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Hépitaux de Lyon

Comment preédire ’évolution des virus
influenza?

Bruno LINA
CNR des virus influenzae, HCL,
Virpath, CIRI, U1111, UMR 5308, ENS, UCBL,
Lyon, France



La grippe une maladie a impact variable
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Conséguences : le glissement antigenique

Hemagglutinin

Neuraminidase

Neut. AB
Sialic Acid




Conduisant au changement des prototypes vaccinaux

Virus 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
A(H3N2)
AH

K 2 1.;88
A/Port Chalmers/1/73
A/Scotland/840/74

ANVictoria/3/7
ATexas/1/77

AfFujian/411
ington/1//

A/California/7/04
A/Wiscosin/67,
A/Brisbane/10/07
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AlCalifornia/07/2009pdm L

BIUSSRI 100,
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B/Panama/45/90
annamald&lBO -

tmawa L 1

B/Sic! 379/99
B/Hong Kor 1
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Il existe des outils pour
surveliller et predire I'évolution
des virus influenza



Evolution de H3N2 (1968 - 2009)

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

42/72
A/Port Chalmers/1/73
Scotland/840/74

o’
A/Wiscosin/67,
A/Brisbane/10/07




Antigenic distances Model (D Smith 2003)
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http://www.sciencemag.org/content/vol305/issue5682/images/large/zse0270426890002.jpeg
http://www.sciencemag.org/content/vol305/issue5682/images/large/zse0270426890002.jpeg

L'évolution des H3NZ2 cartographiee et dissequée
(1968 - 2002) (Fouchier)
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Les positions clefs des variations H3N2 majeures




Les virus derivent en fonction de leur
variations antigénique et de leur fithness

A(H1N1)cal/7/09

Yamashita et al.Virology, 1988



Les informations disponibl
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Comment réaliser une étude de fithess ? Marta Luksza & Michael Lassig
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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 d‘étude de firness doit intégrer de nombreuses données

Fitness models integrate data into predictions

genetic data e

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

Marta Luksza & Michael Lassig



1. What is a fitness model?

2.  Which data enter model predictions?



Quelles sont les données nécessaires pour realiser cette etude?

human

viral epitopes antibody

viral haemagglutinin

Marta Luksza & Michael Lassig



Données utilisées pour les etudes de fithess

Les données phylogénétiques des HA

non-epitope mutations: epitope mutations:
decrease protein stability decrease binding affinity
= decrease fithess =» increase fithess

[M. Luksza and M.L. 2014 ]
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Données utilisées pour les etudes de fithess

Données Antigéniques

HI or neutralization tests measure binding affinity between virus and antibodies.

low titer
=> high fithess

U1ROWN-

viral
isolates

high titer
=» low fithess

>
antibody dilution (titer)

Marta Luksza & Michael Lassig



Données utilisées pour les etudes de fithess

Intégrer les données manquantes

Ferret antisera Active strain clades:
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Marta Luksza & Michael Lassig



Données utilisées pour les etudes de fithess

Qui parfois arrive a posteériori

Ferret antisera Active strain clades:

B o4H
EEEEEEEEEER 122D,142G
78G,142G,144N,157L,159F
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time

Marta Luksza & Michael Lassig



Données utilisées pour les etudes de fithess

Tree-based fithess inference

Utiliser des analyses phyogeénétiques intégrant les évolutions
génétiques et leur rapidité d‘émergence pour étudier les
croissances respectives des sous clades N

rapid recent clade growth:
= high fithess

Clade size

slow recent clade growth:
' = low fitness

Clade size

g

Time

[M. Luksza and M.L. 2014; R. Neher et al. 2014 ]



Mise en ceuvre

e switzerland —like
* Texas-like
® Indeterminates

: 2014-15

K160T

N225D

Q311H

R261Q \—

L157S
~

T128A
R142G

A138S
F159S
~

~~n225D

A/Picardie/2297/2014_Dec®
A/Centre/2276/2014_Dec
A/Paris/2256/2014_Dec*®
A/Bourgogne/231 2/20*1 4 Dec

A/Paris/2294/2014_Dec
A/Paris/2305/2014_Dec

*x
A/Corsica/3975-01/2014
A/Corsica/4069-05/2014
A/Paris/2306/204_Dec

3C.2a

A/Maryland/03/2014
A/Connecticut/02/2014
A/Norway/214/2014
— A/Lorraine/004/2014_Dec
? A/Estonia/77060/2013
A/Ukraine/466/2013
A/Centre/1497/2014_Apr
:A!Pays de Loire/1443/2014_Apr
I— A/Moldova/326/2013
A/Plzen/17/2013
A/Bretagne/1267/2014_Apr
A/Paris/1268/2014_Apr
A/Novosibirsk/32/2013
A/Caen/2354/2014_Dec*
A/Houen/2291f2014_Dec*
A/Nord Pas de Calais/2318/2014_Dec
A/Nord Pas de Calai312317/2014_Dec*
A/Nord Pas de Calais/2301/2014_Dec*
A/Bourgogne/2295/2014_Dec*
A/Centre/1329/2014_Apr
A/Bretagne/014/2014_Dec
A/Paris/2082/2014_0ct
N A/Paris/1846/2014_Aug®
A/Rouen/2273/2014_Dec®
A/New_York/05/2014
A/Switzerland/9715293/2013
K326R| A/Norway/466/2014
A/OSAKA-C/2003/2014
_| A!Pari512332/20147Dec:
A/Paris/2304/2014_Dec
= A/Stockholm/6/2014

3C.2
3C.3

L/

3C.3a

—— A/Texas/50/2012

— A/Victoria/361/2011
A/Maevatanana/974/2013
A/Athens_GR/112/2012
A/Stockholm/18/2011
A/Johannesburg/3495/2012

Allsrael/20/2013

Allowa/19/2010

| L A/Alabamas05/2010
A/Victoria/208/2009

L A/Perth/16/2009

0O 0030



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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— AMictorla/381/2011 Oct

3C2a
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Emergence de variants H3N2




Observation d’'une co-évolution des 3 lignages
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Frequency

Mise en oeuvre de l'outil prédiction pour le vaccine strain selection meeting

Phase 2: Clade frequency prediction

10 r T T T T T T ]

— 144D
08 ] 145N,278K
’ ’ 145N,158N,189K
06 - | — 1575,225D
—— 144N,145S

04~ M 1 — 62V

I ] 142G
021 N , 53N
| — 142R,50K

2012 2013

Prediction start date: February 28, 2012
Prediction period: one year

Marta Luksza & Michael Lassig



Frequency

Mise en oeuvre de l'outil prédiction pour le vaccine strain selection meeting

Phase 2: Clade frequency prediction

0.8 B T T T T T T ]

05 | — o4

| 142G,144N,157L,159F,78G
145N,278K

— 142R,145S,94Y

— 144N,145S

— 53N

Prediction start date: February 28, 2013
Prediction period: one year

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
157S,53D

145N,278K

142R,145S,94Y

94H

Marta Luksza & Michael Lassig



Frequency

Mise en oeuvre de l'outil prédiction pour le vaccine strain selection meeting

Phase 2: Clade frequency prediction

1.0

—— 3c2a
—— 3c2a/197R

— 3c3a
— 3c3b
3¢c3b/197H

Prediction start date: February 28, 2015
Prediction period: one year

Marta Luksza & Michael Lassig



Frequency

Mise en oeuvre de l'outil prédiction pour le vaccine strain selection meeting

Phase 2: Clade frequency prediction

1.0

0.0

0.8

0.6

-
-
-
-

e N

2015

Prediction start date: February 28, 2016
Prediction period: one year

3c.2a (total)

subclades:

(3c.2a
(3c.2a
(3c.2a
(3c.2a

, 197R)
, 142K)
, 197R, 142K)
, 171K)

Marta Luksza & Michael Lassig



Exploitation possible de l'outil prédiction pour le VSSM

Phase 2: Prediction of vaccine efficacy

Vaccine efficacy depends on antibody-antigen binding for the (predicted) circulating strains.

actual or " 1
candidate straln —>

optimal strain ' f"‘

[M. Luksza and M.L. 2014]



Et pour HIN1?



H1N1 situation

The virus emerged in 2009 (pandemic)

The reference strain was A/California/4/2009(H1N1)pdm09

The secons strain selected was A/California/7/2009(H1N1)pdm09
No antigenic difference observed after 8 years (low evolution)
Vaccine effectiveness >90% in 2009-10

Decrease in vaccine effectiveness since with a low value of 60% this
winter

Analysis?



Change In the viruses over the years

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

A(H3N2)
AH ma

NPO% Chalmrshfn
A/Scotland/B40/74
AlVictoria/3/7!
ATexas/1/77
NBangkokHﬂe
A/Philippines/2/62
Wisusscpp:/m

N&nﬂghﬂh 1!87
Izhou/54/89

355
o=
23
e

A/Brisbane/1

AHINT1)
AlCalifornia/07/2009pdm




Exemple HIN1

Antigenic cartography from Colin Russell and Derek Smith,
data from 4 CCs (NIMR, CDC, Tokyo, Japan) amalgamated
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Phylogenetic tree of HA sequences

Vaccine virus
Reference viruses
Collection date
Sep-Oct 2015

Nov 2015
Dec 2015

HA2 numbering

* indicates amino
acid polymorphism

@ Proposed
serology antigens

# Hl result in table

E235D
S162N
(+CHO),
1216T

S84N

K163Q, A256T,
K283E, E172K

D97N
$185T,

' A/Fukushima/74/2015 NIID Sep @ [A9*, L161*, L191"]

#
/Israel/Q-482/2015 Dec [S190*]
A/England/372/2015 Dec #
AlScotland/P2/2015 Nov #
A/Sachsen/104/2015 Dec #
A/Slovenia/2903/2015 Oct # [P271Q]
|- Allsrael/A-6615/2015 Dec #

#
H AMeckienburg-Vorpommerni19/2015 Dec #
|- AlUrengoy/17/2015 Dec # [ IN43S]]
#

AlBremen/26/2015 Dec #
AlGrenoble/2322/2015 Oct #
AlMinnesota/45/2015 CDC Oct @ [V152*, G225%]

AlPoland/7474/2015 Dec #
..E All atvia/12-063862/2015 Dec # [A195T]
AMoscow/172/2015 Dec #

191V,

I # [M2571)
A/Desgenettes/2318/2015 Oct #

E38R| |- A/Kazakhstan/4227/2015 Dec #

AFinland/550/2015 Dec # [H51Q]
A/Clermont Ferrand/2611/2015 Dec # [A215*)
AlNetherlands/2915/2015 Nov #
AlParmal296/2015 Dec #
#[V1521)
H Asspaini11230712015 Dec #
|- A/Belgium/2015G0741/2015 Oct #
|- AMMadrid/1859/2015 Dec #[ V452

S83P 1
B Allatvia/1 1-0&4910/2%15 Oct # [P218°]

6B.1

#

_E A/Stavropol/4/2015 Dec #
= A/Nordrhein-Westfalen/102/2015 Nov #
- #
Allran/109635/2015 Oct #
A/Saudi Arabia/4001/2015 Sep #

A/Berlin/176/2015 Dec # [V220M]

[S204P)

#
A/Denmark/62/2015 Dec # [R76%]
#[P322L]
— A/England/350/2015 Oct # [E213V]
A/Hamburg/24/2015 Nov #
_t AJAustria/891161/2015 Nov #
A/Stockholm/67/2015 Nov # [D168N]
_‘ AlCameroon/15V- 94(5 /2015 Dec #

L Alran/117007/2015 Nov #[D222G
AMichigan/45/2015 CDC Sep @
. [~ AFFinland/541/2015 Nov #

AfFinland/557/2015 Dec # [N162K (-CHO)]
— A/Lyon/9.12.R09/2015 Dec # [A48’

][QZZGR]

[ A/Berlin/16712015 Nov #
AlLisboa/32/2015 Nov # [R45G]
L[, ANorway/2846/2015 Dec # [A215G]
AISt Pe(ersburg/MQlZOﬁ Nov # [F200*]
A/Norway/2633/2015 Oct #
A/Bayern/148/2015 Nov # [K209E, V66" |
AlYokohama/90/2015 NIID Oct

t@
A/Ghana/DILI-15-1165/2015 Nov ft [IN124T)
Africa/3626/20

13 Jun [D127*, 119
R113K,
D127E,
Ka7Q

#
A261S | asshanghai-Putuo/SWL1860/2015 Oct @ # [A9*, $190°]
#

Allsrael/Q-6857/2015 Dec #
A/Minnesota/32/2015 CDC Jul [G225%]
A/Berlin/166/2015 Oct

1\513242 ! 77412015 Nov #
A/UKraine/6907/2015 Dec # [L33* [F107]
AJEngland/377/2015 Dec #
Ad8P, AlDenmark/48/2015 Dec # [S84N]
S69P. AJEngland/358/2015 Nov # [[R123K |
D274N, A/Saudi Arabia/78085/2015 Sep #
B JAn 15056/2015 Dec # [ST1F, ViG81]]

AlGeorgia/5/2015 Dec # [T120K]
A/Maevatanana/4197/2015 Sep # [T256l]
ASt Petersburg/61/2015 Feb @ # [K153Q, S190R]
A/Ghana/DILI-15-1296/2015 Dec #
A/Portugal/SU81/2015 Dec #
AlLisboa/33/2015 Nov #

E47)
$203T
A/LVivIN6/2009 Oct [D222G]

A/Bayem/69/2009 Jul [G155E]
AlCalifornia/7/2009 Apr @ [S83P, V3211]

A/Hong
— ASt Pc(mbum'ﬂ?oﬁ Feb [0223R]

A/St Petersburg/100/2011
A/Astrakhan/1/2011 Feb [DI7N, R205K, A215", 1216V, V249L]
A/Christchurch/16/2010 Jul @ [D94N, N125D, K160T, D222N, V250A]

12 May [K119N (+CHO), H138R, V249L]
Mar [S143G, A197T, Q223R]

0.002

6B.2

6B



Phylogenetic Tree from Derek Smith showing the timescale of
the emergence
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Position des substitutions sur H1

Changes in 6B are in RED

Additional Changes in 6B.1 are in MAGENTA
Additional Changes in 6B.2 are in C VAN
BROWN are other changes

HA2-S124NI321V



Does the 6B.1 group differ antigenically from the
A/California/7/2009 vaccine virus ? Analysis by HI

Antigenic analyses of influenza A(H1IN1)pdmO09 viruses

Haemagglutination inhibition titre
Post-infection ferret antisera
Viruses A/Cal A/Bayern AlLviv  A/Sth Afr A/Slov
7/09 69/09 N6/09 3626/13 2903/15
Passage history Egg MDCK MDCK Egg Egg
Ferret number NIB FO5/14  F09/15™  F14/13™ F3/14"  F02/16™
Genetic group 1 1 1 6B 6B.1
REFERENCE VIRUSES
Al/California/7/2009 1 640 320 320 1280 1280
A/Bayern/69/2009 1 < 320 160 40 ND
A/Lviv/N6/2009 1 80 640 640 80 ND
A/South Africa/3626/2013 6B 640 640 640 1280 1280
A/Slovenia/2903/2015 6B.1 2560 1280 640 2560 5120
TEST VIRUSES
A/Antananarivo/4551/2015 6B 1280 1280 640 2560 2560
A/Norway/2647/2015 6B 1280 320 320 1280 2560
AlPortugal/SU63/2015 6B 1280 640 320 1280 2560
AlGeorgia/1305/2015 6B 1280 640 640 1280 2560
AlPortugal/SU81/2015 6B 1280 640 640 1280 2560
AlGhana/DILI-15-1296/2015 6B 1280 1280 640 2560 2560
A/Georgia/1408/2015 6B 1280 1280 640 2560 5120
AlCzech Republic/3/2016 6B.1 1280 1280 640 1280 2560
AlCzech Republic/1/2016 6B.1 1280 640 320 1280 2560
AlUkraine/20/2016 6B.1 1280 640 320 1280 2560
AlAthens/12/2016 6B.1 1280 640 320 1280 2560
AlUkraine/35/2016 6B.1 1280 640 320 1280 2560
Al/Hamburg/1/2016 6B.1 1280 640 320 1280 2560
A/Baden-Wurttemberg/1/2016 6B.1 1280 640 320 1280 2560
A/Slovenia/121/2016 6B.1 1280 640 320 1280 2560
A/Thuringen/3/2016 6B.1 1280 640 320 1280 2560
AlSlovenia/77/2016 6B.1 1280 640 640 1280 2560
Allreland/1750/2016 6B.1 1280 640 640 1280 2560
AlSlovenia/126/2016 6B.1 1280 640 320 1280 2560
Allreland/2142/2016 6B.1 1280 640 320 1280 2560
A/Parma/1/2016 6B.1 1280 640 640 1280 2560
A/Athens/140/2016 6B.1 1280 640 320 1280 2560
Allreland/280/2016 6B.1 1280 640 640 1280 2560
A/Ukraine/6907/2015 6B.2 160 320 320 320 640
A/Denmark/48/2015 6B.2 640 320 160 640 1280
A/Norway/2774/2015 6B.2 1280 640 640 2560 2560




Does the 6B.1 group differ antigenically from
A/California/7/2009? Analysis by MN

Antigenic analysis of influenza A(HIN1)pdmO9 viruses - Plague Reduction Neutralisation

Neutralisation titre®
Post-infection ferret antisera
Viruses Al/California  A/Bayern A/South Africe A/Slovenia
7109 69/09 3626/13 2903/2015
Genetic group 1 1 6B 6B.1

REFERENCE VIRUSES

A/California/7/2009 1 1280 640 2560 5120
A/Bayern/69/2009 1 40 160 40 40
A/South Africa/3626/2013 6B 320 640 1280 640
A/Slovenia/2903/2015 6B.1 5120 2560 5120 10240
TEST VIRUSES

A/Ghana/DILI-15-1281/2015 6B 5120 1280 1280 10240
A/Berlin/169/2015 6B 10240 5120 5120 10240
A/Berlin/166/2015 6B >10240 1280 10240 10240
A/Bremen/25/2015 6B 10240 2560 10240 >10240
Allran/116675/2015 6B.1 1280 1280 2560 5120
AllLatvia/12-063862/2015 6B.1 2560 1280 2560 10240
Allran/112039/2015 6B.1 10240 2560 5120 >10240
A/England/350/2015 6B.1 5120 2560 5120 >10240
A/Berlin/168/2015 6B.1 10240 2560 5120 10240
A/Berlin/167/2015 6B.1 5120 2560 5120 10240
A/Sachsen//102/2015 6B.1 5120 5120 5120 10240
A/Nordrhein-Westfalen/103/2015 6B.1 5120 1280 5120 10240
A/England/365/2015 6B.1 5120 2560 5120 >10240
A/Bayern/147/2015 6B.1 10240 5120 5120 >10240
A/Nordrhein-Westfalen/102/2015 6B.1 5120 2560 5120 >10240
Allran/1337/2015 6B.1 5120 2560 5120 >10240
A/Finland/553/2015 6B.1 5120 2560 5120 >10240
AlLatvia/12-037196/2015 6B.1 5120 2560 5120 10240
A/Finland/541/2015 6B.1 5120 2560 10240 >10240
A/Netherlands/2915/2015 6B.1 5120 2560 10240 >10240
AlLatvia/12-042353/2015 6B.1 5120 2560 10240 >10240
AlNorway/2774/2015 6B.2 640 320 2560 2560




Les virus ne sont pas differents selon
les serums de furets

Y a t'il des difféerences avec les serums humains
et/ou
avec des monoclonaux d’origine humaine ?



HI results with post-vaccination human sera vs post-infection ferret antisera

Ferret antisera

Post-vaccination human sera

Human sera Human sera Human sera Human sera Human sera Human sera

Viruses Genetic Passage AlCal A/Bayern A/Sth Afr A/Slov 1 2 3 a 5 6
group history 7109 69/09 3626/13  2903/2015 AT JS NW TIV TP TRE
Ferret number F05/14 F09/15™ F03/14™* F02/167
Genetic group 1 6B
REFERENCE VIRUSES
AlCalifornia/7/2009 1 NIBSC E4/E3 1280 320 640 640 160 320 80 160 320 160
A/Bayern/69/2009 1 MDCK5/MDCK1 < 320 80 < 160 160 < 80 80 80
A/Lviv/ING/2009 1 MDCK4/SIAT1/MDCK3 80 1280 80 80 640 640 80 320 320 320
A/Christchurch/16/2010 4 E1/E3 1280 1280 1280 2560 640 640 160 80 160 160
Al/Astrakhan/1/2011 5 MDCK1/MDCK5 1280 640 1280 2560 320 640 80 160 320 320
A/St. Petersburg/27/2011 6 E1/E4 1280 640 1280 1280 320 640 80 160 320 320
A/St. Petersburg/100/2011 7 E1/E3 1280 1280 2560 2560 160 320 80 160 160 160
A/Hong Kong/5659/2012 6A MDCK4/MDCK?2 320 160 640 640 320 320 80 160 320 320
AlSouth Africa/3626/2013 6B E1/E3 640 640 1280 1280 320 320 80 < 40 40
A/Slovenia/2903/2015 E4 1280 640 1280 2560 320 320 160 40 40 40
TEST VIRUSES
A/Moldova/62.03/2016 MDCK1 1280 1280 1280 2560 640 640 80 < < 40
A/Moldova/59.03/2016 MDCK1 1280 640 1280 2560 640 320 80 < < 40
A/Moldova/45.03/2016 MDCK1 1280 640 1280 2560 640 320 80 < < 40
A/Moldova/47.03/2016 MDCK1 1280 640 1280 2560 640 640 80 < < 40
A/Moldova/48.03/2016 MDCK1 640 320 1280 2560
B/Istanbul/201/2015 MDCK1/MDCK1 1280 640 1280 2560 80 80 < < < <
A/Oman/6268/2015 SIAT2/MDCK1 1280 640 1280 2560 640 640 80 < < 40
A/Oman/6337/2015 SIAT2/MDCK1 1280 640 1280 2560 80 40 80 < < 80
A/Oman/6338/2015 SIAT2/MDCK1 1280 640 1280 2560
A/Oman/6329/2015 SIAT2/MDCK1 1280 640 1280 2560 640 640 80 < < 40
Al/Greece/65/2016 MDCK1 1280 640 1280 2560 640 640 80 < < 40




Human Monoclonal antibody recognition of test viruses

Haemagglutination inhibition titre

Post-infection ferret antisera

Human monoclonal antibodies?

Viruses AlCal A/Bayern A/Sth Afr AlSlov 1 2 3 4 5 6 7
7/09 69/09 3626/13 2903/15 T2-6A% T2-7D* T2-8A% T2-11C° T2-5D* T1-98% 2-12C?

Passage history Egg MDCK Egg Egg

Ferret number NIB F05/14™ F09/15™ F3/14™ F02/16™

Genetic group 1 1 6B
REFERENCE VIRUSES
AlCalifornia/7/2009 1 1280 640 1280 2560 2560 10240 640 640 320 320 2560
A/Bayern/69/2009 1 < 160 40 < < < < < < < <
A/Christchurch/16/2010 4 1280 1280 1280 2560 320 2560 2560 40 80 40 5120
AlAstrakhan/1/2011 5 1280 640 1280 2560 2560 5120 5120 320 320 160 2560
AISt. Petersburg/27/2011 6 1280 1280 1280 2560 5120 20480 20480 640 320 320 5120
A/St. Petersburg/100/2011 7 2560 1280 1280 2560 5120 20480 20480 640 640 320 5120
A/Hong Kong/5659/2012 6A 320 160 320 640 1280 5120 5120 40 < < 1280
A/South Africa/3626/2013 6B 1280 640 1280 1280 < < < < < < 2560
TEST VIRUSES
A/Slovenia/2903/2015 6B.1 1280 640 1280 2560 < < < < < < 2560
A/Slovenia/2903/2015 6B.1 2560 640 1280 2560 < < < < < < 2560
Al/Scotland/P2/2015 6B.1 1280 640 1280 2560 < < < < < < 2560
AlLisboa/30/2015 640 320 640 2560 < < < < < < 2560
Allran/116675/2015 1280 640 1280 2560 < < < < < < 1280
Allran/109635/2015 1280 640 1280 2560 < < < < < < 2560
A/St. Petersburg/349/2015 1280 640 1280 2560 < < < < < < 2560
A/Finland/546/2015 640 320 1280 2560 < < < < < < 1280
A/England/357/2015 1280 640 640 2560 < < < < < < 2560
A/Antsirabe/4186/2015 1280 640 1280 2560 < < < 40 < < 2560
AlMaevatanana/4189/2015 1280 640 1280 2560 < < < < < < 1280
A/Mecklenburg-Vorpommern/19/2015 640 320 640 1280 < < < < < < 1280
A/Bayern/148/2015 640 320 640 1280 < < < < < < 1280
A/Austria/891161/2015 640 320 640 1280 < < < 40 < < 1280




Constat

Deux sous clades de HIN1 ont émergé rapidement

Cette émregence s’est fait dans un contexte général de réduction de
I'efficacité vaccinale

H1N1pdmOQ9 est significativement associé a des formes séveres

Les virus appartenant a ces sous clades (6b1l et 6b2) ne sont pas distincts
de la souche prototype vaccinale (selon les serums de furets)

Ces virus apparaissent comme difféernts (ou mpntrant des différences)
lorsqu’on utilise des monoclonaux humains

Les serums humains post vaccinaux donnent des résultats de
caractérisation difficile a interpréter.



Donc:

Evolution vers la souche Michigan (clade 6b1)
Sans donneées objective de variation antigénique majeure

Mais en s’appuyant sur les données de fithess générées par M Laessig



Données utilisées pour les etudes de fithess

Les données combinées phylogénétiques/antigéniques des HA

non-epitope mutations: Major epitope mutations: Minor epitope mutations:
decrease protein stability decrease binding affinity decrease binding affinity
=» decrease fithess =» increase fitness = Impact on fitness?

L

[adapted from M. Luksza and M.L. 2014 ]
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