MODIFIED INFLUENZA VIRUS FOR MONITORING AND IMPROVING VACCINE EFFICIENCY
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REFERENCE TO A COMPACT DISK APPENDIX

03] Not applicable.

FIELD OF THE INVENTION

15 [04] In a general sense, the invention relates to increasing the antigenicity and/or

irmmunogenicity of a group of influenza virus subtypes.

BACKGROUND OF THE INVENTION
Influenza Viruses

[05] Influenza viruses, most notably particular strains of A and B virus, are a serious cause of
20  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
iliness 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
25  drift). Human influenza virases 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



20 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 iliness and death.
Pandemics are historically the result of novel virus subtypes of influenza A, created by reassottment 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 25 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
genera_ti%atﬁégﬁw ayigmerginatessisaing that e pathegsnican fumansd Seholtissakeetak, Virology
1985, 147:287), The H5N1 influenza A outt%eak in Hongéﬁ;?n%ingljﬁw shqwed that higgriﬂg athogenic
influenzaKRAFHS UL aredhas® F i iREa i PaCiERS FARASH SH BB R AURIERS (CTads%t4%l., Lancet
1998, 35knadsRithdaiet®f alonl ¥l 5108 1d iiehas; (Bldabarad. clalceCERRCE 1398, 270:393,;
Shortridge, cine > . 1): S26-329). In 3 i S4 t t Asia
compriscilchaiEh S S 35, Sethn L oL Mo i 1958
"Z-genotyfdSupebdmS e AN T IZ08 atheNETile v2004s #3BeROBRsChfie AeapisAcbiisgiebtes that fatal

human cases fesulied S, thedirecidsansmission ab s ORRORPEsTrem birdsinypumansaand that it

also infected cats, with direct cat to cat transmission (Kuiken et aL, Science 2004, 306:241). This and
10 other domiandbr ehale iR IR B an S waRsprdsacaiSfisatsibat fAtal ARRAPAF88 concern
that H5N Je¥irkaes mathachrte thesahasaateristiesHiptaltowdia bamy Ssidnifrom fidmam to Alsenan.

Humans wquld have no immunity to such new H5N1 vjruses ich co : astrophi
pandemi&“ig?ﬁﬁ’gﬁ?g’(f% &t é#atﬁ,%tatfﬁ?énﬁﬁ%%} ]giiffﬁ éiz\I/’lve b6 ‘é%%@‘%?ﬁ%% Zﬁm\?%gses to
genéfate atbw peithogenit Steathsfgory hosastmesdydr widsisprdadintsaitaitm 160 ithinivivas reseed/oirs
indicates dhat isgacR e VBLIEAHIES MERI A g hease diusen and devalopiag BraY ad AGHvial

therapies and vaccines. The speed with which new viral strains develop demands vigilance in this

monitorinky &N ST IMPFeVER fcbh BB o ta Ses SRy HeNBMEREF o aftifYdSHEGel strains.
[6] InfluenzadyoFhangkGdeatithentarmibs Qrihenzxevkidaraal avesa segmentednegatived Bstrand
RNA genpme that is replicated in the nucleys of the infected cell, has a om?inedicodingrcapacity of
about 13 RHSHE CoRiLiee fﬁ@ﬁ%ﬁ%ﬁﬁﬁ'fé’ﬁﬁ?ﬁﬁgﬁcﬁwgﬁ PAF Br St RS B U ST AR UEAZS viruses
have ®ight nagatl esenstrR hdi(asR NI} gisesegonanis thpties codeiatienshd® polypeptidds,
including 5 ye%_dlre%}gﬂqfoﬁgfﬁgw% {ﬁe%%%%%%ﬁ‘éa@%s.P?ﬁe_as'ﬂge%)m’ﬂ %ﬁﬂ%&@%@@ahﬁs

neuraminidase (NA), emagglutinin (HA,"which after enzymatic cleavage is 25 made up of the
associatigevsfosuldarands AviahenssAR), this menieretefB v ingndinao yara ek Frohuagisedral proteins

(NS1 and,Nah e @laly b Jhednpluensakdsgs, R.M. Krug, ed., Plenum Press, New York, 1989,
pp. 89-152). [7] Recently Jeveloped reverse-genetics systems have allowed the manipulation of the

influenza yiral.genome (Palese,et.al..Pro LAcad, Sci.. 4. 231 ; nd

Kawaoka{ﬁﬁg\}g @f?&%ﬁ?’é‘s. 155%,%3?%&? eu aﬁl?%t g?,ggr%%%\lat .%(‘f%acf'. é%ﬁ%ﬁgﬁ L}{ggg%m 9%:9345;
FodaP et ata:sl RA¥4| ceovoe ixoaroplirsedinipraciennaiiee intfrsipbpaly dasch e Raigl-driven
expressiqnof eioht ipfidenzaunsRNAsdiemR pldRromeiersnddhecornessian ehthgipalymerase

complex proteins result in the formation of infectious influenza 5A virus (Hgffmann et aé,e,ngtr c. Natl.

: f . (
Acad. Sciafiesazs ghpsS A rOBEcIEare VirsS AR T S rsapa et ias ey out 125
rim and censisisiata cargualmnegative sroad vVial RNAgseeaiatedondis (BB CIBBpratedn, Balrounded
by a viral enyelope wi lipid bilayer structure. The inner layer of the viral envel ec' sed
predomin‘é‘h 3035‘%5‘?5} ' I’O‘? ?ﬁ%ﬁg{%ﬁ%&gu é;ﬁ %n;%%gé%{;‘ a r?g n‘io“éftf“g? t%%ih%néz - gqr{%/egﬁ%%gér%%terial.
The%0- Ifadaltgdofhefase patieing swheniafihicast{ND) tedthdimayeieitnB(-my Mepead &9 spikes
on the sufface of the;viral hodyctfectivisf@ovelinfiuepzandisrsdsnandsOn e gleavage of HA

by specific host proteases, whereas NA is involved in the release of progeny virions from the cell
surface aRepravsats Mamsinkoriews- #iviéd)virus. [9] The HA and NA proteins embedded in the
viral envelope are the primary antigenic

[67] Recently developed reverse-genetics systems have allowed the manipulation of the

influenza viral genome (Palese et al., Proc. Natl. Acad. Sci. USA 1996, 93:11354; Neumann and



15 determinants of the influenza virus (Air et al., Structure, Function, and Genetics, 1989, 6:341- 356;
Wharton et at, In The Influenza Viruses, R. M. Krug, ed., Plenum Press, New York, 1989, pp.
153-174). Due to reassortment of influenza segmented genome, new HA and NA variants are
constantly created for which a newly infected organism has no anamnestic immune response. HA
glycoprotein is the major antigen for neutralizing antibodies and is involved in the binding of 20virus
particles to receptors on host cells. [10] HA molecules from different virus strains show significant
sequence similarity at both the nucleic acid and amino acid levels. This level of similarity varies when

strains ok gifienentisbtynes ae. compased switisemenstails tlearlydisplayingdiighealaoeds of

similarity than others (Air, Proc, Natl, Acad, Sci. USA, 1981, 78:7643). The levels of ami cid

similarity’ 98" @WBQM&%v?ru%%??a@%f%ﬁ%g@bi/%é ELR \9#&%@1?%%’1%6%? 5 oélrs%ﬁ.{g@/@éﬁs Eir, Proc.

Natl. AcatasStl-d5Sén 1Bfes7i017 63 igihisindutatiantsReusiciérinto espablibhptiseriste subtiises and the

evolutionayy Ineage o f1e dfsent Stiaipe. bt e QNAAALATRINAG seauences plifigient strains
To]

are still ré4 ﬁiﬁfgned using-convention nfonnatics techniques (Air, Proc. Natl. Acad. Sci. USA,
1985, 7847643; Safindrars e NEiol 2o FcrdodA LY B :9Hiflenza Vaccines [11] The influenza
vaccines currently licensed by public health authorities for use in the United States and Europe are

inactivatggBinfiue nzas\vaesinesfabewefhantheilivdattesivatathbdut MEBTacttoesisttvé Amite deta_tes.
viruses presem'”e%s%%ﬁ“ﬂﬁ'ﬂga{cao”é{ake QRALIRAER, ei&%éo@&é%%%ﬁ%ﬁ%ﬁ% QYN 1N

embryon%‘f%%lgﬁlsc en eggs and the virus partlcTes are subsequently purified and inactivated by
chemicakrtipanbiaydostruvheeind lstdoks: Baeh ofethe thisa\anyeons| & eoBmBEYH a5 HPrERFRBELfikely will

circulate J%l@aérx%ﬂfsf%&’?ﬁgi@ﬁ&%ﬁ?@%ﬁ&h%@t Althpughdnianaayaccinesinavehean in use

since the early 1940's for human vaccination and since the late 196Q's for equine vaccination, the

exi%ncé%&@ﬁ@ﬁ@%ﬁﬁéﬁé@%ﬁ%ﬁ%ﬁl@ﬁ oM Gmg SR dH Bt BRRETLRNRESSP ShidGel
influenzasifsis capable-aficalysingrecpaindenievdasfipusediress akghidton ove bibergpief BAth which to
fight the virus. Several important advances in.the field of inflyenza have o i thedast;few years
(reviewegxr?l‘@ ca}ﬁocfté’b%%?rpgof@glnegéﬁ%&f % ?flﬁ’?%gff. or %péﬁ% ,Qgg%%p%%nental {ive,
attenuatedrfintrand sediems nkimistewed wrivdle fitinfllgiza vaccine was shown to be highly effective in 15
protecting young children against influenza A H3N2 and influenza B. Other approaches to improve the
efficacy Cﬁf}ﬁ'}‘erﬁHrE@Qteﬂ(&'@@&ifiﬂ&@ﬁ@aﬂ&&&aﬁ@iﬂ%imeﬂh&@enm@tﬂm pfivats-adagisd and
genetically engineered influenza viruses cantaini ecific attenuatin tations iewed in Palese
Rk hgr A ST S A S
which the 56Awha hiAegehek fTbmicfivetatingratraits MVEeg béeRlmvorgurateaw Yedsstifhent, can

be used gg e Jiyg InuenzausAREIOER indik ceAlanaralne prole i UG fgRONSE In

humans.lf&’lthoug -adapted vaccines appear to be efficacious in children and young adults, they

may be tets aoeswnie ereatedifuahichrt predVitFHRL eSS BAIO 4R SE b IR IHE FERI §foup of the
20000-4G9RQ ndliyishealSs it tha b3 Andlyticrsadhvaaims.aesiisohinfiuanaa dofeatie hirfld 3f Readily

available vaccines would provide the most effective tool against emergent pandemic influenza. After
the 4997 HBRRAEIHAT CQRATIRIA G ¥ cines produced by two different approaches were tested in
humans. Conventional subunit H5 vaccine produced from A/duck/Singapore/3/97 was poorly

immunogiic FAhuelemisscion diffrattantgeticanykassurniEran Famants sl atiatipige
vaccinatign (Nichalsanal atnLaReet UL, 3871837 of similarity varies when strains of different

subtypes are compared, with some strains clearly displaying higher levels of similarity than
others (Air, Proc. Natl. Acad. Sci. USA, 1981, 78:7643). The levels of amino acid similarity
25  vary between virus strains 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 strains are still readily aligned using conventional bioinformatics techniques (Air, Proc.

Natl, Acad. Sci. USA, 1981, 78:7643; Suzuld and Nei, Mol. Biol. Evol. 2002, 19:501).



Stephenson et al., Journal of Infectious Disease 2005, 191:1210). The use of the adjuvant MF59
increased the antibody titer of this H5 vaccine (Stephenson at al., Vaccine 2003, 21:1687). Vaccination
with inactivated "split" vaccine derived from nonpathogenic A/ducic/HK/836/80 (H3N1) virus and the
modified EI5 hemagglutinin from A/H1C/156/97 (H5N1) virus induced 5 barely detectable titers of |
neutralizing antibodies (Takada at al., Journal of Virology 1999, 73:8303). Thus, although these H5N1
vaccines were well tolerated, they appeared to be poorly immunogenic. The current lack of effective
vaccines against H5N1 virus strains increases the threat of these viruses to cause pandemic disease.
Influenza Vaccine Immunogenicity 10114] Gdruknanihaihetiter methods are the accepted surrogate
measures of immune protection after vaccination or viral infection. The predominantly used serum
antibody fité} Misttofisare wirusmenmaizatidretited by vayEahe e mbggiteniarinkibrite Fnoder
assays. These aspaysarehaned padhe: ARty ot influenza aptibedies omhumanserumigeross

react with antigens under in vitro conditions. Assays are selected for a given situation based not only

on their atslERR RS IGHEE SHirSsIORTERYRIBTERS ehdsTHe pHr ¥ BRI INTeRZ8 454} use and
the facilitypaauiserents.for each-iyRe ghassyyibbie-Briefysiateghsthadinis neulsajizaiips assay
examines the abili%/ of antihodies from a rur%samile to block the in@gtig ﬁgsc%%%edegre#]sé by
influenza SAPGRT AR ARIEL rﬁ@ﬁ%ﬁfﬁ%&% TRGSREPISHE (HEErT OFs Sertii sample and
combiningvele Babdcth esie it ticiishwviths 2likal gteril sirdudrzdontiof reediiousceingsleEechrifition mixture
is then presented to a defined cell culture and the resulting infection rates assayed. The virus

neutralizgfen gl Assayissonsidersd inheraextianeid seiviandoaliable lestioaxamifienthe level
of irrununoprotective antibodies present in a given, indiyidual. It is %}owever_, d%glenqent on g;s)ecialized

cell cultur@ M s el kS LT BN TAE APy B FARE MRS AL LS PR Hous and
time185 cemsbmilg-ente peatlyfeuitetdda sofemng afyermmiber sapkskmpPlessihg 6 patdemic,
hemagaglytinin inhibition (HI) assay similarly examines the ability of antipodjes mple to
bind with aasstgt?}géerdilz‘eésagfggezr%ﬁcéo\yﬁégeﬁé% Sa\gllgnfo“r’rt S:% gqss%%/%s&[%e%%%f thg’%qﬁ? 3e§r$ g%il%ies will
bind to ardagghstinates digthrotitBuciratihesd| eossapd sarfheditstine praseupyisaadpie Sex ided with

standard amgunts of feferenap virus andafter a sel-incubalion .petgsasdaditoorythraaytes, The

association between reference viruses and erythrocytes into complexes is then detected visually. The
highest diis e AdmIpETRthiBTEIT M EEIERRIN S TE5 IS tRRP S g BRutrsh SRR itBr .
Althgsigh prkasisensiive afiveecingimmunogenicity lieNatherd dsSayszdtie. HDdssaapiswitielytemployed
due to its relativel si%t]ile technology and .ha thg _Iimtifaryg@s

. NS cacy of the rent (Ki elaﬁra%ﬁ)ur?ngg %umir%mfggcti%es[.lnzgl -c\al %?e ficratio
discussedBBVE oif fhie Chrrént technigues avarable for influenza vaccine deve opment and
assessmentdthdnedd ambegtdetiiaiprovemestsdininduhwie Uesvets MeRIEBEE SIS B S ESSERRED test
immune response alterIniactionas. el 2s;vageiesiicaRyr, 176 Suppl 1:845-9). It is hoped that

these genetically altered viruses, in which the HA and NA genes from circulating strains have
20  been incorporated by reassortment, can be used as safe live influenza virus vaccines to induce a
long-lasting protective immune response in humans. Although cold-adapted vaccines appeat to
be efficacious in children and young adulis, they may be too attenuated to stimulate an ideal

immune response in elderly people, the major group of the 20000-40000 individuals in the USA

dying each year as a result of influenza infection.

25  [13] Readily available vaccines would provide the most effective tool against emergent
pandemic influenza. After the 1997 H5N1 outbreak in Hong Kong, vaccines produced by two
different approaches were tested in hwmans. 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 ef al, Lancet 2001, 357:1937;



SUMMARY 1008] The present disclosure provides for amino acid substitutions in the hemagglutinin
(HA) molecule of influenza A that can alter the antigenicity and immunogenicity of the HA. These
substitutions may alter antigenic sites by altering receptor specificity and/or antibody-antigen binding.
In a variety of embodiments, the increased antigenicity resulting from the substitution may be useful to
increase the sensitivity of the hemagglutinin (HI) assay on serum taken from 15 infected animals. This
information is important in the production of diagnostic reference viruses and new vaccines for
influenza. Preferably, the aniino acid substitution results in molecules with the immunogenicity
characteggitzebihe aminaras ¢ Swlfstiioiionisfaspacagive At 161.51AJecafitr 283vant MERE] In a first
aspect, Ihere R e eoombipant lbienzanris R hemegapin 20 Al olscyley nerei
said recombnan molectle’ I)"comprise Ghe oF tore arind acid sequence changes as
compared ocanatiturafiih doatiivirigdHApHO | et thd¢rich drisesranmathinsracid oy HifdB3a&Paragine at
an amingaeidiPQSion cPHLSRORMHNE 15 Aing atithROalion 223 HR M Aisxy) Gikeomplisgs an
asparagine at an amino acid position corresponding to amino acid position 223'in H5 HA; 25(iii) has an

increase@aEhtHAE Rl Sfscrh Hetbgnoaibr disiidiakatodite Mrimslinfiubha®irdg%r an H5

influenzayyaering aseQMERIM iQsaiH N WAbRE GuFINgH AcBRlee UIB:RRSHEM: Bt Bk AHdHY213/03
HA molecule. [18b] In a second 3spec é%ere, is provided a recoﬁn{;%nant influenza virus cotgnprising a
recombint3RETHREEHZa Vit S HEH ﬁ‘i‘éé’él ﬁ?ﬁ‘(ﬁ%"?ﬁbﬁ%éﬁf’é?% in "4t EUBRBAEHEHE HA

moleculethreat ofijhessnprisestonaigr pasierdmiitesaeid sequence changes as compared to a naturally
occurring HA molecule that comprises an amino acid other than asparagine at an amino acid position

corresponding to amino acid positigReRe3 N Vi bt ImmulidERIRRyISes an asparagine at an amino
acid position corresponding to amino acid position 223 in H5 HA; (i) has an increased reactivity

withi @ntigedd ﬂeﬁm@itﬁnﬁaﬁmmmmmaﬂdmmm imﬁumm_mifm aif Mbrnflpreectiaccine as
comparega, said ARy 8eFYHag: HA TRISRUIRARtha, wsAIBAPLAEISPARIOR i malecule
[18c] Ina't w&raspect, there is provﬁed an mﬁuer)z_a yac;g!r]e virus comprising a recombinant influenza
virus H5 Wisksaggicalizmion Kienrsiers rdiiserdaleanpiaddiiinn AHDHB 25 saicte difiese assays are

based on the ability of influenza antibodies from human serum to cross react with antigens under
in vitro conditions. Assays are selected for a given situation based not only on their ability to
15 provide consistent and applicable results but also based on their ease of use and the facility

requirements for each type of assay.

[15] Briefly stated, the virus neutralization assay examines the ability of antibodies from a
serum sample fo block the infection of cultured cells by influenza virus. The assay is carried out
by creating serial dilutions (titers) of a serum sample and combining each of these dilutions with
20  a standard amount of infectious virus. Each dilution mixture is then presented to a defined cell
culture and the resulting infection rates assayed. The virus neutralization titer assay is
considered to be an extremely useful and reliable {est t0 examine the level of immunoprotective
antibodies present in a given individval. It is, however, dependent on specialized cell culture
facilities and therefore is not universally available. The methodology is also laborious and time

25  consuming hence poorly suited fo screening large numbers of samples,

[16] The hemagglutinin inbibition (HY) assay similarly examines the ability of antibodies from a
serumn sample to bind with a standardized reference virus. The basis for this assay is the fact that
influenza viruses will bind to and apglutinate erythrocytes. In the HI assay, serial dilutions of

serum sample are mixed with standard amounts of reference virus and after a set incubation



(i) comprises one or more amino acid sequence changes as compared to a naturally occurring HA
molecule that comprises an amino acid other than asparagine at an amino acid position corresponding
to amino acid position 223 in H5 HA; (i) comprises an asparagine at an amino acid position
corresponding to amino acid position 223 in H5 HA; (iii) is not WHK/213/03 HA molecule; (iv)
has an increased reactivity with antisera derived from an animal exposed to an H5 influenza virus or
an H5 influenza vaccine as compared to said naturally occurring HA molecule; and (v) results in
an increased immunogenicity of said vaccine_virus_.as compared to said naturally occurring HA
moleculePe]8] 2ftk ARt REHEN gh’?b??ﬁ‘?ﬁ%@?ﬁ%ﬁﬁ?ﬁ?@s‘?ﬁ?ﬁ%&lggﬁ?‘ésiﬁ%@uﬁé@%&%ﬁ'ﬁ? 8iza virus
hemagglutinipiékta ) suelecuie-pamplising Thelvginoréiamine ascichsustituiibits hamegeospioisbinding
site that makes the. HA molecule. more antigenic, with respect to antibodies specific for the.HA molecule
lacking tHE% rﬁ?nlge i @g{%g%%ﬁfﬂiggrgl %lgl%nrtélgé'p or bini Elln}égéi?g.sﬁsé ﬁ%?lﬂe%%cg%Frt%u&% eéléclg@
antigenicity dflemoiegy|¢handy mshyde iddymimplaciedadpataginedutihepoisiibn teormedponetidg to
positipn ﬁ%ﬁ*oﬁﬁ%ﬁﬁéfé%@%{Ei“ the inclusion of asparagine results in an increased reactivity with
antisera derived from an animal exposed to an influenza virus with a wildtype HA molecule. The
influenza virus increased antigenicity HA mqlecule may include the amino acid, asparagjne at the
position corESHETRING %@ﬁﬁn%ﬁ?ﬂ%ﬁ%?ﬁhéﬁéﬁ%@ﬁﬁc %’8&%"8@%&%% Eo%ﬁﬁ%ntzeawith
human Hbasaiatel A48 13 andthednc|dsionief aspardgine atrpositient?2 23 resbitsiinsant
increased reactivity with antisera derived from_an animal expa to inf Virus. ome
emboci A e o e e e
influenza virus is a human influenza A virus. For example, the human influenza A virus may be a
member of the H5 subtype. The huitddYhfenza A virus may be a A/Vietnam/1203/04 (H5N1) virus.

In sqe eiodiuenis.lheauaRZaI0s o Buerca i Feindpadgnisdes influenza
virus Incréased antigenicity HA molecules that are derived from an avian influenza virus. [20] Within
other embodrrgnts] thdudiseldsthet icrudies hyesbativisitand demnenstymbisidl an Thfitfenza

virus hem&&%&@&ﬁs@@g mlegHie Gomarising qn&ﬁg@g@@@dpm&ﬁwu@g&ummbﬁ@eﬁptor
binding site that makes the HA molecule more antigenic with respect to antibodies 10 specific for the

HA molecirdiaskiBgrHerisminb FRaimeetuis Im TR T Cop&TIRURTErLRS e fBe SHRSHIZP S irus may
inﬁlude a madifieghéta Eﬂfcﬂﬁ%bll @edﬁéi\é@;&iﬁwmé BN inftenzarivi SHIY t&:]eagmem‘bﬁcm@mmof atr)l
influenza A virus. The jn a A virus may be aster strajn virus..The recomhinant virus may be
e e e R e i S e O N
influenza sirlisemagdoméendhirdethienzah Ereégahitini d8aibitid ﬁl(tbﬂt?tmavﬂiﬁs @ﬂ@?ﬂhfwmﬁh
embodiments; i ure.l Lev €S, S : 'r;gﬁr\é' jning an
influenza %ﬁgus’%égﬁ%%é%ﬁié %%Lﬁ%é%u%%%%%%%%:} gﬁmﬁﬁgga&gu bstitugt%}(ﬁlcfﬁrﬁ]%nsggeptor
binding sitectismAdkes the HA molecule more antigenic with respect to antibodies specific for the HA
molecule lacking the amino acid substitution in its receptor 20binding site.
{18a] In afirst aspect, there is provided a recombinant influenza virus H5 hemagglutinin
20 {HA) molecule, wherein said recombinant H5 HA molecule:
(i) comprises one or more amino acid sequence changes as compared to a naturally
occurring HMA molecule that comprises an amino acid other than asparagine at an amino acid
position corresponding to amino acid position 223 in H5 HA;
{ii) comprises an asparagine at an amino acid position corresponding to amino acid
position 223 in H5 HA;
25 {iil} has an increased reactivity with antisera derived from an animal exposed to an
H5 influenza virus or an H5 influenza vaccine as compared to said naturally occurring HA
molecule; and '
(iv) is not A/HK/213/03 HA molecule.



[22] Yet other embodiments disclosed herein include methods of making a virus containing an
influenza virus hemagglutinin (HA) mole comprising one or more amino acid substitution in the
receptor binding 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 25 binding site. In some
embodiments, the method comprises introducing a recombinant vector that expresses the increased
antigenicitﬁlgm MR R S e e LS A TE M AR S A HBRR A HOTATEPUARGAated animal with
an influenZ& SARRINTOLIATANEMIT (HAD) OREENEHB TEY SNRiesve. sihmieiesain isocaeiinsabsbitution in the
receptor bindimgisitelehat makes the HA 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 5 VhEXTHEIHT SBARE BRIBSAIMRAR tREURRTR sBBRRERIROMERYEH A0 mokseE originates
with humardaBNAgiEé| atelgiHl CER 13108 isrid theninclasid ntbé ais parmgiesiatdahe qpasition dbiat
correspongs diijpositiaRindiig kA fiomaHbNdsiious msultsingn increased reactivity with antisera
derived from the yaeeinaiaesaninph-ARiSOM LIRS RRYS:tRA BsHadJsedhbuman, huether
embodimeg&gitm@ﬁ@im@jg%,@;ferret. 10 [24] Yet other related embodiments of the present disclosure
provide methods{flgz;}prspgnuggrga%\dipgg%%\r}' aintrPl]Jgn om t‘%IrI? )eremagglytinin HA dmolecule, which
method comso‘ri es u?turlng areverse gen‘éﬂ'cs system in which D ACUif ?—f_ ef@des one or
more aming aBid SIBYIEHiBh AR tRATLEBMSPEINGIAY CSTRPTaT MRarL AR RIX PREEMAL hore antigenic
With_respec?fct@%d*&it?é‘&ies specific for the HA molecule lacking the amino acid substitution in the
receptor 15bindiriylsite dyAAievéRie3dgeneibxprocess. [25] The disclosure further provides methods

for increasing the sensitivity of a hemagglutinin inhibition (HI) assay, which methods comprise reacting
antisera defiggd fromiie upecinalad o iRlreed ammahwith aminfinanzayiius hemagglutinin (HA)

molecule CARRASIGARRRNDOIE AR NEATIA MR I INE (oRsRICLBINAG Slle thatdmakes the

HA molec(lj_lﬁ mg{e% atgltlgenlc 20 with respecC ies specific for the Aolecule lacking the
amino acid SUbStiUtion in the receptor binding site. In some embodiments, the method for increasing

(I sensviy of didsasak RSB AL Zoleldqciease s Rl Al pemagaiinn nibten

(HI) assay._In som%%mn%Qggwe ﬁ% the method for incre Slﬁgrt e sensitivity of a HI assa ,{rjesults in at

SRR L e ot on o o

L
least 4- fold Incredase in sensitiv i . \ g
position corresponding to’amino acid position 223 in H5 HA;

{ii} comprises an asparagine at an amino acid position corresponding to amino acid
position 223 in M5 HA;

(iii} is not A/MK/213/03 HA molecule;

(iv} has an increased reactivity with antisera derived from an animal exposed to an
H5 influenza virus or an H5 influenza vaccine as compared to said naturally occurring HA
molecule; and’

{v) results in an increased immunogenicity of said vaccine virus as compared to said
naturally occurring HA molecule.

ba



25[26] Another embodiment of the disclosure includes methods for determining whether an animal has
been exposed to an influenza virus. In some embodiments, the method comprises reacting antisera
derived from the animal with a diagnostic reference virus, which is derived from the influenza virus in
guestion but comprises an influenza virus hemagglutinin (HA) molecule comprising an amino acid
substitution in the receptor binding 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
resulting in an increased reactivity with the antisera. In some embodiments, the animal is a human. In
other embodiments, the animal is a ferret. [27] The disclosure includes in yet other embodiments
methods for determining whether an animal 5has been exposed to an influenza virus. In some
embodimqm,ﬁmmthmwedmmﬁéa@@mgﬁbﬁt%@?&fééﬁ%@%tﬁmﬂédsﬁiﬁmiﬂxmwaadvérgﬁostic
reference,ifus,Juhich dsAenmes.feamnibasing vaazanistsamiguestipabsiteamprisesaspodified

influenza virus HA molecule comprising the amino acid asparqg:llne at the position corresponding to
position 288dinssteikatvhiesiihn Ein chedtoW o mash apagREc Eg T Ec iR o th erE BedigsrerrsiliRy With

antisera dggived ffom.ap @aimalho sxpesesktanminflugnzay s pdivanildyRe Hi-nalecke,
resulting in an increased reactivity with the antisera. In some embodiments, the method for,

determinitig A RsRaTed TR RAE D SR SRR RS G SRR AUE iR B AR it era
derived fresi-éheanin abvwidaiaodiarpiostiGIe e nekartius thwhiothisidle 6Y edpiraigh:thecnflisennzanvirus in
question but co riseg madified.influ nza it DsmHA molea Lg{cc%@ CLSi”%ﬁee%gni%C{%tﬁ%mragine
at the posli?%ﬁa %%%ar?eg%r‘?’dmga?omﬁgaé%on é%ln H5 ﬁ%‘fnw erein tcﬁe HA molectile does not originate
with humawilBiSpstlAtedigetie2 1310 Brfinehaeins|isisnsof asp aeatsite B pediiote 229 tocluds frran
increased, (gAthd i anier a s ilom aganimal sypased joam NHueRzands 4 spre

embodiments, the animal’is a human. In other embodiments, the animal is a ferret. [28] Also

included wigktaindensaRisuenatE b SHTsR Bedialatir 085 I B siythe SersipmpGiopanengA)
molecule GQBHRHSHIED RN A6 i6h SRS UEQMITIRE fesaNas dndivg rie tatmakesgheddia
molecule more antigenic with respect to antibodies specific for the HA molecule lacking the amino acid
substitution in the receptor binding site and wherein the modification results in an increased
immunogenicity of said vaccine virus. [29] One embodiment of this disclosure includes isolated
nucleic acids encoding an influenza virus 25hemagglutinin (HA) molecule comprising an amino acid
substitution in the receptor binding 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 does not originate with human H5 isolate AJHIC/213/03 and the inclusion of
asparagine at position 223 results in an increased reactivity with antisera derived from an animal
exposed to an influenza virus.

6b



[30] The disclosure further includes methods for preparing nucleic acids encoding an influenza 5 virus
hemagglutinin (HA) molecule comprising an amino acid substitution in the receptor binding 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 method comprises
introducing a nucleotide sequence into a nucleic acid encoding the HA molecule lacking the amino
acid substitution in the receptor binding site, which 10 results in an amino acid substitution in the
sequence of the HA molecule that makes the HA molecule more antigenic with respect to antibodies
for the HAMmalacule Jacking theneminodeichsyubstinting af3d sEheipresesitdiscidsure mdetsithese and

other embodiments of the disclpsure, as set.forth in greater details in the. Detaj rption and
Exampleé.“l@ﬁ‘ﬁ@é‘??féﬁ?@ﬁ (5959 f&EBBZﬁKWNéé %ﬁﬁﬁﬁgngagfégﬁﬁdicﬂagt?n%){%l(%%ilggdy titers
in ferrets inaem at@dsaith Al Sidds imfiy drnza niubesubtiatéld im0 aridh2bodnjnieart Airdss
neutralizing titers in ferrets i | it N3/0 Vj Bl ANFIG sdAnsera
were collen(%?%? oh g‘é&i%%ﬁ@??r%&% at%ﬁlﬁwn _10%{l E%B%%d%%%ﬁfﬁs{é}f% titrated agiainst 4
hemagygutifiatirg BrinsxgH ALY 2y etissrisiodenisinmmea i dreTasre BHEsNEY e BRI RYo or 4
sera. In Fi(3, 1B sserawes selected fram:farats vaccinated x 2 with 7 ug HA of AH5N1/03 and
H5N1/04 viruses and titrated against 4 HAU and 100 TCID50 of homologous virus, respectively. 133]
FIG. 2 is indicating virus Uiers, ashesiel Rrsipalssbanscentol e etenafteng
challenge&v%aﬁq GE %%Fn‘?%%@%ﬁ%é'&éﬁ%%% Ferrets vaccinated with HSN1/04 oF 25 ARS(04
recombinahirfiveraEs e BIRREGIHB T MR TR TOR L DS of AV ietnam/1203/04 virus, Titers
are the m%%@%%ﬁ%ﬁg%%%@i@ﬂ%{ﬁ@ iR RrdsiRimined iR hensaloNRa s L3 exats.lad] Note

that differences ween vaccinated and control groups are significant at P_valyes Q.0028 -
0.0173 acusrifisgies Bapdhcmeltsuledeims fssyrRe. 394 SHREIERR hIasruPine & §8lypeptide
showing thedosationRhaminomsidripRsiiensba4e0ehaRhil hei3tl SoucHss DithechiA ofus
A/duck/Singapore/3/97 (H5N3) virys. 5 In Fig. 3A, the receptar binding site of the amino acids in the
3D structd%é%%gﬁgﬁﬁ“ﬁf@y 3B ‘é“&%d%‘?lé‘bsresg%?s%ﬂ%‘elﬁﬂ%%#%%&%%%atﬁlg Sr%éﬁ%éarﬁner shown
and two othek. MoRe mesm Hens e riaythe tssd e c Hide ghhetiaméfioaciatys dsitdreaggds fodated in

the 220-loop.of the receptor binding domain befween the glutamine generally present atlagation 222
and the g| cn%jla%rgié?ril f%?éseﬁ%’%%%‘é%ﬁ%nn 54 1ODETAILED DESCRIPTION [36] T‘ﬁ%ﬂ present
inveifion probities fdf)amsiatokicid sequence changes of the hemagglutinin (HA) molecule of influenza
virus, which make the HA molecule more antigenic with respect to antibodies specific for HA

moleculesitkBil theheh sresinseiih FhBdiRELHE MR CRYFES S BIIRTONE BNE GEBAENE. The
resulting HAisd efereasHe a6iam dinerersetbartigetidityHA tolecule comprising an amino acid

substitution in the receptor binding 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

20  binding site.

[22] Yet other embodiments disclosed herein include methods of making a virus containing an

influenza virus hemagglutinin (HA) mole corprising one or more amino acid

substitution in the receptor binding 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
25 binding site. In some embodiments, the method comprises introducing a recombinant vector that

expresses the increased antigenicity HA molecule in 2 reverse genetics system.

[23] In related embodiments, the disclosure further provides methods for determining the efficacy of an

influenza virus vaccine in an animal. In some embodiments, the method comprises reacting



15[37] The increased antigenicity HA molecule is useful in testing vaccine efficacy, as the change
increases the sensitivity of diagnostic tests for antibodies against influenza virus in serum. In a specific
embodiment the virus is an influenza A virus. In an alternate embodiment, the virus can also be an
influenza B virus, and in still another embodiment it can be an influenza C virus. In an embodiment in
which the influenza is an influenza A virus, it can be a H5-subtype influenza 20 A virus. In a more

- specific embodiment, the H5-subtype HA molecule is modified to include the amino acid asparagine at
position 223 (N223), resulting in an increased reactivity with antisera derived from an animal exposed

to a H5-syhiype H&Q&ﬁ@@m\ﬂ%a&&ﬁa&‘a%ﬁi&a?Wﬁ?q{mﬁﬁﬁ%%a%@gé%%gﬁhﬁﬁqmm&not an
AJHK/213/03 HA mole

cule, which is a naturally occuring H5-subtype with asparagine at posjtjon 223.
The influerZapviiing ARSCHEFRERER 25drtbeHzEoR @ﬁ%&ﬁd??ﬁ@%é?&l?b‘tﬁﬁé*%a%‘&ﬁ%s L
AlVietnany 1203/04, 05Nk vk SRS} Areaminenasistichangesith&irniak ekstheokéuin tletine throre
antigenic can be made in the reception binding.domain,. of HA, e.9., as depicted in Eigure 3
particular§PHREha s G55 HEGidh ﬁi‘ethrgc%’&%'p%é?%ﬁ%iﬁﬁe dvé%%lmgsﬂfg ergé a%legenﬁa%/n%gdﬁ%les HA
binding towsialiseadisl scaceptiisionereg tiodd:eedts] tgintreadidgrietabiinishaies- Mt dwisddies to
inhibit he lutinatio ing in lification. o - ibody.bindino.activity. i3 &
hemagglu mauo%%%ﬁb%g@é%g% ﬂ?e%%aﬁ&éﬂ%?%n%%%?%%%%%%& makes the Al\ molecule
more antigesiiioodd iz Madeoro HbH ofime keralss dhwp yearspiaitacaitne ipepisteid s safieRarly a
glycosylatign site thalimasks eRilBRasABIAeR0eRZatby HA Seesificiaptiediessdistilsamether

embodiment, the amino acid change can be made to an amino acid residue corresponding to residue
223 of theMB#H & §l§6‘%e. In all of the embodiments of the invention, amino acid modifications that

make an HA molecule more antigenic can be readily identified by immunoas i ihodies
specific forfhe FhAIRETAF RIS 98‘87‘?&ti8?@8cﬁ?%’at%§ %ﬁ‘acftSPﬁg%éosvﬁ% cr%%@ééfgar%%ﬂglggﬂgenic

will result inflagparentshigherisiter antibeayWirdiftPanrguie i PahedsrAmRG ety I8 the HA
molecule to which the antibodies were elicited Such assays include hemagglutinin inhibition (HI)

assays. [39Yeliea SIEEHC BFFBdIMaMtidy TR AERFATRE HBSs TBRPIE HR M OTeBHE TR Mt residue
(which mayhe:aglvcasyiaied esisuamvishasparagiactvbichiseiifle ot ghtnsidatdd] it

differently glycasylated) results in increase antigenicity. However, other ulg%tﬁi]tution can Iresultin
an apparefft ?ﬁBPé’géeéosﬁ?ﬁ%% \t i@?gf?éﬁnsou%;éjtl u |8(ir?§vl%%lf BERL,E (r:]l(ca?e 51tflsoit neo,nclgr?tggrf/eg% e, such as

threorine tondiesise: by ghutamineforiasparagsine. They may preserve the relative polarity, such as
asparagine for serine, or lysine for aspartic acid, which conserves polarity without maintaining the

same changg. His als9seriQRRkiiadiacaLhstiivie withdesiste sr2Gausivisdgly tinesgyidimianine that
eliminate a reactive side chairgl%/ii;!jbout tgaéying a lat of effect on the pggmggtggo% spructure. I%fi}gacllry,
completely HoHHBHEEN 2 BSRREHoLLBie” Aedlﬁﬁﬂ%lal%tbﬁeerafnununoassays Wil ndicate whether
a particulapehasganiestiadn indrdasedkantigdnitisg JiehBofiie avclsdBNDwinisag siateddreCentral
and South America,naye 2 basic JMin acid ARG ARSI S sEhnasule bR aRRsi.
asparaginémaltjtni%(a:l'é"\ltcliosr1%5?%%0 oun Efnr?ﬁ% HA 3 ‘ ‘ o
20  with respect to antibodies specific for the HA molecule lacking the amino acid substitution in the

receptor binding site. In some embodiments, the method for increasing the sensitivity of a HI

assay resulis in at least 2-fold increase in sensitivity of a hemagglutinin inhibition (HI) assay. In

some embodiments, the method for increasing the sensitivity of a HI assay results in at least 4-

fold increase in sensitivity of a hemagglutinin inhibition (HI) assay.

25 [26] Another embodiment of the disclosure includes methods for determining whether an animai
has been exposed to an influenza virus. in some embodiments, 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 HA molecule



25 of the human isolate A/HK1213/03. This amino acid residue is located in the 220-loop of the
receptor binding domain between the glutamine generally present at location 222 and the glycine
generally present at location 224 (Fig. 3). The experimental evidence suggests that the higher Hl 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. Amino acids in the
220 loop or adjacent to it are important for the conformation of the receptor binding pocket (Ha et al.,
Proc. Natl. Acad Sci. USA 2001, 98:11181). Although the present invention does not rely on any
particular @xplanatien ofilterehrervedisffediclt ippisifile dhatsubstitatieniafdspirmginedacserine at
position 223 ol i3 resulls. . conamationd. shandes and Aeled PLaRIorSREGIL L[dALIN g further
aspect, HA Riofecules Moded In aCCoTrdance with the invention to be more antigenic are also more
immunogenice Subbdinsigsilesasimablict rstron fepBrenrmbodotentirim e spofsEias a component
of an influenza vaccine, which in turn results in greater protection against influenza infection. 10[42]

Ir)fluenza IQWS%@BHQH@GFQ%%H&V' bf SHAVRIFS&H F?n@ﬁﬂar%%@é W&ﬂﬁ%iﬁ&@?@t‘ﬂ@ﬁ&h adiese
viruses arﬁl %leved to be E)[artlcuflaélﬁ/ |kelé§t1 cause ga%d mic |nfll:;enza 0 tbr%akg elg rgurpans. A HA
molecule f1BA &/ &R S W TRCER &y M &/ ﬂ@'ﬁ%‘ﬁo? TGS SRR oG therefore be
particuIg_rlmiseffm_IMW%WM%@G&@Q@M@WWW@@@Wrft_oﬁrtésstrategy
exempIfiefAEien Wi 15 SREGdR bl I dpiRey kb ReLaascil DEmage WininIn i lighkagsay
titers against other subtypes, and this’is particularly useful for evaluating immunity to avian
influenza. the ot apbethitrrsing, thbHPosiisR carEeatiRdne dpPesi 38 Pt M-ivhseieEsptor
binding sitg ay,be detived:iomanaman ilkeRza MiusvIRCUEINhEHHYpaSEl tRipuaD A6:1
inclusively. [43] One aspect of this inventionjnclud?r_iéhe use of rec?mbinant influenza virus that has
an 2HincrERBSEhIO R FRERGFERAY HHS| 8t 28R LA BT S T RS pEfRdRr a HI
assay, inclyighng @ ditiferpeliomning:siodiarmssay. Mmathedafaptztdheinin notadier subatitutioneof
asparaging at position 223 in the H5 HA molecule increases hinding to red blo CE” ( BC) sialic acid
receptors gvel?ﬁ gﬁc?ﬁgeg, Iﬁﬂ%élg&e%%ﬁnﬁstﬁlé%é from chic ea“r}vilé{S rﬁt(%gg%%%g gjlgr? ing t% ygg%étors with
a N-glycosihsialitcacitraiphaitys Wikeyts duttedomoseciinhorsd Thiusquesios adsenroita
invention proyides thatdhs rastitant Iawrchinding-eRiRorae RBMS WaHldgaamire.asmalipssauantity of

antibody to inhibit hemagglutination. This concept, of introducing amino acid substitutions that increase
antigénicityoERFPRBASE I RSy H body Bifting eatPEE Bofife 64 BN EE I ANt SESHEN Y those
from aviaripfisenza iboMirisesx[44] Fheiavestinoirtddasaethgds fordetesmimngahsrefficacy of an

influenza virus vaccine in an afgim l. Th(i_{s method involves rleactingd%Qtiselé%genrziz\éed from the R
vaccinated SHRSET WREPSHY IRHOSRYAT A U that Bas mereased antgenicity Remagglu minqla-? 3
molecule. Saimdiaspactbechimethodsiforae tbneiimingrhedsifious)tiof amaiisenizarétirus vaccine in an
animal, as demonstrated 5 in the examples, include reacting antisera derived from the vaccinated
animal with,an infldeRdaddivathibsebEesth sneletudeconiainiagitheaminpratig asparagine at
position 223 NZ%Q_Me ‘molecule.from human H5N1 jsolate AIMC/213/03. ra%j e at
Positin 2 BSEGERE T HHorRelSEH SRR TR PSerS AR OR AN & ATREAIS S RE Yorn
different Hhan ez ahdric,. Hhdaatcimatedzanjrad math besasgt aneitadiamipecidicsfve cies Hacluding

ferrets and He DD 30 Wb nrdicue Linin e IMEDUR0ALS: BEIRAYS:IeY e eaRing e,
sensﬂwﬂy%lf)a assa%y using a reference virus which inc uc? s an increased antigenicity HA
molecule. tmediinetionssdiniarms inmets ebipHBnIRiAlcd I bYRPIBESERIth a human H5N1 isolate of
the A/HICJ213/03 strain, the amino acid change is the presence of an asparagine at position 223, 15
resulting inj2¢) iDeec@sedapastivithwisastiseraderved ey ancrnimateweseddasndenflanza
ﬁm/120§/04. J;Qissi creased

virus.with a differ i i i : [t h.as.AlViet !
remcity 1 T B AR S R e R oy
2-fold or 4tfekdindrsathe Hiansitvity cootd betigspeciely sigpetitamtaniibiedistomsiiioviierbdiéndpoints

of °°”Ve”%&@LHE&}E&&E‘&@Q%Bf&i%ﬁéﬁﬁ%ﬁﬁ?dﬂm s 29&%@?9%@ 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



[461 In a specific embodiment, the invention also includes using as a diagnostic reference virus a
recombinant influenza virus that includes a modified HS-subtype HA molecule with the amino acid
asparagine at position 223, resulting in an increased reactivity with antisera derived from an animal
exposed to a H5 influenza virus. In a specific embodiment, the H5 HA molecule in the 25 diagnostic
reference virus originates with a human H5N1 isolate of strain A/HIC/213/03. In another embodiment,
an asparagine (or glutamane) is substituted in position 223 of an H5 molecule from another influenza
strain. It is readily apparent that the same approach can be adapted to any HA molecule from any
influenza8EFaRPtl NREFSE S EhBYEHeHts %@rfﬁ@%@f Ba 6’?& HisniBerSPL i cisRaRiffafihg ferrets
and humansiod4 2k raddition te-thadbrafifgigrenteituse daibdnerasessensitivsedtduiman
vaccine c¢lipical trials, these viruses can be used in seroepidemiology studies. The availability of data
showing HOWHFARY Humans were infected with HSN1 viruses by rapid and simple detection methods
like HI assays provides important information on ﬁ{e@prevalence of H5N1 viruies in 5 humans. This

[

data cani8@ UBeeldiecksses e RoHERRITEEIYE PL ViPHRRASEHIRES AEHT RUFRARSEHOMERr between

aviag spegies ﬁaﬂa%gnmm-(%@] Rihenaspestsridbednvention-dneludesmethads fardetesmining
whether an animal has been expgosed tq an influenza virus b ,Efactin antiseﬁ%gerived, om the
animal WA S S Crrs e ViR o THE m%fﬁn%%ti%%?e‘g& &9 BRPRAUE AT Yame strain
of influenga A sieasidhackigpo dierenritinns, doint Hubesfetionce viruscontainsndimineteadedantigenicity
HA moleculg.dgn%&% e@boditrﬁl%nt the referenugg Virus comgﬂ_ggg an HA mole%ﬂg \ﬁ\{lltc an as(paragine

= Comprise i) a nu sequence 1o eic. dll )
at the pogl ion correépoﬁdﬁr}}g {0 pogﬁlfon 523N H%lﬂlgA, whereln the inclusion of asparagine results in

an increaseddeadtiviiAvitissniiserkine thedfiontad srisiatiompodbe mearoniuén s rdisith a
wildype Hamolecule FasUtinginaainsieased Lasthily with.theantisesae manaiher 42 gmbodiment,

the reference virus comprises an influenza virus hemagglutinin (HA) molecule comprising an amino

acid asparalfridcapese %ﬁ%ﬁ‘@é@r@?ﬁ%ﬁ&ﬁw@”@ﬁ@ﬁig‘ﬁ Sealif Imeiecle akiRe TRAHEIR e does not
originate yvithihuman H5 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 an influenza virus. In a specific

embodiment;, the GRALFACIaEIEUR imaBsiNda2thvinsiaanghhairsipieReandrusdediwnan KIsN1 isolate
A/HKJ213/03, which includes ragin 1IN0 _acid positign 223, resulting in an increased
reactivity%v% ht‘t%ﬁﬁ?ﬁ e—%g%é?f?@%%??gg?as ?r%%%r%nn? %%sgé%?%&cﬁs the invention, the animal may be of
any species, including ferrets and humans. [49] The invention also encompasses influenza vaccines
inclugling an increased antigenicityRi3 A RBABIEE Q& THE JpRAMINMEBodiment, the virus is a human
H5N1 isolate. In a more specific embodiment, the HA is derived from ATHK1213/03. In still another
embodimBai, THE Halssaaraeis mbeitiag 1 inabadviiieshin Saem Heparineth PotisHiveosa 5]
Introducingmedifigaiians Mdhe-d AompleoyETrestiressmanipuiationakthergenetialevel casith
well-Imown in the art, as ained in greater detail beloy. Once a modified HA gene is_prgpared, a
number &%Bg%%%@@ﬁg%ﬁgﬂgugﬁ% 5 "revéz (%‘ gYé\éﬁeffég"‘gﬁrﬁréjg@ﬁ%s, ng iﬁP% gci‘lrggrthe
modified Hécniatienwhitlintt’ AiDaflefAZN Vivirssewhish tiarcethegebeco renapgleferngenitudiotiesting
o hsieag e AIRETBRIC e RISACEMN RN P AR R el Re.
animal-human virus spread and human-human virus spread. 5[51] In some agﬁscts, the invention

|

includes rebattsinfiom fiernzacoinatass T dpHsihg Sl micdZaNANS Mgk irees tslecule
with at legstene, iR acid seaUencashANgeH b malkesthe, FhpRaiegile more antigenic with

respect to antibodies specific for HA molecules lacking the changes. The amino acid sequence change
may incl a itution or. deletion of ane maoje ino_acids, Thg m&ggignddH gbglg%l‘g may be
derived fﬂgr%] I@%ﬁl |ﬁ§lﬁe%%éil%£/?ﬁ%§l vtﬁlésg%ﬁreﬁg gggigvﬁrganeg 8¥ an fh uenza AC(\);AJ\Jlrus. I% some
embodimafits chirdlénfie avita A Vietey B2 ATeted 5N virgs. Trceteconsbipiadtwitud5B0MAsing a

modified hJmaleciiedhatis mete palosniawith ieeRechiy apiibpriesspesiicvaitif molngyles
lacking the amino acid sequence change may be used as a diagnostic reference virus in a

hemagg|utifif ifbieriews thayneeaarmd RseoRbindh i RiLS agcrespedivt iasam ¥aT8ma5giutinin
inhibition glld;assay Kit.

10



15[52] In other aspects, the invention includes methods of making a virus comprising a hemagglutiniia
(HA) molecule. For example, one aspect of the invention is a method of making a virus containing an
influenza virus hemagglutinin (HA) molecule with 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. The method may include introducing a recombinant 20 vector that expresses modified
HA in a reverse genetics system. A method for producing an influenza virus with a hemagluttinin (HA)
molecule may include culturing a reverse genetics system in which DNA encoding HA encodes an
amino agigsubstituion;inlbg cecepierbirtingsitecthriieakesctitrtl Avmgleentesipdfeantigéhic with
respect to antibodies specific for the HA molecyl IackinLgtthe amino acid substitution in the receptor
binding ﬁ?@ﬁ@%@&%fﬁ&é@%@% tr‘)o‘éré%%l?‘fgf«;e]tﬁggsln&uded in the invention are methods for
preparing nucleic acids encoding a hemagglutinin (HA) molecule. The HA molecule may contain at

least ond3@niiciagits saupleridaranede efthst FeaRAsnelementi ArRIRS S SHRGHiCWRA #88pect to
antibodieg specifis foHAmelesulesickingthechrnges st siyapsiatpTs e ethad

comprises’introducing a nucleotide sequence info a nycleig acid encoding the HA mol lacking
the @minB &% KboSEHRTEA PiReCEsS %Gﬁ?ﬁ%ﬁ%&dﬁ\}ﬁiﬁﬁege&%ﬁ s%lrgng laerﬁlff% aggélid g‘ﬁ&%’tution in
the sequeBceOfike Mrsselectieithatndies dhethfmmaleculsionorendritigerticwithneaspe doed
antibodies for the HA moleculg |lacking the amine acid suhstituti iRiti 1l
"ianuenzi@‘@Wi“?s%%e %r}%iﬁéd ﬁ%%mén\% ra ifp%éggﬁgﬁ%%hﬁg?ﬁgqﬁr%c%?ﬂiigpuegiq_ﬁ disease
known assinfitertsading|dokBS]FEreetariie Shasmine pensroirtsraem @ locatiamaSran 1Reudgdsh the
construc iglgep&j‘dgj%pe%&vg{%%@gg%med vaccine strains. These master strains typically contribute six
gene segments 10 to the vaccine virus (PB1, PB2, PA, NP, NA, M and NS). The master strain virus

may be a strain that is also in use as %ﬁ% &5 ding virus strain A/PR/8/34. [56] The
tern]10'polypeptide" refers to a polymer of amino acids and does not refer to a specific length of the

pf‘?ducﬁ%fq%%%@&im aligansplidgsiandRraisins. are-inehuidadwithin the definigndaipaiypeptide.
This term also does not refer to, or exclude, post- translggﬁnal 15modifications of. h%%oé)ép%)tlde, for

example massty | aficnduenzayHo neRsoBaKke koS MNP TA® BRI S48 HERTR Mhfectious”
refers to faglity @feaiMirustarenlicriaies dtienthprodugesvirdhgastiqlescmidetigity tainde

evaluated either by detecting virus, i.e., viral | or by observino.li i0R4R the animal
ﬁﬁ%‘ﬁ‘e‘il%‘? &gi%%ons ..the.nesuf{m ?ﬂgis re ecp ?o gg&?‘ ﬂ'lé}%gbse% %Q%%%?éi@@ﬂ

20[58] A ject” or "animar, as used herein, refers to vertebrates that support a

15  [37] The increased antigenicity HA molecule is useful in testing vaccine efficacy, as the change
increases the sensitivity of diagnostic tests for antibodies against influenza virus in serum. Ina
specific embodiment the virus is an influenza A virus. In an alternate embodiment, the virus can
also be an influenza B virus, and in still another embodiment it can be an influenza C virus. In
an embodiment in which the influenza is an influenza A virus, it can be a HS-subtype influenza

20 A virus. In a more specific embodiment, the H5-subtype HA molecule is modified to include the
amino acid asparagine at position 223 (Nza3), resulting in an increased reactivity with antisera
derived from an animal exposed to a H3-subtype influenza virus. In 2 specific embodiment the
HA molecule of the invention is not an A/FK/213/03 HA molecule, which is a naturally
occuring H5-subtype with asparagine at position 223. The influenza virus may be a human

25  influenza A virus of the H5 subtype, including A/Vietnam/1203/04 (HSN1) 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 34, particularly in the 220-loop

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

il



negative strand RNA virus infection, specifically influenza virus infection, including, but not limited to,
birds (such as water fowl and chickens) and members of the mammalian species, such as canine,
feline, lupine, mustela, rodent (racine, murine" etc.), equine, bovine, ovine, caprine, porcine species,
and primates, the latter including humans. In a specific embodiment, the subject 25 is a ferret, which is
a good animal model for studying influenza. In another embodiment, the subject is a human. [59] As
used herein, the term "immunogenic” means that the virus or polypeptide is capable of eliciting a
humoral or cellular immune response, and preferably both. An immunogenic entity is also antigenic.
An immuproeggeic campdditian isdlgotpositiventes Siciedbaihuwbrakiol delutdodsnuneirdibnse, or
both, when administered to.an animalSlB0Amalechle rcaniseifoonp Ahuis.canahls of specifically

interacting Wit an antigen recognition molecule of the immune system, 'such as an immunoglobulin

(antibodyiroreFebslhaniyémisteptorsin aﬁ@@?ﬁ@ﬁﬁiyﬁb@ﬁﬂ@c%@aﬂ?‘ﬁ? @t ded it [Hast about
five, a”%ﬂ!i?é@&?&%?é leastabouh 1. AN @@&%ﬁ&l@@tnw@&w&m efia Rolpeptideorisp called

herein the "epitope", can be that portion that'is inmunodominant for antlbOde%Ob ﬁ%' rece{stor 10
recoénltlén"%?}i%f%rﬁbél%%ﬂﬁﬁﬁ”uégﬁ 5 emarkie S AL STy s HETBIES I By Conibgating the
antigenicpgrtiando & GalTigicuoy pebtidadiar jnhmuniratiait Ahmgke catebthairil antigemiinoesitinot be

tself mmunogentc, Le,, capable of eliging ap e 5500059, W1gHEA GaIRE SR A used

herein, tH&% 0 acl refers {0 the presence of an amino acid at a particular
location mﬁhﬁzamlma@ldcsbqlmmmdt&ﬁm@@@ HAangltrdcasiersapigeaiiorrr Poseatsrelative to

any othet aniae,Agid 193k eid eV aceupinsihat lcatian e paheaslide that sgsuis from the

amino aci sequence ch angfe may include changes in post- translatlon | modifications such as

glyddbylanenificatiety thfomskphdsp Rk RrisHE o Mesy tHeFUmMmInY 487 Haoﬁﬁeﬁﬁ?&}h A &Es the
amino acid:uHastitiiens mﬁheeneﬁ% f@\tﬁésﬁmtaeﬁ\&tysst\eﬂh ms e dnbbreile nefersith thethods of

generating 20 influenza yirus, particles, tides, vi ns or. s by.genetic engineering
methods? eﬁw‘@?ﬁ%ﬂé"ﬁ?&ug cgt?ts a|9e nogtle % Sa ?%%’ze glasml z%ﬂn ng described by
Hoffularm (Hoffmann et al., Vaccine 2002, 20:3165; US Patent Publlcatlon 200210164770A1,7
NovembdBHI002 vibtieiosRinpemb oSS reteRa i PR S melr Y e ey s iing,

reverse %ﬂggkgwggnasg@*@yyﬁ@{emeeg@@yom@f YipasepRdiciaschaly prptides; gl}dd@ﬁﬁtadleic acids
with 25specific sequences by genetic | englneerlrég methods own to those %s%.&l in the ar These

systbins SHESFEHHBYCABARISH JraRts MR RETP RS G EFa%T Ks (SaT Hardin the Yecer

erm receptor inding
site" refersdgtthe porigpmehthadbasmbletigenivhiere fuelreubptiortvhintereshessh asasialiet dwid receptor

on a red bioed, el bnds: T SHEHP2f1° FIMAIRGYIS, L 4yHskiS naapasey BRddne lagation o

the recep%orsblna Ing ‘site
relative polam%y, such as asparagine for serine, or lysine for aspartic acid, which conserves

polarity without maintaining the same change. It is also contemplated 1o substitute with residues
20  such as glycine and alanine that eliminate a reactive side chain without having a lot of effect on
the polypepﬁdestmcture. Finally, completely non-conservative changes are possible. Again,

simple immunoassays will indicate whether a particular change results in increased anfigenicity.

[40] Some avian H5N1 viruses isolated in Central and South America have a basic amino acid,
arginine, at position 223. The neutral amino acid asparagine at location 223 is found in the HA
25 of the human isolate A/HK/213/03. This amino acid residue is located in the 220-loop of the
receptor binding domain between the glutamine generally present at location 222 and the glycine
generally present at location 224 (Fig. 3). The experimental evidence suggests that the higher HI
titers reflect a change in receptor specificity. Indeed, the glutamine generally present at location

222 and the glycine generally present at location 224 bind direcily to the sialic acid receptor.

12



for hemagglutinin of the H5 subtype, is known and described (Ha et at, Proc. Natl. Acad. Sci. USA
2001 98:11181). The molecular model of this H5 HA, including the receptor binding site, is shown in
FIG 3. 5[64] The term "diagnostic reference virus" refers to a virus with enhanced HA antigenicity.
Such a diagnostic reference virus can be used in an immunoassay, e.g., the hemagglutinin inhibition
assay. [65] The.term "exposure virus" refers to a virus to which an individual animal has been
exposed. This exposure can be in the course of daily activities, such as contact with an infected
subject, 10 e.qg., leading to exposure of a human to an infectious influenza virus. The exposure can
also be dueniamasidedifithelnlicabehalledgecsuctitasding tataratorih tostifgrsittiati of ivherecprdaboratory

imal h ferret is intentiopall d.ta.a. virgs. ted
trough TR ST LS B s 2L e et

- to moleculareshititisioantbtohpositionsarBettan evelphjisivlogibalRpioteraisiBeahdt do rrssiysidaily
produce aRBRIGIG OF sipilasHD WAL ECAGHAMRUL 33 BasUi PsalHig4iness.ARskhedike: when

administered to a human. Preferably, as used herein, the term "pharmaceutically acceptable” means
approved ek eSS YEARY of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more particularly in
humans. RO[B T} EHertbemaipentidiArefels:tbea witddi adjanandrescipignthomrehiste withewbich the

compound,ig agniie e GHCRANaIDaGEL TSR IR LANDR Sl Uauide: ahas patek and ofls

including t petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil,
mineral ofNEEEENMESAPEM Ao HREPYARRE 05 PE (B8R JattRCs sl ML TBA S eialuéBtieHextrose

and glycepelisabdtions e preiarablyeemployed as carriers, particularly for 25injectable
solutions.Suitable pharmaceutical carriers are described in "Remington’'s Pharmaceutical Sciences" by

= idrartity 1RGN ABPLARRRS MRS VINE (BRI NEN: BBkl IGAMRAUnABLM e
that enhahces the iImmune response to an antigen. An adjuvant can serve as a tissue depot that
slowly relbealgs thBhese viruses are believed to be particularly likely to cause pandemic influenza
outbreaks in humans. A HA molecule from an avian subtype with increased antigenicity and/or
immunogenicity would therefore be particularly useful in immunocassays conducted in
conjunction with vaccine development. The strategy exemplified herein with respect to H5 is
15 useful in increasing HI (hemagglutinin inkibition) assay titers against other HA subtypes, and
this is particularly useful for evaluating immunity to avian influenza. In some embodiments, the

HA molecule with the amino acid substitution in the receptor binding site may be derived from

an avian infiuenza virus, including subtypes H1 th_rough H16 inclusively.

[43] One aspect of this invention includes the use of recombinant influenza virus that has an
20 increased antigenicity HA molecule as a reference virus in an immunoassay, in particular a HI
assay, including a kit for performing such an assay. For example, the amino acid substitution of
asparagine at position 223 in the H5 HA molecule increases binding to red blood cell (RBC)
sialic acid receptors with alpha 2,6 linkage, such as those from chickens, but decreased binding
to receptors with a N-glycosyl sialic acid alpha 2,3 linkage, such as those from horse. Thus one
25  aspect of the invention provides that the resultant lower binding on horse RBCs would require a
smaller quantity of antibody to inhibit hemagglutination. This concept, of introducing amino
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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antigen and also as a lymphoid system activator that non-specifically enhances the immune response
(Hood, et al., Immunology, Second Ed., Menlo Park, CA: Benjamin/Cummings, 1984. p. 384). Often, a
primary challenge with an antigen alone, in the absence of an adjuvant, will fail to elicit a humeral or
cellular immune response. Adjuvants include, but are not limited to, 5 complete Freund's adjuvant,
incomplete Freund's adjuvant, saponin, mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil or hydrocarbon emulsions,
keyhole limpet hemocyanins, and potentially useful human adjuvants such as

N-acetylymigragyiskathrao minREsogiHarnoe (thrvBIRY, thaeiykayorfrau iafluphia afawy MBdBoglutamine,
N-acetylmuramyl-L-alanyl-D-isqglutaminyl-L- 10 alaning-2-(1} 2" -di nitoyl- sn-glyeerge3

-hydrox ) o%&ﬁ@%agﬁwv q‘f?ﬁ)‘é T %ﬁ%ﬁé?n%g?t‘é?gfgﬁn@%%dc éé%%ﬁ%hg}é\%griunz parvum.
Preferablyflthe-adjuvartistphannecedtiviiyncteptaez 8ol sHsbovlertlp, themeiriPestiafed” means
that the regﬁl{ce)&]sc & g 40 etr?rialnig 51 %QJ%'EMQ SRUrORINEDt 8an B hOH Y bSstkiuds, an
isolated Biological ma erial ¢ n%e free 0f 15 some or all cellular components, i.e., components of the
cellssin vihitie tremplincinrnhidsizsrotos i dan e FomlpIESHaE? AR IR EoIBBHRER). A
material shallipe deamertisolatedit dsnrasenkinaselaxuaet ans peraatant210 (Ne.cpee.of nucleic
acid molecules, an isolated nucleic acid includesi}éf%e%%%?d}{ct, an.isog‘?tecsii IANA, 8 cDNA, or a
restrictiofradrietiectie IR BT bthh a1 1SR clefPAERIE Prterably excised from the
chromosefadr20dwkichvitymaytbentaundicaneiniore prefsradlyrisased engdiffoirrid Sripfyitnal to
non-coding regigns (but may be.joined to,its native regul gions orpartinns theregd) ..qf to other
genes, Io%%f%d nggt§8%°&?a§?%3€'\}#§a§e%a 016 fh Sgﬁegggn%%é by the isolated nugI]eic acid molecule
whdr foumdnmshe chromosome. In yet another embodiment, the isolated nucleic acid lacks one or
more introns. Isolated nucleic acid molecules include sequences inserted into plasmids, 25 cosmids,
artificial qasprAgSOMEsdane the ke heaihendtierhdphit infachimékcrestnyindaiHuskelc acid
construct, Thus, in a specific embodiment,.a recombinant nuclei id isqan.solated nycleic acid. An
isolated ﬁ%f@i‘r’i’%%);%%eﬁgo%ﬁrgfea%“v% lgﬁ%%‘geﬁr%l%e?ﬁ%r%ars%%gﬁ{eﬁl eaIéL:izgli ,%%both, with which jt
associatesnbvttinasd], sudviths cehstarremblemis ifieinaemanibrantumssoBistBd spétEinciakdsolated
organelle, ﬁﬂ& (A IS, remo, _qlgrggﬂit[ggagé}aggrmg Site i whighaitds-30-founddatam erganism. An
isolated materia %@%&%ﬁ%e%% not be, puritied. [%T_The term "pur?tied" as usedthereir&gefers to
matéfial testling Been iSeTatees FraeH GBintHib AR SRS oF Sfiniih A8TRE BRESACE SPuirelated
materials; .o 6o WARIGRAS dFekaingnalive dnaiatial stftom pykicint hedn atexiddisnahtaibEd)4or
example,_a purified virion is preferably sybstantially free of host.cell or.cultyre ¢ iS,jpcluding
tissue cultdfe HF@@@%F&F&%@% WS%-Q/%S ific) p?aet etl)’glélﬁgf%%af &t e%.) ,&Cs%lolﬁge% ﬁqer;]é?ii%?fgh% t%_rm
"substantiadigfses! isavsetiyopeaiiodattyl-lthecorseit ehaittiricarié birgpstimly mantifnttieferably,
purified material substantially fr tamipanisis:al eesiaPYdRmEE: MersRrRlarabiymatdeast 90%
pure, and’ %ngcrlgnpsre eﬁgﬁ/@s%flatﬁe {%%%%% pure. Plurity can be evaluated by chromatography, gel
elec¥bpheetesirimmunoassay, composition analysis, biological assay, and other methods known 10in
the art. [71] Methods for purification are well-known in the art. Viral particles can be purified by
ultrafiltratjas) o peehir figatoneprefeiabipitontisu tududentifng atiedipgoeste raiRise Siigra). Other
purification methods are possible G platediharein: A purified material Mavcaetailess than
about 50&73,0%%{’1’3% f?%sggzt%gﬁ%sg%%% ]%!gd%ni mols?tl%prefer%t?@%ess than about 15 90%, of the
cellular cenipesrisinneidiasiforatis, rerbine itheh smaple wasty Bhuitsaatiirp dred GeR8Rtext
requires) 1%%}1"@%&&%% priginalnassesiated . Thedanrassasiantialy ArEAnditatss ihetighest
degree of purity which can be achieved using conventiogg%ﬁirific]%tiongtetchni ues,l rf?)’éég in.the art.
[72]34 a sperifetierEBUmAe HE N CREFHPSHBI BUBH dximatdi) R ANSiitHin & statistically 20
meaningfulsangeahadvakie, Suchsparagige tanddearitnic) an ardeitabinagpitsiden preterdlsty Within 509,
more preferably within 20%, more preferably still.within.10%, an preferaply within 5% of a
given valdPEETh Q?I*rﬁréog}%v%/a 1Ilg’nvzaarlsa ?ﬁi eijﬁclsor%esgls%eag%y% Sﬁt(feﬁrr}nﬁggé%ut'%{?r{"approximately"
depends eduine! patisulth systemafidersiafivanc: canibe restigrapmudingth s FBBRbRMMary skil

in the art.

be of a number of species, including ferrets and humans.
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25Hemagglutinin [73] Hemagglutinin (HA) is the major envelope glycoprotein of influenza A and B
viruses. Hemagglutinin-esterase (HE) 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
reservoirs of influenza viruses, result in influenza pandemics (see Suzuki and Nei, Mol. Biol. Evol.
2002; 19(4): 501-509). [74] HA contains two polypeptide chains, HAI. and HA2, encoded by a single
gene and derived from proteolysis of a single precursor molecule, including loss of a signal peptide
(Suzuki an(ﬁS Nei,.supra; Air, Proc..Natl. Acad. Sci. USA 1981: 78(12): 76 9:-7643), HA| has about
320 amind - c{las%égﬂ:’c?’ilstf’e%bepfg?-tﬁ)&a? G Protein %ﬁd‘i’h‘@ %gfg?s'%?résg gcl) n mllﬁln'eurg-:-ésnpon%es. HA2 has
about 226lainihaiabidbeandimeyides thersdchortodiideviial aryveiotes.(Sthauky abiNgi o§dpia). 1751
HA geneg from influenza Aare dlagsified, ile.4 & aubbvaes acrerding 4p: thall antigrnicRiapgrties.
Influenzaggogﬁ%% \L%?rﬁs I—ﬁ?ﬁE) genes alre neot classified into subt;?peinghe 10 sequences, of

influenzanseibogp dike-Hltessas: piyitUBHLAI B AREERIOTH) HFPEHEITATH SUZTRT aB e Psupra,

Figuee 1,Whigh istincotporatesk bxdeferanss ecRomRBIIsPB O e seavengrsaafiofienaamAcHA
subtypes HI, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, and H12, including conserved amino acids
residues FBRALIT QRIS RE S LASWRAR Figure | of Air, supra, which is incomorated by

reference. Both references disclose the strains from 15 which these sequences were obtained. [76]
New HA {18]eOiieseaftte b teniivpntics dreladedisihpirdon dty einpgabadenanamime derde@uence of

HA molegyle that fesulisiningreasedARtgeRICHN dsalatian &f Ruslaic asits.eraadingi stelid A
molecules is routine (see Air, supra), as is modification of the nu&leic acid to in %ﬁﬁée chan%;es in the
amino acTBSEReReHES: o e BoeRaligeereremHEY SHEE VSO PSP R SRS BHISSEINERT, HA
molegulessfrpm-greuwstraing hamnhstiefanttAviubtypaial eadyccantdiamigamito bt iddequerise that

increases their antjgenicity relative to HA molecules of the same subtypes fro different.strain, as
exempIifi88‘3h%'?@f?}g%}fl%ﬁre%fierc?afI lbe%vaiﬁiffél)B%?%I%ﬁi}\}/%?e%?,eﬁl)ﬂ ,&/weggngum? %%%% ICJ% ‘t%rs case,
the influepasitstrainmitiotiimgrionosititg 7 Al hculechulisivalests alispRogte refdfeHte strain.
In anothel,ehedin el AIAACIH RerFsidiRs HOM Mol gl it Asakheiiioueed or

substituted Into the sequence of the less antigenic HA molecule to make it an increased antigenicity

HA molecEOTPPEH A/ ARG h aiegUans the SodaiRRebFEATIAMBILE I catiTeRult 1 im9BE5ed

antiggnicifihbodiment, the reference virus comprises an influenza virus hemagghutinin (HA) molecule
comprising an amino acid asparagine at the position corresponding to position 223 in H5 HA,

and the HA molecule does not originate with human H5 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 an influenza virus. In a specific embodiment, the contracted virus is an H5N1

20  virus and the reference virus is human H5N{ isolate A/HK/213/03, which includes asparagine at
amino acid position 223, resulting in an increased reactivity with the H5N1-specific antisera. In

different aspects of the invention, the animal may be of any species, including ferrets and

humans.

[49] The invention also encompasses influenza vaccines including an increased antigenicity HA
25  molecule. In a specific embodiment, the virus is a human H5N1 isolate. In a more specific
embodiment, the HA is derived 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] Infroducing modifications in the HA molecule requires manipulation at the genetic level, as

is well-kmown in the art, as explained in greater detail below. Once a modified HA gene is



As noted above, the HAI chain, which is the reception binding domain and major target of immune
response is the chain in which such changes can be made. The changes can increase antibody affinity
for the HA molecule, e.g., by eliminating a glycosylation site that makes an epitope, or by favoring a
conformation with enhanced antibody binding affinity. Alternatively, the change can result in decreased
binding to HA receptor, e.g., a sialic acid receptor on a red 5 blood cell, making antibodies specific for
the HA molecule more effective competitors for the hemagglutinin reaction. The various
immunoassays capable of demonstrating these changes, including the hemagglutinin inhibition (HI)
assay, argrepetbénewnnihdhefantpfpeineets| aslablinvoiie swiskeisdl wensticyirasnseatitesidds do the
current V%c%&%%ﬁﬁ%%%l&ﬁﬁ%\ée%%ﬁ%@&%&&r influsnzaMiryses Willincieaard aptigapiay HA
molecules. Such viruses 10are most conveniently generated through a "reverse genetics" approach,
although ieferense piesifie wtine ma%%a%aqfféfa%%rtﬁfeﬁt%%mﬁwé?%@%‘éﬁ&?é%f NRARBEE [801

Recently glevelopedidfeverseoansiichavsioms haveuaipuwatddenmanipuation phikpréatiuenza viral
genome (Palese a at, Proc. Natl. Acad. Sci. USA 1996, 93:11354; Neumann and 15 Kawaoka, Adv.

Virus.Re 9, 53:265; Neumann et al.. Prog. Nat . USA.1999, 96:0345, Fodor.at at, J.
Virol.5 1955%‘?%5@%’? U@ﬁ %gfeﬁeA%lgﬁgglﬁ%nlrg:g‘éd}go%g%%a%}%%rlexam%Ige_, it haz b% d%%)oanstrated
that the plafvsitradviverhespesbsioin SHaYmalsrulizih A Aeas RemTRipe ekt sFABIBF LTI HRNAS from

a polLl promateresult i heformatianakinfesiousipiiianzadovine Hofiiann BhamflsogeNatl
Acad. Sci. USA 2000, 97:6108; US Patent 20 Publication No. 20(125%164770,, which is incorpqrated by

reference ¥FiE HESEARISN of BF ATHIA AR 9 SEAHRITE TRFLES JRRe el SS & SHYSURH T8 RS Ges& Ption of
genetic epgingering: methodsisT hase recoinbindat methadswadiobe fdedinedsherifid5Hibduibtiomeof

Influgnza s Ypes wilh Shecllic AlEIpRNS0.Ine RANpePHIe, AR A6ihSRAED bR nojecle

. 1S, 1 € Fengiic .
con |n|n§ a desiredsubstitut mayqbe part or a reco inant influenza virus. The recombinant

influenza @bwirus mstetxerradeiby Thy rerarbitandvinsosterserbingdlmedieed M Arneriamls thibugh a
genetic epgineering mathadispchas henpisamidanlyicystem Ginfimann.etab vassing 2982,

20:3165). The reconibinant influenza virus may be derived from a H5N1 virus. The r_% nt virus

s ! comhin
may havestHEceh S BBy R GAR HIREDUTHS S HERESH VARG Hetaspiiain SN2 AfPR/8/34

virus or apysiRflusRzactmnkit inehiding epldradapireatiaibsigghitisningibiidd @Iy sy kit.
A/Leningrad/134/47/57 and A/Arm. Arbor/6/60. The nucleic acid , corresponding to the HA molecule

seayence i pe gleted fiomubeyuandsaauencatholfLLT achiiibies i zolaisptpodiy
specific nlicleic acids and proteins are well Icnown to those of skill in the art. In accordance with the

present ifvaraEsHER FrigyIoke e el 506 S5 RBlGy ERRiBTAF RO IBE PIPRISR 52 FEreb RS B4y
recombinapt, DNAaehnigUesvethinthesJdthabihe @i (Bughicebiieuet atcexplainac il ydnithe

Eciton. CORPSHAMGRA SR RSB ShP ieiP CADeFaRy BroCePToRY (R ahlio o ot al.
1989"); DA EloninhiclldR iactioal ppieaghs. \V ollmes:thaddoiiy Depuds| ovee duinkog 5caigoricleotide
Syn%Sisv{aMtS]r' that expresses modified HA in a reverse genetics system. A method for producing an

influenza virus with a hemagluttinin (HA) molecule may include culturing a reverse genetics

system in which DNA encoding HA encodes an amino acid substitution in the receptor binding

site that mekes the HA molecule more antigenic with respect to antibodies specific for the HA

molecule lacking the amino acid substitution in the receptor binding site by a reverse genetics

25  process.

[53] Also included in the invention are methods for preparing nucleic 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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10Gait ed. 1984); Nucleic Acid Hybridization [B.D. Haines & S.J. Higgins eds. (1985)]; Transcription
“And Translation [BD. Haines & S.J. Higgins, eds. (1984)]; Animal Cell Culture [R.I. Freshney, ed.
(1986)]; Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, Practical Guide To Molecular
Cloning (1984); Ausubel, F.M. et al. (eds.). Current Protocols in Molecular Biology. John Wiley 8c
Sons, Inc., 1994. These techniques include site directed 15mutagenesis employing oligonucleotides
with altered nucleotides for generating PCR products with mutations (e.g., the " Quilcchange" kit
manufactured by Stratagene). Immunoassays [82] Various means known in the art for detecting
immunospedificitingiggeafamanticodyeto aridrtigedicarhbdseandecditdetltim birdmgiandddcreased
a”t'ge“'c'éé{b'&i%%%%“%'ﬁ‘%ﬁ? %g%%leéﬁgﬂg%‘% tigyeatiol, 0 garly mathod.of deiselinginjeragtion
between an antigen and an antibody involved detection and analysis of the complex by precipitation in

gels. A furtisensretfotho frlibtastierylantbatanalscd dtecidp analssale BRdmgnparmsclide S ¥Rsgi e of
radioiodingiad getestanantibedies.r aagiqiadinated. groleiRanhish, is reactive with IgG, such as

Protein A. These early methods are well }mown to persons skilled in the art, as reviewed in Methods in

Enzymology 251980, 70:166-198. [83] Later etiho%s for determining the presence of an analyte in a
T . . CIINETIONS . . . .

sample using only one antibody include compe ffive mélng assays. In this technique the antibody,

which moglyeftan waldhe immobilized.ontessalid syrRAH: Was Reexasedirg sanplaisuspected

of containing the ana}li/ée together with a known quantity of labeled analyte The two analytes, the
labeled afERAS SHEFHNE GREATRT S HHITE-0E - then compete for binding sites on the antibody.

Either free labeled analyte or bound labeled analyte is detennined and from this measurement the
amount of55dripetirgratabpter istttie samsPleeferkriovwrvimlmonindemisidta desenptiowiemis dthod is

disclosed in wBasic Frincipies ofiAndgen-Aptinady.Reaglion: Stahat.Metbedsin Enzymelogy. 70,

3-70, 1980). In this example the labeled an&léte can be labeled with either a radioisotope or an

enzyfhe libdte [RaivforEEUFE: RFAuROa Sy Arifd ealddtble KA tBEHST MEtitotiiT Bidtebtidg the

presencesghaianaBohhese deehaiguRs are alsat/evikited inrtheahovenrigrenced volume of
Methods in Enzymology. Therefore, according to one embodiment of the present invention, the

presercerst %Q%emi\gagiiﬁéggﬁ@%m determingd. Ysingiapaiotantibadics fareach glthe markers

to be detected. One of rs of antibodies i$ referred to herein as a "detector antibody" and the

other of skREPaiplothmmevigs dreicrridenalerradidet MK raraifiodie . oriaded BEHRRE of the
present inyentighh thus,usesghe.dovhle amtibedy sirdwirhatathed jorkdaiertingan aaaladaia sample

of biplogical flyid. In this method, the analyte is sandwiched between the detector 15 antihody and the
captiie AMIBET IS it AR DG TG T e SRR sl SiSER e
detector antibbellilwould contain a detectable label, in order to identify the presence of the
antibody-analyte sandwich and thus the presence of the analyte. [85] Common early forms of solid

supports yaejude platessrtibesmaichsadsabraly siyrenacadrafwhich asstiwel noven imihadirie of
radIOImmgigaola;gg%lggd ﬂfﬁ%’&%ﬂ%uﬂg %%rzﬁggtt':\éloégher by detecting virus, i.e., viral load, or by

observing disease progression in the animal.

20 [58] An “individual” or “subject” or “animal”, as used herein, refers to vertebrates that support a
negative strand RNA virus infection, specifically influenza virus infection, including, but not
limited to, birds (such as water fowl and chickens) and members of the mammalian species, such
as canine, feline, lupiné, mustela, rodent (racine, murine, , etc.), equine, bovine, ovine, caprine,
borcine species, and primates, the latter including humans. In a specific embodiment, the subject

25  is a ferret, which is a good animal model for studying influenza. In another embodiment, the

subject is a human.
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20recently, a number of porous materials such as nylon, nitrocellulose, cellulose acetate, glass fibers,
and other porous polymers have been employed as solid supports. [86] Various techniques and
corresponding sensor devices may be used. Automated assay apparatuses include
continuous/random access assay apparatus. Examples of such systems include OPUSTM of PB
Diagnostic System, Inc. and the IM.XTm Analyzer introduced by Abbott 25Laboratories of North
Chicago, Ill. 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] Further classes of immunochemical
analyzer [itetnssvitieteighbecusdtimpragtivirignicenp tbeeArinengoRe krewitch samhimeSensor
systems. Jj.4eheral. a0 apUFRLInIBNasRESaLISS. dRdcrakHpesPAsatitinkiplsaniialvely (o

convert chemic [ or C emical concentrations or activities of interest into electrical Si%%?'f' These
systems ek etigraispehin e TOASEHSGORRRTBRIRE FemButRSHHRR rtfiisls &H%%%f%&% H fesonance;

fiber opti%g,gm%gg@gq)yg@g@;g&(a@gﬁn@giweg Refleetson techniques include ellipsometry, multiple
integral 5 reflection spectroscopy, and fluorescent capillary fill devices. Fiber-optic techniques include

evangscz%ﬁ%&dlf Horercance uoggti%a' Jiker sanilansiuber andfiher PRlie AUHESCEACE SAREANS.
Integrated optiC devices inclideplaner evanescent field fludrescence, mEEt grading coupler
immunosexsenjtMachckehlede’ irdrarsm stateRa AR AS e ABFETHREGbYHR GEbei¥edhtbrtElometer

sensors. Qg@&@g@ﬁﬂg&gﬂ%@ééﬁi@dﬂe%@ﬁ%@B§ﬂ§i§§%{n%ﬂh§€’ dgtectingithsclo presemnte of a
t

holographic image that is generated at a predetermined image Iqcatign when one reactant of,a binding
pair bindPtefeRm ol AP Qe Uh PR A DT Bﬂtf&ﬁ?écp%?ﬁ%léé’%fé’f) g'ng ﬁ%?’éﬁgzc,%ﬁl, issued
Oct. 4, 1994ctp Lrichtpnvrites £t al hdt yemplesoatopticatirdmninesehs ensiardydest ibBderegeneral in a
review article by G. A. Robins, Advances in, Biosensars 1, 13229- reSpecific.desgriptions of
thes?e\alde\ﬁ%aé)%ﬁ]énfbﬁﬁg for egf?aa ﬁ%ﬂ%ulﬁe%?g.g a?%o%%%%?%ﬁg;%%%osﬁﬁq éﬁ f%%,a%?; R. A.
Brady et she(RhibeTrapsrtRoSoa: tarid sluse7ids forliagnreipter G mospindbi ét AL Sensors
and Actuglars, Elsevie 4992 881 Serologisalk assaysiatenidelyises ihtbedatarminatian of
influenza diagnosis as well as in"research studies regarding the epidemiology and antigenicity of viral
strains. In particular, the 20 hemagg|utinin inhibition (H1) assay is.widely u 0. inimal
laboratory HgAiFetife" 5’9?‘(1%%%9& il Citalcélcg(s)]ﬁ%gtrlnﬁ ated %ﬁéar? fhe |%g%eﬁ%%%e%ﬁénam%g
applicabilityaofthiewir dssaiobynitivremsingiid sensiisityf hrenkleesiny Thagraiso %@@gé_alfét@ﬁow the
antigeniciy ot e modifiegh Houmelasle,andassinlinibe shageinzationsshevpeifiadiie
molecule as more or less antigenic than non-modified molecules. 25[89] The HI assa%lqetermlnes the

ability of AhbTsEIss fwm AhscRIS AR IR hRRes andaride shatere iR I EANEEy  serial
dilutions (fifsfs) afiserum-BamRIRRESIMXad ¥ith Blandarshapimisiohenthrgcythsranditheirid

association intgo complexes j tected vis%aslll}gs'[tf&%cl)gwest level of titered serum that results in a

. sd
visible coMfiBRRIEE ALEL] psdff;amne Acid stbsttition.

[62] The term “reverse genetics system” as used hercin refers to methods of generating

20  influenza virus particles, polypeptides, virons or nucleic acids by genetic engineering methods.
These methods include but are not limited to the “plasmid system” as described by Hoffmann
(Hoffmann et ql., Vaccine 2002, 20:3165; US Patent Publication 2002/016477 OAl, 7 November
2002, which is hereby incorporated by reference in its entirety.). Generally speaking, reverse
genetios systems allow for the creation of virus particles, polypeptides, and/or nucleic acids with

25  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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[90] As noted above, the present invention provides for improved production and validation of vaccines
for treating or preventing influenza viral infections. In particular, the instant invention is applicable to
vaccines made using reverse genetic techniques. It is-contemplated that the invention will be of use in
the validation and verification of the immune response after 5 vaccination. In particular, but not
exclusively, the invention provides for the enhanced detection of antibodies after an individual has
been exposed to an influenza virus because of the enhance antigenicity of the modified HA molecule.
This enhanced antigenicity is reflected in the increased sensitivity of the assay used to detect the
immune sgapaRsef suchasithell afsdynikiftice De\eldtndntaoioof fe esesnigliiedivsls, a
modified yirys containing aninsreased antognicy K molasuieisell i mare muBeaenie; which in
turn provfares TOrers ronger immune response and better vaccine potential. [92] Strategies to enhance
influenzal i G efietiidhe Shdrenleritienasisl ot b P RS dDRARRSATET RiRgrag, site.
co-adminjsiation.oft@munostimulatory molecules (Salgaller and Lodge, 15 J. Surg. Oncol. 1998,
68:122) and mucosa' vaccination strategies. Mucosal immunization strategies include encapsulating
the virus in mjcrocapsyles (U.S. Patents Na. 5,07 0,,: 8 pelct and using
an im muﬁ%&gg ti‘gﬁﬁg ﬁﬁ%éﬁ S%n%%?%%??@%é%é%%%% Vﬁ“ﬁﬁ%ﬁﬁ%%%ﬁ%ﬁ%%ﬁ?@% orally
administeiet imdispegensdarive arbareadisywshdrres HosieerRYbefor P GREEENS. Patent
No. 5,64%@%&@@&&&@ 20 blue tongue antigen (U.S. Patent No. 5,690,938). Although these
approaches are promising for improved future vaccination strategies, their use in specific situations
requires validation and surveillance,fo ensure vaccine effective b t P?) he
invention! Ok S8 e FERCTIF SHRANCATRELE Slratégies %caﬁﬁl ﬁ%@ﬁ%ﬁ%ﬁ%ﬁg&%&g%ﬁﬁ %g detect
their immukiegepicefeatshb GEKAMRISE Sf fo8) Phtitliewingaxaephes tsrataisitd fsdedects of the

invention, but are nof inten it i : tinady titgrs ahinaculatedderwets [94]
Higﬁp;/ pa‘%ﬁ()’glgarl}%:nﬁ&V?%?ﬁ%?v%%&?n%%%%ﬁi{%ﬂ%nh Organi_ze%fg (W O%é_:ollaborating
laboratoridssite AsipschfiovdiionlithaHeagey fifsed Was Mﬁ@dﬁﬁﬁ@m@ﬁit&%% AIEE E hildren's

Research Hospital, T compare thedmpningasnisity ob the2003 Milienzaduvitaseseobpgetvtype,
which became dominant in 2004, with that of the 2004 viruses, we inoculated ferrets with the H5N1

virus isol GG PLER FPHAR RS RN aK 1409 {E68R et al, Proc. Natl. Acad. Sci. USA 2004,
101:8156) and with four H5N1 viruses isolated frorq humans, chickens, and falcons in 2004 (Fig. 1A).
Male andiféindlecavibred emecmdicabbtasrert RO UEHE JpeRpirBs FRgS Fh P BPIE MRimal

Respurces { GRIGHILioh Jbdf f%@ﬁ!ﬁ@'MQ&B%se%ffﬂpgﬁi?ahcémﬁ?almqer@ 3Hbimontisald agd
were seronegative by HI tests for exposure to curre circulating influenza A HIN1,H3N nd H5N1
viruses aferfifte BS@ﬁﬂ%’ﬁ%".Wﬁﬁf%%@%%sr@r&é&%ﬁé&gﬁ?tﬁgggﬂgﬁfgﬁég\%ﬁg%f ?L%%I aaégilld
embryonategsehiekemeagsan3abafaraé8uticAliantciptiibie” harwestedraftsl bysingiwlpwsyageny
embryonated chicken eggs was frozen at -80C used N @XPesimaNs, e ¥ fRtibedieswere
Unified b)f’fl%gs Séewlltrg%gc%%%e%vee%eggsoﬁﬁgads%f%]e%] iﬁ_’oculation. Axljls;l K1213/03 \%rus if%euced
high antibedystifeed pheaactpe20y, uhisrazistie 154rIUeRaHANEIHIEERAYRry low HI titers
(1:20-1:40).

20  [67] The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the

compound is administered. Such pharmaceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or synthetic origin, such as peamut oil,
soybean oil, mineral oil, sesame oil and the like. Water or aqueous solution saline solutions and
aqueous dextrose and glycerol solutions are preferably employed as carriers, particularly for
25  injectable solutions.  Suitable pharmaceutical 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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[95] The relatively low HI titers to the 2004 H5N1 viruses could have been the result of virus-induced
general immune suppression. However, the results of vaccination with AH5N1- A/PR/8/34 (6+2)
vaccines that included the HA and neurannnidase of A/HK/213/03 and of 20 AiVietnam/1203/04
indicated that differences in the H5 could be a major contributor to this effect (Fig. 1B). Vaccination
with two separate 7 lig doses of AH5N1/03 vaccine induced high levels of serum antibodies detectable
in both HI and virus neutralization tests (Fig. 1B). After identical vaccination with AH5N1/04, very low
(approximately 1:20) titers were detected in the HI test, whereas neutralizing titers were much higher
(about haliitbat induerd by AHBNHN3)sREeRrevioussthdiasciosmdiffvaiin activated thaceimsgerived

from A/duck/Singapore/3/97 (H5N3) induged little or.no table s nti ich netaL,
Lancet 26079357 %f?;e b 3%3%1%9’ ﬁ%%gtcgﬁ% %@%ﬁﬁfﬁ%)ﬁ%ﬁéﬁégﬁ e{rl?gﬁ’egg ?ésults
indicate thetSoeiids isplatesyria)ltrmecvihusuatizemilpeydnibarioncanfigeatiusroperiié il lignment
Of e 2L AIC A6 SEAUSCaRIG AT AL NS SO AR5 AR AR HamIAA0 3104

viruses ditfer In- 10 amino acids in t 1e HAI region (Table [b). A/Vietnam/1203/04 virus has a potential
glycdsylatrpbite Hreumgirafiveans saqepalsle JTSH9 56y N AR PP S SRS TS nPatidon
revealed {hrasaMing@6ids:(5530x¢(82end S8R dhatwuere preepliitalh oftheRR04vipubes but
were not present in A1HK1213103. K212 was ct11aract ri?}iﬁf r ANi%narn/éLZugS?;/g)n%vir IS, lSﬁhExample 2:
GeneratiGA P HRFEHACEIRA QLIRS B F%%Slr%lﬁh%: RESTRIPRIBPSA VT s 88 16T 16 st the
impact ofiiidentifieddinvinosasids an Wanupegenicity-bribprojédlide dytmsteviths ¥Habige, we
used the 8-plasrnid rever netics s en INAaRt WrUses, Wi ne

sedhy W}gmnaﬁ%gﬁ%grﬁiﬁgé%ﬁmﬁ%& LOEAMRINATLIEISES WM SRUER 8!

segments 0 n AQ segment o ANietnam/1203/04 10 containing single point

mutabionsitoRRdhin2edpavitorire 200srod iBressy rReseinbilea viRykEeiRendBed ndhpaffogenic by

modificatiog,0f HaEIA:a he deAvass siaweis-geneaiae-mmPNA Ugasiactiopidatiteaimuey at,
Vaccine 2002, 20:3165). Point mutations were inserted into the HA during PCR by using the

QuikChaﬁ@‘éﬁ?}a@ﬁe-Directed Mutagenesis Kit (Stratagene, Cedar Creek, TX, USA) and a set of H5
HA-specific primers. Reassortant viruses contained the 15 HA gene or the HA and neuraminidase
(NA) genéssirom dsNiendiysbe iorthSispetedic heastegiot s ot iayPReS mateHalNeL RIS SEE T4ble 1a for
viruses generalgd {n sty anding ahbremiated.namerls Sliasila fhitharastsd akieon single

passage in embryonated chicken eggs was frozen at -80C and used in experiments. ‘I;Irl]-'e HA genes of

the AdconiBimRAt YirceldanePmBeRBite oo P RERPERS S FSSale REEHES Ty trataii A @8ignated
mutations, 2Q:Wer e eseRbIIhe anineasithehangewas. variiackiyl sedliendingtddsdlatskgtent of the
recombinant viruses (Tahle la). [97] To evaluate the,antigeni¢ properties, and diversi
recombinStiEY We pcéewoﬂﬁgea I—#asgg%r%l\?\%h én S%lﬁé% SQI§ %llwctEﬁAagr%oﬁioc%%%’a%ig%g%geg (Table
2). MonociosiekaniibodiedmAlE) GRIAUGICRAGICREBRAHY 4061 fo e Fialgftion fragment. In

Afchicke%%f;&w@cgiﬂé@? 0/B3 TR 3) RRMIHS IS BradbiGetk st ABie GO USDISERSES in
Department of St. Jude Chifdren's Research ) . . )
20 which it may be found, and more preferably is no longer joined or proximal to non-coding

regions (but may be joined to its native regulatory regions or pertions thereof), or to other genes,
located upstream or downstream of the gene contained by the isolated nucleic acid molecule
when found in the chromosome. In yet another embodiment, the isolated nucleic-acid lacks one
or more introns. Isolated nucleic acid molecules include sequences inserted into plasmids,
25 cosmids, artificial chromosomes, and the like, i.e., when it forms part of a chimeric recombinant
nucleic acid construct. Thus, In & specific eﬁnbodiment, a recombinant nucleic acid is an isolated
nucleic acid. An isolated protein may be associated with other proteins or nucleic acids, or both,
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

30  found in an organism. An isolated material may be, but need not be, purified.
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Hospital. MAb VNO04-6 to the HA of ANietnarn/1203/04 virus and rnAb 111(03-3 to the HA of
A/HK/213/03 virus were prepared by a modification of the method described by Kohler and Milstein
(Kaverin et al., Journal of Virology 2004, 78:240; Koher et at, European Journal of Immunology 1976,
6:511). Five mADbs reacted at relatively high titers with the AH5N1/03 virus, but only 3 reacted with
AH5/04 HA. The reactivity patterns of AH5s155-,N, 1156-,A/04, AH5si20-,N/04 and AH5R212-x/04
viruses were similar, in general, to that of 1|H5/O4 virus. The reactions of AH5s120-44, 5155-,N,
T156-.A/04 virus were similar to those of AH5N1/03 virus. Four mAbs recognized AH5/04 HA Wlth
mutation SER I\ ErtA HSiZR3”. b/ 84dd Theinevenseamutatioh BN 228b48nindlesHdir20081ins
(AH5N2 /O resul d in SI |f|cant rlgs ti xample 3:
v@lbh %Iz(l:e or climiiaté the é}éeb Q’cggg (f%?e:? red Ak%{ﬁglg 1953 QlLeeoomtan Y HYARE EXxamp

HI tests en an er mterestln oservatlon was obtained in
an HI testafittiath L&kenvdn@hh@mmﬂé@ﬂmdwb@n@@ Bos) etaterkstin gyl é‘édfﬁ%aﬁtp}&qfﬁéﬂé% N/04

virus Wer&t%%@mi Rageiiinalel Q1% hasse ARG Ut i-nashutinated chickes BBCSs:seadigh titer
(1:1024). None of the remaining recombinant viruses dlffere%\?n their re ctlo?%@ l%nc}(en an horse

RBCS to H98 8T8 eREME T M d . Yk cindtisiy O RfBts |tﬁ'“in|‘5 SndntVituses 1991
We assegspedtbeairm ﬂﬁg&ﬂit‘diy aﬂéiﬁtﬂieﬂtlmetmﬁl@ﬁ@yeafnﬁlmﬁiacﬁuﬂtmibl\yammﬁ&ibytatawnatlng

groups of 3 ferret |nt cular in aratlons of / 55155-rN,
T156- oﬁ%&ﬁ’é‘é@o}é &1}333 fgpﬁf’fglif:bp }Lé) Standardi g?%@hi%&%\?ﬁ?ﬁé%& s’%ll_(k le radial
|mmunoohfmmqmefaahmopmivwaslmm&wsmwarammp@\lhmve}v@s@;bét@m@aﬁ@&@y@zﬁe 63:1099).
The remaeé%&%éﬁ&%&k’?%“&%&ﬁ% WRESSRRAraIed Ry 12982RSnely astyiamide-arkelRediaphoresis,

the staine were ‘analyzed by densitometry onthe FUJIFILM Luminescent Image Analyzer
LAST-QOO@E)F’QS a#nd HA was quantified by

[71] Methods for purification are well-known in the art. Viral particles can be purified by
ultrafiltration or ultracentrifugation, preferably continuous centrifugation (see Furminger, supra).
Other purification methods are possible and contemplated herein. A purified material may
contain less than about 50%, preferably less than about 75%, and most preferably less than about
15  90%, of the cellular components, media, proteins, or other nondesirable components or
impurities (as context requires), with which it was originally associated. The term “substantially
pure” indicates the highest degree of purity which can be achieved using conventional

purification techniques known in the art.

[72] In a specific embodiment, the term “about” or “approximately” means within a statistically
20  meaningful range of a value. Such a range can be within an order of magnitude, preferably
within 50%, more preferably within 20%, more preferably still within 10%, and even more
preferably within 5% of a given value or range. The allowable variation encompassed by the
term “about” or “approximately” depends on the particular system under study, and can be

readily appreciated by one of ordinary skill in the art.

25 Hemagglutinin

[73] Hemagglutinin (FA) is the major envelope glycoprotein of influenza A and B viruses.
Hemagglutinin-esterase (HE) 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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20 comparison with a reference protein preparation. After receiving two injections of 7 pg HA, each
animal was inoculated with A/Vietnam/1203/04 (H5N1). Groups of 3 ferrets were vaccinated by
intramuscular injection of 250 p.1 sterile PBS containing 7 jig of HA from inactivated purified viruses.
Vaccine viruses were inactivated, concentrated, purified as described (Liu et at, Virology 2003,
314:580; Webby et at, Lancet 2004, 363:1099), Three 25 control animals were injected with 250 p.I of
sterile PBS alone. On day 21 after vaccination, serum was collected and a second intramuscular
injection of 7 jig HA was given. Two weeks later, serum was again collected and animals were
inoculateeserithishel ElienzuSusED O eV dBiirfBenam aedRtriISaltin Aezwe ranh dta Y. iBtednasally as
previousﬁg@ggg@@p@w%@ﬂ@@p% egg infective doses (E11350) of A]Vietnam/1203/04 virus
(Govorkova et al., Journal of Virology 2005, 79:2191). Clinical signs of infection, body weight, and
temperatuy, re monitared daily for.two weeks. Fer at sh d signs.of severe disease were
R T St S e i e T e R
inoculatibwithrdted EE0ER clitble hianasrandavidn HSNdidsolete oy s 2E810%8, (Aveidirrath/3046/04,

ANVietnagy3052/04 ./ chiskeriMieInay 3%/ OfsandoAltaleonsIGIRARRIDA 1Sera e, olgsted from

the animals on day 28 after inoculation. In order to determiné virus titers in the upper respiratory tract,
specimef&ifeAsiGh A dtr BRP A RGeS AR the Batiid e B HRERS ToReasss; féﬁ??hfﬁof
Virology 2205279:258d koMU inntbeisanpleadhasiditiatedneA-day @k-embrjonatedehjcken eggs
and expressed as togio EID50 per 0.1 ml. Nasal washes of all vaccinated animals showed virus titers

of 2-5‘4-["‘}99&%91%9 185&19' oR 2 2d0HIQ 0P i Ci%?libf?%gs? #2089 %Q&%%‘ﬁ*&%ﬁ“ day 7

(Fig. 2). Unvaccinated ferrets had a mean titer of 4.0 logio EID50 one week after infection. Two of the

3 controPrsieticteldloped Sigpdofsevarets Hidoagentmarsivet ok tdsin s paraysisiband were

euthanizeguenstooe digskefdnfastion: Bnhoonesyasainatadday et hacamessereysh ikhdhisiferret,
vaccinated with ATI55[20,N/04 virus, showed severe neurqlogical signs and was euthanized on day 7
after oS C e TEL b S SVt TS B FLAMUS SISy 4 RRFRBEC B Suith

subsequentvittss spredddoring BraindbtsisckEly Hat MiUE4yassirainsiariddyobeteyedddriagithe nasal
lavage o 20 day, & and hatyapid neviane! spieadingh o s brainaased.enaepfialiis Jhe yemaining
vaccinated ferrets é‘é onstrate ecreaseJ activity, loss of body We?gfit, and mcreaseéggf)dy
temperatfrédusmgehatidt 5 dagandtaiedifus ehaterry e B sdsmgassdisiipredfedsByignyregand all
animals (geenered rpidhs bus, glkvasgine viruses tested protected ferrets from lethal challenge with
AlVietnam/1203/04. Vaccination decreased viral titers in the upper respiratory 25tract and decreased

the durati (kf,vir she%di . Example 5:.Hl and.n t%lizat'o testscgthe irp nogenicit dof
recombirilg(ﬂt ﬂ’é%lﬂ? ffs@% ﬁ/ﬁﬁ(ggsp?fﬁi]l?eﬁerﬁr r%%:@r(? vactinatec rareajfls1 esasoﬁ%tg :fazﬁ%}lst the

recombinagrepeeses i HRaleduliribehaetrliliz atiorreessed T ablsd B afrplatirespbonividip) «Sidra

collected.frommfersats WRraNealRd :ONRrRIg Rt Wi VibPR SRR IR rAS deEaRLer HeslRYING SR7Y D e
(Denka-Seiken, Tokyo, Japan), heat-inactivated at 56C for 30 min, and adsorbed with a 0.5%

suspensiBHUPERRKBS SRS AHDS W%ﬁ@&@%r&ﬁ%ﬂ%ﬁ%‘ﬁ%@m%ﬁon tests in MDCK cells

were performed as described previously (Palmer et al., US Department of Health, Education and
Welfare, [inbinoicgiesetive Gnoodmetatisd: Gelvmissidronisuastrdontiol patRleVEAtarm 1875, Kida

etal., Vi%@%@%%%%i&%ﬁ%ﬁ%no acid sequence that increases their antigenicity relative to HA molecules
of the same subtypes from a different strain, as exemplified herein with respect to A/HK/213/03,

relative, e.g., to A/Vietnam/1203/04. In this case, the infiuenza strain with the more antigenic

HA. molecule could serve as a diagnostic reference strain, In another embodiment, amino acid

25  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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" [102] Four hemagglutinating units (HAU) of virus were used in each HI assay and 100 50% tissue
culture infective doses (TCID50) were used in each neutralization assay. Sera from ferrets vaccinated
with the wild-type single-gene reassortant virus (AH5/04, reference virus) produced 10 Hl titers of 1:20.
The construct in which the glycosylation site was removed (AH55t55-,N; T156-.A/04) induced HI titers
of 1:10-1:20. Mutant AH5 HA s120 ,N/04 resulted in HlI titers of 1:20 to 1:80. In contrast, vaccination
with AH5s223-N/04 resulted in an HI titer of 1:640, and the other immune sera tested reacted with
AH5s223--.)4/04 virus at high HlI titers (1:160 to 1:320). Thus, although the vaccination induced
protectivernmmmisnitgpdhe: | avls afdeiactable antibddy e red bdifferent Tht0BhAdEAD/Odreimgses
produced high el of YilSiediolzing aatibedies aiekXAEgIalion Gt ok 1aBalakatle 4). No
substantial diffetences were observed between homo ogous andTeterologous neutralizing titers.

Thereforepitmwdiffe tantesrbigse ppath retieer thecalrisedaiibeds drimidre o fimé 1 AMdRIHEY PBflect the
ability of e am‘i%]@C@siﬁ1@&%@&%&&&J@ma&%&@@ﬂier@e&%a@gitya%fias@9@;@i&@g}sm}reﬁsfehlozl] To

further evaluate the reactivity of the recombinant viruses, we used HI assays to test hyperimmune

mouse ariPericREnmaiim BEbated eraificdetifston Wittt Mer¢ 195K WARFEPH B0%Yiruses
against regambinanivirusesivitmaltesgeus Ashabiesh)s Theabdean ithiitasadtnaommatognugdsSN1/03

virus were ]];2 60. Hl titers 1io AHS‘é]%f were, 1:160. HI titer%_ 5against,recombinant AH55223 ,N/04

04,
virus werd 8 fER&{ IR 678 Hitaws e{{?ﬁégtnt e %ﬁ'slsea mutants. o 6Btain additional information
about the contribution of the amino acid at position 223 to serological reactivity, we generated a

recombinEil virks iH seprzArieevESNhals idinsagrirdis MRS 2SABIhR RATGHAV Aseings 2 3hs Hsint
mutation {Trbig.la):-Fhiss esanhinaatviipN A28 -5/Q3ddushag lawer A Woliiersdn Shickensand horse
RBCs than did the AHSN1/Q3 virus. 'I;g ;%éthe characterize the. impact of miqglac?ig 2t23 %F
antigen-afifoBEst SEBGRHABHY wageH SmbiiRt FFIEAE th SRR INE MR- Gpe A and
mutated $a2FeRNoHtde fthmidldusiuSingapere/d197 (see Table la). These viruses were tested by Hl
assay against a panel of 5 anti-H5 antisera and niAbs (Table 6). The S223-N substitution in the HA
dramatically increased the HI titers (by pdagtes @ideardmeiaoktowever, this mutation did not
significantly alter the reactivity pattern of A/duck/Singapore/3/97 HA, especially in the reactions with
mADs: nejgt¢rRlzecntiginial ciopdtieravatsngddAtireasyettmat oA bl bi@B B anda@pdeiendhdlis reacted

at a low titex with 6 (T result tr, t 3 uRstitution insHA
10increas%§%/é%%§§§tﬁ/%§gﬁfgl ﬁ?aggéﬁayﬁ%aqrﬁ gg}g{;%e%égnﬁg%%gg?iﬁj iga%gg%{%ge@gﬁgﬁce

virudds thiaparelissetittel usifre e LenitNryresnme’ 141 aSsay Nedb rved metelprévigtdly

demonstr@é@%k@sﬁp@a‘epl@ %@}Eﬁ%ﬁ%ﬁt taeg,onggégeg MJ% %%ﬂ&ag Agﬁqiaamﬁmmml@&bﬁ Fbﬁ to
asparagine the sensitivity of the HI test using, chicken r ood cells 15 was increased. ave
provided &S Gelthat hﬁ%ﬁ%‘%‘b‘ﬁfé‘?"%@? ?tﬂ@%ﬁé@%ﬁg CRISE By ot T&e becificity.

The mutaﬁbxﬂrmpoblilbx‘knﬁmmd s_ﬂmﬁﬁ\my ﬂiﬂmmpa@gbu@nater hmﬁe ireéhdofonn!at_n’eﬂsaﬁ\ihfebﬁhwe only
alpha 2.3 iiage, Ahus.@niaaacld chanaes dualygeultdning. Inahdily J6:80ghkinpde higree ad blood

m X 2
cells are ¢andidates with increase sensitivity potential in the HI assay using chickén red blood cells.

This28oncBylatidse HppheR ed776, Hrkich is incorporated by reference for its description of a

minimal plasmid reverse genetics system, and for its description of gemetic engineering
methods). These recombinant methods allow for the specific production of influenza virus types
with specific alterations to the polypeptide amino acid sequence. A HA molecule containing a
desired substitution may be part of a recombinant influenza virus. The recombinant influenza
25  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 (Hoffinann er al, Vaccine 2002,
20:3165). The recombinant influenza virus may be derived from a HS5NI1 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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20subtypes, especially avian influenza A viruses which have 2,3 specificity. f107] Reverse genetics
techniques allow for the generation of recombinant viruses which have minor changes hitheir
antigenic structures but are 'optimized' in recognition of different cell substrates. Preferably amino
acids (91, 130-134, 149, 151, 179, 186, 190-191, 220-225 for H5) are mutated that are close to or part
of the receptor binding site. Plasmids with genetically 25 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
agglutinatelchitienifEd 66 callsshingdalidtaddiitimate Adree rbbilodd celBhwilhbdetardidates for

testing in.tilestg i somPIATENIAN £XRsmEntaYIuSes 416 seneraerhalaggulinate horse red

blood cells but do not agglutinate chicken red blood cells The combination of candidates with single
amino changes may increase the sensitivj%1 furthéar. It is expected that the evaluati Egﬁ% the candidates

will lead 15 JidiTBEEETRfArERtEe SN QRSRcTEARVIR D TRL BRBTSIWTR 2! 1.

those of skill in the art. In accordance with the present invention there may be employed
5 conventional molecular biology, microbiology, and recombinant DNA techniques within the skill
of the art. Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch &
Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory Press, 1989 (herein “Sambrook et al., 1989™); DN4 Cloning: A
Practical Approach, Volumes I and II (D.N. Glover ed. 1985); Oligonucleotide Synthesis (M.J.
10 Gait ed. 1984), Nucleic Acid Hybridization [B.D. Hames & S.J. Higgins eds. (1985)];
Transcription And Translation [B.D. Hames & S.J. Higgins, eds. (1984}1; Animal Cell Culture
[R.I. Freshney, ed. (1986)1; Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, 4
Practical Guide To Molecular Cloning (1984); Ausubel, F.M. ef al. (eds.). Current Protocols in
Molecular Biology. John Wiley & Sons, Inc., 1994, These techniques include site directed
15  mutagenesis employing oligonucleotides with altered nucleotides for generating PCR products

with mutations (e.g., the “ Quikchange™ kit manufactured by Stratagene).

Immunoassays

[82] Various means known in the art for detecting immunospecific binding of an antibody to an
antigen can be used to detect the binding and increased antigenicity in accordance with the
20  present invention. An early method of detecting interaction between an antigen and an antibody
involved detection and analysis of the complex by precipitation in gels. A further method of
detecting an analyte-detector antibody binding pair includes the use of radiciodinated detector
antibodies or a radiciodinated protein which is reactive with IgG, such as Protein A. These early
methods are well known to persons skilled in the art, as reviewed in Methods in Enzymology
25 1980, 70:166-198. |

I83] Later methods for determining the presence of an apalyte in a sample using only one
antibody include competitive binding assays. In this techuique 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 analyte. The two analytes, the
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Table 3. Immunogenicity of AJVietnam/1203/04 4115 13A recombinant viruses in ferrets. Virus

titer of sera after immunization with: = all5/04 A115s155--,N,”

10

15

20

25

labeled analyte and the analyte in the sample, would then compete for binding sites on the
antibody. Either free labeled analyte or bound labeled analyte is determined and from this
measurement the amount of competing analyte in the sample is known. A more complete
description of this method is disclosed in “Basic Principles of Antigen-Antibody Reaction”
(Labat, Methods in Enzymology, 70, 3-70, 1980). In this example the labeled analyte can be

labeled with either a radioisotope or an enzyme label.

[84] More current immumoassays utilize a double antibody method for detecting the presence of
an analyte. These techniques are also reviewed in the above referenced volume of Methods in
Enzymology. Therefore, according to one embodiment of the present invention, the presence of
the individual markers is determined using a pair of antibodies for each of the mazkeré to be
detected. One of said pairs of antibodies is referred to herein as a “detector antibody” and the
other of said pair of antibodies is referred to herein as a “capture antibody”. One embodiment of
the present invention thus uses the double antibody sandwich method for detecting an analyte in
a sample of biological fluid. In this method, the analyte is sandwiched between the detecior
antibody and the capture antibody, the capture antibody being irreversibly immobilized onto a
solid support. The detector antibody would contain a detectable label, in order to identify the

presence of the antibody-analyte sandwich and thus the presence of the analyte.

[85] Common early forms of solid supports include plates, tubes or beads of polystyrene, all of
which are well known in the field of radioimmunoassay and enzyme imimunoassay. More
recently, 2 number of porous materials such as nylon, nitrocellulose, celiulose acetate, glass

fibers, and other porous polymers have been employed as solid supports.

[86] Various techniques and corresponding sensor devices may be used. Automated assay
apparatuses include continuous/random access assay apparatus. Examples of such systems
include OPUS™ of PB Diagnostic System, Inc, and the IMX™ Analyzer introduced by Abbott
Laboratories of North Chicago, Ill. The automated assay instruments of PB Diagnostic Systems,
Inc. are described in U.8. Pat. Nos. 5,051,237; 5,138,868; 5,141,871 and 5,147,609,

[87] Eurther classes of immunochemical analyzer systems, which can be used in practicing the

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

25
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device that uses optical principles quantitatively to convert chemical or biochemical

concentrations or activities of interest into electrical signals. These systems can be grouped into

four major categories: reflection techniques; surface plasmon resonance; fiber optic techniques

and integrated optic devices. Reflection techniques include ellipsometry, multiple mtegral

5  reflection spectroscopy, and fluorescent capillary fill devices. Fiber-optic techniques include

evanescent field fluorescence, optical fiber capillary tube, and fiber optic fluorescence sensors.

Integrated optic devices include planer evanescent field fluorescence, input grading coupler

immunosensor, Mach-Zehnder interferometer, Hartman interferometer and difference

interferometer sensors. Holographic detection of binding reactions is accomplished detecting the

10 presence of a holographic image that is generated at a predetermined image location when one

reactant of a binding pair binds to an immobilized second reactant of the binding pair (see U.S.

Pat. No. 5,332,582, issued Oct. 4, 1994 to Lichtenwalter et al). Examples of optical

immunosensors are described in general in a review article by G. A. Robins, Advances in

Biosensors 1991, 1:229-256. More specific descriptions of these devices are found for example

15  in U.S. Pat. Nos. 4,810,658; 4,978,503; and 5,186,897; R. A. Brady er al. (Phil. Trans. R. Soc.

Land. B. 1987, 316:143-160) and G. A. Robinson et al, (in Sensors and Actuators, Elsevier
1992). '

[88] Serological assays are widely used in the determination of influenza diagnosis as well as in
research studies regarding the epidemiology and antigenicity of viral strains. In particular, the
20 hemagglutinin inhibition (HI) assay is widely used due to its minimal laboratory requirements
and ease of use. It is contemplated that the invention will improve the applicability of the HI
assay by increasing its sensitivity. The HI assay may also be used to show the antigenicity of the
modified HA molecule, and assist in the characterization of the modified HA molecule as more

or less antigenic than non-modified molecules.

25  [89] The HI assay determines the ability of antibodies from a serum sample to bind with a
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 visnally. The

lowest level of titered serum that results in a visible complex is the assay result.
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[90] As noted above, the present invention provides for improved production and validation of
vaccines for treating or preventing influenze viral infections. In particular, the instant invention
is applicable to vaccines made using reverse genetic techniques. It is contemplated that the
invention will be of use in the validation and verification of the immune response after
vaccination. In particular, but not exclusively, the inveation provides for the enhanced detection
of antibodies after an individual has been exposed to an influenza virus because of the enhance
aptigenicity of the modified HA molecule. This enhanced antigenicity is reflected in the

increased sensitivity of the assay used to detect the immune response, such as the HI assay.

Vaccine Development

[91] As exemplified below, a modified virus containing an increased antigenicity HA molecule
itself is more Immunogenic, which in turn provides for a stronger immune response and better

vaccine potential,

[92] Strategies to enhance influenza vaccine effectiveness include the use of adjuvants (Wood

and Williams, supra), co-administration of immunostimulatory molecules (Salgaller and Lodge,

J. Surg. Oncol. 1998, 68:122) and mucosal vaccination strategies. Mucosal immunization

strategies include encapsulating the virus in microcapsules (U.S. Patents No. 5,075,109, No.
5,820,883, and No. 5,853,763) and using an immunopotentiating membranous carrier
(WO 98/0558). In addition, the immunogenicity of orally administered immunogens can be
enhanced by using red blood cells (tbc) or the ghosts (U.S. Patent No. 5,643,577), or by using
blue tongue antigen (U.S. Patent No. 5,690,938). Although these approaches are promising for
improved future vaccination strategies, their use in specific situations requires validation and
surveillance to ensure vaccine effectiveness. It is contemplated that the invention described
herein will enhance these strategies including by increasing the ability to detect their

immunogenic effects.

EXAMPLES

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

Hmdt it
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Example 1: Serum antibody titers of incculated ferrets

[94] Highly pathogenic HSN1 viruses were obtained from World Health Organization (WHO)
collaborating laboratories in Asia. All work with these viruses was performed in BL3+ facilities
at St. Jude Children’s Research Hospital. To compare the immumogenicity of the 2003 influenza
viruses of Z genotype, which became dominant in 2004, with that of the 2004 viruses, we
inoculated ferrets with the FISN1 virus isolated from a fatal human case (A/HE/213/03) (Guan et
al., Proc. Natl. Acad. Sci. USA 2004, 101:8156) and with four HS5N1 viruses isolated from
humans, chickens, and falcons in 2004 (Fig. 1A). Male and female outbred ferrets were obtained
through a special breeding program of the Animal Resources Center at St. Jude Children’s
Research Hospital. Animals were 3-5 months old and were seronegative by HI tests for exposure
to currently circulating influenza A FIN1, H3N2, and H5N1 virases and influenza B viruses.
Viruses were propagated in the allantoic cavities of 10-day-old embryonated chicken eggs at
35°C for 48 h. Allantoic fluid harvested after a single passage in elﬁbrycnated chicken eggs was
frozen at -80°C and used in experiments. Serum antibodies were titrated by HI assay with
challenge viruses 28 days afier inoculation. A/HK/213/03 virus induced high antibody titers
(1:640-1:1280), whereas the four 2004 strains induced very low HI titers (1:20-1:40).

[95] The relatively low HI titers to the 2004 H5N1 viruses could have been the result of virus-
induced general immune suppression. However, the results of vaccination with AHSNI-
A/PR/8/34 (6+2) vaccines that included the HA and neuraminidase of A/HK/213/03 and of
AfVietnam/1203/04 indicated that differences in the H5 could be a major contributor to this
effect (Fig. 1B). Vaccination with two separate 7 pg doses of AH5N1/03 vaccine induced high
levels of serum antibodies detectable in both HI and virus neutralization tests (Fig. 1B). After
identical vaccination with AHSN1/04, very low (approximately 1:20) titers were detected in the
HI test, whereas neutralizing titers were much higher (about half that induced by AHSN1/03).
Previous studies found that inactivated vaccine derived from A/duck/Singapore/3/97 (HSN3)
induced litfle or no detectable serum antibody (Nicholson et al, Lancet 2001, 357:1937;
Stephenson ef al., Vaccine 2003, 21:1687). Taken tdgether, these results indicate that some HS
isolates may have unusual immunogenic and/or antigenic properties. Alignment 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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10 amino acids in the HA1 region (Table 1b). A/Vietnam/1203/04 virus has a potential
glycosylation site at asparagine Nisq (N#15¢-S155-Tiss, N-X-8/T, X# P). Sequence comparison
revealed three amino acids (S1z0, Kiss, and Szz3) that were present in all of the 2004 viruses but

were not present in A/HK/213/03. Ka1, was characteristic for A/Vietnam/ 1203/04 virus.

Example 2: Generation and antigenic characterization of recombinant AH5- A/PR/8/34

viruses

[96) To test the impact of the identified amino acids on immunogenicity and protection against
virus challenge, we used the 8-plasmid reverse genetics system to generate recombinant viruses
with seven gene segments of A/PR/B/34 and the HA gene segment of A/Vietnam/1203/04
containing single point mutations (Hoffimamn er al, Vaccine 2002, 20:3165). Recombinant
viruses rendered nonpathogenic by modification of H5 HA at the cleavage site were generated by
DNA transfection (Hoffmann et al., Vaccine 2002, 20:3165). Point mutations were inserted into
the HA during PCR by using the QuikChange® Site-Directed Mutagenesis Kit (Stratagene,
Cedar Creek, TX, USA) and a set of H5 HA-specific primers. Reassortant viruses contained the
HA gene or the HA and neuraminidase (NA) genes from HSN1 viruses in the genetic
background of A/PR/8/34 (HIN1) virus (see Table la for viruses generated for this study and
their abbreviated names). Allantoic fluid harvested after a single passage in embryonated
chicken eggs was frozen at -80°C and used in experiments. The HA genes of the recombinant
viruses were amplified by RT-PCR and sequenced to verify that only the designated mutations
were present. The amino acid change was verified by sequencing the HA segment of the

recombinant viruses (Table 1a).

{971 To evaluate the antigenic properties and diversity of the recombinant HAs, we performed
HI assays with a panel of six anti-HA monoclonal antibodies (Table 2). Monoclonal antibodies
(mAbs) CP24, CP46, CP38, and 406/7 to the HA of A/chicken/Permsylvania/1370/83 (HSN3)
virus were produced in the Infectious Diseases Department of St. jude Children’s Research
Hospital. MAb VNO04-6 to the HA of A/Vietnam/1203/04 virus and mAb HK03-3 to the HA of
A/HEK/213/03 virus were prepared by a modification of the method described by Kohler and
Milstein (Kaverin et al., Journal of Virology 2004, 78:240; Koher et al., European Journal of
Immunology 1976, 6:511). Five mAbs reacted at relatively high titers with the AH5N1/03 virus,
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640 5Eleven-week-old influenza-seronegafive ferrets were vaccinated twice at 3-week
intervals by intramuscular injection of inactivated, purified and concentrated virus preparation
containing 7 ug HA in 250 ul of PBS. Data are the Hl titers from 3 ferrets presented individually. HI
tests used 0.5% chicken RBCs.

but only 3 reacted with AH5/04 HA. The reactivity patterns of AHSsiss—n, Tis6-a/04,
AHS¢ 1060704 and AHSpopx/04 viruses were similar, in general, to that of AH5/04 virus. The
reactions of AHS5q120-n, s155—N, Tis6—a/04 virus were similar to those of AHSN1/03 virus. Four
mAbs recognized AHS5/04 HA with mutation Sp;—N (AHSsy3-/04). The reverse mutation

5 NS in the HA of 2003 viras (AHSN223-s/03) resulted in significantly decreased HI titers or
loss of recognition by mAbs.

Example 3: HY tests with chicken and horse red blood cells

[98] Another interesting observation was obtained in an HI test with chicken and horse red
blood cells (RBCs). Interestingly, recombinant AHS5g03—.n/04 virus were less able to agglutinate
10 1% horse RBCs but it agglutinated chicken RBCs to a high titer (1:1024). None of the remaining

recombinant viruses differed in their reaction to chicken and horse RBCs to the same extent.
Example 4: Vaccination of ferrets with HS-mutant recombinant viruses

[99] We assessed the immunogenicity and protective efficacy of the inactivated vaccines by
vaccinating gi‘oups of 3 ferrets by intramuscular injection with preparations of AHSN1/04,
15 AH5/04, AHS5s1s55-n, Tis6—a/04, AHSg120-n/04, and AHSg3-.w/04 virus standardized for HA
content. The single radial immumodiffusion technique was used to standardize AHSNI1/A3
(Webby ef al., Lancet 2004, 363:1099). The remaining recombinant viruses were separated by
12% SDS-polyacrylamide gel electrophoresis, the stained gels were analyzed by densitometry
on the FUJIFILM Luminescent Image Analyzer LAS-1000plus, and HA was quantified by
20 comparison with a reference protein preparation. After receiving two injections of 7 pg HA,
cach animal was imoculated with A/Vietnam/1203/04 (FI5N1). Groups of 3 ferrets were
vaccinated by intramuscular injéction of 250 pl sterile PBS containing 7 pg of HA from
inactivated purified viruses. Vaccine viruses were inactivated, concentrated, purified as
described (Liu e al., Virology 2003, 314:580; Webby et al., Lancet 2004, 363:1099). Three
25  control animals were injected with 250 ul of sterile PBS alone. On day 21 after vaccination,
seram was collected and a second intrarpuscular injection of 7 pg HA was given. Two weeks

fater, serum was again collected and animals were inoculated with challenge virus.
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Table 4. Virus-neutralization titers of ferret sera after vaccination with viruses containing the modified
HA of A/Vietnam/1203104 virus. Virus Neutralizing antibody titers after immunization with:
AH5N1/04 AH5/04 AlBsiss-N, -r156-A104

[100] Vaccinated and control animals were inoculated intranasally as previously described with
10° 50% egg infective doses (EIDso) of A/Vietnam/1203/04 virus (Govorkova ef al., Journal of
Virology 2005, 79:2191). Clinical signs of infection, body weight, and temperature were
monitored daily for two weeks. Fervets that showed signs of severe disease were sacrificed. To
5  estimate the post-infective immune response, additional groups of ferrets were inoculated with
10° EIDs; of the human and avian H3N1 isolates A/HK/213/03, A/Vietnam/3046/04,
A/Vietnam/3062/04, Alchicken/Vietnam/39/04, and A/falcon/HEK/D0O28/04. Sera were
collected from the animals on day 28 after inoculation. In order to determine virus titers in the
upper respiratory tract, specimens were obtained by nasal lavage on days 3, 5, and 7 (Goverkova
10 et al., Journal of Virology 20035, 79:2191). Virus in the samples was titrated in 10-day-old
embryonated chicken eggs and expressed as logig ElDsp per 0.1 ml. Nasal washes of all
vaccinated animals showed virus titers of 2.5-4.5 logio EIDsp on day 3, 0.5- 2.5 logig EIDsp on
day 5, and 0.25 log;o EIDsg or less on day 7 (Fig. 2). Unvaccinated ferrets had a mean titer of 4.0
logie EIDsg one week after infection. Two of the 3 control ferrets developed signs of severe
15  disease (massive weight loss and paralysis) and were euthanized, and one died of infection.
Only one vaccinated ferret became seriously ill. This ferret, vaccinated with AHS5si20-n/04
virus, showed severe neurological signs and was euthanized on day 7 after inoculation. This
ferret had shown severe viral conjunctivitis on day 4 after inoculation, with subsequent virus
spread to the brain. It is likely that virus was transferred to the eyes during the nasal lavage on
20  day 3 and that rapid neuronal spreading to the brain caused encephalitis. The remaining
vaccinated ferrets demonstrated decreased activity, loss of body weight, and increased body
temperature during the first 3 days after virus challenge. These signs disappeared by day 5 and
all animals recovered rapidly. Thus, all vaccine viruses tested protected ferrets from lethal
chailenge with A/Vietmam/1203/04. Vaccination decreased viral titers in the upper respiratory

25  tract and decreased the duration of virus shedding.

Example 5: HI and neutralization tests of the immunogenicity of recombinant AHS-
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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overnight with Vibrio cholerae receptor-destroying enzyme (Denka-Seiken, Tokyo, Japan), heat-
inactivated at 56°C for 30 min, and adsorbed with a 0.5% suspension of chicken erythrocytes
(CRBC). Standard HI and virus neutralization tests in MDCK cells were performed as described
previously (Palmer et al., US Department of Health, Education and Welfare, Immunology series
no. 6. Atlanta: Centers for Disease Control and Prevention. 1975; Kida et al., Virology 1982
122:38).

[102] Four hemagglutinating units (HAU) of virus were used in each HI assay and 100 50%
tissue culture infective doses (TCID30) were used in each neutralization assay. Sera from ferrets
vaccinated with the wild-type single-gene reassortant virus (AH3/04, reference virus) produced
HI titers of 1:20. The construct in which the glycosylation site was removed {(AHSs1s5-n;
T156-4/04) induced HI titers of 1:10-1:20, Mutant AH5 HA 512004 resulted in HI titers of 1:20
to 1:80. In contrast, vaccination with AFSszns-.n/04 resulted in an HI titer of 1:640, and the other
immune sera tested reacted with AHSga3—/04 virus at high HI titers (1:160 to 1:320). Thus,
although the vaccination induced protective immunity, the levels of detectable antibody were

different.

[103] All AHS5/04 viruses produced high titers of virus—neutralizing antibodies after vaccination
(1:320 to 1:1280) (Table 4). No substantial differences were observed between homologous and
heterologous 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.
Example 6: Reactivity of recombinant viruses

[104] To further evalnate the reactivity of the recombinant viruses, we used HI assays to test
hyperimmune mouse and chicken serum obtained after vaccination with the AHSN1/03 and
A/HEK/213/03 viruses against recombinant viruses with altered HAs (Table 5). The mean HI
titers to homologous AHSN1/03 virus were 1:2560. HI titers to AH5/04 were 1:160. HI iiters

against recombinant AHS5g01 /04 virus were at least 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
AJHE/213/03, with only the Nyss—S point mutation (Table 1a). This recombinant AH5223-5/03
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virus had lower HI titers in chicken and horse RBCs than did the AH5N1/03 virus. To further
characterize the impact of amino acid 223 on antigen-antibody recognition, we generated
recombinant viruses that contained wild-type HA and mutated Sya—N HA  from
A/duck/Singapore/3/97 (see Table 1a). These viruses were tested by HI assay against a panel of
anti-H5 antisera and mAbs (Table 6). The Szo3—N substitution in the HA dramatically increased
the HI titers (by a factor of 4 or more). 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 mutant HA reacted with mAbs HK03-3 and CP46, and both reacted at a low
titer with CP46 (Table 6). These results demonstrate that the Sz;—N substitution in HA

increases the sensitivity of the HI assay.

Example 7: Second generation diagnostic reference viruses that are predicted to increase

the sensitivity of the HI assay

[106] We have previously demonstrated in Example 3 above that by converting the amino acid
at position 223 of H5 HA. to asparagine the sensitivity of the HI test using chicken red blood cells
was increased. We have provided evidence that the molecular basis of this effect was caused by
an altered receptor specificity. The mutant virus with increased sensitivity did not agglutinate
horse red blood cells which have only alpha 2,3 linkage. Thus, amino acid changes that result in
the inability to agglutinate horse red blood cells are candidates with increased sensitivity
potential in the HI assay using chicken red blood cells. This concept can be applied to all 16 HA

subtypes, especially avian influenza A viruses which have 2,3 specificity.

[167] Reverse genetics techniques allow for the generation of recombinant viruses which have
minor changes ini their antigenic structures but are ‘optimized’ in recogmition of different cell
substrates. Preferably amino acids (91, 130-134, 149, 151, 179, 186, 190-191, 220-225 for H5)
are mutated that are close to or part of the receptor binding site. Plasmids 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 not
agglutinate 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

33



640 12801280 640 640 1280 1280 <80

chicken red blood cells The combination of candidates with single amino changes may increase
the sensitivity further. It is expected that the evaluation of the candidates will lead to diagnostic

reference viruses with specific reactivity to receptors with 2,3 specificity.
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~ AH5s223- 04 1280 1280 1280 1280 1280

Table 3. Immunogenicity of A/Vietnam/1203/04 AH5 HA recombinant viruses in ferrets.

Virus HI titer of sera after immunization with:
AH5/04 AHSg155N, AHSs10n/ 04 AHSgp03 /04
T156—4/ 04

AHSN1/03 20 20 10 160 80O 160 20 20 10 20 10 10
AH5/04 20 20 20 20 20 200 20 20 20 20 20 20
AHSg155-n, EEEE 6 20 * R :
1564104 % T S
AHSems 04 160 320 320 160 320 160 330 320 320 640 640 640

5  EBleven-week-old influenza-seronegative ferrets were vaccinated twice at 3-week intervals by
intramuscular injection of inactivated, purified and concentrated virus preparation containing 7
ng HA in 250 ul of PBS. Data are the HI titers from 3 ferrets presented individually. HI tests
used 0.5% chicken RBCs.
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Table 4. Virus-neutralization titers of ferret sera after vaccination with viruses containing
the modified HA of A/Vietnany/1203/04 virus,

Virus Neutralizing antibody titers after immunization with:
AHSN1/04 AHS5/04 AHSgss iy, AHSg05,n/04 mock
Tis6—a/04

AHSN1/03 1280 1280 320 o640 320 640 1280 1280 320 640 640 640 <80
ATISN1/64 2560 1280 o640 1280 640 640 1280 1280 o644 640 1280 1280 <80
AHS/64 1280 1280 o640 1280 o640 640 1280 1280 640 640 1286 128D <8
AH5g55 ., 1280 1280 640 1280 640 640 1280 1280 640 1280 1286 1280 <80
1554/ 04
AHS56:05..4/04 1280 1280 1280 1280 1280 640 1280 1280 320 1280 1280 1280 <80
AHSg0,. wN1/04 1280 1280 640 1280 640 640 1280 1280 640 1286 1280 1280 <80

5 Neutralization assay was performed in MDCK cells. Titers are the reciprocal lowest dilutions of

sera that completely inhibited 100 TCIDs of virus. Homologous titers are underlined. Values

are the neutralizing titers from 3 ferrets presented individually,
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Table 5. HI testing of antisera to 2003 H5N1 against mutant viruses

Polyclonal antiserum to:
Virus vaccine AHAN1/03 A/HIK/213/03 (H5NI)
AHSN1/03 2560 2560
AHS/04 160 160
AHBg155.x; T156—4 80 320
AHS g12p-.n/04 320 320
AHS5gy93-.1/04 1280 640

HI test was performed in microtiter plates with 0.5% chicken RBCs (Palmer et al,,
5  in US Department of Health, Education and Welfare, Immunology series no. 6.

Atlania: Centers for Disease Control and Prevention, 1975). Titers are the

reciprocal lowest dilutions of sera that inhibited hemagglutinin caused by 4 HAU

of virns.
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dilutions of sera that completely inhibited 100 TCID50 of virus. Homologous titers are underlined.
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160 160 A115515s-,N, T156-.A 80 320 AH5 s120-,N/04 320 320 A115s223-444 1280 640 HI test was
performed in rnicrotiter plates with 0.5% chicken RI3Cs (Palmer et al., 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.

[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

figures. Such modifications are intended to fall within the scope of the appended claims.

5 [109] It 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 herein by

reference in their entireties.

10
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11081 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 figures. Such
modifications are intended to fall within the scope of the appended claims. 5[1091 It is further to be
understoOkkitat all values are approximate, and are provided for description. [1101 All patents and
patent applications cited herein are hereby incorporated herein by reference in their entireties. 10

o T ECOBIRERt e nE ML oI a G Y ole it MLl Sel Soammpant
H5 HA molecule: a(% comprises one or mor mlno Jequence chan es as comp 4red to a

naturally%cfﬁ?#ﬁfg' EfA molecule that comprises an amino acid other than asparagine at an amino acid
position corresprigingtecarpitacie sosition 208 saadsneRchang¢Hy comprised tmaasaraldine at an
amino acidquesitipr/corshspOntiagdenaiming acishpasiion agdinidd bibaragindil) hasramdngigased

react|V|typ\gg,tgi&pggﬁ@&ﬁ{w@tﬁ%m,ﬂg %msﬂm%?? WMS mfluenza VII’US or an H5 influenza
vaccine as comgire to said naturally OCCL%rrl ‘]—?An is not A/HK/21 /03 HA

molecule. 2. Th sCoMbaAliAtRERZA Vifus m(%lae%ulgosf‘% aﬁlr%oirem%er%’ffgth BHE%F tHore amino
acid seqR@AtPRHAAGR A fEYs a glycosylation site. 3. The recombinant influenza virus HA molecule of
claim 1, whereirfiigaid setimatise set oeragyyAwitblectite ris droived fnomaam isrfiuen zapsdius: #h Whe

recombinantémiyenta yirss htArmolectleetislain dnaesaifotha hman fiieDzdA Wi usdis & rmember
of the HSaﬁHbtype 5. The recombinant influenza virus HA molecule of claim 1, wherein said naturally

occurring HA mqlecule s, f |nf enza virus. 6. A recombinant influenza virus comprising a
recombinant infﬁ 3#&5\0\3 ﬁ@)ﬂ%ﬁﬁa%é ﬁfl( A) molecule, wherein said recombinant H5 HA

molecule:
2. The recombinant influenza virus HA molecule of claim 1, wherein the one or more amino acid

sequence changes alters a glycosylation site.

3. The recombinant influenza virus HA molecule of claim 1, wherein said naturally occurring HA
molecule is from a human influenza A virus.

4. The recombinant influenza virus HA molecule of claim 3, wherein the human influenza A virus
is a member of the H5 subtype.

5. The recombinant influenza virus HA molecule of claim 1, wherein said naturally occurring HA
molecule is from an avian influenza virus.

6. A recombinant influenza virus comprising a recombinant influenza virus H5 hemagglutinin
{HA) molecule, wherein said recombinant H5 HA molecuie:

{i) comprises one or more amino acid sequence changes as compared to a naturally
occurring HA molecule that comprises an amino acid other than asparagine at an amino acid
position corresponding to amino acid position 223 in H5 HA;

(i) comprises an asparagine at an amino acid position corresponding to amino acid
position 223 in H5 HA;

{iii) has an increased reactivity with antisera derived from an animal exposed to an H5
influenza virus or an H5 influenza vaccine as compared to said naturally occurring HA molecule;
and

(iv}is not A/HK/213/03 HA molecule.
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(i) comprises one or more amino acid sequence changes as compared to a naturally occurring HA
molecule that comprises an amino acid other than asparagine at an amino acid position corresponding
to amino acid position 223 in H5 HA; (H) comprises an asparagine at an amino acid position
corresponding to amino acid position 223 in H5 HA; (Hi) has an increased reactivity with antisera
derived frorrainfarinial\exgosed te errhibisimienzavibisot &fl D inflirniibvacoirsglasdoftifdred to

said natusadiy QeURrHgdmsmolecstssiana: (o Isanabrbdie/213/03 HA molecule. 7. An influenza
vaccine virus comprising a recombinant influenza virus H5 hemagglutinin (HA) molecule, wherein said

recombinant H5(ifévmglretli@ie or nfidreoimpisesianReqic el ehaRiBoRGI0BpaIeNoa CRANGHS as
compared {9, a-R3tHhoREGHHRG Evmelesule dhat sompases g;%naH Segragweoghsﬁ thanssagragine at
|

an amino amg osmon corres ondlng to amino. ?Cldz% S|t|%% (H) comprises an
0

1 COrres ond a acl OSI
asparaglﬁ)e an amms Atid'poition corres on Amino adid position 223 in H5 HA; (i) is

not A/HK/213/03THEo et aspargginRas %%ﬁé’?@e@é@ﬁ%ﬁtﬂﬂ{?lﬁ?w&waﬂﬁg@ré@éﬁ?@cﬁﬁ‘%m an
animal expogathtd28nrHE infyienza virus or an H5 influenza vaccine as compared to said naturally

occurring HA maiacuilestaneik/2 13¢osraautisigraie increased immunogenicity of said vaccine virus as
compared to Sa'(%rﬁégfﬁl'yne&%%@mﬂwmu'sn@semerﬁ&@mmh'Qﬂmze@pva@é% HAmalecule of

claim 1 wherein the aspara n amino acid position 223 alters specificjty for sialic acid receptors. 9.
The recoMOHEHE RO IR SLHE T b ATPE PR SR HAL AT LB A PR R ecule

comprise&d serine at an amino aC|d position equivalent to said amino acid position 223. 10. The
recombinant infliyéneau iirirsaoficlarasedwherneno ghei ohecbsanbre@mindrasics sequencd chaahdes alters

a glycosylation sitgeddrid hasereminant influenza virus of claim 6, wherein said naturally occurring
HA molecule is from a human influenza A virus. 12. The recombinant influenza virus of claim 11,

wherein the human influenza A virus is a member of the H5 subtype. 13. The recombinant influenza

virus of cfhiP 8 SeREIIAAEL AT HERAAN Sl MRSeAS bR Y ﬁf‘bWS\ﬁ%ﬁ’f“iﬁﬂﬁ‘ér?ﬁWE%

acid position 223 alters specificity for sialic acid receptors.

9. The recombinant influenza virus HA molecule of claim 1 wherein said naturally occurring HA
molecule comprises a serine at an amino acid position equivaient to said amino acid position
223,

10. The recombinant influenza virus of claim 6, wherein the one or more amino acid sequence
changes alters a glycosylation site.

11. The recombinant influenza virus of claim 6, wherein said naturally occurring HA molecule is
from a human influenza A virus.

12. The recombinant influenza virus of claim 11, wherein the human influenza A virus is a
member of the H5 subtype.

13. The recombinant influenza virus of claim 6, wherein said naturally occurring HA molecute is
from an avian influenza virus.

14. The recombinant influenza virus of claim 6, wherein the asparagine at amino acid position
223 alters specificity for sialic acid receptors.

15. The recombinant influenza virus of claim 6, wherein said naturally occurring HA molecule
comprises a serine at an amino acid position equivalent to said amino acid position 223.

16. The influenza vaccine virus of claim 7, wherein the one or more amino acid sequence
changes alters a glycosylation site.
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14. The recombinant influenza virus of claim 6, wherein the asparagine at amino acid position 223
alters specificity for sialic acid receptors. 15. The recombinant influenza virus of claim 6, wherein said
naturally occurring HA molecule comprises a serine at an amino acid position equivalent to said amino
acid position 223. 16. The influenza vaccine virus of claim 7, wherein the one or more amino acid
sequenceldhdgyisrers wetrosyisieitsie. 7, whergis iwid eazer vhicensevings ¥f wieleaure wikemin said
naturally edourrimg dfldemaidcuileds from a human influenza A virus. 18. The influenza vaccine virus of
claim 17, wherein the human influenza A virus is a member of the HS subtype. 19. The influenza
vaccine vit@sTokdldineizavaecein Gaid obtlaially Hogberieig tha moteouldisromi air@avian indluenzafvirus.
20. The infldanzauyagsine virus of claim 7, wherein the asparagine at amino acid position 223 alters
specificity for sialic acid receptors. 21. The influenza vaccine virus of claim 7, wherein said naturally
occurring H8ATMelefuleeovaptisesiauseinRial anvanaam aeid POSIFANY eatlivale i ionsaist arine-aeid
position 223, MORKIER.INFLUENZA VIRUS FOR MONITORING AND IMPROVING VACCINE
EFFICIENCY 5 ABSTRACT The immunogenicity of the influenza virus hemagglutinin (HA) molecule

may be inggeagesh Ry SHBSIHEONS: AN AGIdR iR IR A SEAVSHAE of DR SlPsttLbon Rf-specific HA
residues, ﬁlgch as a%EC%r ing at po.%:tlgnEZ 3 of H5 HA, increase the 10 sensitivity of the hemagglutinin
y

inhibition rsé%%ea(i/' %\terrf’ﬁag'?ééép%o? sppgé?ﬁcity and/or antibody-antigen binding. HA molecules

containing sughl suRsEions Wl L SR LR PSAevalPBmeR o SIoYResHf iR eRsE Afyses and

improved Iintfluenza vaccines. ) ) iy , _ _ . "
comprises a serine at an amino acid position equivalent to said amino acid position 223,
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