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ABSTRACT

ARTICLE HISTORY

Introduction: The pathogenic and highly transmissible etiological agent, SARS-CoV-2, has caused
a serious threat COVID-19 pandemic. WHO has declared the epidemic a public health emergency of
international concern owing to its high contagiosity, mortality rate, and morbidity. Till now, there is no
approved vaccine or drug to combat the COVID-19 and avert this global crisis.
Areas covered: In this narrative review, we summarized the updated results (January to August 2020)
of the most promising repurposing therapeutic candidates to treat the SARS-CoV-2 viral infection. The
repurposed drugs classified under four headlines like antivirals, anti-parasitic, immune-modulating, and
miscellaneous drugs were discussed with their in vitro efficacy to recent clinical advancements against
COVID-19.
Expert opinion: Currently, palliative care, ranging from outpatient management to intensive care,
including oxygen administration, ventilator support, intravenous fluids therapy, with some repurposed
drugs, are the primary weapons to fight against COVID-19. Until a safe and effective vaccine is
developed, an evidence-based drug repurposing strategy might be the wisest option to save people
from this catastrophe. Several existing drugs are now under clinical trials, and some of them are
approved in different places of the world for emergency use or as adjuvant therapy in COVID-19 with
standard of care.
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1. Introduction
The outbreak of the novel coronavirus disease 2019 (COVID19) has become a rapidly rising global concern and humani
tarian emergency, with near 25 million infections and more
than 838 thousand deaths, as reported on 30 August 2020 [1].
COVID-19 is caused by the largest known single-stranded,
positive-sense, spherical, enveloped RNA virus [2], which has
already pervaded 215 countries on six continents [1]. The
International Committee of Taxonomy of Viruses named this
virus severe acute respiratory syndrome coronavirus-2 (SARSCoV-2), and numerous scientific articles have introduced it as
the seventh member of the β-coronavirus genus [3] and cor
onavirdiae family [4]. The World Health Organization declared
this
global
health
emergency
a
pandemic
on
11 March 2020 [5].
As the virus has recently emerged, the strict profile of
pathogenesis and proliferation is ambiguous yet [6]. The
spike protein of this virus may have a stronger reactive affinity
with the host cell-receptor, exaggerating its much higher
human-to-human transmission rate [7]. The preliminary study
demonstrated that the SARS-CoV-2 virus mainly infects the
respiratory tract and causes respiratory illness ranging from
common symptoms of hypoxia to acute respiratory distress
syndrome (ARDS) [8–10]. Since there is no specific vaccine or
drug against the virus, scientists suggested the symptomatic
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treatments where oxygen therapy and ventilator support con
tribute a significant role in treating critically ill patients [6].
Nonetheless, efforts for the development of vaccines and
therapeutic agents have been continued by several research
organizations. As the vaccine and new drug development
require several years, we may repurpose our existing drugs
to fight against the pandemic. Therefore, currently available
drugs have been screened against COVID-19 based on pre
vious coronavirus pandemic experiences. Genomic sequencing
of SARS-CoV-2 has shown genetic similarity [11] to two human
pathogenic coronaviruses: SARS-CoV (79%) and Middle East
Respiratory Syndrome (MERS-CoV, 50%) [12,13], of which
there were outbreaks in 2003 and 2012, respectively. These
similarities open an avenue for repurposing the existing drugs
that were used successfully in the previous viral epidemics.
Currently, many approved or in development antiviral agents,
immune-modulating drugs, anti-parasitic drugs, and some
other drugs are undergoing investigation to be repurposed
as useful fighting tools against the COVID-19 outbreak [14].
Drug repurposing or repositioning is tactically a rapid
approach to find a pioneering drug or compound for using
alternatively than its original purpose. The repositioning strat
egy of a drug involves an underlying molecular mechanism
linked in various diseases, and plenty of information is con
ventional in dosing, formulation, toxicological and pharmaco
logical profiles. This serendipitous technique offers a great
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In December 2019, the Wuhan city of China faced a novel virus with
atypical secondary pneumonia, and the World Health Organization
has declared this viral infection as a pandemic owing to its high
contagiosity, mortality rate, and morbidity.
As a vaccine or a new drug discovery is laborious and requires a long
time, repurposing existing drugs might be an effective way to battle
this pandemic.
Meanwhile, several antivirals, anti-parasitic, immune-modulating, and
some other promising drugs have been traced and are now under
clinical trials to identify an effective and safe drug against COVID-19.
Some repurposed drugs are being approved in several countries for
emergency use or adjuvant therapy in COVID-19 in addition to
standard of care.
Researchers, health professionals, public health experts, and autho
rities must speculate to find the best way to fight the current or
future epidemic.
Drug discovery or vaccine development should be emphasized by
concerted efforts to prevent the virus transmission.

advantage to bypass several phases of a de novo drug discov
ery and development process. Thus it reduces the time frame
of drug development, minimizes the risk of failure, and saves
money [15].
In this review, we summarize the most promising therapeu
tic targets being repurposed against COVID-19 and updates
on their in vitro studies to clinical trials. This narrative article

will discuss the repurposing of drugs in four general heads: i)
antiviral drugs, ii) anti-parasitic drugs, iii) immune-modulating
drugs, and iv) miscellaneous agents. We would additionally
scrutinize the recent progress reports on these promising
repurposed options through the most impacted superior refer
ences. We have also designed a pictorial representation of
various repurposed drugs with their mechanistic insights
against the SARS-CoV-2 infection (Figure 1).

2. Methods
2.1. Search and data collection
Numerous articles were examined from various online and
publishing group sources such as Google Scholar, PubMed,
Embase, MedRxiv, and Science Direct journals to collect data
on SARS-CoV-2 updates, drug development, new therapeutic
possibilities, and clinical trials in various phases. We utilized
the keywords: ‘coronavirus disease 2019’, ‘SARS-CoV-2’,
‘COVID-19’, ‘Anti-COVID-19 drugs’, ‘repurposed drugs’, ‘treat
ments of COVID-19’, ‘remdesivir’, ‘favipiravir’, ‘lopinavir/ritona
vir’, ‘interferons’, ‘arbidol’, ‘umifenovir’, ‘chloroquine’,
‘hydroxychloroquine’, ‘ivermectin’, ‘nitazoxanide’, ‘baricitinib’,
‘tocilizumab’, ‘anakinra’, ‘corticosteroids’, ‘dexamethasone’,
‘convalescent plasma’, ‘renin-angiotensin-system blockers’,
‘nafamostat mesylate’, ‘tetracycline’, ‘doxycycline’, ‘minocy
cline’, to collect the desired articles. The peer-reviewed papers

Figure 1. The most promising repurposed drugs against SARS-CoV-2 and their proposed sites of actions in various stages of SARS-CoV-2 life-cycle.
rhACE2 = recombinant human angiotensin-converting enzyme 2; TMPRSS2 = transmembrane protease serine 2; 3CL pro = 3-chymotripsin-like protease;
RdRp = RNA dependent RNA polymerase; JAK = Janus kinase; IL = interleukin; IFN-β = interferon beta, ER = endoplasmic reticulum. The figure was supported
and verified by previously published articles [16,17].
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published on COVID-19 treatments from January to
August 2020 and all the most relevant research related to
fighting any coronavirus outbreak were additionally down
loaded using the above-mentioned search engines and
websites.

3. Results and discussion
The results are summarized in four major heads: i) antiviral
drugs, ii) anti-parasitic drugs, iii) Immune-modulating drugs,
and iv) miscellaneous agents.

3.1. Antiviral drugs
3.1.1. Remdesivir (RDV)
RDV (GS-5734) is an experimental antiviral drug developed
and synthesized by Gilead Science Inc. for treating the Ebola
virus disease and is currently under clinical trials [18].
Meanwhile, it has proved its broad-spectrum antiviral property
against RNA viruses such as SARS and MERS through in vitro
tests utilizing human airway epithelial cell cultures [19,20].
RDV has shown promising antiviral action in animal models
such as mice and nonhuman primates (NHP) [21,22]. The
preliminary experiment further demonstrated its antiviral
property against the human hepatoma cell line (Huh-7),
which was also sensitive to the novel coronavirus [22].
Another article reported that RDV displayed its activity at the
early stage of viral infection, whereas it did not show high
potency when added 10 h post-infection (h.p.i.) [23]. Sheahan
et al. [24] reported that RDV with interferon beta showed
more potency against RNA viruses than lopinavir and ritonavir
or their combination in vitro and in vivo. The 50% effective
concentration (EC50) values were estimated using Calu-3
infected cells by MERS-CoV nanoluciferase in sextuplicate in
the Cell-Titer-Glo assay technique. The EC50 values of RDV,
lopinavir (LPV), ritonavir (RTV), LPV/RTV, interferon-beta (IFNβ), and IFN-β with LPV/RTV were 0.09 µM, 11.6 µM, 24.9 µM,
8.5 µM, 175 IU/mL, and 160 IU/mL, respectively [24].
RDV is an adenosine nucleoside analog-based novel anti
viral drug that acts on RNA dependent RNA polymerase (RdRp)
enzyme and blocks RNA viral replication, including human
coronaviruses [14]. It terminates RNA transcription during the
premature stage, reduces viral load in the lungs, and moti
vates pulmonary functions that have been initially demon
strated in infected mice model with the MERS coronavirus
[24,25]. In a very recent study, its EC50 value against Vero E6
cell was 0.77 µM in an in vitro cell culture experiment [22,25].
Holshue and his colleagues [26] in a study found clinical
improvement with no obvious adverse effects upon using
RDV to treat coronavirus in the United States of America. At
present numerous randomized control clinical trials of RDV are
ongoing to evaluate its safety and efficacy in COVID-19
patients in various countries [25]. In a cohort study, Grein
et al. [27] observed the outcome of compassionate-use of
RDV on 61 hospitalized severe COVID-19 patients. They ana
lyzed the data of 53 patients, where 57% (n = 30 out of 53)
and 8% (n = 4 out of 53) patients were receiving ventilation
support and oxygen therapy, respectively. The study got
a median follow-up of 18 days, which concluded the clinical
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improvement of 68% of patients (n = 36 out of 53) and
recommended placebo-controlled, randomized trials.
A randomized placebo-controlled double-blind clinical trial
[28] of this promising antiviral prodrug started in early
February 2020 in ten hospitals in Hubei province, China, invol
ving COVID-19 patients (aged ≥18 years) with severe
(NCT04257656) and mild to moderate (NCT04252664) symp
toms [8]. RDV vs. placebo was administered at a dose of
200 mg on the first day, followed by 100 mg/day for the
next nine days intravenously [27,28]. The selected patients
were randomly grouped at a ratio of 2:1 in the trials. In the
trial (NCT04257656) involving adult patients with severe
COVID-19 (n = 237; RDV = 158 and placebo = 79), Wang
et al. [28] found no statistically significant clinical benefits
and recommended to perform more extensive studies to con
firm its numerical time reduction for clinical improvement in
patients treated in earlier stage. Goldman et al. [29] published
the outcomes of phase III open-label randomized trial
(NCT04292899) on 397 severe COVID-19 patients (5 days
group: 200 patients administrated intravenous RDV for
5 days, and 10 days group: 197 patients received the drug
for 10 days). The trial did not show any significant difference in
clinical improvement between the two groups (p = 0.14).
Another placebo-controlled, double-blind, randomized trial
(NCT04280705) conducted by Beigel et al. [30] showed
a promising result of the antiviral agent against the SARSCoV-2 infection. The preliminary report has been published
by analyzing the observed data from 1,059 hospitalized
patients (RDV = 538 and placebo = 521). In the study, RDV
was found to shorten the hospitalization period (median
recovery time) from 15 to 11 days and reduced mortality by
4.8% (mortality rates of RDV vs. placebo group = 7.1% vs.
11.9%) [30]. Despite having no challenging evidence of RDV
to cause liver injury, a case study on a COVID-19 patient has
recently reported that the drug, when used in combination
with p-glycoprotein inhibitors, showed acute hepatotoxicity
[31]. Under some published clinical trial data, the United
States Food and Drugs Administration (US FDA) has issued
an emergency use authorization for RDV to treat all hospita
lized COVID-19 patients [32].

3.1.2. Favipiravir (FPV)
FPV (6-fluoro-3-hydroxypyrazine-2-carboxamide) is another
promising broad-spectrum RdRp enzyme inhibitor developed
and discovered by Japanese Toyama Chemical Co., Ltd. (code
T-705) through chemical library screening a few years ago to
tackle the influenza virus. FPV is a pyrazine carboxamide ana
log that has demonstrated successful therapeutic efficacy
against sensitive and resistant influenza viruses and some
other RNA viruses [33,34]. The inimitable extensive antiviral
property of FPV has indicated its potent and dynamic char
acteristics as a promising drug for untreatable RNA viral dis
eases [35,36]. It is converted into its ribofuranosyl-5Btriphosphate (RTP) moiety, an active form through intracellular
phosphoribosylation after incorporation in the host cell. This
FPV-RTP acts as a substrate of the RdRp enzyme and blocks
the replication of the RNA virus silently [35]. Wang et al. [22]
reported the EC50 value of this drug against Vero E6 cells to be
61.88 µM. The drug has also proved its antiviral capacity in
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numerous animal models with lethal RNA viruses as well as
some pathogenic H5N1 infections. FPV additionally demon
strated its potential efficacy against the Ebola virus during the
2014–2015 outbreak in western Africa [37,38]. It also proved its
lower cytotoxic effects along with selective anti-influenza
activity [39].
Numerous clinical trials have been completed, and some
are ongoing for the establishment of its efficacy. However, it is
imperative to note that more than 85% of the trials have not
published their data yet, which hinders its data pooling or
meta-analysis for finding ultimate outcomes to support its
recommendation for COVID-19 treatment or its safety profile
[40]. Cai et al. [41] conducted an open-label controlled trial on
the efficacy and safety of FPV compared with LPV/RTV as
a control arm for COVID-19 treatment. Thirty-five COVID-19
patients were treated with oral FPV, 1600 mg twice daily on
the first day, and 600 mg twice daily for the next thirteen days.
Another 45 patients were treated with oral LPV/RTV, 400 mg/
100 mg twice daily. Each patient of the two groups was
treated with 5 million units of interferon-alpha (IFN-α) aerosol
inhalation twice daily through these reporting days. In chest
imaging, computed tomography images of these two groups
showed a significant improvement rate in the FPV group
compared with the LPV/RTV group (91.43% vs. 62.22%;
p= 0.004). Multivariable regression analysis indicated that
FPV showed shorter viral clearance time (4 days; interquartile
range (IQR) = 2.5–9) than LPV/RTV (11 days; IQR = 8–13 days
and p< 0.001) with very fewer adverse effects. FPV showed
a comparatively better therapeutic profile in terms of viral load
reduction and disease progression in this open-label con
trolled study. These primary therapeutic consequences have
provided fair information on the COVID-19 treatment strategy.
Despite the excellent safety portrait of FPV reported by an
extensive systematic review, the drug shows teratogenic and
embryotoxic effects. That’s why the Japanese drug safety
bureau gave a strong warning against the prescription of
FPV to pregnant women [35].
Chen et al. [42] conducted an open-label, multicenter, ran
domized trial (ChiCTR2000030254) on 240 adult patients
(FPV = 120 and umifenovir (arbidol) = 120 patients) with
COVID-19. The difference in the recovery rate in between
two groups at day 7 was not statistically significant (FPV vs.
umifenovir = 71/116 vs. 62/120, p = 0.1396; difference of
recovery rate = 0.0954, 95% CI = −0.0305 to 0.2213).
However, FPV has demonstrated shorter latencies to recover
from fever (difference = 1.7 days, p < 0.0001) and cough
(difference = 1.75 days, p < 0.0001). Recently, an open-label
randomized, multicenter phase III trial has been conducted by
Glenmark Pharmaceuticals in India on 150 patients with mild
to moderate SARS-CoV-2 infection. On day 4, the FPV group
showed statistically significant encouraging outcomes in
achieving clinical cure compared to standard supportive care
group (69.8% vs. 44.9%) [43]. Besides, a clinical trial has been
just completed in Bangladesh (Dhaka trail) on 50 COVID-19
patients, where FPV showed promising results in terms of viral
clearance and drug safety (96% viral clearance after 10 days of
treatment compared to 52% clearance in the placebo group)
[44]. A trial in China (Wuhan and Shenzhen) found the efficacy
of the drug against the infection [45]. Russia’s health ministry

approved the use of FPV (avifavir) for the treatment of COVID19 following positive results obtained from a clinical trial on
330 patients with COVID-19 infection. The drug took 4-days
median recovery time compared to 9-days with standard sup
portive care, and there were no notable observed side effects
[45]. Considering the urgency and medical necessity Drug
Controller General of India (DCGI) granted the restricted emer
gency use authorization for FPV in India for treating mild to
moderate SARS-CoV-2 infection [35]. Several other clinical
trials (ClinicalTrials.gov) are underway, and more COVID-19
positive patients have been recruited for bigger trials [14].

3.1.3. Lopinavir/Ritonavir (LPV/RTV)
Commonly, LPV is used in combination with RTV in the treat
ment of human immune deficiency virus (HIV)-infected
patients. LPV acts as a peptidomimetic inhibitor of the HIV-1
protease enzyme wherein RTV enhances LPV plasma concen
tration and plasma half-life by inhibiting the metabolizing
enzyme CYP3A4 [46,47]. Initial treatment of SARS-CoV infected
patients using LPV/RTV in addition to standard treatment
protocol resulted in clinical improvement [48]. In another
study, LPV and ribavirin hindered SARS-CoV growth synergis
tically; ARDS or death rates of the treatment and control
groups were 2.4% and 28.8%; p< 0.001, respectively) [49].
After the MERS-CoV outbreak, Wilde et al. [50] found the
EC50 value of LPV against SARS and MERS viruses to be
17.1 ± 1 µM and 8.0 ± 1.5 µM, respectively in Vero E6 cell
culture model. Nutho and his colleges [51] observed the sig
nificant interactive profile of these drugs to SARS-CoV-2 3-chy
motrypsin-like cysteine protease (3Clpro) initially through
computational screening, which demonstrated the repurpos
ing strategy of these anti-HIV drugs against COVID-19.
Nonetheless, Cao et al. [52] recently conducted
a randomized, controlled, open-label clinical trial
(ChiCTR2000029308) with hospitalized adult patients in
China to assess the safety and efficacy of oral LPV/RTV
(400 mg/100 mg twice daily for 14 days) on 199 patients
(LPV/RTV = 99 and standard care group = 100). In the treat
ment group, the calculated hazard ratio (HR) for clinical
improvement was 1.31, 95%CI = 0.95–1.80, and the mortality
rate at 28 days was not significantly different from that of the
standard care group (19.2% vs. 25%, absolute difference: −5.8,
95% CI = −17.3–5.7) [52]. The outcomes of the most recent
open-label, randomized phase II clinical trial (NCT04276688)
for triple combination therapy of LPV/RTV (400 mg/100 mg
twice daily), ribavirin (400 mg twice daily), and IFN beta-1b (3
doses of 8 million IU on alternate days) were published by
Hung et al. [53]. The trial was randomized for admitted adult
patients in six hospitals in Hong Kong at a 2:1 ratio for 14 days
with a control group (only LPV/RTV 400 mg/100 mg twice
daily for 14 days). The initial endpoint of the ‘intention to
treat’ study was, for the time being, to get a negative result
of the COVID-19 RT-PCR nasopharyngeal swab test. Eighty-six
mild to moderate COVID-19 positive patients were randomly
selected for the combination therapy group, and 41 out of
127 patients were considered for the control group. The
required median time for COVID-19 negative results from
the day of the onset of treatment for the combination and
control groups was 7 days (IQR = 5–11) and 12 days
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(IQR = 8–15), respectively, with hazard ratio estimated to be
4.37 (95% CI = 1.86–10.24; p= 0.001). Additionally, Hung et al.
[53] interpreted that the stated triple anti-COVID-19 therapy
showed significantly lower recovery median time with safety
and superior efficacy than the LPV/RTV control group in miti
gating SARS-CoV-2 load along with its symptoms. The
‘RECOVERY’ trial on 5,040 patients (LPV/RTV = 1,616 and stan
dard of care = 3,424) found no statistically significant differ
ence in mortality rate at 28 day (LPV/RTV vs. standard of
care = 23% vs. 22%, rate ratio = 1.03, 95% CI = 0.91–1.17,
p = 0.60). Also, the study interpreted that LPV/RTV was not
associated with reducing the duration of hospital stay, use of
mechanical ventilation, or death rate [54]. Based on currently
available clinical data, a dynamic, systematic benefit-risk
assessment study concluded that LPV/RTV did not show
a clear benefit in severe COVID-19 than the standard of care
[55]. Recently, WHO has discontinued its solidarity trial of the
drug combination for the treatment of COVID-19 as the
interim results exhibited that LPV/RTV made a negligible
reduction in the fatality of COVID-19 hospitalized patients
compared to standard of care [56].

3.1.5. Arbidol (ARB)/Umifenovir

3.1.4. Interferons (IFNs)

From the early phase of the current pandemic, the drug has
attained the attention of the scientists to be repurposed as
a promising anti-SARS-CoV-2 agent either alone or in combi
nation with other drugs. The in vitro antiviral property against
SARS-CoV-2 displayed by ARB recommended its potential pro
phylactic treatment of COVID-19 [73]. It showed 75% and 55%
inhibition rate of SARS-CoV-2 in entry point (higher effect) and
post-entry stages (lesser effect), respectively [73]. The EC50 and
CC50 of ARB against the SARS-CoV-2 virus were 4.11 (3.55–
4.73) and 31.79 (29.89–33.81) μM, respectively, where the
selectivity index (SI = CC50/EC50) was 7.73 [73]. Currently,
200 mg of the drug is administered orally three times a day
for 10 days in the treatment of COVID-19 [74].

IFNs (alpha, beta, and gamma) are a family of related and
naturally available signaling cytokines excreted by plasmacy
toid, dendritic, and other cells [57]. Upon binding to target
receptors, they activate a wide range of genes that contribute
not only in antiviral but also in anti-proliferative and immunemodulatory activities [58]. This internal defense system also
plays a role in the immune system and prevents the body’s
viral infection. The US FDA has approved IFN-β that is fre
quently prescribed to treat multiple sclerosis, hepatitis B, and
C infections [59]. However, IFN-β combined with ribavirin
showed higher potency against SARS-CoV and MERS-CoV
replication in drastically lowered concentrations than mono
therapy of each drug [60,61]. In a retrospective cohort study
against MERS-CoV, the treatment of pegylated IFN with riba
virin showed significant improvement at 14-days survival with
out adverse effects [62]. Interestingly, in vitro sensitivity of
SARS-CoV-2 towards IFN-I was found to be more substantial
than SARS-CoV in a recent study [63]. Besides, it was con
cluded in another study that the IFN-α-2b sprays can mitigate
the SARS-CoV-2 infection [64].
In the current COVID-19 pandemic, the drug is used in
various clinical trials (ClinicalTrial.gov) either alone or in com
bination with ribavirin or LPV/RTV or both options. Some
observational cohort studies [65,66] reported favorable
responses of the drug to the treatment of SARS-CoV-2 infec
tion combined with ribavirin and LPV/RTV. In another uncon
trolled, non-randomized, exploratory study, Zhou et al. [67]
found that the drug with or without arbidol (umifenovir)
shortened the duration of viral shedding in the upper respira
tory tract and reduced the inflammatory markers in the blood.
In an open-label, randomized, phase II trial, the drug with
ribavirin and LPV/RTV (triple combo) exhibited significantly
lower recovery time with superior efficacy and safety than
LPV/RTV control group in preventing the SARS-CoV-2 viral
load along with its complications [53].

Umifenovir, a broad-spectrum antiviral agent, popularly
known as Arbidol (ARB), is a licensed drug in Russia and
China for prophylactic use against the influenza virus [68]. It
has exhibited in vitro and or in vivo antiviral activity against
enveloped or non-enveloped DNA or RNA viruses, including
influenza, hepatitis, Zika, Lassa, Ebola, and SARS coronavirus
[68–70]. ARB blocks cell entry and shows high sensitivity to
a host of infections with an excellent safety profile, which can
be considered a fighting tool against infectious disease out
break [71]. The wide-range antiviral potency of ARB against
a plethora of viruses is mainly due to its duel effects as
a direct-acting antiviral (DAA) and host-targeting agent
(HTA). The drug interacts with membrane or aromatic amino
acids in the proteins that could directly impact the virus itself
or multiple stages of the virus life cycle. The drug also binds
with lipid membranes and modifies the membrane structure
of the cytoplasm or the endosome, which is pivotal for viral
attachment and fusion [68]. Furthermore, the drug efficiently
modulates the inflammatory cytokines and mitigates acute
inflammation, which might be beneficial to SARS-CoV-2
infected patients [72].

Meanwhile, plenty of retrospective studies published out
comes of the antiviral effects and safety profile of the drug in
patients with COVID-19 [75]. Yang et al. [76] observed 164
health professionals (82 infected and 82 uninfected) and
found a lower incidence of COVID-19 but not in hospitalization
rate. This study suggested the use of the drug as
a prophylactic treatment for vulnerable and high-risk patients.
A cohort study on 69 COVID-19 patients exhibited that ARB
decreased the fatality rate and improved the hospital dischar
ging rate [77]. Another study concluded that the drug showed
shortening of recovery time superior to that of LPV/RTV with
no observed adverse effects [78]. Lian et al. [79] conducted
a retrospective cohort study on 81 non-ICU COVID-19 patients;
unfortunately, the drug was not found to minimize the recov
ery time or improve prognosis, compared to symptomatic and
supportive care. Another study showed that the combination
of ARB with LPV/RTV showed the significant SARS-CoV-2 clear
ance compared to monotherapy of LPV/RTV at day-7 (75% vs.
35%, p< 0.05) [80]. All the above retrospective studies were
with a limited number of patients, and the findings were
controversial. Therefore, the safety and efficacy of the drug
against SARS-CoV-2 infection need to be further examined
through a well-designed, controlled, randomized clinical
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study. An open-label, randomized, controlled, phase IV clinical
trial (NCT04260594) commenced on 380 adult SARS-CoV-2
infected patients with pneumonia in China to assess the safety
and efficacy of ARB. Some other randomized clinical trials
(ClinicalTrials.gov; for example, NCT04273763) are ongoing in
combination therapy to evaluate the efficacy and safety of the
drug against COVID-19 patients.

3.2. Anti-parasitic drugs
3.2.1. Chloroquine (CQ) or Hydroxychloroquine (HCQ)
The antimalarial drug CQ and its hydroxylated form HCQ have
been reported to exhibit promising anti-COVID-19 activity in
numerous scientific articles from the early phase of the current
pandemic. Since these drugs have immune-modulating prop
erties, scientists have initially recommended these drugs as
potent antiviral drugs to treat COVID-19. Having weak basic
property, CQ or HCQ upgrades intracellular endosomal pH,
inhibiting cell fusion, and enzyme activation, which is essential
for viral replication [81]. On the contrary, these drugs addi
tionally halt viral entry into the cell by affecting the glycosyla
tion of the angiotensin-converting enzyme-2 (ACE-2) in the
cell surface of the lung [82]. In various in vitro cell culture tests,
CQ showed EC50 of 1–8.8 and 3 µM against SARS-CoV and
MERS-CoV, respectively [83]. In 2005, Vincent et al. [82] initially
reported that CQ showed its anti-SARS-CoV effect in primate
cells therapeutically and prophylactically. After some years,
Keyaerts et al. [84] tested the in vivo antiviral activity of CQ
against the human coronavirus strain OC43 (HCoV-OC43, caus
ing upper and lower respiratory tract infections, including
pneumonia and bronchiolitis) in a newborn mice model.
They reported that CQ inhibited the replication of HCoVOC43 in HRT-18 cells and estimated the EC50 and 50% cyto
toxic concentration (CC50) to be 0.306 ± 0.0091 µM and
419 ± 192.5 µM, respectively, expressed as mean ± standard
deviation (SD) [84].
Interestingly, Wang et al. reported that in a Vero E6 cell
culture experiment, CQ demonstrated its anti-SARS-CoV-2
activity with EC50 of 1.13 µM [22]. In China, CQ phosphate
proved its safety and efficacy against COVID-19 pneumonia in
multicenter clinical trials during February 2020. Therefore, the
drug was recommended for inclusion in the list of drugs for
the prevention and treatment of COVID-19-related pneumonia
in China [85]. By using physiologically based pharmacokinetic
(PBPK) models, Yao et al. [86] tested comparatively the in vitro
pharmacological efficacy of CQ and HCQ in simulated lung
cells. The loading dose for oral HCQ sulfate was 400 mg twice
daily, and the maintenance dose was 200 mg twice daily for
four days to treat SARS-CoV-2 infection, whereas the dose was
500 mg twice daily five days in advance for CQ. They observed
that HCQ (EC50 = 0.72 μM) showed much higher potency than
CQ (EC50 = 5.47 μM) in this PBPK model. It is essential to note
that HCQ additionally showed its more tolerability with a high
dose for a long time [87]. To treat SARS-CoV-2 infection, HCQ
showed a less toxic profile than that of CQ in vitro [88,89].
The combination therapy of HCQ and azithromycin (AZT)
had become one of the most discussed topics globally after
the publication of the result of an open-label non-randomized
clinical trial on 36 COVID-19 positive patients [90]. After six

days of treatment, HCQ showed a significantly superior-profile
than the control group in curing SARS-CoV-2 infection of the
nasopharynx (n = 14 out of 20, 70% vs. n = 2 out of 16, 12.5%).
Moreover, Andreani et al. [91] proved the synergistic effect of
AZT along with HCQ in vitro and also recommended the
further use of this drug combination therapy against COVID19 at the early stage to avoid the development of respiratory
distress syndrome. During April 2020, it was reported that
approximately 80 clinical trials of CQ, HCQ, or both, some
times, along with other drugs, were registered globally [92]. In
early May 2020, Geleris et al. [93] promulgated the outcome
data of an observational study of HCQ in 1,446 hospitalized
patients with COVID-19 and found no significant association
with either lowering or augmenting the risk of intubation or
death (HR, 1.04; 95% CI = 0.82–1.32). This study did not
endorse the use of HCQ without the efficacy and safety con
firmation data from a randomized, controlled clinical trial.
Tang et al. [94] published the result of a multicenter, openlabel, randomized, controlled clinical trial (ChiCTR2000029868)
on 150 adult patients with mild to moderate COVID-19 symp
toms (HCQ = 75 and standard of care = 75). The trial outcome
was not promising for HCQ compared to the standard of care
alone in terms of being COVID-19 negative. Also, the adverse
effects of the HCQ group were more significant than those of
the control group [94]. Recently, WHO has banned its solidar
ity trial of the drug as the interim results showed that HCQ
made a little or no reduction in the mortality of COVID-19
hospitalized patients compared to standard of care [56].

3.2.2. Ivermectin (IVM)
IVM is an FDA-approved wide range anti-parasitic molecule
prescribed commonly to treat some tropical disorders like
onchocerciasis (river blindness) and intestinal strongyloidiasis
[6]. Generally, IVM, a macrocyclic lactone, causes paralysis and
subsequent death of the parasite resulting from hyperpolar
ization via selective binding with glutamate-controlled chlor
ide channel of the cell membrane [6,95]. As a versatile drug,
IVM has demonstrated its activity against numerous RNA
viruses such as HIV, flavivirus, influenza, dengue, Zika, West
Nile virus, some bacteria, and a few cancer cells [95]. This
promising drug has been distinguished as an inhibitor of the
interaction between the HIV-1 integrase protein (IN) and the
importin (IMP) α/β1 heterodimer, which is greatly responsible
for IN nuclear import. The twist point is that IVM inhibits this
IN nuclear import system and blocks viral replication [96]. In
a recent study, Caly et al. [97] reported that IVM showed
a promising anti-SARS-CoV-2 activity by ~5000 fold viral load
reduction at 48 h incubation period. After two h.p.i., in vitro
SARS-CoV-2-infected Vero-hSLAM cells were treated with 5 µM
of IVM, the IC50 value was estimated to be 2.5 µM. To reach
a desirable plasma concentration for tackling SARS-CoV-2, it
needs 50–100 folds more than one single dose for a 70 kg
adult in the treatment of onchocerciasis (14 mg). The pharma
cokinetic studies have proven that the required anti-SARS-CoV
-2 dose is up to 10 times higher in a single time (~120 mg)
than the safely tolerable USFDA-approved dose [98].
A systematic review and meta-analysis did not suggest using
the higher-than-the-approved dose due to its ocular adverse
effects [99]. This matter of crucial fact may decelerate the

EXPERT REVIEW OF ANTI-INFECTIVE THERAPY

further trial of this hopeful drug. Notwithstanding, some
in vivo experiments may fulfill the criteria, whereas it may be
unachievable in the in vitro tests [98]. An animal model study
with subcutaneous dosing of IVM proved three to four-fold
higher levels of the drug in pulmonary tissue than in plasma
one week after per os administration suggesting its utility in
respiratory disease [100]. However, several clinical trials are
underway (ClinicalTrails.gov) to assess the in vivo efficacy
and safety of IVM. Recently, a phase-I pilot trial in Iraq was
completed on 87 patients, where the effect of IVM was com
pared with HCQ and AZT [101]. The IVM treated group showed
better effectiveness (100% cure), shorter stay (7.62 ± 2.7 vs.
13.22 ± 0.90 days), and relatively safer compared to the HCQ
+AZT group. A number of phase II/III double-blind, rando
mized, controlled trials have been started to assess the safety
and efficacy of the combination therapy of HCQ and IVM in
hospitalized patients with COVID-19 [6].

3.2.3. Nitazoxanide (NTZ)
As a broad-spectrum anti-infective agent, NTZ has been repur
posed to treat influenza and other viral infectious diseases such
as hepatitis, parainfluenza, respiratory syncytial virus, corona
virus, rotavirus, norovirus, yellow fever, HIV, and Japanese ence
phalitis. NTZ was originally developed and commercialized as an
antiprotozoal agent throughout Latin America, India, Egypt, and
Bangladesh. This orally bioavailable, safe drug has also been
found to be a potent, broad-spectrum DNA and RNA viral
replication blocker in a cell culture assay [102]. NTZ alone, or
in combination with other drugs, has been recommended as
a drug candidate for the treatment of MERS-CoV infection due
to its promising antiviral effects [103]. In a phase IIb/III rando
mized, double-blind, placebo-controlled clinical trial
(NCT01227421), NTZ was examined to establish its safety and
efficacy in 650 patients with influenza virus, confirmed by RTPCR, and severe respiratory symptoms. Compared with placebo,
an oral dose of 600 mg twice daily for five days demonstrated
assuaging the duration of the one-day symptoms for influenzainfected patients with respiratory complications (p = 0.008)
[104]. Recently, Wang et al. [22] assessed the in vitro cytotoxic
properties of NTZ against SARS-CoV-2 with an EC50 value of
2.12 µM, determined by CCK-8 assays on Vero E6 cells. The
EC50 values for NTZ and tizoxanide, an active metabolite of
NTZ in LLC-MK2 cell culture, have been demonstrated to be
0.92 and 0.83 µM, respectively [103], which affirms the potency
of NTZ against COVID-19. A recently released clinical data sug
gests using NTZ with AZT instead of HCQ/AZT combination
based on first-line treatment for similar viral infections [105].
Although these in vitro data of NTZ are inspiring, more in vivo
and big clinical trial data are needed to support its mass use
against SARS-CoV-2. Several clinical trials using NTZ alone or in
combination with other drugs are underway (ClinicalTrial.gov),
and the results of these trials might give useful information for
safe and effective use of NTZ against COVID-19.

3.3. Immune-modulating drugs
3.3.1. Baricitinib (BCN)
BCN is an FDA-approved immunosuppressing agent com
monly prescribed for the treatment of moderate to severe
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rheumatoid arthritis (RA). It is popularly known as the Janus
kinase (JAK) inhibitor that selectively inhibits JAK1 and JAK2
enzymes, which are correlated with cytokine production. Thus,
the drug shows anti-inflammatory effects [106]. Viral cell entry
is directly dependent on the receptor-mediated endocytosis
process regulated by the adapter protein-2 associated kinase
protein 1 (AAK1). BCN disrupts the cell entry of the virus by
inhibiting this AAK1 and consequently inhibits the intracellular
assembly of virus particles [107]. Furthermore, this JAK inhibi
tor binds with another regulator of endocytosis, named cyclin
G-associated kinase (GAK), and similarly restricts the viral entry
into the cell [108].
Richardson et al. [109] proposed in early February 2020 that
BCN might be a promising therapeutic option for the treat
ment of SARS-CoV-2 as regular dosing of this drug (safe and
tolerable dose of 2 or 4 mg per day [110]) are capable of
reaching its plasma concentration for AAK1 inhibition.
Interestingly, Favalli et al. [111] criticized this proposal by
elaborating that blocking the JAK, signal transducer, and acti
vator transcription protein (JAK-STAT) through the immunecompromising agent BCN may induce a disability in inter
feron-mediated antiviral potentiality. They also noted the aug
mented risk of herpes zoster and simplex infection owing to
this immunosuppressant treatment reported by Smolen et al.
[110]. However, Richardson et al. [112] have clarified in
a response in the same journal that such latent infections
might not be reactivated because of the 7–14 days or shortterm use of BCN. Moreover, they claimed that the JAK-STAT
signal blocking treatment strategy is a promising option for
patients hospitalized with SARS-CoV-2 infection. The resolu
tion of this controversy awaits data from some ongoing pro
spective studies (for example, NCT04320277 and
NCT04321993).
A pilot study to assess the safety and clinical impact of BCN
therapy (4 mg/day for two weeks) was conducted on 12
patients (median age: 63.5, IQR = 57.7–72.2) with moderate
COVID-19 pneumonia. The small scale study exhibited the
safety of BCN with clinical improvement and alleviated the
severity of COVID-19 illness [113]. Among several ongoing
trials on BCN, an open-label, non-randomized, phase II clinical
trial (NCT04321993) has been initiated to confirm the safety
and efficacy of triple combination therapy of BCN with LPV/
RTV and HCQ in the treatment of moderate to severe SARSCoV-2 infection. This promising triplex synergistic strategy
might be used in this pandemic to reduce viral infection,
replication, and pathological inflammation in the host
cell [114].

3.3.2. Tocilizumab (TCZ)
The recombinant monoclonal antibody, and interleukin-6 (IL6) receptor blocker, TCZ, was developed to treat a chronic
systemic inflammatory disease, rheumatoid arthritis (RA)
[115]. RA is distinguished by activation of T-cells with B-cell
proliferation, which releases metalloproteinase, a damaging
tissue enzyme, and subsequently causes joint destruction in
feet and hands [116]. Many scientific articles [117–119] have
highlighted that COVID-19 is conventionally characterized by
hyper-inflammation owing to increased cytokines (IL-1, IL-2, IL6, IL-7, IL-10, IL-12, TNF-α, IFN-α) level, causing cytokine storm
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syndrome, which is further instigated by viral replication. Most
deaths during the SARS-CoV and MERS-CoV epidemics were
caused by cytokine syndrome [120]. In COVID-19 patients,
cytokine syndrome causes severe ARDS and respiratory failure
and elevates C-reactive protein determining the severity of
coronavirus infection [120]. In this regard, the mortality rate
of patients with severe SARS-CoV-2 infection and hyperinflammation might plummet with JAK and cytokine inhibitors
[118].
Xu et al. [119] observed in 20 hospitalized patients that,
after five days of TCZ administration, 75% of patients (15 out
of 20) reduced their oxygen therapy, and absorption of lung
lesion opacity was affirmed by computerized tomography in
19 of patients. Blood lymphocytes decreased from
15.52 ± 8.89% (mean ± SD) to normal after the fifth day of
treatment in 85% patients (17 out of 20), and no significant
side effects were observed in 52.6% patients (10 out of 19)
[119]. Alattar et al. [121] reported that TCZ dramatically
decreased the need for ventilator support (84% vs. 60%
on day 7, p = 0.031; and 84% vs. 28% on day 14, p = 0.001),
radiological amelioration (44% and 68% of patients on days 7
and 14, respectively), and significantly suppressed inflamma
tory biomarkers in severely infected SARS-CoV-2 patients. In
another study, Luo et al. [122] concluded that TCZ given in
repeated doses exhibited efficacy in treating severe cases
associated with elevated IL-6 cytokine storms. Kewan et al.
[123] found a shorter duration of invasive mechanical ventila
tion (7 days [IQR: 4–14] vs. 10 days [IQR: 5–15]; p = 0.11),
vasopressor support (2 days [IQR: 1.75–4.25] vs. 5 days [IQR:
4–8]; p = 0.039), and the lower median time to clinical
improvement compared to no TCZ group of patients in
a cohort study. In another article, Capra et al. [124] concluded
that the drug showed significantly higher survival rate (HR for
death = 0.035; 95% CI = 0.004–0.347; p = 0.004) compared to
control group (HCQ + LPV/RTV). Tomasiewicz et al. [125]
demonstrated from a multicenter, retrospective study that
TCZ attenuated the inflammatory response and caused super
ior clinical status of severe SARS-CoV-2 infected patients.
Another more detailed and prospective clinical study was
conducted in Italy on 100 hospitalized COVID-19 patients
associated with ARDS and pneumonia (88 males and 12
females; average age 62 years), 43 and 57 of whom were
admitted to the ICU and general ward, respectively [126].
The required dose of TCZ was 8 mg/kg, given two times
intravenously 12 h apart, with a third infusion given optionally
based on clinical monitoring. Among the 100 patients, 77
achieved respiratory improvement, and 23 worsened in their
condition after 10 days of treatment; of the 23, 20 died.
However, Toniati et al. [126] initially concluded from this
clinical outcome that rapid (within 12 to 72 h) patient
response to TCZ had been addressed as a promising rescue
option for critically ill patients with hyper-inflammatory syn
drome. Another large, retrospective, observational cohort
study on 1,351 patients hospitalized with COVID-19 and severe
pneumonia concluded that administration of TCZ reduced the
need for mechanical ventilation and the death rate of critically
ill patients (adjusted HR, 0.61; 95% CI, 0.40–0.92; p = 0.020)
[127]. These preliminary findings are encouraging for large,
randomized, clinical trials. Roche has recently published the

primary endpoint of phase III, double-blind, placebocontrolled clinical trial (COVACTA, NCT04320615) to assess
the safety and efficacy of TCZ on hospitalized patients with
severe COVID-19. TCZ did not show no statistically significant
difference in clinical improvement compared to placebo (odds
ratio = 1.19, 95% CI = 0.81–1.76; p= 0.36) and mortality rate
(19.7% vs. 19.4%; difference = 0.3, 95% CI = −7.6–8.2;
p= 0.9410) in four weeks [128].
Currently, a host of clinical trials are ongoing to assess the
safety and efficacy of TCZ in SARS-CoV-2-infected patients in
many countries [129]. In the First Affiliated Hospital of the
University of Science and Technology of China,
a randomized, controlled, multicenter clinical trial
(ChiCTR2000029765) has been initiated to investigate the
safety and efficacy of TCZ on 188 COVID-19 volunteers, includ
ing critically ill patients with risk factors [130].

3.3.3. Anakinra (AK)
AK, an FDA-approved recombinant human IL-1 receptor
blocker, is frequently prescribed to treat RA and autoinflammatory syndromes [131]. The obvious correlation of IL1, cytokine storm syndrome, and SARS-CoV-2 infection has
been elaborated in the previous section. The reduction of proinflammatory cytokines has a significant beneficial effect in
virally induced hyper-inflammation or ARDS suggesting the
experimental use of IL-1 antagonist in COVID-19 [132].
Besides IL-6, targeting IL-1 might be an effective and safe
strategy to reduce mechanical ventilation in moderate to
critical SARS-CoV-2 infected patients with pneumonia [118].
Recently, numerous observational cohort or case series
studies have disclosed the effect of AK on patients with mod
erate to critical SARS-CoV-2 infection. Some small, open-label,
retrospective case series studies [133–136] displayed promis
ing results of AK in the treatment of moderate to severe
COVID-19 pneumonia patients with safety profiles. The sub
cutaneous dose of the drug was 100 mg/12 h for the first
three days and 100 mg/24 h for the next seven days [133,137].
In another similar study, Pontali et al. [138] concluded that
a high dose of intravenous AK was safe and promising in
treating cytokine storm syndrome with moderate to severe
COVID-19. Some other case report studies [139–142] endorsed
using the drug in severe COVID-19 pneumonia to prevent
inflammation and multi-organ dysfunction. The drug came to
focus more after publishing the outcomes of a prospective
cohort study on 96 patients (AK group = 52 and standard of
care = 44). The drug significantly minimized both requirement
of invasive mechanical ventilation in ICU (25% vs. 73%) and
the mortality rate among the severe COVID-19 patients with
no serious adverse effects [137]. Numerous clinical trials have
been initiated to evaluate the safety and efficacy of AK in the
treatment of SARS-CoV-2 infection [143].

3.3.4. Corticosteroids (CTS)
As CTS are immunomodulatory drugs and play a vital role in
immune homeostasis, we may not anticipate any apparent
antiviral effects in treating SARS coronavirus infection. It is
noteworthy that no research has reported tracing any cyto
pathogenic effects of CTS alone in treating the SARS virus
[144]. Chen et al. [145] published a promising retrospective
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study on 401 patients with severe SARS infection and oxygen
indexes lower than 300 mg Hg (152 critical patients: daily dose
105.3 ± 86.1 mg, and 249 noncritical patients: daily dose of
133.5 ± 102.3 mg). They observed that the proper use of CTS
reduced the mortality rate and hospitalization duration for
critically ill patients. Moreover, a systematic review and metaanalysis concluded that the fatality rate, need for mechanical
ventilation, and hospital stays were shortened by nearly 3%,
5%, and one day, respectively, upon treatment with CTS [146].
However, it is worth mentioning that CTS has failed to
produce significant clinical improvement in noncritical
patients [145]. In a placebo-controlled, randomized, doubleblinded prospective study, Lee et al. [147] found a higher
plasma viral load due to hydrocortisone at the early stage of
illness (within a week). CTS treatment was associated with
delayed MERS-CoV RNA clearance (adjusted HR = 0.35, 95%
CI = 0.17–0.72; p = 0.005), but results did not show any
significant association with 90-day fatality (adjusted odds
ratio = 0.75; 95% CI = 0.52–1.07; p = 0.12) for critical patients
infected with MERS coronavirus [148]. A high dose of methyl
prednisolone caused glucocorticoid-induced diabetes in 36.3%
of 99 hospitalized SARS-CoV-infected patients, as reported by
Xiao et al. [149].
From the analyses of previous clinical data of CTS against
SARS, MERS, influenza, and respiratory syncytial virus infec
tions, Russell et al. [150] found a little net advantage. They
recommended not to prescribe CTS in SARS-CoV-2-mediated
lung infection, barring a clinical trial. However, in an early
rebuttal, Shang et al. [151] suggested that, for patients with
COVID-19-related severe pneumonia, patients suffering from
hypoxia, or chronic users, CTS should be prudently prescribed
at low to moderate dose (0.5–1.0 mg/kg methylprednisolone
or equivalent daily) after the risk-benefit ratio has been
weighed. Nevertheless, the authors [150,151] of both articles
published in February 2020 considered it imperative to con
duct a randomized, controlled, clinical trial to determine treat
ment guidelines of CTS therapy for critically ill patients with
COVID-19.
Another retrospective cohort study [152] on 201 COVID-19
patients disclosed that the administration of methylpredniso
lone lowered the risk of fatality for patients with ARDS (hazard
ratio 0.38; 95% CI = 0.20–0.72; p = 0.003). However, a systema
tic review published in April 2020 states that studies so far do
not endorse the daily administration of CTS to SARS-CoV-2
patients until the outcomes of ongoing clinical trials are dis
closed [153].
A breakthrough with an inexpensive and commonly used
steroidal anti-inflammatory drug, dexamethasone, was
reported to reduce the mortality rate by 33% for critically ill
COVID-19 patients on ventilator support [154]. Very recently,
the ‘RECOVERY’ collaborative group published the preliminary
outcome of an open-label, randomized, controlled clinical trial
(NCT04381936) on 6,425 hospitalized patients with COVID-19
(dexamethasone = 2,104 and standard of care = 4,321) in
28 days therapy [155]. The drug exhibited lower fatality rate
among COVID-19 patients receiving mechanical ventilation
(29.3% vs. 41.4%; rate ratio = 0.64; 95% CI = 0.51–0.81) or
oxygen therapy alone (23.3% vs. 26.2%; rate ratio = 0.82; 95%
CI = 0.72 to 0.94) but not for those were receiving any
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respiratory support (17.8% vs. 14.0%; rate ratio = 1.19; 95%
CI = 0.91 to 1.55). The report, congratulated by WHO [156],
also shared that dexamethasone treatment lowered the death
rate by 20% in patients undergoing oxygen therapy but not
on ventilator support. However, the results of this trial did not
support using this therapeutic approach for noncritical
patients not receiving oxygen or ventilator support, as they
failed to exhibit improvement from treatment with dexa
methasone [154].

3.3.5. Convalescent plasma (CP) therapy
CP therapy is the process of enhancing passive immunity
through antibody donation to a vulnerable patient from
a donor who has recently attained neutralizing antibodies
(NAbs) against the same viral infection [157]. Crucial for viral
clearance, NAbs bind to the coronavirus binding receptor
protein, hinder viral entry to the cell and inhibit virus prolif
eration [158]. Because of the unavailability of approved and
effective treatment options, CP transfusion has been investi
gated for numerous infectious diseases throughout history,
such as Spanish flu, avian flu, Ebola, influenza, SARS-CoV,
and MERS-CoV infections [159,160].
A clinical study on 80 severely infected SARS-CoV-positive
patients was conducted in Hong Kong; 33 patients showed
good outcome, defined as discharge 22 days after the onset of
symptoms, and 47 patients exhibited poor outcome (average
age [mean ± SD]: 37.9 ± 12.5 and 50.2 ± 15.1, respectively;
p < 0.001) [161]. Griensven et al. [162] noted that CP therapy
(200 to 500 mL twice daily with a distinct concentration level
of NAb) was not associated with noteworthy improvement in
survival rate in a non-randomized, comparative study of 99
confirmed Ebola patients. Similarly, an open-label, rando
mized, multicenter, phase II clinical trial on patients with
severe influenza in the USA, conducted by Beigel et al. [163],
observed no significant preliminary improvement. However,
the strategy was safe and well-tolerated. Additionally,
a phase III, double-blind, randomized trial concurred that the
benefit of using high-titer anti-influenza plasma did not sig
nificantly differ the plasma without the relevant antibo
dies [164].
In this current COVID-19 pandemic, clinicians have begun
investigating this treatment option for critically ill patients
infected with SARS-CoV-2. Zeng et al. [165] published a brief
report on six COVID-19-positive patients with respiratory fail
ure treated with CP on average 21.5 days after viral detec
tion. Interestingly, all CP-administered patients received
negative viral reports within three days, whereas five
patients died. The authors reported that, despite reducing
viral shedding, CP could not attenuate the fatality rate for
severely ill patients in the latter stages of the disease; this
approach should be adopted in an earlier infection phase.
Duan et al. [166] reported outcomes from a clinical pilot
study on 10 severely ill COVID-19 patients who were admi
nistered one dose of 200 mL plasma containing a high con
centration of NAbs, demonstrating rapid improvement of
clinical and radiological symptoms within three and seven
days, respectively. An uncontrolled case series study on five
severely ill patients (two women and three men, age: 36–65)
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with SARS-CoV-2 and ARDS reported that administration of
methylprednisolone, antivirals, and CP transfusion within 10
to 22 days after hospitalization cured all the patients [167].
Zhang et al. [168] found no profound adverse effect and
indicated the CP therapy might be a potential treatment
option for critically ill patients with SARS-CoV-2 infection.
Another study in Wuhan, China, conducted by Ye et al.
[169] pointed out the therapy is specific and useful for
COVID-19. With the analysis of previous clinical data of CP
therapy against various viral infectious diseases along with
the recent SARS-CoV-2 infection, Sridevi et al. [170] con
cluded that the therapy could be efficiently applied for the
prophylactic treatment of severe COVID-19 in the absence of
any approved drug or vaccine.
An open-label, randomized, multicenter clinical trial
(ChiCTR2000029757) on 103 severe patients with COVID-19
(CP + standard of care = 52 and only standard of care (con
trol) = 51) was conducted to assess the safety and efficacy of
CP therapy against COVID-19 [171]. After 28 days, clinical
improvement was recorded in 51.9% (n = 27 out of 52) and
43.1% patients (n = 22 out of 51) for CP therapy and control
group, respectively (difference = 8.8%, 95% CI = −10.4%–28%,
p = 0.26). In addition, there was a reduction of fatality rate,
which is not statistically significant (15.7% vs. 24.0%;
OR = 0.65, 95% CI = 0.29–1.46; p= 0.30). However, CP therapy,
a potential low-risk fighting tool along with antiviral or anti
microbial drugs, displayed anti-COVID-19 effects in reducing
the mortality rate and improving clinical symptoms [172].
Nevertheless, researchers are awaiting the clinical outcomes
of several ongoing, large, randomized, double-blind, con
trolled trials before finalizing a decision on the safety and
efficacy of CP therapy [172,173].

3.4. Miscellaneous drugs
3.4.1. Renin-angiotensin-system (RAS) blockers
SARS-CoV-2 virus utilizes its viral spike protein to interact with
angiotensin-converting enzyme-2 (ACE-2) and subsequently
enter the host cell [174]. This membrane-bound ACE-2 con
verts the angiotensin II to angiotensin-(1-7), which conse
quently restricts angiotensin II from binding with angiotensin
II type I receptor (AT1R). Thus, ACE-2 limits various detrimental
effects resulting from the activation of AT1R like vasoconstric
tion, inflammation, and thrombosis [175]. A plethora of studies
proved that the use of angiotensin-converting enzyme inhibi
tors (ACEIs) and angiotensin II receptor blockers (ATRBs) might
augment the expression of ACE-2, which motivates the cardioprotective and antihypertensive actions [176,177]. Kuba et al.
[178] showed the down-regulation of ACE-2 expression by
SARS-CoV infections that can be alleviated by inhibiting the
renin-angiotensin-system (RAS). In contrast, Fang et al. [179]
and Jarcho et al. [180] concerned that owing to the upregulation of ACE-2 mediated by ACEIs and ATRBs, may
increase the target receptors of SARS-CoV-2 virus, which con
sequently worsens the infections. Based on the hypothesis,
ARBs and ACEIs might be harmful to patients with COVID-19
[179,181]. However, this is only a hypothesis that has created
confusion, and several scientists proposed RAS blockers as
tentative anti-COVID-19 drugs [182].

Recently, plenty of observational studies have been con
ducted to assess the effects of ACEIs and ATRBs on COVID-19
patients. None of the outcomes exhibited the increased risk of
using these RAS blockers on SARS-CoV-2 related severity or
death [183]. After analyzing a case population study, Abajo
et al. [184] interpreted that the RAS blockers had no role in the
augmentation of COVID-19 risk requiring hospitalization and
were not discontinued for ICU patients. In a cohort study on
1,200 patients with COVID-19, Bean et al. [185] found no
evidence for the elevated illness of SARS-CoV-2 infection
owing to chronic use of ACEI/ATRB. Similarly, Li et al. [186],
Mancia et al. [187], and Reynolds et al. [188] found no associa
tion between ACEI/ATRB administration and mortality or
severity of SARS-CoV-2 infections. Zhang et al. [189] operated
a retrospective, multicenter study on 1,128 hypertensive hos
pitalized adult COVID-19 patients and found that the ACEI/
ATRB receiver group of patients showed lower mortality than
the non-receiver patients. Furthermore, results from broader
meta-analysis and randomized controlled clinical trials are
needed to conclude RAS inhibitors’ safety and efficacy against
the SARS-CoV-2 infections [185].

3.4.2. Protease inhibitors: Nafamostat mesylate (NSM)
NSM is an FDA-approved anticoagulant drug that is frequently
prescribed in the treatment of acute pancreatitis. The drug has
been identified as a protease inhibitor during the MERS-CoV
outbreak and prevented membrane fusion of MERS virus
through inhibiting transmembrane protease serine 2
(TMPRSS2) [190]. The spike protein (S) of the SARS-CoV-2
virus depends on TMPRSS2, which activates the S protein
and thereby mediates the viral cell entry. Therefore, targeting
the TMPRSS2 might be a possible way to fight the novel
coronavirus 2019 [174]. Wang et al. [22] have demonstrated
in vitro anti-SARS-CoV-2 action of NSM by measuring the EC50
value of 22.50 µM. In another comparative study, Ko et al.
[191] found the drug as the most potent antiviral agent in
human lung cells (IC50 = 0.0022 µM).
Similarly, camostat mesylate is another serine protease
inhibitor that showed potency against COVID-19 by blocking
TMPRSS2 [174]. Some clinical trials are ongoing to evaluate its
safety and efficacy against SARS-CoV-2 infection in Denmark
(NCT04321096) and Germany (NCT04338906). Interestingly,
NSM has demonstrated 15-fold higher efficiency than camo
stat mesylate in terms of inhibition of entry of SARS-CoV-2
virus into the host cells (EC50 = 5 nM vs. 87 nM) [192].
Furthermore, NSM potentially blocked SARS-CoV-2 S proteinmediated fusion and prevented viral infection in a cell fusion
assay (EC50 = 10 nM, which was much lower than its blood
concentration) [193]. Hence, NSM showed a good safety pro
file and displayed many folds potent action compared to
camostat mesylate, and NSM demands randomized controlled
clinical trials [193]. Besides, NSM has an advantage in mana
ging disseminated intravascular coagulation (DIC) with
enhanced fibrinolysis seen in SARS-CoV-2 infected
patients [194].
In a small case series study, Doi et al. [195] found a lower
mortality rate of COVID-19 patients treated by NSM combined
with FPV, suggesting their synergistic effects against patients
with COVID-19. Very recently, a multicenter, single-blind,
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randomized controlled trial (jRCTs031200026) has been started
in Japan to evaluate the safety and efficacy of NSM with FPV in
patients with COVID-19 pneumonia [195]. Meanwhile, some
more clinical trials have been registered (ClinicalTrial.gov) to
assess the drug in the treatment of COVID-19 (Table 1).

3.4.3. Tetracycline
Tetracycline or its derivatives doxycycline (DOX) or minocy
cline (MIN) etc. are drugs of a pleiotropic family of compounds
having a broad-spectrum antibacterial property with welltolerability and good safety profile. Tetracycline (DOX/MIN) is
perceived as an inhibitor of bacterial protein synthesis by
interacting with the bacterial ribosome’s 30S subunit. Apart
from the bacteriostatic activity, the drugs have been proven
to have versatile activities as effective anti-malarial, potent
anti-apoptotic, matrix metalloproteinase inhibitor, antioxidant, anti-inflammatory, or pro-inflammatory cytokines
inhibitory agents [196]. Several preclinical studies hitherto
reported that along with these properties, the drugs (DOX/
MIN) had shown efficacy by interacting with various doublestranded RNAs (dsRNAs) of positive-sense RNA viruses, includ
ing SARS-CoV-2 [197–199]. Besides, the high affinity of DOX or
MIN to chelate with metal ions like magnesium ions in the
cytoplasm might mediate the anti-SARS-CoV-2 activity
[200,201]. Since DOX and MIN are known to have active
effects against hyper-inflammation or pro-inflammation
induced by cytokines and matrix metalloproteinase, the use
of the tetracycline against COVID-19 might be strengthened
[196]. Therefore, DOX/MIN may be applied to combat SARSCoV-2 infection as a double-edged sword to block the viral
replication and mitigate the cytokine storm or host inflamma
tory responses [199].
Moreover, the cost-effective antibiotic, MIN, carries lower
potential drug interaction with other investigational antiCOVID-19 drugs. Besides, MIN has been attracting scientists
because of its practical use to treat SARS-CoV-2 infectionrelated myocardial injury and life-threatening secondary bac
terial infection like pneumonia. Here, it is crucial to bear in
mind before prescription that the drug has a lack of direct
preclinical evidence of efficacy against COVID-19 and clinical
trials yet to be published. Apart from this, the drug has poten
tial teratogenicity, which hinders its application during preg
nancy [202]. Yates et al. [203] conducted a case series study on
high-risk, symptomatic COVID-19 patients with lung dysfunc
tions and reported rapid clinical improvement associated with
DOX treatment. Plenty of scientists evaluated the scope,
opportunities, and challenges of the use of tetracycline
(DOX/MIN) to tackle the COVID-19 or to get plausible syner
gistic effects with other investigational anti-SARS-CoV-2 thera
pies and recommended large-scale randomized controlled
clinical
trials
before
its
widespread
prescription
[199,202,204,205]. A randomized, placebo-controlled clinical
trial (NCT04371952) has already been commenced to assess
the safety and efficacy of DOX against COVID-19 in terms of
abolishing cytokine explosion. Some other clinical trials
(ClinicalTrials.gov; for example, NCT04523831, NCT04551755)
of DOX with other drugs (for example, IVM) are undergoing to
evaluate the safety and efficacy against COVID-19 patients
compared to standard of care.
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4. Conclusion
In this review article, we have discussed the most potential
therapeutic options concisely against COVID-19 at the current
stage. To date, we could not find any completely serviceable
and approved drug to fight the SARS-CoV-2 infection effec
tively. This article has also pointed out the trial updates of the
most promising therapies in a systematic way, briefly in Table
1. The antiviral drugs like RDV, FPV, LPV/RTV, or other promis
ing options had not reached to the level of getting final
approval yet for the treatment of SARS-CoV-2, although RDV
and FPV showed some promise. RDV got emergency use
approval by the USFDA for severe patients. FPV earned
approval from the health authorities of Japan, China, India,
and Russia to treat mild to moderate COVID-19 patients.
However, we are waiting to get the outcomes of the ongoing
clinical trial data for conclusive decisions.
Meanwhile, the evidence of the current clinical trials does
not endorse the use of CQ/HCQ in the treatment of the dis
ease because of an unsatisfactory risk-benefit ratio. This drug
has demonstrated a high association with prolonged QT inter
val, including a life-threatening cardiac arrest for cardiovascu
lar patients. It is crucial to bear in mind that the CP therapy
seems to be the safest treatment up to the date, while its
efficacy for the severe COVID-19 patients has not been proved
with a randomized clinical trial yet. The anti-parasitic drug IVM,
monoclonal antibody-like TCZ, AK, and some immunosuppres
sing agents like BCN, CTS are showing promise and hopes; still,
it needs to wait for getting randomized clinical trial data for
the ultimate pronouncement. Only data from a large clinical
trial on Dexamethasone were completed, which concluded its
benefits in reducing death and oxygen therapy in severe
COVID-19 patients. NSM, ACEI, and ATRB are also under inves
tigation, although most clinical trials’ results are yet to be
obtained or disclosed. At last, an effective and safe vaccine is
an utmost necessity for combating COVID-19. Till the discov
ery of an effective vaccine, some of the drugs, as mentioned
above, can be repurposed based on their efficacy and safety
and the clinical conditions of the patients.

5. Expert opinion
COVID-19 pandemic has been augmenting the death toll day
by day throughout the universe. A safe and effective vaccine
development to eradicate SARS-CoV-2 may require a long time
because of tedious clinical trials. We must then rely on the
proper symptomatic treatments and implement preventive
and adamant control measures to attenuate the potential
routes of transmission of this disease. Despite several rules,
regulations and measures are undertaken by WHO and respec
tive Government authorities, infections remain out of control.
Meanwhile, drug repurposing has come into focus from the
early phase of this current pandemic.
As stated in the paragraphs mentioned above, many anti
virals, anti-parasitic drugs, immune-modulators, or some other
drugs alone or in combination were screened and passed
in vitro assays as primarily effective drugs against COVID-19.
The good thing is that plenty of clinical trials of the currently
available drugs are undergoing investigation to establish

1020

M. J. HOSSAIN AND S. M. A. RAHMAN

Table 1. Some important ongoing clinical trials of the repurposed drugs against COVID-19 (Data source: https://clinicaltrials.gov/ct2/home).
Drug code

Clinical Trial
identifier

Study Title

Phase Duration of the study

RDV

NCT04431453

RDV, TCZ

NCT04409262

RDV, HCQ

NCT04321616

Study to evaluate the safety, tolerability, pharmacokinetics, and efficacy of remdesivir (GS5734TM) in participants from birth to < 18 years of age with coronavirus disease 2019
(COVID-19) (CARAVAN)
A Study to evaluate the efficacy and safety of remdesivir plus tocilizumab compared with
remdesivir plus placebo in hospitalized participants with severe COVID-19 Pneumonia
(REMDACTA)
The efficacy of different anti-viral drugs in COVID-19 infected patients

RDV, HCQ,
LPV/RTV
RDV, HCQ,
LPV/RTV,
IFN-β
FPV

NCT04330690

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

2

NCT04315948

Trial of treatments for COVID-19 in hospitalized adults (DisCoVeRy)

3

NCT04425460

3

FPV

NCT04474457

A multi-center, randomized, double blind, placebo-controlled, phase 3 study evaluating
favipiravir in treatment of covid-19
Efficacy and safety of favipiravir in the treatment of COVID-19 patients over 15 years of age

FPV

NCT04358549

Study of the use of favipiravir in hospitalized subjects with COVID-19

2

FPV

NCT04373733

Early intervention in COVID-19: Favipiravir verses standard care (PIONEER)

3

FPV, HCQ

NCT04392973

Favipiravir and hydroxychloroquine combination therapy (FACCT)

LPV/RTV

NCT04409483

Evaluation of additional treatments for COVID-19: a randomized trial in Niger (TRASCOV)

3

LPV/RTV

NCT04372628

Trial of early therapies during non-hospitalized outpatient window for COVID-19 (TREATNOW)

2

ARB, IFN-β,
LPV/RTV,
HCQ
ARB

NCT04350684

Umifenovir in hospitalized COVID-19 patients (UAIIC)

4

NCT04260594

4

HCQ

NCT04340544

Clinical study of arbidol hydrochloride tablets in the treatment of pneumonia caused by novel
coronavirus
Hydroxychloroquine for the treatment of mild COVID-19 disease (COMIHY)

HCQ

NCT04429867

4

HCQ

NCT04345692

IVM

NCT04405843

Hydroxychloroquine use in hospitalized patients with COVID-19: impact on progression to
severe or critical disease
A randomized controlled clinical trial: Hydroxychloquine for the treatment of COVID-19 in
hospitalized patients (OAHU-COVID19)
Efficacy of ivermectin in adult patients with early stages of COVID-19

IVM

NCT04429711

Ivermectin vs. placebo for the treatment of patients with mild to moderate COVID-19

IVM

NCT04438850

COVidIVERmectin: Ivermectin for treatment of COVID-19 (COVER)

IVM

NCT04425707

Ivermectin in treatment of COVID-19 patients

IVM

NCT04445311

Ivermectin in treatment of COVID-19

2, 3

IVM, NTZ

NCT04351347

The Efficacy of ivermectin and nitazoxanide in COVID-19 treatment

2, 3

HCQ, IVM

NCT04391127

Hydroxychloroquine and ivermectin for the treatment of COVID-19 infection

3

BCN

NCT04421027

A Study of baricitinib (LY3009104) in participants with COVID-19 (COV-BARRIER)

3

BCN

NCT04373044

2

BCN, HCQ,
LPV/RTV
TCZ

NCT04321993

Baricitinib, placebo and antiviral therapy for the treatment of patients with moderate and
severe COVID-19
Treatment of moderate to severe coronavirus disease (COVID-19) in hospitalized patients

2

TCZ, CTS

NCT04345445

AK

NCT04443881

AK

NCT04364009

Clinical trial to evaluate the effectiveness and safety of tocilizumab for treating patients with
COVID-19 pneumonia
Study to evaluate the efficacy and safety of tocilizumab versus corticosteroids in hospitalized
COVID-19 patients with high risk of progression
Clinical trial of the use of anakinra in cytokine storm syndrome secondary to COVID-19 (ANACOVID-GEAS) (ANA-COVID-GEAS)
Anakinra for COVID-19 respiratory symptoms (ANACONDA)

AK, TCZ

NCT04339712

CTS

NCT04344288

CTS

NCT04359511

NCT04445272

2, 3
3
2, 3

NA

NA

3

3
2
NA
2
NA

2

3
2, 3
3

Personalized Immunotherapy for SARS-CoV-2 (COVID-19) Associated With Organ Dysfunction
(ESCAPE)
Corticosteroids during COVID-19 viral pneumonia related to SARS-CoV-2 infection (Corti-covid)

2

Efficacy and safety of corticosteroids in oxygen-dependent patients with COVID-19 pneumonia
(CORTICOVIDHUGO)

3

2

21 July 2020 to
Feb 2021
16 June 2020 to
1 December 2020
28 March 2020 to
Nov 2020
18 March 2020 to
18 May 2022
23 March 2020 to
Mar 2023
Jun 2020 to Sept
2020
11 June 2020 to
30 September 2020
17 April 2020 to
Dec 2020
1 May 2020 to
31 March 2021
21 May 2020 to
Nov 2021
1 June 2020 to Dec,
31, 2021
1 June 2020 to
1 May 2021
15 April 2020 to
21 April 2021
7 February 2020 to
30 December 2020
22 April 2020 to
30 September 2020
7 May 2020 to
7 December 2020
26 March 2020 to
31 December 2020
14 July 2020 to
14 December 2020
12 May 2020 to
31 October 2020
31 July 2020 to
Oct 2020
9 June 2020 to
1 September 2020
31 May 2020 to
15 August 2020
16 June 2020 to
30 December 2020
4 May 2020 to
30 September 2020
12 June 2020 to
1 September 2020
1 May 2020 to
1 May 2022
17 April 2020 to
Mar 2022
22 May 2020 to
22 August 2020
15 April 2020 to
Oct 2022
8 May 2020 to
Mar 2021
27 April 2020 to
24 September 2020
2 April 2020 to
1 April 2022
21 April 2020 to
Nov 2020
Jun 2020 to Dec 2020
(Continued )
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Table 1. (Continued).
Drug code

Clinical Trial
identifier

Study Title

Phase Duration of the study

CTS

NCT04395105

Dexamethasone for COVID-19 related ARDS: a multicenter, randomized clinical trial

3

CP

NCT04412486

COVID-19 convalescent plasma (CCP) transfusion

1

CP

NCT04418518

3

CP

NCT04384497

A Trial of convalescent plasma for hospitalized adults with acute COVID-19 respiratory Illness
(CONCOR-1)
Convalescent plasma for Treatment of COVID-19: An Exploratory Dose Identifying Study

CP

NCT04333355

Safety in convalescent plasma transfusion to COVID-19

1

NTZ

NCT04486313

3

NTZ

NCT04463264

2, 3

NTZ, HCQ

NCT04361318

Trial to evaluate efficacy and safety of nitazoxanide the treatment of mild or moderate COVID19
Efficacy and safety study of nitazoxanide (NTX) in the treatment of patients with SARS-CoV-2
virus infection (COVID-19)
Hydroxychloroquine and nitazoxanide combination therapy for COVID-19

NTZ, IVM

NCT04360356

Ivermectin and nitazoxanide combination therapy for COVID-19

2, 3

1, 2

2, 3

Stopping ACEI NCT04353596

Stopping ACE-inhibitors in COVID-19 (ACEI-COVID)

ACEI

NCT04364984

ARB, ACEi, DRi in COVID-19 (BIRCOV)

NA

RAS blockers

NCT04364893

NA

NSM

NCT04473053

Angiotensin receptor blockers and angiotensin converting enzyme inhibitors and adverse
outcomes in patients with COVID-19 (BRACE-CORONA)
Rapid Experimental Medicine for COVID-19 (DEFINE)

NSM

jRCTs031200026 Multicenter, single blinded randomized controlled, comparative study to evaluate the efficacy
and safety of favipiravir and nafamostat mesilate in patients with COVID-19 pneumonia
NCT04371952
DYNAMIC Study (DoxycYcliNe AMbulatoIre COVID-19) (DYNAMIC)

DOX

4

2, 3
3

21 May 2020 to
31 January 2021
1 June 2020 to
31 May 2022
Jun 2020 to Dec 2021
7 May 2020 to
Dec 2020
8 May 2020 to
21 April 2021
13 August 2020 to
30 October 2020
26 June 2020 to
26 October 2020
May 2020 to
Dec 2020
May 2020 to
Dec 2020
15 April 2020 to
15 May 2022
1 April 2020 to
1 August 2021
9 April 2020 to
1 December 2020
3 July 2020 to
3 December 2021
NA

1 June 2020 to
1 December 2020
Note: RDV = Remdesivir, FPV = Favipiravir, LPV/RTV = Lopinavir/Ritonavir, IFN-β = Interferon beta, ARB = Arbidol, CQ = Chloroquine, HCQ = Hydroxychloroquine,
IVM = Ivermectin, NTZ = Nitazoxanide, TCZ = Tocilizumab, AK = Anakinra, CTS = Corticosteroids, BCN = Baricitinib, CP = Convalescent Plasma,
ACEI = Angiotensin Converting Enzyme Inhibitor, RAS = Renin Angiotensin System, NSM = Nafamostat Mesylate, DOX = Doxycycline, NA = Not available.

a safer one for the treatment of COVID-19. Some old and
repurposed drugs exhibited promise in phase 2/3 trials, and
some trials have been postponed due to the severe side
effects of the tested drugs [56,92]. WHO initiated the
SOLIDARITY trial to compare RDV, CQ or HCQ, LPV/RTV, or
IFN-β with the standard of care. According to the
International Steering Committee’s recommendation, the CQ
or HCQ and LPV/RTV arms have been banned as interim
results analysis of these drugs showed no or little reduction
in COVID-19 fatality [52,56].
During the analysis of the prior published in vitro data, we
observed that some drugs had proved acceptable safety and
good pharmacokinetic profiles in human applications. RDV has
shown to have efficacy against moderate to severe COVID-19
patients with acceptable adverse effects. This promising drug,
combined with other drugs like TCZ and IFN-β might be useful
for mild to moderate COVID-19 patients. Some clinical trials
are now ongoing to evaluate the combination therapy of RDV
with other drugs (Table 1). FPV also showed promise with no
mentionable side effects in several clinical trials in Japan,
China, India, Russia, and Bangladesh. Besides, FPV demands
the combination with other drugs to enrich its anti-SARS-CoV
-2 effects, and that must have to be ascertained by rando
mized clinical trials. In fact, despite the current clinical effects
are promising, the use of these antiviral drugs or their combi
nation ought to be carefully envisaged in the treatment of
COVID-19.
Moreover, dexamethasone has proved its efficacy against
severe COVID-19 in a large clinical trial. It might be used in

3

severe cases to reduce mortality. However, dexamethasone or
other steroids in mild and moderate cases may deteriorate the
patient’s conditions. The use of JAK-STAT inhibitor (for exam
ple, BCN) and CTS/dexamethasone might be considered as
a double-edged sword to reduce hyper-inflammation in criti
cally ill COVID-19 patients. The immunosuppression is also
induced by TCZ or AK that may have some concerning effects
in COVID-19 patients with lymphopenia or leukopenia.
However, among all the anti-IL-6 receptor monoclonal anti
bodies, TCZ is the most effective to assuage cytokine storm
and use of invasive mechanical ventilation in COVID-19
patients with moderate ARDS. In the war against the deadly
and highly transmissible SARS-CoV-2 virus, these immunemodulating drugs can reduce the mortality rate if they could
be utilized judiciously in appropriate cases.
In the future perspectives, we can reveal that the researches
must be moved forward with both in vitro and in vivo studies that
will analyze the viral entry, replication, transcription, translation,
including the overall pathophysiological diagnosis. Besides, the
currently available safe and approved drugs should be screened
elaborately to situate an effective drug against the virus. The study
of pathogenesis or all the stages of the life cycle with the fate of
the infection of the virus in the host cell will facilitate to trace and
tackle the virus efficiently. Another important aspect is that the
researchers, health professionals, public health experts, and autho
rities must speculate to find the best way to fight the current or
future epidemic. Besides, drug discovery or vaccine development
should be emphasized by concerted efforts to obstruct the virus
transmission.
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