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SARS-CoV-2 life cycle in infected cells

Bchetnia M et al., J Infect Public Health. 
2020



• SARS-CoV-2 genome contains 14 openreading frames (ORFs), encoding 27 proteins.
• At the 5’-terminal region of the genome, the ORF1 and ORF2 encode 15 non-structural proteins important for

virus replication.
• The 3’-terminal region of the genome encodes functional structural proteins, namely spike (S), envelope

protein (E), membrane protein (M) and nucleocapsid(N), plus 8 accessory proteins

RNA genome organization



Cell Entry

Wan Y et al., J Virol. 2020

• Phylogenetic and computational genomic
analyses suggest that to enter in host’s cells,
SARS-CoV-2 shares the same human cell
receptor with SARS-CoV (ACE2)

• A structure model analysis shows that SARS-
CoV-2 binds ACE2 with above 10 folds
greater affinity than SARS-CoV, and much
higher than the threshold required for viral
infection

Wrapp D et al. Science. 2020



• SARS-CoV-2 shows a gradient infectivity
from the proximal to distal respiratory tract

• Ciliated airway cells and AT-2 cells are 
primary targets for SARS-CoV-2 infection.

SARS-CoV-2 infectivity

Hou YJ et al., Cell 2020 



• No effective drugs targeting 2019-nCoV/SARS-CoV-2.

• Drug repurposing could have been an effective drug discovery strategy from existing drugs,
because the shorten time and the reduced cost compared to de novo drug discovery….

• Most of the drugs under clinical trials show effect against SARS-CoV-2 by targeting viral
replication or inhibiting viral proteases. Successful druggable targets include RNA dependent
RNA polymerase (RdRp), viral proteases like 3-CL pro, PL-pro and endosomal pathway
inhibitors



The drug repurposing in the 
context of COVID-19 

Antrade BS et al., Frontiers in Pharmacology





Antrade BS et al., Frontiers in Pharmacology 2020



Entecavir
Faviparivir
Remdesivir
Ribavirin

Chloroquine
Hydroxychloroquine
Raltegravir

3C-L Protease

Binifibrate
Bamifylline
Ritonavir
Indinavir



Six compounds (cepharanthine, abemaciclib, osimertinib, trimipramine,
colforsin, and ingenol) can be broad spectrum inhibitors for spike-mediated
entry.



Cen et al., ASC Science

Anti-SARS-CoV-2 activity of SARS and MERS selected compound





• The risks and benefits of remdesivir in patients presenting with severe COVID-19 who
require high-flow oxygen or mechanical ventilation are uncertain



Humoral immune responses to SARS-CoV-2 are mediated by
antibodies that are directed to viral surface glycoproteins, mainly
the spike glycoprotein and the nucleocapsid protein

Poland GA et al., The Lancet 2020



The Spike protein

• The Spike (S) protein (of about 150kDa)
is the major antigen presented on the
surface of SARS-CoV-2

• The S protein forms a transmembrane
homotrimer protruding from the viral
surface to attach to the host cellular
receptor ACE2.
• S comprises two functional subunits:
subunit S1 responsible for binding to the
cell surface receptor ACE2 and subunit
S2 responsible viral fusion to the cell
membrane

Wrapp D et al. Science. 2020



There is little knowledge of post-infection immunity 
to SARS-CoV-2

Poland GA et al., The Lancet 2020





• COVID-19immunopathology studies are still ongoing and the latest available data suggest that 
human macrophage infection by SARS-CoV-2 is unproductive.

• Existing evidence suggests that immune complex formation, complement deposition and local 
immune activation present the most likely ADE mechanisms in COVID-19 immunopathology.

Lee et al., Nat Microbiology

For macrophage-tropic viruses such as dengue virus and FIPV, non-neutralizing or
sub-neutralizing antibodies cause increased viral infection of monocytes or
macrophages via FcγRIIa-mediated endocytosis, resulting in more severe disease



Zost et al. , Nature 2020









Tim Enthoven – NY Times

How we can stop a pandemic before it starts

• Panviral drugs: hard but not impossible— ones that work broadly within or
across virus families — are harder to make than broad-spectrum antibiotics,
largely because viruses work by hijacking the machinery of our cells,
harnessing their key functions in order to replicate. (i.e. Remdesivir
originally developed to treat HCV and later tried agaist Ebola, or
Favipiravirs, an influenza drug delevoped in Japan)

• Panviral vaccines are also becoming a real possibility. In recent years, a
number of prospective universal flu vaccines have been developed that
work by targeting not the virus’s capsid or envelope, which mutates easily,
but its stem, which barely mutates at all. Another new approach, mRNA
vaccines, works by exploiting messenger RNA. The advantages of mRNA
vaccines are potentially enormous, in part because they can be made very
quickly (one month instead of six for a known strain; two to three months for
a novel virus) but also because they can be made on a vast scale (billions
of doses, compared with the 100,000 doses that were needed for the Ebola
epidemic). They’re extremely adaptable too.


