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a  b  s  t  r  a  c  t

COVID-19  has  nowadays  affected  almost  all  our  societies  and  global  health  systems.  The  latest  deadly
pandemic  has  heavily  influenced  both  life  and  livelihood  worldwide.  SARS-CoV-2  is the causative  organ-
ism  of  COVID-19,  that  is  spreading  and  infecting  significantly  higher  compared  to  other  coronavirus,  due
to its  constant  mutation  characteristics.  At present  although  several  extensive  clinical  trials  are  ongo-
ing, neither  approved  drug  therapy  nor  any  vaccine  are  available  to  safely  fight  SARS-CoV-2.  However,  a
SARS-CoV-2
COVID-19
Drug repurposing
Vaccine
Computational docking

progressive  race  among  numerous  research  groups  to discover  a radical  cure  for  the COVID-19  is under
way.  This  review  aims  to  provide  an  updated  insight  of  the  current  research,  development  and  trials
on  repurposing  existing  drugs  and  preventive  intervention  for COVID-19,  along  with  the  related  issues,
complexities  and  challenges,  especially  after  the  observed  high  transmissibility  lately.

©  2020  Published  by Elsevier  Ltd on behalf  of  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is an  open  access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction caused by SARS-CoV-2 is a single strand RNA beta coronavirus
of the family Coronaviridae [1,2]. Genome sequencing data sug-
Covid-19 has already caused 32,925,668 positive cases and
995,352 deaths worldwide, as of 27th September, 2020 [1]. The
World Health Organization (WHO) has confirmed this ongoing
deadly disease as a global public health emergency. Covid-19
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est that SARS-CoV-2 has nearly 79% similarity and 50% similarity
ith SARS-CoV and MARS-CoV, respectively. However, unlike other

oronavirus SARS-CoV-2 has exhibited so far low mortality rate, but
ts spreading rate and infectivity is very high. High spreading rate
f SARS-CoV-2 may  be due to its mutation capability which makes

he virus more contagious [3]. Three new central variants of SARS-
oV-2 have been already found and named as A, B, and C. From early
020 several thousand mutation and 4400 amino acid substitution
as occurred for the same virus, mostly occurred to the D614 G
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domain of the spike protein. As it is well known, this spike protein
by whichinteracts and enters into the host cell have so far demon-
strated 14 mutations, while parts of the genome having exhibited
more mutations could become flexible, leading to tolerate changes
without harming the virus. Other scientists have also suggested
that this mutation probably can later affect the sensitivity of virus
to neutralize antibodies.COVID-19 prevention and treatment have
apparently recognized as great challenges, since SARS-CoV-2 has up
to now demonstrated many natural, intermediate and final hosts
[4–8].

Unfortunately, no clinically approved drug or vaccine which can
effectively be working against SARS-CoV-2, has made the break-
through. To develop a new drug and repurposing an existing one,
(with known toxicity and pharmacokinetics), it would be very
important to understand the full details of SARS-CoV-2 and the way
how it hijacks the host cells. Needless to say, that it is also crucial
to explore and identify all the host proteins which are targeted
by COVID-19 virus. Furthermore the host-virus interface investiga-
tion can provide us long lasting and broad-spectrum therapy [9,10].
SARS-CoV-2 studies for treatment started practically from the day
its genome became known, thanks to the full exploitation of com-
putational approaches [10]. The most important targets found for
drug targeting are some viral proteins and host cell proteins which
are not limited to: viral spike glycoprotein, furin activation site,
protease enzymes and RNA polymerase; host cell – ACE2 receptor,
protease enzymes, etc. Therefore, therapies to treat COVID-19 can
be divided into two categories – targeting SARS-CoV-2 and host
cells proteins or improve human immune system. New drug devel-
opment is a time consuming process, thus the use of existing drug
database (broad spectrum antiviral, protease and RNA polymerase
inhibitor etc.) may  be one of the few solutions for the pandemic
[11,12]. Jiang suggested that, they have to confirm first of all the
safety and efficacy of a vaccine or a drug, before start using it for
COVID -19 [13].

Present review is focused on the research, development and
clinical trials that are going on for repurposing existing drugs and
preventive intervention (vaccines) for COVID-19.

Diagnosis and challenges

Current assays require designing small pieces of DNA that match
sections of the viral genome in the sputum or blood serum. How-
ever, there are still many uncertainties concerning the kinetics [14]
of SARS-CoV-2 viral shedding, thus, the test timing may  substan-
tially affect the result. The WHO  has appointed SARS-COV-2 referral
laboratories for testing, though capabilities remain limited, due to
the required sophisticated technologies.

The diagnostic tests are scheduled on a genome-based standard
technology known as reverse-transcriptase polymerase chain reac-
tion (RT-PCR) and laboratory results are at best available within 4
hours. To date, none of these tests have been fully standardized [14].
The problem with RT-PCR test is that it can identify viral genetic
material, only if there is enough RNA in the sample. Thus in an
early infection, there is not often adequate enough RNA material
before someone starts to feel really sick. RT-PCR test could there-
fore deliver false negative results and less useful information for
asymptomatic patients.

In the midst of the rapidly evolving disease outbreak, health care
systems need to be able to carry out high-volume of testing with
reliability to detect the virus during the incubation period. This may
be imminent. The following step for monitoring as the spread of

the virus will follow a different, more convenient and significantly
more effective diagnostic [15] approach, such as a blood test that
identifies antibodies against the SARS-CoV-2 virus, within minutes
rather than hours. Many research [16] groups are now working on
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eveloping such tests, which still require validation with well char-
cterized sera (blood samples from infected individuals) in order
o be proved reliable for general medical use and epidemiological
nvestigations (e.g. assessing the number of infections and immu-
ity against the virus).

SARS-CoV-2 was detected in specimens from multiple sites of
05 patients with COVID-19: 1. Lower respiratory tract samples,
ost often testing, found positive for the virus. 2. Importantly,

ive virus was detected in feces, implying that SARS-CoV-2 may
e transmitted by the fecal route. 3. A small percentage of blood
amples had positive PCR test results, suggesting that infection
ometimes may  be systemic. 4. Transmission of the virus by res-
iratory and extra respiratory routes may  help to assess the rapid
pread of the disease. 5. In addition, testing of specimens from
ultiple sites may  improve the sensitivity and reduce the false-

egative test results [17]. Two smaller studies have reported the
resence of SARS-CoV-2 in anal or oral swabs and blood from 16
atients in Hubei Province [18], and viral load in throat swabs and
putum from 17 confirmed cases [19].

xisting drug therapy and recent clinical trials

A total of 21 different target proteins of SARS-COV-2 virus
ere found using in-silico approach and these targets were inves-

igated against different synthetic and natural source of drugs.
omputational docking studies suggest that no compound was
ound, that can inhibit the SARS-COV 2 viral infection by antag-
nizing ACE2–Spike complex, rather than only antagonize ACE2
nzyme activities. Interestingly, a blend of natural bioflavonoids,
s. hesperetin, myricetin, and piperine demonstrated also promis-
ng antiviral efficacy. In very recent preliminary study these natural
roducts bind with high affinity to the spike protein, helicase, and
rotease sites on the ACE2 receptor causing conformational change
o inhibit viral entry of coronaviruses [10].

Computational docking studies suggest that antiviral drug
emdesivir is not only active against SARS-CoV-2 pneumonia by
nhibiting RNA polymerase, but also bind to TMPRSS2, a human
rotein which promote virus infection. Remdesivir showed potent
ntiviral activity in clinical trial against SARS-CoV-2 infection in the
nited States, Europe, and Japan [20].

Remdesivir has been short listed as one of the possible wonder
rugs. Two  clinical phase 3 trial of remdesivir therapy injection
gainst COVID-19 is going on in China, and it is looking very
romising as an effective antiviral therapy for COVID-19 [21]. On
he contrary a recent clinical trial performed by Gilead Sciences
nc. (developer of the drug) on a group of 237 patients did not
how any significant improvement; However preliminary clinical
ata found by Institutes of Health (NIH) indicates that remdesivir

mproves patient recovery with advanced COVID-19 infections. The
andomized trial involved 1063 patients with advanced COVID-19
onditions, the patients treated with remdesivir had a 31% faster
ecovery time (from 15 days to 11 days) and lower mortality rate
ompared with those who received placebo.

In a separate placebo-controlled multicenter study performed
y Wang et al. (2020) suggests that patients admitted to hospital for
evere COVID-19 and treated with remdesivir did not demonstrate
ny significant effect. However, the study with larger sample size
nd using high dose of remdesivir is still ongoing [22].

Recently, FDA approved nucleotide polymerase inhibitor antivi-
als ribavirin and sofosbuvir used in the treatment of hepatitis C

re also repurposing for the treatment of COVID-19. Ribavirin and
ofosbuvir can bind to active site of RdRp. Since SARS-CoV-2 has
7% identical RdRp sequence of SARS-CoV, therefore, these drugs
ould probably work against COVID-19 [23].
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Fig. 1. COVID-19 host cell factors (receptors): ACE2 and TMPRSS2.
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ability to reduce the overactive inflammatory immune response
Fig. 2. COVID-19 spike protein (S1, S2 subunits).

The Japanese antiviral drug Flavirapir, a broad spectrum
inhibitor of viral RNA polymerase has showed effectiveness in treat-
ing mild COVID-19 cases in China; Clinical trial is going on in Japan
and Italy, however its clinical evaluation is not yet completed. [24].
Flavirapir has been used for treatment of human infection with
Ebola virus in West Africa in 2014 [25,26].

SARS-COV-2 infection (COVID-19) depends on host cell factors
such as ACE2 and TMPRSS2 (Fig. 1), demonstrating that human cell
entry of SARS-CoV-2 depends on binding of the viral spike proteins
to ACE2 receptors and spike protein priming by host cell proteases
TMPRSS2 [27].

Therefore, a protease inhibitor (e.g.-ritonavir, lopinavir etc.) can
be used to block the entry of SARS-CoV-2. Although preclinical data
suggested potential benefit, other study suggests that there is no
yet clear role of ritonavir and lopinavir for treating COVID-19, [27].
This phenomenon is also observed by Inoue research group at the
University of Tokyo that the drug nafamostat mesylate (Fusan®),
used to treat acute pancreatitis, could be a strong candidate against
COVID-19 by inhibiting the protease enzyme. The spike protein (S)
is cleaved into S1 and S2 by a human cell (Fig. 2) derived proteolytic
enzyme, probably Furin. S1 then binds to ACE2 receptor and S2, is
cleaved by TMPRSS2 a human cell surface serine protease, resulting
in membrane fusion. Nafamostat can possibly inhibit the human
cell surface protease enzyme TMPRSS2 [28].

Nafamostat is also found to inhibit MERS-CoV protein-initiated
membrane fusion effectively [29], in less than one-tenth of the
of camostat mesylate (Foypan®) concentration. A German group
recently identified camostat as an inhibitor of SARS-CoV-2 infection
[27]. Li Hua, from Huazhong University of Science and Technology
in Wuhan, China reported that Spike protein of SARS-CoV-2 dif-
fers from other coronaviruses, having a site which is activated by a
host-cell enzyme called Furin. Li’s Same team is also searching for
new molecules that could block Furin, and can be used as a therapy
[30].
Some part of the viral genome exhibiting less mutation are the
best targets for antiviral drugs [31]. Spike protein mutations sug-
gest that it may  transmit, interact and fuse into host cell differently,
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herefore, antiviral drug selection and targeting should be based on
he new genome data [8].

Recent experimental results suggest that ACE2 expression is
ncreased in patient with diabetes and hypertension treated with
CE inhibitors and angiotensin II type-I receptor blockers (ARBs).
herefore, increased expression of ACE2 would expedite infection
ith COVID-19. Thus, diabetes and hypertension treatment with
CE2-stimulating drugs may  increase the risk of developing severe
nd fatal COVID-19. ACE2 expression can also be increased by thi-
zolidinediones and ibuprofen [32,33].

AstraZeneca and Saint Luke’s Mid  America Heart Institute have
tarted Phase III clinical trial with SGLT2 inhibitor dapagliflozin, for
anaging diabetes mellitus type 2, in COVID-19 patients. The goal

f the trial (called DARE-19) is to investigate whether dapagliflozin
Farxiga®) can be used for adult patients with COVID-19, who are at
isk for developing serious complications, such as an organ failure
https://ClinicalTrials.gov. Identifier: NCT04350593) [34].

A group of Quantitative Bioscience Institute, University of
alifornia, San Francisco (UCSF) has mapped systematically the

nteraction landscape between SARS-CoV-2 proteins and human
roteins. They have focused on 26 SARS-CoV-2 viral proteins to fig-
re out which human cell interact founding that around 332 human
roteins interact with SARS-CoV-2 proteins, having identified 69
ompounds that can target 66 human proteins or host factors. 29
f these drugs are already FDA approved (Selinexor, Ruxolitinib,
aptopril, Chloramphenicol, Rapamycin, etc.) 28 preclinical com-
ounds and 12 drugs are in clinical trials, [9].

Selinexor (Xpovio®), an FDA approved medicine for the treat-
ent of the disease refractory multiple myeloma, is assessed in

 randomized clinical trial for hospitalized patients with severe
OVID-19. Hyper-inflammation with high levels of cytokines such
s IL6, IL1, IFNg etc. is an important feature of COVID-19 symptoma-
ology. Selinexor and other selective inhibitors of nuclear export
SINE) compounds have potent anti-inflammatory activity work-
ng via the inhibition of NF-kB, which can reduce the cytokine
evel, and may  be favorable to critical patients with COVID-19.
Karyopharm Therapeutics Inc), (https://www.onclive.com/web-
xclusives/selinexor-covid19-global-trial-launching).

As, it is known, hyper-inflammation can also be treated using
teroids, intravenous immunoglobulin, selective cytokine blockade
eg, sarilumab, tocilizumab) and JAK inhibition. Ruxolitinib (Jakafi)

 JAK1/JAK2 inhibitor is currently approved by the FDA for the
reatment of polycythemia vera in adults. RUXCOVID, (Incyte, US
nd Novartis outside of the US), a global collaborative study started

 phase III clinical trial to evaluate the efficacy and safety of ruxoli-
inib (Jakafi), in COVID-19 patients with induced cytokine storm
https://investor.incyte.com/news-releases/news-release-details/
ncyte-announces-plans-initiate-phase-3-clinical-trial). Based on
vidence researchers suggested that a subgroup of patients with
evere COVID-19 may  have a cytokine storm syndrome. Authors
lso mentioned that JAK inhibition, similar to ruxolitinib, could
otentially inhibit both inflammation and cellular entry of virus in
OVID-19 [35].

Immunomodulating agents (sarilumab, eculizumab, and
ocilizumab etc.) can also be used as an adjunct therapy for Covid-
9 patients as it were evident in different trials and case studies.
egeneron and Sanofi’s sarilumab (Kevzara) was safe and effective
gainst Covid-19, thus areready to run phase III trial including
ore than 600 patients for evaluating sarilumab (Kevzara) in

ospitalized “critical” COVID-19 patients. Regeneron reported
hat Sarilumab used for rheumatoid arthritis, an interleukin-6
IL-6) receptor antibody, is currently under investigated, due to its
ssociated with COVID-19. A large number of patients with SARS-
oV2 infection and severe pneumonia or acute respiratory distress
yndrome (ARDS) treated with another immunomodulating agent

https://ClinicalTrials.gov
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eculizumab as an off-label drug. Results suggest that eculizumab
may  play a key role in the treatment of severe cases of COVID-19,
which can be confirmed by the end of ongoing SOLID-C19 trial
[36].

A commonly used arthritis drug such as tocilizumab, has shown
“promising results” in two coronavirus patients in Italy (P. Ascierto),
being effective against pneumonia caused by COVID-19,”<-- -->
[37]. Another study performed on a total of 21 patients treated with
tocilizumab from February 5 to February 14, 2020. One third of the
patients were admitted in The First Affiliated Hospital of Univer-
sity of Science and Technology of China (Anhui Provincial Hospital)
and two third in Anhui Fuyang Second People’s Hospital, where
tocilizumab found an effective drug for the treatment in severe
patients of COVID-19 [38]. FDA has approved a randomized, double-
blind, placebo-controlled phase III clinical trial on 330 patients to
investigate the safety and efficacy of intravenous (IV) tocilizumab
(Actemra) named COVACTA plus standards of care in hospital-
ized adult patients with severe COVID-19 pneumonia (https://
ClinicalTrials.gov; Identifier: NCT04320615). Guiqiang Wang, at
Peking University First Hospital is running a clinical trial on 150
patients to assess the efficacy and safety of favipiravir in combi-
nation with tocilizumab in the treatment of COVID-19. (https://
clinicaltrials.gov/ct2/show/NCT04310228).

Silmitasertib (CX-4945), by Senhwa Biosciences, Inc is found
potential towards COVID-19 improved treatment. Quantitative
Biosciences Institute (UCSF-QBI), found that by inhibiting CK2, par-
ticularly via the disruption of CK2, promotes the formation of Stress
Granules (SGs), resulting in the inhibition of COVID-19 prolifera-
tion. Silmitasertib is also a targeted inhibitor of Casein kinase 2
(CK2), the only CK2 inhibitor currently, under clinical trials [9].

The fact that chloramphenicol an antibiotic that binds the
50S subunit of the mitochondrial ribosome, suppressing mito-
chondrial protein translation for replication, and inhibits peptidyl
transferase, preventing translocation, could probably exhibit anti-
COVID-19 actions [10]. ICGEB N. Delhi explore the potential
repurposing of the antiepileptic drug valproic acid against SARS-
CoV2. This team has carried out a broad computational study
over 1.2 million small molecules. The results revealed that val-
proic acid Coenzyme-A, a metabolite of the prodrug valproic
acid, binds effectively to the SARS-CoV2 RNA-dependent RNA
polymerase (RdRp). (https://www.icgeb.org/covid-19-sars-cov-2-
updates-from-icgeb-new-delhi-and-cape-town/)

Clinical trials perspective by Mullard mentioned that over
180 clinical trials on potential COVID-19 therapy are going on,
worldwide, whereas other 150 trial are starting soon (Table 1). It
is obvious that, multiple small trials may  not produce the strong
(solid) evidence that required to construct the relative effectiveness
of possible treatments [39]. To address this issue, World Health
Organization has launched the solidarity Master Protocol to coor-
dinate the COVID-19 clinical trials. The first four solidarity trials
according to WHO  officials to fight COVID-19 are the anti-malaria
chloroquine and hydroxychloroquine, the antiviral remdesivir,
HIV drugs lopinavir and ritonavir and a combination of lopinavir,
ritonavir with interferon-beta. The inhaler form of interferon
(code named SNG001) found to improve the recovery of asthma
and chronic obstructive pulmonary disease in patients with lung
infections. Thus clinical trial of SNG001 is starting in U.K. critically
ill Covid-19 patients (www.who.int/emergencies/diseases/novel-
coronavirus-2019/global-research-on-novel-coronavirus-2019-
ncov/solidarity-clinical-trial-for-covid-19-treatments).

Chloroquine and hydroxychloroquine, with no clear yet mode of
action, have shown activity against SARS-CoV-2 in-vitro and during

ongoing preclinical study, though a number of severe adverse drug
reactions detected, such as cardiac arrhythmias, less efficacy and
more mortality rate [40]. Above clinical trial conducted in France
over 20 patients suggested that hydroxychloroquine is associated
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ith significant viral load reduction in COVID-19 patients, while its
ffect is reinforced by the anti-bacterial agent azithromycin. How-
ver, a group of experts from the National Institute of Allergy and
nfectious Diseases, USA, has not recommended the combination of
ydroxychloroquine/ azithromycin for COVID-19 treatment, since
heir possible toxicities could increase the risk of sudden cardiac
eath [41]. In addition, another group [42] recommended the ther-
peutic ban of lopinavir/ritonavir or other HIV protease inhibitors,
nd interferon because of negative clinical trial data and due to no
ffect for patients with SARS and MERS. Above serious recommen-
ations could change many clinical trials presently in progress. “It’s
ll based on the data,” said group member prof. Susan Swindells, at
he University of Nebraska College of Medicine. Furthermore, FDA
arns that COVID-19 patient treatment using hydroxychloroquine

nd chloroquine are associated with significant side effects, related
o patient’s cardiac health [43].

On the other side, FDA-approved anti-parasitic drug iverma-
tin showed broad-spectrum anti-viral in-vitro activity against
he causative virus SARS-CoV-2. A collaborative study between

onash University’s Biomedicine Discovery Institute (BDI) and the
. Doherty Institute of Infection and Immunity confirmed that iver-
ectin can stop SARS-CoV-2 growth in cell cultures, by wiping out

ll genetic information within two days [44].
M. Callahan et al, from the Massachusetts General Hospital

ound that Covid-19 patients in Wuhan, China, treated with famo-
idine was  dying at a rate about 14% compared to 27% for those
ho  are not on the drug. A group from US conducts a molecular
odeling study using 2600 different compounds which can inter-

ct with new papain like viral protease enzyme [45]. Finally they
ave selected three best hit and famotidine was one of them. Famo-
idine an active OTC low cost safe drug used for heart burn patients
as first time used for Covid-19 patient through intravenous route

t nine times the heartburn dose at Northwell Health in New York.
87 critically diagnosed COVID-19 patients, including many on ven-
ilators, have been included in the trial, which aims for a total of
174 people. The director of the Cold Spring Harbor Laboratory
ancer Center, David Tuveson recommended famotidine to his 44-
ears old sister (tested positive for COVID-19). She with her five sick
o-workers, including three with COVID-19 positive, showed sig-
ificant improvements after taking the drug. Tuveson shared this
ith Science and credits the heartburn drug famotidine. “I would

ay that was  a penicillin effect,” he says. Timothy Wang, head of
astroenterology at Columbia University Medical Center, saw more
vidence of famotidine’s activity in his records from 1620 hospi-
alized COVID-19 patients. Current COVID-19 drug candidates in
linical trials are presented in Table 1.

Blood plasma from the COVID-19 survivors seems that it can
e an effective short-term treatment for patients. The plasma from

 recovered patient, which obviously contains antibodies can be
iven (the injection suitable time is still unknown) to a new patient
uffering from COVID-19. FDA has begun permitting convalescent
lasma to be used in seriously ill or immediately life-threatening
OVID-19 patients, from March 24th, 2020. Currently 12 registered
linical trials are going on to investigate the effect of convalescent
lasma or immunoglobulins (IgM and IgG) in COVID-19 [46].

Corticosteroid therapy for viral pneumonia and the use of
SAIDs in patients with COVID-19 symptoms is still under FDA
areful screening, since a very recent paper suggests a corre-
ation between increased ACE2 expression and ibuprofen may
nally lead to a worse outcome for COVID-19 patients. However
cetaminophen may  be used for temperature control [47].

COVID-19 patients have been also treated with high doses of

ntravenous (IV) vitamin C. However, no scientific evidence that
igh dose vitamin C works for COVID-19 infections was observed.
n ongoing study in China is focused to figure out, whether this

reatment is useful for patients with severe COVID-19. Thomas Jef-
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Table  1
Prospective Drug candidates in clinical trials for COVID-19 (https://ClinicalTrials.gov, ChiCTR.org.cn; [46]).

Drug candidate Description & FDA
approval

Developer Current stage of clinical
evaluation for Covid 19

Regulatory status
of the candidate

Remdesivir FDA approved in case of emergency for
COVID 19; antiviral; inhibiting RNA
synthesis in coronaviruses

Gilead, results released in April
2020 (severe disease) and
expected in May 2020
(moderate disease); NIAID trial
preliminary data released in
April 2020, full results
expected in May, 2020

Phase III NCT04292730

Hydroxychloroquine or
chloroquine

FDA approved as anti-malarial drugs Peking University Third
Hospital, Mayo Hospital and
Services Hospital, Lahore,
Pakistan Kidney and Liver
Institute, WHO

Phase IV ChiCTR2000029898
NCT04351191

Hydroxychloroquine or
chloroquine with
Azithromycin

FDA approved; anti-malarial drugs and
antibiotic

Washington University School
of Medicine

Phase III NCT04341727

Favipiravir antiviral against influenza; Not FDA
approved

Giuliano Rizzardini, FUJIFILM
Toyama Chemical Co., Ltd.,
Tokyo, Japan

Phase III NCT04336904

Favipiravir with Tocilizumab FDA approved; antiviral and
monoclonal antibody

Peking University First Hospital Phase III NCT04310228

Lopinavir/Ritonavir FDA approved; antiviral Darrell Tan, St. Michael’s
Hospital, Toronto

Phase III NCT04321174

Danoprevir; Ritonavir;
Interferon

FDA approved antiviral, immune
suppression

The Ninth Hospital of
Nanchang, Ascletis
Pharmaceuticals Co., Ltd.

Phase IV NCT04291729

Sarilumab FDA approved; human monoclonal
antibody against interleukin-6
receptor and rheumatoid arthritis

Regeneron-Sanofi Phase III NCT04315298

Tocilizumab FDA approved; human monoclonal
antibody against interleukin-6
receptor and rheumatoid arthritis

Hoffmann-La Roche and
Genentech

Phase III NCT04320615

Ruxcovid FDA approved a JAK1/JAK2 inhibitor
used for polycythaemia vera

Incyte Corporation,
Wilmington, DE, USA

Phase III NCT04331665

Camostat Mesylate FDA approved used to treat acute
pancreatitis

Yale University Phase II a NCT04353284

Selinoxor FDA approved patients with relapsed
or refractory multiple myeloma

Karyopharm Therapeutics Inc Phase II NCT04355676

Ivermactin FDA-approved; anti-parasitic drug Sidney Kimmel Comprehensive
Cancer Center at Johns Hopkins

Phase II NCT04374279

Famotidine FDA approved; OTC drugs used for
heart burn patients

Northwell Health Phase III NCT04370262

Dapagliflozin FDA approved; Dapagliflozin is a
sodium-glucose cotransporter 2
(SGLT2) inhibitor indicated for
managing diabetes mellitus type 2

Saint Luke’s Health System
with AstraZeneca and George
Clinical Pty Ltd

Phase III NCT04350593
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Ascorbic acid (Vitamin-C) Vitamin C is recommended for the
prevention and treatment of scurvy
and vitamin deficiency

Tho

ferson University is running a phase II clinical trial on 66 COVID-19
patients in order, to evaluate the safety and efficacy of ascorbic acid
in the form of sequential I.V. infusions (Ascor®). Previous studies
suggest that treatment with high-dose of vitamin C (along with
corticosteroids and thiamine) prevent deaths among people suf-
fering from sepsis and acute respiratory distress syndrome (ARDS),
in which the lungs fill with fluid. However high doses of vitamin C
can cause a number of side effects, including cramps, nausea, and
an increased risk of kidney stones [48,49].

Vaccine therapy and their clinical trials

Globally 115 candidate vaccines development is underway, 78
of which are confirmed as active while 37 are unconfirmed [50].
According to WHO, 10 candidate vaccines are approved for clinical

trials (Table 2) and 123 candidate vaccines are in preclinical stage
(Draft landscape of COVID-19 candidate vaccines – 2nd June 2020).
However, Dr. A. Fauci, Director of the National Institute of Allergy
and Infectious Diseases, USA, told the media in March that a vac-
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efferson University Phase II NCT04363216

ine won’t be available for widespread use for at least another 12
o 18 months, due to complete the phase III clinical studies. Most
f these vaccines developed in clinical trials, or are candidate drugs
ocused on spike protein. However recent research showed that
pike protein of SARS-CoV-2 is exhibiting mutation and two the
ost important mutations observed are D614G and S943P. Scien-

ists are very concerned about D614G mutation, which can increase
ransmissibility (observed already during the second virus wave)
nd severity of the disease. The second mutation S943P is associated
ith a cluster of mutation near to the fusion region and occurring

y recombination of different strains [8]. Therefore, scientists now
orking on vaccine development and trials should obviously be
ell aware about the recent data of viral mutation.

Miller et al. (2020) detected an interesting similarity between
niversal BCG vaccination policy and reduced fatality for COVID-
9. They were suggesting that countries (i.e., Italy, Nederland, USA

tc.) without universal policies of BCG vaccination have been more
everely affected, compared to countries with universal and long-
tanding BCG policies [51]. Some clinical trials are on truck in the
ustralia and Netherlands to find out whether existing tuberculosis

https://ClinicalTrials.gov
https://ClinicalTrials.gov
https://ClinicalTrials.gov
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Table  2
COVID-19: candidate vaccines in Phase I-II trials (Draft landscape of COVID-19 candidate vaccines – 2nd June, 2020).

Platform Type of candidate
vaccine

Developer Coronavirus target Coronavirus candidate:
Current stage of clinical
evaluation/regulatory
status

Non-Replicating Viral Vector ChAdOx1-S University of
Oxford/AstraZeneca

SARS-CoV2 Phase2b/3, 2020-001228-32, Phase ½,
2020-001072-15

Non-Replicating Viral Vector Adenovirus Type 5 Vector CanSino Biological Inc./Beijing
Institute of Biotechnology

SARS-CoV2 Phase 2, ChiCTR2000031781, Phase 1,
ChiCTR2000030906

RNA  LNP-encapsulated mRNA Moderna/NIAID SARS-CoV2 Phase 2, NCT04405076, Phase 1,
NCT04283461

Inactivated Inactivated Wuhan Institute of Biological
Products/Sinopharm

SARS-CoV2 Phase ½, ChiCTR2000031809

Inactivated Inactivated Beijing Institute of Biological
Products/Sinopharm

SARS-CoV2 Phase 1/2 ChiCTR2000032459

Inactivated Inactivated + alum Sinovac SARS-CoV2 Phase ½, NCT04383574, NCT04352608
Protein Subunit Full length SARS CoV-2

recombinant glycoprotein
nanoparticle vaccine
adjuvanted with Matrix M

Novavax SARS-CoV2 Phase ½, NCT04368988,

RNA  3 LNP-mRNAs BioNTech/Fosun Pharma/Pfizer SARS-CoV2 Phase 1/2 2020-001038-36
NCT04368728

Inactivated Inactivated Institute of Medical Biology,
Chinese Academy of Medical

SARS-CoV2 Phase 1
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Sciences
DNA  DNA plasmid vaccine with

electroporation
Inovio Pharm

vaccines might also protect against SARS-CoV-2. Several scien-
tists think that Polio vaccine might boost the immune system just
enough to fight off the new coronavirus, although there is no solid
evidence yet.

Finally, and within the scope of the existing complexity of
COVID-19 drug and vaccine candidates, the UK trial of the
leading coronavirus vaccine (AZD1222), was abruptly halted on
6 September 2020, because of safety concerns. The trial was
eventually restarted within a week. So far, some 18000 people
globally have received the vaccine, according to the Univer-
sity of Oxford (doi:https://doi.org/10.1038/d411586-020=02633-
6). Press reports indicate that the clinical trial inhibition is due to
an inflammatory reaction in the spinal cord (transverse myelitis)
in one of the volunteers participating in the clinical study.

Conclusions

SARS-CoV-2 is constantly mutating a fact that makes the virus
more transmissible and contagious compared to other coronavi-
rus. Recent research report suggests that multiple strains of the
virus are present in the same region, which could make the virus
more pathogenic and can lead to conformational changes in the
region. Two important mutations of viral spike protein may  guide
the virus to interact differently with the host cell. This will not
only affect the selection of an effective drug which can inhibit
spike protein and ACE 2 interactions, but also different type of
vaccine may  be suitable at different region. Selecting a drug ther-
apy is out-most important, since different drugs may  be effective
at different stages of infection. For example, adjunct therapy like
immunomodulator may  be effective at early stage of the infec-
tion, while antiviral drug like remdesivir can be effective for critical
COVID-19 patients. No side-effect/toxicity dose selection is another
critical factor which is associated with the safety and efficacy of the
drug. Combination therapy might be an option which could work
more efficiently against SARS-CoV-2 like a broad-spectrum ther-
apy. Therefore, genomic sequence of the SARS-CoV-2 virus should

be conducted in every country and region to elucidate its molecular
details. Based on genomic sequence and using computation dock-
ing approaches, we could approach the best possible hit from the
prospective drugs being in clinical trials nowadays for COVID-19. As

219
icals SARS-CoV2 Phase 1, NCT04336410

 final conclusion, universities, research institutes and companies
nvolved with the development of new vaccine and therapy arma-

entarium must take in serious account he most and early current
ata of mutation for better prevention, treatment and control of
he pandemic COVID-19.
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