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Bilan	
  des	
  ques2ons	
  sur	
  l’immunité	
  contre	
  le	
  virus	
  H1N1	
  California	
  
2009	
  

Avant/ la pandémie Données 
littératures 

1. Quel est l’état de l’immunité contre le virus H1N1 California 
2009?  
o  Le  titre HAI (Inhibition de l’hémagglutination)  Dépendant de l’âge 

des sujets 
o    L’immunité cellulaire T CD4 et CD8  Hétérogène 

2.  La vaccination saisonnière protège-t-elle contre le virus H1N1 
California 2009?  

Non  
Cross-protection…? 

3. Quelle est l’efficacité des réponses vaccinales après 
vaccination contre le virus pandémique chez les sujets adultes? 

80-100% (HAI ≥40) 
and >4x 

4. Induit-on une réponse cellulaire après vaccination contre le 
virus H1N1? 

CD4 oui  
CD8 (en théorie)? 

Après la pandémie 

4. Quel est l’état de la mémoire immunitaire après vaccination? inconnu 

5. Est-elle comparable à la l’immunité après infection « contrôlée » ou 
infection « formes graves »? 

inconnu 



Publication 

Periode of 
inclusion 
* Serum 
samples 

Age of subjects 

% subject 
HAI titers  ≥40 

Baseline  H1N1pdm 
vaccination 

Hancok et al 
NEJM Sep 2009 

* 1971 
2002-feb 2009  

< 30 yrs (n=107) 
> 60 yrs (=115) 

4% 
34% 

Zhu et al NEJM 
Oct 2009 

Spring 2009 18-60 yrs 
≥60 yrs 

4.3% (2.8-6.3%) 
4%  (2.5-6.0%) 

Zimmer et al Plos 
One July 2010 

•  2008 
•  Post- First wave  

Adult 
19- 60 yrs 

6% 
14-22% 

Greenberg et al 
NEJM Dec 2009 

Begining of the 
peak 

18-64 yrs 27-32% 

Labrosse et al. 
Plos One 2010 

Aug 2009-Oct 
2009 

unknown 1/10  (HAI) 
9/10  (N titers VLP) 

Kung et al  
Vaccine 2010 

Area of low 
epidemic level of 

panemic 

<60 yrs (n=186) 4.8% 

Madhum et al 
Vaccine 2010 

Oct 2009- March 
2010 

21-67 yrs 
Health care 

13% 

Baseline	
  immunity	
  (HAI	
  2ters)	
  to	
  Pandemic	
  H1N1	
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  responses	
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Divergence	
  of	
  an2genic	
  site	
  of	
  influenza	
  viruses	
  

1979     1984      1989      1994     1999      2004     2009 

A/USSR/90/1977 
A/Brazil/11/1978 
A/Chile/1/1983 
A/Singapore/6/1986 
A/Bayern/7/1995 
A/Beijing/262/1995 
A/New Caledonia/20/1999 
A/Solomon Islands/3/2006 
A/Brisbane/59/2007 
A/California/7/2009 pandémique 

Homology of HA sequences among H1N1 strains 
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Immune	
  responses	
  to	
  influenza	
  viruses	
  	
  

• 	
  IgA:	
  first	
  line	
  of	
  defense	
  in	
  respiratory	
  tract	
  
(prevent	
  viral	
  infec2on)	
  
	
  Renegar	
  et	
  al	
  2004	
  	
  
• 	
  Mucosal	
  T	
  cell	
  response	
  	
  
Arulanandam	
  et	
  al	
  2001	
  	
  	
  

Dendritic cells 
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Systemic	
  response	
  
	
  (IgG,	
  IgA)	
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Virus elimination 
Control of the viral 

infection 

NK cells 

CD8 cytotoxic  
T cells 

Effector   
CD8 T cells 

IFNg, TNFa, IL-2,  
Chemokines, CD40L 

Killing 
of infected cells 



Diversity	
  of	
  T	
  cell	
  epitopes	
  

Seasonal Virus A/Brisbane/59/2007(H1N1), 
Pandemic Virus A/California/04/2009(H1N1) 

RED  AA changes H1N1 brisbane and california 

MKVKLLVLLC TFTATYADTI CIGYHANNST DTVDTVLEKN VTVTHSVNLL ENSHNGKLCL LKGIAPLQLG NCSVAGWILG NPECELLISK 090	


MKAILVVLLY TFATANADTL CIGYHANNST DTVDTVLEKN VTVTHSVNLL EDKHNGKLCK LRGVAPLHLG KCNIAGWILG NPECESLSTA 090	



ESWSYIVEKP NPENGTCYPG HFADYEELRE QLSSVSSFER FEIFPKESSW PNHTVT-GVS ASCSHNGESS FYRNLLWLTG KNGLYPNLSK  180	


SSWSYIVETP SSDNGTCYPG DFIDYEELRE QLSSVSSFER FEIFPKTSSW PNHDSNKGVT AACPHAGAKS FYKNLIWLVK KGNSYPKLSK  180	



SYANNKEKEV LVLWGVHHPP NIGIQKALYH TENAYVSVVS SHYSRKFTPE IAKRPKVRDQ EGRINYYWTL LEPGDTIIFE ANGNLIAPRY  270	


SYINDKGKEV LVLWGIHHP TSADQQSLYQ NADTYVFVGS SRYSKKFKPE IAIRPKVRDQ EGRMNYYWTL VEPGDKITFE ATGNLVVPRY  270	



AFALSRGFGS GIINSNAPMD KCDAKCQTPQ GAINSSLPFQ NVHPVTIGEC PKYVRSAKLR MVTGLRNIPS IQSRGLFGAI AGFIEGGWTG  360	


AFAMERNAGS GIIISDTPVH DCNTTCQTPK GAINTSLPFQ NIHPITIGKC PKYVKSTKLR LATGLRNIPS IQSRGLFGAI AGFIEGGWTG  360	



MVDGWYGYHH QNEQGSGYAA DQKSTQNAIN GITNKVNSVI EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFIDIWTYNA ELLVLLENER  450	


MVDGWYGYHH QNEQGSGYAA DLKSTQNAID EITNKVNSVI EKMNTQFTAV GKEFNHLEKR IENLNKKVDD GFLDIWTYNA ELLVLLENER  450	



TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCND ECMESVKNGT YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS 540	


TLDYHDSNVK NLYEKVRSQL KNNAKEIGNG CFEFYHKCDN TCMESVKNGT YDYPKYSEEA KLNREEIDGV KLESTRIYQI LAIYSTVASS 540	



LVLLVSLGAI SFWMCSNGSL QCRICI   566	


LVLVVSLGAI SFWMCSNGSL QCRICI   566	



HLA-I 

HLA-I 

HLA-I 

HLA-I 

HLA-A11 

HLA-I 

HLA-II HLA-II 

HLA-II HLA-II 

HLA-II HLA-II 

HLA-II HLA-II 



Cross-­‐reac2vity	
  of	
  memory	
  T	
  cells	
  

Greenbaum et al. PNAS 2009 



Limits	
  of	
  the	
  unlimited	
  immune	
  system	
  

Pool of naive T and 
B cells 

Memory 
cells 

T  or B cells  Target	
  groups:	
  

o 	
  Without	
  immunological	
  
experience	
  (or	
  liLle)	
  

o 	
  With	
  immunological	
  
experience	
  (mul2ple	
  
infec2on/	
  mul2ple	
  
vaccina2on)	
  

o 	
  With	
  long-­‐term	
  
immunological	
  experience	
  but	
  
aged	
  immune	
  system	
  



J0 M4 J-30 

2010 

Pandemrix (GSK)  
Adjuvanted 

vaccine 
21 October 2009 to 
31 December 2009 

Seasonal 
influenza  
vaccination 

+/- 

Hospital staff  

Pitié-salpétrière, service des maladies 
infectieuses 
Pitié-Salpétrière, Medecine du Travail 
Cochin Saint Vincent de Paul, CIC 
Vaccinologie 

N=147 (drop off = 8) :47ml peripheral blood/
time point 

2009 1998……………….. 
30 days 21 days 

J21 

Vaccina2on	
  against	
  pandemic	
  H1N1	
  in	
  mul2ple	
  vaccinated	
  subjects	
  

FLUHOP study group : S Jauréguiberry, F Carrat, O Launay, S Van der Werf  et al.  (IMMI, INSERM, France) 

Multiple vaccination status 

Primary end point:  
Inhibition of Hemagglutination  Ab (IHA) titers 

Secondary end points:  
B cell responses 
T cell responses 
Cross-reactivity 



Vaccina2on	
  against	
  pandemic	
  H1N1	
  in	
  mul2ple	
  vaccinated	
  subjects	
  

FLUHOP study group : S Jauréguiberry, F Carrat, O Launey, S Van der Werf  et al.  (IMMI, INSERM, France) 

S Jauréguiberry et al submitted  2010 

Characteristics  
Age-yr 
Mean±sd 
Median (IIQ) 

n=139 
42.69 ±12.42 

42.61 (33.39 - 53.44) 
Sexe (N (%) 
Male 
Female 

n=139 
45 (32.37%) 
94 (67.63%) 

Occupation 
Medical staffs 
Administration-Research staffs 

n=128 
84 ( 65.72%) 
44 (34.38%) 

Total number of previous seasonal influenza 
vaccination 
Mean ± sd 
Median (IIQ) 
 
0 seasonal influenza vaccination 
1 seasonal influenza vaccination 
2 seasonal influenza vaccinations 
!3 seasonal influenza vaccinations 

N=127 
 

2.59 ± 3.00 
2.00 (0.00 - 4.00) 

 
32 (25.20%) 
28 (22.05%) 
17 (13.39%) 
50 (39.37%) 

Seasonal BR07 vaccination* 
Yes 
No 

n=127 
84 (66.14%) 
43 (33.86%) 

* BR07: influenza A/Brisbane/59/07(H1N1) (season 2008-2009 and 2009-2010) 
All subjects received one dose Pandemrix® vaccines 



High	
  level	
  of	
  baseline	
  pandemic	
  H1N1–specific	
  An2bodies	
  (IHA)	
  

in	
  mul2ple	
  vaccinated	
  subjects	
  

S Jauréguiberry et al submitted  2010 

Prior H1N1pdm vaccination (Baseline) N=139 
GMT (IC95%) 21.40 (17.74-25.81) 
Protection titers !1:40 - n (%) 53 (38.13%) 
Protection titers !1:80 - n (%) 26 (18.71%) 
After H1N1pdm vaccination (Day 21) N=139 
GMT (IC95%) 247.07 (208.37-292.97) 
Protection titers !1:40 - n (%) 138 (99.28%) 
Protection titers !1:80 - n (%) 128 (92.09%) 
Fold increase in GMT titers 11.55 ± 4 

GMT: geometric mean titers 
H1N1pdm : A/Califonia/7/2009(H1N1)  



Vaccine 2010 in press 

Pandemic HAI titers after recent seasonal vaccination 



B	
  cell	
  differen2a2on	
  



An2genic	
  specificity	
  and	
  B	
  cellular	
  immune	
  responses	
  

An2body	
  secre2ng	
  B	
  cells	
  (ASC)	
   



Recent publication : 
H1N1 Pandemrix vaccination in Norwegian health care workers (Vaccine 2010) 

Baseline IHA titers ≥40: 13%  (periode of inclusion Oct 2009- March 2010) 
Only 3% received seasonal influenza vaccine 

CONCLUSION	
  I	
  :	
  Pandemic	
  H1N1-­‐specific	
  IH	
  An2bodies	
  

 Baseline (Day 0) HIA titers were surprisingly ≥40 in 38.7% of subjects.  

 Significant correlation between high baseline anti-H1N1pdm IHA titers and 
multiplicity of the vaccination status of subjects, but not occupational work nor 
age. 

 Subjects vaccinated against A/Brisbane/59/2007(H1N1) (2008-2009 and/or 
2009-2010) had the highest anti-H1N1pdm antibody titers at baseline.  

 After H1N1pdm vaccination, the GMT increased from 21.4 (Day 0) to 247.07 
(Day 21) with protective titers reached in 99.28% of individuals.  

 Subjects never vaccinated against A/Brisbane/59/2007(H1N1) and who 
received H1N1pdm vaccine, significantly amplified their anti-A/Brisbane/
59/2007(H1N1) antibody titers.  



•  Highly neutralizing antibodies 
directed against conserved HA 
epitopes 

Das et. al, nature 2010 

•  Seasonal vaccination induces the 
development of polyclonal 
heterosubtypic neutralizing 
antibodies that cross react with HA of 
different subtypes ( H1-H3-H5)  

Corti et. al, JCI 2009 

•  Mice model of protective cross-
reactive antibodies against H1N1pdm  

Boon et al. JVI 2010 

B	
  cell	
  responses	
  and	
  cross-­‐reac2vity	
  





Hypothesis	
  on	
  mul2ple	
  vaccina2on	
  and	
  influenza	
  cell	
  expansion	
  

Naive T cells 

Naive B cells 
Conserve epitope –specific B cell expansion 

Highly cross-reactive memory T cells 

Antigenic variant–specific B cell expansion 

High affinity Ab? 



Significant IHA titers in the sera 

Activated B 
cell pool 

production 
Ab 

Effector CD4 
T cells 

CD8 T 
cell pool 

Influenza	
  VACCINATION/INFECTION	
  
 Define the combination of 
parameters for protection in 
regard to age and immunological 
experience status 

 Define long term memory 
responses one year after 
vaccination with an adjuvanted 
vaccine 

  Comparison to influenza 
infection ? 
  memo-FLU-ARDS 

Mucosal 
immunity 
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