NCOROVI RUS VACCI NE FORMULATI ONS CROSS REFERENCE TO RELATED APPLI CATI ONS

This application clainms priority to U S. Patent Application Serial No.

60/ 847,912, filed 5Septenber 29, 2006, and U.S. Patent Application Serial
No. 60/973,392, filed Septenber 18, 2007, which are herein incorporated by
reference in their entireties. FIELD OF THE | NVENTI ON The invention is in
the field of vaccines, particularly vaccines for Noroviruses. In 10
addition, the invention relates to methods of preparing vaccine

conposi tions and net hods of inducing an immunogeni c response. STATEMVENT OF
GOVERNMENT SUPPCORT This invention was produced with governnment support from
the US Arny Medical 15 Research and Material Conmand, under contract

nunbers DAMD17-01- C- 0400 and. VB1XWHO5- C- 0135. lheé&gvernm&nt may have
certain rights to the i nv SAROARUBXALERTRBRYYLAEEMNVENTI ON Nor ovi ruses

are ”On'C“|éﬁd&t@%&mﬁfﬂﬁﬂﬁ%@g{%kgat have emerged as the single

20nost i nportant cause of eprdem c outbreaks of nonbacteri al

gastroenteri ti sThiggpplicgtiqarclaigs prioripo Y-S Pragni{prdigatign Serial Ngg@j847.91Rfiled| i nj cal

si gni fi caNCSp@ibdNDY, 0006/ S E'S. Mkt AppikRfioncHeH4 B6] 6ARIBIP/TildiSeidnblhie, devel opnent
of sensiti Vﬁ)o‘ﬂ%ﬁﬁ%%a%?o?%%)%e%'S%e%?e%&%geigﬂ\gmﬁéspn' ng of the prototype

genogroup | NGrwa VI rus enone an production of virus-1like
particles (VLPs) froma reconbi nant Bacul ovirus expression systemled to
t he devel opremd opfrugssererioRat reveal ed 25w despread Norovirus infections

(Jiang et al. 199Q; 1992). Nor ovi ruses are singl e-stranded, positive
sense RNA Vi rusilée ysaon EahPTicd of ViR éﬁﬁ‘zlﬁrfyé’accﬁﬁ;&lmgr%ﬁ%’"n‘és.es' ?“he viral genone
encodes 10 hr aldition the inventieti mlgtes tp mnthes orfreppirigvhecing eonjpesitioayand pethadpelci fy t he

producti on g&uc;&ggliﬂggjug;gem bide.protein and a mnor structural protein,
respectively (dass et al. 2000). Wen expressed at high levels in

eul caryoti c expression 30 systens, the capsid protein of NV, and certain
ot her Nor oVSTATSMENTSH GOERMNMANTERPPAREG VLPs that structurally mmc native

121211148 17 S0 Bt )yl 0 AL
15 Research an Maten']éllComman , under contract nu%ers ]91%@17'01'(3'0400 and W81XWH-

05-C-0135. The government may have certain rights to the invention.

BACKGROUND OF THE INVENTION
Noroviruses are non-cultivatable human Caliciviruses that have emerged as the single

20  most important cause of epidemic outbreaks of nonbacterial gastroenteritis (Glass et al., 2000;
Hardy et al., 1999). The clinical significance of Noroviruses was under-appreciated prior to the
development of sensitive molecular diagnostic assays. The cloning of the prototype genogroup I
Norwalk virus (NV) genome and the production of virus-like particles (VLPs) from a
recombinant Baculovirus expression system led to the development of assays that revealed

25  widespread Norovirus infections (Jiang ef al. 1990; 1992).

Noroviruses are single-stranded, positive sense RNA viruses that contain a non-
segmented RNA genome. The viral genome encodes three open reading frames, of which the
latter two specify the production of the major capsid protein and a minor structural protein,
respectively (Glass e al. 2000). When expressed at high levels in eukaryotic expression

30  systems, the capsid protein of NV, and certain other Noroviruses, self-assembles into VLPs that

structurally mimic native Norovirus virions. When viewed by transmission electron microscopy,
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111121112121211212121121212211212121121211 * 59 59* the VLPs are

nor phol ogi cal |y i ndi stinguishable frominfectious virions isolated from
human stool sanpl es. | mmune responses to Noroviruses are conpl ex, and
the correlates of protection are just now being el ucidated. Human vol unt eer
studies performed with native virus denonstrated that 5 nucosally-derived
mepory I nmmune responses provided short-termprotection frominfection and
suggested that vaccine-nedi ated protection is feasible (Lindesmth et al.
2003; Parrino et al. 1997; Watt et al., 1974). Al t hough Nor ovi rus
cannot be cultivated in vitro, due to the availability of VLPs and their
abi lity t eeh ppeeauisidldgitalpingdietinguisiitbictiogsnfeatibusviteisatladffoagiuens has been
made in defi.nin 10 the antigenic and structural topography of the

Nor ovi rusSB%}ﬁé'Pg "VLPs preserve the authentic confirmation of the viral
capsi d protei nimshink eespcmsdsitmgoxtohimbsrﬁrfemﬁpwsa:g&w@bﬁrctlatwatf proiegfion a@gpgequent | vy,
VLPs m m %OVE/ Eem%%um alte%nﬂ[ |a1r1] go unqgetr Et%}gs p% ?Irlrllﬁ tk%&ﬁe“r&smeﬁlglllsltrgt%ﬂh v&n
receptors, I'ng an appropri a I mune response ile

| acki ng t h’re:c@blly-ddryect memep ingusgesppnsegpreaddd shatteimpprotettipn diony iofactionerd wi t h
the NEl, Q%u dd R\ hRHE rr%tilal\éﬁ%v?écﬁ(ﬁx éfeugslsdlﬁdaﬁmmm 3do3; PrriFRSa] and
cellular i ne responses I'n human volunteers i n an academ c,

i nvest i gatl®?7; %eﬁsmlekpmhase | clinical trial. Oally admnistered VLPs

were safe and AREMPIONEiFusicBndER dultivaddivhinD, §B3S the B¥aildility @WQRS ah@dcket et
al. 2003). At other acadenmic centers, preclinical experinents .ani mal

model s haWsirabiliie be Blodiped irange epRtities.sensiderabls erasrs i besn made ‘VL hen

admi ni gt e"t&@nﬁ@hfc&ﬂ@-&ﬁicfuyal pr@aﬂh@%f&é Na}ovielmrapm rvufe puyeamtse {ufheBdcr er o et
al . 2001; 20N col li "ﬁéop tg al 4 %

Col | ect i v&PRArmAERROLt é(fr °§I€f % mt ¢ lagking,the é“%ﬁ%‘}eg‘f‘i"ﬁﬁn f properly

f or mul at eoMelifentl g MIPS iR tite ﬁmoaxbheﬂzmetrztcabxegsytlkmmmﬁthmemﬂagamst Nor ovi r us

fect | ON 25Th d
ant | gen o TR SURETETE SPRPRRISIET GRS RGPS RE SONH BY R UL RIRRT S| n one
enbodi nenteaust hidecfiar. Mukatjiretien with thinNiH, Baplpr Cdlegadf Medaste swdied thehuweralt . The
or OV1 {55 A0 A5R oBiRf Rim BRI b Re! 6O SEAGHRGMR VonRleadRAAUEDYR! | Vi T2l

sequences "Of & CONSeNsus Viral sequence rovirus fornulations

conpri se amestigeni-spopsoptdiRhass I clinienl trlah <Orelly afminisjered ¥ePspearg saaed (VLPs). In
one enbodi;ipih,ee Dﬁl h\%ﬁg 2HR% (B 46D 94 Phbket ePal%@ﬁ)h@& offEr ARG BRAL, the
anti geni ¢ pep tie s and proteins are sefected fromthe group consisting of
capsid no ieal expgpmERs imsnimahmpdels havedeaionstigisd FRgBCESTt Of HRIMYHE XESPIES t her eof

| n anot hen, Qﬂpso\dﬁéﬁ%ﬂﬁnmstetrmnmﬁﬁﬁy Cvﬁﬁbzﬁféhhlﬁkﬂ&ohﬁ addin@E® (Guekrbro@: FOOENt rat i on
from about 0.01% to about 80% by wei dosage, of Norovirus antigen is

presentd | Nigiiexamnate’ 4/r % aﬁﬁﬂm"l e_‘Lal 2@8) aﬁS’HFﬁ“Vfileh data-suegrsidhat a VareiR ot her

enbodi menteonsishify MNrepéety BsmMbis va,perepxegeaﬁb ivRaBR stradgso Miramixe aghiish an
using a Norovirus nucleic acid sequence, which encodes

S5expr essi gﬂ) s\yst&p

at | east OWEVEHHEIE"PYotein or fragment thereof. The capsid protein is

sel ected fromthe group consisting of VP1 and VP2 or a conbi nation thereof.
The expre econbi nant cel | ul ar expression system such
as a yeas@%Aﬁgégfhﬁﬁggggﬁﬁmmml i an expression system or a

bacul a4 rus-i nTmcpre;dntomiehmdnaxrowdepaxergsmmmdszyecirerfmnn];@twnssomwrismraot her

embodi mantNor&JEr% oY Slht()heoé}nljown Hﬁ{he &'H;lea{l(ﬁg erdc%ln M&elaY 14 ??xﬁtad)um't ch
functions e ant | provi ding a depot e I ncrease
antigen r eithe h{orqmust anrreenaw@n bmensqact ’@or@zend@mlwleqrgenomouleﬂ Haﬁ@@lumes rEune
response tclaﬁsgﬁkgpv&a? baxiatek. Oﬁheqflor&%lu.ls H)lnﬂﬁ]aﬁdngmmﬂn%hg&%eﬁﬁdeg heotdgldrvery

site. The delivery agent can be a bi oadhesive, preferab a nucoadhesi ve

sel ect ed fvimgerikerartigles (PLRs) nkgiose Fm@dmengﬂyé@@amahbweym@ ]@én‘{j e chondroitin

15sul faf e, enfbedifRhtame antighmat feptili@ned ﬂbfein’é‘ are KQERIIFHONSHE ér@fﬁ;ﬁconii@iﬁgbf dapsihiepar an
sul fate, hyal urona

car bohydr at e mer s e at e,
gl ycogen, Wmﬁré’é’ap%‘?r?lﬂﬂﬁ’é@t TRteinaggr fﬁ‘f d m&’%‘l"?ﬁqhﬂe‘& fi‘@ﬁ%%r ?fﬁ'ﬂ?rlt’n
dextrin, dextran) , cross-linked derlvatlves of poly(acrylic acid),
ponvinyI al cohol , polyvinyl pyrollidone, polysaccharides (including nucin
and ot her nucopolysaccharldes)celIulose derivatives (e.g., hydroxypropyl
nethylcellulose




20car boxynet hyl cel | ul ose), proteins (e.g. lectins, finbrial proteins), and
deoxyri bonucleic acid. Preferably, the nucoadhesive is a pol ysacchari de.
More preferably, the mucoadhesive is chitosan, or a mxture containing
chitosan, such as a chitosan salt or chitosan base. I n yet anot her
enbodi nent, the present invention provides a conposition further conprising
an, adj uvant. The adjuvant may be selected fromthe group consisting of
toll-like 25 receptor (TLR) agonists, nonophosphoryl lipid A (MPLe ),
synthetic lipid A lipid A mnetics or anal ogs, alum num salts, cytokines,
saponi ns, nuranyl dipeptide (MP) derivatives, CpG oligos,

l'i popol ysaccharl de (LPS) of gram negative bact eria, pol yphosphazenes,

emul si ons, N&Sﬂme&mgﬁﬂqls}éseﬁtﬁze&on@ml-aﬁéﬂf&ﬁrtabda{nn%gda ol sodes weightl O)
mcropartic Rsaner articles,. microparticl ndo ins. for

i nst ance ba{(-: eé’?ﬁagﬁ or 3% ROGE ORI TR lsﬁrﬁseflfm%ns%nr?eu&sl%oﬁr g‘f“ﬁﬁ% of, uﬁﬁ?g“%@b%dj uvant is
a toll-1likedsecept or (TLR) agoni st. I\/bre preferably, the adjuvant is
MPL(r). The compmsthdrleRbsingtht, th@ﬁomﬁﬁams drONsoM iR VIRY pl&uicilip¥l ded as a

liquid formul ation or a dr owder | ati on ower forrrulatlons of
the presentPRVERETSERN 15ag2 %B‘ﬁi"&’is H"CEH' EFEYE HB’F%%?% éﬁ% P¢gi%bout 10 to

abo_ut SQO nproteio mefragmsnt ithared. Ahetapsid protain Gryeleadiioeh theegndup cbmptn_rgcoﬁﬁ_blsantil on is an
antigenic fg w' %@imlod fler @Ohia% r&m&ggtém%b m@o AR Bfbrckfon

5fornul ated for adm ni st ona a vaccine. Suit rout es QF

adni ni st r at $y&empuse Pimasmecé@au l,nseFtn‘t"i"Hﬂ‘t!i'%?j‘lP’éfﬁs}OnlSYﬁ%?’eﬁhﬁﬂ%QV‘f%sdbféﬁdaneous,
i nt rader mal elisieted@EssBh systorh. transdermal . I n parti cular, the route of
adm'nist ation be i ntramuscul] ar _or.nmucosa W t h referr droutes of
ecooa el i s FrAH AT PR Rpori AL RRA gpmtsisd OB BT 0L e of
adm ni st r at fugdtions|tmerhargt frtigenapkaiypeiding b deporadizpoiértasomtige rdtantiontingt ed as a
nasal spr ayat t}{éél&ﬁ(lfdgfvgfl?%r efMancd th¥ IF&QMQ?ersponi@ﬁl%@gh'PelalcQtuInQ?ceil&Err{i\gi\tat' on is

adm ni stere i epasition w thin the nasal assagoe roma device
cont ai ni ng Jt“PFéw‘PSG‘F‘ﬁﬁ@%‘t"?’bﬁwh@l‘e&d&‘ﬁ&a&e”f & b 2 piprdBesive.Prefsitdly & he nasal
passageway. mhdaa@mntehemearﬂamdhermb poﬁsxl@t&lgbﬂg’lymkaﬁﬁnoglycm§(e@dEﬂoﬂdrsﬁn‘ ated to one
or both 1903 liflatf: Sdermatan sulfatec Ero%n %ﬁotan puYtg‘tQ t Iel%gn %leéap Qul% Ihya uronan} hods for
generat| ng an 1’mmn i rovi rds aB onpri’si ng

admi ni steri ngobmmlyglﬂtﬁj(%,tpe%m ginategglyrogenf %'M*ﬂa?’ awlewctm Ceél“l&%’ dhigci ne

?Orrpr: si ng &:kbﬁyolé@nmrah rddﬁrx&@éﬂﬁ%l brbdMinked RerRa e EOMPIRH 2B acid}, PAy-diyl | geni ¢
ormul ati on

risin rovirus, conposition find use in
generating af‘fgplb'%? E‘§ ptyf? ﬁiﬂ‘ée ys??ﬁ?agdﬁgp%‘s}#o’}gd%“cﬁﬁf’q g | n anot her
enbodi ment , mbdegolPdascharidesirsliviase dérivaivesae. guliyatoxmrmykragthyﬂ;elltumad to treat
Nor ovi r 49 i %kﬁ)ﬁ)t'rﬁe%ﬁ:elllztge)%tgﬁs (PE%Q%SP&QM pg):tel-ll;b"-:anp%WrNgﬁclem acid. Flgure 1

illustrates an 1n vitro anti gen- speC| V@ro i fération assay of nurine
cervi cal | yhsfrahgdee ’E‘@P?déesf"ﬁllslad\ﬁyﬁ@"hf”ﬁiev B PrefrabLin e arcoedhstifiizat i on with 10
lig VLP. chitosaflofalinBctuge dohdaluﬁg ElatoQs, shdh aVi &lﬁtﬁsaﬁlﬁﬁltlogﬂﬁtoéiﬁmﬁé fic proliferation
P 281 gur e 3 1Y BePPPBE T YA R P LT ER R R RE IR, at | on assay”
of spl enocytaawrified dnadiayagt- iThe gdivwent may bespleqtéd: fromethd gTPWlszlagtqfwﬁ liggth 25 tg
VLP. 25 reEép@H?‘iR‘ffa%thtH%ﬁ@}%%hoW*—] EE‘ me(wtws,trﬂ@n@mpld At ORI body

secreting cells measur ed | SPOT assa ure 5 illustrates

VLP- speci fi @%@SMW%“%W‘EL"F&S%WWPP‘&W% Be 'F? PAEEEEREPY esul t of a
pot ency assaligof, ﬁpopslgsfabmmric@@Hsesﬂms&gagabamha ol phiaspkiaZethekEmulsions, Figure 7
depicts the nses

agai nst Nor v1Fc1§?:tH=\s/ Ch?e‘ate@&&%a%%%o g%ﬁées&n@ﬂﬁ%]c%g?&{f%&%%%%ﬁ re(rgrul ation of
t he anti genmisropartiglesy spdotaminsolr nsanenkeeteral endetoringang HP‘V"%V\B&?@‘Y K¢ graph shows
pot ency 3ger gdisam QHASINiKecbst (PLR)NEUE | Nord/brEiSrabll), thedjudkint s #1peAt f or mul ati ons.
SFigure 8 shows the serum1gG response in rabbits on day 21 (left panel)
and day 42 (right panel) followi ng adm nistration of different formulations
of Norovirus VLP vaccine. Figure 9 illustrates the serum|gG response in
rabbits i mmuni zed intranasally with either a liquid fornulation or a dry
powder fornul ation of Norwal k VLPs. 3




Figure 10 depicts the stability of dry powder formulation as neasured by
quantitative 10 SDS-PAGE anal ysis and size exclusion chronmatography (SEC).
Regr essi on anal ysis indicates no statistical trends in either the total or
intact ptg VLP per 10 ng dry powder over 1 year. The percent aggregate is a
cal cul ation assum ng that VLP protein not detected by SEC, conpared to the
total VLP protein by quantitative SDS-PAGE, is aggregated. Figure 11
illustrates the results of an ELI SA assay of anti-Norovirus anti body
response 15in mice immunized i.p. with nultiple Norovirus antigens. The
thin arrows indicate booster injections with fornul ati ons containing only
Norwal k VLPs. The thick arrows denote booster injections with formnul ations
Eﬁlntsil hi ng bot mhé\kbhiﬁadltlbnaﬁﬂhd‘fﬁbb%ﬁtﬁﬁhent\ﬂnﬁﬁay be provided asEll@LilEieorﬂquahdﬂdélSt rates aﬂ
assa r oV rusa onse . in mice immunized i.p. wt
i ther  NordamEUppuletpp, b G e nd ot A AR T GBI & and 50
Houst on VI.zPSrage particle sfzé thh@bdllBl(Slh(ant Bdmaniafoaﬁeﬁdedﬂifnetuorlmaielem‘b’hdanam,ec| fic
| ong-1i ve | asma. ce en S rVi & nodes (B), and
bone marroWlo OS'th‘mn‘?%’eanﬁ ga@nsﬁl%gg JF a‘goﬁ%ﬁ gRHpe ?%‘%ﬁﬁ?@" SPBE wi th Nor wal k
VLPs irbp mfomulathdgmaémmtrdmlasa saccine Simab\lakdutes p‘é@rrﬁmman@mlgdeameﬂal response
| n_SPI N0 Gyl islar Thierds, WIRMRA B nkritle ﬁfmasﬁﬂ tfal ¥ o ool Panel A
y s on

shows | gA ant secretrng ce grap ay 4’in
cul tur e withdwone pivlninisitatien raayi byhntragrusqubey or iRegassl, withprabarred t(h@s D@@C&Wﬂl body

secreting ffhdisaQh ifdin iftahldl, GaR BVaghliGod@or dariflistioh UnGndthd: N Nor val k

VLPs (right graph). The differéncé in the nunber of cells between day 0 and
day 4 i ndi<ibodigent e sompatitiontis fsnpiaigd 5 anepal RIS BT d5Ps .08 8 APVESEr TSt | on.

30Fi gure libe ohaWgioh ReudilnisteRRABY r@sd @podi®mUlithtn tB nadf hhiddpe fidi allergd

nmononucl ear cells isolated fromrabbits i.nmunized intranasally with a
Nor wal k VL9enigmgithedomylation helq Jose torgydnspradiinto His masal Rasagewvay o apethSer of
Nor wal k VLdHTbS&ﬁﬁhtTMEfoﬁﬂlﬁlht@ﬁrbeﬁiﬁﬁrﬁﬁfateB@)diﬁ|ol'Botl(ﬁo‘§€ﬁs) at day 0 (day of tissue
harvest), while the ri. ust ctes t he .nunher of Norwal k
g BEHE

VLP-speci fic ASEEPTEFYY CIZP 8pfoﬁldﬁﬁﬂ’? PRYISTHDs HHMP KA BPONFAL i f er ence
i n the nunbeovimb incesubjsct,vemprsiny aflaxymﬂermgmb tﬂa;ubﬂcuandnt@meﬁnhtﬂetmmmr y B cell

respon 5Fi. e POl _assa resu yi.es
nar vest e Pro DRpdiedR oS alprostbT 1n 357 AbclFR: b2 ellecBPIRRRERNEC o1 e

f or mul at i cand vackiped cofnprigyzarthé Nedavivs com@smunﬁedusgin Soeretmiglantifofiesto oug dri C
antigen S‘%ﬁ&r@ﬁo{wmfs%hﬂlg%m( Areibthe ngémg)@%fne(at (Hé"i% Rhrud \baééﬁl:efo?ﬂﬁéﬁ‘é&t&av pehil e the
ri ght pane l'ustrates the nunber of Norwal VLP-speC| Ic ASCs "after 4
days in cuseditedrestiNorpviaripggstions/L Ps. The difference in the nunber of cells
between day 0 and day 4 10 indicates the nenory B cell response. Figure 17
shows the ELI SPOT assay results of bone marrow cells harvested fromthe
tibi as2bf I?I%JEBREQSCB%%N?EJHWMM% y with a Norwal k VLP vacci ne
formul ation. Tirgukef 11|11|us@ataiasn Cz?h@b&nﬁébﬁ-sﬁﬁdmdd%ohﬁfratmﬁﬁw dfrr]ﬂ(ir-iﬂc &B@&) i:‘NL _cI ]
antigen secreti el ls ay of, tiss arvest), ile the
ri ght panelePl??%gfélélﬁglgw %f’rf‘B "NB‘&\‘/@%{’WE‘F;O f| c ASCs 15 after 4
days in cul tur (Flg‘ni'et111llNﬂZﬁmﬁinkzztMLdBﬁgen"-ébﬁ:lfp:r}ﬁﬂE‘d&iﬁ:t&m@lﬁsafﬁ@ﬁleﬁicy‘dﬁﬁéll&vihg]di cat es
t he presen(rzlgwg m‘? %INED eY]{ The difference in the nunber of
cel I's bet weeR d’ayaé M hdi &t Es the menory B cell response.
Fi gur e25l8 show&iguke3 1Eudtr$@0ﬁ vagsaygamepedficprdiferapnesseeof splehoemehfolioweg cel | s
har vest ed I{QPQ d El”pi-r sl ly with a Norwal k VLP vaccine
formul ati o%rvgg]an kﬁéll %E(ﬁ' | ve anti body secreting cells (ASCs)
speci fic for Nbigned illwitess VP&-ﬁEdCIfBI%mAIﬁgm aptilyidy pagretingS@Ys €¥¢e) fic for
Nor wal k VL:E@asurIMﬁL%}‘O]ﬂ%%' S show the nunber of Norwal k VLPspecific ASCs
at day 0 (day of "tissue harvest), ile the right panels illustrate the
nunber of Nor mﬁraur%ﬁu%rﬁ@&VLP@peAéeégCaW@Preﬁb:d §I§A: n culture with Norwal k
VLPs. 3he presepmufe Oliudaesthatestds ahotciel £al &s s$rtixﬁ €5 (%?%ﬁmggﬁst Nerad i ved
plasma cel|ls. The difference in the nurber of cells 25 between day 0 and
day 4 |nd|¥,Ial%Ses the nenory B cell response. Figure 19 illustrates in
vitro antigen-specific proliferation assay of splenocytes followng in vivo
i ntranasal immunization in rabbits. The |eft panel shows T cell
proliferation upon restinulation with Noywal k VLPs in unfractionated
spl enocytes, while the right panel shows CD4+ T cell proliferation upon
restimulation with Norwal k VLPs. 30 DETAILED DESCRI PTI ON OF THE | NVENTI ON




The present invention relates to Norovirus antigenic and vacci ne

conposi tions and nethods of preparing the conpositions. In particular, the
present invention provides a conposition that conprises a Norovirus antigen
and at | east one adjuvant. Additionally or b5alternatively, the conposition
may further conprise at |east one delivery agent. The invention al so

provi des nethods of adm nistering the conposition to an aninmal to produce
an i mrune response or generate antibodies to Norovirus antigens. Norovirus
Anti gens 10The invention provides a conposition conprising one or nore
Norovirus antigens. By "Norovirus," "Norovirus (NOR)," "norovirus," and
grammati cal equi valents herein, are neant nenbers of the genus Norovirus of
the fanily Cal¥igyrg 7 dericibthe resplis ShPATHELRFAHSATRANNG SQUHR (30 TETPENsESARTic| ude a

group of NehaIed.PA Sid intBufifRd $thititgh Bqusd foieidn BNRe anfigaeiavel oped vi ruses

that can he infectious to human o n- humgn nma | i an species. l.n some
embod nontemeiSF i Gttt T Rl o R BoyRBIPBE K BP PEE TR Rl mans.

Nor ovi r us @enedlisBLRsan the diffeehicfomerdhtibes. as smal | round structured viruses

( SRSVs). havi ng,. fi ) C. o) e vi ewed by

el ectr gn m cr ng' 0%3.511({%%21?63%%&@{%%1&? ngb tsroé\?%f%g@egt p%?eg) aé’?@%ézst f our
genogr oup$righpan¢l)follgwing pdmeinipfatinn ef diffesent formulations efoneyirue VP wsejsences, whi ch
conprise 15 geﬂg.i.ie@ ilhlstiRdsheSerutl18G %%&Ee il SR iRHRRi- & ifrdhsafP it Ridher G 11 and
GV are proposed but generalléiaccep_ed. 20Representative of AIlIl is the
bovi ne, Jéhguid farmplationor v/dy pawesr fgmpladonaf NggvalkAYldisat ron, at this time. For a

f4lir Ezgg (]j-eg cr i(lflgdggﬂo Q%)i&@&ﬁéﬂbﬁl}iﬁ@ﬁkﬁﬁﬁ'dw fBinfuldeibn & meas]uredcﬂyiqﬁanti{:;ﬂt;?d' 0.

: - _ "Norovirus" also herej S nmeant reconbi nant

Nor ovi Wus%ngPt‘fé}% frn)&'émi)%@ 12 pislisiop Rhpmalpe Y (FGs SR SRR SIoREIgees: e
reconbi namb sty trénds indithRs trtealpr OfHdCEOdVI.Mpea N0 AX Piy@SeHo Bves Y FELNThESI Ng a

Norovirus nucl eic acid sequence, whi.c codes | east e capsi.d protein
or f ragneﬁfrc%agtgﬁ%%&bsfa.calfﬂa Wﬁ%s}’mg’ﬁﬁ%g}@gﬁrf’?fn r‘t"@%&ﬁ%ﬁﬁ?’aﬁﬁ&é%ﬁ?ﬁe@s@ on of at
| east t he tidastalWIRysoteia pg uwhniitatieSDS-FRAGH) daggrbgatedRF2 in cells, e.g., froma

bacul ovirus v [l f el | n LL I e -assenbl y of
the capsid prgf'é'?rﬁ 1=l g{%&se .resfsﬂrﬁs °§f§‘t‘ E%]tgﬁéﬁsta%h%ggji%ﬁ)g%? gs a%ﬁtzogg%ﬁgoﬁ%nt

expr eski onn wice mminized i.p. it mNGipia Nqrepirup antigeris nEhethio edes ibhdica®cesteind ORF2 i n
cells, €. GuiectibdsRnFordREHIAR ChiitkiSiny 64} Rbrwalk VEIPY, PRl thiSic arfcRR dbrofBobster N _
spont aneous sel f-assenbly of the capsid protein into 30 VLPs. The Norovirus
nucl ei ¢ adiieptiswsritfeEulpons sprgnipgboth Nepvalkgad Houstog YdRee conpri si ng vari ous
N;)rgy: rus St T aFipreqt ilfistBd b BLISA £QDSE mtiMNordRe dtislly kpspdanGe yi el ds or
stability, or

. I.nprove . antj geni r_Jinmmu eni c properties of the encoded
anti gen. \VEEE“‘%FFEBSW}IF&‘??ENXP‘V@‘ gp?ﬁ' V&‘Ptoflgﬂ%ﬁn%?/f‘ﬁ'ﬁ’é'glgo T}C&S" a&lk“'phe vi ral
RNA gemongioasich Vit ef ore are not infectious. Accordingly, "Norovirus"

i ncludes virions that, can be infectiou r, nonsi.nfectious part.icles, which
el ude det ec e prebRmedresRE SO NoRHR Te-BOTIPERky PREEII Coc™l ol ude
Nor wal k visplamcytb((A),CemBalikmiBioas 1B). hil(H68Rdriow (S0 Ut thiasrptdciayswifterus  ( SHVY,
GenBank L imBeSekb b RLS M VIUS if Y, U04469), Hesse virus (HSV),

Chi ba Vi rg’gté%%l—l!\'/m Genélalr]lEmABg42380\élj C"Hawai i virus (HV, GenBank W07611),
Snow Mount ai n Kigwigd4 dsrials theNemalkispesrisommeory Bregligespense insplsnqeyss ofjmicg ¢ et al . |

Arch. M r ehmudided i 3RRasdfith Niirvatk QALPY i Fandl A BMhs @eﬁﬁm\ﬁ%w&ﬁﬁ Nils 4 01099) ,
Maryl and virus (M, 10 AY032605), Seto virus ( GenBank AB031013),

Canberwol 14ay &6t gpit) Aelgg in Qi h ey s (187 ree LB ebE P88 9/50 & | by
\(/:Nr: g 3 o g % ;dntibﬁdﬁ)&éﬁﬁr@ celld\derdag O (Iufk praph) addddy 4 GeoubBan kvith ROAGR) VLIS ght

Vi s, ( FoFPPNITRG PR Be P el s enieen g B il P06 1) o

( AF397156)meniey B tedl eb(ﬁdn&'ﬁxdgx(dlﬂiﬁé:enﬂ%(ﬁﬁZQ?Q) , VA387 (AY038600), VA207 _
(AY03 83%9 9. a nﬂﬁ&éd%&@t{ﬂeﬂl éﬂ@lﬁésssag'}f%ﬁg%?‘g&%g&al bﬁ%@ %%ﬁo%ﬁ%lfar IQE nucl ei ¢

acid and correspondi ng am no acl guence each are a I ncor porat ed by
r ef er ence ijotatedfeoyralehis imreunjzed infranssaily wthis DOrwABNYsE vagcing fppwasioanT hedeft be used
for identification purposes and is organi zed: host species fromwhich the
virus was i sol at ed/ genus abbrevi ati on/ speci es abbrevi ation/strain nane/year
of occurrence/country of origin. (Geenget al., Human Caliciviruses, in
Fields Virology Vol. 1 841- 20874 (Kni pé and How ey, editors-in-chief, 4th
ed., Lippincott Wlliams & WIkins 2001)). Use of a conbination of

Nor ovi rus genogroups such as a genogroup 1.1 (Norwal k virus) and 11.4
(Houston virus) or other commonly circulating strains, or synthetic
constructs representing conbinations or portions thereof are preferred in
sonme enbodi ments. New strains of Noroviruses are routinely identified
(Centers for Disease Control, Mirbidity and Mortality




25Wekly Report, 56(33):842-846 (2007)) and consensus sequences of two or
nore viral strains may al so be used to express Norovirus antigens.

The Norovirus antigen may be in the formof peptides, proteins, or
virus-like particles (VLPs). In a preferred enbodi nent, the Norovirus
antigen conprises VLPs. As used herein, "virus-like particle(s) or VLPs"
refer to a virus-like particle(s), fragnent(s), aggregates, or 30
portion(s) thereof produced fromthe capsid protein coding sequence of
Norovirus and conprising antigenic characteristic(s) simlar to those of
infectious Norovirus particles. Norovirus antigens may also be in the form
of capsid m)nomer capsid multiners, protein or peptide fragnents of VLPs,
or aggr egaP®s! HeWsihs pumbssoiNsraloY LP-meaifingntiesn seereting el dA8C 2biay0diars or

peptides nMeptistlehArv®), hileRhh@nAbaEIg8LsTrREIthe MDA R@rwaH VIDP-BREIPASCKNOWN i N
the art. Norow rus anti geni{o%%{k al so_j ng| ude var ian sé)?f the sai d gapsi d
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"conservatfyg. Mﬁﬁ VLD g ﬁi Qntgge§ kl,l@?ehhé & l?ﬁ\ﬁ!} J?Qaﬁf;qgg'l HaSus | hiiqi Sf’}r

structural or cﬁem ca acenen eucl ne
i sol euci newhid 'inerlgiapwwl‘}strafas theminzbat Of@@nWﬁlaVbP ‘sproific H¥Ee afen tidgas in changes,

e. 9., repl agaRBERh &frwak @m: 'TH@dﬁ%rErn:e% fhé MRAHRPERBs bARRLDE ?'esmmmr
varlatlons can al so include amno acid deletion or inserfion, or both.
Gui dand@ i idisaieeheimemery Biell EBPOR no aci d resi dues can be substituted,

inserted, or defigedl Wolhae ELREPOT Y ke@lﬂtsléfwn@ﬁiaﬁ&bc@lrs hir0d¥ea @lopghc al
activity can be found usjng conputer program; wel |, known in thg art for

exanpl e, DipesoApebbity imppized magnanily with ¢ Nomvelk hForegpedpmuton ihs
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as cloning er a jde to
Mol ecul ar tbsﬁ‘ile Hﬁji[‘“c:}h“ e lfﬁh%‘ﬁ eSt ‘95’%‘%‘{5’ %Yﬁw%peilgﬁ Aggaden‘i c
Press, 1bncafter Salmys[ih agrote v@INoi'wall( BEPY @h@ prcsﬁa:ﬁbf ABEs at tlaydl indicdus|tigquisarce
Cl oni ng--A s r bor
Laboratory, h?:gé) h‘%ggfaymmplg%h &ﬁg%}cﬁgf.%, t}l%s%%der( ijsQel?ngbbf %{zﬂ}a% @%&5 Cljha rrent
Prot ocol s indiced thememery Bicgll tpggonse. M Ausubel et al., eds., Current
Protocol's, a | Giffre {8 GHoWs fhe %etmqss% RENS oPHBlhERY 19ﬂpm99éll§thﬁ$estehnc and
John Wley & Sans, Inc.,, ("Ausubel™). These texts describe nutagenesis, the
use of vectfremgabbm ismnizedinasngsafia mh o Neevally BiRvasripe fommiiation. Bangt Ashops o' g. |
the cl o9 ng%diﬂglnw&rﬁibbd}@e&éung@@lﬁl(ﬁs&ﬁ Sple61Ki0 for Nf)rvNQJWsrl%ﬁlel B besss 1dahe

a

- Coonbi nanPoRRA 35S TEERG DGy s pt GG BT B e EHANBTAN VL o of

t he protei Bﬁecﬁl( pises sieidy 0 (a@6f tissue hir@esyjl Whileahe rﬁghepanélvﬂlmﬁtta&nhe nabeaifs t ypes of

mut agenesi use roduce and | at iant _nucl e cids
i ncl udi ng 'Sp§(élgﬁéggpiﬂef#§ Sghcggﬁgwftgﬁowa%t\yﬁ% i SIPERH cee%fl'gsrﬁl or to
further nodi day,()msﬁi-ateethb bresepeeatf ingdivédrplasma oellst The dlﬂ‘sFé&ceoﬁ tltstmernbﬂ\foéwﬂls on. They

i ncl ud bu ndom poi nt nut agenesi s,
honol ogous%?tgrtre:%r?g??\%dJ&E?%ﬁkgsﬁé%’?rpwﬁg C%hgeg n’%eggenem s using uracil
cont ai ni ng t enpligured9 11h;|stragagmmcemlg@espgmfﬁmolefctamtaggjenfesgiesocytes following

phosphor ot b oat:e: Apdi Lhngwémmgeﬂem an@itghagseheﬁlpﬁohmfag uApped dupl ex
DNA or the 1like. Additional suitable rretho ds 1 ncludée point m smatch

repai r, nutatepaioevihdyorppalk ¥hBsip “Eféaﬂ“?ﬂa@hfplﬁ‘@%‘fftess‘b’?lalﬂﬁs“ght panel shows

restricti ograehast prolfemn6h WpBs FektifmilatRA witi Nobaliav L, del etion nutagenesi s,
mut agenesi s by total gene synthesis, double-strand break repair, and the
like. Pe VLPs of the present invention can be formed from either the ful

| ength Norovirus 5capsid protein such as VP1 and/or VP2 proteins or certain
VP1 or VP2 derivatives using standard nmethods in the art. Alternatively,
the capsid protein used to formthe VLP is a truncated capsid protein. In
some enbodi ments, for exanple, at |east one of the VLPs conprises a
truncated VP1 protein. In other enbodinefits, all the VLPs conprise
truncated VPl proteins. The truncation nmay be an N- or C-terminal
truncation. Truncated capsid proteins are suitably 10functional capsid
protein derivatives. Functional capsid protein derivatives are capabl e of
rai sing an i nmune response (if necessary, when suitably adjuvanted) in the
same way as the imrune response is raised by a VLP consisting of the ful

| ength capsid protein. VLPs may contain major VPl proteins and/or

m nor VP2 proteins Preferably each VLP contalns VP1 and/or VP2 proteln

- g




However, in an alternative enbodi nent of the invention, the VLPs may be

mul tival ent VLPs that conprise, for exanple, VP1 and/or VP2 proteins from
one Norovirus genogroup interm xed with VP1L and/or VP2 proteins froma
second Norovirus genogroup, wherein the different VP1 and VP2 proteins are
not chineric VPl and VP2 proteins, but associate together 30 within the
sajte capsid structure to formimunogenic VLPs. As used ‘herein, the term
"mul tival ent” neans that the antigenic proteins are derived fromtwo or
nore Norovirus genogroups. Miltivalent VLPs may contain VLP antigens taken
fromtwo or nore viral strains. Purely by way of exanple the conposition
can cont aj Y of capsid nononers or nultiners from
one or bg %@ﬁﬁﬂgﬁ@:fﬁgﬁ%@gﬂpgup | together with capsid nonomners
or nultinmers fhe meman@hndméleteﬁﬁ)mm&umn@dﬂmm Vdd&ncg@ﬂtpgsﬁtﬁmpa.ddl

T b Bt b B0 LB AR B SRRSL b REgtFLRefr om Lhe ot rafns
mul ti val esdmpokifien thatcomprisesreNarovirpositigénond ptrlaﬁternabwvanmmddﬁtlmmﬂym ock the

i mmunogen | f at t here
5o Pt et 1Rl kP Bl e Mivtsd pthE TR GGy biT

i nvent i onalserieYidss mgthodspd adppisictingdhosompesiing dxt dnisepl 9fPradues a0 AMEHAS on is able
to elicitre ir bdheABAhTlict BMNSEIvirA anRYengach 10 Norovirus genotype
represented in the vaccine. Suitably the i nmune response agai nst a given
VLP type in the conbination is at |east 50% of the i mmune response of that
same VLP wypersbengaeasur ed indi vi dual I y pr ef erabl y 100% or substantially

100% ,The i e se.nmay s

anti blly copate ik ERBR R FelReo Rl oF rot BB s P NS AERTBY Y o) e
VLPs nay Borprimellleatotins QPRI An@oensl exstsgra:mnamfcalteMValemlhﬂeuhuaé meampsi d
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capsid protelns nm e expresse thin the same ce rom one or nore DNA
const r uct &n ifdde ageonpplrelatag, |p9ﬁ1tpdeéewgi@ﬁ§ip¢ed@ﬂ‘§\ nwnwp@dr wnsdsdratired or

transf ect gg e MrQtiHRIS minfh loSnon@Rmbn ¥&Eha an e 1RG0 &livbiigesit capsid
protein. Aternatively a single.vector having nultiple capsid genes,

cont r 3P| eNOByir% C%%&C%gﬁsﬁr?fﬁmﬂ&m ymans| Norpytguses algp W‘d’ﬁéﬂferﬁfl&ﬁt ers, may be
used. | REgmali ﬁﬁfﬁ%frﬁcttﬁ‘&b/mﬁb&(ﬁ@/s) Haep pasfhie@shrfadt sGudtite oMagie@Edge Whe €

appropriat e, such expr on s ies, the ressed capsid

or bt o s eyt TedE Rl Ao sat Re ot 8F AIrFORT ey

spont aneo(GHY) figmed bpiutleic atié Bltd aviiresacidisequincesa which eqmpise ptgene‘tlc elbisterdA preferred
process f f VLP capsid
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produce W&deeﬁﬁﬁsc%hg’&fﬁ%rﬁép&Q’uﬁ’é é?taﬁ'.l RSinRr P81 1413'[15J§§,(EM35“1£T a crude
extract, be partially purified or purified prior to mxi ngdw_Asse | ed

monoval ent ‘Y?B‘P%‘S'bﬁdsodﬂe\“ésr’é?ﬂ“ rﬁ%’ﬁ@ﬁ%ﬁiﬁ’é""ﬁfﬁﬁl"%’é likg ragficles (FOBVLER sl_d t oget her
andI I eass ediid eatbodifmbis, Eﬁéhécbi]l{l&hﬁﬁlgm;dhﬂs \gi?& %@foﬁﬁdgy id dgexﬁés@rbesyaﬁmor ]yL Ps har e
at east arti uririle e el.n (0] | ne tion , urt her
T s et forpyieS Tt sl ter e L FR Bt o prear n SEpeTeent v

Sui t alzby thaeofVIliPstha@fembiimeéntsy endmtdwantaxpressivd ©f & easti S evidnt sapsidprotemassenbl y

of VLPs, i 0 o] n | tival ent
ULps mmy BRoRMRY cRF2JRUROE I K TBRMER torisn shlplly e FERPS R

conbi nat i ek~ %$entblye>fﬁle§@§§@n¢§¢1’emtwscMm@n?@bmm@wwwbﬂmﬂ e point prior
to reassephl dsiondableAPRE faamrdsspm%eﬂsteﬂ&h@d Wtﬁm\éh&’@@m@ﬁsapgw&w formfrom
expressed VP1 protein, as occurs for exanple, in some yeast strains. Were
the expr e§uploHrgveqagian $Beells p eyt in sragtansus selfzagsembly 9 i cappid sreeinipp

f or matsponyLps. emmtdvmua&c y&aseaﬁaa&&h@sals%eea@ﬁ@mrssque&y chifprisghi ned before
assenbly into 1[¥ ﬁl nul tival e LPs are ed, l%ef erably the
conponent s¥6F* ?fgv‘ngauﬁroéa?ﬁ" & PFtE ey B'rﬁS%)/ ef“‘a(?ﬁesy’ FAPEYtRey are
desired in the final m xed VLP. For exanple, a mixture of the 10 sane
anount of a partially purified VP1 protein from Norwal k and Houston viruses
(or other Norovirus strains) provides a;nultivalent VLP with approximately
equal anmpounts of each protein. Conposi tions conprising multival ent
VLPs may be stabilized by solutions known in the art, such as those of WO
98/ 44944, WO0045841, incorporated herein by reference. 15Conpositions of
the invention may conprise other proteins or protein fragnments in addition
to VP1 and VP2 proteins or derivatives. O her proteins or peptides may al so
be co-admi nistered with the conposition of the invention. Optionally the
conposition may al so be fornulated or co-adm nistered with non-Norovirus
ant| gens. Sui tabl y these ant| gens can pr OVI de pr ot ectl on agal nst ot her
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formati on can be assessed by standard techni ques such as, for exanple,

el ectron mcroscopy and dynam c |aser |ight scattering. Antigen Preparation
25The antigenic nol ecul es of the present invention can be prepared by

i solation and purification fromthe organisns in which they occur

naturally, or they may be prepared by reconbi nant techni ques. Preferably
the Norovirus VLP antigens are prepared frominsect cells such as Sf9 or H5
cells, although any suitable cells such as E. coli or yeast cells, for
exanple, S. cerevisiae, S. ponbe, Pichia pastori or other Pichia expression
systens, manmalian cell 30 expression such as CHO or HEK systens may al so
be used. iﬂw:m aptigepizroe inrhynogenieproprntiies afithe usodrdcintigenb WLEy are besshwallyone or nore
insertio [ ' ' ' m no aci ds
const i tu |ng ?hﬁgd&%s%l%ﬁmm dé.g&ég%rﬁh%&llteﬁ)g ?Ié?tgl?rgcrtlltmllsgned anti gens
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contai ni gg,Lhe hthahpt GenBlRTD74 A DRerTSHAE vﬁasr(mww%@)ene (ORF3)

6821$ ﬁzﬁ*ﬂ ﬁg
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t | ted t TLR 1 d A
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Ilpopolysacchar de

S ram atl bact er . 0 es,
emul si on§°°"W‘?°8§8‘?‘P§r 0?8%6’6% I(g ‘%Ihcw{msﬁ & “?Fb‘elg {’}wlf’%’d e(ts]?lzg Lo
m cr @par Br€{Kaspe qod How&mdltqnann-cméfeﬁh ech; [dppipatttWilllaes & ‘Mﬂkhnk 2099 pobissof

Pr ef bl ad t I RS Pr ef d
i uvant € aperRiB oL AN Qi BL RS SO RN BHE e D0 o ©
Q@s21. (Houstdhrvupdjosqnhmcyrhmbnlplcnlcubatx@yﬁtta)ns,asm}m—ttk:@mstrudenepwanimge of lipid A
from Sal ”leﬂﬁhit% s% oﬂloRé’ﬁagrQ&faIé-;%rgg?cﬂﬂP&%é enliﬂaﬁ s NRGShafe el oped as a
vacci ne adj uvan vans e re- cllnlc muri ne studies

i ntranas aiorwm;seha@ reysiaely identifiedi(GenserhtonDiscase EprirabrMorbidily emd Morabitysy st emi ¢,
hurmrﬁl r\?@e%lg&gég@,(ggééﬁg%gg é@@?lfmd &gggsus X%;g&lcgst ofq‘\lvo olzrgtg‘gl/rral E&au{f&as al so

been proven as a ccine adjuvant 1 n clinical
st udi es ofayglselt eved tdrxpresro0@s prtigewnt s (Bal drick et al ., 2002; 2004). MPL

stinul ates th érﬁ'&wﬁ i Qémap*a@lh%afmlweyn&ebrwg& bi\Brud hik ghrifcRsept or and
is thus 03{) e of eliciti ng nonspecific i mune responses agal nst a w de
range of (VLPs). Inapreferred embodlment the Norovirus antigen comprises VLPs. As used herein,

“virus-like particle(s) or VLPs” refer to a virus-like particle(s), fragment(s), aggregates, or

30  portion(s) thereof produced from the capsid protein coding sequence of Norovirus and

comprising antigenic characteristic(s) similar to those of infectious Norovirus particles.



i nfectious pathogens, including both gram negative and gram positive
bacteria, viruses, and 5 parasites (Baldrick et al. 2004; Persing et al.
2002) . I'ncl usion of MPL in intranasal formulations shoul d provi de rapid

i nduction of innate responses, eliciting nonspecific immune responses from
viral challenge while enhancing the specific responses generated by the
ant i geni c conponents of the vaccine. Accordingly, in one enbodinent, the
present invention provides a conposition 10 conprising nonophosphoryl 1ipid
A (MPL(r)) or 3 De-O acyl ated nonophosphoryl lipid A (3DWL(r)) as an
enhancer of adaptive and innate imunity. Chemically 3D-MPL(r) is a mxture
of 3 De- @omyhmmgemmgphmmhmewnd ofpa;mdAmnomhrsAcapﬁi oultiGeaqydteined chai ns. A

preferred f sed in
Eur opean E%lt e%&%enggo%%ﬁggf%ﬁgstﬂﬁpl ne eec'am Blblgflgugsf%g{é gggio)?%lrgv\hi ch is
i ncor por ar peptitks mesiyalsp Pe ingaf denagyredefornh, ipragdnesd rsing mebedsdaowreinithe arthe pr esent

i nvention pr Oﬁbxq@iﬁs%ntq’é%ﬂ'ﬁﬂ%’ JHO(?&ltﬁlgma'né'oF@le §M@EJB§EI bl%tefdsBlr gag%xenﬂs' pid A

m nmetics or anal ogs, suc Mra"s PET Lipid A or synthetic ,
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under st ood by those skilled in the art, and includes an am)untégtgf one or

more adj PORAIPSdserto AR aming agidssAwengs thaiis aligted oY ARy I MeTs amRRE 4 8&Bonse to an

admi ni st %?Q:tﬁﬁtﬂeﬁﬁﬂee deqince. The aaﬁrieman ﬁdoat‘cohrewaﬁae%ﬁangaewhmme response of
an adm ni stered anti en conposrt measured in te he | gA | evel s
in the nadbstitygdemingg&id hagsmlar sy °f éﬁ“fcé]\fﬁ‘i’@meﬁre -SBTR en‘le |ipucine

pr ol i feer atithdsbleuGié. tmlﬂdrtyaueélfr e&hmanecmrmaree‘a&&snwwwmmmgis oigr,lremacbmml s

i nclude b ret n50 re more t ha 25(V an in i cul ar by
nor e tharf)¥ 8§ m%lg" p g" t‘{)"ah%%us vﬁrﬁatm&s JRASYS ﬁ% lflooar?'d\?\iﬁ[ h%nut any
adj uvant .or Drsd:rtlmebyboﬂgahndance in detdriméningwigett antino aj1csm51qhmmand>e5ulmlmmlrp05| tion
conpr|5|n el i ake based
pon,  but s By Hmitleg BidURGH oriihuh A RNERGY AR RGR WBRS,C, 1OFC
or conbi mdp@éﬁm@aquiﬁmbminthmyﬂxawa BNABBAR sofiveaspol ysacchari des, the
physi gal br oP@kletds e wiichiedlibd Ao B8 Rfival Yonhilied aicn A UrbidaBe &I AC L T ONS
between the delivery agent ues ] exposure, which
provi des naeser proentiohy seh as ciyningrmgatiopedng thetlike "eféudp \Bergyr aa@ Kﬁt’méaﬁmﬂm rease

antigen r]\ﬁ&l@cﬁ‘ﬁa'r @[bnﬁllg"f%clﬁﬁquéshﬁleﬁb&ﬁn BhryHBloby 661Mmé B520 cadddfit BX¥ssCHPUSI On Of
the anti g? Such del |ver%€>ﬂ9e nt may be a bioadhesive ag(ent I n

parti cul a0eg% ﬁ%hfb(iBG’&Gﬁe%aF\f’em pholgelas Clopinge4 Lakoraigeivaneal (3rdiEd:  r om t he

group congdisti, n@1dSprig NaBsAbSRGHY CA Spii: }%rborqhqndow(tsambﬁﬁ)uf)faad e,

dermatan sulfate chondroitin, keratan su fate (Ee arin aran sul fate,
hyal ufbndrirendaptaeots e@“‘ﬁ'o‘f‘?‘ﬁ@f’g MeAgsut el 6’e‘l{tF 4t Ffélfoé S30%%ogen,

anyl ase, \afiiledigiti Greetublishing A ssoehatet, ik, amIJamhwsp& Soi, [ric ) (“Adgibtlr). n

dextran) Cross; | i nked, deri.vatives i ¢ ac vrnyl

al cohol | B’Sf"’)}?ﬁ %Wcris’yf’ﬁlfalg?’ﬁ% “ﬁeo?fﬁ%%‘grf’éqvﬁgge |"ﬁaé’f’uge')rfsle%ﬂ 1and ot her
nmucopol ysalaeh e, &.get clomhg addomaatﬁlg of aaamd pro®ing efrgorpvxhydrmmytpes impgnkion
nethylcellulose 10carb ce Iose rot e ectlns

finbrial PrSPerpases 5y eox'i}(?l O% cr 81ingn%1’1eep erP{élB?rgD the mucoadhesi ve
agent2is tephpcibgystamrha‘rel culelterﬁm@mraserxsmsmﬁﬁlaprot@m@mrtse@am Osaftbe ViPs ofhi t osan

base (e. : arged |inear
pol ysacc%arl géenrn eri vegy‘? Eé"{% hm%elnﬁsxsl A ﬁ:ﬁste@f]ogﬂ?du@e g@f %rél%ﬁglgaggﬁf; is a

bi oadhesinpelefcarideiptluding ¢aarensusiseayencatthatisadode toy profein melecules e@éorlteﬁrdeher

For mul at 'rﬂ&rf}ﬁhﬁte ﬁ@%llogzﬂﬂ% Wioh e GRS B8AD 1dv£}ﬁ1'6§aﬁ?e? 1ﬁchﬁb but @R HoPIGhitddl Me Wi th
t he nasal nenbrane hus i ncreasi ng uptake y virtue of a depot effect

(11§ um ettoaite-dirzefed, Tangom pointygytpgenests. sgmolopgusgrecombingiondPNA shullifigd: van der
Lubbegy et @hoend@Qiding aﬁgﬂ-eonfﬂir{ﬂﬁ&mﬁﬁtes SRddlcleofilld-diReRNmiASenBELN tested as a

nasal delivery systemfor several vaccines, .inc¢ludin |anu nza, pertussis
and di phtihesnherothiqterpqdified A muAgRIEsS MylgerRtifRsRg gemeg drn! or¥901; 2003
Bacon et al. 2000; Jabbal-G Il et al. 1998; MIIs et al. 20 2003 McNeel a
et al. 2004). In these trials, chitosan was shown to enhance systemc

i mmune responses to | evels equival ent t? parenteral vaccination. In
addition, significant antigen-specific I1gA levels were al so neasured in
mucosa] secretions. Thus, chitosan can greatly enhance a nasal vaccine's

ef fectiveness. Mdireover, due to its physical characteristics, chitosan is
particularly well suited to intranasal vaccines fornul ated as powders (van
der Lubben et al. 2001; MIlcszta et 25al. 2005; Huang et al. 2004).

Accordi ngly, in one enbodi nent, the present invention provides an antigenic
or vaccine conposition adapted for intranasal adm nistration, wherein the
conposrtlon |ncludes antlgen and optlonally an effectlve anDunt of

Y e = e o



30conmbination with at | east one delivery agent, such as chitosan, and at
| east one adjuvant, such as MPL(r), CPGs, imquinod, gardiquinod, or
synt heti c lipid Aor lipid A mmetics or anal ogs. The nol ecul ar
wei ght of the chitosan may be between 10 kDa and 800 kDa, preferably

bet ween 100 kDa and 700 kDa and nore preferably between 200 kDa and 600
| cDa. The concentration of chitosan in the conposition will typically be up
to about 80% (ww), for exanple, 5% 10% 30% 50% 70% or 80% The
chitosan is one which is preferably at |least 5 75% deacetyl ated, for
exanpl e 80-90% nore preferably 82-88% deacetyl ated, particul ar exanples
bei ng 83%,., 84 ool \@E% i genic
For mul at i ohr]fg %%%g’%g} Sugag)?@tl onggégmgﬁgﬁ?%ﬁkpgﬁma Eﬁ}% ora{n}ll% lgt%gerd for

admi ni st r aefigient hast W@éi rprérictign-selqgtienranl grsticont RyFifieAtian, idelption mdaceresig, her ei n,

the term "asdhdiB by fefl 86 smealsfdaﬁmyitﬁha BreakYpafrhan@ @Rtib.Ns Norovi rus VLPs or
ot her Norovirus antigens of present .inventiaon as descri bed above, which

isin a form t Mg Viks Oéﬁ‘ﬁaﬁfseé‘t ’(5‘1"“5%‘?‘??@ be e qmprither thefull lepgthNOFVPSe  and

whi ch induggsd @&emma@vpemf Y92 §#éfeﬁﬂsg; Eithin VP 1 N UBT @eridattvBSUsaReUt | C
imunity to an_ infection and/or to re a st,one synptom
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the term Thmaemrssqamse'l\l- pe@@msmalarumwn tThencmrh@pad pnomnle spigbonse and
the cef ves t he
o1 i & Qurahf Gl LBTARRS Funchifs BHERHR g"* R

20exanpl e, ann@mmeahspz@e Klﬁfl@w%n’éﬁeag@ﬁbls adea@te ip WF eaérteu Ry §s @gm@ef r om

ent eri ng Gelphse ity 8RIP SA%dANMAhe faftieHgth BipSiaplds agents, and/or protect
host cells frominfecfion and destruction. The cell-nedi ated i mune

response ref er YLPpmaycontammaerVEd preans apdierminer VR2groteiny Prsferably sabNER yt es

and/ or ot %ﬁmﬁekfbsandw ) Q@teﬁfﬁﬁ({n@&h}a@ﬁﬂ\lor@@ﬂé feabgraup gividgatt ks agent,
exhi bi t ed a ve&ggbrat e t,hat events or .aneliorates

ge..g. , yman‘%ﬂ pJ & oy

i nf ect fon ’B noyalep 4% used hare ’6]?Fet o\, BRI (AT ne SEERPLPIQIHES B¢ epar at i on

i s general deyivdﬂlefﬁmfa sb@mb NdioWae génogroipe HogexamplEfthe YIJ}l!Hmnthma/ﬂ’d aadigrovpant
approach" [(eds m..Pr Yor k) .
The conposttt ?‘)H‘EuSSFa"f ﬁNe‘b?géougﬁfe %\M(&gr?‘% %r%r(l ]%IW & vmls f%fab%f %F blQ‘}varrpl e,
for del i ves yorymisaind pedominantly 31P1 plogcirer &l gne gabddiment oﬂtbesmvmam thaadigeespi r at ory
(e. g. nas a'él anﬁyé:&%?o‘novalent VLPs whwazﬁlrtﬁe Jotﬁ om&?ddgé ‘@ﬂPs cﬁmbr%gf QId@Idl a&n@/[f)r
delivery to the respiratory (e.g. nasa nmucosa, 30t cal

f or mul 2 edVRsirama sipgleNerevisis Igmog@np mixed a/ﬁthP%(tomweéﬂf 1 aﬁfoaé! P%é‘em aor nasal

drops, or g6 Rt Qénog?tﬁl Fake{ ﬂorﬁﬁmﬁfe’vxrﬁ sthaind @ NAHRhL vﬁ@bQQ&HBﬂlsQﬂ wi t hin
the nasal passage. oS! f1ons for adm nistration as nasal drops. rmay

contai n on&ry Pﬁﬁs}yévym Phixenpls thsrcopppsiticy pan couipia mepovaleey Yfds drompne bic h

conposi t i ofsre stf'eﬁh’s o Kig#hing g@x{o@ﬁﬁp Y fobdtheR Svith Woﬁ&aﬁiatt%tfatﬂdlomiohb &gfncﬂe Qfilns,
tonicity ent ri nq.agent and the |ike scosity agents
can be ni c‘&l 5?%5‘?’ %@‘pimb%ﬁ%@é the%[ﬂ ‘?"d‘%‘éi’w Dppre feampased ?fé%?csgﬁlasr Y'des, and
the |ike. I@&Wamshdi{@n&mﬂ\wovaﬁba@ ni stration as 5 dry powder may al so contain
one or nore ex ients usuall C d Q Sltl exanpl e,
nucoadhesi ve a%’lé’ﬁ'f’ver Rl terr?&“‘éé@ﬁ?dé en?o %11@“éen sn’ﬁ’ r{g}} By a‘BB‘Fageﬁtrl ate
powder f| oVLRsrtbht soraeise Hiaxresanpdy, iVET Risigor VIB@kaxtemg fwnnbnpbi«merrusfgemgrcalnd si ze
agents may. i one

enbodi nent n{epﬁké%glghw %@8{/%% r:]H ﬁtéﬁ%?mg%% ?%glgdnlﬁ)%&’fl mggﬂf)%xwék%r?m%lﬁe pr esent
10 i nvent i differemtWPhend ¥Pnrbtaineere aef chimgriy VRbandeP2 crapieiag, hittragsopipte tagetheror e

Nor ovi §4is Qﬂﬂ&%%‘xﬂé ApYid H8RHuS ko Bfn Mﬁudo%@mr\ﬁ%”m 8d AdhiHMA s uch as
MLPL(r), a biopolynmer such as_chitosan ronot e adhesion to nucosal
surfaces, ‘aRHtivglse “ﬁ@‘“&‘&éﬁ?éﬂt@ﬁ’éwrﬁ?mﬁaﬁeﬁﬂvﬁﬁ rgRAVS AT BEROBBE exanpl e, the
Norovints vaccine may be formulated as 10 ng of a dry powder containing one
or nore Norovirus genogroup antigen(s) (e.g., Norwal k virus, Houston virus,
Snow Mountain 15 virus), MPL(r) adj uvant,, chi t osan mucoadhesi ve, and

manni tol and sucrose as bul king agents and to provide proper flow
characteristics. The formulation may conprise about 7.0 ng (25 to 90% w w
range) chitosan, about 1.5 ng matmtol (0 to 50% w w range), about 1.5 ng
sucrose (0 to 50% w w range), about 25 jig MPL(r) (0.1 to 5% w w range),
and about 100 jig Norovirus antigen (0.05 to 5% w w range). 20Norovirus
antigen may be present in a concentration of fromabout 0.01% (wWw to
about



80% (W w). In one enbodi nent, Norovirus antigens can be fornul ated at
dosages of about 5 jig, about 15 jig, and about 50 ug per 10 ng dry powder
formul ation (0.025, 0.075 and 0.25% ww) for administration into both
nostrils or about 10 jig, about 30 ps, and about 100 jig (0.1, 0.3 and 1.0%
ww) for admnistration into one nostril. The fornulation may be given in
one or both 25nostrils during each adm nistration. There may be a booster
adm nistration 1 to 12 weeks after the first adm nistration to inprove the
i mmune response. The content of the Norovirus antigens in the vacci ne and
antigenic formulations may be in the range of 1 jig to 100 ng, preferably
in the rg“eﬂggodpsmﬁuﬂvla@m VIR énafy loBritsih A IPYantheedOflkén fom fRasdr ﬂ(ﬂ@lfaai;ti'a)hsl n the
range 10-100 jig. Total Norovirus anti en a nlnlsbﬁﬁed at. §ﬁ§fgp gse will be

either aDBEY b?L(ﬁYaY plexamplg the camPgsitipn C?ﬂc Gunulgypieng ViPgeqmpriy of 20 ny

dry powdg@énomteesbradifinidrstréh 66k drand2@$thind @stomsuscgem&geou@g téhetheP@MOiapsidvhen

adm ni stered to on nos{rll r%/ gowder haracterl sti ﬁé fr—: c that | ess
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i nt r amusRQintEFference ewegp M?ﬁ"g Séﬂ’?ﬁ S &g PR ‘%‘09\/8{]?131“5 P’lsgg’ %Iﬂbe\ll rus
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i tosan Preferably. the antigeni nd_vaccine co i t.ions
hor o1 hbeN BRI dEr P SRR A G T BT RRR HPOLAEUAL | ¢ hey
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conposi t "o 5 mg&v %éa&gtﬁb l¥1061 e{ll.ll%ce HRYBTAl |
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formfor_dry formulation or be reconstituted for liquid fornulations, and
ei t her nP%{%l prior to use or adm nistered separately to the patient. For
dry 15 pOWderMﬂdVﬁldSiit SILPamhphsb ﬁrb@cmdemateexpmmbrgeﬁthcmﬂmdmlIcatsndon may be
pr el oaded R LA deyv. g el )
del i very? 8%1 %Olg’ngds ored a?o P(I’etjouse*(’ilyS FeFi %?V mhl?gfe%%’ dd(eq??t\g)lgsfmg}ﬁew ce and
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nown | e ek PR d el O oo BRd RGN B Flh e Mg RS
pr esencecapkid epgmnn sAltemqnwdy esmglb h@tcaﬂbvxggmuhﬁpklcaylmntﬁewnyom Hylazbarrub n
process and r J Sugars such as
sucr gg e, promo%er {)lyljrllﬁ ﬁ Prﬁ duh epré%&tg'rs qﬁa}%oﬂéglpel(dp rlggﬁél%gxﬁg fn%; %l%olsbe
concentr alconporateﬂ int@®thg @@:tqwﬁhet§ aparogrigontiung spchiexpesion statogpptint @ct i on and
| yoprotection .of ] n n Y ake or powders
with desfia sFed @ Sgd;%{é %“F’fng %écés% pu%ﬁg&]ﬁn%lﬁ’ gAthLp fg&l&ll&%?‘eg’r}g theoretically
nor e stakﬂoetan@hgformmyulm@lm‘e%hﬁ’mloQIc@sthesbchur&f@dspray dryi ng or spray
freeze drying, f'V]';'PQ:E
processes is tg% ?ﬁnglli §18C£§foyﬁlt%gwﬁlg§\%}?ﬂeﬁ %él{ag%@%glgngé 5@%?%8({1 t he S%vent ors
have 28lenproginsat dativatngs, sudhes YPé sadioreV IS pretgigs. dipat & fferamtNogeruegdnatipess t he

i I del
Ther ef or VA EE eI LSy ofhbBrol a0 PR bR AIB I e BBHIT. Toge of
aggr egat poteinsfmaylbe irath¢ fogm of candmﬁe@merp@ﬂia@ﬂplamed ngpllriﬁed Pyeri¢ miNingat i on
process gse%%g %%O\aaﬁnppf,lb ldlﬁae?etnlc geng %Qgﬁa?g)@tdfsgss lécg ?rgxengogteﬁ’iell dagact

antigen to Induce maxi mal i mmune re nse’in anl ma hus, the

i nvent | oreassembled nm)mrplaséf@s %Pmrm@bbfthmwﬁmgommmﬁéeaﬁm@ﬁtlg'éh

formy

corpy oi RGP auTy el atpbii, RERAI bGP b AL SEPPRROR: | o5 of
sucrose P@ﬂ@hﬁﬁ@@ﬁﬂ$@ﬂ@Yfron1about 0:1 to about 10:1; (b) freezing the
solution; and (c) lyophilizing the frozen solution for 30-72 hours,
S5wherein the final |yophilized product contains a percentage of said
Norovirus antigen in aggregated form The |yophilization nay occur at

anbi ent tenperature, reduced tenperaturé{ or proceed in cycles at various
tenperatures. For illustration purposes only, lyophilization may occur over
a series of steps, for instance a cycle starting at -69 C, gradually
adjusting to -24 C over 3 hours, then retaining this tenperature for 18
hours, then gradually adjusting to -16 C over




101 hour, then retaining this tenperature for 6 hours, then gradually
adjysting to +34 C over 3 hours, and finally retaining this tenperature
over 9 hours In one enbodi nent, the prelyophilization solution further
conprises a bul king agent. In another enbodi ment, said bullcing agent is
mannitol . Appropriate ratios of sucrose and chitosan to yield desired
pescent ages of aggregation 15 can be determ ned by the foll ow ng

gui delines. A pre-lyophilization m xture containing mass ratios of sucrose
to chitosan in a range fromabout 2:1 to about 10:1 will yield a range of
about 50% to 100% i ntact Norovirus antigen (i.e. 0%to 50% aggregat ed
anti gen) post - Syiaplyithel VA oHihe dhepeion amr gnadabypdissdemblyland reasemigy oS\GlLRst foon
concentration see Exanpl e . {Mass_rati .0 r j tosan
w1t or oah e R e e g MBafs o, BRNBGER Blolch SRR biladly PSR
70% 20 aggilisegerhigdy ofimpoiogmnie. V1B feliaved bp toripndtios ofthodisasembled VLPosan and use
of only a i - : | , W : 10%
nt act antTHesiep? =87 Baslp R 5, BaRRCBl: Thl Rl faGRele3adn VR0 00

pr e- | y@phisbontamtdusly femi fixink enpresesd Y& protetin, ahesrurs 6s iexagpldn isemg veaglstraings, t he
skil'l ed anyisaMe EsHoRSHIESTP I f6ei UG ABBeddRo SRthEASADVIBRSmAtRL 0S and
concentrations in the prelyophilization m xture to obtain the_desired
anount of PagarEEef YR! preeins gehapsomsrssiay de eambined deforgesemily inttllRe r esponse.
I'n addition, tQgeleRalitialeRVI: @%é@ﬁ%feragwtﬁ&%a?maﬂ@fﬁr;amnp; £k mid irhe
pre-1yophilization solution has no negative effect on the stabil |ft of the

i ntact NorBRATPRP&HCRH 1 Wish theyere depifpd in the final mixed VIP; Hopgrample, aapixtugs pf the
anti gery i nhA€imauat sf3artally putiGied VP Mptbfin fivin Mowalknad Homwheates whetest or ed as
a dry po r for a_lgeri o? of about rtlﬂgt hs or reatler secgr Eglarrpl e 10).
Thus, t hi SIS HRTS) Ay Py e wWiarPodmaelt (a8l #BPHE UPSns wi t h
predi ct ablpeoteind control | abl e ratios of aggregated to intact Norovirus
antigen. Methads of. Stinulating.an | ne Response . The ampunt of
Bt gen’ i n" eachoRRRgBfEPiRng At PEPE TR Sy soviiR IR W, o
anount whiatthsucihaithess oAWORHSAE944, Q004584 &Sponeeateditetemlly refergmief | cant, adver se
side effects. W L] vary i L: i.fic
ant i geLS]E s) is §§%ch§§5§,)&%& _eeH(I) %%n?@%%ﬁef]%ﬁ%ﬂg% _agﬁlﬁr&%ﬁ%g%sed. In
gener al , tddditicowe/Fldnd NP2 profeid ot derinatiyas: | ther projteinston peptidestnenyalspbe ¢de present
i nvention ; : |Gl : LGl ji¢, response
in the pata?glﬁl?ét%%&;‘rglﬂfﬁ%énﬂgr%%no&f?}ﬁ{lj‘%gﬁ%??g?%g&:ht% ic%po%?‘?%ﬁ%e ‘g%adn&s_ ecific
ant i bodi esformpiatesi or coradreipigtorsd With spn-Neroxignsiapfigsne Puitablydhese gigens Gan Frovigen anount
h&kdst Gher hlAe response to the specific antigens and/or to

suffici e_ntpni;tgcﬁcg}1 gé;dg _ _
10 al l eviate, reduce, or cure synptons and/or conplications fromthe

di seas® or i nf &b VBhprotain o5 funtinnalpaeein dertyativs inguitehinphlst formasViks apeYhhed as a
"t her _apeUtflbﬁﬁt_ltibﬂ’ cﬁfbfe %Edﬁéﬁ%y@&ﬁ&r&' teftRiques subtPE! ﬁﬂéﬂaﬁxbie)’el&ﬁé&nfcﬂfs&ﬂp?fand he

Nor ovi r us ntl_g?n, ,|£ i s expected that each dose w il conprise about 1 ug
to 10 ng, PPUPErASEIESHFEEE"e- 50 ug for each Norovirus antigen in the
formulation. In a typical inmmunization regine enploying the antigenic
preparations, of the 15present invention, the fornulations nay be

adm ni st er8WeH G E%H doses (e.g. 1-4), each dose containing 1-100 lig of
each amtigen. Theargigatc mblkdulebef e present inedtidycah heprepamdrbyliogticadndact i vity t he
conposi tion .produced and the caondition of the.patjent S s the body
wet it or MrRrSY FER R s B heYoeRl kAP e ke R oFE {10 00
al so wi || benbatstrtedhnigekesbPrefenblyetie Norevios  ViRantigess are prtpazod feomt ingeict @y adver se
side effec 1l St at | o 0 Lcul ar

compos t oo o 3G ARIRALy s RUMMAAET L Dle b RERTELERIC &

f or nul at i orgevisfaetShponhrecBichia pastoremoithonPip/iy expeessieindypiews, enaphalidnecel non- nucosal
or mucgsal .. LU & - sudRTHAGTEN S5EARL MAPSsd BVisdd GVitH Brebited by e MBSt T AL i on
via parenteral injection (e.g. i ntravenous, subcutaneous,” and

i nt r amus cuhethod a5 by Bnkhesis. PRI nsartions.[dgletions gpyegsions gy wufstiggions of the

buccal / subli ngual, rectal, oral, nasal, topical (such as transdermal and
250pht hal m ¢c), vaginal, pulnonary, intraarterial, intraperitoneal,

i ntraocul ar, or intranasal routes or di r?tly into a specific tissue.

Al ternatively, the vaccines of the inventTon my be adm ni stered by any of
a variety of routes such as oral, topical, subcutaneous, mnucosal,

i ntravenous, intranuscular, intranasal, sublingual, transcutaneous,
subderrnal, intradermal and via suppository. Adm nistration nmay be
acconplished sinply by direct adm nistration using a patch, 30needle,
catheter or related device, at a single time point or at nmultiple tine

poi nt s. In a preferred enbodi nent, the antigenic and vacci ne

formul ati ons of the present invention are adm nistered to a nucosal

o o o -, = - o o r o Y Y T L e 1




systemcally Osaka et al. 1999; Kozl owski et al. 1997, Mestecky et al.

1997; Wi et al. 1997). In a further aspect, the invention provides a method
of eliciting an | gA nucosal inmmune response and an |1gG systenic i mune
response by adninistering (preferably intranasally or orally) to a nucosa'
surface of the patient an antigenic or vaccine conposition conprising one
or, 10nore Norovirus antigens, at |east one effective adjuvant and for at

| east one delivery agent. The present invention also contenplates the
provi sion of means for dispensing intranasal formulations of Norovirus
antigens hereinbefore defined, and at |east one adjuvant or at |east one
del i very acRS cmﬁteﬁdgteﬁef@me%g B ffde. Aol TRRARIAGnAGE GfigtRYs T o7

exanpl e, take the formof an aero delivery system and nay be arranged
to di spens}éef@hl?lx/usadﬁith@#“ést%@é’PUFPrStaéF mul tiplicity 150f doses. Such a device

woul d deliver gndmbRE@e: di|9§>6udﬁfm Bﬂ]ﬂrd(rﬂrﬁ'sCWLrF% nomseameng@mma@@meeyl ation to the
nasal passage. O her exarrgl es of gg}ﬁﬁg te devi cesg)anI but. are not

linited tPrevpeydissiesed oikLatenihe cl? s dncpppeaied prerp ﬁy Flerspss 18 s

NDROIOOVmehtslélat&adyd Bﬂéﬂy[laabm,gm:ogﬂhel}vﬂﬁaﬁmelﬁer&ﬁﬁlcoﬁﬁlmﬁpﬁlevm):apsﬂ%bml i zers, band
i nhal ers evi ces Y e an C_Or vac ornul ati on by
passi ve me@ 2)48 W’Pﬁﬁ%féﬁﬁf‘é 3) 98T, CLOHnghF ﬁeéorflt(’)"rlarrrﬁ’ac@f“olﬁusﬁsnt o the
nasal 20 ocakyihythe ;Hretl eapuid tgenee wyre conseuaehfronetherelyned cDNwe| Nordeius WePs wire

formul ati O“OCPXCdRH oDeks QU ec?@elf’b‘(dt@gs a dose into the nasal cavity. The
antigenic Hor il a on or “vaccl ne may be delivered into one or both nostrils
by one or nore such devices. Adm nistration could include two devices per
subj ecf ( %ngg,yl ce per nostril). Actual dose of active ingredient
(Norovirus antigen) nmay be about 5- 1000 gg. In a preferred enbodi nent, the
antigeni c or vabcinyratieniurhar arovides 4 comaeitonicepprising adigvanisdorasse Wik nucosa by

rapi d depqs(sr&hﬁa ar\‘ug&mlmost mﬁwaﬁtg ntdRPSRBIMcE aegirg"h@a 16l Bréie6@hCAREAIfRING t he
formul ati on l"%’PC ose to or erteg%l nt.o &I\ al ass?gw%% The
i nvention réll"gﬁa B‘"\P‘?d‘épé‘aéaH‘El“H‘B ygpxi é‘P%ﬁ"i 'g»aa f FgtRE S e or nore
Nor ovi r us répohsg€ Bsch a§Bbrdataﬁtpb@.ds1§&nwdosacfegmadmmulsi]f &kivalprétéing Suhdbtd ne or

antigenic formul ati on_ of lér {a@ven on a? Fes% ri.bed fiﬁove ta a subj ect.
These &ht i PBYFEEA & APIETY SV HPRE 25 fd SIS [EdPdsyncsBPStiet uvan %hods in the
art. The |Goh@dteddjavahi (Bifch lebospaes, Petooitf MiichDoYlervk Adjsvaangs (@/Emk amhn be used in

the devel opgga, ofc, AGARNONY Cal NSk AR a ARRAY B ISR @BARYS Coul d De

enpl oyed t Fovitus 1 n clinical s an y the
parti cul aralwhipems phospigiensplis bfecalciveiren erlméemgnSOlI\lb\P wpqnswmﬁml@nd tyRingy

Mount ai n, glfied sugéﬂslc%{,&@éany&l aionidlfy demhéédeg,qnyeaesﬂah&@ p%ﬁypﬁ@pha%e@dm hi stered

to subjects SUSce e Norovirus infection to confer passive or
shor t - &r nkipdegrasab ICIB%‘erﬁiaﬁ‘?q%‘Hbﬂ above, the vaccine formul ati ons of the

i nvention rray ts@itaamuﬁvﬁs%lse%cme Butdidhd Ghitdddo t61ERke rSdéﬁ@fE @IR) &onidts,NOr oVi r us
i nfection. ”111) Norowrusmfectlg %Ewell ﬁ) fnthe art and
i ncl ude naURl °SP/*5’H1E‘P‘Hg°‘ (MELrsynthetic ligid 4 Upg pepipeiss oranelogs 2B m s8kal 1y, a
patient W dyfokined\edponing, tiramyf € pdptie(MIBE) dirdndeves, Cplisligotigopbigseecharideeadache,
chills, nu e .aches The invention enconp es a net hod of
Chtue ng Sae SR aeR el Pl B e FE o AL FARRIN ARG T 1O
i nf ect 2bn My(hctniemo-gtyeqshdag (EI@)Meowmﬁqlwmolcaamacp@ntldes fograpatticles. emd of t he
ventton gehd Dabefbn! £855uARE S HIRLAMAPIARA LA Bolhts MRAAM T US

R or uce

i nfection evi a uct|on|nasy npt om may be
determ nedarsthbfee’duqh\ﬁémyla@ra Tbbfyeeteﬁme;ﬁucfeﬂséDWEf@F RS%ssessnent by a subj ect,

by a clinician I\%n@ﬁx%ﬁ%%ﬁ?ﬂbld% NI CORAUSEd Revaie BRRPEOR bR ISBInAsSRYis 97
nmeasurenent (e era ure?q i ncl udj ng uallty of life

assessnent potegt § Eoni%thﬁ"r%?eég devglapssiras 3 "Nﬁ’l"%‘b‘t“@%‘g@}‘?%ﬁ‘t‘ﬁl 3R033r Ingrdi t i onal
Synpt 0B, @inicRIhGERE sEBYShirdndsaPPINAssDEE SAEwS WIERERPT:scQbtoS Uistvlllaesysssrys (e. g.

antibody tjter and/or T-cel | activatjon a The, obj ective assessment
conpri sgs oAl KSPRagS (%ﬂ% %ﬁﬂé’ztzggo §’§gneéﬁf Z@O&E}ﬂ?ﬁﬁl@%&en proven to %}Sélfl nventi on

will now be illustrated in greater detail by reference to the specific 20
enbodi ments described in the foll ow ng exanpl es. The exanples are intended
to be purely illustrative of the inventipn and are not intended to limt

its scope in any way. Exanple 1. Investigations into | mMmune Responses to
Different Norovirus Antigen Forns To investigate the efficacy of the
vacci ne formul ati ons, mce were immunized 25intranasally (i.n.) with liquid
suspensi on vaccine formul ation by mcropipette. Mce received only a single
vacci ne dose (prine).



For the experinent, three vaccine fornmulations were prepared. The first,
referred to as 100% aggregate, was prepared by |Iyophilization of VLPs under
conditions that disrupt the native structure of the VLP and induce
aggregation. The second, 100%intact, was prepared with 30 rehydrated

| yophi li zed pl acebo, spiked with 100% nati ve nonodi sperse VLPs from

non-1 yophi li zed VLP stock. The third formul ation, 50/50 Mx, is made either
by m xing the previous tw fornulations at a ratio of 1:1, or by

| yophi l'i zi ng under conditions that yield - 50%intact and 50% aggr egat ed
VLPs. The structural state and concentration of the intact native VLP was

assayed by, § fhi MU&B‘BQ cﬁﬁ\% iR &g fQf A SRS Bt i?a fhn G5, Tat?eg{s?ﬁenélrlc%SE.- HPLO)

and ultravi o otein concentration (which
i ncl udes tehel., ag&gaﬁﬁlé%moﬂmwhéﬁﬁwﬂWWNwmafmoﬁshmngmMév@@hwqgﬂRﬂy

guantit at 'ré/c% t§|ta?1? '{E'tﬂﬂ c%ab?%ﬁél}émngggﬁﬁ b C%Hﬁmar%trgslggl%lesya%%ﬁéfla%qul g6t

el ectrophoresi s -reso protelns agg regatedllntact
was cal cull%fF‘é'@“Sef@thPEPés rptydmedpthi rmpeegatiyg end gsany peitivg bwﬁnalwrp%tae«? n.

Table Lk Mupstide %n@b@%z b@d@%ry&@gaapa@mrﬁaug‘l&{ofmaﬁ infBitkal @ Ruikdens NOUSE

i.n. liquid 10vaccina nunber Chltosan /,m.) Mannito /nL)
Sucrose ( rFEPYABrOREsIAR! wv)m ng TRSPASES: effngynsrfgfg Csmawvﬁsrsspe“?%%mé 0

viral challenge while enhancing the specific responses generated by the antigenic components of
the vaccine.
Accordingly, in one embodiment, the present invention provides a composition
10 comprising monophosphoryi lipid A (MPL®) or 3 De-O-acylated monophosphoryl lipid A (3D-
MPL®) as an enhancer of adaptive and innate immunity. Chemically 3D-MPL® is a mixture of 3
De-0O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains. A preferred form of 3
De-0O-acylated monophosphoryl lipid A is disclosed in European Patent 0 689 454 B1
(SmithKline Beecham Biologicals SA), which is incorporated herein by reference. In another
15  embodiment, the present invention provides a composition comprising synthetic lipid A, lipid A
mimetics or analogs, such as BioMira’s PET Lipid A, or synthetic derivatives designed to
function like TLR-4 agonists.
The term "effective adjuvant amount” or “effective amount of adjuvant” will be well
understood by those skilled in the art, and includes an amount of one or more adjuvants which is
20  capable of stimulating the immune response to an administered antigen, i.e., an amount that
increases the immune response of an administered antigen composition, as measured in terms of
the IgA levels in the nasal washings, serum IgG or [gM levels, or B and T-Cell proliferation.
Suitably effective increases in immunoglobulin levels include by more than 5%, preferably by
more than 25%, and in particular by more than 50%, as compared to the same antigen

25  composition without any adjuvant.

Delivery Agent
The invention also provides a composition comprising a delivery agent which functions
to enhance antigen uptake based upon, but not restricted to, increased fluid viscosity due to the
30  single or combined effect of partial dehydration of host mucopolysaccharides, the physical

properties of the delivery agent, or through ionic interactions between the delivery agent and host

14



3.5 0.750 0.750 1.0 1.0 3 3.5 0.750 0.750 1.0 1.0 4 3.5 0.750 0.750 1.0 O
Tabl,e 1. Prinme for exp 605.125 (nouse i n.) Values indicate fnal
concentrations of the formul ations. Dose: 201AL per nouse, 10 til per
flare. Goup 1, 100% Agg: rehydrated 100% aggr egated VLP G oup 2, 100%
Intact: rehydrated |yophilized placebo, spiked with 100%intact VLPs from
non-1yophilized VLP stock. 15Goup 3,50/50 mx: 1:1 m xture of solutions
fromGoups 1 and 2. Goup 4, Nave: rehydrated |yophilized placebo

Thi s experiment measures the i mune response in mce to different Norovirus
VLP formul ations. Groups of mce (5 per group) were vaccinated intranasally
(1.n.) on¢isuyat the ik dfekppdrratmdhcﬂfqﬁdamuimt effeut. nﬂltaﬁdﬁoeiﬁ ﬂ&mmm agentabl e 1.
Ani mal s vacci nat ed .wit atl ons..L el ame anount

of total SFOPErR: gD %\n g" ?Tﬁ@&%ﬁtﬁ gf ‘;e?' o’ipe g °F‘%‘o‘6@/§"1“??t act (100%
native, nSnchdi d@lmer)s&gentmm))? a BigAdhEsive] axen(t llnrammrutheblo#dhmm dperse and

aggr egat e%uy&ﬁ)ﬂesw[a\lg%gt £RQeM nF] fﬂ% gﬁﬁb El%?sishqg 0 Llﬁin L%c&ﬂ#(ﬂ@ dhofliroitin

i mruni zation, mce were eut odeés and spl eens
were har vedfatedderpgamslfate shqn@pémd@raranw@fﬁeh@ia@n hmsan guléaakyalirangn), in vitro

ant i gen- s pgedryiiGte p6lyineR (O8] fe@ind41ifMe, 252E%S -amylase, amylopectin, cellulose, chitin,
stachyose, unulin, dextrin, dextran) , cross-linked derivatives of poly(acrylic acid), polyvinyl
alcohol, polyvinyl pyrollidone, polysaccharides (including mucin and other
mucopolysaccharides) cellulose derivatives (e.g., hydroxypropyl methylcellulose,

10 carboxymethylcellulose), proteins (e.g. lectins, fimbrial proteins), and deoxyribonucleic acid.
Preferably, the mucoadhesive agent is a polysaccharide, such as chitosan, a chitosan salt, or
chitosan base (e.g. chitosan glutamate). |

Chitosan, a positively charged linear polysaccharide derived from chitin in the shells of
crustaceans, is a bioadhesive for epithelial cells and their overlaying mucus layer. Formulation

15  of antigens with chitosan increases their contact time with the nasal membrane, thus increasing
uptake by virtue of a depot effect (Illum ez al. 2001; 2003; Davis et al. 1999; Bacon et al. 2000;
van der Lubben et al. 2001; 2001; Lim et al. 2001). Chitosan has been tested as a nasal delivery
system for several vaccines, including influenza, pertussis and diphtheria, in both animal models
and humans (Illum ef al. 2001; 2003; Bacon e al. 2000; Jabbal-Gill ez al. 1998; Mills et al.

20 2003; McNeela et al. 2004). In these trials, chitosan was shown to enhance systemic immune
responses to levels equivalent to parenteral vaccination. In addition, significant antigen-specific
IgA levels were also measured in mucosal secretions. Thus, chitosan can greatly enhance a nasal
vaccine’s effectiveness. Moreover, due to its physical characteristics, chitosan is particularly
well suited to intranasal vaccines formulated as powders (van der Lubben et al. 2001; Mikszta ef

25  al 2005; Huang et al. 2004).

Accordingly, in one embodiment, the present invention provides an antigenic or vaccine
composition adapted for intranasal administration, wherein the composition includes antigen and
optionally an effective amount of adjuvant. In preferred embodiments, the invention provides an
antigenic or vaccine composition comprising Norovirus antigen such as Norovirus VLP, in

30 combination with at least one delivery agent, such as chitosan, and at least one adjuvant, such as

MPL®, CPGs, imiquimod, gardiquimod, or synthetic lipid A or lipid A mimetics or analogs.

15



In these assays the response of cervical |ynph node cells or splenocytes
were assessed to determ ne i mmunogeni c responses agai nst the antigen
following in vivo inmunization. Cervical |ynph node cells or splenocytes
were restinulated with either native nonodi sperse VLPs (native VLP, black
bars) or heat-denatured VLP protein (AVLP, white bars) and the extent. of
cellular proliferation fromeach antigen form (100% Agg, 100% I ntact, 50/50
M x, or nave) was neasured by tritiated thym dine incorporation as

i ndicated on the ordinate axis (CPM (Figure 1, cervical |ynph node cells;
Figure 2, splenocytes). 5 Exanple 2. In vitro Antigen-Specific
Proliferation Besmjecular weight ¥thé chitbdae may by beswéeg A0 &Ds frel 800 klom pyefandblyt he

vacet ne 1 QL0 Eioh 088 ind B RIS TG b B ABSDLLRNBRILY The p.) W LD

| i quid suspension vaccine ce receive a S|ngle vacci ne
dose @ i meyncert@Bpmaifichitosangin Eaezorppasition wijl typipaly bf upriogboyt SO%éw/“Qrfelu p) were

vacci nat eqx i s%hio%,%b%%ow%oﬁeﬁﬁd% Of}@%hlkagarﬁlg ol \)/hxclﬂE‘fx‘Séerbey'lt feRpydrat ed

dry powder rirul At dns shown in Tab . Again, animals vaccinated with
VLP- cont a|7ﬁ%rﬁ‘ga°%§ﬁm|alfalteix€n§e B&PEh, \P@He Prh@rabla -88%psiaseetylgiods Rettighlar ot ei n.  100%

Agg (100"/oemqgﬂ£g@ah§@b%/lswpgm Q6% )and §003eabdiidfch. (100% native, intact VLPs);
50/50 Mx (1:1 mxture of intact and aggregated VLP); Nave (no VLP

protein). 15 Table 2. Mxtures shown bel ow were prepared for 605.127, nouse
R quwdcd,,{gwamﬁgteh,@yrom@@,uﬂ nunber Chitosan (ng/nL) Mannitol (ng/rnL)

g ugrzgs e (/| n'hze composgtn? He lll‘l\\lgglt\{@ll clén t\>/eLfP mgul dntj_ 1) admm?lstr]a'ltlcl)ln?aSs V%CCI%ZSS or0 025

10  antigenic formulations. As used herein, the term “vaccine” refers to a formulation which
contains Norovirus VLPs or other Norovirus antigens of the present invention as described
above, which is in a form that is capable of being administered to a vertebrate and which induces
an immune response sufficient to induce a therapeutic immunity to ameliorate an infection
and/or to reduce at least one symptom of an infection and/or to enhance the efficacy of another

15  dose of VLPs or antigen. As used herein, the term “antigenic formulation” or “antigenic
composition” refers to a preparation which, when administered to a vertebrate, e.g. a mammal,
will induce an immune response. As used herein, the term “immune response” refers to both the
humoral immune response and the cell-mediated immune response. The humoral immune
response involves the stimulation of the production of antibodies by B lymphocytes that, for

20  example, neutralize infectious agents, block infectious agents from entering cells, block
replication of said infectious agents, and/or protect host cells from infection and destruction. The
cell-mediated immune response refers to an immune response that is mediated by T-lymphocytes
and/or other cells, such as macrophages, against an infectious agent, exhibited by a vertebrate
(e.g., a human), that prevents or ameliorates infection or reduces at least one symptom thereof.

25  Vaccine preparation is generally described in Vaccine Design ("The subunit and adjuvant
approach" (eds Powell M. F. & Newman M. J.) (1995) Plenum Press New York). The
compositions of the present invention can be formulated, for example, for delivery to one or
more of the oral, gastro-intestinal, and respiratory (e.g. nasal) mucosa.

Where the composition is intended for delivery to the respiratory (e.g. nasal) mucosa,
30 typically it is formulated as an aqueous solution for administration as an aerosol or nasal drops,

or alternatively, as a dry powder, e.g. for rapid deposition within the nasal passage.
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2 7 1.475 1.475 0.025 0.025 3 7 1.475 1.475 0.025 0.025 4 7 1.475 1.475
0.025 0 Prine for exp 605.127 (nouse i.p.) Values indicate final
concentrations of the formulations and are equivalent to a single 10 ny
delivery device. Dose: 1 rnL per nouse i.p. Goup 1, 100% Agg: rehydrated
100% aggr egat ed VLP Goup 2, 100% Intact: rehydrated |yophilized
placebo, spiked with 100% intact VLPs from non-20 |yophilized VLP stock.
Goup 3, 50/50 m x: rehydrated from|lyophilized 50/50 intact VLP/ Aggregate
G oup 4, Nave: rehydrated |yophilized placebo In this assay, response of
different nurine cells to VLPs followng in vivo immunization was 25

nmeasur ed. d&%. 14 follow ng i muni zati on, m.ce were euthani ge%l t he
spl eens wer SORROSHaRs fRrpdmipigirationas gaspldrops may eqpiaong CLROTR SIS A F8 prpe
Spl enocyt esusnallyendl@ted innuchadom@ositiohd) f@ iekdirgpie presematives, Ratdsiyeadidsiig agered, | ve VLP,

extent of clrin A RliGERR, e kG aRL B e Wb Bl S Bt R S 40 00,
| ntact, 50/ &dlulvbexchitosan ravahps, pelpsacrbarias, entl theliker | Gamepogitions figr milrpliniseation as
i ncor por ?‘t i 8)r§l p@\%deir 91%1 gl?& é?ﬂtaf?l%né gﬁn(ﬂé g&cf}?eh@ usually included in such compositions, for
example, mucoadhesive agents, bulking agents, and agents to deliver appropriate powder flow
and size characteristics. Bulking and powder flow and size agents may include mannitol,
sucrose, trehalose, and xylitol.
In one embodiment, the Norovirus vaccine or antigenic formulation of the present
10 invention may be formulated as a dry powder containing one or more Norovirus genogroup
antigen(s) as the immunogen, an adjuvant such as MPLE, a biopolymer such as chitosan to
promote adhesion to mucosal surfaces, and bulking agents such as mannito!l and sucrose. For
example, the Norovirus vaccine may be formulated as 10 mg of a dry powder containing one or
more Norovirus genogroup antigen(s) (e.g., Norwalk virus, Houston virus, Snow Mountain
15 virus), MPL® adjuvant, chitosan mucoadhesive, and mannitol and sucrose as bulking agents and
to provide proper flow characteristics. The formulation may comprise about 7.0 mg (25 to 90%
w/w range) chitosan, about 1.5 mg mannitol (0 to 50% w/w range), about 1.5 mg sucrose (0 to
50% wi/w range), about 25 pg MPL® (0.1 to 5% w/w range), and about 100 pg Norovirus antigen
(0.05 to 5% w/w range).
20 Norovirus antigen may be present in a concentration of from about 0.01% (w/w) to about
80% (w/w). In one embodiment, Norovirus antigens can be formulated at dosages of about 5 pg,
about 15 pg, and about 50 ug per 10 mg dry powder formulation (0.025, 0.075 and 0.25% w/w)
for administration into both nostrils or about 10 pg, about 30 pg, and about 100 pg (0.1, 0.3 and
1.0% w/w) for administration into one nostril. The formulation may be given in one or both
25  nostrils during each administration. There may be a booster administration 1 to 12 weeks after
the first administration to improve the immune response. The content of the Norovirus antigens
in the vaccine and antigenic formulations may be in the range of 1 ug to 100 mg, preferably in
the range 1-500 pg, more preferably 5-200 pg, most typically in the range 10-100 pg. Total
Norovirus antigen administered at each dose will be either about 10 pg, about 30 ug, or about
30 100 pgin a total of 20 mg dry powder when administered to both nostrils or 10 mg dry powder

when administered to one nostril. Dry powder characteristics are such that less than 10% of the
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axis (CPM (Figure 3). These data indicate that different biophysical forns
of the VLPs prepared in the vaccine fornmulations elicit conparable T cell
responses. Exanple 3. VLP-Specific ELISPOT Assay 5VLP-specific

anti body-secreting cell (ASC) responses were nmeasured frommnce i nmuni zed
intraperitoneally with different NV-VLP fornul ations described in Exanple
2.. Goups of mce (5 per group) were vaccinated i.p. once with rehydrated
dry powder fornulations shown in Table 2 (Exanple 2). Aninmals vacci nated
wi th VLP-containing formulations received the same anount of total protein.
100% Agg (100% aggregated VLP protein); 100% Intact 10 (100% native, intact
VLPs) ; 50pdQcldslare 1¢sd than b b ur diangefer. Meagiartzledizesgemge gamdd t040@um iNai ve (no VLP
protein). n.day 14, the mce were euthanized and the cervical |ynph nodes
wer e harveste The cervical |ynph node cells were cultured overni ght on
native, intactn yiopheresmbodisnem) themdpent and eacciap dompepitionssyciedpraglaedps ®i t her | gG

or | gA- spg&iid fof subtehmn AiRiristiafich th B SutfeP IR ui P Anddnbn ﬁ&naedg&tlﬁgmmcondar y
anti bodi es (Figure 4). These data show that the three 15VLP anti

fornul at i ech@mérra“%w&é FomPHSeNArPH SLBEEH %negeB@b afipvapta %‘}S‘&rﬁ’§'éveryﬂ$%“ g r oup
i mruni zedsush hdchkERH0 1AgEd Mhﬁ’@atwhfobin&aﬂushh& (gﬁ gad 024 hdrhifidtaen vedponse.

Exanple 4. VLP-Specific ELI SA Ser G | ev wer e ured frommce
i nmuni zed®qmR5Se &&PH“‘G&?“P%’P%”(““W%@ u %?f ta‘%?ﬁ%ggeﬁtf(eﬁt ce (5 per
group) weckdtossarci nated i.p. once with rehydrat ed dry powder formul ations

fS Ic‘l)(l?\rlr\/lu’l | :'3_'? : -(l;ra]-g | (r%)e%el %Wgrﬁ%ergg and%&c[}'{@ lcém%)glﬁgﬂs@l@lle%geféﬁde rd&céﬂ'eﬁ) 6% %kﬁhﬂ? 100%

anount t ot al rotern
aggr edt eandvtoredmnbyidedunyntil thepars readsale be pseAAYwhieh POMé they pre zesenstjiuied )wth 50/ 50 M x

(1:1 m Xt RO uée@qﬁlﬁqu@MQB@%Eﬁ‘ghW )hffelléﬁt'c\"ﬁ $efts Hehe doful ?)&sﬁloﬂ) On day
14, serum was col | ected and assayed b A Tor anti - VL speci fic

ser um | gGmeFbelired sparateiy, madkitpp deyice Gny &7 %Utf@rrwrteﬁts briee lyenbilzed: pown i n
Exanpl e 3com;{aelérﬁsaﬁayri@natuhmyapﬁﬁzadmsreﬂow;?foaﬂﬁlmgﬁror beotdpaititddabsliqaidl elicit an

antigen-specific B cell response. rou ni ze th 100% Agg
U Ps e howdintipie Au e kG o e apbistd sehepifss B ebedi et

For muliat i p&vedet minfRaibfatibrsthe vaccine or ai&iyeiﬁu fFahulativa nmlbepxatdﬁﬁeahﬁd aristehnadal r anasal | y
(i.n.) in,rabbits us the Mono on Devi ce.
The dry pO\AHerny d?vé?er?ﬁ Oggal ar e s ehve C%'Fn(g{tor%a usﬁg? r@g%ﬁlgas}’éh .

Formul at i ddyeldds‘ccreiabda@bs@eﬂtedwaweglw wtécbapterd afiymsigO Bie staglity phitsisionterits. n,  dry

powder ( DP) Vaﬁl@ 'l\faggiiﬂﬁon d:t)':aht ni£ %%Ltﬂ)tnk %%a&ccg{es R il ﬁl%nl@t%é B@bbi ti.n. .
final amounts vaccl nes G oup nunber Chitosan (ng/ 10nmg DP) Mannit ol
(nmy/ 1 OTg)T yggpély e diquid antigen is freeze dried in the presence of agents to protect the anhgen during

20  the lyophilization process and to yield powders with desirable characteristics. Sugars such as
sucrose, mannitol, trehalose, or lactose (present at an initial concentration of 10-200 mg/mL) are
commonly used for cryoprotection and lyoprotection of protein antigens and to yield lyophilized
cake or powders with desirable characteristics. Lyophilized compositions are theoretically more
stable. Other drying technologies, such as spray drying or spray freeze drying may also be used.

25  While the goal of most formulation processes is to minimize protein aggregation and
degradation, the inventors have demonstrated that the presence of aggregated antigen enhances
the immune response to Norovirus VLPs (see Examples 3 and 4 in animal models). Therefore,
the inventors have developed methods by which the percentage of aggregation of the antigen can
be controlled during the lyophilization process to produce an optimal ratio of aggregated antigen

30 to intact antigen to induce a maximal immune response in animal models.
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Thus, the invention also encompasses a method of making Norovirus antigen
formulations comprising (a) preparing a pre-lyophilization solution comprising Norovirus
antigen, sucrose, and chitosan, wherein the ratios of sucrose to chitosan are from about 0:1 to
about 10:1; (b) freezing the solution; and (c) lyophilizing the frozen solution for 30-72 hours,
wherein the final lyophilized product contains a percentage of said Norovirus antigen in
aggregated form. The lyophilization may occur at ambient temperature, reduced temperature, or
proceed in cycles at various temperatures. For illustration purposes only, lyophilization may
occur over a series of steps, for instance a cycle starting at -69 °C, gradually adjusting to -24 °C
over 3 hours, then retaining this temperature for 18 hours, then gradually adjusting to -16 °C over
1 hour, then retaining this temperature for 6 hours, then gradually adjusting to +34 °C over 3
hours, and finally retaining this temperature over 9 hours In one embodiment, the pre-
lyophilization solution further comprises a bulking agent. In another embodiment, said bulking
agent is mannitol.

Appropriate ratios of sucrose and chitosan to yield desired percentages of aggregation
can be determined by the following guidelines. A pre-lyophilization mixture containing mass
ratios of sucrose to chitosan in a range from about 2:1 to about 10:1 will yield a range of about
50% to 100% intact Norovirus antigen (i.e. 0% to 50% aggregated antigen) post-lyophilization
depending on pre-lyophilization solution concentrations (see Example 13). Mass ratios of 0:1
sucrose to chitosan will produce less than 30% of intact Norovirus antigen (i.e. greater than 70%
aggregated antigen). Omission of both sucrose and chitosan and use of only a bulking agent,
such as mannitol, will produce less than 10% intact antigen (i.e. greater than 90% aggregated
antigen depending on pre-lyophilization solution concentrations). Using these guidelines, the
skilled artisan could adjust the sucrose to chitosan mass ratios and concentrations in the pre-
lyophilization mixture to obtain the desired amount of aggregation necessary to produce an
optimal immune response.

In addition, the inclusion of sucrose, chitosan, and mannitol in the pre-lyophilization
solution has no negative effect on the stability of the intact Norovirus antigen over time, i.e. the
ratio of aggregated antigen/intact antigen in the formulation does not increase when stored as a
dry powder for a period of about 12 months or greater (see Example 10). Thus, this
lyophilization procedure ensures stable formulations with predictable and controllable ratios of

aggregated to intact Norovirus antigen.
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0 Val ues indicate final concentrations of the formulati ons based on a
single device (10 ng DP) which is 1/2 total dose. Dose: 20 ng DP per
animal, 10 ng per flare. 10 Goup 1, 100% Agg: 100% aggregated |yophilized
VLP Group 2, 100% Intact: 100% i ntact |yophilized VLP Group 3, 50/50 m x:
50/ 50 intact/aggregate |yophilized VLP (not a mxture of 1 & 2) G oup 4,
Nave: placebo 15 Table 4. Fornul ati ons shown bel ow were prepared for

605. 129, rabbit i.n. dry powder (DP) vaccination. Boost formulations for
exp 605.129 Rabbit i.n. final amounts for DP vaccines). G oup nunber
Chitosan (ng/10ng DP) Mannitol (ng/10ng) Sucrose (ng/10nmg) MPL (ng/l ai ng)
Norwal k VLP (ng/10nmg) 7 1.475 1.475 0.025 0.025 2

Methods of Stimulating ar Immune Response

The amount of antigen in each antigenic or vaccine formulation dose is selected as an

amount which induces a robust immune response without significant, adverse side effects. Such

5  amount will vary depending upon which specific antigen(s) is employed, route of administration,
and adjuvants used. In general, the dose administered to a patient, in the context of the present
invention should be sufficient to effect a beneficial therapeutic response in the patient over time,
or to induce the production of antigen-specific antibodies. Thus, the composition is administered
to a patient in an amount sufficient to elicit an immune response to the specific antigens and/or to

10  alleviate, reduce, or cure symptoms and/or complications from the disease or infection. An

amount adequate to accomplish this is defined as a "therapeutically effective dose."

For a substantially pure form of the Norovirus antigen, it is expected that each dose will
comprise about 1 pg to 10 mg, preferably about 2-50 pg for each Norovirus antigen in the
formulation. In a typical immunization regime employing the antigenic preparations of the

15  present invention, the formulations may be administered in several doses (e.g. 1-4), each dose
containing 1-100 pg of each antigen. The dose will be determined by the immunological activity
the composition produced and the condition of the patient, as well as the body weight or surface
areas of the patient to be treated. The size of the dose also will be determined by the existence,
nature, and extent of any adverse side effects that may accompany the administration of a

20  particular composition in a particular patient.

The antigenic and vaccine formulations of the present invention may be administered via
a non-mucosal or mucosal route. These administrations may include in vivo administration via
parenteral injection (e.g. intravenous, subcutaneous, and intramuscular) or other traditional direct
routes, such as buccal/sublingual, rectal, oral, nasal, topical (such as transdermal and

25  ophthalmic), vaginal, pulmonary, intraarterial, intraperitoneal, intraocular, or intranasal routes or
directly into a specific tissue. Alternatively, the vaccines of the invention may be administered
by any of a variety of routes such as oral, topical, subcutaneous, mucosal, intravenous,
intramuscular, intranasal, sublingual, transcutaneous, subdermal, intradermal and via
suppository. Administration may be accomplished simply by direct administration using a patch,

30 needle, catheter or related device, at a single time point or at multiple time points.
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7 0 2.95 0.025 0.025 3 7 1.475 1.475 0.025 0.025 4 7 1.475 1.475 0.025 O
Val ues indicate final concentrations of the formul ati ons based on a single
device (10 nmg DP) which is 1/2 total dose. Dose: 20 ng DP per aninmal, 10
ng per flare. Group 1, 100% Agg: 100% | yophilized aggregated VLP 20 (}oup
2, 100% I ntact: 10096intact** VLP* Group 3, 50/50 m x: 50/50 intact

[ aggregate |yophilized VLP (not a mxture of 1 & 2) Goup 4, Nave:

| yophi li zed pl acebo *Fornul ated without mannitol to increase anmount of
i ntact VLP post |yophilization. 25**Preparation yielded only -80% i ntact
VLP. Exanple 6. Potency Assay of Norovirus Vaccine Fornulation in Mce
Femal e C57B16 m ce were immuni zed intraperitoneally (i.p.) on day O with
di fferent dil lntdpefereiembodimenyibe sntigenicchnfgaogiak Fornpulpticgs 9ftEQM@Ft vacci ne

(cont ai ni P%nﬁl% éf@éciﬁuﬁ{gtgred ARl I'mlﬁm} Gbthde OB AMnizaEEE @19 hﬁ@ésal‘é@?ac&sryﬂ@ﬁt ed with

100 [It o fornmul ations 1 ndicated. Serum was | ected weekly and
ser um antBumgrops peigntiptedvantages oygr othey rgptes A AP PERIZAtgH- ?@r“&ﬂ%‘i yeperdiE 3° weeks

f ol | owi NQard MRARbsABINARIZAHR dDENG relire MWk 6r Kighly-trained personnel for
5  administration, and 2) immune responses are raised at the site(s) of pathogen entry, as well as
systemically (Isaka et al. 1999; Kozlowski et al. 1997; Mestecky et al. 1997; Wu et al. 1997).

In a further aspect, the invention provides a method of eliciting an IgA mucosal immune
response and an IgG systemic immune response by administering (preferably intranasally or
orally) to a mucosal surface of the patient an antigenic or vaccine composition comprising one or

10  more Norovirus antigens, at least one effective adjuvant and /or at least one delivery agent.

The present invention also contemplates the provision of means for dispensing intranasal
formulations of Norovirus antigens hereinbefore defined, and at least one adjuvant or at least one
delivery agent as hereinbefore defined. A dispensing device may, for example, take the form of
an aerosol delivery system, and may be arranged to dispense only a single dose, or a multiplicity

15  ofdoses. Such a device would deliver a metered dose of the vaccine or antigenic formulation to
the nasal passage. Other examples of appropriate devices include, but are not limited to,
droppers, swabs, aerosolizers, insufflators (e.g. Valois Monopowder Nasal Administration Device,
Bespak UniDose DP), nebulizers, and inhalers. The devices may deliver the antigenic or vaccine
formulation by passive means requiring the subject to inhale the formulation into the nasal

20  cavity. Alternatively, the device may actively deliver the formulation by pumping or spraying a
dose into the nasal cavity. The antigenic formulation or vaccine may be delivered into one or
both nostrils by one or more such devices. Administration could include two devices per subject
(one device per nostril). Actual dose of active ingredient (Norovirus antigen) may be about 5-
1000 pg. In a preferred embodiment, the antigenic or vaccine formulation is administered to the

25  nasal mucosa by rapid deposition within the nasal passage from a device containing the
formulation held close to or inserted into the nasal passageway.

The invention also provides a method of generating antibodies to one or more Norovirus
antigens, said method comprising administration of a vaccine or antigenic formulation of the
invention as described above to a subject. These antibodies can be isolated and purified by

30 routine methods in the art. The isolated antibodies specific for Norovirus antigens can be used in

the development of diagnostic immunological assays. These assays could be employed to detect
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The val ue for each individual nouse is represented, with bars indicating
the.group nmean. Serum anti-VLP | gG values correlated with the dose of
vacci ne indicated. This experinental design has been refined and devel oped
as a potency assay required for the release of GW 10 nmanufactured vacci nes
for human clinical trials (Figure 6). Exanple 7. Potency of Liquid vs.
Reconstituted Norovirus Formulations in Mce Femal e C57B16 m ce were
i mmuni zed i.p. on day O with forrnul ati ons that contained chitosan,

mannitol, MPL, and various concentrations of Norwalk VLP (Table 5) in a
volunme of 15 100 ti.L. An internal standard curve was generated (groups
1-5) by solubilizin ng/ mL of dry powder matrix (mannitol, MPL, and

chi t osan) #Nowurysfin gwc%émle%méudawrW@p%rh@lawééucwé'a theertion (g | | qui d

Nﬁr wal kI Vtﬁorvdaﬂtdﬂﬁlﬂfoﬁ Bnbw Modtaia\dte. %/mgh&lvﬁlyy\ﬁé Bol@t&@é&hﬁ&ﬁds)ﬁaﬂ peophi |i zed and
t hen sol ubi]i.ze I e ter =run1mas

ol Tect ed imRHeLE icsaye ek 1o o S5echin b e iR kR 1 BRI k ~vLp 1 g
was neasur gemdaty ELI SA. 20 Table 5. Liquid and Reconstituted Norwal k

Fornul ati ons usged to | | ze nlceﬁém (% Ireat e 5%
Cal cul a% ed Pot én¢ v one(grgtgéh VA lﬂ%l s ofthe) %mmn ace mmﬁte’f%" $8.0 39.0
86. 3 2 2. Ssybpgctv feat Wn@tm@me@r_oYig@ irggtign. 195/mtoms of Norovirus infection are well

known in the art and include nausea, vomiting, diarrhea, and stomach cramping. Additionally, a

patient with a Norovirus infection may have a low-grade fever, headache, chills, muscle aches,
and fatigue. The invention encompasses a method of inducing an immune response in a subject

10  experiencing a Norovirus infection by administering to the subject a vaccine formulation of the
invention such that at least one symptom associated with the Norovirus infection is alleviated
and/or reduced. A reduction in a symptom may be determined subjectively or objectively, e.g.,
self assessment by a subject, by a clinician’s assessment or by conducting an appropriate assay or
measurement (e.g. body temperature), including, e.g., a quality of life assessment, a slowed

15  progression of a Norovirus infection or additional symptoms, a reduced severity of Norovirus
symptoms or suitable assays (e.g. antibody titer and/or T-cell activation assay). The objective

assessment comprises both animal and human assessments.

Examples
The invention will now be illustrated in greater detail by reference to the specific
20 embodiments described in the following examples. The examples are intended to be purely

illustrative of the invention and are not intended to limit its scope in any way.

Example 1. Investigations into Immune Responses to Different Norovirus Antigen Forms

To investigate the efficacy of the vaccine formulations, mice were immunized
25  intranasally (i.n.) with liquid suspension vaccine formulation by micropipette. Mice received
only a single vaccine dose (prime). |
For the experiment, three vaccine formulations were prepared. The first, referred to as
100% aggregate, was prepared by lyophilization of VLPs under conditions that disrupt the native
structure of the VLP and induce aggregation. The second, 100% intact, was prepared with
30 rehydrated lyophilized placebo, spiked with 100% native monodisperse VLPs from non-
lyophilized VLP stock. The third formulation, 50/50 Mix, is made either by mixing the previous
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36.3 3 1.25 pg VLP in Placebo 0.182 11.2 7.4 17.0 4 0.63 pg VLP in Pl acebo
0.287 5.4 2.8 10.4 5 0.31 pg VLP in Placebo 0.114 3.8 2.9 4.9 6 2.5 pg GW
lot 0.276 11.3 6.0 21.3 7 7.5 pg GW |ot 0.221

two formulations at a ratio of 1:1, or by lyophilizing under conditions that yield ~ 50% intact and
50% aggregated VLPs. The structural state and concentration of the intact native VLP was
assayed by size exclusion high performance liquid chromatography (SE-HPLC) and ultraviolet
(UV) absorbance. The total protein concentration (which includes the aggregate) of the

5  formulations was determined by quantitative staining of sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) -resolved proteins. Percent aggregated/intact was calculated as
the ratio of intact native VLP to total protein. h

Table 1. Mixtures shown below were prepared for Experiment 605.125, mouse i.n. liquid
10 vaccination.

Group Chitosan Mannito! Sucrose MPL N(z/rgsl k
number (mg/mL) (mg/mlL.) (mg/mL) (mg/mL) (mg/mL)
1 3.5 0.750 0.750 1.0 1.0
2 3.5 0.750 0.750 1.0 1.0
3 3.5 0.750 0.750 1.0 1.0
4 3.5 0.750 0.750 1.0 0
Table 1. Prime for exp 605.125 (mouse i.n.) Values indicate final concentrations of

the formulations.

Dose: 20 pL per mouse, 10 puL per nare.
Group 1, 100% Agg: rehydrated 100% aggregated VLP
Group 2, 100% Intact: rehydrated lyophilized placebo, spiked with 100% intact VLPs from non-
Iyophilized VLP stock.
15 Group 3, 50/50 mix: 1:1 mixture of solutions from Groups ! and 2.
Group 4, Naive: rehydrated lyophilized placebo
This experiment measures the immune response in mice to different Norovirus VLP
formulations. Groups of mice (5 per group) were vaccinated intranasally (i.n.) once with
20  rehydrated dry powder formulations shown in Table 1. Animals vaccinated with VLP-
containing formulations received the same amount of total protein. 100% Agg (100%
aggregated VLP protein); 100% Intact (100% native, monodisperse VLPs); 50/50 Mix (1:1
mixture of monodisperse and aggregated VLP); Naive (no VLP protein). On day 14 following
i.n. immunization, mice were euthanized, the cervical lymph nodes and spleens were harvested,
25 and a single cell suspension was prepared for in vitro antigen-specific cell proliferation assays.
In these assays the response of cervical lymph node cells or splenocytes were assessed to

determine immunogenic responses against the antigen following in vivo immunization. Cervical

lymph node cells or splenocytes were restimulated with either native monodisperse VLPs (native
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96.8 58.2 161.0 8 25 pg GW lot 0.147 113.6 80.9 159.5
potency for each fornulation was cal cul ated using the follow ng forml a:

Inv Log (Ave.- Y intercept/slope).

The

Potency is plotted agai nst VLP

rel ative

concentration in the fornulations and reported in relation to the standard
curve generated using known anmounts of VLP spiked into the matrix

background (Figure 7).
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In this assay, response of different murine cells to VLPs following in vivo immunization was

measured. On day 14 following immunization, mice were euthanized, the spleens were

harvested, and a single cell suspension was prepared. Splenocytes were restimulated with either

intact, native VLPs (native VLP, dotted bars) or heat-denatured VLP protein (AVLP, white bars)

and the extent of cellular proliferation from each antigen form (100% Agg, 100% Intact, 50/50

Mix, or naive) was measured by tritiated thymidine incorporation as indicated on the ordinate
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10 Exanple 10. Stability of Norovirus Dry Powder Formul ations To
investigate the stability of the dry powder VLP fornulation, bulk drug
product was prepared by mxing (per 10 ng drug product) 25 jig of a
Genogroup | VLP in solution with 25 jig MPL, 700 1.tg chitosan gl utanmate,
1.475 ng mannitol, and 1.475 ng sucrose. The solution was |yophilized,
bl.ended with an additional 6.3 ng chitosan glutamate (per 10 ng drug
product), 15filled into Bespak uni dose devices at a nomnal 10 ng of dry
powder, and stored in sealed foil pouches with desiccant capsules. Total
VLP content was neasured using Inperial stained SDS- PAGE and scanni ng
densitonmetry, while size exclusion chronatographyﬁéSEC) was used to
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| yophi lization solution concentrations of the constituents of interest, the
total volunme of the mxture, and the correspondi ng nmass ratios. Al

- solutions were manually swirled and gently vortexed to honogeneity, then
shell frozen in liquid nitrogen and |yophilized external to the unit using
si de-arm vessels for tines ranging fromabout 30 to 60 hours. 5 Table 6.
Pre-1yophilization solution mxtures used for testing the effects of

di fferent concentrations and conbi nati ons of sucrose, chitosan gl utamate
(chitosan) and mannitol on the structure of the quaternary structure the
Norwal k VLP. Experinment and Sanpl e Sol ution concentrations of constituents

pre- lyophilization (nginL) Total Molunme IIli-') Mass equivalents S --
sucrose Cﬁﬁﬁ@ﬂi@é@ﬁﬂﬂggEmﬂﬂ#ﬁﬁﬁﬂﬁﬁm§ucrose Chitosan Marnitol VLP (protein)
S C MLElI 0 O Foeful&tioB3were administered intranasally (i.n.) in rabbits using the Valois

Monopowder Nasal Administration Device. The dry powder formulations are shown in Tables 3
and 4.

Table 3. Formulations described below were prepared for 605.129, rabbit i.n. dry powder (DP)
vaccination.

Prime formulations for exp 605.129 (Rabbit i.n.) (final amounts for DP vaccines).

Group Chitosan Mannitol Sucrose MPL Norwalk VLP
number {mg/10mg DP) {mg/10mg) (mg/10mg) | (mg/10mg) (mg/10mg)
1 7 1.475 1.475 0.025 0.025
2 7 1.475 1.475 0.025 0.025
3 7 1.475 1.475 0.025 0.025
4 7 1.475 1.475 0.025 0
Values indicate final concentrations of the formulations based on a single device (10 mg
DP) which is ¥ total dose.

Dose: 20 mg DP per animal, 10 mg per nare.
10 Group 1, 100% Agg: 100% aggregated lyophilized VLP
Group 2, 100% Intact: 100% intact lyophilized VLP
Group 3, 50/50 mix: 50/50 intact/aggregate lyophilized VLP (not a mixture of 1 & 2)
Group 4, Naive: placebo

15  Table 4. Formulations shown below were prepared for 605.129, rabbit i.n. dry powder (DP)

vaccination.
Boost formulations for exp 605.129 (Rabbit i.n.) (final amounts for DP vaccines).
Group Chitosan Mannito] Sucrose MPL Norwalk VLP
number (mg/10mg DP) (mg/10mg) | (mg/10mg) | (mg/10mg) | (mg/10mg)
1. 7 1.475 1.475 0.025 0.025
2 7 0 2.95 0.025 0.025
3 7 1.475 1.475 0.025 0.025
4 7 1.475 1.475 0.025 0
Values indicate final concentrations of the formulations based on a single device (10 mg
DP) which is ¥ total dose.

Dose: 20 mg DP per animal, 10 mg per nare.
Group 1, 100% Agg: 100% lyophilized aggregated VLP
20  Group 2, 100% Intact: 100% intact** VLP*
Group 3, 50/50 mix: 50/50 intact /aggregate lyophilized VLP (not a mixture of 1 & 2)
Group 4, Naive: lyophilized placebo

*Formulated without mannitol to increase amount of intact VLP post lyophilization.
25  **Preparation yielded only ~80% intact VLP.
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Example 6. Potency Assay of Norovirus Vaccine Formulation in Mice

Female C57Bl6 mice were immunized intraperitoneally (i.p.) on day 0 with different
dilutions of a reconstituted Norwalk VLP dry powder vaccine (containing Norwalk VLP, MPL
and chitosan). Each animal was injected with 100 pL of the formulations indicated. Serum was
collected weekly and serum anti-VLP 1gG measured by ELISA. Values for serum collected 3
weeks following immunization are shown in Figure 6.

The value for each individual mouse is represented, with bars indicating the group mean. -
Serum anti-VLP IgG values correlated with the dose of vaccine indicated. This experimental
design has been refined and developed as a potency assay required for the release of GMP

manufactured vaccines for human clinical trials (Figure 6).

Example 7. Potency of Liquid vs. Reconstituted Norovirus Formulations in Mice

Female C57BI6 mice were immunized i.p. on day 0 with formulations that contained
chitosan, mannitol, MPL, and various concentrations of Norwalk VLP (Table 5) in a volume of
100 pL. An internal standard curve was generated (groups 1-5) by solubilizing 10 mg/mL of dry
powder matrix (mannitol, MPL, and chitosan) in purified water and adding the specified amounts
of liquid Norwalk VLP. In contrast, the GMP VLP lots were previously lyophilized and then
solubilized in 1.0 ml of purified water (groups 6-8). Serum was collected from mice on days 14,
21 and 30, and serum anti-Norwalk VLP IgG was measured by ELISA.

Table 5. Liquid and Reconstituted Norwalk Formulations used to immunize mice (i.p.).

LE4 0 0 25.0

Calculated Potency
Group Treatment 95% Cl | Potency Min Max
1 5 pg VLP in Placebo 0.173 58.0 39.0 86.3
2 2.5 pug VLP in Placebo 0.192 23.3 15.0 36.3
3 1.25 pg VLP in Placebo 0.182 11.2 7.4 17.0
4 0.63 ug VLP in Placebo 0.287 5.4 2.8 10.4
5 0.31 pg VLP in Placebo 0.114 3.8 2.9 4.9
6 2.5 pg GMP lot 0.276 11.3 6.0 21.3
7 7.5 pg GMP lot 0.221 96.8 58.2 161.0
8 25 yg GMP lot 0.147 113.6 80.9 159.5
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The relative potency for each formulation was calculated using the following formula:

Inv Log (Ave.- Y intercept/slope). Potency is plotted against VLP concentration in the
formulations and reported in relation to the standard curve generated using known amounts of
VLP spiked into the matrix background (Figure 7). The results shown are representative of 3

5  separate serum collection time points. These data indicate that the Norwalk VLP formulation

reconstituted from dry powder has an overall hjgher potency than the liquid formulations.

Example 8. Potency of Dry Powder Formulation in Rabbits

Forty-three fernale New Zealand White rabbits were intranasally (i.n.) immunized using

10 the Valois Monopowder Nasal Administration Device with either 5 pg (Low) or 25 ug (Hi) of
Norwalk VLPs £ MPL and = chitosan formulated into dry powders. One group received the Hi
dose of VLPs and MPL formulated as a liquid and administered intramuscularly (i.m.). Rabbits
were vaccinated on days 0 and 21. MPL, when used, was used at the same dose as the VLPs
(i.e., 5 pg Norwalk VLPs and 5 pg MPL). Chitosan, when used, was 7 mg/dose.

15 Serum IgG specific for the Norwalk VLPs (as determined by ELISA) is shown in Figure
8. Mean values for each treatment groups are shown for day 21 (left panel, collected just prior to
administration of the booster immunization) and day 42 (right panel). Values are reported in
U/mL of VLP-specific IgG, with 1 U approximating 1 pg. Standard deviations are indicated by
bars. All treatment groups had 6 animals, except the negative control group (3 rabbits) and the

20  intramuscularly immunized group (4 animals). These data show that generally the higher VLP
dose results in greater serum anti-VLP IgG levels. Chitosan, in particular, enhances responses to
intranasal vaccines. The i.m. immunized group showed the greatest responses. However, VLP-

specific IgG levels in the intranasally immunized groups were also quite robust.

25 Example 9. Potency of Liquid vs. Dry Norovirus Formulations given Intranasally in Rabbits

Female New Zealand White rabbits were intranasally immunized using the Valois
Monopowder Nasal Administration Device with 50 pg of Norwalk VLPs + 50 ug MPL + 14 mg
chitosan formulated into either a dry powder or a liquid. The vaccine content was identical,
except for the physical state. Immunizations were on days 0 and 21 (weeks 0 and 3), with serum

30  collected prior to the boost at 3 weeks, and again at 6 weeks following the initial vaccination.
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Serum IgG specific for Norwalk VLPs was measured by ELISA, and the results are shown in
Figure 9.

Group means are indicated, with the bars representing standard deviations. The dry
powder immunization group had 6 rabbits, and the liquid immunization group had 10 rabbits.
Eighf negative control rabbits are represented. Little difference was seen between the liquid and
dry powder immunization groups at 3 weeks; however, at 6 weeks following the initial
immunization, rabbits immunized with the dry powder formulation had superior serum anti-VLP

IgG responses compared to the liquid immunization group.

Example 10. Stability of Norovirus Dry Powder Formulations
To investigate the stability of the dry powder VLP formulation, bulk drug product was

prepared by mixing (per 10 mg drug product) 25 pg of a Genogroup I VLP in solution with 25
rng MPL, 700 pg chitosan glutamate, 1.475 mg mannitol, and 1.475 mg sucrose. The solution
was lyophilized, blended with an additional 6.3 mg chitosan glutamate (per 10 mg drug product),
filled into Bespak unidose devices at a nominal 10 mg of dry powder, and stored in sealed foil
pouches with desiccant capsules. Total VLP content was measured using Imperial stained SDS-
PAGE and scanning densitometry, while size exclusion chromatography (SEC) was used to
quantify intact VLP content. These measurements indicated that, within experimental error, no
change in either total or intact VLP was detectable over the 12 month period (Figure 10).
Assuming that the lower VLP protein recovery by SEC, when compared to SDS-PAGE results,
was due to aggregation, the calculated % aggregate did not increase with time but rather
remained constant or decreased throughout the 12 months of storage. One of the more common
stability issues with proteins is increased aggregation with storage. Based on the results in
Figure 10, it can be concluded that the formulation results in a stable percentage of intact VLPs

allowing the product to be manufactured and used over at least a one year period.

Example 11. Multiple Norovirus Antigens

Eight C57Bl/6 mice (female, 9 weeks of age) were immunized intraperitoneally (IP) on
days 0 and 14 with 2.5 pg Norwalk VLP formulated with 0.7 mg chitosan, 2.5 ug MPL and 0.3
mg mannitol brought to 0.1 mL with water. Two control mice were immunized with saline. On

days 28 and 49, they were immunized again IP with 2.5 ug Norwalk VLP + 2.5 pg Houston VLP
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formulated with 0.7 mg chitosan, 2.5 pg MPL and 0.3 mg mannitol brought to 0.1 mL with
water. The control mice again received saline. Serum samples were collected weekly beginning
on week 5 (day 35) and analyzed by ELISA for reactivity with Norwalk VLPs or Houston VLPs.
The time of boost with the Norwalk only mixtures are indicated by the thin arrows, and the
5  Norwalk + Houston VLP mixtures are indicated by thick arrows. Individual serum IgG responses

specific for Norwalk VLPs (top panel) or Houston VLPs (bottom panel) in U/mL (with 1 U
approximating 1 pg of IgG) are shown. Means are indicated by bars. Note that the Y-axis scales
are different, as the anti-Norwalk responses were much more robust due to two previous
immunizations on days 0 and 14 (weeks 0 and 2). However, the responses against Houston

10  VLPsare quite robust, with a large inérease appéaring in the second week after the booét. These
data demonstrate that specific immune responses can be generated against different antigenic

strains of Norovirus VLPs in the same immunizing mixture. (Figure 11).

Example 12. Immune Response to Different Norovirus Antigens
15 Female C57B16 mice were immunized intraperitoneally (IP) on days 0 and 14 with 25 pg

Norwalk VLP, 25 pug Houston VLP, or a combination of 25 pg of each Norwalk and Houston

VLP. Serum was collected weekly and serum anti-VLP IgG measured by ELISA. Values for
serum collected 4 weeks following immunization are shown in Figure 12.

VLP content of the immunizations is indicated on the X axis. The value for each

20  individual mouse is represented, with bars indicating the group mean. Antibody levels are

represented in U/mL, with 1 U approximating 1 pg of serum IgG. Values in the left panel were

determined using Norwalk VLPs as the capture agent, while Houston VLPs were used to coat

ELISA plates in order to measure the values on the right panel. These data show that

immunization with Norwalk VLP does not lead to serum antibodies that are able to recognize

25  Houston VLPs, or vice versa.

Example 13. Mixtures of Sucrose and Chitosan Preserve Norovirus VLP Structure in Dry |

Powder Formulations

The following experiments examined the effects of sucrose, chitosan, and mannitol, alone
30 or in combination, in pre-lyophilization solutions on the native Norwalk VLP quaternary

structure during lyophilization. Table 6 is a composite of several experiments showing pre-

30



4.17 1.98 0 0.07 3.54
1.39 0 0.05 5.04

10

LJO-

L35- LJ6 3.65 1.73 0 0.06 4.04

LJ10 5. 25

LJ7-

LJ8 2.93

lyophilization solution concentrations of the constituents of interest, the total volume of the

mixture, and the corresponding mass ratios. All solutions were manually swirled and gently

vortexed to homogeneity, then shell frozen in liquid nitrogen and lyophilized external to the unit

using side-arm vessels for times ranging from about 30 to 60 hours.

Table 6. Pre-lyophilization solution mixtures used for testing the effects of different

concentrations and combinations of sucrose, chitosan glutamate (chitosan) and mannitol on the

structure of the quaternary structure the Norwalk VLP.

o L Mass equivalents
Expe'l.'i;m.ant Solution concén;tr_atic?ns of co’nétituent's. pre- " Total' | S'='su'cr_o;e
and Sample - lyophilization (mg/mL) Vo___lgme C= chl_tos'an
T c (mL) - M = mannitol
<] Sucrose Chitosan, { -Mannitol” | "VLP (protein) e S C M
LE1 0 0 100 0.83 0.30
LE2 0 0 75.0 0.62 0.40
LE3 0 0 50.0 0.42 0.60 0 0 1
LE4 0 0 25.0 0.21 1.20
LES 0 0 10.0 0.08 3.00
LG1-LG3 0 7.83 0 0.20 1.28
LG4-LG6 0 5.06 0 0.13 1.98 0 1 0
LG7-LG9 0 2.09 0 0.05 4.78
LG10 19.32 1.93 0 0.05 5.18 10 1
LGl1 10.05 2.01 0 0.05 4.98 5 1 0
LG12 5.13 2.05 0 0.05 4.88 2.5 1
LGI13 9.52 0.00 0 0.09 2.63 1 0
LJ1-1J2 5.29 2.51 0 0.09 2.79
LJ3- L4 4.17 1.98 0 0.07 3.54
LJ5-LJ6 3.65 1.73 0 0.06 4.04
1J7- LI8 2.93 1.39 0 0.05 5.04 2 1 0
LJ9- LJ10 5.25 2.49 0 0.09 2.81
LJ11-1LJ12 4.14 1.97 0 0.07 3.56
LJ13-1LJ14 3.63 1.72 0 0.06 4.06
LIGld — Sa 2.98 142 0.00 1.12 4.94 2 1 0
LIG1d —S1 12.89 6.12 0.00 1.12 2.29 2 1 0
LIGld —S2 12.26 5.82 12.26 0.67 2.41 1 0.5 )
LIG1d - Sb 2.95 1.40 2.95 0.67 5.00 1 0.5 1
LIG1d - S3 29.32 0.00 29.32 0.83 1.01 0 0 i

Table 7 shows the results from size exclusion-high performance liquid chromatography

(SE-HPLC) analysis of the lyophilized samples shown in Table 6. Lyophilized samples were

reconstituted with water and analyzed by SE-HPLC. Unprocessed NV-VLPs, analyzed

concurrently, were used as a reference standard to quantify the NV-VLP content of the

reconstituted test samples. Both UV and fluorescence detectors were used for quantification
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(data shown are from the fluorescence detector). The SE-HPLC was conducted using a
Superose™ 6 10-300 column, with mobile phase consisting of 10 mM sodium phosphate, 10
mM citric acid, pH 5, and 500 mM NaCl, at a flow rate of 0.5 mL/min. Protein concentrations
were quantified using integrated areas of elution peaks. “VLP” is the peak that eluted at about

5 15 min from the column, and any preceding shoulder and/or peak tail within the approximate
elution time window of the reference standard NV-VLP analyzed concurrently. The VLP
fragment that elutes from the column at around 32 min is a highly stable single species that
results from destabilization and consequent disassembly of the VLP. Intermediate and smaller
fragments were not observed.

10 The results show that combinations of sucrose and chitosan produced a wide range of
native monodisperse NV-VLP recoveries including the highest (approximately 100% recovery)
post-lyophilization (samples LG10-LG12). Moreover, the NV-VLP elution peak shapes from
these samples were identical to the unprocessed NV-VLP reference standard indicating high
preservation of native structure. Samples containing sucrose only exhibited peak shapes similar

15  to the reference standard, though NV-VLP recoveries were lower (approx. 60% recovery (sample
LG13) Samples that contained only mannitol resulted in nearly completely aggregated VLPs
(samples LE1-LE6 and LIG1d-83). The deleterious effects of mannito] on NV-VLP structure

were counteracted by the presence of chitosan and sucrose (samples LIG1d — S2 and LIG1d-SB).
20 Table 7. Experiment and sample identification, and results for testing the effect of sucrose,

chitosan, and mannitol or combinations thereof on stability of NV-VLP structure during freezing

and lyophilization.
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Measured SE-HPLC
mean protein Mean percent values of
. : an prot d ' Ak recovered proteinas .| Mass equivalents .
Cm Theoretical | concentration and peax:. .pércent of theoretical S=sucrose
"Experiment AP R elution time:. - - - R e
d'Samole |- YLPcone | N NP o T - C=rchitosan
ANESAmPIe. R VR ) et | Ot ] | M= mannitol
oo e . ragment . o e
_ ~15min | ~32 min protein | - _
L | @EmD). gLy | AR v C %2 M-
LE1-LES5 0.25 5 0.02 0.12 56.0 6.3 0 1
LG1 - LG9 0.25 9 0.06 0.00 24.0 24.0 1 0
LG10 0.25 1 0.25 0.00 101 101 1 0
LGl1 0.25 1 0.25 0.00 101 101 1 0
LG12 0.25 1 0.25 0.00 100 100 1 0
LGI3 0.25 1 0.16 0.00 65 65 0 0
LJ1 -LJi4 0.25 14 0.22 0 85.4 85.4 1 0
LIG1d - Sl 0.25 1 0.21 0 88 88 1 0
LIG1d - Sa 0.25 1 0.12 0 50 50 1 0
LIGld - S2 0.25 1 92 0 92 92 0.5 1
LIG1d —Sb 0.25 1 60 0 60 60 0.5 1
LIGId-S3 0.25 1 <1 <1 <1 <1 0 1

Example 14. Induction of Norovirus-Specific Long-Lived Plasma Cells and Memory B Cells in

Mice Immunized Intranasally

A. Norwalk VLP-specific long-lived plasma cells

BALB/c mice were immunized intranasally with Norovirus VLPs and an adjuvant.
Naive controls were administered the adjuvant alone. At 114 days after immunization, spleen,
cervical lymph nodes, and bone marrow were harvested from both groups of mice. On the day
of harvesting the tissues (day 0), cells were assayed using an ELISPOT assay for the presence of
antigen-specific antibody-secreting cells (ASCs). The results are presented in Figure 13A-C for
the different tissues. The detection of immunogiobulins (IgG, IgA, and IgM) in these tissues

indicates the presence of Norovirus-specific long-lived plasma cells.

B. Norwalk VLP-specific memory B cells

An in vitro assay was developed to detect the presence of Norwalk VLP-specific memory

B-cells from mice immunized intranasally with Norwalk VLPs. Various lymphoid tissues or

whole blood (peripheral blood mononuclear cells, splenocytes, lymph node cells, etc.) can serve

as the source of cells that can be assayed for the presence of memory B-cells using this assay.

In this experiment, the spleen was harvested and processed from immunized and naive

animals (controls), and splenocytes were cultured for four days in the presence or absence

33

S2



0.67 5.00 1 0.5 1LIAd - S3.29.320.0029.320.831.01 001 10Table 7
shows the results from size exclusion-high performance |iquid

chromat ography (SE-HPLC) analysis of the |Iyophilized sanples shown in Table
6. Lyophilized sanples were reconstituted with water and anal yzed by

SE- HPLC. Unprocessed NV-VLPs, analyzed concurrently, were used as a
reference standard to quantify the NV-VLP content of the reconstituted test
sanpl es. .Both UV and fl uorescence detectors were used for quantification
(data shown are fromthe fluorescence detector). The SE-HPLC was conducted
using a Superoserm 6 10-300 colum, w th nobile phase consisting of 10 niM
sodi um phosphate, 10 inMcitric acid, pH5, and 500 M NaCl, at a flow rate
of 0.5 nlL/@omrolsPsiNcewiik ¥ORAC@0 up/adl). mdnitis VL Peppeific BLIISRD TUsskaygvas pdrfognalt ed
areas of elution aks,. " " 1s the peak th | u t about ,5 15 mn
from the oot R8s olib s GibRb Mo A8 BR8hA hi 1-t he
appr oxi mat abowd).utsfterfour idays imfulidethegklls wrze hasfestedand @ssgyed agam t aNZLMPPTanal yzed

t The f el . At d 32 m
e o i gl e e AR e S A e YR A P ana

)
t rom des i'zation and
consequ&nt nugtibsrs Seteadnl the dafy Otahdthe/i4y. 4 dssay ereprestnitheantigrt-spepificd regmory Brgetent s wer e

not obser Vel THE t&RUbiiEs SHAnd AL st Riglt PSafafs sucrose and chitosan
produced a w de range of native nonodi sperse NV-VLP recoveries including

t he hi ghest (approximtely 100% recovery) post-Iyophilization (sanples
LGLO- LGL2) Exa¥plc88Y RbrovineMdérvB R Redpbiats in@®akbitshapes from these sanpl es

were identical to th nproce d -VLP r.eference stapdard i ndicating high
o eser vat i on o AATARNEE ForA Nite SRS TORDZRH R E PR S AP YR hr b t od
peak lsmapetbnﬁti]i{bh a6nsibling ¥ 25 NENbEfE AL ?5 ¢ BIRUAY Sing asigh rll [SVhg\dudRodeg C O\d/er ies
were | ower rox. 60% recover S LGL S s that contained only
e ol BB aR g P PR 5 R PSP B AR gk PR BEY E | - L b
and LI Gld- &3jces. Thetwd edbbitcreteinds a eitdl efthee dimuniwatiorns e 14alay WNiérMlsFF@ thesect ur e

experiments, a non-immunized female rabbit was used as a naive control.

15  A. Collection and processing of rabbit tissues
Peripheral blood mononuclear cells (PBMCs): Whole blood (~50 mL) was obtained from
rabbits in collection tubes containing EDTA to prevent coagulation. The whole blood was diluted
1:3 with sterile D-PBS and ~35 mL of diluted whole blood was layered onto 15 mL of
Lympholyte Separation Medium in a sterile S0-mL centrifuge tube. The tubes were centrifuged

20  at 800 x g for 20 minutes at room temperature. The buffy coat layer containing the PBMCs was
carefully removed using a sterile 5 mL pipette and the cells were washed twice with D-PBS. If
necessary, contaminating red blood cells were removed by ACK lysis. The cells were
resuspended in RPMI-1640-10% FBS (1640-C) and counted in a hemocytometer using a Trypan
exclusion method.

25 Mesenteric lymph node cells: The lymph nodes were aseptically collected from each
rabbit separately following euthanasia. The tissues were maintained in a sterile plastic Petri dish
containing ~10 mL of RPMI-1640-No Serum (1640-NS). The lymph nodes were pressed through
a sterile mesh screen using a sterile pestle to disperse the tissue and obtain a single cell
suspension of lymph node cells. The cells were collected, washed twice with 1640-NS, and

30 finally filtered through a sterile 70 um filter to remove clumps and debris. The cells were

resuspended in 1640-C and counted in a hemocytometer using a Trypan blue exclusion method.
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Splenocytes: Spleens were aseptically obtained from each rabbit following euthanasia.
The spleens were placed in sterile Petri dishes containing approxirﬁately 10 mL of 1640-NS.
Using a sterile 22-guage needle and syringe the media was repeatedly injected into the tissue to
disrupt the splenic capsule and elaborate the cells. Sterile forceps were then used to tease apart
5  the remaining tissue fragments. The contents of the Petri dish were transferred to a sterile

centrifuge tube and the cell suspension and disrupted splenic tissue was allowed to sit for 6-8
minutes to allow for the settling of large tissue fragments. The single cell suspension was
transferred to a second sterile centrifuge tube and the cells were washed once with 1640-NS. The
red blood cells in the splenocyte prep were removed by an ACK lysis (8 mL ACK buffer, 8

10  minutes, room temperature) and the cells were washed one more time with 1640-NS and finally
filtered through a sterile 70 um filter to remove clumps and debris. The final cell pellet was
resuspended in 1640-Complete and counted in a hemocytometer using a Trypan blue exclusion
method.

Bone marrow cells: The tibia bones in the lower legs were removed from individual

15  rabbits following euthanasia. To remove the bone marrow cells the ends of the bones were
aseptically cut off using a bone saw and the contents of the bone were flushed out by repeated
injections of 1640-NS medium. The bone marrow cells were pipetted up and down repeatedly to
break up and disperse clumps of cells. The cells were washed once with 1640-NS; the red blood
cells were lysed with ACK, and the cells were washed one more time with 1640-NS. Finally, the

20  cells were filtered through a sterile 70 pm filter to remove clumps and debris. The final cell
pellet was resuspended in 1640-Complete and counted in a hemocytometer using a Trypan blue

exclusion method.

B. ELISPOT assays
25 Following pre-wetting and washing, 96-well Millipore PVDF filter plates were coated
with a sterile solution of native Norwalk VLPs at a concentration of 40 pg/ml in a final volume
of 50 ul/well. The plates were incubated overnight at 4 %C, washed with D-PBS, and blocked
with the addition of 1640-C. Mesenteric lymph node cells, splenocytes, and bone marrow cells
from the immunized rabbits and from the naive control rabbit were added to the wells at varying
30  concentrations (1x106, 5x10°, 2x10°, and 1x10° cells/well) and the plates were incubated

overnight at 37 °C. The plates were washed thoroughly with PBS-Tween and secondary reagents
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specific for rabbit IgG and IgA were added to the wells and incubated for an additional 2 hours at
room temperature. Following extensive washing the plates were developed with DAB
chromagen/substrate and read in an ELISPOT plate reader. Spots appearing on wells from naive
control animals were subtracted from the experimental groups. The data is expressed as Norwalk

5  VLP-specific antibody-secreting cells (ASCs) and is normalized per 1x10° cells.

C. Norwalk VLP-Specific Memory B-cell Assay
Isolated lymphoid cells from the various tissues described above were resuspended in
1640-C medium in the presence of Norwalk VLPs (10 ug/mL) at a density of 5x10° cells per
10 mL. The cells were incubated in 24-well plates in 1-mL volumes for four days at 37 °C. VLP-
specific ELISPOT assays were performed on these cells at the time of culturing. After four days
in culture the cells were harvested, washed twice with 1640-NS medium, resuspended in 1640-
Complete, and counted in a hemocytometer using a Trypan blue exclusion method. The cells
were tested once again in a Norwalk VLP-specific ELISPOT assay. The data obtained from the
15 ELISPOT assays performed on the day of tissue harvest is referred to as day 0 (background)
ASC activity. Any spots detected at the day 0 time point are assumed to be actively-secreting
plasma cells or long-lived plasma cells (LLPCs).The data obtained from the ELISPOT assay
performed on the 4-day cultured cells is referred to as day 4 ASC activity, and the memory B-
cell activity is represented by the difference between day 4 ASC activity and day 0 ASC activity.
20
D. Norwalk VLP-Specific Memory B-Cells are Present in the Peripheral Blood of Intranasally
Immunized Rabbits
Whole blood was obtained from two immunized rabbits (RB735, RB1411) 141 days
following the last of three intranasal immunizations with a dry powder formulation vaccine
25  containing Norwalk VLPs as described above. Blbod was also obtained from an non-immunized,
naive rabbit. The blood was processed to obtain peripheral blood mononuclear cells (PBMCs)
and the PBMCs were placed in a Norwalk VLP-Specific memory B-Cell assay (section C
above). The results are shown in Figure 15. The left panel shows results of the initial ELISPOT
assay at the time of tissue harvest (day 0 ASCs). The right panel shows the results of the
30 ELISPOT assay after 4 days in culture with Norwalk VLPs (day 4 ASCs).
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The day 0 ELISPOT results (Fig. 15, left panel) illustrate that there are no VLP-specific
plasma cells remaining in the peripheral blood approximately 140 days after the last boost with
Norwalk VLP dry powder vaccine. The right panel of Figure 15 shows the ELISPOT assay
results from PBMCs cultured for four days in vitro with Norwalk VLPs, In the two immunized

5  rabbits, a significant number of PBMCs, presumably a subpopulation of memory B-cells, have
matured into active IgG-secreting Norwalk VLP-specific plasma cells. Although assays for IgA-
secreting memory B-cells were conducted, only IgG-secreting memory B-cells were detected in
the PBMC population. As expected, the naive animal showed no antigen-specific memory B-
cells. Thus, VLP-specific memory B-cells were found in the peripheral circulation of rabbits

10 140+ days following the last of three intranasal immunizations.

E. Norwalk VLP-Specific Memory B-Cells are Present in the Spleen of Intranasally Immunized
. Rabbits

Splenocytes were obtained from the spleens of the two vaccine immunized rabbits and

15  the non-immunized control rabbit. Norwalk VLP-specific memory B-cell assays (described
above) were performed on these cells and the results are shown in Figure 16. As observed for

the PBMC population the day 0 ELISPOT assay shows that there are no antigen-specific plasma

cells present in the spleen (Fig. 16, left panel). However, following a four day ir vitro
incubation with Norwalk VLPs, IgG-secreting Norwalk VLP-specific memory B-cells are

20  apparent in the splenocyte population. Thus, the spleen represents one site for the migration of

memory B-cells following intranasal immunization.

F. A Population of Norwalk VLP-Specific Long-lived Plasma Cells is Found in the Bone
Marrow but No Memory B-cells Are Present

25 Bone marrow cells were obtained from the tibias of the experimental rabbits and assayed
for the presence of long-lived plasma cells and memory B-cells. The results are presented in
Figure 17. The left panel of Figure 17 showé that rabbit 1411 still had a significant population of
antigen-specific plasma cells in the bone marrow. Plasma cells that migrate to the bone marrow
and reside there for a significant period of time following immunization are referred to as long-

30 lived plasma cells (LLPCs). Rabbit 735 did not show a high number of LLPCs. No LLPCs were

found in the bone marrow of the naive rabbit. The bone marrow cells were cultured in 2 memory
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B-cell assay and re-tested for the presence of memory B-cells. The right panel of Figure 17
shows that there are essentially no antigen-specific memory B-cells present in the bone marrow.
Thus, long-lived plasma cells migrate to the bone marrow but no memory B-cells are found

there.

G. Both IgG-Secreting and IgA-Secreting Norwalk VLP-Specific Memory B-Cells are Present in
the Mesenteric Lymph Nodes of Intranasally Immunized Rabbits

The mesenteric lymph nodes were obtained from all of the experimental rabbits and the
isolated cells were assayed for LLPCs and memory B-cells. The results from this assay are

10  shown in Figure 18A. As with most of the lymphoid tissue analyzed, except bone marrow, no
LLPCs (Fig. 18A left panels) were found in the mesenteric nodes. Following in vitro incubation
with Norwalk VLPs, a very high number of IgG-secreting VLP-specific memory B-cells were
evident in the mesenteric lymph node population (Fig. 18A, right panel). The numbers of
memory B-cells observed in the mesenteric lymph nodes were significantly higher than those

15  observed for the other lymphoid tissues assayed.

Numerous researchers have shown that immunization at a mucosal inductive site, such as
the nasal passages or the gut, is capable of eliciting a so-called mucosal immune response. This
response has generally been characterized by the presence of IgA+ B-cells and IgA-secreting
plasma cells localized in the mucosal lymphoid tissue. For this reason the mesenteric lymph node

20  cells were also assayed for the presence of IgA-secreting LLPCs or memory B-cells. The results
from these assays are shown in Figure 18B. Once again, no IgA+ LLPCs were found in the
mesenteric lymph node population (Figure 18B, left panel). However, IgA-secreting memory B-
cells were detected in this tissue (Figure 18B, right panel). Thus, intranasal immunization with a
dry powder Norwalk VLP vaccine formulation elicited a mucosal immune response that resulted

25  in the migration of both IgG+ and IgA+ antigen-specific memory B-cells to the gut-associated
lymphoid tissue. The production of antigen-specific memory B cells induced by immunization
with the Norwalk vaccine formulation is a possible indicator of vaccine effectiveness. The

presence of memory B cells is one marker of long-lasting immunity.

30 H. VLP-specific CD4+ Memory T cells
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Splenocytes harvested from immunized rabbits were restimulated with intact Norwalk
VLPs and the extent of cellular proliferation was measured by tritiated thymidine incorporation
as indicated on the ordinate axis (CPM) (Figure 19). The left panel shows cellular proliferation
of an unfractionated population of splenocytes, while the right panel shows cellular proliferation

5 of CD4+T cells.

The present invention is not to be limited in scope by the specific embodiments described
which are intended as single illustrations of individual aspects of the invention, and functionally
equivalent methods and components are within the scope of the invention. Indeed, various
modifications of the invention, in addition to those shown and described herein, will become

10  apparent to those skilled in the art from the foregoing description and accompanying drawings
using no more than routine experimentation. Such modifications and equivalents are intended to
fall within the scope of the appended claims.

All publications, patents and patent applications mentioned in this specification are herein
incorporated by reference into the specification to the same extent as if each individual

15  publication, patent or patent application was specifically and individually indicated to be
incorporated herein by reference.

Citation or discussion of a reference herein shall not be construed as an admission that

such is prior art to the present invention.
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5 rabbits, a significant nunber of PBMCs, presunmably a subpopul ati on of
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Becells. Thus, VLP-specific nmenory B-cells were found in the peripheral
circulation of rabbits 10140+ days following the | ast of three intranasal
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DT iad o Koyt Pickfand 35 o B F s oy itop et it ARt Re | n ¢ he
bone narrow. chihpsisen falitimallyiatasive gelintr® ptaffomﬂ%eJlbgmeDmloo:o\l\BlalmB-zwm de there
for a signpfigcant riod o ed to as
| ong- 30 | 5%/edll"mrﬁ d%gng%%fﬁ fsr%dﬁrﬂge?sr% k%&éjtg{?lflw%gmdﬁla Ao {A%kg%/tvg gjlcﬁ?{]h nunber
of LLPCs. No SuliP®s Awervel diopavdier inflicnzs Yacoime amé mtrenesad eliviery terhoddogyabbi t . The
bone marrow I I ested for
the pr esenceq@%l&ﬁmvé’l?gy‘?te %ak{jlfnﬁgos‘l’llhe iy gﬁgtz)wgsnlg i &aﬁgﬁifpg‘iﬁdégﬁg\?\}s t hat
there Hre é@§v§thl?reﬁSIRy0rno R gskye @ ve.@nor y B—cel | s present in the
bone marrogy cl;hk@preés%gmlm%rma%&meﬁal AsBopM-0LBlse de@ilkfdeo43@R 6 R04 OW but
no nenory B-cells are found there. 5 G Both IgGS“ecretlng and

| gA- Secr et PhBidira ek Sitg. bitsHwwmhiomingeap/busipesgianilisensing present in the
Mesent eri ¢ 34.\1dRirs MrdisaRfcohidll S03%8) byu Mbrain) wesy Rapbt 1087, 56(33):84k%6.
mesenteric | ynph nodes were obtai ned fromall of the experinmental rabbits
and the isolated cells were assayed for LLPCs and nenory B-cells. The
resultm fromthis assay are 10 shown in Figure 18A. As with nost of the

| ynphoi d ti ssue anal yzed, except bone marrow, no LLPCs (Fig. 18A |left

panel s) were found in the nmesenteric nodes. Following in vitro incubation
wi th Norwal k VLPs, a very high nunber of 1gG secreting VLP-specific nenory
B-cells were evident in the nesenteric | ynph node popul ation (Fig. 18A,
right panel). The nunbers of nenory B-cells observed in the nesenteric

| ynph nodes were significantly higher than those 15observed for the other

| ynphoid tissues assayed. Nunmer ous researchers have shown that

i muni zation at a nmucosal inductive site, such as the nasal passages or the
gut, is capable of eliciting a so-called nucosal imrune response. This
response has generally been characterized by the presence of 1gA+ B-cells
and | gA-secreting plasma cells localized in the nucosal |ynphoid tissue.
For this reason the nesenteric |ynph node 20 cells were al so assayed for
the presence of 1 gA-secreting LLPCs or nenory B-cells. The results from

t hese assays are shown in Figure 18B. Once again, no | gA+ LLPCs were found
in the nesenteric | ynph node popul ation (Figure 18B, |eft panel). However,
| gA-secreting nenory B-cells were detected in this tissue (Figure 18B,
right panel). Thus, intranasal imunization with a dry powder Norwal k VLP
vaccine fornulation elicited a nmucosal immune response that resulted 25 in
the mgration of both 1gG+ and | gA+ antigen-specific nenory B-cells to the
gut - associ ated | ynphoid tissue. The prodtkction of antigen-specific nenory B
cells induced by inmmunization with the Norwal k vaccine formulation is a _
possi bl e indi cator of vaccine effectiveness. The presence of nmenory B cells
is one marker of long-lasting inmmunity. 30 H VLP-specific CD4+ Menory T
cells Spl enocytes harvested frominmuni zed rabbits were restinul ated
with intact Norwal k VLPs and the extent of cellular proliferation was
measured by tritiated thym dine incorporation as indicated on the ordinate
aX|s (CPI\/9 (Fi gure 19) The Ieft panel shows cel | ul ar prollferatlon of an




5 of CD4+ T cells. The present invention is not to be limted in
scope by the specific enbodi nents descri bed which are intended as single
illustrations of individual aspects of the invention, and functionally

equi val ent net hods and conponents are within the scope of the invention.

| ndeed, various nodifications of the invention, in addition to those shown
and descri bed herein, wll becone 10 apparent to those skilled in the art
fromthe foregoing description and acconpanyi ng draw ngs using no nore than
routi ne experinentation. Such nodifications and equivalents are intended to
fall within the scope of the appended cl ai ns. Al'l publications,
patents avpga RaLs0t applications nmentioned in this specification are herein
incorporateé by reference into the specification to the sane extent as if
each indiwvid . h QR pat ' ' was

speci fi call' IAy&bglﬁ)a;]?%nd%& \&/{?) hhg?{lt;}&?tna}??gﬁ)ggu%m e a?ﬁ%:%?%@rngtg (g%l&aﬁgr ei n by

ref erence. Citation or discussion of a reference herein shall not be
const Pued- d&e sempagitipa of aim; I whereip said Nerogirysgntigen COPpriseHREPIFEIENES nvent i on.
Ref er enc@®rovirus @r@ike piticles V1 NOClonathre@Vd Ps, cBbsid s olRAVGSEid mtBRls, 0i t, A
Mounts, UD Parasher, ES Bresee and SS Monroe. The Epi dem ol ogy of Enteric
Cal i ci vi rrEFess, Imikyahereal Reassessnent 5Usi ng New Di agnostics. J | nfect
Dis 2000; 181 (Sup 2): S254-S261. 2. Hardy, ME. Norwal k and " Norwal k-1i ke
Vi ruses” 3. MhEpomignsition GExd4im@ewherein sdid NoOhvirus dntigen Mesdlet®@Borh $eProup675- 90. 3.
Jiang, X _DY &Ga KN WAn nd MK Estes.. ral k Virus Genonme C oning and
Char act erclogsésttlin%ﬁbﬁ%}%}”{a‘lﬁ%ﬂc’fg}%? ?ogi%ﬁgf‘il?'ggr. o4, Ji ang, X, MWwant, DY
G aham and MK Estes. Expression, Self-Assenbly, and Antigenicity of the
Nor wal®k A rTirg camappsitign pf adaimi2n wheyeinyisgigy Norpyigys: Vs aregspmbg ¥ Lbs prodpceddn  p, |
Wi te, JM,Babibssioh shfmtistig@NdraVitus nideid RidRiqueattd MK Estes. Norwal k Virus
Open Readi ng Frane 3 Encodes a M nor Structural Protein. J Viral 2000; 74:
6581- 6591, 6. Li n,des;:n' th, L, C l\/b&, % Mar j onneau, Ruvoen, X Jiang, L

Li ndbl ad,>- BPhecampastion §t dmdouherein s Ruekieacq sSIueppf fafrdes S 8NE PBITt v and

Resi stance to Norwal k Virus Infection. Nat Med 2003; 9: 548-553. 7.

Par ri no, 6IAheoSnRshiosphezim 5) 8hdreinezid cohFid eqhdik isaelectedftonNRe Bloap kinsidingCl i ni cal
| Mmunity | stroenteritis Caused by Norwal k Agent. N Engl J Med
1977; 29%&@:@%@%_@})?8_ Watt, RG R Dolin, NR Blacklow, HL DuPont, RF
Buscho, TS Thornhil|, AZ Kapilcian, 20and RM Chanock. Conparison of Three
Agent ¥ of 7- Abgrempasition of Jejm deyhersia therYidls arsaaanewadet &P s by Cross-chal | enge
in Volunteers. J Infect Dis 1974; 129: 709. 9. Ball, .1M DY G aham AR
Opekum NMA Thelcg@positioA oflginr4 whereia et WIPs st reditivaR@c WhPs. nant  Nor wal k
Virus-like Particles Gven Oally to Volunteers: Phase | Study.

Gast roentergl : L - %%ﬁ j GA Losdnky,
SS Msserﬁaﬁfe%glﬁa‘;sﬁ}%gggééés’ Ié-‘fg?rroérﬁa e, qatl)e-sgglg#}e%aﬁ%%ﬁyﬁf)grﬁel o ne Responses
to Oral Nowsisting of gansgrpuklenpgenogrobel Nomowmbesnt eers. A in | nmunol 2003; 108:

241. 11. CGuerrero, RA, JMBall, SS Krater, SE Pacheco, JD denents, and MK

Estes. Regomik Baffosives vedidim i WhtSeih te @xpradsioh 6sBsn 166 RcBinBiha edliulapt r anasal |y
to Mce Induce System c and 30Mucosal (Fecal and Ve}%gnal) | mmune Responses.

J Vir#l xpprssionsystem gra bacyloviruipigtied qeHularexpression sY®eteyi er, L Piroth, P

Pot hi er, and E Kohli. Reconbinant Virus-like Particles of a Norovirus

( Genogr oup. IThe Shrmgisitipn Allhdini 181 eheedn tha t¢limina sxprdsyiomsydtedrindelegtedvrbin theicosal
Adjuvants LT and LT(R19 in .BALB/c Mce lnduce Specific Hunmoral and

Cel I ul ar %‘H‘fpl*ﬂsésﬂ“?&gyﬁa?ﬁfﬁ%“ﬂe‘é’sﬁ%%né’s’?%%‘@f‘ EPTSTRAISY: 1079 1086, 5 13,
Periwal, SB, KR Kourie, N Ramachandaran, SJ Bl akeney, S DeBruin, D Zhu, TJ
Zanmb, L Si# tThe c@npagision ofjalpifm lg furthejeompaisingra sg¢and Nepryirpyenfegdnt |y, A Modi fi ed
Chol era Hol ot oxi n CT- E29H Enhances System ¢ and Miucosal | nmmune Responses to
Reconbi narg, e covapdsitivh biiGaiml 12k@heRad $aidfiret M €ebiENorVAAS ki3, 21:

376-385. 14, lsaka M_Y Yasuda =S Kozuka, T Taniguchi, K Matano, J
Vaey afm . Hroney ?}Flv a\,ﬁa%R%‘oml\(/ilifferent genogroups. g
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100hl cuma, N Goto, and K Tochil cubo. Induction of system c and nucosal

anti body responses in mce inmunized intranasally with

al um ni um non- adsor bed di pht heria toxoid together w th reconbi nant chol era
toxin B subunit as an adjuvant. Vaccine 1999; 18: 743-751. 15.

Kozl owski, PA, S Cu-Win, MR Neutra, and TP Fl ani gan. Conparison of the
oral, rectal, and vagi nal inmmunization routes for induction of antibodies
inrectal and genital tract 15secretions of wonmen. Infect |mun 1997; 65:
1387-1394. 16. Mestecky, J, SM M chal ek, Z Ml doveanu, and MWV Russel | .

Rout es of inmunization and antigen delivery systens for optinml nucosal

i mmune r espén3bscampositenend slainBbHvithagcompsising4 delivargagent. 33- 43, 17. Wi, fly,
and MW Russell. Nasal |ynphoid tissue, intranasal inmunization, and
20conpar t meBt ahd Zaiposiitondf clalhe 14; VRYBIA tHEHe DGR ageifTutitGors YGérhaice batigenol  Res
1997; 16: 187-201.. 18. Eva{;Ps JT, CWd uff DA Johnson I}[g 1L,acy, DH
Persing, arf25RPEYjdALERTL GEEﬂ%ﬁﬁ?f&aﬁ%?ﬂ“gﬁ?refﬁmqné’gﬁ-aéﬁg&‘fef‘i “MiFfunity via the
TLR4 |igands MPL adjuvant and Ri bi 529. Expert Rev Vaccines 2003; 2:
219-229. 2539 ThBedmpositigpenf clai®y 14y wiareigdhegleliveryJdgemas abioahesvdT Ul ri ch.
Monophosphoryl [ipid A enhances nucosal and systemc imunity to vaccine

anti genss f okl qpt &&?‘oaﬁa@a@ﬁaﬂ 16 WKEBinS4il BlohddBsild ifa Rueaessivéd t ati on] . Vaccine
2000; 18: 2416-2425. 20. Yang, B, M Martin, SM M chal ek, and J Kat z.

Mechani sns Qf nophaspharyl |jpid A augnentation af host responses to
ol nant I BRERRERRaLT i bl St s Be v B sPkedon hERRIES0S. S0,
3557-3565. coddstinBaf glydosnindg]ycdds Ri.¢ rhowlisotn sulfat] dematdn, subfaielchéiirbifinel er .

Saf ety eval i ]! X i i.ul at ory
adl avant . Ao So nRRGRHARRIGRL yiRbiial el BB 1Y
McGowan, JTelgmatm glyca@eGlany fase, 8niepsstira pelluse] dititirs siachyaseduDliRaexiimgext®Rbki ng a
toll on;hu [o] o JQlE - 2 . j ; 1 adj uvant s
B e L S R e i e Ry
Persing, DHolyRMclasides(inclvging magin ampoties myeepalysasehapdesy ppligas. cllivioser shber g, and
SG Reed. Taklhig b addrdd ] L Shiyh J B P aiaL ors.
Trends M c?dgg?%lvgg(%géh‘mi%&ﬁg@é% ?f{?]ﬁiklilgg"ie’%?’?i um aﬁ%a}\llgds}g)f b%gw
del i ver y- - fsiahpreinsleand dspxypbangleigatid-sol uti ons. J Control Rel ease 2003;
87: 187-198. 25. Ilium L, | Jabbal-GIl, MH nchcliffe, AN Fisher, and SS
Davi s. Chi t19sdhe asnmsifia@veiclaim $@ivhaeh saiemycoadtetients b polysaachatidees. Adv Dr ug
Deliv Rev 2001; 51: 81-96. 26. Davis, SS. Delivery of peptide and
non- pept4 de,(d wgéorﬁzdagiamctahm&mm HiPpolyshdcRbrlde iSRRG, LRiRGhn SARGRNO! Today
1999: 2:° 450- 456, 27, Bacon, A J Nakin. P J S zer. | Jabbal-G11, M
Hi nchcl i f f echitpsappasgm S Chatfiel d, and M Roberts. Carbohydrate biopol yners
enhance anti body responses to nucosally delivered vacci ne antigens. |nfect
| mmun 2000; 216 8he Sotbsifd/6F.claim 14, whéfin s¥id Noet@irud dnkipairis a Nbdovidds WL fabief , G

J

Borchard, and HE. i nger itosan for nucqsal 20vaccination. Adv Drug
el 1 v Rev B0t PR g acilis S tRbs P EGAn sofy S B er | G
Borchard, and HE Jungi nger. Chitosan and its derivatives in nucosal drug
and vacci ne22ddhg gempesitifuef clhirPharhereBrthe Xijovant is splected fromir groupzonsistinggf S T, B
For bes, k4 ] i { N ization of
novel - eer oy R I B o L SR AR At
AAPS Phar m RESEFs of geghogplyrmingn sajts) cytolines)spegins. wppmy! dipepiidy er, R
Rappuol i, SRrbanks cp@Rflgds, ltjopdiaccRiridd\l ) bPRafine fAAGOBRIerid eIy SH6SSHAFGs,
anti body responses agai nst Bordetel |l a pertussis_ filanentous haepaggl utinin
and r econbi #ationseyitoprsugs.coghdsates, pakyflastidereasglycolidesy (LEY puroRsriclEstPRIXHIY osan i n
m-ce. Vaccifgicl@9icrophicled R 1ip0dhes 3032. M1Is, ICH C Cosgrove, EA

McNeel a, A Sexton, R G enea, Jabbal -G I, A Church, WLin, L I1lium A
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di pht heri a-neutralizing antibody induced in healthy volunteers by

uni lateral primng-boosting intranasal inmmunization associated with
restricted ipsilateral nucosal secretory inmunoglobulin. A lnfect | mmun
2003; 71: 726-732. 33. McNeela, EA., | Jabbal-Gll, LIlium MPizza, R
Rappuoli, A Podda, DJ Lewis, and KR5 MIIs. Intranasal inmunization with
genetically detoxified diphtheria toxin induces T cell responses in humans:
enhancenent of Th2 responses and toxin-neutralizing anti bodi es by

formul ation with chitosan. Vacci ne 2004; 22: 909-914. 34. MIlcszta, JA , VI
Sull'ivan, C Dean, AM Waterston, JB Al arcon, JP Dekker, 3rd, JMBrittingham
J Huang, CR ng, MFerriter, G Jiang, K Mar U Sai kh, BG Stiles,
10Roy, RG UI2F?I\%I‘F,°°5EH?:?“N?5° W@%ﬁ.whﬁF’é‘t%%(?fiﬁ“V/aé‘t s i zati on agai nst

i nhal ati onal anthrax: a conparison of mninmally invasive delivery

pl at forms. 251 Heccomp@ition ofxdeim 1 @hereimtzgadpgant is3\dt 2 terinadjuvag, RJ Garni se, TM
Crowder, K Mar, CR Hwang, AJ Hickey, JA MIlcszta, and VJ Sullivan. A novel
dry powder i28f Theampositds 6f diktm a Wheteit thédvapaditioded in v diguld foaalladhogy: | nducti on
of system c and nucosal inmune responses in rats. Vaccine 2004; 23:
794-801. 1536. TARUmbsRRR of MM, WHMIDRK onPOTiATRG ifh 36 Wdet MEniloR  37. Cori xa
Press Room www. corixa.com default.asp?pid= rel ease detail & d=248&year =2004
38. BioMya Site. http:// . bi omi ra. conf busi ness/ out Li censi ng/ 39.
Conter s oy 2 Suszemsiib PG HRHIRY THINER PRI £ AR BT SEJEP 2007
56( 33) : 842- GGt 106 S0Wh&tonerrsGh dinmeet. | S: 1. A conposition conprising at

| east one Norovirus antigen and at | east one adjuvant. 52. The conposition

of claim 1, JehereirfpswibctoMpssich biiaiR Y ilkSMbIGAITR With 8Fc & &idtd ddfiSes fdl Ot ei NS
Norovirus virus-1like particles (fVLPs , denatured VLPs, capsid nononers,

capsi d nul t i3finistering,one gpmerg doseg,pf spid L% hereof. 3. The conposition of
claim?2, wherein said Norovirus antigen is selected fromthe group

consi sting &P Nesrdoypawdsr cgmpesifion afclaim Zpdvhgeeimseid ongrr moradopeg reginit dasess. 10 4.
The conposition of claim2, wherein said Norovirus VLPs are reconbi nant
VLPs produced. The @np@pr @mposition SFS4i@ 12D, wehierkh the MSOGIEON b Sidgle-0d¢@hal ¢ aci d
sequence. 5. .The conposition of claim4, wherein said nucleic acid sequence
encodes a cfﬂ?l“&trﬁnrog@%‘?%i 1 6. The conposition of claim5, wherein said
capsid protein is selected fromthe %roup consisting of VPl and VP2. 15 7.
The conposi t3ohhsy BvuerRompositiva pEsIHm Zhevhireinsaid comppsifon s plaisd ingpipdeviceg  The
conposition of claim4, wherein the VLPs are nultivalent VLPs. 9. The
conposi ti on 33f Achstigeni8formviation comptrikieg the bdmpesitiertf clipPs are sel ected fromthe
group consi sting of genogroup |I and genogroup |1 Noroviruses. 10. The

conposi ti on QAf AGhanNémuMiiRlBinprisdihesRpafHivh Bl 3t €M i s a reconbi nant
cel lul ar 20expressi on system or a bacul ovirus-infected cellular expression

system 1. 5.T*i‘fr‘e @%U?a%ﬁ %ijcﬁiﬂn ¥ oGl Al edQuia L@ﬁ& il Klﬁnﬁ%&kﬂo%uﬁ?&é%e“i on
system1s selecte rom t he gr oup_ pOI’lSI st I’lg (0] yeas'g, acteriral, I'nsect,
and mammal | arouxssieetsd frem the groupeansisting of Mgpesab dygmuiculan Mirefeneus shbputhneofiy,r t her

conpri sing Qmﬁﬁ&%ﬁi SMHQM! dnH ﬁ'axﬁﬁgninﬂe(ﬂrtes of administration.
36. The formulation of claim 35, wherein the route of administration is intramuscular.

37. The formulation of claim 35, wherein the mucosal route of administration is intranasal, oral,

20  or vaginal.

38. The formulation of claim 37, wherein the formulation is in the form of a nasal spray, nasal

drops or dry powder.
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13. The conposition of claim 12, wherein said first and second Norovirus
antigens are 25 nonoval ent VLPs from different genogroups. 14. The
conposition of claiml1, further conprising a delivery agent. 15. The
conposition of claim 14, wherein the delivery agent functions to enhance
antigen uptake, provide a depot effect, or increase antigen retention tine
at the site of delivery. 16. The conposition of claim 14, wherein the
delivery agent is a bioadhesive. 517. The conposition of claim 16, wherein
sai d bi oadhesive is a nucoadhesive. 18. The conposition of claim17,
wherei n said nucoadhesive is selected fromthe group consisting of

gl ycosan nghysRnsuldien 6f caif BORHERIn thd Yosmilidioh B ad@RisRRY 2thé hbsdl #uBosa b
chondroitin, keratan sulfate, heparin, heparan sulfat éﬁlurona

car bohydr dRid fppsiingyvathndhepasal B”é?ﬁ? flom 2 deyiice of e frmlatnadigld closs qr inserte
anyl opect iiftp tie@hdalpaagewaghi ti n, stachyose, unulin, dextrln dextran) ,
10cross-linked derivatives of poly(acrylic acid), ponvinyI al cohol ,

pol yvi nyl 4yl folHl@0n oﬂ@dlmga%@é{ %ﬁlaﬁw& LiHhi0atdHE bit 2BSn RIREY.
nucopolysaccharldes) pol yiI ons, ul ose derivatives (e.g., hydroxypropyl

met hyl I car box e | os rotelns .g. lectins, finbria
rot 21 1) B tuaRy R S ?Ja&?l o vy TR ISR o1 C1 ai m 19
wherein samdxmumomdhﬂmnmanW$lumwbhysaﬁmhm%udﬁw 1520. The conposition of
claim 19 wherein said polysaccharide is chitosan, chitosan salt, or

chitosan hgsgye co%posﬂmfasam@%k §4 QRerbih tifel dBiaBe aﬁhe NGBSV amgéﬁ il &Qﬁﬂﬂi rus
antlgen is a Norovirus VLP, said adjuvant is L, and sai |very agent

is chltoséﬁamBHFPB§%%m§§ﬂﬂ@d?m@ﬁiV@§§ﬁwbg@% 22. The conposition of claim
1, wherein the adjuvant is selected fromthe group consisting of 20
toll-1ike 43e Geptontpoditidniey claigotlj wliessin the dapdead fhe dloydvirbsi apiigen A ffdeRibpyt 1synt het i ¢
l'ipid I Rl ] i or anal ogs, alum num salts, cytokines, saponins,
mur any J%H%gxﬁip%gﬁéf&%érivatives CpG oligos, Iipopolysaccharide (LPS)
of gram negative bacteria, polyphos zenes, enul sions, Virosones,

cochl eat estd. Bt pmpasision ekclaim %lvgbe'@m tg%@yage pf thyy Nevowipus gaticen is e, abgyoll e amer
particles,,, il Aakbhdogs, and |iposones. 2523. The conposition of claim
22, wherein the adjuvant is a toll-like receptor (TLR) agonist. 24. The
conp05|t|on of claim 22, wherein {he is MPL. 25, The conposition
of clai m 1% WFSPEPITLCR 8@%?‘6?7%’?‘%"5‘*‘%‘@’64%5 Ofl‘BWPF"%EHiS RERR s TR, abﬁ"lﬁnB
conp05|t|Qﬁa@ﬁtgm@g@h&bgmhereln the conpositionis in a liquid formulation
27. The conposition of claim1, wherein the conposition is in a powder

f or mul i op e co 0 f claim?27, wherein th osition has
an ave?%ge parTégdo;?m“mngfonfge%ﬁggTﬁnFs E% cmn %1 nggmﬁﬂg rrgneter 29.
The dry powbiest theantassir farmwlativh of ¢laimm327 i n conblnatlon with one or nore

devi ces for adm nistering one or nore doses of said conposition. 30. The
dry powder47c oymémrddtol Qnﬂudiﬂcg af lirth e 28 pordh R aQ Litject SipekicAfify HNordBIRL idQsias are unit

doses. 1031. The dr owder  co 1 tion e|n t he device is
a si ngl e- FORPHIREAMIPFRAE ©;the Pg‘iﬁﬁé’@‘icﬁ‘é °’§E‘a“‘*ﬁrf’é°‘a%w§8 B8P %onposi ti on of
cl ai m 29, iwinenetesposeiidthaguepaesi tion is stored in said device. 33. An

antigenic fornulation conprising the conposition of claiml. 34. A vaccine

formul 8§ i o3, QORRKIdDE Rbkitd Wor6RAR Aot BBk, 8ntPriding the steps of:

(a) preparing a pre-lyophilization solution comprising Norovirus antigen, sucrose, and

chitosan, wherein the mass ratio of sucrose to chitosan is from about 0:1 to about 10:1;

(b) freezing said solution; and
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1535. The fornulation of claim33 or 34, wherein said fornulation is

adm nistered to a subject by a route selected fromthe group consisting of
mucosal , intramuscul ar, intravenous, subcutaneous, intradermal, subdermal,
and transdernmal routes of adm nistration. 36. The formnulation of claim
35, wherein the route of admnistration is intranuscul ar. 37. The
formul ati on of claim 35, wherein the nucosal route of admnistration is
intranasal, oral, 20or vaginal. 38. The fornulation of claim 37, wherein
the fornmulation is in the formof a nasal spray, nasal drops or dry powder.
39. The formul ation of claim38, wherein the fornmulation is admnistered to
t he nasal nucogplyophilizi the fiepo sildtion fondD{7R hours, lvéherrinabd finablsephfjzed prodnca devi ce
of the formul.ation held.close or inserted i e nasal passageway. 40.
The for rruf‘gq?l%sna 15 Ceﬁ(}?ggio&saé@ﬁom léurs’éll{]?t ﬁ% glra%%l]lega%ﬁ%of{r)llb’?'s adni ni strated to one or
both nostrils. 5 41. The conEosition of claim33 or 34, wherein the

Nor ovi r us 4&nThegasthqdof glaigst8spvherpin ghe Prrmyenbilizafqnaplution fpthsr ropprsises adulking, (w w)
to about @& (W w). 42. The conposition of claim33 or 34, wherein the
dosage of the Norovirus antigen is present in an anmount of fromabout 1 lig
to abouyt 0 er se. A3.. The conpositi of claim42, wherein the
dosagegof%Bhgﬁﬁﬁg%9f$§?nﬁﬁ%Fggﬁnf%dngﬂ%a%ﬁﬂ mfmﬁgﬁ.lg to about 1 ng per
dose. 44. The conposition of claim42, wherein the dosage of the Norovirus
anti gen i $1f Feermetkngief clain ¥y whereig lsodi predpphibizagiop aqlutipg sensists pbmanpifel 8@ nposi ti on
of clai m 4@, o etk dndGhdaR @gsp@éenfagéoﬂﬂggre%akad%r@%e 88 Berl i§ gk si@MAbout 1
i.tg to about 100 p.g per dose. 15 46. A nethod of generating antibodies to
Nor ovi r us ?8%tt i gens, conprising adninistering to a subject the antigenic
formul ation of claim33. 47. A nethod of inducing an inmune response in a
subj ect ex»peThenahdalgf alaiNo48) whertis saidnesiratonf swonptol chitesgn mdomnbat 8rlitmg to t he

subj ect, th Cl I ti f I rei i d J Lol ESPONse
st heitapdn S0 SRRl Bl or oelel s oo bR it R AT P o,
conpri si ngbduh80%t eps of : (a) preparing a pre-lyophilization solution

conprising Norovirus antigen, sucrose, and chitosan, wherein the mass ratio

of sucrose3t enChithddRBlaint4d, VAERiBRAN bei@htkatidbf 8RBk toldRitdsan is about 0:16R) freezing
said sol ution; %§h|L|2|ng the frozen_solution for 30-72

and c) ly S
hours, whé&WeieR sa@erceage of 3egisasted fgawﬁlﬁa'a@eewéffﬁ%%ﬁy%-percent age of said
Norovirus antigen in aggregated form 49. The nethod of claim48, wherein
the pre-lyophilization solution further conprises a bul king agent. 5 50.
The net hod of claim49, wherein said bul king agent is mamtol. 51. The
met hod;sof claim50, wherein said pre-lyophilization solution consists of
manni tol and Norovirus antigen and wherein said percentage of aggregated
Norovirus antigen is greater than 90% 52. The nethod of claim 48,
wherein said mass ratio of sucrose to chitosan is fromabout 2:1 to 10
about 10:1 and wherein said percentage of aggregated Norovirus antigen is
from about 0% to about 50% 53. The nmethod of claim 48, wherein said
wei ght ratio of sucrose to chitosan is about 0:1 and wherein said
per cent age of aggregated Norovirus antigen is greater than 70% 15

48



