; Heerwegh, D.; Truyers, C.; de Groot, A.M.; Stoop, J.; Tete, S.; Van Damme, W.; Leroux-Roels,
I; et al. Interim results of a phase 1-2a trial of Ad26. COV2. S COVID-19 vaccine. New Engl. |. Med. 2021, 384, 1824-1835.
[CrossRef] [PubMed]

Johnson & Johnson. Content Lab U.S. Available online: https:/ /www.jnj.com/johnson-johnson-announces-real-world-evidence-
and-phase-3-data-confirming-strong-and-long-lasting-protection-of-single-shot-covid-19-vaccine-in-the-u-s (accessed on 21
August 2022).

Xia, S.; Zhang, Y.; Wang, Y.; Wang, H.; Yang, Y,; Gao, G.F; Tan, W.; Wu, G.; Xu, M.; Lou, Z,; et al. Safety and immunogenicity of an
inactivated SARS-CoV-2 vaccine, BBIBP-CorV: A randomised, double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect. Dis.
2021, 21, 39-51. [CrossRef]

Evidence Assessment: Sinopharm/BBIBP COVID-19 Vaccine. Available online: https://cdn.who.int/media/docs/default-
source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf?sfvrsn=3dfe32c1_5 (accessed on 21
August 2022).

Zhang, Y.; Zeng, G.; Pan, H.; Li, C,; Hu, Y,; Chu, K.;; Han, W,; Chen, Z.; Tang, R.; Yin, W,; et al. Safety, tolerability, and
immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59 years: A randomised, double-blind,
placebo-controlled, phase 1/2 clinical trial. Lancet Infect. Dis. 2021, 21, 181-192. [CrossRef]

Palacios, R.; Patifio, E.G.; de Oliveira Piorelli, R.; Conde, M.T.; Batista, A.P,; Zeng, G.; Xin, Q.; Kallas, E.G.; Flores, J.; Ockenhouse,
C.F; et al. Double-Blind, Randomized, Placebo-Controlled Phase III Clinical Trial to Evaluate the Efficacy and Safety of treating
Healthcare Professionals with the Adsorbed COVID-19 (Inactivated) Vaccine Manufactured by Sinovac-PROFISCOV: A structured
summary of a study protocol for a randomised controlled trial. Trials 2020, 21, 853.

Cengiz, B.; Sayilir M, U.; Zengin, N.Y.; Kiiciik, O.N.; Soylu, A.R. Does the COVID-19 Vaccination Rate Change According to the
Education and Income: A Study on Vaccination Rates in Cities of Turkey between 2021-September and 2022-February. Vaccines
2022, 10, 1933. [CrossRef]

The Melbourne Vaccine Education Centre (MVEC). Nuvaxovid (novavax) COVID-19 Vaccine. 2022. Available online: https:
/ /mvec.mcri.edu.au/references/novavax-covid-19-vaccine/ (accessed on 21 August 2022).

Novavax Initiates Phase 3 Efficacy Trial of COVID-19 Vaccine in the United Kingdom. Novavax Investor Relations. 2020.
Available online: https://irnovavax.com/2020-09-24-Novavax-Initiates-Phase-3-Efficacy-Trial-of-COVID-19- Vaccine-in-the-
United-Kingdom (accessed on 21 August 2022).

Kyriakidis, N.C.; Lopez-Cortés, A.; Gonzalez, E.V.; Grimaldos, A.B.; Prado, E.O. SARS-COV-2 vaccines strategies: A Comprehen-
sive Review of Phase 3 candidates. Npj Vaccines 2021, 6, 28. Available online: https:/ /www.nature.com/articles/s41541-021-002
92-wi#Sec12 (accessed on 21 August 2022). [CrossRef]

Whole-virion inactivated SARS-COV-2 vaccine (BBV152) for COVID-19 in Healthy Volunteers. Available online: https://
clinicaltrials.gov/ct2/show /NCT04471519 (accessed on 21 August 2022).

Ella, R.; Vadrevu, KM.; Jogdand, H.; Prasad, S.; Reddy, S.; Sarangi, V.; Ganneru, B.; Sapkal, G.; Yadav, P.; Abraham, P; et al. Safety
and immunogenicity of an inactivated SARS-CoV-2 vaccine, BBV152: A double-blind, randomised, phase 1 trial. Lancet Infect. Dis.
2021, 21, 637-646. [CrossRef]

Ella, R.; Reddy, S.; Jogdand, H.; Sarangi, V.; Ganneru, B.; Prasad, S.; Das, D.; Raju, D.; Praturi, U.; Sapkal, G.; et al. Safety and
immunogenicity of an inactivated SARS-CoV-2 vaccine, BBV152: Interim results from a double-blind, randomised, multicentre,
phase 2 trial, and 3-month follow-up of a double-blind, randomised phase 1 trial. Lancet Infect. Dis. 2021, 21, 950-961. [CrossRef]
[PubMed]

History of changes for study: NCT04641481. Available online: https://clinicaltrials.gov/ct2 /history /NCT04641481?V_1=View
(accessed on 21 August 2022).

Study to Evaluate Efficacy, Imnmunogenicity and Safety of the Sputnik-Light. Available online: https://www.clinicaltrials.
gov/ct2/show /NCT04741061?2id=NCT04733807%2BOR%2BNCT04718467%2BOR%2BNCT04706156%2BOR %2BNCT0474394
7%2BOR%2BNCT04715997%2BOR%2BNCT04732468%2BOR%2BNCT04713488%2BOR%2BNCT04741061&draw=2&rank=2&
load=cart (accessed on 21 August 2022).

Strategies for Combining the First Component of Sputnik V with Other Adenoviral or Mrna-Based Vaccines. Available online:
https://clinicaltrials.gov/ct2 /show /NCT05027672 (accessed on 21 August 2022).

Single Dose Vaccine, Sputnik Light, Authorized for Use in Russia. Sputnik V—The First Registered Vaccine against COVID-19.
Official Website Vaccine against Coronavirus Sputnik, V. Available online: https://sputnikvaccine.com/newsroom/pressreleases/
single-dose-vaccine-sputnik-light-authorized-for-use-in-russia/ (accessed on 21 August 2022).


https://www.cidrap.umn.edu/news-perspective/2020/07/hopeful-results-phase-1-moderna-covid-vaccine-trial
https://www.cidrap.umn.edu/news-perspective/2020/07/hopeful-results-phase-1-moderna-covid-vaccine-trial
https://www.clinicaltrialsarena.com/news/moderna-phaseii-vaccine-trial/
http://doi.org/10.1016/j.lanepe.2021.100241
http://doi.org/10.1056/NEJMoa2034201
http://www.ncbi.nlm.nih.gov/pubmed/33440088
https://www.jnj.com/johnson-johnson-announces-real-world-evidence-and-phase-3-data-confirming-strong-and-long-lasting-protection-of-single-shot-covid-19-vaccine-in-the-u-s
https://www.jnj.com/johnson-johnson-announces-real-world-evidence-and-phase-3-data-confirming-strong-and-long-lasting-protection-of-single-shot-covid-19-vaccine-in-the-u-s
http://doi.org/10.1016/S1473-3099(20)30831-8
https://cdn.who.int/media/docs/default-source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf?sfvrsn=3dfe32c1_5
https://cdn.who.int/media/docs/default-source/immunization/sage/2021/april/2_sage29apr2021_critical-evidence_sinopharm.pdf?sfvrsn=3dfe32c1_5
http://doi.org/10.1016/S1473-3099(20)30843-4
http://doi.org/10.3390/vaccines10111933
https://mvec.mcri.edu.au/references/novavax-covid-19-vaccine/
https://mvec.mcri.edu.au/references/novavax-covid-19-vaccine/
https://ir.novavax.com/2020-09-24-Novavax-Initiates-Phase-3-Efficacy-Trial-of-COVID-19-Vaccine-in-the-United-Kingdom
https://ir.novavax.com/2020-09-24-Novavax-Initiates-Phase-3-Efficacy-Trial-of-COVID-19-Vaccine-in-the-United-Kingdom
https://www.nature.com/articles/s41541-021-00292-w#Sec12
https://www.nature.com/articles/s41541-021-00292-w#Sec12
http://doi.org/10.1038/s41541-021-00292-w
https://clinicaltrials.gov/ct2/show/NCT04471519
https://clinicaltrials.gov/ct2/show/NCT04471519
http://doi.org/10.1016/S1473-3099(20)30942-7
http://doi.org/10.1016/S1473-3099(21)00070-0
http://www.ncbi.nlm.nih.gov/pubmed/33705727
https://clinicaltrials.gov/ct2/history/NCT04641481?V_1=View
https://www.clinicaltrials.gov/ct2/show/NCT04741061?id=NCT04733807%2BOR%2BNCT04718467%2BOR%2BNCT04706156%2BOR%2BNCT04743947%2BOR%2BNCT04715997%2BOR%2BNCT04732468%2BOR%2BNCT04713488%2BOR%2BNCT04741061&draw=2&rank=2&load=cart
https://www.clinicaltrials.gov/ct2/show/NCT04741061?id=NCT04733807%2BOR%2BNCT04718467%2BOR%2BNCT04706156%2BOR%2BNCT04743947%2BOR%2BNCT04715997%2BOR%2BNCT04732468%2BOR%2BNCT04713488%2BOR%2BNCT04741061&draw=2&rank=2&load=cart
https://www.clinicaltrials.gov/ct2/show/NCT04741061?id=NCT04733807%2BOR%2BNCT04718467%2BOR%2BNCT04706156%2BOR%2BNCT04743947%2BOR%2BNCT04715997%2BOR%2BNCT04732468%2BOR%2BNCT04713488%2BOR%2BNCT04741061&draw=2&rank=2&load=cart
https://www.clinicaltrials.gov/ct2/show/NCT04741061?id=NCT04733807%2BOR%2BNCT04718467%2BOR%2BNCT04706156%2BOR%2BNCT04743947%2BOR%2BNCT04715997%2BOR%2BNCT04732468%2BOR%2BNCT04713488%2BOR%2BNCT04741061&draw=2&rank=2&load=cart
https://clinicaltrials.gov/ct2/show/NCT05027672
https://sputnikvaccine.com/newsroom/pressreleases/single-dose-vaccine-sputnik-light-authorized-for-use-in-russia/
https://sputnikvaccine.com/newsroom/pressreleases/single-dose-vaccine-sputnik-light-authorized-for-use-in-russia/

Vaccines 2022, 10, 2086 25 of 26

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Phase I/1I Clinical Trial of Recombinant Novel Coronavirus (COVID-19) Vaccine (Adenovirus Type 5 Vector) for Inhalation.
Available online: https://clinicaltrials.gov/ct2/show /NCT04840992 (accessed on 21 August 2022).

Zhu, EC.; Guan, X.H,; Li, YH.; Huang, J.Y,; Jiang, T.; Hou, L.H.; Li, ].X.; Yang, B.F.; Wang, L.; Wang, W.].; et al. Immunogenicity and
safety of a recombinant adenovirus type-5-vectored COVID-19 vaccine in healthy adults aged 18 years or older: A randomised,
double-blind, placebo-controlled, phase 2 trial. Lancet 2020, 396, 479-488. [CrossRef] [PubMed]

Phase III Trial of a COVID-19 Vaccine of Adenovirus Vector in Adults 18 Years Old and Above. Available online: https:
/ /clinicaltrials.gov/ct2/show /NCT04526990 (accessed on 21 August 2022).

Vanaparthy, R.; Mohan, G.; Vasireddy, D.; Atluri, P. Review of COVID-19 viral vector-based vaccines and COVID-19 variants. Le
Infez. Med. 2021, 29, 328.

Chinese clinical trial register (chictr)—The World Health Organization International Clinical Trials Registered Organization
Registered Platform. Available online: http:/ /www.chictr.org.cn/showprojen.aspx?proj=52227 (accessed on 22 August 2022).
Xia, S.; Duan, K.; Zhang, Y. Adverse reactions and antibody responses to an inactivated SARS-COV-2 vaccine-interim trial
analyses. JAMA 2020, 324, 951-960. Available online: https:/ /jamanetwork.com/journals/jama/fullarticle /2769612 (accessed on
22 August 2022). [CrossRef] [PubMed]

A Study to Evaluate The Efficacy, Safety and Immunogenicity of Inactivated SARS-CoV-2 Vaccines (Vero Cell) in Healthy
Population Aged 18 Years Old and Above. Available online: https:/ /clinicaltrials.gov/ct2/show /NCT04510207 (accessed on 22
August 2022).

Al Kaabi, N.; Zhang, Y; Xia, S.; Yang, Y.; Al Qahtani, M.M.; Abdulrazzaq, N.; Al Nusair, M.; Hassany, M.; Jawad, ].S.; Abdalla, J.;
et al. Effect of 2 inactivated SARS-CoV-2 vaccines on symptomatic COVID-19 infection in adults: A randomized clinical trial.
JAMA 2021, 326, 35-45. [CrossRef]

Registro Publico Cubano de Ensayos Clinicos. Abdala Clinical Study. Available online: https:/ /rpcec.sld.cu/en/trials/RPCECO
0000346-En (accessed on 22 August 2022).

Abdala Clinical Study—Phase III: Registro Publico Cubano de Ensayos Clinicos. Available online: https://rpcec.sld.cu/en/
trials/RPCEC00000359-En (accessed on 22 August 2022).

Hernandez-Bernal, F.; Ricardo-Cobas, M.C.; Martin-Bauta, Y.; Navarro-Rodriguez, Z.; Pifiera-Martinez, M.; Quintana-Guerra, J.;
Urrutia-Pérez, K.; Urrutia-Pérez, K.; Chavez-Chong, C.O.; Azor-Hernandez, J.L.; et al. Safety, tolerability, and immunogenicity
of a SARS-COV-2 recombinant spike protein vaccine: A randomised, double-blind, placebo-controlled, phase 1-2 clinical trial
(Abdala Study). medRxiv. Cold Spring Harbor Laboratory Press. 2021. Available online: https://www.medrxiv.org/content/10.1
101/2021.11.30.21267047v2 (accessed on 22 August 2022).

PMC E. Europe PMC. Available online: https://europepmec.org/article/med /34516531 (accessed on 22 August 2022).

Study of the Safety, Reactogenicity and Immunogenicity of “EpiVacCorona” Vaccine for the Prevention of COVID-19. Available
online: https://clinicaltrials.gov/ct2 /show/NCT04527575 (accessed on 22 August 2022).

Ryzhikov, A.B.; Ryzhikov, E.A.; Bogryantseva, M.P.; Usova, S.V.; Danilenko, E.D.; Nechaeva, E.A.; Pyankov, O.V.; Pyankova,
0O.G.; Gudymo, A.S.; Bodnev, S.A.; et al. A single blind, placebo-controlled randomized study of the safety, reactogenicity and
immunogenicity of the “epivaccorona” vaccine for the prevention of COVID-19, in volunteers aged 18-60 years (phase I-II). Russ.
J. Infect. Immun. 2021, 11, 283-296. Available online: https:/ /www.iimmun.ru/iimm/article /view /1699?locale=en_US (accessed
on 22 August 2022). [CrossRef]

Study of the Tolerability, Safety, Inmunogenicity and Preventive Efficacy of the EpiVacCorona Vaccine for the Prevention of
COVID-19. Available online: https://www.clinicaltrials.gov/ct2/show /NCT04780035?term=vaccine&cond=Covid19&draw=2
(accessed on 22 August 2022).

Decision Analysis of the COVID-19 Vaccines—Sciendo. Available online: https:/ /sciendo.com/pdf/10.2478/ebtj-2021-0017
(accessed on 22 August 2022).

Phase I Clinical Study of Recombinant Novel Coronavirus Vaccine. Available online: https://clinicaltrials.gov/ct2/show /NCT0
4445194 (accessed on 22 August 2022).

Clinical Study of Recombinant Novel Coronavirus Vaccine. Available online: https://clinicaltrials.gov/ct2 /show/NCT04466085
(accessed on 22 August 2022).

Yang, S.; Li, Y,; Dai, L.; Wang, J.; He, P; Li, C.; Fang, X.; Wang, C.; Zhao, X.; Huang, E.; et al. Safety and Immunogenicity
of a Recombinant Tandem-Repeat Dimeric RBD-Based Protein Subunit Vaccine (ZF2001) against COVID-19 in Adults: Two
Randomised, Double-Blind, Placebo-Controlled, Phase 1 and 2 Trials. 2021. Available online: https://www.ncbinlm.nih.gov/
pmc/articles/PMC7990482/ (accessed on 22 August 2022).

A Phase III Clinical Trial to Determine the Safety and Efficacy of ZF2001 for Prevention of COVID-19. Available online:
https:/ /www.clinicaltrials.gov/ct2 /show /NCT04646590 (accessed on 22 August 2022).

Zhang, Y.; Banga Ndzouboukou, J.-L.; Gan, M.; Lin, X; Fan, X. Immune evasive effects of SARS-COV-2 variants to COVID-19
emergency used vaccines. Front. Immunol. 2021, 12, 771242. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8645832/#B81 (accessed on 22 August 2022). [CrossRef]

Registro Publico Cubano de Ensayos Clinicos. Soberana 02. Available online: https:/ /rpcec.sld.cu/en/trials/RPCEC00000340-En
(accessed on 22 August 2022).

Registro Publico Cubano de Ensayos Clinicos. Soberana 02A. Available online: https:/ /rpcec.sld.cu/en/trials/RPCEC00000347-
En (accessed on 22 August 2022).


https://clinicaltrials.gov/ct2/show/NCT04840992
http://doi.org/10.1016/S0140-6736(20)31605-6
http://www.ncbi.nlm.nih.gov/pubmed/32702299
https://clinicaltrials.gov/ct2/show/NCT04526990
https://clinicaltrials.gov/ct2/show/NCT04526990
http://www.chictr.org.cn/showprojen.aspx?proj=52227
https://jamanetwork.com/journals/jama/fullarticle/2769612
http://doi.org/10.1001/jama.2020.15543
http://www.ncbi.nlm.nih.gov/pubmed/32789505
https://clinicaltrials.gov/ct2/show/NCT04510207
http://doi.org/10.1001/jama.2021.8565
https://rpcec.sld.cu/en/trials/RPCEC00000346-En
https://rpcec.sld.cu/en/trials/RPCEC00000346-En
https://rpcec.sld.cu/en/trials/RPCEC00000359-En
https://rpcec.sld.cu/en/trials/RPCEC00000359-En
https://www.medrxiv.org/content/10.1101/2021.11.30.21267047v2
https://www.medrxiv.org/content/10.1101/2021.11.30.21267047v2
https://europepmc.org/article/med/34516531
https://clinicaltrials.gov/ct2/show/NCT04527575
https://www.iimmun.ru/iimm/article/view/1699?locale=en_US
http://doi.org/10.15789/2220-7619-ASB-1699
https://www.clinicaltrials.gov/ct2/show/NCT04780035?term=vaccine&cond=Covid19&draw=2
https://sciendo.com/pdf/10.2478/ebtj-2021-0017
https://clinicaltrials.gov/ct2/show/NCT04445194
https://clinicaltrials.gov/ct2/show/NCT04445194
https://clinicaltrials.gov/ct2/show/NCT04466085
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990482/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990482/
https://www.clinicaltrials.gov/ct2/show/NCT04646590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8645832/#B81
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8645832/#B81
http://doi.org/10.3389/fimmu.2021.771242
https://rpcec.sld.cu/en/trials/RPCEC00000340-En
https://rpcec.sld.cu/en/trials/RPCEC00000347-En
https://rpcec.sld.cu/en/trials/RPCEC00000347-En

Vaccines 2022, 10, 2086 26 of 26

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

Eugenia-Toledo-Romani, M.; Verdecia-Sanchez, L.; Rodriguez-Gonzélez, M.; Rodriguez-Noda, L.; Valenzuela-Silva, C.; Paredes-
Moreno, B.; Sanchez-Ramirez, B.; Pérez-Nicado, R.; Gonzalez-Mugica, R.; Hernandez-Garcia, T.; et al. Safety and immunogenicity
of anti-SARS cov-2 vaccine Soberana 02 in homologous or heterologous scheme. Vaccine 2022, 40, 4220-4230. Available online:
https:/ /papers.ssrn.com/sol3/papers.cfm?abstract_id=3976701 (accessed on 22 August 2022). [CrossRef]

Registro Publico Cubano de Ensayos Clinicos. Soberana 02-FASEIII. Available online: https:/ /rpcec.sld.cu/trials/RPCEC0000035
4-En (accessed on 22 August 2022).

Toledo-Romani, M.E.; Garcia-Carmenate, M.; Silva, C.V.; Baldoquin-Rodriguez, W.; Pérez, M.M.; Gonzalez, M.C.R.; Moreno, B.P;
Mendoza Hernandez, 1.C.; Gonzélez-Mujica Romero, R.; Samén Tabio, O.; et al. Efficacy and safety of Soberana 02, a COVID-19
conjugate vaccine in heterologous three doses combination. medRxiv. Cold Spring Harbor Laboratory Press. 2021. Available
online: https://www.medrxiv.org/content/10.1101/2021.10.31.21265703v1 (accessed on 22 August 2022).
Oxford/AstraZeneca: Vaxzevria. COVID. Available online: https://covid19.trackvaccines.org/vaccines/4/ (accessed on 22
August 2022).

Polack, F.P,; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Marc, G.P.; Moreira, E.D.; Zerbini,
C.; et al. Safety and efficacy of the BNT162B2 mrna COVID-19 vaccine. New Engl. ]. Med. 2020, 383, 2603-2615. Available
online: https:/ /www.nejm.org/doi/full/10.1056 / nejmoa2034577#:~{}:text=A%20tw0%2Ddose%20regimen%200f%20BNT162
b2%20(30%20%CE%BCg%20per%20dose, vaccine%20efficacy%20greater?%20than%2030%25 (accessed on 22 August 2022).
Define_Me. Available online: https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(21)00358-8 / fulltext (accessed
on 22 August 2022).

About the Oxford COVID-19 Vaccine. 2020. Available online: https:/ /www.research.ox.ac.uk/Article /2020-07-19-the-oxford-
covid-19-vaccine (accessed on 4 January 2021).

Pfizer and BioNTech Choose Lead mRNA Vaccine Candidate against COVID-19 and Commence Pivotal Phase 2/3 Global Study.
2020. Available online: https://www.pfizer.com/news/press-release/press-release-detail / pfizer-and-biontech-choose-lead-
mrna-vaccine-candidate-0 (accessed on 4 January 2021).

Correspondent, S. Zycov-D, India’s First COVID-19 Vaccine for Those Above 12, gets Nod. The Hindu. 2021. Available on-
line: https:/ /www.thehindu.com/news/national/zycov-d-indias-first-covid-19-vaccine-for-those-above-12-gets-nod /article6
1427762.ece (accessed on 22 August 2022).

Organization of Defensive Innovation and Research: Fakhravac (MIVAC). Available online: https://covid19.trackvaccines.org/
vaccines/97/ (accessed on 22 August 2022).

Health Institutes of Turkey: Turkovac. Available online: https://covid19.trackvaccines.org/vaccines/77/ (accessed on 22 August
2022).

World Health Organization. The Sinopharm COVID-19 Vaccine: What You Need to Know. Available online: https://www.who.
int/news-room/feature-stories/detail / the-sinopharm-covid-19-vaccine-what-you-need-to-know (accessed on 22 August 2022).
Corbevax COVID-19 Vaccine. Welcome to Precision Vaccinations. Available online: https:/ /www.precisionvaccinations.com/
vaccines/corbevax-covid-19-vaccine#:~({}:text=In%20the%20pivotal %20Phase%20IIl, the%20globally %20dominant%20Delta%
20variant (accessed on 22 August 2022).

Zimmer, C.; Corum, J.; Wee S-lee Kristoffersen, M. Coronavirus Vaccine Tracker. The New York Times, 31 August 2020. Available
online: https://www.nytimes.com/interactive /2020/science/coronavirus-vaccine-tracker.html (accessed on 22 August 2022).
Ahn, ].Y; Lee, J.; Suh, Y.S,; Song, Y.G.; Choi, Y.J.; Lee, K.H.; Seo, S.H.; Song, M.; Oh, J.W.; Kim, M_; et al. Safety and immunogenicity
of two recombinant DNA COVID-19 vaccines containing the coding regions of the spike or spike and nucleocapsid proteins: An
interim analysis of two open-label, non-randomised, phase 1 trials in healthy adults. Lancet Microbe 2022, 3, e173-e183. [CrossRef]
Tuebingen: Covac-1. Available online: https://covid19.trackvaccines.org/vaccines/41/ (accessed on 24 August 2022).

Kalnin, K.V;; Plitnik, T.; Kishko, M.; Zhang, J.; Zhang, D.; Beauvais, A.; Anosova, N.G.; Tibbitts, T.; DiNapoli, J.; Ulinski, G;
et al. Immunogenicity and efficacy of mRNA COVID-19 vaccine MRT5500 in preclinical animal models. npj Vaccines 2021, 6, 1-2.
[CrossRef]

Ghasemiyeh, P.; Mohammadi-Samani, S.; Firouzabadi, N.; Dehshahri, A.; Vazin, A. A focused review on technologies, mechanisms,
safety, and efficacy of available COVID-19 vaccines. Int. Immunopharmacol. 2021, 100, 108162. [CrossRef] [PubMed]

Chaudhary, S.; El-Shorbagi, A.N.; Gupta, R.K.; Kumar, A. The recent updates on approaches and clinical trials status of COVID-19
vaccines developed globally. Biomed. Pharmacol. ]. 2021, 14, 1109-1124. [CrossRef]

Mendonga, S.A.; Lorincz, R.; Boucher, P.; Curiel, D.T. Adenoviral vector vaccine platforms in the SARS-CoV-2 pandemic. Npj
Vaccines 2021, 6, 97. [CrossRef] [PubMed]

Bayer, M. ICOSAVAX’s COVID-19 Shot Fails to Deliver in Early Data, Spurring Debate About ‘fatal flaw” in Platform. Fierce
Biotech. 2022. Available online: https://www.fiercebiotech.com/biotech/icosavax-covid-jab-underwhelms-early-company-
holds-out-hope (accessed on 24 August 2022).

Covepit COVID-19 Vaccine. Welcome to Precision Vaccinations. Available online: https://www.precisionvaccinations.com/
vaccines/covepit-covid-19-vaccine (accessed on 24 August 2022).

Patel, V.; Patel, K. Study of Awareness Regarding COVID-19 Vaccines among General Population. Preprint. 2021. [CrossRef]
Ghasemi, S.; Naderi Saffar, K.; Ebrahimi, F.; Khatami, P.; Monazah, A.; Alizadeh, G.A; Ettehadi, H.A.; Rad, I.; Nojehdehi, S,;
Kehtari, M.; et al. Development of inactivated FAKHRAVAC®vaccine against SARS-CoV-2 virus: Preclinical study in animal
models. Vaccines 2021, 9, 1271. [CrossRef]


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3976701
http://doi.org/10.1016/j.vaccine.2022.05.082
https://rpcec.sld.cu/trials/RPCEC00000354-En
https://rpcec.sld.cu/trials/RPCEC00000354-En
https://www.medrxiv.org/content/10.1101/2021.10.31.21265703v1
https://covid19.trackvaccines.org/vaccines/4/
https://www.nejm.org/doi/full/10.1056/nejmoa2034577#:~{}:text=A%20two%2Ddose%20regimen%20of%20BNT162b2%20(30%20%CE%BCg%20per%20dose,vaccine%20efficacy%20greater%20than%2030%25
https://www.nejm.org/doi/full/10.1056/nejmoa2034577#:~{}:text=A%20two%2Ddose%20regimen%20of%20BNT162b2%20(30%20%CE%BCg%20per%20dose,vaccine%20efficacy%20greater%20than%2030%25
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(21)00358-8/fulltext
https://www.research.ox.ac.uk/Article/2020-07-19-the-oxford-covid-19-vaccine
https://www.research.ox.ac.uk/Article/2020-07-19-the-oxford-covid-19-vaccine
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-choose-lead-mrna-vaccine-candidate-0
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-choose-lead-mrna-vaccine-candidate-0
https://www.thehindu.com/news/national/zycov-d-indias-first-covid-19-vaccine-for-those-above-12-gets-nod/article61427762.ece
https://www.thehindu.com/news/national/zycov-d-indias-first-covid-19-vaccine-for-those-above-12-gets-nod/article61427762.ece
https://covid19.trackvaccines.org/vaccines/97/
https://covid19.trackvaccines.org/vaccines/97/
https://covid19.trackvaccines.org/vaccines/77/
https://www.who.int/news-room/feature-stories/detail/the-sinopharm-covid-19-vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/the-sinopharm-covid-19-vaccine-what-you-need-to-know
https://www.precisionvaccinations.com/vaccines/corbevax-covid-19-vaccine#:~{}:text=In%20the%20pivotal%20Phase%20III,the%20globally%20dominant%20Delta%20variant
https://www.precisionvaccinations.com/vaccines/corbevax-covid-19-vaccine#:~{}:text=In%20the%20pivotal%20Phase%20III,the%20globally%20dominant%20Delta%20variant
https://www.precisionvaccinations.com/vaccines/corbevax-covid-19-vaccine#:~{}:text=In%20the%20pivotal%20Phase%20III,the%20globally%20dominant%20Delta%20variant
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html
http://doi.org/10.1016/S2666-5247(21)00358-X
https://covid19.trackvaccines.org/vaccines/41/
http://doi.org/10.1038/s41541-021-00324-5
http://doi.org/10.1016/j.intimp.2021.108162
http://www.ncbi.nlm.nih.gov/pubmed/34562844
http://doi.org/10.13005/bpj/2214
http://doi.org/10.1038/s41541-021-00356-x
http://www.ncbi.nlm.nih.gov/pubmed/34354082
https://www.fiercebiotech.com/biotech/icosavax-covid-jab-underwhelms-early-company-holds-out-hope
https://www.fiercebiotech.com/biotech/icosavax-covid-jab-underwhelms-early-company-holds-out-hope
https://www.precisionvaccinations.com/vaccines/covepit-covid-19-vaccine
https://www.precisionvaccinations.com/vaccines/covepit-covid-19-vaccine
http://doi.org/10.21203/rs.3.rs-537278/v1
http://doi.org/10.3390/vaccines9111271

	Introduction 
	COVID-19 Variants 
	Vaccines 
	Vaccine Vehicles 
	Traditional Whole-Pathogen Vaccines 
	The New-Generation Vaccines 
	Recombinant Protein Vaccines 
	Viral Vector-Based Vaccines 
	Bacterial Vector-Based Vaccines 
	Plasmid DNA Vaccines 
	Trained Immunity-Based Vaccines 
	Messenger RNA Vaccines 

	Phase I Clinical Trials 
	Phase II Clinical Trials 
	Phase III Clinical Trials 
	COVID-19 Vaccines Developed More Rapidly Than Ever Before 

	Results 
	Conclusions 
	References

