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Quelgques éléments de
compréhension de la reponse
Immunitaire contre la grippe



Basiques de la réponse immunitaire

La réponse immunitaire comporte plusieurs composants:
I Réponse innée
I Réponse adaptative primaire
I Réponse adaptative mémoire

Sa qualit® et son action d®pends
T Défaillante aux extrémes de la vie
1 Efficace entre ces deux extrémes

Elle est globalement tres performante, permettant de maitriser le
risque infectieux et le risque tumoral

EI'l e a un mode de fonctionnement
fonction des pathogenes rencontrés.



Phase 1 : la réponse innée

IL-1; TNF ; IL-6
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REPONSE INNEE ADAPTATIVE

- Les deux bras du systéme immunitaire des vertébrés,
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Phase 2 : la réponse adaptative

Cellular adaptive immune responses Humoral adaptive immune response

EXPANSIONCONTRACTION MEMORY

INITIAL PHAS! ISOTYPE SWITCHING

IgG,IlgM | LIDs L3axr LIDMS LIDHI
Low affinity | High affinity

A A

Antigen CD4+ IIE:eIEIs Serum antibody

| | Longlived plasma cells
\ . CD8+ Tells
§ : Memory Bcells

| k Shortlived plasma cells

»
»

. T-cell memory

Magnitude

Magnitude

v

Time post immunization Time post immunization

Seder RA and Ahmed Rat Immun2003;9:835842.



Si on tente de détailler (simplement)

CD4 T cells
IFNg, TNFa, IL-2,
Chemokines, CD40L

Cytokine release

T hel ibiti
Switch isotypi?que YYYY I|:? :;_blggntosis
Y gocy

/N

Systemic response Mucosal response
Dendriticcells (IgG1 IgA) (IgGIgA)

CDS8 cytotox ic from A SmedSorensen
MHC class Il (red) virus (green)
T cells

wgA: first line of defense in respiratory tract
(prevent viral infection)

Renegar et al 2004
NK cells
Effector wMucosal T cell response

CD8 T cell Arulanandam et al 2001
IFNg, TNFa,

Chemokines, CD

Neutralization




Limites de ce systeme aux capacites illimitées

ATarget groups: A T or B cells

haematopoietic
bone marrow

oWithout immunological
experience (or little)

« Large number of
naive B cells of
diverse specificity

« Small number of
memory B-cell clones

Pool of naive T and
oWith immunological B cells
experience (multiple
infection/ multiple

vaccination)

« | production of
naive B cells

« Accumulation of
memory B cells and
plasma cells

« Limited specificities

i "Elderly individual
oWith longterm g erly individua
Decreased

immunological experienclBut | | haematopoietic
aged immune system bone marrow

Nature Reviews | Immunology
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Immunoseénescence
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Immunosénescence

Features

Increase

Decrease

No change

Innate immunity
Phagocytosis

Free radical production
Chemotaxis

Cytokine production
Myeloid cell number
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Adaptive immunity
MNaive cell number

Memory cell number

T regulatory cell number
T regulatory cell function
Proliferation

IL-2 production

B regulatory cell number/function
B cell immunoglobulin production
B cell autcantibody production
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Changes are indicated with a checkmark w‘ ) and, absence of changes with a

horizontal bar (—).



Les défis de la vaccination contre
la grippe



LOoOevolution permanente e

Hemagglutinine

Neuraminidase

Anticorps
Acide sialigue
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CD4 T cells
IFNg TNR, -2,
Chemokines, CD40L

Cytokine release
T help

Switch isotypique

Neutralization

Y Inhibition
YYYY Phagocytosis

@ ADCC
/>

Systemic responst
B cells (I9G. IgA)

Dendritic cells

from A Smed Sérensen M Ucosal response
CD8 cytotOXIC e class i (red) virus (green) (IgG, IgA)

wlgA: first line of defense in
respiratory tract (prevent viral
infection) Renegar et al 2004
wMucosal T cell response
Arulanandam et al 2001




B cell differentiation




Immune responses to inactivated influenza vaccines in elderly

CD4 T cells
IFNg TNR, -2,
Chemokines, CD40L

Dendritic cells

from A Smed Sérensen

CD8 CytOtOXiC MHC class Il (red) virus (green)
T cells

NK cells

Effector

Chemokines, CD

Cytokine release

B cells

Neutralization

Y Y Inhibition
YY Phagocytosis

ADCC

Systemic responst
(19G, IgA)

Mucosal response
(19G, 1gA)



Conclusion

ALa r®ponse immunitaire est perfor meé
A Les vaccins utilisent efficacement le systéme immunitaire

A Les cibles de la vaccination sont ceux qui répondent le moins bien a la
stimulation immunitaire (tant pour la réponse post infectieuse que la réponse
post vaccinale)

A Les vaccins inactivés induisent une réponse trés spécifique de souche

A Tous ces éléments « fragilisent » le vaccin, mais ne remettent pas en cause
les politiques de vaccination

A Ils entrainent la nécessité de préparer de meilleurs vaccins



Les défis des vaccins contre la grippe

A Le bon choix des souches vaccinales est crucial
ALa pr®vision de | 6®volution des v

A Les vaccins doivent étre bien évalués



Types, sous-types & lignages des virus influenza circulant
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Protection par les anti-corps specifiques

Hemagglutinine

Neuraminidase

Anti-corps
Recepteur




Glissement antigénique : échappement immunitaire

Hemagglutinin

Neuraminidase

Neut. AB
Sialic Acid



Evolution permanente des prototypes des virus circulants

1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011| 2012 | 2013 | 2014 | 2015| 2016| 2017 | 2018

A(H3N2)
A/Sydney/5/97
A/Moscow/10/99
AlFujian/411/2002
AlCalifornia/7/2004
A/Wisconsin/67/2005
A/Brisbane/10/2007
A/Perth/16/2009
AlVictoria/361/2011
AlTexas/50/2012
A/Switzerland/9715293/2013
A/Hong Kong/4801/2014
A/Singapore/INFIMH 6-0019/2016
A(H1N1)
A/Beijing/262/95
A/New Caledonia/20/99
A/Solomon Islands/3/2006
A/Brisbane/59/2007
AlCalifornia/7/2009
A/Michigan/45/2015
B
B/Beijing/184/93 (Yam)
B/Sichuan/379/99 (Yam)
B/Hong Kong/330/2001 (Vic)
B/Shanghai/361/2002 (Yam)
B/Malaysia/2506/2004 (Vic)
B/Florida/4/2006 (Yam)
B/Brisbane/60/2008 (Vic) 1T
B/Wisconsin/1/2010 (Yam)
B/Massachusetts/2/2012 (Yam)
B/Phuket/3073/2013 (Yam) iii
B/Colorado/06/2017 (Vic)

i1t ond B strain for quadrivalent vaccine if needed
2nd B strain for quadrivalent vaccine OMS recommendation




| e do®vol ution des
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Yamashita et al.Virology, 1988



Exemple : | 0®vol u-2009n d

Virus 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

A(H3N2)
Aftiong Kong/1/68

AlEng 42/72
A/Port Chalmers/1/73
Sco m%a

NMisﬂssippi/dlss

NSk:

anngsmla’l

Naegmgw

NJo urg/33/94
A/Wui hanl359/95
AJS 15/97

NFuﬁanldﬁ%ga
A/Wellington/1/04
A/California/7/04
A/Wiscosin/67,

A/Brisbane/10/07




Methode « classique » de comparaison des virus :
Les

t abl

Table 9-7. Antigenic analyses of influenza A[H3N2) viruses (Guinea Pig RBC with 20nM Oseltamivir) 2015-01-20

e au

X

dol

H

Hasmagglutination Inhibsicn titre’

Poct Infeotion ferret anticera

Viruces Calleoticn Pacsage AiPerih AN ATexas AiBamara A aztook Aistook Arzwitz aitwitz K ATHE
Date History 18/0 38111 BIV1Z TE3 148113 B B4 BTIGZEENE  BTIEIBANE 5738114 5738114
F12M1  TICFI8AZ  Ego FezMa F2ens Fann3 FI&N4  EQoF20f4 NI Flaie FIEM4 TG F30M4  MIS FEAI4
ELE acia c3a
Genetio group 36 3c w3 acz ac.3a e alate 3 3c3a - 022 1

REFERENGE VIRUSES
AFerthi 182008 2008-07-04 EXE1 240 120 188 180 320 & 180 “ a0 “ 40
ANieforiarg 12011 201 2011-10-24 MOCHIEIATE = 184 180 320 180 220 180 30 180 180 a0
ATexac/EIZ012 201 20120415 EREZ &40 1280 1280 84D 84D 180 84D 30 a4 180 a0
AlZamaraT I EAeE 2013-03-12 CIEIATS 168 a0 20 &40 88D 20 az0 180 azn azn 40
AHong KongH 48203 a2 2130111 EXEL 30 BEl 84D 84D 128D BD 40 40 a4 320 a0
AlBtockholmie/ a4 LT 2014-02.08 HATIZIATE “ = 4 180 BD 220 180 180 180 180 a0
AlBtockholmie/ a1 e LT 2014-02.08 E&E1 Icolate 2 = 180 180 BD 180 .80 320 a0 a4 180 a0
A/5wRzerlandraT 1628 X 2013 3c5a 2013-1208 HATIZIATE < &0 &0 180 B0 azn 180 180 180 a0 <
AlBwitzerandBT1EI8Y 3013 Ic58 20131208 E4E1 olone 123 & 180 180 180 520 az0 220 a1 1280 320 a0
AHong KonglETI2/014 3C.2a 20140830 WMDCKIMDCENEIAT “ & 4 180 180 .80 a0 a0 0 180 “
AHong KonglETI2/014 3C.2a 20140430 ESET oloneizl & & 4 180 BD 180 a0 40 4 320 840

TEST WRUSES
AMarcellls/21BI24 c.2a 20180811 MDCKIEIAT] < < “ BD &0 B0 20 “ 4 80 =
AlNstheriand G I882014 Ic3a 20141827 HATHEIATY “ “ 4 180 ED 320 180 180 180 a0 “
AlLycnI2EETI2014 2014-12-08 MDCKIEIATY “ “ 4 BD BD 20 B0 a0 0 a0 «
AlLycnIZEBER014 2014-12-08 MDCKIEIATY = 180 BD 320 180 220 B0 a0 0 a0 “
AlLyon-CHLZ1 BR2014 LI 20141210 MDCKIEIATY = 180 180 320 320 220 180 a0 180 180 “
AlLyonr2EZEr2014 33 2014-12-16 MDCKIEIAT] = 180 180 320 320 20 180 a0 180 180 <
ANImc 2 4EL 14 Ic58 20141218 MDCKIEIATY “ “ 4 180 BD 20 a0 a1 0 a0 «
Yarcin
1.cnc a4 ':;"'é:";
Nk 21415 g



Méthode « moléculaire » de comparaison des virus

Vaccine viruses ACurmanid 2076 De
Reference ruses

Collection date
Sep-Oct 2014
Nov 2014

Dec 2014

e

v KongTE2S2014 Nov

ASDermn 13200 »
Aokl 200094 Nov [T180%)

HA2 numbering

K1eoT
{+CRO)
L3L N1&4E (LHON,
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Comparaison par analyse des distances antigenigues
(D Smith 2003)

Souche

HK68
EN72
VI75
TX77
BK79
5187
BE89
BE92
Wu95s
5Y97
Fuo2

serums  HK68 EN72 VI75 TX77 BK79 SI87 BE89 BE92 WU95 SY97 FU02
2560 320 90 5 0 0
320 2560 320 90 5 0
90 320 2560 320 90 5 0
5 90 320 2560 320 90 0 0
0 5 90 320 2560 320 S0 5 0 0
0 0 5 90 320 2560 320 90 5 0 0
0 0 5 90 320 2560 320 90 5 0
0 0 5 90 320 2560 320 90 5
0 0 5 S0 320 2560 320 90
0 0 90 320 2560 320
0 5 90 320 2560



http://www.sciencemag.org/content/vol305/issue5682/images/large/zse0270426890002.jpeg
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3 |angars 553 1346 723 142 431
9 |angovlame 254 1072 424 350 585 297
10 [Annecy 776 683 735 726 676 799] 648
11 [Arras 901 1270 867 404 64 477] w31l 723
12 |Auch 72 793 153 882 817 616 17| 737 984
13 |Aurilize 252 745 159 678 702 473 271 476 7153 252
14 |Aurerre 593 924 581 355 305 429 427 377 353 656 420
15 [Avigron 443 310 402 875 B26 343 0. 353 873 406 356 526
16 [Barle-Duc  9E3 1065 1047 466 281 535 (o0 501 287 1025 €83 212 BEE i : == : =t 3 g =
17 |Bastie 769 148 728 1211 1162 1285| 1010 398 1209 731 681 862 348 1003 ! ! B —
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Antigenic distances Model (D Smith 2003)

After refining
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http://www.sciencemag.org/content/vol305/issue5682/images/large/zse0270426890002.jpeg

Understanding the antigenic evolution of H3N2
between 1968 and 2002 (Fouchier)
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Beyond the antigenic sites :
the H3N2 major amino acid sites




Real-time use: 2014-15
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2014-2015

Data available at the
vaccine composition meeting

Phylogenetic comparison of influenza A(H3N2) HA genes

Vaccine viruses

Reference viruses
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Nov 2014
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HAZ numbering
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Impact: decrease in vaccine efficacy

Vaccine effectiveness
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6 months - 64 years with chronic illness

265 years

Overall at risk




Comment réaliser une étude de fithess ? Marta Luksza & Michael Lassig

A
clade 2 @| cladel
=
L] clade 1
! 0
=f I
: > clade 2
temps
14
3 ) clade 1
c
L e
i‘j L
" - — —iclade 2
0 >




Les données fournies en temps réel permettent de mieux estimer o
Marta Luksza & Michael Lassig
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Marta Luksza & Michael Lassig



Donc un modele do6®tude de firness

Fitness models integrate data into predictions

genetic data —_—

tree data 3 fitness —> predictions of genetic evolution
antigenic data —_— model ——> predictions of antigenic evolution
epidemiogical data —__y

Marta Luksza & Michael Lassig



Frequency

Predictions and vaccine strain selection

Phase 2: Clade frequency prediction

0.4

0.2

0.0

0.8

0.6

[ | I |
2014 2015

Prediction start date: February 28, 2014
Prediction period: one year

3c.2a

3c.3a

3c.3b
142G,144N,157L,159F,78G
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Phase 2: Clade frequency prediction
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Pour choisir le bon candidat vaccin, il faut :

Avoir de nombreux virus a analyser
Avoir des comparaison antigeniques entre les virus

Cartographier les distances antigéniques entre les représentants
des virus circulants

Definir les clades génétiques des virus circulants et comparer les
fithess respectifs des différents clades génétiques

Choisir un représentant du groupe viral le plus récent pour avoir la
meilleure immunité post vaccinale (et donc protection) possible

Vérifier que la protection induite croise sur les différents clades
genetiques circulants



Influenza as observed between Sep 2017 and Jan 2018

Distribution of influenza virus subtypas by influenza transmission zone, September 2017 to January 2018
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A European focus

A Europe is supposed to be a single transmission zone
(homogeneous epidemiology)

A The ECDC and WHO are monitoring the epidemic (weekly
reports)
I Intensity
I Dominant subtype

A Euromomo is monitoring the mortality associated to influenza
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Les caracteristiques de cette saison

Début précoce

Plusieurs virus

Une ile de HIN1pdmO09 dans un ocean de B
Une bascule en milieu de saison

La réapparition du of H3N2 en finde saison

Une fin tardive



Données de mortalité globale mesurée en Europe
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Pooled mortality data in the USA
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Influenza in Europe, the global picture
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Répartition des virus influenza par soustypes
(du 4 Septembre 2017 au 28 Janvier 2018)

A(H3), 17%
A(H1N1)pdmO09,
12% 000 T
A(not subtyped),
B, 36%

35%

Data source: FluNet, (www.who.int/flunet), Global Influenza Surveillance and Response System (13 February 2018)
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Circulation des virus
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Global circulation of influenza viruses
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Zones de predominance de A(H1N1)pdmO9

Influenza A(H1N1)pdm09, September 2017 to January 2018, maximum
16 February 2018
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A(HIN1)pdmO09: HA characterization
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Zone de predominance de A(H3N2)

Influenza A(H3N2), September 2017 to January 2018, maximum
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Analyses des différences antigeniques en les virus
des clades,3C.3a, 3C.2a et 3C.2al (2016-2017)
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Antigenic cartography from Univ. Cambridge
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Antigenic cartography from Univ. Cambridge
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