Exploration des méecanismes de mutation virale :
clés pour anticiper les nouveaux variants et predire le
risque infectieux
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Déclaration d’intérét de 2014 a 2023

Co-inventeur d'anticorps anti-RBD (PCT/FR2021/070522).
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La spike mute, mais pas que !
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Les epitopes des anticorps neutralisants sont hyper
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SARS-CoV-2 échappe aux anticorps, mais pas que !

Article

Evolution of enhanced innateimmune
evasionby SARS-CoV-2

https://doi.org/10.1038/s41586-021-04352-y

Received: 31 May 2021

Accepted: 14 December 2021

Published online: 23 December 2021

Open access

M Check for updates

Lucy G. Thorne'*®, Mehdi Bouhaddou?*#5%, Ann-Kathrin Reuschl"*®, Lorena Zuliani-Alvar
ez>345° Ben Polacco?**, Adrian Pelin>*45, Jyoti Batra?**%, Matthew V. X. Whelan',

Myra Hosmillo®, Andrea Fossati?**®, Roberta Ragazzini’, Irwin Jungreis®®,

Manisha Ummadi**#®, Ajda Rojc****, Jane Turner', Marie L. Bischof', Kirsten Obernier>*4>,
Hannes Braberg®**%, Margaret Soucheray>*#, Alicia Richards>**%, Kuei-Ho Chen*>34%,

Bhavya Harjai***®, Danish Memon'?, Joseph Hiatt?>**5, Romel Rosales™*, Briana L. McGovern™?,
Aminu Jahun®, Jacqueline M. Fabius>**®, Kris White"', lan G. Goodfellow?®, Yasu Takeuchi',
Paola Bonfanti’, Kevan Shoka':z'3 4513, Natalia Jura’*“'“5 Klim Verba®*%, Mahdad Noursadeghl‘
Pedro Beltrao®', Manolis Kellis®®, Danielle L. Swaney****, Adolfo Garcia-Sastre™2'¢",

Clare Jolly'™, Greg J. Towers"™ & Nevan J. Krogan®34°=

Nature

SN\ GRNA

Orf6 sgRNA 4
f N sgRNA
Orfob sgRNA
RNA
sensors

Interferon
(innate immunity)



Transmissibility

~ Duration of
_ infectiousness

Intrinsic
transmissibility

Immune escape

'. Early
infectiousness

Certaines mutations se fixent par
dérive génétique i.e hasard

Markov et al., Nat Rev Immunol 2023



815 registered their interest

online

169 volunteers attended
pre-screening video call

99 excluded at pre-screening

9 o proof of previous infection

41 lost tofollow-up
4 ongoing COVID-19 symptoms

16 due to medical history
3 BMI>28 kg/m’
1 due todrug history
1 smoker
1 family history of severe COVID-19
1duetoage
8 no longer interested

14 unable to attend study visits

34 excluded at screening
10 due to medical history

4 BioFire film array positive for
respiratory pathogens before
enrolment

3 BMI>28 kg/m’

1 high QCovid score*

1 severe anosmia at screening

1 due todrug history

1 abnormal blood test at screening

1 failed consent questionnaire

1 inadequate contraception

2 lost to follow-up

9 withdrew

36 volunteers enrolled into
study and assigned to dosing
groups

'

v

[
v ¥ ¥

8unvaccinated
individuals
enrolled in the
1x10'TCID,
group

6 vaccinated
individuals
and1
unvaccinated
individual
enrolledin the
1A0°TCD,,
group

6 vaccinated 7 vaccinated 8 vaccinated
individuals individuals individuals
enrolled in the enrolled in the enrolledinthe
1x10°TCID,, 1x10°TCID,, 1x10°TCID,
group group group

1x10* TCID,

53% infection
Etude precedente

1x10° TCID,,

1x10° TCID,

Dose group and volunteer number

1x10* TCID,,

1x10° TCID,,

Transient

infection

[35l«=H Transient infection |

Transient infection

H Transient infection |

5

I 1
[ 1 [T T T T1TT1

Day 1AM
Day1PM
Day 2 AM
Day2 PM
Day 3 AM
Day3PM
Day 4 AM
Day 4 PM
Day 5 AM
Day5PM
Day 6 AM
Day 6 PM
Day7 AM

Day 7PM
Day 8 AM
Day 8 PM
Day 9 AM
Day 9 PM
Day 10 AM
Day 10 PM
Day11 AM
Day 11PM

Timepoint (day)

Day12 AM
Day 12 PM
Day 13 AM
Day 13 PM
Day 14 AM

(qu 12d saidod °*6oj) peoj jelip

14 des 36 (39%)
volontaires vont
faire une
breakthrough
infection apres
Uessail

Jackson et al., Lancet Microbe 2024



Vaccine efficacy (%)

95

90

80

70

60
50

20

@ WT (rank corr, p = 0.94; variance explained: 97.2% Moderna?
@ Alpha (rank corr, p = 0.70; variance explained: 61.6% —®—
® Delta

Overall rank corr p = 0.90

102 103 104
SARS-CoV-2 spike IgG binding (GMC, WHO BAU/mL)

0.05

0.1

0.2

0.3

0.4
0.5

Risk ratio (vaccine / placebo)

Infection

|

Asymptomatic Pauci- Cold-like Flu-like Hospitalized qulhl

symptomatic

——

Protection against detectable infection

o s
W+ @@

CD4*'Tcells CD8' Tcells

Protection against hospitalizations and deaths

i+ @+0+®;

e OF or *,
Neutralizing CD4* T cells CD8" T cells Memory
Antibodies B cell

or
Non-neutralizing
Antibodies

-(
L3k

Goldblatt et al., Immun Letters 2022
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Patients with co-
morbities

Casirivimab + Imdevimab

Weinreich et al., NEJM 2021a
Weinreich et al., NEJM 2021b (relative risk reduction: 71.3%; P<0.001)
RECOVERY Collaborative Group., Lancet 2022

Sotrovimab

Gupta et al., NEJM 2021
(relative risk reduction: 85% (44-96); P=0.002)

Prophylactique

Mostly
Immunocompromised
(lack of vaccine
immunogenicity)

Casirivimab + Imdevimab
O'bien et al., NEJM 2021

(relative risk reduction: 81.4%; P<0.001)

Cilgavimab + Tixagevimab

Levin et al. NEJM 2022

(relative risk reduction: 76.7%; P<0.001)
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meécanismes d’action = meilleur sélection des leads et meilleure prédiction avec U’in vitro
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Conclusion

L'ensemble du génome de SARS-CoV-2 mute pour augmenter la réplication virale et
échapper a l'immunité.

La spike est un hotspot de mutation car la réponse humorale (anticorps) est trés efficace
contre SARS-CoV-2.

L’échappement a la réponse humorale entraine un échappement aux anticorps
monoclonaux qui en sont dérivés.

Les fonctions non-neutralisantes des anticorps peuvent avoir un intérét thérapeutique.

L'infection chronique de patients immunodéprimés explique surement les “sauts évolutifs”
de SARS-CoV-2, mais d’autres hypothéses existent
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