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Du COVID-19 aux futures pandémies
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Historiques des pandémies de virus respiratoires : coronavirus

Hote Date d’émergence
intermédiaire (détermination
identifié cdu MRCA)

Circulation chez
'humain

Coronavirus Origine possible

humain (HCoV) (hypothese)

e ﬁd Dékut XIXe siecle gtz e
Alphacoronavirus saisonnier
B Camelidae, Alpaca sp.
HCoV-NL63 ‘? TR Ub!qwta‘lre,
Alphacoronavirus . saisonnier
HCoV-0C43 ‘ Ubiguitaire
Betacoronavirus L Fin XIX® siecle S e
saisonnier
Clade A ’
HCoV-HKU1 S
Betacoronavirus \ ! ) L::;jg::;;f’
Clade A ®
SRS Pandemlg .decembre
4 2002 — juille: 2003
Betacoronavirus 2002 :
Arrét de la
Clade B Paguma larva'a (civette) : :
circulation
Circulati
MERS-CoV ! il avabkiie
Betacoronavirus 2012 p. . q )
Clade C Risque pandemique
Camelus dromedarius lie aux voyages

Vabret A, 2019



La transmission a ’homme

Viral factors
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Le virus SARS-CoV-2
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Mutations arising in SARS-CoV-2 spike on sustained Mk sk s SARS GG ik

human-to-human transmission and human-to-animal passage " mqrumnioamg sssage "
Robert F. Garryl,2

1Department of Microbiology and Immunology,

Tulane University Medical Center, 1430 Tulane Avenue, New Orleans, Louisiana 70112 USA;
E-Mail: rfgarry@tulane.edu

2Zalgen Labs, LLC, Germantown, MD, USA
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' Sarbecovirus
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Les virus précurseurs potentiels
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The furin cleavage site: adaptation step to its new host?
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Johnson BA et al, BioRxiv 2020



Historiques des pandémies de virus respiratoires : influenzavirus

1918: “Spanish Flu” 1957: “Asian Flu” 1968: “Hong Kong Flu” 2009: “Swine Flu”
HINI H2N2 H3N2 HINI

40-50 million 1-4 million 1 million 0.7 million
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Le cas du HIN1 en 1918 : une adaptation progressive




H1N1pdmO09 en 2009 : un réassortiment génétique complexe

2009: “Swine Flu”
HINI

0.7 million

Classical swine MNorth American
awvian

Human (H3M2Z2) Eurasian avian-
like swins

Influenza A (H1M1)

PB2 - MNorth American
avian

FPB1 - Human H3M2
P4 - North American
avian

H1 - Classical swine
MNP - Classical swinea
M1 - Eurasian avian-
like swine

M - Eurasian avian-like
swine

MNS - Classical swing

Neumann et al, 2009



Les autres pandémies : la question Ebolavirus

Marburg

Cuevavirus

Sudan

Reston

Bundibugyio




Ebola : comment ca marche?
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Epidémiologie du vecteur et des virus

[ ] Location of reported Ebola Reston outbreaks in animals
* Location of reported Ebola outhreaks or isolated cases
=
L I Home range of Pteropodidae family of fruit bats
-
\:I Countries with serological evidence
\:I Countries reported Ebola imported case in human

- Countries reported Ebola haemorhagic fever outbreaks

\:I Countries reported Ebola Reston outbreaks in imported monkeys from Philippines
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The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data Source: Global Alert and Response Department \Yw’@\:\} World _Hea_lth
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, World Health Organization , NS Organization
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which Mep Production: Public Health Information
there may not yet be full agreement and Geographic Information Systems (GIS)

World Health Organization © WHO 2009. All rights reserved



Distribution géographique des virus Ebola et des
cas/épidémies chez I’homme ou I’'animal

G, € st =, gy ¥ - ) . -
womem e R

g S
A

L] Location of reported Ebola Reston outbreaks in animals
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Incidence cumulative des cas depuis février 2014
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Total cumulés des cas et depuis le 25 mars 2014
(Guinée, Libéria, Sierra Leone)
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Ebola virus disease - tenth outbreak - Democratic Republic of the Congo - 2018
-2019

Opening date: 1 August 2018 Latest update: 8 March 2019

Epidemiological summary

Since the beginning of the outbreak and as of 6 March 2019, there have been 913 cases (848 confirmed, 65 probable),
including 574 deaths (509 confirmed, 65 probable), according to the Ministry of Health of the Democratic Republic of the Congo.

As of 2 March 2019 and according to the WHO Regional Office for Africa External Situation Report 20, 72 healthcare workers have
been infected, including 24 deaths.

Distribution of Ebola cases, DRC, as of 6 March 2019 ‘Eﬁuc

mm Probable
mm Confirmed

—e—Health zones
reporting cases

* Firstreportof cases

Number of cases

Numbar of health zones affactad

Date of production; 0&-Har-1%



Histoire du SARS-CoV-2



Histoire du SARS-CoV-2: une pandémie ... mémorable

SARS-CoV-2 genome

5 ! — ’ 25 bp position

Open reading frames

( Orfla [ orfib ]
non-structural peoteins(NSPs, N«16] structural proteins (N=4)
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Yao H et al, 2020



Phylogenie des precurseurs potentiels du SARS-CoV-2

hCaoV-19/pangolin/Guangxi/P4L/2017|EPI_ISL_410538|2017
hCoV-19/pangolin/Guangxi/P3B/2017|EPI_ISL_410543|2017
s hCoV-19/pangolin/Guangxi/P1E/2017|EPI_ISL_410539|2017
J, hCoV-19/pangolin/Guangxi/P5L/2017|EPI_ISL_410540[2017
hCoV-19/pangolin/Guangxi/P5E/2017|EPI_ISL_410541[2017
hCoV-19/pangolin/Guangxi/P2V/2017|EPI_ISL_410542|2017
=  hCoV-19/pangolin/Guandong/1/2019|EPI_ISL_410721|2019
74 hCoV-19/pangolin/China/MP789/2019|EPI_ISL_412860]2019-03-19

‘ hCoV-19/pangolin/Guangdong/P2S/2019|EPI_ISL_410544(2019

hCoV-19/Guangdong/20SF01 )EPI ISL 403932 ) {4

hCoV-19/bat/Yunnan/RmYNO02/2019|EPI_ISL_412977|2019-06-25

o] SARS_coronavirus|NC_004718
100 SARS_coronavirus_SZ3|AY304486.1

100

hCoV-19/bat/Yunnan/RmYNO1/2019|EPI_ISL_412976|2019-06-25

New nearest bat precursor from Yunnan 2019
(high identity in Orflab, 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

Orange ... previous closest bat precursor (Yunnan 2013)
Red ... new bat CoVs (Yunnan 2019)
Light blue ... hCoV-19 2019-2020

Blue ... SARS CoV

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

SISAID



Virus du début de |’ épidémie (fin janvier-début février)

than_ 7thFeb202 France_8thFeb2020
-‘:.g 0

Cc20
$ Beijing
P \;’;‘f ) \ 5 *‘} Shanghai
& QS
5“ g|§% 8 \ o
Wuhan § (33
P d £ g We gratefully acknowledge the Authors from
Market z {28 Originating and Submitting laboratories of
sample ‘ ; sequence data on which the analysis is based.
Black ... China (Wuhan R
g
cases listed as C#) Hennan
Blue ... Asia (not China) Shenzhen e ———
Green ... Oceania W
Magenta ... North
America

Red ... Europe



Impact de la substitution D614G : le premier pas evolutif

Bases
RNA base sequence ICAG“GAU”GUL{:L\ACl . pAG“GGU”GUL!lAAC' A: adenine
Aminoacid Gl Asp Val Asn Mutation , Gln Gly val Asn g Sﬁt:.fi'ﬁf

U: uracil

All peptides closed Three open

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



Phase d’extension (Avril-Mai 2020)

* 30-4-20

» Larger clades were named
based on marker variants:
S... ORF8-L84S
G...5-D614G
V... NS3-G251V

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

SISAIL




Premiere vague (Mars — mai 2020)

Daily new confirmed COVID-19 cases per million people
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of

infections.
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Seconde vague (Aout - Nov 2020)

Daily new confirmed COVID-19 cases per million people
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of

infections.
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Troisieme vague (avril - juin 2021)

Daily new confirmed COVID-19 cases per million people

7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of
infections.
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Quatrieme vague (depuis Oct 2021)

Daily new confirmed COVID-19 cases per million people
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of

infections.
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Source: Johns Hopkins University CSSE COVID-19 Data CC BY Source: WwWw. covidtracker fr



Et la 5° vague...

Daily new confirmed COVID-19 cases per million people Daily new confirmed COVID-19 cases per million people
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of 7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of
infections. infections.
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Source: Johns Hopkins University CSSE COVID-19 Data cCcBY Source: Johns Hopkins University CSSE COVID-19 Data cCBY
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Situation internationale au 25 nov 2021

14-day COVID-19 case notification rate per 100 000, 2021-w45 to 2021-w4é6
U <200 I 200 508 N 0o oo I 1200 2% 0 [ 200 99 [ @00 wses [ 25c00 B Mo new cases reponed

B 0 conos repemed by WHO and no cases idertifiod 1 the puté: goman



Que s’est il passé ?



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

K417T V445A N501Y E484K Y449H
T478K Y449S S494P F490S G485V
in GR & GRY clade (B.1.1.1 & B.1.1.7)

E484K T478K N501Y

in nonG clade (A, B & B.2) K458R G496V E484Q V445F V445A S494L

K458M F456L G446V S477N F490L G476S
N501T T478R G446A N501Y P499R E484K
E484V N437S G485R Q493L T478K S494P
E484G K417N N5011 Q493E N439K S477G
A475V Q493P F490S S4771 K417T R403K
L455F V4451 G485S G446S E484D G446R
in G, GK & GV clades (B.1,B.1.617.2, AY." &
B.1.177)




Timecourse of variant distribution in all submitted sequences 02-11-21
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Transmissibilité augmentée (Obermeyer et al, 2021)

3.0 - Lineage R/R4 (95% Cl) Cases/day P
! B.1.617.2 2.65(2.30—3.04) 2,246,826 :

284 AY1 2.56 (2.28—2.88)  23.030 |
AY.2 2.53 (2.25—2.84) 8,146 , ~ \
264 C3631 225(2.00—253) 1,249 .
C.36.3 2.20 (1.95—2.48) 14,803 | ¥ Ag2
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: P1 1.87 (1.65—2.10) 1,755,285 -
BA1.1523 184 (164—207) 40,233 B.@21
2.0 - —— R =
; | @is 1,
18 - =k '8.1.0753203
- ’ B.1.851.3
&<
< A o
®
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Variant of Interest
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Date of Lineage Emergence
Figure 2. Growth rate versus date of lineage emergence. Circle size is proportional to cumulative
case count inferred from lineage proportion estimates and confirmed case counts. Inset table lists
the 10 most transmissible lineages inferred by the model. R/R: the fold increase in effective
reproductive number over the Wuhan (A) lineage, assuming a fixed generation time of 5.5 days.



CORONAVIRUS

Distinct conformational states of SARS-CoV-2
Pourquoi le Delta est plus transmissible  spikeproteln

Yongfei Cai*?*, Jun Zhang"?*, Tianshu Xiao"?, Hanqin Peng’, Sarah M. Sterling®#,
Richard M. Walsh Jr.>#, Shaun Rawson®*5, Sophia Rits-Volloch’, Bing Chen™*+

Role de la spike

Protomer B
Protomer A Protomer C




CORONAVIRUS

Distinct conformational states of SARS-CoV-2

Pourquoi le Delta est plus transmissible N

Role de la spike

spike protein
Richard M. Walsh Jr.>#, Shaun Rawson®*5, Sophia Rits-Volloch’, Bing Chen™*+
cell membrane
ACE2 (&3

S1/S2
complex




Et les vaccins dans tout ca?



Titre des anticorps post vaccinaux des infectés vs non infectés

‘ ORIGINAL ARTICLE ‘

Covid-19 Breakthrough Infections
in Vaccinated Health Care Workers

Moriah Bergwerk, M.B., B.5,, Tal Gonen, B.A,, Yaniv Lustig, Ph.D., Sharon Amit, M.D.,
Marc Lipsitch, Ph.D., Carmit Cohen, Ph.D., Michal Mandelboim, Ph.D.,
Einav Gal Levin, M.D., Carmit Rubin, N.D., Victoria Indenbaum, Ph.D.,

llana Tal, R.N., Ph.D., Malka Zavitan, R.M., M.A., Neta Zuckerman, Ph.D.,
Adina Bar-Chaim, Ph.D., Yitshak Kreiss, M.D., and Gili Regev-Yochay, M.D.
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Figure 2. Neutralizing Antibody and IgG Titers among Cases and Controls, According to Timing.




The NEW ENGLAND JOURMNAL of MEDICINE

ORIGINAL ARTICLE

Durée de la protection vaccinale
Effectiveness of mRNA Covid-19 Vaccine
among U.S. Health Care Personnel

T. Pilishvili, R. Gierke, K.E. Fleming-Dutra, J.L. Farrar, N.M. Mohr, D.A. Talan,
A. Krishnadasan, K.K. Harland, H.A. Smithline, P.C. Hou, L.C. Lee, 5.C. Lim,
G.J. Moran, E. Krebs, M.T. Steele, D.G. Beiser, B. Faine, J.P. Haran, U. Nandi,
W.A. Schrading, B. Chinnock, D.J. Henning, F. Lovecchio, ). Lee, D. Barter,
M. Brackney, S.K. Fridkin, K. Marceaux-Galli, S. Lim, E.C. Phipps, G. Dumyati,
R. Pierce, T.M. Markus, D.J. Anderson, A.K. Debes, M.Y. Lin, J. Mayer, J.H. Kwon,

N. Safdar, M. Fischer, R. Singleton, N. Chea, S.S. Magill, J.R. Verani, and S.J. Schrag,
for the Vaccine Effectiveness among Healthcare Personnel Study Team®
' 100+ i
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o 204
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0 | i] I I I 1 1
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Weeks of Follow-up after Receipt of Second Dose
No. of Cases 40 10 16 24 23 35 24
No. of Controls 541 213 156 137 99 139 88




1 - Hazard Ratio for PCR+
(Vaccinated vs. Unvaccinated)

Durabilité des protection en fonction des vaccins
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— Pfizer-BioNTech

Mar

—Janssen
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Months after Full Vaccination

Fig. 1. Time dependent vaccine effectiveness against SARS-
CoV-2 infection as estimated from Cox proportional
hazards models, adjusted for age, race, ethnicity, sex, and
comorbidity score. Vaccine effectiveness presented as (1 -
hazard ratio x 100) and 95% confidence intervals.
Effectiveness for each month was estimated from contrasts
using product terms for vaccination status by time to most
recent RT-PCR assay.



Vaccination hétérologue

0.9+

0.8. ) p=0.0384

%0 “ature https: {{doi.org101038/541586-021-04120-y
;\3 0.6 Accelerated Article Preview
5 - Immunogenicity and efficacy of
= heterologous ChadOx1/BNT162b2
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Fig.1|Incidence of SARS-CoV-2infectionafterdifferent vaccination
regimens. Histogramsshow the infection rate (as documented by positive
SARS-CoV-2 RT-PCR) among groups of healthcare workers who were vaccinated
with the homologous BNT/BNT combination (n=81/10609) within the
recommended 4-week timeframe between the two doses, orwiththe BNT
boostafterreceiving the first ChAd dose (n=10/2512) approximately 12 weeks
before, asrecorded by theservice of occupational medicine, Hospices Civilsde



Vaccination hétérologue

A @ BNT/BNT ChAd/BNT
p=1.79e¢-07
10000+ —_—
2 o
S 10 =
< d
g »
~— 100+ ol
9 oF o
- :
© 104
Tl el
G & o
(g & M
N R i
& L &
1504
p=0.000624
——
-§ 1004 N,
5" 4
'§ 04 'E{ | - J-u e
é %
-50+
o
O\ I T L)
. X
@o (\6\0 000:
@ & £y
F v v

Flg.2 |Heterologous vaccinatlon induces higher neutralizing antibody

B — c
10405~ i —
—E‘ p=0.162 i
=5 100004 —EJ
% S ®
= 10004 ol £
o - - -
a1)] . n
g 1004 __lf s .,E
[ = o, ©
o 04
o S
Ry ] .

r T {
(<3 & )
R (\& 00
@ Q <
\\ S A
& ¢
F ® ¥
E FC»2.49 FCe3.46 FC=3.54
100004 P=3 Te-05 FC=2.32 p=9.8005 FC=366 p—?_oj%
p=0.0004 p=3.7e05
— —
'é w000]
3 IC| - P g -
'_ - —-‘ - -
Z w4 o & ! P )l
o " oD
10~
L T T /&
2 @ ?
o ,b\é\ S R

%,

SARS-Cov-2 lineages
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Situation dans le UK

Daily new confirmed COVID-19 cases
7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of
infections.
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Unlike in recent waves, cases among England’s elderly are now falling

while younger age groups’ rates rise

Percentage change in case rate since start of increase, by age group
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Effet de la 3® dose sur la transmission (donnees Israel)

Effectiveness of a third dose of the BNT162b2 mRNA
COVID-19 vaccine for preventing severe outcomes in Israel:
an observational study

Noam Barda*, Noa Dagan*, Cyrille Cohen, Miguel AHerndn, Marc Lipsitch, Isaac S Kohane, BenY Reist, Ran D Balicert
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Figure 2: Daily incidence of SARS-CoV-2 infection for different age groups around initiation of third dose

vaccination




Les questions actuelles

e La vaccination va-t-elle étre suffisante
* Nouvelle souche vaccinale
* Nouveau schéma vaccinal

 Comment va évoluer I'épidémie
* Nouveau variant
e Persistance ou non du virus
* Quid des autres virus respiratoires

e Comment gérer les mesures de contrble

* Maintien de toutes les mesures de controle
* Renforcement de la vaccination



Et il y en aura d’autres, des phénomenes pandémiques...

Il convient juste d’étre préparé a I'imprevisible
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