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Table 1 Influenza viral genes and their functions

Influenza gene segment

and protein(s)

Function(s)

1. PB2; 2. PB1; 3. PA

Viral replication and transcription, in a complex of these three proteins. Replicate the viral RNA
in a complex with NP. PB2 may be host specific in replication.

4. HA

v IRRE 2

Viral binding to SA (and other?) receptors. Induces virus entry by endocytosis and causes fusion of
the viral envelope and the endosomal membrane. Specific HA sequences and structures control
the binding to specific sialic acids and linkages. Must be proteolytically cleaved to be
fusion-active. Major target of neutralizing antibody responses, variation results in evasion of the
antibody responses.

5. NP

Role in controlling the replication of the viral RINA, in a complex with PB2, PB1, and PA.

6. NA
AT VRpL BF

Enzyme that cleaves the terminal SAs from cell surtace glycoproteins and also from the viral
glycoconjugates. Both the specificity for specific SA linkages and the level of activity may vary
but are determined by mutations in the enzymatc active site and by the length of the stalk
holding it above the membrane. Cleaving the SA from the viral HA can prevent virion
aggregations. A target of antibody responses, some antigenic variation 1s selected.

7. M1/M2

MI1: controls the transport of viral ribonucleoprotein complexes into and out of the nucleus.
Involved in the budding of the RINPs at the plasma membrane during virion formaton.

M2: forms 1on channel in virion to allow H+ ions to enter the virion and allow M/INP to
dissociate, enabling the RINP to travel to the nucleus; modulates the pH of the Golgi to allow
acid-sensitive HA molecules to pass to the cell surface intact.

8. N51/NS2

IN51: binds and sequesters RINA, prevents activation of PKA, and prevents cellular apoptosis.
IN52: involved in the nuclear export of viral RINPs.




Influenza Types

* Three influenza virus types

nfluenza A; hosts are man, birds, horses,
DIgs, etc.

nfluenza B; hosts are man
nfluenza C:; hosts are man

— Types A and B are the major pathogenic
types
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Influenza A Viruses

Aquatic birds - reservoir for all HA and NA subtypes:




Possible Pathways for Generation
Pandemic Influenza Viruses

Avian Avian
Vi “us reussar’rnnf

Reassortment
in humans

Reassortment Avian-human
in swine pandemic & (
reassortan '

[ INFLUENZA
virus DIVISION
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Natural Hosts of Influenza A Subtypes

Host HA subtypes NA subtypes
Avian H1~H16 N1~N9
Human H1, H2, H3 N1, N2
Swine H1, H3 N1, N2
Horse H3, HY N7, N8
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Reassortment of Influenza Viruses

HIN1 H3N2
.\Confecton / .
HIN?2 H3N?2 HIN1 H3N1

Kilbourne et al. 1960; 1969.



( Antlgenlc Shlft)

1957
H2N2

*Asian®

Webster RG. 2002.
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Antigenic Shift for Flu Outbreaks

Year Strain Mortality

1918-20 HIN1 >20 million
(Spanish flu)

1957-58 H2N2 >1 million

(Asian flu)
1968-69 H3N2 <1 million
(Hong Kong flu)

1977-78 HIN1 <1 million

(Russia flu)

Textbook of Influenza. Chapter 1 & 41.
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Antigenic Drift in Influenza Viruses

Hemagglutinin

Meuraminidase

Treanor, J. N Engl J Med 2004.
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Avian Influenza in Humans, 1997-2004

H5N1

Hong Kong H9N2

18 cases Hong Kong
6 deaths 2 cases

VvV V

1997 1999
Stephenson et al. 2004

H5N HI10N7

Hong Kong | Egypt

2 cases ? Cases

1 death LIEN 1

H7N7 Thailland and

Netherlands  Vietnam

84 cases 34 cases

1 death 23 deaths

HON2 H7N3

Hong Kong  Canada

1 case 2 cases
2003 2004
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2003 # =

- 387 cases, 245 deaths

Status as of 12 February 2010
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Nigeria
Cases: 1
Deaths: 1 |

Areas with confirmed human cases of H5N1 avian inflge

nza since 2003 *

-

L(a{est avar?gg!a update

| Azerbaijan
.. Cases: 8

China
Cases: 38
Deaths: 25

Lao People's

Country, area or territory
Cases; cumulative number

Deaths: cumulative number

—rilraq “Irakistanl” Democratic Republic
Cases: 3 —~ | Cases: 2
Deaths: 2 . Cases:3 - Deaths: 2

| Egypt : “17 7| Deaths: 1 e
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Deaths: 27 | - " | | Bangladesh / Viet Nam
| [ ; = |\ |Cases: 1 Cases: 112
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TN ' ; Thailand
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L= Indonesia
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World Health
Organization

Data Source: WHO

Map Production: Public Health Information
and Geographic Information System (GIS)
World Health Qrganization

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever

on the part of the World Health Crganization conceming the legal status of any country, territory, city or area or of its authorities,

o cancerning the delimitation of its frentiers or boundaries. Dotted lines on maps represent approximate border lines for which there
may not yet be full agreement. ®WHO 2010. All rights reserved.



High Pathogenic Avian Influenza

LPAI HPAI

Proteases localized in respiratory and Lbiquitous proteases
intestinal organs

- HAD >
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Copyright © 2005 Nature Publishing Group
MNature Reviews | Microbiology




Spread of Influenza H5N1 Viruses

Clade 2.2

Turkey < '
i o China South Korea

Clade 2.3.%/1%
x‘% "b : 5 |

Egypt

Thailand

pehade {206,

Py

o

X Clade 2.1

\ ster RG, Govorkova EA. N Engl J Med. 2006; 355: 2174-7.




H5N1 circulat
In birds

Multiple clades and
sub-clades circulate Iin
birds

Extensive genetic
divergence since 1997
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Pandemic (H1N1) 2009, Status as of 06 July 2009
Number of laboratory confirmed cases as reported to WHO 09:00 GMT

Cumulative deaths

« 110
® 11-.50
® 51-100

1 @ 101 and more

Cumulative cases
1-10

| 11 -50

Bl s -s00

B 501 and more

Total: Chinese Taipei has reported 61 confirmed cases
94 512 cases | of pandemic (H1MN1) 2008 with O deaths. Cases from
429 deaths Chinese Taipel are included in the cumulative totals,

The boundanes and names shown and the designations used on this map do not amply the expression of any opmion whatsosver Data Source; World Health Organization B World .H'“.Ith
on the part of the World Health Organzation concerning the legal status of any country, territary. city or area of of its autharities, Map Production: Public Health Information i % Organization
of concerming the delmitation of its fronbers or boundasies. Dotted Bnes on maps represent approxmate border mes for which and Geographic Information Systems (G15)

there may net yet be full agreement. Weald Health Organcation ©WHO 2000, All rights resenved

Map produced. 05 July 2008 09:00 GMT



Map: International Co-circulation of 2009 H1IN1 and Seasonal Influenza
(As of October 9, 2009; posted October 9, 2009, 3:00 PM ET)
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Reassortant Events Among Swine Influenza
Viruses (SIV) In North America
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Classical swine North American  Human (H3N2)
(H1N1) avian (H1N1)

Eurasian avian-
like swine (H1N1

=) "

Influenza A/HIN1/09




Fig. 1 Host and lineage origins for the gene segments of the 2009 A(H1N1) virus: PB2, polymerase basic
2; PB1, polymerase basic 1; PA, polymerase acidic; HA, hemagglutinin; NP, nucleoprotein; NA,
neuraminidase; M, matrix gene; NS, nonstructural gene

Gene Segments, Hosts,
and Years of Introduction

~1998 PB2, PA
PB2, PA }

PB1
~1968 ~1998 PB1
PB1 —

HA, NP, NS

~1979 NA, M
NA, M b

Published by AAAS R.J. Garten et al., Science 325, 197 -201 (2009)

~1918 } HA, NP, NS'_ '

Triple
Reassortant

Classical
Swine

Eurasian
Swine

PB2
PB1
PA
HA
NP
NA

NS

2009 A(H1N1)

Science

AVAAAS




Fig. 2 A maximum likelihood phylogenetic tree for nucleotide sequences of the HA gene of selected

Published by AAAS

influenza viruses

—— A/Swine/lowa/15/1930 H1N1
A/Wisconsin/301/1976 H1N1

100 |:NSwinefChonburi/05C81f2005 H1N1

A/Thailand/271/2005 H1N1
——— A/Swine/Ratchaburi/NIAH550/2003 H1N1

[ A/Ohio/3559/1988 H1N1

A/Philippines/344/2004 H1N2

- A/Swine/lowa/24297/1991 H1N1
—— A/Swine/Wisconsin/125/1997 H1N1

A/Swine/Missouri/1877/2001 H1N2
A/Swine/Korea/CY02/2002 H1N2
A/Swine/Korea/CAS08/2005 H1N1
L Allowa/CEID23/2005 H1N1
] A/Swine/lowa/00239/2004 H1N1
A/lowa/01/2006 H1N1
A/Duck/NorthCarolina/91347/2001 HIN2

A/Swine/NorthCarolina/98225/2001 H1N2
~A/Wisconsin/10/1998 H1N1

A/Swine/Kansas/00246/2004 H1N2
NSwme/KoreafASAN04/2006 H1N2
39/2000 H1N2
wme/Guangxm 3/2006 H1N2
A/Mexico/4115/2009
A/NewYork/20/2009
A/California/07/2009
A/California/04/2009

A/Swine/Minnesota/00194/2003 H1N2
A/Wisconsin/87/2005 H1N1
A/Ohio/01/2007 H1N1
A/Swine/Ohio/511445/2007 H1NA1

100

A/PuertoRico/8/1934 H1N1

A/NewCaledonia/20/1999 H1N1 Human
100 ﬂSo\omonislandsﬂ)SQOOS H1N1 Seasonal

A/Brisbane/59/2007 H1N1

Classical
Swine

A/Duck/NewYork/13152-13/1994 H1N1

2009 A(H1N1)

-|. st ent BLASI
Human Infect\on Swme Virus

Human Seasonal

R. J. Garten et al.,

A/Swine/Saskatchewan/18789/2002 H1N1 American
100 A/Mallard/Maryland/161/2002 H1N1 Avian

A/Mallard/Minnesota/SG-00121/2007 H1N1

— A/Swine/Belgium/1/1983 H1N1
A/Swine/England/WVL7/1992 H1N1 A
) Eurasian
A/Swine/Denmark/WVL9/1993 H1N1 A
— A/Swine/Spain/50047/2003 H1N1 Swine
0.05

A/Swine/Zhejiang/1/2007 H1N1

Science 325, 197 -201 (2009)

Science
RAVAAAS




Phylogenetic Tree of Hemagglutinin H1: Swine vs.
Seasonal

AIChioDTR2009 H1N1 ‘|
AlNew York/M872005 H1M1
AlCaliforniafd5 2009 H1N1
AlTexas 472009 H1M1
AMexico/410812009 H1N1
ACaliformia/0472009 H1M1
AlSwine/IndianaP 124 38:/00 H1MN2
AlswineGuanged 32008 H1M2
AWisconsin1 1938 H1N1
AlWisconsin/8T2005 H1MA
ASSwine/Ohio/381/01 H1NZ
AlswineHorea/PZ 142008 H1N2

AlswineKorealCASDR2005 HIN1

4|:L— AllowalCEID23/2005 H1N1 } )
Alswine/lowallD238/2004 HIMNA Swine H1

Alswine/Memphis/1/1950 H1N1

AJswine/RatchaburiMLAH1481/2000 H1N1

I AIDhio3559M1588 H1NA
Alswineflndiana’1 72001888 H1N1

_|: AiPhilippines344/2004 H1MN2
| Alewinellowa2M1885 H1M1

—— Alswine/ChonburiD5CE1/2005 H1N1
L AiThailand/271/2005 H1N1
Alswine/Ontariofd/1081 HINT
AfNew Jersey/8M376 HIN1
Alswine/Wisconsin/2/1070 H1N1
L Aiswine/Wisconsin/1/1857 H1N1
[— Alswine/lowa/15/1930 H1IN{ J

Adswineflamesburg/1842 HIN1
AlMinnesotal/l1/2009 H1N1 ™
AlBrisbane/5302007 H1N1
AlSolomon Islands03:2006 H1N1
. AlMew Caledoniaf20M1939 H1M1
L AlNew York/G30/1935 H1M1
AUSSRMESNTT H1N1
_l_—P.-'Memphis."IE-'*IEEE- H1M1 ; Seasonal H1
AlFort Worth/S0 H1M1
I_— AlDenversT H1M1
AlWeiss/d3 HIN1

L A/Puerto Rico/3/34 H1N1 y
A/South CarolinaM/M8 H1NA

—
0.02 (Garten, et al Science 2009)

Novel H1N1 Qutbreak
Human cases of swine H1
Seasonal H1
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Neuraminidase inhibitors

H HsC
}Ofﬂ
H,C / 0
HNm—{ :)—4
o:< 0-CHe
CH MH CHs (
CHs CH3
NH CHq
Zanamivir Oseltamivir Peramivir
== . JRE: 1
M2 ion channel blockers
H
NH,.HCI
i s NH . HCI R
= - CH3
H H
Amantadine Rimantadine
Symmetrel®, Mantadix® Flumadin®
IMP dehydrogenase inhibitors
o] MNH
N J\,N
H HoM
ENJKF 3 R
N“‘“N l*wL,,N
HO HO
(o] 8]
H OH HO  CH
Ribavirin Viramidine {prodrug of ribavirin}
Virazole®
RNA polymerase (endonuclease) inhibitors
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THENDS in Pharmacological Sciences




Siallc acid (N-Acetylneuraminic acid) Zanamivir (Relenza®)

Corboxylate Gliciad Carooxyiate Glycara

Guandne

actrve side of Neuramen idase

active center ol Neuraminidase

Oseltamivir (Tamiflu®)

hydrophobst groug Iy dropholic
pockel
Carboxyiate
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Pandemic Influenza Vaccines

Improve efficacy: adjuvants & delivery systems
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High- gruwth FRS virus or Selected avian High- S"‘U"'-"h PRE wvirus or Selected avian
attenuated AA oo virus influenza virus attenuated AA ca virus /_ influenza virus

P00  O® el
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@ @@ l Sglemiqn of |:!es|red

virus with antisera

Six plasmids bearing Two plasmids bearing
internal protein genes mbdi‘ﬁeduruwxm%a_d
from the virus Ha and MA genes

HA and MA proteins of avian
influenza virus I

\»Remm virus expressing

Recombinant virus expressing HA and and
'MA proteins of avian influenza virus

Mature Reviews | Immunology
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Cell Culture-based Flu Vaccines




Madin-Darby canine kidney
(MDCK) cells

o first extracted in 1958 from a healthy
cocker spaniel and subsequently
“Immortalized” through growth in culture

e Such cells prove to be “highly permissive”
for growing the influenza virus

 Whether MDCK cells are tumorigenic and
oncogenic ?



Cell Culture Flu Vaccines

Solvay

— MDCK cells grown on
microcarriers within
bioreactors

Nobilon

— MDCK cells grown on
microcarriers within
bioreactors

Chiron

— MDCK cells adapted
to grow in suspension

Baxter

— Vero cells grown on
microcarriers within
bioreactors (Vaccine
2007)

both types of cells can induce
tumors when administered to
Immunosuppressed mice

post-MDCK vaccine-
manufacturing procedures
entail extensive purification
and inactivation steps to
reduce the risk that any
Intact MDCK cells or cell-
derived neoplastic agents
could be found in the final
vaccine product.

Solvay's Medema estimates a
greater than 10”21 clearance
factor for removing MDCK
cells from finished vaccine,
while Chiron's cell-removal
estimates extend higher.
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Assessment of pre-pandemic H5N1 clinical trials

Data presented at WHO meeting, February 2007
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MF59 - o/w emulsion adjuvant (Novartis)

Appearance: milky white oil in water (o/w emulsion)

Ho H:0 Ho
\\ - \y H,0

Lol N H,0
I H,O
H,O0 H,0

Composition: 0.5% Polysorbate 80 water-soluble surfactant
0.5% Sorbitan Triolate oil-soluble surfactant

4.3% Squalene -oil
Water for injection
10 nM Na-citrate buffer

Density: 0.9963 g/mi

Viscosity: close to water, easy to inject




AS-03 adjuvant




7= & 52 El

= HIaY 581X

T 5 BB I S 1 SR R
EENENRE  BEE2EPRENE
A% 0 ATEE AR Lz LAY
BUAE IR RE o IR EIRIE T
PIRANZIRIE BRI - K51 S H it
BEARRB LI RGN E - EEbEEE
] LLGE A S LR RN S IR A A - Rtk
AAALUSE RE R ME - thEEZE =
SHEE RAYE © s

RS

HHEhE T HE

#’1 22 '{HB‘DHI"

Bﬂfﬂ

EFEIIEHTI*




i 17 R I 52

R S ]

FRIVERYEERIN T s - BLESSHEMNBRIZAE - FLIEEET ARMERBE (E=H) -

sa.ylib.com BBA 79




Medimmune FluMist




Vaccine production capacities

¢ 70% of global vaccine production located in Europe (3 companies)

— 50% of that production is exported outside of Europe
Source EVM Press Release 30 Aprl 2004 1
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Influenza A (H1N1) 2009
Monovalent

FDA approved these vaccines as a strain change to each
manufacturer’'s seasonal influenza vaccine. There is considerable
experience with seasonal influenza vaccine development and
production and influenza vaccines produced by this technology have
a long and successful track record of safety and effectiveness in the
United States. The Influenza A (H1N1) 2009 Monovalent vaccines
will undergo the usual testing and lot release procedures that are in
place for seasonal influenza vaccines.

Injectable Vaccines
— Influenza A (H1IN1) 2009 Monovalent Vaccine (CSL Limited)

— Influenza A (HIN1) 2009 Monovalent Vaccine (Novartis Vaccines and
Diagnostics Limited)

— Influenza A (H1IN1) 2009 Monovalent Vaccine (Sanofi Pasteur, Inc.)
Intranasal Vaccine
— Influenza A (H1IN1) 2009 Monovalent Vaccine (Medlmmune LLC)



http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181975.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181973.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181973.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181971.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm181970.htm

Table 1: FDA Approved HIN1 Vaccines

Proper Name Route of Virus Manufacturer How Supplied Indication
Administration
Influenza A Injectable Inactivated | CSL Limited 0.5 mL Active immunization of
(HI1N1) 2009 preservative-free persons ages 18 years of age
Monovalent single-dose. and older against influenza
Vaccine prefilled syringe disease caused by pandemic
(HIN1) 2009 vims.

3 ml multi-dose

vial'
Influenza A Injectable Inactivated | Nowvartis 0.5 mL single-dose. | Active immunization of
(HIN1) 2009 Vaccines and prefilled syringe” persons 4 vears of age and
Monovalent Diagnostics older against influenza
Vaccine Limited 3 mL multi-dose disease caused by pandemic

vial' (HIN1) 2009 virus.
Influenza A Injectable Inactivated | Sanofi Pasteur, | 0.25 mL Active immunization of
(HIN1) 2009 Inc. preservative-free, persons 6 months of age and
Monovalent single-dose. older against influenza
Vaccine prefilled syringe disease caused by pandemic

and single-dose (HIN1) 2009 virs.

vial

0.5mL

preservative-free,
single-dose.
prefilled syringe
and single-dose
vial

5 ml multi-dose

vial
Influenza A Intranasal Live, Medlnmune 0.2 mL pre-filled. Acttve immunization of
(HI1N1) 2009 attenuated | LLC single-dose individuals 2-49 vears of age
Monowvalent intranasal spraver against influenza disease
Vaccine caused by pandemuic (HIN1)

2009 virus.

" contains Thimerosal as preservative
® Thimerosal, a mercury derivative used durning the manufacture, 1s removed by subsequent purification steps to a
trace amount (= 1 mcg mercury per 0.5 mL dose)
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U.S. 2009-H1N1 Vaccine Strategy

Epidemiclogy of the Virus
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Vaccine Related Questions

e Thimerosal #r¥rik

— a mercury-based preservative that has been used for
decades in the United States in multi-dose vials (vials
containing more than one dose) of some vaccines to
prevent the growth of microorganisms, such as
bacteria and fungi, which may contaminate them.

e Guillain-Barré syndrome (GBS) £ - 7 * % 4&
JE
— 1976 swine flu vaccine in US

— a higher risk for GBS than those who were not
vaccinated (about 1 additional case occurred per
100,000 people vaccinated).
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