
Genes & Diseases (2023) 10, 1402e1428
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.keaipubl ishing.com/en/ journals /genes-diseases
REVIEW ARTICLE
COVID-19 therapeutics: Clinical application
of repurposed drugs and futuristic strategies
for target-based drug discovery

Sunny Kumar a, Malini Basu b,**, Pratyasha Ghosh c, Uttam Pal a,
Mrinal K. Ghosh a,*
a Cancer Biology and Inflammatory Disorder Division, Council of Scientific and Industrial Research-
Indian Institute of Chemical Biology (CSIR-IICB), TRUE Campus, CN-6, SectoreV, Salt Lake, Kolkata-
700091 & 4, Raja S.C. Mullick Road, Jadavpur, Kolkata 700032, India
b Department of Microbiology, Dhruba Chand Halder College, Dakshin Barasat, West Bengal 743372,
India
c Department of Economics, Bethune College, University of Calcutta, Kolkata 700006, India
Received 27 July 2022; received in revised form 7 December 2022; accepted 16 December 2022
Available online 7 April 2023
KEYWORDS
Clinical trials;
COVID-19;
Drug discovery;
Pharmacology;
Repurposing of drugs;
SARS-CoV-2
* Corresponding author.
** Corresponding author.

E-mail addresses: drmalini.basu@g
Peer review under responsibility o

https://doi.org/10.1016/j.gendis.202
2352-3042/ª 2023 The Authors. Publ
article under the CC BY-NC-ND license
Abstract Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) causes the compli-
cated disease COVID-19. Clinicians are continuously facing huge problems in the treatment
of patients, as COVID-19-specific drugs are not available, hence the principle of drug repurpos-
ing serves as a one-and-only hope. Globally, the repurposing of many drugs is underway; few of
them are already approved by the regulatory bodies for their clinical use and most of them are
in different phases of clinical trials. Here in this review, our main aim is to discuss in detail the
up-to-date information on the target-based pharmacological classification of repurposed
drugs, the potential mechanism of actions, and the current clinical trial status of various drugs
which are under repurposing since early 2020. At last, we briefly proposed the probable phar-
macological and therapeutic drug targets that may be preferred as a futuristic drug discovery
approach in the development of effective medicines.
ª 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. 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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Introduction

On December 1, 2019, the first case of coronavirus was offi-
cially reported in Wuhan, China. WHO named it 2019 novel
coronavirus (2019-nCoV) on December 29, 2019; later on
February 11, 2020, it was named coronavirus disease 2019
(COVID-19). Immediately after the first detection in Wuhan,
coronavirus cases were reported in other countries as well.
Travel restrictions and quarantine measures were placed in
many affected countries to restrict the spread of this dis-
ease.1e3 The possibility of COVID-19 infection was suspected
in people having a clinical illness with or without pneumonia,
exposure history, and other risk factors. Although the num-
ber of new cases in some nations is declining with the
increasing global spread, the scope and trajectory of infec-
tion elsewhere remain a challenge for the rest of the world.
Patients with a mild clinical presentation may not require
hospitalization but should be monitored for worsening,
especially during the first two weeks of illness as the incu-
bation period of COVID-19 infection is about 2e14 days. So-
cial distancing is recommended to minimize the potential
exposure through community spread from disease hot-
spots.4,5 Rapid ELISA and RT-PCR-based tests with available
suitable diagnostic kits for the detection of infection and
identification of hotspots are the crucial events to prevent
the spread of the disease.6 A COVID-19 patient with a late-
stage disease or with comorbid health conditions, such as
heart or lung dysfunction or cardiac or cerebral ischemia
requires mechanical ventilation or even extracorporeal
membrane oxygenation (ECMO) support, although the prog-
nosis is likely to be dismal.7,8

Coronaviruses cause commoncoldswithmajor symptoms,
such as fever and sore throat, occurring primarily in the
winter and early spring. They can cause pneumonia (either
direct viral pneumonia or secondary bacterial pneumonia),
bronchitis (either direct viral bronchitis or secondary bac-
terial bronchitis), cough, headache, difficulty in breathing,
fatigue, dysentery, myalgia, and disseminated coagulop-
athy. Occasionally SARS-CoV2 infection leads to kidney fail-
ure, cardiac failure, liver damage, and uncontrolled
diabetes resulting in death.9 Recently, the COVID-19
pandemic is hitting as 2nd and 3rdwaves inmany countries.10

Thus, individual clinical decisions based on the day-to-day
changes in specifics of every patient are crucial during the
pandemic, whichmay last another couple of years alongwith
different variants viz., omicron, delta, etc. Safety depends
on vaccination and the development of effective drug mol-
ecules through repurposing and innovation.

Clinicians and researchers are doing their best to save
infected individuals. Over available medications, the
repurposing of drugs will be the ideal hope to save lives.
Since the initial phase of the disease, clinicians and re-
searchers have focused to repurpose the available drugs in
a personalized symptom-specific manner, which essentially
necessitates the quick development of new drugs. Some of
the new molecules have been evaluated as potential drugs
from the clinical trial done so far although most of them are
still in the different phases of clinical trials.11,12 In this
comprehensive report, we aim to describe in detail the
clinical advancement for repurposing of drugs for COVID-19
treatment and their pharmacological mechanism of action
and briefly highlight the probable future drug targets for
innovative drug development.

Repurposing of drugs for COVID-19: mode of action
and clinical trial perspectives

Medical practitioners need to consider some specialized
standard of care for many COVID-19 patients. To date, no
effective and specific drug or antiviral agent is available for
COVID-19 treatment, although some antiviral agents are
currently in use. The clinical trials of some agents are in
progress in multiple countries.13 The U.S. Food and Drug
Administration (FDA) has issued preliminary guidance
regarding clinical trials but there remains an urgent need
for clear instruction and methods to preserve the integrity
of studies while enhancing patient safety during the crisis
of COVID-19 treatment.14 Clinicians and researchers are
preferring repurposing drugs, the one-and-only single way
to treat COVID-19. Some of the repurposed drugs are clin-
ically approved by the drug regulatory bodies for their use.
The clinical trials of a few drugs have raised conflicts and
need to be verified by further clinical studies. Moreover,
the repurposed drugs are still in the progressive stage of
clinical studies.15,16 The classification of these clinically
tested repurposed drugs is presented in a pictorial view
(Fig. 1).

Most COVID-19 patients have an aggressive course of
infection and require immediate attention and prolonged
durations of intensive treatment. The risk of severe COVID-
19 may be increased in immunocompromised individuals
with increased morbidity and mortality.9 Additionally, many
proposed measures to protect adults may not be suitable to
protect children. To date, not a single drug is available in
the market to specifically treat SARS-CoV-2 infection.
Repurposing existing antiviral agents is a crucial platform to
develop molecules for the treatment of COVID-19 pa-
tients.17 Additionally, we are interested to highlight the
clinical status of the major classes of repurposed drugs used
in COVID-19 treatment and their binding details and mode
of action (Table 1). Authors have also tried to provide the
chemical structures of the potential repurposed drug mol-
ecules, which help researchers in the development of new
structure-based drug designs against SARS-CoV-2
infection.18,19

Antiviral agents

Antiviral drugs are promising candidates to fight against
viral diseases and may also be tested and repurposed for
use in COVID-19 treatment. Currently, a number of sub-
classes of antiviral agents are being evaluated and repur-
posed to treat patients with COVID-19 viz., RNA-dependent
RNA polymerase inhibitors (RdRp), 5 alpha-reductase in-
hibitors, PDE5 inhibitors, CD147 inhibitors, protease in-
hibitors, RNA synthesis inhibitors, TMPRESS2 inhibitors, and
some other molecules which can prevent virus attachment
and several other classes of antiviral agents (Fig. 2).17,20,21

Authors have also tried to provide the structural binding
details of major drugs (Fig. 3) and their mode of action
(Fig. 4).



Figure 1 Pharmacological classification of potential repurposed drugs against SARS-CoV-2. (A) The figure represents the phar-
macological classification of major potential classes of repurposed drugs; (B) pie chart represents the examples of various sub-
classes of antiviral agents; and (C) pie-in-pie chart represents various subclasses of anti-inflammatory agents in the left-hand side
panel, and the right-hand side panel represents examples of potential anti-platelets, anti-coagulants, and natural products.
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RdRp inhibitors
Remdesivir22e24, Favipiravir25e29, Sofosbuvir,30e33 and
Daclatasvir32,34e36 d four important RdRp inhibitors under
clinical evaluation for treating COVID-19 patients. The
prodrug remdesivir is a nucleotide analogue that enters
cells and is converted into its triphosphate form. In the
human body, this form of remdesivir competes with the ATP
molecules which are required for the action of RdRp
complex. This remdesivir-triphosphate binds with RdRp
enzyme (essential for viral RNA synthesis of SARS-CoV,
MERS-CoV, and SARS-CoV-2) at ser-861 position that results
in the prevention of further translocation and replication.
Generally, ser-861 position is very common among alpha,
beta, and delta variants of coronaviruses, suggesting that
remdesivir has broad-spectrum antiviral activity.37,38 Favi-
piravir is also known to bind with the catalytic domain of



Table 1 Pharmacological classification of repurposed drugs with their chemical formulas, mechanism of actions, binding sites and their efficacies.

Class of inhibitor Drug Chemical formula Mechanism of action Binding site NCT No. Status
(Phase)

No. of
enrollments

Efficacy (Method) Reference

ANTI-VIRAL AGENTS
RdRp Remdesivir C27H35N6O8P

translocation and replication of
virus

Ser-861 of RdRp NCT04292899 C (III) 4891 74.4% (Treated vs un-
treated)

37, 38

Favipiravir C5H4FN3O2

viral replication

Catalytic domain of
RdRp

NCT04336904 U (III) 100 Reduced viral load (Ct
value)

39

Sofosbuvir C22H29FN3O9P Terminates viral replication NS5B and RdRp NCT04773756 C (IV) 54 Reduced viral load (Ct
value)

40, 42
Daclatasvir C40H50N8O6 Prevents intracellular viral RNA

synthesis
Hyper-phospho-NS5A 43, 44

Protease Lopinavir C37H48N4O5

protease activity o 3CLpro

3CLpro NCT04307693 T (II) 65 Reduced (Viral load) 66e69

Darunavir C27H37N3O7S

protease dimerization

d NCT04252274 U (III) 30 (Reduced symptoms) 70e72

Danoprevir C35H46FN5O9S

viral protease activity

d NCT04345276 C (IV) 10 Symptom improved 92, 93

CD147 Meplazumab d

entry of SARS-CoV-2

S protein NCT04586153 R (II/III) 456 Improved (Ab titre) 95e98

TMPRSS2 Nafamostat C19H17N5O2

penetration of SARS-CoV-2

TMPRSS2 NCT04483960 R (III) 2400 Inhibition of entry
(Mortality)

137

Camostat C20H22N4O5

penetration of SARS-CoV-2

TMPRSS2 NCT04583592 C (II) 295 Reduced disease
progression

137

RNA synthesis Triazavirin C5H7N6NaO5S Broad-spectrum antiviral agent E, S, CLpro and ACE-2 NCT04973462 R (IV) 80 Improved recovery (PCR) 104e106
Viral attachment Umifenovir C22H25BrN2O3S

viral attachment to host cells

RBD & ACE-2 NCT04350684 U (IV) 40 Improved (Mortality) 138e140

Bamlanivimab d Recombinant mAb Spike proteins NCT04656691 T (IV) 139 Side-effects 122e124
HCQ/CQ C18H26ClN3O YPG’s synthesis, YIL-1 level and

Ysuperoxide production
d NCT04342221 T (III) 30 Reduced viral load (PCR) 126, 127

REGN-COV2 d mAb RBD NCT05502081 C (IV) 265 Improved (Ab titre) 116e118
PDE5 Slidenafil Tadalafil C22H30N6O4S

C22H19N3O4

YPDE5 enzyme
[cGMP level

d d d d d 144, 145

5a reductase Finasteride
Dutasteride

C23H36N2O2
C27H30F6N2O2

Y5-alpha-reductase d NCT04729491 C (II/III) 138 Reduced viral load (PCR) 152e158

ANTI-INFLAMMATORY AGENTS

Cortico-steroids Dexamethasone
HydrocortisoneMethyl-
prednisolone

C22H29FO5
C22H30O8S C22H30O5

YTranscription of pro-
inflammatory mediators (viz.,
cytokines, adhesion molecules
and chemokines)
[Transcription of anti-
inflammatory cytokines

Mpro NCT04866082 R (d) 1000 Reduced symptoms
(Mortality)

191e194
d

d

IL-6 receptor Tocilizumab Sarilumab d mAbs; IL-6R NCT04386239/
NCT05017441

R (I)/ 40/1200 Improved respiratory
functions

204
R (d)

(continued on next page)
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Table 1 (continued )

Class of inhibitor Drug Chemical formula Mechanism of action Binding site NCT No. Status
(Phase)

No. of
enrollments

Efficacy (Method) Reference

IL-6 receptor mediated signaling
COX-2 Paracetamol Ibuprofen C8H9NO2 C13H18O2

COX-2 signaling cascade

d d/NCT04500639 d/A (d) d/461 Reduced fever 207, 208
Mpro

JAK Baricitinib C16H17N7O2S YCytokine storm

viral assembly

d NCT04421027 C (III) 1525 Reduced symptoms
(Mortality)

212

Ruxolitinib C17H18N6

JAK1 and JAK2

d NCT04377620 T (III) 211 More deaths (Mortality) 217

Eculizumab d mAb Terminal
complement C5

NCT04346797 U (II) 120 d 220

ANTI-PLATELETS

Clopidogrel Prasugrel C16H16ClNO2S Antagonists of P2Y12 receptor d NCT04409834/
NCT04445623

C (IV)/U (III) 390/128 Improved venous
thromboembolism

222
C20H20FNO3S

Aspirin C9H8O4

thrombo-inflammation

d NCT04768179 NR (II/III) 490 Improved respiratory
functions

221

ANTI-COAGULANTS

Heparin Warfarin
Apixaban Enoxaparin
Rivaroxaban

C12H19NO20S3 Neutralizes cytokines and
chemokines,

heparanase, neutralizes
extracellular cytotoxic histones,

leukocyte trafficking and viral
entry

RBD d d d Prevented coagulation 239e249
C19H16O4 d

C25H25N5O4 Mpro

C26H42N2O37S5 d

C19H18ClN3O5S d

Abbreviations: RdRp: RNA dependent RNA polymerase; NS5B: non-structural protein 5B; 3CLpro: 3-chymotrypsin-like protease; S: Spike proteins; E: Envelope; TMPRSS2: Transmembrane
serine protease-2; ACE-2: Angiotensin converting enzyme-2; RBD: Receptor binding domain; Mpro: Main protease; COX-2: Cyclo-oxygenase-2; IL-6R: Interleukin-6 receptor; PDE5: Phospho-
di-esterase type 5; PG’s: Prostaglandins; HCQ/CQ: Hydroxychloroquine/chloroquine; cGMP: Cyclic guanosine monophosphate; C: Completed; T: Terminated; NR: Not Recruiting; A: Active
and U: Unknown. Arrows , [ and Y indicates inhibition, increase and decrease respectively.
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Figure 2 Chemical structures of repurposed antiviral drugs. The figure depicts the chemical structures of various sub-classes of
antiviral agents such as RdRp inhibitors (remdesivir, favipiravir, sofosbuvir, and daclatasvir), 5-alpha reductase inhibitors (finas-
teride and dutasteride), PDE5 inhibitors (sildenafil and tadalafil), TMPRSS2 inhibitors (nafamostat and camostat), viral attachment
inhibitors (umifenovir and hydroxychloroquine), protease inhibitors (lopinavir, darunavir, and danoprevir), RNA synthesis inhibitors
(triazavirin), and miscellaneous antiviral agents (melatonin, ebselen, spironolactone, bromhexine HCl, and ivermectin). All the
structures were drawn using chem-draw software.
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RdRp enzyme and results in the prevention of viral repli-
cation. The catalytic domain of RdRp is conserved in most
RNA viruses, which suggests that favipiravir also has a broad
antiviral spectrum.39 Similarly, sofosbuvir acts by binding to
the NS5B (non-structural protein 5B) and RdRp, which re-
sults in the termination of any further viral replication.40e42

Similarly, daclatasvir targets the hyper-phosphorylated
form of NS5A (a viral non-structural phospho-protein) and
results in the prevention of intracellular viral RNA synthe-
sis.43,44 Taken together, all these drugs targeting the RdRp
enzyme finally result in the termination or prevention of
viral replication.
Several reports related to the clinical perspectives of
remdesivir effectiveness in COVID-19 were recently gener-
ated. A group has reported no significant clinical improve-
ment for patients treated with remdesivir when compared
with placebo groups in a randomized clinical trial of pla-
cebo-controlled and in a double-blind study conducted in
COVID-19-positive hospitalized adults.45 Another group has
also found no significant clinical difference in comparison
to standardized hospital care after the 10-day course of
remdesivir treatment against moderate COVID-19 pneu-
monia and severe acute respiratory syndromes in COVID-19
patients. Interestingly, they also found that patients



Figure 3 Structural details of viral/host target with drug
binding site. Top panel: Entry inhibition by targeting viral spike
protein with monoclonal antibody bamlanivimab (PDB: 7kmg).
It binds to the receptor-binding domain (RBD) of spike protein
and thus prevents its interaction with the ACE2. Umifenovir
potentially binds to the stem region of spike protein causing
conformational lock and thus preventing fusion (similar to PDB:
5t6s). Nefamostate binding to the TMPRSS3 extracellular
domain inhibits its action (PDB: 7meq). Middle panel: Inhibition
of viral replication by chain terminators. Remdesivir and favi-
piravir are incorporated into the growing RNA chain by RdRp,
which eventually leads to the blockage of viral replication
(PDB: 7aap and 7bv2). Bottom panel: Protease inhibitors bind
to the catalytic site and inhibit the function of major protease
3CLpro (PDB: 6wtt). Protease inhibitors can also target the
catalytic or allosteric site of the viral papain-like protease
PLpro and inhibit its action (PDB: 7m1y and 7cjm).
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treated with a 5-day course of remdesivir had a significant
change in clinical status, but that amount of change is not
significant for clinical importance.46 Furthermore, another
group (NIAID-ACTT-1) has found a reduction in the recovery
time of hospitalized adult patients with COVID-19 in a
placebo-controlled, randomized and double-blind study.
COVID-19 patients receiving remdesivir had 10 days of
median recovery time while placebo-receiving COVID-19
patients had 15 days of median recovery time.47 Based upon
these NIAID-ACTT-1 trial by European Medicines Agency
(EMA) has approved the remdesivir conditional marketing to
use in adults and adolescents above 12 years who tested
positive for COVID-19 and require oxygen care.48 Remdesi-
vir is the first medicine recommended in Europe for COVID-
19.49,50 Finally on November 20, 2020, WHO recommended
the use of remdesivir in hospitalized COVID-19 patients.51,52

Several clinical studies have been performed to study
the safety and efficacy of remdesivir in COVID-19 patients.
They suggest no such severe side effects related to the
kidney and liver with the administration of 3e225 mg
remdesivir. It is approved by the FDA in Japan, Canada, and
other European countries. However, several mild-to-mod-
erate side effects such as renal impairment, rashes, diar-
rhea, increment in hepatic enzymes, and hypotension have
been observed in treated COVID-19 patients. Also, a few
patients with severe side effects such as septic shock,
multiple-organ dysfunction syndrome, hypotension, and
acute kidney injury are observed in 12 patients. To further
solidify its safety and efficacy, many studies are needed to
be performed on many patients and needed to be per-
formed on children and breastfeeding females.48,49

Favipiravir d approved in Japan and known to treat
viral influenza.53,54 In a purpose to collect evidence of
favipiravir clinical safety and efficacy in comparison with
umifenovir in COVID-19 treatment, a randomized clinical
trial was performed. It was found that favipiravir has higher
efficacy than umifenovir although has some serious side
effects viz., elevation in uric acid level, abnormal GIT
symptoms, abnormality in liver enzymes, and psychotropic
side effects.55 Further, favipiravir in combination with IFN-
a aerosol inhalation in COVID-19 was evaluated in another
open-label clinical study, which showed better chest
computed tomography (CT) image and rapid viral clearance
in comparison with only favipiravir-treated control pa-
tients.56,57 In contrast, a few opposite results were also
reported in clinical studies of favipiravir viz., in combina-
tion with IFN-b-1b inhalation, which showed no such sig-
nificant difference in inflammatory biological markers.56,58

The opposing evidence for the virological effectiveness of
favipiravir was also reported, but along with this authors
have also concluded that these results were produced due
to its insufficient concentration enrichment for the antiviral
activity.59 Further, in another multicentric phase II/III
clinical trial favipiravir is documented as a faster and more
effective antiviral agent in comparison to standard hospital
care of COVID-19 patients.60 After the review of the pre-
liminary clinical evidence, the Russian Ministry of Health
authorized favipiravir to treat COVID-19 patients.60,61 At
present, two clinical trials NCT0431022862 and
NCT0433690463 of favipiravir are ongoing.

Out of five trials, one clinical study is studied to have a
significant reduction in viral load. Reduction in Ct value and
viral replication, and improvement in chest imaging and
symptoms are the advantages of these clinical studies.
Lower sample size, sampling from specific origin pop-
ulations, lesser studies, and several adverse events are the
main disadvantages of these studies. To clarify and solidify
these results many studies are needed to be performed
globally in many patient groups.62,63



Figure 4 Mechanism of actions (MOAs) of clinically tested drugs to target SARS-CoV-2 infection. The figure depicts the MOAs of
various drugs in three compartments (viz., inflammatory mediators, and viral pre- and post-internalization targeting).
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Sofosbuvir and Daclatasvir d RdRp inhibitors have been
clinically evaluated in several COVID-19 patients. To
examine the clinical effectiveness along with standard pa-
tient hospital care, a randomized clinical trial was per-
formed with a combination of sofosbuvir and daclatasvir,
which showed that patients under treatment along with
standard hospital care gets recovered much faster than
only standard hospital care.35,64,65 Still, sofosbuvir and
daclatasvir have not been approved yet by any authority for
their clinical use in COVID-19 patients.

Protease inhibitors
Lopinavir d a protease inhibitor previously used in a
combination with ritonavir against HIV-1 and HIV-2 in-
fections. In a combination treatment, ritonavir (cyto-
chrome P450 inhibitor), enhances the lopinavir’s plasma
concentration. 3-Chymotrypsin-like protease (3CLpro) is
responsible for the processing of viral RNA. Furthermore,
lopinavir is effective to inhibit the protease activity of
3CLpro, resulting in the inhibition of viral replication.66e69

Furthermore, darunavir, a protease dimerization inhibitor,
can also prevent viral replication.70e72 It is mostly
preferred in combination with cobicistat, another cyto-
chrome P450 inhibitor that helps increase the plasma con-
centration of darunavir.73e75 Still, the exact role and
effectiveness of danoprevir and darunavir are not studied
yet in detail.

Lopinavir and Ritonavir combination d To determine
the effectiveness of lopinavir and ritonavir combination
treatment, a randomized clinical trial was performed in
COVID-19 hospitalized patients; results showed no such
significant difference in patient’s clinical status in com-
parison to standard hospital care alone.76e80 In addition,
this combination did not show any reduction in hospital
stay, 28 days of mortality rate, duration of mechanical
ventilation, or risk of death.81 Two types of meta-analysis
were also conducted further to see the difference in effi-
cacy of lopinavir and ritonavir combination therapy. In the
first case, patients treated with a combination of lopinavir
and ritonavir were compared with either umifenovir or
hydroxychloroquine (HCQ) treated patients82 while in the
second case, it was compared with standard hospital care
patients with negative RT-PCR report.83 In both studies, no
significant difference was observed in terms of efficacy.82,83

Next, an interesting retrospective cohort clinical study was
further performed on COVID-19 patients, to study the dif-
ference in efficacy of a triple combination including lopi-
navir, ritonavir, and umifenovir in comparison to a double
combination of lopinavir and ritonavir. It was found that
triple combination is much more efficacious than double
combination or monotherapy.84,85 However, daily use of
lopinavir or ritonavir by COVID-19 patients is not
preferred.86,87 Hence, based on all these clinical reports,
more careful studies needed to be performed to sort out
their effectiveness.

A total of seven clinical studies were performed to
determine the efficacy and safety of the lopinavir and ri-
tonavir combination. Two out of the seven clinical studies
(viz., TOGETHER and RECOVERY) were found to significantly
inhibit the protease and reduce the viral load which is the
main advantage of these studies. These are performed in a
lesser number of patients which is one of the major
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limitations. Kaletra administration improves potassium and
albumin levels, eosinophil count, and lymphocyte level in
treated patients. Improvement in eosinophil count is a
significant marker in the recovery from COVID-19. To
improve and solidify these results, a larger number of
clinical trials in a large number of patients needed to be
performed.84e86

Darunavir and Cobicistat combination d previously used
this combination against the HIV-1 infection.75,88 The use of
darunavir against SARS-CoV-2 viral replication is not clear;
lots of conflicts still exist.89 To study the clinical impor-
tance of darunavir, a comparison between cobicistat and
IFN-a-2b combination and IFN alpha-2b alone in COVID-19
treatment was performed; no such significant difference in
the mortality rate and no difference in the RT-PCR report
on day seven was observed.90 Recently another report
showed an opposing effect indicating that the use of dar-
unavir and cobicistat combination reduces the COVID-19
mortality rate in COVID-19 patients with critical illness.91

However, the effect of darunavir and cobicistat combina-
tion against SARS-CoV2 infection is not that much clear, so
further clinical trials are needed.

Danoprevir d a macrocyclic peptidomimetic inhibitor
used before against a protease of hepatitis-C virus.92 In an
open-label clinical trial, danoprevir in combination with
ritonavir is evaluated as an effective treatment for COVID-
19.93 In a phase-II clinical trial, the danoprevir and ritonavir
combination proves much more effective than the lopinavir
and ritonavir combination. A Chinese manufacturer
(Ascletis Pharma Inc.) in a phase-IV clinical trial evaluated
the danoprevir and ritonavir combination with or without
interferon inhalation and reported faster recovery from
pneumonia of COVID-19 patients.94

CD147 inhibitor
Meplazumab d CD147 is a glycoprotein that helps the entry
of SARS-CoV-2 virus by associating with coronavirus S pro-
tein.95,96 It also has a pro-inflammatory activity that regu-
lates leukocyte recruitment and cytokine secretion in viral
infections.96,97 Monoclonal antibody meplazumab is a
CD147 inhibitor that causes inhibition of SARS-CoV-2 virus
entry. In a preliminary study, meplazumab was found to be
effective against pneumonia in COVID-19 patients.98 To
assess further the efficacy and safety of meplazumab in
COVID-19 treatment, two clinical trials are in process with
registered numbers NCT0427524599 and NCT04586153.100

These clinical trials may indicate a new hope to the world.

TMPRSS2 inhibitors
Nafamostat and Camostat d TMPRSS2 is a protease that
helps in the penetration of SARS-CoV-2 virus into the host
cell. Nafamostat and camostat are two TMPRSS2 inhibitors
found to be clinically effective in the inhibition of TMPRSS2-
mediated penetration of SARS-CoV-2.101 In the preliminary
studies, a combination of nafamostat with either favipiravir
or HCQ was found to be more effective in severe COVID-19
patients.101,102 Furthermore, nafamostat is also found to be
an effective agent against pneumonia in COVID-19-positive
older patients.103 Along with these few clinical trial results,
more clinical studies needed to be done to investigate any
adverse effects concerning oxygen support, viral clearance,
and mortality rate of COVID-19 patients.
RNA synthesis inhibitors
Triazavirin (Riamilovir) d is a broad-spectrum antiviral
drug that inhibits viral RNA synthesis. It was primarily
developed against the H5N1 strain of influenza.104e106

Previously it was used for anti-influenza and treatment
against numerous viruses viz., forest spring encephalitis,107

tick-borne encephalitis,105 ebola,108 and Lassa fever.108

Recently, triazavirin is tested and evaluated against COVID-
19 in South Africa, China, and Russia. The Russian Ministry
of Health approved triazavirin for COVID-19 treatment
through oral routes.109e113 In another preclinical study,
aerosol inhalation delivery of triazavirin in mice showed
improvement in bioavailability and effectiveness than oral
administration.114 Further, a pilot randomized controlled
trial of triazavirin was performed and reported no such
significant change in clinical improvement in comparison to
the placebo group. One more study was conducted in Hei-
longjiang Province, China on 240 COVID-19 participants.
This study showed that the condition of triazavirin group
patients was improved compared with the control group.
Hence this study is contradictory to the previous studies,
showing a new hope for clinicians.111 Currently, a clinical
study registered with trial no. NCT04581915 for evaluation
of the safety and efficacy of triazavirin against mild to
moderate SARS-CoV-2 infection is ongoing.115

Viral attachment inhibitors
REGN-COV2 d It is a combination of two monoclonal anti-
bodies viz., imdevimab and casirivimab.116 In preliminary
clinical studies, REGN-COV2 is reported to reduce the time
of symptomatic relief and viral load in non-hospitalized
COVID-19 patients.117 Regeneron Pharmaceuticals, Inc. also
showed a reduction in the hospital visiting frequency of
home quarantine COVID-19 patients after the use of REGN-
COV2 antibody cocktail.118 After a review of its effective-
ness, on November 21, 2020, US Food and Drug Adminis-
tration (US-FDA) approved its emergency use in mild or
even moderate to severe COVID-19 patients aged 12 or
more with a body weight of at least 40 kg.116 For evaluation
of the safety and efficacy of this monoclonal antibody
cocktail in COVID-19 patients, currently, four clinical trials
are ongoing viz., NCT04425629,119,120 NCT04426695,119

NCT04381936121 and NCT04452318 for a clear understand-
ing of its adverse effects, cross-reactivity, and effect on
mortality rate.120

Bamlanivimab d a human recombinant monoclonal
antibody, designed against the SARS-CoV-2 spike proteins.
Phase-I clinical trial was performed by Eli Lilly company in
hospitalized patients,122 while the phase-II clinical trial was
conducted by BLAZE-1 in non-hospitalized patients.123,124

After a review of results obtained from these clinical trials,
on November 9, 2020, FDA approved and recommended its
use in an emergency immediately after getting a COVID-19
positive report or within 10 days of the onset of symp-
toms.116 Currently, the phase-III clinical trial of bamlanivi-
mab is ongoing to assess its effectiveness in the prevention
of COVID-19.125

Hydroxychloroquine (HCQ) and chloroquine (CQ) d the
molecules with significant importance reported in few
clinical studies for their effectiveness against COVID-19.
Previously, these drugs are known for the treatment of
malaria and several rheumatic diseases.126 These drugs
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show several effects viz., inhibition of prostaglandins syn-
thesis, recruitment of polymorphonuclear bodies and
phagocytosis, inhibition of IL-1 production by monocytes,
and inhibition of superoxide release by neutrophils.127

Recently, these drugs are also documented to prevent the
replication of SARS-CoV-2 in experimental models. To
evaluate the safety and efficacy of HCQ, several clinical
trials were performed. HCQ in combination with azi-
thromycin was used in 36 hospitalized COVID-19 patients in
a single-arm interventional study and showed its effec-
tiveness on the 6th day of treatment by reducing the viral
load in comparison to control groups.128e130 Another study
related to HCQ and azithromycin combination found no
reduction in viral load after 5e6 days of administration.
This study was performed in a group of 11 hospitalized
COVID-19 patients. The opposing results create a lot of
conflicts about the effectiveness of this combination.131

Another study also reported no reduction in viral load in
comparison to standard hospital care.91 In support of these
opposing results, further study was performed and showed
no change in the severity of symptoms after the use of HCQ
for 14 days in a group of 491 early-stage COVID-19 pa-
tients.132 Furthermore, a randomized clinical study states
that by day 14, 100% of HCQ-treated patients were dis-
charged from the hospital in comparison to 50% who use
lopinavir or ritonavir.133 As HCQ is reported to produce
disturbances in cardiac rhythms.134 EMA drew attention and
allowed the prescribers to use this drug for hospitalized
patients only in emergency conditions under close moni-
toring due to some confusion that is persisting even after
the publication of several reports related to safety and
efficacy.134,135 Next, US FDA also approved a similar type of
guideline for the use of HCQ. After all these trials, WHO
suspended the multicentric clinical trials of HCQ in June
2020 because EMA has reported multiple side effects of this
drug including suicidal behavior and psychotropic disor-
ders.136 The safety and efficacy of these antimalarial drugs
are still not fully understood.

Chloroquine use in combination with macrolide anti-
biotic is reported to have serious cardiac side effects (viz.,
cardiac hypertrophy, congenital heart failure, and tachy-
cardia). HCQ-receiving COVID-19 patients with other dis-
eases (viz., diabetes, obesity, and heart diseases) are
clinically studied with serious complications. Based upon
this knowledge, HCQ is not further prescribed for COVID-19
treatment. A total of 23 clinical studies were conducted to
evaluate the safety and efficacy of HCQ in COVID-19 pa-
tients and its use is contraindicated in these co-morbidity
cases. Overall, the consumption of 600 mg HCQ is clinically
tested to have 70% efficacy in COVID-19 patients. These
studies are still needed to be re-evaluated in a large sample
size.134e136

Umifenovir (Arbidol) d an indole derivative that has
profound efficacy against influenza and hepatitis C virus by
inhibiting the virus attachment to the host.137 Umifenovir is
preferred to administer three times a day but not more
than 10 days.138 Preliminary studies with umifenovir were
reported to inhibit SARS-CoV-2 infections at a dose of
10e30 mM. It prevents infections in a group of umifenovir-
treated healthcare workers as compared to the untreated
group.139 Recently, another study has shown the synergistic
effect of umifenovir in combination with antiviral
agents.140 Based on these preliminary results, a recent
study was done and showed the clinical effectiveness of
umifenovir in combination with lopinavir or ritonavir in
COVID-19 treatment. This small-scale clinical trial showed a
prominent reduction in mortality rate and effectiveness.85

Furthermore, another clinical trial of HCQ in combination
with umifenovir/Kaletra was performed by the Iran Uni-
versity of Medical Sciences (Trial registration,
IRCT20180725040596N2, 18 April 2020). This study con-
cludes HCQ in combination with umifenovir is much more
effective than the use of only Kaletra. However, such a
study in a group with a larger population is needed to be
done for a better understanding.141 Currently, the phase-IV
clinical trial (NCT04350684142) is ongoing to investigate its
effectiveness and effects on mortality rate, ventilation
status, and adverse side effects.

A limited number of clinical studies with the use of
arbidol have been performed in COVID-19-infected pa-
tients. It is found effective against this infection but still,
there is confusion regarding this. It is very difficult to
identify whether the patients have been cured with natural
immunity or via medications. Thus, a lot of focused work is
needed to be done in this regard.141,142

PDE5 inhibitors
Sildenafil and Tadalafil d PDE5 (phosphodiesterase-5) in-
hibitors that pharmacologically indirectly belong to the
antiviral class of drugs. These drugs act by inhibiting the
PDE5 enzyme and cause an increase in cyclic GMP level and
finally give rise to smooth muscle relaxation.143 These drugs
are mostly used to treat erectile dysfunction and have
recently been evaluated to use in pulmonary fibrosis and
arterial hypertension.144 Sildenafil is evaluated to block and
prevent the progression of pulmonary fibrosis and will help
in the improvement of respiration in COVID-19 patients.
Thus these drugs are capable of improving the respiration
problems of COVID-19 patients after the inhibition of PDE5
and thus causing the inhibition of pulmonary fibrosis.145e148

Currently, a phase-III clinical trial registered with trial no.
NCT04304313 in COVID-19 patients is ongoing.149 On the
other hand, tadalafil is reported to selectively inhibit the
PDE5 activity with an IC50 of 5 nM, while sildenafil can
inhibit both PDE5 and PDE6 with an equal potential.150

Tadalafil dose is preferred to be used once a day to treat
erectile dysfunction in COVID-19-recovered patients who
are not interested in sexual activity.145

5-alpha reductase inhibitors
Dutasteride and Finasteride d two important 5-alpha
reductase inhibitors. The enzyme 5-alpha-reductase helps
in the conversion of testosterone into di-hydro testosterone
and promotes the expression of transmembrane protease,
serine 2 (TMPRSS2). TMPRSS2 has a major role in the
penetration of SARS-CoV-2 virus into the host cells.151

Dutasteride and finasteride are used in clinical practice
against SARS-CoV-2 infections. These drugs reduce the
expression of TMPRSS2 and cause the prevention of SARS-
CoV-2 virus penetration and replication.152e157 It was also
found that TMPRSS2 expression is much higher in men than
in women. Based on this fact, the testing for these drugs
found that COVID-19-positive hospitalized men require very
less intensive care unit (ICU) admission in comparison to
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control groups. This may be a preventive major in early
COVID-19 patients to reduce the severity and casu-
alties.158,159 Currently, an ongoing clinical trial of dutas-
teride against SARS-CoV-2 infections is continuing (trial
number NCT04446429, approved by Brazilian National
Ethics Committee).160

Miscellaneous antiviral agents
Ebselen, Statins, Spironolactone, Bromohexine HCL, Mela-
tonin, Teicoplanin, and Ivermectin dmiscellaneous molec-
ular agents being evaluated against SARS-CoV-2 infection.
Ebselen is previously known to use against HIV-1,161 zika
virus,162 hepatitis c virus,163 and influenza-A virus.164 Liver
injury is the major problem observed in severe COVID-19
patients.165 It is reported to prevent liver injury.166,167

Further, ebselen also shows its effectiveness in focal
ischemic injury by decreasing interleukin-6 (IL-6) levels.
Through this mechanism, there may be a new hope for
managing SARS-CoV-2 infection.168,169 It also has antiviral
activity against SARS-CoV-2 infections via inhibition of
Mpro.166,170 Furthermore, the natural hormone melatonin is
secreted from the pineal gland which regulates the sleep
cycle. Along with this, it has antioxidant property that helps
reduce the reactive oxygen species (ROS) generated in
COVID-19 patients. Additionally, it decreases the cytokine
storm that leads to the reduction in the mortality rate in
COVID-19.171e173

Statins d known for their anti-inflammatory effect.
COVID-19 patients with severe illness and high IL-6 levels
were treated with several anti-inflammatory agents such as
statins.174e176

Spironolactone d known as an anti-hypertensive and
anti-androgenic agent. It is a potassium-sparing diuretic that
acts in the reticular activating system by reducing ACE2 re-
ceptor expression due to its anti-mineralocorticoid activity.
It is also found to reduce the TMPRSS2 expression due to its
anti-androgenic activity. Thus, repurposing spironolactone
may be a new hope for clinicians and COVID-19
patients.177,178

Bromhexine-HCL d known as an effective expectorant
in wet cough. Few studies have shown that its use in COVID-
19 patients reduces the TMPRSS2 expression level that re-
sults in the inhibition of the penetration of SARS-CoV-2 virus
to the host. Thus, this may be an effective molecule against
COVID-19.179e182

Teicoplanin d a glycopeptide antibiotic, reported
against SARS-CoV-2 infections. Previously, it is known to be
effective against HIV, ebola, SARS, MERS, and influenza
viruses.183,184 It inhibits viral replication. It acts in the early
stage of the virus life cycle by cleaving the viral spike
proteins due to low pH.185

Ivermectin d is tested and evaluated for SARS-CoV-2
infections. It is a broad-spectrum antiviral agent which acts
against both RNA and DNA viruses. Importin a/b helps in the
nuclear transport of HIV-1 integrase, NS5 polymerase, NS3
helicase, and UL42. The antiviral activity of ivermectin may
attribute to the prevention of nuclear import of important
viral components due to the inhibition of importin a/
b.186,187 Thus, the action of ivermectin is a new hope to
clinicians for COVID-19 treatment.188,189

In vitro studies have shown its 5000-fold virus inhibitory
potential in Vero/hSLAM cells at a dose of 5 uM
concentration in 48 h. In multiple drug combinations, it is
also observed to have no such serious adverse effects in
treated individuals. The combination of ivermectin and
doxycycline is also observed to lower viral clearance in
COVID-19 patients. To date, a very small number of in vivo
studies have been performed, so it is necessary to explore
this area.186,187

The abovementioned antiviral agents are the first line of
choice of antiviral drugs against SARS-CoV-2 infections, but
other classes of drugs like anti-inflammatory drugs, anti-
platelets, anti-coagulants, and even traditional natural
products are also being evaluated against SARS-CoV-2 in-
fections. Thus, in the next few sections, we are interested to
discuss other classes of drugs repurposed for COVID-19
treatment.
Anti-inflammatory agents

A few anti-inflammatory drugs are also eminent candidates
and can be used to provide symptomatic relief for COVID-19
patients. Currently, a few sub-classes of anti-inflammatory
agents are being evaluated and repurposed for COVID-19
viz., corticosteroids, IL-6 receptor inhibitors, COX-2 in-
hibitors, and JAK inhibitors (Figs. 5 and 6). We are inter-
ested to discuss the clinical evidence of individual and
combination treatment of the anti-inflammatory molecules
followed by anti-platelet, anti-coagulants, and natural
product-based molecules, and their mode of action (Fig. 4).
Authors have also tried to provide the structural binding
details of drug molecules with host cell proteins for alle-
viating the symptoms of SARS-CoV-2.

Corticosteroids
Dexamethasone, Methylprednisolone, and Hydrocortisone
d the three mostly used corticosteroids for symptomatic
relief and prevention of the worse effects of severe COVID-
19. Corticosteroids act as anti-inflammatory agents basi-
cally through two possible mechanisms of action viz., (i)
reduction in the transcription of pro-inflammatory media-
tors (viz., cytokines, adhesion molecules, and chemokines)
and (ii) increase in the transcription of anti-inflammatory
cytokines. These two possible mechanisms of corticoste-
roids result in the inhibition of cytokine storm, an impor-
tant characteristic feature of COVID-19. The preliminary
results for the use of dexamethasone in COVID-19 provide
strong evidence for its effectiveness. In a randomized,
open-label, controlled study, patients are divided into two
groups; the first group (n Z 2104) was treated with an oral
or intravenous 10 mg/day dose and followed up to 10 days,
while the second group (n Z 4321) received the usual
hospital care alone. This study found the group treated
with dexamethasone (with or without mechanical ventila-
tion) showed a reduction in mortality rate and the chance
of respiration failure in contrast with the control
group.190e193 Few more randomized clinical trials have
reproduced the same results; thus, dexamethasone could
be a prominent drug candidate for the treatment of severe
COVID-19 patients who even requires respiratory support.
Based on all these preliminary results, EMA has approved
the dexamethasone use with a dose of 6 mg/day in adults
and adolescents and continued up to 10 days in severe
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COVID-19 patients.194e196 Recently, WHO has performed a
meta-analysis of seven randomized clinical trials and
analyzed the efficacy of dexamethasone, hydrocortisone,
and methylprednisolone in a group of 1703 COVID-19 hos-
pitalized patients. This study showed that the reduction in
mortality rate occurs after the administration of cortico-
steroids.197 Contrary to their effectiveness in COVID-19
patients, cases of mucormycotic or black fungus have been
found in recovered patients. Dr. Rommel Tickoo (Director of
Internal Medicine at Max Hospital, New Delhi, India)198 and
Director of AIIMS hospital, New Delhi, India had explained
the reason for black fungus.199 Black fungus cases are
mostly found in COVID-19-recovering patients who are
treated with an overdose of corticosteroids. They explained
that black fungus cases were found mostly in immune-
compromised patients (viz., cancer, diabetes, etc.) with
COVID-19, and patients who are treated with steroidal
drugs for the cure of COVID-19. Along with this, they
explained the overdose of corticosteroids causing black
fungus infection in COVID-19 recovering patients.198,199 To
date, no clinical report is published related to black fungus
due to corticosteroids. Moreover, an antifungal drug
amphotericin-B is used to treat this black fungus infec-
tion.200 So, more attention and research are needed to be
done for the use of corticosteroids in COVID-19 patients.
Currently, two clinical trials NCT00294684201 and
NCT04273321202 of corticosteroids are ongoing for deter-
mination of their safety and efficacy.
Figure 5 Chemical structures of repurposed anti-inflammatory, a
of potential anti-inflammatory agents (serial number 1 to 7) such
hydrocortisone), JAK inhibitor (baricitinib), and COX-2 inhibitors (p
depicts the chemical structures of potential anti-platelet agents (
(rivaroxaban, warfarin, enoxaparin, and heparin). All the structure
After multiple clinical applications and studies, its use is
still controversial in COVID-19 treatment. It is only preferred
for its anti-inflammatory property and for treating acute
respiratory problems caused by SARS-CoV-2 infection. Cur-
rent evidence showed only symptomatic relief in COVID-19
patients but no reduction in viral load.201,202

IL-6 receptor inhibitors
Tocilizumab and sarilumab d two monoclonal antibodies
used in COVID-19 treatment for inhibition of IL-6 receptor-
mediated signaling. Recently, one study was performed to
evaluate the sarilumab efficacy in a group of eight hospi-
talized COVID-19 older patients. In this study, 400 mg of
sarilumab in combination with any of the agents viz., azi-
thromycin, cobicistat, HCQ, enoxaparin, and darunavir
were administered. Seven patients out of eight have shown
improvement in the Horowitz index and a continued
reduction in C-reactive protein (an inflammatory param-
eter) and serum amyloid-A levels. Patients receiving this
combined medication were discharged from the hospital
within 14 days.203 In one more study, sarilumab is admin-
istered to 53 severely infected patients who were hospi-
talized; 94% of the patients were also treated with HCQ and
70% were also treated with darunavir/ritonavir. In this
study, 14/53 were treated in ICU while 39/53 were treated
in medical wards. The condition of 90% of patients treated
in medical wards was improved, while 39% remained alive
and treated in ICU; the mortality rate is 5.7% in this clinical
nti-platelet, and anti-coagulant molecules. Chemical structures
as corticosteroids (dexamethasone, methylprednisolone, and
aracetamol and ibuprofen). Serial number 8 to 15 in the figure
prasugrel, clopidogrel, and aspirin) and anti-coagulant agents
s were drawn using chem-draw software.



Figure 6 Structural details of host targets vs. drugs for
alleviating the symptoms of SARS-CoV-2. PDE5 sildenafil com-
plex (PDB: 2h42). 5b-Reductase Finasteride (PDB: 3g1r). 5ɑ-
reductase Finasteride (PDB: 7bw1). Complement C5 Eculizu-
mab (PDB: 5i5k). Glucocorticoid mineralocorticoid receptors
with bound drugs, dexamethasone, prednisolone, and corti-
sone (PDB: 2aax, 6nwk, 6w9k superimposed). JAK2 ruxolitinib
complex (PDB: 6wtn). COX-2 ibuprofen complex (PDB: 4ph9).
Antiplatelet drug clopidogrel bound to cytochrome P450 2B4
(PDB: 4h1n). P2Y12 bound to antiplatelet drug (PDB: 4ntj).
Thrombin antithrombin heparin ternary complex (PDB: 1tb6).
VKOR warfarin complex (PDB: 6wv3). Factor Xa apixaban
complex (PDB: 2p16).
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study.204 Recently, a retrospective study was conducted to
determine the efficacy of sarilumab in a group of 15 COVID-
19 hospitalized patients. After sarilumab administration,
10/15 patients showed improvement in respiration while 5/
15 patients died.205 To date, all the clinical studies of sar-
ilumab use were conducted on a limited number of pa-
tients. Thus, more research is needed on a large group of
patients to determine its efficacy and to modify its use in
emergencies.
Clinical studies showed the increase in IL-6 level in un-
treated COVID-19 patients and its decrease after treat-
ment, suggesting its use in the treatment of SARS-CoV-2
infection helps reduce the cytokine storm. However, the
relatively small sample size and a lesser number of relevant
studies make these results less trustworthy for clinical
administration.205 Thus, much deeper studies and clinical
trials are needed in near future to confirm patients’
outcomes.

COX-2 inhibitors
Cyclooxygenase-2 (COX-2) inhibitors d known as non-ste-
roidal anti-inflammatory drugs (NSAIDS). Paracetamol and
ibuprofen are two COX-2 inhibitors used for symptomatic
relief in COVID-19 complications. COX-2 inhibitors are
mostly preferred in the early stage to treat symptoms viz.,
fever and muscle pains, as per the EMA 2020 guidelines.206

At the beginning of the COVID-19 outbreak, the role of COX-
2 inhibitors is misjudged due to some contradictory re-
sults.207 As a concern to treat the fever, the French Ministry
of Health recommended paracetamol for patients instead
of ibuprofen and oral cortisone.208 After this announce-
ment, some clinical reports were published related to its
use in COVID-19 patients. Recently, a retrospective cohort
study was completed in a group of 403 COVID-19 patients. In
this study, 87/403 patients were treated with ibuprofen and
the rest served as controls. No significant changes were
found in mortality rate and requirement for respiratory
support for ibuprofen use in comparison to paracetamol.209

Furthermore, another multicentric observational clinical
study was performed in a group of 1222 hospitalized COVID-
19 patients. In this study, 54/1222 patients were continu-
ously treated with NSAIDS prior to their hospitalization;
besides their fever-lowering effect, there was no evidence
related to an increase in mortality rate.210 Based on EMA
recommendations and clinical reports, paracetamol is used
as a first-line drug to control fever in COVID-19 patients.

JAK inhibitors
Baricitinib and Ruxolitinib d two JAK inhibitors under
evaluation for their reduction in hyper-inflammation in
COVID-19 patients. On the other hand, monoclonal anti-
body eculizumab is clinically evaluated in combination with
these JAK inhibitors in a few studies. JAK inhibitor bar-
icitinib acts through two possible mechanisms viz., reduc-
tion of the cytokine storm and inhibition of the intracellular
assembly of SARS-CoV-2 in the host cells.211 Recently, a
clinical study was completed in a group of 12 mild to
moderate COVID-19 patients with pneumonia; clinical
improvement was found after two weeks of baricitinib use
and none of the patients required ICU support in hospi-
tal.212 In addition, another observational, multicentric,
retrospective study of baricitinib and lopinavir/ritonavir
(n Z 113) combination was completed by the same
research group in the moderate COVID-19 patients with
pneumonia, which indicates its better performance in
comparison with HCQ and lopinavir/ritonavir (n Z 78)
combination treatment. Patients treated with baricitinib
and lopinavir/ritonavir combination showed a reduction in
fatality rate and ICU admissions.213 No such conclusion from
this available data is drawn for the use of baricitinib in
COVID-19 treatment. Furthermore, it could increase the
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risk of common infections like herpes zoster. That is why
one Italian researcher suggested the use of baricitinib
should be done with absolute cautions.214,215 On the other
hand, ruxolitinib inhibits both JAK1 and JAK2.216 Its safety
and efficacy are currently under clinical trial
(NCT04377620) for COVID-19.217 Recently, two more clinical
studies were documented with better efficacy of roxolitinib
and eculizumab combination in hospitalized COVID-19 pa-
tients.218,219 Eculizumab inhibits the terminal region of the
complement cascade that is involved in inflammation.
Recently, another study performed on three COVID-19 pa-
tients shows a marked reduction in neutrophil count and D-
dimer level after the treatment with eculizumab.219

Furthermore, another study shows an 82.9% survival rate in
ICU patients treated with eculizumab, while a 62.2% sur-
vival rate was observed in non-eculizumab-treated pa-
tients. Eculizumab is also reported with an immediate
reduction in blood urea nitrogen, lactate, and bilirubin
levels; while the platelet counts and prothrombin levels
were rapidly increased after eculizumab administration.
Along with this, this study showed the holdback of hypoxia
development after the administration of eculizumab.218

Kinase inhibitor baricitinib is preferred in COVID-19 pa-
tients with a dose of 2e4 mg/day. Its use is found to be risky
in patients with neutrophil and lymphocyte counts less than
1 � 109 cells/L and 0.5 � 109 cells/L, respectively. Due to
this, the chance of infection progression is increased in
patients with lymphocytopenia. It also causes anemia in
several treated patients. All these disadvantages and risk
factors make its use confined to special medical conditions.
However, no such potential effects of baricitinib are
observed in patients elder than 75 years. A higher mortality
rate is also observed in baricitinib-treated patients. Risk of
infection reactivation is also observed in baricitinib-treated
patient groups.218,219

Many anti-inflammatory drug molecules have been
tested against COVID-19, but no such specific concluding
remark is available to date. In addition, some reports have
limitations in their observations viz., small sample size and
insufficient controls. Some reports do not mention the ul-
timate effect in terms of viral load and mortality rate.
Thus, detailed, randomized, controlled, well-designed tri-
als are needed to be performed to make any conclusive
remark for its use.
Anti-platelet drugs

Aspirin, Clopidogrel, and Prasugrel d Aspirin220 and P2Y12
receptor antagonists (clopidogrel and prasugrel221) are
clinically evaluated for their activity against COVID-19
(Fig. 5, 6). Generally, aspirin is used in myocardial infarc-
tion (MI), pre-eclampsia in pregnant women, and strokes
for its irreversible inhibitory activity.222,223 Instead of this,
aspirin is documented for antiviral activity against both DNA
and RNA viruses and in multiple human coronaviruses.224 It
acts by inhibiting thrombo-inflammation, resulting in the
reduction of mortality rate and clinical complications.224

Recently, an observational study showed its benefits (viz.,
reduction in the mortality rate of the patients with acute
lung injury and acute respiratory distress syndrome) in a
small group of ICU-admitted patients,225,226 while another
similar study in a larger group of patients did not show any
significant clinical improvement.227 Furthermore, a double-
blind, randomized, placebo-controlled clinical trial showed
no such clinical improvement in acute respiratory distress
syndrome (ARDS).228 A retrospective cohort study was
further conducted in hospitalized COVID-19 patients to
investigate the effect of aspirin over the mortality rate, ICU
admissions, and mechanical ventilation; a reduction in
these aspects after treatment was found, but no such dif-
ference was observed in bleeding between treated and
non-treated patients.229 The University of Oxford is going to
conduct the world’s largest clinical trial in hospitalized
COVID-19 patients, to determine the reduction in blood
clotting after aspirin use. If it is found effective, then
aspirin will be used as a safe and inexpensive medication to
prevent blood clotting in COVID-19 patients.230

Generally, alveolar damage and endothelial dysfunc-
tion occur in most COVID-19 patients which contributes to
hypoxic respiratory failure. This is associated with more
severity and risk of death. Based on these life-threatening
symptoms, L. Sacco University Hospital in Milano, Italy has
registered (Trial no. NCT04368377231) and conducted a
single center, case-controlled, phase-IIb clinical study of
anti-platelets (aspirin and clopidogrel) in a group of severe
COVID-19 patients. They observed no such significant
adverse effect of anti-platelet drugs and found improve-
ment in ventilation/perfusion ratio in severe patients.
Furthermore, the P2Y12 inhibitor prasugrel is still under
clinical trial (Trial no. NCT04445623232) to evaluate its
effectiveness in severe COVID-19 patients with
pneumonia.
Anti-coagulants

Coagulopathy is a serious COVID-19 clinical complication,
along with respiratory failure which may lead to death.233

The pattern of coagulopathy is quite similar in patients with
increased D-dimer and fibrinogen levels, mild thrombocy-
topenia, and mild progression of PT/aPTT. The exact
mechanism of coagulopathy is not completely studied
yet.234,235 Generally, both coagulation and inflammation
are linked to each other through various signaling path-
ways. Leukocyte adhesion molecules, intracellular tissue
factor, and plasminogen activator inhibitor-1 (PAI-1) are
stimulated by pro-inflammatory mediators.236 Further-
more, inflammation can overexpress thrombin to activate
the coagulation cascade in the lungs, resulting in fibrin
deposition and progressive tissue damage. Moreover, SARS-
CoV-2 can also directly damage the vascular endothelial
cells and lead to coagulopathy.237 A better understanding of
coagulopathy in COVID-19 patients could help clinicians to
diagnose and treat the patients.238,239 In order to collect
clinical evidence on the efficacy of anti-coagulants in
COVID-19, an observational study was documented which
shows the reduction in mortality rate and less requirement
of mechanical ventilation of patients treated with anti-
coagulants.240

Heparin (unfractionated or low molecular weight Hepa-
rin) d a major anticoagulant drug that reduces hyperco-
agulability in COVID-19 patients. Heparin could also act by
neutralizing cytokines and chemokines, blocking
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heparinase activity, neutralizing extracellular cytotoxic
histones, hampering leukocyte trafficking, and inhibiting
viral entry to host cells. Thus, heparin can block both
inflammation and coagulation.241,242 Furthermore, heparin
is documented for anti-inflammatory activity in COVID-19
patients by increasing lymphocyte count and reducing IL-6
level.242 One more observational study of its effectiveness
was documented further and reported a reduction in the
mortality rate of hospitalized patients treated with
heparin.243

Enoxaparin (low molecular weight heparin: LMWH) d
recommended by WHO in treating COVID-19 hospitalized
patients having chances to develop venous thromboembo-
lism.244 The debate still exists on the use of optimum
anticoagulant doses. WHO has recommended the prophy-
lactic dose of LMWH in hospitalized patients rather than
non-hospitalized patients.236,244,245 Based on several pro-
tocols and local experiences, the American Society of He-
matology has decided on its intermediate dose
(administered daily, twice a day).246 Another guideline has
recommended that the doses may vary according to the
body weight in acute or critically ill patients. This guideline
has mentioned the priority to use unfractionated heparins
over LMWH in COVID-19 patients because some patients
have bleeding problems with LMWH.247 To observe the
bleeding problem due to LMWH, a recent retrospective
cohort study was conducted in a dose-dependent manner
and concluded that a therapeutic dose of LMWH does not
cause the bleeding issue in COVID-19 patients.248 Based on
this evidence, these anticoagulants (Figs. 5 and 6) are used
to prevent coagulopathy in COVID-19 patients.236 Several
ongoing clinical trials are started to study the efficacy and
safety for use of anticoagulants in COVID-19 patients.
Natural product-based molecules

From ancient times, plants are considered a major source
of new chemical entities (NCEs) to fight against several
diseases. In past pandemics like MERS, SARS, influenza, and
dengue, several herbal medicinal plants have been found
effective. Health departments of several countries are
approving and exploring the benefits of antiviral plant
products alone or in combination with standard antiviral
therapeutic agents to win against COVID-19.249 It is also
documented that plants’ secondary metabolites are effec-
tive in the prevention of viral replication.250e252

A research group screened a medicinal plant database
containing 32,297 antiviral medicinal phytochemicals and
traditional Chinese therapeutic agents and selected the top
nine molecules with inhibitory potential on 3CLpro activity
that works against replication of SARS-CoV-2. The top five
compounds viz., 5,7,30,40-tetrahydroxy-2-(3, 3-dimethy-
lallyl) isoflavone, myricitrin, methyl-rosmarinate, calceo-
larioside-B, and licoleafol showed very good docking score
and binding affinity compared to the positive controls
(nelfinavir and prulifloxacin). Authors have concluded that
these phytochemicals could serve as potential lead mole-
cules to fight against COVID-19.253 Another group has also
screened medicinal plants and natural products through
computational study, and a retrospective cohort study was
conducted on four COVID-19 patients at Shanghai Public
Health Clinical Center to evaluate the efficacy of tradi-
tional Chinese medicine (Shufeng Jiedu capsule) with
arbidol and lopinavir/ritonavir combination. Shufeng Jiedu
capsule is also recommended to treat pneumonia in the
early stage of COVID-19. Although these results are
encouraging, further validations are needed to be
done.254,255 In the following section, we are interested to
discuss on a few important medicinal plant products that
exhibit antiviral activity and are also used in the Ayurvedic
system of medicines, the Chinese traditional system of
medicine, and Unani, and as a prophetic medicine.

Thymoquinone d an active constituent present in the
seeds of Nigella sativa plant that has a number of phar-
macological properties and is used in multiple diseases.
Thymoquinone is also documented for its antiviral activity.
One research group compared thymoquinone activity with
chloroquine/hydroxychloroquine (CQ/HCQ) and showed
that the antiviral mechanism of action of both drugs is more
or less the same. Also, thymoquinone has a wider antiviral
spectrum and no side effects while CQ/HCQ has side effects
and less antiviral spectrum. Additionally, they also
mentioned that thymoquinone (a hydrophobic drug) has the
capability of killing SARS-CoV-2 virus by binding to its
lipophilic pocket.256 Another study has revealed that
nigellimine and thymoquinone may be capable of inhibiting
SARS-CoV-2 entry through ACE2 receptors. They also
mentioned that zinc supplementation may enhance the
antiviral activity of several active therapeutic mole-
cules.256 Recently, it has been suggested that the use of
Nigella sativa as an adjuvant in combination with HCQ re-
duces its toxicity and enhances antiviral activity.257 An
interesting study of Nigella sativa in comparison with CQ
based on docking, simulation, and MM-PSBA found that di-
thymoquinone (an active constituent of Nigella sativa) was
much more effective than CQ.258 Currently, a randomized,
open-label, controlled, phase-III clinical trial for the
effectiveness of Nigella sativa in combination with honey is
under progress in Pakistan.259 A phase-II (NCT04401202)
clinical trial of Nigella sativa seed oil for determining its
efficacy in upper respiratory tract infection is under
progress.260

From the ancient time, several other plants viz.,
cinchona, wintercherry, eldercherry, liquorice, turmeric,
ginger, pomegranate, and green chiretta are widely utilized
in the Indian system of medicines against upper respiratory
tract infections. These medicinal plants with antiviral ac-
tivity against several infections may also be effective
against SARS-CoV-2 infection. Cinchona succirubra belongs
to the Rubiaceae family and contains quinine as a chief
active constituent and has antiviral activity against herpes
simplex virus-1 (HSV-1) and influenza A virus (IAV).261

Sambucus nigra belongs to the Caprifoliaceae family con-
tains ursolic acid as a chief active constituent and has
antiviral activity against herpes virus.262 Withania somni-
fera belongs to the Solanaceae family and contains with-
anolides and withaferins as chief active constituents and
has antiviral activity against herpes simplex virus and H1N1
influenza virus respectively.263 Prunella vulgaris belongs to
the Lamiaceae family and contains betulinic acid and
hyperoside responsible for antiviral activity against HIV-1
and Ebola virus264 while delphinidin present in plants has
antiviral activity against herpes simplex virus-1 and -2.265
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Glycyrrhiza glabra belongs to the Fabaceae family and
contains glycyrrhizin that acts against hepatitis C-virus and
glycyrrhetic acid and liquiritin that act against influenza
virus and iso-liquiritin that acts against HSV-1.266 Cae-
salpinia pulcherrima belongs to the Leguminosae family
and contains lupeol with antiviral activity against herpes
virus and adenoviruses.267 Curcuma longa belongs to the
Zingiberaceae family and contains gingerol which is effec-
tive against avian influenza (H9N2) virus.268 Punica gran-
atum belongs to the Lythraceae family and contains
punicalagin and ellagitannin having antiviral effectiveness
against SARS-CoV viruses.269 Andrographis paniculate be-
longs to the Acanthaceae family and contains androgra-
pholide with antiviral properties against HSV, hepatitis B
and C viruses, HPV, HIV, and chikungunya virus.270,271 These
herbal medicinal plants may also be effective against SARS-
CoV2 infection, hence important to be repurposed for
COVID-19 treatment. Here we have demonstrated the
clinical advancements along with the mechanism of action
of repurposed important plant ingredients. We found that
some limitations are still in the conduction of clinical trials
with limited sample size and contradictory results in addi-
tion to the data generated in specific regions across the
globe. Hence, clinicians and researchers should have to
innovate and work more to sort it out.
Limitations, challenges, feasibility, and possible
solutions associated with repurposed drugs

Instead of several efforts and research in the area of drug
repurposing against COVID-19, multiple issues related to
drug dosage, safety, and delivery still exist. Several clinical
trials have suggested the use of repurposed drugs against
this infection in a specific therapeutic dose margin. It has
been rarely documented to discover newer drugetarget
interactions within this therapeutic window. If a higher
dose of a drug is required to achieve a certain amount of
efficacy, the concept of administration route may be
considered to further promote the progress of these drugs.
If the dose utilized to exert a specific range of efficacy is
higher than the therapeutic window, the determination of
the safety of those drugs needs to be done. Thus, the
achievement of therapeutic benefits by using the dose
within the therapeutic margin is not feasible in every
case.272

Often, a higher dose is required to achieve the antiviral
activity in multiple documented clinical studies. Most
clinical studies were conducted in a smaller sample size
which made it difficult to conclude trustworthy efficacy.
Often, a few clinical studies are required for drug repur-
posing but therapeutic efficacy is a necessity. To achieve
higher efficacy, the route of administration is also an
important measure to be considered. For that reason, the
mode of administration is changed from the specified one.
However, the stability of these drugs is also an important
issue observed in clinical reports, which can be improved by
using specific carrier systems.273e277

Physicochemical properties (viz., solubility, perme-
ability, lipophilicity, etc.) of these drugs could make it
difficult to achieve favorable clinical outcomes. The effi-
cacy of most drugs is not up to the mark to achieve a better
outcome. Thus, the release modification of these drugs is
needed to improve their therapeutic efficacy. Several other
factors related to the pharmacokinetics and bio-trans-
formation of these drugs also need to be taken care of. To
date, no guidelines are approved by regulatory bodies
regarding drug repurposing. Hence, it is not easy for newer
start-ups to give suitable information to regulatory
agencies, which causes a major difficulty in drug
repurposing.274,278

Success in drug repurposing is achieved through the
administration of drugs via suitable routes and delivery sys-
tem. The selection of right dose, right delivery system, and
the right mode of administration needs to be taken care of
during their formulation. To achieve this, the integration of
pharmaceutical sciences and toxicology is needed to make
safer localized and targeted drug delivery.279 Especially, in
the case of respiratory viruses, the focal delivery of drugs
through the appropriate device can improve the efficacy of
these drugs and limits their exposure to other tissues. Pul-
monary delivery of these drugs can be achieved through the
drug aerosols which can enhance drug concentration in the
lungs, lower side effects, and may improve efficacy.280

Through this drug delivery approach, the first-pass meta-
bolism of these drugs can be lowered or avoided.273 Drugs
hydroxy-chloroquine and niclosamide are under develop-
ment in the form of aerosols to improve absorption and focal
drug delivery and to reduce adverse effects. These are also
tested to have their better efficacy and improvement in se-
vere SARS-CoV-2 infected patients.281

Generally, these drugs are well established and clinically
proven with good efficacy towards their primary target but
lesser efficacy is observed against the secondary target. A
similar thing happens in the case of repurposed drugs
against SARS-CoV-2 infection. To enhance the efficacy of
these drugs, re-formulation or modification of these drug
molecules are needed; as a result, the efficacy of these
drug molecules can be improved.282

Modifications in formulation, delivery route, and chem-
ical and physicochemical properties are difficult, chal-
lenging, and time-consuming in front of this COVID-19
pandemic, but scientists, clinicians, and pharmaceutical
companies are still working in an integrative manner to
achieve these goals for the welfare of humanity.

Target-based drug discovery: a future approach

To date, no such drug is available that acts specifically
against SARS-CoV-2 infection and COVID-19 treatment. Re-
searchers and pharmaceutical industries are trying to
develop new chemical entities (NCEs) and repurpose
existing potential therapeutics, but target-based drug
development should be an ideal strategy.276,283 Here in this
section, we want to draw kind attention of scientists and
pharmaceutical companies toward the probable future
approach for the development of target-based drugs
(Fig. 7).

Spike glycoproteins

Viral particles like SARS-CoV-2 contain spike glycoproteins
on their surface that play a crucial role in the recognition



Figure 7 Future novel drug development strategies against SARS-CoV-2. The figure depicts the predictive novel drug develop-
ment strategies (by targeting ACE-2, viral protease, spike proteins, CD147, and DPP4/CD26) that may be preferred in near future.
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and attachment to host cell receptors (viz., ACE2, CD147,
and TMPRSS2) for entry and maintaining viral life cycle.
Spike proteins should be important targets for the design of
drugs and antibodies for preventing the entry of SARS-CoV-2
into the host cells, thus they may be worthy and lifesaving
drug targets for industries to design new drugs.284 Recently,
researchers successfully designed some therapeutic anti-
bodies against the viral spike proteins of SARS-CoV-2 viz.,
S230, CR3022, CR3014, F26G19, and F26G18.285

Viral proteases

Papain-like protease (PLpro) and 3C-like protease (3CLpro)
are two crucial proteases thatmay be important drug targets
in SARS-CoV-2 infections.286 3CLpro helps in the cleavage of
poly-proteins at 11 sites with the LeueGln recognition
sequence, while PLpro helps in the cleavage of post-trans-
lational modifications of host proteins.287 Both proteases
play a crucial role in polypeptide processing and viral repli-
cation. Thus, targeting these proteases could be an effective
and novel strategy to treat COVID-19. Several therapeutic
agents viz., pyrazolone derivatives, a-ketoamide inhibitors,
cyclohexyl methyl, and 1,3,4-oxadiazole disulfide are being
evaluated in vitro for their inhibitory activities against SARS-
CoV-2 infections. Several pieces of the literature suggest
that targeting PLpro and 3CLpro could be a life-saving
strategy against SARS-CoV-2 infection.287,288

Cell surface protein DPP4

Glycoprotein dipeptidyl-peptidase-4 (DPP4) is not only
expressed in immune cells but also expressed and localized
on the surface of endothelial cells, mononuclear lymphoid
cells, type I and II lung parenchyma cells and in macro-
phages. It is also expressed in endothelial and epithelial
cells of the small intestine, kidneys, spleen, heart, vascu-
larized smooth muscle cells, pancreas, hepatocytes, and
monocytes. It is mostly present in blood plasma and various
body fluids. It acts as a peptidase to cleave the N-terminal
dipeptides of various substrates (viz., growth factors,
neuropeptides, cytokines, vasoactive peptides, and incre-
tin hormones). In most cases, cleaved substrates are found
to lose their biological activity. Furthermore, patients with
chronic lung diseases were reported with high expression of
DPP4 in alveolar epithelium, type I and II alveolar cells, and
alveolar macrophages. These results suggest that high
expression of DPP4 in immune and vascular endothelial
cells may contribute to SARS/MERS-related diseases.289,290

Currently, it is well established that SARS-CoV-2 uses the
ACE2 receptors to enter the human body.291 DPP4 is highly
expressed in the respiratory tract and recent studies have
demonstrated that it participates in SARS-CoV-2 entry like
ACE2 receptor.292 Recently, one more interesting report has
demonstrated the correlation between ACE2 and DPP4,
indicating that both the cell surface proteins are respon-
sible for SARS-CoV-2 entry.293 The correlation between
DPP4 and MERS-CoV infection is well established, where
DPP4 expression is documented to produce lung inflamma-
tion because it acts as a pro-inflammatory molecule.294,295

Currently, a similar type of correlation between DPP4 and
SARS-CoV-2 is not well established yet due to a lack of
pathological information but DPP4 caused lung inflamma-
tion in SARS-CoV-2 infection.292,296 Both SARS and MERS
caused fatal pneumonia and acute respiratory distress
syndrome (ARDS) and are responsible for the initiation of
cytokine storms and a similar type of
immunopathology.297e300 DPP4/CD26 inhibition could pre-
vent pulmonary inflammation. Thus, DPP4 acts as a co-
modulator of the life-threatening impact of SARS-CoV-2.
Inhibition of DPP4 may contribute to the prevention of
SARS-CoV-2 entry and COVID-19 complications. The devel-
opment of novel and effective DPP4 inhibitors should be a
strategic plan for COVID-19 treatment.295,301e306 A number
of commercial DPP4/CD26 inhibitors (gliptins) are already
available in the market viz., linagliptin, sitagliptin, and
vildagliptin.275,307 To prevent SARS-CoV-2 infection, DPP4/
CD26 inhibitors gliptins work through four possible mecha-
nisms: (i) reduction in cytokine storm,295,303,308,309 (ii)
reduction in the activity and functions of macrophages,310
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(iii) induction of anti-inflammatory signaling molecules such
as GLP-1 (especially in elder patients),311,312 and (iv) in-
duction of anti-inflammatory effects.313,314 These drugs
may be a lifesaving weapon for fighting against COVID-19.
Thus, DPP4/CD26 may be an interesting, potential, and
worthy drug target for pharmaceutical industries.

Angiotensin converting enzyme-2 (ACE2)

ACE2 receptors are highly expressed in oral mucosa and the
inner lining of the respiratory tract; this is why the ACE2
receptor is the primary target for drug development against
SARS-CoV-2. ACE2 enzyme is responsible for the conversion
of angiotensin-I to angiotensin-II. Researchers have devel-
oped a human recombinant soluble ACE2 receptor for the
management of pulmonary hypertension and for an acute
pulmonary injury which is under clinical trial. The use of this
recombinant soluble ACE2 receptor may be a potential
strategy to prevent SARS-CoV-2 spread in early stages.315

Individual use of ACE2 inhibitors will not be able to prevent
SARS-CoV2 infection. It is also documented that chronic
treatment with selective angiotensin II type 1 receptor in-
hibitors lisinopril, losartan, and olmesartan promotes gene
expression of ACE2 receptors in the kidney andheart, leading
to severe respiratory syndrome after SARS-CoV-2 infec-
tion.316 The increased ACE2 level promotes more conversion
of angiotensin I to angiotensin-II, which may lead to severe
lung impairment.317 Thus, the combination of angiotensin
receptor blockers with ACE2 inhibitors may be a potential
and effective strategy for COVID-19 treatment by reducing
vasoconstriction, cardiac stress, and pro-fibrotic effects of
angiotensin-II in lungs.318 Thus, researchers and pharma-
ceutical industries must draw their attention to this strategy
for drug discovery for COVID-19 treatment.

Membrane fusion protein CD147

Like ACE2, a fusion protein CD147 also helps in SARS-CoV-2
entry and plays a crucial role in pathogenesis.97 As dis-
cussed earlier, meplazumab is a monoclonal antibody that
acts as an inhibitor of fusion protein CD147. Currently,
meplazumab is under a clinical trial, registered with clin-
ical trial numbers NCT0427524599 and NCT04586153.100

Ongoing clinical trial studies are mostly focused to deter-
mine its safety and efficacy on COVID-19 patients. Thus, the
discovery of additional new molecules and the use of
existing therapeutic agents against CD147 fusion protein
may be a potential strategy to treat present and future
COVID-19 patients.

The existing macrolide antibiotic azithromycin is being
evaluated as a potential inhibitor of CD147 fusion protein.
Azithromycin prevents the binding of spike proteins to
CD147 receptors, leading to the inhibition of the entry of
virus particles. Prolonged use of azithromycin is also
documented to reduce the expression of metal-
loproteinases downstream to CD147. Mild side effects were
also noticed during its use such as headache, dizziness,
abdominal pain, and mild gastric upset.97 Furthermore, as
reported, mild respiratory tract fibrosis in early COVID-19
patients leads to serious whole lung fibrosis in the later
phase of treatment and may lead to occasional death due
to respiratory failure. Additionally, CD147 monoclonal
antibody inhibits the TGF-b1 expression and leads to the
inhibition of the proliferation and differentiation of human
lung fibroblasts. Moreover, the transplantation of alloge-
neic mesenchymal stem cells of the healthy donors was
evaluated to induce immunosuppression and tissue regen-
eration in COVID-19 patients with lung injury.319e321 Thus,
targeting CD147 may be a new hope for clinicians to save
the world from this devastating disease.

Conclusions

The COVID-19 pandemic is a global threat as there is no
specific and effective treatment available. Currently, clini-
cians and researchers are mostly preferring the repurposing
of drugs as a gold standard strategy to provide symptomatic
relief and prevent infection and death from this highly in-
fectious disease. Various classes of drug molecules such as
antiviral agents, anti-inflammatory agents, corticosteroids,
antibiotics, anti-coagulants, anti-platelets, and various
traditional herbal plants are repurposed for treatment alone
or in a combinatorial approach for a better outcome. We
have highlighted the clinical trial status of each of these
repurposed drugs available to date, and their pharmaco-
logical mechanisms. Some of these drug molecules have
better bioavailability and effectiveness, whereas many of
them are not good at all. As discussed above, most of the
drugs are still in the various stages of clinical trials and some
are approved by respective regulatory authorities for their
clinical use. Some drugs have their limitations in the con-
duction of clinical trials such as limited sample size, non-
availability of geographical effectiveness, non-availability of
standard doses, and proper controls used in their studies.
Thus, researchers and clinicians will have to put more effort
into their clinical trial limitations and much more attention
is required in this area. This report has demonstrated the
past (literature), present (clinical status) and future (prob-
able drug design and development) strategies for COVID-19
treatment. Investors and pharmaceutical industries need to
come together for innovation, and they must focus on future
drug discovery strategies for the development of more
specific and effective new treatment options.
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50. Dal-Ré R, Banzi R, Georgin-Lavialle S, et al. Remdesivir for
COVID-19 in Europe: will it provide value for money? Lancet
Respir Med. 2021;9(2):127e128.

51. World Health Organization. Therapeutics and COVID-19: Living
Guideline, 20 November 2020. World Health Organization;
2020. https://apps.who.int/iris/handle/10665/336729.

52. World Health Organization. Diagnostics, Therapeutics, Vac-
cine Readiness, and Other Health Products for COVID-19: A
Module from the Suite of Health Service Capacity Assess-
ments in the Context of the COVID-19 Pandemic: Interim
Guidance, 20 November 2020. World Health Organization;
2020. https://apps.who.int/iris/handle/10665/336256.

53. Nagata T, Lefor AK, Hasegawa M, et al. Favipiravir: a new
medication for the Ebola virus disease pandemic. Disaster
Med Public Health Prep. 2015;9(1):79e81.

54. Zaraket H, Saito R. Japanese surveillance systems and treat-
ment for influenza. Curr Treat Options Infect Dis. 2016;8(4):
311e328.

55. Chen C, Huang J, Cheng Z, et al. Favipiravir versus Arbidol for
COVID-19: A Randomized Clinical Trial. medRxiv; 2020.

56. Cai Q, Yang M, Liu D, et al. Experimental treatment with
favipiravir for COVID-19: an open-label control study. Engi-
neering. 2020;6(10):1192e1198.

57. Yanai H. Favipiravir: a possible pharmaceutical treatment for
COVID-19. J Endocrinol Metab. 2020;10(2):33e34.

58. Khamis F, Al Naabi H, Al Lawati A, et al. Randomized
controlled open label trial on the use of favipiravir combined
with inhaled interferon beta-1b in hospitalized patients with
moderate to severe COVID-19 pneumonia. Int J Infect Dis.
2021;102:538e543.

59. Lou Y, Liu L, Yao H, et al. Clinical outcomes and plasma
concentrations of baloxavir marboxil and favipiravir in COVID-
19 patients: an exploratory randomized, controlled trial. Eur
J Pharmaceut Sci. 2021;157:105631.

60. Ivashchenko AA, Dmitriev KA, Vostokova NV, et al. AVIFAVIR
for treatment of patients with moderate coronavirus disease
2019 (COVID-19): interim results of a phase II/III multicenter
randomized clinical trial. Clin Infect Dis. 2021;73(3):531e534.

61. Joshi S, Parkar J, Ansari A, et al. Role of favipiravir in the
treatment of COVID-19. Int J Infect Dis. 2021;102:501e508.
62. Wang G. Favipiravir Combined with Tocilizumab in the Treat-
ment of CoronaVirus Disease 2019 - aMulticenter, Randomized
and Controlled Clinical Trial Study. clinicaltrials.gov; 2020.
https://clinicaltrials.gov/ct2/show/NCT04310228. Accessed
August 5, 2021.

63. Rizzardini G. A multi-center, randomized, double-blind,
placebo-controlled, phase III clinical study evaluating the
efficacy and safety of favipiravir in the treatment of patients
with COVID-19-moderate type. clinicaltrials.gov. https://
clinicaltrials.gov/ct2/show/NCT04336904; 2020. Accessed
August 5, 2021.

64. Sadeghi A, Ali Asgari A, Norouzi A, et al. Sofosbuvir and
daclatasvir compared with standard of care in the treatment
of patients admitted to hospital with moderate or severe
coronavirus infection (COVID-19):a randomized controlled
trial. J Antimicrob Chemother. 2020;75(11):3379e3385.

65. Abbaspour Kasgari H, Moradi S, Shabani AM, et al. Evaluation
of the efficacy of sofosbuvir plus daclatasvir in combination
with ribavirin for hospitalized COVID-19 patients with mod-
erate disease compared with standard care: a single-centre,
randomized controlled trial. J Antimicrob Chemother. 2020;
75(11):3373e3378.

66. Zhang L, Lin D, Sun X, et al. Crystal structure of SARS-CoV-2
main protease provides a basis for design of improved a-
ketoamide inhibitors. Science. 2020;368(6489):409e412.

67. Anand K, Ziebuhr J, Wadhwani P, et al. Coronavirus main
proteinase (3CLpro) structure: basis for design of anti-SARS
drugs. Science. 2003;300(5626):1763e1767.

68. Choy KT, Wong AYL, Kaewpreedee P, et al. Remdesivir, lopi-
navir, emetine, and homoharringtonine inhibit SARS-CoV-2
replication in vitro. Antivir Res. 2020;178:104786.

69. Li G, De Clercq E. Therapeutic options for the 2019 novel
coronavirus (2019-nCoV). Nat Rev Drug Discov. 2020;19(3):
149e150.

70. Davis DA, Soule EE, Davidoff KS, et al. Activity of human im-
munodeficiency virus type 1 protease inhibitors against the
initial autocleavage in Gag-Pol polyprotein processing. Anti-
microb Agents Chemother. 2012;56(7):3620e3628.

71. De Meyer S, Azijn H, Surleraux D, et al. TMC114, a novel
human immunodeficiency virus type 1 protease inhibitor
active against protease inhibitor-resistant viruses, including a
broad range of clinical isolates. Antimicrob Agents Chemo-
ther. 2005;49(6):2314e2321.

72. Purohit R, Sethumadhavan R. Structural basis for the resil-
ience of darunavir (TMC114) resistance major flap mutations
of HIV-1 protease. Interdiscipl Sci Comput Life Sci. 2009;1(4):
320e328.

73. Kakuda TN, Van De Casteele T, Petrovic R, et al. Bioequiva-
lence of a darunavir/cobicistat fixed-dose combination tablet
versus single agents and food effect in healthy volunteers.
Antivir Ther. 2014;19(6):597e606.

74. Kakuda TN, Opsomer M, Timmers M, et al. Pharmacokinetics
of darunavir in fixed-dose combination with cobicistat
compared with coadministration of darunavir and ritonavir as
single agents in healthy volunteers. J Clin Pharmacol. 2014;
54(8):949e957.

75. Deeks ED. Cobicistat: a review of its use as a pharmacokinetic
enhancer of atazanavir and darunavir in patients with HIV-1
infection. Drugs. 2014;74(2):195e206.

76. Li Y, Xie Z, Lin W, et al. Efficacy and safety of lopinavir/ri-
tonavir or arbidol in adult patients with mild/moderate
COVID-19: an exploratory randomized controlled trial. Med.
2020;1(1):105e113.e4.

77. Cao B, Wang Y, Wen D, et al. A trial of lopinavir-ritonavir in
adults hospitalized with severe Covid-19. N Engl J Med. 2020;
382(19):1787e1799.

78. Li Y, Xie Z, Lin W, et al. Efficacy and safety of lopinavir/ri-
tonavir or arbidol in adult patients with mild/moderate

http://refhub.elsevier.com/S2352-3042(23)00021-1/sref41
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref41
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref41
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref41
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref42
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref42
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref42
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref42
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref43
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref43
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref43
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref44
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref44
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref44
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref44
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref44
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref45
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref45
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref45
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref45
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref46
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref46
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref46
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref46
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref46
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref47
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref47
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref47
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref47
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref47
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref48
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref48
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref48
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref48
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref48
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref49
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref49
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref50
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref50
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref50
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref50
https://apps.who.int/iris/handle/10665/336729
https://apps.who.int/iris/handle/10665/336256
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref53
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref53
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref53
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref53
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref54
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref54
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref54
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref54
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref55
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref55
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref56
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref56
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref56
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref56
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref57
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref57
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref57
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref58
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref59
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref59
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref59
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref59
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref60
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref60
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref60
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref60
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref60
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref61
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref61
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref61
https://clinicaltrials.gov/ct2/show/NCT04310228
https://clinicaltrials.gov/ct2/show/NCT04336904
https://clinicaltrials.gov/ct2/show/NCT04336904
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref64
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref65
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref66
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref66
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref66
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref66
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref67
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref67
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref67
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref67
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref68
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref68
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref68
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref69
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref69
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref69
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref69
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref70
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref70
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref70
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref70
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref70
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref71
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref72
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref72
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref72
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref72
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref72
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref73
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref73
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref73
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref73
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref73
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref74
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref75
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref75
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref75
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref75
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref76
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref76
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref76
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref76
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref76
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref77
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref77
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref77
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref77
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78


1422 S. Kumar et al.
COVID-19: an exploratory randomized controlled trial. Med (N
Y ). 2020;1(1):105e113.e4.

79. Li Y, Xie Z, Lin W, et al. An Exploratory Randomized,
Controlled Study on the Efficacy and Safety of Lopinavir/ri-
tonavir or Arbidol Treating Adult Patients Hospitalized with
Mild/moderate COVID-19 (ELACOI). medRxiv; 2020.

80. Jomah S, Asdaq SMB, Al-Yamani MJ. Clinical efficacy of anti-
virals against novel coronavirus (COVID-19): a review. J Infect
Public Health. 2020;13(9):1187e1195.

81. RECOVERY Collaborative Group. Lopinavireritonavir in pa-
tients admitted to hospital with COVID-19 (RECOVERY): a
randomised, controlled, open-label, platform trial. Lancet.
2020;396(10259):1345e1352.

82. Bhattacharyya A, Kumar S, Sarma P, et al. Safety and efficacy
of lopinavir/ritonavir combination in COVID-19: a systematic
review, meta-analysis, and meta-regression analysis. Indian J
Pharmacol. 2020;52(4):313e323.

83. Wang M, Wu T, Zuo Z, et al. Evaluation of current medical
approaches for COVID-19: a systematic review and meta-
analysis. BMJ Support Palliat Care. 2021;11:45e52.

84. Gao G, Wang A, Wang S, et al. Brief report: retrospective
evaluation on the efficacy of lopinavir/ritonavir and chloro-
quine to treat nonsevere COVID-19 patients. J Acquir Immune
Defic Syndr. 2020;85(2):239e243.

85. Deng L, Li C, Zeng Q, et al. Arbidol combined with LPV/r
versus LPV/r alone against corona virus disease 2019: a
retrospective cohort study. J Infect. 2020;81(1):e1ee5.

86. Alhumaid S, Mutair AA, Alawi ZA, et al. Efficacy and safety of
lopinavir/ritonavir for treatment of COVID-19: a systematic
review and meta-analysis. Trav Med Infect Dis. 2020;5(4):180.

87. Vargas M, Servillo G, Einav S. Lopinavir/ritonavir for the
treatment of SARS, MERS and COVID-19: a systematic review.
Eur Rev Med Pharmacol Sci. 2020;24(16):8592e8605.

88. Deeks ED. Darunavir/cobicistat/emtricitabine/tenofovir ala-
fenamide: a review in HIV-1 infection. Drugs. 2018;78(10):
1013e1024.

89. Alshaeri HK, Natto ZS. A contemporary look at COVID-19
medications: available and potentially effective drugs. Eur
Rev Med Pharmacol Sci. 2020;24(17):9188e9195.

90. Chen J, Liu D, Liu L, et al. A pilot study of hydroxychloroquine
in treatment of patients with moderate COVID-19. Zhejiang
Da Xue Xue Bao Yi Xue Ban. 2020;49(2):215e219.

91. Nicolini LA, Mikulska M, Signori A, et al. Reply to: "antiviral
activity and safety of darunavir/cobicistat for treatment of
COVID-19. Open Forum Infect Dis. 2020;7(8):ofaa321.

92. Jiang Y, Andrews SW, Condroski KR, et al. Discovery of
danoprevir (ITMN-191/R7227), a highly selective and potent
inhibitor of hepatitis C virus (HCV) NS3/4A protease. J Med
Chem. 2014;57(5):1753e1769.

93. Chen H, Zhang Z, Wang L, et al. First clinical study using HCV
protease inhibitor danoprevir to treat COVID-19 patients.
Medicine. 2020;99(48):e23357.

94. Zhang Z,Wang S, Tu X, et al. A comparative study on the time to
achieve negative nucleic acid testing and hospital stays be-
tween danoprevir and lopinavir/ritonavir in the treatment of
patients with COVID-19. J Med Virol. 2020;92(11):2631e2636.

95. Acosta Saltos F, Acosta Saltos AD. Entry of SARS-CoV2 through
the basal surface of alveolar endothelial cells e a proposed
mechanism mediated by CD147 in Covid-19. Preprints. 2020.

96. Liu C, von Brunn A, Zhu D. Cyclophilin A and CD147: novel
therapeutic targets for the treatment of COVID-19. Med Drug
Discov. 2020;7:100056.

97. Ulrich H, Pillat MM. CD147 as a target for COVID-19 treatment:
suggested effects of azithromycin and stem cell engagement.
Stem Cell Rev Rep. 2020;16(3):434e440.

98. Bian H, Zheng ZH, Wei D, et al. Meplazumab Treats COVID-19
Pneumonia: An Open-Labelled, Concurrent Controlled Add-
On Clinical Trial. medRxiv; 2020.
99. Tang-Du Hospital. Single Center, Single Arm, Open Clinical
Study to Access Safety and Initial Efficacy of Anti-CD147 Hu-
manized Meplazumab for Injection to Treat with 2019-NCoV
Pneumonia. clinicaltrials.gov; 2021. https://clinicaltrials.
gov/ct2/show/NCT04275245. Accessed August 5, 2021.

100. Jiangsu Pacific Meinuoke Bio Pharmaceutical Co Ltd. A multi-
center, seamless, randomized, third-party-blind, clinical trial
to evaluate the safety and efficacy of meplazumab in addition
to standard of care for the treatment of COVID-19 in hospital-
ized adults. ClinicalTrials.gov.; 2021. https://clinicaltrials.
gov/ct2/show/NCT04586153. Accessed 5 August 2021.

101. Doi K, Ikeda M, Hayase N, et al. Nafamostat mesylate treat-
ment in combination with favipiravir for patients critically ill
with Covid-19: a case series. Crit Care. 2020;24(1):392.

102. Iwasaka S, Shono Y, Tokuda K, et al. Clinical improvement in a
patient with severe coronavirus disease 2019 after adminis-
tration of hydroxychloroquine and continuous hemodiafiltla-
tion with nafamostat mesylate. J Infect Chemother. 2020;
26(12):1319e1323.

103. Takahashi W, Yoneda T, Koba H, et al. Potential mechanisms
of nafamostat therapy for severe COVID-19 pneumonia with
disseminated intravascular coagulation. Int J Infect Dis. 2021;
102:529e531.

104. Karpenko I, Deev S, Kiselev O, et al. Antiviral properties,
metabolism, and pharmacokinetics of a novel azolo-1, 2, 4-
triazine-derived inhibitor of influenza A and B virus replication.
Antimicrob Agents Chemother. 2010;54(5):2017e2022.

105. Sia Loginova, Borisevich SV, Rusinov VL, et al. Investigation of
triazavirin antiviral activity against tick-borne encephalitis
pathogen incell culture.AntibiotKhimioter. 2014;59(1e2):3e5.

106. Sia L, Borisevich SV, Maksimov VA, et al. Investigation of tri-
azavirin antiviral activity against influenza A virus (H5N1) in
cell culture. Antibiot Khimioter. 2007;52(11e12):18e20.

107. Loginova SY, Borisevich SV, Rusinov VL, et al. Investigation of
therapeutic efficacy of triazavirin against experimental for-
est-spring encephalitis on albino mice. Antibiot Khimioter.
2015;60(7e8):11e13.

108. Leneva IA, Falynskova IN, Makhmudova NR, et al. Effect of
triazavirine on the outcome of a lethal influenza infection and
secondary bacterial pneumonia following influenza in mice.
MIR Journal. 2017;4(1):52e57.

109. China testing Russia’s Triazavirin as coronavirus treatment -
Russian Health Ministry. UrduPoint; 2020. Published February
04. https://www.urdupoint.com/en/world/china-testing-
russias-triazavirin-as-coronav-828779.html. Accessed 8 August
2021.

110. China tests Russian antiviral drug which might treat coro-
navirus as Moscow warns of possible "mass outbreak. Zambia
Reports; 2020. Published February 5. https://zambia24.com/
china-tests-russian-antiviral-drug-which-might-treat-
coronavirus-as-moscow-warns-of-possible-mass-outbreak/.
Accessed 8 August 2021.

111. Wu X, Yu K, Wang Y, et al. Efficacy and safety of triazavirin
therapy for coronavirus disease 2019: a pilot randomized
controlled trial. Engineering. 2020;6(10):1185e1191.

112. SA Study to Trial Antiviral Triazavirin as COVID-19 Treat-
ment. Eyewitness News; 2021. Published 20 January. https://
ewn.co.za/2021/01/20/sa-study-to-trial-antiviral-triazavirin-
as-covid-19-treatment. Accessed 8 August 2021.

113. Sabitov AU, Belousov VV, Edin AS, et al. Practical experience
of using riamilovir in treatment of patients with moderate
COVID-19. Antibiot Khimioter. 2020;65(7e8):27e30.

114. Valiulin SV, Onischuk AA, Dubtsov SN, et al. Aerosol inhalation
delivery of triazavirin in mice: outlooks for advanced therapy
against novel viral infections. J Pharmaceut Sci. 2021;110(3):
1316e1322.

115. Wits Health Consortium (Pty) Ltd. A pragmatic, individually
randomised, double-blind, placebo-controlled trial of

http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref78
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref79
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref79
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref79
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref79
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref80
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref80
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref80
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref80
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref81
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref82
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref82
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref82
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref82
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref82
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref83
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref83
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref83
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref83
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref84
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref84
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref84
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref84
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref84
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref85
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref85
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref85
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref85
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref86
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref86
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref86
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref87
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref87
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref87
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref87
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref88
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref88
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref88
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref88
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref89
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref89
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref89
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref89
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref90
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref90
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref90
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref90
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref91
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref91
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref91
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref92
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref92
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref92
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref92
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref92
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref93
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref93
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref93
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref94
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref94
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref94
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref94
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref94
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref95
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref95
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref95
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref95
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref96
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref96
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref96
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref97
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref97
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref97
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref97
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref98
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref98
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref98
https://clinicaltrials.gov/ct2/show/NCT04275245
https://clinicaltrials.gov/ct2/show/NCT04275245
https://clinicaltrials.gov/ct2/show/NCT04586153
https://clinicaltrials.gov/ct2/show/NCT04586153
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref101
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref101
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref101
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref102
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref103
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref103
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref103
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref103
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref103
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref104
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref104
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref104
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref104
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref104
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref105
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref105
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref105
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref105
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref105
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref106
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref106
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref106
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref106
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref106
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref107
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref108
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref108
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref108
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref108
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref108
https://www.urdupoint.com/en/world/china-testing-russias-triazavirin-as-coronav-828779.html
https://www.urdupoint.com/en/world/china-testing-russias-triazavirin-as-coronav-828779.html
https://zambia24.com/china-tests-russian-antiviral-drug-which-might-treat-coronavirus-as-moscow-warns-of-possible-mass-outbreak/
https://zambia24.com/china-tests-russian-antiviral-drug-which-might-treat-coronavirus-as-moscow-warns-of-possible-mass-outbreak/
https://zambia24.com/china-tests-russian-antiviral-drug-which-might-treat-coronavirus-as-moscow-warns-of-possible-mass-outbreak/
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref111
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref111
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref111
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref111
https://ewn.co.za/2021/01/20/sa-study-to-trial-antiviral-triazavirin-as-covid-19-treatment
https://ewn.co.za/2021/01/20/sa-study-to-trial-antiviral-triazavirin-as-covid-19-treatment
https://ewn.co.za/2021/01/20/sa-study-to-trial-antiviral-triazavirin-as-covid-19-treatment
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref113
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref113
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref113
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref113
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref113
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref114
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref114
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref114
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref114
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref114


COVID-19 : Drug Repurposing 1423
triazavirin (TZV) for the treatment of mild-moderate SARS-
CoV-2 infection a phase II and III clinical trial. Clinical-
Trials.gov.; 2021. https://clinicaltrials.gov/ct2/show/
NCT04581915. Accessed 5 August 2021.

116. Food and Drug Administration. Coronavirus (COVID-19) up-
date: FDA authorizes monoclonal antibodies for treatment of
COVID-19; Published November 23, 2020. https://www.fda.
gov/news-events/press-announcements/coronavirus-covid-
19-update-fda-authorizes-monoclonal-antibodies-treatment-
covid-19-0. Accessed August 8, 2021.

117. Taylor PC, Adams AC, Hufford MM, et al. Neutralizing mono-
clonal antibodies for treatment of COVID-19. Nat Rev Immu-
nol. 2021;21(6):382e393.

118. Regeneron Pharmaceuticals Inc. Regeneron’s REGN-COV2
antibody cocktail reduced viral levels and improved symp-
toms in non-hospitalized COVID-19 patients. https://investor.
regeneron.com/news-releases/news-release-details/
regenerons-regn-cov2-antibody-cocktail-reduced-viral-levels-
and. Accessed 8 August 2021.

119. Regeneron Pharmaceuticals Inc. A master protocol assessing
the safety, tolerability, and efficacy of anti-spike (S) SARS-
CoV-2 monoclonal antibodies for the treatment of ambulatory
patients with COVID-19. ClinicalTrials.gov.; 2021. https://
clinicaltrials.gov/ct2/show/NCT04425629. Accessed 5 August
2021.

120. Regeneron Pharmaceuticals Inc. A phase 3, randomized,
double-blind, placebo-controlled study assessing the efficacy
and safety of anti-spike SARS-CoV-2 monoclonal antibodies in
preventing SARS-CoV-2 infection in household contacts of in-
dividuals infected with SARS-CoV-2. ClinicalTrials.gov.; 2021.
https://clinicaltrials.gov/ct2/show/NCT04452318. Accessed
5 August 2021.

121. University of Oxford. Randomised evaluation of COVID-19
therapy. ClinicalTrials.gov.; 2021. https://clinicaltrials.gov/
ct2/show/NCT04381936. Accessed 5 August 2021.

122. Eli Lilly and Company. Lilly’s neutralizing antibody bamlani-
vimab (LY-CoV555) receives interim authorization from Health
Canada as a treatment for COVID-19. https://www.lilly.ca/
en-CA/news/press-releases/20.11.20-neutralizing-antibody-
bamlanivimab-interim-authorization-Health-Canada-
treatment-COVID-19. Accessed 8 August 2021.

123. Gottlieb RL, Nirula A, Chen P, et al. Effect of bamlanivimab as
monotherapy or in combination with etesevimab on viral load
in patients with mild to moderate COVID-19: a randomized
clinical trial. JAMA. 2021;325(7):632e644.

124. Chen P, Nirula A, Heller B, et al. SARS-CoV-2 neutralizing
antibody LY-CoV555 in outpatients with Covid-19. N Engl J
Med. 2021;384(3):229e237.

125. Eli Lilly and Company. A Phase 3 Randomized, Double-Blind,
Placebo-Controlled Trial to Evaluate the Efficacy and Safety
of LY3819253 Alone and in Combination with LY3832479 in
Preventing SARS-CoV-2 Infection and COVID-19 in Skilled
Nursing and Assisted Living Facility Residents and Staff; a
NIAID and Lilly Collaborative Study. ClinicalTrials.gov; 2021.
https://clinicaltrials.gov/ct2/show/NCT04497987. Accessed
5 August 2021.

126. Mascolo A, Berrino PM, Gareri P, et al. Neuropsychiatric
clinical manifestations in elderly patients treated with
hydroxychloroquine: a review article. Inflammopharmacol-
ogy. 2018;26(5):1141e1149.

127. AIFA. Accessed August 8, 2021.
128. Gautret P, Lagier JC, Parola P, et al. Hydroxychloroquine and

azithromycin as a treatment of COVID-19: results of an open-
label non-randomized clinical trial. Int J Antimicrob Agents.
2020;56(1):105949.

129. Rosendaal FR. Review of: "Hydroxychloroquine and azi-
thromycin as a treatment of COVID-19:results of an open-
label non-randomized clinical trial Gautret et al 2010. Int J
Antimicrob Agents. 2020;56(1):106063.

130. Toumi M, Aballea S. Commentary on "Hydroxychloroquine and
azithromycin as a treatment of COVID-19:results of an open
label non-randomized clinical trial" by Gautret et al. J Mark
Access Health Policy. 2020;8(1):1758390.

131. Molina JM, Delaugerre C, Le Goff J, et al. No evidence of rapid
antiviral clearance or clinical benefit with the combination of
hydroxychloroquine and azithromycin in patients with severe
COVID-19 infection. Med Maladies Infect. 2020;50(4):384.

132. Skipper CP, Pastick KA, Engen NW, et al. Hydroxychloroquine
in nonhospitalized adults with early COVID-19: a randomized
trial. Ann Intern Med. 2020;173(8):623e631.

133. Huang M, Tang T, Pang P, et al. Treating COVID-19 with
chloroquine. J Mol Cell Biol. 2020;12(4):322e325.

134. Food and Drug Administration. FDA cautions against use of
hydroxychloroquine or chloroquine for COVID-19 outside of
the hospital setting or a clinical trial due to risk of heart
rhythm problems; Published online June 26, 2020. https://
www.fda.gov/drugs/fda-drug-safety-podcasts/fda-cautions-
against-use-hydroxychloroquine-or-chloroquine-covid-19-
outside-hospital-setting-or. Accessed August 8, 2021.

135. San Francisco Department of Emergency Management. COVID-
19: Reminder of the Risks Chloroquine and Hydroxy-
chloroquine. European Medicines Agency; 2020. https://www.
ema.europa.eu/en/news/covid-19-reminder-risks-
chloroquine-hydroxychloroquine. Accessed 8 August 2021.

136. Czarska-Thorley D. Meeting Highlights from the Pharmacovi-
gilance Risk Assessment Committee (PRAC). European Medi-
cines Agency; 23-26 November 2020. https://www.ema.
europa.eu/en/news/meeting-highlights-pharmacovigilance-
risk-assessment-committee-prac-23-26-november-2020.
Accessed 8 August 2021.

137. Tobaiqy M, Qashqary M, Al-Dahery S, et al. Therapeutic
management of patients with COVID-19: a systematic review.
Infect Prev Pract. 2020;2(3):100061.

138. Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus
disease 2019 (COVID-19). Drug Discov Ther. 2020;14(1):
58e60.

139. Yang C, Ke C, Yue D, et al. Effectiveness of arbidol for COVID-
19 prevention in health professionals. Front Public Health.
2020;8:249.

140. Xu P, Huang J, Fan Z, et al. Arbidol/IFN-a2b therapy for pa-
tients with corona virus disease 2019: a retrospective multi-
center cohort study. Microb Infect. 2020;22(4e5):200e205.

141. Nojomi M, Yassin Z, Keyvani H, et al. Effect of Arbidol (Umi-
fenovir) on COVID-19: a randomized controlled trial. BMC
Infect Dis. 2020;20:954.

142. Researcher Ssni MD, Mph MBA, Senior. Efficacy and safety of
umifenovir as an adjuvant therapy compared to the control
therapeutic regiment of interferon beta 1a, lopinavir/rito-
navir and a single dose of hydroxychloroquine in moderate to
severe COVID-19: a randomized, double-blind, placebo-
controlled, clinical trial. clinicaltrials.gov; 2020. . Accessed
August 5, 2021.

143. Goldstein I, Lue TF, Padma-Nathan H, et al. Oral sildenafil in
the treatment of erectile dysfunction. Sildenafil Study Group.
N Engl J Med. 1998;338(20):1397e1404.

144. Tzoumas N, Farrah TE, Dhaun N, et al. Established and
emerging therapeutic uses of PDE type 5 inhibitors in cardio-
vascular disease. Br J Pharmacol. 2020;177(24):5467e5488.

145. Mondaini N. Phosphodiesterase type 5 inhibitors and COVID-
19: are they useful in disease management? World J Mens
Health. 2020;38(3):254e255.

146. Raghu G. Pharmacotherapy for idiopathic pulmonary fibrosis:
current landscape and future potential. Eur Respir Rev. 2017;
26(145):170071.

https://clinicaltrials.gov/ct2/show/NCT04581915
https://clinicaltrials.gov/ct2/show/NCT04581915
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibodies-treatment-covid-19-0
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibodies-treatment-covid-19-0
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibodies-treatment-covid-19-0
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-monoclonal-antibodies-treatment-covid-19-0
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref117
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref117
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref117
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref117
https://investor.regeneron.com/news-releases/news-release-details/regenerons-regn-cov2-antibody-cocktail-reduced-viral-levels-and
https://investor.regeneron.com/news-releases/news-release-details/regenerons-regn-cov2-antibody-cocktail-reduced-viral-levels-and
https://investor.regeneron.com/news-releases/news-release-details/regenerons-regn-cov2-antibody-cocktail-reduced-viral-levels-and
https://investor.regeneron.com/news-releases/news-release-details/regenerons-regn-cov2-antibody-cocktail-reduced-viral-levels-and
https://clinicaltrials.gov/ct2/show/NCT04425629
https://clinicaltrials.gov/ct2/show/NCT04425629
https://clinicaltrials.gov/ct2/show/NCT04452318
https://clinicaltrials.gov/ct2/show/NCT04381936
https://clinicaltrials.gov/ct2/show/NCT04381936
https://www.lilly.ca/en-CA/news/press-releases/20.11.20-neutralizing-antibody-bamlanivimab-interim-authorization-Health-Canada-treatment-COVID-19
https://www.lilly.ca/en-CA/news/press-releases/20.11.20-neutralizing-antibody-bamlanivimab-interim-authorization-Health-Canada-treatment-COVID-19
https://www.lilly.ca/en-CA/news/press-releases/20.11.20-neutralizing-antibody-bamlanivimab-interim-authorization-Health-Canada-treatment-COVID-19
https://www.lilly.ca/en-CA/news/press-releases/20.11.20-neutralizing-antibody-bamlanivimab-interim-authorization-Health-Canada-treatment-COVID-19
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref123
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref123
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref123
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref123
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref123
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref124
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref124
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref124
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref124
https://clinicaltrials.gov/ct2/show/NCT04497987
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref126
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref126
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref126
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref126
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref126
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref128
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref128
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref128
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref128
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref129
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref129
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref129
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref129
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref130
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref130
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref130
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref130
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref131
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref131
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref131
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref131
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref132
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref132
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref132
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref132
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref133
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref133
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref133
https://www.fda.gov/drugs/fda-drug-safety-podcasts/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/fda-drug-safety-podcasts/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/fda-drug-safety-podcasts/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/fda-drug-safety-podcasts/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.ema.europa.eu/en/news/covid-19-reminder-risks-chloroquine-hydroxychloroquine
https://www.ema.europa.eu/en/news/covid-19-reminder-risks-chloroquine-hydroxychloroquine
https://www.ema.europa.eu/en/news/covid-19-reminder-risks-chloroquine-hydroxychloroquine
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-23-26-november-2020
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-23-26-november-2020
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-23-26-november-2020
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref137
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref137
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref137
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref138
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref138
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref138
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref138
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref139
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref139
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref139
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref140
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref140
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref140
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref140
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref140
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref141
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref141
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref141
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref142
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref143
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref143
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref143
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref143
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref144
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref144
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref144
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref144
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref145
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref145
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref145
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref145
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref146
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref146
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref146


1424 S. Kumar et al.
147. Sahebnasagh A, Avan R, Saghafi F, et al. Pharmacological
treatments of COVID-19. Pharmacol Rep. 2020;72(6):
1446e1478.

148. Antoniou KM, Margaritopoulos GA, Siafakas NM. Pharmaco-
logical treatment of idiopathic pulmonary fibrosis: from the
past to the future. Eur Respir Rev. 2013;22(129):281e291.

149. Ning Q. A pilot study of sildenafi in the treatment of COVID-
19. clinicaltrials.gov. https://clinicaltrials.gov/ct2/show/
NCT04304313. Accessed 5 August 2021.

150. Ahmed NS. Tadalafil: 15 years’ journey in male erectile
dysfunction and beyond. Drug Dev Res. 2018;80(6):683e701.

151. Younis JS, Skorecki K, Abassi Z. The double edge sword of
testosterone’s role in the COVID-19 pandemic. Front Endo-
crinol. 2021;12:607179.

152. Rozner RN, Freites-Martinez A, Shapiro J, et al. Safety of 5a-
reductase inhibitors and spironolactone in breast cancer pa-
tients receiving endocrine therapies. Breast Cancer Res
Treat. 2019;174(1):15e26.

153. Almohanna HM, Perper M, Tosti A. Safety concerns when using
novel medications to treat alopecia. Expet Opin Drug Saf.
2018;17(11):1115e1128.

154. Andriole GL, Kirby R. Safety and tolerability of the dual 5a-
reductase inhibitor dutasteride in the treatment of benign
prostatic hyperplasia. Eur Urol. 2003;44(1):82e88.

155. Mostaghel EA, Geng L, Holcomb I, et al. Variability in the
androgen response of prostate epithelium to 5-alpha reduc-
tase inhibition: implications for prostate cancer chemopre-
vention. Cancer Res. 2010;70(4):1286e1295.

156. Wu Y, Godoy A, Azzouni F, et al. Prostate cancer cells differ in
testosterone accumulation, dihydrotestosterone conversion,
and androgen receptor signaling response to steroid 5a-
reductase inhibitors. Prostate. 2013;73(13):1470e1482.

157. Tindall DJ, Rittmaster RS. The rationale for inhibiting 5a-
reductase isoenzymes in the prevention and treatment of
prostate cancer. J Urol. 2008;179(4):1235e1242.

158. Ghazizadeh Z, Majd H, Richter M, et al. Androgen regulates
SARS-CoV-2 receptor levels and is associated with severe
COVID-19 symptoms in men. bioRxiv. 2020.

159. Goren A, Wambier CG, Herrera S, et al. Anti-androgens may
protect against severe COVID-19 outcomes: results from a
prospective cohort study of 77 hospitalized men. J Eur Acad
Dermatol Venereol. 2021;35(1):e13ee15.

160. Applied Biology, Inc. Anti-androgen treatment for COVID-19.
clinicaltrials.gov. https://clinicaltrials.gov/ct2/show/
NCT04446429. Accessed 5 August 2021.

161. Zhang DW, Yan HL, Xu XS, et al. The selenium-containing drug
ebselen potently disrupts LEDGF/p75-HIV-1 integrase inter-
action by targeting LEDGF/p75. J Enzym Inhib Med Chem.
2020;35(1):906e912.

162. Koyanagi T, Nakamuta M, Enjoji M, et al. The selenoorganic
compound ebselen suppresses liver injury induced by Pro-
pionibacterium acnes and lipopolysaccharide in rats. Int J Mol
Med. 2001;7(3):321e327.

163. Mukherjee S, Weiner WS, Schroeder CE, et al. Ebselen inhibits
hepatitis C virus NS3 helicase binding to nucleic acid and
prevents viral replication. ACS Chem Biol. 2014;9(10):
2393e2403.

164. Haddad EB, McCluskie K, Birrell MA, et al. Differential effects
of ebselen on neutrophil recruitment, chemokine, and in-
flammatory mediator expression in a rat model of lipopoly-
saccharide-induced pulmonary inflammation. J Immunol.
2002;169(2):974e982.

165. Feng G, Zheng KI, Yan QQ, et al. COVID-19 and liver
dysfunction: current insights and emergent therapeutic stra-
tegies. J Clin Transl Hepatol. 2020;8(1):18e24.

166. Sies H, Parnham MJ. Potential therapeutic use of ebselen for
COVID-19 and other respiratory viral infections. Free Radic
Biol Med. 2020;156:107e112.
167. Haritha CV, Sharun K, Jose B. Ebselen, a new candidate
therapeutic against SARS-CoV-2. Int J Surg. 2020;84:53e56.

168. Gladilin S, Bidmon HJ, Divanach A, et al. Ebselen lowers
plasma interleukin-6 levels and glial heme oxygenase-1
expression after focal photothrombotic brain ischemia. Arch
Biochem Biophys. 2000;380(2):237e242.

169. Wichmann D, Sperhake JP, Lütgehetmann M, et al. Autopsy
findings and venous thromboembolism in patients with COVID-
19: a prospective cohort study. Ann Intern Med. 2020;173(4):
268e277.

170. Jin Z, Du X, Xu Y, et al. Structure of Mpro from SARS-CoV-2 and
discovery of its inhibitors. Nature. 2020;582(7811):289e293.

171. Silvestri M, Rossi GA. Melatonin: its possible role in the
management of viral infections: a brief review. Ital J Pediatr.
2013;39:61.

172. Srinivasan V, Mohamed M, Kato H. Melatonin in bacterial and
viral infections with focus on sepsis: a review. Recent Pat
Endocr Metab Immune Drug Discov. 2012;6(1):30e39.

173. Reiter RJ, Abreu-Gonzalez P, Marik PE, et al. Therapeutic
algorithm for use of melatonin in patients with COVID-19.
Front Med. 2020;7:226.

174. Chansrichavala P, Chantharaksri U, Sritara P, et al. Atorvas-
tatin attenuates TLR4-mediated NF-kB activation in a MyD88-
dependent pathway. Asian Pac J Allergy Immunol. 2009;27:
49e57.

175. Kruger P, Bailey M, Bellomo R, et al. A multicenter random-
ized trial of atorvastatin therapy in intensive care patients
with severe sepsis. Am J Respir Crit Care Med. 2013;187(7):
743e750.

176. Ruan Q, Yang K, Wang W, et al. Clinical predictors of mortality
due to COVID-19 based on an analysis of data of 150 patients
from Wuhan, China. Intensive Care Med. 2020;46(5):846e848.

177. Cadegiani FA, Goren A, Wambier CG. Spironolactone may
provide protection from SARS-CoV-2:targeting androgens,
angiotensin converting enzyme 2 (ACE2), and renin-angio-
tensin-aldosterone system (RAAS). Med Hypotheses. 2020;
143:110112.

178. Cadegiani FA, Wambier CG, Goren A. Spironolactone: an anti-
androgenic and anti-hypertensive drug that may provide
protection against the novel coronavirus (SARS-CoV-2)
induced acute respiratory distress syndrome (ARDS) in COVID-
19. Front Med. 2020;7:453.

179. Fu Q, Zheng X, Zhou Y, et al. Re-recognizing bromhexine hy-
drochloride: pharmaceutical properties and its possible role
in treating pediatric COVID-19. Eur J Clin Pharmacol. 2021;
77(2):261e263.

180. Chang CC, Cheng AC, Chang AB. Over-the-counter (OTC)
medications to reduce cough as an adjunct to antibiotics for
acute pneumonia in children and adults. Cochrane Database
Syst Rev. 2014;3:CD006088.

181. Depfenhart M, de Villiers D, Lemperle G, et al. Potential new
treatment strategies for COVID-19: is there a role for brom-
hexine as add-on therapy? Intern Emerg Med. 2020;15(5):
801e812.

182. Habtemariam S, Nabavi SF, Ghavami S, et al. Possible use of
the mucolytic drug, bromhexine hydrochloride, as a prophy-
lactic agent against SARS-CoV-2 infection based on its action
on the transmembrane serine protease 2. Pharmacol Res.
2020;157:104853.

183. Zhou N, Pan T, Zhang J, et al. Glycopeptide antibiotics
potently inhibit cathepsin L in the late endosome/lysosome
and block the entry of Ebola virus, middle east respiratory
syndrome coronavirus (MERS-CoV), and severe acute respira-
tory syndrome coronavirus (SARS-CoV). J Biol Chem. 2016;
291(17):9218e9232.

184. Colson P, Raoult D. Fighting viruses with antibiotics: an
overlooked path. Int J Antimicrob Agents. 2016;48(4):
349e352.

http://refhub.elsevier.com/S2352-3042(23)00021-1/sref147
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref147
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref147
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref147
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref148
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref148
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref148
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref148
https://clinicaltrials.gov/ct2/show/NCT04304313
https://clinicaltrials.gov/ct2/show/NCT04304313
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref150
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref150
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref150
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref151
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref151
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref151
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref152
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref152
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref152
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref152
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref152
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref153
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref153
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref153
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref153
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref154
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref154
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref154
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref154
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref155
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref155
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref155
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref155
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref155
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref156
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref156
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref156
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref156
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref156
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref157
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref157
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref157
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref157
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref158
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref158
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref158
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref159
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref159
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref159
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref159
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref159
https://clinicaltrials.gov/ct2/show/NCT04446429
https://clinicaltrials.gov/ct2/show/NCT04446429
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref161
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref161
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref161
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref161
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref161
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref162
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref162
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref162
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref162
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref162
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref163
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref163
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref163
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref163
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref163
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref164
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref165
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref165
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref165
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref165
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref166
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref166
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref166
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref166
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref167
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref167
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref167
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref168
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref168
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref168
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref168
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref168
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref169
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref169
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref169
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref169
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref169
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref170
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref170
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref170
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref170
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref171
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref171
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref171
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref172
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref172
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref172
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref172
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref173
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref173
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref173
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref174
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref174
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref174
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref174
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref174
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref175
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref175
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref175
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref175
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref175
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref176
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref176
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref176
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref176
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref177
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref177
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref177
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref177
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref177
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref178
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref178
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref178
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref178
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref178
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref179
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref179
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref179
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref179
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref179
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref180
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref180
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref180
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref180
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref181
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref181
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref181
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref181
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref181
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref182
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref182
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref182
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref182
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref182
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref183
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref184
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref184
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref184
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref184


COVID-19 : Drug Repurposing 1425
185. Zhang J, Ma X, Yu F, et al. Teicoplanin Potently Blocks the
Cell Entry of 2019-nCoV. bioRxiv; 2020.

186. Sharun K, Dhama K, Patel SK, et al. Ivermectin, a new
candidate therapeutic against SARS-CoV-2/COVID-19. Ann
Clin Microbiol Antimicrob. 2020;19:23.

187. Wagstaff KM, Sivakumaran H, Heaton SM, et al. Ivermectin is a
specific inhibitor of importin a/b-mediated nuclear import
able to inhibit replication of HIV-1 and dengue virus. Biochem
J. 2012;443(3):851e856.

188. Abd-Elsalam S, Noor RA, Badawi R, et al. Clinical study eval-
uating the efficacy of ivermectin in COVID-19 treatment: a
randomized controlled study. J Med Virol. 2021;93(10):
5833e5838.

189. Shahbaznejad L, Davoudi A, Eslami G, et al. Effects of iver-
mectin in patients with COVID-19: a multicenter, double-
blind, randomized, controlled clinical trial. Clin Therapeut.
2021;43(6):1007e1019.

190. Group TRC. Dexamethasone in hospitalized patients with
Covid-19. N Engl J Med. 2021;384(8):693e704.

191. Group RC, Horby P, Lim WS, et al. Dexamethasone in hospi-
talized patients with Covid-19. N Engl J Med. 2021;384(8):
693e704.

192. Johnson RM, Vinetz JM. Dexamethasone in the management
of covid-19. BMJ. 2020;370:m2648.

193. Giles AJ, Hutchinson MKND, Sonnemann HM, et al. Dexameth-
asone-induced immunosuppression: mechanisms and implica-
tions for immunotherapy. J Immunother Cancer. 2018;6:51.

194. Jeronimo CMP, Farias MEL, Val FFA, et al. Methylprednisolone
as adjunctive therapy for patients hospitalized with corona-
virus disease 2019 (COVID-19; metcovid): a randomized,
double-blind, phase IIb, placebo-controlled trial. Clin Infect
Dis. 2021;72(9):e373ee381.

195. Tomazini BM, Maia IS, Cavalcanti AB, et al. Effect of dexa-
methasone on days alive and ventilator-free in patients with
moderate or severe acute respiratory distress syndrome and
COVID-19: the CoDEX randomized clinical trial. JAMA. 2020;
324(13):1307e1316.

196. Czarska-Thorley D. EMA Endorses Use of Dexamethasone in
COVID-19 Patients on Oxygen or Mechanical Ventilation. Eu-
ropean Medicines Agency; 2020. Published September 18.
https://www.ema.europa.eu/en/news/ema-endorses-use-
dexamethasone-covid-19-patients-oxygen-mechanical-
ventilation. Accessed 8 August 2021.

197. Sterne JAC, Murthy S, Janet VD, et al, WHO Rapid Evidence
Appraisal for COVID-19 Therapies (REACT) Working Group.
Association between administration of systemic corticoste-
roids and mortality among critically ill patients with COVID-
19: a meta-analysis. JAMA. 2020;324(13):1330e1341.

198. Black Fungus þ Covid | Risk of ’too Much’ Steaming; Right
Foods: Doctors Explain. Hindustan Times; 2021. Published May
16 http://www.hindustantimes.com/videos/shows/black-
fungus-covid-risk-of-too-much-steaming-right-foods-doctors-
explain-101621147365395.html. Accessed August 8, 2021.

199. Amid outbreak. AIIMS Director Lists Three Key Factors to Pre-
vent “Black Fungus. Hindustan Times; 2021. Published May 21.
https://www.hindustantimes.com/india-news/amid-
outbreak-aiims-directors-list-three-key-factors-to-prevent-
black-fungus-101621586565726.html. Accessed 8 August 2021.

200. Amphotericin B. Why Is This Drug Important in Black Fungus
Treatment, what Are its Common Side Effects, Zee Explains.
Zee News; 2021. Published May 24. https://zeenews.india.
com/india/amphotericin-b-why-is-this-drug-important-in-
black-fungus-treatment-what-are-its-common-side-effects-
zee-explains-2363989.html. Accessed 8 August 2021.

201. National Institute of Diabetes and Digestive and Kidney Dis-
eases (NIDDK). A randomized, double-blinded, placebo-
controlled trial of corticosteroid therapy following por-
toenterostomy in infants with biliary atresia.
clinicaltrials.gov. https://clinicaltrials.gov/ct2/show/
NCT00294684. Accessed 5 August 2021.

202. Huanzhong S. Efficacy and safety of corticosteroids in COVID-
19: a prospective randomized controlled trails. clinical-
trials.gov. https://clinicaltrials.gov/ct2/show/NCT04273321.
Accessed 5 August 2021.

203. Benucci M, Giannasi G, Cecchini P, et al. COVID-19 pneumonia
treated with sarilumab: a clinical series of eight patients. J
Med Virol. 2020;92(11):2368e2370.

204. Gremese E, Cingolani A, Bosello SL, et al. Sarilumab use in
severe SARS-CoV-2 pneumonia. EClinicalMedicine. 2020;27:
100553.

205. Montesarchio V, Parrela R, Iommelli C, et al. Outcomes and
biomarker analyses among patients with COVID-19 treated
with interleukin 6 (IL-6) receptor antagonist sarilumab at a
single institution in Italy. J Immunother Cancer. 2020;8(2):
e001089.

206. DTB Team. EMA advice on the use of NSAIDs for Covid-19. Drug
Therapeut Bull. 2020;58(5):69.

207. Capuano A, Scavone C, Racagni G, et al. NSAIDs in patients
with viral infections, including Covid-19: victims or perpe-
trators? Pharmacol Res. 2020;157:104849.
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289. Röhrborn D, Wronkowitz N, Eckel J. DPP4 in diabetes. Front
Immunol. 2015;6:386.

290. Meyerholz DK, Lambertz AM, McCray Jr PB. Dipeptidyl pepti-
dase 4 distribution in the human respiratory tract: implica-
tions for the Middle East respiratory syndrome. Am J Pathol.
2016;186(1):78e86.

291. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin.
Nature. 2020;579(7798):270e273.

292. Vankadari N, Wilce JA. Emerging COVID-19 coronavirus:
glycan shield and structure prediction of spike glycoprotein
and its interaction with human CD26. Emerg Microb Infect.
2020;9(1):601e604.

293. Randazzo W, Truchado P, Cuevas-Ferrando E, et al. SARS-CoV-
2 RNA in wastewater anticipated COVID-19 occurrence in a
low prevalence area. Water Res. 2020;181:115942.

294. Lu G, Hu Y, Wang Q, et al. Molecular basis of binding between
novel human coronavirus MERS-CoV and its receptor CD26.
Nature. 2013;500(7461):227e231.

295. Waumans Y, Baerts L, Kehoe K, et al. The dipeptidyl peptidase
family, prolyl oligopeptidase, and prolyl carboxypeptidase in
the immune system and inflammatory disease, including
atherosclerosis. Front Immunol. 2015;6:387.

296. Raj VS, Mou H, Smits SL, et al. Dipeptidyl peptidase 4 is a
functional receptor for the emerging human coronavirus-EMC.
Nature. 2013;495(7440):251e254.

297. Zaki AM, van Boheemen S, Bestebroer TM, et al. Isolation of a
novel coronavirus from a man with pneumonia in Saudi Ara-
bia. N Engl J Med. 2012;367(19):1814e1820.

298. Drosten C, Günther S, Preiser W, et al. Identification of a
novel coronavirus in patients with severe acute respiratory
syndrome. N Engl J Med. 2003;348(20):1967e1976.

299. Kuiken T, Fouchier RA, Schutten M, et al. Newly discovered
coronavirus as the primary cause of severe acute respiratory
syndrome. Lancet. 2003;362(9380):263e270.

300. Channappanavar R, Perlman S. Pathogenic human coronavirus
infections: causes and consequences of cytokine storm and
immunopathology. Semin Immunopathol. 2017;39(5):529e539.

https://clinicaltrials.gov/ct2/show/NCT04401202
https://clinicaltrials.gov/ct2/show/NCT04401202
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref261
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref261
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref261
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref261
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref262
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref263
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref263
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref263
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref263
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref263
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref264
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref264
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref264
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref264
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref264
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref265
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref265
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref265
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref265
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref266
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref266
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref266
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref266
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref267
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref267
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref267
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref267
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref268
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref268
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref268
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref268
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref269
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref269
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref269
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref269
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref270
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref270
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref270
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref271
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref271
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref271
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref271
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref272
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref272
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref272
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref272
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref272
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref273
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref273
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref273
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref273
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref274
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref274
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref275
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref275
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref275
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref275
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref276
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref276
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref276
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref277
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref277
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref277
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref277
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref277
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref278
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref278
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref278
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref278
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref278
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref279
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref279
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref279
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref279
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref280
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref280
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref280
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref280
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref280
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref281
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref281
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref281
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref281
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref282
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref282
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref282
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref283
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref283
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref283
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref283
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref284
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref284
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref284
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref284
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref285
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref285
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref285
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref286
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref286
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref286
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref286
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref287
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref287
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref287
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref287
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref288
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref288
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref289
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref289
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref290
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref290
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref290
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref290
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref290
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref291
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref291
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref291
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref291
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref292
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref292
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref292
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref292
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref292
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref293
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref293
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref293
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref294
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref294
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref294
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref294
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref295
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref295
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref295
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref295
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref296
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref296
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref296
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref296
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref297
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref297
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref297
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref297
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref298
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref298
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref298
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref298
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref299
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref299
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref299
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref299
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref300
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref300
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref300
http://refhub.elsevier.com/S2352-3042(23)00021-1/sref300


1428 S. Kumar et al.
301. Kleine-Weber H, Schroeder S, Krüger N, et al. Polymorphisms
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