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Evolution des maladies virales chez 'Homme

. :_es hommes vivaient initiallement en groupes isolés, ayant peu de contacts les uns avec
es autres.

* Linvention de 'agriculture (12000 ans) puis de I'elevage et le développement de
I"'urbanisation ont considérablement augmenté la taille des populations humaines.

* Ces 1000 dernieres annees, les contacts se sont intensifiés et ont conduit a la
dissemination des virus a des échelles beaucoup plus larges.

* Ces 100 dernieres annges, les pratiques sanitaires ont change le “profil” des maladies
causées par certains virus en raison d’un allongement de I'Esperance de vie.

* Des changements environnemtaux locaux, regionaux, mondiaux, généreés par I'’Homme
ont profondemment modifié I'ecologie des virus
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https://www.vidal.fr/actualites/26269-pandemie-de-grippe-russe-une-covid-du-xixe-siecle.html



Human Exclusive

Human Adapted
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Rabies Yellow Fever SARS/Ebola Influenza

FIGURE WO-24 Human viruses have animal origins.
SOURCES: Wolfe (2011); adapted from Wolfe et al. (2007).



D’une épidémie a une pandémie

International Agro-Food Trade Network  ercsey-Rovaszetof,, (2012), PLos ONE
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Phylogeny of Coronaviridae

7 coronavirus in humans

SARS (2002)
HCoVs | MERS (2012)

nCoV-2019

Kin et Vabret, 2016



Genetically

diverse Natural Intermediate  Human  Year
coronaviruses  host host host
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Découverte du SARSCOV?2

Zhou et al., publié le 23 Janvier 2020

Family Coronaviridae

*Virus enveloppés
* Nnucleocapsides hélicoidale ou tubulaire
* Genome RNA « + » (27-32kb)

https://viralzone.expasy.org/764?outline=all_by_species



Découverte du SARSCOV?2

Zhou et al., publié le 23 Janvier 2020

Séguencage:
determiner la carte génétique du virus

ADN <- ARN

Analyses bioinformatiques
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Wuhan seafood market pneumonia virus isolate Wuhan-Hu-1, complete

genome

Découverte du SARSCOV?2

Séquence publiée le 23 Janvier 2020
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https://www.ncbi.nlm.nih.gov/nuccore/MN908947.3?report=fasta

WRI0RNLT 295903 bp se~-REA linear | VRL 2)-JAN-2020
Wuban seafood sarket pacusonia virus isclate WabaniNu-l, complete
genomo .

w0894

XE08947.0

Wuhan seafood sarket pacusonia virus

Wuhan seafood market poousonia virus

Viruses; Riboviria; Nidovirales; Cornidovirinese; Coronaviridae;
Orthocorosavirinee; Betacorosavirus; w=classified Dotacorcsavirus.
I (bases 1 w0 299%0))

wWa,r., Ihao,5., Yo,d., Chon,Y.-X., Wang,WN., Na,Y., Song,2.-C.,
Tao, 2. -M,, Tian,2.-R,, Pei, Y.-Y., Yoan ,X.L., Thang,¥Y.~L.,
Dal,r.-n., Liu,Y., Wang,0.-M., Theng,J.-J., Xo,L., lol=mes, Z.C. and
hang,.Y.-2.

A novel coronavires assooiated with a respiratory disease in Wuhan
of Nubei prowvince, China

Capublisted

2 (bases L to 29%0))

W, F., ™hao,85., Yo,8., Chon,Y.-X., Wang N., Be,Y., Song,2.-GC.,

Se

FASTA - SARS: 30 000 bases (30 kb)

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete

genome

GenBank: MN908947 .3
GenBark  Graphics

>MNI08947.3 Severe acute respiratory syndrome coronavirus 2 fsolate Wuhan-Bu-1,

complete genome

ATTAAMCCTTTATACCTTCCCACCTAACAMCCAACCAACTTTCCATCTCTTCTACATCTCTTCTCTAAA
COAMCTTTAMATCTCTCTCOC TG TCACTCCOC TCCATOC TTACTOCACTCACGCACTATAATTAATAAC
TAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTOCGTG
TTGCAGCCGATCATCAGCACATCTAGGTTTCOTOCGGG TG TGACCGAAAGG T AAGATGGAGAGCCTTGTC
COTGGTTTCAACGAGAAAACACACGTCCAACTCAGTTTGCCTGTTTTACAGGTTCGOGACGTGCTOGTAC
GTGGCTTTOGAGACTOCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGG
CTTACTACAGCTTCAAAACCCCTTTTCCCTCAAC TTCAACAGCCCTATCTCTTCATCAMCCTTOCCAT
CCTCCAACTCCACCTCATCOTCATCTTATCOTTCACCTCOTACCACAACTCCAACCCATTCACTACCCTC
CTAGTCCTGAGACACTTCCTCTOCTTCTCCC TCATC TCOCOCAMATACCACTCOCTTACCCCANMGGTTCT
TCTTCGTAAGAAC GG TAATAAMGGAGCTGGTOGOCATAGTTACGGCGOCGATCTAAMMGTCATTTGACTTA
GGCGACGAGC TTGGCACTGATCCTTATGAAGATTTTCAAGAAMACTGGAACACTAACATAGCAGTGGTG
TTACCCGTGAACTCATGOGTGAGC TTAACGGAGGGGCATACACTCGCTATGTCGATAACAACTTCTGTGG
COCTGATGECTACCCTCTTGAGTGCATTAAMGACCTTCTAGCACGTGCTOGTAAGCTTCATGCACTTTG
TCCCAACAACTCOACTTTATTCACACTAACACCOCTCTATACTCCTCOCCTCAACATCACCATCAMTTG
CTTCCTACACCCAACCTTCTCAMACACCTATCAATTCCACGACACCTTTTCAMTTAMTTCCCAAAGAA
ATTTGACACCTTCAATCCCOAATC TCCAMTTTTCTATTTCCCTTAMTTCCATAATCAAGACTATTCAA
CCAACGCCTTCAMACANMOCTTCATCCCTTTATCOGTAGAATTCCATCTETCTATCCAGTTCCGTCAC
CAAATGAATGCAACCAMA TG TGOCTTTCAACTC TCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCA
GACGGGOGATTTTGCTTAAGCCACTTGCGAATTTTGTGGCACTGAGAATTTGACTAAMGAAGGTGOCACT
AT T GT GG T TACTTACCCCAAAA TG TG T TG TTAAAATTTATTGTCCAGCATGTCACAATTCAGAAGTAG
CACCTCACCATACTCTTCCCCAATACCATAATCAATCTCCCTTCAMACCATTICTTOCTAACCCTCOTCG
CACTATTCOCTTTCOACCCTCTCTCTTCTCTTATCTTCCTTCCCATAACAACTC TCOCTATTCCOTTCCA
COTCCTACCCCTAACATACCTTCTAACCATACACCTCTTC TTCCACAACCTTCCCAAMCGTCTTAATCACA
ACCTTCTTCAATACTCCAAACACAMACTCAACATCAATATTCTTCOTCACTTTAAMCTTAATGAACA
GATCGC AT TAT T TTGGCATCTTTTTCTGCTTCCACAAGTGC TTTTG TGGAAAC TG TGAMGGTTTGGAT
TATAMGCATTCAMCAAATTGTTGAATCCTCTGGTAATTTTAAMGT TACAAAAGGAAAGC T AAAAANG
GTGCCTGGAATATTGETGAACAGAAATCAATACTGAGTCCTCTTTATGCATTTGCATCAGAGGCTGCTCG
TET T GTACGATCAATTTTCTCCOGCACTC TTGAAC TGCTCAAAATTCTGTGCG TG TTTTACAGAAGGCC
CCTATAACAATACTACATCCAATTTCACACTATTCACTCACACTCATTCATCCTATCATCTTCACATCTC
ATTTCCCTACTAACAATCTACTTIC TAATCCCCTACATTACACCTCCTCTTCTTCACTTCACTTCCCACTG
CCTAACTAACATCTTTCCCACTCTTTATCAMAAC TCAMOCCCTCCTTGATTCCC TTCGAMCACAAGTTT
AGGAGGTGTAGAGTTTCTTAGAGACGGTTOGGAATTGTTAMTTTATCTCAAM CTGTGCTTGTGAMA
TTGTCGGTGGACAMTTGTCACCTGTGCAAGGAMTTAAGGAGAGTGTTCAGACATTCTTTAAGCTTGT



Le “Dogme Central” en Biologie
Noyau Cytoplasme
'\— ; Virus : replication ARN
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Découverte du SARSCOV?2

Séquence publiée le 23 Janvier 2020

ADN -> ARN -> PROTEINE

SARS Cov-2 georre By

000 10,000 15000 20000 5,000
A_.Q.'.‘;.- ______ I._ “—'d'lit—; — ] .Stvu:wu: (:oloms.
e .
— Ry S
I Er l..xl:-f‘-
. o 80 |
bl | sErTremmm) i3 Goom %) ) R
b AN AW { g ¢



Comprendre I’histoire évolutive
des organismes et des microorganismes

Analyses Morphologiques

Analyses Moleculaires
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Phylogénétique : determiner le niveau de parenté
avec des (virus) existants
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Ex: 2019 nCoV a une origine “chauve souris” ‘ ]
Ce virus circule chez 'Homme depuis tres peu de temps —r



Les outils: Gisaid.org
partage des données au niveau Mondial pour suivre
I"évolution du virus et les rout
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Genomic epidemiology of novel coronavirus (nCoV)
@ Buitt with github.comnextstrain/ncov using data from (EID).-

Showing 47 of 47 genomes sarmpled between Dec 2019 and Jan 2020,

Hadfield et al., Bioinformatics 2018

Janvier 2020: peu de sequences
Mais diversification en cours

https://nextstrain.org/ncov



¢ Genomic epidemiology of novel coronavirus (nCoV)

e Built with github.com/nextstrain/ncov using data from (€ ISA o).

Showing 47 of 47 genomes sampled between Dec 2019 and Jan 2020

Phylogeny
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Genomic epidemiology of novel coronavirus (nCoV)
e Built with github.com/nextstrain/ncov using data from (¢ :’ SA Io)

4

Showing 47 of 47 genomes sampled between Dec 2019 and Jan 2020

Phylogeny
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COVID-19 : de I'épidémie a la pandémie

31 Janvier 2020

Novel Coronavirus (2019-nCoV) Nusber of casesx: () 50+ () 2540 @ 1024 @ <10 O asors

https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9%ecf6




COVID-19 : de I'épidémie a la pandémie

10 Avril 2020

https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6



COVID-19 : de I'épidémie a la pandémie

31 Janvier 2021

2222 403  Dests Rocovered

Taux de mortalité = 2,1%
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Mapping the coronavirus outbreak

As of 6. 15pm Janwary 30 GMT
Confirmed cases
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Total deaths as of 6.15pm January 30 GMT

BELGIUM

21,018

https://www.ft.com/c



Global responses to the pandemic
Oxford Covid-19 government response stringency index R
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Graphic: Max Harlow, Caroline Nevitt and Aleksandra Wisnlewska
Source: Blavatnik School of Government, University of Oxford
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Evolution des (micro)organismes
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Exemple de la resistance aux
antibiotiques, aux insecticides

Avant le DDT Aprés le DDT
1935 — Boforo DOT Spraying 1955 - During DOT Spraying 1995 — Aftor DDT Speaying
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Evolution virale

> Attachement

@ Eg@né"aﬂon * Reproduction rapide et efficace :
ecapsidation
Replication . - . .
, B Assemblage 1 virus -> des milliers / centaines de milliers
| erasion
3¢ @ > * Tres grande diversité génétique
Ty . . A .
%\nmmln intra-hote et inter-hote (mutations etc)
| TS * Tres grande capacité d’adaptation
celhslaire ’ . . .
Energre -> sélection intra- et inter-hote sur un
Molec. sanples

grand nombre de génotypes possibles




. Built with ermmahodcroft/ncov cluster, Maintained By Emma Modoroft and Richard Neber,
Showing 4948 of 4968 genomes sampled betweoen Dec 2019 and Jan 2021

Phylogeny
Courtry v

La phylogénie devient complexe. Mais on voit emerger
De nouvelles branches a évolution tres rapide.

19




Les changements dans le genome:
les “variants of concern” (VOC)

B1.1.17: VOC-V1 UK

A1708D 3675-3677del 14{00‘ AST00 T7161 D1118H RT')2| O'3L
Ti001 122307 '\ 60-70de | |N501Y"~_P6a1H'\ $982A\ Q27stop \v73C | S235F
I E ‘ | i ! . ) |‘ L \ |
\ \“ \ e —— e —— ———— || “-___ N | !
\ e — e \ ~_\\/
\ ———— ‘--:s--_..\\ \ ~ | /

| | | | | | |
0 4,000 8,000 12,000 16,000 20,000 24,000 28,000
SARS-CoV-2 Genome (GenBank: MNS08947)

17 mutations (non-silencieuses) dans le VOC-V1 (8 dans Spike)

Grubaugh et al., 2021
https://www.cell.com/action/showPdf?pii=50092-8674%2821%2900087-8



@CoVariants Home FAQP«(Oor(ry Per varant  Shared Mutations ' O

Variant: S:IN501  uk, Afrique du Sud, Brésil

20A.EUN ) Propose changes 10 this section
@ Decicated S:NSOY Netstrain buid

SOREUZ Mutation Information

S:N501 o BN has appeared multiple tmes independently: each can be associated with different accompanying mutations
’ * Amino-ackd changes are BBl S0 (nucieotide mutation A28 1), Bl T (nudieotide mutation K234 ), and BN s 8

(ruciectide mutation K234 6)

S.E484
S:N501
S'HE9- This mastation is in the receptor binding domain (RDB), important 1o ACE2 binding and antibody recogrition
* May be associated with adaptation to rodents and mustelids: BB T in ferrets (2 Richard et al, Nature Comm.) and mink
S:N439K (2 Welkers et al, Virus Evolutionl EEsaLl in mice ((2 Gu et . Scence)
Some have speculated on the risk of a possible persistent reservoir in wild rodents/mustelids
* May increase ACE2 binding (2 Bloom Lab ACE2 binding website « in particufar it s predicted to do this by increasing the time
S:Y453F spent in the ‘open’ condormation ((# Teruel et al, bloRxw)
o BN s was found In longitudinally-collected samples from an iImmunocompromised patient (2 Chol et ol NEJM)
$:'SO8F ® In one study, sera from previously infected patients neutrabsed viruses with Ellsen i and Bl se1l equaly ((* Xe ot o, BioRxiv)
The specific mezation BB is found in 3 variants reported at the end of 2020/beginning of 2021, inx
S:L452R * the UK (20U501Y.V1)
® South Africa ROMS01Y.V2)
S:DBOY e Bradl QOUSOTY VY

https://covariants.org/variants/S.N501



@CoVariants Home fAQPercoumry Per variant  Shared Mutations oy O

20A.EU1

20A.EV2

S:N501

S:E484

Va ria nt: S'E484 Afrique du Sud/Brésil

() Propose changes to this secton
@ Dedicated S:£484 Nextstrain build

Mutation Information

ERE &84 has appeared multiple times independently around the world: each can be associsted with
different accomparying mutations

J S:E484

This mutation Is In the receptor binding domain (RED), important to ACE2 binding and antibody recognition,

S:HES-

S:N439K

S:Y453F

S:S98F

S:L452R

S:DBOY

o Mutations at EXJ8 &4 may significantly reduce corvalescent serum neutralzation (2 Greaney et al,
medRxv)

o There has been a case of reinfection associated with EBJE 484 K: & woman previously infected with a
non-ERIE 484 B variant of SARS-CoV-2 was later reinfected with a virus carrying the Bl 4se K mutation
(12 Nonaka et al, PrePrints)

® In one study co-incubating SARS-CoV-2 with convalescent plasma, neutralization was completely
escaped at day 73 due to an ERR4s K mutation ([ Andreano et al, bloRxw)

® In another study co-incubating psueotyped virus with SARS-CoV.2 spike proteins and moncecolonal
anmtibodies, neutralization both by monocdional antibodies and to convalescent sera was significantly
reduced in viruses with S: 484 mutations (12 Liu et al,, bioRxw)

The specific mutation BB R is found in 3 variants reported at the end of 2020/beginning of 2021, in:

o South Africa (20H/S01Y.V2)

¢ Brazil (20501Y.V3)

* Brazil (208/5,484K)
https://covariants.org/variants/S.N501



Pourquoi certains variants inquietent?



Une vitesse d’évolution tres rapide

VOC'Vl UK | Lineage B8.1.1.7
gt Nombreuses mutations et
* . )7 . .
po— Vitesse d’évolution rapide

Average per site genetic divergence from root

10-Mar 29-Apx 18- Ju

Date of collection




Une augmentation en fréquence tres rapide

VOC-V1 UK
Rapid rise of the B.1.1.7 variant in the UK
1.0 . 3 10
B B.1.177(20A.EU1)
=08 - BN B.1.1.7 (501Y.V1) 08
GC) other
> 06 0.6
2
04 0.4
0.2 0.2
00+ i : . 0.0

& o @ T @ @ e e e

VOC-V1 a une plus grande transmissibilité (>50%) -> “élimination” du virus historique par compétition
Mutations-> Sélection (transmissibilité)

Grubaugh et al., 2021 https://www.cell.com/action/showPdf?pii=50092-8674%2821%2900087-8



Une diffusion dans le monde tres rapide

Global surveillance of B.1.1.7 variants

VOC-V1 UK

Number of Sequences

o =1 o)
®-0 -

‘ =100 | ®

‘m

Grubaugh et al., 2021
https://www.cell.com/action/showPdf?pii=S0092-8674%2821%2900087-8



@CoVa riants

o Epidemiology mo

eculaire

@ France @ United Kingdom
1.00 100 -
Q.75+ 0.75+
0.50 + 050+
025+ 025+
« Variants 0.00 - 0.00
202040719 2020.05-26 2021.01.25 20200719 20200526 2021.01.25
Week: 2021-01-11 —
B 20A.EU1 Week: 2021-01-11
Variant Num seq
B 20A.EVU2 Variant Num seq &8 SNED 6507
Bl S:A626S 5 SINS01 57 = 20AEU1 1485
@ 5:D80Y o aontuz * = S:N439K 38
, . B0 S:N439K 4
@ S:L452R = 20A.EU2 10
- 20A.EU1 4
B S:N439K & S:Y453F i &8 S:SO8F 4
0 S:NS01 - SV1122L @ S:L452R 1
W S:S98F ™ S5:S98F - & 5:A6265 1
Bl S:v1122L &8 S:L452R W S:Y453F .
B S:Y453F - S:D80Y . S:Vit22L -
& S:A6265 - S:D8OY -




N501Y in Geneva, Switzerland
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https://ispmbern.github.io/covid-19/variants/



Les variants circulants dans le Monde




Le variants Sud Africain

* Nombreuses re-infections
Selection de mutations “adaptatives”

* Augmentation de la transmissibilité?
* Echappement a I'immunité?

beittid

Outy Canes . Na Woekly oo Deata =, 7 ™
\-/\ - https://www.medrxiv.org/content/10.1101/2020.12.21.20248640v1.full

Tegally et al., 2021
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Variant Sud Africain en Europe?

South African variant of Covid found in
eight areas of England

Door-to-door testing launched as cases found in Hertfordshire,
Surrey, Kent, Walsall, Sefton and three London boroughs

Coronavirus - latest updates
See all our coronavirus coverage

The South African variant of coronavirus has been discovered in

eight areas of England

Sample detected
in Sefton
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Les VOC V3 (Bresil):
situation inquiétante a Manaus
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Sabino et al., 2021 The Lancet https://www.thelancet.com/journals/lancet/article/P11S0140-6736(21)00183-5/fulltext



Stratégies Vaccinales

SARS-CoV-2 Virus
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Viral vector

Inactivated Attenuated
virus virus

e Virus inactivés

* Virus attenués

* \ecteur viraux

* Pseudo particules virales
* Sous-unités protéiques

e Vaccins ADN/ARN

Chaque vaccin a des avantages/incovenients
(Immunité, effets secondaires, cout etc)

DNA /RNA
vaccines

Subunit
viral protein

Virus like-particles Calina et al., 2020 Inter J. Mol. Medecine



Le vaccin ARN -> nos cellules “fabriquent”
la proteine Spike a aprtir de FARNm
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Merci de votre attention!



