1 UNI VERSAL VACCI NE AGAI NST H5N1 LI NEAGES CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] The present application is related to and cl ai ns
priority wo218361380vi si onal patent application Serial ROT/S620E328008392,
filed 30 April 2010, incorporated herein by reference. SEQUENCE SUBM SSI ON
[ 0002] The present application is being filed along with a Sequence Listing
in electronic format. The Sequence Li sti ng is entitled
2577-201PCT_ST25.txt, was created on 13 January 2011 and. is 54 kb in size.
The information in tURNERSALIACCIVE pEIABYST HaNEdNEMNGES | sting is part of
the present application and is incorporated herein by reference in its
entirety. BACKGROUND OF THE | NVENTI ON [ 0003] The present invention rel ates

to a uni ¢RCSS-RESEREWCE TOREMTEDSAPRLICABIONS the present invention
relates to the identification of three H5N1 strains which cover the entire
vari ant s[90911 he The ressni 2priipation dopdated to ppdegjaims PRIHY dRoH - msYisiaail

'ineageﬁgatg&eﬁlﬁgﬁ SkA¥ICRb! 81/30YsbBCHICI R LG D! YRbARkaibh MR GGl ne

t hat conprise ree 1 strains or that ‘conprises hemaggl uti ni
pepti desreférereech of these three strains. [0004] The publications and ot her
materials used herein to illumnate the background of the invention or
provi de additional details respecting the practice, are incorporated by
referencgg FesUaIKIDpNCe are respectively grouped in the

Bi bl i ography. [0005]1nfluenza virus evades inmune system by randomy
changi ng[@083] anThgepriesent eapplipdtivaniss beingc fileds alohg Wﬁ[\:oﬁ Sequencgl Listing in

epi topes,, present in e gl obul ar. head regi inin. Upo

i nfecti oﬁl,egtﬁ%‘g? ??ré’?ﬁ'ohglg ﬁggu?fﬁfﬂ‘flvlr};ghléreﬁﬁﬁeéf? %%ZWH?E%CF@% ﬁpeg ed

anti bodi g 139ahitry 20VF And US4 Rb iz bibgl FRE ifBRBationtihahe blebdtic Fdtthablbf dehment

of viral hemmgglutinin to the target cell receptor. However, considerable

ami no acSequeacs histiogds part pf thetpnessat application andrig incprnosyed hepindy 1efyeneco t he

ener gence Qg%ﬁ{%&geni cally distinct influenza H5N1 viruses. In fact, it has
e

1n . . ..
been repor t seasonal influenza viruses were able to efficiently

escape from vacci ne-induced i mmunity in human popul ati on through antigenic
drift. Moreover, nutation of a few key amno acids in HAl variable regions

i s suffi SBAAHRCROUNPRY WW@ME@W rom vacci ne-i nduced anti body

r eSponseTOO(Bf eyimg%resent invention relates to a universal H5N1 vaccine. More specifically,
the present invention relates to the identification of three HSN1 strains which cover the
entire variants in the neutralizing epitopes of hemagglutinin among most H5N1 lineages.
The present invention further relates a universal H5SN1 vaccine that comprises the three
H5N1 strains or that comprises hemagglutinin peI.)tides‘of each of these three strains.
[0004] The publications and other materials used herein to illuminate the background
of the invention or provide additional details respecting the practice, are incorporated by
reference, and for convenience are respectively grouped in the Bibliography.

[0005] Influenza virus evades immune system by randomly changing the antigenic
determinants, such as the major neutralizing epitopes, present in the globular head region
of hemagglutinin. Upon infection, host response is mainly characterized by the induction
of antibodies against such neutralizing epitopes, which blocks the attachment of viral
hemagglutinin to the target cell receptor. However, considerable amino acid variations
within these neutralizing epitopes of HA lead to the emergence of antigenically distinct
influenza H5N1 viruses. In fact, it has been reported that seasonal influenza viruses were
able to efficiently escape from vaccine-induced immunity in human population through
antigenic drift. Moreover, mutation of a few key amino acids in HA1 variable regions is

sufficient to allow viral escape from vaccine-induced antibody responses. Previous



2 attenpts to identify the amno acid substitutions within HA sequences of
variants escaped fromneutralization by nonocl onal antibodies has reveal ed
neutral i 2Wogogpi3tBpe sites of HA (Kaverin et al., 2002; PKaxseror/oeaosal .
2007). [0006] The nature of influenza virus to randomy nutate and evol ve
into new types wth diverse antigenic geterm' nants is an inportant
challenge in the control of influenza fnfection (Plotkin et al., 2002).
This has been evidently recognized by the recent outbreaks of H5NL avi an
flu and ettmptsita @ﬁmlfp{aﬁ;@iemrco agid suhstiprions pithiNA seapencen el aranisrsrasdza A
virus (S . thue een.wel e r t HS5N1
had acqufrfgrélél)l? tljgné tfoﬁi ?%/h{ogt}?l%?@c%@ﬁ‘é@n%% hg ?gésUungSéH ug{r%%%dr# 3‘?;1;)1‘5{’606é t ﬁteeghﬁ
occur r engHe\ @favetih at a19R06Yd0dverig Ay alt,2002). avera et al ., 2009). Highly

pat hogeni ¢ avi an i nfluenza (HPAI) HS5NL are ?nti eni cal |y distinguishable
owi ng t ol40R8] i Thenapeeef ifluenea Kishn iy rademin mutply a8d fyehedato pqE hSSnci pal
det er m ngt ' j e , infgoptdht ¢ hat & ghtl ddRAREes or

cl ades o hgﬁ&er%{%@g%ﬁéﬁe%ﬂn%ﬁ%&? ﬁvza\ﬁiidn{ 2005§ b}{h?l:gfg] r ol tfhg]‘fc E)i l?ﬁt‘) e(%:tli on wth
current hfddtiona@iotkas edaks 2002). apfearhas cbdee efifletlyi vwogyaéddy thet wreitogous

strains or_ phylo ically variant cl ades, of NL in .pa ue.to the
vari ati oﬂm?%ag?@pﬁ%ﬁéeadﬂf’é‘n pand the qyresnf pandemjs gﬁ‘fa};‘oflﬁ’@ﬁhgﬁlﬁémlﬁ'ﬂ@ggpi t ope
region. JFimeR PASSRRYSVING NBSd! & 1BRIHREY wWRASRRuMBnlcASn iliRdstatd BBt BEN1

neutralizing antibodi es agai nst fhese epitopes, differences in these
sequencebadvagquired ther atiility to unfeethumanciiisnessdusmaialy 1o thd orgrTapee 9 EAULatioN o f

i nfl I |1y f , . H5N1 i, candi d '
orovi de BURtE ARtardAl R eecd abagodr D petBLRC SRt ARET HERTLRNT

cl ades, hfe AtfzchRENy ldeGRBLIsHabl€ M@NE 26 Ghe Niffe2Ac® Wi tHesRémagghhinin qHagdes 1,
2.2 and 2.3 itself shows evidence of antigenic heterogeneity. [0007] To
over coneseyences; thet aringpal determinantopd iremanify rta ainflpenzap gesylingnin djffeent

vacci nes;. |.dwi c Ungone’ SV {\N : - ved
Viral o BiSlesE 8 Sgt B HSRIC R € ol IONEY, WO} DO TCaRATRA cRaT AR
protei n ¢int HSN hevasdindsedgesoicki appédRp o effedtiveeapamsy heterolbgoms xaeims or

eval uated for the jnduction of crqss-prot gct‘i Vﬁ cel.l ul ar #. nity and viral
cl ear ancehylpgenstically varpppeladespf HWh ingphGpes9, the aagtionand Fea8ddach
with conggt: j ide . ; Odibd BleBerdt $addnnls gt O

i nhi bit ?ﬁ%M@gg?gﬁ{hg?thgﬁjg%?%@ %%n) ﬁg ostélclr:lgél: Plle%édrtr%?arlle ?%éesroﬁgglgggt al .,
2006) . Anhithedndstige o mengeizggiansboditse sgrinsd ribesevapdtopesp tdéfiferengeayin rtheRgc e
viral spread and accel grab_‘e recover%/ frominf I.ﬁednga. However, angli bodi es
speci i c SEBERFEsBaY GpdsTn e, FRITE ¥ IS5 meRasRticd: Tak STesauen o WHUFPact i on
perm ssi @b_almuqn fEQY Bl PRHTEEN P adse LaRli RAGeebnifué e prdiidd gatziRantigetis
hemaggl uti ni n” appears to be the only viable option to prevent infections by
HPAI s uchoesagesNmostisplateshithis sorresponding clades; at hastheem eccgpthhiegogmzedrihptor 3

antigenic neutralizjng epito r ey ng.th ; j.cl.s, the
devel opmEfP® SFusseﬁé‘H{hﬂ £ ?Sslaggv%?g%‘%ggqu}ghé% r?setV?d(flnH?? éﬁ%&%gﬁg&%fe{éﬁg@é’és.
10008] Thewg®f7pr € Tol bvéroresduckdlihtatishéehip ta ecompleteBalrealiae cthaepdtbiial psfovi des
sonme degree of protective inmunity against different H5NL |ineages. . SUMVARY
OF THE | Negaires croridyode 1tie copgept ehinivarsainyacsines Bpsedew eanservemhvipal Rrgteinssng
vacci ne. r pecl fi.cal he e I it 1.0 a 0

i dentifi (l:lflsa%) ib%ﬁéorf%gﬁ%b' eghﬁéﬁﬁ&'st Pgélﬁz |S%:r%¥§g%gr &'Ei{lngkle ?‘lﬁ?l}al \(/ﬁélrafaor{t ghei n the
neut r al i auclgompicimPNB) of ihBuagg| witusnhas bevnngvatwsed RaNhel indectpasof Tross-

present invention further rel ates ni vers HS5N1 Vvaccine t hat ri ses
the thr e@rqlB‘P‘sli’es‘_iep'a\'iah@W“t%épdcvdﬁgﬁr?@cﬁéﬁé’bﬁ‘i ’i?rﬂ% ’ﬁg‘ﬁ? iaﬂg§“égg%%’ch of
these thrz@@%)ﬁ,t/& éinfﬁ%afr abPRAA ThtiSoonbdivél fulsiontpePBREST thelRfaBIAaRMLis LAKREL | ON

provi des a iversa N1 vaccine for the prevention of a disease in a
subj ect, optien &i mhithethdifssars of ite dasdoithe bostwiell membraiGerbandygd@l. 0200)i an

influenza virus. In o enbodi nent, the yniver.sal HS5NIL vacci ne conprises a
pr ophy!| a?\ﬂ“lcbgbl‘lef/ &AL %al%ls?rotgﬁste S?HSSerHrgrtO? lwggéﬁgiuﬁe d’é‘@gtsprezggpands
prophy! agticdthieYrebdvePE towe imTIRHAL. Pfovaever emfiBodiBIyPRURN L tiRgE Potélnsl are
prophyl actically effective anobunt of a third immunogenic agent. |In another

enbodi memoerle umuneganiroyshfound tebe indesiionipsasissvee hldy davslepmens of 3aedinfeni ¢
portion thereof. or nucl ei ¢ _acid cod| the | k& Ni 0. Qr. i.genic
portion :bﬁ%etdeodlf t.hF ﬁnfgur? né%‘é‘ir‘fsf%er%a}ggleu%gnd?ﬂrégﬁs,tg'?) ﬁgﬁ an ?azgr??ég&%g)?ltt? %ﬁé\{eﬁgl udes
an epi t opgfeiorn3HYEIIBA Ubhdhi 43. HEN1 2 Nevettheesspahingi svkhtaridtioas stithjrediesnajay  be
humans, donmestic animals (dog, cat, nonkey etc.); livestock (horse, cow,
sheep, goat, pig etc.), wild birds (wld geese, wld ducks, etc.) and
donestic birds (chicken, duck, geese etc.). In one enbodi nent, an

i rmunogeni ¢ agent is virus conprising hemaggl utinin. In another enbodi nent,
the virus is inactivated. In an additional enbodinent, the virus is an

T oy I Y L 1 rr o




4 presented or displayed on the surface of the virus. In one enbodi nent,
the viral expression vector is any viral expression vector such as a

nodi fi ed weQoimsgr3gi r us expressi on vector, an adenovi r upcexERea®»eRy vect or
a poxvirus expression vector, a bacul ovirus expression vector and the |iKke.
I n one enbodi nent, the expression vector is a bacul ovirus expression vector
and the virus presenting or displaying3the hemaggl uti nin or antigenic
portion thereof is a baculovirus. In another enbodinment, the inmmunogenic
a%ent } satigenis] miutralizingl epitenrsdicgipnt aneortgetira it sulitypenresirictsnthe gevileppentiafon

t hereof which.is capabl e of. expressi | n the subject. 100111l n a second
aspect, W‘ée&?ﬁf’g‘icmféﬁg?lgﬁ ‘%ﬁg&?ﬂ’i@‘]gﬂﬂ%ﬁ%d fJor produci ng protective

| muni t y[Goe8pn ankRfore Nt sWREiZal t6ideviloplivaly etsalpadciesha o vidStsemeniggtee a
subj ect a prophylactically effective anmount of a universal HS5NL vacci ne.
The uni vefpratecHBpmmmuygity pgainss dgferens SN lbléngagefove. [0012]1n a third aspect,
the present invention provides a nethod for the prevention or treatnent of
a di sease associated with an avian influenza virus which conprises

adm ni st SUMMARY ®FTHEESVENTIONhyl actical ly effective anbunt of a

uni versal H5N1 vaccine. The universal H5N1 v jne is,as described above.

[ 0013] | n[(f‘QOPbur The &’S“ﬁé’é‘t‘?l"?‘ﬁ’@nﬁfs?é"éﬁ? 3 W\é‘ﬁf"ﬁgﬁg]}ﬁ' ES%‘iCHl?s.‘ﬁé’ée. PECAICENY v er sal
FENL VacHeiol il itVehiit Alib@Y fhel AEMIIRAGET B AREe EBSNISANAARKICATdNENAR
virus. The ‘universa N1 vaccine Is as described above. [0014]In a fifth
aspect, titeepmeseatin ihevesutiabring epitomts ©f hemagglutininrimangsmbst NN lineagenie f or
the preveption of a disease associ ated w avian jnfluenza yirus. The
uni ver sa&gﬁ@RﬁeVa'GE?W@ni TiHEr H%’é?:sr § Héwegﬁf)g{éﬁq[%i@flthﬂacog}rﬂsﬁs ﬁ’fp@a", t he

present HIKANHaR J? RN cO8Prises hRnk 8IS AhintFePlddsF Chdfofl tREse WsrRe ktfaifidi Ci ne.
[0016] In a seventh aspect, the present invention provides a universal H5N1
vacci ne {¥10lise Thas,ioddirsttdspest.athe prasentdnyension psevides aumvasfd dISNT veiel n an

ei ghth a%)reiﬁet: pretvgrﬁid%roefsae 1§eaiseni\r/1%nstu. J%rc]t, F\)vrh%\r/e!il(lj fir cﬁse%gg i\é%s%%{atew}h yoegge for
subtype of avian influenza virus. In one embodiment, the universal H5N1 vaccine
comprises a prophylactically effective amount of a first immunogenic agent, a
prophylactically effective amount of a second immunogenic agent and a prophylactically
effective amount of a third immunogenic agent. In another embodiment, each
immunogenic agent comprises a hemagglutinin or antigenic portion thereof or a nucleic
acid encoding the hemagglutinin or antigenic portion thereof. In an additional
embodiment, the antigenic portion .includes an epitope of hemagglutinin. In a further
embodiment, the subjects may be humans, domestic animals (dog, cat, monkey etc.);
livestock (horse, cow, sheep, goat, pig étc.), wild birds (wild geese, wild ducks, etc.) and |
domestic birds (chicken, duck, geese etc.). In one embodiment, an immunogenic agent is
virus comprising hemagglutinin. In another embodiment, the virus is inactivated. In an
additional embodiment, the virus is an attenuated virus. In another embodiment, the virus
is in the form of a virosome. In a further embodiment, the virus is egg-derived or cell
culture-derived.  In another embodiment, the immunogenic agent is a split virus
comprising hemagglutinin or a split virus antigenic preparation. In one embodiment, the
immunogenic agent is hemagglutinin or antigenic portion thereof. In another embodiment,
the hemagglutinin or antigenic portion thereof has been isolated. In an additional
embodiment, the hemagglutinin or antigenic portion thereof is produced by an expression
system. In one embodiment, the expression system is any expression system, such as a

viral expression vector in which the hemagglutinin or antigenic portion thereof is



use in treating or preventing a disease associated with an avian influenza
virus in a subject. [0018] In a ninth aspect, the present invention

provi des Weeotf13a73@ni ver sal H5NL vacci ne for the nanuf a®ClS&2ai1/080059

medi canent for nodul ati ng an i mmune response in a subject. 5 [0019]In a
tenth aspect, the present invention provides use of a universal H5NL
vaccine for the manufacture of a medicnent for treating or preventing a
di sease associated with an avian influenza virus in a subject. BRI EF
DESCR!I PTpiesent vHEhmlwﬂEgi[tb@z@rﬁap@mfethg whsws 1B ener embedimegy | tiei vigali on

DLt SR o ROUP 300" 4 GBI SHREHH ARRONS LY TR GREI LTS O

(AN et naBS(p'kaﬁﬁ)/nZQéuélﬂaﬁl)lder@ferﬁ(bHﬁreéﬂaﬁ HRcidl) a Opoxiviras texpraission Weolog, wi r al
vacci ne (W-HS5N1). Each point represents the arithmetic nean val ue (n=10)
SD. [oozhf}qnicguwwstmvwrs% ¢ hkss sIncangrenbodgRt NG CEPIEENIOTY §S500tF Bn i n

m ce. ty 0 and

Db it iRy Rus BLGSIGH GOt QO SRUS patol AU SR 1, it HEma B AfRK or

(AN et naaﬁtﬂgzﬁﬁ/pzetﬁm-(tﬁsﬂ\elﬂxﬂs adjacmh-lés (tzmothBaeiBddiorent, tecininvatogenivagérg H5NL
viruses from ¢l ade

CAN ot ol D501 Rending the hentssistinn oL AT agE P ekereRs i Bigh 1 1RAl)

clade 2. 2r &k éggllggyﬁﬁ}érslﬁl_%y 05*(H5N1), clade 4.0 (clade 4.0
Al goose/ Gui yang/ 337/ 06 N1)), clade 7.0 (A/chicken/ Shanxi/2/06(H5N1)) and

cl ade 8. COO(IAI chhtlaescCMamem/t@d(nﬂ&ﬂm) jnvgetien psexddésor methed Sewigiedudngdes 1,
2.1 and e .shown nd cl ades .4 7ad8a‘{eshown Fig.,

S5 Tha Bioferthy s, B il Rtat (BES Sih faPRRed, Mrfiafi, K

| mTuni zathspést avyﬁbﬂmmmpeffb&w«emt oEaGhhivedal HINPvRSER! STHeénid¢rkdlhmet i ¢
mean val ue (n=10) [0022] F| gure 3 show protection of mce froml et hal

HSNL Vi rhﬂ51‘6wp¢lé¢1§§eﬁs d@%‘lbﬁ abpveni ce wer e subcut aneous| y i mruni zed two

o AT ST et ot b B o RRE Bl roPad BBt ©
whol e HStatitiehBlof vVacdibdiee (AAIGdTﬁBH.) W1tH'hzne avvime ktsﬂlﬁ:htae rvitusewhichakomprises

vacci nation, mce were intranasall |nf ected with 5M.D50 (Muse :\/ﬁ%g? dose
509 of afmudstering fony Q{bd%ﬁﬁalm@?hz’ qu@Nf?fyctHiﬁAmpwmo fr WpiKersal ver e

noni t or egagc of i Sl \inViksat F[SN‘{%QHBe?sa%ﬁe eg?ﬁgJ Jvation period. The results

are expresse terns o ercent surviva 0023] Fi gure 4 show protection
of mice {0013] | ethal fohlﬁhllaspecrtathecpmlsémngeenu@nqupmdos upé ©f anemigersal H5N1
subcut aneousl y |rm”un|lzed two tines on days 0 and. 28 with three st.rains of

BacHA (TW?CCB&cfQA)SUB‘P g A WP YRS FPPAPG'S ERAN LGP IHGATENL)§° BV BE HA

(Mono- BagiA)vaRfint NaktdeyV@ed apb@d. e HSNL viral vaccine (WI-H5N1). Three
weeks after the

[0014] In a fifth aspect, the present invention provides use of a universal HSN1 vaccine
for the prevention of a disease associated with an avian influenza virus. The universal
HS5NI vaccine is as described above.

[0015] In a sixth aspect, the present invention prdvides a universal H5N1 vaccine for
use in medicine. |

[0016] In a seventh aspect, the present invention provides a universal HSN1 vaccine for
use in modulating an immune response in a subject.

[0017] In an eighth aspect, the present invention provides a universal H5N1 vaccine for
use in treating or preventing a disease associated with an avian influenza virus in a subject.
[0018] In a ninth aspect, the present invention provides use' of a universal H5N1
vaccine for the manufacture of a medicament for modulating an immune response in é

subject.



6 final vaccination, mce were intranasally infected wwth 5M.D50 ( Mouse

| et hal dose 50% of clade 2.1 (A/Indonesia/ TLLO13/2006( H5N1)) HPA1 H5N1
strai ns. Wbheeinvssssnoni tored for survival throughout a PETE&RoBS@sYati on
period. The results are expressed in terns of percent survival.

[ 0024] Figure 5 shows protection of mce fromlethal H5NL viral challenge.
G oups of mce were subcutaneously i nized two tines on days 0 and 28
with three strains of BacHA (Tri-BacHA) or single strain

( ANi et nafi019b3/ froe4tertinaspecs fthepeesant MysaRit RYYVidss 1seaet RyvuniversaindPN 1 HsNL

!t anac sl SRS b eREC R HRuBMAR R SreaR orsBleRMy fgisthsel T e
( A/ chi ckessb&hrd xvifdr06(4biNpgnaRALs HbMNdutgéatai n. M ce were nonitored for

wei ght | oss throughout a 14 day observation period. The results are
expressed in terns of percent body weight (at the beginning of the trial).

[ 0025] Fi gwier @WTHBW@FTH@FI@U@§G fromlethal H5N1 viral challenge.

G oups of mce were subcutaneously immnized two tines on days 0 and 28
wi t h t hr {926} r aFigmrot sBaedtAsqrimi heBagplyinatiorsinhipi teonstiterai Groups of mice were

(AN et nam 1203/ 2004( HS5N1) ), of BacHA (,MonoBa .or i nactivat ed whol.e H5N1
vi ral vaE‘EHCH@n?ng—é‘NT)“?&%%?‘@eUWB%R%%ﬁﬁ(g?n‘fgg%&’ng?'%\?glgé‘i @ﬁﬁé‘ﬁ?’l’%%e wer e
i Nt r anas ffdng- BAFEC L @0V Wikdh/PMIENAONSH beBheHAIPBRIBOMNPbr Ghadeaied0

( A/ chi cken/ Shanxi / 2/ 06( H5N1) ) HPAI HS5Nl strain. The mce were nonitored for
sur vi val whhleouphoaccine (WMT 3N Db Fach aping reppesentsdhe mitbmetie mean vakue (exldbessed
in termsic§c percent survival. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0026] The &‘esent invention relates to a universal H5N1l vaccine. Mre

speci fi cajo2y] thﬁ%stegﬁnhnd MBEERhOWNCoE] alads §edurh hmidragditiafizamhi on neite.t hr ee
H5N1 strai ns which cover the entire variants in the neutraljzing. epitopes
of hemag§irernsrmirmisaorrie sekautansewsly immapized twe dimes cnedays iOnandh#§ withfthrceher

rel ates ' VacGi ne. - i ‘ kRS or
hart oo Sy $PRaANA RNRARES Al iR TR B! PRBOFRIBI 0P BEALA
[ 0027] Un(Misfo-BatHAY dr didedraed ehokl HSWeedml calcine(VB-E1S&N1D)1 fTihe viresessfraraed

herein have the sang_neaning as.is C rstood by one of skill in
the art £Bdeni ch t_h]eOi nvent i(ﬁg}'_’f}n%ﬁg@%(ﬁl(ﬁggi})ent S, pﬂaéiﬁt appl ié‘éti ons,
publ i shegmﬁddgga}cmmﬁmopgm gtdlmz.zQz@/ﬁnﬁmegwo;»ﬂﬂswbawee&oand

ot her published materials re to throughout the entire idisclosure
herein, (sihdesd.0ndtgse/Guerang/8d7/0a(HSN N oclpde dtGk dAhiokel/Shama@/Q66HONE))r

entirety for all| .t .they dis 7.,100281Though, current H5 vacci ne
candi dat 8%‘?816&? }3962‘? ¢hicks %@%@%ﬁ*%ﬂw ge&hi ‘ésegg\)fetﬁgg%“dé'f (ﬁﬁiets I gléla&?es
W thin conrgsRROGH RIFE. 2ACaad tlad&os DPRRNG ARCHIBHMNYIN FRE QW TRE sdri Honb thee
viruses within clades 1, 2.2 and 2.3 itself shows evidence of antigenic

het er ogeday ofypeadi ngenonks ey i rafiee therfinad immuaigzatjons pydre usast for thenspay sEach
subl i neages,or clades, the pr N 0. nyventl provi des an anal ysis and

sel ecti oR°%Y re\?éecsgli%ﬁghds rtgrinﬁtgc %’%a:ﬂ varhé% negEe)L:th%E?he vari ations anong H5

subt ypes [q22) i CFidiré B showlphctedti@i cfmizt fiven ldtiadl IOINTgvieqichalpage. Biolpsvafcci ne
strain selection in accordance with the present invention provides a fbr-oad
range of THPOWEER ;;L&qutggg?qﬁgt IMRYRIZeds WO pm@éé)@ega_ys 0 and 28 with three strains of -

BacHA (Tri-BacHA) or single strain (A/Vietnam/1203/2004(H5N1)) of BacHA (Mono-
BacHA) or inactivated whole H5N1 viral vaccine (WT-H5N1). Three weeks after the
final vaccination, mice were intranasally infected with SMLD50 (Mouse lethal dose 50%) :
of clade 1.0 (A/Vietnam/1203/2004(H5N1)) HPAI H5NI strains. Mice were monitored
for survival throughout al 14 day observation period. The results are expressed in terms of -
percent survival. |

[0023]  Figure 4 show protection of mice from lethal H5N1 viral challenge. Groups of
mice were subcutaneously immunized two times on days 0 and 28 with three strains of
BacHA (Tri-BacHA) or single strain (A/Vietnam/1203/2004(H5N1)) of BacHA (Mono-
BacHA) or inactivated whole H5N1 viral vaccine (WT-H5N1). Three weeks after the



100291As shown herein, devel opnent of universal vaccine entirely based on
HA of influenza virus is feasible, if the variation or conservation of

neut ral i 2WegoHpI3tBRes anong the several HPAI H5NL cl ade®Cetac2a/opesnt i fied.
Under st anding the distribution pattern of such neutralizing epitopes hel ped
in the design of a universal vaccine by incorporating two or nore ideal
H5NL strains in the vacci ne conpositio The neutrali zi ng epi topes of the
sel ected VI ral strains cover the vari ations amon g t he nost su t%

order t ofinelgiEceiBatine s WhtFdnparasalky infectednyithid &(Mgvseds@@l desR PV

subt ypes ¢ Rigil 9ys (ﬂ?ﬁn&%&/f&%ﬂ?ﬁ% IXSIIJP) P‘A@OH'B‘RI'l dsgapst | ?Jﬂké OP&eW thin
HA sequences of Vvariants escaped from neut |zat| on by nonocl onal

ant i bodi emniteneddbesirtivel uhﬁutghalhtlazlmga)emsbapeos ipeéad. oThdeslikaare ek presdedal . |
2002; Kaverin et al., 2007 Al ong with previous findings, the present

i nvent i offt §FBYP conharyyaht i fi cati on of ot her maj or neutralizing epitopes
of HSNL h}ﬁzwﬁpppfgaré HehdwABoRL 8 bEmPQAMSR §4Ral HBND v RAWhhge] tlouRytc! onal
anti bodi es. Analysis of distribution of all identified neutralizing ‘

epi t opes nacmwgrd-ﬁlbsmbngqueb' imewed k@l twd emes on atays sangi 2& ivitht theee satraingedi ¢

determ n o) N1. subtypes from h hu e Based on
Chese 1 ooarne (TR AL ¥RER, T AR eORIRS AR I PR R R

conpri si Bgchhy ofBhRkivaed twiRllié HIN ORIt @Reme AW T N )COVigke tWARKE Bltér the
variants within the HS5NL |ineages. In order to test denonstrate the broad
range of ﬁpalo\tae@matm nncavwm mmamqgaldﬂ wifeptedowith SMIH &) (Mausei ladakdasgisA%o)wer e
expr esseds 0fat 5% PREHI-RUYSHSRII6AT N BTG APHSN| GARY _flict Bery ARSIB%
formul at rons Wweieeva us al ] enge

phyl ogenmrlveagﬂtyossahﬂoagmodﬁﬁl\m il lobkéiSatichQie30d) rrhaeésmt@la:mceapmida ih l@mpr esent
i nvention, the universal vaccine developnent strategy involved three steps:
(i) nappph@eréffmﬁ@@ﬂ( paight (ak thedhsginmpresofghe A1 vi rus hemaggl utini n usi ng
neutrali nmog RS i y h

distri buﬁdg%] of t%)?giil I Z1 ‘Jé’pegg{’ﬁﬁ‘é‘s armn)leth{l H?—]\b{ﬁgﬂ%ﬂlcﬁ%g%gg %m S(ffl i)
sel ect i ngnitdleate subcataneuslyr iaimenital ooy Gmeb km dags i0adndo2fs watht three sttﬂams of

neutralizi epit of entjre HS5N 8wr th the

pr esent h‘?&gﬁtﬁpﬂﬁgg‘?‘ﬁbﬁéﬁmglfe strafs (A @gfzoﬂﬂg{&g]&) 9%@@‘3&%\4%1) was
used to ERAPHhNSr Heaktib el w&ge PN ORRS @Jcciﬂ%wiavwﬂm) MpReL RekeRS after the
neutralizing epitopes wth n-mAbs reveal ed that am no acids at position 138

or 155 oﬁnals@cgnatma nweq: weinnthnasdlly mfedied wath MLIRH0 G¥lonssj lothahdase 58P4)z | ng

epi topes N r | u her no_.aci ds (140
T80, “Roaokiil g hiihikenaad sy R R el TR GBS Vises
(Kaveri nnﬁimta}ed foP AfVivalBir SughbOa 1 2ldan obmtmr}ﬁandar The ARultPire BpRegdent
anal ysis. As shown herein, conparison of major neutralizing epitope
sequence@;n tsrmsshnereant swmivali t h i nf | uenza research dat abase reveal ed t he
variations within the epitope region of all human and avian H5N1 virus
hemaggl utinin.” See Table 2, bel ow 100311 Based on the epitope distribution
anal ysi s DREIXILEDEOEREREPTION MREEHHIINVBNTIONSt 1 ai ns,

Al ndone5| a/ CDC669/ 2006( H5N1) (c] ade 2.1), AN et Nani 1203/ 2004( HSNl\)l (cl ade
1.0) and (M6l / Thopresenrsiny§ntion telates 2o ) urijkersal JNL vagsiney Morq srepifisally,

[ epr esentyd A RidvEhligN FeI ATPRO u tacktlhiish iR vRgs stﬁéﬁhsegvmﬂ HREC Hae
strains were confirmed for t he reactivity pattern wt I fferent

neut r al i zntirg varibsts liy the mansrahzng repltopeatdf demagglutthint am@rgsmosisH bwnedgas. Tabl es

4A d 4 bel mAb 4F8
A | ndonedhs PEsEREET SR8 MERE i Paf AMTRELE A ot e g Rt gopprissp the three
AN et nanf}ﬂs&fl%%ﬂﬁ% H@N&mgﬂgks ?gmuhA{n%ﬁﬁé&édw&dﬁ@hﬁéd&&hrezla&anpat tern of

reactivity could be possi ange in the amno acid at

posi ti on[d®BJ] as Ltnﬂ@s Aﬁﬁm@mtbm@Cﬂt@@Qn@@m(d%m)lﬁstmsmlsmalserem hgve the
position 189 whi s" resengi Qe AJVi Qﬁ]rﬂl 03/r2t0 4$~ 1l]1 and

A Anhut 1 1756 it 7 45 sy “Flerstdhd B % b 2 20t Re M MHANES n- mab
6B8 1 eactsvenibd(sP Belodghe AN pitdhd)! paem 2DpHiddohd) p@Bﬂs}MArabplhc/aﬂlbasDOaE{d%Nl)
strains possibly due to the presence of commpn resid "Lys" at position at
189. Si mprhliqajionsnPenbagki wauencepsvebsitss B59 pther apbl@hséénatﬁaﬂﬁdefe@eﬁa% a

signific 0 t ve

2 shown g RERF dhe Wk R BkelsC SRR R el St BlcBFerdlB 3801
HSN1 i solrefeacdimvieinbntivetyafor all f}ﬁetheyalﬁndldse.rrm ning 34. 4% have am no acid
"Asn" at this position. Also, amno acid at position 189, |located in the
receptor binding site of HA contains amno acid "Arg" in 64.26% of all
H5N1 human strains while remaining 34. 65% have anino acid "Lys" at this
position. Hence, it is reasonable to speculate that the vaccine strains
selected in accordance with the pr esent |nvent| on shoul d represent. the

-, o, ~NNn7s7 w=an 14



[ 0034] The protective efficacy of the vacci ne was eval uated by chal | engi ng
the vaccinated mce with HS5N1 strains fromclade 1, clade 2.1 and cl ade 7.
As shown Weneimi3éesae hundred percent survival rate was ®bT&Gaed/wsosh t he
group vaccinated with adjuvanted Tri-BacHA or Mno-BacHA or inactivated
whol e viral vaccine against clade 1.0 and clade 2.1. In addition,

adj uvanted Tri-BacHA provi ded 100% prot7ecti on agai nst clade 7.0 H5NL virus
w t hout any infection synptons. However, adjuvanted inactijvated whole viral
vacci ne HH28Mbndhogh-supemilaNY veptipe sendidagsapnntigne toprpvideegaddopntigghicnst
clade 7.0 NL i-nfecti as Lvel y. . 0 J L ction
was i ndi CAtet ebof n\ll%sﬁ/sf)%gest‘%@lﬁggg%?p Ié%lp églsaggsl’ r11t ‘E‘gﬁgé“m%%éﬁf‘} r?ﬁoﬁzg'dgfuﬁf erent
groups. Mme virags iwitiiedadést ) 2a0indvaBtieé f Mo Saddrlée of amidieni¢ dirictskenbioy.e
viral vaccine_showed a higher | oss of body wei ghij of up to 17 % on day 6
agai nst eingadiN virysgs day e @lreadyesplit prio; HRRTPYS SrbGReagsh 8T s1adR% e PESSHEs to

‘ " oot i auh ot S ih
conrer p{n%ﬁ&?# %ﬂ?ﬂgés'aﬁﬁi %rfgxmégsr gﬁd FRNLishby Qc%arna""@érﬁhs Thét f'cppgsegt'éethteo e

variation wt etermnants (such as neutralizing epitopes)
of di f f enaxidtions ranmng Ui yypspes| REG&]lany suthearegionsafbreutralizog spitopasni Swhi on  of

m ce w th bacul ovirus displ ayi he lutinin fromthree sel egcted vacci ne
Strains VRRRISHARSGHPR i ArHHETro Y JB LCR e R R OGr BEORTBREAh on
agai nst Fﬁ;}gct%hraggingtqﬁ&qg5m IMebp@ut any clinical synptonms. Also, the

I ndi

present ngs reveal ed that selection of vaccine strains based on the
vari ati of@02@ t hiAs shewnnentinadévelapmenpiof opesrsahwagsinehentiselytBased onilHA dfel p

prevent t infectio i ated by. newWy energed N1 tants. The vaccine

f or nul at f‘gﬁ’eﬁéae‘él‘r‘fsnlsgﬁqrg‘é’q%tltﬁv ‘(ﬁé&g?ﬂ 8%&%8“’ %té?)rf 5‘596%%%8&@3%65&1“ b8&f ety
concer ns theBacsthPMPAY ST SN 1SHRARY cagbéiewifiéd. SERd@stasdifd the desttibivdl gaetefndf a
vacci ne in pandem c and pre-panden c situation and expedite the vaccine

t echnol ogychieutalizing pritapss helpedisrthe design gha wrivers#tvar¢pe by ifcamoratingdyoor
tedi ous pratein {4 cat i 0 ) ein.

treat: ng M ueRl sk SblnS Ty PROCRSRE oG U RE IR HhildnEs bERR®
condi t i oBeledted yirpltsiiaths cpv@vBavaridi@ne ainahy tishesitH Dfubaypesridiokdedno acquitiesease,

or otherwi se prevent, hinder, retard, aneljorate or reverse the progression

of a con8radoRngs PERISENSCIyRUREH gai daest HBNE WDRBED ne TEH O pHGapts to

what soev - :qU : i Rk rdn, ek i T}

"prophyl g{eﬁlgéhf{/gglﬁde?tagv%%gwgﬁ%ﬁ ra‘?{rlllc %s%ﬁ%ﬁ%?tdéﬁanggﬁé E%peg ﬁ%ﬁ- toxic
but suf f neutealizathoro bpt modockmahgstibodies oormed rible neutpalizuiglepitdpe dtesiafeldA

effect. For exanpl. e, ophyl act.i cal ffectiye anmoun or dul.ating an
Cmne.  Oehisea S 2902 kER S SBat A ik TR Radings 0B BeSeane
desired gffeRfibn ProviBAUnRLiHAGIfAB0 LM B8RP WeBtrdllkidg epitdpel FLHSI Byl ar |y,

a prophylactically effective anount for treating or preventing a di sease
associ at ewppingtthein aminaacifl séqueseesausing nentiaiziag eneglenalointibedies.géymal ysts

i sease. oh wabun BEM auE ARuhE e pERLPR ShulSElA e (o

subj ect deRanmis MtHINtHeaGE Sic 8¢t6lmiasnts BEHSNE GBS phefrdig bbthetaingth ardneiange and
general condition of the subject, the severity of the condition being

treat ed, resaurogsr tBased ap theperieswisi thy BIGAFNYiiBYWYien PARddeshregoyrecre strains
adm ni strat i . fQr . . i ' act
"ot oot vanpASf e Sl aiiil Spitdges oF 10010 BRRERN Ench (ARERL BN HRIRE,
amount " HHN IbEnéehgeer M oadir by tandembnarak ey hroskirdrigeiof friwectiort irusivagHan! y
routi ne experinentatigon. [0038] As used herein, the terns "polypeptjde",
"pept i de'Proifigs b rssleste vagsiae JERMS | I8 XRETIatN (he Bacuigvems tsarfégepgﬁj% of
am no aC'e@hJa§§ o3y év?ﬁﬁ’net gnﬁmaeﬁpwe YRILAR $h 2 AICIHERA ALIAGLOGAHOT
honol ogues thereof. Thus, these terns apply both to amno acid polyners in
whi ch onghglogenmtiealdyrvaranaHiSN 1 sgsindues is a synthetic non-naturally

occurrin 1 no acid, .such chem cal anal ggue .of correspondin

nat ural | 30@@ur (P AGCHARNHE ‘5’2?&1?6 8_56596& ‘Inv?afglot“o a’("b‘?’%fls‘ﬂy‘-'aﬁﬁlélﬁr e’lvnlﬁpg‘%f‘%o .
aci d pol yaeksy hOO3& Aﬁre@sﬁgﬁwshe(ﬁ)e'nﬁ'a pif}e off e dibralifink Yépitop@Ooif dgSNer virmyicl ei ¢
acid" are used interchangeably and (fe5| gnate a nol ecul e conprising one or
nor e nuclhewaggetininopsing nshirgimug Ineenoctpaal gntikpdigsa (radibst; heh) eyfal yzing Ithedi ng
but not I|jim.ted to. RNA or. DNA.nucl eot i d nhi nat i ons... [ - 40] As
used her éiilsr??blﬁf%’ %%P%uégﬂm&gseé)gg%esa%rgé@ gﬁelggl\\/]\nfﬁ We%ﬁskﬁrl\(l{l]%gﬁjgg 1§[g)tgggav%egﬁ

i nf | uenzaavdind Siraifi®ad Toddtytheiaeiatens dithate uahkzifg epitGes ddrentiat $BN by or
associ ated with an HS5N1 subtype avi an influenza virus.



[ 0041] As used herein, the term "nodul ati ng" when used in relation to an

i nmune response neans increasing or decreasing, either directly or

i ndi rect IWQ 2ar/136T88ne r esponse agai nst an anti gen. A va®CTis&20pMpread | y

i ncreases the i Mmune response agai nst an antigen. [0042] Thus, in a first
aspect, the present invention provides _a universal HS5N1 vaccine for the
treatnent or prevention of a disease i§ a subj ect, mherein the disease IS
associated with an H5N1 subtype of avian influenza virus.

embodi mentruseshelnafcordases WithNbe proseyiainwerione erpanek ek fiye grrlaﬁhw(éﬁ&u tatly
effectiv { ffective
arount ofa. Ths 3t S hec I HMBARE nE PRGN crRoPECR MR Mral MepPll

anmount obf aedthilizihgl ¢pitopesgeith @- Iagbmtrevehllad Al talieno eciiodi position 138eorsLAs @ct s
may be humans, donestic anlnals cat nonkey. etc.); liv stock (horse,
cow, sheapd o§aas wess gpvielvedyin thg fqamBP ipnyef qrdwg%lgeng Wt@eaeg Nlgyigus)  and
domest i Ch&haggguéﬁnl B Sdbiti S Obher SRERFackdsG1do, 1590153 drd RS idARA @aﬁ»ofeach

i mrunogeni ¢ ent conprises a ﬁenagd?utlnln or antlgenlc portion er eof

a nucl ei cﬂlaamamr anctoadizing ¢piphe (Baggrintdt ral. n2©®7)am¢regn®m tak@omto oonsidesatmnf .  As

used her ant i geni ort|on, of glutinin r fers to the.portion of
honmgg uEIiHRTet AR Ttesh HBSb T SRR (oG JBeor Sl ot S
enbodi MeREquehft§ RMINICRRE P VithiiffMudnRS Fddfeh aRtaBRE ARSI thdelRaehdvithRinn. 1 N
a further errbodl ment, an inmunogeni c agent is virus conprisi ng3

hemaggl uthedpitopé mganmﬂaélrhmmdmemm HiNhlevwsrhmagslutmt$a¢éltaé 2, jbaloa

addi tion he virus an at t enuat ed n anot

anboct modtoif ho Haron; b8 epohE Y nfthe” WGTS dBtirtbef R, L i Hren
enbodi meBfrainé hﬁ/maéﬂbslat@Deg@/gme(Hsmpr(cle@é 12. Dyl Avriex- &ew%xzobn(mt)her
enbodi nent, i nmunogeni c it virus conprising hemaggl ut| n| n or

a split elpdssl. Q)rﬁngfém%/lbﬁl@éaﬂ%m)dﬁladta3é)wereewtﬁ§eﬁdrfeﬁplle velyirapraseng Ehe

agent is I I e I I ment,
he hemngara g aton'all IAN R AR, THBRELEE AR Hajns DB IBHS ea‘%?%%an
addi ti onadacaviop gatterntwitt Hﬁffdﬂarraggtraltmmg mAls Bnvirgenewrahastioromd Hereas. i s

produced by a viral pressi vect such t hat presented o

di spl ayed\so?h(t"ﬁb “sd'ta?’éf'ée 40 a‘t‘ﬂéBvibleﬁs” PR et aceznﬁﬁgh%énfecoﬁﬁéesvpflg'l the

expr essi Q\Oln\‘i‘éﬁé P%6@9)2@6?|U}BW1VUS TSR SR PN ¥RCt Oforandeidie WifHS the . |
presenting or |s ayin lutinin or antigenic portion thereof is
a bacul O\A/VMnant/mzwm(}wﬂéHSHr}rbomdeAnmlHUZODi(&ISNdXprstwsis oThiecgatterrsueth as a

2 poxvi r TR SauH dif Trselr du theransin O SRE M Bp R T e "

I rmunogem/ﬁldagesm/co@mm@tmmla}@tr@lm%ejeﬁltgwgattptsﬁnbﬁrraggdhut:l“nw 9 gre%eﬁt' geni c
portion thereof which is ca expression in the subject. L 044] I n one

embodi nem the hoe/qu:m@mG@@NZ@g%@éMlé ardly Aohniid /20056HEN b straigs gt , the regnenay
all be |nac Jjvated yiruses qf ba Vi ru pr ntin sp ing the
hemagg| utPhl (r)t ‘or anC¥| get?tll C pglr [ glﬁa her e%?\so I né%}ﬁotrﬁecgs en%gféll i)&t{ g-h

I mrunogen/Vidgil 203r2004¢H SN ) dinllf &rAaiHui/¢I2805@BN19. grautshposfsltﬂﬁtdulemmrrmgem c
may be an inactivated virus, the second i mmunogeni c agent may be a

bacul ovi Preseacefecosmom iesifuedilypl alPorfiama W@m@@tlmlwnmﬁm@ramdlet Rt Beni c
ortion thes t e of

Prese vl g HE0As B0t gl I} Al JOHIBORR i RYBH By NG ARTR of ot

present istrriant Monecver s gkowmin T 2yedew NEB O slopp dpatvesivarinwshwitin 63. h% 6fi r st

i mmunogeni ¢ a rises hemaggl uti n or an epti d L her eof
of ¢ he v ien SN §OlAe s esiry em(d}rml?i ‘e ﬂbgem c
agent CORPH;$pSsifGRAHY hinfidaQd atafiosf?t%d W'l&cal?e%plrn' #le ré&ﬁ(o?@fndmg tiReotvi rus
strain AN et nanl203/ 2004 (H5N1) and the third I munogeni ¢ agent conpri ses

hemaggl utHAj containsaamiennt aqydfidcg' hep64.6%t ¢fealbbi‘5Nif hurhan virains while agmaining

oot S eS0R pdy iy it IR0 o BB et e B s THSRRA L seale BRY or °

encodes ttlttewttetmeﬁlamslsele&ee lin ABdIr@ARE ViRt lfpéeeﬂtheweqtonettomeeﬁe%t theed
virus. [0046] The i nmunogenic agents may be fornulated into a conposition as

neutral owrrigins Vishies thepmaiaraendigenieatniippec of plapste9%%| oE allndpNdelindagesaci d

addltlonlszituéln B ﬁﬂgﬁm@%tgv&heeugglno groups of the peptide) and which are
formed wi'th"S rganlc aC|Ss such as, for exanple, hydrochloric or

phosphoric aC|ds or such organic aci ds such as acetic, oxalic¢c, tartaric,
mal ei ¢, and the Iike. Salts fornmed with the free carboxyl groups may al so
be derived frominorganic basis such as, for exanple, sodium potassium
anmoni um cal cium or ferric hydroxi des, and such organi c basis as

i sopropyl am ne, trimethylamne, 2-ethylamno ethanol, histidine, procaine,
and the |ike.



[0047] I n general, suitable conpositions may be prepared according to

nmet hods which are known to those of ordinary skill in the art and may

i ncl ude pheroacsetsBcal |y acceptabl e diluents, adjuvantsPam$Go11OR@EYi ent s.
The diluents, adjuvants and excipients nust be "acceptable” in terns of
bei ng conpatible wth the other ingredients of the conposition, and not
del eterious to the recipient thereof. P0048]Exanples of pharmaceutically

acceptabl e diluents are dem neralised or distilled water; saline solution;

veget abl 083k edHel p@t@uﬁ:ﬁf sebecipdasitainsonere individualhe expiessed gn; the bagulovirus
cottonsegdeobl "8 cé%hf} forfiIAIR Phd Sylifill 7P ARABI mOdd: &%édn%vﬁamo”
olive Olf CO'[‘%n nse , Sesane oi | , aracnl s. oil or coconut

oi | sil baneviss! with |tﬂ@|llll:ldieﬂgltd)@hﬂ’)3|p|r@)(6ﬂ@ﬁ§ (islicbf ¥8S$etvayd cooirysted avane,
phenyl ponS|onane and net hyl phenyl polysolgwxane vol atil e silicones;

m neral GiclEatgubighalevel quprgssien 41t influenzs HY hemagelytipin uy pothy fasect andy| ose
derivati

car boxynt ey AR i (ThEYanfifor 4 A5G i g € LS ue supports the protein

hydr oxype)qpyésrmi dtythe edrlyuplase pf thevieculabkandesycld, msuémripleahmméldtﬂpla(yrof

i so- pr opanaol wer ral kanol s Quer pol yal kyl cols or | ower

bk} eno fngions fepredlpun o ralarEaky PasAS e Ty i sy Faiisd

gl ycol', ed:hyaeRge &L@/@@h ofp{hemheﬁ%te%svﬁ)o{he ﬂosBcelbuﬁéfh@aﬁe gtaméndozéz al.,
glycerl n, fatty acid esters such as isopropyl palmtate, isoprop K

myri st at é9&fr), etpng-kequisitatfer theddagviomirpya a¢q!lemethe @gﬁ@m gas pacyumed ik atg‘ﬂmq

t d t |
e e A RGP ol B SOMEL s Rey prsPRAER e ol Lok
pr ef er abiéncd, MBis dhéde Mill ihglpSlimitethe HAAHE ltrtRI’ure&ﬂTfhél pEdtéiaf thaws idstatimy the

i nj ectable sol ution or suspensi on, non-toxic parenterally acceptable

di | uents “@ld t(m? inflienzacirusi kA displayrd ﬁgéhe lgacgbvlvuw sfacedigh [t Berhitpnative

trigl ycer i PRA Kapo! and
1 270y opyriuegryigen@l 80 dic B8:0RuRRERANALRY WA WBlEHiERleaplie

exci pi enfgo aHleadndlvHIAQs (fi4 Mtahhdmﬁ [ n"Clhcwgh becammmMJl bxprbisqdli nhﬂpamzaf fin,

sodi um car boxyrret hyl cel | ul ose,_net hyl cel | ul ose
acaci a, §empggl 5@‘&84% ar%i@i’?‘?’%‘bémtsﬂé?"d’ée‘n lgiﬁct)F?slgl’ wﬁrﬁgn‘%tgg‘a Y Pq g&flicne ‘and
leci thingbp gﬂ rPhovrIszQse%s%cﬂrfgl HEMH@ § VAR TRYpIE AR At 4 &t the

flavouring an ouri ngs agents used 1 n capsul e formthe capsul es
may be coknegewitethasbeqgotods te belvlasedinte &4yl andoH a2 tsehuitsen ghe gbsyn@rfyﬂ

di stearate whi ch del di si nt e ati,on. 10 | ude
enol | i enfTYPSIB A ISPFIPe ﬁ@pr?tﬁ?sfﬁ \‘rﬁaa%@&n&%%%&"ag{l l/e@é b‘gjﬁép es and
buf f eri ngyRaRRLRIy MEY BY OB Paud WYHE‘Qﬁésbrma@s%tﬂlsﬁpnﬁ@ﬁ@ﬁicﬁelﬂ%ﬁﬁwnalséh t he
preparation of the conpositions include, and are not limted to, alum num

sal ts, mi(P@E) mlingsct sellSWwa&@t ak.i EA98prvdhse substrategpecifigieyprsl whibatiep perfidesor
|ncorrpl ete 315;} gp 21 11vepgcl es such as a mxture of the plant glycoside
saponi n, 2EHSF &R " Phosphat i dyl chol i ne that provides a vehicle for

present at[oml of Axeshealhefedl s@bc@indol€ imahRbtiorOsf & fgemtddkrixsire v€taghe. For
pur poses of this specification, an adjuvant is a substance that

accent uabeeuloyimss eslislayinhdeHAt esTir e indonesia/ ﬁ@%ﬁﬂ@ﬁ@@@%‘éﬂs@%ebn
I MUNOgeR oI, 1%&/2&?@—[5]@‘9 }/ AW FnhbiY LR i—IXN??gﬂq%c 3%1#&1&&5}“ Enlﬁﬂged

cel l ul ar "I'nmune response but an |ncrea ponse t er I'n the absence
of the otlfeserguail fitrewhtw colaparad taits adpdjueanted ddnnteopeet. , I\/Ia)dqoymarﬁlstltamdf their

uses are well known to.i nol ogj s§.s .angd ,are ty i cal 0 _enhance
the i muAdcs egsemated V\Néﬁlim&é‘@%‘“ﬁfi f‘?’nﬁj‘ﬁgﬁ‘eﬁ""’éré %’%dwn%né%’ Lagia‘r‘?‘ﬁ'unogen
I s poor| WM@QOS@@MHSW“%W&B&&G%& @fth&diﬁhdvaﬁfea%ma RG-HW- Opdd mal .

Thus the term "adjuvating anbunt” Is that quantity of adjuvant capabl e of
enhanci ngr tatiﬁavarrmdl bacul@sme ﬂsplaymgaHgl ofdiSN WH@@@M@Q%/&OO‘&H@N ITEones s

of 1 act oReHAY SariEh BT Thrpdnd ek el Bl P ALP TR G T

| MTUNogeRyhitkh @ FeLieity/ B%tﬁilzéﬁmmmﬁd@ﬂ Rétslofigds HNE Besihs Thee ivasoud he
route of adm ni stration, frotocol 15 for adm nistering the

i nnunogemladthéclaéﬂijl@vatadné lam!ﬁjh‘t 2celade dddiclade el qudisladei &) W“H%‘Eﬁ fhe

i i Rsetpamne I eRaRR) oot  Ruhioht (SHIRIAE TRy eliGnisB M0 (e

use of r @HcHZE of ARRtIVASP RTEH SNt wicBineatdronble © wakiiifgcladol I’(hSmOfogous)
adm ni stered i nmunogen and adj uvant. Responses are neasured by determ ning
serum anti body titers or cell-nediated responses raised to the i munogen
usi ng enzynme |inked i mmunosorbant assays, radi o i nmune assays,

hemaggl utination assays and the |ike. [0051] Solid forms for oral
adnlnlstratlon may contaln blnders acceptable |n hunan and veterlnary

. . o o e e



[ 0053] Suspensions for oral adm nistration may further conprise dispersing
agents and/ or suspendi ng agents. Suitable suspending agents include sodium
car boxymevbyeboelsbBose, mnet hyl cel | ul ose, hydr oxypr opyl meChigiGzerlobasdse,

pol y-vi nyl pyrrol i done, sodium al ginate or acetyl alcohol. Suitable

di spersing agents include lecithin, polyoxyethylene esters of fatty acids
such as stearic acid, polyoxyethylene 'sorbitol nono-or di-oleate, -stearate

or - laurate, polyoxyethylene sorhitan nmono-_ or dj-oleate, -stearate or 16
_1 aur at eclagri2 radidl .8-%&]? didging e?"%‘)“rletﬁlryallle%lﬂ% gt"ﬂa‘t‘f"éﬁs framp qtﬁ‘?rtﬁ@%s

conpri se( oI 05 IS4 6Tl Hdd¢i 7) gl gsagbgsam& mithstS ¥ M8 AfRALRd

i ncl ude di spersing agents as -exenpli |eci1 above or naturadl guns such as guar
gum gunTad@aeHA eacadnenfdrmadmoantduld be 4] thethh adserage of vepationsgwishinetheer al | y
adm ni st rabl E conposi ti g?_&g\ﬁre ag(?ar ent to those skilled in the art, and
are descPeub@lizing cporss @EERNT 1in§284S0r exanpl e, Remington: The Science and
Practi Ce[(mf34fha1i“ﬁ@c[¥0tegtlv%t chitbacy Bsk tHe Bacclf@XvasLbRiliadéO bl cMlehginpfBthé

W kins, Baltinore,” 2006, hereby incorporated by reference herern.
[ 0055] Theaccomappdanice ovithnfld§N1 stainp foast dadml, dadetZabhed cladd Actharshowndareds an

anionic, catiaonic or non-ionic surfactant . h as_sorbitan ester r

pol yoxye?‘Pf{j/]i"’la“g1 edé%‘i’ﬁ?&f‘ilr\ygéqpfaﬁ%wg%?&a@ﬁg ﬁs"éﬁ’&ﬁﬁ&“’é‘é’evﬁf csm%tﬁ@ hW’tzlsa% uz'tagtre 4

guns, celfhBRSE SENMonaIBaCHR S inhdivatd W HblOBirdaddife Sttt 8RdS 1 0idach@YS
silicas, and other ingredients such as |anolin, may also be included.

[ 0056] Pr égarlmadditionfadityanted fsioBagH A psovidess1 40Guprotectinp agans cladevir! HoNper sons
skilled in the,art. Typd cgmag' IO / d -

i nj ect abl'8% Weltlhf) Hte?n}éxs{gqegtﬁéudl éyrgéﬁ%ﬁ{%l ons o?jéllé uag eﬁlg{egn@ ?8{3%Fe|%dwﬁ (?)IF rr‘{slral

sui t abl evi®ines@ldutons BaBEH Aoprosidsd @nBi €616 i% and i8@31%6 prutéadion tagainst dtadd DO may

al so be prepared. The preparation may al so be enulsified. The active

i munoge E{iﬂ?ﬁi ipfgetien. apRPsctively- ofilsentheivkegresianofantecion was indiggted hygvarying

phar maceyti calky : : L b} era _agfic¥evd i &hth-
00571 | nteEebE MoBRERD I oy eI TRkt Ml oI, aukY v Atoes o
nmodul at i adjueantédvone-BaeHpoosaljtvantd vehkilamiralmfacciea zliowéd aibighéri loss efdmdyi ses

adm ni ster| to a subject a, prophylactical Ly effectiye amunt of.a

uni ver sal""_el-%_glffv%é? . g}/"(lz'l?é‘ Ggﬁ 3e?é’é_ st \l;a?cci’lfms it é/‘?fstesd cﬂagﬂ'dy Hove.

Al 't hough pighol e Vat&hésad dohRk lpméctwﬂla\ggirnwivkﬁé\ln5mcs¢1bt3@emvm@lmnmgrﬁtb@r ed as
a single conmposition, it is also contenplated that the’i ndi vi dual

conponentlse &f theheriation iwithiz the ahtigenisedstermindnys (sueh e newmiingneiopes) of
adm ni stered to.the B ub'Sect. [ 0058] According to the nmethods of present
i nvent i offt TSV (TR conpositions nay be administered by any suitable

route, ef¢g3s] SysE@Anaa), Isubcut@a@b@nahmyinibtibr06fhliye withebapalovirewigplayiagt e of
adm nistration to be used in any given circunstance w |l depend on a nunber
of fact ohemagghetininifien three ssbactedevagging sieains DN SySemc MpPBYRTIESPONRE Wdverity

and ext eqt,pf | Iofhef FONT Ak ARRRAGN Uierb1P aRREHACH @mgapOUNdS
to be de?%@glg%(%grgﬁ%bfﬁ?%gté ﬁsaﬁg5| de- ef ﬁect & of 't eaﬁgm rle% %négl nes or
conposi t iAds the f185=A1 findingxanpdled thansaédtion i tvacudesstisdiresrtased on thervaguatiorsd t hat
appropriate. . : : o

within the neutralizing epitopes among the subtypes will help prevent the infection

mediated by newly émerged HS5N1 mutants. The vaccine formulation used in this study

was produced rapidly without any biosafety concerns. Baculovirus displaying HA will

serve as an ideal choice for a vaccine in pandemic and pre-pandemic situation and

expedite the vaccine technology without the requirement of high biocontainment facilities

or tedious protein purification processes.

[0036] As used herein the terms "treating" and "treatment" refer to ‘any and all uses

which remedy a condition or symptoms, prevent the establishment of a condition or

disease, or otherwise prévent, hinder, retard, ameliorate or reverse the progression of a

condition or disease or ather undesirable symptoms in any way whatsoever.



concentrations of the desired vaccines or conpositions are delivered
directly to the site to 17 be treated, adm nistration nay be regi onal

rat her thaio28ug3em38c. Regi onal admini stration provi des Ph#/scapaeosey of
delivering very high | ocal concentrations of the desired vacci nes or
conpositions to the required site.and thus is suitable for achieving the
desired therapeutic or preventative eflect whil st avoi di ng exposure of

ot her organs of the body to the vaccines or conpositions and thereby

pot ent i a?00§7} eddsiusgd dietrin dh¢ éerms "effisetiayamyfune’x i | ‘@ropdractiraltyr affective
according_to enbqdinents of the .invention. be-achi b n ndard
outes,  PREHGRGUOT P ooty gl i PO RR TR SFRAE SHE Y Aol

i nt raar t ggrhpdunditdptANENBY HesifadeFtect NBG UK amblep b eiph@lactically. effeotiveogavirdtar y
adm ni stration may be intraperitoneal or intrapleural. [OOGO}If desi red,
devi ces B regsiplasiigtangmEnwsTesIoRPhiS AnHANQURtOh BgaaseRt AgeRtPouad thah providesy
sust ai ned. o .k nferdl |t i f. ven| ang; i he
body or &gp?%sgjlg yéf?[g%)lo?re}hogtﬁg@?ﬁé Sﬁli‘cg@l@ﬁg%seqog? ?\}Iféletgé sslug&P !r' elrgelgl(sﬁghg’f Eis uch
mat er i al prophylactidaly ledfdytivd 06t Adnirsatity at prevending sandisease aswicaredveth an or
host cell may |nclude delivery via direct oral intake, system. c injegtion,
or del i vaYign influcapa yirus)is a1 amopal of thecageptsor B9mpeHs A P%W{ﬂea thfe AP y to
cel'ls i spfraked nkil & rﬁ%n‘ﬁﬁg R diSeds@ TP el sBbRcHONRS exal¥ ddlodi 9&fustell Qvinucl ei c
aci d based conpositions, all nodes of delivery of such conmpositions are
cont enpl mdrydrdny suthect pr sbgevt dependmgi anrfactpBo2h Fhibe spempesdicin goinsatedatheaigso be
admnistered in the formof |ipasgnes. Liposo are,.general | eriyed from
osphol Fis dedpl rdiion Pt SEERn e s6eBRG Shre ARRAIEN gy e igtted the

nul ti -1 aggtibdar &%é@lf Blifd adrh Biktéled hYS IR odeHad Mg stetDAQNHE 86 forth. IMugGLIEOUS
medi um Any non-toxic, hy5|ologlcaLIy acceptabl e and netabolisable |ipid
capabl e o6t passiblntp sn»qug cmreexachreffrstive aouthe Howpuwi foroany given icpsgs@fe form
may contain stabild.sers reservatiyes. .exgGipi t [

o o1 o r caPoRAe 428 S amBRES Bl A mi i PR B ARy RO} s 18e

(1 eci t hi psly.rolngicexpatiremhtiénld synthetic. Methods to formliposones are well
known in the art. [0063] The effective dose |evel of the adm nistered

cormpound 40381 anyspused haieinr the, tgrst "RalyREPHEO e nBCRISN aRdy FrPliy o %€t or s
i ncl udi ng; i se j . t di;.sease;
t he actig??§ﬂ%¥&¥ﬁgtggﬁgtﬁhgigh%ﬁ%gg ;I?ﬁgagéﬁggg%?ﬁgﬁke oygh?g? égage,

body wei gidlogugenathalogseal tomolsgics ainateati Fhugfthdshaerssbgpptit bothhe atine aafl

adm nistration;. the route of adnm nistration;, the rate of %ﬁgiestratjon of

conpoundBOIE @uthifh 8AC BF MOHATINGACHERFIAUE S gSYBOEHC PoR-EBHEA N AT HA S

coi nci dephilo Wil Nsuch&std SRMTBA analRAE LTS cottdsPortlifiE hatu B! SLuirRfzt fhmove! |
known in the art. 18 [0064]In a third aspect, the present invention
provi des acid yastwiedbasfto matunall ypoesuming amminoacidrpodtmerat of a di sease associ at ed

w th an j “influe vVi.ru ich ¢gonprises. adm ni,ster.ing.t® a subj,ect a
pr ophy| a@/dl:’ggl I éll‘sef‘?e c?ﬁe(fén’aﬁﬁm?mgf B&S’W@%ﬁ‘gﬁl %Nﬁu‘g%c?ﬂg. afﬁeusel
uni ver saintéfelMgé@ i deSightted@ShéleR6 BRPYiSing BHet 60 hfdr€ QIPIREIiddsOdS .an

adm ni stration and dosages are as described above.
oligonucleotide, or a fragment thereof, including but not limited to RNA or DNA

- nucleotides or combinations thereof. |

[0040] As used herein, the phrase "disease associated with an H5N1 subtype avian
influenza virus" means any disease, disease state or disorder caused by" or associated with
an H5N1 subtype avian influénza virus.

[0041]  As used herein, the term "modulating” when used in relation to an immune
response means increasing or decreasing, either directly or indirectly, an immune response
against an antigen. A vaccine typically increases the immune response against an antigen.

[0042] Thus, in a first aspect, the present invention provides a universal HSN1 vaccine
for the treatment or prevention of a disease in a subject, wherein the disease is associated

with an H5N1 subtype of avian influenza virus. In one embodiment, the universal H5N1



[0065] I n a fourth aspect, the present invention provides use of a universal
H5NL vacci ne for nodul ati ng an i nmune response to an avi an influenza virus.
The uni veweab11{43biB8vacci ne i s as descri bed above. [0066pPCH/S&2011fopdvsaspect ,
the present invention provides use of a universal H5N1 vaccine for the
treatnment of a di sease associated with an avian influenza virus. The

uni versal H5NL vaccine is as descri bedZabove. [0067] Met hods for preparing
and adm ni stering vaccines are well known in the art and are exenplified by
U S. Pat eawmmo@mmssqe pmghylazctsgl?y PHEctive, BBeId 39 % AESt AMEMNOZEBE gL, 2pPat ent
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WD 2008/ 115314, \WD 2009/ 069447, \WD 2009/ 115917, WD 2010/ 021289 and \WD
2010/ ossbmbumweHomﬁ@nfr%mabe(éowaémowymb#@ﬁ%@c (hopseratehsFRcPhe of
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genet i csetci)nmunol ogy, cell bi ol ogy, cel | culture and transgenl c bi ol ogy,
which are withipn the skil] of t art. See, niati . 1982,
Mol ecul al088bni Hyopesmbodimrentge aHEr‘HB?“’l?&S’E)‘FaﬁgSHS/CWB%%eS aCET’ @E‘ft?% Yar bor,
New York t1 ﬁ oPRéh @kredt orallﬂ%igic amleﬁ%ﬂlﬁ‘é thg}féﬂia Lutlgiﬁ%r%@ltlgérf::@b&'tlgﬁ“ ng
Har bor ry Press, Cold Spring Harbor, K) ; nbr ook and
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updat es) ant%eﬁl‘éef)ortlégaﬁelumAarQeﬁﬁéﬂwof hBhagll@ssin. Of @ridpther RE6RIitnent] 384,

Mol ecul ar bi ol ogy of plants: a | aboratoty course manual (Cold Spring Harbor

Labor at omymFl’nmlc mnﬁlsapms gMPEFins hempggtutininAda gaothyeerpbrdiment, therviruse
Anal ysi s. of e e and
Ak ouished s Sp R Runal SRROMCEL TR SRl ARMfaed 0 pidthe? o

Yor k, 198mhpodihkent, ov¢ wnek ik amehe fORBSS aAzr'kTols@ﬁéil @sa fifrek dmSpdintegt, Hhe bivts is
Laboratory Press, CoI d Spring Harbor, New York); Nucleic Acid Hybridization
(B. 19 sggft%m@éo&c cylmrﬁrdgg.v% @u@lotlﬂgwodweaﬁgmmw%ﬁcwﬂ“ﬁa Mati on
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Fr eshney, Enzynes (
Press, 1%B)mmBnog%mcbagentAlstamaggiaﬂmnﬁadeenf[glenM)Ip@(:uimanhdﬁbqu g Qﬂ(ﬂ@et) t he
treatise, hods

zynpl o Academ c Pres ods In
sy 10! G5FPOVBIEEL he e AHEPEE, oy AHECHIC Poremy R BRIl e iRl 1
Cel | And o Mpti&iedt | Rbolirvdre Ithe (HA @%luﬁﬂﬁln NdriREnicfbition MeADEN 9roanea§by loondon,
1987) ; Handbook O Experinental Tnmmunol ogy, Volumes |-TV ( Weir and C
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Bl ackwel | A f| ubl i at ons

Interfer 8%8“‘%8& E virg S’ﬁqrﬁ%%qn V%&?r lﬁc b%cgﬁdfﬁlmﬁ res “gn F’r%crtl?r a@a%’ri dge
Uni ver si &iud 6§§§nt11%1rﬂ?r iRpRying0fR; h&shenetisin &Néndlgam f[ﬁhmcehdrébfpisa(htl ce,
Wl ey-VCH 2005; Engel ke, K;Alnterference (RNAi): The Nuts & Bolts_ of

si RNA Tebhew\dgy, DNangihers smbodigwnt, the tvxrahrwneﬁqlem fverlenctch pglia medifiedng

Modi fi cation 0 I unman
booL Ll CR flia VR0 95 A6h TLALDGR wledVRLI S eworg@é%aa}{%gﬁg EPfessio
Technol og¥ctar) candpthlei kiled. i dn, orﬁl?ﬁnbad]ﬁ&nt EXANE’InEfﬁogé}ﬁﬁgigﬁnewpa aseldic ianident i on
is described by reference to the follow ng Exanples, which i.s offered by
way of i Eenersin e GRmasE v 3 (N e BIHOP Bhareeh Whiehis FaRGRIACf EHPTETFIhR
manner . ﬁﬁaﬁ %rg techni ques well known in the art or the techni ques
specifica escri bed bel ow were utilized.

EXAVPLE 100d#{ er imbse ambodiidnqodbe immunogenic agents may of the same class, e.g., they

may all be inactivated viruses or baculoviruses presenting or displaying the hemagglutinin
or antigenic portion thereof. In another embodiment, the immunogenic agents may be of
different classes, e.g. the first immunogenic may be an inactivated virus, the second

immunogenic agent may be a baculoviruses presenting or displaying the hemagglutinin or



[ 0070] Vi ruses: HSNLhumani nf | uenzavi rusesfrontl ade2. 1

Al | ndonesi a/ CDC669/ 2006, A/ I ndonesi a/ TLL0O13/ 2006 and one avian strain

A/l ndonesw@/20347%82006 wer e obt ai ned from the M ni stryPofi/SEeal1100005%/0OH) ,
Republ i ¢ of Indonesia. The avian H5N2 subtype obtained fromthe Agri-Food
and Veterinary Authority (AVA) of Singapore. The H5NL1 viruses from

di fferent phyl ogenetic cl ades/subcl ad (Table 1) were rescued by Reverse
Cenetics [WHO, 2004]. Briefly, the hemagglutinin (HA) and neuram ni dase
(NA) genafigghicHBtio theagens sanly then third dagunogeniq agent may, bg they same gp@ng ofer e

synt hesi Scrd pt . ed on the sequence fromthe NCBI influenza
6, AEORSH Bl R B

Dat abase. genes were cloned into a dual- 20

pr onot er [(E4BF M Th 4cebrdandd withke Prebeit xiventige A eihivessa( Fishlakatian ieprephred
2009). The dual - pronoter plasm ds were obtained from Center for D sease
Cont rol Enihishethe dirstommygoggpic Agemacompgses Remaggintinin or 41 gigenifEePePtides cued

by transfiectirng gpl a5 95aif WiioRbRICHERBDE (A5RDY it SbednlSndrfiiRieBhiRY Si X
e |

i nfl uenza genes rive rom high-gromh master strain A/Puerto R co/8/34
(HINI) i agent conpuistuthechag@@lafiniandr MaCkniiginis peplidey thérpaff o€t thei viens26@4in

I nvi trogen. Cor ost -t fecti th | t d
nocul at SV emeani2liefbn GFedt Bgkhe bt Leitel Seh s e’ R BEHLE B
reassort ghfp xrltrgéﬁgcspebﬁ@mﬁe%f%?mneas?ﬁﬁgﬁ/w&/imsemsfﬁd).t A s RXritem

presence of 1 ntroduced HA and NA genes and the absence of nutations. Stock

vi ruses herei, probpagainedenin agéns meyl tena wires, e prdtein, efpentided ayuelett asidbeybaat ed

eggs, Vvilus.,containing allantoig¢ fluid s. harvested and. stared i l.i quot s
2050 ik CoRumistnoF sabNsSe B hctisfelifRiny B 4556 Dabi Hefer & Berid
assay. AbjecHedefimsEnts with highly pathogenic viruses were conducted in a

bi osafety level 3 (BSL-3) containnment facility in conpliance with CDC/ Nal
and WHO H¥d6hmehbatmowsogenipagents maxdeoiormnlatedrintoe sompasitips as U@ mir at ed

from Revehsg (6N hhGicentall #hcd¥Btable salts include the acid addition salts (formed with

free amino groups of the peptide) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic acids such as acetic, oxalic,
tartaric, méleic, and the like. Salts formed with the free carboxyl groups may also be
derived from inorganic basis such as, for example, sodium, potassium, ammonium,
calcium, or ferric hydroxides, and such organic basis as isopropylamine, trimethylamine,
2-ethylamin0 ethanol, histidine, pfocaine, and the like. |

[0047] In general, suitable compositions may be prepared according to methods which
are known to those of ordinary skill in the art and may include pharmaceutically
acceptable diluents, adjuvants and/or excipients. The diluents, adjuvants and excipients
must be "acceptable" in terms of being compatible with the other ingredients of the
composition, and not deleterious to the recipient thereof.

[0048]  Examples of pharmaceutically acceptable diluents are demineralised or distilled
water; saline solution; vegetable based oils such as peanut oil, safflower oil, olive oil,
cottonseed oil, maize oil, sesame oils such as peanut oil, safflower oil, olive oil, cottonseed
oil, maize oil, sesame oil, arachis oil br coconut oil; silicone oils, including polysiloxanes,
such as methyl polysiloxane, phenyl polysiloxane and methylphenyl polysolpoxane;
volatile silicones; mineral oils such as liquid paraffin, soft paraffin or squalane; cellulose
derivatives such as methyl cellulose, ethyl cellulose, carboxymethylcellulose, sodium
carboxymethylcellulose. or hydroxypropylmethylcellulose; lower alkanols, for example

ethanol or iso-propanol; lower aralkanols; lower polyalkylene glycols or lower alkylene



Viruse nanme (subtype) C ade Host 1 A/Vietnaml203/04 (H5N1) 1 Human 2
Al I ndonesi a/ CDC1031/07 (H5N1) 2.1 Human 3 A/turkey/ Turkeyl/ 05*(H5N1) 2.2
Avi an 4 WO 2011/136738 PCT/SG2011/000059

14

glycols, for example polyethylene glycol, polypropylene glycol, ethylene glycol,
propylene glycol, 1,3- butylene glycol or glycerin; fatty acid esters such as isopropyl
palmitate, isopropyl myristate or ethyl oleate; polyvinylpyrridone; agar; éarrageenan; gum
tragacanth or gum acacia, and petroleum jelly. Typically, the carrier or carriers will form
from 1% to 99.9% by weight of the compositions. Most preferably, the diluent is saline.
[0049] For administration as an injectable solution or suspension, non-toxic
parenterally acceptable diluents or carriers can include, Ringer's solution, medium chain
triglyceride (MCT), isotonic saline, phosphate buffered saline, ethanol and 1,2 propylene
glycol. Some examples of suitable carriers, diluents, excipients and adjuvants for oral use
include peanut oil, liquid paraffin, sodium carboxymethylcellulose, methylcellulose,
sodium alginate, gum .acacia, gum tragacanth, dextrose, sucrosé, sorbitol, mannitol,
gelatine and lecithin. In addition these oral formulations may contain suitable flavouring
and colourings agents. When used in capsule form the capsules may be coated with
compounds such as glyceryl monostearate or glyceryl distearate which delay
disintegration.

[0050) Adjuvants typically include emollients, emulsifiers, thickening agents,
preservatives, bactericides and buffering agents. Adjuvants or immunostimulatory
components useful in the preparation of the compositions include, and are not limited to,
aluminum salts, mineral oils, Mycobacterial products (e.g., Freund's complete or
incomplete adjuvants) or vehicles such as a mixture of the plant glycoside saponin,
cholesterol and phosphatidylcholine that provides a vehicle for presentation of several
copies of the protein on a cage-like structure. For purposes of this specification, an
adjuvant is a substance that accentuates, increases, moderates or enhances the immune
response to an immunogen‘or antigen. Adjuvants typically enhance both the humor and
cellular immune response but an increased response to either in the absence of the other
qualifies to define an adjuvant. Moreover, adjuvants and their uses are well known to
immunologists and are typically employed to enhance the immune response when ddses of
immunogen are limited, when the immunogen is poorly immunogenic, or when the route
of administration is sub-optimal. Thus the term “adjuvating amount” is that quantity of
adjuvant capable of enhancing the immune response to a given immunogen or antigen.
The mass that equals an “adjuvating amount” will vary aﬁd is dependant on a variety of
factors including, but not limited to, the characteristics of the immunogen, the quantity of

immunogen administered, the host species, the route of administration, and the protocol



A/ Anhui / 1/ 05*(H5N1) 2.3 Human 5 A/ chi cken/ Shanxi/2/06 (H5N1) 7 Avian 6
Al goose/ Gui yang/ 337/ 06 (H5N1) 4 Avian 7 A/ chicken/ Henan/ 12/04 (H5N1) 8
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for administering the immunogen. The “adjuvating amount” can readily be quantified by
routine experimentation given a particular set of circumstances. This is well within the
ordinarily skilled artisan's purview and typically employs the use of routine dose response
determinations to varying amounts of administered immunogen and adjuvant. Responses
are measured by determining serum antibody titers or cell-mediated responses raised to the
immunogen using enzyme linked immunosorbant assays, radio immune assays,
hemagglutination assays and the like.
[0051]  Solid forms for oral administration may contain binders acceptable in human
and veterinary pharmaceutical practice, sweeteners, disintegrating agents, diluents,
flavourings, coating agents, preservatives, lubricants and/or time delay agents. Suitable
binders include gum acacia, gelatine, corn starch, gum tragacanth, sodium alginate,
- carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include com
starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include lactose, sorbitol, mannitol, dextrose, kaolin,
cellulose, calcium carbonate, calcium silicate or dical¢ium phosphate. Suitable flavouring
agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring.
Suitable coating agents include polymers or copolymers of acrylic acid and/or methacrylic
acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten. Suitable
preservatives include sodium benzoate, vitamin E5 alpha-tocopherol, ascorbic acid,
methyl paraben, propyl paraben or sodium bisulphite. Suitable lubricants include
magnesium stearate, stearic acid, sodium oleate, sodium chloride or talc.
[0052] Liquid forms for oral administration may contain, in addition to the above
agents, a liquid carrier. Suitable liquid carriers include water, oils such as olive oil, peanut
. oil, sesame oil, sunflower oil, safflower oil, arachis oil, coconut oil, liquid paraffin,
ethylene glycol, propylene glycol, polyethylene glycol, ethanol, propanol, isopropanol,
glycerol, fatty alcohols, triglycerides or mixtures thereof. ' o
[0053]  Suspensions for oral administration may further comprise dispersing agents
and/or  suspending  agents. Suitable suspending  agents include sodium
carboxymethylcellulose, methylcellulose, hydroxypropylmethyl-cellulose, poly-vinyl-
pyrrolidone, sodium alginate or acetyl alcohol. Suitable dispersing agents include 1ecithin,
polyoxyethylehe esters of fatty acids such as stearic acid, polyoxyethylene sorbitol mono- -

or di-oleate, -stearate or - laurate, polyoxyethylene sorbitan mono- or di-oleate, -stearate or



[00711Neutralizi ng nonocl onal antibodies (n-mAbs): A panel of five
different neutralizing mAbs against the HA of H5N1l viruses were sel ected
for the onerattesi3gati on of the escape nutants. BrieflyPCBAGBHO/0N0SE wer e
i mmuni zed twi ce 2 weeks apart by subcutaneous injection with purified
formalin inactivated A/l ndonesi a/ CDC669/ 2006 or A/ I ndonesi a/ TLL0O14/ 2006 or
Al Chi cken/ Si ngapore/ 98 H5N2 antigen mxed with adjuvant 21 (SEPPIC,
France). M ce received _an additional intravenous injection of sane viral
ant i gen, -lauratgpad tog bk Fopdsipps fos oralradaypistiestont ay {inther epppriseqne g more
(Yokoya : 72): L NG cof : WA ' jng .
n b puepink aseE Al MRPAAG b dabth AR 0 B DS RpifRY

char act eabavator aaturdl gemes apeh asguangem ( glaw ecdcie @tgual tragR@itl) with five

differ ent ngut ralizati.on nonocl onal aﬂti odi.es q(j\688, 4C2, 2D9, 4F8 and
3H11). BHi0ef) S \JPh PRSBARGePAeRUFRA Y AOBUNITT A SHBOLRYY AFABRAYOn- mab

for 1 h @Rk hBedin‘thbRg, ¥R aletRSHRUSH ndit Aetil-ifl2dor @ksnpRDR¥ANRBISA THBI cken
eggs. The eggs were incubated at 37 C for 48 h. Virus was harvested and

used f orSckwwi ayl Practiceriof i Prgria¢yutdish BEdn BdbPyBnitcrd Lappiokath Willieman¥ t he

escape .ant s re pl rified. tations in a.HA gene were then

i dentifi dﬁ‘ﬁ'i‘f’ ?\éﬁmﬁg’iﬁgg%‘%‘%@o‘ﬁﬁ%{?@&‘ 'bfyhreffﬁténcgg“ﬁﬁeérh‘ce of the parent
virus. [ 88] EpThoREmPbsitibon Bty @Bopbky ShE suitidld k@ifictin® Guetpiaé apemidiic, HHSHA
identified by Kaverin et al. (2007), along with najor epitopes identified
in this eatipgie onepr-ierak sarfrcien sishsisdwrkitanoesters ror sedyesysthyleng | desivativero
anal yze fhe distri 10 i Z] { e .

Vi ruses,E 1lrﬁo(lfl'- ?%{Pgeﬁﬁslﬁ%ggsué%%egsevq\%?ughcéhnlgg’r gﬁl%@#hﬁzﬂﬁgg%ahgqﬂg%#c%m
vi ruses fataNGREh iasfsilitabeous diicabasrl. othteingreali et syvhl asniangli, smayblsédi | was
anal yzed with I nfluenza Research Database (Fludb.org) and up to 317 human
strai ns H§HA9$28 avian strains were ali gned in this study. To assess

vari ati Ofyalsiy t h e it from
ol 1 pl oSl o EreBRaiBR 6P nARpios AR, s U IBR REUE [ CopiaRIRIRY
vacci ne &t ttei ag: Typiceky,dsuchecemposiion @t rpepmsedvas anpelabkesedithan asoliquidt he

variationg wthin the neutrali.zi ng epitopes, of HA anong nost H5 | i neages.
Fart hor - Saiyibrischs Spqngaigniy sobd rima e R Sebion Ty SRTEnTAE b SRIa PR b
hemaggl utj RAdHOR mMdINaIRd bk QReRPSRY TAE PrdPafdtidnaHAY [aisb 2Rt dnsified aVhe Bdtive

appropriate neutral’i zi ng nonocl onal antibodi es.” [ 0075] Gener ati on of
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vectors, as tdglz:cri bed Etrb Vi Oﬁ‘f‘bé Ct}/\\/ZSSIV iﬁilmorom)ter controll ed HA
expressi B RREEAPH SORPUPIF §d AHEBEFRE s hut t | e vector pFastBacl and
i nt egrat st oId heeddaaWspatt,ths peaBmByaHtiohi protE BA(eTivdafoe aiddiuliging @nt he

protocol of Bac-To-Bac syst emfgﬂl nvitrogen). Briefly, the full length HA
gene wasiBMENE faSpRnse to AR Brig. inflienzayisy Whigh co@ptses admanistering toya sybierddr d PCR

t hod ‘ .30 72G i )
wer o amoPiFngdeRffly ARCudD fEARF o Gl AR vl S i 3 RY 1SN 0e
(SEQ I D bs?cide ldNiHaM abmve. ﬁﬁhﬁwg%gwm@gfﬁﬁw ( SEQ
I D NO 2 rom Vi ruses - onesi nBan,
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SEQ ID N%tﬁgé&'fﬂsr}ff (RCL AL CRRPSGRCS) éegé{a@gﬁ%t‘%ﬂ@é&ggﬁfz EpiNistée8 parrk

Accessi on . EU122404 and ABWAO1 (nucl eoti de sequence) and
SEQ | D Néntjedtani no aci d sequence); and A/ Anhui/ 1/ 2005(H5N1) (GenBank -

Accessi o : 71928 and ABD28180; SEQ I D.NO 7 (nucl eptide sequence) and
SEO 1 D NUBR] anfArEordeEclo She EHoE oF PESSPTTeY U B e ey e {OrSBFLEd: b

vect or Wpt hdplimblerdNBy S@l! suitabRSroabd dithed8NRemMBINE tedfoRhll £ bri 18EA1yD FaRt Bacl
vector with the Notl-Sall site. After transformation of transfer vectors

i nt o DH1@BAChlar emerbf adminigeation de baised i amsgizen etcumstancsiwillcdsperd ondd t he
budded bacul ovi articles. rel eas L0t | r at 4
days posflflﬁIl ﬁrscff;flélfstf’%hfncl‘%é%%éléﬁﬁr?\gptthf iracaaﬁ%?geggé)ci |atéia1 p%ﬁ%@%ﬁg g‘?‘%éﬁ rétmal e
BALB/ ¢ o€ ehe( Sisedeekthic @bghlirededtagddbiitheashrticudan ddngpduabotabe dylivnédrand tHeent r e,
National University of Singapore, and maintained at the Animal Hol ding Unit
of the TeAEaEN sidereffestsi of thedesirgd ypgeings pr cameptifoRour ni ce per each

experime gr = gr.Qu CGJ . |y, fiJres at
a regul arrm(ﬁr? er\(ggﬂ0 é’{]‘l“ﬁﬁé’dﬁs%&"%ﬁ&%&éﬁ X’hgfé ggcﬁgﬁﬁ‘?‘ﬁ@em@pﬁﬁ?[@éﬁwof
H5N1- ANicehdsanhiia If 2Ddesiivt vacdigas Hk)composisions anexdelivaredflireabntobbe sikoto r us

di spl aying HA from A/ I ndonesi a/ CDC669/ 2006- H5N1, AN et Nam 1203/ 2004- H5N1
Al Anhui / 1/ 2005- H5N1 (Tri-BacHA) with or w thout adjuvant, Montani de | SA563
(water in oil emulsion) (SEPPIC, France). Also, inactivated RG H5NL virus
(ANi et Nam 1203/ 2004- H5N1) was used as a reference vaccine control. The
serumwas collected fromten mce per experinmental group on day 14, 28 and
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100771Hemaggl uti nati on inhibition assay: Hemaggl utination inhibition assays
were performed as described previously (Wbster et al., 1991).
Recept or -wox0r1on6713§ enzyne 23 (RDE)-treated sera were ®ETiS&R20M/0dd0sUt ed
(2-fold) in V-bottom 96-wel| plates. Approximately 4 HA units of viral
antigen was incubated with the serumf 30 min at room tenperature,

foll owed by the addition of 1% chicken red blood cells (RBCs) and

i ncubatipn at roo

tenperature for. 40 m.n. J0078] M.croneutralization
assay: ThB® fficeledn lflgFfFafm g Receeiopalralis f _alea%o'?%ﬁ%al PEmEGRouS | y
descr i begrRides Mapﬁﬁﬂ%tt&ﬂv@ﬁin%%ery hé0Bal Bhéditratlons\dde 88 ViRNResseeded
in 96-well culture plates and cultured at 37C to form a nonol ayer. Seri al

2- fold df Icniposig'm_m&f thehe -rbqna'rﬁﬁi vitt edd (thec is oS_ruitﬂlﬂe rrfOn)aObiﬂViJm gengdesredwer e
e e oA S A R T PR R L
and the tHex¥deees \WeIcBmpasiond and tHEpEW) pteritidly N@@{n%%ldeseﬂféttst. Byphiagasfe
well's. The neutralizing titers of nouse antiserumthat conpletely prevented

any cyt opantile, adnfipistraien acserding tapmbpdimentsnef the irycalipr maxthedachieved by

[ 0079] D al e agal . L MULMS i 00n. T 2 ks
fter £ AN UROER ka0 anbEEne ROty Bk Etey, ARG, GREEEARET
facilityint@véndisCesupitaffonsip topicsl cdraldralngidracatitagy asdthinystiation vy DHE
(Mouse | et hal . dose 50% of honol ogous (AN et nanm’ 1203/ 2004( H5N1) cl ade 1.0)
and het el$12pgdiqacat PRHrapleyral. A/ | ndonesi a/ TLL13/ 2006( H5NL)) and cl ade 7.0

(A/ chick anyg )R L : : dose
(MLo80)  BVGBLS "t destrbE Keleks of Bipastichls Bontafhii ihe RRRRBLoriD idhus ShidBle

exper i nefirsustame oe detrarititmeccadel cealdies, én offse ingdarded Inythedodp or tapicablydy

wei ght and rtality. NMonitori continued until. al.l ani s died or until
oy 14 aPeiEdhpomte o Pty S8 et Syt etetiofipo e B s ed and the
lungs we[@e6if O AdndifisdA%n( ¥t b ekprefi§ot vadioDbf B@{tecﬁllfrﬁémdlﬁﬂeaMiv% gdded in

paraffin and sectioned. Sections were stained with hematoxylin and eosin
(H E) pr divectiopal lintgke, spstemipsiojspiion xadcheery dm seleddedvassue(@y ol eedlseer ihdiredtlyng

t hol ogy. ALl || i d i mal_.bi osaf
Paver 5 ¥ el R iR A RS e e o WA Ba P BREFR, 2 s on
of Neut r a¢id Hastd depigositss, il tbdid dﬂ&ieﬂgerg-dfl‘éb&l tQRSR] thnparetor®émplated b

different neutralizing mAbs (6B8, 4C2, 2D9, 4F8 and 3H11l) against influenza
hemagg! utherfiresepHayenig®. pr oduced previously in our laboratory. Al n- mAbs

ecoun Eihelc SR QLRI ORe pSP 489S, oo SPRESRED HEOUARIELY, (0

been conLiposetles arehgarerally derived from phospholipids or other lipid substances, and are
formed by mono- or multi-lamellar hydrated liquid crystals that are dispersed in an
aqueous medium. Any non-toxic, physiologically acceptable and metabolisable lipid
capable of forming liposomes can be used. The compositions in liposome form may
contain stabilisers, preservatives, excipients and the like. The preferred lipids are the
phospholipids and the phosphatidyl cholines (lecithins), both natural and synthetic.
Methods to form liposomes are well known in the art.
[0063]) The effective dose level of the administered compound for any particular -
subject will depend upon a variety of factors including: the type of disease being treated
and the stage of the disease; the activity of the compound employed; the composition
employed; the age, body weight, general health, sex and diet of the subject; the time of
administration; the route of administration; the rate of sequestration of compounds; the

duration of the treatment; drugs used in combination or coincidental with the treatment,

together with other related factors well known in the art.



24 hemaggl utination inhibition activity (data not shown). Am no acids
involved in formng the epitopes of n-mAbs were anal ysed using virus escape
mut ant s. Woquerics13§ of the conpl ete HA gene isol ated fr ecscoiipb@sescape
variants (a) to n-mAb 6B8 carried a single point nutations at amno acid
positions 189 (Lys to Asn) or 155 (Asn to Asp), (b) to n-mAb 4F8 carried a
single point nmutations at am no acid plégsition 155 (Asn to Asp) and (c) to
n-mAb 2D9 carried a single point nutations at, amno acid positions 189 (Arg

to Trp) H064b3 Ingpihirdoaspee)y thegirpsephinventianypyideyp methgd,fon the prevantior #rt he

i nvol ve 1 N0:aGil : r il infRenkf\ o] ) d -Ql.m ng
t he epi {Tg%)%mg t| I%g1 %-dr%%lsgl—?ﬁé%%%?i%gﬂaﬁs%b e1 pol ﬁ%ﬁn&u gt })v(l)ﬁ)nég1 zcaétnﬂg{ln&:sm aci d
posi ti onad3@istdrimg” to h3&ubjédt yd' pesphyladcdllyeefféctikiel amonmoofaai whiposdlt HONS$

i ndi cated here excl udes the signal peptide o See SEQ.ID NGs: 9-11 for
the ani n¥?esitiied fﬁw&w&&@ &fﬂflhé(a?%wseaﬁﬁeﬁfﬂ&gﬁhg% oSuitable compositions,

A ndonesi hERGRODLIPARLEINI us ALVEiSly MEIL1203/ 2004(FBNL) and |
Al Anhui / 1/ 2005(H5N1), reSpectively. EXAMPLE 3 Epitope Distribution Analysis

[ 0081] Ful@065knginh aHAugk (aspent e theopreseanit anveatidn proeideHBM of iar wseersaleliaN 1

e

i sol at eSy¥RN 8 a6QRPRIBAe¥¥ribdd bbsvdraj or neutral i zi ng epit ope sequences (am no
acid position 138, 140, 155, 189, 159, 194 and 218 of the HAI region). The

resul ts [0966hkI eth a figh appest, thd presrnt imjepriomprov ifen bee eff wpasayl EHNIngacewst ai ned
significant,variations agong the h n.as |l a Lan. H5NL.| i
i Hep@ir®QF {HRCRe o aT Mt T T RboF bl MR e

(Tabl e 2)-. ysSi§ O rght'y vari ant

pr edom nHBN1paESaOGasdesaibed@ba. d "Lys" (22.5% and "Ser" (28.5% at this
position in all H5N1L human isolates, with only m nor presence of "Thr" at
posi t i onl0P8d] ( sMgfhady Aoy rreparingmndiadmyinisteriag Yadsings agy welb knawp guhe geandn| y
two vari gnt 1-i38! j L4 7' @R rea

G R L e e A R S L
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2011/ 136 A3BRGlHor@BHLARIONRS. #r0 TABRA 2898681 Wepeohy/eausac womndisN s3i4,ai ns -

Human HS5NL™ Avi an HSN1 138t h aa
WO 2009/069447, WO 2009/115917, WO 2010/021289 and WO 2010/036948, each
incorporated herein by reference.
[0068] The practice of the present invention employs, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant
DNA, genetics, immunology, cell biology, cell culture and transgenic biology, which are
within the skill of the art. See, e.g., Maniatis et al., 1982, Molecular Cloning (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York); Sambrook et al, 1989,
Molecular Cloning, 2nd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York); Sambrook and Russell, 2001, Molecular Cloning, 3rd Ed (Cold Spring
Harbor Laboratdry Press, Cold Spring Harbor, New York); Ausubel ef al., 1992), Current
Protocols in Molecular Biology (John Wiley & Sons, including periodic updates); :Glover,
1985, DNA Cloning (IRL Press, Oxford); Russell, 1984, Molecular biology of plants: a
laboratory course manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.); Anand, Techniques for the Analysis of Complex Genomes, (Academic Press, New
York, 1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular Biology
(Academic Press, New York, 1991); Harlow and Lane, 1988, Antibodies, (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York); Nucleic Acid Hybridization (B.



G n 58.9% Leu 411% G n 80.4% Leu 13.6% 140th aa Lys 22.5% Ser 28.5% Thr 6%
Lys 34.8% Ser 6% Thr 16.6% 155th aa Asn 34.4% Ser 63.4% Asn 50. 6% Ser 43.2%
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D. Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames & S. J.
Higgins eds. 1984); Culture Of Animal Cells (R. 1. Freshney, Alan R. Liss, Inc., 1987);
Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, 4 Prdctical Guide To
Molecular Cloning (1984); the treatise, Methods In Enzymology (Academic Press, Inc.,
N.Y.); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immunochemical
Methods In Cell And Molecular Biology (Mayer and Walker, eds., Academic Press,
London, 1987); Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and
C. C. Blackwell, eds., 1986); Riott, Essential Immunology, 6th Edition, Blackwell
Scientific Publications, Oxford, 1988; Fire et al., RNA Interference Technology: From
Basic Science to Drug Development, Cambridge University Press, Cambridge, 2005;
- Schepers, RNA Interferénce in Practice, Wiley—VCH, 2005, Engelke, RNA Interference
(RNAi): The Nuts & Bolts of siRNA T echnology, DNA Press, 2003; Gott, RNA
Interference, Editing, and Modification: Methods and Protocols (Methods in Molecular
Biology), Human Press, Totowa, NJ, 2004; Sohail, Gene Silencing by RNA Interference:
Technology and Application, CRC, 2004. ‘ ‘

EXAMPLES
[0069] The present invention is described by reference to the following Examples,
which is offgred by way of illus&ation and is not intended to limit the invention in any
manner. Standard techniques well knqwn in the art or the techniques specifically

described below were utilized.

EXAMPLE 1
Materials and Methods ,
[0070] Viruses: H5N1  human influenza viruses from clade 2.1
A/Indonesia/CDC669/2006, A/Indonesia/TLL013/2006 and one avian strain
| A/Indonesia/TLL014/2006 were obtained from the Ministry of Health (MOH), Republic
of Indonesia. The avian H5N2 subtype obtained from the Agri-‘Food and Veterinary
Authority (AVA) of Singapore. The HS5NI1 viruses from different phylogénetic
clades/subclades (Table 1) were rescued by Reverse Genetics [WHO, 2004]. Briefly, the
hemagglutinin (HA) and neuraminidase (NA) genes of HSN1 viruses from clades 1, 2.1,
2.2,2.3,4, 7 and 8 were synthesized (GenScript, USA) based on the sequence from the
NCBI influenza Database. The synthefic HA and NA genes were cloned into a dual-



189th aa Arg 64.3%Lys 34. 7% Arg 43.3% Lys 55.1% 159th aa Thr 99. 7% Thr

98. 4% 194t h aa Pro 100% Pro 98% 218th aa Lys 99. 7% Lys 99. 2%
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promoter plasmid for influenza A reverse genetics (Prabakaran et al., 2009). The dual-
promoter plasmids were obtained from Center for Disease Control and Prevention,
Atlanta, GA, USA. Reassortant viruses were rescued by transfecting plasmids containing
HA ‘and NA along with the remaining six influenza genes derived from high-growth
master strain A/Puerto Rico/8/34 (HIN1) into co-cultured 293T and MDCK cells using
Lipofectamine 2000 (Invitrogen Corp.). At 72 h post-transfection the culture medium was
inoculated into embryonated eggs or MDCK cells. The HA and NA genes of reassortant
viruses from the second passage were sequenced to confirm presence of introduced HA
and NA genes and the absence of mutations. Stock viruses were propagated in the
allantoic cavity of 11 day-old embryonated eggs, virus containing allantoic fluid was
~ harvested and stored in‘ aliquots ‘at -80 C. Virus content was determined by staﬁdard
hemagglutination (HA) assay. All experiments with highly pathogenic viruses were
conducted in a biosafety level 3 (BSL-3) containment facility in compliance with

CDC/NIH and WHO recommendations.

TABLE 1
Reassortant Influenza A Viruses Generated from Reverse Genetics.
Serial Viruse name (subtype) Clade | Host
No.

1 A/Nietnam1203/04 (H5N1) | 1 Human
2 A/Indonesia/CDC1031/07 (H5N1) 2.1 Human -
3 Alturkey/Turkeyl/05 (H5N1) 122 | Avian
4 A/Anhui/1/05 (H5N1) | 23 | Human
5 A/chicken/Shanxi/2/06 (H5N1) 7 Avian
6 A/goose/Guiyang/337/06 (H5N1) 4 Avian
7 A/chicken/Henan/12/04 (H5N1) 8 Avian

[0071]  Neutralizing monoclonal antibodies (n-mAbs): A panel of five different
neutralizing mAbs against the HA of H5N1 viruses were selected for the characterization
of the escape mutants. Briefly, BALB/c mice were immunized twice 2 'weeks apart by
subcutaneous injection with purified formalin inactivated A/Indonesia/CDC669/2006 or
" A/Indonesia/TLL014/2006 or A/Chicken/Singapore/98 H5N2 antigen mixed with adjuvant

EXAMPLE 4



Sel ection of Vaccine Strains 100821Based on the am no acid sequence

anal ysis wthi

n the neutralizing epitopes, panel of H5NLl viruses (317 human

strains aw0 20028681 an strains) were anal yzed for the fPegsenen/00605am no

acid variation
sel ected three

s within the major neutralizing epitopes of HA. W have
different H5N1 strains {A/ | ndonesi a/ CDC669/2006( H5N1) (cl ade

2.1), A/Viet Nanf1203/2004(H5NL1) (clade 1.0) and A/ Anhui/ 1/ 2005( H5N1)

clade 2.3
gajor a EH%%QQ

such that the conbination of .these strains.would cover al

i dTangel at Vigs TosEIVR LAy AR91UPRA) BPRYSIONS IBECH ¢ ObESARE( Y| e 3) .

For_examififyen’s MiRlnchaEtAANoR A04ERIHes ANt é’f‘i/@‘éawo%%@%zp%( H5NL)

strain contaln

at position | e A/ Anhui / 1/ 200

N1) ‘strai n has

;ﬁsn; at [0A2] saMuppidgi of o HEUntherlizingNiepttotanmbil 26312 004dBSN1 Thanthajor

Anhui / 1/ 2005( H5N1) straipn contain "lLys" at positian 189 while the .

Al | ndone BFFEPETOBUG NI ST RRPS P Sharriean ab Faropapiiontt (KHiErga e
posi ti onefabb@7)dkith Fi8b lifffedert FEMPARARGE nioRbEIORA AntiFodiE6BRI #€2 ADRI4FE Nane

Clade 138 140 155 189 194 159 218 host AN et nam 1203/ 20 04 ( H5N1)

and 3H11). Briefly, H5N1 viruses were incubated with an excess amount of n-mAb for 1
h and the mixture was inoculated into 11-day old embryonated chicken eggs. The eggs
were incubated at 37° C for 48 h. Virus was harvested and used for cloning in limiting
dilution in embryonated chicken eggs and the escape mutants were placjue purified.
Mutations in a HA gene were then identified by sequencing and compared with the
sequence of the parent vifus.

[0073]  Epitope distribution analysis: Neutralizing epitopes of HSHA identified by
Kaverin et al. (2007), along with major epitopes identified in this study, were taken into
consideration for sequence analysis. To analyze the distribution of the neutralizing
epitbpes among the H5N1 viruses, full-length HA sequences were compared with avian
and human H5N1 viruses from NCBI influenza database. The protein polymorphism of
HS5N1 was analyzed with Influenza Research Database (Fludb.org) and up to 317 human
strains and 2028 avian strains were aligned in this study. To assess variation in the
epitopes, positional frequency tables were produced from multiple sequence alignments
for each H5N1 viruses.” '

[0074]  Selection of vaccine strains: Three different H5N1 strains were selected to
cover the variations within the neutralizing epitopes of HA among most H5N1 lineages.
Further, the reactivity of the selected vaccine strains was confirmed by hemagglutination
inhibition assay and microneutralization assay using appropriate neutralizing monoclonal
antiBodies.

[0075]  Generation of recombinant baculovirus: For the generation of recombinant
baculovirus vectors, as described previously, WSSV iel promoter controlled HA
expression cassette were inserted into the shuttle vector pFastBacl and integrated into the
baculovirus genome within DHIOBAC™ according to the protocol of Bac-To-Bac systerr‘l‘ ',
(Invitrogen). Briefly, the full length HA gene was amplified from three different influenza |
strains in a standard PCR method (94°C 20 sec, 55°C 30 sec and 72°C 2 min for 30
cycles). HSHA .sequences were amplified with primers HS5FSal 5’
ACGCGTCGACATGGAGAAAATAGTGC TTCT 3’ (SEQ ID NO:1) and H5RNot 5’



1 Gn Lys Ser Lys Pro Thr Lys Human A/ I ndonesi a/ CDC6 69/ 2006 (H5N1) 2.1 Leu
Ser Ser Arg Pro
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ATAAGGCGGCCGCTTAAATGCAAATTCTGCA TTG 3’ (SEQ ID NO:2) from H5N1
viruses - A/Indonesia/CDC669/2006(H5N1) (GenBank Accession Nos. CY014481 and
ABI36428; SEQ ID NO:3 (nucleotide sequence) and SEQ ID NO:4 (amino acid
sequence); A/Viet Nam/1203/2004(H5N1) (GenBank Accession Nos. EU122404 and
ABW90135; SEQ ID NO:5 (nucleotide sequence) and SEQ ID NO:6 (amino acid
seﬁuence); and A/Anhui/1/2005(H5N1) (GenBank Accession Nos. DQ371928 and
ABD28180; SEQ ID NO:7 (nucleotide sequence) and SEQ ID NO:8 (amino acid
sequence). WSSV iel promoter was inserted into vector with Snabl and Sall sites and HA
genes were inserted into pFastBacl vector with the Notl-Sall site. After transformation of
transfer vectors into DH10BAC, recombinant bacmids were transfected into Sf9 cells, and
~ the budded baculovirus ﬁarticles released into the medium were harvested at 4 days posf—
transfection.
[0076]  Vaccine trial: Specific-pathogen-free female BALB/c mice (6 weeks old) were
obtained from the Laboratory Animals Centre, National University of Singapore, and
maintained at the Animal Holding Unit of the Temasek Life Sciences Laboratory. Twenty
four mice per each experimental group (n=24/group) were vaccinated subcutaneously two
times at a regular interval of 28 days with 100 pl of bacﬁloyirus displaying HA of H5N1-
A/VietNam/1203/2004 (Mono-BacHA) or as a mixture of each baculovirus displaying HA
from A/Indonesia/CDC669/2006-H5N1, A/Viet Nam/1203/2004-H5N1 A/Anhui/1/2005-
HS5NI1 (Tri-BacHA) with or without adjuvant, Montanide ISA563 (water in oil emulsion)
(SEPPIC, France). Also, inactivated RG-H5N1 virus (A/VietNam/1203/2004-H5N1) was
used as a reference vaccine control. The serum was collected from ten mice per
experimental group on day 14, 28 and day 42. Hemagglutination inhibition assay and
indirect ELISA was performed to asses the HA specific antibody response. In addition,
serum cross-clade neutralizing capacity was measured by microneutralization assay. The
efficacy of the vaccine was assessed by host challenge against HPAI H5N1 influenza
strains from different clades. All animal experiments were carried out in accordance with
the Guides for Animal Experiments of the National Institute of Infectious Diseases (NIID),‘
and experimental protocols were reviewed and approvéd by Institutional Animal Care and
Use Committee of the Temasek Life Sciences Laboratory, National University of
Singapore, Singapore.
[0077] Hemagglutination inhibition assay: Hemagglutination inhibition assays were

performed as described previously (Webster et al., 1991). Receptor-destroying enzyme
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(RDE)-treated sera were serially diluted (2-fold) iﬁ V-bottom 96-well plates.
Approximately 4 HA units of viral antigen was incubated with the serum for 30 min at
room temperature, followed by the addition of 1% chicken red blood cells (RBCs) and
incubation at room temperature for 40 min.

[0078]  Microneutralization assay: The microneutralization test was performed
according to a previously described protocol (Suguitan et al., 2006). Briefly, MDCK cells
were seeded in 96-well culture plates and cultured at 37°C to form a monolayer. Serial 2-
fold dilutions of heat-inactivated (56°C for 45 min) serum samples were mixed separately
with 100 50% tissue culture infective doses (TCID50) of H5N1 virus from different clades
and incubated at rooﬁ temperature for 1 h, and the mixtures were added to a monolayer of
MDCK cells in triplicéte wells. The neutralizing titers of mouse antiserum that
completely prevented any cytopathic effect at reciprocal dilutions were calculated.

[0079]  Diseases challenge test against HSNI virus infection: Three-weeks after final
vaccination, mice were transferred into animal BSL3 containment facility. Six mice per
group weré challenged intranasally with 5MLD50 (Mouse lethal dose 50%) of
homologous (A/Vietnam/1203/2004(H5N1) clade 1.0) and heterologous clade 2.1
(A/Indonesia/TLL13/2006(H5N1)) and clade 7.0 (A/chicken/Shanxi/2/06) HPAI H5NI1
strains. Fifty percent mouse lethal dose (MLDS50) of the influenza virus required for
intranasal challenge experiments was predetermined. Mice were observed daily to
monitor body weight and mortality. Monitoring continued until all animals died or until
day 14 after challenge. For histopathology, mice were necropsied and the lungs were
stored in 10% (wt/vol) neutral buffered formalin and embedded in paraffin and sectioned.
Sections were stained with hematoxylin and eosin (H/E) prior to light microscopy
examination and were evaluated for lung pathology. - All challenge experiments were

conducted at animal biosafety level 3 containment facility.

EXAMPLE 2

Identification and Characterization
of Neutralizing Epitopes of HSHA Using n-mAbs

[0080] - A panel of five different neutralizing mAbs (6B8, 4C2, 2D9, 4F8 and 3H11)
against influenza hemagglutinin (HA) was produced previously in our laboratory. All n-
mAbs recognized the conformational epitopes of HS and possessed the ability to neutralize

the influenza virus infection in vitro. Also, these n-mAbs has been confirmed to have
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“Ser.” All amino acid positions indicated here excludes the signal peptide of HA. See

SEQ ID NOs:9-11 for the amino acid sequences of the mature HA proteins for
A/Indonesia/CDC669/2006(H5N1), A/Viet Nam/1203/2004(H5N1) and
A/Anhui/1/2005(H5N1), respectively.

EXAMPLE 3
Epitope Distribution Analysis
[0081]  Full length HA sequences of avian and human H5N1 viruses were obtained:
from the Influenza Virus Database maintained by the National Center for Biotechnology
Information. HA sequences of human and avian H5N1 isolates were compared with the
major neutralizing epitope sequences (amino acid position 138, 140, 155, 189, 159, 194
and 218 of the HA1 region). The results revealed that most of the major antigenic epitope
regions contained significant variations among the human as well as avian H5N1 lineages
(Table 2). Analysis of the highly variant 140°s loop (140 aa) indicated the predominant
~ presence of amino acid “Lys” (22.5%) and “Ser” (28.5%) at this position in all H5N1
human isolates, with only minor presence of “Thr” at position 140 (6 %) (Table 2).
Further, the 155 aa of 150’s loop has only two variants (63.4% of human H5N1 isolates
have amino acid “Ser” and remaining 34.4% have amino acid “Asn” at this position).
Also, amino acid at position 189 on influenza hemagglutinin, located in the ‘receptor
binding site, contains amino acid “Arg” in 64.26% of all H5N1 human strains while

remaining 34.65% have amino acid “Lys” at this position (Table 2).
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TABLE 2
Epitope Frequency in HSN1 Strains

‘ Human H5N1 Avian H5N1
138" aa | Gln 58.9% | Leu 41.1% Gln 80.4% Leu 13.6%
140™ aa Lys 22.5% Ser 28.5% | Thr 6% Lys 34.8% | Ser 6% ‘Thr 16.6%
155" aa Asn 34.4% Ser 63.4% Asn 50.6% Ser 43.2%
189™ aa Arg 64.3% Lys 34.7% Arg 43.3% Lys 55.1%
159%2a | Thr 99.7% Thr 98.4%
194" 2a | Pro 100% Pro 98%
218%aa | Lys 99.7% Lys 99.2%

EXAMPLE 4
Selection of Vaccine Strains ,

[0082] Based on the amino acid sequence analysis within the neutralizing epitopes,

panel of H5N1 viruses (317 human strains and 2028 avian strains) Were.analyzed for the
frequency of amino acid variations within the major neutralizing epitopes of HA. We
have selected three different H5N1 strains (A/Indonesia/CDC669/2006(H5N1) (clade 2.1),
A/Viet Nam/1203/2004(H5N1) (clade 1.0) and A/Anhui/1/2005(H5N1) (clade 2.3)), such
that the cdmbination of these strains would cover all major amino acid variations of
epitopes | of H5HA (Table 3). A/Viet
Nam/1203/2004(H5N1) and A/Indpnesia/CDC669/2006(HSN1) strain contain “Ser” at
position 155 while A/Anhui/ 1/2005(H5N11) strain has “Asn” at the same position. Further;
A/Viet Nam/1203/2004(H5N1) and A/Anhui/1/2005(H5N1) strain contain “Lys” at
position 189 while the A/Indonesia/CDC669/2006(H5N1) strain has an amino acid “Arg”

neutralizing the For example,

at the same position (Table 3).

Table 3
Immunogenic Epitopes in the Three Strains
Name Clade | 138 140 | 155 189 [ 194 | 159 | 218 | host
A/Vietnam/1203/20 | 1 Gln Lys | Ser Lys {Pro |Thr |Lys | Human
04 (H5N1) '
A/Indonesia/CDC6 | 2.1 Leu Ser | Ser Arg |Pro | Thr |Lys | Human
| 69/2006 (H5N1) |
A/Anhui/1/2005(HS5 | 2.3 Gln Thr | Asn | Lys |[Pro | Thr |Lys |human
N1)
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EXAMPLE 5
Differential recognition of Selected Vaccine Strains by n-mAbs
[0083] The
(A/Vietnam/1203/2004(H5N1) (clade 1.0), A/Indonesia/CDC669/2006(H5N1) (clade 2.1)
and A/Anhui/1/2005(H5N1) (clade 2.3)) were confirmed based on the results of virus

variations within  the selected vaccine strains

neutralization and hemagglutination inhibition (HI) with different n-mAbs. Exposure of
vaccine strains to n-mAbs resulted in differential reactivity pattern with n-mAbs. As
shown in Table 4A and 4B, n-mAb 6B8 shows preferential binding to the
A/Vietnam/1203/2004(H5N1) and the A/Anhui/1/2005(H5N1) strains while neutralization
of A/Indonesia/CDC669/2006(H5N1) by the same n-mAb is absent as indicated by
hemagglutination inhibition and microneutralization assay. However, n-mAb 4C2
neutralizes only A/Indonesia/CDC669/2006(H5N1) strain. Similar difference in the
pattern of recognition was observed with other n-mAbs. These findings also indicated the
existence of strong antigenic variance between the A/Indonesia/CDC669/2006(H5N1) and
the A/Vietnam/1203/2004(H5N1) strains (Table 4A and 4B). In addition, inclusion of
A/Anhui/1/2005(H5N1) in vaccine composition covers the variation of amino acid at

position 155 (Asn) of vacéine strains, which comprises 34% of human H5N1 isolates.

TABLE 4A

Hemagglutination Inhibition Against
the Three H5N1 Strains with n-mAbs (1mg/ml)

n-mAb | A/Vietnam/1203/2004 | A/Indonesia/CDC669/2006 | A/Anhui/1/2005
(H5N1) (H5N1) (H5N1)

6BS 512 <8 256

4C2 <8 512 <8

4F8 64 512 32

3HI1 | <8 512 <8

2D9 128 512 128
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TABLE 4B

Virus Microneutralization Against .
the Three H5N1 Strains with n-mAbs (1mg/ml)

n-mAb | A/Vietnam/1203/2004 | A/Indonesia/CDC669/2006 | A/Anhui/1/2005
(H5N1) (H5N1) (H5N1)

6B8 | 320 <10, 160

4C2 <10 320 <10

4F8 40 320° 20

3HI1 | <10 320 <10

2D9 80 320 160

EXAMPLE 6

Serum Hemagglutination Inhibition (HI) Assay

[0084] Hemagglutination inhibition titers, which measures the efficacy of the antibody
response to inhibit the functional ability of HA (A/Vietnam/1203/2004(H5N1)), was also
obtained. The HI titers results showed that nﬁce immunized with adjuvanted Tri-BacHA
significantly enhanced the serum HI titre when compared to the unadjuvanted Tri-BacHA
on day 28 and 42 (Figure 1).

[0085] Moreover, HI titer of mice vaccinated with adjuvanted Tri-BacHA was
comparable to the HI titer of mice vaccinated with either adjuvanted RG - H5N1 virus or

adjuvanted with Mono-BacHA (Figure 1).

EXAMPLE 7
Serum Cross-Clade Neutralizing Antibody Titers

[0086] The serum neutralizing antibody titer against 100 TCID50 of different clades 6f
H5N1 strains on day 42 showed that vaccination with édjuvanted Tri-BacHA significantly
neutralized viruses from different clades (clade 1.0, clade 2.1, clade 2.2, clade 4.0, clade
7.0 and clade 8.0) compared with mice vaccinated with unadjuvanted Tri-BacHA (Figures
2A and 2B).

[0087] Moreover, mice immunized with adjuvanted Tri-BacHA significantly enhanced
neutralization titer against clade 2.2, clade 4 and clade 7 when compared to mice
vaccinated with adjuvanted vaccines: RG — H5N1 or Mono-BacHA vaccine (Figures 2A
and 2B). Further, vaccine composition containing Mono-BacHA or RG-H5N1, both
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and 83. 3YfpdtRineekpaaivagdripate 6. ade 7.0 H5NL infection, respectively (Figure
6). [0089] The progression of infection was indicated by varyi gg trends of
decr ease [§089] = The progression of infection was indicated by varying trends of d€crease in

body weight in the different groups. In groups of mice challenged with H5N1 clade 7.0

(A/chicken/Shanxi/2/06(H5N1)) strain, no significant decreases in body weight was

observed in mice vaccinated with adjuvanted Tri-BacHA after the challenge (Figure 5).

However, mice vaccinated with Mono-BacHA with adjuvant showed up to 12% loss of

bodyweight though the bodyweight is gradually regained after 6 days post challenge. The

groups that were vaccinated with adjuvanted RG-H5N1 vaccine showed a higher loss of

body weight of up to 17 % on day 6, which is then regained slowly on day 14 after
challenge (Figure 5).

[0090] = The use of the terms “a” and “an” and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value

falling within the range, unless otherwise indicated herein, and each separate value is

incorporated into the specification as if it were individually recited herein. For example, if
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2.5.1-2.5.17. 31 CLAIMS: 1. A universal H5NL vaccine conposition

conprisin al\ﬁ%rophyl actically effective anount of a first immunogenic agent
or a nucl&iAdMi%i d encoding said first i munogeni c agent, a prophylactically
effective anmount of a second i mrunogeni c agent or a nucleic acid encodi ng
sai d second i nmunogeni ¢ agent, a prophylactically effective anmount of a
third i munog@nufivegenHsdi Gadeihe! &ngpoditioth eonasribingg a gabphiildvtically kifeadgeni c
agent and a pharnaceutically acceptable carrier, wherein the first

i munogeni ¢ ag@ebnt Sk ifEHs INBRBREMIN RESH O 2aRUARIE| ahiccpdipei s el eof

e rrus_ShidhOedhd A0S SRR 200G EaNbLn: SNPLELR MifuaGEART

i nmunogeni ¢ agent conprise In or an antigenic pepti
of the virus sgemi pr AdViretleamlaid/ edddingHxdld saedndvhenmunogdnés tdgent] a

I munogeni ¢ agen onpri s hemaggl utinin.aor. an anti.geni c pepti de thereof
of the virus f‘?péiyﬁ‘cg?aﬁmf%%cﬂyez6‘%8“’(%5(?\?1?’“ riTaniperY @ggrgi(g dgﬂt‘gﬂF ﬁ(j%sai d
third i mmnog%ﬂécﬁiirﬁiﬁagﬁcithh%- imHRéhozeR Qg 20 aOEha%ééemi%ally"él%léﬁhlﬂe%aﬁﬁrPf the

first, second and i mmunogeni ¢ agents conprises heragglutinin. 3. The
conposi ti on ofwhetean thel firsthiermunogenichagsht ichmpfisesshemagghusingn @nchnt Aatiggnic

i nmunogeni ¢ agent 0 iSses_an anti i.C_pept utinin. 4. The
compostt 1 on 0PI FFEEr GEF s Sikin A PapRETE R0 200 MATHIHL by ie

i Munogeni ¢ ageohd aiidgeRic Agdht Cdodiptisas indmaRERdIAd oh e gdidéhicnipBptide. The
conposition of claim1l, wherein each of the first, second and third

i munogeni ¢ adhaneof afothsryimsssterim o Vistear 303/ 2004 ok N ) aandanherginthe fhindt i de
of henmaggl uti nj kL . al i t first,
cccond andt i BeeriO sr Bt ReBhalinth St o (IRAFE SpBEE fheflorsPthe

di spl ayi ng heriggl stitaimi AYAnFuilY20@O PG 1Y | @N aohuclbiai BRib, endodingl Baidatirdvi r us
is a baculovirus. 32 8. The conposition of claim1, wherein each of the

first, second BRYPENPEeHunogeni c agents conprises a virus presenting or
di spl ayi ng an antigenic peptide of hemaggl utinin.

2. The composition of claim 1, wherein each of the first, second and third

immunogenic agents comprises hemagglutinin.

3. The composition of claim 1, wherein each of the first, second and third

immunogenic agents comprises an antigenic peptide of hemagglutinin.

4, The composition of claim 1, wherein each of the first, second and third

immunogenic agents comprises a nucleic acid encoding hemagglutinin.
5. The composition of claim 1, wherein each of the first, second and third
immunogenic agents comprises a nucleic acid encoding an antigenic peptide of

hemagglutinin.

6. The composition of claim 1, wherein each of the first, second and third

immunogenic agents comprises a virus presenting or displaying hemagglutinin.

7. The composition of claim 6, wherein each virus is a baculovirus.



9. The conposition of claim8, wherein each virus is a baculovirus. 10. A
nmet hod for nodul ati ng an i mmune response to an avian influenza virus in a
subj ect cwopnigizatpsadmni ni stering a prophyl actically eff@cwiSceoreoend® t he
conposition of any one of clainms 1-9 to a subject. 11. A nethod for
treating or preventing a di sease assocjated with an avian influenza virus
conprising adm nistering the conpositi of any one of clains 1-9 to a
subject. 12. Use of the conposition of any one of clains 1-9 for nodul ating
an i mmune response in a subject. 13. Use of the conposition of any one of

claims 1,9 fo reating. aqr preventin i oGl at it ian

i nfl uenzg' Vi rElsulé icﬁ%é)oggﬂgegg&%ﬁ‘{ 1A %B%B%s???}gﬁ)fgﬁ%a%&bﬁgcaﬁd g?%ﬂ#@“l- 9
for use in negh@ufcenikb agéhte @bmPsibés anviafs pregerning of didpddyiee hn Gardtigeniose i n
nodul ating an i nmune response in a subject. 16. A conposition of any one of
clains 1-9 foPenile of RempggvtiiB or preventing a di sease associated with an
avian influenza virus in a subject. 17. Use of the conposition of any one
of clains 1-9 for the manufacture of a nmedi canent for nodul ating an i nmune
response9i n aThebjrepdsition3® cl8ml & evietein hachcomposa baahovofusany one of cl ai ns
1-9 for the manufacture of a nedicanent for treating or preventing a

di sease associated with an avian influenza virus in a subject.

10. A method for modulating an immune response to an avian influenza virus in a
subject comprising administering a prophylactically effective amount the

composition of any one of claims 1-9 to a subject.
11. A method for treating or preventing a disease associated with an avian influenza
virus comprising administering the composition of any one of claims 1-9 to a

subject.

12. Use of the composition of any one of claims 1-9 for modulating an immune

response in a subject.

13. Use of the composition of any one of claims 1-9 for treating or preventing a

disease associated with an avian influenza virus in a subject.
14. A composition of any one of claims 1-9 for use in medicine.

15. A composition of any one of claims 1-9 for use in modulating an immune response

in a subject.

16. A composition of any one of claims 1-9 for use in treating or preventing a disease

associated with an avian influenza virus in a subject.

17. Use of the composition of any one of claims 1-9 for the manufacture of a

~ medicament for modulating an immune response in a subject.
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18.  Use of the composition of any one of claims 1-9 for the manufacture of a
medicament for treating or preventing a disease associated with an avian influenza

virus in a subject.



