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Abstract

he emerging and re-emergence of viral outbreaks in the history of mankind has always pose severe global

intimidation to public health and economy. The debilitating effects of 2019-nCoV (2019 novel

coronavirus) outbreak has swiftly spread worldwide due to its highly contagious nature with severe risk
of respiratory tract infections and higher mortality rate, necessitating the urgent need for the production of
effective vaccine and potential therapeutic agents. The active evolution of SARS-CoV-2 strain in different
population and environment strive immense challenge against anti-viral therapeutic development based on
viral pathogenicity. The potential FDA drugs are evaluated based on their known safety and efficacy with
exceptional pharmacokinetic profiles for the treatment of nCoV-2019. Existing knowledge related to MERS-
CoV and SARS-CoV epidemic has provided a better understanding to explore purposeful therapeutics strategies
against novel coronavirus disease (COVID-19). To limited extend, the ongoing promising and hopeful
treatments includes convalescent plasma therapy, remdesivir, lopinavir/ritonavir, ACE inhibitors, TMPRSS2
inhibitors, hydroxychloroquine, interferon, ribavirin, tocilizumab, and corticosteroids however clinical efficacy
of some of them need to be validated in randomized clinical trials (RCTs). The global struggle to make a
protected and successful Coronavirus immunization is finally proving to be fruitful. Although challenges such
as strain variation resistant, possible side effects, adequate supply of vaccines to all countries and limited
availability of second dose still diverting the option of possible efficacious therapeutics strategies to work
alongside with vaccine development with improved efficacy and safety profile. This review is focused on the
potential advancement in therapeutic approaches with possible repurposing of the available drugs and explores
the current status of available vaccines with hope that these strategies found to be cogent in controlling SARS-
CoV-2 outbreak.
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Introduction

The SARS-CoV-2 virus affects with greater infectivity
than the SARS-CoV pandemic of 2003. SARS-CoV-2
outbreak with all efforts still sprouting with so far
globally confirmed cases exceed more than 264 million
people with global deaths of 5.2 million so far [1]. In
December 2019, cases of viral pneumonia emerged in
Wuhan, (the capital city of Hubei province) China
caused by some unknown etiology linked to be found
with a seafood and animal market in Wuhan [2]. From
airway epithelial cells of infected patients, the virus was
isolated and upon genome sequencing, it was identified
as a novel coronavirus belongs to family of
Coronaviridae [3]. The novel new member of a viral
family on 12th of January 2020 was named as 2019 novel
coronavirus (2019-nCoV), which later on, officially
renamed on 12th February 2020 as coronavirus disease
2019 (COVID-19) [2]. Later, this novel virus was termed
as “the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)” by the International Committee on
Taxonomy of Viruses (ICTV) [4,5]. Since its first reported
case on 1st of December 2019, the infection rate has
increased exponentially among the susceptible
population, and it suddenly spread all over the world as
a major global threat [6]. In February 2020, WHO
represent a Public Health Emergency of International
Concern because of COVID-19 pandemic upon
confirmation of human-to-human transmission of
COVID-19 [7]. The high rate of mortality and morbidity
of SARS-CoV2 infection has been observed among
immunocompromised individuals due to old age and
weaken immune system with underlying complications,
including diabetes, cardiovascular disease, hypertension
and HIV infection [2,8,9]. The 80% of confirmed patients
from this group were among 30 to 80 years of aged [10].
In general population the major clinical manifestations
of the SARS-CoV-2 infection as illustrated in figure 1,
includes dry cough, loss of smell and taste, myalgia,
fatigue, septic shock, headache, diarrhea, fever,
shortness of breath, nausea, vomiting, abdominal
discomfort specially in immunosuppressed patients
followed by the general reported complications multi-
organ failure, pneumonia, RNAaemia, neurological
complications, acute respiratory distress syndrome
(ARDS) even death [2,11-14].

Methods

Literature Search Strategy and Selection Criteria

A systematic search was carried out from PubMed,
Google Scholar, Google Web Browser, online COVID
databases for relevant papers by providing key terms
SARS-CoV-2, therapeutics of COVID-19, COVID-19
vaccine, molecular biology of SARS-CoV-2, current data
on COVID-19, COVID vaccination data, epidemiological
and clinical characteristics of coronavirus, specific

therapies in COVID-19, SARS-CoV-2 receptor,
Dexamethasone for COVID-19, Bacteriophages and
coronavirus, COVID-19 VACCINE TRACKER etc. The
literature was screened in detailed and dept analysis was
performed for the specific information for the inclusion
of relevant contents according to the required
information. In this study, 113 peer reviewed research
articles and 18 websites were selected.
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Figure 1: Common Clinical Symptoms among 2019-nCoV Patients

According to the Chen et al study the most commonly
observed clinical symptoms based on 99 hospitalized
COVID-19 patients is being depicted in the graph. The
three most commonly found symptoms include fever,
dry cough and shortness of breath followed by muscle
ache and fatigue [15].

Discussion

Pathophysiology of SARS-CoV-2

SARS-CoV-2 contains a positive-sense single-stranded
RNA genome of approximately 120 nm in diameter. The
seventh coronavirus which infect humans is SARS-CoV-
2 classified as beta-coronavirus (3CoV) genera that can
results severe acute respiratory syndrome [6,16]. Till
2019, six coronaviruses can cause infections in human
and leads to respiratory diseases were identified: HCoV-
229E, HKU1, HCoV-NL63, HCoV-0C43, MERS-CoV,
SARS-CoV [17]. Genome analysis of SARS-CoV-2 at
initial phase of pandemic reveals 79.6% sequence
similarity with SARS-CoV and 50% with MERS- CoV
although it is found to be (96.2%) identical to Bat-CoV
RaTG13, all human coronaviruses are human origin [2].
Therefore, it has been speculated that bats might be the
possible hosts for SARS-CoV-2 infection in humans,
however the possibility of transmission to any
intermediated host still needs to be explored [7].

Like other RNA viruses, the envelope of novel corona
virus also comprised several glycoproteins with RNA
genome in the core, as figure 2 summarizes the basic
structure of novel coronavirus highlighting its major
structural proteins. Among the four structural proteins
of SARS-CoV-2, spike glycoproteins (S) upon binding to
angiotensin-converting enzyme 2 (ACE2) receptor on
human alveolar epithelial cells facilitate viral entry
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[3,18]. SARS-CoV-2 targets its host cells through the
viral spike protein type I membrane glycoprotein that
binds to the ACE2 receptor. The virus also requires the
host cell co-receptor (type 2 transmembrane serine
protease (TMPRSS2)) to facilitate its entry into the
alveolar wall of the respiratory system through the type
II pneumocyte, followed by the endocytosis into the
pneumocyte cytoplasm [19]. The viral lipid bilayer will
break down by host cell lysosomal enzymes in a process
called uncoating. By using the RNA-dependent RNA-
polymerase of the host cell, the viral structural proteins
and genome has been replicated inside the type II
pneumocyte, this is followed by budding off of the SAR-
CoV-2 and destroying the type II pneumocytes. This
results in the release of cytokines such as interleukin-6
(IL-6), interleukin-1 (IL-1), tissue necrosis factor alpha
(TNF-a) by monocytes and macrophages thus causing
clinical manifestations such as systemic manifestations
that includes acute inflammation, fever and smooth
muscle dilation [20]. It is now considered that the main
mortality cause among susceptible patients is due to
pro-inflammatory cytokine storm or may because of
secondary bacterial infections. Thus, ongoing research
is exploring different therapies for the treatment of
cytokine storm, which could be fatal due to multi-organ
dysfunction syndrome in patients specifically undergo
to major surgery, trauma, sepsis and cardiopulmonary
bypass leads to a systemic inflammatory response
Syndrome (SIRS). Therefore, drugs inhibiting the IL-1
receptor is considered as a potential treatment for
COVID-19 patients [21].

Deciphering the Virus behind the Pandemic

In SARS-CoV-2 S1 subunit C-terminal domains (CTD)
possess strong binding affinity for human ACE2
(hACE2). The receptor-binding domain (RBD) within
SARS-CoV-2 CTD is responsible for binding with hACE2
receptor with greater affinity compared to SARS-CoV
RBD [3,22]. Despite the zoonotic origin of the virus
through natural evolution, there is still some
controversy related to the viral origin due to the direct
interaction of the spike protein (S) with the human
receptor (ACE2) implying human-to-human
transmission in a limited time followed by evolution
[14]. According to a study carried, out of 99 infected
patients (32 women and 67 men all found to be infected)
while 49 patients had an exposure history of Huanan
seafood market. The remaining 50 (51%) patients suffers
with chronic diseases [15]. The sequence of SARS-CoV-
2 virus obtained from Wuhan, China; in December 2019
has been compared with the viral genome sequence
collected in April 2020 from North America
demonstrating to be different. As viruses can rapidly
evolve and adapt among the different human population
and environment, it could also be susceptible to

previous or other human coronaviruses and
recombinational events of SARS-CoV-2. So far three
genetic varieties of the virus have been revolving
globally [23]. SARS-CoV-2 possess the largest genome
(~30kb) in size among RNA viruses. As an RNA virus the
high mutation rate of SARS-CoV-2 is due to its natural
genetic variability. To fully elucidate the evolving
mechanism of SARS-CoV-2 for its potential binding to
human receptors it is crucial to disentangle the zoonotic
transfer of coronavirus among species and infer the
prevalence of viral infection among susceptible
populations [24]. Based on immunological and genetic
limitations among various populations it is possible that
SARS-CoV-2 evolution could be altered due to
replication environments. However due to evolutionary
strain, the SARS-CoV-2 will continue to keep mutating
[4].
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Figure 2: Structure of coronavirus (SARS-CoV-2): SARS-CoV-2, a
new member of coronaviruses (CoVs) family after MERS ((Middle-
East Respiratory Syndrome) & SARS-CoV ((Severe Acute
Respiratory Syndrome) identified as main causative agent of
current pandemic. Coronaviruses (CoVs) are non-segmented,
enveloped and positive-sense RNA viruses. It composed of four
structural proteins: Spike Protein (S), membrane (M) protein,
envelope (E) protein, nucleocapsid (N) proteins. SARS-CoV-2
shares similar structure with other CoVs, (S) protein is a trimeric
glycoprotein facilitate viral entry through receptor binding
domain, (M) protein involves in maturity and provide virion
shape. The envelope (E) promotes the process of assembly,
nucleocapsid (N) proteins serve in RNA genome replication and
encapsulation. ACE2 (angiotensin converting enzyme 2), a cell
surface receptor serves as the attachment site of the SARS-CoV-2
surface spike glycoprotein (S-protein) with its host cell for cellular
entry while (type 2 transmembrane serine protease) TMPRSS2
priming viral host cell entry event.

Possible Pharmacological Targets

As a new member of viral family, it is a long journey to
uncover and explore the facts about SARS-CoV-2.
However, limited broad-spectrum antiviral drugs have
been tested against COVID-19 infection in clinical trials,
resulting in clinical recovery, but due to their side effects
some drugs were withdrawn. Several aspects need to be
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Figure 3: Potential therapeutic targets at various stages of SARS-CoV-2 life cycle: Several potential therapeutic agents with their potential
targets have been demonstrated in the figure. Like other RNA viruses SARS-CoV-2 life cycle comprised attachment, integration followed by
uncoating, replication through cellular machinery, assembly and lastly release of virions. SARS-CoV-2 binds to ACE-II (angiotensin-converting
enzyme 2) receptors on surface of host cells. Cellular entry is facilitated by Transmembrane serine protease 2 (TMPRSS2). The stepwise
sequence of viral replication holds the promising candidate for the potential therapeutic targets. Several potential pharmacological agents are
illustrated in the figure with their promising targets at various stages of viral life cycle such as tocilizumab act as IL6 antagonist, remdesivir &
favipiravir are RNA-dependent RNA polymerase inhibitor (RdRp), chloroquine (CQ) prevents viral entry and cell fusion by elevating the
endosomal pH, camostat mesylate (CM) serves as a TMPRSS2 inhibitor.

Drugs Mode of Action Viral Targets Limitations
(Polymerase Inhibitors) Remdesivir An adenosine analogue SARS-CoV-2, SARS-CoV, MERS-CoV Constipation, nausea, respiratory failure, High levels
RNA-dependent RNA polymerase inhibitor, of liver enzymes and gastrointestinal problems
Harmful to viral genome
Favipiravir . Yellow fever, influenza A HIN1, and Psychiatric symptoms, elevation of liver function
RNA-d A g}ano]:;\;’n: ;Zijlfngeli:,se ®RdRp) Ebola enzymes and gastrointestinal track imbalance
Ribavirin inhibitor, Hemorrhagic fe\_rers, Hepatitis‘C Vﬁrus Leukopenia, fatigue, rash and teratogenicity
Induce harmful mutations, Toxic to the viral (HCV) and Respiratory syncytial virus
— genome (RSV?
Penciclovir Herpesvirus Nausea and headache
ACE Targets =
ACE-II Inhibitors Downregulating ACE-II Hypertension Enhanced pulmonary edema and pulmonary vascular

permeability

Other Antimicrobial Agents

Chloroquine, and
Hydroxychloroquine

Prevents glycosylation of ACE 2 receptors
that blocks the binding of S-protein

Malaria and autoimmune disease

QT prolongation

Ivermectin

Inhibits the viral nuclear import, inhibits viral
endonuclease

Avian influenza A, Human
immunodeficiency virus type 1

Neurotoxicity

Immunomodulators and
Immunotherapy

Monoclonal antibodies

Targeting the S1 subunit of RBD block the
binding to host receptor and also target S2
subunit for viral and host cell membrane
fusion

SARS- and MERS-CoVs

Laborious and not cost-effective

Convalescent plasma

Binds to SARS-CoV-2, inhibits infection,
binds to infected cells and modify the
immune system

SARS-CoV, Ebola, SARS-CoV2

Risk of diseases transmission, nausea, skin rash, fever
Antibody-dependent enhancement (ADE), Short life
of antibodies and shortage of donor.

Tocilizumab

Anti-IL-6 antibody

Rheumatoid arthritis, idiopathic
arthritis and systemic juvenile

lymphopenia and leukopenia. Increase the risk of
infections

Interferon-« 2a
Interferon-B 1b

Viral exocytosis Inhibition,
activate innate antiviral immunity

SARS-CoV, MERS-CoVs, hepatitis,
leukemia and melanoma

Anorexia, fatigue and weight loss

Corticosteroids

Reduction of systemic inflammation and ease

SLE

Immunosuppression, half-life

Protease Inhibitors

hypoxemia
Lopinavir Papain-like protease and 3C-like protease
inhibitor
Ritonavir CYP3A4 inhibitor

SARS-, and MERS-CoV, and HIV

Diarrhea and Nausea

Camostat mesylate

SARS-CoV-2 spike protein inhibition through
non-endosomal pathway
(TMPRSS2 inhibitor)

Serine protease enzyme inhibitor

Oral squamous cell carcinoma and
dystrophic epidermolysis

Dyspepsia

Other Therapeutic Agents

Hesperidin

Blocking the viral neuraminidase (sialidase)
enzyme and the interaction between the ACE-
I receptor and the spike protein (inhibition
of viral entry)

Influenza A virus

Nausea and vomiting

Table 1: Summary of potential therapeutic agents against SARS-CoV-2 infection
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Status Treatments Evidence Approval
F.D.A. approved Remdesivir Cells, animals and humans -
Widely used Ventilators and other respiratory lifesaving support medical devices humans Emergency use authorization

Promising evidence Dexamethasone and Other Corticosteroids

Humans -

Cytokine Inhibitors

Tentative or mixed

Molnupiravir (also known as MK-4482 and previously as EIDD-2801)

Cells, animals and humans -

evidence —
Favipiravir -
Monoclonal antibodies Emergency use authorization
Interferons -
Recombinant ACE-2 Cells -
Ivermectin Cells and humans -
Convalescent plasma Cells and humans Emergency use authorization
Blood filtration systems Humans Emergency use authorization
Colchicine Emergency use authorization
Stem cells -
Anticoagulants -
Vitamin and mineral supplements Humans -

Unproven Oleandrin Cells -

Lopinavir and ritonavir

Cells and humans -

Hydroxychloroquine and chloroquine

Cells, animals and humans -

Azithromycin

Humans Emergency use authorization

Miscommunication bleach and disinfectants

UV light

Table 2: Current Status of the COVID-19 Potential treatments

considered such as the host response, the active viral
components and the key pathway players for cell entry.
Some of the potential therapeutic targets during viral
life cycle are depicted in figure 3. Despite being closely
related to SARS-CoV and MERS in terms of clinical
features and genetic identity, several previously used
drugs on SARS-CoV and MERS have been tested against
SARS-CoV-2 targeting the variable stages in the
lifecycle of SARS-CoV-2 [25], The possible targets to be
considered for anti-viral drug or vaccine designing
would be the host and viral attachment site or blocking
the viral entry into the host cells. The cellular entry of
SARS-CoV-2 is linked to the viral spike proteins to
receptors, priming event of S protein by host proteases
(TMPRSS2), ACE2 (angiotensin-converting enzyme 2).
The S spike glycoprotein of SARS-CoV-2 is a potential
target because neutralizing antibodies are usually
guided towards it. Targeting the crucial process of viral
replication, exocytosis and budding could be promising
targets for anti-viral treatments. The binding of ligands
or mABs prevent the interaction of viral receptor to the
host cell that potentially inhibits the viral entry [21].
Many anti-influenza drugs have been taken into account
because of the resemblance among respiratory viruses in
terms of viral entry into host cell, uncoating, and
replication [26]. Herein, potential therapeutics (such as
antiviral agents and anti-inflammatory agents) are
discussed with associated challenges and their efficacy
in combating the SARS-CoV-2 based on available
literature as summarized in table 1.

Expected risk Associated with Potential Therapeutic
Approaches

Remdesivir so far considered to be the most clinically
successful drug against SARS-CoV-2. The broad-
spectrum activity of Remdesivir was evaluated against
filoviruses, paramyxoviruses, pneumoviruses, Nipah
viruses, Ebola viruses, SARS-CoVs and MERS [27-29].
Remdesivir is an adenosine analogue works by inhibiting
the viral replication through targeting the RNA-
dependent RNA polymerase (RdRp) cause premature
termination of viral RNA transcription [30,31]. The
nspl2 residue is the potential binding site of remdesivir
on RNA-dependent RNA polymerase (RdRp). In case of
any mutation on nspl2 due to continuous evolving of
virus, it is speculated that remdesivir may become
resistance [32]. Remdesivir is a phosphoramidate
prodrug and found to reduce the recovery time for
individuals with SARS-CoV-2. However, the evidence
which proven its role in reducing the mortality is still
lacking [24]. Remdesivir recently found to be potent
against COVID-19 in vivo [33]. According to an in vitro
study remdesivir in combination with emetine was
found to shrink the viral load by 65% [34]. Many RCT are
being conducted to access the safety and efficacy of RDV
among COVID-19 patients. Remdesivir has been proven
to be more beneficial for patients not taking invasive
ventilation with a mortality rate of 5% in contrast with
patients taking invasive ventilation with a mortality rate
of 18% [35]. As reported, a remdesivir study was
conducted from January 25, 2020, until March 7, 2020,
in challenging hospitalized patients for 10 days in which
200 mg was intravenously administered on first day
followed by 100 mg daily for the next 9 days [36,37].
Reported side effects include constipation, nausea,
respiratory failure and gastrointestinal problems
[4,31,38].

RNA-dependent RNA polymerase inhibitors
(Nucleoside Analogues): Remdesivir (RDV)
@ Advancements in Life Sciences | www.als-journal.com | December 2022 | Volume 9 | Issue 4 416
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Stage Vaccine Type Xou:g;:; No. of Trials ;I:;:::‘cnuntrles
Anhui Zhifei Longcom RBD-Dimer Protein Subunit 2 5
|__FBRI EpiVacCorona 1 3
|_Moderna mRNA-1273 RNA 41 8
| Pfizer/BioNTech BNT162b2 72 12
CanSino Ad5-nCoV. 3 6
d b Gamaleya Sputnik V 53 19 6
e tho rity [ _Janssen Gohnson & Jomnson) AGZ6.COVZS NRVV 34 7 17
Oxford/AstraZeneca AZD1222 74 22 13
Serum Institute of India Covishield 9 2 1
Bharat Biotech Covaxin 5 1
Sinopharm (Beijing) BBIBP-CorV' 0 6 7
Sinopharm (Wuhan) Inactivated (Vero Cells) 6 7
Sinovac CoronaVac 17 13 6
FBRI EpiVacCorona 1 3 1
Instituto Finlay de Vacunas Cuba FINLAY-FR-1 - 4 1
Sanofi/GSK Recombinant Protein - 4 2
Anhui Zhifei Longcom RBD-Dimer Protein subunit 2 5 5
Clover SCB-2019 5 10
COVAXX UB-612 - 4
Instituto Finlay de Vacunas Cuba FINLAY-FR-2 - 3
Novavax NVX-CoV2373 - 5
Medicago Plant-based VLP VLP - 3
AnGes AG0302-COVID19 DNA - 4 1
Inovio INO-4800 - 6 3
Pfizer/BioNTech BNT162b2 72 12 9
Curevac CVnCoV. - 5 4
Phase 3 Clinical Pfizer/BioNTech BNT16201 RNA - 3
Moderna mRNA-1273 41 1
ReiThera GRAd-COV2 - 12
Serum Institute of India Covishield 19 1
Janssen (Johnson & Johnson) Ad26.COV2.S NRVV 34 17
Oxford/AstraZeneca AZD1222 74 22 13
Gamaleya Sputnik V/ 53 19
CanSino Ad5-nCoV. 3 6
Kazakhstan RIBSP QazCovid-in - 3
Chinese Academy of Medical Sciences Inactivated (Vero Cells) - 5
Bharat Biotech Covaxin 3 5
Sinopharm (Beijing) BBIBP-CorV. 20 6
Sinopharm (Wuhan) Inactivated (Vero Cells) 2 6
Sinovac CoronaVac 17 13

Phase 2 Clinical
Trials

University Medical Center Groningen AKS-452

EuBiologics Co Ltd EuCorVac-19

Takeda TAK-019

SK Bioscience Co Ltd GBP510

Shionogi S-268019

Nanogen Nanocovax

Medigen MVC-COV1901

University of Saskatchewan COVAC-2

Kentucky Bioprocessing KBP-201

Center for Genetic Engineering and Biotechnology (CIGB) CIGB-669

West China Hospital Recombinant (Sf9 cell)

Biological E Limited BECOV2A

Biological E Limited BECOV2B

Biological E Limited BECOV2D

Biological E Limited BECOV2C

Center for Genetic Engineering and Biotechnology (CIGB) CIGB-66

Protein Subunit

VBI Vaccines Inc VBI-2902a

SpyBiotech RBD SARS-CoV-2 HBsAg VLP

Zydus Cadila ZyCoV-D

Takis COVID-eVax

GeneOne Life Science Inc GLS-5310

AnGes AG0301-COVID19

Genexine GX-19

Entos icals Inc Covigenix VAX-001

Takeda TAK-919

Avrcturus Therapeutics Inc LUNAR-COV19/ARCT-021

Pfizer/BioNTech BNT162c2

Pfizer/BioNTech BNT162b3

Pfizer/BioNTech BNT162al

Chulalongkorn University ChulaCov19

Walvax mRNA

RNA

Shenzhen Geno-Immune Medical Institute LV-SMENP

Wantai DeINS1-2019-nCoV-RBD-OPT

Aivita Biomedical Inc AV-COVID-19

Merck Sharp & Dohme Corp V591

Mahidol University NDV-HXP-S

Israel Institute for Biological Research (IIBR) 11BR-100

Cellid Co AdCLD-CoV19

RVV

Valneva VLA2001

Minhai Biotechnology Co SARS-CoV-2 Vaccine (Vero Cells)

Phase 1 Clinical
Trials

Adimmune Corporation AdimrSC-2f

ueensland Sclam

US Army Medical Research and Development Command
SpFN COVID-19 Vaccine

Tuebingen CoVac-1

SK Bioscience Co Ltd NBP2001

Razi Vaccine and Serum Research Institute
Razi Cov Pars

Vaxine COVAX-19

Protein Subunit

Codagenix Inc COVI-VAC

LA

Symvivo bacTRL-Spike

University of Sydney COVIGEN

Providence Health & Services CORVax12

Imperial LNP-nCoVsaRNA

Moderna mRNA-1273.351

Providence Therapeutics Holdings Inc PTX-COVID19-B

GlaxoSmithKline CoV2 SAM (LNP)

Vaxart VXA-CoV2-1

AMMS Ad5-nCoV.

Universitatsklinikum Hamburg-Eppendorf MVA-SARS-2-S

Bharat Biotech BBV154

NIAID SAM-LNP-S

ImmunityBio Inc hAd5-Covid-19

Altimmune Inc AdCOVID

NIAID ChAdV68-S

City of Hope Medical Center COH04S1

Shenzhen Geno-Immune Medical Institute Covid-19/aAPC

Merck Sharp & Dohme Corp V590

Institut Pasteur COVID-19-101

RVV

Shifa Pharmed Industrial Co COVID-19 Inactivated Vaccine

Health Institutes of Turkey ERUCOV-VAC

el el lole]ee e == [l = =] = (] e [e]e]s]s o frofe]nn e [rofrofro[ro] s o ro| s [ro[ro [rorof oo s o [ro [ro[ro eo | mo o o o fro[ro [ ro | o | o | o
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Abbreviations: NRVV: Non replicating viral vector; RVV: replicating viral vector; VLP: virus like particle; LA: Live Attenuated
Table 3: Recent Status of Worldwide Vaccine Development
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Favipiravir

Favipiravir is a guanine analogue and RNA dependent
RNA polymerase (RdRP) inhibitor, it works by
introducing hazardous mutations in the viral genome
[39]. In the active phosphoribosylated form, Favipiravir
has been identified as a viral RNA polymerase substrate
in several viruses [40]. Favipiravir has proven to be an
effective antiviral agent against Ebola, A HINI,
influenza yellow fever and Ebola [41,42]. In China,
Favipiravir was approved in March 2020 for the
treatment of SARS-CoV-2 [4]. In patients taking
Favipiravir some notable side effects were observed such
as psychiatric symptoms, elevation of liver function
enzymes and gastrointestinal track disturbance [43,44].

Ribavirin

Since 1980 Ribavirin was used for the treatment of
respiratory syncytial virus among children [45]. The FDA
approved the guanosine analogue ribavirin as a prodrug
found to be effective against viral hemorrhagic fevers,
Hepatitis C Virus (HCV) and Respiratory syncytial virus
(RSV) infection usually along with interferon (IFN-a2b)
[24,46]. Ribavirin in combinational therapy showed
promising results against COVID-19 patients through
inhibition of viral RdRp finally blocking the function of
viral protein [47]. However, studies related to its safety
need to be investigated further. The major side effect
which limits its use against SARS-CoV-2 is due to the
reduction in hemoglobin concentration in patients with
respiratory disorders [24].

Penciclovir

Penciclovir is a guanosine analogue, previously reported
to block the activity of herpes DNA polymerase enzyme
against herpes viruses to prevent viral replication. It was
among the first agent tested for SARS-CoV-2 infection.
In in vitro studies, penciclovir showed relatively low
level of efficacy against SARS-CoV-2 infection. In
another study on penciclovir promising outcome was
observed by preventing the activity SARS-CoV-2 RNA-
polymerase indicating its role to be explored further in
clinical trials [48,49]. Although due to its safety concerns
in breastfeeding and pregnancy associated with nausea
and headache, limitation in oral absorbance and uptake
are some of the major side effects limiting its use [50].

Protease Inhibitors

TMPRSS2 inhibitor

Another fascinating strategy is targeting the spike
protein of SARS-CoV virus that play a critical part in
facilitating the viral entry into the target cells seems to
be promising approach in many in vitro studies. In order
to proceed for the infectious viral entry, cleavage and
activation are the key steps of the SARS-CoV spike
protein through the host cell’s proteases, which could be

TMPRSS2 (Type II transmembrane serine protease).
TMPRSS2 investigated as a potential antiviral agent due
to its potential to cleave and activate the spike protein
of SARS-CoV. It is well documented here that TMPRSS2
is used by SARS-CoV-2 for S protein priming [51].
Previously cysteine P1 K11777 showed favorable efficacy
against MERS-CoV and SARS-CoV in 293T, (expressing
ACE2) or CD13, or Vero cells [52,53]. Study conducted
on Caco-2 and Vero-TMPRSS2 cells, the use of camostat
mesylate an approved potent serine protease inhibitor
partially prevents the spike-driven entry of SARS-CoV-
2. According to the recent study clinically tested serine
protease inhibitor camostat mesylate has found to
partially prevent the SARS-CoV-2 spike mediated
cellular entry by showing its activity against TMPRSS2
into Vero-TMPRSS2 and Caco-2 cells [20,51,54].
Although further in vivo and in vitro studies are required
to explore the mechanism of camostat mesylate as a
potential antiviral agent against SARS-CoV-2 [54]. Some
other related drugs such as nafamostat could potentially
be considered as an antiviral agent against SARS-CoV-2
patients for off label treatment [51,55].

Lopinavir/Ritonavir

Lopinavir/ritonavir demonstrates as a promising
candidate against MERS-CoV in tissue culture model
although further investigations required to explore
regarding its efficacy and safety despite its ability in
reducing the progression of the disease in marmosets
[56,57]. Lopinavir/ritonavir as an protease inhibitor
works as combination therapy found to be effective
against HIV [58]. Based on previous clinical studies on
SARS patients lopinavir-ritonavir therapy considered as
a potential therapeutic agent against SARS-CoV-2.
However no significant result has been achieved so far
on clinical data obtained from COVID-19 patients
therefore there is an vital need of a well-controlled and
more customized clinical studies against COVID-19
[45,59].

ACE (Angiotensin-converting enzyme) inhibitors

According to the recent study conducted on non-
survivors of COVID-19, particular comorbidities include
diabetes and cerebrovascular disease [5]. As reported,
these types of patients were generally treated with
angiotensin II type I receptor blockers (ARB) or ACE
inhibitors [60]. The binding of the surface spike
glycoprotein (S- protein) of SARS-CoV-2 and SARS-CoV
is facilitated by epithelial cells (intestine, lung, and
kidney) expressed ACE2 receptors. Without the presence
of acute respiratory distress syndrome (ARDS), under
strict monitoring of ARB or ACE, inhibitors are
considered as a potential treatment against SARS- CoV
infection [4]. SARS-CoV-2 utilizes ACE-II receptor as a
primary receptor and the lung tissue decreased in
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. Number Weeks Administration s
Vaccine Company Type Efficacy (%) Phase of shots apart Route Storage Condition Status
Comirnaty Approved in many
(also known as Pfizer- R Freezer Stored at— countries.
tozinameran or BioNTech mRNA 95 23 5 Muscle injection 25°Cto -15°C Emergency use in U.S.,
BNT162b2) E.U., other countries.
Approved in
L Refrigerated 30 days, Switzerland.
mRNA-1273 Moderna mRNA 94.5 3 4 Muscle injection 6 months at ~20°C Emergency use in U.S.,
UK., E.U,, others.
Sputnik V Ad5 and Early use in Russia.
(also known as Ad26 91.6 T .
. Gamaleya ) 3 3 Muscle injection Freezer storage In other countries
Gam-Covid- (adenoviruses
emergency use.
Vac) )
AZD1222 ChAdOx1
(also known as Oxford- (adenovirus S 6 months Emergency use in
Covishield in AstraZeneca that infects 824 253 12 Muscle injection Refrigerated Stability Britain E.U.,
India) chimpanzees)
Convidecia CanSino Ad5 65.28 Muscle injection . Approved in Chl?a'
(also known as Biologics (adenovirus) 3 NA Refrigerated Emergency use in
Ad5-nCoV) 3 Mexico, Pakistan.
72in US’.M mn Up to two years at —
South Africa, 61 s o .
Johnson & Ad26 . . Muscle injection 20° C) and up to Emergency use in U.S.,
Ad26.COV2.S , . in Latin 3 NA .
Johnson’s (adenovirus) . three months E.U., Bahrain.
America . °
refrigerated at 2-8° C
EpiVac Corona Ve?tor Protein Unknown 3 5 Muscle injection Stable in refrigerator Early use in Russia.
Institute for up to two years
. - 9 L . . UK, , Al li
NVX-CoV2373 Novavax Protein 86-96 dgpends 3 3 Muscle injection Stable in refrigerator Canada, Australia
on variants and South Korea.
Approved in China,
BBIBP-Corv Sinopharm Inactivated 79.34 3 3 Muscle injection - UAE, BahrauAL
In other countries
emergency use.
i?éf;?f@c 50.38 in Brazil Approved in China.
PiCoVacc) Sinovac Inactivated 83.5% in Turkey 3 2 Muscle injection Refrigerated In other countries
X emergency use.
Wuhan
Sinopharm- Institute of . S o Approved in China.
Wuhan Biological Inactivated 72.51 3 - Muscle injection 2-8 °C Limited use in UA.E.
Products
Covaxin
(also known as Bharat . B At least a week at Emergency use in
BBV152 A, B, Biotech Inactivated 806 5 4 room temperature India, Zimbabwe.
9]

Table 4: Current Status of the World Top Nine Leading Vaccines

expression of ACE-II could possibly indicate the major
source of lung injury deal by SARS-CoV-2 [61]. For
COVID-19 patients, the use of ACE-II inhibitors was
suggested as it is presenting a potential agent among
hypertension patients in decreasing the morality and
pulmonary inflammatory response [62]. The binding
affinity of human SARS-CoV-2 spike protein with ACE II
receptor is more compared to SARS-CoV. Recently, a
novel therapeutic strategy of human recombinant
soluble ACE2 (hrsACE2) found to prevent the entry of
SARS-CoV-2 into the host cell thus reduces the viral
load but possibly only in early stage patients [63,64].

Antimicrobial Agents

Hydroxychloroquine, Chloroquine and Azithromycin
For more than 50 years, hydroxychloroquine (HCQ) and
chloroquine (CQ) have been used widely for the
treatment of malaria and autoimmune diseases.
Chloroquine is a derivative of 4-aminoquinoline and
reported as anti-infective (including anti-bacterial,
anti-parasite, anti-viral, and anti-fungal),
immunomodulating, anti-thrombotic, anti-tumor, and
metabolic effects anti-infection (including anti-
parasite, anti-bacterial, anti-fungal and anti-viral),
anti-thrombotic and metabolic effects. Chloroquine is

found to be useful against viral infections in in vitro
studies however results are not very hopeful in clinical
trials and animal studies of chloroquine [65,66]. It has
been found to be effective against influenza A and B
virus in vitro [67,68], COVID-19 [69], HIV-1 [70,71] and
SARS COV-1 [72,73]. Multiple mechanisms have been
suggested related to antiviral activity of Chloroquine. It
blocks virus and cell fusion by increasing the acidic
endosomal pH (ranges from 4-7). In addition to this, it
also prevents the glycosylation of the angiotensin-
converting enzyme 2 (ACE 2) receptors that ultimately
block the binding of S-protein. Entry of the virus into the
cells is facilitated by ACE 2 receptor [4,74]. Chloroquine
serves as a zinc ionophore and reported to increase the
intracellular levels of zinc that ultimately permit the
entry of zinc into the cells. This results in inhibiting the
activity of RNA-dependent RNA polymerase [75]. In
vitro chloroquine is found to be effective against SARS-
CoV-2. It has been proposed that low dose of
hydroxychloroquine in combination with anti-
inflammatory drug could be effective in severely ill
patients at late stages of SARS-CoV-2 infection by
controlling the cytokine storm due to its
immunomodulatory effect. However, the efficacy of
hydroxychloroquine found to be more effective
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compared to chloroquine in autoimmune conditions
[5,76]. Although patient allergic with
hydroxychloroquine or with retinopathy, pregnant or
breastfeed is strictly prohibited. Its adverse effects have
found on hepatic and renal systems. Adverse reactions
of chloroquine phosphate tablets have been reported in
a clinical trial conducted on SARS-CoV-2 patients [77].
Azithromycin is considered to be a potent agent against
severe respiratory tract infections in patients dealing
from viral infections. The clinical trial of azithromycin
in combination with hydroxychloroquine recently shows
better efficiency in viral elimination against SARS-CoV-
2 in Chinese patients [78]. The administration of
hydroxychloroquine, chloroquine and azithromycin
required special care and designed for effective
monitoring on selected patients against SARS-CoV-2
infection [79].

Ivermectin

Ivermectin has been recognized as an antiparasitic
agent and known to be efficient against broad range of
viral infections in vitro. The anti-viral studies of
ivermectin have been reported against many RNA
viruses including Avian influenza A, Human
immunodeficiency virus type 1, Yellow fever, Dengue
fever, Zika etc. The proposed mechanism of action is
through blocking the importin (IMP) a/p receptor, which
plays crucial role in carrying viral proteins into the
nucleus of host cell [80]. It is a broad-spectrum drug that
found to be effective against dengue virus infection
upon oral administration. In-vitro studies of Ivermectin
has been found to be effective against SARS-CoV-2 in
reducing the viral RNA up to ~5000-fold for 48 hours.
Due to its efficacy ivermectin could be a potential
candidate against SARS-CoV-2 infection however its
definite mechanism of action is currently under
investigation. Due to its potential as an antiviral agent
against SARS-CoV-2 there is an immense need for
further investigation in humans [20,81].

Immunotherapy and Immunomodulators
Corticosteroids

Corticosteroids possess immunosuppressive and anti-
inflammatory properties serving as a good candidate in
diminishing the effects of pneumonia. It has been also
found to be potent against ARDS with profound impact
in reduction of systemic inflammation and ease
hypoxemia that eventually control the respiratory
deficiency [82,83]. Efficacy of corticosteroid in low dose
against SARS-CoV-2 pneumonia patients has been
evaluated which shows promising rate of recovery of
clinical symptoms [84]. In SARS-CoV-2 patients with
extrapulmonary systemic hyperinflammation
syndromes associated markers found to be increased,
corticosteroids therapy improves the mortality rate in

such cases. Due to infection drop in levels of suppressor,
helper and regulatory T cell counts were observed. Other
factors that contribute involve granulocyte colony-
stimulating factor, macrophage inflammatory protein 1-
a, inflammatory cytokines biomarkers and cytokines
(IL-2, IL-6, IL-7), C-reactive protein, tumor necrosis
factor-a in patients severely ill patients that possibly
leads to activation of NF-kB signaling and JAK/STAT
pathway. Due to p38 phosphorylation and NF-KB
nuclear translocation results in induction of chemokines
and inflammatory cytokines that leads to the “cytokine
storm”. In most cases Therefore, the
immunomodulation of p38 MAPK and NF-kB activation
potentially considered as a therapeutic target.
Corticosteroid act as an anti- immunosuppressive and
inflammatory agent such as dexamethasone,
hydrocortisone and methylprednisone. Corticosteroids
interact with glucocorticoid receptors (GRs) by crossing
through host cell membrane that moves into the nucleus
and upon binding with glucocorticoid response
elements (GRE) that regulate the expression of many
genes. The Corticosteroid exhibit anti-inflammatory
properties via release of proinflammatory cascade such
as phospholipase A2 in immune cells like dendritic cells,
Ilymphocytes, macrophages, mast cells and eosinophils.
However due to the side effects of corticosteroids
against viral immune response on COVID-19 patients its
potential as an anti-SARS-CoV-2 agent is dubious [83].
The considerable major factors that can have a main
impact on the clinical outcome are half-life, dosage,
formulation, and selection of patient [11].

Dexamethasone: A Life Saving Steroid
Dexamethasone, approved by the FDA in 1958, is a
broad-spectrum synthetic corticosteroid
immunosuppressor 30 times stronger as compared to
cortisone with extended duration of action recently
shows promising results on COVID-19 patients. Till
now, and without any published set of data as a result of
a trial it has been recently announced that low dose
treatment of low-cost cheap  corticosteroid
dexamethasone, is reducing the mortality rate of
severely ill patients who need help in breathing. Since
1960s, dexamethasone has been widely used in cure of
asthma and rheumatoid arthritis. Dexamethasone is
known to be more effective for patients on ventilators by
reducing the death risk from 40% to 28% compared to
those who in need of oxygen by 25% to 20% at a low dose
of 6 mg per day for 10 days by treating the overreaction
of immune response. However, it does not much helpful
on patients with milder symptoms of infection [85-87].
The acute respiratory distress syndrome (ARDS)
develops in many patients, and it is linked with
enormous inflammatory response and subsequent
cytokine storms could lead to lung damage. The
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defensive action against COVID-19 is linked with
specific antibodies and activated T cells [88]. The action
of dexamethasone is not limited to the harmful effect
and production of cytokine but also reduces the role of
T cells and inhibit the release of antibodies from B-cells
that result in viral load increase. Thus, dexamethasone
can only be effective as a short-term treatment option in
severely ill patients as it could be risky during recovery
due to existence of virus while the production of
antibodies will be interrupted by the body [89].

Passive Inmunotherapy

Convalescent serum

Another alternative and promising approach is
utilization of convalescent plasma from the recovered
patients or seroconverted patients from viral infections
has a long history [90]. Based on the previous
experienced on SARS, H5N1 avian influenza, 1918
influenza, 2009 influenza HIN1, severe Ebola virus and
MERS viral infections passive immunotherapy is
considered as a possible curative option against SARS-
CoV-2 infections. Injecting the antibodies to susceptible
and infected patients, is a rapid mean of providing
immunity for effective cure and prevention [69,91-93].
According to the study among COVID-19 and ARDS
patient clinical condition were significantly improved
following the convalescent plasma transfusion [93]. This
treatment, can be effective against SARS-CoV-2
infection, is a potential and successful candidate
according to the several studies [69]. The development
of the IgG antibodies among infected patients has
significantly increases the chances of its future use [94].
Although, according to a reported RCT the use of
convalescent plasma in addition with standard
treatment no improvement in clinical symptoms was
observed. This is because antibody therapy is more
effective at early stages of disease progression and
shows more profound effects in severely ill patients
related to patients who are seriously sick [2,95]. The
main objective behind isolating the neutralizing
antibodies from recently recovered patients is to
inactivate the virus through transfusion into the
infected patients [96]. The neutralizing antibodies
exerts its therapeutic action by delaying the binding of S
proteins to their receptors leads to interfere with
conformational changes, necessary to target for
membrane binding for immune response modulation.
Induction of phagocytosis and cellular cytotoxicity
could possibly be as a result of administration of
convalescent serum. However, the major limitation
associated with passive immunotherapy is the risk of
antibody-dependent enhancement (ADE), short life of
antibodies and shortage of donor [49,97]. The potency
and safety of passive immunotherapy has been
examined and improvement in radiological and clinical

symptoms with reduced viral load was observed upon
infusion of convalescent plasma into SARS-CoV2
patients [91,93,98,99]. The major possible setbacks are
soon after the transfusion are fever, nausea, disease
transmission risk and skin rash [100].

Monoclonal or polyclonal antibodies

Antibodies isolated from B-cells are known as
monoclonal antibodies (MAbs) and so far, around 70
recombinant mABs have been authorized by FDA for the
treatment of cardiovascular diseases, auto-immune,
inflammatory, arthritis, malignant and infectious
diseases [101]. Based on the previous in vivo and in vitro
studies favorable outcome on SARS-CoV and MERS
monoclonal antibodies (MAbs) has been proposed as a
potential therapeutic against COVID-19 [102,103]. The
possible action of MAbs is to target an RBD (receptor-
binding domain) of the viral S1 subunit of protein in
order to block the host receptor binding thus inhibiting
viral entry [7,104]. Another potential target is the S1
subunit involves in viral and host cell membrane fusion.
Injecting the highly active and specific monoclonal
antibodies (MAbs) offer more advanced alternative to
plasma with minimized risk of transmission of blood
borne diseases. So far, many MABs targeting the SARS-
CoV RBD (S1 and S2 subunits) were tested. Thus, based
on similarity among the spike protein of SARS-CoV and
SARS, MABs are considered as a favorable candidate for
further investigation against COVID-19 [49].

Tocilizumab

Tocilizumab blocks the pro-inflammatory cytokine IL-6
(interleukin-6) receptor released as a result of viral
infection hence serve as an IL-6 receptor antagonist. A
humanized monoclonal antibody, Tocilizumab - known
to be used in rheumatoid arthritis treatment for many
years and in cytokine release syndrome associated with
COVID-19 under randomized controlled trials [105-
107]. In a clinical trial conducted in China improvement
in clinical symptoms was observed on 20 severely ill
SARS-CoV-2 patients after tocilizumab treatment
according to the non-peer reviewed study [48]. In
another study conducted at the Spedali Civili University
Hospital in Brescia (Italy), COVID-19 pneumonia
patients showed positive outcome with tocilizumab
treatment indicating the future need of randomized
clinical trial [3,108]. In ongoing clinical trials by FDA
phase III as a result of tocilizumab treatment, clinical
symptoms and rate of recovery improved in severe
COVID-19 patients [3]. Another IL-6 receptor antagonist
Sarilumab is currently in phase II/IIl clinical trial in
severe COVID-19 infected patients for efficacy
evaluation. It is worth mentioning here that among
COVID-19 patients, the repeated dose of Tocilizumab is
suggested in case of failure of response after the first
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dose in order to get a larger response [109]. Although
septic shock and gastrointestinal perforation has been
observed in some COVID-19 patients after tocilizumab
treatment it further linked with higher risk of
leukopenia. The potential efficacy and safety profiles of
monoclonal and polyclonal antibodies against SARS-
CoV-2 therapeutics needs to be investigated further but
due to it high cost like any other tocilizumab is also limit
its use [108].

Interferons

Interferon, an immunomodulatory antiviral compound
works by inhibiting the viral exocytosis. Interferon beta
(IFN-B) showed potent activity against MERS-CoV
infections in Vero cells [110]. As an anti-SARS-CoV-1
agent interferon alfa and beta presented invitro activity
[56,57]. Trials against SARS-CoV-2 related to efficacy of
interferon-alpha-2a have been conducted in China in
combination with ribavirin [96,111]. However due to
adverse side effects record, such as anemia, GI and
depressive symptoms in MERS pandemic this
combination is not advisable without a SARS-CoV-2
clinical trial [48].

Other Therapeutic Agents

Hesperidin

Studies suggested the protective effects of hesperidin at
early stages of infection against influenza A virus, by
blocking the viral neuraminidase (sialidase) enzyme that
play a key role in release of virions from infected cells
[112]. Hesperidin is found in high amount in the rinds of
a few citrus species, this compound is a flavanone group
member of the flavonoid family with a broad range of
pharmacological activities [113]. According to recent
studies hesperidin has been found to block the
association between spike protein and ACE-II receptor
upon binding to RBD of spike protein of SARS-CoV-2
thus this led to the inhibition of viral entry into the host
cell. These findings provide the supportive basis of
conducting the clinical trials as so far, no side effects
have been reported regardless of low prevalence of
vomiting and nausea [49].

On-going investigations uncovers various FDA
approved drugs and in silico virtual screening methods
using modeling and molecular docking approaches
could be promising approach in search of potential anti-
viral drug against COVID-19 treatment. The current
status of the potential COVID-19 treatments [114] has
been summarized in table 1.

Bacteriophage: A Novel Approach

The high rate of mortality among COVID-19 patients
could possibly be due to a delayed communication
between adaptive and innate immune systems, leading
to a slower production of antibodies. If the contributing

factor behind the mortality rate among elderly patients
is bacterial infections, then the extra time required by
the body’s adaptive immune system for antibody
generation that could be achieved by decreasing the
growth rate of bacteria in respiratory system of infected
patients [115]. Bacteriophages are viruses that
selectively target a specific bacterium without causing
any harm to humans. Broad range antibiotics might also
target the beneficial bacteria alongside the harmful
ones, thus possibly allowing for the development of
antibiotic resistant bacteria due to their overuse [116].
By the discovery of phage display technique,
bacteriophages have a potential to produce recombinant
antibodies that was previously effectively used for
MERS-CoV. This technique inhibits ACE2 association
that could possibly be engineered by serum of immune
patients [117]. Therefore, bacteriophages can be used for
the development of synthetic antibodies for the
treatment of SARS-CoV patients, thus reduce the
mortality rate . However careful design of clinical trials
is needed for bacteriophage selection against the
bacteria specifically causing the respiratory problems
among infected patients or the synthetic antibody
production. The time taken by the body in order to
develop the antibodies and the link associated with the
role of bacteria in mortality rate is also not well
established [118].

Vaccine Development: Mechanism of action of Vaccines
The vaccine protective effects are mainly based on viral
neutralizing antibodies that target Antibody/B Cell
Protection induced by approved viral vaccines. These
antibodies inhibit viral interaction with its cellular
receptor or block conformational changes needed for
viral fusion within cell membrane. The anti-CoV-2
vaccines development process were accelerated and
become available within eight to ten months compared
to previous vaccines preparation that took around eight
to ten years before being commercially ready. The
general approach for vaccine preparation was rely on the
only viral surface spike protein as an antigen that
available for the immunological cells and antibodies in
the body.

The common types of COVID-19 vaccines are protein
subunit, nanoparticles or virus-like particles, whole
virus, nucleic acid (RNA AND DNA) and viral vector.
They work by production of antigen either through
smuggling it into the body or utilizing own body’s cells
for viral antigen production. The whole virus vaccine
method utilizes whole viruses (live-attenuated or
inactivated) to modulate an immune response. The two
main techniques involve: live attenuated vaccines that
used fragile form of the virus capable of replicating that
does not lead to any disease and other one is the
inactivated vaccines in which viral genetic material

Advancements in Life Sciences | www.als-journal.com | December 2022 | Volume 9 | Issue 4 422



Deciphering the Potential Therapeutic Intervention Points of 2019-nCoV: A Pharmacological Perspective

turns to be non- functional so incapable of replicating
but able to trigger an immune response. In subunit
vaccines viral protein fragments used to evoke immune
response that could be weak with minimal side effects.
On the other side nucleic acid based vaccines utilizes
genetic material that instruct cells for antigen
production, such as viral spike protein. Upon entering of
genetic material into the human cells, body cells act as
protein factories for antigen production. They are easy
and simple to make, and economical however RNA
vaccines require ultra-cold temperatures form storage (-
70°C or lower) that could be challenging for developing
countries. Viral vector vaccines based on utilizing non-
pathogenic virus through proving instructions to
genetic material for antigen production. But the virus is
dissimilar to the one vaccine is targeted in order to give
command to our body own cellular genetic material and
take over that antigen producing factories. The other
approach is nanoparticles and virus-like particles (VLPs)
based on engineered foreign virus epitopes shows on
their surface, making them highly immunogenic.
Molecules initiate innate immunity is encapsulated
within VLPs to increase immune responses and activate
T helper type 1 (Th1) polarized immune cascades (type
1 immunity) instead of pathogenic elevating Th2
polarization. So far approved vaccines manufactured by
Moderna, and Pfizer based on lipid nanoparticle (LNP)
delivery systems and mRNA technology, while the
formulations approved for Johnson, AstraZeneca and
Johnson although Gam-COVID-vac (Sputnik V) possess
DNA dispatch within recombinant non-replicating
adenovirus (AdV) vector. The AdV and mRNA vaccines
code the making of the SARS-CoV-2 spike (S) protein,
that serve as primary target for neutralizing antibodies
comes from therapeutic monoclonal antibodies and
natural infection.

A current status of COVID-19 Vaccine

In order to end this pandemic, an enormous portion of
the world population should be resistant to the
infection. Herd immunity develops when reasonable
segment of a community (the herd) gets immune for a
particular disease. In that case risk of infections spread
from one person to another is very low that leads to
better protection of population against contagious
diseases. The most practical approach to accomplish
this is via immunization. Through history, humankind
has frequently depended on vaccine technology to cut
down the loss of life against infectious diseases [119]. So
far there are more than 200 vaccines contestant being
developed and analyzed at a rapid speed. The production
of vaccines consists of the following stages: exploratory,
preclinical and clinical phases. The recent status of the
worldwide vaccine development has been summarized
in table 2 with number of trials in total number of
countries [120]. In a race of vaccine development, AZ-

Oxford University has sold more than 2.5 billion doses
so far followed by AstraZeneca that deals around 500
million doses each to US and the India along with 400
million vaccines to the European Union. The highest
seller of COVID-19 vaccines has been chased by Novavax
by selling 1.3 billion vaccine doses. Till now 10% and 6%
have been sold by Moderna and Pfizer-BioNTech of the
total manufactured vaccine doses respectively [121]. It
has been reported that so far around 359 million doses
have been given across the globe in 122 countries,
accounting for almost 9.25 million doses per day. In the
US only, 107 million doses have been administered that
counts for 2.9 million vaccine doses per day, this would
eventually take 5 months to cover 75% of its whole
population to get immunized with 2 doses [122]. The
demand for COVID-19 vaccines is global, but across
communities, the need is differentially spread. In the
first phase, health-care staff in hospitals has been
prioritized followed by staff working in health centers
and eventually among the elderly and the eligible people
with specific medical conditions. It is estimated that
around 8.09 million people globally doses so far received
the two doses of vaccination [123]. Although several
countries are still waiting to receive their first vaccine
shots. With emergence of new viral strains, Moderna has
developed a booster shot against two SARS-CoV-2
variant strains including B.1.351 (501Y.V2) and B.1.1.7,
that initially originated from UK and having lower level
of antibody as compared to previously identified strains,
although both strains are found to have several
mutations on the spike protein. At present, Moderna
vaccine has been given in two shots in monthly
timespan while investigation of its third shot against
B.1.351 strain has been underway. Among all variants
B.1.351 is found to be most fast growing strain of SARS-
CoV-2 that originated in October 2020 from South Africa
[124]. Currently, mRNA based vaccine from Pfizer-
BioNTech in phase 2, 3 recently been approved in
Bahrain, Saudi Arabia, Switzerland in necessity in U.S.,
E.U., other countries while Moderna is in phase 3 has
been using in Switzerland and urgency in U.S., UK., E.U.,
others [125]. In the race of safe and effective vaccine
production against coronavirus so far 76 vaccines are
currently in clinical trials while 22 have cross the last
steps of analysis among them around 77 candidates are
under preclinical investigation in animals. Until
present, 42 vaccines are in phase 1 while 30 and 21
vaccines are in phase 2 and phase 3 respectively. There
are 6 vaccines that are authorized for limited used. The
details of world top 9 vaccines against COVID-19 have
been listed in table 3 [126].

Booster shot an additional dose of COVID-19 that
usually administered once given after the protective
effects of original shot(s) initiates to decline gradually
during course of time. The booster dose provides better

Advancements in Life Sciences | www.als-journal.com | December 2022 | Volume 9 | Issue 4 423



Deciphering the Potential Therapeutic Intervention Points of 2019-nCoV: A Pharmacological Perspective

prevention by either restoring or enhancing protection
from severe coronavirus infection as mentioned in the
figure 4. A booster dose usually given to an individual
whose vaccination schedule has been completed.
However as compared to booster dose an additional dose
usually given to individuals with moderately to severely
compromised immune systems (having weakened
immune system due to any medical symptom or as a
receipt of immunosuppressive medications or
treatments). This additional dose results in betterment
of responses in immunocompromised individuals
against their previous vaccination program. In
immunocompromised individuals, the third dose is
considered as the final dose of the primary vaccine
series.

PERCENTAGE OF VACCINATED PEOPLE WITH BOOSTER SHOTS ADMINISTERED
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Figure 4: Global status of booster shot administered: Worldwide
scenario of booster shots administered in top 10 countries is
represented in the figure. The percent population administered
with booster shot has been highest in US among different
countries followed by Europe. The country with no bar has 0% of
the population with booster shots [127].

From Delta to Omicron variant: How this new variant
possibly reshapes the pandemic

The designation of coronavirus variants by WHO as a
variant of concern due to their contagious nature stays
under high surveillance as regular updates needs to be
monitor regularly. So far, up till now, five variants of
concern have been named as: Alpha, Beta, Gamma,
Delta and Omicron [128]. From the journey that begins
from the B.1.1.7 (Alpha variant of coronavirus) in last
December that swept rapidly across England, and then
completely into the world [129]. Followed by another
variant initially detected in South Africa, the B.1.351 or
Beta variant contains both an E484K mutation that
connects with immune escape while making N501Y
mutation leads to help many other variants of
coronavirus more contagious. The three identified
SARS-CoV-2 variants contains mutations into ACE2
interacting surface of the RBD such as N501Y, K417N

and E484K in B.1.351, N501Y in B.1.1.7 and iN501Y,
K417T and E484K in P.1. These variants (B.1.351 and
B.1.1.7) possess high potential of transmissibility and
become global strain of concern. As these variants
contain various variations in the immunodominant (S)
spike protein that helps viral entry through ACE2. These
mutations in the recognition site of receptor on spike
protein are mainly responsible for immune escape. The
mutations in receptor-binding domain leads to strong
association of ACE2 and its global escape through
neutralization of monoclonal antibody directed by
E484K, although N501Y and K417N as these works as
together against other crucial antibody types. The third
variant of concern, Gamma variant, that spread across
Brazil did not reach many other places. The B.1.617.2
Delta variant of coronavirus has predominately spared
through the US and across the world. It rapidly took over
from the B.1.1.7, or Alpha variant in many countries.
Delta contains many mutations on the spike protein
capable of stimulating the immune system, as people
who have been already infected once with any other
variant will likely become infected again [130]. Currently
the Omicron variant of coronavirus has been detected in
several countries worldwide as mentioned in the figure
5. The nations all over the world are looking to identify
about cases of the Omicron variant with the increasing
fear of enforcement of governmental policies in respect
to closing border and revised restrictions with SOPs
(wearing mask, use of disinfectants, maintaining social
distancing). The new variant designated as B.1.1.529
was first detected on the 11th of November 2021 in
Botswana, with 30 more mutations on its Spike protein,
double what was originally carried by the Delta variant,
making it potentially more transmissible with a Ro value
of 1.93, as compared to Delta’s 1.47. On the 1st of
December, South Africa detected 8,561 cases, more from
the 3,402 initially reported on the 26th of November 21;
leading to various hundreds of cases per day in mid-
November, with the dominant spared in Gauteng
Province. So far, genome sequencing is required to
confirm the Omicron cases as PCR tests is not as
effective due to mutations that distinguishes it from
Delta. The spread of variant across the globe might
depend on reasons such as prior infection rates and
vaccination capacity of that nation [130]. . Based on
initial evidence in South Africa, the new variant might
spread at a higher rate than the Delta one as it has been
found to be 50% more contagious than earlier lineages.
It’s also containing 23 mutations, together with N501Y
with high risk of spreading that therapeutically works
with monoclonal antibody and vaccines. Same as Delta,
Omicron also contains a mutation called D614G, which
links the virus efficiently to the cells it is going to infect.
It might be expected that fully vaccinated people who
are now becoming infected with this Omicron variant
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are able to spread this virus. The number of existing
mutations that affects the spike protein as many leading
vaccines target the Spike protein such as Moderna,
Johnson & Johnson Pfizer/BioNTech and AstraZeneca as
they have been designed using portion of genetic
sequences, instead of whole virus therefore mostly, they
use a part of the Spike protein to evoke immune
response. Thus, any change in the spike protein will
make it less identifiable to immune system proteins and
to cells triggered by a vaccine [128]. As per WHO, current
treatment includes oxygen therapy and dexamethasone,
while the other two antiviral drugs Molnupiravir and
Favipiravir also look promising, but we have to wait for
more data from clinical trials [130]. Omicron contains
almost 32 changes to the Spike protein, it also bears a
mutation called E484A, that is almost similar to E484K
but not completely. The ‘poly-mutant Spike’ is
completely resistant to neutralizing antibodies for many
people who tested who had already vaccinated with two
doses of an RNA vaccine or get recovered from COVID-
19 [131]. Despite the global burden of the pandemic,
finally a breakthrough has been witnessed in combating
the spread of COVID-19 infections. Currently, there are
seven most promising vaccines that are currently
available to the public within the needed quantity in
around 73 countries so far. Novel Vaccine technology
has put the nations under huge economic constraints in
terms of testing, batching, mass production and final
commercialization of the to make it accessible for the
public. Although it has been a big challenge to cover an
entire global population including low-income
countries that find harder to cover essential aspects of
food, healthcare and education. Currently,
immunization pace will take years to achieve heard
immunity at global community level while reported side
effects, strain resistant factor and variations in diverse
accessibility with variable efficiency among population
are still some of the considerable factors. Despite the
availability of vaccines, there are still several logistical
challenges to overcome in the foreseeable future.
Therefore, along with vaccine technology different
traditional discussed on-going therapeutic strategies
against SARS-CoV-2, through combinational drug
approaches could be the way forward against the
treatment of SARS-CoV-2 or for any future pandemics.
Plasma therapy along with anti-viral agent Remdesivir,
although RCT analysis results will confirm the further
detailed regarding proposed therapies. The information
currently available on existing treatments are based on
a limited number of trials and preliminary studies, thus
there is an alarming need for more studies on infected
individuals to test the effectiveness and protection of
current drugs and explore the potential new candidates.
Detailed structural studies of SARS-CoV-2 possibly
explore the potential therapeutic targets from natural or

synthetic sources. However, dissecting the major
mysteries behind virus pathogenicity, immunological
response and replication pathways will provide the
possibility to further explore the potential targeted
therapies. Due to the lengthening of the pandemic and
pathogenicity of the virus, efficacious therapies may be
in based in combinations with proper clinical
monitoring and assessment profile.
OMICRON VARIANT ACROSS THE GLOBE
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Figure 5: Current global status of spread of Omicron variant of
COVID-19: The worldwide spread of Omicron a new coronavirus
variant has been depicted in the graph. With high rate of
transmissibility the current status of reported cases in different
countries till December 1, 2021 are Australia: 7 cases, Austria: 1
case, Belgium: 1 case, Botswana: 19 cases, Brazil: 2 cases, Canada:
6 cases, Czech Republic: 1 case, Denmark: 4 cases, France: 1 case
(on Reunion Island), Germany: 9 cases, Hong Kong: 4 cases, Israel:
4 cases, Italy: 9 cases, Japan: 2 cases, Netherlands: 16 cases,
Nigeria: 3 cases, Norway: 2 cases, Portugal: 13 cases, Saudi Arabia:
1 case, South Africa: 77 cases, South Korea: 5 cases, Spain: 2 cases,
Sweden: 3 cases, United Kingdom: 22 cases, United States: 1 case
This graph only provides an approximation of the current scenario
till 3 December 2021 [132].

Conclusion

Despite the global burden of the pandemic, finally a
breakthrough has been witnessed in combating the
spread of COVID-19 infections. Currently, there are
seven most promising vaccines that are currently
available to the public within the needed quantity in
around 73 countries so far. Novel Vaccine technology
has put the nations under huge economic constraints in
terms of testing, batching, mass production and final
commercialization of the to make it accessible for the
public. Although it has been a bigchallenge to cover an
entire global population including low-income
countries that find harder to cover essential aspects of
food, healthcare and education. Currently,
immunization pace will take years to achieve heard
immunity at global community level while reported side
effects, strain resistant factor and variations in diverse
accessibility with variable efficiency among population
are still some of the considerable factors. Despite the
availability of vaccines, there are still several logistical
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challenges to overcome in the foreseeable future.
Therefore, along with vaccine technology different
traditional discussed on-going therapeutic strategies
against SARS-CoV-2, through combinational drug
approaches could be the way forward against the
treatment of SARS-CoV-2 or for any future pandemics.
Plasma therapy along with anti-viral agent Remdesivir,
although RCT analysis results will confirm the further
detailed regarding proposed therapies. The information
currently available on existing treatments are based on
a limited number of trials and preliminary studies, thus
there is an alarming need for more studies on infected
individuals to test the effectiveness and protection of
current drugs and explore the potential new candidates.
Detailed structural studies of SARS-CoV-2 possibly
explore the potential therapeutic targets from natural or
synthetic sources. However, dissecting the major
mysteries behind virus pathogenicity, immunological
response and replication pathways will provide the
possibility to further explore the potential targeted
therapies. Due to the lengthening of the pandemic and
pathogenicity of the virus,efficacious therapies may be
in based in combinations with proper clinical
monitoring and assessment profile.
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