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1 | INTRODUCTION

Human coronaviruses were first discovered in the 1960's. The name
“Corona” is a Latin word meaning “crown,” chosen because of the
appearance of a crown around the virus particles when viewed under
a two dimensional transmission electron microscope. The earliest cor-

onaviruses'? discovered were an infectious bronchitis virus in
chickens and two in humans (229E and OC43). Other members in this

Abbreviations: ACE, Angiotensin Converting Enzyme; ADE, Antibody Dependent
Enhancement; CDC, Centres for Disease Control and Prevention; CQ, Chloroquine; DCGlI,
Drug Controller General of India; DNA, Deoxyribonucleic Acid; HCoV, Human Coronavirus;
HCQ, Hydroxychloroquine; HIV, Human Immunodeficiency Virus; ICMR, Indian Council of
Medical Research; MERS-CoV, Middle East Respiratory Syndrome-Coronavirus; NIH,
National Institute of Health; RAS, Renin-Angiotensin System; RNA, Ribonucleic Acid; SARS-
CoV, Severe Acute Respiratory Syndrome-Coronavirus; SARS-CoV-2, Severe Acute
Respiratory Syndrome-Coronavirus-2; WHO, World Health Organization.

SARS-CoV2 is a novel coronavirus; the seventh of its species to infect humans. The
spread of this virus emerged in Wuhan, China in late December, 2019. Since then,
this virus has spread to more than 200 countries and has caused a worldwide pan-
demic. Being a new species of coronaviruses, any cure or vaccines for this virus has
not yet been obtained. A large amount of scientific studies and clinical trials are being
carried out across the world to find a potential vaccine for this virus. Current work
reports a review of potential drugs and vaccines that may be effective against this
virus. Different scientific therapies that may potentially be effective against the
SARS-CoV2 virus are also reviewed. The mechanisms of various drugs, their effi-

ciency in various clinical trials and their side effects are also studied.

affinity, coronavirus, FDA approved drug, infection, vaccines

family were later identified: SARS-CoV in 2003, HCoV NL63 in 2004,
HCoV HKU1 in 2005, MERS-CoV in 2012 and SARS-CoV-2 (previ-
ously named 2019-nCoV) in 2019. Most of these viruses cause respi-
ratory tract infections. The first known severe illness caused by a
coronavirus was with the Severe Acute Respiratory Syndrome (SARS)
epidemic®* which started in China in 2003. This pathogen was found
to be an animal virus; transmitted to humans from civets. A second
coronavirus epidemic® was caused by the Middle East Respiratory
Syndrome (MERS) in 2012 in Saudi Arabia. This virus was transmitted
to humans from camels.

SARS-CoV-2 is the seventh coronavirus to infect humans. The
first cases emerged in Wuhan, China, in late 2019, and then spread
worldwide. This Wuhan strain’ has been identified as a new strain of
Beta coronaviruses from group 2B (Figure 1). Genome® of this virus
has been found to be over 80% similar to the SARS-CoV virus. This
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FIGURE 1
(ID 23312: Alissa Eckert and Dan Higgins)

virus also has a 96% similarity to a bat coronavirus and hence it is
suspected that it most likely originated from bats. It is transmitted
between humans by contact via respiratory droplets or fluids ejected
while coughing or sneezing. Secondary infections also occur when
there is a contact with inanimate surfaces contaminated with the

virus.

2 | SCOPE OF WORK

Given the lack of approved drugs for the SARS-CoV-2 virus, it is
essential to evaluate pre-existing drugs for activity. In principle, a mol-
ecule can act as an anti-viral drug if it inhibits some stage of the virus
replication cycle, without being too toxic to the body cells. The possi-
ble modes of action of anti-viral agents would include being able to-.

Inactivate extracellular virus particles.
Prevent viral attachment and/or entry.
Prevent replication of the viral genome.

Prevent synthesis of specific viral protein(s).

AT I S

Prevent assembly or release of new infectious virions.

Different anti-viral drugs perform one or more actions from the
above mentioned, so as to stop the spread of viral infection. We have
showed a general mechanism of the process of viral replication in
human cells and have also indicated at which stages different types of

anti-viral drugs perform, along with their primary functions (Figure 2).

3-D model® and schematic diagram of the SARS-CoV-2 virion. Image component modified from CDC Public Health Image Library

This SARS-CoV-2 has now become a pandemic affecting over 5.4
million people and claiming 0.34 million lives worldwide, as of 24 May
2020. A graphical representation of the percentage of cases in some
selected countries is shown, which helps us in getting a clear overview of
the situation of the pandemic in countries across the world (Figure 3).

3 | RECENTSCIENTIFIC WORK

On 20th March, WHO®* announced a large global trial called SOLIDARITY
to check for various therapeutic drugs that may possibly help with the
cure for Covid-19. For these trials, possibly involving thousands of patients
across the world, scientists have suggested various existing compounds
for testing; however, WHO is primarily focusing on what may be the four
most promising drugs- remdesivir, chloroquine and hydroxychloroquine,
ritonavir and lopinavir and this mixture with interferon-beta. To get robust
results, WHO remarks that several thousands of patients will have to be
recruited all across the world. A global data safety monitoring board will
closely inspect results repeatedly and conclude whether any of these
drugs have proven effect (or not, in which case trials for that drug may be
dropped) or more drugs need to be added to the trial.

3.1 | Remdesivir

10,11

Remdesivir is an adenosine analogue originally tested against

Ebola and some related viruses during the Ebola outbreak in the
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FIGURE 2 A general mechanism of viral replication in host cells and functions of inhibitors at various stages during the process. The virus
first binds with the receptor of the host. A drug which is designed to be a fusion inhibitor will function at this stage by preventing the virus from
binding with the receptor. Then, the virus will penetrate into the cell cytoplasm of the host. It undergoes uncoating at this stage. An amantadine
inhibitor targets this stage and prevents uncoating. The viral RNA then transforms into a viral DNA. A reverse transciptase inhibitor works at this
stage and prevents the viral DNA from being formed. The viral DNA then brings changes in the amino acid sequence of the host DNA and inserts
itself in the sequencing. An integrase inhibitor prevents the virus from changing this sequence. With this, we get viral genomic RNA and viral
mRNA. A protease inhibitor functions at this stage and prevents viral replication by selectively binding to viral proteases (eg, HIV-1 protease) and
blocking proteolytic cleavage of protein precursors that are necessary for the production of infectious viral particle. The neuraminidase inhibitor
targets this stage and prevents the virus from replicating, hence, preventing its reproduction by budding from the host cell. After this stage, the
mature virus replicates itself and viral infection occurs. Image created with https://biorender.com/

Democratic Republic of Congo. However this drug did not show
promising results back then. This compound shuts down viral replica-
tion by inhibiting a key viral enzyme- RNA dependent RNA polymer-
ase. It works against a broad spectrum of RNA viruses like SARS and
MERS and functions post viral entry in a living cell. In 2017,
researchers'? at the University of North Carolina showed in test tube
and animal studies that this drug can inhibit coronaviruses causing
SARS and MERS. This drug!® is not specifically designed to target
SARS-CoV-2. As of 22nd March, two patients10 in the United States
of America were administered remdesivir and both of them showed
improved conditions. Such individual-case evidences do not prove
that this drug is efficient and safe for use; yet scientists do believe this
drug has the best potential in clinical trials owing to the fact that even
high doses of this compound does not cause toxicities.

According to the study results'#*>

prematurely posted by the WHO
on it's website by accident, the Chinese clinical trial on this drug was

unsuccessful. The trial included 237 patients out of which 158 were

administered remdesivir and the remaining 79 were given placebo. After
a month of observations, results showed that 13.9% of the patients
administered remdesivir died whereas the patients given placebo had a
mortality rate of 12.8%. This drug was proven to be ineffective in curing
Covid-19 patients in this trial. However, in the first clinical trial to evalu-
ate an experimental drug in the United States by NIH,' this drug was
proven to be effective. This trial was a randomized controlled trial involv-
ing 1063 patients. Out of these, one group of patients was administered
remdesivir and the other group received placebo. According to the pre-
liminary results, patients receiving remdesivir showed 31% faster recov-
ery rates than the other group. The median recovery time for patients
receiving remdesivir was 11 days, while that for the patients given pla-
cebo was 15 days. Results also showed improved survival rates. The
remdesivir group had a mortality rate of 8% while the placebo group had
arate of 11.6%.

Another trial”18

on this drug was performed, which included 61

patients. Out of these, the data of 8 patients could not be analyzed
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FIGURE 3 A, Percentage values of total number’ of coronavirus cases recorded in respective countries. B, Percentage values of total number
of coronavirus deaths’ recorded in respective countries. C, Percentage values of total number of recovered coronavirus cases’ recorded in
respective countries. D, Percentage values of total number of active? coronavirus cases recorded in respective countries (as of 24 May 2020)

and the results from analysis of data of the remaining 53 patients
were published. These patients were administered remdesivir for
10 days and a median follow up of 18 days showed that 68% patients
had improvements in oxygen support class. 47% patients were dis-
charged and 13% died. The mortality rates in patients receiving inva-
sive ventilation were found to be 18% while the rates in patients not
receiving invasive ventilation was 5%. This trial reported reduced mor-
tality rates and also clinical improvements in 68% of the patients by

the use of remdesivir.

3.2 | Chloroquine and hydroxychloroquine

1113 is an anti-malarial and autoimmune disease drug and

Chloroquine
has been in use for the past 70 years. It appears to act by preventing
viruses from binding to human cells. As these drugs are weak bases,
they work by decreasing the acidity in endosomes. They prevent viral
infection by increasing the endosornal pH required by the virus to

enter the cell and also by interfering with the receptors of the virus.

Chloroquine phosphate is widely available, but has side effects,
including headaches, diarrhea, rashes, itching and muscle problems
like muscle pain and weakness. In cell culture, chloroquine shows
activity against the SARS-CoV-2 virus, but the dosage requirements
are usually high which may lead to serious toxicities if administered to
humans. In rare cases, this drug affects the heart muscle which may

19.20 of chloroquine poisoning have been

lead to heart failure. Cases
reported in Nigeria. In the USA,?! a man and his wife reportedly fell
critically ill after self-medication with chloroquine phosphate derived
from a fish tank cleaner where it is used as an additive. The man later
died and his wife was placed in critical care.

Hydroxychloroquine also has activity'® against SARS-CoV-2
infection. Hydroxychloroquine sulfate®? is a derivative of chloroquine
phosphate, synthesized in 1946. It is less toxic than chloroquine in
animals. This drug is widely used for treatment of diseases like rheu-
matoid arthritis. Currently, at least 7 clinical trials are being carried out
in China to test the effectiveness of this drug against SARS-CoV-2.
Researchers in France!? have treated 20 Covid-19 patients with

hydroxychloroquine and observed that this drug reduced viral load in
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nasal swabs significantly. However, this study was not a randomized
controlled trial and hence did not report clinical outcomes such as
deaths. They?? have also reported positive outcomes by combining
hydroxychloroquine with the antibiotic azithromycin for treatment of
Covid-19 patients. However scientists have found many inconsis-
tencies?® in their results and have many conflicts of interests. Only
rigorous randomized clinical trials can determine if either of these

drugs is a viable therapeutic option.

3.3 | Ritonavir/Lopinavir

The ritonavir and lopinavir combination® was originally developed in
2000 to treat HIV infections. Lopinavir was developed to inhibit the
HIV protease- an enzyme that cleaves long protein chains into pep-
tides during assembly of new viruses. Lopinavir is rapidly broken
down by proteases in the human body and hence, it is administered
with low dosages of ritonavir which makes lopinavir persist in the
human body longer.

Cytochrome P450 3A4 are a superfamily®#2°

of heme containing
monooxygenase enzymes that act as a catalyst during the transfer of
oxygen atom from molecular oxygen into a large number of biological
substrates. Ritonavir is a HIV inhibitor and also a cytochrome P450
3A4 inhibitor. This enzyme is a major human hepatic drug metaboliz-
ing enzyme. Ritonavir inhibits this enzyme very strongly and hence,
small doses of ritonavir are administered along with lopinavir for
increasing their plasma concentrations; thus increasing their lifetime
in the human host.

This combination can inhibit coronavirus proteases as well. This
has been tested in SARS and MERS patients, but the results are incon-

clusive. In Wuhan, China, the first trial1°2¢

of this drug was not largely
encouraging as no significant changes in patient conditions were
recorded. This randomized, controlled, open lab trial included 199
patients out of which 99 patients received two pills of ritonavir/
lopinavir twice a day along with standard care and the remaining 100
patients received standard care alone. At the end of this trial, results
showed no significant difference between the two groups. Mortality
at 28 days was found to be same in both the groups. However, doc-
tors commented that all trial patients were critically ill (with more than
one fifth of them dying) and the drugs may have been given too late.
If administered at earlier stages of viral infection, these drugs may be
more effective. Though these drugs are usually safe, while curing criti-
cally ill patients, they may interact with other drugs administered to

them and could possibly cause significant liver damage.

3.4 | Ritonavir/lopinavir and interferon-beta

Interferon-beta® is a molecule involved in regulating body inflamma-
tion and has been proven effective?” in marmosets infected with
MERS. A combination of ritonavir, lopinavir and interferon-beta, is
being tested?® in MERS patients in Saudi Arabia. Recruitment for this
trial started in November 2016 and is still underway; the reason for

this slow process is the decline in number of patients infected with
MERS in Saudi Arabia. This trial is a recursive, 2 stage, group sequen-
tial, randomized controlled trial. As of 22nd March, clinical trials of this

combination drug have yet to be carried out on Covid-19 patients.

3.5 | Favipiravir

This is designed to target RNA viruses including influenza viruses,
SARS-CoV and MERS-CoV by inhibiting RNA-dependent RNA poly-
merase. Favipiravir was used in clinical trials*>?? by Chinese scientists
in Wuhan and Shenzhen in 340 patients. In this trial, the drug
appeared to shorten the course of the disease. The group adminis-
tered favipiravir cleared the disease in a median of 4 days, whereas
the group not treated with this drug cleared the disease in a median
of 11 days. Along with this, lung conditions improved in nearly 91%
cases treated with this drug compared to the 62% in cases not treated
with it.

3.6 | Convalescent plasma

Another potential therapy*® against SARS-CoV-2 involves recovering
plasma from the blood of recovered Covid-19 patients and infusing it
into infected patients. Such therapies have been in use since as far
back as 1918 and have also been used3° during the SARS,3! MERS
and H1N1 influenza®? pandemics. In 2003, during the SARS epidemic,

80 patients were treated®?

with convalescent plasma in a hospital in
Hong Kong. Patients given this treatment before day 14 of illness
showed higher discharge rates of 58.3% as compared to the rate of
15.6% in patients given this treatment after day 14 of illness. The for-
mer group also showed lower mortality rates compared to the latter.
From a prospective, cohort study®? conducted by scientists in Hong
Kong in 2009-10, convalescent plasma proved to be effective in the
treatment of severe HIN1 2009 infection. In this study, 93 patients
were recruited, out of which 20 received this treatment. Results
showed that mortality rates in the group receiving treatment were
nearly 20%- which was far less than the rate of 54.8% in the group
not receiving this treatment. Results also showed reduced respiratory
tract viral load and serum cytokine response in the patients undergo-
ing this treatment.

Chinese scientists have reported®® some levels of success with
this therapy in a trial. They administered 245 Covid-19 patients con-
valescent plasma, in February, and 91 of them showed improvement
in symptoms. On 24th March, in the United States, this therapy has

d34

been allowed” for severely ill patients and New York doctors are also

ready to conduct various clinical trials for the testing of this therapy.
Along with China and USA, South Korea, UK and recently India, have
also started trials®>~38 on this therapy.

On 17 April 2020, the Drug Controller General of India (DGCI)
approved initiation®® of trials for this therapy and nearly 100 insti-
tutes®®4° have shown interest in its studies. This phase Il, open label,

|36

randomized controlled trial®® will contain 452 patients out of which
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half shall be given plasma therapy and the other half shall not. This
trial is aimed at assessing the safety and efficiency of this treatment in
patients at moderate stages of the disease. States like Kerala, Gujarat
and Punjab have already begun to use this therapy for treating
COVID-19 patients. The protocols for administering this therapy are
being framed by DGCI and large scale trials are being carried out by
Indian Council of Medical Research (ICMR).

However, there are also some risks*! involved with this. During
blood transfusion, there is a possibility of accidental infections being
passed to the patient. This therapy may not work for some patients
and can instead enhance the infection. Antibody Dependent Enhance-
ment (ADE) is a phenomenon in which the virus binds with an anti-
body and increases virulence in the body. There are many theories on
how ADE occurs and scientists believe there may be more than one
mechanism of action. One mechanism includes the case when some
immune cells do not have usual receptors through which viruses bind
and enter the cell; but instead have Fc receptors. Such receptors bind
with one end of the antibody and the virus then binds to the binding
site at the other end. In this manner, the virus gains entry in the cell
through the antibodies. Hence, presence of antibodies does not sup-
press the viral infection, but rather enhances it. The ability of an anti-
body to neutralize a virion depends on the antibody concentration
and on the strength of antibody-antigen interaction. When the
strength of such interactions is less than a threshold value, ADE
occurs.

Also, administering antibodies may suppress the patient's natural
immune system leaving them at risk of re-infection. Presently, we face
a lot of unknowns in this therapy. We do not know the exact dosage
of antibodies needed to be administered, we do not know at which
stage of infection this therapy should be given so that results are most
efficient and we also do not know the age-group of patients this will
this benefit most. Doctors also remark that the patients who have
been previously treated using this therapy and shown improved con-
ditions had also received antiviral drugs and hence, it is hard to pre-
cisely determine the effect of this therapy. As sample sizes in
convalescent plasma trials are small, we need to carry out more vigor-

ous studies and trials to know the exact efficiency of this therapy.

3.7 | Other therapy

Wu*? has suggested a mechanism for a potential therapy for SARS-
CoV-2 induced lung injury which is based on the idea of balancing the
renin-angiotensin system (RAS). Here, the activation of the RAS cas-
cade involves renin. Renin cleaves angiotensinogen to generate a
decapeptide hormone (Ang 1), which is then converted to an octapep-
tide hormone (Ang IlI) by angiotensin-converting enzyme (ACE). It
binds to its receptors (AT1 is angiotensin Il type | and AT2 is angioten-
sin Il type Il) which results in vasoconstriction and promotion of the
release of aldosterone. ACE2 is a homologue®® of ACE and plays a
pivotal role of a counter-regulatory enzyme, for balancing responses
initiated from ACE. Furthermore, ACE2 hydrolyses Ang | and Ang Il to
generate Ang-(1-9) and Ang-(1-7). Ang-(1-7) binds to the MAS

receptor for antagonizing Ang Il-mediated actions. SARS-CoV uses
ACE2 as the entry receptor and we make an assumption that SARS-
CoV-2 functions by the same mechanism. In mouse models** of
SARS-CoV, ACE2 has been observed to be reduced by viral replication
and viral spike protein, but not ACE. Inhibition of ACE2 expression or
down-regulation of surface ACE2 by these coronaviruses may disrupt
function balances between ACE/ACE2 and Ang Il/Ang-(1-7), leading
to lung injuries. From this, we can conclude that by compensation of
ACE2 and maintenance of balance between ACE/ACE2, we may be
able to stop severe lung injuries occurring due to SARS-CoV-2. At pre-
sent, this approach yet awaits clinical trials to determine its
efficiency.*

4 | CONCLUSIONS

Such drugs and therapies are being studied and experimented on
intensively for determining a potential cure for the SARS-CoV-2. At
this stage, clinical trials have had both positive outcomes in some
cases while inconclusive outcomes in others. With only an increased
number of clinical trials, can we determine more accurately the effi-
ciencies of these drugs. Meanwhile, over 90 vaccines are under devel-
opment at various research institutes, universities and companies
across the world, through a variety of different approaches. Usually,
during the preparation of any vaccine, the developmental and clinical
trial phase takes a long time. However, researchers are accelerating
their efforts and hope that a viable vaccine for the SARS-CoV-2 could
be prepared and distributed within 18 months.
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