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ABSTRACT

The world is amidst a public health crisis as the pandemic has shook us to the core. The COVID-19 caused by
the novel SARS-CoV-2 is of zoonotic origin and this tries to explain what could have been the possible proximal
origins for the disease in humans. Our review aims at addressing the question like what structural or genomic
vicissitude enabled the viral outbreak across genera and so efficiently infect the human populace across the globe.
We also try to discuss the prospect of drug repurposing and scope for vaccine development considering the rapid
genome modification of the virus. Another finding lies into the action of pre-existing drugs when they are applied
in combination and probably that shades some light on the therapeutic approaches. Several investigations have been
performed but we are still in search of a novel antiviral drug. With that vision, our focus shifted on the evaluation of
existing drugs with positive response against the novel corona virus. We also try discussing certain trends including
increased immunity to the disease in the population from a particular geographical area.
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INTRODUCTION

In December 2019 a novel coronavirus, SARS-CoV-2 was identified
tobe responsible forinducingan acute coronavirus disease associated
with fatal pneumonia like symptoms [1]. The terminology SARS-
CoV-2 is being popularly used in context to the recent outbreak.
Severe Acute Respiratory Syndrome Coronavirus-2, shortened to
SARS-CoV-2 is the virus which is responsible for causing Corona
Virus Disease (COVID-19) [2]. This virus is genetically related to
the coronavirus that previously caused the SARS outbreak in the
year 2002-2003, however they are distinct viruses [3].Over 3 million
cases have already been reported worldwide that has resulted in
more than 231,251 deaths across the world as on 30" April, 2020.
The outbreak occurred initially at Wuhan, Hubei province in
China [4]. This exponentially transmissible disease was declared
as a pandemic by the World Health Organization (WHO) on 11th
March, 2020. According to WHO, the Case Fatality Rate (CFR)
has been estimated at around 3.4% of those infected, however the
reported number of cases in much lower than the actual number [5].
Typical symptoms of the COVID-19 include headache, dry coughs,
fever, anorexia, anosmia, dyspnoea (breathing difficulties) myalgia
and pneumonia induced by the virus in more acute cases [6-7].
The acute symptoms generally appear in the immunocompromised

section of the population like the elderly, infants and people with
pre-existing chronic illnesses like asthma, hypertension and diabetes
[8]. The FDA has granted Emergency Use Authorization (EUA)
to hydroxychloroquine sulfate for the treatment of COVID-19
patients. Presently there are no established antiviral therapeutics or
vaccine available for the treatment. Hence this creates the grave need
to develop novel medications that would act as countermeasures to
this viral infection in both prophylactic use as well as treatment
of infected patients [7]. Several investigational clinical trials have
been launched to evaluate the efficacy of certain repurposed drugs,
including anti-viral and anti-malarial drugs. According to studies
by a French institution, administration of hydroxychloroquine
coupled with azithromycin exhibits a significant reduction in
the viral load in the infected individuals [9]. Another study in
China reported the use of anitimalarial drug chloroquine in the
treatment of COVID-19 patients as it reduces viral replication
and also the severity of the disease [10]. However, case-control
studies regarding these results have been insufficiently powered
and the therapeutic dominance by administering these drugs is
unclear. Several concerns have been raised over acute potential
cardiac complications that the administration of these drugs can
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cause especially in infected patients. Clinical investigations have
been majorly focusing on the repurposing of several previously
approved antiviral drugs. A few examples include the viral protease
inhibitor-Ritonavir/Lopinavir which was originally discovered to
treat HIV, viral protease inhibitor in Hepatitis C-Danoprevir and
the antiviral drug used to treat influenza-flavipiravir [11]. The most
notable one among these drugs which is currently undergone 10
clinical trials at more than 50 sites globally is Remdesvir, which
was initially discovered to treat Ebola virus associated ailments [12].
This antiviral drug has already exhibited inwitro and inwivo activities
for both MERS and SARS in animal models [7]. Despite all these
advancements, a sufficiently powered randomized case-control
trial is yet pending which is necessary to conclude definitely on
the efficacy of the antiviral potential of Remdesvir or any other
therapeutic advancement for that matter.

WHAT IS CORONAVIRUS?

Coronaviruses are a sizable family of positive-sense single stranded
RNA viruses which are mostly enveloped [13]. Coronaviruses can be
broadly categorised into three genera namely the Alphacoronaviruses,
Betacoronaviruses and the Gammacoronaviruses, of late there has been
a temporarily identified new genera known as the Deltacoronaviruses
[14]. Although this virus infects a broad range of vertebrate
hosts including humans, it is said to have been extensive in bats
[15,16]. The variety of diseases that the coronavirus can cause
include a huge plethora of disorders in livestock ranging from
upper respiratory tract diseases in chicken to enteritis in cattle
and pigs and certain hepatic, renal and neuronal infections as
well [17]. In higher vertebrates, majorly humans, coronavirus has
been linked with causing clement symptoms associated with the
upper respiratory tract infections. However in the last two decades
there have been multiple outbreaks of acute and occasionally
lethal diseases correlating the respiratory tracts, which were later
discovered to be caused by certain novel CoVs proven to be
pathogenic to the human populace [18]. The characterisation of
the novel CoVs proved that they were phylogenetically dissimilar
from the previously identified strains of human CoVs. Further
studies also suggested the zoonotic origin of this disease as they
were originally found in bats and transmitted to humans through
an intermittent host in most of the cases. The novel strains host
to another occurred with increased efficacy. Infection caused by
these novel strains generally caused moderate symptoms in most
individuals, but in few others, the responses appeared to be more
acute. In a few cases of paramount infections however, it resulted in
the death of the individual due to acute respiratory failure brought
about by irreparable damage to the alveoli [19].

The SARS-CoV-2 is the seventh coronavirus which is known to
infect the human population. Out of these seven, SARS-CoV,
MERS (Middle East Respiratory Syndrome), SARS-CoV-2 are
known to cause severe diseases whereas NL63, OC43, HKU1 and
229E are analogous to milder symptoms. Three of these strains have
been isolated from animals although a lot of ambiguity prevails
regarding the characterisation and mode of infection about each

of these [20].

SARS-COV-2: STRUCTURAL FEATURES AND
NOTABLE ATTRIBUTES IN THE GENOME

SARS-CoV-2 belongs to the genus Coronavirus in Coronaviridae
family [21]. Crown-shaped peplomers with a size of 80-160 nm
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and a positive polarity of 27-32 kb and are pleiomorphic viruses
[22]. The genome of the coronavirus usually encodes the following
structural proteins: a) (S) the spike protein; b) (E) the envelope
protein; ¢) (M) the membrane protein and d) (N) the nucleocaspid
protein (Figure 1) [23-24]. The viral genome, in addition to a few
accessory genes includes six Open Reading Frames (ORFs) which
are common to all the coronaviruses. Additionally, certain genes
from the SARS-CoV-2 genome exhibited less than 80% nucleotide
sequence homology to the SARS-CoV. Evidence that suggested the
two viruses belonged to the same species was the 94.4% homology
in the amino acid sequences of the seven conserved replicase
domains in the ORF1ab that was used for the classification of the
species [25].
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Figure 1: Four structural proteins are represented in the animated

pattern of SARS-CoV-2 [26].

After a detailed comparison of the alpha and betacoronavirus,
there have been two notable genomic features on the viral spike
glycoprotein identified in the novel coronavirus.

The Receptor Binding Domain (RBD) which optimizes
the binding of the virus to the human ACE-2 receptor

The most irregular segment in the genome of Coronavirus is
the Receptor Binding Domain (RBD) in the spike glycoprotein
of the virus. Experimental results from cell culture set ups have
proved that six amino acids present in the RBD are essential for
binding of the spike glycoprotein to the ACE-2 receptor in human
nasopharyngeal pathway (Figure 2) [26,27]. These set of amino
acids are also responsible for determining the range of hosts that
this novel coronavirus can efficiently infect. With respect to the
coordinates based on the SARS-CoV, they are Y442, 1472, N479,
D480, T487 and Y4911 which correspond to the coordinates
1455, F486, Q493, S494, N501 and Y505 on the SARS-CoV-2
genome [28,20]. Five out of these six amino acids vary in the
Receptor Binding Domain of SARS-CoV-2 with respect to that
of the RaTG13 virus in the bat genome which is supposedly the
most closely related virus and also the SARS-CoV [20,29]. With
sufficiently powered evidence from biochemical studies it can be
concluded that the combination of amino acids in the RBD of
SARS-CoV-2 binds to the ACE-2 receptor of ferrets, humans and
cats with a considerably high affinity. Although the high affinity
binding is something that cannot be ignored, the combination of
amino acids in the RBD varies from that which was computed to
be optimized for binding to the ACE-2 during analyzing the SARS-
CoV binding [30,31]. Hence another notable conclusion from this
piece of information could be that the specific sequence in the
RBD was a result of the natural selection in the human or human-
like host during replication of the virus in initial undetected
transmission phase from intermediate host to human or human to
human. These observations could conclusively rule out the idea of

the virus being artificially manipulated in the laboratory [20].
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Figure 2: Diagram showing the structure of the SARS-CoV-2 RBD
bound to ACE2. ACE2 is coloured in green. The SARS-CoV-2
RBD core is shown in cyan and RBM in red. Disulfide bonds in the
SARS-CoV-2 RBD are shown as sticks and indicated by arrows. The
N-terminal helix of ACE2 responsible for binding is labelled [29].

SARS-CoV-2 RBD

Potentially functional polybasic cleavage site for furin protease
at the junction of S1 and S2 that occurred via the insertion of
12 nucleotides and also led to the acquiring of three O-linked
glycans in the vicinity of that site: The coronavirus membrane
contains a transmembrane trimeric spike glycoprotein (S) which
plays a significant role in aiding the entry of the virus into the host
cell [20,26,32]. The spike glycoprotein harbours two functional
domains a) Receptor Binding Domain and b) domain that contains
sequences which allow the fusion of the membranes of the virus
and the host thus aiding efficient entry of virus into the host cell
[33]. The action of the proteolytic cleavage on the S glycoprotein is a
major decisive factor whether the virus can jump species and cause
efficient infection [34]. Experiments with MERS-like virus showed
that the S glycoprotein’s proteolytic cleavage permitted receptor
binding of virus from Ugandan bats to humans but hindered entry
into the cell. Addition of trypsin in this experiment allowed the S
glycoprotein to be adequately cleaved and thus mediated infection
of the human host. Such experiment provides evidence for the role
of S glycoprotein cleavage as the boundary that allows or hinders a
successful zoonotic transfer [35]. After analysing the S glycoprotein,
the protein sequence has revealed that it harbours a potential
polybasic furin cleavage sequence (RRAR). The RaTG13 isolated
from a bat in Yunan shared the maximum nucleotide sequence
homology with that of the SARS-CoV-2 genome and even it lacked
this furin protease site [36]. Furin protease is an enzyme present
abundantly in the nasopharyngeal as well as respiratory tract and
hence when the SARS-CoV-2 enters the respiratory pathway, the S
glycoprotein is abundantly cleaved after its exit from the epithelial
cells. Post cleavage of the S glycoprotein into two subunits ST and S2
(Figure 3), it gains the ability to infect other cells and mediate entry
by fusing the viral cell membrane with that of the host cell [36,37].
Furins also play an important role in determining the pathogenicity
of the avian influenza A viruses where the cleavage of a glycoprotein
HA is essential for the virus to be able to enter the cell. When the
polybasic cleavage site is present at the HA glycoprotein, it converts
the otherwise low pathogenic avian influenza virus to lethal forms
[38,39]. Addition of the polybasic cleavage site at the junction of
the two subunits of the spike protein might be viewed as a certain
addition in the functionality of the virus that could have allowed it
to jump species. Another notable acquisition of the viral genome
could be the gain of O-linked glycans which could possibly give rise
to a domain like that of ‘mucin’ that would protect the essential

residues present on the RBD of the spike proteins of SARS-CoV-2
(40].
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Figure 3: Comparison of the SARS-CoV-2 and SARS-CoV S
Structures. A) Ribbon diagrams of the SARS-CoV-2 S and SARS-
CoV S (PDB 6NB6; B) The S1 subunits of SARS-CoV-2; C) The

S2 subunits of SARS-CoV-2; D) ectodomain cryo EM structures; E)
SARS-CoV; F) SARS-CoV [28].

PROXIMAL ORIGIN OF THE NOVEL
CORONAVIRUS

Studies have proved otherwise and demonstrated how natural
selection gave rise to this novel variety by means of certain
mutations. Understanding of the proximal origin of this pandemic
is not only relevant but also urgent in order to understand how
this animal virus is capacitated to jump species boundaries and
cause acute infections in humans so efficiently. Grave zoonotic
events can be prevented or predicted in the future with a broad
understanding of the species jump capacitation of viruses [41,42].
Say the SARS-CoV-2 has adequately pre-adapted in a particular
animal species already then there are high chances of it manifesting
itself in causing another pandemic in the future. On the contrary,
if they have adapted themselves sufficiently in the human genome
then the chances are that there will be repetitive cases of zoonotic
transmissions unless a specific set of mutations occur which had
previously occurred. Being able to narrow down the most adjacent
viral relative of SARS-CoV-2 will greatly aid clinical studies and
more [20].

Two possible hypotheses which can explain the possible
proximal origin of the novel coronavirus are

Natural selection occurring in animal host prior to zoonotic
transfer: Several cases of COVID-19 were reported to have their
origins linked to the Huanan market in China, thus suggesting
the presence of the animal host from which the disease spread at
that location. Several contradicting views exist regarding the source
of the zoonotic transmission. Sampling of the RaTG13 from
Rhinolophus affinis (bats) showed a 96.2% homology to the SARS-
CoV-2, thus suggesting that reservoir hosts for its progenitor were
bats. However, the Receptor Binding Domain in the spike protein
of the virus which is essential for binding of the virus to the ACE-2
receptor in humans is different in the bats as the spike diverges in
the RBD. This raises concern over unequivocally declaring bats as
the reservoir host for the progenitor [41,42].

The coronavirus isolated from Manis javanica (Malayan pangolins),
closely resembles SARS-CoV-2. They had been illegally imported in
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the Guandong province due to the demand of their scales in ancient
Chinese medications. Certain pangolins exhibit 100% homology
in the Receptor Binding Domain of the spike protein including the
six essential residues required for binding to the ACE-2 receptor
thus suggesting their role as the reservoir host despite the RaTG13
genome remaining closes to the SARS-CoV-2 genome. There could
be a possibility that the virus chose these two organisms or either
of these organisms through a process of natural selection and also
pre-adapted itself in the genomes of these organisms [43].

The absence of the polybasic cleavage site in the betacoronavirus
of bat as well as pangolins raises another plethora of questions.
The presence of this site aids the efficient activity of furin protease
necessary for the viral infectivity in human hosts. Certain mutations
including deletions or insertions can occur at the junction of S1
and S2 of the S glycoprotein thus suggesting that the emergence of
the polybasic cleave site by natural selection. For the first theory to
be proven right about the virus acquiring the particular sequence
in the RBD of the spike protein to bind to the ACE-2 receptor
and also acquire polybasic cleavage site, the animal in which the
virus pre-adapts need to have a high population density to allow
adaptation by natural selection. Additionally, the animal host
in which the virus pre-adapts itself also needs to have the ACE-2
encoding gene which would be identical to the human ortholog to
a certain extent [20].

Natural selection within the human host succeeding the zoonotic
transfers The other scientifically believable theory about the
origination of the virus could be that its progenitor made a species
jump and reached the human genome. During a latent phase of
undetected human to human transmission, the virus acquired
the required characteristics and hence adapted itself to suitably
infect the human genome. After the virus has evolved sufficiently
to adapt itself it would trigger a cluster of cases with significantly
severe symptoms which would lead to a pandemic. All the SARS
CoV-2 genome analysis performed so far have confirmed that they
all share the above mentioned features thus confirming their arrival
from a single source [41]. The fact that pangolins had the identical
RBD as that of in the SARS-CoV-2 suggests that it was probably
also present in the form of the virus that jumped during zoonotic
transmission to humans. This could indicate that the evolution of
the polybasic cleavage site occurred only after the virus jumped into
humans during adapting itself to natural selection for better furin
protease activity to efficiently infect human host. This hypothesis
hints at the possible existence of a latent phase prior to the outbreak
where undetected human to human transmission occurred [20].

ACE-2 receptor

ACE-2 is the receptor for the SARS-CoV-2 as well as the related
human respiratory coronavirus NL63. ACE-2 with homology to
the enzyme that has been acted as a major player in the Renin-
Angiotensin System (RAS) and hence is a target for hypertension.
It is basically a type I metallocarboxypeptidase which primarily
expressed in the Leydig cells in the testes, vascular endothelial
cells and also renal tubular epithelial cells [44]. Additionally
ACE-2 is also expressed in tissues that harbour the SARS-CoV-2
including the gastrointestinal tract, kidney and also lungs. The
major substrate for ACE-2 is Angiotensin II as it is degraded by
ACE-2 to Angiotensin 1-7 that leads to negative regulation of the
RAS. In cardiovascular system and certain other organs ACE-2 is
also associated with certain shielding functions [45]. Studies on
HelLa cells demonstrated that in humans, civet cats, pigs, mice and

Chinese horseshoe bats SARS-CoV-2 uses ACE-2 as the entry point
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[25]. Yet another interesting finding is in the kidney cell line of
monkeys showed that treating Vero-E6 cells (that earlier allowed
SARS-CoV replication) with Anti-ACE-2 Antibody inhibited
the entry of certain pseudotypes that expressed the SARS-CoV-2
protein [46].

Cleavage by cellular proteases at 2 sites of the S protein is essential
for the SARS-CoV entry into the cell by allowing fusion of viral and
host membranes and these 2 sites are termed as S protein priming.
Out of these two sites, the S protein priming by the serine protease
TMPRSS?2 is particularly essential for the infectivity of the virus
and its ability to spread. Experimental evidence of treating Calu-
3 human lung cell line with camostat mesylate-a serine protease
inhibitor hindered the entry of pseudotypes espressing SARS-
CoV-2 protein. The physiological role of ACE-2 in the respiratory
pathway is currently unknown but it could suggest the role of this
enzyme in cleaving certain peptides at the mucosal surfaces in the

airway (Figures 4 and 5) [46].

Figure 4: Low-energy binding conformation of remdesivir bound to
SARS-CoV-2 RdRp generated by molecular docking. A) Remdesivir
was fitted in the bottom of the RNA template channel (top view); B)
Remdesivir was attached in the bottom of the RNA template channel
(bottom view); C) Detailed view of remdesivir binding with RdRp
(Supporting PDB file SARS_CoV-2_RdRp_homo_Remdesivir.pdb) [26].

Figure 5: Clinical Trial Rate with respect to different drugs, FDA COVID
19 treatment drug acceleration.

Mode of infection

* The initial step for the viral infectivity is the binding to a receptor
in the human host. The Receptor Binding Domain (RBD) in the
S1 subunit mediates the binding to the ACE-2 receptor in the
human respiratory pathway.

e Next, the S2 subdomain of the S glycoprotein mediates the

4
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fusion of the cell membranes of the viral and the human host. The
polybasic cleavage site also plays an important role here.

e After this, the S glycoprotein is cleaved into subunits S1 and S2
by the help of furin protease present in the host. After this step
the virus gains entry into the host genome and gradually starts
replicating by using host machinery [47].

The interaction of the spike proteins with the polarized epithelial
cells plays a significant role in the entry of the virus as well as the
spread of infection. The cell receptors for the coronavirus are
majorly expressed on the apical domain of the polarized epithelial
cells as the virus approached the epithelial cells from the apical sides.
According to studies performed by immunofluroscence staining,
on polarized airway epithelia surface, ACE-2 is more abundantly
expressed on the apical side as compared to the basolateral surface.
The expression of the ACE-2 receptor is also directly proportional
to the stage of differentiation of the epithelial tissue. Experiment
demonstrating that ACE-2 expressed in scantily differentiated
epithelial tissues was poorly infected while those in sufficiently
differentiated epithelial were readily infected, further supported this
finding. Among all the epithelial cells, the distribution of the ACE-
2 receptors was found to be maximum on the ciliated epithelium
cells which were confirmed by a colocalization experiment with the
B-tubulin IV marker of cilia. Hence the infection by the SARS-CoV
is positively correlated to the ACE-2 mRNA protein expression and
the epithelial differentiation state [48].

RESULTS AND DISCUSSION

COVID-19 is primarily a respiratory illness that affects the upper
and lower respiratory tracts of a host through the nasal pathway.
There are several ways of collecting samples for testing the presence
of coronavirus infection in an individual. Below will be discussed
the two most popular techniques used primarily in several south-
east Asian countries-RT PCR and the Rapid test kit method. This
section shall deal with the grounding principles for each of these
detection procedures without commenting on their efficiency.

For the RT-PCR technique, the steps followed are as follows

e Swab is collected from the oropharyngeal region of an individual
by either a) injecting saltwater into the nose or b) using a
bronchoscope which is a tube that collects sample from the lung.
Although it has been concluded that saliva is more sensitive for

detection of COVID-19 than nasopharyngeal swabs [49].

¢ Only certain equipped laboratories can perform this test as the
samples need to be maintained in a virus transporting medium
and taken to the lab where the tests need to be performed with
appropriate safety gear.

e The swab is mixed with certain liquids or buffers such that the
virus gets suspended in the liquid.

¢ Centrifugation is performed in order to separate viral pellets
from liquid.

¢ Viral pellets obtained are then processed in order to isolate the
RNA from them.

¢ Reverse Transcriptase-PCR performed.
¢ Real Time-PCR performed.

The RNA obtained from the sample is not enough for the detection.
Also, the fluorescent dye used to quantify the signals (SYBR green)
only binds to double stranded DNA and hence Real-Time PCR has
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to be performed after Reverse Transcriptase-PCR. The RNA is first
treated with the enzyme ‘reverse transcriptase’ that uses the RNA as
a template to make complimentary DNA (cDNA). Next, this cDNA
is used a template to make a double stranded DNA. A certain
signature sequence in the genome of the RNA from the novel
coronavirus has been identified as the “signature sequence” which
is exclusive to the novel virus. Primers are designed corresponding
to these signature sequences and end labelled with SYBR green
fluorescent dye. After annealing when the binding takes place and
the bases get added, SYBR gets incorporated in the last nucleotides.
Hence more will be the amount of signature sequence, more will
be the amount of primer binding leading to ds DNA formation
and finally leading to even more fluorescence being emitted. If
the fluorescence is measured above a certain threshold then the
individual from whom the samples were obtained is considered to
be infected with coronavirus. PCR is repeated for about 40 cycles
by which sufficient amplification would have already occurred to
comment on the fluorescence signal emitted and hence the viral
infectivity. Only if we see a spike in the fluorescence signal with
respect to time, it would suggest a positive result. This whole
procedure takes about 8-10 hours and has about 98% accuracy and
hence has possibilities of reporting false positives in rare cases. This
is not a pathological method to test for infectivity and is more of a
laboratory procedure used for research purposes [50].

The other method which is being recently talked about is the
rapid test kit method by which an individual could perform a test
by himself and obtain results within 10-15 minutes. This process
requires following simple instructions and relying on the test kit
for the results. First blood sample needs to be obtained after a
simple needle prick. The test kit two cavities, one for the input of
the blood sample and another for the input of the buffer which is
provided in the test kit. The kit has 3 sections-C (control), [gG and
IgM. The buffer makes sure that the blood reaches the columns
for control, IgG and IgM by a capillary rise technique. When a
line is visible at the C section of the kit, it indicates that the test is
being run positively and the blood has reached the IgG and IgM
sections for calculating the antibodies present in the blood. This
test works on the principle of measuring the amount of antibodies
expected to be present in the blood of an individual post-infection
by the SARS-CoV. This test is not able to provide distinct results for
infection by SARS-CoV and SARS-CoV-2. IgM is considered to be
the primary antibody to be released immediately after an infection
thus suggesting its levels would be high if the individual has been
infected recently or is currently under the infection procedure. If
the individual testing is in the above mentioned phase, the test
would indicate a visible line against the IgM section. However, if the
individual had been infected quite a while ago and is already in the
recovery phase, there would be lesser amount of IgM in his blood
and thus would only see a line against the IgG section. Another
notable fact about this test could be that this test considers that
each individual testing has been infected by the SARS-CoV at some
points in their lives and displays results accordingly.

Several other testing kits, procedures and principles are currently
being used around the world and the procedures vary from one
country to another.

Therapeutic approach

In a viral disease, no drugs are ultimate. Doctors are trying to
reduce the symptoms and conditions through several combinations
of drugs. Here is a list of drugs which have proven positive results in
experimental set up (Table 1) [51-65].
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Table 1: List of drugs which have proven positive results in experimental set up.

Drugs originally discovered to treat Ebola like viruses

It is a single species isomer of the 2-ethylbutyl L-alaninate phosphoramidate which has shown positive results in
COVID-19 treatment and has clinical potential.

Remdesivir

It is an adenosine analog that inhibits the activity of the RNA-dependent RNA-polymerase and hence blocks

the viral replication cycle (Figure 4) [24]. It does so by causing pre-mature termination of transcription when it is
incorporated into nascent RNA. After incorporating this drug into the RNA, any more nucleotides cannot be
added and hence terminates the transcription [7,51-54].

Originally discovered to treat HIV and works by inhibiting the HIV protease enzyme.

Ritonavir

It is often used in combination with other anti-viral drugs like Lopinavir and sold under the name ‘Kaletra’.

It has shown promising results in marmosets infected with MERS and SARS [55,56].

Originally discovered as an anti-malarial drug used to treat susceptible infection from several species of
Plasmodium. It has also been used for second line treatment of rheumatoid arthritis. It is now being repurposed

Chloroquine and
Hydroxychloroquine

for antiviral treatment after showing promising results in certain experimental set-ups. However, it shows positive
results only when consumed in very large doses which have toxicities of their own. The drug acts by reducing
the pH of the endosomes drastically thus affecting viral growth and proliferation. Hydroxychloroquine when

administered with azithromycin showed promising results in experiments performed by Gautret et al. However,
due to lack of sufficiently powered case-control, the drugs need to undergo more trials [9,57-59].

Originally discovered to treat HIV and was used in combination with Ritonavir and sold as ‘Norvir’. It is a class of

Darunavir

protease inhibitors that inhibit the proliferation of the virus within the host [60-62].

It was majorly used to treat patients with a history of retroviral therapies.

Lopinavir

Originally discovered to treat HIV and used in combination with Ritonavir that is being repurposed to treat

COVID-19 [63].

Nucleoside (adenine) analog that was originally discovered to treat the Zaire ebolavirus. It has displayed broad-

Galidesivir

spectrum anitiviral activity against filoviruses, arenaviruses and coronaviruses. It is being clinically tested to check

for potential against SARS-CoV-2 [64].

Initially used to treat resistant cases of influenza, this is a modified pyrazine analog. This drug functions as a

prodrug and works by a novel mechanism to inhibit viral proliferation. This undergoes intracellular ribosylation

Favipiravir

and phosphorylation to convert to active flavipiravir-RTP. When this is incorporated into the RNA, it prevents
viral replication by hindering strand elongation. Due to this ability to function as a broad-spectrum drug resulting

from conserved RNA-directed RNA polymerase domain, this is being tested as a potential drug for COVID-19

[65].

Originally discovered for treatment of respiratory infections, this was approved by the FDA in 1991. It works

Azithromycin

as a broad-spectrum macrolide antibiotic which has high degree of tissue penetrating potential. When used
in combination with hydroxychloroquine, it showed promising results in recovery of patients infected with

COVID-19 [9].

Anakinra, tocilizumab, sarilumab,
siltuximab

IL 1 and 6 antagonist

Adalimumab, infliximab

Anti tumornectrosis factor alpha

Gimsilumab, lenzilumab,
namilumab

Granulocyte macrophage colony stimulating factor

These are the drug which inhibits the Jak-Stat pathway. Jak-Stat pathway helps in the proliferation of ACE2

Baricitinib and Ruloxitinib

receptors. By blocking this pathway, the pathogenesis of SARS-Cov2 can be inhibited. The drugs are in several

trials.

Considerably higher concentrations of IL-6 have been found to be
corresponding with respiratory failures in patients affected by the
COVID-19 [66]. Hence, in the clinical approach to design drugs
to combat this disease, drugs that ameliorate the inflammatory
response produced by the virus are being studied. Additionally
another major approach towards drug designing for the ongoing
pandemic has been the repurposing of pre-existing anti-viral
and anti-retroviral drugs which are already available. One great
advantage of repurposing drugs is that it significantly reduces the 10-
17 year time usually required to develop a drug to about 3-12 years.
Additionally, under the Emergency Use Authorization (EUA), for
Chemical, Biological, Radiological and Nuclear (CBRN) threats
such as public health emergencies during such as during SARS-
CoV-2 this time period could be reduced to a mere 6 months.
Among many other available techniques one of the most practical
way to identify anti-viral drugs that could target viral replication

J Antivir Antiretrovir, Vol.13 Iss.3 No:1000220

could be through high-throughput screening of repurposed drugs
[7].

Plasma therapy failure

According to the article of The Hindu of 9" September, 2020
Convalescent Plasma Therapy (CP) is failed in India to benefit in

the COVID-19 patient.

Total Hospital included in the trial: 39.
Total patients (n)=464

Time: April-July, 2020

Mortality rate is shown in Figure 6.
Intervention Arm (n1=235): 34 (13.6%).
Control Arm (n2=229): 31 (14.6%).



Chatterjee S, et al.

14.60%, 52% 13.60%, 48%

Mintervention @ Control o

Figure 6: Mortality rate in CP trial in India.

Immunopathology and vaccines against COVID-19

Possibly, the only mode of transmission of the disease is from
human to human as it spreads by spraying of respiratory droplets
like cough or sneeze. The asymptomatic probation period of the
virus has been estimated to be around 2-14 days during which it
can also infect other individuals. Hence, the average number of
humans one person can infect is about 2.2. Study of hospitalized
patients have proven elevated levels of release of pro-inflammatory
cytokines associated with the SARS-CoV-2 infection like IL-2,
IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A, and TNFa [67]. This
‘cytokine storm’ is believed to initiate complications like viral sepsis,
lung injury induced due to inflammation and Acute Respiratory

Distress Syndrome (ARDS).

Innate immune response: Information regarding the host innate
immune response is limited to few studies. One study in Wuhan on
SARS-CoV-2 affected patients showed that patients showed a 38%
increase in the neutrophil count, 35% reduction in total number
of lymphocytes and 52% increase in IL-6. Majority of successful
innate immune responses are due to interferon (IFN) type I reaction
and its downstream signalling cascade that a) induces adaptive
immune response and b) inhibits viral replication. Assuming type
I interferon to be of paramount significance in innate immune
response, using IFN from mouse model of MERS/SARS can be

used as an antagonist to yield protective response.

Adaptive immune response: This could be considered to be the
future for vaccine development against SARS-CoV. The “cytokine
storm” produced due to the innate immune response induces
and orchestrates cell-mediated immune responses [68]. HelperT
lymphocytes mediate the overall adaptive immune response while
the cytotoxic-T cells are essential for the killing of the viral cells.
Day 9 from the day of onset of infection marks a peak elevation
in the levels of IgM while this shifts to peak of IgG by the end of
second week. Long lasting specific I[gG and neutralizing antibodies
can be detected in blood for up to 2 years after onset of infection.

Based on studies during the MERS and SARS outbreak, certain
conclusions have been drawn on development of vaccines and their
mechanisms. The antigen target selections and the vaccine platform
have also been derived from previous studies. As the receptor
binding domain is present on the S glycoprotein of the virus, it
could be an efficient antigen target for a vaccine. Targeting the S1
region of the S glycoprotein can not only neutralise the effect of the
antibodies but also prevent attachment to the ACE-2 receptor and
thus inhibit infection. With respect to emerging pathogenicity of
pathogens nucleic acid based vaccines, DNA vaccines have proven

to be the best platform for delivery [69-70].
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CONCLUSION

This ongoing pandemic has raised several questions and left the
entire scientific community baffled. One interesting observation is
that the rate of mortality among patients infected with COVID-19
in the SAARC countries is much lesser than that in Western
countries such as Italy, Spain, Iran and the USA. For every 1000
people infected in the SAARC countries, about 28 people die while
the number goes up to about 76 people in the Western countries.
A possible explanation for this geographical anomaly could be
the BCG (Bacille Calmette Guerin) vaccine. In several south-east
Asian countries this prophylactic vaccine is administered to infants
or children to immunize them against tuberculosis. This vaccine
could have possibly played some role in providing some sort of
immunity against the coronavirus. Among a few other observations
is the trend of more number of males getting affected as compared
to women. So far there has been no scientific explanation for
increased susceptibility of men towards this virus and whether this
is a considerable factor is yet to be answered.

A few other important questions could address the potential of
the virus to jump species and efficiently infect humans across the
globe. A reasonable explanation for this could be certain unique
features in its genome including the unique sequence in the
receptor binding domain and the polybasic cleavage site. However,
which domain of this virus exactly needs to be targeted in order to
create a prophylactic or treatment drug is yet unanswered.

REFERENCES

1. Kong WH, Li Y, Peng MW, Kong DG, Yang XB, Wang L, et al. SARS-
CoV-2 detection in patients with influenza-like illness. Nat Microbiol.
20205 5:675-678.

2. Adhikari SP, Meng S, Wu Y], Mao YP, Ye RX, Wang QZ, et al.
Epidemiology, causes, clinical manifestation and diagnosis, prevention
and control of coronavirus disease (COVID-19) during the early
outbreak period: A scoping review. Infectious Diseases Poverty. 2020;

9:1-2.
3. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, et al. Early

transmission dynamics in Wuhan, China, of novel coronavirus-

infected pneumonia. New England ] Med. 2020; 382:1199-1207.
4. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19

infection: Origin, transmission, and
coronaviruses. ] Adv Res. 2020.

characteristics of human

5. Gorbalenya AE. Severe acute respiratory syndrome-related coronavirus:
The species and its viruses, a statement of the coronavirus study group.

BioRxiv. 2020.

6. Algarin AB, Varas-Rodriguez E, Valdivia C, Fennie KP, Larkey L, Hu
N, et al. Symptoms, stress, and HIV-related care among older people
living with HIV during the COVID-19 pandemic, Miami, Florida.
AIDS Behavior. 2020.

7. RivaL, Yuan S, Yin X, Martin-Sancho L, Matsunaga N, Burgstaller S,
et al. A large-scale drug repositioning survey for sars-cov-2 antivirals.

bioRxiv. 2020.
8. Sharma R, Agarwal M, Gupta M, Somendra S, Saxena SK. Clinical

characteristics and differential clinical diagnosis of novel coronavirus
disease 2019 (COVID-19). Coronavirus Disease 2019 (COVID-19).
2020.

9. Gautret P, Lagier JC, Parola P, Meddeb L, Mailhe M, Doudier B, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID-19:
Results of an open-label non-randomized clinical trial. International ]
Antimicrobial Agents. 2020.


https://doi.org/10.1038/s41564-020-0713-1
https://doi.org/10.1186/s40249-020-00646-x
https://doi.org/10.1016/j.jare.2020.03.005
https://doi.org/10.1101/2020.02.07.937862
https://doi.org/10.1007/s10461-020-02869-3
https://doi.org/10.1101/2020.04.16.044016
https://doi.org/10.1007/978-981-15-4814-7_6
https://doi.org/10.1016/j.ijantimicag.2020.105949

Chatterjee S, et al.

10. Gendrot M, Javelle E, Le Dault E, Clerc A, Savini H, Pradines
B. Chloroquine as prophylactic agent against COVID-19? Int ]
Antimicrobial Agents. 2020.

11. Rosa SG, Santos WC. Clinical trials on drug repositioning for
COVID-19 treatment. Revista Panamericana de Salud Publica. 2020.

12. Wang Y, Zhang D, Du G, Du R, Zhao ], Jin Y, et al Remdesivir in
adults with severe COVID-19: A randomised, double-blind, placebo-
controlled, multicentre trial. The Lancet. 2020.

13. Masters PS. The molecular biology of coronaviruses. Adv Virus Res.
20006; 66:193-292.

14. Cong Y, Ren X. Coronavirus entry and release in polarized epithelial

cells: A review. Rev Med Virol. 2014;24:308-315.

15. Hu B, Ge X, Wang LF, Shi Z. Bat origin of human coronaviruses. Virol
J. 2015;12:221.

16. Woo PC, Lau SK, Lam CS, Lau CC, Tsang AK, Lau JH, et al.
Discovery of seven novel mammalian and avian coronaviruses in the
genus deltacoronavirus supports bat coronaviruses as the gene source
of alphacoronavirus and betacoronavirus and avian coronaviruses as
the gene source of gammacoronavirus and deltacoronavirus. J Virol.

2012;86:3995-4008.

17. Crouch CF. Vaccination against enteric rota and coronaviruses in
cattle and pigs: Enhancement of lactogenic immunity. Vaccine. 1985;

3:284-291.

18. Singhal T. A review of coronavirus disease-2019 (COVID-19). The
Indian ] Pediatrics. 2020; 87:281-286

19. Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, et al. A major
outbreak of severe acute respiratory syndrome in Hong Kong. New

Eng ] Med. 2003; 348:1986-1994.

20. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF. The
proximal origin of SARS-CoV-2. Nat Med. 2020; 26:450-452.

21. Fehr AR, Perlman S. Coronaviruses: An overview of their replication

and pathogenesis. Methods Mol Biol. 2015; 1282.
22. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19

infection: Origin, transmission, and characteristics of human
coronaviruses. ] Adv Res. 2020.

23. Cong Y, Ren X. Coronavirus entry and release in polarized epithelial

cells: A review. Rev Medical Virol. 2014; 24:308-315.

24. Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y, et al. Analysis of
therapeutic targets for SARS-CoV-2 and discovery of potential drugs
by computational methods. Acta Pharmaceutica Sinica B. 2020.

25.7Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A
pneumonia outbreak associated with a new coronavirus of probable

bat origin. Nat. 2020; 579:270-273.

26. Walls AC, Park Y], Tortorici MA, Wall A, McGuire AT, Veesler
D. Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell. 2020.

27. Lan ], Ge ], Yu ], Shan S, Zhou H, Fan S, et al. Structure of the SARS-
CoV-2 spike receptor-binding domain bound to the ACE2 receptor.
Nat. 20205 581:215-220.

28. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by
the novel coronavirus from Wuhan: An analysis based on decade-long
structural studies of SARS coronavitus. ] Virol. 2020.

29. Tang X, Wu C, Li X, Song Y, Yao X, Wu X, et al. On the origin and
continuing evolution of SARS-CoV-2. National Sci Rev. 2020.

30.Ge XY, Li JL, Yang XL, Chmura AA, Zhu G, Epstein JH, et al.
Isolation and characterization of a bat SARS-like coronavirus that uses

the ACE2 receptor. Nat. 2013; 503:535-538.

J Antivir Antiretrovir, Vol.13 Iss.3 No:1000220

OPEN aACCESS Freely available online

31. Letko M, Marzi A, Munster V. Functional assessment of cell entry and
receptor usage for SARS-CoV-2 and other lineage B betacoronaviruses.

Nat Microbiol. 2020; 5:562-569.
32. Coutard B, Valle C, de Lamballerie X, Canard B, Seidah NG, Decroly

E. The spike glycoprotein of the new coronavirus 2019-nCoV contains
a furin-like cleavage site absent in CoV of the same clade. Antivir Res.

2020; 176:104742.
33, Laude H, Godet M, Bernard S, Gelfi ], Duarte M, Delmas B. Functional

domains in the spike protein of transmissible gastroenteritis virus.

InCorona Related Viruses. 1995; 299-304.
34,.Sun J, He WT, Wang L, Lai A, Ji X, Zhai X, et al. COVID-19:

Epidemiology, evolution, and cross-disciplinary perspectives. Trends

Molecular Med. 2020.

35. Anderson ED, Thomas L, Hayflick ]S, Thomas G. Inhibition of
HIV-1 gp160-dependent membrane fusion by a furin-directed alpha
l-antitrypsin variant. ] Biological Chem. 1993; 268:24887-24891.

36.Zhou H, Chen X, Hu T, Li ], Song H, Liu Y, et al. A novel bat
coronavirus reveals natural insertions at the S1/S2 cleavage site of the
Spike protein and a possible recombinant origin of HCoV-19. bioRxiv.
2020.

37. Follis KE, York J, Nunberg JH. Furin cleavage of the SARS coronavirus
spike glycoprotein enhances cell-cell fusion but does not affect virion

entry. Virol. 2006; 350:358-369.
38. Chan M, Leung A, Hisanaga T, Pickering B, Griffin BD, Vendramelli

R, et al. H7IN9 influenza virus containing a polybasic ha cleavage
site requires minimal host adaptation to obtain a highly pathogenic
disease phenotype in mice. Viruses. 2020; 12(1): 65.

39.Li X, Geng M, Peng Y, Meng L, Lu S. Molecular immune pathogenesis
and diagnosis of COVID-19. ] Pharmaceutical Analysis. 2020.

40. Watanabe Y, Bowden TA, Wilson IA, Crispin M. Exploitation
of glycosylation in enveloped virus pathobiology. Biochimica et

Biophysica Acta (BBA)-General Subjects. 2019.

41. Hu B, Ge X, Wang LF, Shi Z. Bat origin of human coronaviruses. Virol
J. 2015; 12:221.

42.Zheng J. SARS-CoV-2: An emerging coronavirus that causes a global
threat. Int J Biological Sci. 2020;16:1678.

43. Zhang C, Zheng W, Huang X, Bell EW, Zhou X, Zhang Y. Protein
structure and sequence reanalysis of 2019-nCoV genome refutes snakes
as its intermediate host and the unique similarity between its spike

protein insertions and HIV-1. ] Proteome Res. 2020;19:1351-1360.
44. Leal MC, Pinheiro SV, Ferreira AJ, Santos RA, Bordoni LS, Alenina

N, et al. The role of angiotensin-(1-7) receptor mas in spermatogenesis

in mice and rats. ] Anatomy. 2009; 214:736-743.
45. Patel VB, Zhong JC, Grant MB, Oudit GY. Role of the ACE2/

angiotensin 1-7 axis of the renin-angiotensin system in heart failure.

Circulation Res. 2016; 118:1313-1326.

46. Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler
T, Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. 2020.

47. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections
and immune responses. ] Medical Virol. 2020;92:424-432.

48. Jia HP, Look DC, Shi L, Hickey M, Pewe L, Netland ], et al. ACE2
receptor expression and severe acute respiratory syndrome coronavirus
infection depend on differentiation of human airway epithelia. ] Virol.

2005; 79:14614-14621.

49. Whyllie AL, Fournier ], Casanovas-Massana A, Campbell M, Tokuyama
M, Vijayakumar P, et al. Saliva is more sensitive for SARS-CoV-2
detection in COVID-19 patients than nasopharyngeal swabs. medRxiv.
2020.


https://doi.org/10.1016/j.ijantimicag.2020.105980
https://doi.org/10.26633/RPSP.2020.40
https://doi.org/10.1016/S0140-6736(20)31022-9
https://doi.org/10.1002/rmv.1792
https://doi.org/10.1186/s12985-015-0422-1
https://doi.org/10.1128/jvi.06540-11
https://doi.org/10.1016/s0264-410x(85)90056-8
https://doi.org/10.1007/978-1-4939-2438-7_1
https://doi.org/10.1016/j.jare.2020.03.005
https://doi.org/10.1002/rmv.1792
https://doi.org/10.1016/j.apsb.2020.02.008
https://doi.org/10.1038/s41586-020-2951-z
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.2210/pdb7dmu/pdb
https://doi.org/10.1128/JVI.00127-20
https://doi.org/10.1093/nsr/nwaa036
https://doi.org/10.1038/nature12711
https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1016/j.antiviral.2020.104742
https://doi.org/10.1007/978-1-4615-1899-0_48
https://doi.org/10.1016/j.molmed.2020.02.008
https://doi.org/10.1101/2020.03.02.974139
https://doi.org/10.3390/v12010065
https://doi.org/10.1021/acs.jproteome.0c00129.s001
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1101/2020.04.16.20067835

Chatterjee S, et al.

50. Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani A, Osborne
M, Li VY, et al. Diagnosing COVID-19: The disease and tools for
detection. ACS Nano. 2020.

51. Gao Y, Yan L, Huang Y, Liu F, Zhao Y, Cao L, et al. Structure of the
RNA-dependent RNA polymerase from COVID-19 virus. Sci. 2020.

52. Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva V, et
al. Therapeutic efficacy of the small molecule GS-5734 against Ebola
virus in thesus monkeys. Nat. 2016; 531:381-385.

53.Sheahan TP, Sims AC, Graham RL, Menachery VD, Gralinski LE,
Case JB, et al. Broadspectrum antiviral GS-5734 inhibits both
epidemic and zoonotic coronaviruses. Sci Translational Med. 2017.

54. Agostini ML, Andres EL, Sims AC, Graham RL, Sheahan TP, Lu
X, et al. Coronavirus susceptibility to the antiviral remdesivir (GS-
5734) is mediated by the viral polymerase and the proofreading
exoribonuclease. MBio. 2018.

55. Hull MW, Montaner JS. Ritonavir-boosted protease inhibitors in HIV
therapy. Annals of Medicine. 2011; 43:375-88.

56. Myers RP, Shah H, Burak KW, Cooper C, Feld JJ. An update on
the management of chronic hepatitis C: 2015 Consensus guidelines
from the Canadian Association for the Study of the Liver. Canadian ]
Gastroenterol Hepatol. 2015; 29:19-34.

57. Shiryaev SA, Mesci P, Pinto A, Fernandes [, Sheets N, Shresta S, et
al. Repurposing of the anti-malaria drug chloroquine for Zika Virus
treatment and prophylaxis. Scientific Rep. 2017; 7:1-9.

58.Gao ], Tian Z, Yang X. Breakthrough: Chloroquine phosphate
has shown apparent efficacy in treatment of COVID-19 associated
pneumonia in clinical studies. Biosci Trends.2020.

59. Kaewkhao K, Chotivanich K, Winterberg M, Day NP, Tarning ],
Blessborn D. High sensitivity methods to quantify chloroquine and

its metabolite in human blood samples using LCMS/MS. Bioanalysis.
2019; 11:333-347.

60. Hughes CA, Robinson L, Tseng A, MacArthur RD. New antiretroviral
drugs: A review of the efficacy, safety, pharmacokinetics, and resistance
profile of tipranavir, darunavir, etravirine, rilpivirine, maraviroc, and

raltegravir. Expert Opinion Pharmacotherapy. 2009; 10:2445-466.

J Antivir Antiretrovir, Vol.13 Iss.3 No:1000220

OPEN aACCESS Freely available online

61. Tremblay CL. Combating HIV resistance-focus on darunavir.
Therapeutics Clin Risk Management. 2008; 4:759.

62.Koh Y, Matsumi S, Das D, Amano M, Davis DA, Li ], et al. Potent
inhibition of HIV-1 replication by novel non-peptidyl small molecule

inhibitors of protease dimerization. ] Biological Chem. 2007;
282:28709-28720.

63.Li F, Lu J, Ma X. CPY3A4-mediated lopinavir bioactivation and its
inhibition by ritonavir. Drug Metabol Disposition. 2012; 40:18-24.

64. Westover JB, Mathis A, Taylor R, Wandersee L, Bailey KW, Sefing EJ,
et al. Galidesivir limits rift valley fever virus infection and disease in

Syrian golden hamsters. Antiviral Res. 2018; 156:38-45.

65. Beigel ], Bray M. Current and future antiviral therapy of severe seasonal

and avian influenza. Antiviral Res. 2008; 78:91-102.

66. Ulhaq 7S, Soraya GV. Interleukin-6 as a potential biomarker of
COVID-19 progression. Méd et Maladies Infectieuses. 2020.

67. Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et al. The use of anti-
inflammatory drugs in the treatment of people with severe coronavirus
disease 2019 (COVID-19): The experience of clinical immunologists
from China. Clin Immunol. 2020.

68. Tisoncik JR, Korth MJ, Simmons CP, Farrar ], Martin TR, Katze MG.
Into the eye of the cytokine storm. Microbiol Mol Biol Rev. 2012;
76:16-32.

69. Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A new
coronavirus associated with human respiratory disease in China. Nat.

2020; 579:265-269.
70. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al. A familial

cluster of pneumonia associated with the 2019 novel coronavirus
indicating person-to-person transmission: A study of a family cluster.

The Lancet. 2020; 395:514-523.


https://doi.org/10.1021/acsnano.0c02624
https://doi.org/10.1126/science.abb7498
https://doi.org/10.1126/scitranslmed.aal3653
https://doi.org/10.1128/mBio.00221-18
https://doi.org/10.5582/bst.2020.01047
https://doi.org/10.1517/14656560903176446
https://doi.org/10.1074/jbc.m703938200
https://doi.org/10.1124/dmd.111.041400
https://doi.org/10.1016/j.antiviral.2018.05.013
https://doi.org/10.1016/j.antiviral.2008.01.003
https://doi.org/10.1016/j.medmal.2020.04.002
https://doi.org/10.1016/j.clim.2020.108393



