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TABLE 2. Cross-reactive microneutralization (MN) antibody response to novel influenza A (H1N1) virus* in adult reciplents of
seasonal Influenza vaccines

% with Geometric mean titer (GMT)?
fourfold o \yith mN titer of
or greater -160¢ Postvac-
Age increase in = cination to
Influenza group antibody  Prevac- Postvac- Prevaccination Postvaccination prevaccina-
Vaccine season Influenza virus (yrs) MNo. titert cination cination (95% CI*™) (95% CI) tion ratio
TIV" 2007-08 AfSolomon 15/3/2006 1854 134 4 28 &2 48 (40-59) 561 (462-682) 12
A/California/04/2009 19 9 25 28 (23-34) 52 (43-66) 2
200809 A/Brisbana/59/2007 1840 83 78 20 ag 20 (22-38) 546 (418-713) 19
A/California/04/2009 12 g 7 1 (314) 29 {16-26) 2
2007-08 A/Solomon 1s/3/2006 =60 63 4 14 54 3 (22-42) 142 (105-194) 5
A/California04/2000 3 3 43 g2 (71-121) a7 (T-1E2T) 1

* A/California04/2009.

t A fourfold or greater increase in antibody titer indicates seroconversion (a response to the vaccine).

% & linear regression model was used to predict the MN titer for seasonal H1N1 viruses that corresponded to a hemagglutination inhibition (H1) antibody titer of 40. (Serum HI
antibody titars of 40 are associated with at least a 50°%% decraase in risk for influenza infection or disease [7]). In adult populations, an HI titer of 40 cormasponds with an MN fiter
of =160.

1A titer of 1280 was used for all samples with a titer of =1280. The dilution of sera in the first well is based on the combination of a 1:10 serum dilution with an equal volume of
diluted virus for a final serum dilution referred o as 1:10. In the statistical modals, study participants were treated as random effects sampled from a larger population of study
participants, and duplicate samples wera treated as random affects nested within each study participant.

** Confidence interval.
T Trivalent, inactivated influenza vaccine.
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Statement by Dr. Anthony Fauci

Director, National Institute of Allergy and
Infectious Diseases, NIH,

Regarding Early Results from Clinical Trials of
2009 H1N1 Influenza Vaccines in Healthy Adults

« our results are consonant with other reports that a
single 15-microgram dose of unadjuvanted 2009
H1N1 influenza vaccine is well tolerated and
Induces a robust immune response in healthy
adults between the ages of 18 and 64.




H2

H3

10 | 20
|

40 &
C—

H3
0| | o
T

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Potter, C.W: Textbook of Influenza by Nichols, Webster, Hay, Blackwell Science 1998

__—




\>FEYVODIOFUF13mE LI
EECThELRLIHESNIC

« BAEDZFEINMEA/HINLID
A IV ADRRZ(C LD %%
FHECIEN BT

e JelZU. BE{nFhe =
BE. 10%LL EFBENT
Ld (RUTK)

Human Seasonal H1
Human cases of Swine H1 AlNagasakilHA-10-10/2010 H1N1
Human cases of 2009 H1N1 Alswine/Thailland/iCLU-RA15/2010H 1IN
SwineH1 AlNew York/2876/12010 HIN1
Avign H1 AlswineMINNesotalN2076/2010 H 1N
AiCalifornia/07/2008 HIN1
AfOh10f01/2007 H1N1 \
AWiscon sin/8T2005 H1IN1
AlswineMinnesata/00194/2002HIN2
AfewineMorealPZ14/2006 HIN2
Afswino/ilinois/100084/0THIN2
AlWisconsin/10/1998 H1IN1
AfswinefGuangxif12/2006 HINZ
AfturkeyMOf24093/99 HIN2
Afswinelin digna/P1 24300 H1IN2 North
Alswineflowal0023912004 HIN Americen
Aflowa/01/2006 HIN1 Swine
Afswin e/orealCY 0202 H INZ
Alswin eMorth Carolin /98225101 HINZ
AfPhilippines/344/2004 H1N2
Alswine/Ratchaburi/MNIAHSS0/2003 HIN1
AMisconsin/301/1976 HIN1
Alswine/Chonbur/D5CB1/2005HINT
AfThailend/271/2005 H1N1 j
M Afswinellowa 151930 HIN1
ANew Caledonia/20/1999H 1N1
AfBrisbane/53/2007 H 1N
ANVashingion/10/2008 HIN1
AMemphis/16/1983 HIN1 Hiira
AUSSRIQ0TT HINT Soaconal
ADenver'STHIN1
APueroRico/8134 H 1IN
A/South Carolina/1/18HIN1

ENmeﬂerdMnnesotng—OOﬂﬂZOW HIN1 } Nerth Amencan

2009H1N1
Pandemic

Alswine/Saskalchewan/18789/02 H1IN1 Avian
AfduckiHebei/843/2005H1N2 Eurasian
A/mallard/Netherlands/10/1999 HIN8 Avian

Alswine/Belgum/1/83H1IN1
Alswine/Zhejiang/1/2007 HIN1
Afturkey/Germany-NIR778/09HIN1 Eurqsian

- - - - swine/Spain/S3207/2004 H 1N Swin
Clinical Infectious Diseases 2011;52(S1):544-549, __. A TowizenandB8082002 AHINS ’



Original antigenic sin (IRREREIEEH)

TEST STRAINS

SWINE PRS8 FMI CUPPETT
16384r yACCINES

4096
1024 SWINE

256] ”
32

64
16384
4096

XN
1024} PR8
256
64f

16384}
4096+
1024f FMI
256
64
(32 —_—
i6384

4096
1024+ CUPPETT

<§: N B £ r”

LI TTrTriTh

11— 55 drra
S P P

LU L

256

L] ] TEerTT0

F1G. 1. Antibody respense in children aged 4 to 10 years to monovalent influenza virus
vaccines,

J Exp Med. 1956 Jul 1:104(1):85-97.



DO F AR - BRIC KD THllaikFIERE
ba& (BRR - BENEE)

. R IEE
75 Sk 34
RES TR 45 % 30 A

(= @

A ALY Abh1>

— @ 1®-@®
@ . SR
B o mmismm wt

o =RatEBHHA

mo: YA T77—, DC: HHRMIRE. LS 7 LN ZAHARE. iT: RERATHIRR (Th M) .
mT: S & e ISR (CD,+flAR) . iKT: REAXS—THIE. KT: F5—THiE (CD +#lIfE) . pre B:
JLBHARE. B: B, PC: TS X7 H#ifE

1) Gad& LB HRA (central memory)ldiE K LARLY
2) 7 —RRICERT HHRAKRATHDIZ4~64 ARNN S




VIFUNCKBDREDFHE

Table 3. Comparison of the immune response to inactivated influenza and live attenuated

influenza vaccine.

Inactivated Influenza Vaccine

Live Attenuated Influenza Vaccine

HAI response +++ +
Antibody secreting cells ++ +
Memory B cells + +

Nasal IgA —/+ Tt

NA antibody —/+ 4t

CD4 T cells ++ -+
CDS8 T cells - 19
Cross protective immunity —/+ ++

Vaccines 2015, 3,-373-389
——e——
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The Journal of Infectious Diseases 2006;194:1032-1039
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Geometric mean HAI antibody titer (95% CI)

Antigen, baseline No. of Before After After
serostatus subjects dose 1 dose 1 dose 2
A/HIN1?

All 222 14 (12-17) 149 (111-200) 276 (229-334)

Seronegative 103 5° 21 (16-29) 87 (70-107)

Seropositive 119 35 (31-40) 803 (658-980) 753 (656-865)
A/H3N2®

All 222 52 (45-59) 360 (301-432) 421 (372-476)

Seronegative 19 5P 9 (4-19) 48 (29-81)

Seropositive 203 64 (68-71) 509 (465-558) 516 (475-561)
B/Jilin®

All 222 8 (7-9) 25 (20-32) 48 (40-57)

Seronegative 165 5° 10 (8-11) 26 (22-31)

Seropositive 6/ 23 (19-27) 237 (207-272) 201 (175-231)
B/Hong Kong®

All 222 5 (5-6) 7 (6-7) 7 (6-7)

Seronegative 210 5° 6 (5-6) 6 (5-7)

Seropositive 12 17 (11-26) 40 (25-63) 40 (26-61)

The Journal of Infectious Diseases 2006;194:1032-1039
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RESEARCH ARTICLE

INFECTIOUS DISEASE

Plasmacytoid Dendritic Cells Delineate Immunogenicity
of Influenza Vaccine Subtypes

Shohei Koyama,'? Taiki Aoshi,? Takeshi Tanimoto,* Yutaro Kumagai,' Kouji Kobiyama,®
Takahiro Tougan,? Kazuo Sakurai,” Cevayir Coban,’ Toshihiro Horii,’

Shizuo Akira,'* Ken J. Ishii'>*

(Published 31 March 2010; Volume 2 lssue 25 25ra24)

A variety of different vaccine types are available for HIN1 influenza A virus infections; however, their immu-
nological mechanisms of action remain unclear. Here, we show that plasmacytoid dendritic cells (pDCs) and
type | interferon (IFN)-mediated signaling delineate the immunogenicity of live attenuated virus, inactivated
whole-virus (WV), and split virus vaccines. Although Toll-like receptor 7 acted as the adjuvant receptor for the
immunogenicity of both live virus and WV vaccines, the requirement for type | IFN production by pDCs for the
immunogenicity of the vaccines was restricted to WV. A split vaccine commonly used in humans failed to im-
munize naive mice, but a pDC-activating adjuvant could restore immunogenicity. In blood from human adults,
however, split vaccine alone could recall memory T cell responses, underscoring the importance of this adju-
vant pathway for primary, but not secondary, vaccination.
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States 2011 2012 2013 2014 2015 2016
Hawaii 1

lllinois 4 1

Indiana 2 138 14

lowa 3 1 1

Maine 2

Maryland 12

Michigan 6 2 1 12
Minnesota 5 1

New Jersey 1

Ohio 107 1 2 6
Pennsylvania 3 11

Utah 1*

West Virginia 2 3

Wisconsin 20 1

Total 12 309 19 3 3 18



http://www.cdc.gov/flu/swineflu/h3n2v-cases.htm

Evolution of the H3 Hemagglutinin: 1968-2011

Alndiana/08/2011 H3N2 .
1998: The human H3 e R T | . 4
enters the swine o ©
population as a“triple
reassortant” swine [ 11% aa divergence ]
H3N2 inﬂuenza Virus APanamal2007/1999 H3M2

ANNyoming/0312003 HIM2

APerth/16/2009 HaNz _L

AHong Kong/ 14/1002 H3M2 .

AfPhilippines/2/1082 H3M2

AINYIG0S1996 HINZ

1968: an avian H3
enters the human )
population as part 111877 HaNz Font Colors:

AR R s P -|l
of the Hong Kong A/Hong Kong/1/1968 H3N2 Ij“'l man “-’_‘-"I V H3N2 o
H3N2 pandemic — Swine Influenza H3MN2 or H3N

I i oo an Se3 5 <!
influenza virus b Human Seasonal H3NZ2

Note: pre-2009 seasonal H1 vs. 2009 pdm H1 showed 22% divergence

7
OFFLU HP: oFFLU swine Influenza Virus group meeting, 27-28 March 2012, OIE Headquarters, Paris

http://www.offlu.net/fileadmin/home/en/meeting-reports/pdf/
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Evolution of Influenza A (H3) Hemagglutinin (HA) Genes

Current Northern
Hemisphere Vaccine Strain Alswine/NY/401 10400572011 H3N2

Alswine/indiana/A01049744/2011 H3N2
, S , Afswinefindiana/A0109091/2010 H3N2
(SOIV: Swine origin influenza virus) Alswine/Morth Carolina/AD1049436/2011 H3N2
Alswine/indiana/A01049653/2011 H3N2

[Current A{H3N2)v vaccine strain|

- AlMinnesota/11/2010 X203 H3N2

— i

— Adswine/Minnesota/ 793172007 HaN2
Alswine/Mebraska/AD1049937/2011 H3IN2
Alswine/Minnesota/AD1049936/2011 H3N2
| Alswine/Texas/AD1040555/2011 H3N2
~ — Alswine/lowalAD1049750/2011 HIN2
AlswinellowalA01049034/2010 H3N2
Alswine/QC 38272009 H3IN2
Alswine/Quebec/ 12577772010 H3N2

Alswine/Quebec/1 267568/2010 HIN2
Alswine/Quebec/1262080/2010 HAN2

Alswine/lowalAD1049160/2010 H3N2

Alswine/Minnesota/1145/2007 H3N2
Alswine/Ontariol338537/2005 HaN2 =

AfWisconsinfZ2/2011 HaN2 )
AlGeorgia/01/2011 H3N2
AfNew Jersew01/2011 H3N2
A/Perth/16/2009 H3N2

— Allllinois/03/2011 HIN2

L A/BrisbaneM0/2007 H3INZ
ANWisconsin/67/2005 H3NZ2 h
AlNew York/55/2004 HINZ2 o u
AMomingf03/2003 H3N2
AlNew York/214/2003 H3NZ
AlPanamaf2007/199% H3N2
ADunedin/1/2000 H3N2

A/Moscow/10/1999 H3N2
AlSydnew5M 887 HIN2

AiMew York/G80/1995 HIN2

0.01 —

—

OFFLU HP: oFFLU Swine Influenza Virus group meeting, 27-28 March 2012, OIE Headquarters, Paris
http://www.offlu.net/fileadmin/home/en/meeting-reports/pdf/
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Genotype of (H3N2)v, 2011

2005-2010 Human cases 2011 Human cases 2009 HINT
of tr-H3N2 SOIV of A(H3N2)v Pandemic

Human PB1

Classical Swine — North American Lineage

Avian — North American Lineage
Human Origin H3N2

Eurasian Swine Lineage

http://www.offlu.net/fileadmin/home/en/meeting-reports/pdf/
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Hemagglutination-Inhibition Antibody Responses in Populations
Receiving 2010-2011 Influenza Trivalent Inactivated Vaccine

Pre-Vaccine GMT** | Post-Vaccine GMT % with HI > 40***

Population
(c1) (cn Pre-Vaccine | Post- Vaccine
21.44
Pediatric® | 20 Seasonal H3N2 5.50 ~4 fold increase 0 40
(6-35 _
hs) 5.00 5.00 r—=
montns) 70 Swine H3N2 . . | 01 0
(-) no increase - _ J
84.73
Adult 30 Seasonal H3N2 16.70 ~4 4 fold increase 30 80
(18-49 f=
years] . 315? | _
30 Swine H3N2 17.80 . 1 33 50
~2-fold increase -
30 Seasonal H3N2 12.88 62.'41 27 67
~5-fold increase
Elderly
(= 65 years) | 21.54 ==
30 Swine H3N2 13.10 17 1 40

~<2 fold increase

¥ This age group received two doses of vaccine.
*3eometric Mean Titer
=58 An Hl titer of = 40 is a surrogate marker of influenza immunity in populations.

dﬁFLU HP: OFFLU Swine Influenza Virus group meeting, 27-28 March 2012, OIE Headquarters, Paris
http://www.offlu.net/fileadmin/home/en/meeting-reports/pdf/
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Summary of Human Serology by Hi

O Does seasonal H3N2 vaccine increase HI titers to SOIV
H3N2?

» Pediatric vaccinee population
* No increase HI titers (in contrast to 4-fold rise to seasonal)

= Adult vaccinees
+ ~2-fold increase (in contrast to ~ 4.5 fold rise to seasonal)

= Elderly vaccinees
» ~ 2-fold increase (in contrast to ~5-fold rise to seasonal)
0 HI titers correlated with H3N2v protection after
seasonal vaccine: 0% in pediatric,40% in elderly and
50% in adults

. EI 'Small sample suggest that 0%, 33% and 17% of
pedlatrlc adult and older adults respectively have pre-
existing (pre-vaccination) Hl titers of 240

d#FLU HP: OFFLU Swine Influenza Virus group meeting, 27-28 March 2012, OIE Headquarters, Paris
http://www.offlu.net/fileadmin/home/en/meeting-reports/pdf/
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Sero-protection to H3N2v

J Infect Dis. (2012) doi: 10.1093/infdis/jis500
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Vaccine against Pandemic influenza
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« Pandemic vaccine
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» HA (hemagglutinin) &8
Unpublished analysis of predicted HZN9 Immunogenicity (: (3:\ 1@0)4 \/ j) I/I \/-U\-
TAI)ILAELE LT, TH

Mot RRBTE h— 25 (Bf
Epia, Inc._ /
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<«—— HA A/California/07/2009 (H1N1) % ) jj\ ﬁ?%—‘l (: /}\ Td: L \ o

" HA A/Victoria/361/2011 (H3N2)
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Average Epitope Content —> : 00 : <—— (Random Expectation) L j:f_b1$ }i }E{EE—FD\\@ % 7_ d: 15 (3‘:‘ \
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= It has serious potential for rapid expansion on a global scale.

NA A/California/07/2009 (H1IN1) —>
NA A/Victoria/361/2011 (H3N2) ——
NA A/Shanghai/1/2013 (H7N9) ——

Analysis by EpiVax Immunoinformatics Team: Bill

Martin, Frances Terry, Matt Ardito, Anne S. De Groot www.EpiVax.com




Pre-pandemic vaccine
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B1>JII>HYA/HSNIOD
ANDREFEEIRS (2004 - 2016)

<WHO URTT7ELAAZ

Figure 1: Epidemiological curve of avian influenza A(H5N1) cases in humans by >
week of onset, 2004-2016
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WHO: Influenza at the human-animal interface Summary and assessment, 25 February to 4 April 2016
http://www.who.int/influenza/human_animal_interface/Influenza_Summary_IRA_HA_interface_04_04_2016.pdf?ua=1
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the Asian H5

Hemagglutinin

When discrete monophyletic groups
begin to appear within a specific
clade and those groups meet the
nucleotide divergence criteria (as
well as having bootstrap values >60),
they are split into second order
clades (but still considered part of
the original first order clade). As a
second order clade continues to
evolve it may reach a similar level of
genetic diversity at which point it
may be split into third order clades
and so on. The same clade
designation criteria apply to first,
second, and any higher order clade
designations.

0.002

1996-2001

Average “between” group percentage nucleotide divergence of >1.5% . .
& groupp & & Expansion of first, second

and third order clades into i@flzkﬁ.\i%tﬁ%

% additional second, third and ﬂzbf:if;jﬂﬁ
Expansion of second fourth order clades

order clades into

additional third order
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Expansion of clade 2 into
five second order clades 2.3.4

23.3 234
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http://www.who.int/influenza/gisrs_laboratory/201101_h5nlevoconceptualdiagram.pdf?ua=1
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Prepared by the Immunisation Team. A draft of this paper was circulated to members of
the Joint Committee on Vaccination and Immunisation Influenza (JCVI) sub-committee,
officials at the Medicines and Healthcare products Regulatory Agency (MHRA) and
comments received incorporated into a revised draft. The Scientific Advisory Group on
Pandemic Influenza (SPI) have reviewed and endorsed an updated version of this
review. The review will be updated periodically to reflect any additions to the scientific
literature that might alter any of its conclusions.
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Public statement

Prepandemic influenza vaccine (H5N1) (surface antigen,
inactivated, adjuvanted) Novartis Vaccines and Diagnostic
Expiry of the marketing authorisation in the European Union

The marketing authorisation for Prepandemic influenza vaccine (H5N1) (surface antigen, inactivated,
adjuvanted) Novartis Vaccines and Diagnostic expired on 28 November 2015 following the decision of
the marketing authorisation holder, Novartis Vaccines and Diagnostics S.r.l., not to apply for a renewal
of the marketing authorisation. The vaccine contained haemagglutinin and neuraminidase of influenza
virus H5N1 A/Vietnam/1194/2004.

Novartis Vaccines and Diagnostics S.r.l. (now named Segirus) confirmed that it did not apply for
renewal of the authorisation due to lack of demand for this product.



EMAICHITS
Vaccines for pandemic influenza

« Pandmeic Vaccine : 'mock-up' vaccines currently
authorised in the EU.
— (Daronrix)
— Foclivia

— Pandemic Influenza Vaccine (H5N1) (Split Virion, Inactivated,
Adjuvanted) GlaxoSmithKline Biologicals

— Pandemic Influenza Vaccine H5N1 Baxter

» Prepandemic vaccines authorised in the EU
— Aflunov

— (Prepandemic influenza vaccine (H5N1) Novartis Vaccines
and Diagnostic)

— (Prepandemic Influenza Vaccine (H5N1) (Split Virion,
Inactivated, Adjuvanted) GlaxoSmithKline Biologicals)

— Prepandrix
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