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A B S T R A C T

The present pandemic of SARS-CoV-2 has been a tough task for the whole world to deal with. With the absence of specific drugs or vaccines against SARS-CoV-2, the
situation is very difficult to control. Apart from the absence of specific therapies, the lack of knowledge about potential therapeutic targets and individual perception
is adding to the complications. The present review describes the novel SARS-CoV-2 structure, surface proteins, asymptomatic and symptomatic transmission in
addition to the genotype and phenotype of SARS-CoV-2 along with genetic strains and similarity between SARS, MERS and SARS-CoV-2. Therapeutic strategies such
as inhibition of the endocytic pathway and suppressing RNA polymerase activity by metal ions, which could be quite beneficial for controlling COVID-19, are
outlined. The drug repurposing for SARS-CoV-2 is discussed in detail along with therapeutic classes such as antivirals, antibiotics, and amino quinolones and their
probable role in suppressing SARS-CoV-2 with reference to case studies. The ongoing clinical trials both with respect to drug repurposing and vaccines are sum-
marized along with a brief description. The recent advancements and future perspective of ongoing research for therapy and detection of SARS-CoV-2 are provided.
The review, in brief, summarizes epidemiology, therapy and the current scenario for combating SARS-CoV-2.

1. Introduction

Coronavirus (CoV) belonging to the Coronaviridae family has spikes
on the outer surface, making it look like a crown, thus deriving its name
(Corona in Latin is Crown). These enveloped viruses are made up of a
single-stranded RNA genomic material along with a helical nucleo-
capsid bound to the RNA in a bead and string type continuous con-
formation. They have a diameter size range of 65–125 nm and length
varying from 26–32 kbs. This virus family has subgroups based on their
genomic structure namely α, β, ϒ and δ CoV [1]. Till now, four CoVs
were identified in human circulation which have low pathogenicity and
caused mild respiratory symptoms viz NL63 and 229E which are α
CoVs; OC43 and HKU1 which are β-CoVs. In the 21st century, two se-
vere respiratory tract infection (RTI) viz. severe acute respiratory syn-
drome (SARS) caused by SARS-CoV (β-CoV) emerged in Guangdong
province of China in 2002–2003, and Middle East respiratory syndrome
(MERS) caused by MERS-CoV (β-CoV) emerged in Saudi Arabia in
2012. Both these CoVs were of bat origin and had a fatality rate of 11%
and 34%, respectively. The intermediary hosts between bats to humans

in SARS were palm civet cats and in MERS were dromedary camels.
SARS and MERS caused respiratory distress and lung injury leading to
pulmonary failure and fatality [2–6].

1.1. COVID-19 origin and transmission

In Wuhan, capital of Hubei province, China, in late December 2019,
there were clusters of cases with severe pneumonia due to unknown
causes. Most of the initial cases were identified to have common ex-
posure to the Huanan seafood market which was involved in selling
dead seafood animals and trading of live animals. As China had a quick
surveillance system after the SARS outbreak, the patient's respiratory
samples were sent to reference labs for etiological examinations.
Assessment of the patients for viral pneumonia was done by testing the
broncho-alveolar lavage fluid using polymerase chain reaction, whole-
genome sequencing and cell culturing. Chinese government notified the
World Health Organization (WHO) and meanwhile closed the Huanan
seafood market on the 1st of January, 2020. The number of cases
started increasing drastically since then, even to those with no exposure
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to the seafood market, thus indicating human to human transmission
[7]. The first fatality was reported on 11th January. This turned out to
be an epidemic, initially spreading to other countries like Thailand,
South Korea, and Japan as there was massive Chinese migration due to
Chinese New Year's Eve.

This virus was identified as β-CoV on 7th January. It had 96.2%
homology to bat coronavirus namely RaTG13 genome whereas 79.5%
homology to SARS coronavirus. The samples taken from the sur-
roundings of the Huanan market showed positive results for this virus,
confirming its origin. This CoV used the same receptor as of SARS-CoV
i.e. angiotensin-converting enzyme 2 (ACE 2) receptor, to infect the
humans [8]. On 12th January, WHO officially named this CoV as 2019-
novel coronavirus (2019-nCoV). Later on, the 11th February, WHO
termed the disease as coronavirus disease 2019 (COVID-19) and CSG
(Coronavirus Study Group) of the International Committee on Tax-
onomy of Viruses changed the virus name officially from 2019-nCoV to
SARS-CoV-2, due to a lot of similarities with SARS-CoV [9–11]. Pre-
liminary finding projected the R0 value (basic reproduction number) for
SARS-CoV 2 in a range from 1.4 to 6.5 [12]. R0 value (represents an
average of new infections produced by an infectious person in a total
population) gives the warning for virus transmission with respect to an
epidemic i.e if R0 > 1, the infected number could escalate and if
R0 < 1, the transmission will die out soon.

The transmission from patients to healthcare workers was seen on
20th January. After this Wuhan and other cities of Hubei province were
placed under complete lockdown. There were cases of COVID-19 in
individuals who did not travel to China, which further suggested
transmission between humans. All the domestic and international air-
ports had a screening mechanism in place in order to detect any
symptomatic travelers who were kept under quarantine and were al-
lowed to go if they tested negative for the COVID-19 test. It soon be-
came apparent that the disease could transmit from an asymptomatic
person (before the commencement of any related symptom). All the
countries evacuated their respective citizens from Wuhan and travelers
from China and other affected countries were kept under quarantine/
isolation for 14 days and went through the COVID-19 test. On 1st
February, WHO declared COVID-19 as a Public Health Emergency of
International Concern. Cases have continued to exponentially increase
since then. On 11th March, WHO finally acknowledged COVID-19 as a
Pandemic. As of April 16th, the total COID-19 cases are almost 2 million
worldwide. It is to be noted that the number of cases has reduced in
China, with a drastic increase in countries like the USA with 6.44 lacs
cases, Spain and Italy with almost 1.8 and 1.6 lacs cases each. Most of
the affected countries have declared a lockdown, with travel restric-
tions of any kind and border control measure taken to control the
pandemic and reduce the transmission.

2. The similarity between COVID-19, SARS, and MERS

The novel human CoVs (SARS-CoV-2) was recognized as the source
of an unidentified form of viral pneumonia called COVID-19 that ori-
ginated in Wuhan, China and was avowed a pandemic by WHO on 11th
March 2020 [13,14]. Prior to this, six forms of human CoVs were
known which involve HCV-NL63 and HCoV229E, which belong to the
genus α-coronavirus; and HCV-OC43, HCoVHKU1, Severe Acute Re-
spiratory Syndrome coronavirus (SARS-CoV) and the Middle East Re-
spiratory Syndrome coronavirus (MERS-CoV) that belong to the genus
β-coronavirus. CoVs were not widely known globally until the SARS
pandemic in 2003, followed by MERS in 2012. An overview of the si-
milarities and differences in pathogenesis, transmissibility and clinical
condition between COVID-19, SARS and MERS is mentioned (Table 1)
utilizing the most recent works concerning COVID-19 and compared
with scientific data from previous findings of SARS and MERS.

2.1. Pathogenesis

MERS-CoV and SARS-CoV are considered extremely pathogenic and
were transmitted by palm civets or dromedary camels to humans by
means of bats. The characterization and genomic sequencing of the
SARS-CoV-2 showed that the novel CoVs was 88% identical to the two
earlier reported bat-derived SARS-like CoVs but were different from
SARS-CoV (by 79%) and MERS-CoV ( by 50%), indicating that it
evolved from bats but the intermediate source is not yet known. The
phylogenetic analysis revealed that SARS-CoV-2 belonged to the genus
Betacoronavirus and was genetically dissimilar from MERS-CoV and
SARS-CoV [15]. The size of the coronavirus genome varies from approx.
26,000 to 32,000 bases and contains a 6 to 11 number of ORFs. The first
ORF that encodes 16 non-structural proteins comprises of approx. 67%
of the total genome while remaining ORF encodes the structural protein
and accessory proteins. Among the four major structural glycoproteins
(as shown in Fig. 1 [16]), spike glycoprotein(S) plays a vital part in
binding to the host receptor. Homology modeling showed that SARS-
CoV-2 and SARS-CoV enter the lung and utilize the same human cell
receptor i.e. ACE-2 despite amino acid variation at key residues, while
MERS-CoV enters the host cell via DPP4 [17]. Six mutations arose in the
variable sections of the receptor-binding domain (RBD) of SARS-CoV-2,
but no amino acid replacements were observed in RBD that directly
interacts with ACE-2 receptors of the host cell [14]. Receptor affinity
analysis claims that the SARS-CoV strain binds less efficiently than the
novel SARS-CoV-2 strain, and further mutation in the nucleotide se-
quence of RBD may increase its pathogenicity [17]. It is uncertain
whether higher SARS-CoV-2 affinity to ACE-2 receptor than SARS-CoV
could lead to more severe lung connection. This should be further in-
vestigated since in vitro studies by inoculating SARS-CoV-2 in human
airway epithelial cells have shown a cytopathic effect with the cessation
of cilia movements [18]. Other than the lung, the ACE-2 receptors are
highly expressed in the small intestine, kidney, testis, and liver, hence,
these organs may also get affected by SARS-CoV-2 [19].

2.2. Clinical features

With comparison to the current clinical characteristics of COVID-19,
it does not appear to be different from SARS and far less lethal than
MERS, even though it spreads in the community at a rapid pace.
Common symptoms include cough, sore throat, fever, and dyspnoea,
with at least one symptom in all the infected patients. However, the
Chinese Centre for Disease Control reports 81% of cases to have mild
indications while 1.2% was asymptomatic [20]. Research laboratory
results do not vary significantly in patients infected with COVID-19
than those diagnosed with other CoVs infections, the most common
being lymphopenia together with low platelet amount and lower levels
of albumin while the levels of creatine kinase, aminotransferases, lactic
dehydrogenases, and C-protein increased [21]. Patients diagnosed with
SARS-CoV-2 and SARS-CoV had an adverse clinical path with the onset
of dyspnoea within 5 days followed by Acute Respiratory Distress
Syndrome within 30% of the cases within a span of 5 days and need of
mechanical ventilation in 17% of the cases. Due to the abundance of
DDP4 receptors in tubules and glomeruli, a serious complication for
MERS appears to be acute kidney injury, however, it rarely occurs in
COVID-19 and SARS [22]. As symptoms commence, the viral loads in
COVID-19 were found to be higher in the nose than in the throat and
gradually decrease within days, contrary to SARS where the maximum
shedding is observed after 10 days from onset of indications [23,24].
Through the experiences of the MERS and SARS epidemics, the lessons
the world has learned are the finest cultural tools to tackle this novel
worldwide danger.

3. Structure of SARS-CoV-2

SARS-CoV-2, the causative agent for the current pandemic situation

A. Pandey, et al. Life Sciences 256 (2020) 117883

2



is similar to SARS-CoV, which caused an epidemic in early 2003. Both
viral strains belong to the B lineage of β-coronaviruses genera. These
viruses are the largest RNA viruses reported to date. SARS cor-
onaviruses have a single-stranded positive-sense RNA that complexes
with capsid protein into a bead-on-the-string arrangement which forms
the protein-ribonucleic helical core of the virus particle. The genetic
core is enveloped in a lipid bilayer where structural proteins of the virus
particle are anchored. Membrane (M) protein, the most abundant triple-
spanning membrane protein that is crucial for virus assembly. Envelope
(E) protein, the smallest among the other foremost structural proteins,
predominantly localizes in vesicle trafficking organelles such as Golgi
and ER/Golgi interface thus play a central role in maturation and
budding. Spike (S) protein forms the trimeric spike which extends from
the lipid membrane that gives a crown-like appearance; hence this fa-
mily of the virus is named ‘corona’ viruses. Spike protein is crucial for
the infectivity of the virus, tissue tropism, and virus internalization into
the host cell. Structural proteins work in synchrony with each other to
bring about virus replication in the host cell [25–27].

Recent studies have demonstrated that similar to SARS-CoV, SARS-
CoV-2 also utilizes ACE-2 on the host cell surface for cellular entry.
Upon binding to the receptor, virus is thought to be internalized by
receptor mediated endocytosis and RNA (viral genomic material) is
then released into host cell cytoplasm. Viral genome is translated to
form non-structural proteins, which constitute replication transcription
complex (RTC). The RTC leads to the formation of sub-genomic mRNAs
which encode structural and accessory proteins. The new viral genomic
RNA bound to nucleocapsid protein and other accessory proteins of
virus present as virions (viral buds) in endoplasmic reticulum and golgi
are transported via vesicle cargoes to fuse with the plasma membrane
and finally are released out of cell as depicted in Fig. 2 [28–34].

3.1. RNA genome

SARS-CoV-2 is a positive-sense RNA virus, with a genome scope of
30 kb consisting of flanking untranslated regions (UTRs) at both 5′ and
3′ ends. The open reading frames ORF1a (open reading frame) and
ORF1b present at 5′ proximal RNA genome encodes for a polyprotein,
which upon proteolytic cleavage results in 16 putative nonstructural
proteins (nsps) such as viral proteases (nsp3, cysteine protease, and
nsp5), RNA-dependent RNA polymerase ([RdRp], nsp12), helicase
(nsp13), and other nsps which are expected to be tangled in the viral
transcription and replication. The distal portion of the viral genome
towards 3′ end consists of 12 nested orfs which code for the structural

proteins namely spike (S), Envelope (E), Membrane (M) and
Nucleocapsid (N) and other accessory proteins. Genome analysis has
tremendously helped in gaining more insights about the SARS CoV-2.
Sequence analysis revealed a major distinction in spike, orf3b and orf 8
regions which were previously reported as recombination hotspots
[35]. Several transcriptional regulatory elements such as stem-loop
structures present in 5′ and 3′ UTRs and frameshift elements contribute
to the complex transcription and translational properties to the viral
RNA [36–39].

Besides understanding about the genetic annotation, understanding
the sequences in the sub-genomic mRNAs, and more insight into the
secondary structures of the genomic RNA would enable in development
of genome targeted therapeutics.

3.2. Spike (S) protein and COVID-19

Spike protein is a densely glycosylated class I fusion protein on the
surface of virus particles. It comprises of a large ectodomain, a single-
pass transmembrane domain that anchors the protein to lipid bilayer
and a small intracellular segment. The ectodomain has two subunits S1
and S2 both forming homotrimers. The C-terminal functional domain of
S1 subunit is involved in receptor binding and S2 subunit includes a
fusion peptide, HR1 and HR2 (hepted repeat 1 and 2), a transmembrane
domain and cytoplasmic domain that aids in viral envelope fusion with
host cell membrane via the endosomal pathway.

The S protein on the surface of a virus particle is present in a pre-
fusion form [40]. Upon contact with host cell, S protein undergo a
priming by host cell membrane proteases such as TMPRSS2 (serine
protease) to induce membrane wrapping and efficient internalization
[41,42]. Structural analysis demonstrated that the RBD of SARS-CoV-2
bound with ~10 times advanced affinity to ACE-2 than that of SARS-
CoV and in receptor unbound state, the S2 domain was more flexible
[43]. Another notable change in the spike protein of SARS-CoV-2 is the
presence of the S1/S2 furin-like rift spot that is absent in SARS-CoV.
Several reports suggest that the presence of this proteolytic site in-
creases the pathogenicity of the virus. Furin like rift spot is also re-
ported to increase the tissue tropism of viruses [44,45]. So far, SARS-
CoV-2 was thought to infect upper respiratory tissue, surprisingly a
recent report shows the ability of the SARS-CoV-2 to infect T-lympho-
cytes also through membrane fusion process [46].

Spike protein being the first contact site between viruses and cells is
subjected to tremendous evolutionary pressure. Any changes in spike
protein would have a profound effect on the infectivity and transmis-
sion of viruses. In the spike protein of the present pandemic SARS-CoV-
2, changes acquired such as furin-like cleavage site, structural changes
at the receptor binding sites are being correlated for the species
jumping and efficient human-to-human transmission. The virus is also
found to form syncytium which enables virus spreading by cell-cell
fusion which might also leads to the rapid infectivity of the SARS-CoV-2
virus [47].

3.3. SARS-CoV-2 main protease

The main protease (Mpro) also recognized as 3C-like protease is
encoded by nsp5. It is the first protein that is auto-cleaved and it further
cleaves the polyprotein into individual members of non-structural
proteins at the cleavage site LeuGln↓ (Ser, Ala, Gly). It attains a stable

Table 1
Pathogenic, epidemiology and phylogenic features of SARS-CoV-2, SARS-CoV, MERS-CoV.

Virus Location of origin Phylogenetic origin Source/intermediate source Receptor Mortality rate Ro

SARS-CoV-2 Wuhan, China Class I, Cluster IIa Bats/unknown ACE-2 2.3% 2–2.5
SARS-CoV Guangdong, China, 2002–2003 Class I, Cluster IIb Bats/ palm civets or dromedary camels ACE-2 9.5% 1.7–1.9
MERS-CoV Saudi Arabia Class II Bats/ palm civets or dromedary camels DDP4 34.4% 0.7

Fig. 1. Structure of SARS-CoV-2 (COVID-19).
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active form as an octamer while it's monomer and dimer exist in
equilibrium. [48]. SARS-CoV-2 shares 96% arrangement resemblance
with SARS-CoV. The crystal structure of SARS-CoV-2 Mpro showed that
polar amino acids in the dimer interface have been replaced with non-
polar ones. This mutation has resulted in the increased catalytic activity
of the dimer while dimer dissociation constants have remained the
same [49]. Protease is essential for virus proteome production and re-
plication. Therefore, Mpro is considered as one of the potential targets to
treat COVID-19.

3.4. SARS-CoV-2 RNA dependent RNA polymerase (RdRp)

Viral replication and transcription of SARS CoV-2 is carried out by
complex protein machinery. Proteins of this complex are translated
from ORF1a and ORF1b and are the part of large polypeptide chain.
Overall architecture of RdRp complex of SARS-CoV-2 is found to be
analogous to that of SARS CoV. The key constituent of this enzyme
complex is RNA-dependent RNA polymerase (nsp12). It forms the
complex with other co-factors such as nsp7 and nsp8 and catalyses the
development of viral genomic RNA. The complex has a central groove
where template-directed RNA synthesis id catalysed. The nascent RNA
strands exit path is positively charged which bring about electrostatic
interaction between nascent RNA strand and enzyme complex. This exit
path is also accessible to the solvents [10,50]

RNA polymerase unit (nsp12) is the promising target to develop
viral inhibitors and the promising drug remdesivir, which has entered
into clinical trials now for the treatment of COVID-19, also inhibits the
activity of RdRp.

4. Enzymes and pathways as potential therapeutic targets

Upon infection from any microbes, the proteins exposed on the
surface of these intruders are at first recognized by our immune system.
A systematic and specific immune response is then elicited to fight back
these infectious agents. However, in certain infections, the immune
system might be taken over by the infectivity of the microbes which
results in pathological conditions. Thus, in this condition supporting the
immune system with synthetic drugs would not only help in combating
the infection but might also enable in the recovery of defence of our
body. Similar to the approach of the immune system, surface structures
are always the first class of probable candidates to be addressed by the

therapeutics development. Drugs to combat SARS-CoV-2 infection are
in search. In particular, proteins of SARS-CoV-2 such as spike protein
(S), RNA dependent RNA polymerase and Main protease are being
studied to develop potential inhibitors. However, a detailed study of the
other non-structural proteins is the need of the hour to increase the
spectrum of proteins which can be targeted for control of COVID-19
infection.

4.1. Role of metal ions in suppressing RNA polymerase activity

Metal ions are an essential part of some viral proteins and play a
vital part in their pathogenesis and existence. Binding of metal ions
might activate or inactivate the protein. Because metal ions can bind to
viral proteins, different metal ion-conjugates were tested for their in-
hibitory properties of 3CL protease of SARS-CoV. Hg2+, Zn2+, and
Cu2+ exhibited inhibitory properties with Zn2+ being more effective.
These metals exhibited non-competitive inhibition [51]. Many of the
putative enzymes coded from the nsp cluster of the SARS-CoV genome
have a Zn2+ binding domain [52]. A detailed molecular interaction
study demonstrated that Zn2+ ions and Zn2+ ionophores effectively
inhibited replicase and also RdRp at the elongation phase [53]. Helicase
is one of the enzymes from the nsp group of proteins in SARS-CoV. It is
involved in unwinding the dsRNA or dsDNA in 5′ to 3′ polarity. The
activity of helicase is vital for replication and also the transcription of
the viral genome. Bismuth compounds efficiently inhibited the helicase
activity [54]. Metals being versatile in their utility can be used to
minimize the survival of viruses (Fig. 3). In the current pandemic, metal
ion based coating to the hospital surfaces and personal protection
equipment (PPE) are being extensively explored. However, molecular
interactions and mechanism of the inhibitory properties of metal ions
need to be explored in detail.

4.2. Clathrin-mediated endocytosis as potential targets?

Besides targeting viral proteins, the cellular mechanisms involved in
virus internalization can also be a viable therapeutic strategy (Fig. 3).
The entry mechanism and internalization process for SARS-CoV-2 into
cells have not been clarified yet. Since SARS-CoV-2 binds to the similar
receptor as SARS-CoV, and is also vulnerable to chloroquine, a lysoso-
motropic agent; hence there is an increased probability that the SARS
CoV-2 also utilize the similar endocytic mechanism for the entry into

Fig. 2. Life cycle of SARS-CoV-2 (COVID-19).
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the host cells. Clathrin-mediated endocytosis is the most prevalent
process of internalization including that of SARS-CoV. Therefore, drugs
such as chlorpromazine inhibiting clathrin-mediated endocytosis are
tested for their potential in inhibiting SARS.CoV-2 [55].

5. Drug repurposing and COVID-19

Currently, there is no particular antiviral therapy suggested for
COVID-19 and no vaccine is presently available as its pathogenesis and
proliferation pathways still remain unknown. The treatment is based on
symptoms, and oxygen therapy is the main treatment method for se-
verely infected patients. In cases of respiratory failure refractory to
oxygen therapy and artificial ventilation may be required while he-
modynamic assistance is important for septic shock management [56].
However, therapeutic treatment is a must for the future and some of
available drugs can be repurposed for the treatment of COVID-19. There
are many choices for containing or avoiding emerging COVID-19 in-
fections, involving vaccines, oligonucleotide-based drugs, monoclonal
antibodies, interferon treatments, peptides, and small-molecule medi-
cines [57]. However, it's likely to take months to years to develop new
drug/vaccine associated interventions. Given the severity of the COVID-
19 pandemic, we here focused on the drug repurposing techniques and
the ability to repurpose current therapeutic agents for COVID-19
treatment. Drug repurposing (reprofiling, drug repositioning or re-
tasking) is a process to redevelop a compound /drug for the use in a
different disease other than that of its original use. It is a strategy of
identifying the approved, discontinued, shelved and investigational
drugs for new uses that are authorized for the treatment of other dis-
eases [58]. About one-third of the approvals involve repurposed drugs
[59]. The basic principle involved in drug repurposing is that a common
molecular pathway is responsible for many diseases and a host of de-
tailed information is available on the formulation, dose, toxicity,
pharmacology and clinical trial data of the approved/ shelved or dis-
continued drugs. The advantages of drug repurposing are in most of the
cases safety assessment, preclinical testing, and in some cases for-
mulation development won't take much time and thus reducing the

time required for the drug development. For repurposed drugs the
chances of failure will be less as the preliminary stages of evaluating
drug efficacy and safety have been already completed and the drug has
already been found to be adequately safe in a preclinical and human
model. Hence, repurposed drugs open a new avenue for the research of
new pathways and targets [60] and finally, investment for repurposing
the drug is less as it often bypasses the Phase-1 trial in comparison to
the development of a new drug entity [61].

5.1. Potential candidates for repurposing for SARS-CoV-2

5.1.1. Antimalarial agents
5.1.1.1. Chloroquine. The SARS-CoV-2 (COVID-19) host interactions
can be modulated by small-molecule agents authorized for other
human diseases. Chloroquine (CQ), a commonly used anti-malarial
drug and authorized immune modulator, has been recently identified as
a possible broad-spectrum antiviral drug [62,63]. CQ is reported to
prevent virus infection by elevating the endosomal pH needed for
virus/cell fusion and by interacting with the glycosylation of SARS-CoV
cell receptors [64]. In one of the recent findings, CQ demonstrates
inhibitory activity towards COVID-19 (EC50 = 1.13 μM in Vero E6
cells) [65] and is examined in an open-label trial (ChiCTR2000029609)
[66]. Subsequently, a number of clinical trials (ChiCTR2000029542,
ChiCTR2000029559, ChiCTR2000029609, ChiCTR2000029740,
ChiCTR2000029760, ChiCTR2000029761, ChiCTR2000029762,
ChiCTR2000029803, ChiCTR2000029826, ChiCTR2000029837,
ChiCTR2000029868, ChiCTR2000029898, ChiCTR2000029899,
ChiCTR2000029935 and ChiCTR2000029939) were immediately
carried out in China for the safety and efficacy of CQ and
hydroxychloroquine for treating COVID-19 linked pneumonia [66].
Reports have so far shown that chloroquine phosphate is preferred in
managing the treatment by constraining the worsening of pneumonia,
increasing lung imaging tests, encouraging virus-negative
transformation, and reducing the duration of illness [67]. CQ is an
inexpensive and effective drug and has been in use for over 70 years,
making it potential and clinically beneficial towards COVID-19.

Fig. 3. Alternate pathways to control virus replication.
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5.1.1.2. Hydroxychloroquine. Hydroxychloroquine (HCQ), which
demonstrates a highly related structure (as shown in Fig. 4) and
antiviral activity to that of CQ, may function as a safer treatment
method for COVID 19, as it demonstrates anti-SARS-CoV activity in vitro
[68] with better clinical safety profile as that of CQ (during long-term
use) which will allow high daily dose [69]. Both compounds can
interact with ACE-2 glycosylation and decrease the binding capacity
between ACE-2 on the host cells and the COVID-19 surface spike
protein. They may also raise the pH of lysosomes and endosomes, by
preventing the virus fusion mechanism with host cells and
corresponding replication. When HCQ enters antigen-presenting cells
(APCs) it inhibits the development of antigen and the autoantigen
exposure to T cells controlled by major histocompatibility complex
(MHC) class II. It represses subsequent stimulation of T cells and CD154
expression and other cytokines. Furthermore, HCQ disrupts DNA /
RNA's interaction with toll-like receptors (TLRs) and the cGAS nucleic
acid detector, and thus the expression of pro-inflammatory genes
cannot be triggered. Consequently, CQ and HCQ administration is not
only expected to alleviate COVID-19's extreme development by
preventing its replication and invasion but it also reduces the risk of
cytokine storm by blocking T cell stimulation as depicted in Fig. 5 [70].
In a more recent study, an open-label non-randomized study
investigating the impact of HCQ (EU Clinical Trial Number: 2020-
000890-25) reported on a group of 36 patients. It stated a substantial
decrease in nasopharyngeal swab viral positivity, relative to control,
6 days following inclusion in the HCQ group. However, 16 patients
were assigned as controls in a deviation from their chart defined

protocol, and 6 patients obtained simultaneous azithromycin (AZM)
treatment to avoid bacterial superinfection. Patients who received AZM
were chosen based on clinical assessment. After 6 days, the subgroup
getting AZM had negative virus swabs relative to 57% (8/14) with HCQ
alone and 12.5% (2/16) with control [71]. It shows that AZM added to
HCQ has been significantly more effective in eliminating the virus.
However, this study is constrained by its low sample size and lack of
randomization which gives a lot of room for study with a larger sample
size.

5.1.2. Antiviral agents
5.1.2.1. Lopinavir and ritonavir. Several kinds of research have
concentrated on repurposing existing antiviral therapies, in particular
those that have shown previous effectiveness towards MERS-CoV and
SARS-CoV. Authorized protease inhibitors were confirmed to be
effective towards SARS-CoV and MERS-CoV such as lopinavir (LPV)
and ritonavir (RTV). Clinical trials (e.g., ChiCTR2000029539) are
conducted to test HIV protease inhibitors like LPV and RTV in
patients with COVID-19 infection [66]. Initially, LPV and RTV were
suspected to suppress SARS and MERS 3-chymotrypsin-like protease
and proved to be linked with better clinical results of SARS patients in a
non-randomized open-label study [72]. However, it is up for debate
that LPV and RTV could efficiently block the COVID-19 3-
chymotrypsin-like and papain-like proteases. HIV protease is from the
family of aspartic proteases while the two coronavirus proteases belong
to the family of cysteine proteases. In fact, HIV protease inhibitors have
been precisely designed to match the C2 structure in the HIV protease

Fig. 4. The chemical composition of chloroquine and hydroxychloroquine.

Fig. 5. Schematic representation of chloroquine and hydroxychloroquine antiviral mechanisms.
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dimer catalytic site, however, this C2-symmetric structure is missing in
coronavirus proteases [57]. Assuming that HIV protease inhibitors
modify host pathways to interact with coronavirus infection
indirectly, their potency remains a matter of concern. In the recent
study, 51 COVID-19 patients with conventional Chinese medicine,
interferon, LPV, RTV and brief-term (3 to 5 days) corticosteroids were
successfully treated and 50 patients were recovered and discharged
[73]. A 54-year-old man having COVID-19 was successfully treated
with LPV and RTV from day 10 of infection, 2 tablets (LPV 200 mg/RTV
50 mg) every 12 h was mentioned in a study by Lim et al. The viral β-
coronavirus load was begun to decrease after the first day of
administration and since then, few to no significant coronavirus titers
were identified [74]. The observation suggest that although there are
no drugs for COVID-19 at present, the repurposing of antiretroviral
drug which have been previously approved by United States Food and
Drug Administration (FDA) is really helpful in supressing the virus as
well as treating already infected individual. Similar combination of
other retroviral agents with appropriate dose and dosing frequency will
be quite helpful in facing this situation.

5.1.2.2. Remdesivir. Remdesivir (RDV) is a broad-spectrum anti-viral
and an adenosine triphosphate nucleoside analog. It is an
investigational small molecule developed by Gilad Sciences. Inc in
2015 primarily for the treatment of Ebola and it is in Phase -II trials for
its activity against the Ebola virus-induced hemorrhagic fever [75]. In
vivo and in vitro animal study data shows that RDV is active against a
host of virus-like: filoviridae, parmyxoviridae and the coronaviridae
(Middle East Respiratory Syndrome-Corona Virus [MERS CoV], Severe
Acute Respiratory Syndrome-Corona Virus 2 [SARS-CoV-2]) [7,76].
The prodrug of RDV (GS-443902) constrains the viral RNA dependent
RNA polymerase at the early stage of the viral infectious cycle. Chain
termination and lethal mutagenesis are the other possible mechanisms
of action of RDV [77]. RDV is an antiviral that is known to reduce the
viral load by decreasing viral replication. The animal studies showed
that the RDV efficiently decrease the viral load in the lung tissue of
MERS-CoV infected mice and further it improved the pathological
damage done to the lung tissue and lung function [78]. Another study
showed that the metabolite of RDV GS-5734 was operative against an
array of CoVs like pre-pandemic bat CoVs, bat CoVs and circulating
contemporary human CoV in primary human lung cells [79]. They also
showed that GS-5734 halts the replication of MERS-CoV and SARS-CoV
and thereby reduces the viral load in primary human epithelial cell
cultures. RDV blocks SARS-CoV infection at a micromolecular and at a
half cytotoxic concentration [65]. There is no sufficient data available
on the pharmacokinetics of RDV, however, the data is extrapolated
from in vivo mouse and non-human primate data. RDV is metabolized
into its prodrug by anabolic intracellular kinase [80]. Once-daily dosing
was found to reach a maximum concentration with a half-life of
approximately 20 h in vivo non-human primate model and an in vitro
human lung cell model [81]. The data relating to protein binding,
hepatic clearance, adverse effects, and dosing information is not yet
available. As per the clinical study data currently, a loading dose of
200 mg intravenous RDV is given followed by 100 mg intravenously for
5 to 10 days [82]. In order to evaluate the safety and efficacy of RDV in
COVID-19 patients, several clinical trials have been started. A
randomized, double-blind, controlled trial to evaluate the safety and
efficacy of RDV in hospitalized patients with moderate to mild COVID-
19 respiratory disease has been initiated by China-Japan friendship
hospital, China. The trial consists of 08 patients divided into 2 groups
with one group receiving active RDV and the other control group
receiving RDV placebo. The results of the trials are expected to be
obtained by the end of April 2020 [83]. Gilead Lifesciences has initiated
a phase-3 randomized study to evaluate the efficacy of RDV regimens
with respect to clinical status by a 7-point ordinal scale on day 14 with
2400 participants The study completion date is expected to be May
2020 [84]. National Institute of Allergy and Infectious Diseases (NIAID)

has initiated a multicenter, double-blind, randomized, adaptive,
placebo-controlled trial to assess the safety and efficacy of RDV in
hospitalized adults diagnosed with COVID-19 [85].

5.1.2.3. Ribavirin. Ribavirin (RBV) is an antiviral purine nucleoside
analog approved for chronic hepatitis C virus (HCV). It is a broad-
spectrum anti-viral drug having activity against hepatitis B and
respiratory syncytial virus (MERS-CoV, SARS-CoV-2) [86]. RBV is
metabolized by adenosine kinase to its prodrug mono, di and
triphosphate metabolites. The synthesis of viral mRNA polymerase is
inhibited by the direct binding of RBV triphosphate (RTP) to the
nucleotide-binding site of the enzyme which results in the reduction
in the production of defective virions and decreases the viral load [87].
RBV also competitively inhibits host inosine monophosphate
dehydrogenase (IMPDH) which further inhibits the guanine
nucleotides synthesis. The decrease in guanosine triphosphate leads to
the depletion of viral protein synthesis and halts the process of viral
genome replication [88]. RBV also has an immunomodulatory effect on
the host by promoting the production of cytokines which stimulates the
humoral response and enhances immunity towards the virus. The
mechanism of action of RBV that includes the inhibition of mRNA
capping which results in induction of mutation in the viral replication is
the main reason for considering RBV as a potential treatment approach
to treat SARS-CoV-2 [89]. High doses of RBV are required for
treatment. RBV, when given as a monotherapy, shows resistance
against SARS and MERS and therefore it's given in combination with
other antiviral drugs like lopinavir, chloroquine analogs and with
interferon-α [90]. A Study on Vero and LLC-MK2 cells showed that
the combination of RBV with interferon-α inhibits the replication of
novel coronavirus (nCoV) isolate hCoV-EMC/2012 in the cell lines with
a lower concentration of both RBV and interferon-α, thus making RBV
as a promising treatment for COVID-19 [90]. The pharmacokinetic
profile of RBV is well established. It is rapidly and extensively absorbed
orally with an oral bioavailability of 64%. It is metabolized in the liver
by adenosine kinase to its mono, di and tri phosphate metabolites. The
half-life of RBV is about 120–170 h. For the treatment of COVID-19,
intravenous RBV is given in a dose of 500 mg, 2–3 times daily in
combination with lopinavir/ritonavir or interferon-α for not more than
10 days [91]. The main adverse effects of RBV are hypocalcemia,
hemolytic anemia and hypomagnesemia [92]. RBV should be avoided
in patients with preexisting cardiac disease and in patients with poor
renal function. RBV is known to cause teratogenic effects and therefore
it should be avoided in pregnant women [93]. Several clinical trials to
assess the potency of RBV in treating COVID-19 are underway. A
randomized, open labeled, controlled phase-2 trial to assess the efficacy
of combination therapy of lopinavir/ritonavir, RBV and interferon beta-
1b has been initiated by The University of Honkong, China. The aim of
the study is to assess the effect of combination therapy in suppressing
the viral load, shorten the hospitalization time, recovery and reduce the
mortality in patients with COVID-19 infection compared with
lopinavir/ ritonavir [94].

5.1.2.4. Arbidol. Arbidol (ARB) or Umifenovir is an antiviral drug
currently approved in China and Russia for the prophylaxis treatment
of respiratory viral infections and influenza [95]. It is a broad-spectrum
antiviral drug that has demonstrated activity against many other
viruses like the Lassa virus, zika virus, Ebola virus, flavivirus, herpes
simplex and in food – mouth disease [96]. Furthermore, it has shown
activity in vitro against a host of other viruses like hantaan virus,
chikungunya virus, hepatitis B and C virus, reovirus and coxsackievirus
[97]. ARB has shown activity against SARS-CoV-2 virus and thus it's
been currently investigated for its potential to treat COVID-19
prophylactically [95]. The broad-spectrum activity of ARB is mainly
because of its dual action as a host targeting agent (HTA) that acts on
one or multiple stages of the viral life cycle and as a direct-acting
antiviral (DAA) which induces direct virucidal effects on virus [95]. The
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DAA action is mainly because of the ability of the ARB to form
interactions with amino acid residues. ARB interferes with
intracellular trafficking, clathrin-mediated endocytosis and directly
with viral lipid envelope [98]. The interaction of ARB with viral
glycoprotein aromatic residues that are involved in fusion and
cellular recognition is the main reason for ARB's antiviral activity
[99]. Because of its ability to interact with both viral proteins and lipids
ARB can interfere with the later stages of the viral life cycle [100]. The
antiviral activity of ARB against SARS-CoV-2 has gained the attention of
researchers in the use of ARB as a potential treatment therapy alone or
in combination therapy to treat COVID-19. Currently, China is
conducting various studies to evaluate the potential of ARB in
treating COVID-19 and has recommended the use of ARB as a
treatment option. A study conducted in China reveals that ARB
effectively inhibits SARS-CoV-2 infection at low concentration of
10–30 μM in vitro. The National Health Commission (NHC) of the
People's Republic of China has included ARB in the latest version of the
Guidelines for the Prevention, Diagnosis and Treatment of Novel
Coronavirus-induced Pneumonia for the tentative treatment of
COVID-19. ARB is rapidly absorbed following its oral administration.
The maximum concentration of the drug in plasma is estimated to be
415–467 ng/ml and the time taken to reach maximum plasma
concentration is between 0.65–1.8 h [101]. It undergoes cytochrome
P450 dependent hepatic metabolism and it is also metabolized by
intestinal microsomes [102]. Phase-1 metabolic pathways include
hydroxylation, sulfoxidation, and N-demethylation, whereas the
Phase-2 pathway is mainly due to glucuronide and sulfate
conjugation reactions [103]. The plasma half-life of ARB is 17–21 h
and it is eliminated majorly through feces. Currently to treat COVD-19 a
dose of 200 mg of ARB 3 times a day is given orally for not more than
10 days [104]. A phase-4 for pneumonia caused by SARS-CoV-2,
randomized, multicenter, open study has been initiated by Jieming
QU, Rujin Hospital, China to observe the safety and efficacy of ARB in
the treatment of pneumonia induced by SARS-CoV-2 [105]. Another
randomized, open study to assess the safety and efficacy of Bromhexine
Hydrochloride tablets given in combination with ARB and recombinant
human interferon-α 2b in the treatment of mild to moderate COVID-19
pneumonia has also been initiated [106].

5.1.2.5. Favipiravir. Favipiravir (FPV), a derivative of pyrazine
carboxamide, is a promising broad-spectrum antiviral drug initially
developed for influenza several years ago. It acts by preventing the
influenza viral RNA-dependent polymerase RNA, thus blocking the
replication process by acting negatively on genetic copying. It has been
screened against many RNA viruses including H1N1, Ebola, Arena
virus, and Bunyavirus because of its action against RNA viruses. It was
however approved in Japan and France and not in other countries for a
few indications [107].

In order to determine the viability of FPV for COVID-19 re-
purposing, we carried out a literature survey of clinical trials using FPV
as an investigational drug for different indications. Results of the re-
search published for a multi-centric Phase II study (NCT01068912)
showed clinical effectiveness of FPV in influenza in low-dose and high-
dose treatment modalities with no mortality and no substantial possi-
bility of severe adverse reactions [108]. Results of the multi-centric
Phase III study (NCT02026349) released on EudraCT showed that FPV
could reduce symptoms and overcome influenza fever without any
mortality or significant adverse effect [109]. Evidently, FPV in Influ-
enza could contribute to positive treatment interventions. FPV may also
have possible antiviral activity on SARS-CoV-2 which is an RNA virus. A
clinical study on FPV for the treatment of COVID-19 conducted by the
Shenzhen Third People's Hospital and the Clinical Medical Research
Centre of the National Infectious Diseases obtained positive results on
14 February. Preliminary outcomes from a total of 80 patients (along
with the experimental group and the control group) showed that FPV
had a more potent antiviral action than LPV / RTV. There were no

major adverse reactions in the treatment group FPV, and there were
slightly less adverse effects than the LPV / RTV group. In terms of
disease development and viral clearance FPV demonstrated stronger
therapeutic responses to COVID-19 [110].

5.1.2.6. Darunavir. Darunavir (DRV) is a second-generation protease
inhibitor against HIV-1. Scientists in China declared on 4 February
2020 that DRV prevented in vitro SARS-CoV-2 infection. Cell research
demonstrated that DRV reported to inhibit viral replication at a
concentration of 300 μM in vitro, and its inhibition efficacy was 280
times that of the untreated group [111]. In patients with COVID-19
pneumonia, DRV is used in trial number NCT04252274 in combination
with cobicistat [112]. Such a combination is currently approved by the
FDA in treating AIDS. DRV is a HIV protease inhibitor, and cobicistat is
a supplement to enhance DRV's pharmacodynamics and
pharmacokinetics by inhibiting cytochrome P450 (CYP3A) [113,114].

5.1.2.7. Oseltamivir. The other antiviral drugs are also widely used in
COVID-19 treatment around the world. Oseltamivir is another
medication licensed for the treatment of influenza A and B; it
prevents the viral neuraminidase and thereby prevents the releasing
of viral particles from host cells, thus minimising the spread throughout
the respiratory tract [115]. Usage of Oseltamivir with or without
antibiotics and corticosteroids is reported in China [116]. Oseltamivir
is also used in clinical trials with chloroquine and FPV in multiple
combinations [117].

5.1.2.8. Interferons. Interferons (INF) are a cluster of cytokines that are
secreted by dendritic, plasmacytoid and other types of cells [118].
These are the body's natural defense against viral infection and also
play an important role in combating tumors and regulating immunity.
FDA has approved INFs for the treatment of various conditions like
multiple sclerosis, hepatitis B and C viral infection, hairy cell leukemia
and Acquired Immuno Deficiency Syndrome (AIDS) [119]. INFs are the
first cytokines released during a viral infection. The interferon
stimulating genes (ISG) which are mainly involved in
immunomodulation, signaling and inflammation are activated by the
INF fixation on Interferon α/β Receptor (IFNAR) receptors present on
the plasma membrane of most of the cells [120]. The ISGs activates the
adaptive immunity by decreasing the secretion or metabolism of
cytokines by interfering with viral replication. ISGs further prevents
membrane fusion by decreasing the membrane fluidity and sensitize the
cells to pathogens thereby inhibiting the virus-cell cycle steps [121].
INF, when given as a monotherapy, showed that higher serum
concentration of INF is required to halt viral replication. Whereas the
in vitro studies of INF given in combination with ribavirin showed a
potent synergistic effect in treating SARS [122]. The combination of
INF and ribavirin at a lower dose showed an inhibitory action on the
replication of MERS-CoV [90]. Among the subtypes of INFs, INFβ1b and
INFβ1a are the most potent inhibitors of SARS-CoV [123] and MERS-
CoV [124]. With respect to coronavirus infection INFβ1 plays an
important role because of its protective role in the lungs. It maintains
the endothelial barrier function of the lungs by up-regulating Cluster of
Differentiation 73 (CD73) in the endothelial cells of lungs and results in
the secretion of anti-inflammatory adenosine [125]. These studies
showed that INF can be used in the prophylactic treatment of COVID-
19. INF is an investigational drug and hence its complete
pharmacokinetic profile is not yet established. However, the half-life
of the pegylated form of INF is 4.6–22 h. As of now, there is no
established dosage regimen for INF in treating COVID-19. Several
clinical trials with INF alone and in combination with other drugs
have been initiated. An early phase randomized open blank control
study has been planned to evaluate the safety and efficacy of
recombinant INFα1b as monotherapy in treating corona virus
infection [126]. In another case, an randomized open-label controlled
trial on the combination therapy of lopinavir/ ritonavir, ribavirin and
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INFβ1b in comparison with monotherapy of lopinavir/ ritonavir as a
treatment for novel coronavirus infection has been planned [94].
Peginterferon alfa-2a marketed as Pegasys has been used in the
treartment of chronic Hepatitis C in combination with Ribavirin. With
repect to COVID-19 several clinical trials with using Pegylated
interferon alfa have been initiated. Open label, controlled,
randomised Phase II clinical trial to estimate the antiviral efficacy
and safety of Pegylated INF Lamda (NCT04343976) and Pegylated INF
Lamda-1A (NCT04388709) in patients with COVID-19 infection have
been initiated [127,128].

5.1.3. Antibiotic
5.1.3.1. Azithromycin. Azithromycin (AZ) is a semi synthetic broad
spectrum macrolide antibiotic approved by FDA for the treatment of
genitourinary tract infections, enteric and respiratory tract related
infections [129]. Along with its anti-bacterial activity, AZ has also
shown antiviral activity by inducing the production of interferon-
stimulated genes in a rhino virus infected bronchial epithelial cells
[130]. Studies showed that AZ is also effective against zika and Ebola
virus. AZ acts against the virus by a host of multiple mechanism. AZ
inhibits viral genetic shedding from lysosome and blocks endocytosis by
getting accumulated intracellularly in the lysosomes and endosomal
vesicles leading to the increase in pH levels and thereby limits the
replication of viral genetic material [131]. The anti-viral activity of AZ
is also attributed to its ability to induce interferon mediated antiviral
response which reduces the replication of the virus [132]. AZ also
decreases the mucus secretion and enables lung function by directly
acting on bronchial epithelial cells [130]. AZ has shown a potential
action against SARS-CoV-2. It interacts among SARS-CoV-2 spike
protein and host angiotensin converting enzyme-2 (ACE-2) protein
and thereby inhibits the viral entry into the host cell [133]. The
bioavailability of AZ following oral administration is 37%. It has a high
tissue penetration and a longer half life (68 h). It is primarily
metabolized in the liver and excreted through biliary excretion. The
volume of distribution of AZ is 31 L/kg. The side effects of AZ include
macrolide antibiotic resistances, hearing loss and cardiac arrythmias
(QT prolongation) [129]. There are several reports suggesting that a
combination of chloroquine and AZ is effective in reducing the viral
load in the treatment of COVID-19. Usually a dose of 1–2 g of
azithromycin in combination with hydroxychloroquine or chloroquine
is used in the treatment of COVID-19.

There are around 81 clinical trial registered for testing the efficacy
of AZ in combination with several other drugs for treating COVID-19.
An open label, randomized interventional study has been initiated to
compare the efficiency of the two drugs hydroxychloroquine and AZ to
see which one is better in the treatment of confirmed or suspected cases
of COVID-19 [134]. A multicentre, randomized, open labelled clinical
trial has been started to assess the safety and efficacy of tocilizumab
given in combination with azithromycin and hydroxychloroquine in the
treatment of SARS-CoV-2 [135]. A phase II B, double blind, rando-
mized, placebo-controlled trial has been initiated to evaluate the safety
and effectiveness of hydroxychloroquine and AZ to prevent the hospi-
talization or death in symptomatic adult outpatients with COVID-19
[136]. Gautret et al., conducted a non-randomized, observational,
open-label, external control trial on COVID-19 patients of> 12 yrs age
to deduce the efficacy of combination therapy of hydroxychloroquine
and AZ [137]. They concluded that hydroxychloroquine (500 mg/day)
and AZ (250 mg/ day for 5 days) successfully reduced the viral load.
The activity of hydroxychloroquine in reducing the viral load was
further reinforced by AZ.

5.1.3.2. Tetracycline. Tetracyclines (doxycycline, tetracyclines,
minocycline) are a class of polyketide antibiotics having a broad-
spectrum bacteriostatic activity against various bacterial infections. The
bactericidal activity of tetracycline is mainly due to its ability to
reversibly bind to the bacterial ribosomes and there by leading to the

leakage of the intracellular components from the bacterial cell by
altering the cytoplasmic membrane [138]. Several studies have shown
that along with anti-bacterial activity tetracyclines also possess a
potential antiviral activity against a host of virus including SARS-
CoV-2. Tetracycline act by three possible mechanism against SARS-Cov-
2 virus. Coronavirus depends on matrix metalloproteinases (MMPs) for
replication, survival, cell to cell adhesion and cell infiltration having
zinc as a part of MMPs complex [139]. Tetracyclines are known to
chelate with the zinc compounds present on the MMPs complex and
thereby helps in decreasing the severity of COVID-19 infection.
Secondly, tetracyclines decreases the levels of cytokines and other
inflammatory agents by down regulation of NFKB pathways [140] and
thereby aiding in the treatment of COVID-19 as corona virus causes an
elevated release of cytokines (IL-6, TNF-α and IL-1β) and triggers the
release of inflammatory agents like protease and histamine along with
cytokines by inducing proliferation of the respiratory submucosa mast
cells. The third possible mechanism of tetracycline in treating COVID-
19 is by inhibiting the replication of viral DNA in the lungs which is
mainly attributed to the high tissue penetrating ability and lipophilic
nature of tetracycline. The bioavailability of tetracycline upon
intramuscular injection is 40% and the oral bioavailability is around
60–80%. It is a highly protein bound drug with a half-life of 6–12 h.
Vomiting, diarrhoea, loss of appetite and oral sores are the possible
adverse effects of tetracyclines. Nantes University Hospital, France has
been given approval to start a double blinded, randomized, placebo
controlled, multi centred clinical trial. The aim of this study is to assess
the efficacy of doxycycline in reducing/ abolishing the cytokine storm
which is induced by the SARS-CoV-2 virus in the COVID-19 positive
patients upon hospitalization [141].

5.1.3.3. Teicoplanin. Teicoplanin is a glycopeptide antibiotic produced
by the actinomycete Actinoplanes teichomyceticus [142]. It is currently
approved to treat Gram-positive bacterial infections like Staphylococcal
infections [143]. Teicoplanin has also shown its activity against an
array of viruses like the influenza virus, hepatitis C virus, Ebola, HIV,
flavivirus and on corona virus-like SARS-CoV and MERS-CoV [144].
Teicoplanin inhibits the transpeptidase activities and transglycosylation
reaction by nonspecifically binding to the outside layers of the
peptidoglycan structure followed by binding to the terminal amino
acids which constitute the building blocks of the peptidoglycan cell wall
[145]. Thus, teicoplanin specifically stops bacterial growth by
inhibiting the biosynthesis of the bacterial cell wall [146].
Teicoplanin binds to peptidoglycan and inhibits the cell wall lytic
enzymes resulting in cell freezing [145]. Teicoplanin acts against
coronavirus, by inhibiting the genome viral RNA release and thereby
preventing the replication of the virus-cell cycle. This inhibition activity
is because of teicoplanin acting on the early stage of the viral life cycle
by inhibiting the low pH cleavage of viral spike protein by cathepsin L
in the late endosome [144]. In the case of SARS-CoV-2 teicoplanin acts
in the same way by targeting to the cleavage site for cathepsin L present
in the spike protein. A study to test the efficacy of teicoplanin on 2019-
nCoV showed that teicoplanin efficiently inhibits the entry of the 2019-
nCoV spike pseudovirus into the cytoplasm in a dose-dependent manner
[147]. Teicoplanin is poorly absorbed after oral administration. It has
90% bioavailability upon administering intramuscularly. The protein
binding of the drug is 90–95% and it is metabolized in the liver by
hydroxylation reaction to give metabolites 1 and 2 [148]. The mean
volume of distribution at steady state for teicoplanin was found to be
40–70 L. It is eliminated by the renal pathway [149]. Hypersensitivity
at the site of injection is the major side effect associated with
teicoplanin. Other than this it may cause bronchospasm and
anaphylactic shock. Teicoplanin can also cause nephrotoxicity and
ototoxicity. Tachycardia, fatigue, headache, tremors, diarrhea, and
elevation of liver enzymes are the other reported side effects [149].
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5.1.4. Immunosuppresents
5.1.4.1. Sirolimus. Sirolimus is a potent immunosuppressive agent
obtained from Streptomyces hygroscopicus. It is commercially available as
Rapamune (Pfizer) and is mainly used in treating lymphangioleiomymatosis
and as a prophylactic agent to prevent organ transplant rejection. The
immunosuppressive activity of sirolimus is mainly due to its ability to
inhibit T-lymphocyte proliferation/ activation and cytokine production by
selectively blocking the transcriptional activation of cytokines. Along with
possessing antineoplastic and anti-fungal properties, it also has anti-viral
activity. Sirolimus binds to immunophilin in the cell to form a
immunosuppressive complex and inhibits the mammalian target of
rapamycin (mTOR) kinase which in turn halts the formation of mTORC1
protein complex which is said to play an important role in viral replication.
Studies showed that sirolimus successfully inhibited mTOR signalling
pathway and there by inhibited MERS-CoV [150], thus making sirolimus
a suitable candidate to further test and use in treating COVID-19. The
University of Cincinnati has been granted approval for performing a double
blind, randomized, placebo controlled clinical trial on the use of sirolimus in
treating COVD-19. The aim of the study is to determine the efficacy of
sirolimus in improving the clinical outcomes among the patients
hospitalized for the treatment of COVD-19 pneumonia [151]. A placebo
controlled, two-arm, double blinded, randomized, phase-I clinical trial has
been initiated to assess the virological efficacy of sirolimus. The main of this
trial is to evaluate the pharmacokinetics, pharmacodynamics, virological
efficacy, tolerability and safety of sirolimus as an adjuvant therapy in
treating patients with COVID-19 [152].

5.1.4.2. Baricitinib. Baricitinib is an immunosuppressant approved by the
FDA for the treatment of moderate to severe rheumatoid arthritis. It is a
janus kinase (JAK) inhibitor which acts by selectively and reversibly
binding to JAK receptors there by inhibiting JAK1 and JAK2. This
inhibition leads in halting the signal transduction from growth receptors
or cytokines leading to reduction in immune cell function and
haematopoiesis. Baricitinib also prevents the formation of viral particles
and intracellular passage of viral cells by binding to associated protein
kinase 1 (AAK1) [15]. Baricitinib is considered as one of the drug
candidates to test against COVID-19. The patients with COVID-19 are
prone to secondary hemophagocytic lymphohistocytosis (SHL) [153],
which leads to an elevated inflammatory and ferritin marker levels in
the COVID-19 patients resulting in hyperinflammation. The use of JAK
inhibitors like baricitinib will aid in reducing the inflammation and it also
prevents the viral infection and endocytosis by inducing a inhibitory effect
o AAK1 receptors [77]. The pharmacokinetic profile of the baricitinib is
well established. The bioavailability of baricitinib upon oral
administration is 80% and it reaches a peak plasma concentration
within 1 h. the half life of baricitinib is 12.5 h with a volume of
distribution of 76 L and its 50% protein binding. It is metabolised in
liver by oxidation mediated through CYP3A4 and it is eliminated
unchanged from the urine [154]. The main side effects associated with
baricitinib are thrombosis, upper respiratory tract infections and
malignancy. There are several ongoing clinical trials for determining the
exact role and the efficacy of baricitinib in the treatment of COVID-19. A
phase-II, non-randomized, open labelled clinical trial has been initiated to
investigate the safety and efficacy of combination therapy of lopinavir/
ritonavir, hydroxychloroquine sulphate and baricitinib in the treatment of
moderate to severe COVD-19 in hospitalized patients [155]. Another
randomized, phase-II, open labelled clinical trial to evaluate the safety and
efficacy of the combination of drugs in treating SARS-CoV-2 associated
pneumonia has been initiated. The aim of this current study is to design a
study design with drugs of different classes and investigate their efficacy in
treating COVID-19. A combination of hydroxychloroquine (200 mg),
ritonavir (50 mg), baricitinib (4 mg) and imatinib (400 mg) will be
administered to the patients with SARS-CoV-2 pneumonia for 7 days and
the efficacy and safety of this combination therapy will be evaluated
[156].

5.1.4.3. Cyclosporine. Cyclosporine is a immunosuppressive agent
isolated form the fungus Beaueria nivea. It is widely approved for the
treatment of lupus nephritis vasculitis psoriatic arthritis and as a
immunosuppressant agent in organ transplantation [157].
Cyclosporine acts as a calcineurin inhibitor. It binds to cyclophilin
receptor in the cells and forms a cyclosporine-cyclophilin complex. This
complex will further block the calcium dependent interleukin (IL-2)
production pathway and suppresses the gene transcription of IL-2
thereby reducing the inflammatory responses [158]. In the case of
COVID-19, cyclosporine blocks RNA-dependent-RNA polymerase and
peptidyl-prolyl isomerase activity of SARS-CoV-2 virus there by
inhibiting the cyclophilin function of the virus [159]. To enter into
the cell corona virus bids to the angiotensin converting enzyme-2 (ACE-
2) at a low cytosolic Ph, cyclosporine s known to maintain the cytosolic
pH at normal levels and there by aids in decreasing the viral load [160].
Cytokine storm in SARS-CoV-2 infection is mainly caused due to SHL
and cyclosporine is the choice of drug to treat SHL as cyclosporine
blocks the production of IL-2 and inhibits the proliferation and survival
of T-cells [161]. Cyclosporine is absorbed variably with a volume of
distribution 0f 4–8 L/kg. The half-life of cyclosporine is 19 h and its
metabolized in intestine and liver by CYP450 enzymes [158]. Gingival
hyperplasia, nephrotoxicity and hyperlipidaemia are the possible side
effects of cyclosporine. Despite of its activity against SARS-CoV-2 virus
it is not yet recommended for the treatment of COVID-19 as there is no
proper pre-clinical and clinical data proving the safety and efficacy of
cyclosporine in the treatment of COVID-19 available.

5.1.5. Monoclonal antibodies (MAb)
5.1.5.1. Tocilizumab (TCZ). Tocilizumab is the first humanized
recombinant MAb which is used to treat autoimmune and
inflammatory conditions like cytokine release syndrome, giant cell
arthritis and rheumatoid arthritis. TCZ targets and binds to the
membrane bound IL-6 receptors thus preventing the interaction of IL-
6 with IL-6 receptors. This leads to the reduction of the cytokine's pro
inflammatory activity resulting in the blockade of antibody production
and induction of T-cell proliferation by IL-6 [162]. In the course of
COVID-19 disease progression, the patients develop conditions like
acute interstitial pneumonia, fever, lung injury, arthralgia, leukopenia,
thrombocytopenia, myocarditis and biological inflammatory changes
which is caused due to the hyper production of cytokines resulting in a
cytokine storm [163]. This cytokine storm is induced by the replication
of the virus which activates the innate immune system to produce ILs.
TCZ binds to these IL receptors and blunts the hyper secretion of ILs
thereby reducing the inflammation and other related conditions [164].
The half-life of TCZ is concentration dependent and unlike other MAbs,
TCZ is also metabolized to smaller proteins by the action of proteolytic
enzymes [165]. A dose of 400 mg of intravenous TCZ once daily is
administered in patients with COVID-19 [163]. Skin reactions,
headaches, hypertension and gastrointestinal perforation are the
major adverse effects associated with TCZ. A host of clinical trials
have been initiated to investigate the use of TCZ in the treatment of
COVD-19. A multicentred, open-labelled, phase-II, single arm clinical
trial study has been initiated by the National Cancer Institute, Naples to
evaluate the tolerability and efficacy of TCZ in treating COVID-19
pneumonia [166]. Another open-label, multi-centre clinical trial has
been initiated with the main aim to evaluate the use of TCZ when given
in combination with azithromycin and hydroxychloroquine in treating
the patients hospitalized with COVID-19 [135]. A clinical study design
to investigate the use of TCZ in manging COVID-19 patients with
suspected pulmonary hyperinflammation has been initiated. It is an
open-label, randomized multi centred, two arm study with the aim to
test the hypothesis that TCZ can effectively reduce the inflammation
caused as a result of virus induced cytokine storm and resulting in the
rapid improvement of clinical conditions [167].
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5.1.6. Anti-helmintics
5.1.6.1. Ivermectin. Ivermectin is a broad-spectrum anti-parasite drug
which is approved for the treatment of onchocerciasis and intestinal
strongyloidiasis. Ivermectin acts by selectively binding to the
glutamate-gated chloride on channels of the parasite and leads to
hyperpolarization of the cell which results in the paralysis and death of
the parasite. The anti-viral activity of ivermectin was first discovered
with its ability to block the interaction between the nuclear transport
receptor importin α/β(IMP) and integrase molecule of HIV [168]. It is
also known to block the viral replication of host of viruses including
influenza, flavivirus and dengue virus [169]. The in vitro study of
ivermectin anti-viral activity against SARS-CoV-2 virus showed an
inhibition of the viral replication up to 5000-fold within 48 h which
is mediated by inhibiting the IMP α/β mediated nuclear import of viral
proteins [170]. A phase-III, double blind, randomized clinical trial has
been started with a aim to determine the safety and efficacy profile of
the combination therapy of hydroxychloroquine and ivermectin I the
treatment of hospitalized COVD-19 patients [171].

5.1.7. Angiotensin converting enzyme inhibitors (ACE-2 inhibitors)
ACE-2 inhibitors (captopril, ramipril) are widely used in treating

hypertension. ACE-2 receptors are overexpressed on the epithelial cells
of the oral mucosa and they are also present immune reactive cells like
lungs blood vessels macrophages and intestine [172]. In the case of
SARS-CoV and SARS-CoV-2 ACE-2 receptors serves as a door way for
the virus to enter into the host cell [173]. SARS-CoV has a transmem-
brane spike glycoprotein (S-protein) on its outer shell which binds to
the ACE-2 receptors. Once the virus is attached to the ACE-2 receptors
of the host cell the cellular proteases starts priming the S-protein and
allows the virus to get fused into the cellular membrane of the host cell
which results in the entry of the virus and replication in the host target
cell [41]. The amino acid configuration of SARS-CoV-S protein is almost
80% similar to that of SARS-Co-2-S-protein and thus shares the same
binding affinity to ACE-2 receptors as like SARS-CoV. Hence, SARS-
CoV-2 also utilizes ACE-2 receptors as an entry point into the host cell
[174]. Thus, treating with ACE-2 inhibitors and blocking the entry of
SARS-CoV-2 virus into the cell has been considered as a potential
therapeutic strategy to treat COVID-19 and in this regard many clinical
trials have been initiated.

5.1.8. Corticosteroids
In particular, corticosteroids are not approved for treating COVID-

19 or any viral pneumonia [175]. In septic shock, corticosteroids ben-
efit from blunting the host's immune reaction to the release of bacterial
toxins. The frequency of shock is remarkably low in patients with
COVID-19 (5% of cases). Having to deliver oxygenated blood flow and
thoracic pressure from breathing results in increased heart activity
leading to cardiogenic shock. Corticosteroids can cause damage via
immunosuppressant activity during the infection treatment and have
failed to offer an advantage in many viral epidemics, including influ-
enza infection, respiratory syncytial virus (RSV) infection, MERS and
SARS [176]. With COVID-19, early recommendations for treating
chronically ill people indicate when to use minimal-dose corticosteroids
and when to stop using corticosteroids. Recommendations rely on the
particular clinical condition (e.g. refractory trauma, artificially venti-
lated Acute respiratory distress syndrome (ARDS) patients); however,
they are based on data identified as weak [177]. Indeed, a study was
performed in Wuhan China identifying clinical outcomes of patients
infected with COVID-19 (N = 201). Eighty-four (41.8%) patients ac-
quired ARDS and 44 (52.4%) of those died. Methylprednisolone therapy
reduced the risk of mortality in ARDS patients [178]. A retrospective
open-label trial (ChiCTR2000029386) is planned to examine clinical
progress in patients administered with methylprednisolone IV [66,179].
In another study, Zhou et al. indicated that, in 10 COVID-19 patients,
the brief-term optimum-dose corticosteroid (160 mg/day) and im-
munoglobulin (20 g / day) substantially decreased lung damage,

stabilized body temperature, C-reactive protein, lymphocyte, and oxy-
genation levels [180]. However, when examining 416 COVID-19 pa-
tients, Shang et al. observed that corticosteroid treatment and the ad-
ministration of gamma globulin raised fatalities and considered only
effective in patients with low lymphocyte levels [181]. The delivery of
corticosteroids for COVID-19 patients is also uncertain according to the
above scientific findings.

6. Convalescent plasma

The FDA provides access to convalescent plasma (CP), materials
abundant in antibodies obtained from suitable donors who are healed
from COVID-19. The FDA indicates that evaluating its safety and ef-
fectiveness by clinical trials is necessary prior to clinically prescribing
CP for patients with COVID-19, and for the same FDA has issued
guidelines to investigators and health care providers. For investigators
seeking to review CP for use in patients with extreme or imminent life-
threatening COVID-19, the FDA has posted details through the use of
the single-patient emergency Investigational New Drug (IND) applica-
tion process for particular patients. Also, the FDA is closely interacting
with investigators to explore the prospect of cooperation on creating a
master protocol for the use of CP, with the aim of minimizing dupli-
cative attempts [182]. CP composition is complex and involve a wide
range of components deriving from blood. Plasma includes a mixture of
inorganic salts, organic compounds, water, and over 1000 proteins. The
others factors identified are albumin, immunoglobulins, complements,
coagulation and antithrombotic factors. Main convalescent plasma
components are depicted in Fig. 6A [183,184]. Additional protective
antibodies, including immunoglobulin G (IgG) and immunoglobulin M
(IgM), are found in plasma in addition to neutralizing antibodies (NAbs)
which might show antiviral effect. IgG and IgM are the key isotypes,
although immunoglobulin A (IgA) can also be important, especially for
viral mucosal infections. Non-NAbs which bind to the virus but do not
affect its ability to replicate could contribute to prophylaxis and/or
improvement in recovery. The humoral immune response targets
mainly spike (S) protein. (Fig. 6B) [184,185]. CP's anti-inflammatory
effects include the autoantibodies network and the regulation of an
overactive immune system. Additionally, some antibodies prevent
complement cascade (i.e., C3a and C5a), and limit immune complex
formation (Fig. 6C) [184,186,187]. Researchers have investigated the
effectiveness of CP therapy on 10 severe COVID-19 adult patients, aged
34–78 years. The pilot study findings indicate CP treatment could be a
safe and effective therapeutic alternative for severe COVID-19 infec-
tions. A group from China administered a single 200 ml dose of CP to 10
patients with severe COVID-19 with elevated levels of anti-SARS-CoV-2
antibodies. Clinical symptoms, such as cough, fever, chest pain and
shortness of breath, substantially improved three days after the injec-
tion, as per the investigators. The patients have had elevated numbers
of lymphocytes, better liver function and decreased inflammation. The
researchers also reported that the levels of neutralizing antibodies in
the patients either increased or stayed elevated following CP transfu-
sion [188].

7. Ongoing clinical trials

After the COVID-19 outbreak was stated pandemic by the WHO
Director-General Dr. Tedros on the 11th of March, the world started
noticing the alarming levels of the upswing in the COVID-19 cases.
Hitherto, the patients suffering from COVID-19, are receiving sympto-
matic treatment due to the unavailability of a specific therapy. In severe
cases, the treatment includes support to the functioning of the vital
organs [189]. The understanding of the whole genome sequence of
COVID-19 allows the refinement of current technologies in developing
the potent and targeted therapeutics [190]. Though, several clinical
trials are presently in progress in various parts of the world to meet the
vital requirements in developing the effective therapeutics and
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vaccines, WHO recently launched a global mega-trial called ‘Solidarity’
which emphasizes on the four most assuring therapies: the antimalarial
medications chloroquine and hydroxychloroquine, an antiviral com-
pound remdesivir, a combination of two anti-HIV drugs, ritonavir, and
lopinavir, and lastly the same combination along with an immune
system messenger, interferon-beta that can aid in paralyzing the virus
[191]. Chloroquine and hydroxychloroquine prevent the entry and
transport of the virus by altering the pH of endosomes. Remdesivir a
nucleotide analog, likely terminates the RNA synthesis leading to the
induction of mutagenesis. Both ritonavir and lopinavir being protease
inhibitors block the viral cellular entry where ritonavir inhibits Cyt-
P450 and prolongs the half-life of lopinavir. Interferon-beta inhibits
viral replication [192]. In quest of an effective therapeutic moiety,
various research institutes and pharma companies are repurposing
several antivirals, antibiotics, and their combinations. If the efficacy of
these repurposed drugs reveals beneficial outcomes against COVID-19,
it would be a case of good fortune rather than good preparedness. The
current strategy for pandemic drugs is to develop or repurpose a drug
right after the discovery of a novel outbreak. Several aspects of the
pandemic seem to have shown good progress using this strategy. Within
weeks, viral genome sequences were understood and published which
helped in identifying the suitable drug candidates. Clinical trials of
interferons, ACE inhibitors, remdesivir, hydroxychloroquine, and
monoclonal antibodies are under progress [193] . Though the window
of the usefulness of steroids for COVID-19 patients is narrower, they are
still preferred because of their capability of preventing lung fibrosis and
stopping cytokine storm [194]. Testing of the proposed drugs takes
more time particularly when it is performed on humans as a part of
clinical trials.

On the other hand, the development of vaccines is hard and takes
relatively more time than repurposing an existing drug especially when
the novel technologies available have not been tested for safety. In the
pipeline of vaccines, an mRNA-based vaccine developed by Modera and
Vaccine Research Center at NIH expresses target antigen after being
injected in the form of lipid nanoparticle encapsulated mRNA. It has
reached a phase I clinical trial (NCT04283461). Curevac is currently in
the preclinical phase working on a similar vaccine. Additional strategies
which are still in the preclinical phase include S protein-focused vac-
cines such as viral-vector based vaccines (Geovax, CanSino Biologics,
Vaxart and the University of Oxford), recombinant-protein based vac-
cines (Novavax, University of Queensland, and Biopharmaceuticals),
DNA vaccines (Applied DNA sciences and Inovio), inactivated virus

vaccines and live attenuated vaccines (Serum Institute of India with
Codagenix). Johnson & Johnson is working on an experimental ade-
novirus vector that is not yet a licensed vaccine [195]. Biontech SE in
collaboration with Pfizer very recently (April 29, 2020), started re-
cruiting humans to evaluate the safety and efficacy of RNA vaccine
candidates through phase I and II of clinical trials (NCT04368728). To
combat this pandemic COVID-19, vaccines might enter the market la-
tely but will be useful in the ultimate eradication of the virus. In
Table 2, we have exemplarily summarized the various therapeutics for
COVID-19, which are under clinical trials.

8. Recent advancement and future perspective

Considerable progress was made in the in vitro diagnostic test (IVD)
for COVID-19. Real-time reverse transcriptase-polymerase chain reac-
tion (RT-PCR) is the basic ideology for IVD which takes a few hours for
the results. Few industries have managed to reduce the test time from
3 h (Cepheid) to 5 min (Abbot). A wide array of serology immunoassays
(IAs) that primarily detect IgM and IgG were also developed (auto-
mated chemiluminescence IA, manual ELISA, rapid lateral flow IA),
complementing the COVID-19 diagnostic molecular assays [196]. The
production of SARS-CoV-2 antiviral drugs remains problematic as there
are no officially approved drugs and vaccines for the treatment of
COVID-19. Hence, we must rely solely on implementing preventive and
stringent control measures to reduce the possibility of potential trans-
mission of diseases. Furthermore, the currently limited knowledge for
therapeutic drugs must be used thoroughly to establish strategies for
drug application to inhibit and manage SARS-CoV-2 transmission.
While research is underway to improve COVID-19 prevention, treat-
ment, and control, the reported clinical data on various therapeutic
approaches are limited. Several preclinical trials show that S protein is a
key viral antigen for vaccine development. Detailed clinical trials for
already licensed products are being performed on COVID-19 affected
patients since they have a well-established safety profile. Studies per-
formed in vitro for an antiviral and antimalarial drug namely remdesivir
and chloroquine have shown promising results in suppressing the virus.
In a recent study dated 9th April 2020, 1061 patients were treated for
COVID-19 using a combination of Hydroxychloroquine-Azithromycin
(HZQ-AZ) for 3 days and a follow up of 9 days. The results depict that
91.7% of the patients were cured while 4.3% required intensive care
units and 0.47% of patients died. The authors reported that HZQ-AZ
combination is a safe and effective treatment if begun immediately after

Fig. 6. Schematic depiction of convalescent plasma components and its mechanisms of action.
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Table 2
Clinical trials of the various therapeutics for COVID-19.

Sr. no. Therapeutic moiety/
combinations

Phase of
clinical trial

Route of
administration

Category and purpose in
COVID-19

Sponsor ClinicalTrials.gov identifier

1 Chloroquine 2 & 3, 4, 2 Oral route Antimalarial, to treat
mild Symptomatic and
Asymptomatic cases of
COVID-19

HaEmek Medical
Center, Israel,
Wroclaw Medical
University,
Poland, Oxford
University
Clinical Research
Unit, Vietnam

NCT04333628,
NCT04331600,
NCT04328493

2 Hydroxychloroquine 3, 3, 2, 2, 2 Oral route Antimalarial, to prevent
severe COVID-19 disease

Dr. Michael Hill,
University of
Calgary, Canada,
Germany, United
States, Baylor
University
Medical Center,
United States,
California,
Rambam Health
Care Campus

NCT04329611,
NCT04340544,
NCT04329923,
NCT04333225,
NCT04335084,
NCT04323631

3 Remdesivir 3 I.V infusion Antiviral in treatment of
COVID-19

Gilead Sciences, NCT04292899,
NCT04292730

4 Azithromycin 3 Oral route Antibiotic, to prevent
COVD-19 disease
progression

University of
California, San
Francisco

NCT04332107

5 Atovaquone/Azithromycin NA Oral route Anti-Malarial/Anti-
Infective Combination to
treat COVID-19 patients

HonorHealth
Research
Institute, United
States

NCT04339426

6 Lopinavir/ritonavir 2 Oral route Antiretroviral, to treat
COVID-19 patients

Sunnybrook
Health Sciences
Centre, Canada

NCT04330690

7 Lopinavir/ritonavir vs
Hydroxychloroquine sulfate

2 Oral route To treat Mild COVID-19 Asan Medical
Center, Korea

NCT04307693

8 1. Lopinavir/ritonavir
2. Hydroxychloroquine

sulfate,
3. Baricitinib,
4. Sarilumab.

2 1, 2, & 3 Oral route,
4. S.C injection

To treat moderate to
severe COVID-19

Lisa Barrett,
Canada

NCT04321993

9 Remdesivir, Lopinavir/
ritonavir, interferon β-1A,
and hydroxychloroquine

3 I.V infusion, oral
route, S.C injection,
and oral route
respectively

To treat COVID-19
patients

National Institute
of Health and
Medical
Research, France

NCT04315948

10 Hydroxychloroquine,
Oseltamivir, Azithromycin

3 Oral route To treat COVID-19
patients

Shehnoor Azhar,
Pakistan

NCT04338698

11 Hydroxychloroquine and
Nitazoxanide

2, 3 Oral route To evaluate safety and
efficacy in COVID-19
patients

Tanta University NCT04361318

12 Hydroxychloroquine vs.
Azithromycin

2, 3 Oral route To treat COVID-19
patients

Intermountain
Health Care, Inc.,
United States,
Intermountain
Medical Center,
United States

NCT04329832,
NCT04334382

13 1. Lopinavir/ritonavir,
2. Ribavirin and
3. Interferon beta-1b

2 1 & 2 oral route, 3
S.C injection

To treat COVID-19
patients

The University of
Hong Kong, Hong
Kong

NCT04276688

14 Clevudine 2 Oral route Antiviral, to evaluate
safety and efficacy in
COVID-19 patients

Bukwang
Pharmaceutical,
Korea

NCT04347915

15 Arbidol 4 Oral route Antiviral, to treat patients
with COVID-19
pneumonia

Jieming QU,
Ruijin Hospital,
China

NCT04260594

16 Isotretinoin 3 Oral route Retinoid, to evaluate the
safety and efficacy in
COVID-19

Tanta University,
Egypt

NCT04361422

17 Ivermectin and Nitazoxanide 2, 3 Oral route To evaluate the safety
and efficacy of the
combination in COVID-
19

Tanta University,
Egypt

NCT04360356

18 Recombinant human
Interferon α1β

1 Nebulization To treat COVID-19
patients

Tongji Hospital,
China

NCT04293887

19 1. Bromhexine
hydrochloride,

NA 1 & 2 oral route, 3
spray

To treat patients with
COVID-19 pneumonia

Second Affiliated
Hospital of

NCT04273763

(continued on next page)

A. Pandey, et al. Life Sciences 256 (2020) 117883

13



Table 2 (continued)

Sr. no. Therapeutic moiety/
combinations

Phase of
clinical trial

Route of
administration

Category and purpose in
COVID-19

Sponsor ClinicalTrials.gov identifier

2. Arbidol hydrochloride
and 3. Recombinant
Human-Interferon α2b

Wenzhou Medical
University, China

20 Deferoxamine 1 & 2 Intravenous infusion Iron chelator, to reduce
the Severity of COVID-19
Manifestations

Kermanshah
University of
Medical Sciences,
Iran

NCT04333550

21 Dexamethasone 4 I.V Steroid, to treat patients
with ARDS caused by
COVID-19

Dr. Negrin
University
Hospital, Spain

NCT04325061

22 Piclidenoson 2 Oral route A3 adenosine receptor
agonist, to treat COVID-
19 patients

Can-Fite
BioPharma, Israel

NCT04333472

23 Favipiravir 3 Oral route Antiviral, to evaluate
safety and efficacy in
COVID-19 patients

Giuliano
Rizzardini, Italy

NCT04336904

24 Huaier Granule 2 & 3 Oral route Adjuvant treatment of
COVID-19

Tongji Hospital,
China

NCT04291053

25 Tranexamic acid 2 Oral route Antifibrinolytics, to study
its effect on COVID-19

The University of
Alabama at
Birmingham,
United States

NCT04338126

26 BLD-2660 2 Oral route Antiviral small molecule,
to treat COVID-19

Blade
Therapeutics,
United States

NCT04334460

27 Sildenafil citrate 3 Oral route Phosphodiesterase
inhibitor, to treat COVID-
19 patients

Tongji Hospital,
China

NCT04304313

28 Losartan 1 Oral route Angiotensin receptor
blocker, to treat
respiratory failure due to
COVID-19

University of
Kansas Medical
Center, United
States

NCT04335123

29 Telmisartan 2 Oral route Angiotensin receptor
blocker, to evaluate the
efficacy in COVID-19
patients

Laboratorio Elea
Phoenix S.A.,
Argentina

NCT04355936

30 Atorvastatin 2 Oral route Statin, to assess the
efficacy in reducing the
deteroration of COVID-19
patients

Mount Auburn
Hospital

NCT04380402

31 Prazosin 2 Oral route Alpha-blockers, to
evaluate the safety and
efficacy of drug to
prevent cytokine storm

Johns Hopkins
University,
United States

NCT04365257

32 Chlorpromazine 3 Oral route Antipsychotics, to
repurpose the drug for
COVID-19 treatment

Centre
Hospitalier St
Anne, France

NCT04366739

33 Lenalidomide 4 Oral route Antiangiogenic agent, to
treat mild to moderate
COVID-19 patients

Getafe University
Hospital, Spain

NCT04361643

34 FT516 - induced pluripotent
stem cell

1 – To identify the maximum
tolerated dose for the
treatment of COVID-19

Masonic Cancer
Center,
University of
Minnesota

NCT04363346

35 Allogeneic Mesenchymal
Stromal Cells

2 I.V injection To evaluate safety and
efficacy of cells in
patients with COVID-19
Pneumonia

Cell Therapy
Network, Spain

NCT04361942

36 Human Mesenchymal Stem
Cells

1 & 2 I.V Improve immune factor
and to treat patients with
COVID-19 pneumonia

Puren Hospital,
China

NCT04339660

37 Anti-SARS-CoV-2
convalescent plasma

2 I.V infusion To assess the safety and
efficacy

Medical College
of Wisconsin,
Hackensack
Meridian Health,
United States,
Joakim Dillner,
Sweden

NCT04354831,
NCT04343755,
NCT04390178,
NCT04384497

38 Anti-SARS-CoV-2
convalescent plasma

3 I.V infusion To evaluate the efficacy Central
Directorate of the
Army Health
Service, France,
National Institute
of Medical

NCT04372979,
NCT04388410

(continued on next page)
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diagnosis, and in most cases clears up the virus persistence and con-
tiguity [197]. In the future, research must be carried out using an ef-
fective animal model that analyses the virus's replication, transmission
and pathogenesis also integrating the imaging and molecular diagnosis
will help to efficiently track and treat COVID-19 [19,198,199].

9. Conclusion

With the rapid increase in COVID-19 cases through out the world,
the research for development of drugs and vaccines have gained a
momentum. During this prevailing condition of pandemic, the fast de-
velopment of vaccines is required but it will take time as ongoing
clinical trials are necessary for assessing the biocompatibility and
toxicity of developed vaccines. Drug repurposing has proved to be the
most efficient approach towards the treatment of COVID-19. Drugs

from various therapeutic category alone or in combination have been
explored and many combinations specially antivirals have proved to be
effective against the disease although the dose and combination of re-
purposed drugs has been selected on trial basis and clinical trials on
many repurposed drugs have been called off sighting toxicity and effi-
cacy issues. The concept of drug repurposing is quite useful and may
have demonstrated effectiveness but this might vary with the severity
as well as with subjects on which treatment is being done. In case of
vaccines, multiple vaccines have demonstrated positive results and will
be goining to next phase soon giving hope for early commercial launch
of vaccines against COVID-19. Amongst alternative therapeutic
strategy, Indian council of Medical Research recently approved clinical
trial for use of herbal formulation against COVID-19 while plasma
therapy has demonstrated significant results and may be explored more
in near future. With the ongoing pace of research being conducted in

Table 2 (continued)

Sr. no. Therapeutic moiety/
combinations

Phase of
clinical trial

Route of
administration

Category and purpose in
COVID-19

Sponsor ClinicalTrials.gov identifier

Sciences and
Nutrition
Salvador Zubiran,
United Mexican
States

39 Hyperimmune plasma with
standard therapy

2 & 3 I.V To evaluate safety and
efficacy in COVID-19
patients

University of
Catanzaro, Italy

NCT04385043

40 bac-TRL-Spike 1 Oral route To prevent COVID-19 in
Healthy adults

Symvivo
Corporation,
Canada

NCT04334980

41 IFX-1 with Best supportive
care

2 & 3 I.V C5a antibody, to treat
pneumonia.

InflaRx GmbH,
Netherlands

NCT04333420

42 Acalabrutinib with Best
supportive care

2 Oral route Bruton's tyrosine kinase
inhibitor, To evaluate
safety, efficacy and
pharmacokinetics

AstraZeneca,
United States

NCT04380688,
NCT04346199

43 Baricitinib 2 & 3 I.V Janus Kinase inhibitor, to
treat COVID-19

University of
Colorado, United
States

NCT04340232

44 Tocilizumab 2 I.V injection Immunosuppressive, to
treat patients with
COVID-19 pneumonia

National Cancer
Institute, Naples,
University
Hospital
Inselspital, Berne,
Switzerland

NCT04317092,
NCT04335071

45 Canakinumab 3 I.V infusion Anti-human-IL-1β
monoclonal antibody, To
study the safety and
efficacy in COVID-19
patients with cytokine
release syndrome

Novartis
Pharmaceuticals,
United States

NCT04362813

46 Ruxolitinib 2 – Kinase inhibitor, to treat
hyper inflammation in
patients with stage II/III
COVID-19

Dr. Andreas
Hochhaus,
Germany

NCT04338958

47 Ruxolitinib 3 Oral route To evaluate safety and
efficacy in COVID-19
patients with Cytokine
storm

Novartis
Pharmaceuticals,
United Kingdom

NCT04362137

48 BCG vaccine 3 Intracutaneous
injection

To reduce Health Care
Workers Absenteeism in
COVID-19

UMC Utrecht,
Netherlands,
Murdoch
Children
Research
Institute,
Australia

NCT04328441,
NCT04327206

49 Artificial Antigen Presenting
Cell (aAPC) Vaccine

1 S.C injection To treat COVID-19 Shenzhen Geno-
Immune Medical
Institute, China

NCT04299724

50 ChAdOx1 nCoV-19 Vaccine 1 & 2 I.M To treat COVID-19 University of
Oxford, United
Kingdom

NCT04324606
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this area, the world will be able to tackle this pandemic and life could
be normal like before very soon.
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