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1. Short term (now!)

Treatment of severe patients and epidemic containment (damage control with what we have at hand)

2. Medium term (+12 months)

Specific SARS-CoV-2/COVID19 antivirals/treatments

3. Long term (+18 months)

Vaccine(s) to prevent further outbreaks/epidemics

COVID-19 prevention and treatment: a 3-tier race    



1. Short term (now!)

Treatment of severe patients and epidemic containment (damage control with what we have at hand)

 broad spectrum antivirals: Remdesivir, Favipiravir

 immonomodulators: Interferons, anti-IL6, Dxm + symptomatic treatment

 drug repurposing: Kaletra, (H)chloroquine, h-t +/- vital support (ex.: ventilation)

 Ab cocktails, convalescent plasma

2. Medium term (+12 months)

Specific SARS-CoV-2/COVID19 antivirals/treatments

3. Long term (+18 months)

Vaccine(s) to prevent further outbreaks/epidemics

COVID-19 prevention and treatment: a 3-tier race    



The importance (and limits) of pre-clinical models to improve clinical management
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The importance (and limits) of pre-clinical models to improve clinical management



Johansen MD et al Mucosal Immunology 2020

Three major classes of pre-clinical experimental models for SARS-CoV-2



1. “Classic” 2D cultured cell lines

 Suitable for viral isolation and propagation

 Suitable for viral replication and pathogenesis

 Suitable for early HT candidate screening

 Panoply of reagents available

 Easy to manipulate

 Cost $

 Rapidly available in pandemic context

Pros

 Transformed cell lines (immortalization)

 Limited receptor repertoire

 “Artificial” infection and treatment conditions

 Limited value for “omics”-based approaches

 Limited value for host-targeted candidates

 Pro-drug vs metabolite?

 High rate of false positive “hits”!

Cons



Chu H et al The Lancet Microbe 2020

Robust SARS-CoV-2 replication:

 Vero/E6 (AGM kidney)

 Calu-3 (pulmonary)

 Caco2 (intestinal)

 Huh7 (hepatic)

 ACE2++ A549

 TMPRSS2++ Vero

Differential SARS-CoV-2 vs SARS-CoV replication depending on the cell line

1. “Classic” 2D cultured cell lines



Hoffmann M et al Nature 2020

Differential candidate inhibition of SARS-CoV-2 depending on the cell line

Differential sofosbuvir IC50 against 

SARS-CoV-2 depending on the cell line

Levi J et al poster #19

1. “Classic” 2D cultured cell lines



 Issued from primary human respiratory cultures or pluripotent cells

 Differentiated, (pseudo)stratified 3D architecture, air-liquid interface

 Physiologically relevant (receptors, TJ, mucus, cilia, etc)

 Suitable for viral infection, pathogenesis, “omics” and

innate immune responses

 Suitable for unbiased and host-targeted approaches

Multiple proxys of infection/treatment efficacy

 Possibility of adding immune cells

 Rapidly available in pandemic context
Pizzorno A et al Cell Reports Medicine 2020; Hou YJ et al Cell 2020

2. Complex 3D in vitro/ex vivo models



 Unsuitable for studying complex (innate or adaptive) immune responses

 Unsuitable for PK/PD evaluation

 Unsuitable for “off organ” or systemic drug effects

 Require access to human cell/tissue samples

 Short lifespan (organoids)

 Cost $$

2. Complex 3D in vitro/ex vivo models

Limits of complex in vitro/ex vivo models



2.1 Reconstituted HAEs

2. Complex 3D in vitro/ex vivo models

Huang S et al Eur J of Pharm and Biopharm 2017



2.1 Predictive value of HAEs for SARS-CoV-2 candidate downselection

2. Complex 3D in vitro/ex vivo models

Pizzorno A et al Cell Reports Medicine 2020; Maisonnasse P et al Nature 2020; Huang J et al Cell Stem Cell 2020



2.2 Bronchial/lung organoids

2. Complex 3D in vitro/ex vivo models

Barkauskas CE et al Development 2017, Suzuki T et al biorXiv 2020



2.2 Predictive value of bronchial organoids for SARS-CoV-2 candidate downselection

2. Complex 3D in vitro/ex vivo models

Suzuki T et al biorXiv 2020
To be further validated 

for SARS-CoV-2

Mulay A and Konda B et al biorXiv 2020

Alveolar organoid vs organoid-derived ALI 



2.3 Organ-on-a-chip

2. Complex 3D in vitro/ex vivo models

Park SE et al Science 2019; Si L and Bai H et al biorXiv 2020

To be validated for SARS-CoV-2



 The most complex pre-clinical models available

 Suitable for viral infection, pathogenesis and transmission

 Suitable for systemic effects and complex immune responses

 Suitable for PK/PD evaluation

 Insight on clinical signs of infection

Multiple proxys of infection/treatment efficacy

 Last candidate efficacy predictive go/no-go before clinical evaluation

3. Animal models

Reviewed in: Takayama K Trends in Pharmacological Sciences 2020; Johansen MD et al Mucosal Immunology 2020; Muñoz-Fontela C et al Nature 2020



Might require genetic modification and/or animal adapted viral strains (permissiveness)

 Some host-responses different from human

 Limited offer of reagents (except mice)

 Need dedicated facilities and complex logistics

 Cost $$$

 Not immediately available in pandemic context

3. Animal models

Limits of in vivo models



3.1 Mice

3. Animal models

Dinnon III KH et al Nature 2020

peg-IFN-l1 treatment of BALB/c mice vs hACE2-mice infected with a MA-SARS-CoV-2

BALB/c mice

HFH4-hACE2 mice



3.2 Non-human primates

3. Animal models



3.2 Non-human primates

3. Animal models

Remdesivir i.v. 12 hpi and 1/day x6



3. Animal models: recap

Muñoz-Fontela C et al Nature 2020; Takayama K Trends in Pharmacological Sciences 2020



 Thorough model characterization is mandatory (know their limits and clearly disclose them)

 No “one size fits all” solution for candidate downselection, integrated approach

 Combination of cells (x2) + HAE + NHP collaborative consortia?

 Improve pre-clinical data reporting: exp model, viral strain, treatment regimen and

assay readout strongly impact IC50 results ARRIVE-like?

Conclusions and future directions



 High quality pre-clinical evaluation is worth the investment

 Prioritize physiologically relevant conditions

whenever possible

 RCT to ultimately separate the wheat

from the chaff

Conclusions and future directions

Takayama K Trends in Pharmacological Sciences 2020,figure created with Biorender
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