
WHAT IS SARS-CoV-2?

Coronavirus are relatively large enveloped, single-stranded, 
positive-sense RNA viruses (~30 kb). Their membrane 
has a crown-like appearance, due to its decoration with 
glycoprotein ‘spikes’ [1]. In particular, the β-coronavirus 
family includes Severe Acute Respiratory Syndrome (SARS) 
virus (SARS-CoV), Middle East respiratory syndrome 
(MERS) virus (MERS-CoV), and the COVID-19 causative 
agent SARS-CoV-2 [2, 3].
The 5’ two-thirds of the SARS-CoV-2 genome encodes 
two polyproteins, pp1a and pp1ab, collectively termed 

the replicase. These polyproteins are cleaved into 16 
non-structural proteins including RNA-dependent RNA 
polymerase (RdRp) by two essential viral proteases, 3C-like 
protease (3CLpro) and papain-like protease (PLpro). In the 3’ 
one-third of SARS-CoV-2 genome, like other β-coronavirus, 
encodes four essential structural proteins and a set of 
accessory proteins, which can all interfere with the host 
innate immune response [4, 5]. These structural proteins 
are [6]:
• Spike (S) glycoproteins – represent the largest

structures of the virus and are essential for the entry
into host cells.
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SARS‑CoV‑2, a novel coronavirus, causes an acute 
respiratory disease (COVID‑19) and is now a 
pandemic that threatens global public health. 

SARS-CoV-2 is an enveloped positive-sense, single- 
stranded RNA virus from the family Coronaviridae. The 5’ 
two-thirds of the genome encodes polyproteins, pp1a 
and pp1ab, known as the replicase. These are cleaved by 
3C-like protease (3CLpro) and papain-like protease 
(PLpro) into 16 non-structural proteins, such as 
RNA-dependent RNA polymerase (RdRp) and form the 
replication complex. The 3’ end of the genome encodes 
four essential structural proteins, spike (S), envelope (E), 
matrix/membrane (M), and nucleocapsid (N), along with 
a set of accessory proteins.

SARS-CoV-2 gains entry into the host cell through the 
binding of the viral S protein to the host ACE2 receptor. 
The S protein is cleaved into S1 and S2 by a cell-derived 
protease. S1 binds to ACE2 and S2 is activated by the 
host serine protease TMPRSS2 and results in membrane 
fusion. Once inside, SARS-CoV-2 hijacks the host 
machinery to transcribe, replicate, and translate its RNA 
genome and structural proteins before being 
reassembled, encapsulated, and exocytosed from the cell. 

SARS-CoV-2 antigens are presented to host antigen 
presenting cells (APCs), which produce a range of 
cytokines such as IL-1, IL-6, CXCL-10, and TNF-α. 
Ultimately, the release of these cytokines causes an 
enhanced, unbalanced, and devastating pro- nflammatory 
response in the host.
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GLOBAL PANDEMIC

Since December 2019, coronavirus disease 2019 (COVID‑19) has spread rapidly around the world, causing a 
pandemic that threatens global public health. The causative agent of COVID-19 is Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS‑CoV‑2), a novel β-coronavirus. Globally, the number of positive COVID-19 cases 
is growing exponentially every day and now the race is on to find both an effective treatment and to develop a 
vaccine for prevention measures in the future. 
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• Small envelope (E) proteins ‑ are only present in small
quantities and most likely function as ion channels, not
necessarily needed for viral replication but essential for 
pathogenesis.

• Membrane/Matrix (M) proteins – are the most
abundant proteins in the virus structure and are
responsible for viral membrane curvature and binding
to the nucleocapsid.

• Nucleocapsid (N) proteins – bind to the viral RNA
genome and ensure the maintenance of the RNA in a
‘beads-on-a-string’ conformation.

THE SARS-CoV-2 INFECTION CYCLE
Angiotensin converting enzyme 2 (ACE2) is a cellular 
receptor expressed in lungs, arteries, heart, kidneys, 
and the intestine. ACE2 binds to the viral (S) protein 
and constitutes the cellular entry receptor for SARS-
CoV-2 into their human host [7]. More specifically, the 
S protein is cleaved into two subunits, S1 and S2, by 
an extracellular protease. While S1 binds to ACE2, S2 
is further cleaved and activated by the host surface-
associated transmembrane protease serine 2 (TMPRSS2).  
Together these actions result in host-viral membrane fusion 
[8]. The virus is then endocytosed and its RNA genome 
is released into the host cell cytoplasm. Firstly, the host 
translational machinery is hijacked for the translation of 

the polyproteins and the essential viral proteases. The 
polyproteins (pp1a and pp1ab) are cleaved into 16 non-
structural effector proteins by 3CLpro and PLpro allowing 
them to form the replication complex together with the 
RNA-dependent RNA polymerase, which synthesizes a full-
length negative RNA strand template [1, 6]. This is used 
to replicate the complete RNA genome and generate the 
individual sub-genomic mRNA templates needed for the 
translation of the viral structural and accessory proteins. 
The newly synthesized structural and accessory proteins 
are then trafficked from the ER through the Golgi apparatus, 
after which new virions assemble in budding Golgi vesicles 
[6]. Finally, the mature SARS-CoV-2 virions are exocytosed 
and released from the host cell into the surrounding 
environment to repeat the infection cycle [2]. 

GENERAL HOST CONSEQUENCES

SARS-CoV-2 antigens are also presented to tissue residing 
antigen-presenting cells (APCs) such as macrophages, which 
in turn can produce a range of pro-inflammatory cytokines 
including IL-1, IL-4, IL-6, IL-8, MCSF, CXCL-10, and TNF-α 
[2, 9]. Ultimately, these cytokines proliferate an enhanced, 
unbalanced, and devastating pro-inflammatory response in 
the host.
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