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Etat des lieux depuis 1970

(liste non exhaustive)

1973
1977

1980
1982
1983
1986
1988

1990
1993
1994

Rotavirus

Ebola virus

Hantaan virus
Influenza A HIN1
HTLV-1

HTLV-2

HIV-1

HIV-2

Virus de I’ Hépatite E
HHV6 2000
Virus Guanarito
Virus Sin Nombre
Virus Sabia

Virus Hendra

1995 Virus de I’ Hépatite G
HHV8

1996 ESB (?)
Australian bat lyssavirus

1997 Influenza A H5N1 (1er)
Virus Menangle

1999 Virus Nipah
Influenza A HON2
Virus West Nile (Amériques)
Metapneumovirus humain

2003 Influenza A H5N1 (2e)
Sars-Co
Influenza A H7N7

2004 Influenza A H5N1 (suite)
other Influenza A viruses
NL coronavirus

2009 Influenza A HIN1pdm

2011 Influenza A H3N2v

2012 Mers CoV...

2013 Influenza A H10N7
Influenza A HEN1



Introductions depuis un réservoir animal (exemples)

* Rongeurs

— Hantaan virus (inclus Dobrava et Pumalaa)
* Volailles, Oiseaux

— Influenza A,

— Virus West Nile
 Cochons

— Influenza A,

— Virus Nipah
e Chauve-souris

— Australian bat lyssavirus,

— Virus Hendra,

— Virus Menangle,

— Ebola virus,

— Sars-Co

— MersCoV
* Singes

— HIv-1



Epidémiologie des virus émergents

Afrique

— Ebola, West Nile, etc..
Amériques

— Guanarito, Sin Nombre, Sabia, West Nile, etc...
Asie & Océanie

— Influenza, SARS-Co, Encéphalite Japonaise, Hendra, Nipah, Menangle, Hantaan
virus, etc

Moyen Orient

— NCoV

Europe

— Influenza, Encephalite a tique, Pumalaa, Dobrava, etc



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

Phases: précoce intermédiare
()] 2 (©))

02 22-Nov-02 13-Dec-02 03-Jan-03 24-Jan03 14-Feb-03 07-Mar-03 28-Mar-03 18- 2pr-03 09-May-03 30-May03 20-Jun03 11-Jc
date of ons et

= Janvier-Février 2003: épidémies nosocomiales (2)
= Février 2003: épisode de I’ hétel M. ¢ 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 I’ OMS de la fin de I’ épidemie :
8460 cas probables et 808 déces
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Il existe des « super transmetteurs » dans le SARS (> 8 cas secondaires)

Figure 2. Probable cases of severe acute respiratory syndrome b’
source of transmission in chain of 77 cases in Beijing, 2003.

Avénement non rare: # 5%
Relation avec:
facteurs environnementaux: hopital.....
patients dges ou atteints gravement.....
propriétés génétiques des souches ?
Shen Z EID 2004, 10



Le Mers CoV



Jordanian initial cluster (1)

Premiers cas en Jordanie en Avril 2012, identifiés 7 mois plus tard apres
I'identification de cas au Quatar et en Arabie Saoudite.

Parmis ces 13 cas confirmés ou probables, 10 étaient des soignants et 2
des contacts familiaux . Ces cas secondaires sont survenus en 2 vagues.

Le cas index avait 25 ans, et a développé les symptomes le 21 mars. |l fut
hospitalisé le 4 avril. Les premiers cas secondaires ont été des
infirmieres. Elles sont décédées toutes les deux.

Un rapport sur I'épidémie disait : “afin d’éviter la stigmatisation des
patients, le personnel soignant avait décidé de ne pas porter
d’éqguipement de protection individuel (excepté des gants) lors de la prise
en charge des cas...



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

100

Virus
100 Miniopterus bat coronavirus 1A AFCD62
as Miniopterus bat coronavirus HKU8 AFCD77
Porcine epidemicdiarrheavirus CV777
92
100

Scotophilus bat coronavirus 512/2005
100

a9 :Human coronavirus 229E
Human coronavirus NL63 Amsterdam 1

100

Rhinolophus bat coronavirus HKU2-GD/430/2006
Transmissible gastroenteritis virus PUR46-MAD

s4 == Bovine coronavirus Mebus

100 b Mouse hepatitis virus A59

92

Human coronavirus HKU1-A

100

61

SARS-related coronavirus Tor2
Rousettus bat coronavirus HKUS-1 BF-0051
Tylonycteris bat coronavirus HKU4-1 BO4f
100 Pipistrellus bat coronavirus HKUS LMHO3f
78 MERS coronavirus Hu/Jordan-N3/2012

_I:lnfectious bronchitis virus Beaudette
100 Beluga whale coronavirus SW1

= Vlunia coronavirus HKU13-3514

02

100 _E Bulbul coronavirus HKU11-934
100 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€ AHacoronaviius
Human coronavirus NL63
Rhinolophus bat coronavirus HKU2
Alphacoronavirus 1
Betacoronavirus 1

Murine coronavirus [a]
SARS-related coronavirus
Rousettus bat coronavirus HKU9 o]
Tylonycteris bat coronavirus HKU4
Pipistrellus bat coronavirus HKU5 [c]
To be established

Avian coronavirus

Human coronavirus HKU1

Betacoronavirus

Gammacoronavirus
Beluga whale coronavirus SW1

Munia coronavirus
Bulbul coronavirus Deltacoronavirus

Thrush coronavirus



Betacoronavirus

Alphacoronavirus

Gammacoronavirus
Deltacoronavirus

QUDE

Bat coronavirus Host Location Accession number
BtCoWAM314/2008 Pipistrellus bat MNetherlands GQ259977
BtCaoViM133/2005 Tywlonycteris bat China D648794 1
BtCoW/ 35542005 Fipistrellus bat China DQ&48809.1
BtCoWind34/2005 Fipistrelius bat China DQE48819.1
HEL4 Fipistrelius bat China (HK) D249214 .1
HKUS Tylonyctens bat China (HK) D0249217 .1

Renee 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/mBi0.00191-13.



‘ Unconfirmed

‘ Fatal

Emergence du MERS-CoV (2012)
- 55 confirmed cases, 31 deceased, 56% CFR -
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Emergence of MERS-CoV et des cas exportés
- 55 confirmed cases, 31 deceased, 56% CFR -
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Etat des lieux au 22 Novembre 2013
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MERS-CoV cases by reporting country, as of 21 November 2013 -
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Figure 1. Distribution of confirmed cases*® of MERS-CoV by month of onset and probable place of infection, March 2012 — 22 november 2013
(n=160*%)
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Figure 3. Distribution of confirmed cases of MERS-CoV by primary (N=39) and secondary cases (N=83) by gender and age group, March 2012 - 22
November 2013
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Courbe épidémique des 669 cas confirmés dé MERS-CoV (2012-2014)
avant le pélerinage de 2014
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Figure 1. Epidemic Curve of MERS-CoV Cases as of 9 June 2014 (n=699)*
*Does not include 113 cases announced on MOH website on 3 June as these cases are currently undergoing verification



Cas investigués en France au 20 nov 2014 (source INVS)
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tests virologiques

N° InVS DATE RECEPTION ORIGINE PRELEVEMENT NATURE PLT MERS-CoV 1er Rés
'r’ 10/05/2013 CHU Grenoble Nasopharyngé Négatif Négatif
S55 13/05/2013 CHU Bordeaux indéterminé Négatif Grippe A H3N2
S83 17/05/2013 CH Chambéry Nasopharyngé Négatif Picornavirus
$118 24/05/2013 Hépital Desgenettes Nasopharyngé Négatf Négatif
S120 26/05/2013 CH Saint-Etienne Nasopharyngé Négatif Picornavirus
MPO002 20/05/2013 CH Toulouse Nasopharyngé Négatif Paralnfluenza
S143 30/05/2013 CHU Lyon - HEH LBA Négatif Négatif
S165 07/06/2013 CHU Lyon - CHLS Nasopharyngé Négatif Picornavirus
$172 (sud011) 11/06/2013 Hoépital Nord - Marseille Crachat Négatif Grippe A H3N2
S203 23/06/2013 Centre Hospitalier - Cannes Nasopharyngé Négatif Grippe A H3N2
CAQO009 27/08/2013 CH - Bordeaux Nasopharyngé Négatif Grippe A H3N2
S274 24/09/2013 CH St Jospeh-St Luc Crachat Négatif Coronavirus
SuD021 25/10/2013 CH Avignon Nasopharyngé Négatif Picornavirus
CRAO19 25/10/2013 CH Valence Nasopharyngé Négatif Coronavirus
Cas 30-20 25/10/2013 CHU Nimes Nasopharyngé Négatif Grippe A H3N2
CRA020 26/10/2013 CHU Lyon - X Rousse / Chalier Aspiration Négatif Négatif
976-01 28/10/2013 Mayotte / La Réunion Aspiration Négatif Picornavirus
S304 28/10/2013 CHU Lyon - X Rousse / Mallet Aspiration Négatif Grippe A H3N2 + corona
Cas 30-20 29/10/2013 CHU Nimes Crachat Négatif Grippe A H3N2
CRA021 30/10/2013 CH Lyon - HEH / Surv Cont N1 Nasopharyngé Négatif Grippe A H3N2 & H1IN1pdm
CRA022 30/10/2013 CH Lyon - HEH / UHCD N Nasopharyngé Négatif Coronavirus + picorna
CRA023 31/10/2013 CH du pays de Gier - St Chamond Crachat Négatif Grippe A
CLR30-02 31/10/2013 CHU Nimes Nasopharyngé Négatif Picornavirus
976-01 31/10/2013 Mayotte / La Réunion Aspiration Négatif Picornavirus + Para
976-02 31/10/2013 Mayotte / La Réunion Aspiration Négatif Pico+Corona 0C43
AMO6 01/11/2013 CHRA Annecy ANP Négatif Picornavirus
D002 02/11/2013 HIA Desgenettes Nasopharyngé Négatif Grippe A H3N2
Cluster#1 02/11/2013 CHU Toulouse Nasopharyngé Négatif Grippe A (HIN1)pdmO09
Cluster #2 02/11/2013 CHU Toulouse Nasopharyngé Négatif Grippe A (HIN1)pdmO09
AM13 02/11/2013 CHU Clermont-Ferrand / Aurillac Nasopharyngé Négatif Grippe A H3N2
CRA024 04/11/2013 CH Lucien Hussel - Vienne Nasopharyngé Négatif Négatif
CRA027-DC 06/11/2013 HIA Desgenettes Nasopharyngé Négatif Picornavirus + adv
CRAO26 06/11/2013 CHU St Etienne Crachat Négatif Picornavirus
Auv_10 12/11/2013 CHU Clermont-Ferrand Nasopharyngé Négatif Grippe A
Cas Contact Auv_10 12/11/2013 CHU Clermont-Ferrand Nasopharyngé Négatif Grippe A
CE181113 19/11/2013 CH Macon Crachat Négatif ADV




Origine du Virus? Etude N°1

Ethiopia

sérologie positive dromadaires (14-100%)

Détection virale par RT-PCR (4-35%)
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Origine du Virus? Etude N°2 dans les pays fournisseurs

Figure. Arabian Peninsula and
neighboring countries of the Greater
Horn of Africa in 2014. The study sites
Egypt, Sudan (separated into Sudan and
South Sudan), and Somalia are in dark
orange and labeled with the year the
camels were sampled, the number of
samples, and the percentage of samples
that were reactive in the MERS-CoV
ELISA. Countries with previously
reported MERS-CoV seropositive
dromedaries are in light orange
(overlap shown in stripes).

1983:n =25
(80.0%)

1984: n = 61
(85.2%)



Etude N°3 : Prévalence des Anticorps contr le virus du MERS-CoV
chez les camélidés en Afrique et en péninsule Arabique

Tunisia

2000 54% (158 A)
2010 20% (45 J)
Spain

(Canary Islands)

NS
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7013 1“(’.’” 2013 100% (11 J)

13‘% 8 J]

‘ Kuwait
Egypr N ‘
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(127 A} 2012 100% {14 A)
”‘ Oman

Sudan 2013 100% (50 A)
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2010-2013 G6% (245 A 72% {55 J)
2013 S5% (98 A} 5% (104 J)
2000 9% 23 A) 6% (21 )
2008 S2% (26 A) T2% {56 J)
2004 100% (B A)

1996 100% (B A)



ng 1S

R
o7 =
o i, 8

influenzavirus emergents

Bruno Lina
Hospices Civils de Lyon, CNR des virus influenza (Sud), F69677, Bron
VirPatH, EMR 4610, Université de Lyon, F69372, Lyon



Acteur #1 : le virus

H1N1 A/NewCaledonia/20/99 H3N2 A/California/07/04
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Acteur #2 : le vecteur




Acteurs #3 : les vecteurs animaux™

* Uniquement pour les pandémie
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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 projetées par la toux ou les
éternuements. Le virus pénetre dans I'organisme
via le nez, la bouche et les yeux



La grippe aviaire: une infection impossible
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Variations sur le RBS : 02,3 et 02,6

’
Ser 193

Gin 189
RS

%

c20
Polybasic
cleavage
sile and
is Patch

D154 D’apres Skehel & Wiley, 2000



Zone d’interaction entre acide sialique
de type 02,6 et le RBS

Lys222 ——+= GQGal-2 Lys156 ——» Glc-5 Thris§ — Gal4
Aspl9 — GleNAc-3 Ser193 —= Gle-S Ginlse —= Gal-4
Ser193 — Gal4 Ser13l —= Gle-5

Serl33 — (Gle-S
Thri3s — Glc-5

Sia - Gal - GlcNAc - Gal - Gle

a2-6 P14 B1-3 P-4

D’apresRJ Russell, G lucoconj J 2006



Les (nombreux) facteurs limitants

MALIS...

Tahle 2

Known mutations and associated mechanisms of adaptation of zoonotic influenza viruses to human hosts via the crossing of virus—cell interaction barriers.

Virus—cell interaction barrier Protein MMutation Adaptive mechanism Ref.
Virus attachment HA M1545 Increases a2,6 binding in HS subtype [19:4]
MN182K Increases «2,6 binding and decreases o2 3 binding in HS subtype  [194,195]
E1900 Increases a 2,6 binding in H1 subtype [86.196]
Q1azr Increases a2,6 binding and decreases 02,3 binding in HS subtype  [195]
D226 Increases 2,3 binding in H1 subtype [F5.197]
Q2221 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
5223N Increases 2,6 binding and decreases 2.3 binding in HS subtype  [194]
2245 Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
G225D Decreases o2, 3 binding in H1 and HY subtypes [81.86,196]
Q2361 Increases a2,6 binding and decreases 2.3 binding in H2, H3, H4, [81.86,198,199]
HE5 and HY subtypes
S2ITN Increases a2,6 binding and decreases 02,3 binding in HS subtype  [200,201]
2285 Decreases a2, 3 binding in H3 subtype [86,198.201]
Increases 2,6 binding in H2 and HS subtypes
L1200V + 48134 Increases a2 6 binding possibly in HS subtype [202]
G139+ N182ZK Increases a2,6 binding in H5 subtype [19:4]
QI92R+5223N Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
Q2221 +G2245 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
SXITH+MST158 — 150MNA Increases a2,6 binding in H5 subtype [203]
MN1585+ (226L+N243D Increases o2 6 binding and decreases w23 binding in HS subtype  [194,20:4]
MIBZK+ Q2221 +G2245 Increases a2,6 binding and decreases 02,3 binding in HS subtype  [194]
QI92R + 2220+ G2245 Increases a2, 6 binding and decreases o2 3 binding in HS subtype  [194]
Q222+ 5223N+ 62245 Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
M5T15B-150NNA + K193R +Q226L +G2285 Increases 2,6 binding and decreases 02,3 binding in HS subtype  [205]
M182K+0Q222L+5223N + 2245 Increases a2 6 binding and decreases 2.3 binding in HS subtype  [194]
QI92R+ Q2221 +522IN+G2245 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
N182K+Q192R+ Q222L+5223N+ G2245 Increases 2,6 binding in HS subtype [194]
Wirus—cell fusion HA Single R cleaved site Allows cleavage by extracellular host proteases restricted to [92]
respiratory tract in humans
Mulri-basic cleaved site Allows cleavage by ubiguitous intracellular host proveases present  [92]
in various tissues in humans
Viral replication PBE1 +PB2 Unknown Increases polymerase activity of HPAIWV HSN1 in human cells [126]
{unknown mechanism)
rEZ E158G Increases polymerase activity of HPAIV HSN1 in human cells [121]
{unkmown mechanism)
T271A Increases polymerase activity of LFAIV H3N2 in human cells [124]
{unknown mechanism)
Qo1 K Increases polymerase of HPAIN HSMN1 activity in human cells [1:20]
(unknown mechanism)
EGZT K Increases polymerase activity by increasing PB2 and NP binding in  [118]
human cells
D253N+ 0291 K Increases polymerase activity of LPAIV HONZ2 in human cells [122]
{unkmown mechanism)
G505+ Q501 R Increases polymerase activity of 2009 pandemic HIN1 virus in [123]
human cells {unknown mechanism)
PA T5525 Increases polymerase activity of avian influenza viruses in [125]
mammalian cells and increases pathogenicity in mice (unknown
mechanism)
NP+ PE2Z NI19K+D701 N Increases polymerase activity by increasing binding of vRENP to [112]
impartin-a 1, and shifting nuclear import dependency from
impartin-u3 to importin-oF in human and other mammalian cells
Virus release MN& 1275W Increases a2 b substrate specificity in N2 subtype [133]
Viral escape from host HA Antigenic shift Escapes pre-existing humoral immunity [134]
immune responses M5 D9ZE Confers HPAIV H3N1 resistance to [FM-x, IFN-y and THF-oc [134]
{unkmown mechanism)
P425 Prevents double-stranded RMNA-mediated activation of MF-kB and  [140]
IRF-3 pathways during HPAIV HEN1 infection
L103F+1106M Allows binding of HPAIV H5M1 N51 protein and CPSF30 resulting  [141]
in decreased IMF-B mEMA production
PDE domain ligand in C-terminus Disruption of protein-protein interactions, including impairment [ 142-145]
of IFN-stimulated signaling, disruption of tight junctions, and
reduction of apoptosis
PBI1-F2 MNEES Unknown mechanism associated with apoptosis pathway [150]

regulation



a. Nasal b. Paranasal

c. Pharynx
.

Distribution des
recepteurs a 2-6 et
a 2-3 dans l'arbre
respiratoire humain

. . 9. Alveolus
- T ~

Shynia, Nature 2006



Les etapes du franchissement




Influenza pandemics in the XXth century

1918: “Spanish Flu” 19587: “Asian Flu” 1968: “Hong Kong Flu”

40-50 14 T
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Mecanisme theorique de |'emergence du
virus A HINI : mutation du RBS

A H,N,

D’apres Taubenberger




Bascule de 'attachement de H1N1
en 1918
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Les deux modes d'adaptation des
virus influenza :
reassortiments






Réassortiment génétique : échanges de genes entre virus

e

Emilie FOURNIER (Strasbourg) . Dr Daniel THOMAS ( Rennes) ; Dr Vincent MOULES (Lyon)



Réassortiment génétique en 1957 : introduction des genes Ha/PB1/Na

ea

Emilie FOURNIER (Strasbourg) . Dr Daniel THOMAS ( Rennes) ; Dr Vincent MOULES (Lyon)



Réassortiment génétique en 1968 : introduction des genes Ha/PB1

ea

Emilie FOURNIER (Strasbourg) . Dr Daniel THOMAS ( Rennes) ; Dr Vincent MOULES (Lyon)



Les deux modes d'adaptation des
virus influenza :
mutations



Alerte N°1 : H5N1



HSN1 (grippe aviaire)

Areas reporting confirmed occurrence of HSN1 avian influenza in poultry and wild birds since 2003
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Distribution of the death recorded

Number of Confirmed Human H5N1 Cases
by month of onset as of 2011-08-03
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H5N1

Virus attachement
NON

Virus fusion NON

Virus replication OK

Tahle 2

Known mutations and associated mechanisms of adaptation of zoonotic influenza viruses to human hosts via the crossing of virus—cell interaction barriers.

Virus—cell interaction barrier Protein MMutation Adaptive mechanism Ref.
Virus attachment HA M1545 Increases a2,6 binding in HS subtype [19:4]
MN182K Increases «2,6 binding and decreases o2 3 binding in HS subtype  [194,195]
E1900 Increases 2,6 binding in H1 subtype [86.196]
Q1azr Increases a2,6 binding and decreases 02,3 binding in HS subtype  [195]
D226 Increases 2,3 binding in H1 subkype [F5.197]
Q2221 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
5223N Increases 2,6 binding and decreases 2.3 binding in HS subtype  [194]
2245 Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
G225D Decreases o2, 3 binding in H1 and HY subtypes [81.86,196]
Q2361 Increases a2,6 binding and decreases 2.3 binding in H2, H3, H4, [81.86,198,199]
HE5 and HY subtypes
S2ITN Increases a2,6 binding and decreases 02,3 binding in HS subtype  [200,201]
2285 Decreases a2, 3 binding in H3 subtype [86,198.201]
Increases 2,6 binding in H2 and HS subtypes
L1200V + 48134 Increases a2 6 binding possibly in HS subtype [202]
G139+ N182ZK Increases a2,6 binding in HS subtype [19:4]
QI92R+5223N Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
Q2221 +G2245 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
SXITH+MST158 — 150MNA Increases 2,6 binding in HS subtype [203]
MN1585+ (226L+N243D Increases o2 6 binding and decreases w23 binding in HS subtype  [194,20:4]
MIBZK+ Q2221 +G2245 Increases a2,6 binding and decreases 02,3 binding in HS subtype  [194]
QI92R + 2220+ G2245 Increases a2, 6 binding and decreases o2 3 binding in HS subtype  [194]
Q222+ 5223N+ 62245 Increases 2,6 binding and decreases 2.3 binding in HS subtype [ 194]
MET158-150MNA + K193R+226L +G2285 Increases a2 6 binding and decreases 2.3 binding in HS subtype  [205]
M182K+0Q222L+5223N + 2245 Increases a2 6 binding and decreases 2.3 binding in HS subtype  [194]
QI92R+ Q2221 +522IN+G2245 Increases a 2,6 binding and decreases 02,3 binding in HS subtype  [194]
N182K+Q192R+ Q222L+5223N+ G2245  Increases 2,6 binding in HS subtype [194]
Wirus—cell fusion HA Single R cleaved site Allows cleavage by extracellular host proteases restricted to [92]
respiratory tract in humans
Mulri-basic cleaved site Allows cleavage by ubiguitous intracellular host proveases present  [92]
in various tissues in humans
Viral replication PBE1 +PB2 Unknown Increases polymerase activity of HPAIWV HSN1 in human cells [126]
{unknown mechanism)
rEZ E158G Increases polymerase activity of HPAIV HSN1 in human cells [121]
{unkmown mechanism)
T271A Increases polymerase activity of LFAIV H3N2 in human cells [124]
{unknown mechanism)
Qo1 K Increases polymerase of HPAIN HSMN1 activity in human cells [1:20]
(unknown mechanism)
EGZT K Increases polymerase activity by increasing PB2 and NP binding in  [118]
human cells
D253N+ 0291 K Increases polymerase activity of LPAIV HONZ2 in human cells [122]
{unkmown mechanism)
G505+ Q501 R Increases polymerase activity of 2009 pandemic HIN1 virus in [123]
human cells {unknown mechanism)
PA T5525 Increases polymerase activity of avian influenza viruses in [125]
mammalian cells and increases pathogenicity in mice (unknown
mechanism)
NP+ PE2Z NI19K+D701 N Increases polymerase activity by increasing binding of vRENP to [112]
impartin-a 1, and shifting nuclear import dependency from
impartin-u3 to importin-oF in human and other mammalian cells
Virus release MN& 1275W Increases a2 b substrate specificity in N2 subtype [133]
Viral escape from host HA Antigenic shift Escapes pre-existing humoral immunity [134]
immune responses M5 D9ZE Confers HPAIV H3N1 resistance to [FM-x, IFN-y and THF-oc [134]
{unkmown mechanism)
P425 Prevents double-stranded RMNA-mediated activation of MF-kB and  [140]
IRF-3 pathways during HPAIV HEN1 infection
L103F+1106M Allows binding of HPAIV H5M1 N51 protein and CPSF30 resulting  [141]
in decreased IMF-B mEMA production
PDE domain ligand in C-terminus Disruption of protein-protein interactions, including impairment [ 142-145]
of IFN-stimulated signaling, disruption of tight junctions, and
reduction of apoptosis
PBI1-F2 MNEES Unknown mechanism associated with apoptosis pathway [150]

regulation



Alerte N°3 : H5NS8



Alerte N°3 : H/N9



Alerte N°3 : H10N7



Gestion de la situation des virus influenza
zoonotiques

C’est un défi :

Expliquer I'incertitude

« Expliquer que c’est évolutif

Alfredo Estrella f AFP / ett',' Images

noe RN | A
To mNK: i o vazi -

« Expliquer qu'on peut changer de
braquet

« Expliquer qu'il faut envisager le pire
en esperant le meilleur




Caractéristiques des épidémies
a virus Ebola

Bruno LINA
Laboratoire de Virologie Est, HCL, CNR des virus influenzae
VIRPATH - EMR 4610, Université Claude Bernard Lyon 1
LYON, France
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Ebola : comment ca marche?
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Epidéemiologie du vecteur et des virus

s T e,
T a
"y'W‘E;V"‘T
-y
A
J—— é;"'f—
QTR

. .;/f‘
~, .
~.
~~~
L\
AY
Y
!
E
.
A\
7‘.-.~ B
. LS s o
. :
N,
'~ .
. !
= . A3
R Ty KN
Lyt
a ‘E\_ . b‘;v‘.\\\ “ .
L Location of reported Ehola Restan outbreaks in animals ] . os o
LY
* Location of reported Ebola outbreaks or isolated cases wj\\ "% = 1
- - . =4
" -= Home range of Pteropodidae family of fruit bats .*h‘\'l . N "l‘
- (Y : »
D Countries with serological evidence \:\1 . -
- .
:I Countries reported Ebola imported case in human \ ; 4
L~ Ng A
- Countries reported Ebola haemorhagic fever outbreaks . FA) -~ { 4 ‘(:Q‘k
~axe! 2
I:I Countries reported Ebola Reston outhreaks in imported mankeys from Philippines . t:j ¥’
0 1,250 2,500 5,000 Ki ters
- Countries reported Ebola Reston outhreaks in mankeys and domestic pigs £
L4 -
| TN '
i ianat i i : i - G, World Health
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data Source: Globel Alert and Response Department ¥ M Jncd
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, KqurIrljDHeaHh OFQS”'Z?“&” forra NS4 Organlzatlon
or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which ap Produstion: Public Health Information

and Geographic Information Systems (GIS)

there may not yet be full agreement. World Health Organization

© WHO 2009. All rights reserved



Distribution geographique des virus Ebola et des cas/
epidémies chez ’hnomme ou I'animal
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Ebola : les trois phases cliniques chez 'lhomme

Paralysis of the cellular
/’—' antiviral response T lymphocytes
CD4+/CD8*

___. | Dysregulated Apoptosis
gostipuiation / Lymphopenia
Dendritic cells TNF-a
Viral GP? Immunosuppression

Macrophages

/0//. TNF-o Increased vascular
/ J IL-6 permeability
Uncontrolled TF Coagulation
activation Endothelial cells — | dysregulation
(DIC)

+ »
Uver'stfunction Hemorrhagic
Inhibition of - - TS
clotting-factor synthesis y
| ;

Hypotension Shock

Metabolic disorder Multiorgan failure
Adrenal cells




Clinical disease
Generalization phase

Fever
Headache
Chiils
Myalgia
Malaise

Fatigue
Nausea
Vomiting
Diarrhea

Abdominal pain
Conjunctivitis
Rasivenanthem
Pharyngitis

Early organ phase
Fever Dyspnea
Melena/blood diarrhea Conjunctival injection
Hematemesis Edema

Exanthema Apathy/depression

Petechiaa/ecchymases Irritabiity/aggression
Mucosal hemorrhage
Visceral hemormrhage

Evolution clinique des patients : les trois phases de I'évolution

Late organ or convalescence phase

Fever Myalgia
Obtundation Arthralgia
Dementia Hepatitis
Coma Asthenia
Convulsions Ocular disease
Diffuse coagulopatiy Psychosis

CETELTTRE S ITLWELTEES Social separation

Shock
lncubalton' 1 2 3 4 5 6 7 a8 9 10 1 12 13 14 15 16 17 18 19 20 21
2-21 days
Virus detection
1 Reverse franscription PCR ND
. Antigen
IgM 168
~ 1gG L, 749
rdd
Clinical chemistry N N X ) ) X N X
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+ Leukocytes
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Bilan au 26 novembre 2014 (donnée OMS)

Table 1: Confirmed, probable, and suspected cases in Guinea, Liberia, and Sierra Leone

Case definition Cumulative cases Cases in past 21 days Cumulative deaths

Confirmed 1850 374 1050
i Probable 210 * 210
Guinea
Suspected 74 * 0
Total 2134 374 1260
Confirmed 2727 319** ¥
o .5 Probable 1754 * 1
Liberia
Suspected 2687 * ¥
Total 7168 319%* 3016
Confirmed 5441 1339 1189
. Probable 79 * 174
Sierra Leone
Suspected 1079 * 35
Total 6599 1339 1398
Total 15901 2032 5674

Data are based on official information reported by ministries of health, through WHO country offices. These numbers are subject to change
due to ongoing reclassification, retrospective investigation and availability of laboratory results. *Not reported due to the high proportion of
probable and suspected cases that are reclassified. **Data available for past 20 days only. *Data not available. *Data missing for 23
November.

Table 5: Ebola virus disease infections in health-care workers in the three countries with intense transmission

Country Cases Deaths
Guinea 97 56
Liberia 342 172
Sierra Leone 136 105
Total 575 333

Data are based on official information reported by ministries of health. These numbers are subject to change due to ongoing reclassification,
retrospective investigation and availability of laboratory results.



Guinea

Liberia

Sierra Leone

All countries

21 February
2015

21 February
2015

17 February
2015

Confirmed
Probable
Suspected
Total
Confirmed
Probable
Suspected
Total
Confirmed
Probable
Suspected
Total

Total

Number of
cases

Cumulative
2758
387

10
3155
3153
1888
4188
9229
8223
287
2645
11 155
23 539

Number of
deaths

Cumulative
1699

387

Not available!
2086

Not available
Not available!
Not available!
4032

3057

208

158

3423

95411



Point de départ (Fev-Mars 2014) et situation actuelle
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Incidence cumulative des cas depuis fevrier 2014
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Total cumulés des cas et depuis le 25 mars 2014
(Guinée, Libéria, Sierra Leone)
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Total cumulés des cas et des deces depuis le 25 mars 2014
(Libéria)
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Total cumulés des cas et des deces depuis le 25 mars 2014
(Sierra Leone)
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L ocalisation et mise en ceuvre des centres de traitement

Figure 5. Ebola Treatment Centres in Guinea, Liberia and Sierra Leone
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Localisation des laboratoires de diagnostic virologique

Figure 6. Status of laboratories deployed in the affected countries to support the Ebola outbreak response
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Comment lutter contre des “mythes”

Certains pretendent que les mesures suivantes ont un effet
prophylactique ou thérapeutique :

— Macher du cola amer (Gracinia cola ou G. Afzelii)

— Manger de I'ewedu a base de cochorus olitorius (un legume fréquement
utilisé dans la soupe au Nigéria)

— Prendre des bains salés, et boire 'eau du bain
— Prendre des bains de Kerosene

— Prendre des bains pour blanchir la peau (hypochlorite de sodium ou eau de
javel)

Les réseaux sociaux ont été trés efficaces pour véhiculer ces “mythes”

Il a été rapporté des déces liés a la prise réguliere d’eau saturée en sel
au Nigéria



Ce n’est pas la premiere fois qu’il y a des cas d'importation :
exemple de Marbourg :




Y-a-t'il un lien entre le delai de reponse et la durée des
epidémies?

Outbreak W1 W2 W3 W4 W5 W8 W7 W8 WS WIOWTTWI2WISWI4WISWISWI7TWISWI19W20W21 W22W23W24W25W28 W27 W28W29 W30
Sudan 1976 ' ‘
DRC 1976
Sudan 1979
Gabon 1994
DRC 1995
Gabon 1996
Gabon 1996
Uganda 2000
Gabon 2001-2
Congo 2002
Gabon 2002
Congo 2002
Congo 2003
Sudan 2004
Congo 2005
DRC 2007
Uganda 2007
DRC 2008-9
Uganda 2012
Uganda 2012
DRC 2012




La protection efficace des EPI modernes




Conclusions

La plus grande épidémie a Ebolavirus enregistrée a ce jour (probleme de la
diffusion du virus en zone urbaine)

Le nombre de cas augmente encore, mais pas de fagon exponentielle.
Les pays voisins doivent étre en alerte et vigilants

Comme toutes les épidémies liées a des virus donnant des infection aigues,
elle va se terminer, mais elle recommencera

La réponse apportée a ce jour en terme de formation, de prise en charge et
de développement de thérapeutique ne peut étre qu’'une réponse au long
cours

La réponse pour se protéger a distance est de maitriser I'épidémie sur place
Par I'éducation, il faut lutter contre les préjugés et les mythes
Actuellement, il convient de passer un message d’espoir aux malades



The deadly Ebola virus

One of the most dangerous viruses
known to man

First identified in 1976 ; \ Also documented

in DR COngo and Sudan - in...
' / A l'r‘an'uset:lo 'afteir Fruit bats of the
"‘ . the a river Pteropodidae family
\i( \’ " inDR Congo considered the natural
- host of the virus >
w v Gorillas
Five known The most -
species of severe strains ’
the virus, have a it 4
3 are 90 percent nhumans ", gg i
particularly fatality rate Early stage |/ '
dangerous in humans Sudder{ onsget ‘ Exposure Chimpanzees
of fever, intense | - From dlrec;‘ -
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318 cases headache, | aeces, sweat :
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52 h iarrhoea, 5 andling o
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254 gxternal - f contaminated
eeding \ / objects
1996 Gabon 60 \ &1 /
. 45 ) - No vaccine
Ugand 425 (. \ orcure
2000 gands oEE NN 224
65 =
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143 s
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264
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