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ABSTRACT
Severe acute respiratory syndrome coronavirus-2 is responsible for COVID-19, a novel disease which 
was first identified in city of Wuhan in China. The World Health Organization declared official name 
of the disease as COVID-19. Due to presence of spike glycoproteins on its envelope, it was named as 
a coronavirus. Promising drug targets for anti-COVID activity include non-structural proteins such as 
3-chymotrypsin-like protease, papain-like protease, and RNA-dependent RNA polymerase. Additional 
drug target includes viral entry. Various drugs which are tested for COVID-19 infection are described here 
with their present status: (1) Lopinavir–ritonavir-Both the drugs are protease inhibitors and are given as 
combination therapy currently none of the guidelines recommend Lopinavir–ritonavir for the treatment 
of COVID-19, as clinical trials have not demonstrated its benefit in COVID-19. (2) Favipiravir (FPV)-
It is a broad-spectrum antiviral drug which acts by inhibiting viral RNA-dependent RNA polymerase. 
None of the organizational guidelines recommend using FPV in the management of COVID-19, due 
to varying results of existing clinical trials data. (3) Remipiravir (REM)-It is also a broad-spectrum 
antiviral drug which acts by inhibiting viral RNA-dependent RNA polymerase. United States Food and 
Drug Administration has approved the REM for the treatment of COVID-19 in adults and children above 
12 years in hospitalized COVID-19 patient. Drug Controller General of India has granted approval to 
REM for restricted emergency use for the treatment of COVID-19 but guidelines for the management of 
COVID-19 among children issued by the government of India mentions that there are insufficient data 
regarding safety and efficacy of REM in children below 18 years of age. The WHO has issued a conditional 
recommendation against the use of REM in hospitalized patients, regardless of disease severity, due to 
insufficient evidence that REM improves survival and other outcomes in these patients. Some of the newer 
antiviral drugs are in various phases of clinical trials for the treatment of COVID-19. How these potential 
COVID-19 treatments will translate to effective therapy in human is difficult to predict.

Keywords: Favipiravir, lopinavir–ritonavir, remipiravir, severe acute respiratory syndrome 
coronavirus-2

INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), a previously unknown pathogen, 
is responsible for COVID-19 a novel disease which 
was first identified in city of Wuhan in Central 
China. The name SARS-CoV-2 was given by 
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International Committee on Taxonomy of Viruses 
and World Health Organization (WHO) declared 
official name of the disease as COVID-19. Due to 
presence of spike glycoproteins on its envelope, it 
was named as a coronavirus.[1]

Viruses are obligatory intracellular microorganisms 
which rely on host’s biosynthetic machinery 
for multiplication. Effective antiviral agents 
preferentially inhibit virus-directed rather than host 
cell-directed nucleic acid or protein synthesis. Host 
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cell molecules that are essential to viral replication 
also offer targets for intervention. SARS-CoV-2, 
a single-stranded RNA-enveloped virus, targets 
cells through the viral structural spike(S) protein 
that binds to the angiotensin-converting enzyme 
2 receptor. Following receptor binding, the virus 
particle enters into host cells. Once inside the 
cell, virus then synthesizes RNA through its 
RNA-dependent RNA polymerase (RdRp) and 
other structural proteins are synthesized leading 
to completion of assembly and release of viral 
particles.[2]

Promising drug targets for anti-COVID activity 
include non-structural proteins (3-chymotrypsin-
like protease [3CLpro], papain-like protease 
[PLpro], and RdRp). Additional drug target 
includes viral entry. Viral replication is particularly 
active early in the course of COVID-19; therefore, 
antiviral therapy may have greatest impact before 
the illness progresses into hyperinflammatory state. 
For this reason, understanding the role of antiviral 
agents in treating disease of various severities is 
necessary to optimize treatment for COVID-19.

STATUS OF VARIOUS ANTIVIRAL 
AGENTS IN TREATMENT OF COVID-19

Finding the right treatment for the SARS-CoV-2 
continues to be a major challenge. The speed of the 
normal drug development pathway is unacceptable 
in context of the present global emergency, but 
repurposing existing drugs and genomic sequencing 
of COVID-19 has facilitated this process.[3] Various 
drugs which are tested for COVID-19 infection are 
described here with their present status.

Lopinavir–ritonavir (LPV/r)

LPV/r is the first antiviral agent which was used for 
the treatment of COVID-19. It was developed for 
inhibition of HIV protease. As HIV protease has 
minor difference to 3CLpro of SARS-CoV-2 which 
justified validity of this medication for the treatment 
of COVID-19. Lopinavir is a potent inhibitor of 
3CLpro coronavirus.[4] Ritonavir is also 3CLpro 
inhibitor, but its primary role is to prolong half-life 
of lopinavir through cytochrome P450 inhibition. 

Earlier studies suggest that early administration 
of LPV/r is effective in reducing viral load and 
improving clinical outcomes in patients with mild-
to-moderate COVID-19 disease.[5]

A randomized control trial LOTUS China 
(Lopinavir Trial for Suppression of SARS-Cov-2 
in China) was conducted by Cao et al. in adult 
patients hospitalized with COVID-19 at Jin Yin-
Tan Hospital, Wuhan, China, which concluded 
that no benefit was observed in time to clinical 
improvement and mortality with LPV/r beyond 
standard care in SARS-CoV-2 infection.[6] After a 
reviewing the findings of Cao et al., use of LPV/r 
was discouraged for the treatment of COVID-19. 
Piero Dalerba et al.[7] in letter to editor mentioned 
that the trial was statistically underpowered to show 
the outcome. It was suggested that LPV/r may be 
associated with substantial lowering of overall 
mortality and risk of respiratory failure. Author 
suggested that LPV/r should not be abandon for 
COVID-19, till approved treatment is developed. 
Osborne et al.[8] also concluded that if larger 
sample size was used, the significant beneficial 
effect of LPV/r would have been obtained. Various 
trials being conducted to determine if LPV/r is an 
effective treatment for COVID-19 are described 
below.
Recovery (Randomized Evaluation of COVID-19 
Therapy) trial was the randomized, controlled, and 
open-label trial, to compare various treatments 
(LPV/r, hydroxychloroquine, dexamethasone, and 
azithromycin) with standard care in hospitalized 
patients of COVID-19 which was conducted at 
176 hospitals in the UK. No significant difference 
was observed with LPV/r in time of discharge from 
hospital or number of patients discharged from 
hospital alive within 28 days compared to standard 
care.[9] These findings do not support the use of 
LPV/r for the treatment of COVID-19.
SOLIDARY trial was conducted at 405 hospitals in 
30 countries.[10] Results of the study are discussed 
later. Findings of this study had discouraged off-
label use of LPV/r in the present pandemic.
A Phase 2 randomized clinical trial was conducted 
to establish whether a combination of three 
modestly active drugs can improve the viral load 
profile and clinical parameters in adults with 
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COVID-19 requiring hospital admission from 
the three hospitals in Hong Kong. The patients 
having onset of symptom for <7 days received a 
triple combination of LPV/r and Ribavirin (RdRp 
inhibitor) with interferon (IFN)-beta-1b, while 
IFN-beta-1b was omitted in patients treated after 
7 days of symptoms, to avoid its proinflammatory 
effects. The patients assigned to the control group 
received only LPV/r as placebo was not accepted 
in China. In patients having prolonged QTc or 
hepatic abnormalality, LPV/r dose was reduced. It 
was observed that a triple combination, produced 
significant reductions in duration of viral positivity 
and viral load in all clinical specimens, compared 
with LPV/r alone.[11]

A small retrospective data analysis showed that viral 
load was negative at day 7 post-treatment in 75% of 
patients with COVID-19 treated with umifenovir 
(direct-acting antiviral) and LPV/r versus 35% in 
LPV/r alone.[12] At present, none of the guidelines 
recommend LPV/r for the treatment of COVID-19 
as clinical trials have not demonstrated its benefit 
in COVID-19.

Favipiravir (FPV)

It is being developed and manufactured by Toyama 
Chemical (Fujifilm group) during its transition 
from the photo business to healthcare. FPV is 
a broad-spectrum antiviral drug which acts by 
inhibition of viral RdRp.[13] FPV is a prodrug 
which is metabolized to its active form, FPV-
ribofuranosyl-5’-triphosphate (FPV-RTP), and 
may be misincorporated in a nascent viral RNA, 
thus preventing incorporation of nucleotides 
for viral RNA replication and transcription.[14] 

FPV is known to be teratogenic; therefore, its 
administration should be avoided during confirmed 
or suspected pregnancy.[15] The results of various 
controlled trials to assess the efficacy of FPV for 
COVID-19 have elucidated the role of FPV in the 
management of COVID-19.
In a randomized, parallel, multicenter, and 
Phase 3 trial, COVID-19 patients who were 
asymptomatic or having mild-to-moderate 
symptoms (CTRI/2020/05/025114) received FPV 
plus standard care versus standard care alone. 

Results suggested that time to cessation of viral 
shedding was not significantly different in both 
group, but time to clinical cure was significantly 
earlier, for FPV suggesting benefit of FVP in mild-
to-moderate COVID-19.[16]

The efficacy of FPV versus LPV/r for the 
treatment of COVID-19 (ChiCTR2000029600) 
in randomized trials was studied. The patients 
receiving FPV plus IFN-α were included in the 
FPV arm, whereas in control arm patients received 
LPV/r plus IFN-α. FPV showed better therapeutic 
responses in COVID-19 in terms of reduction in 
disease progression and viral clearance.[17]

A three arms exploratory trial was conducted in 
hospitalized adult patients with COVID-19. The 
patients were randomly assigned into baloxavir 
marboxil, FPV, and control group. The primary 
outcome was the percentage of viral negative 
subjects by day 14, time to clinical improvement 
and virus load reduction (ChiCTR 2000029544).[18] 
Study findings do not support any benefit of either 
baloxavir or FPV to the standard treatment.
In the United States, a Phase 2 trial (NCT04358549) 
with COVID-19, in collaboration with Brigham 
and Women’s Hospital and Massachusetts General 
Hospital, is being conducted. Results of this trial 
are not declared. In a prospective, randomized, 
and multicenter study (ChiCTR2000030254), FPV 
was compared with umifenovir for the treatment 
of moderate and severe COVID-19 infections. No 
significant differences were observed in clinical 
recovery at day 7, even though FPV significantly 
improved clinical symptoms earlier.[19]

The preliminary report on FPV observational 
registry from Japan in COVID-19 cases reported 
that the rate of clinical improvement at day 7 and 
14 from the start of FPV therapy improvement 
was better in mild case compared to moderate and 
severe case. However, the clinical improvement 
among subgroup of patients with <60 years of age 
was better.[20]

A prospective, randomized, and open-label trial 
of early versus late FPV treatment in hospitalized 
patients with COVID-19 conducted at 25 hospitals 
across Japan showed a trend toward better viral 
clearance and faster defervescence in the early 
treatment group.[21]
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In India, FPV was accepted by the Drug Controller 
General of India (DCGI) for “restricted emergency 
use to treat patients with mild-to-moderate 
COVID-19 disease on June 19 but newer guidelines 
issued by Director General for Health Services 
have dropped FPV from its treatment guideline.[22] 
However, none of the organizational guidelines 
include Infectious Diseases Society of America 
(IDSA) guidelines, WHO guidelines, and National 
Institutes of Health guidelines recommend using 
FPV in the management of COVID-19, given the 
varying results of existing clinical trials data.

Remipiravir (REM)

REM was originally developed by Gilead Sciences 
in 2009, as part of the company’s research and 
development program for hepatitis C, subsequently 
its activity against multiple viruses such as 
filoviruses, pneumoviruses, paramyxoviruses, 
and coronaviruses was discovered.[23] REM is a 
phosphoramidate prodrug of adenosine. It diffuses 
into cells where it is converted to remdesivir mono-
phosphate through the actions of esterases; which 
is further phosphorylated to its active metabolite 
remdesivir RTP by nucleoside-phosphate kinases. 
RTP delays RNA chain termination and destabilizing 
the complex thus reducing the complex’s ability 
to bind to RNA, leading to reduced replication 
efficiency of virus. While studying interaction of 
REM, ribavirin, and FVP, on RdRp complex of 
SARS-CoV-2, it was observed that REM binds to 
nucleotide binding site more effectively than other 
two drugs.[24]

On January 21, 2020, the Wuhan Institute of 
Virology applied for a Chinese “use patent” of 
REM for treating COVID-19. On June 2020, the 
United States Food and Drug Administration 
(USFDA) warned against coadministration of REM 
and chloroquine or hydroxychloroquine as data 
suggested an antagonistic effect of chloroquine on 
the intracellular activation and therefore antiviral 
activity of REM.[25]

The first case report of REM use in COVID-19 
originated from the United States. A 35-year-old 
gentleman was admitted for monitoring for COVID 
like symptoms. REM was administered as a trial 

drug to him. Within 2 days of the treatment, the 
patient showed clinical improvement.[26] Another 
case report also mentioned patient’s recovery after 
REM use.[27] Although both studies regarding REM 
as potential candidate for COVID-19 therapy were 
limited to case reports. Subsequently, in small 
cohort, REM was administered on a compassionate 
use basis to hospitalized COVID-19 patient. Data 
were analyzed for 22 patients from United States, 
22 from Europe or Canada, and 9 from Japan. It was 
observed that 68% had improvement in oxygen-
support including 57% receiving mechanical 
ventilation were extubated. A total of 47% patients 
were discharged, with mortality of 18% among 
patients receiving invasive ventilation and 5% 
among those not receiving invasive ventilation.[28] 
Subsequent prospective studies on compassionate 
use of REM suggested improvement in oxygen 
requirement, ability to wean of ventilatory support, 
and improved clinical outcomes.[29] Both these 
studies had limitation of small sample size and 
absence of a comparator group.
The first randomized double-blinded and placebo 
controlled multicenter trial was conducted by Wang 
et al. in Hubei, China, where the patients received 
REM or placebo. Time to clinical improvement 
within 28 days, though not significant, was shorter 
in the REM treated group compared to control 
group. No significant differences were observed in 
mortality, duration of oxygen requirement, length 
of hospital stay, and viral load in both groups. This 
study remained inconclusive as target enrollment 
could not be achieved, due to declining incidence 
of COVID-19 in China, causing poor statistical 
power. Although not statistically  significant,  
patients with COVID-19 who received REM 
clinically improved faster than placebo arm.[30]

The Adaptive COVID-19 Treatment Trial (ACTT) 
which was sponsored by the National Institute 
of Allergy and Infectious Diseases was the first 
clinical trial launched in the United States to 
evaluate an experimental treatment for COVID-19. 
Adaptive trial of REM (NCT04280705) was started 
first against placebo, but additional therapies 
were added to the protocol as evidence emerged. 
ACTT-1 trial was conducted at multiple sites 
in the United States (45), Denmark (eight), the 
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United Kingdom (five), Greece (four), Germany 
(three), Korea (two), Mexico (two), Spain (two), 
Japan (one), and Singapore (one). The first trial 
participant in the ACTT trial was an American 
who after returning to the United States from 
Japan was being quarantined on the Diamond 
Princess cruise that docked in Yokohama, Japan. 
The patients randomly received REM or placebo 
for 10 days. Results showed that REM shortened 
recovery time even though the mortality was not 
considered here. In this trial, the subset of patients 
requiring oxygen supplementation but not high-
flow oxygen or ventilatory support, REM had a 
significant mortality benefit. Although credibility 
of this subgroup analysis is questionable, results 
suggest that this finding may not be bychance. For 
individuals at high risk of hyperinflammation who 
were diagnosed early during illness (≤10 days) and 
require supplemental oxygen, REM shortened the 
time to recovery and reduced the risk of disease 
progression.[31]

The risks and benefits of REM in patients 
presenting with severe COVID-19 who required 
high-flow oxygen or mechanical ventilation were 
uncertain. Virological data from the ACTT-1 trial 
were not submitted as this was not the aim of study. 
There was no difference in the decline in viral titers 
between remdesivir and placebo in the study by 
Wang et al.[30]

Emerging data suggest that disease severity may be 
due in part to a dysregulated inflammatory response. 
It is postulated that suppressing the immune 
response and preventing a hyperinflammatory 
state may further improve clinical outcomes.[32] 
Further assessment of the effects of REM on the 
inflammatory response and virological dynamics 
would be useful to define role of immunomodulators 
in critically ill patients. Therefore, effects of 
combination therapies with REM should be 
assessed. Even though few trials suggested that the 
treatment with IFN-beta may benefit patients with 
COVID-19, but combination of IFN-beta and REM 
for treating COVID-19 has not been evaluated in a 
large controlled trials. In China, a combination of 
IFN-I is being administered with LPV/r or REM, 
which could increase the efficiency of the treatment 
against COVID-19.

The UK-based RECOVERY trial which is 
discussed earlier[9] showed that dexamethasone 
administration led to a significant reduction in 
mortality rate which led to corticosteroids being 
considered with standard of care. Whether there 
is an additional benefit from using both REM and 
corticosteroids and requires further evaluation.
Therefore, a retrospective comparative 
effectiveness research study was conducted in 
five hospitals in the USA in COVID-19 patients. 
The patients who received REM were matched 
to individuals who did not receive REM using 
time invariant covariates (age, sex, race/ethnicity, 
comorbidity index, body mass index, and do-
not-resuscitate or do-not-intubate orders) and 
time-dependent covariates (ratio of blood oxygen 
saturation to fraction of inspired oxygen, blood 
pressure, pulse, temperature, respiratory rate, and 
laboratory parameters). REM recipients had a 
shorter time to clinical improvement and reduced 
28-day mortality rate than matched controls 
without REM treatment, but this difference was 
not statistically significant in the time-to-death 
analysis. The addition of corticosteroids to REM 
was not associated with a reduced hazard of death 
at 28 days.[33]

As adaptive trial was designed to incorporate 
additional investigational treatments, second 
iteration of the ACTT, ACTT 2, was to evaluate the 
safety and efficacy of REM and anti-inflammatory 
drug baricitinib for treating hospitalized adults 
with COVID-19 at 71 various international sites. 
Baricitinib plus REM was superior to REM 
alone in reducing recovery time and accelerating 
improvement in clinical status among patients 
with COVID-19, especially among those receiving 
high-flow oxygen or non-invasive ventilation.[34] 
Although ACTT-2 was not powered to detect a 
difference in mortality between two groups, both 
survival rate and the time-to-death analyzes favored 
combination treatment.
ACTT 3 (NCT04492475), which was a randomized 
and controlled clinical trial evaluating the safety 
and efficacy of a treatment regimen consisting of 
the antiviral REM plus immunomodulator IFN-
beta-1a in patients with COVID-19, has begun. 
The study anticipated to enroll more than 1000 
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hospitalized adults with COVID-19 at around 100 
sites in the United States and other countries. ACTT 
3 participants were being randomly assigned to 
receive either IFN-beta-1a plus REM or REM alone 
to evaluate whether time to recovery is shorter in 
the combination therapy group compared to the 
REM only group. Study results are awaited yet.
Fourth iteration of the ACTT 4 study was conducted 
to evaluate the efficacy of combination of baricitinib 
and REM compared to dexamethasone and REM 
in hospitalized adults patients of COVID-19. 
Participants were assessed for their clinical status 
daily from return to baseline pre-COVID-19 status 
and not hospitalized up to day 29 or to death. The 
primary aim of trial was to evaluate the difference 
in the proportion of participants surviving without 
requiring invasive mechanical ventilation between 
the two treatment groups. The trial also aims to 
compare the overall clinical status at day 15 in each 
group. An independent data and safety monitoring 
board evaluating the trial met on March 30, 2021, 
for interim efficacy analysis. They did not find any 
significant difference between both treatments.[35]

The global, multicenter, and double-blind 
REMDACTA study (NCT04409262) was aimed 
to evaluate the efficacy and safety of tocilizumab 
in patients with severe COVID-19 pneumonia. 
The patients were randomly assigned to receive 
tocilizumab plus REM or REM alone. Results 
suggested that the treatment with tocilizumab plus 
remdesivir did not meet the primary end point of 
improvement in time to hospital discharge by day 
28 or secondary end points such as likelihood of 
death, progression to mechanical ventilation or 
death, and clinical status.[36]

SOLIDARITY trial[10] was conducted using various 
study drugs which were REM, hydroxychloroquine, 
LVP/r, and IFN-β-1a. COVID-19 inpatients were 
randomized to whichever study drugs were locally 
available and control (up to five options: four 
active and local standard care). On analysis of 
data, it was observed that no study drug definitely 
reduced mortality, initiation of ventilation, or 
hospitalization duration, concluding that for 
patients with COVID-19 who do not require 
respiratory support, REM does not offer significant 
benefit at day 28 and its use is not recommended. 

One limitation of this study is the lack of data on 
the duration of symptoms before the initiation of 
remdesivir. Since REM is likely to be beneficial 
in the early viral replication phase rather than 
the inflammatory phase before dysregulated host 
immune response had started. These findings, 
therefore, should not be interpreted that remdesivir 
has no role in the treatment of COVID-19.
Gilead initiated two randomized Phase 3 clinical 
trials SIMPLE studies, in countries with a high 
prevalence of COVID-19 infections. First study was 
a randomized and open-labeled Phase 3 (SIMPLE-
Severe trial) which was conducted in multiple 
countries to evaluate the safety and efficacy of 
different dosing regimens of remdesivir (5 days 
vs. 10 days) in patients with severe COVID-19. 
Post hoc analysis did not demonstrate any 
improved outcomes with REM treatment beyond 
5 days in patients who were receiving non-invasive 
ventilation, any supplemental oxygen, or breathing 
ambient air. In multivariate analysis, duration of 
clinical improvement was better in patients with 
<65 years of age, did not require supplemental 
oxygen, or only required low flow oxygen and not 
on any biologic treatment. Efficacy of REM cannot 
be determined in this study as it lacked a placebo 
arm.[37] Although there was a trend toward better 
outcomes in the  group treated with REfor 5 days. 
Limitation of study was that 10-day remdesivir 
treatment group included a significantly higher 
proportion of patients with more severe COVID-19 
disease, requiring invasive mechanical ventilation 
and high-flow oxygen.
Second trial Gilead Sciences initiated was the 
Phase 3 SIMPLE trial (SIMPLE-moderate) of 
REM in hospitalized patients with moderate 
COVID-19 pneumonia to assess 5-day and 10-day 
courses of the drug in combination with standard 
care, compared to standard care alone with primary 
end point on clinical status. On day 11, the patients 
in the 5-day REM group had significantly better 
clinical status than those receiving standard care 
but clinical status between the 10-day REM and 
standard care groups was not significantly different 
concluding that the patients with moderate 
COVID-19 disease may also benefit from a 5-day 
treatment course of remdesivir.[38] As transaminase 
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elevation was observed in patients with COVID-19 
in clinical trials who received REM, monitoring 
renal, and hepatic function before initiating and 
daily during therapy is required.
REM shortens time to recovery in adults with severe 
COVID-19, but its efficacy and safety in children 
were unknown. Therefore, outcome in children 
with severe COVID-19 treated with REM was 
studied among 77 children. The most of children 
treated with REM recovered, with three deaths 
which were attributed to COVID-19. The rate of 
serious adverse events was low. Among laboratory 
abnormalities, elevation in transaminase levels was 
common.[39]

These results prompted USFDA to grant 
Emergency Use Authorization (EUA) of REM for 
patients with severe COVID-19, on May 1, 2020, 
but in other cases, its safety is not been established. 
In October 2020, the USFDA approved the 
antiviral drug REM to treat COVID-19 to treat 
adults and children above 12 years, who have been 
hospitalized for COVID-19. DCGI has approved 
REM restricted emergency use for the treatment of 
COVID-19 on July 2020. On November 20, 2020, 
the WHO issued a conditional recommendation 
against the use of REM in hospitalized patients, 
regardless of disease severity, as there is currently 
no evidence that REM improves survival and other 
outcomes in these patients. Second version of a 
guidelines document by the Scientific Medical 
Policy Committee of the American College of 
Physicians based on an updated systematic review 
recommended use of remdesivir in the treatment of 
COVID-19, but mentioned that there is insufficient 
evidence to consider the use of REM in patients 
who do not require supplemental oxygen at the time 
of drug initiation. IDSA panel recommends use of 
REM over no antiviral treatment in hospitalized 
patients with severe COVID-19. In patients on 
supplemental oxygen but not on mechanical 
ventilation or ECMO, the IDSA panel suggests 
treatment with 5 days of remdesivir rather than 
10 days of REM.
Comprehensive guidelines for the management of 
COVID-19 among children have been issued by the 
Government of India which mentions that there are 
insufficient data regarding safety and efficacy of 

REM in children below 18 years of age; therefore, 
REM is not recommended.[40]

Outcomes in the first 86 pregnant women who were 
treated with REM found high recovery rates and no 
new safety signals were observed.[41] A Phase 1b 
trial of an inhaled nebulized version was initiated 
in late June 2020 to determine if remdesivir can 
be used on an outpatient basis and at earlier stages 
of disease. Delivering remdesivir directly to the 
primary site of infection with a nebulized, inhaled 
solution may enable more targeted and accessible 
administration in non-hospitalized patients and 
potentially lower systemic exposure to the drug,[42] 
Other upcoming antiviral agents which are being 
tested for COVID-19 are discussed below.

Galidesivir (Gali)

Gali is an adenosine analog antiviral drug. It is 
developed by BioCryst Pharmaceuticals, intended 
as a treatment for hepatitis C, but subsequently tried 
as a potential treatment for deadly coronavirus. 
Gali binds to viral RNA polymerase, leading to 
the structural change in the viral enzyme causing 
disruption of viral RNA polymerase activity 
producing premature termination of the elongation 
of RNA strand.[43]

Phase 1 human trial of Gali is conducted for 
coronavirus at Brazil under a U.S. investigational 
new drug application. Part 1 of the study 
was conducted in hospitalized patients with 
moderate-to-severe COVID-19. The patients 
were randomized to receive Gali in three dosing 
regimens of 10 mg/kg then 2 mg/kg (Cohort 1), 
10 mg/kg then 5 mg/kg (Cohort 2), 20 mg/kg then 
5 mg/kg (Cohort 3), or placebo every 12 h for 
7 days. The study showed that all three dose levels 
were equally safe. Gali treatment was associated 
with a more rapid decline in viral RNA levels in 
the respiratory tract in dose-dependent manner.[44]

Pfizer’s investigational agents

Pfizer has initiated a study of an investigational 
antiviral agent, PF-07321332, to study its efficacy 
in COVID-19. This agent is a SARS-CoV2-3CL 
protease inhibitor showing potent in vitro activity 
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against SARS-CoV-2 and other coronaviruses. 
Coadministration of PF-07321332 with a low 
dose of ritonavir is expected to help slow the 
metabolism, of PF-07321332 so that it remains 
active in the body for longer periods of time at the 
higher concentrations to help combat the virus. 
PF-07321332 was designed as a potential oral 
therapy that could be prescribed at the first sign 
of infection or at first awareness of an exposure, 
without requiring patients to be hospitalized.[45]

Pfizer Inc. has started the Phase 2/3 Evaluation of 
Protease Inhibition for COVID-19 in Post-exposure 
Prophylaxis study to evaluate the PF-07321332, 
coadministered with a low dose of ritonavir, for the 
prevention of COVID-19 infection. In August, 2021, 
Pfizer initiated a study to evaluate efficacy and safety 
in combination with ritonavir, in participants with 
a confirmed diagnosis of SARS-CoV-2 infection 
who are at high risk of progression to severe illness 
(including hospitalization or death) and another in 
infected patients who are at standard risk (i.e., do not 
have risk factors for severe illness).[46]

On October 1, 2021, the therapeutic good 
administration granted provisional determination 
to Pfizer Australia in relation to a new combination 
medicine containing PF-07321332 and ritonavir, 
for the treatment of adult patients with symptomatic, 
confirmed coronavirus infection. Pfizer is 
also evaluating an intravenously administered 
investigational protease inhibitor, PF-07304814. 
This candidate is being analyzed in a Phase 1b 
multi-dose trial in hospitalized COVID-19 patients.

Molnupiravir (Moln)

The drug was developed at Emory University 
by Drug Innovation Ventures. Ridgeback 
biotherapeutics partnered with Merck and Co. to 
develop the drug further, thus Moln was discovered 
for the treatment of SARS-CoV-2 infection. It is 
a prodrug of the synthetic nucleoside derivative 
N4-hydroxycytidine and exerts its antiviral action 
through introduction of copying errors during viral 
RNA replication. It thus inhibits replication of 
SARS-CoV-2, by lethal mutagenesis.[47]

As the drug can be administered orally, the treatment 
can be started early and inhibits progress of disease 

to severe stage. Thus, it shortens the infectious phase 
to ease the patient isolation and chance of spread. 
An interim analysis of the Phase 3 MOVe-OUT 
trial of Moln in non-hospitalized adult patients with 
mild-to-moderate COVID-19 with symptom onset 
within 5 days was done. All enrolled patients had 
at least one risk factor associated with poor disease 
outcome at study entry. It was observed that Moln 
significantly reduced the risk of hospitalization or 
death compared to placebo across all subgroups. 
Efficacy of Moln was not affected by timing 
of symptom onset or underlying risk factor. In 
addition, based on the available viral sequencing 
data of participants (approximately 40%), Moln 
demonstrated consistent efficacy across Gamma, 
Delta, and Mu viral variants.[48]

At the recommendation of an independent Data 
Monitoring Committee and in consultation with 
the USFDA, recruitment into the study was being 
stopped early due to its positive results. Merck is 
planning to submit an application for EUA to the 
USFDA as soon as possible based on these findings 
and plans to submit marketing applications to other 
regulatory bodies worldwide.
Moln is also being evaluated for post-exposure 
prophylaxis in MOVe-AHEAD, a global, 
multicenter, randomized, double-blind, and 
placebo-controlled Phase 3 study, which is 
evaluating the efficacy and safety of molnupiravir 
in preventing the spread of COVID-19 within 
households. Result of study has yet to analyze. 
Status of various antiviral drugs which are being 
tried in COVID-19 are discussed below-
As per literature search, there is no evidence to 
support use of protease inhibitors for the treatment 
of COVID-19. There is limited evidence to 
support that RAM and protease inhibitors such 
as darunavir nelfinavir may have synergistic 
effect. Nucleotide/nucleoside reverse transcriptase 
inhibitor (NRTI) has also shown binding affinity to 
SARS-CoV2 in vitro. NRTIs such as tenofovir and 
emtrictabamine might exhibit a prophylactic role 
against COVID- 19.
Some of the anthelmintic agents such as 
nitazoxanide, niclosamide, ivermectin, and an 
antirheumatic agent hydroxychloroquine have 
shown some benefit in COVID-19 infection but 
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none of the guidelines recommend their use for 
COVID-19 infection. Backer et al. designed 
a new formulation for niclosamide, named 
UNI91104, which tried as highly concentrated 
stock solution optimized for inhalation and nasal 
application. Therefore, topical aerosol application 
of niclosamide might be useful, as it may produce 
high local concentrations in oropharynx, upper 
and lower airways were that the viral burden is the 
highest.[49]

The researchers at North-west University Feinberg 
School of Medicine in the US found a coronavirus-
specific pocket in the non-structural protein-nsp16, 
which is important for viral replication. Nsp16 is 
considered one of the key viral proteins that could 
be inhibited by drugs to stop the virus shortly after 
a person gets exposed. Adding a drug which would 
only target the invader protein may stop the virus 
early before the disease progresses.[50]

Searching for effective therapies for COVID-19 
infection is still a complex process. How these 
potential COVID-19 treatments will translate to 
effective therapy in human is difficult to predict. 
Even after about 2 years of research and evaluating 
so many repurposed antiviral agents, none of 
antiviral drugs are recommended by the WHO for 
the treatment of COVID-19.

CONCLUSION

Even after 2 years of research none of the antiviral 
drugs have been proven to be effective and none 
of antiviral drugs are recommended by the WHO 
for the treatment of COVID-19. 1 Searching for 
effective therapies for COVID-19 infection is still 
a complex process.

REFERENCES

1. The Science Advisory Board Staff Writers. WHO 
Officially Names Coronavirus Disease COVID-19, The 
Science Advisory Board; 2020.

2. ChenY, Liu Q, Guo D. Emergingcoronaviruses: 
Genomestructure, replication, and pathogenesis. J Med 
Virol 2020;92:418-23.

3. Sultana J, Crisafulli S, Gabbay F, Lynn E, Shakir S, 
Trifirò G. Challenges for drug repurposing in 
the COVID-19 pandemic era. Front Pharmacol 
2020;11:588654.

4. Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, 
Chan KS, et al. Role of lopinavir/ritonavir in the 
treatment of SARS: Initial virological and clinical 
findings. Thorax 2004;59:252-6.

5. Lim J, Jeon S, Shin HY, Kim MJ, Seong YM, Lee WJ, 
et al. Case of the index patient who caused tertiary 
transmission of coronavirus disease 2019 in Korea: The 
application of lopinavir/ritonavir for the treatment of 
COVID-19 pneumonia monitored by quantitative RT-
PCR. J Korean Med Sci 2020;35:1-6.

6. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. 
A trial of lopinavir-ritonavir in adults hospitalized with 
severe COVID-19. N Engl J Med 2020;382:1787-99.

7. Dalerba P, Levin BB, Thompson JL. A Trial of Lopinavir–
Ritonavir in Covid-19. N Engl J Med 2020; 382:E68.

8. Osborne V, Davies M, Lane S, Alison E, Denyer J, 
Dhanda S, et al. Lopinavir-ritonavir in the treatment 
of COVID-19: A dynamic systematic benefit-risk 
assessment. Drug Saf 2020;43:809-21.

9. Horby PW, Mafham M, Jennifer L. Bell JL, Linsell L, 
Staplin N, et al. Lopinavir-ritonavir in patients 
admitted to hospital with COVID-19 (RECOVERY): 
A randomised, controlled, open-label, platform trial. 
Lancet 2020;396:1345-52.

10. WHO Solidarity Trial Consortium. Repurposed antiviral 
drugs for COVID-19-interim WHO solidarity trial 
results. N Engl J Med 2021;384:497-511.

11. Hung IF, Lung KC, Tso EY, Liu R, Chung TW, Chu MY, 
et al. Triple combination of interferon beta-1b, lopinavir-
ritonavir, and ribavirin in the treatment of patients 
admitted to hospital with COVID-19: An open-label, 
randomised, phase 2 trial. Lancet 2020;395:1695-704.

12. Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, et al. 
2020 Arbidol combined with LPV/r versus LPV/r alone 
against Corona virus disease 2019: A retrospective 
cohort study. J Infect 2020;81:E1-5.

13. Furuta Y, Komeno T, Nakamura T. Favipiravir (T-705), a 
broad spectrum inhibitor of viral RNA polymerase. Proc 
Jpn Acad Ser B Phys Biol Sci 2017;93:449-63.

14. Vanderlinden E, Vrancken B, van Houdt J, Rajwanshi VK, 
Gillemot S, Andrei G, et al. Distinct effects of T-705 
(favipiravir) and ribavirin on influenza virus replication 
and viral RNA synthesis. Antimicrob Agents Chemother 
2016;60:6679-91.

15. Pilkington V, Pepperrell T, Hill A. A review of the safety 
of favipiravir-a potential treatment in the COVID-19 
pandemic? J Virus Erad 2020;6:45-51.

16. Udwadia ZF, Singh P, Barkate H, Patil S, Rangwala S, 
Pendse A, et al. Efficacy and safety of favipiravir, an oral 
RNA-dependent RNA polymerase inhibitor, in mild-
to-moderate COVID-19: A randomized, comparative, 
open-label, multicenter, phase 3 clinical trial. Int J Infect 
Dis 2021;103:62-71.

17. Cai Q, Yang M, Liu D, Chen J, Shu D, Xia JJ, et al. 
Experimental treatment with favipiravir for COVID-19: 
An open-label control study. Engineering 2020;6:1192-8.

18. Lou Y, Liu L,Yao H, Hu X, Su J, Xu K, et al. Clinical 



Shahani and Shahani: Status of various Antiviral Agents in Treatment of COVID-19 infection

IJPBA/Oct-Dec-2021/Vol 12/Issue 4 161

outcomes and plasma concentrations of baloxavir 
marboxil and favipiravir in COVID-19 patients: An 
exploratory randomized, controlled trial. Eur J Pharm 
Sci 2021;157:105631.

19. Chen C, Zhang Y, Huang J, Yin P, Cheng Z, Wu J, 
et al. Favipiravir versus arbidol for clinical recovery 
rate in moderate and severe adult COVID-19 patients: 
A prospective, multicenter, open-label, randomized 
controlled clinical trial. Front Pharmacol 2021;12:683296.

20. Doi Y, Kondo M, Matsuyama A, Ando M, Kuwatsuka Y, 
Ishihara T. Preliminary Report of the Favipiravir 
Observational Study in Japan; 2020. Available 
from: https://www.kansensho.or.jp/uploads/files/
topics/2019ncov/covid19_casereport_en_200529.pdf

21. Doi Y, Hibino M, Hase R, Yamamoto M, Kasamatsu Y, 
Hirose M, et al. A prospective, randomized, open-label 
trial of early versus late favipiravir in hospitalized 
patients with COVID-19. Antimicrob Agents Chemother 
2020;64:e01897-20.

22. DGHS Issues COVID-19 Treatment Guidelines: Here 
is What Document Recommends on Remdesivir, 
Tocilizumab; 2021. Available from: https://www.
firstpost.com/health/dghs-issues-covid-19-treatment-
guidelines-here-is-what-document-recommends-on-
remdesivir-tocilizumab-9695581.html

23. Eastman RT, Roth JS, Brimacombe KR, Simeonov A, 
Shen M, Patnaik S, et al. Remdesivir: A Review of its 
discovery and development leading to emergency use 
authorization for treatment of COVID-19. ACS Cent Sci 
2020;6:672-83.

24. Bylehn F, Menendez CA, Perez-Lemus GR, Alvarado W, 
de Pablo JJ. Modeling the binding mechanism of 
remdesivir, favilavir, and ribavirin to SARS-CoV-2 
RNA-dependent RNA polymerase. ACS Cent Sci 
2021;7:164-74.

25. FDA News Release. Coronavirus (COVID-19) 
Update: FDA Warns of Newly Discovered Potential 
Drug Interaction That May Reduce Effectiveness of a 
COVID-19 Treatment Authorized for Emergency Use. 
Coronavirus (COVID-19) Update: FDA Warns of Newly 
Discovered Potential Drug Interaction That May Reduce 
Effectiveness of a COVID-19 Treatment Authorized for 
Emergency Use. United States: FDA; 2020.

26. Holshue ML, DeBolt C, Lindquist S, Lofy KH, 
Wiesman J, Bruce H, et al. First case of 2019 novel 
coronavirus in the United States. N Engl J Med 
2020;382:929-36.

27. Sanville B, Corbett R, Pidcock W, Hardin K, Sebat C, 
Nguyen MN, et al. A community transmitted case of 
severe acute respiratory distress syndrome (SARS) due 
to SARS CoV2 in the United States. Clin Infect Dis 
2020;71:2222-6.

28. Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, 
Castagna A, et al. Compassionate use of remdesivir 
for patients with severe COVID-19. N Engl J Med 
2020;382:2327-36.

29. Antinori S, Cossu MV, Ridolfo AL, Rech R, Bonazzetti C, 

Pagani G, et al. Compassionate remdesivir treatment 
of severe COVID-19 pneumonia in intensive care unit 
(ICU) and non-ICU patients: Clinical outcome and 
diferences in post-treatment hospitalisation status. 
Pharmacol Res 2020;158:104899.

30. Wang Y, Zhang D, Du G, Du R, Zhao J, Yang Jin Y, 
et al. Remdesivir in adults with severe COVID-19: 
A randomised, double-blind, placebo-controlled, 
multicentre trial. Lancet 2020;395:1569-78.

31. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, 
Zingman BS, Andre C, et al. Remdesivir for the 
treatment of COVID-19-final report. N Engl J Med 
2020;383:1813-26.

32. Song JW, Zhang C, Fan X, Meng FP, Xu Z, Xia P, et al. 
Immunological and inflammatory profiles in mild and 
severe cases of COVID-19. Nat Commun 2020;11:3410.

33. Garibaldi BT, Wang K, Robinson ML, Zeger SL, 
Bandeen-Roche K, Wang MC, et al. Comparison of 
time to clinical improvement with vs without remdesivir 
treatment in hospitalized patients with COVID-19. 
JAMA Network Open 2021;4:e213071.

34. Kalil AC, Patterson TF, Mehta AK, Tomashek KM, 
Wolfe CR, Ghazaryan V, et al. Baricitinib plus remdesivir 
for hospitalized adults with COVID-19. N Engl J Med 
2021;384:795-807.

35. News Releases. NIH Closes Enrollment in trial 
Comparing COVID-19 Treatment Regimens. Head-
to-Head Trial Unlikely to Show Difference between 
Regimens; 2021. Available from: https://www.nih.gov/
news-events/news-releases/nih-closes-enrollment-trial-
comparing-covid-19-treatment-regimens

36. Roche HL. Roche Provides Update on the Phase III 
Remdacta Trial of Actemra/RoActemra Plus Veklury 
in Patients with Severe COVID-19 Pneumonia; 2021. 
Available from: https://www.roche.com/media/releases/
med-cor-2021

37. Goldman JD, Lye DC, Hui DS, Marks KM, Bruno R, 
Montejano R, et al. Remdesivir for 5 or 10 Days 
in Patients with Severe COVID-19. N Engl J Med 
2020;383:1827-37.

38. Spinner CD, Gottlieb RL, Criner GJ, López JR, 
Cattelan AM, Viladomiu AS, et al. Effect of remdesivir 
vs standard care on clinical status at 11 days in patients 
with moderate COVID-19: A randomized clinical trial. 
JAMA 2020;324:1048-57.

39. Goldman DL, Aldrich ML, Hagmann SH, Bamford A, 
Camacho-Gonzalez A, Lee GL, et al. Compassionate 
use of remdesivir in children with severe COVID-19. 
Pediatrics 2021;147:e2020047803.

40. Ministry of Health & Family Welfare Government of 
India . Guidelines for Management of COVID-19 in 
Children. Available from:  https://www.mohfw.gov.in/
pdf/guidelinesformanagementofcovid19inchildren18 
june2021final.pdf

41. Burwick RM, Yawetz S, Stephenson KE, Collier AY, 
Sen P, Blackburn BG, et al. Compassionate use of 
remdesivir in pregnant women with severe Coronavirus 



Shahani and Shahani: Status of various Antiviral Agents in Treatment of COVID-19 infection

IJPBA/Oct-Dec-2021/Vol 12/Issue 4 162

disease 2019. Clin Infect Dis 2020;8:ciaa1466.
42. Hannah Balfour. Inhaled Formulation of Remdesivir 

Enters Clinical Trials. European Pharmaceutical Review; 
2020.

43. Elfiky AA. Ribavirin, Remdesivir, sofosbuvir, galidesivir, 
and tenofovir against SARS-CoV-2 RNA dependent 
RNA polymerase (RdRp): A molecular docking study. 
Life Sci 2020;253:117592.

44. Immuno Frontears Team. Biocryst Initiates Phase-1-Trial 
of-Galidesivir for Treatment of COVID; 2020. Available 
from: https://www.immunofrontiers.com/biocryst-
initiates-phase-1-trial-of-galidesivir-for-treatment-of-
covid-19 [Last accessed on 2020 May 20].

45. Ahmad B, Batool M, Ain QU, Kim MS, Choi S. 
Exploring the binding mechanism of PF-07321332 
SARS-CoV-2 protease inhibitor through molecular 
dynamics and binding free energy simulations. Int J Mol 
Sci 2021;22:9124.

46. NEWS/Pfizer Starts Global Phase 2/3 EPIC-PEP Study 
of Novel COVID-19 Oral Antiviral Candidate for 
Post-Exposure Prophylaxis in Adults; 2021. Available 

from: https://www.pfizer.com/news/press-release/press-
release-detail/pfizer-starts-global-phase-23-epic-pep-
study-novel-covid-19

47. Rosenke K, Hansen F, Schwarz B, Feldmann F, 
Haddock E, Rosenke R, et al. Orally delivered MK-4482 
inhibits SARS-CoV-2 replication in the Syrian hamster 
model. Nat Commun 2021;12:2295.

48. Alavian G, Kolahdouzan K, Mortezazadeh M, Torabi ZS. 
Antiretrovirals for prophylaxis against COVID-19: 
A comprehensive literature review. J Clin Pharmacol 
2021;61:581-90.

49. Backer V, Sjobring U, Sonne J, Weiss A, Hostrup M, 
Johansen HK, et al. A randomized, double-blind, placebo-
controlled phase 1 trial of inhaled and intranasal niclosamide: 
A broad spectrum antiviral candidate for treatment of 
COVID-19. Lancet Reg Health Eur 2021;4:100084.

50. Vithani N, Ward MD, Zimmerman MI, Novak B, 
Borowsky JH, Singh S, et al. SARS-CoV-2 Nsp16 
activation mechanism and a cryptic pocket with 
pan-Coronavirus antiviral potential. Biophys J 
2021;120:2880-9.


