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- MODI FI ED | NFLUENZA VI RUS FOR MONI TORI NG AND
| MPROVI NG VACCI NE EFFI Cl ENCY CROSS- REFERENCE TO
RELATED APPLI CATI ONS [01] This application .clains the
benefit of U S. Provisional Application No.
60/ 705,808, filed 5 August 4, 2005, which is herein
i ncorporated by reference in its entirety. STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR _
DEVEL OPMESDTHINOD [INFILEENGA SRS ROR MONIDORENGpr esent
i nvention WD SMPROVENG WACUENE ERERSENCYrom t he

National Institute of Allergy and Infectious D sease
and by CROSSREFERENCEUDD RRLATEBRRPRIICATIONS CA21765
fromthe National Institutes of Health. Accordingly,

[01] Tl:lidﬁ@plicﬁiongﬁahm theeenefitas G.Sr Pa:ivisioual 4bpleation Nhe60/705,808, filed

ti.0 EFERENCE TO | SK_APPENDI X [03] .
gt 088 B i B e O P PRGER S 0] 1 -
general sense, the invention relates to increasing
t he amMTAFEMENT REGARPING FEDERADLYI SRONSOREYr oup of
i nfluenza vir RESEARYFEOR BEVEKERBNMIENOF THE | NVENTI ON
I nfluenza Viruses [05] Influenza viruses, nost
[02] Theotsich Igeingi to thapresdnt éuhmtimf whs supgofed/by gsint AI347 from the

. rLous use o . It
National Rl T R o B e i B ot e gt (CORE) sramt
CA217@Ukdan éelkiSationRdnstiniiecaf Hyalthu tAcﬁbrdirfgl’ﬁ thel @B, poviemment Kas certain
ndenm cs occur and result in particularly high
nghtsmltg BYEESP i1 ness and death. Pandenics are
historically the result of novel virus subtypes of
i nf | uenz REXERENER I AlJONIRSCD DISKIAPRENDITE
segnent ed genone (antigenic shift), whereas annual
[03] No¢pprdiesbles are generally the result of evolution of
the surface anti gens of influenza A and B virus

(antigenic 25 dr IF-I M viruses often
orlglnatefromawans ralns I'nfluenza virus so
[04] In! Qagenei'aﬁ‘f Léﬂ@@zﬁxe nfretibp nre a%esatto ' &éregs{i'ﬁé Sthe 4RSI - and/or
hefe 1s al sd evidence that swi ne can serve as an .
mmuuogm@m@am@ diaefluepzaninis meptyeessel ") for the
generation of new avian-originated strains that are

1 BACKGROUND OF THE INVENTION

Influenza Viruses

[05] Influenza viruses, most notably particular strains of A and B virus, are a serious cause of
morbidity ‘and mortality throughout the world, resulting in annual disease outbreaks.
Periodically but at irregular intervals pandemics occur and result in particularly high levels of
illness and death. Pandemics are historically the result of novel virus subtypes of influenza A,
created by reassortment of the segmented genome (antigenic shift), whereas annual epidemics
are generally the result of evolution of the surface antigens of influenza A and B virus (antigenic
drift). Human influenza viruses often originate from avian strains of influenza virus so that
influenza infection is at its basis a zoonosis. There is also evidence that swine can serve as an

intermediate host (“mixing vessel”) for the generation of new avian-originated strains that are



pat hogeni ¢ in humans (Scholtissek et al., Virol ogy
1985, 147:287). The H5N1 influenza A outbreak in
Hong Kong in 1997 showed that highly pathogenic

i nfluenza A viruses can also be transmtted directly
from avi an species to humans (Cl aas et al., Lancet
1998, 351:472; Suarez et al., J.Virol. 1998,

72:6678; Subbarao et al., Science 1998, 279: 393;
Shortridge, Vaccine 1999, 5 17 (Suppl. 1): S26-S29).
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outbreaguﬂ@ioﬁ @@ﬁgw p&o7 éﬁeﬁwt@%h{gﬂ% sadrod &ﬁ@hﬂlﬁ&]za }beﬁﬁdéﬁcan also be
om nant et al., Natur 209). Curre

transmigted diegrtls fxonumm wecietigthumsng (Clh%frﬁé ﬁi’ clﬁél@% 1995 il i) Suarez et
al, J. of’ gbé{ 972%65@%@%5%5‘ %ﬁbﬁ Sskc‘?éﬁc?fwéé“ 80980 Ah¥REdde! ¥akcine 1999,

0 hunmans a it a i nfected cats, wth
17 (Suppl rbc 826 529)t dn 0803, theaHENil siugny i SoutheashAsia porgprised different co-

it SRR 10008 IS AR e g

domina@f (il &l ViNatuse mn,sm) 209%0n Garrnnttdvaiencbd':'imilcaxcsr ﬂls‘eﬁtaﬂréyman cases
uire e characteristics t al | tr
o 0 . O iUt A5 B RO LE b B i

infected utd WaR MOV oﬁﬁul:ai\/thﬁm&&,on‘(\ﬂhﬁﬁl aai) $timae3@04, 306: 241) This and
catastro hIC pand mc:lnflug aﬁi) Chl ar .et

other eNiiengeeob 5c apSBe gt) rangg and Jyi uluﬂxh gethjf av%ls raised

concert tHaHBSR 1 vRu R el AdcquiRe e RALR OGRS th'if sliivnSadsi@ddlon from human -
vast nunber of circulating strains 15 in ani nal

to humews dapesive ¥ MKURAOSTRFRY AP SBE BOW SN oYty (i could cause
catastr&%ml {)/eﬁlrdla %@ﬁé&a\’(‘FBﬁ&ﬁ’é &g 18y 005, g 5:4105.¢ OVFBi potential of

Ira erapl es and vaccines. The speed with
influenwhA clirusrs\io gcmte a¢w Rithegenifesirains frogeaEastBurgheyof skadating strains

in ammgl' s 000 Qhdi D ChLO] seaéenn% l lﬁfgprn%ﬁ‘ftgnﬁﬁ QH&b OHARes and
or assessing the efficacy o C|nes to novel
develogity abpeved zﬁﬁ]mﬂrtherg@m a:ldo\vacana'n dl"]@ spetd Wi whighi ney viral strains
onryxovi ri dae, e
aovio R RCAE i oD o AR B A
assessif)f the bﬁcacwf@foﬁaaﬂneseé hovehsisaiags. conbl ned coding capacity
of about 13 kb, and contains the genetic information

r t e | ~p |
00 u§8rebeD 108 PHEDS Bty DRLREAHG, g LR e
strand Bﬁg@ﬁbme tﬂhaats replivatd mthel mekts ¢the pré:cyqdepﬂ; Ihe 9, combined coding

ud| RNA- di r ect R r ot
capa"‘tfﬁsga%& &&17 and ﬁ%f“&% @F’éﬁfhﬁ ?“#ﬁéﬁ‘mﬂ rtgnm m g {z;bzeeé{)%ecﬁcauy’
influenREVEBGE! hivk Bight fdghtivertened RINAL @SRIEAY yera bégeneniseleat agadb st least 10
25 made up of__the ass‘gc tion of subunjts

h
polypemwf iR tFHl4- molmasmymﬁﬂf aggl and PA),
nuc]eo#l@ﬁnﬁ(té\ff*lj Cﬁeﬁfﬁmﬁﬁéét(ﬁ%!) Sheﬁﬂ‘%bluﬂﬂ:ﬁ (H@Zivh{clﬁ%ﬂ& e@bymitic, cleavage is

nfluenza Viruse rug, . PLe
made uprod gy, aspqsiotive pksubpgigotiAd gn 215;@3 matij@-pfotgg%@ﬁ{] Fulg;g M2) and the .
1101:1-st:rgncgtﬁr.l‘?ﬂp {Bat s ;ﬁ?;}t@je{ﬁr&gsetsdlsqﬁ The RAMEnAI ViWwed R EE Krug, ed.,

Plenum Press, New York, 1989, pp. 89-152).

[07] Recently developed reverse-genetics systems have allowed the manipulation of the
influenza viral genome (Palese ef al., Proc. Natl. Acad. Sci. USA 1996, 93:11354; Neumann and
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i nfluenza viral genone (Palese et al., Proc. Natl.
Acad. Sci. USA 1996, 93:11354; Neumann and 2
Kawaoka, Adv. Virus Res. 1999, 53:265; Neumann et at,
Proc. Natl. Acad. Sci. USA 1999, 96:9345; Fodor et
at, J. Virol. 1999, 73:9679). For exanple, it has
been denonstrated that the plasm d-driven expression
of eight influenza nsRNAs froma pol | pronoter and
the coexpression of the polymerase conpl ex proteins

result in the formati on of |nfect| ous i.nf| n
Kawaoks, ds. 1 RAnrIASBL 53465, PIepsatingl s Hpta Vs hend- Jgh USA 1999,
1%1)0 1731 I EHS [t i€ ha fn Wb@onstrated that the
06: 93452%8&&e622a61w r ué ]]%)95 5 gsbquz))e/ %{# gg%%t 1125 nmﬂandonS

plasmidsdriveh sexpresfiom @fo ﬁgh‘ofmﬂw@g%tnsﬁbf%eﬁ%l ¢i Pall 1 Rpgamoter and the
aSSoC

COEXPIESTIPT, P tgﬁ i) J.talge Lhe lg)y fi*o? d@%ﬁ#i& thed B RASdniMidhs influenza

I pl ayer 'structure. The
A virusi(AeEihakroy @f., lﬁf)c.tmel MachISclehT\Sél 290, 97:188hposed
predom nantly of matrix proteins and the outer |ayer
cont ai n § hiiod nRARAl dofMist a—ﬂ'hecore of
[08] Theyirpgp ?ﬁflfggghesur acaeaglr%g)itagf?%%ygpaﬁéur am ni dase 1SI\I?A)
negativa Behsd1ira BIN Aubdsariined it theapioleaprotein, sprdededby & envelope with
a lipid %ﬁ;}{eg %}e}?gfrqnt H’Eg\é[%{egi%fgﬁ d I £l gﬁve gg Ys O rrfHRY redommanﬂy of

avage

. mafrix ?he : REGhs 4@ thO ShieP IBLL 8GRSins vdaeir@fahe Nést«hrwqfdvhmd ezgﬁtqcrml The so-

celled SHp<p PEVRRY s URIRES Of St e Wt Do gl g on e

surface'%ﬂmai\@o@r ghebivneshradethdhzd Meuses dé}ienﬁ’mﬂhe pkavage of HA

primary antigenic .15 d term‘aants of t

by spemf&ﬁ hqataﬁzfaaswsrvﬂ@re@w isinvglved & fhy elepse of Eﬂ%‘?ﬁ’é’%’b‘ﬁ‘m Jiogp the coll
surface Jekréiﬁs cl%}ﬁﬁﬁ% oPnthlforanl virgharton et at, In The

uenza R M Krug, ed., Plenum Press New

York 1989, 153-1 ssort f
[09] ThenFiA, 67 A/ a@&%ﬁﬁ eeaabgeﬁe&?fél S EPSAB mfhey anemic
determBbis 8?&%‘%@& 6 of O, Sttt @‘uﬁlﬂi&hyaﬂdrtfiﬁiéﬁeﬂ 1989, 6:341-

organit sm no anannestlc i mune r onse

3s6; Wm@x@lmmﬂmwm@ﬁs Bt Bt For PIRBR PEish AYey York, 1989,
Pp. 15??’4) %eet§ &P&rﬁf&n’t BY Qlpue | sBerhdiedd %&Qme,gnesaé HAZ2Ahd NA variants

ras par es to receptors on host cells. [10] HA
are Gonﬂﬁhiﬁcarbaegl for wiviciafrfent e nfeoiddragganispy s Mg aBBRFStic immune response.

HA glygg;%ggef i t S St Egegle oF hﬂtllgﬁ{n% Xntﬁ%df@é)m it Bfolved &l 8E Binding of

T 4 'evel of simlarity
Vimsph‘lﬁblieﬁﬁ)rmpmrﬁdtﬂﬁmh&ﬂe.f different subtypes are
conpared, with sone strains clearly displaying higher

o B A i o iy o
nuclema&‘dtl;? atid Bnindr dcid/ 1@615;/ CILTE M}f/\@é similiarifysvasies avhen siyping gf different
B G B Y i G S S ] ity

others YA, Brbé.QUatl. cadlf $dicUBAL 19&1 Qﬂﬂéh?)l Shedewdy ef mino acid similarity
vary bgtgvgetmy%?l% S?Iglgjls of one subtype and virus strains of other subtypes (Air, Proc. Natl.
Acad. Sci. USA, 1981, 78:7643). This variation is sufficient to establish discrete subtypes and

the evolutionary lineage of the different strains, but the DNA and amino acid sequences of

- different sirains are still readily aligned using conventional bioinformatics techniques (Air, Proc.

Natl. Acad. Sci. USA, 1981, 78:7643; Suzuki and Nei, Mol. Bicl. Evol. 2002, 19:501).
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the evolutionary |ineage of the different strains,
but the DNA and am no acid sequences of different
strains are still readily aligned using conventiona
bi oi nformatics techniques (Air, Proc. Nati. Acad.
Sci. USA, 1981, 78:7643; Suzuki and Nei, Ml . Biol.
Evol . 2002, 19:501). 3 Influenza Vaccines [11] The

i nfl uenza vaccines currently |icensed by public

heal th authorities for use in the United States and
Eur ope are |nact|vated |nfl%,nza vacci nes as well as
t he Ilve att enuat ed Bt AALEine in the United

St at e Vi ruses ntin
[L1] ThempaRmghYo3CHet GRIRy kogiad 5Y 7Bl Reme LAt il fopasg e Unied
States #HdOMopd a8 TRIcHPAS! GFlueRiaCkRPin&0gSwenas ttdaemlammted FLUMIST
particles are subsequently purlflglt d |nact|v t ed A and
vaccinc,ip 1o Elfied PlaieeanGSes PISFIRLYE CRFFE0 Pt e A an

influensdB s Sl @edwn SHOLYIRPSnaAl ehicirSbocki aKﬁ' ﬂle\/\winlls particles are
C|rcu ate for thatq%ear for vaccine devel opnent.

subseqyenly puiifisiomgtindctivatechy shepaied iotrens WRA0BR BRERe| spcks Bach year the
QiR B QU incR0k1 t.
WHO R Sufrifs SRR e pAP LB AP o i b inc i Llopmen
exi stence of extensive animl reservoirs, 10 combi n

[12] Alihaughtnfincrrraasioethaserbeaon dee Breedhnenly| O fudmpan Vacsination
and sindd FHSRARRB oL E%Lﬁ?é@%cgﬂméo@w&mt&ce R 3RteRRW kfiflal reservoirs,

research’into no erapies wth which to fight the
combinwd m& theSrhxﬁe‘rd]emergmpdz eife: novgbinfnenas virgs qapabls pleqapsing a pandemnic,

has spltr](eél ﬁ%g%]écgl b Bodst Ctﬁ%zrlpel%u (Mo Vlaﬁicil 354 {‘f ny\glgdés Several important

X an bbar ao, Lan
advanc@b; ﬂaBTﬁHcBai) mﬂﬁmzaéaaaamca;rrednnethp@st fmnnyalrs [mmewed in Cox and

att enuat adm ni tere [
Subbarpg, ¢ [-eheRY jg%cé?%ms h ?We > hi ghfié e e?‘keagpl:i Ve attenuated’
intranaskfly pﬁ@hﬁ@feieagumm itfhieh£l efcchgaivas tshdw':rf tta émzhg]ﬁyl—ﬁf@hve in
and |an B.. r es ,to
protectryYouRE P AR SRS B FISH) SRR v PG approaches o

improv¥ A&L bffi@dcyl dTGhsl S@rd iR fldedemahien vﬁ‘fls v&‘cﬁinds ange ekt gdddration of
genetically engineered jnfluenza, viruses, contain

cold-adgpfed qudc g%ﬁéﬂ%ﬁ%lxaﬁmaa@eer% RYeBHS VPR | SRR Sﬁ%ﬁ% Jtemating
mutahcﬁ‘lg (ﬁbreweci m PALRGE ol q Infectl DK, 190761 78Uph1 L5p3L0). Ot i 1s ﬂldped that

I's hoped that these genetlcall altered viruses,
these gamtiohllst ﬂ@rﬂwmﬁ@p, w@eeqhetbe 4o Ak NACEANS: Toig feplagstrains have

been mggrégrageg tgrergﬁs#' Hited | %%%Qecpé's daRARRAMNERAY vinfsAAckifes to induce a

l uenza virus vaccines to induce
long-lasting| jpoigetivaSnimuge prspomseti Wempansm Ahongls pddradanited Yogpragpsappear to

Al t hou adapt ed v to stimulat ideal
be fﬁ%aﬁouﬁggh}gﬁdgeﬁ HchiPar élﬁﬁ%ing 3 ggg uft &eguat ecf_’ maya_geanl :
immuné G@paist Qﬂ&&érﬁ{bdoplesﬁjemdjat @‘oupnoﬂ e a®000+4|@ﬁﬂm@drvecbprns the USA

. in elderl e t he group of the 20000-40000
dymg?éhﬁ%?ﬂ%%¥§ﬁV#%ﬁ%? n%%?ng each year as a result

of influenza infection. _

[13] Readily available vaccines would provide the most effective tool agamst emergent

pandemic influenza. After the 1997 H5N1 outbreak in Hong Kong, vaccines produced by two
different approaches were tested in humans. Conventional subunit HS vaccine produced from
A/duck/Singapore/3/97 was poorly immunogenic in humans, even against antigenically closely

related strains and after multiple vaccination (Nicholson e al, Lancet 2001, 357:1937;
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25 [13] Readjly avail abl e vacci nes woul d provide the
nost effective tool against energent pandenic

i nfluenza. After the 1997 H5NI out break in Hong Kong,
vacci nes produced by two different approaches were
tested in humans. Conventional subunit H5 vaccine
produced from A/ duck/Si ngapore/ 3/ 97 was poorly

i mrunogeni ¢ in humans, even against antigenically
closely related strains and after nmultiple

vacci nation (M J . 01 7: Y.
el BSOS, 1t 8 T s
increas@D 05, anti®ddyl B0 Yof {HibaTUsEcok (Skphadpuieant, WEGee 2003, 21:1687).

Vaccin%t&%;%ﬁliﬁxga& 'ﬁbag?c? g%pi_lip’o%et Ietn %ﬁ%ggpnlzéon;%fg\ége%é R?duck/[—ﬂ{/836/80
(H3N1)>/aﬁﬁ;i it $he riﬁvaiﬁéu HB ﬁgiagg}xm%l"&q% iA/HIQ{ﬁG@’I;\(@IS@HD Ivigsl énduced
rom_nonpat hqgeni ¢, uck/ k 3 0 H3N1) vi n
barely deeriaiba e g ﬁsutfﬁiwggqnajg?%'?sn&ﬂ?a% % Hha '258PY of ﬁ@ﬁw 1999,
73:8303)1 Tthis, | aNEGERdh&e BBl VacsiRdseRéra Rlel blfa®iiSthe¥ appeared to be poorly

) neutralizing antibodi es (Takada et al., Journal of
immunagepis| oGy cpuee, lackyof dirgBye varrinss agiashBaYh vite sEaippirreases the
threat of G RSB ERWhlacktl Gtaled, hey appeared (o be

poorly i nmunogenic. The current |ack of effective

vacci nes agai nst H5N1 virus_strains increases the

threat of thesdn{fi¢nzadaceige bupmogamidni c di sease.

I nfluenza Vacci ne, I munogenicity 10 [ 141 Seruym .
[14] Segym jaglepdyititerometbadsan deafoserteb SHIQEAIS TFSEET PHEApRae protection

after vaOBBRIYNER vifal {TEBH0E. MO HLRAbIAANTR Ll seMAF GhtbRk Bfr Hhethods are
viral infection. The predom nantly used serum

virus negirelizstien titer ewsaysasd hseseglyténin fghitison&l} fiter pssasi diiese assays are
based oh HeSbilfly §ﬂ%§u@:ﬁg afEUBRRY b i sgllﬂlh'pﬂotci"c%gﬁ(a?{i ‘))u/nﬂ% érﬁ%&ns under

assays.  These assays are based on the
in vitrojoahditiensz sAssairsi 450 délested foo m divemestivatiom hasedona oplysory gz tebility to
. W tl gens: e ' i I Ll ) o
provit B A SBB A D SRL 3R 000G8 ity
requiretéves for edshltypeyoftagsaf5 provi de consi stent and applicable
results but al so based on their ease of use and the

i Li Lr ts.fo . f I
115] Bl ek, o SRS BRI ks P ERafNR 0 TP B ukidites from o
serum semplgitmblock the iafoctiontof colfuredhtdlly botingepzaoims, Thesssay is carried out
- 1o.blo the infectio f cultured.c S . .
by creaii 8 ARG I o SRR 8 Pl B hie Butions wita
a standavd embimi@f Sefedts ehrbut Baph slil(iod ixsyre of than pesdntadsianpledined cell
an onmbi ni ng.each of these dilutions with .20.a . .
cutture 30 1660 BRI ITEGn HIBCRRIEE v ISR fipr assay is
consideFBiXd Yé 8n bfirdnlNuRfig $60 HeEblk esd tdlefamROhe Bivel ofGithiubrotective

. .and the resulting infection rates_ assayed. The virus
antibodige, preset i1y &14VR ?%f@“ﬂlas%é% boweverotrpruispioen sRpcipiizegneell culture

facilitie€ ¥id B8R oYe 1SR HhivaBdly RbilN, eTAEALhRIEYATERE 1dbBBous and time
| evel of inmmunoprotective

consuming hence poorly suited to screening large numbers of samples.

[16] The hemagglutinin inhibition (HI) assay similarly exainines the ability of antibodies from a

serum sample to bind with a standardized reference virus. The basis for this assay is the fact that

influenza viruses will bind to and agglutinate erythrocytes. In the HI assay, serial dilutions of

serum sample are mixed with standard amounts of reference virus and after a set incubation
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anti bodies present in a given individual- It is,

however, dependent on specialized cell culture

facilities and therefore is not universally

avai |l abl e. The methodol ogy is also | aborious and tine

25 consum ng hence poorly suited to screening | arge

nunbers of sanples. [161 The henmaggl utinin inhibition

(HI') assay simlarly exam nes the ability of

antibodies froma serumsanple to bind with a

standardi zed reference virus. The basis for this .
period asisdyo rythrdrytesacEhetassciatipmbetwersn efarpnog Sdmseriang cpitliygeytes into

t o .apd [yt j.nat I; 136 foin 3
compie o S LRBAS, YREHIARE Mhten Jeleniindd B0 Bhmaz tutnin i
read as Sl ditisitiof titeef dlibnepd vt ausnsitick effvaegineinyeynogenicity

i ncubat.i on, peri od _added t.0 t hracyt es.
as ot} 350 4% M S0 SR eo PEb Gne RSyl Ml technology and
Imxmﬁ@yy&@ﬁaﬁﬁﬁﬁs into conplexes is then detected

visual ly. The highest dilution of serumthat inhibits

hemaggl.utinin jis read as the he Lut. i ni . .
7] GRgR R Pkt itk Aot Mo ARERORA I, dafeble for influenza
vaccing/ 6@lopehiTabd) QgRBInGdnt, y the®Sis0d ieed des aysovériatsHin dsbaigues of

. is wdely enployed due to its relatively sinmple .
ImoounggepiHY PRSERFRSR 1o F%}BHF&FQ?PQSGPW%H%%@SV?@% TARECRY el
the limtations discussed above on the current
t echni ques avaStAIMAKYOF THEUBIVENTHEECI ne
devel opnent - and assessnent, there is a need for
[18] TheTpiesine femtton provizich forqueiso akid submimidgeninche fiemagglutinin (FHA)

ssessnent to test | ne.response.after | ' S
motooufie iR, A Pk o Ty e SRR syl ROERI These
substi‘nﬂ-i@xkl)s[ 3} aReearligesie rsE]teé BY amrhal(grreparpwi s@iﬁﬁéi@r axla}m'r ralntibmiyehnﬁgen

. .. substitutigns in the hemagglufinin (. cule of . .
binding. 2 er s oA cpradimeats et%ﬁggﬁSﬂ’temﬁﬂ%F@é*&f@eE‘flg@g £ the Sosttaton
may bd (RN QOBBIcGde! e Qénsithaty [dh the TRS@ olufibia THIY dsbdyOstSseiiBy taken from
. alter antigenic sites by altering rece&%gr . )
mfecte@mp];s i ghjﬁynfgﬁgﬁt@p ininpnosaan .g:ﬁ:mr%cgﬁho% filg]ilastlcl r.ﬁfegnce viruses
and new QEACFM foPl dipyE@taly, thi QR4 RPRBSitaATn r8@MRE & thylecules with

resulting fromthe substitution may be useful to
the iminpengerisity characienisics iof ithy amino prid ebsiggiont 9intspatpeipg at H5 HA
Immﬁm?%%ay on serumtaken from 15 infected animals. This

ormation is inportant in the production of
di agnostic reference viruses and new vaccines faqr

[19] Thuat | wighiz acerfaitef aspedit. y thet ecseifi Woyeaond iaelpdesi iyt jrdpenza virus
hemag; ﬁg’% E:I?Aeq’ %og@mc&%ﬁ?iﬁ%toﬂﬁ of Bford RAHONREERILSithiYon in the receptor

stics o e amno acid substitution of ,
bindingasite dha giales tie HHS nidleculcomenei antizada with Tespect i sutibpflien precitic for

cer,t ai spegts, .the.present. i nv j [ .
e SNBSS ARl BV bEAIRS. e
virus inpeagdiaati ganiciyed A malent may molude e agnibs tdid atpamping pt thh gosition

S T T R T .

increastDfeactivity with antisera derived from an animal exposed to an influenza virus with a

—

wildtype HA molecule. The influenza virus increased antigenicity HA molecule may include the
amino acid asparagine at the position corresponding to position 223 in H5 HA, wherein the HA
molecule does not originate with human HS5 isolate A/HK/213/03 and the inclusion of asparagine

at position 223 results in an increased reactivity with antisera derived from an animal exposed to
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the HA nol ecul e | acking the am no acid substitution
inits receptor binding site. The influenza virus
i ncreased antigenicity HA nol ecul e may i nclude the
am no acid asparagi ne at the position corresponding
to position 223 in H5 HA, wherein the inclusion of
asparagi ne results in an 25 increased reactivity with
antisera derived froman ani mal exposed to an
i nfluenza virus mﬁth a wi | dt ype HA nol ecul e. The
an infl ql?ﬁn%pl %12 s\é/:yln{ehue%lﬂog dla%{}%(l%%é{' %133 téti(g%!A al eﬁslea? é“l%o%ylaﬁon site.
In som@%ﬁoﬂﬁibnféoﬁfee@ﬂﬁﬁﬁb n,gub Gs pQRiriah GNfR2Z AN virks. HHpr example, the

wherein the nol ecul e s_not. origjpa .
human ArfagazaHs, i Pﬂ&@@w Wkirsvdfdg Eﬁosu{"wae f’?ﬁ? g injpenza A virus

may b8 RAVRH1208/04 RESNI ) QRug 28 §oRselidritfodideni) thﬁﬁﬁl&aﬁﬁdurus is an
reactivity with antisera derived from an ani ngp|

influenga B cfgta;ﬁ ingention, igglndes inBnepza yigus ipgeasgirantigenicity HA molecules
ﬂmtme%ﬁﬁ am&h&mﬁ&hﬁQué§'d substitution alters a
cosy atlon site. In some enbodi nents, the
|nfluenza virus is a human i nfluenza A virus. _For

[20] Vidthimefher, aspasis, %%Wtﬁoﬂﬂ!l@é’?ﬁ& TpcopbRgEt apeE ArFSRpRRsiog an
mﬂuen%r Vmilf:@g%@ﬂ IEBEGIBH DB prisd dHRRE fnofe ¥hind ScidEabktitution in

H5NI) virus. |In sone
the recepydgidiemtits, thath:eahenﬂi zeplequie oteutigeniy With resapes fo mitibodies

spemﬁc k or4Re Hkhe grﬂiék%[g 4’]1@%&?%1}1 @{Jﬂ)éﬁﬁﬁ%ﬁ ﬁ'l&%cegtor bmdmg site.

creased antlgenl "ecu at are derived
The recfohmma&nwam In&ljr maiﬁdammnaﬁvd Hésmolpa(] datived fromotl e} influenza virus

e i.nve ncl u
in the ge?l cﬁ’é Flf) &Wéﬂsaﬁﬁ% lﬂ:f‘hlliuenza Vi T agbeama‘gtersmm
virus. Hﬁw@ﬁhib;ﬂaﬁﬁ VirdsHAYy h@hﬁﬂtﬂsa diogmpsticstefigereneims iy hemagglutinin

am acid bst|t tion.i the rece
inhibitigh, S0 gk | B gy G TG PEg 3 b Eilutinin
inhibitib® 8@ dsaf Ri.aNt i bodi es 10 specific for t he HA nol ecul e
Iacklng the am no acid substitution in its receptor
The reconbi.nant virus

di.ng site. incl ude

(211 SRR aRES b far T BgR AT FYEH PR SR M miing o vins
containtlg 4f m'ﬂﬁeﬂz@ewﬁ@nﬁklha@gﬁﬁﬁiﬁg r(@LAl’)dn:@fecﬂB bdi:ﬁ;brisﬁrgz an Aamino acid

virus. The influenza A V|rus q st er s ai.n
substityjop s the Terepion bigHime siin thal tﬁ% Se@limite AtibHic with respect
to antifHdRGNBSEAC tdr GhE LRD &RIM T UscHiAY e NETRO B8 shbkifution in its receptor

inhibrtion (H') assay. The reconbi nant influenza
bindingAdifeys may be included in a hemagglutinin 15

inhibition (H') assay kit. [21] Still further aspects

122) Y&f oﬁlgzeaépgéﬁ? Bt RN ink B 408 sd1 Q%8 hSRirI BIORIIE GSetBoS LT Balif)Y a virus
making a virus containin an i nfluenza virus

contaisiyarragpfurhyimseypcalHEB HA) CiBRIeSORBTERE 4RF Aomare Fpino acid
substlttftﬁgﬁmtelf%egﬁu})ﬂd%esﬁé RLERLRL hd Al rﬂ&e@lé Bold ki fBKRRh respect

re anti genl c wth respect to
to antilamlidsbpetiifs fe phe HA molanlet Inekingatherimdeq pad [salestifutigntip s receptor

bmdmg ) e.nﬁl s%%w%m%%gi%eﬁsu {hle %Qet]!lcﬂl do&rﬁ)ngﬁqm&[:mg a recombinant vector that

expresses the increased antigenicity HA molecule in a reverse genetics system.

[23] In related aspects, the invention further provides methods for determining the efficacy of an

influenza virus vaccine in an animal. In some embodiments, the method comprises reacting
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20 binding site. [22] Yet other aspects of the

i nvention disclosed herein include nethods of making
a virus containing an influenza virus hemaggl utinin
(HA) nol ecul e conprising one or nore amino acid
substitution in the receptor binding site that nakes
the HA nol ecul e nore antigenic with respect to

anti bodi es specific for the HA nol ecul e | acking the
amno acid substitution in its receptor 25 binding

site. In sone enbodi nents, the nethod S
antser detitilroiraghoecinEeb AEPARE TR BLBFwE AES DERFELLERL grotoodle
oompnélg&? 285680 SE Eﬂf&: %ﬁﬁéﬁ‘éﬁlﬁoﬁ@:{ 86 Weptoh bﬂdihg \éﬂé #Rt makes the HA

I CS Syste In rel ated aspects, ih
moleculermient ingigerie muﬂnaesmpfom dwibodies msgdictisy tb&éﬂérq%?lﬁ?%iacmg °

amino 5%? ﬁglif)sftfq%ﬁ%y Ohe rglfbegfgpﬁ;eﬁﬂ?rgg QteV Whid ¥ %Eé'ébﬁlem' Be 8hFluenza virus

sone e e net hod COITprI Ses
vaccinel GaGbinA gmba’dzamhtssmb amod@sead/anhﬂf:mm HAvaelesule eraginaies wigh human

wth a e Vi.r us. he GCW Rsponds t
BN e A B R ST R P Tp R itponds o
positiod EBERE Bk THNY Vﬁtllstresulh:h at ammkte&eﬂ heactiiAty with antigére derived from

nor e antl enlc Wi t ec to i bodi e i
the vacgiggted ﬁém Irspae ’%’8 s ﬁ?‘n Ho aimd)‘a% Flbbdiments, the
animal RUBSLEd Ution in the receptor blndlng site which is

present in the influenza virus 5 vaccine. In sone

|nents the i ngreased antl enicit
241 Ve P@P’h s B DieesR YSBI ROt P e iR 3 dhfaucios an
inflaentd ¥irds Q;anklﬁézﬁ a Qfamé@él’lﬂ:ﬁﬂg(}ll@ Bbletie vﬂﬂaﬂj rhéthed ¢dnqinses culturing a
corresponds “£03|t|on 22 m H5NL vi

roversey B4, ST in] TRBASNG FERETV Py U AR (5 cpye: amino acid
substmﬁiﬁﬁ'ﬂ( fd b bﬂaﬁl \RE BaP AR tﬁé‘H@i&h@ledlﬂb SOfantigenic with respect

fbodi ment anlnal is a hunan.

1o antienitsocbrrain 57 (bnBLA aNTeP 11576 e RS i SyiBlpiqyfn the rceptor
mn$nq%g%&&g§§%ﬁgﬁgﬁggﬁkﬁgﬁ the present invention
e ne

rov produci ng an |nfluenza Vi rus
conpri si a hemn glutlnln (HA) nol e uIe

[25] Theirverticpoirshéraasviden matbpigfon mqr%aé@.g ° BRI et & fepaggiutinin
1111111)11:1!’.)151 (]gﬁ aggg%ﬁt h £ Read8 goﬁi'@'é r ec s aﬁﬂ%r@derﬁ@d BoRth&Qaccinated or

tron in or bi ndi ng site._that
mfectedmklﬂﬁll whith aelAnfhodras vires h@n@gb\wmg@rm)cmwﬁ%q%e PRLEly onepr more

amino gﬂ,ﬁ& ﬁ]%) Ldljmgs %P 'rgn% giiot' Bfndﬁ{%esxtE%Maﬁ%g HaembicBde hldge antigenic

aci receptor 15 bindin
with re§geteto huulaadm\spwﬁc fpe ﬂmtfilft mqlmal@ég@ﬂnglth@ ?ml:pn @cid substitution in the

recepto|§ g;}.lrglg{g: %ﬁr‘l’t g}ggtpggr ﬁ%:rlx <5 LG 1%&89? F] %c{édgﬁ% ?%s§eﬂgtlhlﬁgof a HI

SOt Fnin
assay resuRiah at WsCh foTe iladse mmmim\agr dfeéremag@um inkghitgon (HD) assay. In

some %%gmﬁg{kg?n%ﬂngj aﬁlg::t}%%tag q siﬁnﬁl nf 2 ft aﬁgl g S!Ewn?esulw ﬁlhat least 4-
fold inG¥R % ShBEvRNSF PherfHRERtinin inhibition (HI) assay

{26] Another aspect of the invention includes methods for determining whether an animal has
been exposed to an influenza virus. In some embodimetns, the method comprises reacting
antisera derived from the animal with a diagnostic reference virus, which is derived from the
influenza virus in question but comprises an influenza virus hemagglutinin (HA) molecule

comprising an amino acid substitution in the receptor binding site that makes the IIA molecule
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am no acid substitution in the receptor binding site
t hat nmakes the HA nol ecule nore antigenic 20 with
respect to antibodies specific for the HA nol ecul e
| acking the amno acid substitution in the receptor
bi nding site. In some enbodi nents, the nethod for
increasing the sensitivity of a H assay results in
at least 2-fold increase in sensitivity of a
hemaggl utinin inhibition (H') assay. In sone
enbodi nents, the nethod for_ increasing.the . . .
more agtigesictwili Toypest tomarifbodiss speifie Son s HAymicopls Jagking the ginjpo acid
itdtRG | nbiskk téuRhe & RERNBAGHCY bbdalivity With Bietdn@Bera. In
mﬁﬂﬂ%ﬂﬁfgggggégngggﬁ%%f Anothe% aspect gf t he P;vention
some emhadimes, thettidsis kdnmdet brothen pmbodirertndbe aimalis frigret.
has been exposed to an influenza virus. In sone
271 T%['E:%Hﬁgﬁ il Eﬁy&%{ﬂap L EQRELSEStof 8aGHIiRSg wAhi@l@imal has
ertved fromthe animal "'wth a diagnostic .reference )
been expasers fo whitefinenza dians. v del seme pmbpdimepisf thgangthod, Forgerises, reacting
serJYESLE QN DYt Conmr L&k Vird!Svhich is derived from the
mnmﬂ%éﬁﬁﬁ%ﬁ%%%ﬁ?ﬁm? %ﬁgﬁec gﬁm8%%%%?%in *an amno aci d -
influenSaIbisiis ihUjnegioni tut thepries ephotifiel mlivngs gime Hhmolegwlr ¢gmprising

the HA nolecule. 8 nore antigenic wth r .
the gl P RGP RE SO OPP PRIRG TR TRy Eiifte PRRESE A, whorcin the
inclusié&{fbf‘iﬁ?;p;&ﬁ!;iﬁg &S bl hmmcmasdejdrrem:isi_ty mmﬁseﬁt) ﬂﬁmed dromi pue animal
t tivit th.the. .
s e i LS RSO AL il 4 s sy
with ﬂ{éuatﬁﬁébra.' My 94158 bnBEBaRhRE ML Snethdiefor defhining wheier matanimal has
271 The invention includes in yet ot$er gﬁpec&% . ih a
been erpastibifsat evlgRARcYiSPHIBIGHEACHRS aaiiesriTiPd AT T g Wit &
diagno?cﬁggﬁéf‘egﬁé 'grlﬁpwhfbfaliy 80%R4 Vofdifie infieSARNBuE HAREIBRAMUS comprises a
the nmethod conprises reacting  antisera derived frﬁp1 .
modifiechinflamizralicni HA moldeviy Rorgerisng beanEpe a0l 35pREaeih e postion
| 28 b Ve 0815 Al | 41 P SmbIBcufI 884si 50 te with
coneSpggdn%Eitéégggéﬂngg} ?Jpg{ds %ﬂr%fl“umg%gg Vi rus .HAC nol _e.cS ul e oigine B,
humand@fiiolats AGIKA213/04 rand dhe dictisien pdrespArssnes et RISHIOP J2P EHs In an
. correspondi,ng.to | td Ny bla e, In
e SR D10 B S5 MBS0 10 s
embodiRats, ih¢iatimalistdinamdn Se pdreckamtiodizaknts; theanimad i afarret] 0
exposed to an influenza virus wwth a wldtype HA
| ecyl resul ting.i incr r | Viitites Wi -
(28] Alsge nécﬁlfcf%g e?vé&uq nﬂlgoﬁ&gg% odi nelﬁ@%,ﬁg% h%?an%% hod for oﬁn?mg_ :
hemaggletisin MHA) Bpleshiet doemprising an amido dealssubiiaivndn Hheseerpios bipding site

i nfluenza virus includes reagti [ . LYED for the HA
that gl s HEL IR (O P EoR Qo STt b PRI Sk for e
molectdil£dRinigSthe eniive Chefd eubstitueion i Ithee nweptui birgdingnsiguaestt wberein the

__but confrjses a dified in “#en a vi.rus_HA nol ecul e

modifiggiep resulinig apARFTEAIFH BRI 1Y R 5@'@#@“&?3 Y& position

15 corresponding to position 223 in H5 HA, wherein _
[29] OnBasiddt BPHRS Wventieihchdes Bolagd matleicvicids enbetinmatnfluenza virus
hemaglglgli?bl@igtgﬁﬁﬁ g}?%séoggmas%g a%lggagh)na%lﬁj ssulbgunfut?gn 1% earreg\%tor}%inding site
that makes the HA molecule more antigenic with respect to antibodies specific for the HA
molecule lacking the amino acid substitution in its receptor binding site. In some embodiments,
the influenza virus HA molecule encoded by the isolated nucleic acid comprises an amino acid

asparagine at the position corresponding to position 223 in H5 HA, wherein the HA molecule
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i ncreased reactivity with antisera derived from an
ani mal exposed to an influenza virus. In sone

enbodi nents, the animal is a human. |In other

enbodi nents, the animal is a ferret. [28] Al so
included within the invention are influenza vaccine
viruses conprising a 20 hemagglutinin (HA) nolecul e
conprising an am no acid substitution in the receptor
bi nding site that makes the HA nol ecul e nore

antigenic with respect to antibodies specific gﬁr t he .
does netAorigredte sithehumaskHAgselne . AMHEHS1%4E ands thesriusion of appregime at
iti (Ml el £h14018 6 eatin an animal exposed to an
POMH@%%%%%?%%?%%%m?EQ%Ptscﬁﬁhgﬁﬁ?ncreased innungagﬁ?gf?§
influenedf visai d vacci ne virus. [29] One aspect of this
i nvention includes isolated nucleic acids encoding an
[30] Th L YRRA Furtlel YR1udes nﬂ:@ﬁgg %rLbHréﬂ'Alriﬂ% LW TBHE6AHoBing an influenza
conprising an amno acid substitution in the receptor
virus Heinagdlnipis i(H4) mlatulerskuprising apemind aeidl ebgiption in the receptor

' bindin%%ri ei tﬁagc% e%teli{f{esdgtgc%{%ﬁl&eaagﬁ. Q}? . gﬁ g%gcec@ ltJ icuﬁibt)@igs Eﬂ'@:@iﬁc for

I"ecul e "I"acki € am no- acl stitution in
the HA tsolécazelationg Miendinig siid eubstimtioorie itsnvogfiterebinding sitheln some

influenza yirus HA nol ecul e encoded. the isola o
embodiffipise it SE COMBAFEERSIeTs A aerire seaidiekafiedd Bllcio acid
encodidgdBe HQSﬂnblE(ﬁﬂb H%am% &j@&'ﬁﬂhmg:i% ubptiiaiidr ianhex2ptar bid@inigAjte, which

pMerein the nmol.ecul ¢ oes not i gi.nat e, w t
cosuls i i ES 35 PRSPPI DL SPBSTEn G DA TR pfpkes the FA
maleclﬁéﬁafe%hge%j@ﬁdth BRBéd: kP antDABics RS Whel A Infblesild Iacligpmhe dmino acid
_reactivity with antisera derived froman ani nal
substitiiggosed to an influenza virus. [301 The invention
further includes nethods for preparing nucleic acids

[31] Tﬁé"?x@%ﬂﬂvé}ﬂioh Acetd @R and otherf AtpediesBBEInytititinNas(se¥orth in greater
_nol ecul e conprising an ami no acid substitution in the
detail ip gedistadled DescpgHomyaad Bwmplest makes the HA nol ecul e
nore antigenic with respect to antibodi es specific

for the HA npEscRPTIONKORTHEBDRAWINGSCI d

substitution in its receptor binding site. In sone
[32] FEWDOZI ISindichengTHI Batbode nivsrs $e feretstinauiatidngita HSN1 influenza

i nucl eoti de sequence.into a.nucleic acid encoding the , .
virassySOHER A0S SRRt s i neii= B ey IR ah SERALzed with
AH5N1/6E aﬁ&Qﬁmé\nmﬁxgkz?ﬁHte@ tQ(B§| t®, Fﬁi rA| b Resa b?l&c"ﬁﬂ ﬁnA day 28 after

am no acid substitution in_the sequence o e .
inoculigh a6 16° Pt ORRRYS vErRtEs Al STBRCRIRE! foTeres PG tits (HAD)
of homl\Mao%Euilsr FRRE Bhatal Lo ADLdsBAGMRSyhRE Hohwldr AkRC Uh FIG. 1B, sera were

ng the amno acid 'substitution. [31] The

collectest Semribrétn vansinated mBerith 7 HeJEA 9h AFERNIER apd RN 1/g4 viruses and
itratedadGind ' t | datail in th
s AR 0T of iy St | 11 11

[33] FIG. 2 is a graph indicating virus titers in nasal washes of vaccinated and control ferrets
after challenge with A/Vietnam/1203/04 (H5N1) virus. Ferrets vaccinated with AHSN1/04 or
AHS5/04 recombinant viruses were inoculated intranasally with 10¢ BIDs, of A/Vietnam/1203/04

virus. Titers are the mean values (logig EIDsp/0.1ml) £ 8D determined in the nasal washes of 3

ferrets.

14
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15 DESCRI PTION OF THE DRAWNGS [321 FIG 1 is a graph
indicating H antibody titers in ferrets inocul ated
with H5NL influenza viruses isolated in 2003 and
2004 (A); H and virus neutralizing titers in ferrets
I mmuni zed with AHS5NI /03 and AH5NL/ 04 viruses (B). In
FIG 1A sera were collected on day 28 after

i noculation with 106 EI D50 of H5N 1 viruses and
titrated agai nst 4 -henmagglutinating units (HAU) 20 of

honol ogous virus. Data are representative val ues, from P
[34] Netadhas differensesin fiarspietyeen 1acoiasisdbnerontrolcpinscre 8piiGH' ot

values (&ﬁff?@?lé}%ﬁé&%gg) %lnggugﬂ £iBt fesBitHA of AHSN1/ 03 and

VI T us titrated agai nst 4 HAU and
100 TCI D50 of honol ogous virus, r,essgec_tivel y. ,133% ) d
[35] FIFL &is 2 mokeculagymagdh of AgiHaHARpIXeptds sipwins sy Iqeaiion gf amino act

. Gi t _ o
s DEE MR S0 o) 2t BBk 97 5N s

In Fig. &y hetsepacndiag stk ofithcranipsniifons thy 3D swchyms ag4ndicated. In FIG.
reconbi nant .vi.r.use i i i
3B, the pele Fepugsen Fhe o2 b\é\ﬁ&e%i %%%0%?&0%%@%%&&3##;{&3 {not

i et nant virus. Titers are
shown) R ale witharieSHAl Oiecnihdadfr posijion BI iddocwtedi indbe 220-logp of the
nasal shes of 3 ferrets. 10 .34 2t 55 .
receptop s GHRAS TE et Pl i SRy e s b e 222 apd the etycime
general3f RbHRAt AlRaGdOrp4f | cant at P val ues 0.0028 - 0.0173
according to unpaired t test results. [35] FIG 3 is

a nol ecul ar nodel pti de show ng
the | ocation of M%hgﬁ?ﬁw#@fons 154 and 223
in the 3D structure.of e Futing
1361 Theugtnety arpabirarsr 6F spialiist fimeo chapses of e hemagglutinin (1)
moleculeh8f ErfReptaovinds] mdidhgmskd ¢heoFlAt froleamie moora gintigeniq wifherespect to
. 3D struycture are indicated. . ln,Fl G [ .
antibodies EUER Y RCTPIERT SEEBaPhaBiPhe JHah SHE ) fpfes include

substih@ifs AnieREBEY. THRGIRE H A Oirefesbdion ah flintleeset mithgenicgy HA.”
HA. The am no acid at position 223 is located.in the

1 5 o P S B e v

increas€ M6 k&Ritivee e BRbhsLPresEbE amibolioc againshinfiehza YBus in serum. In a
._DETAI LED DESCRI PTI ON_[ 36] ,The present ipventi.on -
specifiqyrahAdiaet s VISR it Sttt Bl ibofifiat, the virus can

also be RO BRiifs, (din stPhREhEr @mBbditvehd iteamAse an inflsenza C virus. In
whi ch nake the HA nol ecul e _nore anti gg\nai?& \gcﬁg btvoe nfl
an embpdissatin Wich deiniisares 28 RMRFLANGRS HacFhfedchp-gtype influenza
irad. 3641 B RAR0 ﬁﬁféhﬁ%#;ﬁ:ﬁm GlR0EE 5 dabdifiediR include the
Amséﬁgsﬁh?%%q%onls za.nd&g:glnéti ons. The resulti n% HA is . .
amino e espasitecat position 22h (Neals Egulting ity@hinsrepspdaaotivity with antisera
derived from an animal exposed to a H5-subtype influenza virus. In a specific embodiment the
HA molecule of the invention is not an A/HK/213/03 HA molecule, which is a naturally
occuring H5-subtype with asparagine at position 223. The influenza virus may be a human

influenza A, virus of the H5 subtype, including A/Vietnam/1203/04 (H5N1) virus.

[38] An amino acid changes that makes the HA molecule more antigenic can be made in the
reception binding domain of HA, e.g., as depicted in Figure 3A, particularly in the 220-loop

region in the receptor binding domain. Such a change may reduce HA binding fo sialic acid

11
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15 [37] The increased antigenicity HA nolecule is
useful in testing vaccine efficacy, as the change

i ncreases the sensitivity of diagnostic tests for
anti bodi es agai nst influenza virus in serum In a
speci fic enbodinment the virus is an influenza A
virus. In an alternate enbodi nent, the virus can

al so be an influenza B virus, and in still another
enbodinent it can be an influenza Cvirus. In an

enbodl in_which the influe i s.an | uenz
receptosy; oy ged OOQaWuB’e s jipsreasing ise %‘ﬁ S r??té% ° 1'gl\’/ (ﬁeﬁém inhibit
hemagghﬁm@ﬁdﬂ) rr@su&ﬁ%(:inf hGplefidaaeh ENLe cfib@ dfSaribbdy bﬁldh:lg activity in a

mol ecufle i s nDdlfled to i.nclude the %§E1€o aci d the HA
‘hemagehiationghBitian -t AdieTREvelyNEy ayinoy wdd, PReAY e s the
moleculeMfid:E %ﬁﬁ Id e&gtﬂe\ﬂlﬁé tWaltE} &l ?ché’s%'[a*wﬁ ditd 69 Eﬁe&mA protein,
ani nmal to a H5-subtype influenza virus.

particulgthe i fgls@osemu. siten that HreasksyspHapesC Ol Lo roepmizef Bh tﬁfgﬁpemﬁc
antibodies. %nglf&o%e'r_"eﬂbg&%e%% gg&l‘bﬁrgﬂb SEH| Bangdia6 Be in$ad8 to an amino acid

nat ur a occurl e wth as araglne at
residue poseqaomgzmesm@zzmm@rwaﬁm aubsfpm;n o%thn @@ﬁdm‘@ats of the

N

1deﬂt1ﬁ€ch aR gﬁﬁnﬁdbaﬁsaym Inaﬁg t dmbdydﬂesrrsﬂneerml éormbe epaaimulag cdicsubimpe. A

momﬁcggonggﬁf aag ! he ct:%%r@]mogela?? lgr:]egjl do re:suh.o { g%‘areﬁt gigher titer
antnbod% %%dnggo&uvftﬁ gle&ﬁvb l‘Po tiebinding ptmmybmﬂd lh&g{danﬁeam]e Buwhich the
chan may_reduce H@ glndln t.0. SIa@P gﬁh
antlbf’dfeé(‘i‘@fﬁ cifeds 1o aSBr LB A geE &% 5551’%
ability of anti-HA antibodies to inhibit

[39] mhegraat ehibbakeat) subtititiohiimn gn F5-abiypé HAC ableoule of atskidne residue

i o e B PR RELAL R s givgincd o

d}fferelﬁlﬁn M08 RAE)CRANE En ltdasd BtRSnILHE HAweVﬁiﬂ cﬁﬁéﬂ s@bgtinitidns can also
antigenic can be nade to alter or dele

result ig| %W@t ipsAcaspd @UREFTIGHRE- HANGY Wéﬁﬂﬁﬁofﬁ IB%PF Pechptapeeg not be,

conserti, YEASH! BlbAfe $ilerihd)}t phiRlife &RiabRRASnONTH may preserve the
recogni ze y HA-speC|F|c anti bodies. In, sti

relativeaprdartipr sushirgchispameine tiheseainener bising haﬁwg@%w b‘@“ﬁ%&%ﬂsmes
polarltj} %ﬁﬁo‘ﬁ; ﬁ%l%ﬁ@é: E& afng Q%@ 795 LIES RHRGifled B SLBSHHY Gith residues

In all of the enbodi nents
such asogiymmndu atanmtthmlm:amtm reactive sidsihpincwithoghbavings lopakeffect on

e offaithy PRS0, s 0005 h S8R ESHULY o s Agsin
simple ﬁﬂhuﬁoh&aﬁsﬂwﬂ] mﬂulcae ulﬂéthsnbp@meﬂamhme st mcmrcagpd wiigenicity.
makes the HA nol ecul e nore antlgenlc will result in

0 SERPREF ST, stiolfa s B0 SN BBy k it apipo aid

arginink,Qit Phuitedh 203 Thanieibadingso wad espefagmetaetbcatsmczifi as fmpd in the HA
o e lpscampt VARG Bl AR P b PR ob 3800 o e

recepto'i'@mﬂﬁ% Qokth Hetwan I8y glﬁﬁnﬁjﬁ:sgedbtﬁlly present at locatlon 222 and the glycine
generally present at location 224 (Fig. 3). The experimental evidence suggests that the higher H1

titers reflect a change in receptor specificity. Indeed, the glutamine generally present at location

222 and the glycine generally present at location 224 bind directly to the sialic acid receptor.
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(which may be a gl ycosyl ated residue) w th asparagi ne
(which is either not glycosylated or 15 differently
gl ycosylated) results in increase antigenicity.
However, other substitutions can also result in an
apparent increased antigenicity. Such substitutions
may be, but need not be, conservative, such as
threonine for serine, or glutanne for asparagine.
They may preserve the relative polarity, such as
._aspar.agi or serjine, or lysine far aspartic. .ac
Aminog Rt 5201 ET Pl § 8 FIRGLE s Bt B HPAGHDR af he receptor
binding pEBkeCHBNG ., Plocl Fafl AendC gelt ©SAl ZHoedod: D1 1Y SAlthatigh the present
W th residues 20 such, as quQ|ne

) nd_ al ani t hat .
imventigh {fes et &% Op GHE GRTEST GUPIRHAPH R PE MUBR HeRH R 1 pgpsible that

substit®on®frh§fatagiR fol RENP Y YRERKIZAS 0B L5 UGLHS B coffoR@htidnel changes and
conpl etel y non-conservative changes are possi bl e.

| altered sgpgptar spegifigdy-e . i nmunoassays Wil | indi cate whether a

particular change results in increased antigenicity.
[41] 1l #CrtheP THedY HANMERMIeY o #RE th 3&dodlaBetk With GRNMnkéioa RS be more
© South America have a basic am no acid, arginine, at
antigenin stet dlemmpreaimmynogeriat ruch Anelprplegan clisip ar digne oymore potent
immun| han ' IninbfG i R adcine i dhein HiFR Besults in great
muniegg%%itl% %zﬁ%ﬁlé?%e%y%‘?’ﬁ?ls a{r}n&ﬁo A d residue 1s e T BIEEE
protectionagtiest influettsagnZ2@ed. oop of the receptor binding
domai n between the gl utam ne generally present at
i igngh; | %6 Pese9GREER! LY piG3S onBdm to publi
1421 Inff%glg%ai gﬂm%ﬁr@g%gfghgr?& %?efﬁeri ment al pe\}i dencoé1 m _D pubhe
health. s Uges tviuteh atre theBetrdgieebe Harticnlatlirigkelyetd eanse papippigeinfluenza

Ln.receptor ecifi Gl I ‘ ' .
ot SRS BBSEO L o TSR B A AT sy i
immunggameigl wpuldr dsesforeatbel patitilony 284fubiindirdimmesdays tenducted in

. the sialic.acid,receptaor. 12 Am no.ackds in the .
conjungtiys S5 vaeGRASTREaTTYy e st MM el s 0 15 i
useful ﬁfﬁﬁﬁgﬂﬁ HO IthﬂfagEhﬂniA ] dnem' Bsmﬁtmbg;%hg g'toeregagggmkﬁgg- ])%HA sibtypes, and

.. al., ocC. tl. Acad.. Sci. . : . :
this is pactigplayiPsefbiop redliaine ity fooryiadaliast %éf’v"' Sbafigpents, the
HA mdéld $ith B N AN@bRanebn i ee 0bSabY BaldaksRE may b dbSved from
. possible that substitution of a ragine for serine

an aviag infhisata yigs, ipgadipg Wéﬁh%ﬂ&!hﬁgéw FINEYT onal
changes and 5 altered receptor specificity. [41] In

[43] Ofe hipebher thasSiReStion iiklndkk @B h@Sofesinibiest influeRaorfianka has an
wth the invention to be nore _antigenic are al,so

increaspih priigeRigiin Bemploculg e 13 RET@EH VLS R 1Eymuppssay, in particular a HI

assay, DAY kitQbr RIS QR an hd¥BY NRorIRKRFIBIBe AHind acid substitution of
conmponent of” an influenza vacci ne, ichin turn

asparagiuesa| Rosition 23 dmtley H5 o radlequmingtsaten Sinding fogeh ppod cell (RBC)
sialic abiﬁfrg&b{o%nwitﬂ' Qllpimg' 3l6 kbl GRER VbR OHibIEE At B&rdab @ binding
avian reservorrs are of 'particular concern to public

to receptew|with a Nrghpresylisialic esideatghalde’ linkegel sueh dsethpgriran boreg. | Jhus one
aspect c|>fl tﬁg %J%eﬁt?oncp%gvslgesqgﬁdcﬁg}e%uﬂtﬁt {deP $fhding on horse RBCs would require a

smaller quantity of antibody to inhibit hemagglutination. This concept, of introducing amino

(]
P)

acid substitutions that increase antigenicity, as measured by antibody binding, can be applied to

all 16 HA subtypes, including those from avian influenza A viruses.
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out breaks in humans. A HA nol ecule from an avi an

subtype with increased antigenicity and/or

i mmunogeni city woul d therefore be particularly useful

i n i Mmunoassays conducted in conjunction with

vacci ne devel opnent. The strategy exenplified herein

Wth respect to H5 is 15 useful in increasing H

(hemaggl utinin inhibition) assay titers agai nst other

HA subtypes, and this is particularly useful for

eval uating, i mmuni t o.avian influenza. .ln.sone . .
[44] Th i ey hgtsodion gfrtmas i st ERRE of f 0GR giros vaceine
in an ansHAS tiktsUhdiRY ihfoliReed8EL RitREraieficidTEprs ﬂieeiaﬂﬂ}atekieammal with an

derived from an avian_influen

di
influenzg oy e hmmﬁﬁifégﬂ“%@ﬂ%?ﬂﬂ%é@é‘;/‘é rﬁﬁh E]O?%H‘é &’éﬁwpws of
method§ i‘ofr Bofnil iRy G éfﬁ@ackr BELHEES AR iriS PacBihe [rﬁﬁ:ﬂﬁiﬁhd] Ad¥tdemonstrated

'uenza Virus that has an 20 increased
in the eamplge irichide yeaqnnmt@eum derivesl fiom dhcoyasripated prigral With ap influenza

virus Hﬁ%{]’%r R edufk B3 8bmthoAcia A zﬁ@éﬁne ét@)%hﬁgji @E @1223), eg.,

ormng su an assay Or examnp
the HA&mImle&mmlh&uhBHﬁNU isolate bﬁlﬂa‘sﬁ@} alyipqeghie abwp&qn@@S results in

an 1ncre['51[segioraan@8}q¥ Wc}_%lgﬁﬁ L a%gé oln! ra%ﬂﬁzﬁ% ds@&j{d"agﬁﬁ@ﬁeﬁteﬁS influenza

I'c aC| receptors wt f

., Zhé vhichledenniBalchaybe kipsae bf amuﬂﬁrelckﬁﬂ:@cmsb utcluding ferrets and
decreased binding to receptors with a N-glycosyl

#M3sjalic acid al pha 2,3 linkage, such as those from
horse. Thus one 25 aspect of the invention provides

- [45] Albaichidee withBithisdmdentionnere nivitods frg inmedsmg slee REIEVItMoafl adl assay

require a snall ntity of antibod
by using chRGFHE | O HTEeT B dapresSh PR i %Il%lr]# i some
embodiffehld, SRS Wl'l%ﬂqmﬁ fbiaéulé neickase with iagBmhai HﬁNlas;olate of the
neasur ed by anti body bi ndjn can be ggplled 10 .

ATHK /318 Boainn 01 ) iR ST e A0 TS Hopifon 223

resultin® M1 JnUS8Rased Jedcfidity T hitikeatdegifed ﬁ@inuﬁﬁSmﬂﬁI h)qdﬁecf m an H5
etermning the efficacy of an._influyenza

influcnzpadnio et 4 6 ARR PO RGeS OHOROTHRPO FPSS PLKiSfIeRy1 203/04
This m@l@%%ea GER TR mhShel 6@5}%1@&1 VAGKIRAR! e deain TEbIdWt At 186t a 4-fold

uenza virus th as increased antlgen|C|t

increashnmaerivily.i AiZviold-a)4-faid Betrres inSERREIVAY SERIE b gipecially Figgjficant in
sﬂuatlo[lé) ; %‘1&{ flen oﬁaﬁe?fe Exg:ft%alo fite@bn! REMHENER BeldwShe limit of

altime s noan ani ma enonstrated 5 in the
dmnmumxanples, i nclude reacting antisera derived fromthe
vacci nated animal with an influenza virus H5-subtype

[46] In &osggctpllicg %ﬁg%&?%nﬁ% mv@ﬂﬂnrh?sot 1108 A6ih 8l 185 BaERHi R nce virus a

HA nol ecul e from human
recombbﬁhl mlﬂseﬂzatvaus!\tﬂdt(lt@miéﬁ@@ mOAQ'Z'}ﬁd r%mbé'pat% Flecplgivigipthe amino

esults in,. |ncr sed r
acid as%?,we pP.TaB?H I%n exi%gr%é xyida} f alit rs]érg 48rived from an

animal Iei]fdsbtﬁfmzzaHS \ihfluegza ﬁhs \Iﬂecspemﬁ@ehnmﬂimait ive JI50@A apglecule in the
dlagnoq%gspg%genge Qfllilun;O cen[lgglgtes? %ﬁﬁl eﬁﬁmelulg ESKHI 1chat]; eorf Sg'a?l% E&ﬂ(/.’ll%‘%& In
another embodiment, an asparagine (or glutamane) is substituted in position 223 of an HS
molecule from another influenza strain. It is readily apparent that the same approach can be
adapted to any HA molecule from any influenza strain. In various embodiments, the animal may

be of a number of species, inclﬁding ferrets and humans.
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[45] Also included wthin this invention are nethods
for increasing the sensitivity of a H assay by
using a reference virus which includes an increased
antigenicity HA nolecule. In sonme enbodinents, such
as when HA nol ecul e originates with a human H5N1
isolate of the A/ HK/213/03 strain, the amno acid
change is the presence of an asparagi ne at position
223, 15 resulting in an increased reactivity with

anfisera derived froman ani .exposed to. . :
471 In tlﬁ’é‘nt?a’gi’/ i“lsffjgg\ﬁf%ﬁffn%e E‘W?Se%tmc rﬁsﬁ% 8%131%8%? elgli% Gan vaceine
c]jnicalﬂiialﬁ,hﬁésegﬁﬁisési @, beSwied ﬁasegasvp‘iﬂeaﬁmaggf étﬁdli&!. O%he ?vagiplgﬁty of data
_increased reactivity. ma n evel . .i.ncl.udi .
shoving hopgasty BB VO GWHEd RSS! ZPet O PR PRLSunR dctection

methods $RE WH1Vistays phovides AnPoint InfbAhAlioh RErE@pRvilnce of HINI viruses in
sensitivify could be especially s icant in

humans | T84 PR s FoH7oush diecmRipOIIRY &f HFNE SR Brgiicfom homan-to
human fﬁ%&éﬂ%@iaﬂ?ﬁ%?g%néﬁﬁmgﬁ! ow the limt of 20

et ection. I'n a specific enbodi ment, the
i nvention al so includes using as a djagnostic 1 has b
[48] Othet espeqiel the Hyention indludsrasthedsdor detrmunpevinten an pajgpl has been

exposeg r@ﬁ? lra]% %ﬁﬁz&&nﬁmﬁf Pl iRioS AR MR Qe d BB G Snital With R€diagnostic

acl d asparagi ne at position 223, resulting_in .
referengarviusc Toadiegnastiatstferviceyving tsriesified fiem thegamp viaain pf Bffpenga virus

‘ani mal e 2 g%ri: Y kiBerfcifPES inhd16cule. In
as the RS Vr}re'%{ob?&t%%e&%g 2 rm%%ﬁ?{egzdlﬁﬁﬂ dtrﬁagédZ%n lgi aglnosti C. °
one enfbelierenyoke véferescovingi pempisesian A molneute Withian swpragise at the

.. of strain A/ HK/.213 . a ; ' . .
posicobtorpigions tp 5ot e te] 7S R W HREGI TR wpafiling resus n
an incréid@ RictBity Woth afitiéeet ddrivell iom anaitha rexpostd wendalhspravims with a

) It _is readil parent that the sane apprpach.can
wildtsp by B R e RRE DI B P RO A AR o1 anoter
embodinfend 3hd QUSreRIEDAIsNRIMFised be idflvenBl viAByhenlagglofinia (HA) molecule

‘nunber of species, including ferrets and hunﬁ£§.2%f 5 HA
compripiag pn FRINgNRY pRATaEiedh 1o RASTIOR SPERBPRTIRG 1A BPTORLA IR 1 HA;
and thd B&"EASKL SRO9bE bivdihdte With RUFRA H6ASAAB &/HEIA1BI08 alhd the inclusion
trials, these viruses can be used i.n seroepidem, o]

0
of aspassgingi €sposition 223 APTUHBIIR japynePasah epcti eloWIth GUIREH §<9 Yrom an
anlmallgm to rl@ﬂﬂeﬁéaeﬁhr%g tlﬁr{]\%g{gbch_ﬁ;%ﬁbidfn&biﬁ FhelBbn @Rl dkiRB & an HSN1

sinpl e detection 't ke H assays_provides )
virus aichibe refemtcs vifus inkriasnIgn] isplateph/ElkdR b’ﬁ‘b% witch fiprdes asparagine at
. VI.FUSES |414,5 Thi £ e R ;
amivo Yo BRSPS iR By By M ok EEE R icrs. o
differeitummpeciont et inventiony itenaspel imey tenef munenssies, [ indpdige Hegets and
b aspects of the invention include nmethods for
eterm ni ng whether an ani mal has been exposed to an
i nfluenza virus by reacting antisera derived fromthe_
[49] Thetinnaltioniaish eacatnmgses sifivenza vaccines including an increased antigenicity HA.

molecule. In a specific embodiment, the virus is a human H5N1 isolate. In 2 more specific
embodiment, the HA is detived from A/HK/213/03. In still another embodiment, the HA is an

H5 modified to include the amino acid asparagine at position 223.

[50] Introducing modifications in the HA molecule requires manipulation at the genetic level, as

is well-known in the art, as explained in greater detail below. Once a modified HA gene is
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reference virus. The diagnostic reference virus is
derived fromthe sane strain of influenza virus 10 as
the exposure virus, but the reference virus contains
an increased antigenicity HA nolecule. In one

enbodi nent, the reference virus conprises an HA

nol ecul e with an asparagi ne at the position
corresponding to position 223 in H5 HA, wherein the

i nclusion of asparagine results in an increased
react|V|ty with antisera from an ani nmal

prepare R B APPTPHETL BRSPS ok Sl ISP RE. pppronches, for

mtrodu@fﬁé 8kd kR difeB8 YA L inbBcdld @B dnnkiflease dvifugawhickiday thérd become an
he antisera. In another 15 enbodi ment, .the refere $£s
lowing

l‘efel‘eﬂ‘éﬁ v Eripiting egogne iCHIEPe Tz & ?/lql?%‘oﬁﬁ’én’ﬁ&é?%? j iR, fp
influenIPLGEHIS, inCRIRE i hARa R FApAE] thARRMN ARG vahs §p|il@d
position’ corresSponding to p03|t|on 223 in H5 HA, and
the HA nol ecul e does not originate with human H5
[51] Inj mfataﬁﬂe%sﬁﬂl@zq%m@nalﬁaluflﬁeffi"?if&’l)@%f}t ueHEa JULSGS iTEising an

mﬂuen?zf v $iefob SRS ( I‘i&?hﬁbfe%ulb RrifAlht 143G o8 R ¢ho! RArdel¥dnty change that
antlsera derlve froman aninal exposed to_an

makes ﬂmeAemlamh gz, antigenic Spcieppeet Enlpdisntpecifidor HA molecules
GRE f.ed ' v Aia bd¥8titution or deletion of

facking{R{ tlaREG: ﬁ%%ﬂﬁﬁf’g ﬁ%ﬁ%déﬁ%@%esﬂa{@g A TILRI3 03, o ene

one or mm hminociciddle sThes pedidigi FEA atolecale may be ferivsd from HAN influenza

vius i R jpete B et Pr EpSRE 2 Gl IAERY S‘i“‘é%d@%‘%&%ttﬁ@ﬁ‘ﬂ“‘”’“za A
virus isi WM&dris@in virke  Thé reabmbiaynthyérueds cemprigmee medified HA molecule that

di f t
i mor gt S & A A R0 B D BRI Re amine aid

sequent dg'b%ﬁﬁiy Bétided @B b Gidgitodtid refdfencdtiasub e. heinaggumm& gibftigon (HI)
enbodi nen

the virus,is yman 115N1.i.sol
assay. fhp EcepRiaNt VS WAL BlaP h%ﬁ?ﬁ ?Cﬁ%‘ aﬂi}&n%agg R ‘f‘%@) assay kit
AIHI{/213/03. In still another enbodinent, the HAis

[52] IwARthetSasp@eh fth€ dnidhtibn Clhhld&est hetad nd mahﬂg as papagionprising a
at _position 2

[ 50 t roduci di fications
hemss TP R AbPOTH. FUGOIPEE THE IR hpoivation s Gehe] pmaling a
virus cl)xﬁ%ﬁﬁ'ing aﬁ%nﬂﬁeizé"’@irﬁﬂ' ﬂﬁﬁ(&%lu‘hﬂmt (PEA)ahdlecuis with at Blastedeiamino acid
great er deta|I ce a nodi fied HA gene

sequenpf @hspgeciya rlendiA 6?01%&18%%%@&}%“%% Sghfogn Rhofifs specifi
for HA oleﬁlﬂg,sef §l§g§ %%Haﬁées aARE QRekRSmay Hchudb Mitksadtias RGecombinant

HA nol ecule into an influenza vjrus
vector tbht etpreans morbifiedoldoie mercTse BREHETTEteR r ud Mo i Prodyeing an

mﬂuen¥ a%? nﬁtﬁ f fﬂeﬂa&ﬁlﬁﬁ% S%UZ&Z &gﬁoﬁﬁﬂf Enchlib %ﬁﬁﬁ}‘ﬁfg ¥ kdvdfse genetics

OWi Ng em cs, | ncluding
systemam iwiinich- DN Asncoding B Asspcedad 2a mmm supgiifution, oy the receptor binding

sone C
e R R RS AR g e e
molecul faklde@ Ak athihdl acﬁ@MQhMI inithe feekdiomtihdiog bite Wi & mevgrse genetics

| east one ami no aci d sequence change t hat
Process.

[53] Also included in the invention are methods for preparing mucleic acids encoding a
hemagglutinin (HA) molecule. The HA molecule may contain at least one amino acid sequence
change that makes the HA molecule more antigenic with respect to antibodies specific for HA

molecules lacking the changes. In some embodiments, the method comprises introducing a
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makes the HA nol ecule nore antigenic with respect to
anti bodi es specific for HA nol ecules [acking the
changes. The ani no acid sequence change may i nclude a
substitution or deletion of one or nore am no acids.
The nodified HA nol ecul e may be derived from H5NL -

i nfluenza 10 virus in the genetic background of an
influenza A virus. In sone enbodi nents, the influenza
A virus is a master strain virus. The reconbi nant

ol 555 SR 4S8 TR SRS e e amine i

substitftRh iHARSREREML @endige ki) Gritidte retlitnth ﬁﬁlaﬂxmosmjtﬂj emhsﬂtuuon in the

chan e used as a dj agnostic eference V|ru&
sequenge ﬂ%%ﬁg%ﬁulﬁlph’%lelthﬁl ks Ghe ?wr )m01 afpOreTtiibiEenic Wi reSpect to
antibodi RFRE H%%ol\é&xﬂé&cﬂﬁ%/ iRl a80ndRid Abkitdeeh. i n a

hemaggl utinin inhibition (H') assay kit. 15 [52] In

ot her aspects, the invention includes nethods of

maki ng a virus conprl si REIHUO¥ S nmggl utinin (HA)

l.e, For exag one aspegct of.the i.nvention i .

541 The Fgion SR HRInGS 5 8 TR itk SCPh T QL) feosenic
strains Ydubdithe ARERG Uhotrh BE A& orBhecul e with at | east one

amno acid sequence change t hat makes the HA

55 TR ey WL PG b, A B0 o i

growth BB hidaHa BB Vadchie|steifs.| Thds© tdSibN@raths I‘tﬁﬁ@l‘[ﬁ cofibut2 fix gene segments
vector that expresses nodified HA.in reverse

to the yepiae virgs &k 2 RAmblth Ot ¥rang Mty chif?gm%er SR (s 2y be 2
strain tiYe{t 'ié’a?so%hgb & NARBIIAIALR, fndihfihg FRUEGLEAPRYS/BAC] ude

urlng a reverse genetics systen1|n whi ch DNA
HA encodes an am no aci.d substitution i

[561 Thee@@p ¢ BRIBSPHAT T TerS o PRI EFT GO 19 20 65 0 1 o 5 speoific

length %@rtﬁe %‘P&du@te Nhfs, V‘f)e&aﬂdése%ﬁgé‘ﬁepﬁ&bsa@hd besttias M%‘dﬁde@ within the
nDecueraC the amno acid

deﬁmngm ﬁtﬁd)@?]’f&‘? i Ahishierp e@@p@qyﬁ 19t el & Jrt @Clyge, gpost- translational
modﬁgaﬁ&%r %mg%g)w de, 40 &ra&&)fes StychaBdtioll, SRelyREbd %ﬂodpﬂorylatlons
the 1 nventi re met hods for preparing nucleic acid
and thedibeodi ng a hemaggl utinin (HA) nol ecule. The HA
nmol ecul e may contain at |east one amino acid sequence

(571 ASDaRE D *nrlBRKES (LR HIhd MIIRG UF £ vﬂ@sr 18 régMchtd @4 GeiMirdbroduce

respect to antibodies specifitc for nol ecul es
viral pirticles. n@nﬁeﬁemh@mgbfs evalllwtﬂ;doﬁﬂleé r‘?ﬁdiﬂ%’ém yirug, fig., rdphéngd, or by

dmﬁvgggg&kgﬁaghg& 16 nucl eoti de sequence into

c ~aci enco |ng ‘the HA nol ecul e I acking the

amno acid substitution in the receptor binding
[58] Aal“hadmd/dal”ocm “subjedt’t @ “‘Animal’, AnPIE6 h@t@lﬂdfﬂf@b@t‘iﬁﬂéﬂﬁ*@ﬁ@?ﬁ@mﬂ a

negauVﬁﬁq a.ndS ence Pnff E AE;ACI At]ﬁrcﬂhﬁeﬂzg %m&lo}lhﬁl dl'ﬁ'éing, but not

ecu hore anti génrc w respect to antibo
hm1tedft@ thirdh ESublAamdztecfmlwé ahdacHickegs)tahé mmmbers ofi iednammalian species, such
as camne *%Sﬁnlet Hlpme, tustela, rodent (Tacine, murine, , etc.), equine, bovine, ovine, caprine,
porcine species, and primates, the latter including humans. In a specific embodiment, the subject
is a ferret, which is a good animal model for studying influenza, In another embodiment, the

subject 1s a human.
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5 Definitions [54] The term"influenza virus" is
used herein to define a viral species of which

pat hogeni ¢ strains cause the di sease known as
influenza or flu. [55] The term "master strain virus"
refers to a viral strain is used in the construction
of high growh or attenuated vaccine strains. These
master strains typically contribute six gene segnents
10 to the vaccine virus (PB 1, PB2, PA, NP, NA, M and

NS) .. .The ster . strain vi,yus e stral : ' :
(591 45 Pt efF i 5 ST RS OB [ o) Gl dabable of
eliciting & hiinBraP\oPR{18la8 fuminkbkspbhe, ifestefopblyypept Adletimnmfgenis entity 1s

to a polymer of amino acids and dqes ﬂot J%fe% t 9. Bor coltular
also anggees. f A% IMERRECAIC GPMPARAMIN 15 & FAEPOTHTRs At FLiGHs flgm

i s RRE R bI@SwheH WinRhisle RSaridr@mbinc| uded wi thin the
definition of polypeptide. This term al so does not

refer to, or exclude,, K post- franslational 15. . :
160] ATyt (BHESDY TG Bof ﬁ}f@B{ei Herpet ?ﬁféiﬁ%ﬁcs’?g with an autigen
recogn@by GRANuRL bORS imARAL ¥yekin, 05sh aP B sERGRYHIctlia atibody)cbr T cell
~the like. [57] As used herein, "infectious" {efﬁ%s to d
antigent feecpiyi | Anyanggenie polyRRPtife CPUIRPS ant eP1ioRe aO{i@ﬁ cast ggout five, an
prefera Y&t adut QR, Q&%:g)'a(éid@.s -Ad Bfeehit \WokdonC@Me Pélypeptide, also called

o)
al uated either _detec;[ng virus, i.e., vira
herein tho&elpitope”, Ivgn bodwbpariiorythdl is dmsengsiogynass kir antibody opd cell receptor
ni mal.. 2 D i sd | Y] lam i d H@Jﬂﬁ%le&ﬂ by conjugatin
recogm%gﬁ’i et Qﬁfno%ega ﬁérg’é%ﬁﬁse%dg@ r%}éﬁ%% er saﬁl_:l%o‘ \?ert ebrates. t)fﬁgt g ‘i; _g
the anifepip Qottic tone gatikveolpreptded foRNAmpRizaton. nAgeelpeie that is antigeme

speci fically influenza,yiLus .j ct | ' j: .
vt o354 el 5Dt P 5l B8 i

chi ckens) and nenbers of the mammalian species, such .
[61] Aasseldridia, thé ernrfemilogsidmbstitugmE|refersito dheriresenesch i, amino acid

nuri ne, etc. ). .equi.ne, boyi ' i - -
s  pafaf iop G Pismi S L bF py 810 PRPENPGsid substcrion
occurs RIEBRS0 abyotesarab hbid thabadd heve gectpied Sabipeation2 The golypeptide

ferret, which is. ood ani mal _nodel, fo [ .
tat e s S BAPORTHS AOPOROUET e e St g ansariona
modifibaaRN such 7as] f9doshitioiBe dedh@itiing, pHolghorgatinn iormmn egeniagiino acid

~means that the virus _or, polypeptide is capable of
modifigatiops 4siryl 3 thegping peigsu Tul’*ﬁﬁ[?‘ar i mrune response, and
preferably both. An i munogenic entity is also
[62] TOtBE FidversdchBiitdNGGRAT CasC 0sgdOBértinorfirs t@ methods of generating
conposition that elicits allnqg .or. cel lular.

| .
influerzgperardd po ReWPCRSdeh JEIRDS GHBH %?ﬂl Tt g fginegring methods.

These ﬁf&th'gg% incﬁlfd[: @gﬂ-aléfﬂ'@ Ihlﬁfi’déli ) th‘é “pﬁtﬁlﬁﬂtﬂ@@teﬁl;’ ddtleseribtd bg Hoffmann
(Hoffn(l:agjg 2t alf \?acciig S(():(I)Z, [28:%1 632 UISnPa?{;n% %’u‘cl)fc%ﬁyl %002%] GZ?PIE)IAQ ,e ’? November

2002, which is hereby incorporated by reference in its entirety.). Generally speaking, reverse

genetics systems allow for the creation of virus particles, polypeptides, and/or nucleic acids with

specific sequences by genetic engineering methods known to those of skill in the art. These

systems are also described in greater detail below.

[63] As used herein the term “receptor binding site” refers to the portion of the HA molecule

where the receptor of interest, such as sialic acid receptor on a red blood cell, binds. The
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recognition nolecule of the i Mmune system such as an
i mmunogl obulin (antibody) or T cell antigen
receptor. An antigenic pol ypeptide contains an
"epitope" of at |east about five, and preferably at

| east about 10, ami no acids. An antigenic portion of
a pol ypeptide, also called herein the "epitope", can
be that portion that is inununodoni nant for antibody
or T cell receptor 10 recognition, or it can be a

portion used to an ant.i bo t
sracut o i BRIEPHG o1 o BTGRP DT OB s A By g s
for hen&@%]ﬁ%ﬁtof 48 HOEulitfRIRi 1Edtvh0Rd déscrbdE(EH & di.hBtoci Natl. Acad. Sci.

enic need not be itself nc,
Usa 2<a,cap9,§bné86f T8k e TNl Shin 1T HSB meog bindin st
1sﬂxm&§% [611 As used herein, the term"am no acid
su stltutlon refers to the presence of an anino acid

at a particular_location ipn the amno.
[64] Thst termaliagenstie geferengh & 15Tl & VERH IS ?Ps gl il abtigenicity.
Such 30&9%‘[0&.15 Rlralicy eY] SRYoOh Rl inddA BPndaskal,hak., tauhemagghutinin
occuple | ocati on. The pol ypeptide that
inhibitipeasshst s from the am no aci d sequence change may
i ncl ude changes in post-translational nodifications

[65] Tﬁeﬁt‘é Pg%uyécﬂﬁﬁél” b9 BSa viREab Whathiaf Redividual animal has been exposed.
osphoryl ations or any other am no acid

This expoctirt p@aba iprfke eevrapef dasly apfidtiopnFurs 28 crpact gt 3 infoetse subiect
e.g., Ieé%ﬁnz to %u%rcma ﬁlﬁé(a%r glﬁgﬁfo'ué; thfS¥sA Sius. Fha! sure can also be

to net s of generating 20 influenza

due 1o Vlspﬁmﬁcpﬁﬂﬂdﬂbﬁmﬁ@ngm Blgﬂbe}stﬂl dé@ormfﬁ derting sityatiep gjhgre a laboratory

aci.ds b neti.c n S T QHQ%&DQQ% i
animalspch #3d ﬂ%‘? I%Féte% 911‘[ %? o e " S]l(gls?nﬁﬁ) systent o Y
generaed tHlQfh imbe tizionHeft aramﬂuen(zh-lmédcmnn et al., Vaccine

2002, 20 3165 US Patent Publ i cati on 200210164770A1,

> EeftitiSd alkdy iti

{661 T]Peeg%a acelf, %a R qg‘f Eg@grﬂgﬁgaﬁ&oea i na’ compositions
that aré ﬁﬂﬁm@wagﬁ neitiabke emxisloelm tﬂi1¢adiw pfrceﬂucc h@ aBeraist or gl untoward

virys particles,
sossiogpih SEAE P SRR TENEOL oy TR el B Bl Sreforly,
as used BréiR ke {%&ﬁ\f\@hi@mb&iﬁiﬁﬂlwicchaﬁlé” fnears Iappxavetd byThesgalatory agency

systens are al so descrl e de I
of the [FEAaiAE 18615 FRFBRCY 76 i P e g %lr%g&s grgemerelly
recognized FRBmhRpLil ForRRE d Mmal, ablb Q}Ok@pdﬁdlﬁi‘lyhﬁhum et he
receptor of |nterest such as sialic acid receptor on

red bl ood cell, structure
1671 The GBI BE” R7iasins ‘ﬁ%@tﬁof‘ wvigl SRSy Bictt M Rhich the
compoﬁlﬁﬁ‘é‘ BixRinisRir-& | Sk %h&zﬁnac&ﬁ&alﬁ@lmwaﬂ bi serilediquidbeudias water and
subtype, is known and descrlb g(% t al
1

oils, indyding thesscpf mgtoleumygningloyeagh °‘%‘h grigigy @%“'gﬂ a5 peanut oil,
soybeaH%ﬁellnm%fal Bili” sesathh é#‘and ﬂl@ litdli Wetek Bﬁac[u@&%%bﬁihoﬁ? bdMhe B@lutions and

€, 1S shown in
aqueous dextrose and glycerol solutlons are preferably employed as carriers, particularly for

injectable solutions.  Suitable pharmacentical carriers are described in “Remington’s

Pharmaceutical Sciences” by E.W. Martin, 18* Edition.

[68] As used herein, the term “adjuvant” refers to a compound or mixture that enhances the

immune response to an antigen. An adjuvant can serve as a tissue depot that slowly releases the
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5 [64] The term "diagnostic reference virus" refers
to a virus with enhanced HA antigenicity. Such a

di agnostic reference virus can be used in an

i mmunoassay, e.g., the hemagglutinin inhibition
assay. [65] The term "exposure virus" refers to a
virus to which an individual aninmal has been exposed.
Thi s exposure can be in the course of daily
activities, such as cont act mﬁth an i nfected subject,

antigen ?ﬁde%l?‘? fﬁj%el ?‘8@ 74 Cr)a%ﬁs Yt On'%sur%gglgran apocs e, immune

responslét(gobd% eal Ipghhblogs |Secinddd., &maﬂd WAS lﬁieixlamsrx/CmnB;ungs 1984.
aoratoryt Ing situation ere
p. 394), v Y e lengeer b BT Foa g gl oyt fi

to ehcﬂ'ar}iiﬁaorﬁ%rbeﬂiﬂﬁ@%ﬁﬁl@né? &ﬁe exmﬁ&ﬁisyinclw & kednot limited to,
t hrough i npuni zation wit e&luenza vacci ne.
’s
a

[6
completen Erqyad s saimvigla gl B B fepenin-o Figpegel %f'?g such as
alumlnﬂﬁl & d—{'l)ﬁﬁe e%ﬂfﬁfcbe%tﬁ'@dsx%ﬁﬁ&%' ticBNgs liéaléclitﬁin apigronic polyols,
ologi'cally tolerable and do not fypica
polyampns; detislen nulavlr hedrgtacbay enatlsipnsakeyhiple é*mp%hm}%ﬁ%w@ﬁid potentially
useful ﬁ%%ﬁh Q&* &Fﬁ AP &Ee t%ldﬂl&éhl Pﬁ%@&ﬂd-ﬁﬁﬁoélhﬂéﬁme P), N-
Stered huma Preferably,” as used herei
acetyl—ﬁdmnﬁrmy&-bphavlrﬁ@mgﬁltmm,y é\&e@mhamamyl-hml Qpﬁﬂ?%‘?ﬁé‘élﬂ)’l-lf

alamne%(} i IZ A %m&olyf %.ln gigie%g}é— (a%oxtﬂg%éﬁ?b&a pag?lgé gtﬁcG {(bacille

Calmettd-Gedrif) ané Gakngbadtetog pivzed. [Hreaforsblyp f;im eal_]lfvemt 1§ platmppceutically
imals, and nore particularly in humans. 20 [67] The
m"carrier” refers to a di | uent, adjuvant,

exci pient, or vehicle with which the conmpound is

[69] Aadsedrtiesding tedternBtlizblapa nreansethstithatefaerced grateriehin ripgoved from its

sterile I| ui ds,, such a mater d, .0l Is i | i
native f:lmljrggma? 621, raocfe&ﬂﬁ VIS elacglnta% blOlO )1/11%%1}%? i:%rgbe free of
some oPhll GdiRar Sb&ﬁﬁoxﬁﬁtspﬁﬁmdtnpenénts ofshryctmﬁam Wiubh theinagveahaterial occurs
oi | sesa oi | the |ike.

or ous . o

naturl i, CHRPER G TETTRERTEEPAA0. e S o emghfpplted i i

is preséﬂt)iﬁ%r&h xBhdttdr QB ?erﬁitﬁltp riafibe addk Yof iyl MSlecules, an isolated
carriers, particularly_ for 25 injec

| ut
mucleeSgic B pHATHRCSHEh 515 Bibd VA &F DNhe Gt FIFpR Bogment. Io

another ' BRBAAENar 1s0f:>1|i’@r ﬁ@:@c—ﬁé’tabl@qg p@i’ér@ﬁl?%imsm frimihe chromosome in
Martin, 18a Edition. [68] used herein, the term

which rtaum bafoundr end more @reéerelﬂm gadorger jRinadyprepopigtal fo non-coding
reglonse@ %ﬁ? Jgﬂgd td HTLHRGe E‘%ﬁﬁ% fegldds gfl?cﬁﬁ&ﬂsgﬁé}eoff%r to other genes,

can serve as t1ssue depot that sl ow
locatedrlqjstmsr tinenstb@mandt th gnniamtm@obsaﬁleasql%% iedleic acid molecule

when fsm a‘%lél V%h%{g m&t&lﬂg&telsaﬁlgd(ﬁl{i%dly}sa%aI?lgg%lct_]a ﬁ lacks one

or morEdntroﬂ‘s’E nIsOlal%ﬂhh;cIdfd—\ac:Benp]amlm Boleie lsg{sl,encbg Sﬂsertecb into plasmids,

cosmidh s epig i Lot DA G 1 cyftcic secombinant

nucleic acid construct. Thus, in a specific embodiment, a recombmant nucleic acid is an isolated

accep

mucleic acid. An isolated protein may be associated with other proteins or nucleic acids, or botb,
with which it associates in the cell, or with cellular membranes if it is a membrane-associated
protein. An isolated organelle, cell, or tissue is removed from the anatomical site in which it is

found in an organism. An isolated material may be, but need not be, purified.
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to elicit a Imoral or cellular inmune response.

Adj uvants include, but are not limted to, 5 conplete

Freund's adj uvant, inconplete Freund' s adjuvant,

saponin, mneral gels such as alum num hydroxi de,

surface active substances such as |ysol ecithin,

pl uroni c polyols, polyanions, peptides, oil or

hydr ocar bon enul si ons, keyhol e |inpet henobcyani ns,

and potentially usef ul hunan adjuvants such as
[70] T%:tec etéé/ ie r?asqyﬁud igar‘é o ef%rs?{% r@]ma i atlﬁt ?ﬂ%eﬂ%sog]atet%ﬁ' a8 Jdonditions
that reddc@Geélfnkinate ﬂiéyﬂreden&l aihytire]l Bed m@mu]s,am Jophiatmide@ts, including native

.al ani ne- ahni.to sn er 0- 3--hydr.oxyphos
mateialy B 6l Tt g1, RESPREA. (B PP GaP WY UL Pttty
substan@fllly £0¢ ¥NBERGEIE ok ld:ﬂltlﬁa rchiﬂlﬁbneﬁfse fienabloytissiinenlmel btl\/%g proteins,

is pharnaceutlcal acceptag?r éﬁ9 As ysed ﬁF £in d
non-spoHic. PRRFECES, S0 dhe e rreAh Soahaoing e J@‘F% sihgapially fiee"is use

operatiRII$ ihdhe | b&t&& 0 iR Aly fidal BsiitSof 1R kkaVdiab NPickRAUIE Murified material
a cel or virus. Thus, an isol ated bi ol ogical
substanﬁgl%eﬁf:

bt @at@nb@anﬁsflé@t smst 5PB6 papemere Pagfprably qﬁd?ﬂél; 90% pure, and
more p‘f%%ﬁ’lgeﬁﬁls at lea® 999 PHONGRESy Qhn 'BQ eev‘&lﬁ&tla@ b'yncﬁﬁ@:h&bgraphy, gel
I've material "occurs natural
electrophptesis) msminvasey, rremppsitien mlwp@n@nlopcalmsmt and afher gneitiods known
a%e deened isolated if it 1is present in a cel
extract or supernatant. In the case of nucleic acid

mol ecul es, an isolated nucleic acid includes a PCR
[71] Methodufr, pusificatisol abeﬂeﬂﬂamwn zea BENK;  Yirelaparedes pay bfoﬁunﬁed by

a t
T e e
Other pMeifichticint maﬁydd)erefmmﬂle amldccmbar@lzﬂecbhaﬁmbl Y pwifred material may

l.on r | Oi or_.pr ta odln
ot 095 o35, BrBEY 0 B s Il o
90%, ¢fothei exliglat f'tﬁ‘:ﬁrﬁﬂﬁénts Omeﬂﬂ @tdigins, genether nbodearabde components or

mpunweé’ o A R T

o” mRlcARP SR higheR Weire@ Rt fiRlty ewikiollicak e, atHierel Sedigt ecnventional
nucleic acid | acks one or nore introns. |sol ated

P“ﬂﬁWWQEﬁ@h@mﬁéﬁﬁmﬁﬁp%@ﬁﬁgs i ncl ude sequences inserted
into plasmds, 25 cosmds, artificial chronpbsones,

[72] It $hediR€ etnbli@meht, e, testheboit of capjnsomtuybﬁmmmwﬁa istatistically
reconbi nant nuclelc acid constr

_ ct.
meaningfyl sqnep Of @b eVl 2 Zanee CER P Y ﬁ%@FCﬁ@f of qaepityde, pferably

within 1569 afofd prc@é%&’dlﬁ'\ﬁﬂﬁ? i2gos, Aork SRS SRlIOKRIIA 1T8Y A8 even more
associ ated with ot her protelns or nucleic acids, or

proferablytithin | of anivem vhine 5 sUgPailds allpwitle verition cgrongapssd by the
term “:90%]11!’ Ul ar, %ﬁ)ﬂ%ﬁ%ﬁ{l&s ggﬁenﬂg oh @p%@ﬁﬁ@@ﬁtdﬁ?ﬁ%%ﬁ@ and can be

protein. organe cell, or tissue is
readﬂylamw@@ﬂlﬁqufmdmm‘atsbl&hmﬁieasﬁte in whichit is 30
found in an organism An isolated material nmay be,

but need not be, puriffgdssofiflinin

[73] Hemagglutinin (HA) is the major envelope glycoprotein of influenza A and B viruses.

in the

Hemagglutinin-esterase (BF) of influenza C viruses is the HA homologue in these viruses. New

subtypes of HA molecules, typically introduced from aquatic birds, known to be the natural
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[701 The term "purified" as used herein refers to

mat eri al that has been isol ated under conditions

that reduce or elimnate the presence of unrel ated

materials, i.e., contam nants, including native .

materials fromwhich the material is obtained. For .

exanple, a purified virion is preferably

substantially free of host cell or culture.

conponents, including tissue culture or egg proteins,
1eservoi§s BORTRRASS Vit Ses PRI 48 B e Dahdinibd (6 Stfﬁl.kpgﬁijm Mol. Biol.

herein, the term "substantially free IS use

EW@IZ%EEH&&)@&hﬁW@ in the context of analytical testing

of the material. Preferably, purified naterial

[74] HAYBSLAN A ﬁ)ﬁ&’@ck%fnscﬁﬂtl afd PARL Sncbded ?%r d ﬁﬁ‘@& gefd%hd derived

pure; nore preferably, at |east 90% pu nor e
from prpﬁe@‘ﬁ’@rs abp yinglei grecuasor necdectilen bgdndingdosspd i sognal: aw‘alde {Suzuki and
alyl CRr. t [
el A My V) BT AR CHAT B ot 320
amino agids} apd liﬁenecapmhmfmg@mmm anm Ghe majbﬁergair of imfrinh rdsmmcndsHAZ has

I urlflc i on..ar
sbout 23(ifithaitd, B3 hERaR e AR 118 B PafeloPe P ol Ret, supr.
ultracentrifugation, preferably continuous
[75} H&:@ﬂﬂtmi frang amﬂuanza( Seme Elassifieyenig 16 lapbtﬂ)es, acGbiidigre to their antigenic

ur f£i cat ijon hods ossible a
propertfi Thfiucih RO Rd'F DRR0 L FrBP BRI a5o AR Bl fbpes.  The
sequenc&boﬂinﬂﬁ@ﬁéa @bﬁff}&f Hbl iy HES 2t Hﬁlﬂueﬁhf)Bt and S%HARHENast shown in
. rably %ess bout 15 900 of . the cel |l ul ar.
Suzald SheHPS, M i<t 18 PPROTPOBTh PR ¥ feisBted) pmHagEon of the

sequenceOSPRAGEzS O0HA mwwés Hies( =S, mnlgsmrsh ,TEN ULg, &8), H10j 11, and
e e term

. Which it was originally_ associ
H12, inolulpg popterved F‘Viﬂoyﬂﬁ‘@ residRgs SRedl el e bpRS are Sypwein diigure 1
of Air, Pipb L Whidh i€ hobrpBral@ B¢ Rireeed. USbiA GeeROVE MitcdiBlthe strains from
purlflcatlon techni ques known in the art. [72] In a
Whmhﬂ§@%%ﬂﬂ@¥£%ﬁ%@ﬁbﬁ%ﬁ@ the term "about" or
"approxi mately" neans within a statistically 20

[76] NSXERAI MQbstlles' AMLinQEntRn\R¢ Ei@ateEY S htddhciOEnaBAR tBhe amino acid
within an order of magnitude, preferably wthin 50%

sequencengif 14 riapleguin At wpglE rinzws‘«aSﬁ% rAgtigauisigr lspiptian of puclcic acids
encodindbddRIERA HRHcaROE BUSR: B i d%ﬁf) o @sbinxdlma{dah%fﬁxé&tﬂe& acid 10

given val ue or range. The allowable variation
introduce ghangprisseepnyo peid sequemn e abbya ﬂfe-cbrecteé pptagshaat el y"
depends on the particul ar system under -study, and can
[77]1 In Ql? altérﬁﬁﬂ’el éﬁnb%@ﬂﬁe%@ | 1A §8o18001 QR lonO SN BF ¥ paktichilar !HfA subtype
he art Hemaggl utinin [73 Hemaggl uti nin (HA)
already @dntalma} mme maé Iseqrsnes til@towmseﬂ eip intigamritierskasivaialid nBﬂectﬂes
(;@n ZArkh
of thesefje e s AR U sl B3 BB Tclioln Dl [ ook R A 13105,
relative, sagt ty oY iaidantAR2 0804 cTnl m‘s caey phq:mlﬂhgnza straio duithettle fropsrantigenic

HA mol2Hide al I lsjelr‘rfedz‘?g a Ejagn%sug % er%nct:ehs a&at Ilfllranoﬂler embodiment, amino acid

residues from the more antigenic HA can be introduced or substituted into the sequence of the

less antigenic HA molecule to make it an increased antigenicity HA molecule.

[78] Various changes in the sequence of an HA molecule can result in increased antigenicity.

As noted above, the HA1 chain, which is the reception binding domain and major target of
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21 reservoirs of influenza viruses, result in

i nfl uenza pandem cs (see Suzuki and Nei, M. Biol.

Evol . 2002; 19(4): 501-509). [74] HA contains two

pol ypepti de chains, HAl and HA2, encoded by a single

gene and derived from proteolysis of a single

precursor nolecule, including | oss of a signa

peptide (Suzuki and 5 Nei, supra; Ar, Proc. Natl.

Acad Sci. USA 1981; 78(12): 7639-7643). HAl has

ut 320, an no .aci re t bi

immun RSP Sl CPHE i B SRt R R ey B Alfages oy poresse
anubodki&&iﬁm@bmbl the?28 radleame, aod. disy clanidatpreon gljremsylahen aite Het makes an

o e b BB P BT By, W

the chaﬁg@éal‘ﬁ@@lt ﬁ%&%&iﬂeﬂl Birddng! BEIA rédepiof) @Y. Ca siflicoRd tdcesior on a red
nfl uenza B and

blood cgllomalins aeiHonios SRS GG SuRe gt competitors for he
hemag L EDZRorS URhY Q%ugluﬁ&nbﬂs@ays%ﬁiabl&f)f H&ﬁ&@traufgﬂlﬂeﬁ changes,

HE) are shown in Suzuki "and Nei, AE Fi gure
including thehérotegiuginriobibision 4B @sssy, arewel-kpeven mAbeBhpar i son
of the sequences of influenza A HA subtypes H, H2,

[79] T ei_s'g‘a iholvdd@vhol¥infifza FPas ﬂﬂi‘tﬂ)les"gs:ldso tﬁé‘tﬂlrreﬁﬂx?accmes Thus, the

I nc ud| ng conserved am no acids residues fromall
inventiengsbvidessiohinflpensa yiases motingrepsed enviganipity A mglpculegy Spch viruses
are mo%ﬂ:o%@eﬁént{wg&fe&? LeshohlYa FREGEE %c@O@rJa%,eﬂ%ﬁﬁ it is also

scl ose strains from 15 |ch e sequences
possibloverme olassivahredssoftmedt ablewllHA nol ecul es of the invention
are created by introducing changes to the am no acid

sequence of HA m'}&%&s@de?@ﬁcsrl\ﬁ&ﬂb&ss in increased
n

antigenicity. Isolatio nucl el ¢ acids encoding
[80] Réclégtﬁ‘)f' 'é%v eﬁc btvBRe loSnelid! tsyfiBmé ¢ %ﬁ@e Alllowed URE %amﬁ.ﬁatio‘ﬁ of the

ication of the nucleic acid to introd

influenzstréirag senome (PalescativhdPrae Nitls dquke ReieUS4. 1§96, 9r§y11354 Neumann and
Kawaoﬁa tp@aa,d Vu%&tﬁgm%a%@ 4. Neufinh 27 il | Pro@ NN, t&éaaaﬁéNQSA 1999,

nmol ecu éS fromone strain of

96: 934izaFctdoc @t af., lHAVsubtly@% 7R9G78a85p Byentadpplision %@48@2535 1). For
examplfz i ,ﬂﬁi g e t hat %crl ?3%? g pg%ﬁﬁe& gﬁ%{n &EI%ES?&I} of e[_@Jt Aluéfza vRNAS
from a ﬁd)IfIf;ﬁdirﬁdSﬂSr esﬂrammRNaS ﬁem@lﬂfpumdotheﬁaﬂmm ﬂnmmmpe)@ infections

' to A HK/ 03, rel i v . d. Q
influcnisy ¢ Wi HOLBORRCH, i g ok a6, S USA, 2000, 97:600% U3, Patent
Publica¥ibf INd. E00DDT6a 7200t wWhieh iie mdd@pcﬂ‘ﬁbdatbyl refepaiot doms é Wesaiptian of a

di agnaostic reference strain n .anqgt her. enb
minima {1 G, TORPTSSS EFRGEICE FEER GRY 1B HRpfee °ng1§ BEhGOR fuginecring

methodg’ﬁ THabd REMESIHar? nctidas hlldvi FRdhd pafit pRIsRIH N afluehzatii@s types
I'ess antigenic HA nolecule to rrake It ap_increased

with spaeifi; glerptiqns yo e pebyRsEidecAming g4id\sgientss 4 Fhgolecpls copgining a

desuedssﬁ.tg%ﬁgugﬁﬁctﬁéyyﬁé‘pﬁe‘ofrﬁ) L &eHbEAARALESH virmd. NThdFc8aBRht influenza

virus may be made by any means known to those of skill in the art, including through a genetic

engineering method such as the “plasmid only” system (Hoffmann e al, Vaccine 2002,
20:3165). The recombinant influenza virus may be derived from a HSN1 virus. The
recombinant virus may have the genetic background of a HINI virus used in vaccine

development such as A/PR/8/34 virus or any influenza A virus, including cold-adapted strains of
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As noted above, the HAI chain, which is the reception
bi ndi ng domain and maj or target of 22 inmmune
response is the chain in which such changes can be
made. The changes can increase antibody affinity for
the HA nolecule, e.g., by elimnating a glycosyl ation
site that nmakes an epitope, or by favoring a
conformati on with enhanced anti body binding affinity.
Alternatively, " the change can result in decreased

o0 900, NLSSBRUSeTe8 i 0 5o B, BRI s

. com:spb;litﬂng-\‘é ﬂmﬂmcmﬂle}:uﬂmqu@f:é sey by sokbedfen thevsusapd seduenced.

henaggl utinin reaction. The various inmmunoassays

in [
[81] T?cﬁﬁlq cs rrtao glsg(fle(lj:? :'5%? ?}'&I)cﬁl% %g%ﬁiy %%%lﬂfjha%ﬂ}g Gnd prdta_l% Hl% Wl known to
those ofieskidil- iﬁnﬂm/raru nld hecoadatice Wiﬁ] thd hpeeskit mmyn |t1mr® Imagrsbe employed

oo b B R Bop BT S lp o se

of the a¢i. FHSE Sechhititesl aR€ e el ﬁny hzg&ﬁllﬁerﬁmel-memzige,csﬁmook, Fritsch &

Mt g oP e e G aD el S ACKIEh LR g Faftor NY:

Cold § arbRISbBa®r} Ordd$ 8984 BRfdis eSaniRekSA b, nB;sp”)@Eme(tJonmg 4
ever se Genetics Methods [ 801 Recent | g{ldeve op

Practicgledppregshg¥plapes & a8q Bt QW Hlover «t L19%wed aqpcleotide Synhesis ML
Gait e&mws%*' AR ngdt %brz&z%ﬁo%emﬁ Mirnidds &e@qnﬁ.{l%gﬁi &3€ (1985)];
Proc. . Acad. Sci. USA 1996, 93:1
Tmnscmmnmd mlatm [Bdi?&.aﬂkraes il Hrggzuss ek £19848pgnimal Cell Culture

. 0 AT Dy (T Py 10 i, 4

PractictJS7iRée EnMobgeplar Chaningn (12604 002025 H)M. #aor. (etbaaﬁmreﬂ Hrorocols in
een o m ye 4

Molecu@z);(szrzes go ﬁ/sltegar% %%n§| uehtzig&!"VR S t?c}n%#xé;s %gllud? site directed

mutage@afsmmi;ﬂamﬂgl dhgﬁnhclaﬁki&s vﬁﬂaoahemdpniclebthlm domgenerating BCR products

i.n.the formtiqn., of J,fectl Lnfluenza A virus
with mytpiiong gy Qupken RAPHCied Y SERREOBEA 2000
97:6108; US Pat ent 20 Publ i cati on No. 20020164770,
whi ch is incorporat edIwonmhesagnce for its '
description of a mninmal plasmd reverse genetics
[82} ijusrs emansdmdwﬁldn thet st ﬁteé@:tpd:ﬁm!giimmuu@spg@ﬁebinding of an antibody to an
neer t ho Th t
antlgena‘i detggt %‘cﬁjﬁ Flg‘gﬁ% e%ge%[ 3{}% uen%%gl\%/'f’?cﬁ gHith the
resentﬁm@ﬁﬁon th Jsarﬁfpﬂﬂhfﬁd of ctdtdcﬁﬁgtﬂt@ﬁt&oﬁ bettaen podnyigeptddem antibody

vt e e GeBHER ie CsESF b3 A 8 e o of

detecnﬂgrbtnl d&ﬁl@d&écw%nhﬂ_@ biegiagph andluded telgs o8 ra’%ﬁomalmtsd detector
be made any. neans. known to & se of _skill

antibodie gr @fa@w%wmrﬁ iy Whigh freactiye ab & serhgsdaerody ' Phese carly
methodSRtePd1 Btcth %3%%%%5 skiliad ¥ he R ¥s reviehlce i Mdasan En@moIng

aL, Vaccine
1980, 70:166-198.

- [83] Later methods for determining the presence of an analyte in a sample using only one

antibody include competitive binding assays. In this technigue the antibody, which most often
would be immobilized onto a solid support, would be exposed to a sample suspected of
containing the analyte together with a known quantity of labeled anaiyte. The two anaiytes, the
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20: 3165). The reconbi nant influenza virus may be
derived froma H5NI virus. The reconbinant virus may
have the genetic background of a HINI virus used in
vacci ne devel opnment such as A/PR/8/34 virus or any

i nfluenza A virus, including cold-adapted strains of
23 A/ Leningrad/ 134/ 17/57, Al Leningrad/134/47/57 and
Al Ann Arbor/6/60. The nucleic acid corresponding to
the HA nol ecul e sequence nmay be isolated fromthe

Vi r angd _sequenced,, [ Tech ues to
abeled s, S8 PG 1 B G Ry BB S0 PRl s on he
antibod§ OWihdr Free LS @falyak iok lbotumi ldheledlrahalyihrls aletanihad @ﬁd from this

with the present invention the e na e oyg lete
measuEiRRE e IPBINERt PoPWERATAE BRSOy d‘rnngy gor? comple
descriphi6€ QIR0 adhddNA diggdal GHeBakk tﬂiﬂn&gl&ﬁ Q}fSKIhtiéeanmibb@ Reaction’

art. Such technrques are ggg ai ned ful

0

(Labat,| Methpdst igrEnzyigalegy.elly R, i R e, g 1«'&3?& galxe can be
e ry Manual, Second
1abeﬁ:d§§£b &&Eﬁ[ ”@"%Gésggm}fg’ él—r%?%g ?&%QlNY Col d Spr | ng Har bor
Laboratory Press, 1989 (herein_"Sanbroo
84] Mpggcgrrn)ent wngps@aﬁsn@ﬂlzga dpxlﬂg% antibgdy Wﬁ&?% ggﬁete%qlgj% grepence of
8d b8i8me of Method.
o o st Bl 5L g TRl o ot
Enzymplpby.i Gherefbiepaccpiing tormie @g@o@n@lt]of thg ggwﬁgmg@fgmn, the presence of

the mdérl%%?ﬁarkers is ‘fﬁgéegréingé ﬁ%&%ﬁ!@ﬁﬁ]{b@&éﬁ)fb [egT]:Pgi; gﬁ%kég‘s to be

detectefl ROne oErsad lpaiey of edibodit 86eferred morbdreiniaz ed dGettos aniipgdy” and the

o o g e i AR s it o

the presdnt {p@egioh thsuisésahé doUWhié atibody samdwlvhlmathddafbr Bitedting yn analyte in

a sampienelin %VL) g‘t é‘ma :}B &%3}%3%0%3]?%@? heg Ssesatg 10 ecﬂgéetween the detector

antlbo(ﬁ'l dng QRS Qipﬁﬁé hﬁ*ﬂﬁ)dw h8 captiafy @EibodiCheiey irﬂ:@&‘s%}y mmoblllzed onto a
generatin products_ . w th mut at

it s o S S e MR LRRSLE: 8 0 8oy

presende'm“ﬂ{é%ﬁ Sanally@XbnMech GHEHIE MRS HreidRWOT tho abdligear t f or
det ecting |nnunospecrf|c bi ndi ng of an antrbody to an

antigen_can be used to det the bi.ndin
1851 ChietoB asut e PG SR CIPRoTS G R CDoM L Fe oFh gt pejystyrens, all of

which BFESEIN by 80 tiheO ReldABf BRdidmRSROY Ak deim6tiinoassay. More
i nteracti on between an antigen and an_anti body.

recently, iy stmbel afcrosetsi BACHMNY HHRRY §V1§morlﬁ???@u1@6?rmeﬂ9<l°ﬁila°etate glass
fibers, Q{nﬁﬁﬁ&' bidhs gﬁ?rﬂngrsgr%ébeeﬁe&%ﬁyg?ﬁs JBi Bagors. detecting

an anal yte ctor anti body "bi nding pair includes
the use of radi oi odi nat ed detectar antrbodris or a
[86] VermeHsolediqugs aad serePRIinRiSERFOT deyigtcopy, 8o lseh |Ajtymated assay

apparaté&la@ Nu@ad E%ﬁ@uﬁaﬂcﬂﬁs SRcRlbdy HFpLBRLS BlaRl bf such systems
own to persons ed inthe art, as revi ewed

includeNBPUSESoff ]?B Bringpossicaiypten, Tuc. and the TMX™ Analyzer mtroduced by Abbott

Laboratories of North Chicago, 1. The automated assay instruments of PB Diagnostic Systems,

Inc. are described in U.S. Pat, Nos. 5,051,237; 5,138,868; 5,141,871 and 5,147,609.

[87]1 Further classes of immunocheinical analyzer systems, which can be used in practicing the

present invention, are optical immunosensor systems. In general an optical immunosensor is a

25



10

15

20

25

25 1980, 70:166-198. [83] Later nethods for
determnmining the presence of an analyte in a sanple
usi ng only one antibody include conpetitive binding
assays. In this techni que the anti body, which nost
often would be imobilized onto a solid support,
woul d be exposed to a sanple suspected of containing
the anal yte together with a known quantity of | abel ed
anal yte. The two anal ytes, the 24 | abel ed anal yte

and the anglyte.in.the s t he ete f
deviee (it PR BRPTHE WRCTBOUY (51 PEPL] TSGRt i thenica
concen@iiihy bEaddikitR® UfEhidrab Bl eleattiadl )ﬁgﬁals SThigE eystanisadn da drouped into

fromthi measur enent the t of conpet
- four madﬁfa‘FE\}?g@}lgﬁﬁ r?ﬂfégg%%]f“gq‘?eé’ P AFNQMTEE0 :ﬁg?f optic techniques

and mtggﬁ 'codbvﬁtast hit HeBRd @b 2 e@l BELES emp!sdineu@@%hﬁﬁple integral
i nci pl es of Antigen- Antlboj%bReactlon 5 (Lab

reflectiye sippstieschpy, Bad Horsempt capjllary EFVI@S.O)FI qrﬁp”{lchlt ﬁmques include
evanesc%ﬁ@ﬁah SubilEe J.-,ln gﬁ&g&l B8l ygpﬁla?@ﬁ;b@ eand'f@é@bﬁﬂ: fikdcficence sensars.
el ther "a radi oi’'sotope or an enz | abel .” [84] More
Integratedn rqpantdeiviqrmj irohsls apfaner teivitiegeenh ﬁ@uﬂlﬂf?éesaﬁlcﬁb@ﬁyt Fiting poupler
det ) he S&.d dﬁf
o e L8 BFRSOREE) el Sl ondBE . e
mterfervmbﬂemnﬂfrs MEblogaiphii dete&tmmfbhndggg redftiensdf evcomplished detec’n.ng the

presench i S BB ST RORRlgrl s P e RS lndg 46068 Yhen one
reactantl6ft £h#AHRAE Gakl Hiddg tcaalpanmmhzaimecdaﬂdmmnf off the Airidingfpairt(ese U.S.

markers to. be etected. One.of s 'd ai 1.s .
Pat. Nomn p38baPesisfued é?ter% egg%ftotong‘?‘%’l*eﬁw Et ﬂiét %X@f“pies of optical
immuné¥ahdoBP At dRBSheiNg gedbhBlin Qf re$ﬁiwdarﬁ61b rbyOG &IﬁlthDﬂﬁl efdvances in

is referred to herein as a ur body'
Biosensen KL mbRES-3F6. VRES TPE08 SESPRIBHI S e s doycfor example

in U.S. UK. 2816658y oW &J& 9redde: RoA. ﬂﬁﬁ?@i BN QPN Trans. R. Soc.

analyte in a sanple of bjological fluid. In this
Land. Bt 985l 316:h5- K apd G é Bebasefiod. BB (SRR FbACtators, Elsevier
19%H_detector 15 anti body and the capture antibody, the
capture anti body being irreversibly imobilized onto

solid support. The detector antibody woul d coptain
(8] Setolgsieloamh e HBdy sgdhindheidgtoringtige At i fiyeneh giagnosis as well as in

research Et%&%&‘ ‘fggaﬂfmé g e?ﬂtgbagcgg%& ?rﬁlaézﬂl &n@i ifastPnck, tIBliﬁrtlcular the

€ presence te. mon earl forms

hemag@tﬁnmm hnlnblsmp(}& tassay At p$eét®§ to 4ty yeinimst 1 e%gy gequirements
and e gt y;t 1@% | OI h‘lﬁl‘%ﬁ mthe iy f‘on\'@ﬂlll uﬂﬁﬂﬂ)énhé Spthgﬁ)ﬂlty of the HI

noassay an enzyne | nmuno
assay bWoeeasﬁ@ its emﬂlivity The Hiindsey m@ff ab@ boussd Iﬁtaﬁh@IWi th¢ gntgg@lhlty of the

nit e
momﬁals%‘gr“%‘? SC o 2% ﬁsé‘]’sl tih 6% rilzr%er S ﬂélgé%% 5’ n’phﬁge%glg as more
or less @ftigsait itlﬁn&dﬁ-ﬁﬁfdlf&drﬁcﬁﬁdulédarl ous techni ques -and
correspondi ng sensor devices nay be used. Autonmated

[89] I‘I?esﬁ? yassay determines the ability of antibodies from a serum sample to bind with a

n

standardized reference. In the HI assay, serial dilutions (titers) of serum sample are mixed with
standard amounts of erythrocytes and their association into complexes is detected visually. The

lowest level of titered serum that results in a visible complex is the assay result.
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appar atuses i nclude conti nuous/ random access assay
appar atus. Exanpl es of such systens include OPUSTM
of PB Di agnostic System Inc. and the | MXTM Anal yzer
Jintroduced by Abbott 25 Laboratories of North

Chi cago, M The automated assay instrunents of PB

Di agnostic Systens, |Inc. are described inU S Pat.
Nos. 5, 051, 237; 5,138,868; 5,141,871 and 5, 147, 609.
[87] Further classes of immunochernical analyzer

[90] Ag %ﬁs}%& %@Vﬁ% rpéesg%[nygegxpglg ed v}qlg% g ! g.lglt }o%e(i] ?roh@c%oiu RLE %gﬁﬁaﬁnn of

vaccindd Fheksakin@Br Petdrtial mfihnosanictibss. a'n pﬂﬁlcﬂien( itheeingting tinvention
uses |, optlcalﬁgrlnc | es uantltgwhvely t.o cq

is applispldli‘e qRCERes B s, Bt (AP o SRR dast the

inventi®f wHAES §8tasd BE QL& |vﬁﬁdd‘t1bﬁ aind S¥fifidhtion dhareinsyGieefBponse after
can be grouped into _four major categaries:

vaccination| Brpdrdenlarebimpuaelnsivelyy tha dw opliopgeIdssdeihy fiignoed detection
of anutgd%? QP &dfg‘gﬁgf‘ﬁaq $esn eﬁae%dl 18 GhBieREh VAL becAlBY bCBS enhance

ection t ues i1 nclude ellipsometry, multiple
antigeniaity egfr the Bodiftd é& impleatre c tThiss @é]@;lcedamﬂlgﬁl}lﬁaf issEadlggted in the
f dn&d) Qﬁc%@%l HI
mcreas&?&ﬁl&gg tjy oeifl tg% !ésssg)gyéeg foscéﬁteg{ %@ %{3‘@%‘% % nig opt i cal € £ 3B’»Seﬁry
capillary tube, and fiber optic fluorescence sensors.
I nt egrat ed optic deWMaceine Devdleptaend| aner evanescent

field fluorescence, input grading couple 1
[91] As premesdified delow, mmadlifiedrime coRtAiping e BESEr antiggpipippHA molecule

I SRAS fob AlEHAKE AIRLAL d bette
sl i I%ﬂ%ors '&H%%ﬁ{jr a ﬁl et ecﬁ on Dof Sb| n%r ng r eai:‘::tslljoﬁesan =
vaccing tantisbnpl i shed detectlng the 10 presence of a

hol ographic image that is generated at a
[92] s@&ﬁ%&t £ AR i Loeak 'eﬁectWEﬁé&s ARfude BAEIe A adffvads (Wood

pair binds to an i nmobilized second react ant
and Wlditantshaq:bu),;] do-adminisitnati¢rs ekimmugostinpgatoryNgoleauiesgSalgglier and Lodge,

I Sur% ; :nc:o%j 1(%% 6§ 120054 Lichdaf I% b %ﬁa@%{e@l )Muc@éﬁ%zatzon

nosensors are scrl gener al
strategias ur&:‘]zudevenaulisuiaheg e GrusAn mtncmssuleAdUaQra d?@@ntano 5 075 109 No.

ose 22
5,820 Sgé’scap p%r On%g%f}?’q#e dgd]e CeS are %g)gfe%éa?lﬂg ex embra.nous cartier
(WO 94/6538). UnSuddRivin, tHHOBnmﬁb,o@Mql@S& ozhllgkﬂmﬁﬁﬂf;re@mdmunogens can be

LR TS O -

blue tofslgd'é 28 BSO((5.S WPlerdN ) 31690,93 8)Fl Slehoin gl theﬂeQéi@)uac][m% 8fe promising for
rol ogi cal assays are _w dely use

improved i YAE PERPTORIOGH P LR HSE1AGRE: i At paigs vplidation and

surveilhRERT Gfludt %biﬁé HBER/HLRT It e camimiantoiog YheaaRflention described
antigenicity of viral strains, In particular, the

20
herein tvesttageflance rthesei sirtagiasi asludme) by swgipasing \fpgy dbijity s gdstect their
S mninal |aboratory requirenents and ease
HnnnmgéghCéﬁkc{ is contenplated that the invention wll

i rove the applicability of the H
P PP E}Z&M‘PLES

[93] The following examples illustrate various aspects of the invention, but are not intended to

Limit it.
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assay by increasing its sensitivity. The H assay may
al so be used to show the antigenicity of the
nodi fi ed HA nol ecul e, and assist in the
- characterization of the nodified HA nol ecule as nore

or less antigenic than non-nodified nol ecules. 25
[89] The H assay determnes the ability of
anti bodies froma serumsanple to bind with a
standardi zed reference. In the H assay, seria
dilutions (titers) of serum sanple ar
st andar dEsARIAL s SeRmLFRIedy &t/‘fré ot ’é’ﬁ&“lf“i?gl f'?“ s ™
association into conplexes is detected visually. The

[94) fﬁgtm@e%f&dgeﬁie IH50f1 fihisey Reresobtdiadtfhai W@mﬁeath. Organization (WHO)
visible complex is

result.
collabogripg daboragrsiop el gt Al P s s ’%Fﬁ‘ﬁi\g[% Hoilies

at St. Jﬁe@ﬂl@fc‘n%me@%cﬁ/ﬁbépﬁﬁf Ieolt are\/tﬁéifhhlﬂﬂﬁ)g&ﬁéﬁﬁ dfakd 2009 influenza
or preventing infl uenza V|ral i nfections.

viruses pfr % igendtene, Woieh beramarmiovinipe i 280, Widh éHﬁ‘bIOF P04 groscs, we

th

_ moculaYe%Cf&'r&éeﬁltﬂ‘ﬁ%q{%ﬂ Gig'h TS RES Borfl QRG] unt AR (%WEﬁ/ZlB/O?:) @uaner -

contenpl a Invention wll be of use
al, Protch éTaﬂaApzcﬂatSlcn I3 R004r 1G1i&a) end withifer HabH, ddruses iSolated from

humans, CRIETANS, & ?falg(%nﬁ%}i&ﬁcﬁ? TN %al'e'ag@?éu;ah&wt&{ad felidts WAd obtained

axCrUSTVe I nventi on” provi or the enhanced
througtd &ts@&h.ﬂdﬁ‘eedﬁfg pmgrdtmdf dise Aﬁilml Resourpadi Géntiradt Hadudgellyldren’s

t,0.a |nf nza ca
ResearSy ARG ARG RGN PR A Pl I P 08T sposure
to cun&iﬂlyajﬂ@ﬁldt@ﬁllﬂgama% NS B3| emd HANIL rvitubes ani nefhwazel viruses.
sen3|t|V|ty

- Viruseg weisoreRagasd ﬂaggh%gﬁa u‘i‘%i R\igﬂ %8“‘?3?\?8?"%9%“ oges at

35°C fc;lrQlSEhg ]zﬁlﬂaﬁﬁ)lcﬁﬂlﬁﬂmaivfeét&ﬂadﬁ& h?ﬂgle@aﬁﬁagé fni |_ﬁ!ﬁbryclinlatité lchicken eggs was
contalning an 1 ncreased anti geni . no l e R
frozen jot SN and Usesh &1 PHRATRGEEN Serugtiho dic VeGP RED assay with

challenEQ Lirfscs DR QRAGE Ltk RUABatI RS PAMRE 2 B30k bREd Riluceddfig metibody titers
tenti al. 9%} Strategi es to enhance_jnfluenz

(1: 64011 d@&@)n@rh%,rﬁfr‘séhq oy A stpise Indgesd; vieey lgwdTigtters & %Q/Zﬁf’)s

(Wwod and WIlianms, supra), co- adn1n|strat|on of

[95] Thé‘MélBr'l&W bR tRErY TRleeRuh BN Satua| dogld Hane baderesuld BF virus-
. Surg. Oncol. 1998, 68:122) and nucoggv_vacclnatlogHSNl_

induced, teeparelgiremuneyFERsEoR-mHATHE S1F S 8 VaTRRRt THE

A/PR/B%QP gd%g 'vﬂ%c';ﬂég %ﬁgjna{ﬁd%é&st&gw &Hg%%ghg%ﬁ@isﬁ(& SHK/213/03 and of

AlVietSang 52)3183pdienidd it rejifemndesnin B crtiddie fgnairsmopERuEs to this
effect (I%ar rbgr Vac,(c 8/ éﬁ&r}) s[séﬁ t@e} doggs of PSN1/03 vaccine induced high

SRR or al stere | nunogens can
levels dfeserven haﬂ;oéﬂs I:lg/tea;tsblmgl batl Hi] zmdd/lme npdrafipdsion tests (Fig 1B). After

identic rv%tzgn? B lYVé %18%4, ( .owgé%)%r%{cmkoglf gzggw%%svg%} ¢ 8ected in the
HI testAlvhfoagivutriiessy aRpy waehﬁmhalﬁglep (et halfy tiabinduced by AH5N1/03).
Previous studies found that inactivated vaccine derived from A/duck/Singapore/3/97 (HSN3)
induced little or no detectable serum antibody (Nicholson er al, Lancet 2001, 357:1937;
Stephenson ef al., Vaccine 2003, 21:1687). Taken tégether, these results indicate that some H5
isolates may have unusual immunogenic and/or antigenic properties. Aligoment of the H5 amino
acid sequences revealed that the HAs of A/HK/213/03 and A/Vietnam/1203/04 viruses differ in
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i nproved future vaccination strategies, their use in

specific situations requires validation and

surveillance to ensure vaccine effectiveness. It is

contenplated that the invention described herein

wi | | enhance these strategies including by increasing

the ability to detect their inmmunogenic effects. 25

EXAMPLES [93] The follow ng exanples illustrate

various aspects of the invention, but are not

. I ik 7 a J pad .
10 am*@:agi?g%gftﬁﬁo r%ﬁcl:lu P%gw Elgr?er elalt’%g Fig{ffe Hi gﬁ{% pat og%%i %:( potential
glycosyldtidl sivé atumparagioe & kﬁ\lalméds-'fﬁ@ﬁi W69/ Td XHeR) t Bequence comparison

rovto BT 408, 615 LSS AAOA SRR B8 b i o
were noBprdsent MCA/IIRY2 18203, &H1;Sbas c]iﬁtdﬁeﬁmlc Ifetr &V 1&11&&@’3;%&8!?’ @hwiras.
Hospital . To conpare the i munogenicity of the 2003
nza 5 vir s af
Exanghg%# u(g eratho 4an %%‘%E‘%g‘%‘?‘h’f '}%8’ %?glbtgﬂégs- A/PR/8/34
i nocul ated ferrets MAth-mhﬁmHSNl virus isolated from
a fatal human case (A/H K/213/03) (GQuan et al.
{96} To t8 c‘r\ﬁf"%ﬁ gign %Ced agp?(a ] gt?ﬁ 1 ! uno% 1n§<:61 aal’llal?rWect,u%n against
virus chalﬂlﬁgé akcand thms-ﬁﬁ@xtﬂld(lfésze geﬁkﬁcslvﬁﬂ:tanam gerfem‘mfeeombmant viruses

out bred ferret t al t hr ou a ial
. sof, BUE, 5P 1A B R o i FLA B, Pt OB Preggan 1203104
commmﬁg smélwgolﬂ]mlu&heﬁb gHdenfRasaadic ddeispiznes,. zom‘aml Recombinant
wer e nont hs ol d and were _serone tests

b
viruses fepderedpgpafhesenichycar TPy Ob P S 2t %éa\‘%q Yt feiersted by

DNA n‘éﬂ%ﬂb’tﬂoﬂ'@ﬂ?ﬂnaﬁﬂ & EENAacHibé DeRs z@@pbs? NpbiveRERHEhWrdré §8Sted into
Viruses were propagated in fhe al [antojc cavities of

the HA 1dyrige PG &y armey e L2EkCrmpe® etiteddfipstedt Mutagenepis rKig §Statagene,
Cedar Cd Wgaﬁk%w hdi P B M@ﬁp@gbeefﬁc%n@ms AL LrARS AR chitained the

onat ed chi cken eggs was ‘frozen at -80C and used
HA genenoeﬂpeeHAmnﬂsueusemmﬁlﬂmﬂ%bcﬁe@@ eme HONL r viruses by thg genetic

kO B T 0T 5 SRR g o o

their abbretrmted mﬁﬂﬁsﬁ40@l]mﬂcﬁc8@l)11d Meseqlsaﬁtdnea fmgle m%esnranhrsonated

duce very t|t 1 20 1: T .
cicken s GG gL o1 bl b il Byt of g recombinant
viruses word| ﬁl}:ﬂlﬁh’@ bh @ANPCRand esqrichcedfto WBmﬁyS:hatl ondjuibe deggmerdahutations

i mmune, SUppr ess.i.o However results of
were prot T 48 PBIPLRTH SRABKILY ShP BES o s, oo oteepra of e
recomblhﬁﬁbﬂﬁ@gi(’rdbﬁ;ﬁé\, and neur am ni dase of A/ HK/213/03 and

of 20 A/Vletnani1203/04 i ndi cated that differences in

971 To evgluate t}?eogxlu%er?lg p?op R an gptm[s{t? 'Ot He rtcgorctleﬁant HAs, we performed

HI assays with a panel of six anti-HA monoclonal antibodies (Table 2). Monoclonal antibodies
(mAbs) CP24, CP46, CP58, and 406/7 to the HA of AJchicken/Pennsylvania/1370/83 (FI5N3)
virus were produced m the Infectious Diseases Department of St. Jude Children’s Research
Hospital. MAb VN04-6 to the HA. of A/Vietnam/1203/04 virus and mAb HK03-3 to the HA of
A/HK/213/03 virus were prepared by a modification of the method described by Kohler and
Milstein (Kaverin ef al., Journal of Virology 2004, 78:240; Koher ef al., Buropean Journal of
Immunology 1976, 6:511). Five mAbs reacted at relatively high titers with the AFISN1/03 virus,
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effect (Fig. 1B). Vaccination with two separate 7 jig
doses of AH5N1/ 03 vaccine i nduced high |evels of
serum ant i bodi es detectable in both H and virus
neutralization tests (Fig. 1B). After identical

vacci nation with AH5N1/ 04, very | ow (approximtely
1:20) titers were detected in the H test, whereas
neutralizing titers were nuch higher (about half that
i nduced by AHS5N1/03). 25 Previ ous studi es. found t hat

I nacti vat ed VaCCI ne_deriyed fro

but onlpy 3uesetes wgapéﬁé 04 B ( RERIFACH VAN A | 4 PESwtro Te-w/0%

AH5g1 ‘8,09,%@ {%g 7,&!04 ahhdeb odde idilahBl SarraBto tht of AKIROLirus. The
5001, 357" henson et _al., Vacci g] .

reactiong Df N Tp-T mkcem, Ilmsge{% A ettus eesimpadg thase PE af ‘%gﬁ 3igp. Four

mAbs 2 b ArisAR BCS Yt RS 0T L{ﬁtisgzﬁwmge%@ r@féﬁk Qfiutation-

ant geni c properties. nment H5 ani no id
Nzwmqhemecsfm@wmue daﬁmasfgﬁ Tepdtedin W@ﬂsﬂe@eﬁ%m titers or
lssofr % 3/04 viruses differ in 28 10 am no
088 OLISR RIS region (Table I b). A/ Vietnanf 1203/ 04

Vi rus has a pot ential glycosylation site at
aspar aghmmphi B 1315 »iddicken 384 bprsgra) Iookgells)
Sequence conparison reveal ed three am no acids

[98] Axﬁ?ﬂe; gBt(S%}%t% o@s%pvaég@ Fas loBBknWEh GnPITE &8NYvith thRdkén @Ad horse red

uses wer e not present in
blood céllsHRBEk:B/ EB:IesKZng macsnw A5 eni-af(Avinug were less able to agglutinate

1% horsg] }%ﬁ rg%zﬂﬁ{l 3 Mills BT RBUs | ﬂ%h%t& (1:F68" RbhOGk BORmaining

Raracrerl za onbi'nant “Al15-
recombﬂslaﬁiﬁil&éé&@ff@rbd itstheir rea@dn 1T ohitkesitant herse RBp&e to b samppextent.
identified am no acids on i mmnogenicity and
D Qb V0RREEIn ot b AR HESAGEN ME0kB Rl HEuses
-5 reverse genetics systemto generate
recorrbl nant viruses wth seven gene se%]rrents of
[99] WA]deRsSHINe mwmwge@d @refeefiverpitiesey of the mactivated vaccines by

Vaccmatmc\r[ bl g%ggfg%k%%r % n&%ﬂ&s@’uﬁ% RS ecioR O fh %Qépﬁfanons of AHSN1/04,

., Vacci ne 200
AHS/O“RM&—Q@M%—A/@‘F L!Sﬁ@slf&eﬁfﬁ‘é,r adl ﬁHﬁpat—»h@éeW Wdafdlzed for HA

contentg eﬂg Lcap] %\9139 mﬁlﬂfl%ﬁﬁtmﬁ qgchﬁiqggb\(?a%eus%ﬁ 5 s‘&ﬁﬁ@rd;lze AHSN1/03

rans ectron
(WebbWéY&ﬂl, nenc200@)4, 263:30%8H) Th@cna:mammytrm)mbmnmes Viere semsented by

PCR b i.n
124 5 dbeb et A et g ed 1 U SBRRAERY asiomeny
on the PUIBKLMT Kumlid@)entNfhage S@hlyedr HESHAOGDEC iahd &wwammnuﬁed by
Reassortant viruses contajned,t.he 15 HA ene

comparieats 3% EERe BB ORI Gon Lot TG e 1o Jupiont O 7 1e HA
each eu}lﬂﬁl eRehb&ilatBa Gk QUi AOBRABEEAN 1§.H1B upy i otUB ferrets were

see Table la for viruses generg{ ed for this study
vaccinataddby titedmruseir Ejecdion Pinkifel) steple B goatammg i Hg of HA from

mactlwl?ﬁf xyﬁﬁﬁgﬁ ey as/a%bﬂgl ﬁnﬁ@ss%gée ihdr PR, VRadn@died, purified as

en eggs was frozen at - and used in
describek flgn iefreht ¥irolbgy 2003, gﬁmﬁoombhﬁé ef @l JrasPei 904, 363:1099). Three

control animals were injected with 250 ul of sterile PBS alone. On day 21 affer vaccination,
seram was collected and a second intramuscular injection of 7 pg HA was given. Two weeks

later, serum was again collected and animals were inoculated with challenge virus.
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viruses were anplified by RT-PCR and sequenced to
verify that only the designated nutations 20 were
present. The am no acid change was verified by
sequenci ng the HA segnent of the reconbi nant viruses
(Table la). [971 To evaluate the antigenic properties
and diversity of the reconbi nant HAs, we perforned

H assays with a panel of six anti-HA nonocl ona
antibodies (Tabl e 2). Monocl onal antibodies (mAbs)

CP24, CP46, d 406/ 7 to.the |
[100] Vgceipied apd wuﬁngaﬁ.wwe}ﬂstgd Hsﬁlw RpYigRsty,dgsgribed with
10° 50 regg lx&ﬁ&%vb Roddd %Eimt,)egt AN%Q@%%@@ REbydTRMa @l Sloumal of
dren' Research Hospit al MAb VNO4-6 to the
VlrologyAZQﬁS ﬂPW%ﬂn aﬁ?-‘llmlsﬁlezs of r’ly%"ﬁé’ﬁd bogsh Weiehs -29d; tgmpgratore were

monitotal él%ly i@ TR0A3 PUENSLAMBE Ry R RRELELVEY dease were sacrificed. To

I cation of the method descri bed by Kohler and
estimatd/iHespost-infacikay Bminnnetesponse, Jddikiped Sopsy/p %@ngg@@culated with

108 E%%éﬁogae%ﬁ% Eéndata “ﬁ@ﬁ?a{% fyr {3708, ”W‘O{%&%sto%m,

reacte relatively
A/Vietraint/$063/041 tA/chhke:AanNihhﬁE/M r asd Aﬂ‘ﬂc@ﬂlﬂiﬁmq’lsm Sera were

collecteﬂ%g? §§ elxlﬁ.i% é%g.ﬁer S @%Ch\ﬁgé‘y ehgzrnn s‘m‘&é fiters in the

upper r@pﬁﬁ%%r trd€t, @ cVihénsSeSe vRaBedbymhdsalriavaicn og dmerdab, anldy (Govorkova

o, By O L 310 B S o AR oo i

embryohtiedNlbhRer | le% &Sand-BkfiressE\BS 1684 BUM, ZREl 0AHN 04NEAL Whaklies of all
mut ati on 5223- *N QAI15sn3 N/ 04 The_revers

vacoinatgh apimal Wl oS Giqrh of re-hinlogro BB Odars logio EIDso on
day 5, ag’xd’OSz/ 5839, Eﬁ%b' bi ﬁ:gs S S 790l D amda&/clﬂ@ﬁri@ﬁétﬁ ﬁad'u mean titer of 4.0

ters or loss of recognition by nlAbs.

logio Emsb one Stosk ﬂﬁ@ﬂ@&@ﬁ@meﬁ“@rﬂ th@ﬁsc@nwéofewté éaveé‘aﬂrquﬂqnesﬂjf severe
dlsease’%ﬂﬁgé?\?é' }V fo@ %al%ﬂéhﬁf Ad 'r\xggé b 2idyeshd &e@ Rf il fection.

or se ood cells (RBCs
Only Ohen me@tqdnigh'yt bqscemg resTipnastst ﬂb\l—mrreﬂ.\l/ﬂ’@@lﬂﬂtqdu@’l s120-n/04

vine, 4575 S0 Lt e 1] IR, P s phin. T

ﬁﬂnﬁhummhmmﬁs@#ﬁevuahmmmmmgwmmcmmﬂmnamﬁmVMDuéﬁtmdMﬁhembﬁanﬁVﬁus

heir reactian.t hi cken an ho RBCS
spread %thg h{a_m. %ﬁ.ﬂg chgefsr% cired ?)el}l e t i v% {Lﬁ n%%'ﬁavage on
day 3 &b imtrapildl netoaabipredingy tor tl&é&a.{lﬂ&iﬂsé&eﬂ%ﬁlmmad Theeremaining

e TSRS GBS PEAE, AL bEBRY, S v o

temper:&@{e rdatise DY fArfly @aid a6 ﬂfuslcﬁhmgé OTheék m@nsommemd Byday 5 and
HSNL/ 04, 15 AHb/ 04, AH5S155-N, T156-

all amwlssqwreq rapidiy. “Eig Al 18eIBO3Vingep destd rﬂsgtecteg Himets from tebal
challensd ARHN Hickbish/f3/04A PRRUAREn ddRGs&l NS Sitdrad Ak upper respiratory

nununodi ffusi on techni que was used to st andar di ze
tract and BexxgagseBthe duration of virus shedding,.

Example 5: HI and neutralization tests of the immunogenicity of recombinant AH5-

A/PR/8/34 viruses

[101] Serum from vaccinated ferrets was tested against the recombinant viruses in HI and virus

neutralization assays (Tables 3 and 4, respectively). Sera collected from ferrets were treated
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(Webby et al., Lancet 2004, 363:1099). The remaini ng
r econbi nant VI ruses were separated by 12%

SDS- pol yacryl ani_de gel el ectrophoresis, the stained
gel s were anal yzed by densitonetry on the FUJIFILM
Lum nescent | nmage Anal yzer LAS-1000plus, and HA was
guantified by 20 conparison with a reference protein
preparation. After receiving two injections of 7 g
HA, each animal was inocul ated with

Al'Vi et nan 3/ 04 G oups 3, ferret r
overnighh B AR TN e ST E SRR ISt oish oL, Sapan),heat-
inactivitb® Et' $@CRBS36 @ik Andi AgorBedIgithfa (B fshgensiomaL tiiviehetythrocytes

Cgurl fied viruses. Vaccine viruses gcr lnactlfvat% desoribed
(CRBCBo Sisadard B evl vipieRralie (o SMP R ol predirigpned ds describe
premmm 3@%1%8% )e 00355 BddtRB% of MERRY, Biuc@lon and &W&ﬂi‘e %Qﬁtﬁnolo gy series

Three 25 control aninmals were jnject
no. 6. wtlmtta 2B@itdrs fir Risease IConipglgnd) yavention 1935 Bifla ¢ gby Vﬂ‘ology 1982
122,-ﬂjg?/accmatlon, serum was col | ected and a second
“{'ntranmuscul ar injection of 7 pg HA was given. Two

weeks later, serumwas again collected and_ani mal s o
[102] Trer deinpgaiufinating) uits GLAWRPT wiewor vged mogoh Hgpsay and 100 50%

tissue cuﬁfn%gﬂnfgéstg}lgld%&q @ﬂjﬁrO? kﬁe?erﬂsg@lrﬁeaﬁ}?ﬁt%ﬁ‘a%ﬁ% %g@ Sera ﬁ:om ferrets

y a previously described with
vaccinaghwith filectild-ypd osete-¢eEb w@;ormt Viruyi (AHAA koo zrlrus) produced

st bbby " Rt ia upien 2 B lion, M, B PR s

TlSGﬁA/&mnﬁlﬁwm dteuy of 1 B20. neintanb ABE Hobaditoysn0d restiligal ingHitiders of 1:20

Ferrets t hat SNowe, ns o SEeV.
to 130, Ty ke cYrecingned 0L FHaee-vhe UL i BERRE ot ik, and o otber
immunt Q6 QBRI readel with M 584 QUPE vidds aft emghemsumr(e 160 to 1: 320). Thus,
inocul ated, w.t 6 EI.D50 of th

h n d avi.an ..
sltougRg PEHAER R PSS TR CHfalfi 4D 26ATRCAE datibody were
differedl Vi et nam 3062/ 04, A/ chi cken/ Vi et nam 39/ 04, and

A fal con/ HK/ D0028/ 04. Sera were collected fromthe
i no ul ati on

| day l.
1031 Gl Prarors dredieed biek i B - e B piPREs} e vaeinaton

(1:320 ttcr 24530) $PAH B NSo MBEENIE UEFR@desdyerd aBs’%l'veH demgen hmnologous and
3, 5, . and 7 (Govor kova 1 nal o

heterol%%—léli@g*ya%ﬂterfg Bhayefpre, (e eﬁ‘%"%r@”@&%ﬁ%@’e%g‘e antisera in

recognitioh o® A Hldlr{%t féﬁm%éiabﬂﬁp’%m%aﬁme@ I SduanliRG9Gs.and
expressed as loglo EID50 per 0.1 m. Nasal washes of

all vaccinated anlnals showed virus titers of
2.5-4.5 | ogFAamplyy Reactipdly of regpmbinantyinuges1 o £ ps5o on
day 5, and 0.25 logio EID50 or less on day 7 (Fig.
[104] ’?3 ForkiRY 86t iR (ed iR 1tR 108 tHRafc@nbIRaD virhdee woisell Bl assays to test

| ogi o EI D50 one week aft infection. Two of the
hyperiggne GouFe W%P@C%F@\/még’f%’ﬂf&n%ﬁ%fvagwa i) %H ‘ééé%” 03 and
A/HK/A LrSele) bk rbRadianevipaea i a@?r)erear}mwame 5). The mean HI

eut anlz and one died of infection. one
titers tey hgmﬂlnam@dﬁﬂ@i Y3 visescwers 151000 J5) o te Aﬂﬁm‘*sW?r@r Fiop, HI titers

againstr ggo%b%? QH%M_,N/%MQM&% Rst twice the titers against the other mutants.

[105] To obtain additional information about the contribution of the amino acid at position 223
to serological reactivity, we generated a recombinant virus in which the H5 was derived from

A/HK/213/03, with only the Nyy;—S point muiation (Table 1a). This recombinant AHS5n223-5/03
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virus, showed severe neurol ogical signs and was

eut hani zed on day 7 after inoculation. This ferret
had shown.severe viral conjunctivitis on day 4 after

i nocul ati on, with subsequent virus spread to the
brain. It is likely that virus was transferred to the
eyes during the nasal |avage on 20 day 3 and that
rapi d neuronal spreading to the brain caused

encephal itis. The remaining vaccinated ferrets

ted decr ease act g
virus PRSI 8o BEESTEFLNDE LG om0 e iR, s o ftr
charactdilﬂythaft_ﬁlﬁﬁct \Gfr mmchaﬁd enyen ﬁhgseaaﬁtbgds relccgampn,amdgcnerated
red ram

5 a al | ani mal ec
recombigiyt s ndit FOREES CYTRATRr dVbcttl FOFIE) SFray HA fom
A/ducldgﬁtgb}pfdre/mh ek q:as% 1}5@ t Thesé wtnete@aaflelé?seba/@qﬂ AdapCigaimbt opunel of
ecreased vira iters in e
ot HS et SAcRARKA SIS 60 TR e vSUgPn o B Ak @Ay inorcased

the HI 42T § Rotortdf @Bldmﬁﬁ‘el}t 1Rkwie?d! hmbi@8d:S didfuct BRnificantly alter the
I munogeni m@(zsém reconbi nant AH5- A/ PR/ 8/ 34 Viruses
ap,

wactwn{ymttﬁ:rnserfdéa aney HaklAe caripllt i the seaptiops atjth mAbs: neither
the ongﬂlgﬂ(ﬂglfl ﬁlﬁﬁn{ ﬁﬁ%&&é&a\ﬁgh %Aﬁym?» '3rhnk[“CPar@ g Ho¥Preacied at a low

eutralization assays 3 and 4, respect i vel
titer wie€B4G (Takde 6hd Thestrésulty dcrsom@ate thatethe Sgos—SN substitution in HA

mcl'eases\é"ters%ﬁ%%ttﬁéé)ﬂ%g# chol erae receptor-destroying

, Tokyo, Japan), heat-
i nacti vated at 56C for 30 nmin, and adsorbed mtth a,
Example 59Secong gemdration fliaghpsticaeferanpe Mirusey that ar¢ prEEfed to increase

Standard H and \ﬁ!le[%ﬁaﬁ% 5%&@3&&& tests i n MDCK

cells were perforne escr | reviously (Pal nmer
et al., US Departnment of Health, Education and
[106] Weha‘varpeewqmmﬂm@glya@bm Eygmpleripaboge that by aenyertgiheugino acid

at positio oﬁzﬁﬁ%ﬁi &%%%%ne%%se%?%%f&%ﬁ%&&ﬁmg léhféﬁen%d blood cells

was mchesedg Fveibdva @t‘avm@dwmdesce(thltt@e wbleqilantmsipef tisrffedt Was caused by

ch H ass 100 50% |
o alter R RF AR b BV L e bt 8 bt Sogtinac
horse red iyl .celbewkich hore dndy dlghs2,3 lialeape.n hmedamint hncidh:hangcs that result in

. W d-t si ngl e- ssqortant vj.rus / 04 e
the ma%‘?’etoeﬁggzmtﬂateug‘?m% fﬁ&’i"é’a SHIC ¢ dé‘ﬁag %“‘%Eﬁlﬂﬂed% gensivity
potential BVE¢ HU 6dsay feindéleEkeh hed @byCady. Bkik osncepitoan basppliedravalllc HA

(AHSsr55 . N, T156-. A/ 04 |nd ced H titers of
subtypes, %ﬂ@ﬂzewmeﬂaﬁtzam ‘8’&12]6 e Pedfiffed in HI
titers of 1:20 to 1:80. In contrast, vaccination

[107] Rebdrke ﬁdﬂé&%&&hﬂwﬁé all®% Writhel gdrdration ldf rdebiuBinafvirkis@AGhich have
and t ot her. 1 mune sera tested.reacted with

minor cigyed IR thoRyApHEsRiT HEICHHH PRI OPPiZH 5 10 FPoqggiqueef different call

substratds. FOfrabli tSino 28118 (AU TB0-10E 1¥QCGH NBtol 086, i1001UOED20-225 for HS)
protective i munity, the |evels of det ectabl e

are mutaiad ithpd dye Wepeeto or part of the receptor binding site. Plasmlds with genetically

engineered HAs may be constructed and viruses may be generated by cotransfection. The
recombinant viruses may be tested by HA assays using chicken red blood cells and horse red
blood cells in parallel. Candidate viruses that do agglutinate chicken red blood cells but do pot
aggltinate horse red blood cells will be candidates for testing in HI tests. In complementary

experiments viruses are generated that agglutinate horse red blood cells but do not agglutinate '
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15 different. [103] Al AH5/04 viruses produced high
titers of virus-neutralizing antibodies after
vaccination (1:320 to 1:1280) (Table 4). No
substantial differences were observed between

honol ogous and heterol ogous neutralizing titers.
Therefore, the differences observed between the
antisera in recognition of the HA did not reflect
the ability of the antibodies to neutralize virus. 20

. Exanpl e 6; Reactivit nmbi nant viruses,[1041 To
chickerr g PeR ool Bt PP ST B ST PET0 ey derease

the senéihﬁ%ysﬁﬁherv\@t i sgshetdl (RS SRV Sakigtidestithe EBRACITAD Rad R Senostic
and ‘chi cken serum obtai ned after vaccination with the

referenget s gsOBtheapecifigy iy 3P v eRipis Fa B2 HepsrifisEy-r econbi nant
viruses with altered HAs (Table 5). The nean H
titers to honol ogous AH5N1/ 03 virus were 1:2560. H
titers to AH5/04 were 1:160. H titers 25 agai nst
reconbi nant AH5s223-+N/ 04 virus were at |east tw ce
the titers against the other nutants. [105] To
obtain additional information about the contribution
of the amino acid at position 223 to serologica
reactivity, we generated a reconbinant virus in which
the H5 was derived from A/l /213/03, with only the
N223~S point nutation (Table 1 a). This reconbi nant
AHS5N223.-.s/03 32 virus had lower H titers in
chi cken and horse RBCs than did the AHS5N1/03 virus.
To further characterize the inpact of am no acid 223
on antigen-anti body recognition, we generated
reconbi nant viruses that contained wld-type HA and
nmut at ed 5223->N HA from A/ duck/ Si ngapore/ 3/97 (see
Table 1 a). These viruses were tested by H assay
agai nst a panel of 5 anti-H5 antisera and mAbs (Tabl e
6). The Sm N substitution in the HA dramatically
increased the H titers (by a factor of 4 or nore).
However, this mutation did not significantly alter
the reactivity pattern of A/ duck/ Singapore/ 3/ 97 HA
especially in the reactions with mAbs: neither the
original nor the nmutant HA reacted with mAbs HKO03-3
and CP46, and both reacted at a low titer with CP46
(Tabl e 6). These results denonstrate that the S223-*N
substitution in HA 10.increases the sensitivity of
the H assay. Exanple 7: Second generation di agnostic
‘reference viruses that are predicted to increase the
sensitivity of the H assay [106] W have previously
denonstrated in Exanpl e 3 above that by converting
the amno acid
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at position 223 of H5 HA to asparagi ne the
sensitivity of the H test using chicken red bl ood
cells 15 was increased. W have provi ded evi dence
that the nol ecul ar basis of this effect was caused by
an altered receptor specifi C|ty The mut ant vi rus

D
]

o

Table 1a. Recombinant H5-PR/8/34 viruses generated for use in this study.
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Table 3. Immunogenicity of A/Vietnam/1203/04 AH5 HA recombinant viruses jm ferrets.

Virus HI titer of scra after immunization with:
AH5/04 AfSgimson,  AHBsin /04 ABSgs /04
Tis6-4/04

AHSN1/03 20 20 10 160 80 160 20 20 10 20 10 10
AHS/04 20 26 20 20 20 20 20 20 20 20 20 20
AHSgys5N, B o 3 = 20 10 20+ . N Tlow s
11564104 | L L e
M504 160 320 320 160 320 160 320 320 320 640 640 640

Eleven-week-old influenza-seronegative ferrets were vaccinated twice at 3-week intervals by
intramuscular injection of inactivated, purified and concentrated virus preparation containing 7
pg HA in 250 ul of PBS. Data are the HI titers from 3 ferrets presented individuatly. Hi tests
used 0.5% chicken RBCs.
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| mmunogeni city of A/ Vietnam 1203104 AH5 HA

reconbi nant viruses in ferrets. Virus H titer of

sera after inmmunization wth: AHS/ 04 AHSS155- N,

AB5S120-. N 04 AHSS223, NV 04 T156. A/ 04 AH5N1/03 20 20

10 160 80 160 20 20 10 20 10 10 AH5/04 20 20 20 20
TablkQ, ¥G-ndD ewd®al2Atidh) (itds dferret sera after vaccination with viruses containing
the modified HA of A/Vietmam/1203/04 virus.

Virus Neutralizing antibody titers after immunization with:
AHSN1/04 AHS5/64 AHSg55 N, AHSg0s /04 mock
Tise—sal 04

AH5N1/03 1280 1280 320 640 320 640 1280 1280 320 640 640 640 <80
AHS5N1/64 2560 1280 640 1280 640 640 1280 1280 640 640 1280 1280 <80
AHS/04 .1280 1280 640 1280 640 640 1280 1280 640 640 1280 1280 <80
AHSs155.-x, 1280 1280 640 1280 640 640 1280 1280 640 1280 1280 1280 <8¢
“T156-4/04

AHSg353w/04 1280 1280 1280 1280 1280 640 1280 1280 320 1280 1280 1280 <80

AHS5g wN17/04 1280 1280 640 1280 640 640 1280 1280 640 1280 1280 1280 <80

5  Neutralization assay was performed in MDCK cells. Titers are the reciprocal lowest dilutions of
sera that completely inhibited 100 TCIDsp of virus, Homologous titers are underlined. Values
are the neutralizing titers from 3 ferrets presented individually.
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A$Ss155-. N, 20 10 20 " !.: TI 104 A1158120-, N 04 80
80 20 AH5s223, N 04 160 320 320 160 320 160 320 320
320 640 640 640 5 El even-week-old

i nfl uenza-seronegative ferrets were vaccinated tw ce
at 3-week intervals by intranuscular injection of

i nactivated, purified and concentrated virus
preparation containing 7 g HAin 250 | of PBS. Data
are the H titers from3 ferrets presented

oL e 3 RS2,

after .\ i j "
nodi fi ed HA of A/ Vietnant 128%‘1@2“?9@?‘9@%"“3%5

Neutralizing antibody titers after immunization wth:
AHS5N1/ 04 AR5104_AHSs . N, AHSs . N 04 _nock Tt56-+A104

VArISN1103 1280 1280 v3&insMBSNP03 640 1280 122¢HES3EHIHSNL)
640 640 <80 AH5NL1/ 04 2560 1280 640 1280 640 640 1280
1280 640 640 1280 1280 <80 AM 04.-1280 1280 640 1280

AFGN1/03640 640 1280 1280 640 685501280 1280 <80 AHSs| 652560N,
1280 1280 640 1280 640 640 1280 1280 640 1280 1280

AH5/04 1280 <80 T156-A 04 AH53g@3-. N04 1280 1280 128014280
1280 640 1280 1280 320 1280 1280 1280 <80

 AHSg15 g 09 223~ - NNI704 1280 1280 640 1280 640 640 128033F80
BHG"1280 1280 1280 <80 5 Neutralization assay was

f-ot ||L-:Q' i - MOCK—Tetts 2 Tters—are the r_eCi _pr_ocg'o
‘ AI{551‘2“"1‘{?@\/\&5\5,t dilutions of sera ghat conpl etely i nhi bi te%

100 —-TCL PEA—af—r

Lo Lokl A + +
’ (v |\,3 DU 01— vIi 1T US-. ||u1 UyuusS lILICI.b dl C. 40
AHSS”S—’N@?‘derI ined. Values are %ge neutralizing titers fBr om

are b Lo
3f erret-s—presentedindivi-duatty-—39—"Fabte—5—Hi

Y
testing of antisera to ZOOﬁ .agains t ant
HI teg Wa3LE0mIsg 1 BEGRBIT BlAes ¥4 gi0p iR s el o,
5  in US Department of Health, Education and Welfare, Immunology series no. 6.
Atlanta: Centers for Disease Control and Prevention, 1975). Titers are the
reciprocal lowest dilutions of sera that inhibited hemagglutinin caused by 4 HAU

of virus.

40



o Z—.
ma. S BaST
T oo
5o 55, 58"
M 00 m S e % - c Do
2l cssmEZ®
O — S n C - —
© 0.« — CO~Z20
~ONSESTC> o« >
Jd9cH ao_ o_ @ =
zZ (7)) m 0.0
P32 288~°
(>wm3nmrm©.
) — 2D nw o Z
% % . ®c m o= D.% ‘SNTIA JO NVH ¥ Aq pesned urann38ewat poyqruur 181
—dM . _0CcTO . )
m % ﬂ g S m M e . B3OS JO STORN[IP JS9MO] Te001d[ooT o1 oTe 10T, (1) SO BN %50 WM sajeyd Jenozonm ur patmioftad sem 1591 ITY
pINg -s0=9 “STIIA £8/(L €T /BITRAIASTUS J/USNIIYD/Y 0) VTl VH-1e 4
wmm_ 5s=0gE 90O ‘snImA ¢O/E1Z/H/Y 0 QYW VEH-RUe
o ot = 2% _o°3 SOIIA (/€07 ]/MEMSIA /Y 0} QYT VE-ITe
CenS [ @uw E va 5 0957 ObcOI OvCO0l  0C€ L6N—TG,
m“mdmau T4 3 9 079 v L6/SH
%OSmuﬁw%ommu)rm 02 0% 4
A/4ﬁruD|.|\n_~7e.| O
o B3 ST HSH 7 B01>" 008T1  0ZIS  0C¢ 0T €0/SHV
<5588 wu5©
o -efo.sc 0c TO/TT0A  L6/V-L6W  L6/9  p6/osTe
S & o TS 2 sonan ASHPPV  NEASD/V  SUSHV | PTHPOY
>0 m F .~ O M (@) ,
AN - Au T - C .o
n_ 0 XL DO SIUILA
> m . w M = 3> M, o SV Jo.Iom IH “plostye TeuoAfod 3o Je1n TH
sAz2cEsE52300

"SOIPOYIIUE [BUOPOROW pue [BEOPA[od WIIM SasnIIs £6/N-ELISGH PUR £6/SH JO SISA[BUE d1waSnuy "9 3[qe],

41



10

U.-~cn N,0o0O oMOOO Go0OOOO COQOOO
goN "0"" NMN:.+0.: RMOONOCV F~NMO
ad MVMNOO roN~O Npr/i Ss~.9 4. i( Orn O
mms, b no o v~-Wv GCA MO'Q NV .~od .2 ¢
VbOA Vb03 OOONOOs, EMI Mt CTr -

[108] The present invention is not to be limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention in addition to those described herein will
become apparent to those skilled in the art from the foregoing description and the accompanying
figares, Such modifications are intended to fall within the scope of the appended claims.

[109] Tt is further to Be understood that all values are approximate, and are provided for

description.

[110] All patents and patent applications cited herein are hereby incorporated berein by

reference in their entireties.
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41 [108] The present invention is not to be limted
in scope by the specific enbodi nents descri bed
herein. I ndeed, various nodifications of the
invention in addition to those described herein wll
becone .apparent to those skilled in the art fromthe
foregoi ng description and the acconpanying figures.
Such nodifications are intended to fall within the
scope of the appended clainms. 5 [109] It is further
to be understood that all values are approxi mate, and
.are provided for description. [110] Al patents and

What i ?Eﬁ%mépplications cited herein are hereby
i ncorporated herein by reference in their

1. antihfhehizesirusdmdgoiah (Ha) eloddcniedoimprisihg al\aminef dcidesubstitution

. virus he glutinin (HA) ecul.e conprising an afe)
in the Xecpttos PROCTL 61 Ot AT 1 Fasicipie piogs ARSEEpiEo il pet to
antibodiBB ke scitid) Eor-¥he MDA Efibllebul D4cking b GRIHE atit tdabst@stioRcin ito receptor
_ .. antibodies specific for the HA nol ecul e | acking the

binding#§Pno aci d substitution in its receptor binding

site. 2. The influenza virus HA nolecule of claiml
2. mmh&ﬂzagmbmaﬂmmlasf dai%g g-wﬂﬁim Ht%é ammm aciﬂoﬁj:dtr]hm at the

__correspanding to position in, wherein the .

position. ¢RsTegRINGNESP Pasipen 44 Md1T Bdul i B SpQlusiie 08 Sagne results in
an incrdaS@Chtivity with laltiRP AR ERHERI dn\eBfnall ERIBs@T koAl i lenza virus with a
C exposed to an influenza virus with a wldtype HA
wild egleeule3. The influenza virus HA nol ecul e of claim

1 conprising the am no acid asparagi ne at the :

3, RSS2 GR0E BAPAPRENS of Sai0§ béh@indABe biindRicidAsparagine at th
wherein the HA nol ecul e does not originate wth

positiothegreapadinigg Patitome o3 A veliserit fie Hiharqltsflags not originate
with hufRR HAHIRE A 151298 tieaRclh St AaSpdrilid bt pbgiﬁ&lsmexesmm an -

reactivity wth antisera derived froman ani mal
increaseshapestivity woth antisersf degiaed fiomiangsimal exppprsl tp gp nflugnzg Wivg.us
HA nol ecul e of claim 1, wherein the am no acid
4, & Hpﬁﬁfugﬂﬁta Qfs AlAl SERcife oBEINERPE WiREdiP the ki achl subbfution alters a
i nfluenza virus HA nol ecule of claim1, wherein the
glycosylgtfopgérza virus is a human influenza A virus.

5. The influenza virus HA molecule of claim 1, wherein the mmfluenza virus is a human
influenza A virus.

6. The influenza virus HA molecule of claim 5, wherein the human influenza A virus is a
member of the H5 subtype.

7. The influenza vims HA molecule of claim 5, wherein the human influenza A virus is
AfVietnam/1203/04 (H5N1) virus.

8. The influenza virus HA molecule of claim 1, wherein the huﬁm influenza virus is an

influenza B virus. . -

0. The influenza virus HA molecule of claim 1 which is derived from an avian influenza

virus.
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6. The influenza virus HA nol ecul e of claimb5,
wherein the hunman influenza A virus is a menber of
the H5 subtype. 7. The influenza virus HA nol ecul e of
claimb5, wherein the human influenza A virus is
A/ Vi et nanf 1203/ 04 (H5N1) virus. 8. The influenza
virus HA nolecule of claim1, wherein the hunman
influenza virus is an influenza B virus. 9. The
i nfluenza virus HA nolecule of claim1 which is
- derived froman avian influenza virus. 43 10, A

10.  Ageemiiiizeahinflupiza yitmy eonyrising thomfnenss Migus HA molsqulsaf slpim 1.
virus HA nolecule of claim1l. 11. A reverse genetics

1. WRlaw }_%g\%ﬁdé@ﬂt&g 16+ AKES, GIARBh thd@fluétizh YERZBA molecule
VI rus nmol ecule of claim1. 12 he reconbi nant

of claim hf | uenza virus of claim 10, mhereln the influenza
virus HA nolecule is derived fromHSN influenza

12, h i—é%oﬁﬁ‘in&ﬁ%iﬂ%ﬁ?at YifusRackah 96 Rehetdin 8R ihffehHONAR HA molecule is
VI I us. reconbi nant i nfluenza virus of clalm

derivedifom HAY a eqﬂuemenmm the mouetin bogkerpamd of p ipfaenes A Wup.aj n
virus. 14. The reconbi nant influenza virus of claim

13, He rdbBLRER hidGenth W§s bisclkiﬁleﬂl e iRIMMELELA virus is a master
reference virus in a hemagglutinin inhibition (H)

straim vgssay. 15. A hemmgglutinin inhibition (H) assay kit
conprising the reconbi nant influenza virus of claim

14. afﬂf ré'o@?:b ﬁﬁhﬁ&&ﬁ%ﬂ%f AiGin? 10,1 WiiSeif QY Ak iDGsdde Iliagnostic

ecul e claim1, which nmethod conprises

referengerntirg mmhmagalurtlemnblbﬁ!@m(HD@é&tam that expresses the
|nfluenza virus HA nolecule of claiml1l in a reverse

15.  9enelds % ShiERtion (FINAsS R pBEing @leqtintiRtat ifRenza virus of
efflca y of an |nfluenza virus vaccine in an ani nal,

claim i}hi ch net hod conprises reacting antisera derived
froma vaccinated animal with an influenza virus

16.  henR@gh Wik i RbAGHE 161X infi1A81Of  IRfn TPiAich method
am no acid substitution in the receptor blndlnﬂA§|te

comprisel Antradpiiag atreeenginamh veter BatrRzpreswh thegatnezpivirps HA molecule of
chnnlﬁﬁﬁgﬁgﬁe%ﬁnﬁﬁééﬁﬁ§ﬁes specific for the HA nolecule
e

amno acid substitution in the receptor

blndlqg site which is present
17. A method for determining the efficacy of an influenza virus vaccine in an animal, which

method comprises reacting antisera derived from a vaccinated animal with an influenza virus
hemagglutinin (HA) molecule comprising one or more amino acid substitution in the receptor
binding site that makes the FHA molecule more antigenic with respect to antibodies specific for
the HA molecule lacking the amino acid substitution in the receptor binding site which is present

in the influenza virus vaccine.

18.  The method of claim 17, wherein the HA molecule originates with human H5N1 isolate
A/HK/213/03 and the inclusion of asparagine at the position that corresponds to position 223 in
HA from H5N1 virus results in an inereased reactivity with antisera derived from the vaccinated

animal.
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in the influenza virus vaccine. 18. The net hod of
claim 17, wherein the HA nolecule originates with
human H5N1 isolate A/ H C/ 213/03 and the inclusion of
asparagi ne at the position that corresponds to
position 223 in HA fromH5Nl virus results in an
increased reactivity with antisera derived fromthe
vacci nated animal. 44 19. A method for producing an
i nfluenza virus conprising a hemaggl utinin (FMO

mol ecul e, which nethod conpri ses, culturln Z@Ei
19, demeihpd Srgyedising a8 RIER PR ORPSSEE g hemas i SR Fptecule,

which ﬁfeﬂﬁ@ro%nﬁ')%&ocﬂ&hﬂ SURSbsd WhhR0s isftdhl 6y WAGEPDNA encoding HA
bi nding Site that makes the HA nol ecule nore

encodegian¢ gemiote iy gcid pdsttvtien Ehibeserpios bindang fifecthptopalies ghe HA
IRl l.agk e t
moleonfd b B el L R L B AP aS flcking the
amino gridowibstiuti@On th meetpmdhrfdmg sitaby e seyersg geisEcHEPEHE | vi ty
of a hemagglutinin inhibition (H') assay, which
| . - .
2. FERBR0 R TREERAR AEAGklAR, SPhISEL NG| ERIATT) May, which
methodvmrmmsbsemgtgigmmtnma deelagd rﬁvhed:\gl @c@oﬂpd jos iinfgetesh enigal with an

a2 S LRS00 LEFERAR0 o il

the recapas beling ﬁteathatl mﬂds és HA pmﬂecﬁﬂeana_ﬁm mgmmmmu toeantibodies
o5 B WA R AL SR R st

results in at Ieast a 2-fold increase in sensitivity
21.  Qhe meﬂfmdlﬁggdumt 20)i whitintistdist inon 1€dst ) 2afoklaipcre@®. in Bamsitivity of a
b tho %f n120 which results in at |east a
emagglutini fhidgf as4Y- sensitivity of a hemaggl utinin
|nh|b|t|on (H') assay. 23. A nethod for determ ning
22. Thenleehodarf daiinn®d, widsh reds iaxas demda efobininkrefideuin reeusitivity of a
us i ch et hod conprises reacting antisera
hemag%‘&}%@&“’v%#@n%s Yhimal with a diagnostic reference
virus, which is derived fromthe influenza.virus in
23.  4uesthbd forbddteroiuipg iwdethenan hmfralibszlzeoniexpesed to an influenza virus,

.. h | utini HA I l. '
i SRR ) oL A O T s
virus, vitlied isndeiesd tﬁhﬁl 1He infibe@es kRugrir @ueativni lg&mbmpmsdsran influenza virus
o SERT | el S TERet Lt ot LSO o e

bmdmgmltﬁ Gl G aked ﬂlefm& WhdléB: thbre@tigdnRCHRE S@Pedt &aﬁﬁﬁbmmky specific for
th the antisera. 24. A method for dete m nin

the HAméﬁw«lﬁ lagling therapping z6id sebsiteion 48 iy P s, DR Gl pulting in an
increaséll ib4Bivity with the antisera. :

24. A method for determining ﬁhether an animal has been exposed to an influenza virus,
which method comprises reacting antisera detived from the animal with a diagnostic reference
virus, which is derived from the influenza virus in question but comprises an influenza virus HA
molecule comprising the amino acid asparagine at the position corresponding fo position 223 in
H5 HA, wherein the inclusion of asparagine results in an increased reactivity with antisera
derived from an animal exposed to an influenza viras with a wildtype HA molecule, resulting in

an increased reactivity with the antisera.
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whi ch met hod conprises reacting antisera derived from
the animal with a diagnostic reference virus, which
is derived fromthe influenza virus in question but
conprises an influenza virus HA nol ecul e conpri sing
the am no acid asparagi ne at the position
corresponding to position 223 in H5 HA, wherein the

i nclusi on of asparagine results in an increased
reactivity with antisera derived froman ani ma
exposed to_an infl a virus wi | dt

HA .
25 pomelbed or depmining, 3/%” er %{hmwﬁl@r“féaég@an Fé%"é?ﬁy \ﬁef% mfjepre virs,
which fbBoP B ?ﬁ%@rcaééagzéms&a ek A drdrR fheORiRAINWith Hdidghatibesference

an ani mal has been exposed to an influenza

virus, whighgh dersed é@ntfbmﬂug@@ Vg i quSEHoR Uf SERPTISERY %F %Pz]g‘e’?%aa’?ﬂls HA
molecufehf?f AR dco¥§ﬁ ? L %&F}ﬁﬁdﬁ EREERNRSthe Wokilien c¥dsBhding to

I's derive he in enza virus in question but
positiorc 877 ixi EéSHAhWhﬁmlﬁll the fiza mplaculs daas neipprigivgte wah Wr‘ﬁsllsc’late
3! e
R R R s i e
wmhamﬁknmmkﬂemﬁemdm&mmmﬁﬁmmmugmmmﬁmﬂwﬁmdwﬂmanan H5 i sol ate
A/ HK/ 213/ 03 and the inclusion of asparagi ne at
S|t R r | MiiEM is kb,
26 RREPRoRES BEY bhl 0, P 2o r] 2 n Ry ekt s Y
|nfluenza virus. 26. The nmethod of any one of clains
27, Thp mb®od pBanymeof claiiys 1ih &%, @8 n24 tr&Savvherain thesanimaldy ¢ yman.
27. The nmethod of any one of clainms 17, 18, 23, 24 or
28, A% inhheLE icdevial c{m{puk.ﬁgaa ﬁ%@@lﬂt@iﬁ (Irﬁ[) thOlEdule BBprising an

vaccine virus conprisin hemaggl uti ni n (HA)

amino s gbstiteticvinghe sqcn@forahn mwhafcmdceg thssHArpelpae opre antigenic

&S e ﬁhﬁﬁ%&@&ﬁﬁ&&ﬁb th
with re"?fnggté[g antfo%h]g:% ISc)éc ﬁ‘h?gsA %%{%él%lgmgﬁtﬁ bodi es speci f o in the
receptof damdiﬁgeszﬂeuhnmmm ¢hd mo&lﬁnrglmhemhmmanamr@ﬁse lmmunogemmty of
substltutlon in the receptor binding site and

"the nodification results in an increased
i mmunogenicity of said vaccine virus. 29. An
29.  iAmobdstetinmlxd siid emoilivg dreduionze vine Hatolesnlzef ks HA
- nolecule of claim1l. 30. An isolated nucleic acid
H ihfiFens ViR 8L Wofecle of bRintTS 3-
30. %%g&%@ggwﬁﬂg %ﬁéggﬁg%'ﬂyﬁg t he nUC|eICOagI§00f cl ai m
29, which nmethod conprises introducing a nucleotide
31 deaustimde fomnprsparing dhee méclﬁéu wice R oglpipy 2Phaviiph Apsithod, peguprises
mtrodu%iggg ﬁﬂleto{]&e s%&% it ¢ ﬁé!&? LUt 0find fhe HR £6R61¢ Ycking the
ich results in an amno acid
amino mﬂas;ﬂ)sﬁmmm thenrecdpher bielingsite.oviith zen@tsmammé@wé splppdifution 1n
h ¢ & Pespect t

tho soql 6 BEecE g o e e Ry it Rl thind chERRRE Reypect to
antibodidst¥eit the HIA @6lecule lacking the amino acid substmmon, _

said va

32.  The method of claim 23, wherein the HA molecule comprises an asparagine at the

position that corresponds to position 223 in H5 HA.

33.  The method of claim 28, wherein the influenza vaccine virus comprises an HA molecule

comprising an asparagine amino acid at the position corresponding to position 223 in H5 HA.
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32. The nethod of claim 23, wherein the HA nol ecul e
conpri ses an asparagine at the position that
corresponds to position 223 in H5 HA. 33. The net hod
of claim 28, wherein the influenza vaccine virus
conprises an HA nol ecul'e conprising an asparagi ne
am no acid at the position corresponding to position
223 in H5 HA. 46 34. An influenza virus HA nol ecul e
of any of clains 1 to 9 for use as a nedicanent in
the treatnment or prevention of an influenza virus
34.  AnfisBudngnvir@SHA wsdeae @ﬁ\anwmff lclpésny 4 te P forsuspias aotadicament in the

nanufacture of a
treameg{ocf %ﬁ%@n@hﬁﬂ%ﬁ mantS n i nfluenza virus

infection. 36. A reconblnant i nfluenza virus
35.  Uowrpf insinflyenzhorinun ElAusokauleiof guy piclpisiselipl ©inothe mepuipeture of

medicmgl' f?iﬁtre?apﬁ&t 8f:§n°i!hﬂH Ga QudnflRfiicament in the
rea preven on of an influenza virus

infection. 37. Use of a reconbinant influenza virus
36.  éoreperhbinany infiusnin Virgesnmeprizingube Hlueptaedgisdlofmelpgple gf any of
claimms §118!d"Borbysb B % ha%d&{lﬁeﬁ?% UG OLr AolBbS BB infiRiza virus
- reat ne an I nfluenza virus in
infection.

37.  Use of a recombinant influenza virus comprising the influenza virus HA molecule of any

of claims 1 to 9 in the manufacture of a medicament for treatment of an influenza virus infection.
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