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ABSTRACT

The outbreak of novel coronavirus (COVID-19) has evolved into a global pandemic and has posed significant threats
to health and the economy worldwide. It can manifest from mild disease to severe respiratory failure requiring
intensive care management. Currently, there is no sufficient evidence that any existing drugs can effectively treat
SARS-CoV-2 pneumonia though supportive care remains the mainstay of treatment. However, there are many
ongoing clinical trials of potential anti-COVID-19 therapies including the vaccines. In the current review, we
Summarized the information available about COVID-19 medications, and treatment options.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel strain of coronavirus that has not been
previously identified in humans. The Chinese Centre for
Disease Control and Prevention identified the virus from
the throat swab sample of an infected patient on January
7, 2020.' Later, the world health organization (WHO)
declared the disease as public health emergency in
January 2020 and officially named the disease as
COVID-19 in February 2020.2 On 11 March 2020, WHO
declared SARS-CoV-2 as a pandemic that causes novel
coronavirus disease 2019. The incidence of COVID-19
continues to rise, with more than 14, 562, 550 laboratory-
confirmed cases and over 607, 781 deaths worldwide
despite rigorous global containment and quarantine
efforts to date.’

The etiological agent of COVID-19, SARS-CoV2, is a
betacoronavirus. It is structurally related to severe acute
respiratory  syndrome-coronavirus (SARS-CoV) that
caused the SARS outbreak in 2002 and the Middle East

respiratory syndrome coronavirus (MERS-CoV) that
caused the MERS outbreak few years later.* These
coronavirus strains have been responsible for epidemics
and high fatality rates in the past two decades.

Till now the exact source of SARS-CoV-2 has not been
identified but the Phylogenetic analysis suggests the
zoonotic origin of this virus.® It’s spread and transmission
among humans occurs via close contact with an infected
individual by means of contact and large droplets.® To
limit the spread of the virus and the disease worldwide,
the healthcare authorities have taken measures like
quarantining the infected patients, aggressive testing and
rapid diagnosis of suspected patients, use of appropriate
masks along with the implementation of strong
restrictions over international travel of a large number of
individuals exposed to SARS-CoV-2 without being
detected.”

Most people infected with SARS-CoV2 experience
common clinical symptoms like fever, non-productive
cough, myalgia, shortness of breath and recovery with
supportive care but certain hosts may develop a
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precipitous clinical decline.® In addition, there may be
pneumonia, severe acute respiratory syndrome, kidney
failure, and death.® Current data suggests that triggering
of hyperimmune host reactions by the virus are partially
responsible for these poor outcomes.*® To ameliorate the
disease and hasten the recovery in this high- risk
population, early identification and intervention are
required.

There is no specific treatment available and the current
treatment relies on supportive care of the infected
patients. The suppression of viral outbreaks is most
effective if the pathogen is detected early and timely
interventions are established. Although, in vitro and in
vivo studies have shown promising results with various
molecules against coronaviruses, but none of these agents
have proven to be effective in humans. Further research is
needed to evaluate the effectiveness of the drugs so that
the pandemic can be controlled at the earliest. This
review is planned to provide information about available
treatment options and the possible role of repurposing
drugs, and alternative medicines for the management of
COVID-19 disease.

ANTI VIRAL DRUGS
Remedesivir

Remdesivir (GS-5734) is an antiviral agent undergoing
phase 3 clinical trials for the treatment of COVID-19. In
vitro and in vivo animal data suggest broad antiviral
spectrum against paramyxoviridae, filoviridae, and the
coronaviridae including MERS-CoV, SARS-CoV, and
SARS-CoV-2.1* Remdesivir was initially developed for
the treatment of Ebola hemorrhagic fever; however, it has
not been approved globally for any indication.'? In vitro
studies in human airway epithelial cell cultures in a lung
model have found some activity against corona-viruses.*3

In its active triphosphate nucleoside form, remdesivir
binds to ribonucleic acid (RNA)-dependent RNA
polymerase and acts as RNA-chain terminator.
Remdesivir is highly selective for viral polymerases and
is expected to be less toxic to human cells. It displays
potent in vitro activity against SARS-CoV-2 with (half
maximum effective concentration) EC50 at 48 hours of
0.77 UM in Vero E6 cells.' It is a potent inhibitor of this
virus replication in human nasal and bronchial airway
epithelial cells.'® Similar activity has been demonstrated
against other zoonotic coronaviruses (SARS-CoV-1 and
MERS-CoV).1

Remdesivir is manufactured as a lyophilized powder that
requires reconstitution and is administered intravenously
over 30 minutes.t” The dose under investigation for the
treatment of COVID-19 is 200 mg intravenously (1) on
day 1 followed by 100 mg IV daily and can be given for
up to 10 days, infused over 30-60 minutes in adult
patients.®

Therapeutic remdesivir treatment initiated early during
infection has shown significant antiviral and clinical
effects in the form of reduced pulmonary infiltrate and
virus titres in bronchoalveolar lavage in the SARS-CoV-2
affected rhesus macaque model. So, this data supports
that early remdesivir administration in COVID-19
patients may prevent progression to severe pneumonia.®
Patients reported with nausea, vomiting, gastroparesis,
rectal bleeding along with elevated aminotransferase
levels occurring within 1-5 days of start of remedesivir.°
However, it is not yet clear whether this laboratory
change is due to the drug itself or the viral disease.

In the latest clinical trial, remdesivir was found to be
superior to placebo in shortening the recovery time in
patients hospitalized with COVID-19 and evidence of
lower respiratory tract infection.?* Intravenous remdesivir
has been utilized on the basis of individual compassionate
use in patients hospitalized with COVID-19 in some
countries and benefit has been reported in sick patients.

Food and drug administration issued an emergency use
authorization (EUA) for remdesivir for the treatment of
hospitalized patients with severe COVID-19 in adults and
children with a view that it may shorten the time taken to
recover.?? However, the clinical and antiviral efficacy of
remdesivir in COVID-19 still remains to be established.

Favipiravir

Favipiravir (FPV), a prodrug, is a novel RNA-dependent
RNA polymerase (RdRp) inhibitor, has been shown to be
effective in the treatment of influenza and ebola virus.?®
Recently, a report from wang et al showed that both FPV
and remdesivir are effective in reducing the SARS-CoV-
2 infection in vitro (EC50)=61.88 uM, half cytotoxic
concentration (CC50) >400 uM, selectivity index
(S1)>6.46).2* This study highlighted FPV as a potential
clinical intervention for COVID-19. Favipiravir can
cause adverse effects like hyperuricemia, increase in
transaminase levels, neutropenia, diarrhoea along with
prolonged QT interval during treatment, which should be
monitored during medication.?®

In a recent clinical trial, the effects of favipiravir (FPV)
were compared with that of lopinavir LPV/r in the
laboratory-confirmed COVID-19 patients. These groups
were compared for changes in chest computed
tomography (CT), viral clearance, and drug safety. In this
open-label study, FPV showed better therapeutic
responses in COVID-19 in terms of disease progression.?®

Lopinavir/ritonavir

Lopinavir is a HIV-1 protease inhibitor administered in
fixed-dose combination with Ritonavir (LPV/r), which is
a potent CYP3A4 inhibitor that “boosts” lopinavir
concentrations. Protease inhibitors primarily exert
antiviral effect by preventing viral replication, thus
limiting spread into host cells. Lopinavir has efficacy
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against 3-chymotrypsin-like protease of MERS and
SARS.?” The therapeutic rationale for LPV/r arises from
in vitro studies demonstrating inhibition of the 3-
chymotrypsin  like  protease  found in  novel
coronaviruses.?

Most recently, Cao et al reported the results of an open
label randomized trial comparing LPV/r 400/100 mg
twice daily (n=99) to standard care (n=100) for treatment
of pneumonia in COVID-19 disease. There was nho
difference between treatment arms in reduction of viral
loads over time between the 2 groups.® From the
available evidence from various in vitro studies,
lopinavir/ritonavir is used as an adjunctive agent for
COVID-19, and the dose of 400 mg/100 mg by mouth
twice/day is recommended for 14 days. Treatment with
LPV/r may result in intolerable gastrointestinal adverse
effects.

Ribavirin

Ribavirin, a guanosine analog, is a broad-spectrum
antiviral drug. It has been used to treat several virus
infections, including respiratory syncytial virus, hepatitis
C virus, and some viral hemorrhagic fevers. Ribavirin
triphosphate inhibits RNA polymerase of influenza virus,
thereby interfering with virus replication.®® When
ribavirin was used in combination with IFN-a2b, the anti-
MERS-CoV activity of ribavirin was significantly
enhanced in rhesus macaques.® Ribavirin has shown to
inhibit SARS-CoV replication in five different cell types
derived from animals or humans at therapeutically
achievable concentrations. After sequence analysis, it has
been seen that ribavarin can target SARS-CoV-2 RNA-
dependent RNA polymerase (RdRp) model and it is this
feature that supports its potential as an antiviral against
this virus. In terms of adverse effects hemolytic anemia,
hypocalcemia, and hypomagnesemia have been reported
in patients treated with ribavirin for severe acute
respiratory syndrome.® Given the efficacy of ribavirin in
the treatment of diseases caused by SARS-CoV and
MERS-CoV, it is expected to become an effective drug
for COVID-19 treatment. However, the efficacy of
ribavirin for the treatment of COVID-19 is still
controversial, and needs further confirmation via clinical
trials.

OTHER DRUGS
Chloroquine and Hydroxychloroquine

These 4-aminoquinoline antimalarials have been tried in
the treatment of COVID-19. Chloroquine (CQ) can inhibit
pH-dependent steps of replication of several viruses.®®
Moreover, it also works as a novel class of autophagy
inhibitor, which might interfere with viral replication and
thus infection. Studies have shown its interference with
glycosylation of ACE receptors of COVID-19 at both
entry and post-entry stages.**

With the view of better tolerability, hydroxychloroquine
(HCQ) that differs from chloroquine only by a single
hydroxyl group has gained interest. In a two-part study to
assess the comparative in vitro activity, pharmacology
based pharmacokinetic study performed by Yao et al
demonstrated the potency of HCQ (EC50 of 0.72 uM) to
be greater than CQ (EC50 of 5.47 uM) against SARS-
CoV-2® CQ has good oral biocavailability, wide
distribution and is metabolized by cytochrome P450
(CYP) 2C8 and CYP3A4.

The impact of 200mg of HCQ every 8 hourly in COVID-
19 positive patients has been well established in a study
by Gautret et al. The investigators demonstrated that HCQ
was superior to the standard care in clearance of SARS-
CoV from the nasopharynx. In addition to it, 6 patients in
the study were prescribed Azithromycin to prevent
bacterial super-infection and the viral clearance was 100%
in patients receiving both HCQ and Azithromycin in
contrast to HCQ given alone.*

Macrolides and 4 aminoquinolones have been associated
with cardiotoxicity as evidenced by QT prolongation
which poses an increased risk of Torsades de pointes and
sudden cardiac death. Thus, is it really safe to use HCQ
and Azithromycin in combination is questionable and this
needs to be answered. HCQ has a better safety profile in
contrast to Chloroquine As there are currently no efficacy
data available for HCQ in COVID-19, thus additional
consideration needs to be taken to optimize the drug
therapy.

Human monoclonal antibody

The monoclonal antibodies such as tocilizumab and
sarilumab are effective and have been employed in
rheumatoid arthritis and they act by inhibiting IL-6
receptors. Moreover, COVID-19 severity depends on
excessive  pro-inflammatory  markers  production
suggesting that cytokine storms are involved in COVID-
19.37 The results with Tocilizumab have been encouraging
as three seriously ill patients have shown improvement on
drug administration.®® The dose of the drug in COVID-19
is not well established but it was administered at a dose of
400 mg intravenously in a case series of patients.%
However, adverse effects such as infusion-related
reactions, infection, neutropenia, thrombocytopenia,
increased liver enzymes and abnormalities in lipid profile
can occur.

Itolizumab is a humanized recombinant anti-CD6 1gG1
monoclonal antibody that had been approved for the
treatment of psoriasis.®° Repurposing of itolizumab for
emergency use for the treatment of ‘cytokine’ release
syndrome in moderate to severe acute respiratory distress
syndrome patients due to COVID-19 has recently gained
some importance.** Further efficacy and safety of this
drug in COVID 19 disease need to be studied.
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Intravenous immunoglobulins

They are purified intravenous immunoglobulins (1V1g)
products prepared from pooled human plasma and has
been used extensively for treating inflammation related
diseases. Intravenous IG elicits its passive immunity and
anti-inflammatory  effects by supplying idiopathic
antibodies, binding to Fc receptors that suppress
pathogenic cytokines and prevent formation of
membranolytic attack complexes as well as modulates T
cell function. Thus, it is considered as a therapeutic option
for hyper-inflammation in patients with severe COVID-
19. In a case series on use of IVIg (at a dose of 0.3-0.5
g/kg/day for 5 days) in three patients suffering from
SARS-CoV2, with  lymphopenia and elevated
inflammatory markers, clinical improvement has been
observed in terms of normalisation of temperature and
relieve of breathing difficulties in 5 days. However, the
concurrent usage of antivirals in two patients and steroids
use in one patient were the confounding factors in this
study.*? To alert on the potential and severe adverse
effects (transfusion related), a clinical trial has been
initiated with 1VI1g.*3

Corticosteroids

Corticosteroids were used in the previous outbreaks of
SARS-CoV and MERS-CoV, and are also being now
used in patients with 2019-nCoV in addition to other
therapeutics.* Patients with severe COVID-19 develop a
systemic inflammatory response that can lead to lung
injury and multisystem organ dysfunction. So, the anti-
inflammatory effects of corticosteroids might prevent
these harmful effects. The significance as well as
controversy both exists when it comes to use of
corticosteroids in severe pneumonia due to coronaviruses.
Thus risk-benefit assessment should be done on an

individual basis by clinicians. Till now, clinical data has
revealed that the use of corticosteroids in COVID 19
patients increases the risk of prolonged mechanical
ventilation, avascular necrosis, delayed viral clearance,
and some secondary infections.*

However, great variation exists in selecting the agent and
dosage, as it can impact both safety and efficacy. Based
on the preliminary data of the ongoing RECOVERY trial
(the randomised evaluation of COVID-19 therapy),
dexamethasone 6 mg daily for up to 10 days is
recommended in patients with COVID-19 who are on
mechanical ventilation or require oxygen
supplementation.*® The value of corticosteroid therapy for
patients with COVID-19 needs reconsideration.

Convalescent plasma

Convalescent plasma (CP) is a strategy of passive
immunization by obtaining plasma using apheresis in
survivors of prior infection and then administering to any
individual who is susceptible or infected with the disease.
To obtain plasma, apheresis is the common procedure,
which allows centrifuging blood from donor to allow a
selective plasma collection. The plasma for transfusion
must be obtained from donors who test negative for
COVID-19 when plasma collection is performed, and
before 28 days of clinical recovery and in addition, must
be collected from patients who are asymptomatic for
minimum of 14 days.*” The transfusion dose of CP is not
standardized, however, currently the dose recommended
is 3ml/kg/dose in two days.*® The most common adverse
effects with CP therapy are transfusion-related events
such as chills, fever, anaphylactic reactions, circulatory
overload and haemolysis. Many investigational agents are
under research for COVID-19 and some of them are
summarized (Table 1).

Table 1: Investigational treatment approaches for COVID-19.

S.no. Other drugs Mechanism

JAK-STAT and Numb associated kinase
inhibitor, considered to be effective against

Comments
During COVID-19 outbreak, it had been paired
with direct acting antivirals, and had shown

& ERrEiTae the effects of high cytokines (including decrease in viral infectivity, replication and an
interferon alpha) in COVID-19. abnormal inflammatory response.*®
Prevents biological activity of Vascular Two trials are evaluating its efficacy and safety

2. Bevacizumab Zggtc;eti;ﬁ::gligjrgg;h factor (plays a key role in in COVID-19 (BEST-RCT and BEST-CP).50
A monoclonal antibody, inhibitor of the P .

3. Eculizumab  terminal portion of the complement cascade \I/Ci ;(?Slg\llgrfsligé?lclg\}h:ntée;gnsgts?f patients
involved in the inflammatory response. '
:?::;SI?t?/e?r:riunTi?rr(])“s?uadr;SIttg g]r#%irtla\fi rs;Iown The drug is in randomised, double blind trial to

4. Ivermectin replication up-to 5000-fold (mediated by asse;g the_ safe;y and ef_flli:acy(/:pr(_)ﬂlcecl)n 9
inhibiting nuclear transport receptor combination t e_rapyggnt HCQ in COVID-1
importin alpha/beta) 52 hospitalised patients.

Anti-inflammator, speeds up degradation of . .
S . Used in two trials (NCT04273581 and
6. Thalidomide _Irr_ﬁsl,f_aar:gﬁgRNA in blood cells and reduce NCT04273529) against COVID-19.5
7. Vitamin C Antioxidant and Immunomodulatory A clinical trial to investigate the effects of

vitamin C infusion has been started.%
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COVID-19 VACCINE STATUS

According to the WHO latest count, 23 vaccine
candidates are in the various phases of clinical trials in
human beings and 140 vaccine candidates are in the
preclinical stage of evaluation.®® From above 23 vaccine
candidates, two vaccines are presumed to be the
frontrunners at present.>” One is ChAdOXx-S vaccine
which is non-replicating viral vector vaccine currently in
phase 1l of clinical trials being developed by University
of oxford in collaboration with astra zeneca, British based
company. Preliminary report of Phasel1/2 clinical trials on
the safety and immunogenicity of this vaccine against
SARS-COV-2 is published on 20th July, 2020.5¢ Another
vaccine is mRNA 1273 vaccine which is novel lipid
nanoparticle  (LNP)-encapsulated mRNA  vaccine

encoding for a perfusion stabilized form of the spike (S)
protein.® It is a vaccine being developed by
biotechnology company Moderna in association with
national institute of allergy and infectious diseases
(NIAID). Interim analysis on Phase I clinical trial of this
vaccine is already published on July 14, 2020.% Currently
the vaccine is in Phase Il trials with Phase Il trials
anticipated to begin in late July with vaccine expected to
be out in early 2021.8* Other mRNA vaccines are being
developed by bioN tech/fosun pharma/pfizer, curevac and
walvax biotech. All are in phase | clinical trials. There are
seven vaccines by the different pharmaceuticals industries
of China, out of which only one (sinovac) is at the
advanced stage of clinical trials (phase 111). An illustration
of the other coronavirus vaccines under different phases
of trials are summed up in (Table 2).56-6

Table 2: Draft of COVID-19 vaccine candidates under human clinical trials.

Vaccine candidate Platform used

Developer/Company

Current phase of
human clinical trials

Inovio
1. INO-4800 DNA Pharmaceuticals/San Phasel/2
Diego
2. NVX-CoV2373 Pr_oteln sup unit adjuvated Novavax Phasel/2
with Matrix-M
. Pfizer/BioNtech/Fosun
3. BNT162 vaccine RNA pharma Phasel/2
4. Covaxin Inactivated Bharat Biotech Phase1/2
5. DNA plasmid vaccine DNA Cadila Healthcare Ltd Phasel/2
6. Gam-Covid-Vac Lyo Non repllca_tmg viral Gamaleya Research Phase 1
vector vaccine Institute
Native like Trimeric Clover
7. subunit Spike Protein Protein subunit Biopharmaceuticals Phase 1
vaccine Inc./GSK/Dynavax
Recombinant spike protein . . Vaxine Pty Ltd/Medytox
8. with Advax™ adjuvant Protein subunit Phase 1
Molecular clamp stabilized University of
9. Spike protein with MF59 Protein subunit Queensland/CSL/Seqirus  Phase 1
adjuvant
Plant derived VLP
10. adjuvated with GSK or VLP Medicago Inc. Phase 1
ynavax adjust.
CONCLUSION Based on preliminary clinical trial data, the

At present, the control of viral spread is important in
order to restrict the transmission of infection. As the
incidence is rising rapidly, critical care teams are faced
with numerous challenging treatment decisions. The
effective communication among the various organizations
such as government, industry, national and international
bodies is required. Currently, there are no food and drug
administration (FDA)-approved agents for the treatment
of COVID-19. The medical fraternity is working on a
variety of therapies that target different antiviral and
immunomodulating mechanisms to combat this virus.

investigational antiviral agent remdesivir is recommended
for the treatment of COVID-19 in hospitalized patients
with severe disease. The antiCoV potential of these
repurposing drugs needs to be validated in clinical trials
in order to develop broad-spectrum therapy for
Coronavirus infections. In conclusion, all the potential
interventions need to be studied and timely implemented
to control the emerging COVID-19.
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