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Antigenic and genetic
characteristics of zoonotic
influenza viruses and
development of candidate
vaccine viruses for
pandemic preparedress
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Responsible for CVV
Decisions

Decide on the Strains

— WHO VCM Feb & Sept
— Prepare seed virus

— Vaccine manufacturers
— Regulatory agencies

— 6-9 months later have
vaccine
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HS5NXx, H7Nx, H9, H6, H10, vH3N2...

Alchicken/Egypt/B9040C/2013*|

Alchicken/Eqypt/BI040D/2013* M CRHERAC) HEMY Bchtiion Werking troup

Alchicken/Egypt/B9040A/2013*

Alchicken/Egypt/B9039A/2013* e

A/ duck/Egypt/F9892/2014* e g o e wi

Alduck/Egypt/F9891/2014* 1 i

—| Alchicken/Eqypt/F9514A/2014* HI

" Alchicken/Eqypt/F9514E/2014* HI
Alduck/Egypt/F9890/2014*

“ Alduck/Egypt/F9890/2014*
Alturkey/Egypt/F9889/2014*

A/Egypt/02177-NAMRU3/2013 2.2.1

AJEgyptIN01754/2014*

AJEgyptIN01753/2014*
Alchicken/Eqypt/Q7630D/2013
A/Egypt/02479-NAMRU3/2013 2.2.1

Alchicken/Egypt/S7653E/2013*
A/Egypt/01500-NAMRU3/2013 2.2.1
Alchicken/Egypt/M7217B/2013
Alchicken/Egypt/M7217B/2012
Alchicken/Egypt/M7217C/2012
Alduck/Egypt/S6419E/2012
Alturkey/Egypt/S6405A/2012
Alturkey/Egypt/S6405C/2012

Alduck/Egypt/S6419C/2012
Alturkey/Egypt/S6405E/2012
A/Egypt/N00951/2012 2.2.1

Alchicken/Egypt/S2938D/2011
Alduck/Egypt/M2583A/20102.2.1.1

Alduck/Eqypt/M2583D/2010 2.2.1.1 HI
Alduck/Egypt/Q4596B/2012

AJEgypt/01050-NAMRU3/2013 2.2.1
A/Egypt/N01982/2010 2.2.1
A/Egypt/N09539/2009 2.2.1
Alchicken/Egypt/1036/2010 2.2.1
AIEgypt/N03072/2010 2.2.1 Vaccine
A/Egypt/2629-NAMRU3/2007 2.2.1
A/Egypt/1394-NAMRU3/2007 2.2.1

AJEgypt/2546-NAMRU3/2008 2.2.1
Alchicken/Egypt/490N3-CLEVB/2008 2.2.1.1
Alchicken/Egypt/9403NAMRU3-CLEVB214/2007 2.2.1.1
Alchicken/Egypt/1031/2010 2.2.1.1
Alchicken/Egypt/38-2/2008 2.2.1.1
A/Egypt/3300-NAMRU3/2008 2.2.1.1 Vaccine
Alchicken/Egypt/116AD/2011 2.2.1.1a
Alturkey/Israel/362/2011 2.2.1.1a

Alchicken/Menofia/CAI35/2010 2.2.1.1a
Alchicken/Egypt/Q1090E/2010

Alchickenl/Israel/65/2010 2.2.1.1a
Alduck/Egypt/0955-NLQP/2009 2.2.1.1a
Alchicken/Egypt/1063/2010 2.2.1.1a
Alchicken/Egypt/Q1995A/2010|
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A(HS5N1) $50,000

World Health

Organization candidate vaccine viruses

Candidate vaccine viruses Clade Institution*® Available
A/Viet Nam/1203/2004 (CDC-RG; STRG-161052) 1 CDC and SJCRH Yes
A/Viet Nam/1194/2004 (NIBRG-14) 1 NIBSC Yes
A/Cambodia/R0405050/2007 (NIBRG-88) 1.1 NIBSC Yes
Alduck/Hunan/795/2002 (SJRG-166614) 2.1 SICRH Yes
A/Indonesia/5/2005 (CDC-RG2) 2132 CcDC Yes
A/bar-headed goose/Qinghai/1 A/2005 (SJTRG-163222) 2.2 SICRH Yes
A/chicken/India/NIV33487/2006 (IBCDC-RGT) 2.2 CDC/NIV Yes
A/whooper swan/Mongolia/244/2005 (STRG-163243) 2.2 SICRH Yes
AEgvpt'2321-NAMRU3/2007 (IDCDC-RG11) 221 CDhC Yes
Alturkey/Turkey/1/2005 (NIBRG-23) 221 NIBSC Yes
AEgvpt/N030722010 (IDCDC-RG29) 221 CcDC Yes
AEgvpt/3300-NAMRUS3/2008 (IDCDC-RG13) 2211 CDC Yes
Al/common magpie/ Hong Kong/5052/2007 (STRG-166615) 2321 SICRH Yes
A/Hubei/1/2010 (IDCDC-RG30) 2321 CcDC Yes
A/bam swallow/Hong Kong D10-1161/2010 (SJ-003) 2321 SICRH Yes
Al/chicken'Hong Kong/ AP156/2008 (31-002) 234 SICEH Yes
A/Anhui/1/2005 (IBCDC-RG6) 234 CcDC Yes
Alduck/Laos/3295/2006 (CBER-RG1) 234 FDA Yes
A/Tapanese white eve'Hong Kong/1038/2006 (STRG-164281) 2.3 4 SICEH Yes
Algoose/Guivang/337/2006 (STRG-165396) 4 SICRH Yes
AlchickenViet Nam/NCVD-016/2008 (IDCDC-RG12) 7.1 CDC Yes
A/chickenViet Nam/NCDV-03/2008 (IDCDC-RG25A) 7.1 CcDC Yes
Candidate vaccine viruses in preparation Clade Institution Availability
Alchicken'Bangladesh/11RS1984-30/201 1-like 2342 CDC Pending
A/Indonesia/ NIHRD11771/2011-like 2132 NIID Pending
A/Guizhow'1/2013-like 2342 CDC/CCDC Pending

WHO information meeting on influenza vaccine composition for northern hemisphere 2013-2014 ' q ' World Health

21 February 2013 « WCC Geneva

rganization




Beyond CVV Selection...
GOF studies crucial for
producing HPAI vaccines

A flu virus contains gight gene segments. The goal is to combine
the desired HA and NA genes from flu strain 1 with the six other genes
from flu strain 2, which grows well in eggs and is harmless in humans.

HA gene Q ke
- nﬁ g‘}f After removing the cleai:age

dangerous part of the
W HA gene, scientists AlsealMass/1/1980 PENPKKEHPSAGKDPKKTGGP | YRRTRG
splice the HA and Alturkey/Oregon/1971 PENPKTSLSPLYPGRTTDLQVPTA--RG

Flu strain 1

MA genes from Alchicken/Chile/2002 PENPKTCSPLSRCRET---------- RG
L'i':ﬂﬂ:'i:i‘m:t: o Alchicken/Jalisco/CPA1/2012 PENPKPDRKSRHRRT]- = = = = = = = = = - - RG
. AMexico/InDRET218/2012 PENPKDRKSRHRRT|- - - - - ------- RG
S Alchicken/BC/2004 PENPKOAYQKRMT - - ~- == == ceine RG
A/Canada/n504/2004 PENPKQAYQKRMT = = = = « = == = = = = - RG
© additional A/Canada/n444/2004 PENPKQAYQKQMT - - - =« - o oo oo oo RG
plasmids d Alchicken/SK/HR-00011/2007 PENPKTTKPRPR - - - -« = ccmmn--- RG
g Alchicken/Germany/01/1979  PE IPKKKKKK - = - = = < == ==« - = - RG
remining HPAI  aschickenrialy/5074/1999 PEIPKGSRVR - -=--=--sonnnnn- RG
six genes Alchicken/Victoria/1976 PE IPKKREK - == v sramvas Sanainai RG
found in AJstarling/Victoria/1985 PEIPKKREK--=---comeuaon.n. RG
flu strain 2. Asfowl/Dobson/1927 PELPKKRRK =+ s 22 ssansnsssas RG
Adchicken/Germany/R28/2003 PEIPKRRR - - = = = = = = = = o o o o o o = RG
P} Alchicken/Belgium/06600/2003 PE IPKRRR - = - = - = =« c o e oo v oo RG
antigen AlNetherlands/127/2003 PE|PKRRB = o = s rimim oo mm mim RG
Alchicken/Netherlands/2586/2003 PE | PKRRR - = = = = = = = = = = = = = = = = - RG
e o Scientists insert the HA and NA plasmids Algouse/Leipzig/137/8/1979 PEIPKRKK » ~imininm nmmmmn niniminen = RG
from flu strain 1 and the six plasmids Adchicken/Victoria/1/1992 PEIPKKKK- - ---------c-----n RG
carrying genes from flu strain 2 into Alchicken/Queensland/667/1995 PE IPRKRK - = = = = = = = = = = = v = = = =« RG
animal cells growing e Aturkey/England/1963 PETPKRRR----==-=ccacoun-nn. RG
in the laboratory. y ~. Alchicken/Murree/NARC-01/1995 PETPKRRK - « < < « < « < < < < - - < - - - - RG
4 \ AlNew York/107/2003 PEKPICE = = ey m s i e m RG
- \ Alturkey/Virginia/4529/2002 PEKP P =imimsiminse: Somimminio micimiiroi - RG
;‘:f;:’” = o /4 LPAIl AenviNew York/19495-1/2006 PEKPKP - - « - = = = = = - = = <= == = = == RG
= 4 Alchicken/NY/3572/1998 PENEKE = oo mimioisisimin sl i imimisisise RG
A / Achicken/Chile/184240-2/2002 PEKPKT = =« =« cc e s e e acucnnnn RG

—_— Growing

animal calls

o The genes in the plasmids.
instruct the animal cells
to make the desired
new flu strain.

e New flu
strain
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Journal of
Virology

WILD TYPE INFLUENZA VIRUS (VIRULENT)
AS RECOMMENDED BY WHO EACH YEAR

TWO GENES FROM THE WILD TYPE VIRUS
CONFER SURFACE H&N ANTIGENS TO
TRIGGER IMMUNE RESPONSE

N ‘ "» SIX GENES FROM THE MASTER STRAIN
CONFER NON-VIRULENT PROPERTIES

LAIV MASTER STRAIN
(NON-VIRULENT)

Beyond CVV Selection...
GOF studies crucial for producing
high yield vaccine seed viruses

Enhanced Growth of Influenza Yaccine
Seed Viruses in Vero Cells Mediated by
Broadening the Optimal pH Range for Virus
Membrane Fusion

Ehin Muraicaml, Talcuks Horlmeoto, Mutcumil o, Ryo
Takano, Hircakl Kabsura, Macaywlk] Shimso]ims and
Yioghirdro Kawsoks

oL Wirol 20102, BAEE1:140E. DO 1071580 VLSNrE-11.

Pulbliched £

Generation of Live Attenuated Nowvel
Journal of  influenza Virus Aicalifornia/7/09 (H1N1)
Vaccines with High Yield in Embryonated

Virology  chicken Eggs

Zhonigying Chen, Wellla Wang, Halan Zhow, Amoreolo L.
Ewgulan Jr, Cindy 3hambawgh, Lol Kim, Jaokls Thao,
Gacrges Kambls amd Hong Jin

<L Waral 2010, BS01) 44 Do 10 1128001082 108-08.

Publiched Ahsad of Print 28 Oobobar 2008,

REASSORTANT LAIV FORMS THE
BASIS OF THE LIVE ATTENUATED
INFLUENZA VACCINE
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