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SARS-CoV-2: What do we know so far?

We are living in times where a viral disease has brought
normal life in much of the world to a halt. Named after its
causative agent, coronavirus disease 2019 (COVID-19) is
caused by a novel coronavirus recently renamed as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).!
Coronavirus disease 2019 manifests as dry cough, frequent
fevers and in severe cases pneumonia. Older patients and
patients with underlying comorbidities are at a higher risk
of death.” Until 11 March 2020, when the World Health
Organization characterized the situation as a pandemic, there
were 118 000 cases in 114 countries with 4291 deaths. It is
the first pandemic caused by a coronavirus.*’

In such times, it would not be surprising if a lot of us were
wondering, how something that is invisible even under a light
microscope infects people and wreaks such a havoc. While
we do not have all the answers yet, refreshing our basics and
understanding the what, the why and the how of the virus
would definitely help us better understand the situation.

1 | WHAT IS A VIRUS?

A virus (Latin for poisonous liquid) is traditionally defined as a
filterable agent that causes disease.® There are an estimated 1 x
10°! viruses on earth.” That number is astronomically large; if
we put all of the viruses end to end, they would cover a distance
of 100 million light years.® Luckily, most of them are bacte-
riophages, that is, viruses that infect bacteria.” The number of
virus species that are able to infect humans was 219 in 2012, a
number that has unfortunately increased by at least one.”

All viruses are molecular parasites that cannot replicate
outside a host cell. Once inside the cell, however, a virus
hijacks the cellular machinery forcing it to produce more
viruses.'? Outside the host cell, a virus packs itself into in-
dividual infectious particles called virions. The chemical
composition of a virion varies from virus to virus and is an
important distinguishing character used in classification of
viruses.!! A virion typically contains a genome made up of
one or several segments of single or double stranded DNA
or RNA. A coat of structural viral proteins called the capsid
surrounds this genome. In some viruses, the capsid itself is
surrounded by a host cell-membrane derived envelope.lo’11
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Virions can be as small as 20 nm (adeno-associated virus)
in diameter and as large as 0.5 um (mimiviruses).'>"* The
latter defy the traditional definition by being non-filterable
through bacteriological filters.® Virions also vary in shape.
Filamentous viruses have their capsid proteins arranged in
a helical array around the genome while “spherical” viruses
have an icosahedral morphology. Moreover, the number of
subunits forming the icosahedron and their arrangement are
also used for classification.'!

2 | SARS-CoV-2: STRUCTURE,
ORIGIN AND TRANSMISSION

Coronaviruses (CoVs) are enveloped viruses with a positive-
sense single-stranded RNA genome. The replicase gene oc-
cupies two-thirds of the ~30 kb long genome and encodes the
non-structural proteins (NSPs). The remaining third encodes
the structural proteins namely the spike (S), membrane (M),
nucleocapsid (N) and envelope (E) proteins. The S protein is
involved in the attachment and entry of the virus.'

In the past 50 years, several veterinary and human CoVs
that cause a wide array of diseases have emerged. CoVs were
known to cause mild respiratory illness in humans until the
SARS-CoV outbreak in 2002-2003."* Middle East respira-
tory syndrome CoV (MERS-CoV) emerged in 2012 and has
since spread to more than 27 countries.'” The causative agent
of the COVID-19 pandemic, SARS-CoV-2, is also a zoonotic
virus. Based on genome sequencing and evolutionary analy-
sis, the virus is suspected to have originated in bats and trans-
mitted to humans via an unknown intermediate.'

Most emerging infectious diseases are zoonotic, that
is, they are naturally transmitted between animals and hu-
mans.'” Viruses, especially RNA viruses, are able to adapt
to newer hosts and environments because of their higher
mutation rates.'®!” Zoonoses can occur in both urban and
rural settings. While certain zoonoses like the bacterial
anthrax show no secondary human-to-human transmis-
sion, many viral diseases like Ebola, and the currently on-
going COVID-2 do.?*?! If and how efficiently a zoonotic
virus can transmit from human-to-human determines its
ability to cause a major epidemic such as the one we are
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experiencing now.** The efficiency of transmission is mea-
sured as the virus' basic reproduction number, R,, which
denotes the average number of secondary infections caused
by an infected individual in an immunologically naive pop-
ulation. In general, a virus is able to cause an epidemic if
R, > 1. An outbreak ends when R, falls below one.****

Severe acute respiratory syndrome coronavirus 2 transmits
primarily via droplets, respiratory secretions and direct contact.
Presence of the virus in faeces and blood suggests other poten-
tial modes of transmission. The incubation period for SARS-
CoV-2is between 1 and 14 days and asymptomatic individuals
can transmit the virus during this period.16 Coronavirus dis-
ease 2019 presents with mild flu-like symptoms in most chil-
dren and adults. However, patients with other comorbidities
may develop acute respiratory distress syndrome, respiratory
failure, multiple organ failure and even death.>>16

3 | CORONAVIRUS: LIFE CYCLE
One can think of viruses as molecular nanomachines that
take over the host cell and force it to produce numerous cop-
ies of themselves.>* Even though the replicative life cycle of
viruses varies greatly depending on the species and the cat-
egory of the virus, it consists of six basic stages, viz. attach-
ment, entry, uncoating, replication, maturation and release.”

Angiotensin converting enzyme 2 (ACE2) is the cellular
receptor for the SARS-CoV-2.%?" The S protein of the virus
interacts and binds to ACE2 in the first stage of virus replica-
tion called “attachment.”'®*” The specificity of this binding
or “attachment” determines which cell type a virus can infect,
a phenomenon called cell tropism.25 Therefore, all cells that
express ACE2 including type II alveolar cells of the lung,
upper and stratified epithelial cells of the oesophagus, ab-
sorptive enterocytes, myocardial cells, cholangiocytes, proxi-
mal tubule cells of the kidney and bladder urothelial cells are
potentially susceptible to SARS-CoV-2 infection.”’

The second stage called “entry” leads to the insertion
of the viral replication complex into the cytoplasm of the
host cell.” In case of SARS-CoV, the S protein is cleaved
by the cellular transmembrane serine protease 2.”® This ex-
poses a fusion peptide, which then inserts itself into the
cellular membrane initiating the fusion of the viral and
cellular membranes. As a result, the viral genome enters
the cytoplasm.14 In the following stage, direct translation
of the positive-sense viral RNA genome leads to de novo
synthesis of viral structural and NSPs. The NSPs, coded
by the viral replicase gene, are responsible for the replica-
tion of the viral genome. This is followed by the "assem-
bly" or “maturation” stage where newly synthesized viral
structural proteins, viz. E, M and S are inserted into the
endoplasmic reticulum-trans Golgi intermediate compart-
ment (ERGIC). Viral genomes coated with the N protein

then enter the ERGIC via budding to form mature virions.
Mature virions then travel to the cell surface inside vesicles
and exit the cells by exocytosis.14 A novel furin-like cleav-
age site has recently been discovered in SARS-CoV-2 spike
protein. This cleavage site, which is absent in SARS-CoV,
might be involved in viral egress and provide for the effi-
cient spread of the virus in human population.29

4 | ANTIVIRALS AND VACCINE
Each of the six stages of replication is a potential target for
antiviral drugs. The modes of action of approved antivirals
include inhibition of virus entry or fusion (enfuvirtide), inhi-
bition of uncoating (amantadine), inhibition of nucleic acid
synthesis (acyclovir, ribavirin), maturation inhibitors (lopi-
navir, ritonavir) and inhibitors of virus release (oseltamivir).
Nucleoside analogues and other inhibitors of nucleic acid syn-
thesis are perhaps the largest group of antivirals available.”’
Currently, there are more than 90 antiviral drugs approved for
use in humans. More than half of these are used to treat HIV
infections, a third against herpes simplex virus, human cyto-
megalovirus, varicella zoster virus and influenza, and the re-
mainder for miscellaneous viruses.’*! Drug repurposing is,
therefore, a frequently applied strategy for developing treat-
ment regimens in situations such as the current outbreak.>>*?

Currently, there is no effective antiviral treatment against
COVID-19. However, antivirals that have shown some effect on
SARS and MERS are under trial.'® The combination of two prote-
ase inhibitors used in anti-retroviral therapy, viz. lopinavir/ritona-
vir, has shown some promise.***> A combination of lopinavir/
ritonavir and ribavirin was shown to improve disease outcome.
Ribavirin is a nucleoside analogue used as broad-spectrum an-
tiviral.*® Tests are also underway to assess the potential efficacy
of remdesivir, a novel nucleotide analogue developed for treating
Ebola virus.*% Chloroquine, a widely used anti-malaria drug,
has also shown efficacy.3 637 Angiotensin I receptor blockers such
as losartan are thought to reduce lung injury in SARS cases and
can potentially also be used in treatment of COVID-19.%

Between 6 and 15 different prophylactic vaccines are in
the pipeline.”® In silico predictions for several vaccine targets
are also available.**' The National Institutes of Health has
begun a clinical trial of an mRNA vaccine, mRNA-1273.*
Besides the mRNA vaccine, several different kinds of vac-
cines including subunit vaccines, DNA vaccines, live-atten-
uated vaccines, and virus like particles are at different stages
of development.3 8

5 | OUTLOOK

In the absence of a prophylactic vaccine, we have two po-
tential options to deal with the pandemic: impose restriction
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FIGURE 1 Transmission cycle of severe acute respiratory syndrome coronavirus 2

to break the spread of the virus or wait for herd immunity to
develop. The boat has sailed on the former given that virus
has already spread to more than 114 countries.* Amid fears
that our healthcare system will not be able to keep up with
the demand, we need to be patient with the latter option. The
Italian system is already on the brink and some hospitals have
issued guidelines on ‘‘catastrophic medicine”.* The only
way forward, therefore, is to let the virus spread but slowly
enough so that hospitals are not overwhelmed. “Flatten the
curve” is the buzzword derived from the CDC's community
mitigation guidelines for pandemic influenza and flatten the

curve, we must.44
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