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Abstract

Background: The COVID-19 pandemic has demanded effective therapeutic pro-
tocol from researchers and clinicians across the world. Currently, a large amount of
primary data have been generated from several preclinical studies. At least 300 clini-
cal trials are underway for drug repurposing against COVID-19; the clinician needs
objective evidence-based medication to treat COVID-19.

Observations: Single-stranded RNA viral genome of SARS-CoV-2 encodes struc-
tural proteins (spike protein), non-structural enzymatic proteins (RNA-dependent
RNA polymerase, helicase, papain-like protease, 3-chymotrypsin-like protease)
and other accessory proteins. These four enzymatic proteins on spike protein are
rate-limiting steps in viral replications and, therefore, an attractive target for drug
development against SARS-CoV-2. In silico and in vitro studies have identified
various potential epitomes as candidate sequences for vaccine development. These
studies have also revealed potential targets for drug development and drug repurpos-
ing against COVID-19. Clinical trials utilizing antiviral drugs and other drugs have
given inconclusive results regarding their clinical efficacy and side effects. The need
for angiotensin-converting enzyme (ACE-2) inhibitors/angiotensin receptor block-
ers and corticosteroids has been recommended. Western countries have adopted tel-
emedicine as an alternative to prevent transmission of infection in the population.
Currently, no proven, evidence-based therapeutic regimen exists for COVID-19.
Conclusion: The COVID-19 pandemic has put tremendous pressure on research-
ers to evaluate and approve drugs effective against the disease. Well-controlled
randomized trials should assess medicines that are not marketed with substantial evi-
dence of safety and efficacy and more emphasis on time tested approaches for drug

evaluation.
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1 | INTRODUCTION

The global epidemic of novel coronavirus (nCoV) began
in Wuhan, China, reporting the first case on 31 December
2019."° Within four months, the disease was reported from
more than 180 countries affecting 36 million and causing the
death of 3.6 million humans globally.*® Owing to the dis-
ease characteristics of global presence and transmission rate,
WHO declared the infection as a pandenli<:.6’7 Subsequently,
WHO named the new coronavirus entity “2019-nCoV,” which
stands for “2019 novel coronavirus” and disease caused by it
as COVID-19, an acronym that stands for coronavirus dis-
ease-2019. This novel Betacoronavirus has been proposed to
have animal origin from Wuhan's seafood market,® resulting
in human infection of animal origin.9 The phylogenetic anal-
ysis virus is proposed to have originated from bats through
an unknown mammalian host to humans.’ Furthermore,
phylogenetic analysis indicates nCoV is related to SARS-
CoV-1 ,5’10’“ which led the International Virus Classification
Commission (ICTV) to name it “SARS-CoV-27.%? Clinically,
the disease spectrum ranges from mild respiratory tract illness
(self-limiting), severe pneumonia, organ failure and death.’

1.1 | SARS-CoV-2 virology

The virus belongs to the genus betacoronavirus 12 and has
been reported from mammals, birds, and humans.'® Based
on serological cross-reactivity and phylogenetic analysis,
betacoronavirus is divided into three subgroups. Group I
and Group II are responsible for causing disease in domestic
animals, and group III for avian species. Studies in China
have identified Group I and group II coronavirus from the
upper respiratory tract of humans suffering from “atypical
pneumonia”.]4'16 Structurally, coronavirus is a group of posi-
tive sense-single stranded enveloped RNA viruses composed
of the spike (S), envelope (E), membrane (M) and nucleocap-
sid (N) protein.”’18 Coronaviruses show variable severity in
their hosts and have been found to infect respiratory, enteric,
hepatic and nervous systems.19 Most infections caused by
coronavirus are relatively mild but newly emerged strains of
nCoV have shown a high degree of pathogenicity and change
in cell tropism.”> The high affinity/avidity of COVID-19
to ACE-2 receptor compared with SARS Cov-1 and other
coronaviruses causes great threat to humans.?' Preclinical
and clinical studies have postulated acute respiratory distress
syndrome (ADRs) as the cause of death in COVID-19.%
ADRs' common mechanism in SARS-CoV-2, SARS-CoV,
and MERS-CoV infection involves a deadly uncontrolled
cytokine storm.? Cytokine storm involves the uncontrolled
release of pro-inflammatory cytokines and chemokines from
immune cells of COVID-19 patients, resulting in an unwanted
inflammatory response and, subsequently, extensive tissue
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damage.24 Furthermore, clinical evaluations have proposed
pro-inflammatory cytokines and chemokines that cause the
proliferation of specific cells and inhibit specific cells and
release of acute-phase proteins.3 Thus, the pathogenesis of
COVID-19 leads to the cytokine release syndrome (CRS),
which is an acute systemic inflammatory response character-
ized by multiple organ dysfunction.

1.2 | Earlier epidemics

Throughout human civilization, influenza epidemics occur
periodically, and some of them are converted into pandem-
ics.” The Spanish flu of 1918-1919, considered the mother
of all plagues, affected one third of the global population and
caused almost 50 million deaths worldwide.”® The Spanish
flu occurred in three distinct waves; the first wave began in
spring 1918 from a Kansas military farm and spread to the
entire America and Europe.27 The second wave occurred
spontaneously in august 1918 from several locations widely
separated, and the scientists warned that this deadlier plague
can wipe out more than half of the world population. By
1919, the third wave of an epidemic caused heavy mortality in
America and Europe.28 The most sticking feature of Spanish
flu was the “W” pattern of the mortality curve, which means
a disease caused higher mortality in young people, the geriat-
ric population, as well as the middle age group.29 Researchers
found that the key to flattening the Spanish flu curve in 1919
was herd immunity, social distancing and quarantine of in-
fected and suspected individuals.*® 1956-1957 witnessed the
advent of Asian flu as a potential epidemic when influenza A
(H2N2) subtype was isolated from patients showing ARDS.?!
The 1956 epidemic resulted in 60,000 deaths in the USA,
followed by the emergence of the influenza A (H3N2) sub-
type in 1968-1969 named the Hong Kong flu, which passed
almost unnoticed due to spontaneous waxing in the autumn
of 1969.2 An alarming observation of the Hong Kong flu
was the co-circulation of HIN1 subtype and H3N1 subtype,
which led the scientific community to speculate about mixing
two subtypes and henceforth emergence of novel influenza
virus.>® Fortunately, an epidemic was contained in 7 months
from the date of its earliest occurrence using cutting-edge
biological methods and other prophylactic measures.** The
21st century witnessed the second influenza epidemic of
influenza A (HIN1) in May 2009, which affected northern
hemisphere countries in two waves.*” This epidemic of 2009
showed higher mortality in the age group of 5-20 years, while
the least mortality was observed in the senior age group due
to some residual immunity (>50 years). CDC attributed more
than 30% of deaths in the 2009 epidemic to secondary bac-
terial infection.*® Earlier, pandemics/epidemics were con-
trolled by travel restrictions, proper quarantine measures’
and supportive treatment to clinically ill patients.
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1.3 | Earlier coronavirus epidemics

Coronavirus has been isolated from birds and mammals,
causing pulmonary, enteric, neurological and hepatic dis-
eases.”® Due to the widespread presence of viruses from
diverse genera and species, there are greater chances of
genomic recombination. It is likely to emerge novel strains
of the coronavirus that spill over to humans because of the
increased human-animal interface.” Six species of corona-
virus cause disease in humans; four species (229E, OC43,
NL63 and HKUI) cause mild disease resembling common
cold and resolves without any particular medication.*” Two
other strains include severe acute respiratory syndrome coro-
navirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-COV).41 These two strains are of zo-
onotic origin and cause severe fatal diseases in humans.* In
2003, SARS-CoV-1 was reported from Guangdong Province
of China, which spread in 32 countries, causing almost 9000
cases and 1000 deaths.** SARS-CoV-1 was proposed to have
emerged from some unknown animal source; viral genome
isolated from Nasal civet cavity was found to be 99.8% ho-
mologous to human SARS-CoV-1 isolate.*” MERS-CoV was
responsible for an outbreak of the disease in the Middle East
during 2012.%° The MERS-CoV was found to have evolved
from bats through camel as an intermediate host, with 1700
cases reported from 27 countries.* Presently, MERS-CoV is
endemic in Middle Eastern countries as there are recurrent
reports of positive serological patients from these countries.**
Earlier, Cov epidemics, including SARS-CoV-1 and MERS-
CoV, were treated by broad-spectrum antiviral ribavirin and
lopinavir-ritonavir, corticosteroids and immune modulators.
Still, none of these were explicitly effective against Cov in
controlled, randomized clinical trials.*

2 | METHODS

An extensive literature survey was conducted through elec-
tronic search such as science direct, PubMed, Scopus, Web
of science, J Gate and Google scholar.*® Search terms used
were COVID-19, SARS-CoV-2, 2019 and coronavirus. The
names COVID-19, SARS-CoV-2 and coronavirus were
combined with In silico, In vitro, clinical trial, treatment
and vaccine. Search terms COVID-19, SARS-CoV-2 and
coronavirus *°
find evidence-based medicine against COVID-19 on 5 May
2020. Table 1 provides detailed clinical trial information in
different stages, including clinical trials (completed, active,
recruiting and not yet recruiting) and the number of patients
in the experimental and placebo group. The literature cited in
a present review dated from 1918 to 2020 and was limited to
English. Furthermore, the study contains data obtained from
clinical trials in different phases of evaluation. The final data

resulted in more than 300 clinical trials to

collected were then compiled, evaluated, compared and con-
clusions drawn accordingly.

2.1 | Search for COVID-19 therapeutic/
prophylactic agents

Presently, there are no effective approved therapeutics (spe-
cific antiviral agents) or prophylactics (vaccines) available
against COVID-19, which could treat clinically ill patients
and reduce virus shedding and hence inhibit transmission of
disease.® Globally, there are reports which suggest a num-
ber of drugs that could serve as potential candidates against
COVID-19, but the clinical efficacy of these drugs remains
yet to be evaluated. Owing to the non-availability of effective
medicines for COVID-19, currently, researchers are working
on a three-pronged strategy to develop effective drugs against
COVID-19; these include (a) in-silico/in-vitro studies, (b)
drug repurposing and (c¢) denovo drug discovery against
COVID-19. Remdesivir, a potent viral polymerase inhibitor,
can be effective against COVID-19. A recently completed
clinical trial has offered encouraging result of using rem-
desivir in COVID-19 patients, which led the FDA to grant
emergency use authorization to remdesvir.*’ Contrary to this,
lopinavir and ritonavir, an antiviral drug combination used
against HIV, have completely failed to offer a significant
advantage in COVID-19 patients.47 In the present review,
an attempt has been made to summarize major therapeutic
and prophylactic interventions against COVID-19 with their
clinical outcomes and shortcomings.

3 | COVID-19 AND POTENTIAL
DRUG TARGETS ON THE
PATHOGENETIC PATHWAY

A SARS-CoV-2 virus is akin to SARS-CoV, and MERS-
CoV and spike (S) protein of SARS-CoV-2 virus consist
of an S1 and S2 subunit; cellular interaction involves the
binding of the S1 subunit of the virus with ACE-2 re-
ceptor of the host cell.*® This interaction and subsequent
endosome formation for cellular internalization are fa-
cilitated by host type 2 transmembrane serine protease,
TMPRSS2 (Figure 1).49 On cellular translocation, viral
RNA is translated on host cellular machinery to synthe-
size viral polypeptides. The synthesis of viral RNA fol-
lows this by RNA-dependent RNA polymerase enzyme
[491ike3-chymotrypsin-like protease (3CLP™)] enzyme
that plays a crucial role in processing the viral RNA.
Further, followed by the packaging of viral RNA and
viral structural proteins to form viral particles released
from the cell exocytosis against COVID-19 patients.
The mechanism of action of this drug combination in
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TABLE

S. No
1.

10.

1  Summary of clinical trials using antiviral agents against COVID-19

Registration No (phase)

ChiCTR2000029600

NCT04333550

NCT04336904

NCT04343183

NCT04336462

NCT04324489

NCT04323228

NCT04335123(Phase I)

NCT04333420 (Phase
1110

NCT04339660 (Phase I/
1D

Title of study

Clinical study on safety and efficacy of
Favipiravir in the treatment of novel
coronavirus pneumonia (COVID-19)

Application of Iron Chelator (Desferal)
to Reduce the Severity of COVID-19
Manifestations

A Multi-centre, Randomized, Double-
blind, Placebo-controlled, Phase II1
Clinical Study Evaluating the Efficacy
and Safety of Favipiravir in the
Treatment of Patients With COVID-19-
Moderate Type

Hyperbaric Oxygen Therapy (HBOT) as
a Treatment for COVID-19 (COVID-19)
Infection

Hydrogen-Oxygen Generator With
Nebulizer in the Improvement of
Symptoms in Patients Infected With
COVID-19

DAS18]1 for Severe COVID-19:
Compassionate Use

Anti-inflammatory/Antioxidant Oral
Nutrition Supplementation on the
Cytokine Storm and Progression of
COVID-19: A Randomized Controlled
Trial

An Open-Label Phase 1 Trial of Losartan
for Worsening Respiratory Illness in
COVID-19

Open-label, Randomized Study of IFX-1
in Patients With Severe COVID-19
Pneumonia (PANAMO)

Clinical Research of Human
Mesenchymal Stem Cells in the
Treatment of COVID-19 Pneumonia

BCPT
Basic & Clinical foxicology

Interventions/outcome/conclusion of study

Group A (n = 30) alpha-interferon atomization

Group B (n = 30) Lopinavir and Ritonavir +alpha-
interferon atomization

Group C (n = 30) Favipiravir +alpha-interferon atomization

Completed with results available on http://www.chictr.org.cn/
searchprojen.aspx ?ishtml=recruitmentstatuspr&type=statu
spr&recruitmentstatus=1004004&createyear=

Group A (N = 25) Deferoxamine addition to standard
treatment Intervention

Group B (N = 25) standard treatment

Recruiting

Last Update Posted: 4 May 2020

Group A (N = 50) Favipiravir addition to standard
treatment Intervention

Group B (N = 50) standard treatment

Active, not recruiting

Last Update Posted: 8 April 2020

Group A (N = 24) hyperbaric oxygen therapy addition to
standard treatment Intervention

Group B (N = 24) standard treatment

Not yet recruiting

Last Update Posted: 13 April 2020

Group A (N = 50) Hydrogen/oxygen mixed gas inhaled
(proportion 2:1), 3 L/min. 6 h a day.

Group A (N = 50) Oxygen inhaled, 3 L/min. 6 h a day.

Recruiting

Last Update Posted: 7 April 2020

Group (n = 8) Patient receives nebulized DAS181 (4.5 mg
BID/day for 10 d).

Completed with no results posted

Last Update Posted: 5 May 2020

Group A (N = 15) oral nutrition supplement (ONS)
enriched in eicosapentaenoic acid, Gamma-linolenic acid
and antioxidants.

Group A (N = 15) Dietary Supplement: isocaloric/
isonitrogenous ONS

Recruiting

Last Update Posted: 22 September 2020

Group (n = 50) 25 mg QD from day 0 to day 3. Dose
escalation to 50 mg QD until study completion

Completed with no results posted

Last Update Posted: 3 November 2020

Group A (65) Best supportive care (BSC) + IFX-1Drug
(Phase-II)

Group B (65) Best supportive care only (Phase-III)

Recruiting

Last Update Posted: 26 April 2021

Group A (15) 1*10E6 UC-MSCs /kg body weight
suspended in 100 mL saline (Phase -I)

Group A (15) 100 mL saline intravenously (Phase -1I)

Recruiting

Last Update Posted: 9 April 2020

(Continues)
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TABLE 1 (Continued)

S. No
11.

12.

14.

15.

16.

17.

18.

19.

20.

Registration No (phase)
NCT04343755 (Phase 1I)

NCT04324996 (Phase I)

NCT04329832 (Phase II)

NCT04317092 (Phase II)

NCT04328285 (Phase III)

NCT04315298 (Phase
TI/11D)

NCT04330638 (Phase III)

NCT04304313 (Phase III)

NCT04326920 (Phase 1V)

NCT04338347 (Phase 1V)

Title of study

Convalescent Plasma as Treatment for
Hospitalized Subjects With COVID-19
Infection

A Phase I/II Study of Universal Off-
the-shelf NKG2D-ACE2 CAR-NK
Cells Secreting IL15 Superagonist and
GM-CSF-neutralizing scFv for Therapy
of COVID-19

Hydroxychloroquine vs. Azithromycin
for Hospitalized Patients With
Suspected or Confirmed COVID-19
(HAHPS)

Multi-centre Study on the Efficacy and
Tolerability of Tocilizumab in the
Treatment of Patients With COVID-19
Pneumonia

Chemoprophylaxis of SARS-CoV-2
Infection (COVID-19) in Exposed
Healthcare Workers (COVIDAXIS)

Evaluation of the Efficacy and Safety of
Sarilumab in Hospitalized Patients With
COVID-19

Treatment of COVID-19 Patients With
Anti-interleukin Drugs (COV-AID)

A Pilot Study of Sildenafil in COVID-19

Sargramostim in Patients With Acute
Hypoxic Respiratory Failure Due to
COVID-19 (SARPAC) (SARPAC)

CAP-1002 in Severe COVID-19 Disease

Interventions/outcome/conclusion of study

Group (n = 55) Convalescent Plasma Fresh plasma will be
infused one time to hospitalized patients with COVID-19
infection

Active, not recruiting

Last Update Posted: 1 December 2020

Group (n = 90) the efficacy of NKG2D-ACE2 CAR-NK
cells in treating severe and critical 2019 new coronavirus
(COVID-19) pneumonia

Recruiting

Last Update Posted: 17 November 2020

Group A (150) Hydroxychloroquine
Group B (150) Azithromycin

Active, not recruiting

Last Update Posted: 2 September 2020

(N = 400) Patients enrolled are treated with tocilizumab
Active, not recruiting
Last Update Posted: 3 March 2021

Participants: 1200

Group A: Hydroxychloroquine

Group B: Placebo of Hydroxychloroquine
Group C: Lopinavir and ritonavir

Group D:Placebo of LPV/r Tablet
Active, not recruiting

Last Update Posted: 28 December 2020

Participants: 400

Group A: Sarilumab

Group B: Placebo

Completed with no results posted
Last Update Posted: 1 October 2020

Participants: 342

Group A: Usual Care

Group B: Anakinra

Group C: Siltuximab

Group D: Tocilizumab

Active, not recruiting

Last Update Posted: 2 March 2021

Participants: 10

Sildenafil citrate tablets

Recruiting

Last Update Posted: 17 March 2020

Participants: 80

Group A: Sargramostim

Group B: Control

Completed with no results posted
Last Update Posted: 2 March 2021

Participants: 80 (CAP-1002) containing 150 million
allogeneic Cardiosphere-Derived Cells (CDCs).

No longer available

Last Update Posted: 1 December 2020

(Continues)
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TABLE

S. No
21.

22.

23.

24.

25.

26.

217.

28.

29.

1 (Continued)

Registration No (phase)
NCT04334512 (Phase II)

NCT04329923 (Phase II)

NCT04330690 (Phase 1I)

NCT04304053 (Phase III)

NCT04334382 (Phase III)

NCT04331795 (Phase II)

NCT04333225 (Phase 1)

NCT04313023 (Phase II)

NCT04307693 (Phase II)

Title of study

A Study of Quintuple Therapy to Treat
COVID-19 Infection (HAZDpaC)

The PATCH Trial (Prevention And
Treatment of COVID-19 With
Hydroxychloroquine) (PATCH)

Treatments for COVID-19: Canadian
Arm of the SOLIDARITY Trial
(CATCO)

Treatment of COVID-19 Cases and
Chemoprophylaxis of Contacts as
Prevention (HCQ4COV19)

Hydroxychloroquine vs Azithromycin for
Outpatients in Utah With COVID-19
(HyAzOUT)

Tocilizumab to Prevent Clinical
Decompensation in Hospitalized, Non-
critically 11l Patients With COVID-19
Pneumonitis (COVIDOSE)

Hydroxychloroquine in the Prevention
of COVID-19 Infection in Healthcare
Workers

The Use PUL-042 Inhalation Solution to
Prevent COVID-19 in Adults Exposed
to SARS-CoV-2

Comparison of Lopinavir/Ritonavir or
Hydroxychloroquine in Patients With
Mild Coronavirus Disease (COVID-19)

BCPT
Basic & Clinical foxicology

Interventions/outcome/conclusion of study

Participants: 600

Quintuple therapy (Hydroxychloroquine, Azithromycin,
Vitamin C, Vitamin D, and Zinc)

Recruiting

Last Update Posted: 8 April 2021

Participants: 400

Group A: Hydroxychloroquine Sulphate 400 mg

Group B: Hydroxychloroquine Sulphate 600 mg

Group C: Hydroxychloroquine Sulphate 600 mg

Group D: Placebo oral tablet

Terminated (Cohort 1: slow accrual Cohort 2: Other
studies showed no benefit Cohort 3: Study met pre-
specified futility analysis at planned second interim
analysis)

Last Update Posted: 10 December 2020

Participants: 400

Group A: Standard treatment

Group B: lopinavir/ritonavir plus standard of care

Recruiting

Last Update Posted: 5 March 2021

Participants: 3040

Group A: Antiviral treatment and prophylaxis
Group B: Standard Public Health measures
Completed with no results posted

Last Update Posted: 30 June 2020

Participants: 1550

Group A: Hydroxychloroquine
Group B: Azithromycin
Recruiting

Last Update Posted: 9 April 2020

Participants: 50

Group A: Tocilizumab (beginning dose of 200 mg)

Group B: Tocilizumab (beginning dose 80 mg)

Completed with results available at https://clinicaltrials.
gov/ct2/show/NCT04331795 and returned after quality
control review

Last Update Posted: 9 March 2021

Participants: 360

Group A: standard treatment

Group B: Hydroxychloroquine
Completed with no results posted
Last Update Posted: 26 January 2021

Participants: 200

Group A: PUL-042 Inhalation Solution
Group B: Placebo

Recruiting

Last Update Posted: 17 March 2021

Participants: 150

Group A: Lopinavir/ritonavir

Group B: Hydroxychloroquine sulfate

Terminated (terminated early because no patients were
further enrolled since mid-Apr 2020)

Last Update Posted: 27 May 2020

(Continues)
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TABLE 1 (Continued)

S. No
30.

31.

32.

33.

34.

35.

36.

37.

38.

Registration No (phase)
NCT04323631 (Phase I)

NCT04336254 (Phase I)

NCT04332094 (Phase IT)

NCT04292899 (Phase III)

NCT04329650 (Phase II)

NCTO04331470 (Phase
1/11D)

NCT04313322 (Phase I)

NCT04320615 (Phase III)

NCT04273581 (Phase II)

Title of study

Hydroxychloroquine for the Treatment
of Patients With Mild to Moderate
COVID-19 to Prevent Progression to
Severe Infection or Death

Safety and Efficacy Study of Allogeneic
Human Dental Pulp Mesenchymal
Stem Cells to Treat Severe COVID-19
Patients

Clinical Trial of Combined Use of
Hydroxychloroquine, Azithromycin,
and Tocilizumab for the Treatment of
COVID-19 (TOCOVID)

Study to Evaluate the Safety and
Antiviral Activity of Remdesivir (GS-
5734™) in Participants With Severe
Coronavirus Disease (COVID-19)

Efficacy and Safety of Siltuximab vs
Corticosteroids in Hospitalized Patients
With COVID-19 Pneumonia

Evaluation of Efficacy of Levamisole and
Formoterol+ Budesonide in Treatment
of COVID-19

Treatment of COVID-19 Patients Using
Wharton's Jelly-Mesenchymal Stem
Cells

A Study to Evaluate the Safety and
Efficacy of Tocilizumab in Patients
With Severe COVID-19 Pneumonia
(COVACTA)

The Efficacy and Safety of Thalidomide
Combined With Low-dose Hormones in
the Treatment of Severe COVID-19

Interventions/outcome/conclusion of study

Participants: 1116

Group A: Hydroxychloroquine

Group B: The control group will not receive
hydroxychloroquine

Withdrawn (trial not started due to accumulating evidence
against HCQ for COVID)

Last Update Posted: 30 June 2020

Participants: 20

Group A: Routine treatment + Intravenous injection of
human dental pulp stem cells

Group B: Routine treatment + Intravenous saline injection
(Placebo)

Recruiting

Last Update Posted: 10 March 2021

Participants: 20

Group A:Tocilizumab + Azithromycin
+Hydroxychloroquine

Group B:Azithromycin + Hydroxychloroquine

Recruiting

Last Update Posted: 7 April 2020

Participants: 2440

Group A: Remdesivir Administered as an intravenous
infusion

Group B: Standard of Care Treatment for COVID-19
Infection

Completed with results posted on https://clinicaltrials.gov/
ct2/show/results/NCT04292899

Participants: 100

Group A: Experimental: Siltuximab

Group B: Active Comparator: Methylprednisolone
Recruiting

Last Update Posted: 17 April 2020

Participants: 30

Group A: Experimental: Levamisole Pill +
Budesonide+Formoterol inhaler + Standard care.

Group B: Active Comparator: Lopinavir/Ritonavir +
hydroxychloroquine

Recruiting

Last Update Posted: 13 April 2020

Participants: 5

IV doses of WJ-MSCs

Recruiting

Last Update Posted: 18 March 2020

Participants: 330

Group A: Tocilizumab (TCZ)

Group B: Placebo

Completed with no results posted

Last Update Posted: 25 September 2020
Participants: 40

Group A: Thalidomide

Group B: Placebo

Not yet recruiting

Last Update Posted: 21 February 2020

(Continues)
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TABLE 1 (Continued)

S.No Registration No (phase) Title of study

39. NCT04338074 (Phase II) TXA and coronavirus 2019 (COVID-19)
in Outpatients (TCOutpatient)

40. NCTO04317040 (Phase III) ~ CD24Fc as a Non-antiviral
Immunomodulator in COVID-19
Treatment (SAC-COVID)

41. NCT04334005 (Not Vitamin D on Prevention and Treatment
Applicable) of COVID-19 (COVITD-19)
Summary of clinical trials using Chinese medicine against COVID-19
42. NCT04323332% A Retrospective Cohort Study to
(Phase-I1I) Evaluate the Efficacy and Safety of

Traditional Chinese Medicine as an
Adjuvant Treatment for Patients With
Severe COVID-19

43. NCT04278963" (Phase-II/  Yinhu Qingwen Decoction for the
1IT) Treatment of Mild / Common
COVID-19

44, NCT04310865% (Phase-II/  Yinhu Qingwen Granula for the

11II) Treatment of Severe COVID-19
45. NCT04251871° (Not Treatment and Prevention of Traditional
Applicable) Chinese Medicines (TCMs) on 2019-

nCoV Infection

46. NCT04306497° (Phase-II/  Clinical Trial on Regularity of TCM
11T) Syndrome and Differentiation Treatment
of COVID-19. (CTOROTSADTOC)

47. NCT04285190% (Not The Effect of T89 on Improving Oxygen
Applicable) Saturation and Clinical Symptoms in
Patients With COVID-19

m —
Basic & Clinical foxicology

Interventions/outcome/conclusion of study

Participants: 40

Group A: Tranexamic acid

Group B: Placebo

Recruiting

Last Update Posted: 16 February 2021

Participants: 230

Group A: CD24Fc Treatment
Group B: Placebo

Completed with no results posted
Last Update Posted: 26 March 2021

Not yet recruiting
Last Update Posted: 7 April 2020

Participants: 50

Group A: Traditional Chinese Medicine
Group B: Conventional Medicine

Not yet recruiting

Last Update Posted: 26 March 2020

Participants: 300

Group A (Experimental): Yin Hu Qing Wen Decoction

Group B (Placebo Comparator): Yinhu Qingwen
Decoction low-dose group

Group C (Active Comparator): Integrated Chinese and
Western Medicine group

Suspended (there were no eligible patients with
COVID-19 in the participating centres)

Last Update Posted: 11 May 2020

Participants: 116

Group A (Experimental): Yinhu Qingwen Granula +
Standard medical treatment

Group B (Placebo Comparator): Yin Hu Qing Wen
Granula (low does) + Standard medical treatment

Suspended (there were no eligible patients with
COVID-19 in the participating centres)

Last Update Posted: 11 May 2020

Participants: 150

Group A (Experimental): Conventional medicines and
TCMs granules

Group B (Active Comparator): Conventional Medicines

Recruiting

Last Update Posted: 5 May 2020

Participants: 340

Group A: Cohort of western medicine

Group B:Cohort of integrated TCM and western medicine
Completed and no results posted

Last Update Posted: 4 June 2020

Participants: 120

Experimental: The T89 treatment group

No Intervention: The blank control group

Withdrawn (the COVID-19 epidemic in China has ended
completely)

Last Update Posted: 16 June 2020

(Continues)
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TABLE 1 (Continued)

S.No Registration No (phase) Title of study

48. NCT04279197° (Phase-II)  Treatment of Pulmonary Fibrosis Due to
2019-nCoV Pneumonia With Fuzheng

Huayu

Summary of clinical trials using Corticosteroids against COVID-19

49. NCT04344288 (Phase-II) Corticosteroids During COVI-19 Viral
Pneumonia Related to SARS-Cov-2
Infection

50. NCT04345445 (Phase-11I)  Study to Evaluate the Efficacy and Safety
of Tocilizumab Versus Corticosteroids
in Hospitalized COVID-19 Patients

With High Risk of Progression

51. NCT04329650 (Phase-1I) Efficacy and Safety of Siltuximab vs
Corticosteroids in Hospitalized Patients

With COVID-19 Pneumonia

52. NCT04273321 (Not
Applicable)

Efficacy and Safety of Corticosteroids in
COVID-19

COVID-19-associated ARDS Treated
With Dexamethasone: Alliance
Covid-19 Brasil III (CoDEX)

53. NCT04327401 (Phase-III)

54. NCT04344730 (Not
Applicable)

Dexamethasone and Oxygen Support
Strategies in ICU Patients With
COVID-19 Pneumonia (COVIDICUS)

55. NCT04325061 (Phase-1V)  Efficacy of Dexamethasone Treatment
for Patients With ARDS Caused by

COVID-19 (DEXA-COVID19)

56. NCT04343729 (Phase-III) ~ Methylprednisolone in the Treatment of
Patients With Signs of Severe Acute
Respiratory Syndrome in COVI-19

(MetCOVID)

Summary of clinical trials using telemedicine against COVID-19.

57. NCT04337788 (Not
Applicable)

Gerontological Telemonitoring of Older
Adults Living in Nursing Homes With
COVID-19 Disease (COVIDeHPAD)

Interventions/outcome/conclusion of study

Participants: 136

Experimental: Basic Treatment + Fuzheng Huayu Tablet
Placebo Comparator: Basic Treatment + Placebo
Recruiting

Last Update Posted: 23 September 2020

Participants: 304

Experimental: Prednisone group control group: standard care
Terminated (competent authority decision)

Last Update Posted: 26 October 2020

Participants: 310

Experimental: Tocilizumab

Active Comparator: Methylprednisolone

Not yet recruiting

Last Update Posted: 14 April 2020

Participants: 100

Experimental: Siltuximab 11 mg/Kg

Active Comparator: Methylprednisolone 250 mg/24 h
Recruiting

Last Update Posted: 17 April 2020

Participants 400

Experimental: Methylprednisolone group control group:
standard care

Completed with no results posted

Last Update Posted: 11 May 2020

Participants 290

Experimental: Methylprednisolone +Standard Care
control group: standard care

Terminated

Last updated: 22 March 2021

Participants 290

Placebo Comparator: Standard oxygen + placebo
Experimental: Standard oxygen + Dexamethasone
Active, not recruiting

Last updated: 9 February 2021

Participants 400

Active Comparator: Standard intensive+ dexamethasone
Control group: standard intensive care

Terminated (Lack of enrolment)

Last Update Posted: 3 February 2021

Participants: 420

Placebo Comparator: Saline solution
Active Comparator: Methylprednisolone
Completed with no results posted

Last Update Posted: 9 March 2021

Participants: 300

Experimental: gerontological telemonitoring action

No Intervention: routine care without gerontological
telemonitoring

Not yet recruiting

Last Update Posted: 1 June 2020

(Continues)
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TABLE 1 (Continued)

S.No Registration No (phase) Title of study

58. NCT04331600 (Phase-1V)

(QUARANTINE2020)

COVID-19 remains yet to be identified, but it has been
confirmed that main viral proteases of SARS-CoV-2 are
not inhibited by this drug combination. Recently, a study
has identified boceprevir, calpain/cathepsin inhibitors as
potent chemotypes that inhibits the enzymatic activity of
SARS-CoV-2, hence inhibit assembly of viral particles
(Figure 2).*7°0!

3.1 | In-Silico studies for identification of
potential drugs against COVID-19

The in-silico strategy uses molecular databases and bioin-
formatics tools to screen molecules/drugs for their effective-
ness. It offers the advantage of high-throughput screening,
elucidation of new functions of drug molecules.” In silico
strategies provide requisite preliminary information on the
efficacy of compounds for further validation in in vitro and
in vivo studies.

Coronavirus binds via S protein with ACE-2 recep-
tor located on host cell followed by receptor (TMPRSS2)
mediated endocytosis for cellular invasion.*”* Based
on molecular databases™ analysed all possible proteins
of SARS-CoV-2 identified 2 human targets ACE2 and
TMPRSS2 enzymes. Both are potential targets to inhibit
entry of the virus into cells.’® They constructed surface
glycoprotein sequence of SARS-CoV 2 and found spike
glycoproteins dock with human ACE-2 receptor to further
support these propositions. Spike proteins of SARS-CoV-2
have 10-20 times more affinity for ACE-2 receptor than
SARS-CoV, which may be one of the possible reasons for
the increased infectivity of SARS-CoV-2.%" Furthermore,
in silico studies found AP2-associated protein kinase 1
(AAK1) and cyclin G-associated kinase (CGK) enhance
binding of viral S protein with host ACE-2 receptor and
attributed increased susceptibility of lung tissue to the
presence of AAK1 and CGK on lung alveolar epithelial
cells.”® Consequently,59 found that baricitinib effectively
blocks AAK1 and CGK and suggested clinical evaluation
of baricitinib against SARS-CoV-2. The docking score
of the N-terminal receptor binding domain of S protein
revealed methyl Tanshinonate as a potential candidate
for blocking S protein binding with ACE-2.°! A battery

ChloroQUine As antiviRal treAtmeNT
In coroNavirus infEction 2020

BCPT
Basic & Clinical foxicology

Interventions/outcome/conclusion of study

Participants: 400

Experimental: Standard of care + chloroquine phosphate
+ telemedical approach.

Control Group: Standard of care + telemedical approach.

Completed with no results posted

Last Update Posted: 11 February 2021

of neutralizing monoclonal antibodies (mAbs) was con-
structed via protein database against MERS-CoV spike
(S) protein of the virus, and a majority of these antibod-
ies (mAbs) was found to bind to the N-terminal domain
(NTD) of the S1 subunit of MERS-CoV.®? Duan et al®
constructed a phage-display library from B cells of SARS
CoV convalescent patients for designing and neutralizing
antibodies targeting epitope of spike protein on the S2
subunit.

Analysis of viral proteinase of SARS-CoV-2 using bio-
informatics tools (ZINC drug database) identified papain-
like protease (PLP™), RNA-dependent RNA polymerase
(RdRp) and 3-chymotrypsin-like protease as rate-limiting
steps in the life cycle of SARS-CoV-2 and proposed drug
designing against these enzymes.64 An earlier study has
determined the three-dimensional MERS-CoV papain-like
protease (PLpro) by X-ray crystallography and found that
it comprises two domains, an ubiquitin- and a catalytic do-
main. They proposed that pharmaceutical entities having
the potential to cause mutagenesis of the deficient oxyan-
ion hole of PLpro will cause unfolding of PLpro, hence
subsequent loss of enzymatic activity PLpro can help drug
designing against SARS-CoV-2.%%% 1n silico, evaluation
of eucalyptol indicated absolute binding of eucalyptol to
COVID-19 PLP®.®® Molecular analysis studies of SARS-
CoV, MERS-CoV and SARS-CoV-2 found RNA-dependent
RNA polymerase (RdRp) highly conserved, suggesting
clinical evaluation of RdRp inhibitors for the treatment of
SARS-CoV-2.%

3.2 | Insilico studies for identification of
candidate molecules for vaccine development

A novel approach of vaccine development using computa-
tional techniques, including immunogenomics, immunogenet-
ics and bioinformatics, is called vaccinomics.®’” In 2004, study
utilized bioinformatics and structural analysis to design pro-
teins corresponding to the S1 surface regions of SARS-CoV
and immunized them in rabbit and monkey. Antiserum col-
lected was found to elicit specific antibodies to SARS-CoV,
which strongly supports synthetic-peptide-based approaches
for generating a vaccine against coronavirus.®’ Multiple
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Inhibition of viral spike protein binding with cellular receptors. Bromhexine hydrochloride and arbidol hydrochloride inhibit

docking of ACE-2 with S1 subunit hence inhibits viral phagocytosis (cellular internalization). Camostat inhibits TMPRSS2 cellular receptor, which

is needed for priming of S protein and facilitation of docking between S1 and ACE-2

sequence alignment (MSA) found RdRp protein highly con-
served in all human coronavirus strains and identified sequence
WDYPKCDRA as highly immunogenic and accessible to the
host immune system. Therefore, the study concluded that the
target sequence could develop a universal vaccine against
human coronavirus.®® Novel nucleoside analogue designed
by flex-base modification of the fleximers was combined with
acyclic sugar moiety of acyclovir was found to inhibit repli-
cation of several human coronavirus strains.%’ Furthermore,
Epitope Database and Analysis Resource of SARS-CoV,
MERS-CoV, and other coronaviruses were used to identify
candidate immune targets against SARS-CoV-2. This led
to the identification of an array of regions in SARS-CoV-2,
which have a high degree of homology with SARS-CoV and
MERS-CoV and hence can serve as possible candidates for
vaccine development against COVID-19.7°

4 | IN VITRO STUDIES FOR
IDENTIFICATION OF POTENTIAL
THERAPEUTIC AGENTS AGAINST
COVID-19

Driven by predictive information, in vitro studies offer
an advantage to gear discovery of drug candidates.
Molecular studies on virus-cellular receptor interaction
found TMPRSS2 as cellular host factor critical for the
spread of clinically relevant viruses, including coronavi-
ruses and influenza A viruses.”' An in vitro study by Ref.
72 evaluated postulates of in-silico studies in a human cell
line (293T) and found the entry of the virus into the host

cell is facilitated by S1 subunit of spike (S) protein which
binds with angiotensin-converting enzyme 2 (ACE2).
This is further supported by findings showing that serum
from a COVID-19-recovered subject inhibits virus entry
into cells of a human alveolar cell line and on Calu-3
cell line(pulmonary and intestinal). Moreover, camostat
mesylate, a clinically approved serine protease inhibitor
of TMPRSS2, partially inhibits SARS-CoV-2 entry into
Caco2 and VeroE6/TMPRSS2-expressing cells, 2 reinforc-
ing the applicability of cell culture models for drug discov-
ery.73’74 Patients who recovered from COVID-19 have a
high concentration of neutralizing antibodies against viral
S1 protein.75 Based on these results, a study using serum
from convalescent patients in cell line sera was found to
significantly reduce SARS-2-Spike driven entry in host
cell.”® Based on these study results, it may be proposed that
antibody response against S1 subunit may partially protect
during infection.

Earlier in vitro studies have reported antiviral activity of
ivermectin against dengue virus,”’ human immunodeficiency
virus”’ and simian SV40 virus.”*” Ivermectin (antiparasitic
drug) exhibited antiviral activity on Vero-hSLAM cell line in-
fected with SARS-CoV-2. It resulted in a 5000-fold reduction
in viral RNA after 48 hours in the Ivermectin group compared
with the control group.** Remdesivir, a C-adenosine nucle-
oside triphosphate analogue, has shown activity against var-
ious RNA viruses (Coronavirus, Ebola virus and Flavivirus)
by entering viral RNA chain and inhibiting RNA synthesis
(Figure 3). Presently, in vitro and laboratory animal stud-
ies using remdesivir have shown promising results against
SARS-COV-2.! These studies reported the effectiveness of
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FIGURE 2 Inhibition of viral receptor-mediated viral phagocytosis. Hydroxychloroquine/Chloroquine Inhibits acidification of viral endosome

hence inhibits viral phagocytosis (cellular internalization). Main SARS-CoV-2 protease inhibitors cause inhibition of viral protease and hence

inhibit generation of viral proteins

remdesivir in viral replication, reduction in viral load and early
resumption of symptoms in experimentally infected rats.?

In vitro studies have found chloroquine effective against
HIV,83 influenza,84 H5N1 Virus,85 Chikungunya Virus,86 Zika
virus,*” Crimean-Congo haemorrhagic fever virus *® and
herpes simplex virus.* Studies using chloroquine on epi-
thelial lung cell cultures were found to inhibit SARS-CoV
replication.90 Studies on the Vero cell line found that chlo-
roquine causes deficit glycosylation in S protein receptors
of viruses required for binding with angiotensin-converting
enzyme 2 (ACE2).9] In vitro studies using Vero E6 cell line
have proposed chloroquine as an effective drug in reducing
viral replication at a dosage achievable in lungs.92 Chinese re-
searchers who studied chloroquine's effect on SARS-CoV-2-
infected cell line found the drug highly effective in reducing
viral replication at a dosage achievable in the lung due to its
effective penetration in lung tissues.”>*® Furthermore, stud-
ies found that hydroxychloroquine (HCQ) more effectively
inhibits SARS-CoV-2 replication than chloroquine.”” The
mechanism proposed for antiviral activity involves inhibition
of essential steps in the viral life cycle, including glycosyla-
tion of cellular receptor, reductase-2 cathepsins MAP-kinase
that inhibits viral assembly of SARS-CoV-2 and retard

viral infection.”?%% HCQ, when used in combination with
other drugs, has been found to have potent activity against
COVID-19.” An in vitro study has recently found synergis-
tic action of combinational therapy of remdesivir (antiviral
drug) and chloroquine against SARS-CoV-2.%

In vitro studies have suggested antiviral activity of HIV
protease inhibitors (lopinavir/ritonavir) against SARS-
CoV-2." However, their efficacy is questionable against
SARS-CoV-2 as coronavirus proteases do not contain a
C2-symmetric pocket, which targets HIV protease inhibi-
tors.**!°! An in vitro study found ribavirin effective against
SARS-CoV-2 at higher concentrations than required to in-
hibit other types of viruses.” A recent study on mouse mod-
els found more substantial evidence for anti-MERS-CoV
activity of antiviral remdesivir than HIV protease inhibi-
tors (Lopinavir/Ritonavir).82 Ivermectin has been reported
to limit infection caused by Venezuelan equine encephalitis
virus (VEEV), West Nile virus and influenza virus.!°*!% Ly
et al'” reported ivermectin's antiviral activity in both in vitro
and in vivo against pseudorabies virus (PRV).

The main protease MP™ of SARS-CoV-2 is involved in
cleavage of viral polypeptides, and an earlier study has suc-
cessfully treated feline infectious peritonitis using GC376,
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a dipeptide-based protease inhibitor.'"’ They found inhibi-
tory action of GC376 against SARS-CoV-2 in cell culture.
Hence, they proposed use of GC376 in clinical trials for de-
velopment of a therapeutic regimen against COVID-19. To
identify potent inhibitors of SARS-CoV-2 main protease,
Ma et al*’ conducted a study using enzyme kinetic studies;
mass spectrometry, thermal shift binding and fluorescence
resonance energy transfer enzymatic assay and found that
boceprevir and calpain inhibitors IT and XII have a signif-
icant inhibitory activity against SARS-CoV-2 main prote-
ase. Furthermore, they found that these compounds inhibit
SARS-CoV-2 replication in cell culture. They proposed use
of these compounds in clinical trials for development of an
effective therapeutic regimen against SARS-CoV-2. While,
majority of the MP™ inhibitors of SARS-CoV-2 have v lac-
tam glutamine surrogate at the P1 position, and caplian
inhibitor II and XII have hydrophobic moiety at P1 posi-
tion. X-ray crystallographic studies have found that this
hydrophobic moiety occupies the S1 pocket in an inverted
binding pose, and hence, they can provide a new direction
for development of an effective therapeutic regimen against
SARS-CoV-2.'%® Papain-like proteases PLpro of SARS-
CoV-2 are essential for posttranslational modifications of

viral polypeptides and generation of functional replicase
complex hence play important role in viral transmission.'%”
Recently, a study found that inhibition of SCoV2-PLpro
with GRL-0617 reduces viral replication.110 Based on
these findings, it is an urgent need to understand molecular
rules governing PLpro substrate specificity, which can be
helpful in designing effective drugs for COVID-19.'"!

5 | REVIEW OF SELECTED
REPURPOSED DRUGS

Drugs used earlier against SARS-Cov and MERS are eli-
gible candidates to develop a therapeutic regimen against
COVID-19. Clinically investigated repurposed drugs that
have shown promise in clinical trials against COVID-19
are summarized in Table 2. These drugs offer advantages as
medicines have proven harmless, pharmacokinetics is well
understood, and optimal dosages are standardized.”? Recently
after an outbreak of COVID-19, Ref. 129 has summarized
almost 31 broad-spectrum antiviral agents (BSAA) as po-
tential candidates for drug re-profiling against COVID-19.
Clinical trials identified at Clinicaltrials.gov related to drug
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repositioning for COVID-19 treatment are summarized and
discussed below.

5.1 | SARS-CoV-2 membrane
fusion inhibitors

A pilot clinical study (open-label, randomized and controlled)
was conducted to evaluate the efficacy of Recombinant
human angiotensin-converting enzyme 2 (thACE2) against
COVID-19. The study could not yield any encouraging
result and was withdrawn after 7 days.*® Recently, Tian
et al"® found that SARS-CoV-specific human monoclo-
nal antibody CR3022 binds with receptor-binding domain
(RBD) of COVID-19 and blocks the viral receptor (ACE-2)
of cells and inhibit cellular infection.'*’ Epitope of CR3022
and ACE2 binding site in COVID-19 RBD did not overlap.
Therefore, the other potent specific neutralizing antibodies,
such as m396 and CR3014, targeting the ACE2 binding site
of SARS-CoV could not bind to COVID-19 S protein. Thus,
CR3022 is a potential therapeutic choice for COVID-19 in-
fection, alone or combined with other neutralizing antibod-
ies. A study conducted on cell culture and laboratory animals
found that the pan-coronavirus fusion inhibitor, EK1 pep-
tide, was effective in reducing viral load. Both the EK1 and
peptide HR2 domain could effectively block the transmis-
sion of the COVID-19 virus.'*' Furthermore, a lipopeptide
EK1C4 generated from EK1 was found to be a more potent
fusion inhibitor against S1 subunit of spike protein of SARS-
CoV-2 compared with EK1 3t

5.2 | Lopinavir-Ritonavir

A clinical trial against the Middle East respiratory syndrome
(MERS) used lopinavir (HIV type 1 aspartate protease inhib-
itor) in combination with ritonavir (inhibitor of cytochrome
P450). The synergistic action of combinational drug prepara-
tion was attributed to increased bioavailability of lopinavir
in the presence of ritonavir.®* An open-label, randomized
clinical trial was conducted in Wuhan, China, to evaluate the
efficacy of lopinavir-ritonavir in clinical cases.''® Patients
(n = 199) with confirmed COVID-19 infection were strati-
fied as per the severity of disease as vindicated by ventilator
support. Patients were divided into two groups; one group
received standard care (n = 100) and the other group (n =99)
was treated with standard therapy in addition to lopinavir-
ritonavir (400 mg and 100 mg, respectively) twice a day for
14 days. Unfortunately, results were not encouraging as no
improvement was observed in clinical improvement, viral
load (detectable viral RNA) at different intervals. Although
based on intention-to-treat analysis, the median time for re-
covery in the lopinavir-ritonavir group was one day lesser

BCPT =
Basic & Clinical foxicology

than the control group. On day 13, lopinavir-ritonavir treat-
ment was stopped because of adverse gastrointestinal, renal
and immunosuppressive events. Ineffectiveness of drugs
may be attributed to a heterogeneous patient population,131
lower concentration achieved in serum compared with levels
needed to inhibit replication of virus.® Little is known about
the tissue concentration of drug achievable at tissues where
SARS-CoV-2is replicating.77

53 | Chloroquine/Hydroxychloroquine
Chloroquine emerged 70 years ago as a substitute for natural
quinine and is currently the drug of choice against malaria
in most countries.” '3!3 Hydroxychloroquine is derived by
hydroxylation of the side chain of chloroquine. Chloroquine
has been found effective in autoimmune diseases,134 inflam-
matory processes, human immunodeficiency virus (HIV)7
bacterial, fungal and viral infections.'*> A clinical trial con-
ducted in Chinese patients found that chloroquine has a pro-
found effect on clinical outcome and decreasing viral load
in COVID-19 patients.136 Recently, chloroquine repurposing
was evaluated in 100 patients in China. A clinical study re-
ported encouraging results, including an early decline in viral
fevers, resolution of lung pathology (computed tomography
images), and earlier clinical recovery compared to the con-
trol group in COVID-19 treatment.'* Studies have reported
that chloroquine causes glycosylation of the glycoprotein
(gp120) envelope of the human immunodeficiency virus and
renders viral particles non-infectious.'®!! Furthermore, chlo-
roquine has been found to inhibit Quinone Reductase 2,'"
involved in the biosynthesis of sialic acid,”®” an important
component of ligand recognition,” and it causes alkalization
of endosomes—hence inhibiting ph-dependent endosome-
mediated viral entry.'*® Chloroquine enhances cell-mediated
immune response directed against the viral antigen by in-
creasing export of soluble antigen from dendritic cell to
human cytotoxic CD8" T cell.”!!

Recently, contradictory results were published in the New
England Journal of Medicine. 139 The study was conducted in
a Chinese patient with confirmed COVID-19 infection. The
patient was treated with hydroxychloroquine, standard treat-
ment and with standard therapy. After two weeks, the patients
received hydroxychloroquine showed deterioration in respi-
ratory symptoms and showed need of respiratory escalation
support, while no improvement was reported in clinical pre-
sentation, viral load and haematological profile.

5.4 | Remdesivir

Remdesivir, a broad-spectrum antiviral pro-drug that under-
goes metabolism to C-adenosine nucleoside triphosphate
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analogue and causes premature termination of RNA tran-
scription, has shown potent activity against COVID-19 in an
in vitro study.4 Earlier studies reported inhibitory action of
remdesivir on viral replication of related virus of the beta-
coronavirus group at doses well tolerated."*” Reduced mor-
tality was observed in Ebola virus-infected patients treated
with remdesivir (33%) (n = 499) compared to patients (75%)
(n = 1900) treated with standard therapy.141 Currently,
Remdesivir is being evaluated in a phase-I, controlled trial
(randomized, double-blind, placebo-controlled) with a load-
ing dosage of 200 mg and 100 mg maintenance dosage daily
and has not presented any toxic effects.'*? Successful results
have been reported in patients showing mild to moderate
COVID-19.'#

6 | COMBINATIONAL
THERAPEUTIC INTERVENTIONS

Currently, a clinical trial has found increased efficacy of a
combinational therapeutic regimen using widely available
drugs, for which large-scale manufacture is possible and
those drugs that can be prescribed immediately.144

Combinational therapy of non-specific antiviral drugs
(lopinavir, ritonavir and favipiravir) used earlier in influenza
and HIV are currently under investigation for phase I'V clini-
cal trials against COVID-19. 145 Clinical improvement in early
viral clearance and improvement in clinical signs has been re-
ported by combinational therapy of antiviral drugs (lopinavir-
ritonavir, ribavirin) and interferon-o against Middle East
respiratory syndrome coronavirus (MERS-CoV)."¢

Umifenovir (membrane fusion inhibitor) used with rem-
desivir (RdRp inhibitor) was found to be effective against
Ebola Virus,147 SARS-CoV and MERS-CoV. The same com-
binational therapy is presently under investigation against
SARS-CoV-2."*" Gautret et al'* conducted a clinical trial
(open-label, non-randomized) using hydroxychloroquine and
azithromycin for treatment of COVID-19. The results of their
study proposed that hydroxychloroquine used in combination
with azithromycin causes a significant reduction in viral load
and amelioration of symptoms in COVID-19 patients. Their
study recommended the possibility of the adoption of this
combinational therapeutic protocol to fight the merging viral
epidemic in real time. Based on these results, Chinese experts
recommended 500 mg chloroquine two times for ten days in
patients affected with COVID-19 pneumonia.lso

7 | CHINESE MEDICINE

COVID-19 patients are primarily presenting with respira-
tory symptoms,134 gastrointestinal symptoms151 and my-
algia/arthralgia.'”® A Chinese medicine system is based

BCPT =
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mainly on symptomatic treatment,'> and Chinese medi-
cine (CM) has classified the COVID-19 as dampness type
of sickness.”®?”1%* Ag per the Chinese system of medi-
cine, the pathogenesis of infectious diseases has a rela-
tion with the weather.'” The pathogenesis of COVID-19
was proposed due to endogenous stagnated heat due to
warm temperatures in November and an abrupt decrease
in temperature during the latter part of November, which
resulted in exogenous cold-dampness.">® A phylogenetic
analysis and timeline match of the outbreak'®’ support
these propositions. Accordingly, as per Chinese medicine,
treatment of COVID-19 should focus on eliminating damp-
ness and releasing endogenous stagnated heat, which will
result in removing lungs, henceforth expelling pathogenic
factors.">*1%° An In silico study has proposed a plausible
Chinese medicine mechanism, and the authors suggested
that Chinese medicinal preparations (kaempferol and baica-
lin in da-yuan decoction) bind to ACE-II receptors and can
inhibit cellular infection by COVID-19.'%

Similarly, a molecular docking study of 24 Chinese
medicine preparations recommended a cocktail of seven
herbal medicines that can bind with the S-protein of
ACE2.'"®" Chinese medicinal preparations regulate key
immunogenic pathways and pro-inflammatory signal-
ling pathways, which could help alleviate pneumonia in
COVID-19 patients.mz'164 Chinese patients have reported
potential benefits of Chinese medicine in terms of py-
rexia, radiological changes, hospital stay and viral load
reduction.”!” These findings support the use of Chinese
medicine with proper standardization and caution as an
adjuvant for the management of COVID-19.

8 | CORTICOSTEROIDS AND
IMMUNOMODULATORY AGENTS

Studies investigating the viral pathogenesis of pneumonia
have attributed cytokine storm as a possible pathogenesis
pathway involved in viral pneumonia and have found a benefi-
cial role of corticosteroids in HIN1 pneumonia, SARS-CoV,
(MERS)-CoV and other types of pneumonia.15 3:163.164.165
is further supported by in vitro studies in A549 lung epithe-
lial cells where dexamethasone was found to block cytokine-
induced apoptosis.3 So, beneficial effects of corticosteroids
have been attributed to suppression of unwanted immuno-
pathological response—hence cytokine storm in viral pneu-
monia,>'® However, contradictory findings were reported
with the use of corticosteroids in COVID-19 patients as these
drugs modulate inflammation and immune activation that
delays viral clearance.'®’ Furthermore, the use of corticos-
teroids in COVID-19 has reported of adverse effects, which
include osteoporosis, diabetes and psychosis with its use.'®”
A meta-analysis has reported increased mortality, secondary
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bacterial infection and fungal infection in influenza patients
receiving corticosteroids.'®® Despite these limitations, there
are few clinical trials underway in different parts of the world
to use corticosteroids against COVID-19. Because of insuf-
ficient clinical evidence, WHO does not support the clinical
use of corticosteroids in COVID-19 patients.'® In spite of
this, encouraging results have been reported in Spain using
corticosteroids against SARS-CoV-2. Clinical investigators
reported significant reduction in all-cause mortality without
any complications. In addition, almost 10 randomized, con-
trolled trials have reported significant reduction in mortality,
need of high-pressure ventilation and hospital stay in pa-
tients treated with corticosteroids.'” In patients with severe
manifestation of COVID-19, hyperinflammatory response
has been reported which results in pulmonary thrombosis
henceforth acute lung injury and extravasations of cellular
debris, which eventually causes multiple organ failure.'”" So,
a plethora of studies have proposed a beneficial role of corti-
costeroid in COVID-19 to mitigation of hyper-inflammation
and acute respiratory distress syndrome.170’172’173’174 There is
ample evidence to support elevation of cytokine profile in
COVID-19, which is an indication of secondary haemophago-
cytic lymphohistiocytosis, which is effectively responsive to
use of corticosteroids.'” In addition, corticosteroids cause
down-regulation of inflammatory pathways, which is a pre-
requisite to restore tissue homeostasis and cause resolution
of pulmonary and extra-pulmonary organ d:aunage.176 Hence,
the beneficial role of corticosteroids may be attributed to
pathophysiological reasoning.

The rationale of using immunomodulatory agents
in COVID-19 is to spare host tissue from unwanted in-
flammatory response induced by cytokine storm. Early
studies in China found that IL-6 (Interleukin-6) is a key pro-
inflammatory cytokine, which plays a role in multiple organ
failure in COVID-19 patients.83 Subsequently, a clinical
trial was designed in 21 patients treated with Tocilizumab
(400 mg), a monoclonal antibody IL-6 receptor antagonist.21
Results were encouraging as 91% of patients showed clin-
ical recovery and enhanced blood oxygen levels, ameliora-
tion of pulmonary tissue damage and reduced hospitalization
time.?! This trail's limitations were fewer patients recruited,
absence of placebo comparator and a heterogeneous patient
group.48 Pirfenidone, an inhibitor of IL-1p and IL-4, and
Sarilumab, another IL-6 receptor antagonist, are being eval-
uated for beneficial effects against COVID-19 patients.177’178
Bevacizumab, a humanized monoclonal antibody against
vascular endothelial growth, has revealed successful pulmo-
nary oedema resolution in COVID-19 patients. Fingolimod,
a sphingosine- 1-phosphate receptor regulator, has been suc-
cessfully used against multiple sclerosis; a clinical trial 128,179
using Fingolimod and ventilator support has reported resolu-
tion of inflammation and histopathological change in pulmo-
nary tissue of COVID-19 patients.

9 | IMMUNOGLOBULIN

Immunoglobulins have found applicability in a diverse set of
diseases ranging from acute idiopathic thrombocytopenic pur-
pura to chronic inflammatory demyelinating polyneuropathy.'*’
The main advantage of using immunoglobulins in those dis-
eases which are refractory to conventional therapeutic options
is that immunoglobulins recognize a broad set of glycoproteins
and protein shell in enveloped and un-enveloped virus, respec-
tively.m’182 There is no commercial preparation of immuno-
globulin to offer protection against COVID-19, so the only
option left is convalescent plasma obtained from recovered pa-
tients. There are reports of successful use of plasma therapy in
SARS-CoV-1 and MERS patients.183 Currently, immunoglob-
ulins are being clinically evaluated in uncontrolled case series
comprising 5 patients and other series of 3 patients in China.'®*
Reports suggest immunoglobulin efficacy with 7-10 days of
infection when the primary immune response is insufficiently
developed.185 Subsequently, the FDA has issued a guideline to
study the use of immunoglobulins obtained from patients recov-
ered from COVID-19. Some authors have questioned the use of
immunoglobulin in SARS-CoV-2 owing to its high rate mutation
to change surface glycoprotein to evade the immune system.182

10 | TELEMEDICINE

Telemedicine involves the use of information technology
for providing expert advice from a distance.'® Face-to-face
contact plays an essential role in patient and doctor relation-
ship.187 However, overcrowded patient wards create more
infection and contamination in an environment that renders
the health of medical staff and patients at higher risk.'”® To
avoid transmission of infection to the healthy population,
telemedicine offers an alternative for providing health care
without physical contact between patient and physician with
the added advantage of low cost and extensive coverage.188
Presently, western countries 189 are focusing and investing in
telemedicine to contain the spread of COVID-19 infection. 190
The Brazilian government has launched the “Coronavirus
SUS” app to track and identify COVID-19-infected patients
on similar lines; the United Kingdom has developed a mobile
application that enables patients to self-report their health
conditions.'”! Furthermore, the American Psychological
Society, 2020 and WHO, 2020 has proposed the use of tel-
emedicine in alleviating the adverse psychological effects as-
sociated with loneliness, lockdown and quarantine.

11 | OTHER INTERVENTIONS

Due to the non-availability of evidence-based pharmaceuti-
cal preparation against COVID-19, the disease is currently
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managed by symptomatic care in combination with full in-
tensive care support. This section will discuss adjunctive
therapies under clinical investigation. Vitamin C, evaluated
in COVID-19 patients because of its antioxidant activity,
immune-modulator action and anti-inflammatory action,'?
has reported improvement in clinical conditions and sep-
sis, and reduced mortality.192 Thalidomide causes increased
degradation of mRNA of tumour necrosis factor-o (TNFa),
which explains its anti-inflammatory action.'”® In addition
to this, thalidomide causes release of interleukins and acti-
vation of natural killer cells. Therefore, being evaluated as
supportive therapy in addition to conventional therapy.'**
An important issue related to thalidomide use the develop-
ment of Amelia in new born babies from mothers who are
underwent with thalidomide treatment during preg.gnancy.194
Recombinant human interferon a2 is reported to have an
inhibitory effect on MERS-CoV and SARS-CoV'”® and has
been proposed for evaluation against COVID-19. Synergistic
action of pegylated interferon alfa-2a and alfa-2b in combi-
nation with ribavirin is under investigation196 with a rationale
to activate an innate immune response against SARS-CoV-2.
Researchers have cautioned against using interferons due to
side effects associated with their use and recommended close
monitoring of patients undergoing interferon therapy.197
Griffithsin, a gel obtained from red algae, contains lectins
that specially bind with surface glycoprotein (gp-120) of HIV
and spike (S) proteins of SARS-CoV-1, and it inhibits pen-
etration of the virus into the cell.'”® Given its encouraging re-
sults in SARS-CoV-1 and HIV, chemical constituents should
be evaluated in SARS-CoV-2.

12 | DISCUSSION

Coronaviruses have a propensity to spread in a broad host
range, and they periodically jump into new host species and
emerge as an epidemic for immunologically naive humans;
the current outbreak of COVID-19 is the 3rd outbreak in the
21st century after SARS-CoV and MERS-CoV. Therefore,
broad-spectrum antiviral therapy is an unmet medical demand
at present to control the epidemic of CoVs infection. In silico
and in vitro are rapid time-saving and cost-saving strategies
that can guide research in a situation like COVID-19 with a
higher likelihood of finding desired results with the added ad-
vantage of screening drugs for toxic action. The development
of novel drugs/vaccines against COVID-19 will take months
to years. However, scientist needs to focus on repurposing
of drugs with special emphasis on drugs used against other
human coronaviruses SARAS-CoV and MERS. Utmost cau-
tion should be taken as the published reports are mostly from
countries affected early in the pandemic; therefore, results
from these studies should be cautiously extrapolated.

BCPT =
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During a pandemic like the COVID-19, there is a need
to emphasise time-tested approaches for drug evaluation
in randomized, controlled clinical trials. Drugs yet to be
marketed should be evaluated by well-controlled ran-
domized trials with substantial evidence of safety and
efficacy. It is unclear whether combinational therapy pro-
vides an added synergistic advantage over monotherapy
in terms of a favourable risk/benefit ratio because of the
lack of monotherapy primary data. Since COVID-19 has
an immense number of treatment interventions, we did not
cover all available therapeutic approaches. Moreover, the
findings of the studies are complex and modify as new
evidence arises. Besides, only English articles/publica-
tions were reviewed, so some important international data
could be lacking.

13 | CONCLUSION

Although there are conserved druggable SARS-CoV-2 tar-
gets, including S protein, RdRp, helicase, PLpro and 3-CL
protease, unfortunately, no drug or vaccine is currently
available against the coronavirus. The pandemics have
raised serious concerns and have put pressure on research-
ers throughout the world for evaluating and approving
drugs against COVID-19. There is limited evidence of the
effectiveness and adequacy of studies of drugs currently
used in the treatment of COVID-19. The FDA has currently
approved drugs against COVID-19 on little evidence, lesser
clinical trials/drugs and suboptimal design of the clinical
trial, which may not give the actual picture of the efficacy
of these drugs. Recently, USA issued an Emergency Use
Authorization (EUA) to use hydroxychloroquine, and there
is no conclusive evidence of its efficacy. Although cur-
rently undergoing clinical trials based on repurposing of
drugs have not yielded enough encouraging results, there
are some takeaways from these trials. The speed, efficacy
and priority with which the studies were designed to pro-
vide early answers can be extrapolated for other drugs and
other epidemic situations.

Furthermore, these studies give convincing evidence
regarding potential adverse effects of active pharmaceuti-
cal preparations used in a clinical trials. With the ongoing
effort, we hope that COVID-19 will subside in the com-
ing months. Still, there is an urgent need to develop a uni-
versal vaccine or broad-spectrum antiviral against human
coronavirus.
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