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Introduction

Abstract

The Novel corona virus was first reported in Wuhan province of China in
the late 2019. It outspread rapidly which led to a new health crisis
throughout the world by the beginning of March 2020 and was considered
as a global epidemic. Several deteriorating health symptoms, morbidity and
mortality were reported globally by WHO, with more than 34 lakh deaths
being reported by 26 May 2021. Presently 16 vaccines are approved under
emergency use in different countries and more than 33 vaccines are under
phase 3 clinical trials and nearly 130 vaccines are in development phase.
By the end of 2020 several new variants in U.K, South Africa, Brazil and
India were reported which caused the second wave of COVID-19, for which
new trials of vaccine are running to evaluate the efficacy and safety. Several
technical problems are associated regarding the production, storing and
supplying of these vaccines. For controlling the epidemic, the major
challenge is to produce billions of vaccines and to make it available to the
underdeveloped and poorer nations. This extensive review provides the
details of the different variants of corona viruses reported in the different
regions of the world, current vaccines approved under emergency use which
are being administered throughout the globe, on-going and listed clinical
trials on different vaccines under study for possible use in Covid-19 virus
and future challenges associated with Covid-19 scenario.

Keywords: COVID-19 (Novel coronavirus); Receptor Binding Domain
(RBD); Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-COV-2);
Emergency Use Authorization (EUA); World Health Organization (WHO);
Vaccines; Middle East Respiratory Syndrome (MERS); COVID variants;
Immunization; Vaccination; Oxford/AstraZeneca; Sputnik V; Novavax;
Moderna mRNA; Covaxin; Janssen; Covac; Covishield

Coronaviruses (CoVs) allied with substantial disease
epidemics in East Asia and the Middle East which later
spread to Europe. Over the past decades SARS and
MERS emerges in beginning of 21% century. Later in
2019 the emergence of novel coronavirus also called
severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), causing coronavirus disease 2019
(COVID-19) pretended a global threat to mankind [1,2].
The Novel CoV (2019-nCoV), which was first
identified on 12 December 2019 in Wuhan City, Hubei
Province, China. Globally Health care-workers are
making efforts to control the pandemic caused by the

1


https://ijpp.edwiserinternational.com/

Citation: Shahab MS, Imam SS, Jahangir MA. A Review on the Contemporary Status of Mutating Coronavirus
and Comparative Literature Study of Current COVID-19 Vaccines. Int J Pharm Pharmacol 2021; 5: 153. doi:

10.31531/2581-3080.1000153

novel Corona virus (originally named 2019-new corona
virus), belong to the family Coronaviridae (subfamily
Coronavirinae), it infects a wide-range of hosts,
exhibiting conditions like common to severe cold and
fever, and ultimately fatal illnesses like SARS, MERS.
The Corona family that causes infection in humans
consists of 7 members SARS-CoV-2 is one of them [3]
belonging to the same ancestry of CoVs which causes
SARS having distinct genetic material. By the end of
2020, six variants of Coronaviruses were reported to
infect humans which were HCoV 229E (HCoV-229E),
HCoV-NL63, HCoV-OC43, HCoV-HKU1, SARS-
CoV, and MERS-CoV. Among these SARS-CoV and
MERS-CoV reported elevation in mortality, which were
previously found to cause only upper-respiratory tract
infection [4,5]. The recent outburst of Coronavirus
poses global public health risk. Fan et al. predicted the
potential SARS- or MERS-like Coronavirus aroused in
China following the pathogen distribution from bats
which blowout rapidly to other countries [6]. Currently
some vaccines are approved under emergency use
authorization  for  prophylactic  use  against
coronaviruses. In the meantime, by the end of 2020
multiple new strain of COVID were reported in United
Kingdom (U.K.), South Africa and in India in the mid-
2021.

The Virus (SARS-CoV-2)

According to the International Committee on
Taxonomy of Viruses (ICTV), the virus associated to
the severe acute respiratory syndrome-related
coronavirus group are called as SARS-COV-2 [7]. They
are classified as order Nidovirales, family
Coronaviridae, subfamily Ortho-coronavirinae, genera
classified as viz., Alpha, Beta, Gamma, and Delta-
coronavirus. The origin of source of Alpha and Beta-
coronavirus is from bats, whereas Gamma and Delta-
coronavirus have developed from birds and swine gene
pools [8,9]. Recently few mutations have been reported
in the corona virus, and is lesser than most RNA viruses,
the alteration exhibited by encoding an enzyme which
modifies the errors made during the replication [10].
The proofreading study yields that RNA of Corona
virus-19 has identified replication. Despite the presence
of a Corona virus-19 RNA proofreading activity that

yields high replication conformity, reporting of D614G
mutation affecting the spike glycoprotein of SARS-
CoV-2 strains was reported from Europe in February
2020. Since the time of reporting the new variant spread
briskly which turn out to be the most widespread
genotype globally [11]. In recent times D614G-
associated SARS-CoV-2 infected patients displayed
abundance of virus availability on the upper airways
compared to the original unmutated COVID-19 strain,
however the infection related severeness was not
increased. Pseudo-typed virus having G614 on the spike
protein of SARS-COV-2 depicted climb in infection on
the cell line study, with increased sensitivity toward
neutralization. The structural analysis study disclosed
that Receptor binding domain (RBD) of the G614 form
of Novel coronavirus spike protein expressed an
“‘open’’ conformation than the RBD of ancestral D614
[12,13]. In the beginning of March 2020 D614G
mutation in the spikes of SARS-CoV-2 was first noticed
which rapidly spread globally and dominated over the
next few months. By September 2020, a new variant,
referred to as SARS-CoV-2 VUI 202012/01 (Variant
Under Investigation, year 2020, month 12, variant 01),
has been recognized through viral genomic sequencing
in the United Kingdom later defined by multiple spike
protein mutations. This new variant reported in the
southern Kent of England which rapidly increased to the
eastern and other areas of England including London.
By the mid of December new variant spread to other
parts of Europe, and Southeast Asian countries [1415].

Transforming SARS COVID 2 Variants

The changes in genetic code of a virus in an infected
animal or person led to exhibition of virus variants. By
the end of 2020, various SARS-COVID-2 variants
emerged globally depicting different mutation in virus.
Some of the agencies monitoring the new strain of
COV-2 variants reported fresh outbreak in countries
like United Kingdom, South Africa, Brazil. The rapidly
emerging Variants of SARS -COVID-2 consists of new
info about the virologic, epidemiologic, and clinical
features are summarized below [1316]. Table 1
tabulates the list of reported genomic properties of the
new SARS-CoV-2 variant [11,12,14,16-20].
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Table 1: List of reported genomic properties of the new SARS-CoV-2 variant.

Origin Country SARS-COVID-2 variants Mutation type Mutation site
United Kingdom Oioé/.i?ll.;('\ﬂ’ VOC 202012/01 N501Y, P681H E484K Spike protein
South Africa 20H/501Y.V2 or B.1.351) i, s and ;’;}’Pk‘fa'%m%gi”nomes and
Brazil P.1/P2 or B.1.1.28 ﬁgéI\N(/T E484K, Spike protein
gaslﬁcomia) (Southern | - A 20C or B.1.427/429 L452R mutation Spike protein
India B.1.617 Eggfg L452R  and Spike protein
Uganda A23.1 :ﬁggéél\é%ﬂ:’ Q613H Spike protein

Current Worldwide Scenario of Novel Coronavirus

The current outburst of Covid-19 is a Group 2B
Coronavirus. The genomic sequence of SARS-CoV-2
obtained from human demonstrated 79.5% resemblance
compared to SARS [12,16]. WHO reported
170,747,372 cases of covid and 3,555,746 mortality
throughout the world [21].

SARS-Cov-2 Variants Genomic Properties

The new variant of SARS-Covid-2 virus stated in the
United Kingdom as SARS-CoV-2 VUI 202012/01;
exhibited several genetical alteration in spike protein
(deletion 69-70, deletion 144, N501Y, A570D, D614G,
P681H, T7161, S982A, D1118H) existent along with
mutations in supplementary genomic regions. The
receptor binding domain (RBD) is the location of
N501Y mutation of spike proteins [18,22].

A Lookout on New Variant of SARS-Cov-2
Appearance, Transmission and Spreading

SARS-CoV-2 virus new variant is more transmissible
and has been detected globally. The Brazilian variant
P.1 or VOC202101/02 in the UK, was first identified in
Brazilian traveller who reached Japan in January 2021.
17 unique amino acid changes were observed in UK
SARS-CoV-2 Brazilian variant having three deletions,
four synonymous mutations including E484K and

N501Y. The Brazilian variant of SARS-CoV-2
(recognised as P.1) processed 17 unique mutations in
which 3 of the mutation occurred in the receptor binding
spike protein. Another variant of SARS-CoV-2 (known
as 20H/501Y.V2 or B.1.351) of South Africa mutated
with United Kingdom variant B.1.1.7 shows different
mutation in spike protein. B.1.1.7 lineage variant has
shown a mutation in the receptor binding domain (RBD)
of the spike protein and was assisting to increase the
transmissibility, which was reported to have first
appeared in the UK during September 2020
[13,18,20,23]. According to WHO more than 337,989
deaths and 27,369,093 confirmed cases occurred in
India between 3 Jan 2020 to 3 June 2021 [24]. However,
major cases arouse in 2" wave of pandemic occurred
due to COVID-19 variants rolling over daily cases of
covid infections, which leads to rise in death tolls in the
month of late March to May of 2021 In the meantime,
the evolution of spike mutation at L452R, E484Q and
P681R in COVID 19 variants were reported in western
India, identified as B.1.617 lineage, it was found to be
highly spreading variant which spread globally in 21
different countries. Recently 3 subtypes of this variant
have been identified as B.1.617.1, B.1.617.2, and
B.1.617.3, each possess different genetic appearance.
Amongst these B.1.617.1, B.1.617.2 was first reported
in December 2020 and the latter was reported to be 50%
more transmissible than U.K variant B.1.1.7 [19,25].
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Recently in May 2021, Vietnam declared a hybrid
variant of India’s B.1.617.2 variant and U.K B.1.1.7
variant reported to be more transmissible than the
previous variants. On 31 May 2021, WHO

recommended a new system for naming of novel
coronavirus variants which are labelled with Greek
letters are listed in Table 2 [26]

Table 2: WHO recommended new system for naming of different variants of novel coronaviruses.

Origin country of Covid 19 variants | Greek Letters (New Name) | Variant/lineage
United Kingdom Alpha (o) B.1.1.7
South Africa Beta (B) B.1.351
Brazil Gamma (y) P.1
India Delta (6) B.1617.2
USA (South California) Epsilon (e) B.1.427/429
Brazil Zeta () P.2
Different countries Eta (n) B.1.525
Philippines Theta (0) P.3
USA (New York) lota (1) B.1.526
India Kappa (k) B.1617.1
The Therapy On May 01, 2021, Drug Control general of India

A number of medicines have been subjected to
trials against the SAARS -COV-2, however none
of them shown worthy with promising
effectiveness against the infection. Meanwhile in a
clinical trial (NCT04280705), a broad spectrum
antiviral drug Remdesivir at a dose of 200 mg 1V
on day 1 followed by 100 mg IV once daily for next
4 days have been reported to show quicker recovery
by preventing the patient’s severe respiratory
conditions. They act by interfering with the enzyme
RNA-dependent RNA polymerase required to
replicate the virus RNA, resulting in halting the
multiplication of virus [27-29].

In the second wave of Covid pandemic, ICMR
under Govt of India has approved the use of
Remdesivir as an investigational therapy under
National Clinical Management Protocol for Covid-
19 and Toclizumab an immunosuppressive
Interleukin 6 inhibitor was also recommended at a
dose of 4 to 6 mg/kg in normal saline over 1 hour
[30].

(DCGI) has permitted, the usage of an anti-Covid
drug, named 2-deoxy-D-glucose (2-DG),
developed in collaboration by INMAS and Dr
Reddy’s was reported to speed up recovery of
covid-19 patients and was also found to reduce
their oxygen dependence demonstrated under
clinical trial (CT/ND/36/2020) phase 3 performed
on 220 patients [31]. The trial report suggested that
2-deoxy-D-glucose (2-DG) can be used as an
adjunct therapy to assist the primary treatment. It
works by accumulating in the virus-infected cells
ultimately altering the viral growth by blocking
viral synthesis and energy yielding. It is dispensed
in powder form and have to be dissolved in water
before consumption. However, no commercial data
is available as the drug has not been launched yet
[32-34].

Despite all these efforts no proper medication
towards the complete treatment of the SARS
COVID -2 virus have been developed. Therefore,
other mode of treatments is being exploited to
enhance the immunogenicity against the virus.
Several drug laboratories and pharmaceutical
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companies are working to explore and develop
vaccines to serve the purpose.

The Vaccines

A vaccine is a suspension having attenuated live or
inactivated pathogen loaded to genetically altered
portions of the pathogen proteins, which triggers
the production of antibodies against specific
antigens and thus, protects the vaccinated person
from any future exposure to that particular antigen
[35]. Vaccines works by organising the body’s
natural resistance on distinguishing and curb off the
viruses. Post-vaccination, if the individuals is later

exposed to these disease causing antigens, the body
is straightaway prepared to abolish them and thus,
inhibits the illness [36].

To handle the pandemic scenario of covid-19 virus,
different vaccines are being developed and many
have been given approval for vaccination against
COVID-19. A total of 1,546,316,352 vaccine
doses have been administered worldwide by the
last week of May 2021 [24,37]. A number of
vaccine platform have been used to formulate the
vaccine viz; whole vaccine and component
vaccines which are enlisted below [38,39].

EE—
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| Whole Vaccine

—_—
Viral Vaccine Platform

—
\ -
Component Containing
Vaccine

|—

|—

I Inactivated ---— Non-Replicating Killed Pathogen l
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I Protein Subunit Obtained from Pathogen only]

I Virus like Particles Proteins mimics the pathogen l

l Based on DNA Pathogen Genetic Material l

Based on RNA

Pathogen Genetic Material

| Non-replicating Viral Vector Carries the pathogen’s gene I

Carries the pathogen’s gene I

I Replicating Viral Vector

Figure 1: Different viral vaccine platforms.

By the last month of 2020, a number of COVID-19
vaccines outdid the clinical trials phases and were
authorized for emergency use by the US FDA. In early
December 2020, the U.S. Food and Drug
Administration issued emergency use authority to
Pfizer-BioNTech COVID-19 vaccine, later by the end
of year, the Moderna COVID vaccine also got the
permission under same emergency provision to be
vaccinate in individual of 18 year or above age persons
infected by SARS- COVID-2 pathogen [40]. According
to WHO, by mid-February 2021, seven different

vaccines across three platforms have been rolled out in
several countries which have vulnerable population are
on highest priority to be vaccinated. Vaccines under
emergency used listing issued by WHO are Pfizer
COVID-19 vaccine (BNT162b2), two versions of the
AstraZeneca/Oxford COVID-19 vaccine manufactured
by the Serum Institute of India and AstraZeneca - SK
Bio (South Korea), Janssen Ad26.COV2.S developed
by Johnson & Johnson on. Moderna Biotech COVID -
19 mRNA -1273 vaccine got WHO listing in the last
week of April 2021, Sinopharm inactivated vaccine
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called BBIBP-CorV got emergency use approval in the Currently there are 16 approved vaccines to be used in
first week of May 7, 2021 [41]. However, under WHO SARS-COVID-2 by at least one country after clearing
Covax epidemic control programme of more than 7 the clinical trial phases are enlisted below in Table 3
vaccines are in portfolio including Novavax (NVX- [43-45].

CoV2373) vaccine and Sanofi-GSK: Recombinant
Protein vaccines [42].

Table 3: List of vaccines, NCT number, number of trials being conducted, vaccine types, number of
countries in which these vaccines are approved and their developers.

No. of
No. of countries
Vaccine NCT Number trials in V?CCLne Ivnar(l:?rlw?; Developers
countries yp
are
approved
. NCT04527575 3trialsin | Protein
Epivac Corona NCT04780035 1 country | Subunit 2 FBRI SRC VB VECTOR
NCT04368728 19 trials
NCT04380701 . . .
BNT162h2 NCT04649021 Lr; &r?tries RNA 85 BioNTech, Pfizer
NCT04588480
NCT04649151
NCT04470427 5 trials in
MRNA-1273 NCT04405076 1 country RNA 37 Moderna, NIAID
NCT04283461
NCT04313127
NCT04341389 8 trials in Non
NCT04568811 Replicating .
Ad5-nCoV NCT04566770 Soumries viral S CanSino
NCT04540419 Vector
NCT04526990
NCT04640233
NCT04713488
NCT04436471
NCT04437875
NCT04686773 19 Non
Sputnik V NCT04587219 trials in 6 | Replicating 68 Gamaleya
NCT04741061 countries | viral vector
NCT04642339
NCT04656613
NCT04564716
NCT04530396
NCT04505722
NCT04614948 8 trialsin | Non Janssen (Johnson &
Ad26.COV2.S NCT04535453 17 Replicating 41 Johnson)
NCT04436276 countries | viral vector
NCT04509947
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NCT04324606
NCT04444674
NCT04568031 28 Non
NCT04686773 trials in . Oxford / AstraZeneca or
AZD1222 NCT04400838 17 \Ffﬁgl“\‘;gi'tgg 101 | vaxzevria
NCT04540393 countries
NCT04516746
NCT04536051
" CTRI/2020/08/027170 | 2 trials in | oM . _
Covishield . ) Replicating 40 Serum Institute of India
(Registered in ICMR) | 1 country | .
viral vector
. NCT04471519 5 trials in . .
Covaxin NCT04641481 1 country Inactivated 9 Bharat Biotech
NCT04560581 Sinopharm (Beijing)
NCT04510207 6 trials in P JIng
BBIBP-CorV NCT04612972 7 Inactivated 42
ChiCTR2000034780 countries
ChiCTR2000032459
ChiCTR2000031809 8 trials in
NCT04612972 . .
WIBP-CorV ChiCTR2000034780 Zountries Inactivated 2 Sinopharm (Wuhan)
ChiCTR2000039000
NCT04352608
NCT04383574
NCT04551547 14
NCT04651790 L . .
CoronaVac NCT04456595 Er(;ilr?t:?ez Inactivated 25 Sinovac
NCT04508075
NCT04582344
NCT04617483
NCT04636333
NCT04445194 6 trials in Protein
RBD Dimer NCT04466085 5 Subunit 2 Anhui Zhifei Longcom
NCT04813562 countries
NCT04550351
SARS -CoV-2 NCT04758273 3 trials in
Vaccine NCT04756323 1 countr Inactivated 1 Minhai Biotechnology Co.
(Vero Cells) NCT04852705 y
502 Russian 2 trials in | Inactivated 1 Chumakov Center
KoviVac ussia 1 country
Federation
. NCT04530357 3trialsin .
QazCovid-in NCT04691908 1 country Inactivated 1 Kazakhstan RIBSP
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Around 120 vaccine candidates are in
development, of which nearby 83 vaccines are in
clinical development. Vaccines using different

platforms which are currently in Phase 3 are listed
in below Table 4 [40,43,44].

Table 4: List of vaccines currently undergoing Phase 3 studies.

Vaccine NCT number V%c/:;:ane Developers

IFVICOR/05 (Cuba) . . .

FINLAY-FR-1A IFV/COR/11 EL%tErI]Tt {?;f:ﬁtrl];os FC'SLZV de
IFV/COR/09
NCT04537208

. _ NCT04762680 Protein .

Recombinant Protein PACTR202011523101903 Subunit Sanofi/GSK
(Kenya)
OO0 ) | s | S

CIGB-66 RPCEC00000346 Subunt Bigtechnolggy
RPCEC00000359 ©16B)
NCT04405908
NCT04672395 Protein

SCB-2019 PHRR210209-003334 Subunit | C1Over
(Philippines)
NCT04545749
NCT04683224 Protein

UB-612 NCT04773067 Subunit COVAXX
NCT04683224
IFV/COR/06(Cuba) . . _

FINLAY-FR-2 IFV/COR/08 EL%tS::t {’/‘;E'J‘r‘]gz E'Sk';y de
IFV/COR/09

. NCT04527575 Protein

EpiVacCorona NCT04780035 Subunit | TBRI
NCT04636333
NCT04445194

RBD-Dimer NCT04550351 Protein Anhui Zhifei
NCT04466085 Subunit Longcom
NCT04646590
NCT04813562
NCT04368988
NCT04533399 Protein

NVX-CoV2373 NCT04583995 Subunit | Novavax
NCT04611802
NCT04450004 .

Plant-based VLP NCT04636697 VLP Medicago
NCT04336410
NCT04642638

INO-4800 NCT04447781 DNA Inovio
NCT04642638
ChiCTR2000040146 (China)
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NCT04655625
AG0301-COVID19 NCTO04527081 DNA AnGes

CTRI/2020/07/026352 (India)
ZyCoV-D CTRI/2021/03/032051 DNA Zydus Cadila
CTRI/2021/01/030416

NCT04470427
NCT04649151
NCT04405076
NCT04283461
NCT04806113
MRNA-1273 NCT04805125 RNA Moderna
NCT04811664
NCT04796896
NCT04811664
NCT04860297
NCT04838847
NCT04848467
NCT04449276
CVnCoV NCT04652102 RNA Curevac
NCT04515147
NCT04860258
NCT04674189
NCT04380701
BNT162b1 NCT04523571 RNA Pfizer/BioNTech
NCT04368728
ChiCTR2000034112 (China)
ChiCTR2100041855

MRNA ChiCTR2000039212 RNA Walvax
NCT04847102
NCT04713553
NCT04839315
NCT04368728
NCT04761822
NCT04649021
NCT04816643
NCT04380701
BNT162b2 Tozinameran, Comirnaty mg%ﬁggzgg RNA Pfizer/BioNTech
NCT04805125
NCT04800133
NCT04754594
NCT04713553
ISRCTN69254139

(South Central - Berkshire
Research Ethics Committee)
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NCT04741061
NCT04642339
NCT04656613
NCT04564716
NCT04741061 Non
NCT04530396 Replicating
Sputnik V NCT04640233 Viral Gamaleya
NCT04686773 vVector
NCT04587219
NCT04713488
NCT04436471
NCT04437875
NCT04684446
Ad26.COV2.S NCT04838795
NCT04505722 Non
INJ-78436735 “g%ﬁgégzgg Replicating | Janssen (Johnson &
NCT04436276 Viral Johnson)
NCT04765384 Vector
NCT04509947
NCT04526992
NCT04540419 Non
NCT04526990 Replicating
Ad5-nCoV NCT04341389 Viral CanSino
NCT04566770 Vector
NCT04568811
NCT04313127
NCT04536051
NCT04516746
NCT04540393
NCT04400838
NCT04686773
NCT04800133 Non
AZD122?2 Hg%ﬁggiggi \R/?glllcatmg Oxford/AstraZeneca
CTRI/2020/08/027170(ICMR) | Vector
NCT04684446
NCT04860739
NCT04444674
NCT04568031
NCT04324606
NCT04791423 Non
NCT04528641 Replicating
GRAd-COV2 EUCTR2020-005915-39 Viral ReiThera Srl
(European Union Clinical Vector
Trials Register)
Non
Covishield (ChAOX1-nCoV-19) 82;:&2)020/08/027170 \R/(ierpalllcatlng ISr:a(;:Jam Institute of
Vector

10


https://doi.org/10.31531/2581-3080.1000153

Citation: Shahab MS, Imam SS, Jahangir MA. A Review on the Contemporary Status of Mutating Coronavirus
and Comparative Literature Study of Current COVID-19 Vaccines. Int J Pharm Pharmacol 2021; 5: 153. doi:
10.31531/2581-3080.1000153

NCT04659239
NCT04412538 Inactivated Chinese Academy
NCT04470609 of Medical Sciences
NCT04412538
NCT04758273
NCT04852705 . Minhai
NCT04756323 Inactivated Biotechnology Co.
ChiCTR2000038804
NCT04691908

QazCovid-in, QazVac NCT04530357 Inactivated | Kazakhstan RIBSP

NCT04641481
Covaxin NCT04471519 Inactivated | Bharat Biotech
CTRI/2020/09/027674 (India)

NCT04510207
NCT04612972
NCT04560881, Sinopharm
BBIBP-CorV ChiCTR2000034780 Inactivated (Beijing)
(Abu Dhabi)

NCT04612972
NCT04560881
NCT04510207
NCT04885764
NCT04612972
Inactivated (Vero Cells) ChiCTR2000039000 Inactivated | Sinopharm (Wuhan)
(Morocco)
ChiCTR2000034780 (Abu
Dhabi)

NCT04651790
NCT04456595
NCTO04800133
NCT04508075
CoronaVac NCT04582344 Inactivated | Sinovac
NCTO04617483
NCT04551547
NCT04352608
NCT04383574
NCTO04671017

VLA2001 NCT04864561 Inactivated | Valneva

IRCT20201202049567N1
. . IRCT20201202049567N2 . Shifa Pharmed
COVID-19 Inactivated Vaccine IRCT20201202049567N3 Inactivated Industrial Co.

(Iran)

Inactivated (Vero Cells)

SARS-CoV-2 Vaccine (Vero Cells)

Literature Study of Vaccines Approved Under ChAdOx1 nCoV-19 (AZD1222)

Emergency Use for Coronaviruses (Covid-19)
The Oxford university and AstraZeneca developed
chimpanzee adenovirus vectored vaccine named
ChAdOx1 nCoV-19 (AZD1222) which contains the
whole-body structural spike protein of SARS-CoV-2
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[46]. The vaccine also known as Vaxzevria in Europe
and Covishield in India developed by joint venture of
Serum institute of India, and by SK Bioscience Co. Ltd.
South Korea. It is reported with a shelf life of 6 months
when stored at 2-8 °C having 2 shots with duration of 8-
12 weeks [47].

According to WHO, the AZD1222 vaccine
demonstrated an efficacy of 63.09% against
symptomatic SARS-CoV-2 infection, as specified by
the trial participants data in United Kingdom, Brazil and
South Africa who received 2 standard doses. Among the
participants of age groupl8 years or above, the vaccine
effectiveness was reported to be increased when the
duration of doses is longer. In the context of clinical
trials of AstraZeneca (AZD1222) no reporting of severe
allergic reactions or anaphylaxis was done [48].

The vaccine two dose regimen were 66% effective
against the UK variant B.1.1.7 and 60% against the
Indian B.1.617.2 variant, with only an inadequate
decline towards the neutralizing antibody, depicted
efficacy against the South African B.1.351 variant.
European medicine agency and WHO recommended the
use of vaccine in persons aged 18 years and older [49-
53].

However, according to European medicine agency there
is a report of blood clots in the brain, well-known as
cerebral venous sinus thrombosis (CVST) occurring
together with low levels of platelets (thrombocytopenia)
after the vaccination with AstraZeneca vaccines with an
occurrence rate of 4 in a million. By the end of March
2021, 79 blood clot cases have been reported in UK
itself after the dose of AstraZeneca vaccine. Recently in
an article published in European Journal of Medicine
concluded that the unusual blood clot with low platelets
declared as a uncommon side effects, however the
MHRA confirmed in a statement on 7" April 2021 that
AstraZeneca continue to outweigh any risk upon
vaccination [54,55].

Gamaleya’s Sputnik V

Gamaleya’s developed Sputnik V also called as “Gam-
COVID-Vac” is a vector vaccine combining rAd26 and
rAd5 carrier genes for SARS COVID-2 and consist of
full-length glycoprotein S. The rAd26-S 0.5 ml/dose is
administered intramuscularly followed by rAd5-S
administered at an interval of 21 days. It can be
transported globally and is storage at 2-8°C [56]. It is the
world’s first registered vaccine for SARS COVID -2 to
be launched in the market. The initial dose is 0.5 ml.

The Clinical trials phases 1 and 2 were completed by the
end of August 2020 have shown better tolerability and
highly immunogenic property in healthy volunteers.
The provisional results of the clinical trial
NCT04530396 phase 3 Gam-COVID-Vac peer
reviewed by the Lancet revealed that the effectiveness
of the vaccine is 91-6% (95% CI 85-6-95-2) against
COVID-19 (from day 21 after first dose, the day of
receiving second dose) and is well tolerated in 18 years
or elderly participants. Phase 3 clinical trials of Sputnik
V have been conducting in the UAE, India, Venezuela
and Belarus [57-59]. The Vaccine showed excellent
safety profile. Few adverse effects like Flu symptoms,
reactions at the site of injections, headache and chills,
nausea were reported however, 94% of symptoms were
mild [57,60]. Gamelya centre Russia carried out a study
and revealed that revaccination with SPUTNIK V
vaccine is working well on UK variants, but it has
shown less effectiveness towards South African Variant
[61]. However, according to Russian direct investment
fund announced that the 2 dose of vaccine effectively
neutralizes the Brazilian variant. Gamelya has also
claimed that vaccine is able to combat the Indian variant
B.1.1.617 by developing 80 times more antibodies to
counter the virus effect [62,63].

A single shot Sputnik Light vaccine, consisting of first
component of recombinant human adenovirus serotype
number 26 (rAd26) demonstrated 79.4% efficacy,
higher than that of many two-dose vaccines. According
to Gamaleya Center it has demonstrated effectiveness
against all new strains of coronavirus, with no major
adverse effects were reported [64].

Moderna mRNA-1273 SARS-CoV-2 Vaccine

The Moderna vaccine is a mRNA based encapsulated
lipid nanoparticle vaccine which encodes Spike
Glycoprotein of SARS-COVID-2 recommended to be
used as an immunization programme for 18 year or old
individuals against the COVID 19 infection. It is
approved under the emergency used listing by US FDA
and WHO for immunization program. It needs to be
stored between 2-8°C prior to use, the administration is
done intramuscular at deltoid site and is required to take
2 doses (0.5ml each) within a gap of 4 week [65]

The primary report of phase | clinical trial
NCT04283461 demonstrates sufficient immunogenic
response subsequently to the first shot. The immune
responses were found to rise with time on increasing
dose of the vaccine i.e., 25-ug, 100-ug and 250-ug [66].
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In the phase 3 trial (NCT04470427) 28,027 participants
of 18 years of age and older were given 100 pg of
MRNA-1273 vaccine intramuscularly. The vaccine
showed 94.1% efficacy in preventing Covid-19 illness,
including severe symptoms [6768]. However, some
reports of pain at injection site (92%), fatigue and
headache were reported which are mild adverse reaction
amongst the participants. A report published by
European Medicine Agency on in the second week of
May 2021 claimed that diarrhoea, immune
thrombocytopenia and myocarditis, endocarditis are the
new side effects of Moderna vaccine [66,69,70].
Recently, Moderna announced that a single booster of
50 pg mRNA-1273 or mRNA-1273.351 has been
reported to be more effective against the South African
(B.1.351) and Brazilian (P.1) variants and were also
found to neutralize the Indian variant B.1.617.1 [71,72].

Comirnaty (BNT162b2)

The Pfizer-BioNTech developed a nucleoside modified
MRNA-based lipid nanoparticle vaccine, authorized by
US-FDA under an Emergency Use Authorization
(EUA) to be used in individuals of 16 years and older to
generate the immune response against the SARS-
COVID-2. In May 2021 the lower age limit for vaccine
administration was reduced to 12 years of adolescent or
older. To be used globally, vaccine BNT162b2 got the
emergency used listing by WHO in last week of
December 2020 [73]. The recommended dose is 2 shots
of 0.3 ml each, administered intramuscularly in deltoid
muscle at interval of 21-28 days and need to be stored
in freezer between -25°C to -15°C for 2 weeks. Thawed
and undiluted vaccine can be refrigerated at 2-8°C for
31 days. The clinical trial NCT04368728 phase 3 data
published in NEJM reported 95% protection against
SARS-COVID-2 [74,75].

It has displayed an immense report against the olderly
individuals with efficacy of 94%-95% in preventing the
COVID-19 associated hospitalization aged >65 years
[76]. According to the study conducted by the Pfizer in
March 2021, the BNT162b2 vaccine had been reported
with 100% efficacy in the study of adolescents >12
years old. Few side effects such as pain, redness and
swelling at site of injection, and other side effects like
chill, fever, fatigue were also reported after a day or two
of administering the wvaccine. However, a study
performed in Middle east (Saudi Arabia) indicated Flu
like symptoms were more prevalent among individuals
below 60 years of age whereas pain at the site of

injection was more frequent among the age group 60
years or above. The side effects were majorly in female
participants compared to males [76,77]. In another
study of Pfizer Comirnaty vaccine performed against
B.1.1.7 and B.1.351 variants in Qatar showed
effectiveness, of 89.5% and 75.0%. In a study
performed in U.K, the Pfizer vaccine two dose had
shown effectiveness of 88 % against Indian variant
B.1.617.2 and 93% against the U.K variant B.1.1.7, also
the vaccine has shown effectiveness against the New
York B.1.526 and California B.1.429 variants too
[50,78-80].

Janssen (Ad26.COV2.S)

It is a one-shot recombinant vector containing SARS-
COV-2 virus spike protein sequence and is indicated to
be used to develop the immunogenic response in the age
group 18 years or older individuals. The vaccine is
approved to be used under emergency use by the US
FDA and European Medicine agency [81]. The Janssen
covid vaccine is reported to be stable for 2 years at -
20°C, and for 3 months if stored between 2-8°C. In the
phase 3 clinical trials study on 43,783 participants
received the vaccine; in which 34% of them were more
than 60 years of age and belonged to 8 different
countries and 3 continents. The study demonstrated that
41% individuals have comorbidities associated with
higher risk for progression to severe COVID-19.
However, the Phase 3 data revealed 85% effectiveness
on protection from hospitalization and mortality after 2
days of vaccination. However, a few mild side effects
like pain at injection site, fatigue, headache, nausea etc
were reported within 1-2 days after the vaccine
administration. Researchers found that Janssen single
dose vaccine has shown effectiveness up to 68% against
the P.2 variant of Brazil and to 64% against B.1.351
variant of South Africa [82-85].

Novavax NVX-CoV2373

NVX-CoV2373 wvaccine comprises of purified
recombinant nanoparticle antigens which is obtained
from the coronavirus spike protein through the genetic
sequencing of SARS covid 19. The preclinical study
exhibited that vaccine demonstrated efficiently with
human receptors targeted by the wvirus. The
recommended two dose vaccine needs to be
administered intramuscularly at 21 days apart, having
storage temperature between 2-8°C. In a report of phase
3 trial participants of 18-84 years were given Novavax
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vaccine dose of 5 g each 3 weeks apart, conferred 89.3
% protection against Covid-19 prototype and
demonstrated the increased efficacy up to 85.6 %
against the UK Variant B.1.1.7 [86,87]. According to an

NCT04533399 in South Africa, NVX-CoV2373
vaccine administered in adults between 18-84 years of
ages, the vaccine demonstrated 100% protection against
the SARS COVID-2 and showed efficacy of 48.6%

article published

in NEJM a phase 2a-b trial

against the South African variant B.1.351 [88].

Table 5: Comparative table of approved vaccines for Covid-19, their manufacturer, vaccine type, dose,
dosage gap, %effectiveness, effectiveness against different mutated viruses and storage conditions.

Company name Dosage Effectiveness
pany Vaccine Type | Doses g Effectiveness against Storage
/Vaccine Gap .
mutated Virus
Oxford Uni-/Astra 4-12 0 .
Zeneca Viral Vector 2 shots | weeks 62-90% 7B4'161A) 7a3:rlirja1$r:t 2-8°C
AZD12222 apart e
Moderna 28 days 0 B.1.1.7 and Refrigeration up
/MRNA-1273 MRNA 2 shots | - art 9%.10% | B1351variants | to-20°C
Pfizer BioNtech/ 21 davs B.1.1.7, less Refrigeration u
BNT162b2 MRNA 2 shots 3 arty 95% effective against tg-ZO"C P
(COMIRNATY) P on B.1.351
Novavax Protein 3 weeks 0 B.1.1.7 variant. Regular fridge
NVX-CoV2373 adjuvant 2 shots apart 89.30% B.1.351 variant temperature
JANSSEN / Adenovirus- B.1.1.7 variant -20°C for two
1 shot 86%
Ad26.COV2.S based B.1.351 years
Gamelya : 3 weeks 0 Qo
/Sputnik V viral vector 2 shots apart 91.60% No report 2-8°C
Sinopharm/ Inactivated 3-4 0 0
BBIBP-CorV virus 2SN0tS |\ eeks 9% No report 2-8°C
. . B.1.351,
S(E‘S;’(f:a vao :/ri‘flf;"’ated 2 shots gla‘:fys 50.79%-62.3% | B.1.1.7, 2-8°C
P B.1.1.28
B.1.351,
Bharat Biotech Inactivated 4 weeks 0 B.1.1.7, o
/Covaxin virus 2 shots apart 81% B.1.1.28, 2-8°C
B.1.617

Sinopharm (BBBIP)

WHO permitted the emergency use of Sinopharm
Inactivated SARS-COV-2 vaccine, for the age group 18
years or above and is considered safe to be administered
during pregnancy. There are 2-doses recommended
each of 0.5 ml taken at an interval of 3-4 weeks. It is
recommended to be stored at 2-8°C [89]. The data
obtained from the clinical trials performed globally

revealed that the vaccine have an efficacy of 79%
against symptomatic COVID 19 however, it has shown
better efficacy against the UK variant B.1.1.7 and less
effectiveness against the South African B.1.351 variant
[90].

CoronaVac

Sinovac CoronaVac is a 2 dose COVID -19 vaccine
consists of B-propiolactone inactivated protein
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adjuvanted with alum, administered 14 to 28 days apart
to prevent the COVID-19 disease. The Phase 3 clinical
trials data of Brazil and Turkey health care workers
claimed the vaccine is 100% effective in preventing
COVID 19 infection from becoming severe and fatal
cases and 83.7% to avoid medical attention whereas
only 50.65% efficacy for the diseases caused.
According to a study performed in Thailand, 99.49% of
participants developed the antibodies after 4 weeks of
injection, and 65.9% had generated immune responses
after 3 weeks. Even though some side effects like pain
at the injection site and soreness were majorly reported
however, most of the cases were mild [91-93]. The
efficacy of the vaccine on new Variant B.1.1.7
originating in U.K shows less resistance as compared to
the South African B.1.351 also it has not shown efficacy
against the Brazilian variant P.1 and P.2 [94,95].

Covaxin (BBV152)

India’s first home-grown inactive vaccine BBV152 was
developed by B-propiolactone inactivation of Indian
strain COVID-19 with the collaboration of Bharat
biotech and Indian Council of Medical Research. The
vaccination regimen consist of 2 doses should be
administered intramuscularly 4 weeks apart and needs
to be stored at 2-8°C. The Phase | and Phase 2 clinical
trial data found to have neutralizing effect on COVID-
19 virus [96]. A randomized Phase 3 trial
(CTRI1/2020/11/028976) have enrolled around 25800
participants of different age group 18-60 years, the
interim result by the Bharat biotech shows 78% efficacy
against the mild to severe symptoms of COVID-19 and
100% against severe condition an in preventing
hospitalization [91,97]. The Covaxin is reported to
effectively neutralize the U.K variant B.1.17 and Indian
Variant B.1.617 of SARS-COVID-2. In January 2021
Government of India granted emergency use
authorization to Covaxin, even though the trial is
increasing the participants to check efficacy and safety
of vaccines [98]. An intranasal vaccine formulation of
novel adenovirus named BBV154 against the SARS-
COV-2 isunder Phase I trial by the Bharat Biotech [99].

Table 5 compares the different vaccines which are being
administered currently with their manufacturer, doses
required, dosing gap, effectiveness and storage
conditions.

Discussion

A number of laboratories and pharmaceutical
companies are involved in formulating the SARS-COV-
2 vaccine. Currently different vaccines have been
developed using different platform and technologies in
different countries. These vaccines have gone through a
number of clinical trials in their own countries and
globally to be used against new Coronavirus strains
[100]. The first vaccine launched and authorized to be
used in vaccination program was SPUTNIK V which
got approval in Russia in August 2020. After that
Pfizer/BioNtech vaccine, AstraZeneca/Oxford and
Moderna mRNA vaccine and Sinopharm vaccines got
the approval under emergency use. However, other
leading vaccines of different companies and labs got
approval in Russia, China, India etc. These vaccines are
to be given to healthy individuals against the SARS-
COV-2 and not on the infected individuals. Therefore,
demand of vaccines is very high in heavily populated
countries for immunization of the masses. Because of
the shortage of time of testing and trials the long-term
side effects still needs to be uncovered. Therefore, the
trials are going on universally to evaluate the efficacy
and safety of vaccine. All the leading vaccine developed
are injected intramuscularly. Conversely several recent
studies depicted the significance of mucosal immune
response against the COVID-19 attack. In order to
achieve the quick protective response in the mucosa of
upper respiratory tract to halt the spreading of SARS-
COV-2, researchers and labs are focusing on this
strategy. Accordingly, Bharat Biotech India BBV154
intranasal vaccine is under phase | clinical trial,
Adcovid intranasal vaccine is under phase 2 trial by
Altimmune company of Maryland, and Ad5-based oral
SARS-CoV-2 tablets are designed by Vaxart is in phase
1 clinical trial are in progress [101,102]. New variants
of COVID-19 had been a major challenge on the
vaccine effectiveness, as some of the recent variants like
B.1.617.2 of India reported to spread 50% more than the
conventional COVID-19 virus. So, to increase the
effectiveness of vaccine against these variants there
should be development of second and third generation
vaccine well supported by clinical trial data. Indeed, the
vaccination should be done at mass scale to eradicate
the severe COVID-19 symptoms and to minimize the
chances of infection.

Conclusion

Globally more than 16 vaccines are approved under
emergency use in their respective countries and few of
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them are approved globally. More than 230 candidates
are in clinical and development phases. Out of these 33
candidates are under Phase 3 clinical trials. These
multiple vaccine candidates employ different systems of
delivering and will prove to be decisive factor against
the epidemic fight. If different vaccination options are
approved in heavily populated countries like India, it
will boost the vaccination in a short period. Also, the
use of different vaccine platform will exhibit various
types of protection with altered immune responses in 18
years or older patient. However, several trials are
performed to decrease the minimum age of vaccination.
There are several reports of side effects which appear
after 1-2 days of vaccination like pain at the fever,
injection site, redness, swelling and other peripheral
symptoms which are mild and less in number.
Therefore, considering the serious aspects of SARS-
COV-2 the mass scale vaccination campaign should be
done to elucidate the immunological responses. The
developers major challenge is to update the vaccine and
raise effectiveness against mutating COVID-19
variants. Finally, special measure must be taken for
individuals who are immunologically weak and are not
able to develop antibodies even after the 2" scheduled
shot of the vaccine.
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