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a  b  s  t  r  a  c  t

Coronavirus  disease-2019  (COVID-19),  associated  with  the  outbreak  of  deadly  virus  originating  in  Wuhan,
China,  is now  a global  health  emergency  and  a  matter  of serious  concern.  Severe  Acute  Respiratory  Syn-
drome Coronavirus  2 (SARS-CoV-2)  is rapidly  spreading  worldwide,  and  WHO  declared  the  outbreak  of
this  disease  a pandemic  on March  11, 2020.  Though  some  of  the  countries  have succeeded  in  slowing
down  the  rate  of the  spread  of  this  pandemic,  most  the  countries  across  the  globe  are  still  continuing
to  experience  an  increasing  trend  in the  growth  and  spread  of  this  deadly  disease.  Hence,  in  the  cur-
rent  scenario,  is  has now  become  essential  to  control  and  finally  irradicate  this  deadly  disease  using  an
effective  vaccine.  One  can  expect  the  prominent  role  of already  available  antivirals,  antibodies  and  anti-
inflammatory  drugs  in the  market,  in this  pandemic.  Immunomodulatory  and  biological  therapeutics  are
also  in  the  high  expectations  to combat  COVID-19.  RNA  based  vaccines  might  be  more  advantageous
over  traditional  vaccines,  to deal with  the pandemic  threat.  Aiming  towards  this  direction,  clinical  trials
for  SARS-CoV-2  vaccine  are  currently  underway  all across  the  globe.  Currently,  about  150  health  related
organizations  and  research  labs  are  in  the  progress  for the  evolution  of  COVID-19  vaccines,  globally.
The  initial  aim  of these  clinical  trials  is to assess  vaccine’s  safety,  which  is tested  in Phase  I/II/III  studies
where  the primary  outcomes  typically  examine  the  frequency  of  adverse  effects.  The vaccine  is  about  to

undergo  phase  III testing  in  several  countries  such  as  India,  USA,  South  Africa,  Brazil  and  England.  US  Gov-
ernment,  under  Operation  Wrap  Speed  is even  ready  to sponsor  three  candidates,  namely-The  University
of  Oxford  and  AstraZeneca’s  AZD1222;  Moderna’s  mRNA-1273;  and  Pfizer  and  BioNTech’s  BNT162  for
Phase  III trials.

©  2021  Published  by  Elsevier  Ltd on behalf  of  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is an  open  access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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there are more than 96.2 million substantiate COVID-19 cases with
Overview

Since earlier times, emergence or reemergence of numerous
diseases, mainly viral diseases, have been adversely affecting the
human life, tremendously increasing the mortality rate. Since
twentieth century, numerous viruses have already emerged and
have chances to emerge at an even greater rate in the future
ahead. Viral infections such as HIV, influenza, hepatitis, chikun-
gunya, Zika, Ebola etc. have always been a matter of great concern
to the human health. Researchers, pharmaceutical companies and
Medicare industry at large have always been addressing such prob-
lems by taking out suitable antiviral medicaments and vaccine that
may  be used for selective and sensitive detection of the viral loads
[1–4].

Coronaviruses (CoV), is responsible for the diseases like Severe
Acute Respiratory Syndrome (SARS-CoV) and Middle East Respira-
tory Syndrome (MERS-CoV). A novel coronavirus (nCoV) is said to
be a “novel virus” as it has not been identified earlier in human
beings [5–7]. Coronaviruses fall in the category of zoonotic, as the
virus is transfused between animals and humans. Studies reveal
that SARS-CoV and MERS-CoV were communicated from civet
cats and dromedary camels to humans respectively. But the ulti-
mate origin of the virus SARS-CoV-2, responsible for COVID-19,
has been found to be bats with a possible unknown intervening
host, may  be pangolins, transferring the virus to humans. The fast
spreading of COVID-19 worldwide, has demonstrated that this new
disease has higher transmissibility compared with SARS-CoV and
MERS-CoV. Though various types of coronaviruses are circulating
in animals but have not yet infected the human beings [8–11]
(Fig. 1).

COVID-19 virus is very contagious and spreads from one infected
person to another through respiratory droplets, commonly result-
ing from coughing, sneezing, and close personal contact etc.
Respiratory symptoms, cough, fever, shortness of breath are the
common symptoms of this infection. In extreme cases, the virus
may  lead to severe acute respiratory syndrome, pneumonia, kidney
and lung failure or may  even prove to be fatal.

Face masks and respirators are the first line of defence against
SARS-CoV-2. Currently there are two good quality masks available
in the market namely N-95 and N-99. Ideally these two  categories
of Masks are designed to protect from any particulate matter ≥2.5
�m. Only difference is that in case of N95 it should be capable of
arresting 95% of the particulate matter while the N99 is designed
to sieve out 99% of the particulate matter.

At this time of pandemic, safety measures are imperative and
WHO has recommended several preventive measures like wear-
ing facemask, washing hands regularly (at least 20 s each time),
social distancing, hygiene, proper diet etc. It is also recommended to
maintain a safe distance from a person displaying the symptoms of
respiratory illness such as coughing and sneezing [12–14]. The doc-
tors, medical and paramedical staff taking care of a corona patient

is advised to take all precautionary measures and to wear Personal
Protection Equipment (PPE), before coming in contact with such a
patient.
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This review paper aims to evaluate the requirements and
esirable features of a successful Covid-19 vaccine candidate and
herapies, as well as the methods surrounding its implementation
ll across the globe. The drugs, vaccines and herbal medicaments
s antibodies and antivirals candidates for immunity boosters and
iral inhibition are in continuous development and under investi-
ation. Here, Table 1 has been given for the more understanding
nd elaboration of the literature.

istory of treatments for coronavirus outbreaks

Middle east respiratory syndrome (MERS) and Severe Acute res-
iratory syndrome (SARS) are the two  historical outbreaks of this
oronavirus in the past two decades, and now the world is facing
his novel coronavirus disease known as COVID-19 [15,16].

SARS was the first CoV outbreak that appeared between
ovember 2002–July 2003 all over the world. It had a mortality

ate of 9.6% and 8098 infected cases, 774 deaths were reported
n 29 countries [17]. The disease was  cured using broad-spectrum
ntibiotics, as no specific and effective antiviral medication was
nown [18], though a purine nucleoside analogue, Ribavirin, was
ried as a broad-spectrum antiviral agent. Antiviral medicament
uch as lopinavir/ritonavir combination used as Human Immun-
deficiency Virus (HIV) protease inhibitor was  also tried to treat
ARS-CoV as it was reported to have in-vitro antiviral activity [19].
herapies included traditional Chinese medicine (TCM), interferons
nd immunomodulators like pentaglobulin, corticosteroid, conva-
escent plasma etc. were also found to be useful to treat SARS
20,21], though no efficient vaccine was developed. Even after the
nd of SARS in 2004, various suspected cases have been observed
rom time to time.

The MERS was  another CoV outbreak that appeared between
eptember 2012 and January 2020 all over the globe. It had a mor-
ality rate of 34.4% and 2519 affected authenticated cases, 858
eported death cases in 29 countries globally [22]. Still, no promi-
ent vaccine or treatment for MERS have been developed even
fter the investigation of several antiviral medicaments [23,24]. The
henomenal trial to treat MERS-CoV was initiated in July 2016, in
hich 194 patients participated. In this trial a mixture of interferon-
1b and Lopinavir/ritonavir was  used on random basis to test the
otency and efficiency of the drug combination on the patients
nder trial [25]. The results are not at all encouraging, as in the
rst phase of trial only three efficient vaccine candidates to com-
at MERS-CoV have been identified [26]. Moreover, it is very likely
hat even in near future, no MERS vaccine will be available in the

arket.
The COVID-19 pandemic outbreak was first recognized at

uhan, China in December, 2019. It affected both health and econ-
my  of the entire world in a very short span of time [27]. Currently,
bout 2.06 million death reported so far across the world, with a
eported the recovered patients 69.8 million from COVID-19 [28].
he data reported is in approximation as there was not efficient
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Fig. 1. Transference of Human Cor

testing to report the exact morbidity levels. Moreover, the treat-
ments and therapies to combat the virus, were neither in the order
of expectations, nor clinically proven to fight against the viral loads
of SARS-CoV-2, making the treatments supportive only. Further,
the WHO  has not released the treatment guidelines to win  over the
virus. Several COVID-19 drugs and medications have been started
to develop but everlasting result for the COVID-19 affected patients
continue to remain a hope.

Investigative COVID-19 drugs

For the deterrence and handling of COVID-19, life-saving vac-
cine or other effective medication has still not been introduced in
the market but various health sector agencies like US Food and Drug
Administration (FDA), World Health Organization (WHO), Chinese
drug manufacturers and European Medicines Agency (EMA) are
in coordination with researchers and medical industries for fast
development of vaccines. Various vaccines, antiviral agents, anti-
bodies and immunotherapies are under continuous investigation
as capable therapy for COVID-19 infection [29–32].

Investigating antiviral drugs

Remdesivir (GS-5734), an antiviral drug for ‘EBOLA’, has been
initially declared to treat COVID-19 patients “under emergency
use” by Emergency Use Authorization (EUA) of Food and Drug
Administration (FDA), United State of America. Remdesivir has
demonstrated mechanism to overcome genetic mutations and drug
resistance in coronavirus. It imitates as a fragment of the RNA of the
virus and gets added into the strand of RNA during the replication of
the virus. Once this happens, further replication of the virus does
not take place, leaving the RNA strand incomplete, further mak-
ing the generation of critical parts of viral RNA impossible [33,34].
Beigel et al. [35] though have reported the results of the drug trial
on Covid-19 patients, highlighting the decrease in the mortality
rate and the squatter recovery time but fail to give ant statistical
significance.

Favilavir, an oral anti-viral drug has been approved as a
treatment for coronavirus by The National Medical Products
Administration of China. The drug was originally manufactured by
Fujifilm Toyama Chemical Ltd., Japan, for the treatment of influenza.

Studies have revealed that favilavir gets activated on getting inside
the cell and then finally get incorporated into the RNA of the virus,
as the novel coronavirus is an RNA virus. The multiplication of
the virus is restricted inside the body of the host, resulting in
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uses (Intra- and Inter-organisms).

he reducing viral load inside the host cell [36]. In collaboration
ith the University of Massachusetts Medical School and Mas-

achusetts General Hospital (Brigham and Women’s Hospital), the
nited States’ second phase trial will take up about fifty patients of
OVID-19. Experimental data given by Qingxian Cai et al., [37] for
OVID treatment with Favipiravir has not been substantiated as a
ame changers but is defiantly helpful in diminishing the load of
he virus.

Ribavirin, an antiviral drug, is frequently used in amalgamation
ith other drugs for curing the viral hemorrhagic fevers and chronic
epatitis C viral infection (HCV), with the approval of FDA. It is a
rodrug which is metabolized into nucleoside analogs which block
he viral RNA synthesis and viral mRNA capping [38]. Currently,
van Fan-Ngai Hung et al. [39] have published trial reports that the
ombination of ribavirin with interferon and/or ritonavir/lopinavi,
s a triple combination, is having a potential to combat COVID-19
irus.

Umifenovir (Arbidol), a small potent compound has been gov-
rned for decades in China and Russia, without any major untoward
ffects. The drug is reported to inhibit virus-associated cytokine
ysregulation and pneumonia. This medication has a potential to
ct therapeutically against various viral and infectious diseases due
o its broad-spectrum antiviral characteristics. Arbidol hinders viral
ntry into a cell of host’s body and stimulates enduring response.
oreover, it could suppress fusion between the cell membrane of

he cell, which has been targeted and the viral capsid, thus averting
he entry of the virus [40,41]. Umifenovir is used alone or in combi-
ation with other antiviral medication, in a few COVID-19 clinical
tudies. Recently, Zhen Zhu et al. reported that Arbidol monother-
py is superior to lopinavir/ritonavir in treating COVID-19 [42].
ecently, preliminary reports given by Jin-nong Zheng [43], China,
estified that it unveiled compelling anti-COVID-19 characteristics
n contrast to the mechanism with IC50 from 10 to 30 �M. And
his is how, arbidol has been appraised for the therapeutic usage
n COVID-19 cases. Central Drug Research Institute (CDRI), India,
as secured approval for carrying out Phase III trial for the use of
mifenovir in the treatment of Covid-19.

Merimepodib is an Oral antiviral, developed by ViralClear
harmaceuticals and is in second phase of trial together with
emdesivir (ClinicalTrials.gov Identifier: NCT04410354). It’s usage
o cure COVID-19 patients has even been cleared for trails by US

DA, for the patients who have been hospitalized with COVID-19
nd require supplemental oxygen or are on non-invasive ventila-
ion/high flow oxygen devices. Merimepodib acts by controlling the
unction of inosine-5′-monophosphate dehydrogenase (IMPDH),
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Table  1
Candidate vaccines against SARS-CoV-2 and their stages of development (adapted from WHO  draft on vaccine candidates).

Therapeutic
intervention

Description Countries Trial sponsor(s) Outcomes Clinical Trails Status &
References

Inactivated
SARS-CoV-2 vaccine

Inactivated +
Alum Vaccine

China Sinovac Biotech and
Butantan Institute

Positive results from its
Phase I/II clinical trial of
CoronaVac, its vaccine
against the viral load of
SARS-CoV-2. Now procede
for phase III.

Phase-III
NCT04456595

ChAdOx1 nCoV-19 Adenovirus vaccine
vector

UK, USA University of Oxford,
university’s Jenner
Institute

Considered as the world’s
most advanced candidate
against COVID-19.

Phase-III
ISRCTN89951424

Recombinant Novel
Coronavirus
(2019-nCOV) Vaccine

Non-Replicating
Viral Vector,
Adenovirus Type
5 Vector

China CanSino Biological
Inc./Beijing Institute of
Biotechnology

Revolutionized to Phase
II/III studies.

Phase-III
NCT04526990

mRNA-1273 mRNA vaccine US Moderna in
collaboration with
investigators from
Vaccine Research
Center (VRC) at the
National Institute of
Allergy and Infectious
Diseases (NIAID), a part
of the NIH.

mRNA vaccine against
COVID-19 encoding for a
prefusion stabilized form
of the Spike (S) protein.
Positive results in II/III
phase of trails.

Phase-III
NCT04583995

Recombinant SARS
CoV-2 glycoprotein
nanoparticle vaccine
adjuvanted with
Matrix M

Protein Subunit US, Sweden Novavax Positive and encouraging
results after trials and
successfully proceed
further.

Phase-III
NCT04611802

INO-4800 DNA plasmid
vaccine with
electroporation

US There was a
togetherness of Inovio
Pharmaceuticals and
Beijing Advaccine
Biotechnology
Company in the work.

Inovio had stated that the
preliminary Phase I results
showed INO-4800 to be
safe and tolerable and that
94% of the subjects
demonstrated overall
immunological response
rates.

Phase-II/III
NCT04642638

Virus-Like Particle
(CoVLP)

Plant-derived VLP
adjuvanted with GSK
Vaccine

Quebec City, Canada Medicago,
Biopharmaceutical
company, Quebec City,
Canada

After the first phase clinical
trials to obtaining safety
and immunogenicity
results.

Phase-I NCT04450004

mRNA vaccine BNT162 mRNA based Vaccine Global, US, Germany Pfizer and BioNTech Clinical programme
development and fast track
trails approval by FDA.

Phase-II/III
NCT04368728

COVAXIN (BBV152) Whole-Virion
Inactivated

India Bharat Biotech Positive outcome and fast
track trails conducted.

Phase-III
CTRI/2020/11/028976
& NCT04641481

AG0301-COVID19 DNA plasmid
vaccine +
Adjuvant

Japan Osaka University/
AnGes/
Takara Bio

Positive results in phase ½
and Process for another
phase.

Phase-II/III
NCT04655625

Remdesivir Antiviral
representative;
counterpart of
adenosine nucleotide
obstructing RNA
synthesis in
SARS-CoV-2

Global, Europe, USA,
China, Japan

Gilead, WHO, INSERM,
NIAID

Effective for Covid-19 can
used in emergency
situation.

Phase-III NCT04292730

Favipiravir Antiviral against
influenza

China, Thailand Fujifilm Holdings
Corporation

Approved coronavirus drug
in China

Phase-II
NCT04358549

Ribavirin Antiviral & RNA
polymerase inhibitors

China, Hong Kong Manufactured by
multiple companies

Triple Combination with
ribavirin,
lopinavir–ritonavir and
interferon beta-1b for
treating COVID infected
patients

Phase-II
NCT04276688

(Arbidol) Umifenovir Antiviral medication
with binding capacity
to hemagglutinin
protein

China, Russia, India Multiple Institute of
China & Russia, Central
Drug Research Institute
(CDRI), India

An earlier study of
hospitalized patients, not
admitted to ICU (n = 81)
took place in China and did
not show a betterment in
the health conditions of the
patients.

Phase-II
GDCT0379047,
GDCT0379500,
NCT04260594,
NCT04255017

913
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Table  1 (Continued)

Therapeutic
intervention

Description Countries Trial sponsor(s) Outcomes Clinical Trails Status &
References

Lopinavir and ritonavir Antiviral, immune
suppression, Protease
Inhibitors

Global Solidarity and
Discovery Trails,
multiple countries

CEPI, WHO, UK
Government,
University of Oxford,
INSERM

Recovery trial in finds no
benefit with
lopinavir-ritonavir in
Covid-19.

DOI:
10.1056/NEJMc2008043

Hydroxychloroquine,
chloroquine

Antimalaria drugs Global Solidarity CEPI, WHO, INSERM Not continued by WHO  and
also not possessing any
clinical benefits in the
patients hospitalized due
to  COVID-19.

Phase-III NCT04342221
and NCT04315948

Corticosteroids Anti-inflammatory
drugs

China, UK, Italy European Society of
Intensive Care
Medicine

In contradiction with the
safety concerns in extreme
virus and infection cases.

NCT04273321

Adenovirus-based
NasoVAX expressing
SARS2-CoV spike
protein

Non-Replicating Viral
Vector

Birmingham (UAB) Altimmune,
biopharmaceutical
company has
collaborated with the
University of Alabama

Altimmune shows positive
preclinical results.

CD24Fc Biological
immunomodulatory

Multiple sites in the
United States

OncoImmune, Inc. Interim efficacy and
adverse events data from
the phase III SAC-COVID
trial in COVID-2019
infections released by
OncoImmune

Phase-III
NCT04317040

Tocilizumab Antibody Global Solidarity Roche Holding AG,
Switzerland

Tocilizumab, an
immunomodulatory drug
that modifies the immune
system or its for “restricted
emergency use” on
hospitalised COVID-19.

Phase-III
NCT04356937
NCT04372186

Ascorbic acid (Vitamin
C)

Antioxidants and
Protective Agents

China, Global solidarity ZhiYong Peng,
Zhongnan Hospital

Positive response and
accepted results of trails
will come.

Phase-II
NCT04264533,
NCT04363216

JAK inhibitors
(ruxolitinib,
baricitinib)

Cell Therapy China, Italy, Canada Fabrizio Cantini,
Hospital of Prato

Mild to moderate
COVID-19 infection
receiving baricitinib
combined with antiviral
therapy.

Phase-II/III
NCT04320277
DOI:
10.1183/13993003.01919-
2020

Insti
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Convalescent plasma Antibody therapy India, China, Italy 

resulting in attenuation of guanosine that is used at the time of
replication by the viral polymerase [44].

Nitazoxanide Nitazoxanide tablets (NT-300; Romark Laborato-
ries) amalgamated with other antiviral medications obstruct the
imitation of a wide range of viruses related to respiratory tracts in
cell culture, including SARS-CoV-2 [45]. Two third phase trials for
deterrence of COVID-19 are being introduced in high-risk popula-
tions, including healthcare workers and elderly residents enduring
care facilities. Along with this step, a third trial towards the early
medicaments of COVID-19 is intended (ClinicalTrials.gov Identifier:
NCT04343248).

Ivermectin The recent report by Caly et al., [46] approved by
FDA, describing the antiviral potential of ivermectin against the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
is a potential candidates for COVID-19 treatment. According to
the studies by Carlos Chaccour et al., [47] ivermectin considerably
lower down the mortality rates in the patients receiving the drug
with intense care.

Niclosamide, an anthelmintic agent, approved by FDA, is
capable of showing the antiviral properties [48]. A trademarked for-
mulation that decreases prolonged transmission and infection by
targeting the viral pool in the gut has been synthesized. Commence-
ment of a phase 2a or 2b research and study has been scheduled for
the mid-2020 (ClinicalTrials.gov Identifier: NCT04399356).
Rintatolimod is a broad-spectrum antiviral agent. Roswell Park
Cancer Institution in collaboration with AIM ImmunoTech Inc., US.
examined Toll-like receptor 3 (TLR-3) agonist as a potential therapy
for COVID-19 (ClinicalTrials.gov Identifier: NCT04379518).

t
n
o
(

914
tute of Liver and
ry Sciences, India
multiple hospital

Encouraging results were
seen in phase I/II trails.

Phase-III
NCT04425915,
NCT04372979

Beta-d-N4-hydroxycytidine, a broad-spectrum antiviral drug
49] is bioavailable for oral intakes. It has been examined on
ARS-CoV infected mice by both therapeutic and prophylactic
dministration, and has ended up to show reduced viral titer, a
etter pulmonary function and body weight loss. Very soon clinical
rials on human body will be announced.

Bemcentinib is a selective oral AXL kinase impediment, which
as shown to unveil potent antiviral activity against several cloaked
iruses, including Zika virus and Ebola virus. A second phase of
esearch and trials of the drug, in hospitalized COVID-19 patients,
s premeditated as a part of the UK’s “ACCORD” i.e. Accelerating
OVID-19 Research and Development inventiveness [50]. Recently,
reclinical data suggest that bemcentinib is potentially useful for
he treatment of early SARS-CoV-2 infection.

Plitidepsin (Aplidin) is effective to the nanomolar order [51],
 fact revealed by the in-vitro studies of plitidepsin (Aplidin) on
CoV-229E. PharmaMar (MSE:PHM) reported in the research, at

he Spanish National Research Council’s (CSIC) ‘Centro Nacional de
iotecnología’ (National Biotechnology Centre), that the results of
his medication on human coronavirus HCoV-229E is very similar
n propagation and multiplication mechanism to that of COVID-19
irus.

VIR-2703 (ALN-COV), identified as RNAi (RNA interference)
urative development candidate, is used for the COVID-19

reatments [52], by Alnylam Pharmaceuticals, Inc. and Vir Biotech-
ology, Inc. RNA interference (RNAi) is a natural cellular procedure
f gene silencing and the drug attacks small interfering RNA
siRNA), as shown by the in-vitro studies. The siRNA facilitate RNAi
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function by silencing mRNA i.e. messenger RNA which encodes or
encrypts for disease-causing proteins. Advancements in the drug
development as an inhalational drug formulation is in the future
planning of most of the companies.

N4-Hydroxycytidine’s isopropyl ester prodrug is also known
as EIDD-2801. This drug is an investigational, orally-bioavailable
form of a potent ribonucleoside analog which inhibits the replica-
tion of multiple RNA viruses including SARS-CoV-2, the causative
agent of COVID-19. Ridgeback has begun the enrolment for phase 2
Covid-19 trial of EIDD-2801 to check its Safety, Tolerability and Effi-
cacy, in both inpatient and outpatient settings. (ClinicalTrials.gov
Identifier: NCT04405570, NCT04405739)

Emetine hydrochloride In order to treat amebiasis, potent
ingredient of ipecac syrup, which is given orally to prompt eme-
sis, has come into existence as an injection. Clinical trials were
conducted for varicella-zoster virus infection and viral hepati-
tis. It has been shown to have potency against RNA and DNA
replicating viruses, including Ebola, Zika, Rabies Lyssavirus, HIV,
CMV, echovirus, influenza A, HSV2 and metapneumovirus. Multi-
ple genetically distinguished coronaviruses can also be inhibited by
this latent drug usage. There are plannings to examine the antivi-
ral activity and safety of emetine with blinded, randomized phase
2/3 and placebo-controlled multicenter tests in COVID-19 patients,
with high-risk adults showing symptoms (Source: Acer Therapeu-
tics Inc.).

AT-527 is an oral purine nucleotide prodrug, designed for inhi-
bition of RNA polymerase enzyme. It has revealed both, in-vivo
and in-vitro studies. Its antiviral activity and characteristics against
numerous encased single-stranded RNA viruses, including coron-
aviruses and human flaviviruses is well established. IND for second
phase study for patients admitted in hospitals with moderate
COVID-19 symptoms has been accepted by FDA (ClinicalTrials.gov
Identifier: NCT04396106).

Trabedersen is an antisense oligonucleotide that hinders trans-
forming growth factor (TGF)-beta2 expression. The role of the drug
is to facilitate the cell cycle arrest required for the viral replication.
IND for second phase controlled, randomised, multicenter tests and
trials has been acquiesced to FDA. (Source: Mateon Therapeutics,
Inc.).

Stannous protoporphyrin is an effective antiviral agent.
Renibus Therapeutics, Inc. has begun the phase 2 trial of stannous
protoporphyrin and it’s effective results in the therapeutic role for
the critical COVID-19 patients with either comorbidities (e.g., car-
diovascular or kidney disease) or in old-age, has been demonstrated
(ClinicalTrials.gov Identifier: NCT04364763).

Antroquinonol is an anti-inflammatory/antiviral medication
which decreasers the viral protein synthesis and viral nucleic acid
replication in both animal and cell experiments. It has also been
demonstrated, during the treatment of mice with high inflam-
mation, that this drug prevents tissue and organ damage. The
antroquinonol drug from Golden Biotech, has been approved by
FDA, for a second phase clinical trial on mild-to-moderate COVID-
19 pneumoniatic patients (Source: Golden Biotech).

Protease inhibitors

In 2000, Ritonavir and Lopinavir,  were approved by FDA. Both
belong to a class of drugs and medicines called protease inhibitors,
also known to target 3CLpro, a SARS-CoV nonstructural protein.
During the SARS-CoV epidemic, the combination of these medica-
tions with ribavirin was dealing with the reduction of viral load

and adversarial clinical death outcomes or ARDS when compared
with controlled cases from past [19,39]. Currently, WHO  reject the
further recovery trial and Cao et al., have [53] reported that the
lopinavir/ritonavir (n = 1596) intakes by hospitalized COVID-19
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atients are not ending up with any kind of beneficial effects on
omparison with the patients who received usual care (n = 3376).

ntimalaria drugs

Chloroquine,  a quinoline derivative, was introduced into the
eld of drug and medicine in 1940s. It is an antimalarial agent
54,55]. It avoids virus-cell fusion by intruding with glycosylation
f ACE2 receptor and on merging with spike protein it can impede
he entry of nCoV-2. This mechanism of chloroquine suggests its
fficiency as a therapeutic usage in initial stage of infection only.
ence, COVID-19 virus failed to get any chance to decrease the ACE2
ctivity and expression. But Borba et al. [56] have also highlighted
he side effects of the drug. According to the authors, high intakes
f chloroquine i.e. total dose of 12 g or 600 mg  twice daily for 10
ays, may  lead to cardiac infarction and should not be acclaimed for
andling COVID-19. Therefore, there are some safety and efficiency

ssues of these medications in preventing the virus of COVID-19.
Hydroxychloroquine (HCQ) falls into the class of medication of

MARD i.e. Disease-Modifying Anti-Rheumatic Drug. The drug is
elpful in diminishing the pain and swelling in patients suffering

rom arthritis [57]. It was  initially synthesized in India for the treat-
ent of malaria. A latest study by Cochrane et al. [58] highlighted

hat this drug failed to give higher negative conversion rates, but
ts anti-inflammatory properties had decreased the symptoms and
ad helped in recovery of lymphopenia. However, UK  Recovery trial
nd WHO  Solidarity trial discontinued the usage of this drug in the
onth of June due to its failure in showing any clinical benefits in

he COVID-19 patients [59,60].

mmunology frontiers

LEAPS COVID-19 immunotherapy, known to diminish conse-
uential lung damage and COVID-19 viral load, is directed by
ellular Immunology CEL-SCI Corporation using Ligand Epitope
ntigen Presentation System (LEAPS) peptide technology (Source:
EL-SCI Corporation).

Allogeneic Natural Killer (NK) cells - For the medicaments of
dults with COVID-19, in April 2020, an investigational New Drug
pplication (NDA) was  approved by FDA. This drug exhibits a series
f biological actions of NK cells, which includes activating receptors
ike DNAM-1, NKG2D and the natural cytotoxicity receptors like
Kp46, NKp44, and NKp30, which bind to viral antigens and stress

igands of infected cells (ClinicalTrails.Gov: phase-I NCT04280224).
Bucillamine donates thiols for antioxidant revitalization and

ttenuate the cellular glutathione’s action which results in dimin-
shing the clinical symptoms in the infected humans beings. A third
hase trial, in the late April 2020, got the approval from FDA for
he medicaments of COVID-19 patients showing mild-to-moderate
ymptoms (Source: Revive Therapeutics Ltd.).

Intravenous Immunoglobulin IV This immunotherapy got an
cceptance from FDA in order to examine the safety in patients
ith the symptoms of COVID-19 and also to check its efficiency

n the third phase trials. (Contemporary trials emphasizing on
he complementary effects of low dose IVIG (0.5 g/kg for 5 days,
CT04261426).

nvestigational antibody therapies

Antibody-based therapy is one viable treatment option target-
ng the immune system. Here, for the therapeutic and prophylactic
reatment of COVID-19, the active strategies have been discussed

n an approach to develop neutralizing antibodies for the inhibition
f SARS-CoV-2 [61].

Anti-SARS-CoV-2 polyclonal H-IG (hyperimmune globulin):
apanese pharmaceutical company, “Takeda” is working on a
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plasma-derived therapy to treat high-risk patients of Covid-19.
Alwis et al., [62] explain the impact of immune enhancement on
Covid-19. Its therapeutic action works by concentrating on virus-
specific plasma antibodies collected from cured COVID-19 patients.

Convalescent Plasma therapy: Convalescent Plasma therapy
(CPT) is a process which entails the conglomeration of the blood
plasma from a treated patient into COVID-19 affected patient and
boost their fight against the virus. Binding of the conglomerated
antibodies to the pathogen, leads to phagocytosis, cellular cytotox-
icity, or direct counteraction of the pathogen [63,64]. This therapy
is purposeful for the people suffering from a cytokine storm or crit-
ical patients with meagre oxygen saturation levels. According to
the ICMR protocol, people with severe risk of cytokine storm, pneu-
monitis in extreme case along with breathlessness are on priority
for the therapy. It is an already used procedure for numerous dis-
eases but the potency for SARS-CoV-2 is still not known and is under
investigation [65]. (ClinicalTrials.gov Identifier: NCT04425915 and
NCT04372979).

Tocilizumab, also known as atlizumab, is an immunosuppres-
sive drug, mainly for the treatment of rheumatoid arthritis (RA)
and systemic juvenile idiopathic arthritis which is now beneficial
in combating the COVID-19 virus also. It is a humanized mono-
clonal antibody against the interleukin-6 receptor (IL-6R) calming
that ‘Cytokine Strom’ may  lower the risk of COVID-19 death [66,67].

Covi-shield: Neutralizing Antibody Cocktail is developed by
Sorrento, in order to get merged with different epitopes on Spike
protein (SARS-CoV-2). The antibody cocktail efficiently develops
a high barrier to emanation of resistant modifications in perfectly
cured individuals. Covi-shield mAbs Fc areas are devised to exclude
the interactions with host Fc receptors, and hence minimizing risk
of Antibody Dependent Enhancement of SARS-CoV-2 viral load.
(Source: Sorrento Inc.).

VIR-7831 & VIR-7832 bind to an epitope on SARS-CoV-2 that is
in collaboration with SARS-CoV-1, and factualize that the epitope
is strongly scrimped and not easy to modify. They are developed to
act potentially as a T-cell vaccine with extended half-life (Source:
Vir Biotechnology collaborating with Biogen and Generations Bio).

TZLS-501 For the handling and combating of COVID-19 virus,
Tiziana Life Sciences is in process of developing a monoclonal anti-
body known by the name of “TZLS-501”. It helps in preventing
increased levels of IL-6 and lung damage, thereby is also known as
human anti-interleukin-6 receptor (IL-6R). The drug is beneficial
in diminishing chronic lung inflammation by binding to IL-6R and
deteriorating the quantity of IL-6 in the body (Source: UK-based
biotechnology firm Tiziana Life Sciences).

Investigational vaccines for combating COVID-19

After the publication of the genetic sequencing of COVID-19
virus (SARS-CoV-2) on Jan 11, 2020, there was a rapid popping up of
various studies and research, among the scientists with collabora-
tion of researchers from biopharmaceutical industries, towards the
production, confirmed tests and trials of phase II/III active COVID
vaccine candidates. There are numerous methods which are used
for the development of vaccine. Following are the few illustrations
of the development process of vaccines globally.

ChAdOx1 nCoV-19 vaccine The Jenner’s institute of Oxford’s
University produced an adenovirus candidate of vaccine, ChA-
dOx1 nCoV-19. Its clinical trial is scheduled to be performed in
the Thames Valley Region. It is used to prevent replication and
consists of a replication-deficient chimpanzee adenovirus vector
(ChAdOx1), which delivers the S-protein. According to the results

recently obtained by Oxford’s University research group [68,69],
it is safe and successfully triggers an immune response against the
coronavirus in human. The study showed that close to 90% of people
developed neutralizing antibodies after consuming only one dose of
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he vaccine. There were no adverse side-effects of the vaccine. How-
ver, 70% of people on the trails developed either fever or headache,
hich could be managed with paracetamol. Vaccine is considered

s the world’s most advanced candidate against COVID-19 in terms
f development.

mRNA-1273: This mRNA vaccine encodes for a Spike (S) pro-
ein in a stabilized form inside the body of the target to generate
n immune reaction. This was developed by Moderna in collabo-
ation with investigators from Vaccine Research Center (VRC) at
he National Institute of Allergy and Infectious Diseases (NIAID), a
art of the NIH. This mechanism is expected to offer long lasting
rotection by affecting the binding of S-proteins of the corona-
irus to prevent infection [70]. A preliminary report submitted
y Jackson et al. [71] concluded that anti–SARS-CoV-2 immunity
oosters were noted, using this vaccine, in all the targeted bod-

es and the identifications of concerns related to the trial’s safety
ere not studied and reported. This concluding statement further

upports the vaccine’s development in future ahead. (Sponsored by
he National Institute of Allergy and Infectious Diseases, NIAID and
thers; mRNA-1273 ClinicalTrials.gov identifier, NCT04405076 &
CT04283461).

mRNA vaccine BNT162 This vaccine is a nu-modmRNA i.e.,
ucleoside-modified messenger RNA and developed by BioNTech,
hich encodes for an enhanced SARS-CoV-2 receptor-binding
omain (RBD) antigen. The trials of vaccine on humans were started

n May  2020. Primary results [72] marked that the dose of this vac-
ine can be completely tolerated when given to the target body and
ccording to the administered dosages, an immunogenicity can be
eveloped inside the host body, quantified by the RBD-binding IgG
osage concentrations and antibody titers for neutralizing SARS-
oV-2. BNT162b1 is a mRNA vaccine which is clinically examined.
ClinicalTrials.gov Identifier: NCT04368728).

Covaxin Covaxin is developed by Bharat Biotech in association
ith NIV (National Institute of Virology) at ICMR, Indian Council

f Medical Research. This is India’s native vaccine for combating
OVID-19. Covaxin, an immobilize vaccine candidate, has been
eveloped using SARS-CoV-2 particles that were eliminated and
akes it unable to multiply in the people having the dosages of

accine and hence avoid the chances of infection in them. The
dministration of vaccine doses also help in enhancing immunity
y allowing the target body to generate antibodies against the killed
irus. DCGI also approved the vaccine for Phase I & II Human Clini-
al Tests and Trials, results are very positive and encouraging after
he trials. (Phase-I/II CTRI/2020/07/026300 and NCT04471519).

INO-4800: Inovio INO-4800 utilises innovate DNA Vaccine tech-
ology composed of modified plasmids to produce an immune
esponse targeting the S-protein. The vaccine combat COVID-19
irus by triggering the immune response. The vaccine is being
eveloped by the joint venture of The Inovio Pharmaceuticals and
eijing Advaccine Biotechnology Company. Moreover, the compa-
ies claimed that INO-4800 is effective in 94% of persons who  ended
p the “first” phase clinical trial voluntarily. Now, Inovio is thinking
or a beginning of a Phase II/III trial to examine the potency of the
accine in the coming summer days [73].

Nanoparticle SARS-CoV-2 vaccine Novel nanoparticle vaccine
echnology based on a self-assembling nanoparticle could prove to
e a game changer in the development of a COVID-19 vaccine. The
evelopment of this vaccine involves the use of self-assembling
rotein nanoparticle (1c-SapNP) vaccine technology. The nanopar-
icle vaccine would induce the immune system to rapidly generate
ntibodies to neutralize and deactivate the coronavirus, offering a
ecipient protection against the real SARS-CoV-2 virus [74].
Inactivated SARS-CoV-2 vaccine: Chinese biopharmaceutical
roducts company Sinovac Biotech developed the inactivated vac-
ine against Covid-19. This was  a purified but not activated virus
accine candidate for SARS-CoV-2 virus named by “PiCoVacc”,
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produced by Qiang Gao and his team [75,76] from China, which
generated antibodies specific to the virus neutralization in non-
human primates, rats and mice. These antibodies have a wide
range of neutralizing activities against the COVID-19 virus globally,
as this vaccine has efficiently diminishes 10 prototypical SARS-
CoV-2 virus and strains. Two different dosages, 3 �g or 6 �g per
dose were administered in macaques for combating the virus chal-
lenge and it leads to the conclusion that there was  enhancement
in immune responses with two distinct doses as partially or com-
pletely respectively and no amplification of infection have been
reported. Regular examination of PiCoVacc via monitoring clin-
ical manifestations, histophathological analys and hematological
and biochemical index, in macaques indicates that it is secure.
This report and conclusions support the speedy clinical blooming
of SARS-CoV-2 vaccines for humans. (ClinicalTrials.gov Identifier:
NCT04456595).

Recombinant Novel Coronavirus (2019-nCOV) Vaccine: To
assess efficacy and safety of the recombinant adenovirus type-
5-vectored COVID-19 vaccine manufactured by Beijing Institute
of Biotechnology/CanSino Biological Inc., health care profession-
als were involved [77]. Positive Encouraging results have been
obtained from its Phase I/II clinical trial against the SARS-CoV-2
virus, responsible for Covid-19. The work is in process for putting
it for phase III trial, (ClinicalTrials.gov Identifier: NCT04341389 and
ChiCTR2000031781).

Coronavirus Virus-Like Particle (CoVLP) vaccine: Medicago,
Biopharmaceutical company, Quebec City, Canada, is manufactur-
ing VLP (Virus-Like Particles), responsible for COVID-19 and are
synthesizing drug candidates against the disease, after the first
phase clinical trials in order to obtain safety and immunogenicity
results. (ClinicalTrails.Gov: NCT04450004).

Adenovirus-based NasoVAX expressing SARS2-CoV spike
protein: Altimmune, clinical-stage Biopharmaceutical Company, in
association with the University of Alabama at Birmingham (UAB)
synthesized AdCOVID, a single dosage of intranasal vaccine to
cure COVID-19. The pre-clinical trial results reported the powerful
serum countervailing action and efficient mucosal immunization in
respiratory tract. The administration of IgA antibody in the target
body is useful to resist both transmission and infection of the virus
proliferating the COVID-19. (Source: Altimmune).

Immunomodulators experimental therapies

There are methodologies used for reprocessing the already
existing medications and drugs. This technique of remodulating is
responsible for the immunomodulators which are being success-
fully tested, in order to combat hyperinflammation caused by the
release of cytokine. Janus kinase inhibitors, interferons and Inter-
leukin (IL) inhibitors are few examples of the drugs that are under
test and examination which might be useful in neutralizing the
COVID-19 virus.

Interleukin-6 inhibitors The purpose of interleukins, which
fall in the category of cytokines, is hindered by IL–inhibitors.
Macrophages, monocytes, lymphocytes, and few other cells are
playing a major role in the synthesis of interleukin and are known
as immunoregulators. IL inhibitors are immunosuppressant. Inter-
leukin (IL) inhibitors such as tocilizumab [67], sarilumab [78],
siltuximab [79] have been reported to improve the conditions of
damaged lung tissues, caused by the deliverance of cytokine, in the
COVID-19 infected patients.

Janus-associated kinase (JAK) and numb-associated kinase
(NAK) inhibitors: A class of proteins, cytokine, is involved in

generating the inflammatory responses which intervene with the
immune system of the infected patient. Drugs such as Baricitinib,
Ruxolitinib with kinases AAK1, and BIKE in complex that target
JAK and NAK may  attenuate the usual and alveolar inflammation in
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uch pneumoniatic patients by inhibiting the actual process of the
ytokines [80–82].

Statins: It has been reported by the scientists, Bifulco [83]
nd Vincenzo Castiglione [84] that HMG-CoA reductase inhibitors
statins), are benignant in diminishing the COVID-19 caused
nflammations, due to their ability to lower down the inflammation
aused by atherosclerosis [101], along with their cholesterol-
owering activity.

Corticosteroids: Corticosteroids find place in major recommen-
ations of the European Society of Intensive Care Medicine. They are
he inflammation-inhibiting drugs, with a contrasting safety pro-
le in extreme infections caused by viral loads [85]. Corticosteroids
re in strong recommendation for the patients on ventilation suf-
ering with Acute Respiratory Distress Syndrome (ARDS), with
ytokine Storm Syndromes (CSS) and with the hemophagocytic

ymphohistiocytosis syndromes (HLH)(ClinicalTrials.gov Identifier:
CT04273321).

CD24Fc: CD24Fc is a biological immunomodulatory response
o tissue injuries which is believed to be involved in autoimmune
isease, cancer, graft-versus-host disease (GvHD) and metabolic
yndromes [86]. US FDA approves IND application for CD24Fc
n COVID-2019 infection. Mechanism data from the phase III
AC-COVID trial in COVID-2019 infections has been released by
ncoImmune, National Institute of Neurological Disorders and
troke; Ohio State University; OncoImmune; University of Michi-
an Comprehensive Cancer Center. (ClinicalTrials.gov Identifier:
CT04317040).

Dexamethasone: Dexamethasone is a generic steroid widely
sed in other diseases to reduce inflammation. As per the studies
nd reports of the drug, it may  also lower down the inflamma-
ion caused, when immune system of the infected patient combat
ith the COVID-19 infection inside him [87,88]. It is a type of cor-

icosteroids, which imitates cortisol to some extent. Cortisol is a
ormone secreted by adrenal glands in human body. In the pre-

iminary report [89] that is now also available in a pre-print server
Horby et al., medRxiv, June 22nd) and the UK-based RECOVERY,it
s mentioned that the drug has minimized the death rates in the
entilated patients (up to by a third patient) and in the oxygen
upported patients (up to by a fifth patients). Some harmful effects
f the drug has also been studied.

djunctive therapy

Multiple ongoing clinical studies are evaluating the use of
itamin and mineral supplements for both the treatment and pre-
ention of SARS-CoV-2 infection [90,91]. Grant et al. [92] published

 review on evidence that vitamin ‘D’ supplements are required for
roper functioning of the immune system and reduces the threat of

nfluenza and COVID-19. Vitamin C shields the cells and tissues of
 human body from dysfunction and oxidative damage, its ability
o scavenge the impaired reactive oxygen species make it known
o be the best antioxidant for the human body [93,94]. Recently,
hina has registered a new clinical trial (clincialtrials.gov Identi-
er: NCT04264533 & NCT04363216) to assess the action of vitamin

 against a potential viral load of COVID-19. Zinc is a producer of
BC in the infected body and also known as an immune-booster.

ue to its capability to minimize the replication of the virus, zinc is
urrently being examined for prevention and handling of COVID-19
ases [95,96].

yurveda treatment
Ayurveda, being the science of life, propagates the gifts of nature
n maintaining healthy and happy living by improving the qual-
ty of standard care. Till now, there is no highly potential drug
r medication in the market which can unroot the cause of the
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Fig. 2. Overview of the reprocessed medicated drugs examined in clinical trial against COVID-19 taking into consideration the host pathways and mechanism of virus
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COVID-19 disease completely. In this critical times, it will be bet-
ter to take ayurvedic medicines and preventive measures to boost
immunity to stop the coronavirus from entering your body [97–99].
As per the report of WHO, around 80% population of the country
is utilizing the herbal plants as the immunity-booster and to cure
number of diseases. Various natural products produce important
and useful ingredients like fennel, oregano oil, garlic, Echinacea,
peppermint, sambucus, astragalus, licorice, ginger, turmeric, tulsi
(ocimum tenuiflorum), etc. which contain different polyphenols,
alkaloids, flavones, etc. These substances get involved into com-
bating various viral loads and diseases as they generate interferons
and antibodies in the infected or targeted person. It increases the
amount of phagocytosis, protecting agent from foreign unfavor-
able particles and also resists ACE2 to protect us from CoV-19
[100–104].

Mechanism of action of SARS-CoV2 [105,106]

The mechanisms of infection by the SARS-CoV2 are not clear
yet, however, it is genetically similar to SARS-CoV and other coron-
aviruses [107]. Hence the common mode of pathogenicity is being
explored for targets of treatment. The therapeutic targets depend-
ing on the common mode of pathogenicity can be classifed as
virus-related targets and host-related targets. The mechanism of
coronavirus entry and the working of vaccines against Covid-19
is shown in Fig. 2. The basic structure of coronavirus comprises
of structural proteins- Spike protein and M (membrane) protein
and a single stranded RNA. The coronavirus enters the human
body with the spike (S) protein which attaches to angiotensin con-
verting enzyme 2 (ACE2) receptors on the surface of human cells.
Once it enters the cell, it fuses with the vesicle and then the viral
genetic material, RNA, is fully released into the cytoplasm. Follow-

ing, viral RNA genome is translated to generate replicase proteins.
In cytoplasm, encapsidation of these replicase proteins result in the
self-assembly of new virions. Finally, virions are released from the
infected cells.
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ow coronavirus vaccines work

Scientists have taken genes from different viruses or viral parts
spike protein, RNA) and put them into harmless virus to make

 vaccine. Broadly, these vaccines can be categorized into three
ypes such as protein-based, viral vector and mRNA-based vac-
ines. Protein-based vaccines: Virus’s spike protein is purified and
irectly injected into body. Viral vector vaccines: A virus such
s measles or adenovirus is genetically engineered and injected.
RNA-based vaccines: mRNA that codes for spike protein is puri-

ed and injected.
When the vaccine is injected into the body, it provokes the

mmune system to produce antibodies and activate T-helper cells.
-helper cells enable other immune responses namely B cells and

 cells. B cells are responsible for making antibodies that can block
he coronavirus from binding to the cells or for marking the virus
or destruction. The function of T cells is to identify and destroy
oronavirus-infected cells. If the patient encounters coronavirus
gain, these long-lived ‘memory’ B and T cells are triggered to fight
he virus, thus providing immunity.

onclusion

Due to the persisting global Covid-19 pandemic, researchers
orldwide are working rapidly to identify and develop a viable

accine candidate. At present, more than 200 prophylactic vaccines
re in development against Covid-19. A Covid-19 vaccine candidate
ould first need to demonstrate a more than adequate safety pro-
le. Vaccines for “COVID-19” responsible virus, SARS-CoV-2, are in
he development process and also in the process of different clinical
xaminations and trials by various labs and health institutions on a
lobal basis. It is also concluded that the reports and studies of the
ntivirals like lopinavir-ritonavir and remdesivir, which are already
n the picture, are not that much effective and promising against

ARS-CoV-2. A mild respiratory disease in the majority of cases
ave been marked in the case of COVID-19, but the studies of some
ases have demonstrated that cytokine activation leads to sepsis
nd Acute Respiratory Distress Syndrome (ARDS) in the host cell,
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which may  result to mortality and morbidity. An active exploration
of biologics and treatments on the basis of immunomodulation,
for the therapeutic usage in the COVID-19 cases has also been
concluded here. Moreover, the severe effects by steroidal and non-
steroidal anti-inflammatory drugs (NSAIDs) has also been noticed
and hence been discouraged to get into the use. It is in great hope
that vaccines and specific medicaments targeting SARSCoV-2 will
be in the world’s health market in near future.
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