S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Infection and Public Health 15 (2022) 228-240

Contents lists available at ScienceDirect

urnal of Infection
and Public Health

Journal of Infection and Public Health

journal homepage: http://www.elsevier.com/locate/jiph

Review
The SARS-CoV-2 mutations versus vaccine effectiveness: New R
opportunities to new challenges St

Jonaid Ahmad Malik*"!, Sakeel Ahmed ', Aroosa Mir?, Mrunal Shinde®, Onur Bender",
Farhan Alshammari$, Mukhtar Ansari”, Sirajudheen Anwar’-*

a Department of Pharmacology and Toxicology, National Institute of Pharmaceutical Education and Research, Guwahati, India

b Department of Biomedical Engineering, Indian Institute of Technology (IIT), Ropar 140001, India

¢ Department of Pharmacology and Toxicology, National Institute of Pharmaceutical Education and Research, Ahmedabad, India
d Department of Pharmacology, Jamia Hamdard, New Delhi, India

¢ Department of Pharmaceutical Analysis, National Institute of Pharmaceutical Education and Research, Guwahati, India

f Biotechnology Institute, Ankara University, Ankara, Turkey

& Department of Pharmaceutics, College of Pharmacy, University of Hail, Hail, Saudi Arabia

h Department of Clinical Pharmacy, College of Pharmacy, University of Hail, Hail, Saudi Arabia

i Department of Pharmacology & Toxicology, College of Pharmacy, University of Hail, Hail, Saudi Arabia

ARTICLE INFO ABSTRACT
Article history: Background: The SARS-CoV-2 coronavirus epidemic is hastening the discovery of the most efficient
Received 27 October 2021 vaccines. The development of cost-effective vaccines seems to be the only solution to terminate this
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pandemic. However, the vaccines’ effectiveness has been questioned due to recurrent mutations in the
SARS-CoV-2 genome. Most of the mutations are associated with the spike protein, a vital target for several
marketed vaccines. Many countries were highly affected by the 2nd wave of the SARS-CoV-2, like the
UK, India, Brazil and France. Experts are also alarming the further COVID-19 wave with the emergence of

Ié?‘%?r{g: Omicron, which is highly affecting the South African populations. This review encompasses the detailed
Mutations description of all vaccine candidates and COVID-19 mutants that will add value to design further studies
Variant strains to combat the COVID-19 pandemic.

Vaccine efficacy Methods: The information was generated using various search engines like google scholar, PubMed, clin-
Clinical trials icaltrial.gov.in, WHO database, ScienceDirect, and news portals by using keywords SARS-CoV-2 mutants,

COVID-19 vaccines, efficacy of SARS-CoV-2 vaccines, COVID-19 waves.

Results: This review has highlighted the evolution of SARS-CoV-2 variants and the vaccine efficacy. Cur-
rently, various vaccine candidates are undergoing several phases of development. Their efficacy still
needs to check for newly emerged variants. We have focused on the evolution, multiple mutants, waves
of the SARS-CoV-2, and different marketed vaccines undergoing various clinical trials and the design of
the trials to determine vaccine efficacy.

Conclusion: Various mutants of SARS-CoV-2 arrived, mainly concerned with the spike protein, a key
component to design the vaccine candidates. Various vaccines are undergoing clinical trial and show
impressive results, but their efficacy still needs to be checked in different SARS-CoV-2 mutants. We
discussed all mutants of SARS-CoV-2 and the vaccine’s efficacy against them. The safety concern of these
vaccines is also discussed. It is important to understand how coronavirus gets mutated to design better
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COVE, Coronavirus Efficacy; PHE, Public Health Emergency; EUAL, Emergency Use Assessment and Listing; RCT, Randomised clinical trials; SAE, Serious adverse events; CNBG,
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NERVTAG, New and Emerging Respiratory Virus Threats Advisory Group; WGS, Whole-genome sequencing; SIADP, Sharing all influenza data platform; HPVV, Human
papillomavirus vaccine; RVZV, Recombinant varicella-zoster vaccine; HBV, Hepatitis B virus vaccine; NTD, N-terminal domain; RBD, Receptor-binding domain.
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new vaccines, providing long-term protection and neutralizing broad mutant variants. A proper study
approach also needs to be considered while designing the vaccine efficacy trials, which further improved
the study outcomes. Taking preventive measures to protect from the virus is also equally important, like
vaccine development.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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The SARS-CoV-2 is the new name assigned to the novel corona-
virus, previously called 2019-nCoV [1,3]. It emerged in late 2019
and caused a disease designated as COVID-19 (Corona Virus Dis-
ease 19). On 11 March 2020 is the date when WHO officially
stated the SARS-CoV-2 pandemic [2]. Till now, it affected 269 mil-
lion cases and 5.3 million deaths in 224 countries and territories.
With the emergence of Omicron, the COVID-19 cases grew up on
daily basis up to 0.6 million cases and thousands of deaths [4,5].
COVID-19 and its complications are most common in older adults,
front-line workers, and people with certain coexisting conditions.
Historically, the first SARS-CoV was discovered in China by the
end of February 2003. At the moment, at least seven coronavirus
types have been linked to human disease, including 0C43, NL63,
229E, HKU1, SARS-CoV, MERS-CoV, furthermost newly discovered
SARS-CoV-2 [6]. Based on their genomic structure and evolution-
ary connection, these seven kinds are divided into four categories:

MERS-CoV), gamma coronavirus, and delta coronavirus. Coron-
aviruses (CoVs) are part of the Coronaviridae family of viruses and
owns a massive single-stranded RNA genome of 26-32 kb [7]. RNA
viruses have a significantly higher mutation rate (about million
times) than their hosts, which is associated with changes in evolv-
ability and virulence, both of which are regarded favorable for viral
adaptability [8]. The chief reason for its global spread is their asso-
ciated mutations that are linked to the spike protein, crucial for the
attachment and virus entry in host cells via ACE2 [9]. According
to GISAID, three main SARS-CoV-2 clades have been found so far,
which are clade G (a variant of spike protein having S-D614G), clade
V (NS3-G251, ORF3a coding protein), and clade S (ORF8-L84S vari-
ant) [10]. Mercatelli et al. looked at 48,635 SARS-CoV-2 highlights
and matched them with Wuhan Reference Genome (NC 045512.2),
finding 353,341 mutation occurrences [11]. Wang et al. recently
recognized 13 variation sites in the SARS-CoV-2 genome, highly
prone to the mutation. These include ORF1ab, S, ORF8, ORF3a, and
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N terminal region. They found the highest mutation rate in posi-
tions 8782 in ORF1la and 28,144 in ORF8 with 9.47% and 30.53%,
respectively [12].

Emerging variants of SARS-CoV-2

As the COVID-19 broke out in China, the rise of various vari-
ants of the virus started appearing from different global locations
like B.1.1.7 from UK and B.1.351 from South Africa [13]. In the
South African variant, the transmission between individuals was
high regarding population immunity, which might have facilitated
the rise and spread [13]. These variants had mutations in the RBD of
S-protein, responsible for a high transmission rate among individ-
uals [14]. The transmission rate was 40-70% more than the original
virus [15]. The South African variant had two more mutations in the
S-protein that made the virus escape from neutralizing antibodies.
In Manaus, Brazil, another set of mutations in the new strain P.1
lineage was identified [ 16]. Because the number of new SARS-CoV-
2 mutations is constantly growing, the clinical effect is unknown.
Many variants of SARS-CoV-2 are emerging, but will they have
different clinical effects? Almost all viruses mutate; however, the
SARS-CoV-2 virus mutation has made life uncomfortable through-
out the globe, being its symptoms, deaths, economy, quality of life,
etc. The NERVTAG from the UK, on 21 January 2021, published an
article describing the results from many preliminary outcomes of
the B.1.17 variant. This variant from the UK was detected in the
south of England in September of 2020, and it was reported that
the transmission rate is very high [17]. Because of the high trans-
mission rate, it got transmitted to dozens of other countries and
still spreading. The B.1.17 contains about seventeen mutations, of
which eight are in spike protein. The main problem of these muta-
tions is that the vaccines approved in the UK are based on spike
protein only to pose effects on efficacy. It was also proposed that the
B.1.1.7 has the possibility of an increased mortality rate compared
to the non-mutated virus, as reported by NERVTAG [17].

The other variant of SARS-CoV-2 includes P.1 that has emerged
from Brazil since mid of 2020. This variant was highly infectious,
which made Brazil the third affected country in the world. The
surge of infections was massive, struck Manaus city, and led to the
Brazilian healthcare system [17]. The other variant of SARS-CoV-2
includes B.1.351, which was identified in South Africa in 2020. The
South African variant has led slight reduction in the production of
neutralizing antibodies [17].

The different variants of SARS-CoV-2 are emerging, and the
infectivity rate is also increasing. The fact is that how the virus is
mutating needs to be understood. The generation of different vari-
ants in the laboratory and then investigating those variants against
the approved vaccines can provide answers regarding the effi-
cacy of vaccines, infectivity rate, antibody titers, and various other
prospects that can be thought of. However, an initiative was taken
by a newly formed G2K-UK Virology Consortium, investigating how
the different known variants will impact the global pandemic. It is
collaborative research led by ten other institutes in the United King-
dom that will work parallelly with the COVID-19 genomics. The
United Kingdom has produced 400 thousand genomic sequences
of SARS-CoV-2 to investigate the effect of different variants on the
vaccine efficacy, pathophysiology, severity of infection, and what
else is possible. The main goals will be to investigate the mutation
impact on the transmission rate between subjects, the efficacy of
vaccines, and different treatment by using various cell-based and
animal-based models in experimental investigations to decipher
the effect of mutations on the marketed vaccines.

As the virus is continuously changing since it emerged in the
Wauhan city of China [2] people desperately waiting for the vac-
cine, soitis essential to determine how it is changing. The potential
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of vaccine escape is crucial; however, Hibberd points out that
the present variants have evolved concerning transmission rate
and responsiveness towards the vaccines. The SARS-CoV-2 vari-
ants with or without mutations will be focused on consortium
work and investigating the change of virus behaviour with each
mutation. Our understanding of vaccinations will be dramatically
influenced when epidemiological and experimental data on strains
and mutations are obtained.

SARS-CoV-2 evolution

There is hardly any part of the world that has not seen the
SARS-CoV-2 pandemic; surprisingly, the development of vaccines
was also parallelly in line with the rising cases. Presently several
vaccines have been marketed, and countries worldwide are immu-
nizing their people rapidly, keeping in mind that it is the only
solution for the COVID-19 pandemic neutralization. The vaccines
that have been approved are mostly spiked protein-based or mRNA
developed by Pfizer-BioNTech vaccines and Moderna. The other
vaccines are adenovirus vector-based, developed by Oxford Astra
Zeneca, Cansino and Johnson and Johnson, etc. The WGS has pro-
vided around 36,000 SARS-CoV-2 sequences on the global initiative
on SAIDP for rapid vaccine development [19]. The sequence pro-
vided a directional path for the scientists to track the spread of
different lineages throughout the globe [20,21].

Several research studies have claimed an association between
SARS-CoV-2 genomic changes and the subject’s immune reactiv-
ity. In this scenario, we discuss that the changes that occurred had
any impact on the vaccine efficacy? The previously developed vac-
cines like mumps, rubella, measles, rotavirus, sabin oral poliovirus,
influenza, hepatitis A, rabies, and yellow fever present the whole
virus either as inactivated or live-attenuated, which results in the
polyclonal B-cell response against many epitopes. This may be the
reason that the diversity of humoral and cell-mediated immunity
leads to the explanation of why no vaccine escape strains have been
demonstrated for these viruses [22]. In the case of the influenza
virus, which is an exception, the mutation in the haemagglutinin
and neuraminidase antigens is causing structural alterations in the
epitopes that are not recognized by the immune system. So, the vac-
cine might be failing to prevent new mutant strains [22]. Reports
suggests that the human convalescent plasma like in human coro-
navirus 229E is matching with influenza, and with time the human
coronavirus 229E renders the subjects ineffective to neutralize the
novel mutant strains [23,24].

The influenza virus data could tell us that evolution of the
corona virus might lead to the compromission of vaccine efficacy.
Immunocompromised patients are highly susceptible to SARS-CoV-
2 infection, result in the generation of SARS-CoV-2 mutants [25].
It has been reported that the length of antigen that is used by
presently marketed SARS-CoV-2 vaccines is short, comprising of
around 1270 AAs. The antibody response is restricted to RBD and
NTD only [61]. Due to drift in the antigens might cause mutations
because of many possible reasons like naturally occurring infec-
tion, natural selection, or the vaccine itself. The mutations in the
sequence of an antigen will lead to a loss of antibody neutralization.
So, the monoclonal antibodies against a particular vaccine sequence
led to a decrease in the efficacy. These events have been demon-
strated by previous vaccines like RSV, polio, measles, and present
one SARS-CoV-2 [26,27].

The other report is that the polyclonal antibodies can also
mutate, and as a result, they are unable to neutralize the target.
These findings have been reported in SARS-CoV-2 subjects. T virus
was allowed to grow in the convalescent plasma of the recov-
ered subjects [28]. The mutation in the RBD and NTD after serial
passages were generated, which allowed the virus to escape from
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antibody neutralization. The convalescent plasma from twenty sub-
jects could not neutralize the SARS-CoV-2 when the virus grew in
the plasma. The AAA was selected to be mutated Glu484Lys in the
RBD as was found in the SARS-CoV-2 variant-B.1.351, spreading fast
in South Africa [29,30]. It was also reported that the SARS-CoV-2
variants like 501Y.V2 with substitutions in Glu484Lys, Lys417Asn,
and Asn501Tyrin the RBD and, Asp215Gly, Asp80Ala, Leu18Phe,
242-244del and Arg246lle in the NTD are less prone to antibody
neutralization by the Plasma sera from the patients which were
exposed to previous different variants [31]. One investigation has
claimed a complete loss of neutralizing efficacy in the high number
of samples [32].

The investigation on the variants of SARS-CoV-2 has suggested
that the coronavirus can evolve with high resistance to immune
system neutralization. There is a lot of variability among different
individuals as a response to S-protein [28]. There was a one to a
three-fold reductionin the antibody neutralizing titers in the sera of
vaccinated subjects against Asn501Tyr, Lys417Asn, and Glu484Lys
in contrast to the extensive decrease glimpse in the selection study,
and no subject demonstrated loss of antibody neutralizing efficacy
[28]. So, in the vaccinated subjects, it has been [34] common con-
cern regarding virus neutralization. Thus, a thorough study is in
demand to investigate the efficacy of antibody neutralization in
the licensed vaccines against SARS-CoV-2 variants.

Mutation associated with SARS-CoV-2 and new wave of
SARS infectivity

Scientists around the world are tracing variations in the SARS-
CoV-2.These assist researchers in exploring the mechanism behind
why specific COVID variants are spreading faster than the other
variants, how they affect people’s health, and how different effica-
cious vaccines are in combating these strains. Thousands of variants
have been found after disclosure of the SARS-CoV-2 genomic
sequences [35]. In most cases, these variants result from mutations
originating from random changes in SARS-CoV-2 genomic copies
within the infected person. Now, numerous variants of SARS-COV-
2 are circulating globally [35]. The CDC classified these into three
categories that need to be monitored, namely Variant of Interest
(VOI), Variant of Concern (VOC), and Variant of High Consequence
(VOHC) [35]. Various reported variants are demonstrated in Fig. 1.

Studies conducted to determine the variation in the SARS-
CoV-2 genomic sequence identified several regions in the genome
responsible for the increased variation [36]. Most of the spike
protein-associated mutation includes E484K, P681H, 144 Del,
N501Y, H69-V70 Del, D614G, T19R, K77T, G142D, E154K, N440K,
L452R, T478K, E484Q, P681R, D950N, Q1071H, H1101D, H69-V70
Del, etc. results in conformationally changed spike protein. These
mutations in spike protein raises the alarm concerning its disease-
causing ability, transmissibility, and impact on vaccine efficacy by
variants. Due to the emergence of the new South Africa and UK ver-
sions, an unexpected increase in cases of COVID-19 was recorded at
the end of 2020. Both versions a common mutation (N501Y) associ-
ated with the RBD of spike protein, which increased its transmission
in the range of 40%-70% [37,38].

Alpha/UK variant

The first variant of SAR-CoV-2, also named B.1.1.7, was reported
to be found in southeast England in September 2020. Several
nations, including the United States, have reported with B.1.1.7
lineage since 20 December 2020. At this time, its leading VOC
accounting for most of the COVID-19 cases of Europe (92%) and
the USS (59%) as of April 2021. In this variant, the Asparagine (N)
at position 501 is replaced with the amino acid Tyrosine. Studies
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Fig. 1. Demonstrates all the variants of the SARS-CoV-2 (Black) with the associated
key mutations (Brown).

suggest this variant is more infection rate of having than the pre-
vious one with an increment in the death rate of 60% [39,40]. This
variant contains approx. Seventeen mutations, most of them are
associated with spike protein, including E484K, P681H, 144 Del,
N501Y, H69-V70 Del, D614G, etc. Among them, N501Y was found
to help the virus tightly bound with the ACE2 receptor [41,42].
E484K is the escape mutation that helps to evade the immune sys-
tem (Escape Antibodies); deletion of Y144 reduces the antibody’s
binding affinity. When compared to other variants, no differences
were found in reported symptoms or duration of disease in indi-
viduals infected via B.1.1.7, registered in the study published in The
Lancet [43]. Another cohort study on 341 patients, among them 198
and 143 are positive and negative for the B.1.1.7 infection, respec-
tively, also suggested no association among severity of disease and
death and lineage [44]. Sub-lineages of these variants have also
been detected, containing additional mutation M:V70L and D178H,
which first appeared in February 2021 up to April 2021 swiftly rose
to account for 1.8% and 36.8% in the United States and Washington,
respectively. Sub-lineage B.1.1.7-M:V70L-S: D178H is dominantly
found in the US as of 8 May 2021. The majority of instances were
discovered in Washington, California, and Ohio [45]. Various stud-
ies are ongoing to find out the actual transmission and the vaccine
efficacy against this variant.

Beta/South Africa variant (SAA) 501.V2/B.1.351

This variant at first discovered in South Africa at the end of
October 2020. Spike protein of this variant features numerous
mutations, comprising K417N, E484K, and N501Y. Contrary to
B.1.1.7 lineage found in the United Kingdom, B.1.351 lacks dele-
tion at 69/70. Mutations like K417N and E484K are accountable for
immunological escape in the 501Y.V2 variant [46].

Gammay/Brazilian variant 501Y.V3/P.1

BVV, also known as B.1.1.28. This clade has become the most dis-
seminating lineage in Brazil and started in February 2020. Variant
contains N501Y, E484K, and K417T mutations in a new P.1 lineage

231



J.A.Maliketal.

(501Y.V3), found out in Brazil [47]. This is the earliest variant with
the S protein mutated at E484K and discovered in October 2020
from the patients in Rio de Janeiro. However, phylogenetic anal-
ysis indicates that the variant most probable arose in July 2020
[48]. Reduction in the neutralizing capacity of convalescent and
mRNA vaccine-provoked blood serum results from these alter-
ations [49]. Since then, the 484 K.V2 variety has expanded to the
UK, US, Singapore, Norway, Denmark, Argentina, and many more.
The E484K mutation, getting so much interest from the researcher
because evidence suggested that it could allow immunological
escape [50]. As of March 2021, preliminary studies indicated about
10x more viral load and transmissibility rate 1.4x-2.2x higher
with P.1 infection than other COVID-19-infected people. Younger
humans are more prone to infection without gender difference.
Lethality increases by 10-80% and can evade 25-61% of previous
Corona immunity. Several vaccines were found to be much less
efficient than others [51,52]. Two subvariants of P.1, 28-AM-1 and
28-AM-2 having K417T, N501Y, E484K mutations and thought to
be autonomously originated in the same Brazilian Amazonas region
(Toovey et al., 2021).

Delta/India/double mutant (B.1.617) variant

B.1.617 is the official designation for the double mutant, which
contains 13 mutations, seven of which are in the spike protein. In
this strain first time, both the L452R and E484Q mutation appeared
together. The E484Q mutation is noteworthy because it close to the
E484K mutations previously reported in the SVV and BVV B.1.351
and P.1 [53].

Delta/India/triple mutation (B.1.618)

Triple mutant simply means a variant of the COVID which
formed when three different mutants combined [54]. The vari-
ant was first found in Maharashtra (October) then subsequently
in some other state of India. It evolved from the double mutant
COVID. The deletion of H146 and Y145 distinguishes the spike pro-
tein and mutations E484K and D618G [55]. WHO classified this
strain/variant as “VOC” and “VOI” according to the CDC [35,56].

AL.20C-B.1.427 and B.1.429

In recent months, the US reported several variants. Among these
variants, one is registered in California found with the L452R muta-
tion, deemed a variant of concern. There are two versions of the
CAL.20C variant: B.1.427 and B.1.429. These variants thought to
produce a more solid adhesion, preventing neutralizing antibodies
from interfering with the process. Shreds of evidence are required
to determine the severity and transmission of this variant [41].
L452R mutation-carrying California variety could be up to 20% more
transmissible than wild-type strains [57].

Vietnam variant

On 29 May 2021, a new COVID-19 variant is discovered in Viet-
nam. This variant is the hybrid of variants found in India and the UK
and seems to be spread through the air very quickly. The genome
data of these variants is not published yet, but it will be posted very
soon and by the Health Minister of Vietnam [58].

Omicron (B.1.1.529)

On November 09, 2021, the first case of B.1.1.529 was reported
in Botswana (South Africa), subsequently to WHO on November 24,
2021, which was further declared as a VOC on November 26, 2021
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[59]. The emergence of this variant again put the scientific commu-
nity in big trouble. It is still a question whether this new variant has
high infectivity or transmissibility than previous variants. Omicron
sequence revealed that it is associated with S-gene target failure
(can be used as a marker) and has 69—70del which seems sim-
ilar to the alpha variant [44]. It also has more than 30 mutations,
including T95I, K417N, N501Y, T478K, N679K, G142D/143—145del,
and P681H. These mutations are already reported in previous VOC
(alpha, beta, gamma, and delta) [60]. Past genome sequencing sug-
gested that these deletions and mutations are associated with
increased viral transmissibility, higher antibody escape, and viral
binding affinity [61,62] but still required confirmation for Omicron.
Genomic analysis also revealed that omicron spike’s protein com-
prises 26 amino acids, which makes it quite different from past
variants. Another quite different insertional mutation (ins214EPE)
was also reported in Omicron [63]. There is a need to explore the
omicron transmissibility compared to delta variants. With contin-
uous growing cases in South Africa (SA), this variant might succeed
the delta variant in SA. Currently available data from SA patients
suggest that most people affected with Omicron are younger and
represent the same symptoms as past variants [64]. Current muta-
tions’ explorations indicate that Omicron might be spread rapidly
and might be escape antibodies at far more rate than previous SARS-
CoV-2 variants [59,65]. Genovese performed mutational analysis of
Omicron and suggested that (1) Omicron have more ACE binding
than delta variant, results in increased infectivity (2) way of the
interaction of Omicron with ACE is also different from the exist-
ing one, the reason behind the different type interaction is the
presence of AK mutation in the RBD, which further enhance its
binding with ACE and antibody escape [66,67]. As Omicron share
SO many common mutations with past variants so, it is expected
that available vaccine may be helpful for the prevention of further
burden of SARS-CoV-2 cases, but still studies required to confirm
this assumption.

SARS-CoV-2 vaccines efficacy (VE)

VE is defined as the disease risk in the participants who received
the vaccine relative to the risk of disease for unvaccinated individ-
uals in a controlled study. The 0% efficacy indicates that the vaccine
is ineffective. If vaccine efficacy is 50%, it means half of the peoples
having the risk of infection. Because the studies were conducted
with diverse populations, locations, and viral types, comparing the
efficacy of the various vaccinations is difficult [68].

In this current global pandemic of COVID, safe and effective vac-
cines are the most cost-effective solution to reduce the further
global burden of COVID-19 [69]. According to the center of vac-
cine at the London School of Hygiene & Tropical Medicine [70,71]
as of 13 May 2021 total of 317 vaccines candidates are in a differ-
ent phase of development in 94 clinical trial centres comprising
29 in Phase I, 28 in Phase I-II, 8 in Phase II and 22 in Phase III
of the development. More than 1.35 billion shots of the vaccine
were administered, which is the world’s most extensive vaccina-
tion campaign ever in history. 22.4 million doses are administered
daily basis [72] yet there is still some hesitation in the population
about the vaccine efficacy. According to the WHO vaccine, “hesi-
tancy — refers to a person’s hesitation or inability to get vaccinated
even though vaccines are available” is one of the significant health
threat globally [73]. Due to this hesitation, the prevalence of COVID-
19 is continuously increasing. The herd immunity threshold for
SARS-CoV-2 lies in between 60%-83% [74]. One way to reduce this
hesitation is to educate the general population by communicating
with the scientific community to acquire the people’s trust, ensure
increased vaccine uptake, and ultimately boost herd immunity.
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One reason people hesitate about the vaccine’s efficacy is rapid-
ity in the development, production, and approvals. When compared
to the conventional vaccine approval process, the approval is five
times faster in the case of the COVID-19 vaccines. On the other
hand, the use of novel technologies in vaccine development, such
as the DNA and RNA vaccine, which will be transformed into vaccine
antigen protein in the host body, instead of the traditional vaccine,
where the protein is purified and then directly delivered, will help
to accelerate the development of these vaccines. Although mRNA
vaccines are new but not unknown, researchers also studied Zika,
rabies, flu,and CMV [75]. After discovering the SARS-CoV-2 genetic
sequence in January 2020, multiple mRNA vaccines for COVID were
developed to target spike protein [76]. The development of the
mRNA-based vaccine to prevent COVID-19 infection was a suc-
cess story with no significant health consequences. Only minor side
effects like; redness, pain, and swelling have been reported with
these vaccine candidates. Apart from this, a systemic symptom of
fatigue, fever, headache, and myalgia and arthralgia also observed
inthe window period of the first 24-48 h of vaccination [77]. Several
vaccine candidates are being developed against SARS-CoV-2 they
have begun or will begin in large-scale, RCT and placebo-controlled
clinical trials soon. There are various vaccine candidates in Phase 3
on a variety of vaccine platform:

The whole SARS-CoV-2 virus as a vaccine and how is its efficacy?

The SARS-CoV2 Pandemic is one of the deadliest viruses that
the universe has ever seen, impacting every domain of society. The
other uniqueness of this virus is that about 155 lead vaccine candi-
dates were developed globally, and many were marketed within
nine months, which is not less than a miracle. Several research
groups have published results from phase one and two clinical
trial of vaccine candidates generated from vaccine platforms [78].
As this pandemic virus is novel to the human race, it is tough to
predict the possible adverse effects, whether short-term or long-
term, because it is critical to add clinical outcome patient data
to toxicity and immunogenicity of vaccines SARS-CoV-2 [78]. An
investigation led by Xia et al. provided evidence for the safety and
immunogenicity of the whole virion of SARS-CoV-2 inactivated by
a B-propiolactone emulsified with Al(OH); which was developed
by CNBG and BIBP [79]. This vaccine candidate was evaluated in
randomized, double-blind, placebo-controlled phase 1/2 trials in
healthy subjects around 18 or older. This investigation was one of
the first examined research on whole inactivated SARS-CoV-2 virus
vaccine candidates on older people with more than sixty, which
were highly susceptible to infection. This vaccine was given at a
two-dose strategy at three concentrations of 2 pg, 4 wg, and 8
pg/dose. It was observed that both the younger and older aged
subjects tolerated well, and surprisingly the younger had more
solicited adverse effects than older ones. After vaccination, the
overall rates of these adverse effects were observed in 47% of sub-
jects in 72 number of 18-59 and 19% in more than 60 years of
age within 28 days [78]. The vaccine candidate was showed sim-
ilar immunogenicity in both aged groups. The geometric mean of
antibody titers against SARS-CoV-2 was measured by 50 neutral-
ization assay fourteen days after the second dose were 81,211 and
229in 18-59 aged group and 81,132 and 171 in >60-year-old group
at the doses of 2 g, 4 g, and 8 g concentration. The researchers
also investigated the cross-reactivity of the neutralizing antibod-
ies against virus many isolates, and it was demonstrated that the
vaccine showed protection and appear in the blood. In phase-II of
the vaccine in the 18-59 aged group, the effect of decreasing the
time gap between two doses from 28 days to 14/21 days on the
immunogenicity potential was investigated. It was reported that 4
g had high immunogenic potential at a 21-day time gap with an
antibody titter of 283. Still, when the time was reduced to 14 days,
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Fig. 2. Demonstrates the efficacy of approved SARS-CoV-2 vaccines.

there was a significant decrease in immunogenicity with a neutral-
izing antibody titer of 170 [80]. So, these results suggested that the
immunogenicity will decrease when the time gap of fewer than 3
weeks between two doses should be less than 3 weeks.

The two vaccines developed by WIBP and the other by BIBP
demonstrated similar adverse effects and the antibody titers after
vaccination, indicating the reproducibility of patient/clinical trials
of the same vaccination methods produced by different manufac-
turers [79]. However, the primary concern of using the whole virus
as avaccine ensures almost allimmunogenic epitopes, which is cru-
cial for considering the safety and efficacy of vaccines. The improper
inactivation processes of vaccines can change the properties of
the epitopes, as previous inactivated vaccines have demonstrated,
which led to the production of non-neutralizing antibodies, caus-
ing disease induction rather than prevention [78]. So, the proper
inactivation of vaccines can often result in a better prognosis, like
keeping this strategy in mind. The CNBG-BBNG developed vac-
cine showed no disease enhancement in pre-clinical animal models
with better protection [81]. The important point is that all pre-
clinical animal models have not been worked out for stimulating
the ADDE in human subjects. The long-term vigilance of quali-
tative and quantitative characteristics of the antibodies against
SARS-CoV-2 post-vaccine administration is crucial to determine for
claiming protection. The generation of memory B-cells and T-cells is
critical to producing long-lasting protection against this pandemic.
The virus-specific T-cells like CD4 will help the B-cells produce the
optimal antibody response. The cytotoxic T-cells are also crucial to
wipe out the virus from the body when the anybody generation
is undergoing [82]. If the vaccines successfully generate memory
B-cells and T-cells and high affinity neutralizing antibodies, it will
be a wonder. It will give considerable relief to people all over the
world. Approved vaccine efficacies are listed and demonstrated in
Table 1 and Fig. 2.

Pfizer-BioNTech mRNA vaccine (BNT162b2)

BioNTech vaccine is a Lipid Nanoparticle Particle (LNP) formu-
lated vaccine designed by modifying the SARS-CoV-2 spike protein
mRNA so that its expression is increased with a mutation in two
Proline residues helps in locking into pre-fused conformation [83].
The MHRA (United Kingdom) was the first regulatory body to give
EMU for Pfizer-BioNTech mRNA vaccine (BNT162b2) in the vac-
cination program of the UK for healthcare staff and the elderly.
Meanwhile, anaphylaxis was observed in two elderly ladies (40
and 49 years old) who had known food and drug allergies and
were carrying epinephrine auto-injectors [90]. Phase I investiga-
tions of BNT162b2 revealed 100% anti-spike seropositivity by day
21, followed by the booster dose at 28 to increase to titer more
than convalescent participants [84]. The increase of spike-specific
CD8+and Th1 subtype CD4+ T-cell responses was also observed in a
follow-up paper, with a large portion generating interferon-y [85].
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Table 1
Vaccines authorized for emergency use or approved for full use.
Sr.no Vaccine name Manufacturer Types of vaccine  Country of origin Dose  Storage (°C) Efficacy References
1 BNT162b2 (Community) Pfizer-BioNTech mRNA Germany, United States 2 —80 to —60 95% [117]
2. mRNA-1273 Moderna mRNA United States 2 —-25to -15 94.5% [118]
3. Ad26.COV2.S Janssen (Johnson & Johnson)  Viral vector United States, Netherlands 1 2-8 66.3% [75]
4, AZD1222 (Vaxzevria) Oxford-AstraZeneca Viral vector United Kingdom, Sweden 2 2-8 81.3% [93]
(Covishield)
5. Ad5-nCov CanSino Viral vector China 1 2-8 65.28% [120]
6. Sputnik V Gamaleya Viral vector Russia 2 —18.5(2year) 91.6% [102]
2-8 (6 month)
7. Covaxin Bharat Biotech Inactivated India 2 2-8 80.6% [109]
8. BBIBP-CorV Sinopharm (Beijing) Inactivated China 2 2-8 79.34% [89,121]
9. NVX-CoV2373 Novavax Protein subunit ~ United States 2 2-8 (6 month) 96.4% [116]
—20 (2 year)
10. Inactivated (Vero Cell) Sinopharm (Wuhan) Inactivated China 2 2-8 72.51% [69]
11. CoronaVac Sinovac Inactivated China 2 2-8 50.38% [109]
12. CoviVac (KoviVac) Chumakov Center Inactivated Russia 2 2-8 Unknown [123]
13. QazCovid-in (QazVac) Kazakhstan RIBSP Inactivated Kazakhstan 2 2-8 Unknown [124]
14. RBD-dimer Anhui Zhifei Longcom Protein subunit China 3 2-8 Unknown [125]
15. EpiVacCorona FBRI Protein subunit ~ Russia 2 2-8 Unknown  [126]

Total 43,448 participated in the safety study of Pfizer-BioNTech
mRNA vaccine conducted in the US and Germany; among them,
21,720received BNT162b2, and others received placebo. BNT162b2
group reported the pain at the injection site (mild-moderate)
just after the seven days, and 1% of participants reported severe
pain, more frequent in the peoples below the age of 55. Approx.
16%, 11% younger and older recipients reported fever respectively
post-second dose. Some BNT162b2 recipients have experienced 4
major adverse events associated with the vaccine: shoulder injury,
adenopathy, PSVT, and paraesthesia in the right leg. BNT162b2
(dose 30 g, given 21 days gap) was proven safe with 95% effica-
cious against COVID-19 in a two-dose regimen [86]. According to
one study, after the first dose of the BNT162b2 vaccine, infection
rates reduced 58%, 69%, and 72% after 12-20, 21-44, and 45-59
days respectively when compared to controls (unvaccinated) [87].

Moderna (mRNA-1273 vaccine)

Safety and efficacy were recently demonstrated for Moderna
vaccine candidate mRNA-1273 at the NIAID. Phase I study of mRNA
1673 revealed the 100% seropositivity for anti-spike independent
of dose which retained above to convalescent controls up to 90
days after the second shot of immunization, meanwhile there were
increase the S-specific Th1 subtype CD4+ T-cell but low level of
CD8+ were observed (Widge et al., 2021). Coronavirus Efficacy
(COVE) named to the phase 3 trial conducted to access the mRNA-
1273 safety and efficacy and result showed that vaccine is having
94.1% efficacious in the prevention of the Infection of SARS-CoV-2
with mild to moderate local reactions and some moderate-severe
reaction like fatigue, arthralgia (joint pain), myalgia (muscle pain)
and headache reported by the 50% of the participants after the
second dose and all these are self-resolved [88,89]. CDC has also
reported that anaphylaxis is reported within 15 min after injection
in 2.5 cases/million administered doses [90].

Oxford-AstraZeneca COVID-19 vaccine (Covishield)

The AstraZeneca-Oxford University and SII develop Covishield.
Aviral vector-based vaccine in which adenovirus ChAdOx1, a mod-
ified vector from chimpanzee, is used. In phase I/l studies, the
vaccine proved to be safe with an increase in antibody rate after the
first shot additional increases on the second shot. Anti-IgA and IgG
antibodies against SARS-CoV-2 spike protein were readily found
in sera from vaccinated participants following immunization, indi-
cating that B-cells were activated and increased in large numbers
[91]. Flow cytometry confirmed the predominant secretion of Th1

cytokines (IL-2, IFN-vy, and TNF-a) by CD4+ T-cells instead of Th2
(IL-5 and IL-13) [92]. On the first dose, the efficacy of this vaccine
is reported 76.0% after 22 days and 81.3% after the second shot
of vaccine) [93]. It shows 75% efficacy against UK variant, and for
other lineages, efficacy is 84% [93]. This vaccine has a good safety
profile except for some mild side effects, including pain at the injec-
tion site, headache which are self-resolved after some time. MHRA
also reported some cases of anaphylaxis [94]. European Medicines
Agency recently reported a rare, very serious side effect of a blood
clot associated with the low platelet counts approx. 1 case in 1 lakh
vaccinated people [95].

Sinopharm COVID-19 vaccine

The first vaccine to approved in China for widespread use, and
Sinopharm developed it. It is inactivated virus vaccine also known
by the name of Sinopharm BBIBP-CorV. In phase I/Il randomized
clinical trials, the vaccine was safe and well-tolerated when tested
on two different age groups with two doses (4 pg) on 0 and 21
(28) days. On day 42, all vaccination recipients developed antibody
responses to SARS-CoV-2. The study concluded that the neutraliz-
ing antibody titer was stronger with one dose of 8 g vaccinated
participants and two doses of 4 pg at day 0 and 14 compared to
the participants who received two doses on day 0 and 21 (28) [96].
The aluminium used with this vaccine is found to elicit the Th2
response [83]. A total of 60,000 people worldwide took part in the
vaccine’s phase III clinical studies [98]. According to the data pro-
vided by the WHO regarding phase III, the vaccine is 78.1% effective
against the COVID-19 (symptomatic)[99] before that UAE’'s MOHAP
announced its efficacy 86% [100]. The WHO authorized EUA for use
in COVAX on 7 May 2021 [101].

Gamaleya Sputnik V (Gam-COVID-Vac)

Sputnik V is a human adenovirus vector-based vaccine in which
rAd26 and rAd5 are used. The “V” in the name stands for the
vaccine. In Phase II trials, all participants produced anti-spike pro-
tein antibodies. Moreover, after 42 days, all participants showed
neutralizing Ab response which was earlier found only in 61% of
participants in the phase I study. The Ab titer was found 1.5 x higher
than the convalescent patients. After 28 days of Phase II trials in all
participants, the Th-cells (CD4+) and killer T-cells (CD8+) response
increased up to 2.5% and 1.3% of Th and Killer T-cells, respectively,
with the frozen formulation.

The phase 3 trial of Sputnik V exhibited 91.6% effectiveness
against COVID-19 and well-tolerated when studied in the broad
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cohort [81]. Further, with freeze-dried formulation, it was 1.3%
and 1.1% [102]. Discomfort at the injection, headache), asthenia
and myalgia, and arthralgia were the most prevalent side effects
in Phase 1/2 trials [102].

Covaxin (BBV152)

Covaxinis also a virus-based inactivated Vaccine against COVID-
19, developed by the Bharat Biotech in collaboration with the ICMR.
The technology used in the development of the Covaxin is similar
to previously used in the development of the polio vaccine. BBV152
elicited substantial neutralizing antibody responses in the phase 1
study, which persisted up to 3 months following the second vac-
cination shot. In contrast to the phase 1 study, BBV152 displayed
higher reactogenicity and safety and increased humoral and cell-
mediated immune responses in the phase 2 trial. Phase 3 efficacy
study published in Lancet reported that the vaccine shows 81% effi-
cacy. Covaxin also shows promising results in neutralizing the new
UK strain B.1.1.7 [104]. Recently ICMR reported that Covaxin is
also effective against the triple mutant strain B.1.617 [105]. Studies
also demonstrate that the vaccine has neutralizing effect approx. 3
and 2.7 fold for the new variants B.1.351 and B.1617.2 respectively
[106,107]. After two doses of vaccination, the IgG and neutralizing
efficacy of the vaccine is boosted against the B.1.1.28.2 and D614G
compared to the natural infection. In vaccine recipients, there was
a reduction of the neutralizing titer up to 1.92 fold for B.1.1.28.2
variant in comparison to the D614G variants [108].

Sinovac (CoronaVac vaccine)

CoronaVac is a potential inactivated COVID-19 vaccine devel-
oped by Sinovac Life Sciences, Beijing, China. It was made from Vero
cells obtained from African green monkey kidney cells infected with
SARS-CoV-2 (CNO2 strain). The vaccine is safe without any SAE, and
the seroconversion is more than 90% in phase I/II trials but lower
titer and T-cell responses than convalescent patients [109]. It was
67% efficacious in preventing symptomatic SARS-CoV-2, 85% reduc-
tion in the hospitalization of the patients, and 80% reduced death
[110]. Participants who got this vaccine had fewer fever reports
than those who received the Pfizer-BioNTech, Oxford-AstraZeneca,
or CanSino vaccinations [111].

Ad26.COV2.S/Janssen (Johnson & Johnson)

Jansen vaccine is the human adenovirus-based vaccine devel-
oped by Janssen, a subsidiary of Johnson & Johnson. It completed
its Phase 3 of clinical trials with 43,000 peoples after a single shot
immunization, Ad26-S. PPP generated robust neutralizing antibody
responses and offered complete protection against SARS-CoV-2
challenge in five out of six macaques; despite one macaque hav-
ing low virus levels in nasal swabs 29 days, the seroconversion
rate was found 83%-100% in the dose and age-dependent man-
ner. On the other hand, there were also cell-mediated responses.
80-83% of participants shows Th1-skewed CD4+ T-cell responses
while CD8+ T-cell responses were found in 51-64% of individuals
[112] 28 days completion of vaccination Janssen announced vac-
cine is 66% effective in one dose regimen in the prevention of the
symptomatic COVID-19 [113]. According to research, the vaccina-
tion is highly successful, with an 85 percent success rate against
severe COVID-19 and a 100% success rate against hospitalization or
death [114].

Novavax COVID-19 vaccine

This vaccine is also assigned the name SARS-CoV-2 1S. It is a
recombinant nanoparticle-associated adjuvant Matrix M1 vaccine
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Table 2
Mortality rate due to SARS-CoV-2 waves.

Mortality rate

Age group 1st wave 2nd wave
<10 0.27% 0.34%
10-20 0.53% 0.31%
20-30 2.08% 1.72%
30-40 5.27% 5.39%
40-50 11.98% 10.82%
50-60 23.29% 21.23%
60-70 28.76% 28.21%
70-80 19.99% 22.17%
80+ 7.82% 9.81%

developed by Novavax and CEPI. It is currently being tested in India
under the brand name Covovax. When given with vaccine, it elicits
higher neutralizing Ab titer than Covid-19 convalescent serum. All
the participants received shows Th1-type CD4+ T-cell responses
[115]. Novavax revealed on 12 March 2021, that their COVID-19
vaccine candidate was 96.4% and 86% effective against the orig-
inal strain and Lineage B.1.1.7, respectively. In patients without
HIV/AIDS, it was found to be 55% effective against the 501.V2 strain.
In addition, it was 100 percent effective in preventing serious sick-
ness [116].

Above mentioned vaccine and safe and productive against
COVID-19 prevention. These all are approved vaccines either in one
country or in multiple countries. They are also undergoing clinical
trials in many countries. Vaccination is the only way that might
be helpful to combat the further global pandemic. The variation
in the SARS-CoV-2 after a short time interval is the cause for con-
cern. Several additional escape variants could be seen in the future,
leading to a catastrophic epidemic reflection, as already observed
in South Africa. Increment in viral transmission gives more oppor-
tunity for SARS-CoV-2 mutations to arise. As a result, the only way
to halt the pandemic is for safe and effective vaccines against circu-
lating variations to be disseminated evenly worldwide. The current
scenario is like all high-income countries rush to immunize their
populations as soon as possible. They expose themselves to the pos-
sibility of SARS-CoV-2 emerging with a new mutation that vaccines
might be incapable of defending against. To combat new SARS-
CoV-2 variations, it may be necessary to develop new vaccinations
regularly. There is a need for higher vaccination coverage to attain
herd immunity [38].

Wave of SARS-CoV-2

COVID-19 waves simply understand by assuming the waves of
the sea. Where, the number of infections rises and subsequently
falls — each cycle depicts one “wave” of coronavirus. The first
instance of COVID-19 in China was recorded one and half years
ago. Within a week, it had spread throughout the entire world. The
impact of the pandemic on the economies of diverse societies was
significant, resulting in a sharp drop in the production of numerous
items [127]. Some segments of society believed the epidemic was
gone, dismissing the early announcement of the incoming second
wave, due to low infection numbers during the summer months.
Meanwhile, new virus variations emerged, increasing the risk of
infection and, as a result, an increased number of patients admit-
ted to ICUs [128]. As a result, unemployment rates have risen, as
have other societal issues. Mortality rate during first and second
waves are listed in Table 2.

First wave

The initial wave (first) wreaked havoc on practically every part
ofthe globe, albeit because of seasonal changes; the southern hemi-
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sphere was hit later, but no less severely [129]. The second wave
arrived, and it was far stronger than the first, as predicted by several
experts. The first wave of the COVID-19 affected multiple nations,
but the story did not end here; the second wave might be even more
deadly [129].

Second wave

Medical definition of the second wave “An infectious phe-
nomenon that can emerge during a pandemic. The disease first
infects a specific set of people. Infections appear to be on the
decline. Then, in a separate portion of the population, infections
rise, resulting in a second wave of infections”. A Lancet article pub-
lished in April 2020 warned of the likelihood of a second wave
COVID-19 pandemic [129]. In addition, according to a study pub-
lished in Nature, “a second wave pandemic presents an impending
threat to society, with an enormous toll in terms of human deaths
and a terrible economic impact” [130]. The second wave of COVID-
19 is affected India very severely and other countries as well, and
shows more potential threat of COVID-19 than the first wave. With
8944 instances as of 17 May 2021, India has the highest number
of serious or critical COVID-19 cases globally [131]. Subsequently
then the slope of the cases again downfall. Experts believed that
the story is not the end here and gives indication about third wave
that might be more dangerous than the previous waves as the virus
emerged with the new mutation. Table 2 compare the mortality
rate in first and second wave among different age groups.

Third-wave

The daily tally of Coronavirus cases in the countries appears to
decline since the first week of May. The daily count of COVID-19
cases has dropped to 2.6 lakh, down from a peak of 4.14 lakh. The
number of active cases has also continued to reduce, with the total
number reducing from 37.45 lakh to around 32.25 lakh. According
to the Indian Express piece, if the downward trend continues, cases
could reach the February 2020 level by the end of July. Following
a jump in the cases numbers and deaths during the second wave,
many experts expect that the third COVID-19 wave more deadly.

Fourth wave

On December 03, 2021, South Africa’s health minister Joe
Phaahla declared that SA is facing the 4th wave of COVID-19.
The tally of daily cases in SA increased by 13 times (1184% in 10
days) between November 24 to December 04 [132]. Germany also
reported 50,000 cases daily, which is the highest number since the
initiation of the COVID-19 pandemic. The report suggests that the
huge number of unvaccinated people in Germany is the reason
behind this 4th wave surge of COVID-19 in Germany [133]. Addi-
tionally, Russia also faces the 4th surge of COVID-19 with 40,000
daily cases. Further, it is expected that the 4th wave will affect all
continents with a huge number of cases. There is a need to increase
the vaccination rate that might be a reason to combat this ongoing
Pandemic. With vaccination, there is a critical need to adhere to the
other precautions like limiting unnecessary movement, wearing
the mask, using sanitizers, etc.

Study design of SARS-CoV-2 vaccine efficacy trials

The vaccine candidates go through several developmental
phases. At the same time, the discrepancies between the trials at
different developmental phases may seem blurry. Initially, trials
started with a small population around 30-100 healthy volunteers
(Phase 1) concerning assess safety and immunogenicity (it com-
prises studying several doses and vaccination schedules, mainly
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focus on safety and its tolerability, as well as planned to deliver
preliminary assessments of immunogenicity), then further car-
ried out to a higher number and targeted population (Phase 2)
to acquire data of safety and immunogenicity and finally measur-
ing the protection from the disease by the vaccine (Phase 3). The
demonstration of vaccine effectiveness (VE), usually done through
a Phase 3 study, is essential for licensure and informing policymak-
ers about vaccine use. VE is the ability of the vaccine to reduce
the incidence of the infection on vaccination concerning controls
[68]. Adequate safety and efficacy data in context vaccine is the key
element considered when considering vaccine licensure [134].

The West Africa Ebola outbreak from 2013 to 2016 broke new
boundaries in terms of pace and study design, setting a model for
vaccine evaluation during Public Health Emergency (PHE). Based
on the lesson acquired during that outbreak, WHO’s Blueprint Plan
of Action intends to decrease the time between the announcement
of a PHE and the provision of medical countermeasures, such as
vaccines. The main purpose of conducting clinical efficacy stud-
ies during PHEs is to acquire data that will allow a vaccine to be
used more widely within a defined regulatory framework. Efficacy
evidence from a trial conducted while disease transmission is con-
tinuing is crucial for regulatory approval. The vaccine must be used
under the supervision of a functional National Regulatory Author-
ity (NRA), In line with the WHO’s Emergency Use Assessment and
Listing (EUAL) for vaccines. If a valid surrogate of protection exists,
then licensure decisions may be based on immunological evidence.
Biomarkers that correlate with the clinical endpoint assessing vac-
cination efficacy are also known as Correlates of risk. On the other
hand, validated surrogates are those biomarkers that help in the
vaccine efficacy prediction[135]. Validated surrogates of protection
could be useful in guiding the development of vaccines, lowering
the size and time of definitive trials, and assisting the transition of
a vaccine discovered in a trial to a new setting [136].

The COVID-19 vaccines necessitate clinical benefit and safety
evidence in Placebo-controlled trials for regulatory approval. To
promote consistent assessment and comparison of the efficacy of
the vaccines, a basic set of clinical objectives is proposed, together
with considerations to guide the selection of the primary endpoints
based on clinical and statistical reasons set a cut-off of an endpoint
of a minimum of 50% in the vaccinated group relative to placebo
along with a 95% CI offering warrant not less than 30% reduc-
tion [137] this is reliable with the Solidarity Vaccines Trial design
of WHO [138]. Two of the endpoints, clinically confirmed symp-
tomatic infection of SARS-CoV-2, independent of the severity of
the symptoms, and confirmed infection of SARS-CoV-2 with severe
symptoms, will almost certainly be utilized worldwide because
they suit conventional endpoints used in almost all vaccine effi-
cacy trials [139]. In general, vaccine trials are divided into two main
categories, immunogenicity trials, and VFT trials; in both, safety is
evaluated.

Vaccine immunogenicity trials

The critical factor for vaccine developments is immunogenicity.
The vaccines’ primary mechanism is to give the human body expo-
sure toinactivated or live microorganisms; on subsequent exposure
to this natural microorganism, either viruses or bacteria protect
against them. Endpoints based on the immunological response,
such as antibody level in serum, rate of the immune response, and
so on, are a great deal of interest and used to determine doses of
vaccines and their ideal schedules in the early stages. Immuno-
genicity outcomes are still the most significant endpoints in vaccine
research, including bridging trials, combination trials, concurrent
studies, and lot-to-lot consistency trials, and play an essential role
in the process of vaccine development [140]. If a vaccine is calm-
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ing that prevents the infection by SARS-CoV-2, it needs to induce
cellular and humoral response against the target virus (SARS-CoV-
2). Based on this response, the immunological response suitable
endpoints are set.

Vaccine field trials (VFT) (individual randomized controlled
trials)

VFT includes VE and vaccine effectiveness trials. VE is measured
in Phase II or Phase IIl by considering the reduced risk of inpa-
tients received vaccines compared to subjects who don’t receive
vaccine. In contrast, vaccine effectiveness is typically examined
post-marketing retrospectively at the population level via obser-
vational studies [141]. In VFT, Participants are assigned randomly
toreceive either the vaccine or placebo. After months the difference
in the clinical outcomes and infection rates are compared, which
indicates the vaccine efficacy [142].

Finally, the data from the clinical trials concerning the persever-
ance immune response induced by the vaccine are crucial when we
evaluate the vaccine efficacy. This response also affects the vaccine
dose and schedule of the administration. To tackle this pandemic,
we required a vaccine with long-lasting immunity with a low and
single-dose administration that will ultimately lead to prolonged
vaccine supply.

Conclusion

Vaccination is the only way that might be helpful to combat
the further global pandemic. The variation in the SARS-CoV-2 after
a short time interval is the cause for concern. Several additional
escape variants could be seen in the future, leading to a catas-
trophic epidemic reflection, as already observed in South Africa.
Increment in viral transmission gives more opportunity for SARS-
CoV-2 mutations to arise. As a result, the only way to halt the
pandemic is for safe and effective vaccines against circulating vari-
ations to be disseminated evenly worldwide. Currently, there is no
vaccine data against the new variants classified as a variant of con-
cern. There is a need to develop vaccines that will be efficacious
against the newly arisen mutants circulating worldwide and lead
to an increased death rate. There is also a need to exile the produc-
tion of the vaccines so more populations get vaccinated as soon as
possible. This review discussed all up-to-date information regard-
ing the various mutants of SARS-CoV-2, vaccines, and their efficacy
against the original variants with some new variants.
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