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Le virus SARS-CoV-2

Pizzorno MA et al, 2020, Yao H et al, 2020



Light Orange … previous bat CoVs

Orange … previous closest bat precursor (Yunnan 2013)

Red … new bat CoVs (Yunnan 2019)

Light blue … hCoV-19 2019-2020
Green … pangolin CoV (Southern China 2019)
Blue … SARS CoV

Phylogenie des precurseurs potentiels du SARS-CoV-2

• New nearest bat precursor from Yunnan 2019 
(high identity in Orf1ab, greatest difference in 
Spike protein, recombination or mixed viruses in 
metagenomic sample, not yet peer-reviewed)

• Nearest pangolin precursors from Guangdong 
(Southern China)

• Previous closest bat precursor also from Yunnan 
(Southern China) but sample from 2013

We gratefully acknowledge the Authors from 
Originating and Submitting laboratories of 
sequence data on which the analysis is based.
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Phylogenetic tree created with RAXML-NG 
(Maximum Likelihood tree search, 10 
randomized parsimony starting trees, GTR 
model, Gamma distributed rates, 500 
bootstrap) and visualized in FigTree

We gratefully acknowledge the Authors from 
Originating and Submitting laboratories of 
sequence data on which the analysis is based.

Black … China (Wuhan 
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Blue … Asia (not China)
Green … Oceania
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Virus du début de l’ épidémie (fin janvier-début février)



Impact de la substitution D614G : le premier pas evolutif

De Callaway E, Nature, 2020; 585:174-176



• 30-4-20

• Larger clades were named 

based on marker variants:
S … ORF8-L84S
G … S-D614G
V … NS3-G251V
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We gratefully acknowledge the Authors 
from Originating and Submitting 
laboratories of sequence data on which the 
analysis is based.

Phase d’extension avant l’apparition des variants (Avril-Mai 2020)



Séquence d’apparition des variants avant émergence du delta 



Troisieme vague (avril - juin 2021)

Source: www.covidtracker.fr
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Transmissibilité augmentée (Obermeyer et al, 2021) 



Que s’est il passé ?



Tendance évolutive sur la Spike : 
1 – modifications multiples 
2 – évolution convergente

3 – grande dispersion des mutations 



Distribution temporelle des variants au 02-11-21
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We gratefully acknowledge 
the Authors from Originating 
and Submitting laboratories 

of sequence data on which the 
analysis is based.

Le fitness viral compte!



Pourquoi Alpha, Beta et Gamma sont plus transmissible

Rôle du RBD de la spike
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Spike Mutations in Spike Relative to Wuhan-1

D614G D614G

B.1.1.7 Δ69-70, Δ144, N501Y, A570D, D614G, P681H, T716I, S982A, D1118H

B.1.429 S13I, W152C, L452R, D614G

B.1.526 L5F, T95I, D253G, E484K, D614G, A701V

P.1 L18F, T20N, P26S, D138Y, R190S, K417T, E484K, N501Y, D614G, H655Y, T1027I

B.1.617.1 G142D, E154K, L452R, E484Q, D614G, P681R, Q1071H

B.1.351 L18F, D80A, D215G, Δ242-244, R246I, K417N, E484K, N501Y, D614G, A701V

Impact des mutations sur l’échappement immunitaire : 

le concept de dérive antigénique et de couverture anticorps



Neutralization of SARS-CoV-2 Variants: Convalescent Sera and Sera from Vaccine Recipients

CoVPN 5001 

(B.1.351 convalescent)

HVTN 405

(Prototype convalescent)

mRNA 1273

(Post 2nd dose)

X Shen, DC Montefiori, Duke Univ



B.1.1.7

P.1 B.1.351

B.1.617.1
B.1.526

B.1.429

D614G

Cartography illustration. Is actually done per serum, not 

from average.



B.1.351

P.1

B.1.1.7

B.1.429 B.1.617.1

B.1.526
D614G

X Shen, DC Montefiori, Duke Univ

Map subject to change with more data,

especially in bottom right as no sera yet against 

those variants.

Grey squares post vaccine sera

Black square prototype convalescent sera

Pink squares B.1.351 convalescent sera



B.1.351
(L18F, D80A, D215G, 

Δ242-244, R246I, K417N, 

E484K, N501Y, D614G, 

A701V)P.1
(L18F, T20N, P26S, 

D138Y, R190S, K417T, 

E484K, N501Y, D614G, 

H655Y, T1027I) 

B.1.1.7
(Δ69-70, Δ144, N501Y, A570D, 

D614G, P681H, T716I, S982A, 

D1118H)

B.1.429
(S13I, W152C, L452R, 

D614G)

B.1.617.1
(G142D, E154K, 

L452R, E484Q, 

D614G, P681R, 

Q1071H)

B.1.526
(L5F, T95I, D253G, 

E484K, D614G, 

A701V)

D614G

X Shen, DC Montefiori, Duke Univ

Map subject to change with more data,

especially in bottom right as no sera yet against 

those variants.

Grey squares post vaccine sera

Black square prototype convalescent sera

Pink squares B.1.351 convalescent sera



B.1.351
(L18F, D80A, 

D215G, Δ242-244, 

R246I, K417N, 

E484K, N501Y, 

D614G, A701V)

P.1
(L18F, T20N, 

P26S, D138Y, 

R190S, K417T,

E484K, N501Y, 

D614G, H655Y, 

T1027I)
B.1.1.7
(Δ69-70, Δ144, N501Y, 

A570D, D614G, P681H, 

T716I, S982A, D1118H)

B.1.429
(S13I, W152C, 

L452R, D614G)

B.1.617.1
(G142D, 

E154K, L452R, 

E484Q, D614G, 

P681R, 

Q1071H)

B.1.526
(L5F, T95I, 

D253G, E484K, 

D614G, A701V)

D614G

X Shen, DC Montefiori, Duke Univ

484?
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Map subject to change with more data,

especially in bottom right as no sera yet against 

those variants.

Grey squares post vaccine sera

Black square prototype convalescent sera

Pink squares B.1.351 convalescent sera
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Et la 5e vague avec Omicron…

Source: www.covidtracker.fr



Sampled genome tree derived from all 

outbreak sequences 

2022-01-18
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Timecourse of variant distribution in all submitted sequences 2022-01-18
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We gratefully acknowledge 
the Authors from Originating 
and Submitting laboratories 

of sequence data on which the 
analysis is based.
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Pourquoi Omicron est plus transmissible
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Pourquoi Omicron est plus transmissible : impact du RBD up



Données d’évolution antigénique





? BA.2
(Omicron)





Sampled genome 
tree derived from all 
outbreak sequences 

2022-01-25
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Conclusions

• La crise COVID est sans précédent dans le monde de la virologie moderne

• Cette situation exceptionnelle illustre le potentiel évolutif d’un virus pandémique

• Les connaissances sur l’évolution des coronavirus (et probablement des virus pandémiques 
respiratoires) se sont considérablement renforcées. Ces évolutions combinent 

– les modifications de fitness sélectionnées positivement avant le développement de la pression immunitaire, 

– puis  survient la sélection de variants d’échappement immunitaire

• L’évolution reste imprévisible, mais le maintien du SARS-CoV-2 dans la population est certain

• L’évènement qui permettra la fin de la circulation du virus sur un mode « pandémique » reste inconnu

• Ce potentiel reste important
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