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Emergence et diffusion des virus respiratoires a
potentiel pandémique
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Lab Virology, IAl, Nat Ref Centre for respiratory viruses, Hospices Civils de Lyon, F69004, Lyon
Virpath, CIRI, Université de Lyon, F69372, Lyon



Une transmission respiratoire
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H3N2 A/Californ

H1N1 A/NewCaledonia/20/99




| es vecteurs animaux*

* Uniquement pour les pandémies
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La grippe: une infection virale a transmission
aerienne

[\

Le virus se propage par le biais des gouttelettes de salive et des
petites particules en suspension dans l'air prOJetees par la toux ou les
éternuements. Le virus pénétre dans I'organisme
via le nez, la bouche et les yeux



La grippe aviaire: une infection impossible




Les étapes du franchissement




Les pandemies du 20e et 21e siecles

1918: “Spanish Flu” 1957: “Asian Flu” 1968: “Hong Kong Flu” 2009: “Swine Flu”
HIN1 H2N2 H3N2 HIN1

40-50 million 1-4 million 1 million 0.7 million




Classical swine Morth American Human (H3M2) Eurasian avian-
awvian like swine

FBZ2 - MNaorth American
avian

FB1 - Human H3MN2
Fa - Morth American
avian

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

M - Eurasian avian-like
swine

NS - Classical swine

Influenza & (H1MN1)

Neumann et al, 2009



Pandemic H1N1 2009 Timeline

11 June: WHO phase 6 pandemic
declared; HIN1 in 74 countries

June

Pandemic (H1N1) 2009 Status as of 11 June 2009
Countries, territories and areas with lab confirmed cases and number of deaths as reported to WHO

Cumulative deaths !
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. 101 and more

Country/territory/area with confirmed cases

The boundaries and names shown and the designations used on this map do notimply the expression of any opinion whatsoever Data Source: World Health Organization {é&‘. World Health
on the part of the World Health Organization conceming the legal status of any country, territory, city o area or of its authorities, Map Production: Public Health Information 4 #.2 Organization
o conceming the defmitation of its frontiers o boundaries. Dotted fines on maps represent approximate border lines for which and Geographic Information Systems (GIS)

World Health Organization ©WHO 2009. All rights reserved

there may not yet be full agreement

Map produced: 09 October 2009 12:26 GMT

It took 6 week to reach 3 continents as compared to 3 months in 1957




New Influenza A (H1N1),

Status as of 24 June 2009

Number of laboratory confirmed cases as reported to WHO 06:00 GMT

Cumulative cases

~ 110

L J11-50 /
I 51 - 500 Total: Chinese Taipei has reported 61 confirmed cases b
55 867 cases | ofinfluenza A (H1N1) with O deaths. Cases from .

Il 501 and more 238 deaths Chinese Taipei are included in the cumulative totals.
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Impact en France
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Comparison de I'impact observe avec les prévisions :
une pandémie modeérée

Deaths 7

Requiring

hospitalisation A

Clinical
symptoms

Deaths a Requiring

hospitalisation
Clinical -
symptoms Asympt omatic

Seasonal influenza Pandemie H1IN1




Impact de la pandémie influenza HIN1pdmO9 :

Average life YLL due to pandemic influenza A ¥LL if age distribution

expectancy at  H1N1 respiratory mortality of deaths was similar
birth (years)™ to seasonal influenza™
Africa 53 2278800 (1194 500-4196 500) £56 100
Americas 76 1050600 (567 600-1 965 100) 361800
Eastern Mediterranean 65 862500 (446 100-1 645 900) 219200
Europe 75 927 600 (506 800-1756 400) 360900
Southeast Asia 65 2725300 (1407 900-5243 400) 738700
Western Pacific 75 1862200 (1015 800-3 445 500) 605 000
. _ Global 68 9707 000 (5138700-18 252 B00) 2841700
; :l;'_";?;@ o 100?00 Data are total of medians (range), unless otherwise indicated. YL L=years of life lost. *Number of 2009 pandemic

5180 influerza A H1M1 deaths is redistributed across age groups to approximate the typical age distribution of seasonal
o 41-60 influenza deaths in developed countries where estimates were available (90% for people aged - 64 years, 9% for
2140 age 18-64 years, and 1% for age 0-17 years).

Jo20

[ Data not available

Table 4: ¥LL because of deaths associated with 2009 pandemic influenza A HIN1 during the first
12 months of virus circulation and YLL that would be lost with a seasonal influenza age distribution
of deaths

Figure 2: Estimated age-adjusted respiratory and cardiovascular mortality rate associated with 2009 pandemic influenza A HIN1 per 100 000 individuals by
country

Dawood et al, Lancet (2012)



Acteur # 2 : les Coronavirus

Pizzorno MA et al, Cell Rep Med. 2020



Le SARS CoV



Alphacoronavirus

Betacoronavirus

Gammacoronavirus

Deltacoronavirus

Y

Bat corcnavirus Host Location Accession number
BtCoV/A/M314/2008 Pipistrellus bat Netherlands GQ259977
BtCoV/133/2005 Tylonyctens bat China DQB48794 .1
BtCoV/ 355A/2005 Pipistrellus bat China DQ648809.1
BtCoV/A434/2005 Pipistrellus bat China DQB48819.1
HKU4 Pipistrelilus bat China (HK) DQ249214.1
HKUS Tylonyctenis bat China (HK) DQ249217.1

Renese W. Y. Chan and Leo L. M. Poon

2013. The Emergence of Human Coronavirus EMC: How
Scared Should We Be? . mBio 4(2): .
doi:10.1128/mBio.00191-13.



Hétel M. a Hong Kong , février 2003 219 soignants
30 non-soignants

Index case
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Novembre 2002-Janvier 2003 : dans la province de Guangdong quelques cas de pneumonies atypiques
progressant vers une détresse respiratoire

Phases: précoce intermédiare tardjve
(@ ) @)

02 22-Mov-02 13-Dec-02 03-Jan-03 24-Jan-03 14-Feb-03 0F-Mar03 28-Mar-03 18- 2pr03 03-May-03 30-May- 03 20-Jun-03 11-Ju
date of ons et

= Janvier-Février 2003: épidémies nosocomiales (2)
= Février 2003: épisode de I'hétel M. a Hong Kong (3)
- diffusion mondiale en China (5327), a Hong Kong (1755), Taiwan (686), Singapoure (206), au Vietnam
(63), au Canada (250) et en Europe (37) ....
= Mars 2003 :
- mise en place des stratégies pour contenir I'épidémie
- identification du SARS-CoV

» Juillet 2003 : Notification par 'lOMS de la fin de I'épidemie :
8460 cas probables et 808 déces



Le Mers CoV



|dentification du MERS-CoV (2012) et hypothéses sur le

100

100

100

95

92

100
10

100

78

Virus

Miniopterus bat coronavirus 1A AFCD62

Miniopterus bat coronavirus HKU8 AFCD77

Porcine epidemicdiarrheavirus CV777
Scotophilus bat coronavirus 512/2005

Human coronavirus 229E

Human coronavirus NL63 Amsterdam 1
Rhinolophus bat coronavirus HKU2-GD/430/2006
Transmissible gastroenteritis virus PUR46-MAD
[ Bovine coronavirus Mebus

poe Mouse he patitis virus AS9

= Human coronavirus HKU1-A

SARS-related coronavirus Tor2

Rousettus bat coronavirus HKU9-1 BF-0051

Tylonycteris bat coronavirus HKU4-1 BO4f

Pipistrellus bat coronavirus HKUS LMHO3f
MERS coronavirus Hu/lordan-N3/2012

_|:lnfectious bronchitis virus Beaudette
100 Beluga whale coronavirus SW1

== Viunia coronavirus HKU13-3514

100
10

_’E Bulbul coronavirus HKU11-934
0 Thrush coronavirus HKU12-600

réservoir

Species Genus

Miniopterus bat coronavirus 1

Miniopterus bat coronavirus HKU8

Porcine epidemic diarrhea virus

Scotophilus bat coronavirus 512

Human coronavirus 229€ Alphacoronayiies
Human coronavirus NL63
Rhinolophus bat coronavirus HKU2
Alphacoronavirus 1

Betacoronavirus 1

Murine coronavirus [a]
Human coronavirus HKU1
SARS-related coronavirus
Rousettus bat coronavirus HKU9  [p]
Tylonycteris bat coronavirus HKU4
Pipistrellus bat coronavirus HKU5 [c]
Tobe established

Avian coronavirus

Betacoronavirus

Gammacoronavirus
Beluga whale coronavirus SW1

Munia coronavirus
Bulbul coronavirus Deltacoronavirus

Thrush coronavirus



Geographical distribution of confirmed MERS-CoV cases by reporting country,
April 2012—-7 March 2019

Imported MERS cases
3
/Autochthonous MERS cases
1

;

Countries reporting MERS cases|

23

Date of production: 07/03/2019



Distribution of confirmed cases of MERS-CoV by place of infection and month of onset,

from March 2012 and as of 07 March 2019
ECDC

Mumber of cases by place of infection
00 - ® Qutside Middle East
m Middle East

250 4




La phylogénie des coronavirus

H0 ~ Porcing Hemagglutinating Encephalomyelitis Virus
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Le SARS CoV-2



100; Bovine respiratory coronavirus AH187/NC 012948/1-30969

190 | Bovine coronavirus/NC 003045/1-31028

Bovine respiratory coronavirus bovine/US/OH-440-TC/1996/NC 012949/1-30953
Human enteric coronavirus strain 4408/NC 012850/1-30953

Human coronavirus OC43/NC 005147/1-30738

Porcine hemagglutinating encephalomyelitis virus/NC 007732/1-30480

Equine coronavirus/NC 010327/1-30992

Rabbit coronavirus HKU14/NC 017083/1-31100

Rat coronavirus Parker/NC 012936/1-31250
m 4‘100 E Murine hepatitis virus strain AS9/NC 001846/1-31357
100 Murine hepatitis virus strain JHM/NC 006852/1-31526

Human coronavirus HKU1/NC 006577/1-29926
%5 Bat coronavirus HKU9-1/NC 009021/1-28114

100 Human betacoronavirus 2c EMC 2012/JX869059/1-30118
r: Bat coronavirus HKUS-1/NC 009020/1-30482
100 I: Bat coronavirus HKU4-1/NC 009018/1-30286
100 Bat coronavirus BtCoV/133/2005/NC 008315/1-30307
Bat coronavirus BM48-31/BGR/2008/NC 014470/1-29276

SARS coronavirus/NG 004718/1-29751
100 — MG772933.1 Bat SARS-like coronavirus isolate bat-SL-CoVZC456/1-29802

100

e MG772934.1 Bat SARS-like coronavirus isolate bat-SL-CoVZXC21/1-29732
100 BetaCoV/bat/Yunnan/RaTG13/2013|EPI ISL 402131
100
'~ BetaCoV 2019-2020 |

100 Bat coronavirus 1B/NC 010436/1-28476

Bat coronavirus 1A/NC 010437/1-28326

Bat coronavirus HKUS/NC 010438/1-28773
Scotophilus bat coronavirus 512/NC 009657/1-28203
Porcine epidemic diarrhea virus/NC 003436/1-28033

Human coronavirus NLE3/NC 005831/1-27553

Human coronavirus 229E/NC 002645/1-27317

Bat coronavirus HKU2/NG 009988/1-27165

Feline infectious peritonitis virus/NC 002306/1-29355
Turkey coronavirus/NC 010800/1-27657

Avian infectious bronchitis virus/NC 001451/1-27608

Beluga Whale coronavirus SW1/NC 010646/1-31688

Wigeon coronavirus HKU20/NC 016995/1-26227

Night-heron coronavirus HKU19/NC 016994/1-26077

Common-moorhen coronavirus HKU21/NC 016996/1-26223

Thrush coronavirus HKU12-600/NC 011549/1-26396

White-eye coronavirus HKU16/NC 016991/1-26041

Munia coronavirus HKU13-3514/NC 011550/1-26552
IMagpie-robin coronavirus HKU18/NC 016993/1-26689
Sparrow coronavirus HKU17/NC 016992/1-26083

Porcine coronavirus HKU15/NC 016990/1-25437

109

93

100

1000

Full genome tree all
CoV families

* New nearest bat precursor shared
by Zhengli Shi’s lab included
(RaTG13/EPI_ISL_402131)

Genome identity to BetaCoV:

* 96% RaTG13 (nearest bat precursor)
+  88% ZC45/ZXC21 bat precursor

*+ 80% SARS

Orange ... bat RaTG13
Red ... BetaCoV 2019-2020
Blue ... SARS CoV

Purple ... MERS CoV
Green ... common cold CoV

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



Phylogénie genome entier des préecurseurs de SARS-CoV-2

hCoV-19/pangolin/Guangxi/P4L/2017|EPI_ISL_410538(2017

hCoV-19/pangolinfGuangxi/P3B/2017|EPI_ISL_410543|2017

_ . * New nearest bat precursor from Yunnan
e +hCoV-19/pangolin/Guangxi/P1E/2017|EPI_ISL_410539|2017 hiah identity in Orflab test
o, hCoV-19/pangolin/Guangxi/P5L/2017|EPI_ISL_410540|2017 2019 ( Ig _l en _l y In r ; a ' grea es i
| GoV-19/pangolin/Guangx/P5E/2017|EPL_ISL_410541(2017 d|ffe.rence. n Splke protein, reF:omblnatlon
hCoV-19/pangolin/Guangxi/P2Vi2017|EPI_ISL_410542|2017 or mixed viruses in metagenomlc sample, not
= | hCoV-19/pangolin/Guandong/1/2019|EPI_ISL_410721/2019 yet peer—reviewed)
hCoV-19/pangolin/China/MP783/2019|EPI_ISL_412860[2019-03-19 . Nearest pangolin precursors from
hCoV-19/pangolin/Guangdong/P25/20 19|EPI_ISL_410544]2019 Orange ... previous closest bat precursor (Yunnan 2013) Gu angdong (Southern China)
Red ... bat CoVs (Y 2019 .
ed .. newbat Covs (vunnan 2019) «  Previous closest bat precursor also from
. SunnanivDC- YR OIEPLISL_4084 Green ... pangolin CoV (Southern China 2019) Yunnan (Southern China) but sample from
1 ! N 1/2020]Ef 108489 131 Blue ... SARS CoV 2013
L 407
) L D( EPI I
L L_4021

hCoV-19/bat/Yunnar/RmYNO2/2019|EPI_ISL_412977|2019-06-25
.| SARS_coronavirus|NC_004718 A .
100 SARS_coronavirus_SZ3|AY304486.1

hCoV-19/bat’Yunnar/RmYNO1/2019|EPI_ISL_412976]2019-06-25




Black ... China (Wuhan
cases listed as C#)
Blue ... Asia (not
China)

Green ... Oceania
Magenta ... North
America

Red ... Europe
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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.
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Host receptor binding site differences between SARS, Additional Analysis for RaTG13 sequence
bat precursor (RaTG13) and human outbreak BetaCoV from Zhengli Shi’s lab

CAS Key Laboratory of Special Pathogens,
Wuhan Institute of Virology

Gray ... CoV spike glycoprotein
Red ... mutations between either SARS (left side) or bat precursor
RaTG13 (right side) vs human outbreak WIV04 CoV

SARS vs BetaCoV RaTG13 vs BetaCoV



Confirmed cases of 2019-nCoV

B Countries reporting cases

1 A

Le 23 janvier 2020
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Date of production: 23/01/2020



Le 31 janvier 2020

Distribution of 2019-nCoV cases as of 31 January 2020
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Biologie des premiers patients en France

. m vt e e e
[+
z
© i
g 10 -®- CASE 1-Husband
]
sz
s o M CASE 2-Bordeaux
= § 20
2 £ -4~ CASE 3-Father
£ 2 304 ¥~ CASE 4-Wife
T &
@
= CASE 5-Daughter
=
= 401
>
T T H T 7 £ .
Day after onset 1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 /[ 20
case #1 nd - - - - - nd nd - -
case #2 nd nd - nd nd nd nd nd [/
Blood case #3 + + + nd nd +
case #4 nd - - - - nd nd nd nd nd
nd - nd nd nd
case #1 nd - - nd nd - - nd nd -
case #2 nd nd - nd nd nd nd nd [/
Stools case #3 nd - nd - nd -
case #4 nd + 4+ nd nd + nd nd + nd
nd nd + nd +
case #1 nd nd - - nd - nd nd - -
Coniunctiva case #3 nd nd - nd - nd nd
J case #4 nd nd - - - nd - nd - nd
nd nd - nd -
Pleural fluid case #3 nd nd nd nd nd +

* symptom

onset

nd: not determined



Situation au 19 février 2020

BILAN EPIDEMIOLOGIQUE
Cas totaux: 75 192 cas dans le monde, 920 hors
Chine.

3 cas francais confirmés sur le bateau de
croisiere Diamond Princess (Japon).

Pays touchés : Chine, Hong Kong, Macao, lapon,
Singapour, Thallande, Corée du Sud, Australie, EtaE-Unis,
Malaisie, Allemagne, Taiwan, Vietnam, France [{12), Emirats
Arabes Unis, Australie, Canada, Inde, Philippines, Halie,
Royaume-Uni, Russie, Cambodge, Mépal, Sri Lanka,
Belgique, Finlande, Espagne, Suéde, Egypte et Iran
(information & confirmer).

Déces : 1 873 : 1 868 en Chine, 1 a Hong-Kong, 1
aux Philippines, 1 au Japon, 1 a Taiwan et 1 en
France.

COVID-19 cases
0-9

10-99

100 - 999

°
®
‘ 1000 - 9 999

210000 ' @S(;
C

2
T

I Countries reporting cases
Date of production: 19/02/2020



Situation au 28 février 2020

Natw of nesdielines Z28.-FahoN -



Le virus (diffusion) 10-3-20

Apparition des génogroupes

We gratefully acknowledge the Authors
from Originating and Submitting

laboratories of sequence data on which
the analysis is hased
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Diffusion fin mars en France

Carte incidence cumulée région pour 100000 hab — Source SpF

Nombre de nouveaux cas et décés de COVID par jour en France
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Diffusion fin mars en Europe
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Bilan impact international (mortalité) au 28 avril 2020

Daily death tolls are now at their peak or falling in many western countries

Daily deaths with coronavirus (7-day rolling average), by number of days since 3 daily deaths first recorded
Stars represent national lockdowns %
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" CT



* Larger clades were named
based on marker variants:

S ... ORF8-L84S

G ... S-D614G

V ... NS3-G251V

* 30-4-20

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



SURVEILLANCE DES VIRUS EN FRANCE (DONNEES GENOME ENTIER)
458 SNPS

oo e e Most of these sequences are
from Nextstrain clades 20A /
Pangolin Lineage B.1

e 0-14 nucleotide substitutions
from the inferred ancestor

e 458 positions with SNPs
20A (1.5% of the genome)

https://clades.nextstrain.org/tree




LES VIRUS EN FRANCE

Il san2020 7] Mar2020
[l Feb2020 Mar 2020
[l Mar2020 [ ™ar2020
B ™ar2020 Il Apr2020
7] ™Mar2020 Il sun2020

e Josset L, Reigue H, Lina B
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IMPACT INTERNATIONAL MI SEPTEMBRE 2020 “

(données ECDC)

14-day COVID-19 case notification rate per 100 000, as of 16 of September, 2020
<200 200-599 [ 00- 1199 [ = 1200 No new cases reported

P05 No cases reported by WHO and no cases identified in the public domain

Daily new confirmed COVID-19 cases per million people
Shown is the rolling 7-day average. The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited
testing.

200
Caech Republic
France
Jun Z: methacslogy
150
100 Hungary
ed Kingdom
50
A Italy
0 / 3
Mar 1, 2020 Apr 30 Jun19 Aug8 Sep 21,2020
Source: European COC - Situation Update Worldwide - Last updated 21 September, 10:35 (London time) cCBY




DONNEES FRANCE ENTIERE (SPF) MI SEPTEMBRE “
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ET DE LA SANTE

Prasrnn

Bl 7 dha




DONNEES FRANCE ENTIERE (SPF) MI SEPTEMBRE

Impact sur les métropoles
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Situation comparee Mars / Septembre 2020
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DONNEES FRANCE ENTIERE (SPF)

Les différents indicateurs (Reff ?77?)

Taux d'incidence R - Taux de reproduction effectif Taux d'occupation des litz en réa Tests RT-PCR réalisés Taux de positivité tests RT-PCR
87,52 / 100 000 hab. 1,06 [1,05 ; 1,07] 18%
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National

Adm. journaliéres a I'hopital Adm. journaliéres en hospitalisation réanimatoire
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Conclusions

Il y a toujours du neuf et de I'imprevu avec les virus respiratoires
Les données de surveillance de I'épidémie actuelle seront utiles pour le futur
Les nouvelles technigues sont une aide au diagnostic (sequence)

La question du vaccin et des antiviraux est vraiment d’actualité
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