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COVID19 Facts

December 2019

V First cases recognized

January 2020 

V Genome revealed

V PCR diagnostic published

March 2020 

V Antibody tests

May 2020

V First Antiviral Authorization (FDA) for emergency use (Remdesivir)

December 9th 2021

V 4 vaccines authorized in the EU (EMA)

VҔ оллΩллл ǊŜǎŜŀǊŎƘ ŀǊǘƛŎƭŜǎ ƻƴ /h±L5-19 (WHO database)

V > 265 M Cases reported

V > 5.2 M deaths (2 % death rate) 2



SARS-CoV-2 Struc ture
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ÁVirion diameter : 50ς200 nanometers

ÁS, E and M proteinsform the viral envelope

ÁN protein holds the RNA genome

ÁSpike S protein allow the virus to attach to and 
fuse with the membrane of a host cell 



The virus entry: Angiotensin-converting Enzyme-2  (ACE2) receptor

4Xiaoet al., 2020 MDPI 

transmembrane protease serine 2



Chronology of events during SARS-CoV-2 infection

5Tay MZ et al., The trinity of COVID-19: immunity, inflammation and intervention, Nat Rev Immunol. 2020



6Tay MZ et al., The trinity of COVID-19: immunity, inflammation and intervention, Nat Rev Immunol. 2020

Chronology of events during SARS-CoV-2 infection
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In vitro 3D human airway epithelia
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MucilAirÊ & SmallAir Ê : Long shelf life in vitro Airway m ode l s

Nasal
cells

Bronchial
cells

Tracheal
cells

Isolation Amplification* Seeding

Bronchiolar
cells

ALI & differentiation

MucilAir Ê Nasal(pooled version available )

MucilAir Ê Tracheal

MucilAir Ê Bronchial

SmallAirÊ 

*Only one amplification (P1). Storage of isolated cells in liquid Nitrogen



In  v i t ro  Ant iv i ra l  Tes t ing  us ing Muc i lA i rÊ and Smal lA i rÊ 

9

HRV-A16

HRV-B14

HRV-C15

Rhinovirus

Influenza A 

(H1N1 and H3N2)

Influenza B

Influenza

EV-68

OC 43

SARS-CoV -2

Coronavirus

RSV-A

RSV-B

Respiratory Syncytial Virus

Others

Metapneumovirus

Parainfluenza virus 3

Respiratory Enterovirus

Boda et al. Antiviral drug screening by assessing epithelial functions and innate immune responses in human 3D airway epithelium model Antiviral research. 2018 



ACE2 is expressed in MucilAirÊ and SmallAirϰ

10Secarnaand UgentUniversity Belgium

MucilAirϰand SmallAirϰexpress ACE2 mRNA at high levels

Å Smal lA i rϰ {!лсуллмΥ {Ƴŀƭƭ-Airways

Å Muci lA i rϰ a5лтпнлмΥ bŀǎŀƭ

Å Muci lA i rϰ a5лтутлмΥ .ǊƻƴŎƘƛŀƭ



Efficient replication of SARS-CoV-2 in MucilAirÊ

11Pizzornoet al., Characterization and treatment of SARS-CoV-2 in nasal and bronchial human airway epithelium CellReports Medicine, 2020



SARS-CoV-2 cell tropism

12Pizzornoet al., Characterization and treatment of SARS-CoV-2 in nasal and bronchial human airway epithelium CellReports Medicine, 2020

SARS-CoV-2 infects mainly ciliated and goblet cells



SARS-CoV-2 impairs cilia function

13Robinotet al., SARS-CoV-2 infection damages airway motile cilia and impairs mucociliaryclearance Nature, 12, 4354, 2021

SARS-CoV-2 impairs mucociliary clearance on MucilAirϰ



Innate immune transcriptional signature induced by SARS-CoV-2 on MucilAirϰ

14Pizzornoet al., Characterization and treatment of SARS-CoV-2 in nasal and bronchial human airway epithelium CellReports Medicine, 2020

Strong upregulation of type I 
and III interferons and genes
associated with NF-kB and 
TNF-ais observed



Current research strategies to stop SARS-CoV-2 infection

15Hopkins Blomberg Public Health COVID-19 SpecialIssue, 2020, 51



Antiviral evaluation of novel therapies and combos against SARS-CoV-2 on MucilAirϰ

16Aerosol therapies or systemic delivery can be easilly studied

Apical Exposure
(e.g. liquids, solids, nanoparticles, gas)

Basal Exposure

Information from Apical Side

ÁViral genomecopy number

ÁTEER

ÁInfectiousTiter

Information from culture medium

ÁSecretionof soluble factors
(cytokines/chemokines/metalloproteinases)

Information from the tissue

ÁGene expression

ÁSEM



Antiviral evaluation of combos against SARS-CoV-2 on MucilAirϰ

17Pizzornoet al., Characterization and treatment of SARS-CoV-2 in nasal and bronchial human airway epithelium CellReports Medicine, 2020

Diltiazem enhances the 
antiviral activity of 
Remdesivir in MucilAirϰ



Models Predictivity: Case of Hydroxychloroquine

18Maisonnasseet al., Hydroxychloroquine use against SARSCoV-2 infection in non-human primates Nature, 2020

Vero E6 cells

HCQ is effective

IC50 =  2.2 ɛM(48h pi)                                                                      
- 4.4 ɛM(72h pi)

MucilAirϰ

HCQ is not effective 
at subtoxic doses

Cynomolgus
Macaques

HCQ is not effective 
against SARS-CoV-2
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Epithelium-Macrophages co-culture models
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Primary resident alveolar macrophages

Airway Epithelium (MucilAirÊ/SmallAirÊ)

5 ��m

Cell Tracker Green pH rodoÊ Red ZymosanEM


