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BACKGROUND
Group B streptococci are a major cause of neonatal sepsis and meningitis in the

15 United States and other parts of the world (Anthony and Okada, Annu Rev Med., 28:355-
69, 1977; Baker, Adv Intern Med., 25:475-501, 1980; Dillion et al., J Pediatr., 110(1):31-
6, 1987). Prior to the 1990’s, virtually all invasive group B streptococcal (GBS)
infections were caused by serotypes Ia, Ib, II, and ITI. Reports of infection of newborn
infants by a new serotype, type V, appeared in the pediatric literature in the 1990°s

20 (Greenberg et al., J Pediatr., 123(3):494-5,1993; Hervas and Benedi, J Pediatr.,
123(5):839,1993; Rench and Baker, J Pediatr., 122(4):638-40,1993). Infections caused
by type V GBS were clearly becoming more common by the mid-1990s, and this
serotype is now recognized as a common cause of infections in newborn infants and
pregnant women (Zaleznik et al., Clin Infect Dis., 30(2):276-81, 2000). The capsular

25 polysaccharide of type V GBS has structural features in common with other GBS
capsular polysaccharides (CPS) but it is antigenically distinct (Wessels et al., J Biol
Chem., 266(11):6714-9, 1991).



SUMVARY The invention is based, in part, on the observation that the

i munogenicity of bacterial polysaccharides can be enhanced by nodifying
the structure of the polysaccharides, e.g., to reveal an i mmunodom nant
epi t ope on accharides. W 5 have found that psul ar
polysacchayég%%ﬁ%égg V CPS or GBS V PS) which are chgﬁ?gg¥@§m§%%?fied such
that one or nore side chain residues of the polysaccharide is renoved
elicit potent 1gG responses in prinsifMMARY one aspect, the invention

features an antjgeni c conposition that incl i £ { rial
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saccharide Tesidues fromthe backbone residues of the tgol‘ysa charide. In
one embodi ment , It ore avprst thesigventioy SabieesapcaecnissapBesiton Bakingwdss 2r esponse,
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, | . g..
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t he pol ysaccirari or exanple, the polysaccharide is treated, under
condi ti ons egdat protectiveantibody response in a mammal (e.g., a primate). In one embodiment,

20 the polysaccharide induces an IgG response. The polysaccharide can be physically

associated (e.g., covalently associated) with a carrier moiety, such as a polypeptide (e.g.,
a bacterial polypeptide). The modified polysaccharides can include features described
herein (e.g., the modified polysaccharide can be, for example, 2 modified group B
streptococcus (GBS) type V polysaccharide, e.g., which is modified such that one or
25 more sidechain saccharides are removed, e.g., the modified polysaccharide is a
deaminated GBS type V polysaccharide or a desialylated GBS type V polysaccharide).
In another aspect, the invention features an antigenic composition that includes:
(a) a modified GBS type V polysaccharide; and (b) a moiety that is physically (e.g.,
covalently) associated with the polysaccharide. The polysaccharide can be modified by a
30 treatment that removes one or more side chain saccharide residues from the

polysaccharide. For example, the polysaccharide is treated under conditions that remove

2
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Pol tid direct]y |ie ) - i@ | ink
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) ypeptide, e.g.,
a cel le sur hhae®lified fome (ecd. ghle BBSriaad debieishi ﬁ;ieeXpr%SlvmeEﬁh@G&&ﬁﬁ‘é? the GBS
pol ypeptide i.s selected fromth r .St ei n al pha
pol ypept i dépa%m?’edﬂg‘yséc%?% eélornt‘f‘l g%cgelﬁég %%Sﬁlj(f&,gr egéuresesgsm on%lgl&%epti de,
an R pr ot eiremowas sidé Piadn(k)i fkeen therpotysicoharidels ur f ace protein of group b
streptococcus 1 (spb.1), .an_spb | and npA i ndi ng. . pr | I : a Cba
pepti dase, a matjg e;ncgﬁ%ﬁggfg&]ﬂ%ﬁﬁg?mg@eéS@Btﬁog’g%c’cg%nr?% lé;érf? +°3aéé1‘if‘g% fragments
and v gri anteﬁa&lge,r&@hpomhﬁ%‘ﬁhmbymg dehmyﬂiﬁempqﬂw;yﬁmﬁﬁé @@r?@hﬁ@s typed
la, Ib, 11, 11T, TV, 'V, VI, VI, of VII1, In. one e iment .t ypepti de
is a pbl yp@ssremezslepehiteobpepidsens: ‘iﬂ’?‘f‘&eﬁ‘@qu?}ﬁ’gg‘?‘?ef F'gdaicﬁllflﬁgacggrquence of
the GBS V doberEEb didebRAE PolyBépiidesiaf 6e Maddily Aigkell tSthe fjdBAaccharide
99(19): 123%%}%,@@3502, ﬁ% hgﬂégont e‘r)ltygép(t)lfemhi ch a{e her ei n

) L,nhcor par.at ed by
ref erence ion visredinkingregpnitefnyvariops epodineih fs@atypertids 1513%?95%3’?%81 s a
bacter i al t.oxl k. flonftad: O Qlcihted? GBS popdplia i Varib@edtivddintntl PBUES | 2 t oxol d.

a di phtheri@”’nmutant protein cross-reactive mater.i

polypeptide is selected from the group consisting of: a GBS (? i)rotein alpha polypeptide,

20 a GBS C protein beta polypeptide, an epsilon polypeptide, an R protein, an alpha-like
protein, a surface protein of group b streptococcus 1 (spbl), an spb2, laminin binding
protein (Lmb), a C5a peptidase, a matrix adhesion (Ema) polypeptides, and antigenic
fragments and variants thereof. The GBS polypeptide may be a polypeptide of GBS type
Ta, Ib, IL, 101, IV, V, VI, VI, or VIII. In one embodiment, the polypeptide is a polypeptide

25 encoded by a gene product identified in the sequence of the GBS V genome in Tettelin et
al., Proc Natl Acad Sci U S 4, 99(19):12391-6, 2002, the contents of which are herein

incorporated by reference in their entirety.

In one embodiment, the polypeptide is a bacterial toxin or a toxoid, e.g., a tetanus
toxoid, a diphtheria toxoid, a diphtheria mutant protein cross-reactive material

30 (CRM197), or an antigenic fragment thereof.



30 (CRML97), or an antigenic fragment thereof. 3 WD 2006/050341

PCT/ US2005/ 039424 The conposition can include nore than one type of
carrier noiety. For exanple, the nodified polysaccharide can be linked to
two, thr eewc{ﬂ%/osoﬂ five different polypeptides, e.gdperh¥RoefdzodRr €
bacterial pol ypeptides, e.g., a bacterial toxoid and a GBS C protein

al pha. 5 The pol ysacchari de conponent of the conposition can be at |east 1
ki | oDal ton (kD) Th&cdtiposition ki indlEdeDpre2hnloDe tyds ok Earrienmaetyk Bor The

conposition can have anount, aof, bet.wee . t
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one enbodi rgBipeptides, o Two Bt oty batietibipetypeptites das abaghaal tewslandedbBy 10
acceptabl e carrier. In one enbodi nent, the conposition further includes an
adj uvant, @P@teinalphidy The conposition can further include a second

pol ysagchari de, Te@olysachapidb ¥Sagsnbatdf @& cofnpaditidnnen b&BSesset &ilypatoar of a
non- GBS bacteri a, e.gpé one or m)rg('q(,)f a (GBS type l'ﬁ lb, L1, 11, IV, VI,
Vi1, or VI I(DpSIKRA0ERatT e, 20 KD 2ddD: PP I fiFFec\ OHBAFIRPLEAT AES EBS t ype V
pol ysaccharj de.; 1#cA0ah B8 andSOEEL of thb BolyH¥SHAHHGR. of, Baknte£ 0 sanavddag 1f Or
eliciting an 1 mmine response In a manmal. The nethod incl udes, for

exanpl e, acmit S0 $dgeor Sepd26 pighe manmal a conposition conprising: (a) a
nodi fi ed bacterial polysaccharide, e..q. nodi fi t rept ococcus
(GBS) type V pol% 8% oo %?ﬁmp(?f)‘??%ﬂlﬁﬁ/l?g?%ef ggh?lrg{ae%h&c at is 20
physi cgl | y Regomicadatibr( B dhe enbodiadetr) tHeyompssitionalingiaty inviltdes srhaljuvant,

pol ysaccharide; thereby eliciting an i mune response in the mammal. The
pol ysac_charei-giea_l’é;‘an be nodified by treatnent under conditions that renove
si dechai n-ter m Agk cShadsitfondeh BirtheSin6lu@sa fecad gosapBiitepeghar i de, e.g., a
desialylated GBS type V old/sacchari de. The ggl ysacchari de can bg nodi fi ed
by treat mernolysaetaari f@-mig‘?f Bihssrqtisor o Ao CBpibacterdh 58> §8° & WCIPAfns from

the backbo %X%IT‘TE et Xﬁ?@?%ﬁiﬂ;@mv?ﬂi‘f,oﬂ@icmwe,hﬁla&diﬁm%%&ﬁoaﬂédfi ed by

sequential desi-al'yl’atién,” déacetyl ation, "and deatnination. In one
enbodiwent ,GBSityppd ydyseedharidede i s a deam nated GBS type V pol ysacchari de.

In another aspect, the invention features a method for eliciting an immune

response in a mammal. The method includes, for example, administering to the mammal
a composition comprising: (a) 2 modified bacterial polysaccharide, e.g., a modified
group B streptococcus (GBS) type V polysaccharide; and, optionally, (b) a moiety that is

20 physically associated (e.g., covalently associated) with the polysaccharide; thereby
eliciting an immune response in the mammal.

The polysaccharide can be modified by treatment under conditions that remove
sidechain-terminal sialic acid residues from the polysaccharide, e.g., a desialylated GBS
type V polysaccharide. The polysaccharide can be modified by treatment under

25 conditions that remove trisaccharide sidechains from the backbone of the polysaccharide
The polysaccharide can be modified by sequential desialylation, deacetylation, and
deamination. In one embodiment, the polysaccharide is a deaminated GBS type V
polysaccharide.

The moiety with which the modified GBS polysaccharide is associated can be a

30 polypeptide, e.g., a bacterial polypeptide, e.g., a cell-surface or secreted bacterial
polypeptide. In various embodiments, the polypeptide is a GBS polypeptide, e.g., a cell-

4



The noiety with which the nodified GBS pol ysaccharide is associ ated can be
a 30 polypeptide, e.g., a bacterial polypeptide, e.g., a cell-surface or
secreted bacterial polypeptide. In various enbodi ments, the pol ypeptide is

a GBS pol ym g- 9., acell 4 W 2006/050341 PCT/ U§g@;@1§£09§&,4‘224 surface
or secrete po? ypeptide. In various enbodi nents, the GBS pol ypeptide is

sel ected fromthe group consisting of: a GBS C protein al pha pol ypeptide, a
GBS C pr otsaificehe serged QBSpblyﬂmudanInszpsoﬂmh@dwwpﬁm €8S potypROtideds ei n, an

| pha-1ik 1 bI
A spb2, | el aiheararE & FERSY, peleRH B ShpERRSAGRYT | [sPRl).
adhesi on ( paginpelaypoBpthtiiesen e@ﬁl!bnqmlypgmﬂe,canfl{ p@mm alpamiike/proteim®s t her eof .

The GBS poI ypepti de. maybe e GBS . type . | ). I I VA

V, VI, SB‘ffaG\?IHr‘?temnE %éﬁﬁﬁé‘ff‘fg’ﬁtﬂ bﬁ{% aﬁﬁ‘i’%ﬂ%pm 14 “gmdm%gmrg%%t erial toxin
or a thOI ¢Lm8), & C5aPeptitadd) d natrixOaddbsion nﬁbpﬁfyﬁ@hﬁﬁ it@@hgem(ﬁﬁ‘agnpﬂntsherl a

mut ant protein cross-reactive materi al b,%CRNf}@ %1 %g ant nfg

fragment tmﬁﬁﬂmt%@e%%%é%wwpémelrﬁ‘ﬁl d@ohprrtide gﬁ ﬁg’etljﬁ’g@ f carrier
noi ety. Fory RXapRievr, bpgmiodi fied pol ysacchari de can be linked to two,
three, four, orf five different polypeptides,_ e. two or nore bacterial

pol ypept i des, e Inone embodimest,itha palypepiids laﬁbacépr@latsxm@raﬁwa f-BaPpFias15 The
pol ysacchagbg%%% Al Rla 5 ApnGRRARIhl Atcf AR 5ectlvd SRshall Ki | oDl ton

(kD), 51c I n one enbodi ment, the
conposiot i odCRMBﬁ)smrammitlgdmsﬁagrpmthméutl cally acceptable carrier. In one

embodi ment, the @g?-. (%iﬁplr({s%%g b %1{1%5 mbfé(fllxa&'l%%g t)%@ o?gdrﬂéﬁﬂt;let&fe fod- . alum 20

The conp05|t|on I'nc a secon sacchar| e.g., a
pol ysacch arebcﬁtﬁplej thaﬁmﬂiﬁed p@&cdmnde qué)edmkcﬁ toawo,dhre@@lrbgmﬁ‘@rdlﬁere@ g., one

or nore of a
pol ysacchalﬂog@eptfdﬁs ;i’cﬁj’ithP(S’ﬁmPBe tiaﬁfén??@a}yf’ lo\e{i °s &S\'{tbggeg{/téﬁo}dyaggcac ari de. The
conpositi orcn%@{bnbgpmm nistered to the subject once, or two or nore tines.

25 I n one enbodi nent, an anount of t conposj.tion co vveen 0.1
and 506 sg of tlhePpyFareEharidn soTRpment ?a‘ BPOREQR 38 b & 6%85“3‘%@ t he

pol ysacchardy, siD, 26 )i SKBy BT, 25 1D, or 50 kD.

In one embodiment, the composition further includes a pharmaceutically

acceptable carrier. In one embodiment, the composition further includes an adjuvant,
e.g., alum.
20 The composition can further include a second polysaccharide, e.g., 2
polysaccharide of another GBS serotype or of a non-GBS bacteria, e.g., one or more of a
GBS type Ia, Ib, 10, III, IV, VI, VI, or VIII polysaccharide, in addition to the modified
GBS type V polyséccharide.
The composition can be administered to the subject once, or two or more times.
25 In one embodiment, an amount of the composition containing between 0.1 and 500 pg of
the polysaccharide, e.g, between 25 and 100 pg, of the polysaccharide is administered to
the mammal.
The method can elicit an antibody response in the mammal, e.g., an enhanced
antibody response, e.g., an IgG antibody response, e.g., an IgM antibody response, in the
30 mammal. In one embodiment, the method elicits a protective response in the mammal.

The method can further include evaluating an immune response to GBS bacteria in the
5



the mammal . The nmethod can elicit an anti body response in the mammal, e.g.,
an enhanced antibody response, e.g., an IgG anti body response, e.g., an
1gM anti body response, in the 30 mammal. In one enbodi nent, the mnethod
elicits a ' response in the mammal. The netho r include
eval uati ng%dr)\h?&réréﬁ%g response to GBS bacteria in the gc%%%&g% 20341

PCT/ US2005/ 039424 manmal (e.g., evaluating a hunoral i nmmune response

and/ or a cehdmmude.gl edhhiating adumprebipomnse yesponse epdorntstdnediaied immmenammal i s
at risk for infection with GBS bacteria, e.g., the mamual is
irrrrunocorrpllfﬁwgsg or at risk for becom ng i nmunoconprom sed, or is 5

el derly. |n one eshogibodihent, Thommhmalds a rizkifordtfection with GBS begterie, 08.a nonkey.

I mbodi t,. th it iS. 1.0l stered 10, 20,
30, 40, 50, iopang s mppusRrmE b o o kT bR P r RN

mammal si s peagant. 10 In yet another aspect, the invention features a

nmet hod of providing antipodies to.a neonate. ‘Iilhe nmet hod can.i ncl ude, for
exanpl e, adni ni $% @S podunent, asgRal it 2 PURES-& S PHRACEKS B8 i on
conpri si ng ie_nga%)ﬁr&nfr@w dolr@bsifsPHRIBinkkr&Pb AaRERH SV EBI0, BY,HE, 30, 60,65,

pol ysaccharide; and, optionally, (b) a noiety that is physically associ ated
with the pPé Ysacdhmardagdhe conposition can be a conposition described

herein. 15 In a'ﬁ%&%mﬂ%ﬁﬂ%&;tbﬁﬁ%ﬁ%% 'g%t_f eatures a nethod for preparing

an i mrunogeni ¢ ~conposition. e nmet rncludes, for exanple, providing a
purifit®ed GBS V Ipypitysetbetaspdct dhe inveation faiutes g meateodd proyidingantibedics fader

condi tions t haé di f ¥ & c%n.ilgfthfdécfoyé%nﬂeé un%lg%@?ocgﬁ?@aﬂ@femgﬁ agne

enbodi ment ,ne?lﬁae‘po eysacc aride 1's nodi con Ions that renove
one or nor emtigsickoasosifiomcaiptsitga(a)a ofodified gpob Bswcpleeedcus(GBH) twed/ , t he

pol ysacchari de i di fi ed. under. .condi ti.ons .
si dechai n- tpé’?yﬁ?‘ﬁg?n Cxqnds P@“’é@% @Y ﬂba? B¢ ﬁ%acl)l&é g%}é%ﬁg i g,le or the
pol ysacchargofigadcBaritediThé eshpusitin cactuiédnposision Hesribedrherein.t he tri sacchari de

si dechai n of the polysaccharide. The.inventign.also features a conposition
that i%icl udes ant ?%oéﬁleéa%?tafhﬁélﬂ’eﬁgyo“afeat?@f ?\B’ﬁﬁ‘f’ﬂi?fpfﬂ’éf‘ﬁ%&mﬁ‘%“&@ %lng;g a

purified CRImYofbn SBeGhsidifciudi ot &RalpleNgrovidéng a purified GBS V

polysaccharide; and treating the polysaccharide under conditions that modify the

structure of the polysaccharide. In one embodiment, the polysaccharide is modified
under conditions that remove one or more residues of a sidechain of the polysaccharide,
20 e.g., the polysaccharide is modified under conditions that remove a sidechain-terminal
sialic acid residue of the polysaccharide, or the polysaccharide is modified under
conditions that remove the trisaccharide sidechain of the polysaccharide.
The invention also features a composition that includes antisera obtained by a
method that includes providing a purified GBS V polysaccharide; and treating the
25 polysaccharide under conditions that modify the structure of the polysaccharide. In one
embodiment, the polysaccharide is modified under conditions that remove one or more
residues of a sidechain of the polysaccharide, e.g., the polysaccharide is modified under
conditions that remove a sidechain-terminal sialic acid residue of the polysaccharide, or
the polysaccharide is modified under conditions that remove the trisaccharide sidechain

30 of the polysaccharide.



25 pol ysaccharide under conditions that nodify the structure of the
pol ysaccharide. In one enbodinent, the polysaccharide is nodified under
conditions that renove one or nore residues of a sidechain of the

pol ysacchaw&gj /6508, the polysaccharide is nodified upgeisao9adiyi ons that
remove a sidecharn-termnal sialic acid residue of the polysaccharide, or

t he pol ysaccharide is nodified under conditions that renove the
trisacchari de siAlgibbdibspreBeddiy métbodsaescsihetivasin gan begreparedod/ 050341

PCT/ US200510394.24 _Ant i bodi es epar riagd herein can be
prepared arf WFﬁe’f‘?fl&%{Pbeﬁ 1655 egfgtaglf%k?{ b@&gﬁg?teoﬁgat risk for or
exposed t 0 4oddichdnt,®@neor Modambinmeals (e gyhemans) areradnyiistengdl ¢ compesitionhumans) ar e

adm nistered a co sitio conpr.i sjn a), a nodi fi. rial

pol ysacchar§og@rsge i) a ‘%Odr’r@ed]ibfaftg%ﬂ@Pgﬁ%c%")ge’set%”eap?l{’)%lggdc%g&é &S) type V
pol yisagclharsjn@pgoc@aﬁk (gj)m)s) dype/ . '%ilwabcfhaﬁdei; 51;143@'3 oty ﬂnatiais ghysieaﬂﬁgbsoci{lﬁgcg. ,
coval ent associ ated) with the pol ysaccharide. Sanples.that,.include
ant i bodi eg (e (e covalently pssegipigs)) %%&Q&W%W?'o%ﬂ?@@ﬂﬁ%‘g{é@?b&mI tiple
sanpl es mayehe HORt§tre isdied At tRBea(sy MU saingles thal Oc podled: OTk manmal
(e.g., a hunman), e.qg., .in an anmount sutficient to decrease a synptom of
i nfection oanﬁsﬁr@ara@gm@@t@ﬁdwrﬁf%%qmd@ﬁnwléﬁ%?w ©1§ BABARETL " \bdi i ed

bacterial pQlySAERNRLIAR 2 SyRbRSof iRfetidAas RS delec BPINIRAGE HAGBYEn Al i S

nodified so as to have a sfructure that is distinct froma native form of
t he poiloysacuthmet de (i.e., the natural form of the polysaccharide found on

t he bacteria). " LELad!. ref ! quﬂ; LAk tantially
separated from t‘%&&ﬁiﬁ%&eﬁ%{@ ﬁ%f‘%ﬁ gﬂ% gﬁg I p|d§%§3@)§éﬁ?§nﬂtﬁ%£| |y
associ at ed mbdified soems pohavs actrheue det is ditispicirm a hegiveifom ofdhppriisaccharide t he

urified olj gosaccharde not interfer i .use of the purified
Ir[:nt eri al asel'grnﬁ’ﬁﬂ?%je?.m‘fﬁg‘etp@?yﬁ?m e ?Lgl&' ngﬁ(;eel%a@%g “excl ude sylr[:t hetic
ol i gosacchari de "pugfsdr adfere fspolphedhatidegnaterial betstastidly seperated Symithesi s; nor
does it exclude reparatjons that include so i. [ities | ong as the
pr epar'&t i onVaERM Hgﬁeglp%%li’@dﬁ%’(?ﬁ%?“& r@g’éﬂﬁaﬁssqc@%%&%f %‘,’lysr?ﬁ‘fhggg?'ar \g/]vei ght,
sugar resi op&iduenbRipn cofpiadntd ih feageiSied olidosaoidridg dapbi interfasmithshe uswnd
i mrunogeni ¢ _behavj or. As used her ei " hqr\{%ﬁy&i cal I% gce}gﬁ{agl e carrier
i ncl udes arﬂft%ﬂﬁméle@ma?é‘ﬁlﬂéﬁp@“@sgé?@ nP 299 5% ﬁ@ ©SH'Bact eri al
and anti f ungalsRO8RAS prep AN rétaididg artifacts of their synthesis; nor does it exclude

preparations that include some impurities, so long as the preparation exhibits

20 reproducible data, for example, molecular weight, sugar residue content, sugar linkages,
chromatographic response, and immunogenic behavior.

As used herein, “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. Preferably,

25 the carrier is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or
epidermal administration (e.g., by injection or infusion). The composition, i.é., modified
GBS V CPS-conjugate composition may be provided in a substance that protects it from
the action of acids and other natural compounds that may inactivate it.

The details of one or more embodiments of the invention are set forth in the

30 accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from
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absorpti on del ayi ng agents, and the |like that are physiologically
conpati ble. Preferably, 25 the carrier is suitable for intravenous,
i ntranuscul ar, subcut aneous, parenteral, spinal or epidernal

admi ni st r aty > Dy injection or infusion). The CQRRRbdokB24 - €
nodi fi ed %%Eb\(}g/%g%}conj ugat e conposition maybe provi degRi n a substance
that protects it from the action of acids and other natural conpounds that

may i nacti viat elainis. Allheited phtants,pateht appicationsrendrefartnsey (shidingoelerdees tavent i on

are set forth.in the .30 acc nyi.ng._dr awi . i Dt bel ow.
Ot her feat LH’“IEEC Sey e databasy anomngsg ela aé%%g\é\[% Q’? egg%}%s Eelﬂt?fng E&\%\ngqeﬁtf%%ﬂappar ent
from the dgsgpdsgd. i10.8.Sb0H23)90M Sincoapudatéd bymeferitfoe AOIBGMEROBAL all

PCT/ US2005/ 039424 the clainms. Al cited patents, patent applications, and

ref erences RRfEPLdi ng references to public sequence database entries) are
incorporated by reference in their entireties for all purposes. U S S N

60/ 623, 907 is incorporated b@&&ﬁﬁg{@ggﬂ)@?ﬂ&% rety for all purposes.

5 DESCRI PTI ON OF DRAW NGS FI epiction of the structure of
t he hept asaccharHIGel & apephicrigpictior of the stBBSre ofjikee Meptasqrshdrele repebtyingamdthar i de.

FIG2A is a hi c_depi ction of the structure of the heptasaccharide
repeating ﬁ%@?e@é&“&ﬁ@’%a@ f-ar pol ysaccharide. 10 FIG2B is a
graphi c depicti mle.oiAisfzs.%r%woL&pwﬁ@l &ffthd himrcaiensl thelipehsdoohiaridefrepefdBy t ype V
capsul ar polysaccharide. FIG 2C Is a_ graphic depiction of the structure of

the desi al Yl PROWRAS ¥roarsnlar pelysechgtids hsul ar pol ysaccharide. FIG3 is a

graph gdepi cti ng giaen RRiRighicARpRliosMk fthchive dfdke ddamidatedfod ohuman 15 serum
of subjects imunized with a S type V pol ysaccharide-tetanus toxoid (GBS
V- TT) conj@@Rb@evaespsie polyssgharide: GBS type V in the presence of. (1)

native type V %Fg?ﬁﬁg?{ Gie ?_ﬁ&%éﬁtﬁé‘&nﬁﬁr@ojﬁﬁé I&RIy1atd RRREGERt el y 200

repeat units (fil ngl e 2) chemcally nodified type V

pol y_sacchartypbsVlcap‘»rlhsmiV?}an@laﬁé@uced size type V oligosaccharide (OS)
des al yi at et ypdCy O ARGt FHLRRH IR 180 Faoteborhlingy, 0 (o'
cont aiBs  tsemmnd yfmmbidcts imtabminel with £ GBR déyreriépapspachagettstanhsnionoid (GBS &d
squares); (’Pl)) ctoXj?lgaté/val?c%nve\jté Qa{%ll%'% GBS type V in the presence of: (1) native type V
polysaccharide consisting of a polymer of approximately 200 repeat units (filled
triangles); (2) chemically modified type V polysaccharide representing reduced size type
V oligosaccharide (OS) obtained by ozone treatment of the PS (open triangles); (3) full
20 length desialylated type V PS (filled circles); (4) deaminated type V PS which contains
the type V backbone with the one-sugar side-chain (filled squares); (5) type V PS without
the single sugar sidechain (which is identical to the structure of GBS type VII PS)
(diamonds); and (6) GBS type IV PS (open circles).
. FIG 4 is a graph depicting the inhibition of binding by IgM fraction of human
25 serum of subjects immunized with a GBS type V polysaccharide-tetanus toxoid (GBS V-
TT) conjugate vaccine to native GBS type V in the presence of various forms of GBS
type V PS.
FIG. 5 is a bar graph depicting killing of GBS V bacteria by human GBS type V-
specific antibodies. Results for the IgG fraction, IgM fraction, and whole serum are



the single sugar sidechain (which is identical to the structure of GBS type
VII PS) (dianonds); and (6) GBS type IV PS (open circles). FIG4 is a
graph depicting the inhibition of binding by IgMfraction of human 25 serum
of subj ect gyd fHiub%§d W th a GBS type V pol ysacchari depl-@hasgsodes0i d (GBS
V- TT) conjugate vaccine to native GBS type V in the presence of various
forms of (BS type VPS. FIG5 is a bar graph depicting killing of GB5 V
bacteri a byhbwmirbl&RSsttipah aMd whipdeis, respeativély oRiésulis foreenitol serymaret he | gG
fraction, IgMfraction, and whole serumare 8 WO 2006/ 050341

PCT/ USZOOS/Sg%‘@IA Xgraé’?%f\fm in black, striped, and white bars, respectively.

Resul ts for contFIG!é6 is e bangragledepitinywpsbyophegopytiakiflingh@Ggrodth ef @GBY &pegr aph
depi cti ng qpsonopha ic killin nd grow h t eria b
G5 ¢ ype v Phe I e e een Bt e ety Pk 8 oG 5 Y

fractign, gf@lod@fa)bats)id A6 pRESSEOIEGAStyfROA and Wgstaliatcatigpe Vesi al yl at ed type
V pol ysaccharides), FIG 7 1s a graph depicting the inhibition of binding

by a GBS _\/—PPilYS?‘WH%Fé‘@EI)- murine nonoclonal 1gGto native GBS Vin the presence
o (1) native GB%I&H@Q@%%%%@&M Re fnhibltloBdf bini@BByAIBS VAT-iahewical | y

modi fied GBS V polysaccharide 10 representing reduced size GBS V

ol i gosacchariris naeyloptled teeptiyyg GBSoHE the Brgsmen el 6 natiyeCPEY( open

triangles); S . 61 el : ) i the sinal
sugar gsi d)etﬂ?éié %cc.%eéﬁll?d?nfa%%@n‘s?ﬁ (g%‘fh%'tl%%%%g& é%ﬁre%?u%&é B§1Ty ¥¥1(631%5)ﬁ81‘9ﬂ'[El gpe \e/I ISI g%) ©
( open wquarespsentifSiededisizk (RS & dligogaechayide S0P ohithinefl by qzenekgatmeni @f ( 6)

(open ®qua duts . . mes _
1 do- onai n QYT (abgt TRl P GOEIOIRE () ORE K ekl e Bl L 2l P

| gM r es ponsagartsiecha@B@S/hidH is IdEnticahtodhasrucre ¢S type VAR SopeEaquarés)ne

S o or aph GLpeDnlG eBs s e Baf o0 ABulnel B9 ¥ A g PR, 7' ©

vacci ne i n théugpely basicage edth teasmb-shian eide-ohaie (iiteddquaras).val ues obtai ned for
sera froman 20 _individual nonke e i izations, arenkLhfgi-cated by the
bl ack rrows. FEEFS ??@E&FEBW% @FH?Q@MWPPE%&Q afﬁ%gg?gécﬁesponses to

a GBS Il - Flhccine in rhesus macaques. Each line corresponds to values obtained for sera from an

individual monkey.

FIG. 9 is a graph depicting GBS III-specific IgA responses to a GBS II-TT

vaccine in rhesus macaques. Each line corresponds to values obtained for sera from an
20 individual monkey. The immunizations are indicated by the black arrows.

FIG. 10 is a graph depicting GBS III-specific IgG responses to a GBS II-TT
vaccine in rhesus macaques. Each line corresponds to values obtained for sera from an
individual monkey.

FIG. 11 is a graph depicting GBS V-specific IgM responses to a GBS V-TT

25 vaccine in rhesus macaques. Each line corresponds to values obtained for sera from an
individual monkey.

FIG. 12 is a graph depicting GBS V-specific IgA responses to a GBS V-TT
vaccine in rhesus macaques. Each line corresponds to values obtained for sera from an

individual monkey.



vaccine in rhesus macaques. Each |line corresponds to val ues obtained for
sera froman individual nonkey. FIG 11 is a graph depicting GBS V-specific
| gM respogses toa GBS V-TT 25 vaccine in rhesus nmacaques. Each line
correspondgyd Redicbisgs obtained for sera froman indivipgdgkoihessey. Fl G 12
is a graph depicting GBS V-specific I gA responses to a GBS %/—TT vaccine in
rhesus nmacaques. Each line corresponds to val ues obtained for sera froman
|dnd! vi dual Gggnkm 19 i?&ﬁ@&pﬁﬁg@%@&@d@@#@ggﬁﬂm GBS YT s a graph
epi cting V-specific 1gG nses SR ' ' esus
macaques. FAEHNTFAEELTPES %sh?gc 43 ﬁsté)gn%g afﬁﬁéeédo-‘; aél)r{éaggllr%%ﬂrr%rln&gn

i ndi vi dual ip@REesd mdnkéy. 14 is a graph depicting | evels of isotype-sw tched

@&BS V-specific antibodies i.n. h s.(hu) an [ after
primary and secgﬁégf?mg‘?&%ﬂgx@e SRf {Sﬂtyé '@%}@%%;YQ ?/%%%r?ﬁ%@?%

vacci ng. Fli@h&ﬁaﬂs%@ a8l mba@e@(p@ﬁﬂafeg) ifeyplimargfand sewbydney SmhanitetidnCBS || | -
and GBS V- specic antibodies, induced in rhesus macaques after primary and
secondary Withai6BS ¥ THAYRPPRIUEHS VeIl ycoconj ugat es vaccines. 10 FIG 16 is

a graph depi cti Rgzt38s 4 BRbPIdHiGRe MveRioPRbHPe-BYitdeEGBY iIbati @BSOL  nacaque #
369 92 i muni ze 'vyitnsqg‘gcﬁs e o nar o native GBS.IIT in the
presence ofspedifiy antihodigindyesd jn} Thesus magaups3tieR BBy SFPREAY of appr oxi mat el y

150 repeat imﬁlxié&(fﬁtichiviﬂjzéﬁsgl* %lkrﬁlﬁl&ilju%a[@%sv%%@s?al ly nodified GBS III PS

. b
representing uced size type" ol1gosaccharide (OS) obtai ned by ozone
t1 El egts nt?_nt of dt h#IES6(opemph dépactipe &) inhibigpn pfhinding by IgtHunibpdiesefococcal type
| . e._desi ed L P | ; R a PS which
contains t H%acg(_él}?g %l%sjezeqng%%r%dﬁ%g- C Sa’f'jn@g%"tﬁ%gﬁiﬁfc"%(} osﬁﬁenn circles); (5)
GBS ||| - Hpfesbhadaifit (il padtive GRSHEL Roamsistingand nipgbymer 6f dppeakxmatelyn§f eeppat and ( 6)

human serum al i.Nn. (HSA, crasses)...Fl j a | £L: h

i nhi bi ti on BfS %ﬁi{%‘gp}{@l@gﬁp 88“&&“??6%%?%&%1?51% e E%é%%gﬁg@%%%fq?ﬁmﬁi zed

V(\EAB tS hI ?I Ggg 1l dlipdsheotagied (OS)lobtanat by ezdiBSetieni of theBS (gpeetiengles)p®) fl) native
b o bt g o B . RhiaR BRI R, Yk a8 B GBS Ia

PS which contains the same three-sugar side-chains as type III (open circles); (5) GBS

III-HSA (identical to the coating antigen; filled triangles); and (6) human serum albumin
(HSA; crosses).
FIG. 17 is a graph depicting the inhibition of binding by IgG antibodies of
20 macaque # 543 91 immunized with a GBS III-TT vaccine to native GBS III in the
presence of: (1) native GBS III PS consisting of a polymer of approximately 150 repeat
units (filled circles); (2) chemically modified GBS III PS representing reduced size type
I oligosaccharide (OS) obtained by ozone treatment of the PS (open triangles); (3) full
length Pneumococcal type 14 PS (i.e. desialylated type III PS, filled squares); (4) GBS Ia
25 PS which contains the same three-sugar side-chains as type III (open circles); (5) GBS
TII-HSA (identical to the coating antigen; filled triangles); and (6) human serum albumin
(HSA; crosses).
FIG. 18 is a graph depicting the inhibition of binding by IgG antibodies of
macaque # 120 92 to GBS V in the presence of: (1) native type V polysaccharide
30 consisting of a polymer of approximately 200 repeat units conjugated to HSA (filled
black triangles); (2) unconjugated GBS V (white triangles); (3) desialylated type V PS
10



units (filled circles); (2) chemcally nodified GBS 111 PS representing
reduced size type |1l oligosaccharide (OS) obtained by ozone treatnent of
the PS (open triangles); (3) full |ength Pneunbcoccal type 14 PS (i.e.

desi al yl at Il PS, filled squares); (4) GBS la i cont ai ns

t he sam'tﬁg)e}é}yds?(ﬁogié‘% side-chains as type IIl (open ci rgf'sggﬁowdg?ﬂés
I11-HSA (identical to the coating antigen; filled triangles); and (6) human
serum al bugfilfed sqitpes); (@) @stRted thed/ B8 whichacontaap khedyys ¢ baakhonewith thhi bi ti on

of binding by 1gG antibodjes of e # 120 92 to GBS V in the presence
of . (1) naPP‘?f@l&aW}@e'?}laHb099596%’(%@%3“858? isting of a polymer of

approxi mately 2@ ﬂ?%@%raﬂﬂﬂeb&ﬁﬁ@mbmﬁiﬂﬁéﬁbiﬁml(}f]igGIaﬁdbodiJésaxfk triangles);
(2) unconjugated GBS V (white triangles); g:’%,ggesi %gl at e%ﬁé{f‘g@ V.PS 10 WO
2006105034 Marere 86 68 (085S Main the presence (1 AREYY Re A PYERA Ie¢ e v Ps
whi ch gont g ] ' 1aRR); ahHERE typedEPS hhich

(circl gs) ; %%§1e%g?)gé§ﬁ¥§tregz@§§pwgméhfld% i _s) zggbg%ap_h dept))i%’ % t he

i nhi bi t i on coftaips fheityng ohackepme avith thoenesygersiderphd deicles); 28 Jé GBS V in

t he presen ﬁo{%@s (1) native type V polysaccharide (filled 5 triangles);

(2) desi alg a ea' type V PS (filled squaresé];& &3) deam nated type V PS which
contai ns the typEG 20 ixechab graph deri¢tingtiéllingief GBY Yrbagtedeb X WIS (circl es); and

(4) PGA (crosses). F I.: L id A @&EBSs Vv
bacteria b§°¥F§P‘F%{?§S O%Igﬁ/%%anc{h ?%%?‘%%émg?r 8’?‘3?# ?@gﬁZ?gES’ gélddéogggy%faf rom macaque
#245 89 and conFI®R1 ser gaph dedicEhgledls 0EGBS §rapptific g entihegics inibres of GBS V
-specific | ant.i bodi es in thr } nized wth a desial ylated GBS
V-TT vacci Hg’%‘ﬂs@’ng‘f‘gl ?éilﬁ%ﬁgl%%?c i n%ﬁe%%ﬁ%ez'of GBS V-specific | gA

anti bodi es i n t BFI®@e2 ivWgtkstydepicting fevele df GBS V-specifis igh yitihbdics iGBBeY- TT
vaccine. FIG 23 .is a graph de icl‘tar{?a%ﬁ% s of. GBS V-specific 1gG

ant i bodi es mykeysiwgumizad wih g ggdaly e Wi BH Y desi al yl ated GBS V-TT
vacci ne. Fl G 24Fi 28 i< @hfh dPRLiGE ickds oNGBEVtipesifio Igdhamibodigs nf thiEBS

V-specific 1gG antibodies from nmacaque # 259 87 in the presence of.
deani nat edn(anpyse@n@q&aéw,ade%lxlﬁtsfingé%ﬂT("aﬁé?F-_sqgar es) and native GBS V
PS (triangles) . pfts G455 bipiPadicRRR iRk dmduriBEs pepeeifidlgading of GBS
-specific

g ant?bodies from macaque # 259 87 in the presence of: deaminated (filled squares),

desialylated (open squares) and native GBS V PS (triangles).
FIG. 25 is a graph depicting inhibition of binding of GBS V-specific IgM
20 antibodies from macaque # 259 87 in the presence of: deaminated (filled squares),
desialylated (open squares) and native GBS V PS (triangles).
FIG. 26 is a bar graph killing of GBS V bacteria by various concentrations of IgM

fraction, IgG fraction, and serum from macaque # 393 93.
FIG. 27A is a graph depicting the levels of V-specific IgG induced in six different

25 mice immunized with 0.625 pg per dose of a GBS V-TT conjugate vaccine. Results for

sera obtained prior to immunization, at day 20, and at day 31 are shown.

FIG. 27B is a graph depicting the levels of V-specific IgG induced in six different
mice immunized with 0.625 pg per dose of a GBS V-TT conjugate vaccine with 0.5 mg
of alum per dose. Results for sera obtained prior to immunization, at day 20, and at day

30 31 are shown.
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20 anti bodies from macaque # 259 87 in the presence of: deamnated (filled
squares), desialylated (open squares) and native GBS V PS (triangles). FIG

26 is a bar graph killing of GBS V bacteria by various concentrations of
IgM fracti firaction, and serum from macaque # 323 gﬁZ?Als a
graph depic kil Oé e g evel s of V-specific 1gG induced i n%slluggogsffer“ent

m ce i nmuni zed vmth 0. 625 gg per dose of a GBS V-TT conj ugate vacci ne.
Results for serFAGEM his agfhphﬂbmctmgahé lﬁmlmbﬁ\&speoiﬁ,c Ig(ﬁ inﬂayedZ@ﬁxedMerem day 31

are showmn. F] G 27B is_a, rahde V- S ific.1gG
i nduced in @%W?‘E\Wg ﬁ? HE P {}eg%ﬁan%f*f ed'af) éog%é'éﬁsoff’ra GBS

V-TT conj Ugéé%aeobvﬁ%a'ﬁ?ﬁrwl}d?n&z‘iuMat&wel ahdapedy TlaseshoRasul ts for sera
obtai ned prior to inmunization, 20, and at day , 30 31%9‘{‘& shovvn 11

WD 20061050341 ﬁé@lﬂ@m@wmd&mﬁn@hd eyeteof CspecHicdsH %ﬁ?dc‘{lus ¥ evel s
of V-specif g per
dose OTB (EE% %ﬁh‘gg‘tﬁ%g? guggéécﬁﬁéé%es%@f%n?dwségﬁ g&%bﬁ%gggl 82pffl or to
i mruni zat i ctym per dbay. R&sultafod saxt oltaipediric teinghaviration| aGd®y720, ael 2t dgy 3bh
depicting the .| evel s of V-specific 1gGinduced in six different 5 mce

i muni zed Vi FP% ™5  sg per dose of a GBS V-TT conjugate vaccine with 0.5
mg of al um per Ideseferéies writold i@ thesariauodrbwingeindijpate tike tlementsruni zat i on, at
day 20, and at day 31 are shown. Like reference synbols in the various
drawi ngs indicate like elenents. DETAILED DESCRI PTION 10 Cinical studies
have shown that pol ysaccharl dd)EiI’AwII@lD]DESﬁ]RJ BEI@Nvacci nes are safe and

g, | IR LSRS0S S e Al 02, Bk
98: 2308- 23 14fe aha%inunogémbdn hﬁﬁaﬁs B tkee b at.j JIMf@GDimtIWB G 42-250, 4929; Bakéret r ed
or ovi di ng- ot GHE i S R R e o Lt T s 1988 T | o
forms of bagicgimbathatRdicy $6G ehidbiisesre plefaiet bomuse jgGtaptibodigGre loaphsties t han
T T T LR etar LS, 1 2 SPEEL LSl L vy lue gener oo
ve fouid thahe m&ERAROSHE &Tb‘éctbﬁé} bk Reha8sdicirabé pReht T6E PRpdBedthan
polysaccharlde Polype tid
native forms of the polysacchandes More specifically, we have generated modified
forms of GBS V PS which lack one or more sidechain residues and we found that
compositions including these modified forms (e.g., polysaccharide-polypeptide
conjugates) elicit GBS V-specific IgG antibodies in primates. The modified
20 polysaccharide compositions described herein are particularly useful for eliciting
antibody responses in humans. These compositions can provide beneficial responses in
subpopulations at highest risk for infection (e.g., in the elderly, and in neonates via
maternal transmission of IgG).
GBS Type V Polysaccharides and Modified Forms Thereof. GBS capsular
25 polysaccharides are high molecular weight polymers of repeating units comprising
galactose, glucose, N-acetyl glucosamine, and sialic acid residues. The repeating unit of
native GBS type V CPS is a heptasaccharide containing a trisaccharide backbone with
two distinct side chains, as depicted graphically in FIG. 1 and FIG. 2A (see Wessels et
al., J Biol Chem., 266(11):6714-9, 1991). The trisaccharide backbone of GBS V CPS has
30 the following structure:
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conjugates) elicit GBS V-specific 1gG antibodies in primates. The nodified
20 pol ysaccharide conpositions described herein are particularly useful for
eliciting antibody responses in humans. These conpositions can provide

benefi ci al V{] ?%5 subpopul ations at highest risk-fR& i85k on
erl y,

(e.g., int and In neonates via maternal transm ssion of 1g9G.
@GBS Type V Pol ysacchari des and Modred Forns Thereof. GBS capsular 25

pol ysacchari des -arg-ohDghicppl-eonpaD-Cagi-ght ) DyGiep£1-6f. repeating units

conprising galactose, glucose, Nacetyl glucosam ne, and sialic acid
resi dues. The repeati ng Anit of nablive GBS typ& V CPS is a heptasaccharide

cont ai ni ng @1dd ik 2R S4B LalWtdpranb d&&istd%ﬁincﬁlb%clﬁ)hﬂuﬁg as
depi ct ed gr%G k{{lcg in IgllﬁG GI{dgndgaFl GIJS‘T e Wessel s et ?%@ JBi ol

Chem , 266(thif011@wmsyuctwg§_}mke#ﬁ@r<ﬁl%%@Wér ?’a@r%gbﬂﬂﬁ&é%?he 'V CPS has

30 the foI | owi n t ) 34 S2005/ 039424

4)-a-D°d cp- (I - Q"ﬁ’)wﬁﬁé‘ég(?*k?l %%%%”’%iﬂélcﬁ i_];ch abc (Aepis

gl ucopyranosyl anD-@ap pesidse gelinked wphe Britady mpcked“b’t thawel HwrG-def theanch havi ng
t he foIIovviIn structure is linked to DDA cp marked "a" through the 0-6 of
the |atter:?8(x- D NeupNAc- (2- >3) - (3-D Gal p(1--~4)- (i -D-d epNAC(1->. A

D-d cp residue |I§ol&ttdwl«¢d‘yﬁa)VPb@sdaelG@ﬂdas G Skigk VEPStdan beipleparbiefr@nHERE  t he

| atter. Isol atjon of e VPoI sacchar.i V. a repared

from GBS tWPe b{??aﬁﬁ%"rlé s ¥ P‘@E ’qﬁéﬁoﬁbsq?ﬁ pﬁré %§8]§tcp(§)(§c @P%eﬁﬁf’)

i sol at® CPSy s@aifdy. @IBI 11141 g}sbvﬁimabﬁtuﬁleusg;umn@lﬁa&ﬂe)mcealygiemmemlmnt| nuous

culture in a CW defined rredl g\ Cells har vest ed #‘3

centrif ugat¢d b¥ condpiygaipn3pd 58 & eRpY yt@ﬁe SiraptioR of ety t h t he

endo- N-ac et%@ﬂﬁ%%ﬂ&cﬂﬁ%e@hﬁ@ﬂﬁﬂd&'nﬂlﬁgﬁiﬁ ipagtibagian Of CEF Fithintlandls@nol ysi n

is described in Deng et al J. Biol ﬂz&%&%ﬂ 7497- 7504, 2000).

Extracts ariedescribestindPong etpl el KhempNiel 1):74 e dase. A

fraction c change
39% %Q?hl@go éé%}ﬁﬁs&ﬁﬁi@s@@‘l ba){ld?»irc?iﬁsee)ﬁ@hhb?ioﬁ @mﬁﬁgm @iPsgxchang

chr omat ogr prepar ation urif can be
per f ored alsolateéby sibeexclusionng parexchasge dfro@ggqaphy (MghOQS%@ICI@IﬁIOH Wessel s

et al., JG If?)unﬁgf &Bsv éPS %fﬁizl% p%%l%&edjag 89&nbed for preparation of GBS III CPS
(see, e.g., Wessels et al., J Clin Invest., 86:1428-1433, 1990).
Production of Modified Type V Polysaccharides. GBS polysaccharides can be
modified by techniques known in the art. For example, desialylated GBS type V CPS
20 can be prepared by treating purified type V CPS under mildly acidic conditions (e.g.,
0.1M sulfuric acid at 80°C for 60 minutes) or by treatment with neuraminidase. The

mixture can be purified by chromatography. Deaminated GBS type V CPS can be
prepared by first treating desialylated type V CPS with base to deacetylate the CPS (e.g.,
2M NaOH and sodium borohydride, heating to 100°C for 5 hours, followed by
25 neutralization with acetic acid and lyophilization). Next, the deacetylated CPS is
deaminated (e.g., by dissolving in water and aqueous acetic acid, followed by treatment
with aqueous sodium nitrite for 1.5 hours at room temperature and purification by ion-
exchange chromatography; see Wessels et al., J Biol Chem., 266(11):6714-9, 1991).
In various embodiments, modified polysaccharides are prepared by producing the
30 polysaccharides in a bacteria in which nucleic acid sequences encoding polysaccharide-

modifying enzymes have been genetically manipulated (e.g., genes encoding the enzymes
13



Production of Modi fied Type VPol ysaccharides. GBS pol ysacchari des can be
nodi fi ed by techni ques known in the art. For exanple, desialylated GBS type
V CPS 20 can be prepared by treating purified type V CPS under mldly

acidic con%d%{fag)‘%‘,gﬁ. g., 0. IMsulfuric acid at 80C fO;pc @S%g)@@g) or by
i ed by

treatment wth neuram nidase. The mxture can be puri
chromat ography. Deam nated GBS type V CPS can be prepared by first
treating dasivabsshadtletd] ppdered ORSumitivhalparse inserigé aveseydxpresseth GaBPS (e. g. ,

2M NaOH and sogdi um bor ohydri de. .heating t 81509 f ) d by 25
neutral i zat$§ I{‘W%‘&M%“%‘ﬁﬁ”%m%pﬁﬁ | zat% eo%%c.ﬁ%ﬁé%;g' ﬁ? g%@%égﬁt yl at ed
CPS is deai PR (£RafSsi UBH, 99@8p12800g, 2002wat er and aqueous acetic acid,
followed by treatnent wth a%yeous Sod'umnitrite.f 1 room

r

.5 h t
t enper at ur e and ASERP I ERiUERF CFROT TR HE REH Y YR F%&%ﬁ °8’5’R§}S?‘Hé§‘8%’v\es sel s
et al.g JBiphyshRBiMides &66(ABS 1y9E147,91, 39 o prbvidy @fniubivaleryBoamdbste for

modi fi ed pol ysacchari des are prepared by produycing the 0. pol ysacchari des
in a bact erimunizaiigq. HieaEr ey, Hyzient Eﬂﬁ%‘ﬁ@@%‘d"eﬁ’%ﬁﬂsﬁqﬁnﬁﬁﬂf’g‘ﬁ PP de-

nodi fyi ng gge(ﬁj uigak joBjdhRhliet B dingl@RB&HnENCOdi Ng
t he enzym%%gg% ooéﬁgggﬁ%@gﬁdﬁﬁs%S%ﬁﬁm hgve b;gn del etn_ed,
render ed non- f uriugaridn of fodified Type K Pobrsrcsharisiee ModitigGRJ polywasthesidesanc odi ng
pol ysaccharj de- t Lyl : : \ i ., In Tettelin
et al., Prcg%%ﬁ%n?rﬁug gegggg%ﬁélyﬁgﬁémg%f%%}%%mgﬁgg%oﬁ%?% 1 V conj ugate
can beom xgeblyshdchariies caor berxidized dryjtisgatcabwitlopgsiodale ey agelated reagent, e.g.,
pol ysaccharides.(g.gq., GBS t.ype | . r : ayd de. a:qqul tival ent
conposi ti or?afaé’fméﬁ%%b%?rzpé)%sgﬁl% nﬁﬁt%péelr-l!ﬁ%att ) \lsge?/‘?e %%?l%gﬁr%#t?yp%qc@ggg?hari de
conposi t i ongcifig) ditiydioe igzaps. Olreatedpolpacdends ztrek tegctebwitly thetchmigr moiety pl e
types of polillsacc arides in a single reacti on, . QoI n%gl tIiea nt%tr%giix[%gt Type V
Pol ysacchariPHerLongyonshal goupety 38188‘%% 1 %fers eS8 ve co%gugate o carrier
noi eti es usjoglindrtd tHevibty TELHiQgion fopolgeptigd imoielid mayl besanelan, dgs byan be
oxi di zed by tre_atne,nt,wityh ié’rig’?date r. a related reagent .

¢ b B 57 Borhe Bt a2
par apei odiTeduE RIS (E%s -GroTRIYAEIE R GERY: 45ch Biofhery, 8708 HJEP‘I@GI ternini at
sites with sqi 7anl BALARY Higsdd OPO itBthe Jo1QRhRa: ROk R haEd Mdbe srasente

reacted with the carrier noiety under conditions i hat cC{onj ugate.t he
conponent s,ofeyapoborghydsige ions; qiepeferradugiigrea)t Wrck vgilpake “"ééliﬁfleia‘%?éngt o the

moi ety. Coni HOak| YREPLFLANIPIIS dpRSe HTRYPRIE PblyiRehaBls., MRiAds by 15
reductive Eﬁ"?ﬁ%%@%ﬁ@ég&l e.gf)%feSchgwg(??ézépand qlga)szl, gr (r}:,h. Bi ochem Bi ophys.
181: 542- for conjugating polysaccharides are also described, e.g., in Wessels et al., J Clin Invest.,

20 86:1428-1433, 1990 and Wang et al., Vaccine, 21(11-12):1112-7, 2003.

Suitable carrier moieties are safe for administration to mammals (e.g., young

mammals) and are effective immunologically (e.g., they facilitate T cell-dependent
antibody responses to the polysaccharide). Exemplary carrier moieties are diphtheria and
tetanus toxoids.

25 In general, any compound can serve as a carrier moiety. Bacterial toxins such as
tetanus and diphtheria toxins bind to mammalian cell surfaces, thereby permitting the
polysaccharide to which they are conjugated to more effectively initiate immune
responses. Another exemplary carrier polypeptide, CRM197, is a diphtheria toxin
containing a single amino acid change from native diphtheria toxin and which is

30 immunologically indistinguishable from native diphtheria toxin. A culture of
Corynebacterium diphtheria strain C7 ($197), which produces CRM197 is available from
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549, 1977). Briefly, oxidized CPS and the pol ypeptide noiety are reacted in
the presence of cyanoborohydride ions, or another reducing agent which

will not reduce the reducing ends of interest nor adversely affect the
pol ypept i dgy@ioosddasy! ar pol ysaccharide. Methods for copirygafl 69z
pol ysaccharides are al so described, e.g., in Wssels et al., J din

I nvest., 20 86:1428-1433, 1990 and Wang et al., Vaccine, 21(11-12):1112-7,
2003. Sui t aht Anesican BypethiteteiGeilection, Radkeilleovld adnden esesstom ngmbeoAREHNal s
(e.qg., youn%2 gam‘ral s) and are effective imunologically (e.g., they
facilitate &L - dependent anti body responses to the polysaccharide).
Exenpl ary carri eOthgbbtdrglpotypeptiiep bidignisad asvdriek afostios homiods. 25 In

general , any caqnmpound ca e as a cg\{)ri erhﬁi et J

ser Bact erjal toxins such
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effectively initiate i nmune responses.. Another exenpl aég/ car Hg%r
pol ypept i debacteriah g°pr example, grofified SHS,Y pelyracchagiden G BF AU uEalsdiie (BBS{ri no aci d
change fro i ] i I B4 thdled S c dipied isal |y

i ndisti ngumgﬁgﬁagﬁ}aﬁg%gat Fé\/‘ga%?%éht heri a tgxi n. g%?ul ure o '

Cor ynebact emifacerassqsiai¢depolwpeptidearichepntais g 2y ningtandemiyrensated snierafid3d7 i s
avai | abl e farngﬂ% ackds d@gclgeggt%%oﬁ;%%%ﬂpﬂé 5A90P O3t 100611 90D B piall Y PE
ec ockvilTe, ., un

Cul ture Col Ion, er accessi on nunber ATCC  53281.

QO her foact et pmiteip aphpppyncptdes endhmbthodseftisiag theay for vsccimpiian dredescribedvar i ous
enbodi nent s, .SEGret e urf 58 rd I pdes are used
(g 5 s Eos poBl e eBE R SRR IBES TR E S Ba P AR 00 O
bacteri a sus$R0Bo0ERT MGH2dE.i Ah antigeniceagmphtecan ingtlide oeclo@BIe Wi thel ysacchari des

can be conjugated to S.C otein .al | vpeptides @r ant| 1C
fragment s !ttﬁ‘gféﬂﬁ}' ?ep?%g‘@ltﬁ Pg%’i“ﬂmglaﬁﬁ%p‘?gs g:o prgt%ﬁ%g{gé); 5%5218% %&%‘%ﬁgéﬁ ypepti de
whi ch cont goptighnit Grafih&fs therael flay be epgiagate t Biodified IGERV palysacchaidbd s

(Mchel et al.. Proc Natl Acad Sci LfSA 89: 1118&30 10064, %99%&. %ﬁé{erial 10
C prot®8in alsHEBS GIyenbriae’s Potdn FRTADAS P @Ish e BB AR AR on are
described ke prbtsins Qﬂf)s)is ce proteld PstiRBBcévdlls 1 bpBHSspBe,2andInt7, 081,

5, 843,461, 5, 843, 444, , 820,860, and_5, 648, 241, An %Btl gleni c fragnment can
i ncl ude onelasrnigdinding preteia) canaiedieiused assaniceprotensiEedm egdl. &4 o aci ds. @GBS

C protein bgta, of ARSI14ENoRSYRARChERBaL., Infect Tmmun., 1991 Jun;59(6):2023-8;
Larsson et al., Infect Immun., 64(9):3518-23, 1996; Wastfelt et al., J Biol Chem.,
20 271(31):18892-7, 1996; Ferrieri, P. , Rev. Infect. Dis., 10(Suppl. 2):5363-S366, 1988,
Kong et al., J. Clin. Microbiol., 40:620-626, 2002; Lachenauer et al., Proc Natl Acad Sci
US4, 97:9630-9635, 2000; Spellerberg et al., Infect Immun., 67(2):871-8, 1999;
Adderson et al., Infect Immun., 71(12):6857-63, 2003). A bacterial C5a peptidase or an
antigenic fragment thereof (e.g, a streptococcal C5a peptidase, e.g., as described in U.S.

25 Pat. No. 6,355,255) can also be used for conjugation to the modified polysaccharides
described herein. Streptococcal matrix adhesion (Ema) polypeptides or antigenic
fragments thereof (described in U.S. Pat. Pub. No. 20040071729) may also be used for
conjugation to polysaccharides. GBS polysaccharides may be conjugated to more than
one polypeptide. For example, a modified GBS polysaccharide may be coupled to two,

30 three, four, or five different bacterial polypeptides.
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(or antigenic fragnents thereof) may be conjugated to nodified GBS V
pol ysaccharides. 15 The GBS C protein beta, C protein epsilon, R protein
(al so known as Rib and R4), Al pha- like proteins (Al ps), surface protein of

group B streptRenssHds 1 (spbl), spb2, and Lnb (| am ni pcRjgashosesessot €i n)
can al so be usec{ as carrier proteins (Heden et al., Eur J |nmunol,

21(6):1481-90, 1991; Mchel et al., Infectlnmun., 1991 Jun;59(6):2023-8;
Larsson et al ., Pohfachardercampoesitfobé Gaul&ﬁ’dzﬁmﬂ&;dwgb@djum@t fAsljuvapis medy. , JBi ol

Chem, 20 2 1):18892; 7, 1996: Fer e
10( Supp! . 2’*)“1%? s {EERINC IGRANES {é’ttﬁ%ﬁ’dlysaﬁ"ha‘?ﬁgg kﬂcro a% . 620- 626,
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described in US 255) can_al so be used f or conjugation
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U S. Pat. No. 200400%229 na al{ygo bg used_for. conjglfngatlonr)to

po: ysacchgrh@b@“(%%@ewla}@aé@wahqsﬁ Tipjd HeCordnsy Hamilion, ¥ettnps? @Ran  one
ol ypepti de
pol ypep E&@g@jﬁﬁ@% 5?139%1{63?4 }é &th @ﬁgla@%xamﬁaﬂ ﬂﬁnﬂ?ﬁ-&%ty@-OUp{/\%d to

two, 30 three er e cteri'al polypeptid
2006/ 06034 ImBEHYGA0EI- (b DMizdglutmoing St VD) H@cetwhwsnmmwswhnylﬂa

to the pol yliaRapt (0P 1T Rt & AP EPR AER e BRI RS T Eor "o
! ndijcg an uﬁn‘ghnam mypbm%mi%(ﬂ' IahpahnMe&gb'berpéHmslauwhlm&paeryloxa(ehthrvant s

I ncl ude: vva ncony dj uvant

5 0il; |rorV %’geg@oﬁ)régﬁé‘&f%%frﬁ% %ﬁjﬁ?ﬁ[}?ﬂl BFEa ﬁ’tvgnts %uﬁﬁ:a%g“ml%n{j )
CS: 19:31 ;,I ren sgg(gjt%gértics anmt@mmﬂdwmﬁﬂmamgm@mm&ﬁorgl Sextile, Wakslx) r an

Bi ophelPirmc QB B3 B, USF i Ao e AT TRRES PO BN ated
nonophosphor yl | Lg@hnShidyation bf ﬂ?saé’&mzﬁéébﬂ oiBbiks. Modb2dd goBRacchiridee aed Ky |

gl ucosam ne 9Wﬁhat e conpound, Cori xa m | ton, Mont. N-acetyl 10

mur amyl - L- t e_qgnjug@qu G éﬁifq{@u{raqurm R/gpjable carrier media for

N-acet yl - A R Ba e eERukd GAT 7.4 Sf @I tO as

nor - MDP) ; Etgé(%%mtnslrbgé%{ gES% anglthbgl}_;B I sogl ut am @il 7.4)

i nyl - L-al amlmemgmmhbsphatetgﬁmspmd@yn sedhurg py@s@hﬁe@uﬁvﬁ #inp s HRbr y| oxy- et h-
20 another conventional media). Suitable pharmaceutical carriers are known in the art.

Compositions for administration to a subject can contain from about 0.1 to about
500 pg of a polysaccharide composition, e.g., about 10 to 50 pg, and can elicit effective
levels of antibody against the capsular polysaccharide in mammals. The exact dosage
can be determined by routine dose/response experimentation.

25 Polysaccharide conjugate compositions can be administered as a single
immunization or in a series, e.g., two, three or four doses at 1 month, 2 month, 3 month,
or longer intervals. A booster may be given one year, two years, or more after the initial
immunization or primary series of immunizations. An exemplary immunization schedule
for pregnant women is a single dose given in the second or early third trimester. For

30 immunization of non-pregnant adults, a single dose can be used. The requirement for
subsequent booster doses in adults can be based on the immunogenicity of the
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yl am ne) (CGP 19835A, referred to as MIP-PE). Pol ypeptide adjuvants such as
IL-12 (Genetics Institute, Canbridge, Mass.) and Gvi CSF (I mmunex Corp.,
Seattle, Wash.) 15 may al so be used to enhance the imrune response to

pol ysacchak, sitions. Admnistration of pol ysac i osi tions.
Modi fi ed pﬁ@@g@gﬂg@i des and pol ysacchari de conjugat eﬁ?gg@g@g@wl at ed
in a suitable carrier nedia for admnistration to a subject (e.g., sodium
phosphat e- blfsecoharideadopesifimi-bnd. ohpoiog s@veillas/pf efficaclyofiiheyheinstiat e gel
suspended iqi’rs?xégi um hos]{)hat e-buffered saline at pH 6 or 20 anot her
convent i onad"CHEgAA 8 PN phar maceutical carriers are known in the art.
Conpositions for adm nistration to a subject can contain fromabout 0.1 to
about 500 g of a polysaccharide coBEAMRLES, e.g, about 10 to 50 g, and
can elicit effective levels of antibody agai nst the capsul ar
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or primary j3erheSmont AW He?? GRENAducH hrEx IR 1M ¥nd tiBadiésONeigeRedul e  for
pregnant wonmen Is a single dose given in the second or early third
trinester. IEMnalzA inotippseressche prcenigio piotsgheaenatazirgaingt ingasve difFasedose can be

used. The requir 0 Iﬁ”(?% t &hi i teSpomdés, be based
on the immnogerﬁ?%%’fgf&}tdhe §g\%?s%0%6 g%bg%fﬂgﬁcﬁ}éeu%gggg%3 424

pol ysamc harirelpolyman of repeasingands withybrawer thrge sugars|ia fhedaghboas sdedbieeof t he

vaccine in _elicjtin i 1.

Char act eri zséftg?rﬁhde 1?“?%%{?6_5 @3%5‘?? fegﬁg\%gﬁg%%ﬁﬁ%@ﬁﬁ@a@f: 3[ 5 Unconj ugat ed
pol ysaccharpaligaschaddespghich inghoedow deviels@flgs amiboding sretpwlsmyqueof arepeat yik | b,
and type Il grou St reptocqccus. S)..eli.cit pringri .bodies in
humans. In ‘E’Bﬁ’ﬂ’%@l %%Iet y Egiya%@n?m%’s&%erch%ﬁsf PF%"“I i }yr% 41 ‘%gsegﬁ%?‘geodi es.
Nei t her | odviebfy lihl@A té R biE®Sne KiRsther bewhich serthme sogap side-ebdin,onat es

agai nst invasive disease.. Jypes |s,.]b, and Il GBS pol ysaccharides, which
i nducelSst r dagRing arsidig b iwhick 1s a giglicacid. hol yners of repeating units with two
or three sugars dynlidfly RRakiaRfeangolfsabdiafi@es were prepared to examine epitope

presentation and determine optimal epitopes for inducing an IgG response in humans.

Competitive enzyme-linked immunosorbent assays (competitive ELISA) were used to
determine reactivity to GBS V PS of antibodies in the IgG fraction of a serum pool from
20 5 human volunteers immunized with GBS V-tetanus toxoid conjugate (GBS V-TT) in the
presence of various modified forms of GBS V PS. In these assays, the modified GBS V
PS were referred to as “inhibitors”, i.e., inhibitors of binding to native GBS V PS.
To detect GBS PS-specific antibodies, IgG fractions of antisera were allowed to
bind to native GBS V PS-HSA coated onto plastic 96 well plates (ELISA plates) in the
25 presence of various amounts of free polysaccharides in solution. In these and all ELISA
experiments reported in the following examples, the native polysaccharide used as a
coating antigen was a form conjugated to HSA. Methods other than ELISA can be used
for detection of PS-specific antibodies, e.g., other art-recognized methods for evaluating

antibody-antigen interactions (in solution or on a solid phase).
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sugar sidechain with a sialic acid residue at the end of the sidechain.
Type V pol ysaccharides, which induce |ow |levels of 1gG anti bodies, are
polymers of a repeat unit containing a three-sugar backbone with two

si dechai ns &%%?/ﬁsfosﬂhi ch is a glucose residue directl ¥Clr}0@ﬁr%§j/0§9924t he
o e

backbone, the er of which is a three-sugar side-chain, t 15 term nal
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ELI SA pl at eggiife deiiyk VG (KNl Nrok) & sBEwRbY the@Rerlfpidlgenhibition

Pol ysacchari des tested for inhibition were: (

1) native type V
pol ysaiécharquares &orthgse chemycatly moditisd nedysacsharides,, '65%‘?‘%?9‘?’ gwﬁx&évﬁé&e Yinits
(filled tri lasgiﬁh ] kol : 0 IThe atgairasdi v
representi nlgg]?e ucle)gédg%yzrgaﬁ?g%ge\k/ﬁ%ﬁ’?g%gpfg%ﬁgl?ég?a%%g@o%t ai ned g/t%ozone

treat ment OFS labldnge cinglersugarisideghains(dianonyis)fdid not kit bindieg:i Havs) tised GBS v PS
backbone wi VEFRbit i PR SitofFEs hesiler e TheR Blaio sy WiPe s v ps
Wi t hout t hedoshingit epitopg & depeémentainahesize of the type V polymer, as longer native type V
20 PS (204 kDa, filled triangles) was a much better inhibitor than a shorter version of native
type V PS (7.8 kDa, open triangles).
The ICsq of each polysaccharide is shown in Table 1.
Table 1. ICs of Polysaccharides for Human V-TT Induced V-specific IgG

P

Fraction Antisera
Inhibitor ICsp (ng/mi)
Type V PS 0.3
Type VIIPS No inhibition
Type IV PS >270
Desialylated Type V PS 0.14
Deaminated Type V PS 0.09
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(which is identical to the structure of GBS VIl PS)(dianonds); and (6) GBS
IV PS (open circles). Al of the vaccine-induced anti bodi es recogni zed the
deam nated (filled squares) and the desialylated type V PS (filled
circles) a t he overl apping inhibition 7s cur e

chem cal | y%ﬁ.;%@%g%)lpol ysacchari des. Anti body binding %&g%ﬁg{bﬁs\;‘gpﬁpe PS
was inhibited by native type V PS, as expected (filled triangles). The

nmodi fied type VA Hﬁﬂhﬁ,fa&eﬁg)fhﬂﬁlﬁcbﬂw @BS pglamc&mddesfmsmbédv@rfonﬂisiglm d not

i nhibit bindin Thus chai, a,.cr. dom nant itope for
the anti bocﬁ'aéggn %‘{é’ﬁ‘énﬁg‘ﬂﬁce&@#d?%%@%ﬂ?‘b?ﬂgs m(t% UREREEDI RS p@P

dependent a4 WeinSkHieh &sialy1Red, MPLniMate ol dBhgera@tiveapgey PSE(P.CM/IG)EI)y pe V 20 PS
(204 kDa, filled trian gl es) was a nuch better \P%E;é gn %%grigt

versi on of %bﬂ@ﬂéoméwovmgnﬂwt@nﬁw%%ﬁw| e I%B AL P each
pol ysagchar STIRE - ahPil b Ro & dotfrakk ftofdabyeesgitamities f or
Human %/ TT (Fﬁ‘glﬂ):ed Vq}sw%%@e;@éa} ﬁde’LehFr action Anti sedr?a Iﬁfﬁl bitor | ng (Wy/)
Type V PS (g8l an;ub@dlm |Thp§3m9f ﬁq@gmalmcelpﬁndvm oyiyipEnbledz SImHaiesilis| at ed Type
Y oPs 014 JRemaates E%é&gG\in&ﬁe GeeBforkbr YR R0RAIGPRAarRER idne 05/ 039424
A simlar pattern Irtron b S pol ysaccharides was observed for the
| gM fracti ctqtabcbfl\@a@hmt@rsltcﬂﬂasﬂ(sedarGBS V-specific antibodies in the human
serum pool for GBS V, in which desialylated, deam nated, and | onger native
type V PS (204 kDa) inhibited binding nore potently than shorter native
type MoPS (7.8 Hiable Bridsi ofiRolyswcdiSriey for Bumbn, V-THUdutédkVspeifielegMigar si de
chainis also ad nant epitope for recognition by [1gM antibodies. The

| C50 of ea %?W‘gﬁn}d?ﬁ%rlde is shown in Table 2. Simlar results were

obt ai ned flor thenhibfeorind the 1 gM fractions jof vagCieg/mlduced human sera
froma tdtal of 10 volunteers tested so far

Type V PS 0.13

Type VIIPS Not determined

Type IV PS 190

Desialylated Type V PS 0.013

Deaminated Type V PS 0.005

Example 2. Function of Type V-specific Antibodies
Next, the function of antibodies induced by the GBS V-TT glycoconjugate was
15 examined. In humans, GBS are cleared by a process called antibody-dependent
complement-mediated opsonophagocytic killing. In the case of PS-based vaccines, PS-
specific vaccine-induced antibodies recognize epitopes or binding sites on the capsular
polysaccharide of the GBS bacteria. Antibody binding leads to complement activation
and deposition of activated complement components on the bacteria. The antibodies and
20 complement components on the opsonized bacteria are recognized by professional
phagocytes, e.g., via Fc Receptors and complement receptors, and are taken up in a
process called opsonophagocytosis. GBS that are engulfed by phagocytes such as
polymorphonuclear leukocytes (PMNL) are killed by various mechanisms such as

2

oxidative burst. FIG. 5 shows data from an in vitro assay that measures antibodies
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10 Table 2. 1C50 of Polysaccharides for Human V-TT Induced V-specific |gM
Fraction Antisera Inhibitor 1Cso (g/m) Type V PS 0.13 Type VII PS Not
determned Type IV PS 190 Desialylated Type V PS 0.013 Deam nated Type V
PS 0. 005 BExambdosgssrFunction of Type V-specific Anti bogcessivesbseashe
function of antibodies induced by the GBS V-TT gl ycoconjugate was 15

exam ned. In humans, GBS are cleared by a process called anti body dependent
conpl enent _ability tot pramotsspsmoblagoesickaling by Ewlmﬁhqm@ewﬁcwp lpgeaded -
vacci nes, P C y€ i topes or

bi ndi ng si tgc%agd%? a#elbidégéuﬁaﬁ&%ngﬁ}&gg%% ﬂﬁ)g%B%ﬂgt?gct gl’l aIo Ant i body
bi nd: ng | eaespératuco ik &itking oftb¢ bacterin efier Gé)nninurepofstmﬁb@mpmﬂ regonded ag logs

conpl enent on.t he bacteri nt
conponent s gﬁggﬁ%&%bas% TS FeAs Ry TP agagggsle%% iﬂ%ﬁ@g&o@%ﬁ%‘?ﬁ
phagocyt es, kiking of theiIGBSsacldeie e Ak shicsvndn HI@dnbbthMGraabqumfrasuomwchr e taken

phagocyt b (A Ee T ey R AR Gabed BN SC e L R S FE ey

Va{I ous MeGHa tﬂf)rt%ﬁi&teﬂﬂmhgaﬁGBSXA%hwﬂ&aﬁbﬂcﬁ‘B pgﬁhﬁf@&ﬂypw—sﬂemﬁc Ig(})m an in
vitro assay at nmeasures anti 19 WD 2006105034 | US2005/ 039424
ability to WsdRbiEd %é‘b‘ﬁﬁ%)ﬁ’ébe&h%?o?ﬂqaﬁeﬂﬁl \?‘ ° BRRECY X e MiFE8tnce of
ngplbggegt 0 igg/nﬂhf@pavs@%mﬁaw R kikiagp fﬁﬂ&ﬁhan%%&ﬁ:hd:@aoﬁdiiﬁ PlvNL are
i ncubat ed a

t enperature he k||||n f. .the bacterja

it 68" of e S EMFReRen fectese B RSN PERRO I (haAcirie WHRIA T HE
reaction m RinizCBRinYans PeRitd dafs) 3l nBRdh@anAhenARE @ ftvered Killin
of the GBS(gac ria. As sm |n)F 5, both the IgG(grrﬁglggigdy?ractlon )

(bl ack barmc)lu@ddnte#‘céassgmaamnﬁbbdy fractlon (striped bars) of the standard

human serum r ef %gqﬁ p%m gqation of 3
pg/ M of GBS tyg\fe&gﬁgeggc%ma{ %#ﬁ%‘ggfe %ﬁ%ﬁé\ |1 ngﬁrﬂr%{e t han 90% of
bacteria i _rantﬂ_mhesssmre tested lﬁorxmllmgm thimrease d tipegy E, desialylatad typsY&Si fi c 1 gM
pr Oert%d kIalnldI n%‘re?evant ? acc%an eogél}ggala}cggonqggéic? @(ﬁ&) Antibodies were tested at

concentrations that give ~90% reduction of live bacteria (1 log killing). Strain CIB 111

of GBS V was used for this experiment. As shown in FIG. 6, desialylated type V and
native type V PS in the reaction mixture completely abolished the killing of GBS by
PMNL in the presence of V-specific IgM (white bars) as well as V-specific IgG

20 antibodies (gray bars) as demonstrated by growth (bars extending to the left of 0.00 on
the X-axis), and lack of killing (bars extending to the right of 0.00 on the X-axis), of the
bacteria. PGA did not have any effect on the stimulation of opsonophagocytosis of the
vaccine-induced V-specific IgM and V-specific IgG antibodies.

Example 3. Characterization of Murine GBS V-specific Antibodies

25 Sera from mice immunized with GBS III-TT and GBS V-TT glycoconjugate
vaccines were characterized. It was found that one dose of both the GBS III-TT and
GBS V-TT glycoconjugate vaccines induced IgM antibodies and low levels of PS-
specific IgG antibodies (data not shown). Repeated immunizations with the either of the
glycoconjugate vaccines resulted in comparable increases in isotype switching to IgG of

30 PS-specific antibodies. GBS V-specific responses were more rapid and robust after

20



10 Thus the IgMfraction is nore efficient in pronoting killing of the
bacteria. Wwole serum of imunized humans (white bars), and non-inmune
human serum (gray bars) were included in each assay as controls. Next, the
lgG fracti ﬁmﬁbﬂf IgM fraction of human GBS V-TT i ngggashoosddbd2lpodi es
were tested for killing in the presence of type V PS, desialylated type V
PS, 15 and an irrel evant polysaccharide, polygalacturonic acid (PGA).

Ant i bodi es saemd ahdird dmeunizetts dnticating imduction af igpywnolegpmspeyie theon of i ve
bacteria (1 l.o illin Strain CIB 111 of GBS V was used for this

experi ment .mké%s(ﬁ%\%\ﬁbﬁsgg‘ﬁ?)(a 6, desialylated type V and native type V PS
in the reacti on AWGRS M-gpecifiopiuzine imonadioral stibddy wes tsted indle eompeiéveny PM\L i n

ant 1 boa 8 ighaysRPerat et e Ry op Al TIeD, ARk RERGhe O e

|l eft ofs 0. Qfe Stive bdpBulde Poiysadchasidcanld ackihofleskilylatedpolyeacteridx@E@dingdheo t he

right of 0.00_aon_the X-axis pof .th Ja. PGA did t .have any effect
on the sti rﬁ%ﬁ‘t‘}‘gFﬁ'JfSh&%gﬁ%%?&&%?fgggwé?ﬁsemu%%ﬁsﬁv@ ﬂﬁ(%@gd V-specific
| gM and V- sp@&iefGrs Vafiaed idtosh esparled &Rk Batie polysscaltdride] Thd deamimftedVur i ne
GBS V-specific Antibodies 25 Sera from mce i mruniégd vvitag S111-TT and
GBS V- TT gl GBOYRS whichds thg demnipleriiencdn Apamse VELIOHFCOENZo0,8% e St ®t hat one

dose of bot it iesGBSL! The €L, SFfch fBRadéhdideol a4 caledaled gid & sN@acinnes i nduced
I gM anti bodies and | ow | evel s of PS- specific 1gG anti bodi es ((Jdata not

shown)10 RepEsstestd Simitentesults hevedean ohtaingicfopsll maringmonqelonaland pglyglondlgat e

vacci nes reé&lt%S?% in conparable increases in isotype swtching to 1gG of 30
PS-speci fic antibodi es. GBS V-specific responses were nore rapid and robust
after 20 WD 2006/ 050341 PCTI US2005/ 039424 second and third inmuni zations
i ndi cating indugt i i i | ey ot

Shouny. A GeS vAapcy ACe SRPARR ARG lEE Markis V13 [nAllOPSp RATD)
conpetiti veFratlidnAntiksesay described in Exanple 1. In contrast to human |1gG
mur i ne | gG+eecoghize—b—the—rattvre—ecapsutaf—potysaccharide—andTmot—the

desi al yl atjed poﬁ?’é‘gﬁ%ari de (FIG 7). The graph F%"K’i‘%mb? shows t hat
desi al yl at gt~ GByY. Pl nds nuch nore Weaklly to plpe nurine GBS V-1 nduced
| gG as conpar ed ryg the native polysaccharide The deaminated GBS M PS,

whi ch is the dofypaNIIRSi t ope in humans, were noP8Hecogni zed by the furine

Type IV PS No inhibition
Desialylated Type V PS 0.7
Deaminated Type V PS >10
15
These data show that the immune response of mice to GBS type IIl and type V is
different from the human immune response with respect to isotype switching, dominant
B-cell epitopes, and functional epitopes.
20 Example 4. GBS Type III Polysaccharide-specific Responses in Rhesus Macaques

A group of three young non-pregnant female rhesus macaques (Macaca mulatta)
were immunized twice with GBS type III-TT (50 pg PS, intramuscularly) with 8 weeks
between immunizations. Sera were obtained before immunization and weekly after

immunizations for evaluating levels, isotypes, and functions of vaccine-induced PS-
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antibodies at all. The IC50 of each pol ysaccharide was cal culated and is
shown in 10 Table 3. Simlar results have been obtained for all nurine
nonocl onal and polyclonal sera tested. Table 3. 1C50 of Polysaccharides
for Mirinews hbshdasyced V-specific 1gG Fraction Anti segg@uksosssoiar | CSO
(pg/mM) Type V PS 0.04 Type VII PS >810 Type IV PS No inhibition
Desialylated Type V PS 0.7 Deam nated Type V PS >10 15 These data show
]'Ehat Eﬂe erwiﬁg aetbpdinsadahrrivr-sgectiv (BBSetayypdoxdid-spegific) gribodies. sThedi f f er ent
rom the human i mune on ith respect to isotype sw tching, dom nant
B-cell epi t"&ﬁ%&?sVé?’i%l’“’?‘ﬁfﬁ@%flt(fjﬁgﬂﬂé”ﬁ? °%%é°'§'. 20 Exanpl e 4. GBS Typg -

Pol ysacchar i de- ggacigi, endRpsakisedy respoitiee sothe tyipe &l B8 svefe graminedoFIGI® ee young

W Un B T ylsBioR ot PR PP R P et a0 e E R GRS °°

| muni gat ! LS §@E@co)ﬂlﬁgﬁe _%Hcﬁijé e thriah@uema R moatdygwitndchiek| y af t er

I mmuni zations for evaluating |evels, isofypes, and netions qf

vacci ne- | ndﬁ@é@n@tﬁil%s?ﬁ%}’be%gﬁ@ ap@ﬁ_f 6’8%6?3’9 ﬁ%W&WF%S@ﬁﬁrnti bodi es
and carri erysRReidhenifdioRis shbPh 8RS X-SuOAHEPROE beypent feoidicesM The
vaccines were well-tolerated by the macaques. I1gM [ gA . and | gG anti body
responses tantibeiestip pe/mljare shawinen gheckarsnblp immpunizagonsgapindicatedRythe

| I'l-speci fig, kM Lgsponse before and after two immunizations with the GBS
S II'1-TT glycoconjugate vaccine in three rhesus macaque nmonkeys, W th each
| i ne riopresent i Myadfdhd thiee nwnis¢ysammubized, with @ﬁﬁdﬁ-Tﬁ@ﬁWﬁhﬁP PHOMREPE The

| evel s of B0 SEsIRtetdf b FEMARE AR, GRS TN AN telE S e |
Y-axis. Thewsradetaitahirioonskaafter ihedirgatmeunizytiontie theb aiskmenkeysad he levels of
GBS IlI-specific IgM peaked after two weeks, and there was no booster effect of a
' second dose of the GBS III-TT vaccine.
15 One of the three monkeys (monkey # 369 92, top line) had pre-existing IgM

antibodies to the polysaccharide vaccine antigen before the immunizations. However,

these antibodies were not specific for the GBS III PS antigen because addition of a huge
access of purified GBS III PS to the reaction mixture had no effect on the binding of the
antibodies to the ELISA plates. Due to the high levels of pre-existing natural antibodies

20 that cross-reacted with GBS III PS, we distegarded the values obtained after vaccination
in ﬁthﬁer analyses.

IgA responses to the GBS III PS are shown in FIG. 9. Two of the three monkeys
showed a low level of IgA isotype switched antibodies to type III PS. The third monkey
(mornkey # 369 92, which had non-specific GBS Ill-reacting IgM antibodies) did not

25 demonstrate any isotype switching to GBS II-specific IgA antibodies.

The IgG antibody responses of each monkey are shown in FIG. 10. Two of the
three animals responded with significant isotype switching to GBS III PS-specific IgG
after the first dose of the GBS III-TT conjugate vaccine. Furthermore, the vaccine
primed for GBS IIl-specific immunologic memory that was recalled by the second or

30 “booster” immunization with GBS III-TT glycoconjugate vaccine resulting in (1) an
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10 Two of the three nonkeys imunized with GBS I1I-TT did not have
pre-existing antibodies to GBS II| before the first imunization. GBS
I1l-specific IgMantibodies were detected two weeks after the first

i muni zat i Q;Voitz&bah%?ﬁe two nonkeys. The |evels of GBS bbtusiegebig | gM
peaked after two weeks, and there was no booster effect of a second dose
of the GBS II1-TT vaccine. 15 One of the three nonkeys (nonkey # 369 92,
top line) hadeRfatdexiibddyespbid] andi2)iazablitasiatincredse it Yevels oh@BEAH- vacci ne
antigen before the. inmunjzations. However, these antibodies were not
speci fic fofPepifis Iggantbofiebs anti gen because addition of a huge access of
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the antibodies to the ELISA plates. Due to the hgh | evel s af E{Ig-exi sting

natural ant EleRsPRIEEato vackine inthess magaguesRcifles HuksRlifl 1fotyps swighipg ar ded
the values J?ﬁ%ilﬁit@%aﬁﬁ&s%envcﬁﬁ&b&ﬁhh%ansi n further analyses. |gA responses
T PS

to the GBS are shown in FIG 9. Two of the three nonkeys showed a
| ow | evel of IgA isotype switched antibodies to type Il PS. The third
nonkey (nonkey # 369 92, which had non-specific GBS IIl-reacting |IgM

ant i bodi es) g 0h1091GBS vARNRRShARleQpafific RGHENLEEn Rbebis Madggied GBS
I'11-specifi OA ant 1 bodi €s. e 1gG ant1 body responses of each nonkey are

shown in FI G 10Thrdawnuag néhigregidnt femakrhesas macagegsoveteimmirizeddivipn iwfithc ant

i sotype i i to GBS, Il PS- i fic . fter. the. first f the

S 111- 77 B paBsmmpeRERar s ARt driRialdd 9 et

|11 -spgei fi gpthifdabeade ghuniRdidh ¥ind Wadkl frenaditaidndy dsdees ety ixdtypes 30

" boos!togfr:" imni zati o%hﬁi_t h. GBénI LI T}EII'\ﬁbglr A od(ion' ng%e.vac. i ne resuslti ng in
(1) an 22 mm&&@%@ﬂ%ﬂqﬂé}@f@?@GB?Wéﬁo %?é@gg@?lﬁlt'?ﬁmgﬁ?‘reﬁ M Pesponse,
and (2) a S&Q&h@g&&@) ahf¥oiRASEhd GBS WeTT e¥RInss WereRH-tblctatedapand fi ¢ | gG

anti bodies. In conclusion, these data show that the anti body response to
t he GBS || Im3Rquegl ycoconj ugate vacci ne in rhesus macaques i ncl udes
substantial isot S\ekigb! hihold§ fesporRestefirt #d 4fer WiRinrhaszaBeswibser ved
i n humans. Exarrp%gééwfég‘g %glys?qgch%ri de-specific Responses in Rhesus
Macaquess ThGBS VBT lycnomiugate yacrine in died thesup sweaguerionkays gradspisted funi zed
twice with Ve TT (50 [ Ak ' NEEKT thehween
i muni zat i Olﬁga §é e};aac%re éepges§r§s the%s%&ggﬁpﬂ 1@51%&%&&3@

monkeys immunized with GBS V-TT had pre-existing IgM antibodies to GBS V PS

before the imnmmizations. All three animals had a substantial GBS V IgM response after

the first dose of GBS V-TT vaccine, with peak levels exhibited at 2-3 weeks after the
20 immunization. A further increase in type V-specific IgM levels was elicited in one of the
three monkeys after the second immunization with GBS V-TT, with a peak level of type
V-specific IgM of 95 pg/ml.
One of the three monkeys had low levels of IgA isotype switched antibodies to
GBS V in their serum after the primary immunization (FIG. 12). Low levels of GBS V
25 switched IgA antibodies were observed in all monkeys after the second immunization.
None of the three monkeys immunized with GBS V-TT had pre-existing IgG
antibodies to type VPS before the immunizations. The level of IgG-switched PS-specific
antibodies was very low after the first immunization, but a significant IgG response was
observed after the second vaccination with GBS V-TT (FIG. 13). These data show that

30 isotype response pattern to GBS V-TT glycoconjugate vaccine in rhesus macaques with
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10 obtai ned before i nmunization and weekly after imunizations to assess

| evel s, isotypes and functions of vaccine-induced PS-specific antibodies
and carrier-specific (i.e., tetanus toxoid-specific) antibodies. The GBS
V-TT vacci Res200868344€! | -tol erated by the nacaques. Typer¥ss§eoiuc | gM
anti body responses before and after two i mmuni zations with 15 GBS V-TT

gl ycoconj ugate vaccine in three rhesus macaque nonkeys are depicted in

FIG 11. Ea@dhabkulseantigigldsespossetané (2)espiorsEG swikthingmliespaisato omodksyof None of

the three ] nized with GBS V-TT. ha re-existing I gM antibodies
to GBS V Psggglég%iés ?n%garitﬂﬁl? F?ﬁ?ﬁed’ﬁgs?seﬂeau{q}%éa%s'ani mal s had a substanti al
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after tghe sgyf\zﬂmdn'hgatwdczm w@Fe dbhiphreEBEGY14)T Oneidbse of tike@RS VeVEl of type

gM o

V-specific .95 pg/mM . One of the three nonkeys.had_ | Qw | evel s of IgA
i sotype swi EI¥IRSOIBEAS PGaing &dpeed viepdoyy I?Wlstq(%éﬁoprg &V ‘Pég(?f’h@ﬂbri mary

| muni zat i otk $hd dohlbunkePWrin¥ed! $hOhediBrpeYcentize SPiybs ePedifidiotnt | bodi es

were observed i1 n all nonkeys after the second | mmuni zation. None of the
three nonkegrtcherantibedios wips 1o el A% Ihumegs FIdrEndies: FempoI Y- AseeBddi es to
type VPS bej 6r D eHs WM Fidt d?@ﬁ¥ﬁgpﬁvé1§¥ﬁkot966 doifenSphd £leeH vomr specific

anti bodies was very low after Irst 1 munization, but a significant |gG
responte wealgimanh swt naschuaianarinabes. Heweves themeajoritafdie Wispesifepativodies (FI G

13). These . ' 10 (BS V-TT

gl ycoconj ug‘géé%%‘/glg 3%’(#2&?#%22@@ éré%%’aeé’%gg%\?\n @3%%%1%%8%050341

PCT/ US2005/ 0394 d4vel§ bf isatyperbgitchnd amibodighindesd by te Bypd - anid AiypaV-THG
switching in response to one dose V-TT i s.Simlar.t esponse
in obser vedWﬂn‘??dPra}?ﬁ?q“E%WS‘ieé"”EP”F@@J?@s‘ﬁx e[a]é%ﬂlbé%‘gla\l/-ﬁlsf%ée%ﬁsiqg tﬂtaent i bodi es
i n humans (imt)psagvﬁtchﬁ%‘ggqm@s-s@wiﬁml b6dicafot the two different GBS ghrocmfiaate 0

I mruni zations with a V-TT 5 cQconj ugat e. vacci ne, were_conpar e FI G
14) . Ofe do&ecigss- tThe %V@Tﬁcﬂpilglﬁﬁaﬁ%{ﬂ’%s 9§‘é‘&‘?fhees‘7‘ ?&W&éﬁlﬁm | ow

| evel s of igobyne, wMid 65 GRS t) IO bibcied duded BBk Enadsotpe shittlng o | mat es.
The nedi an percentage of type V-specific IgG swtched anti bodi es was 5%

and 12% i n J8Grans and primates, respectively. A second

Example 6. Specificity of GBS type Ill-induced IgG antibodies in rhesus macaques.

20 The B-cell epitopes recognized by GBS III-TT vaccine-induced antibodies in
macaques were examined by competitive ELISA. The IgG fraction of vaccine-induced
antibodies from one monkey immunized with GBS III-TT was allowed to bind to native
GBS 1II CPS coated onto plastic 96-well plates in the presence of various amounts of free
polysaccharides or proteins in solution. The results of binding are plotted in FIG. 16.

25 The amount of inhibitors (ug/ml) is shown along the X-axis on a logarithmic scale. The
percentage inhibition of antibody binding to the polysaccharides bound to the ELISA
plates is shown along the Y-axis on a linear scale. Polysaccharides tested for inhibition
were: (1) native GBS III PS consisting of a polymer of approximately 150 repeat units
(filled circles); (2) chemically modified GBS III PS representing reduced size type III

30 oligosaccharide (OS) obtained by ozone treatment of the PS (open triangles); (3) full
length Pneumococcal type 14 PS (i.e. desialylated type III PS, filled squares); (4) GBS Ia
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dose of the GBS V-TT stinulated higher levels of isotype switching to 1gG
in both 10 humans and non- human pri mates. However, the najority of the
V-specific antibodies were of the IgMisotype in both species, even after
the boost ey y/Ap&ésonhi on. Level s of isotype-swtched anpihRdigSoopduced by
the Type I1'l-TT and Type V-TT vaccines in nmacaques were conpared (FIG
15), revealing substantial differences in the 1isotype swtching of the
PS- speci f i cP&whichoditgias ﬂnesarnélméevauga:tisfdb@hém asw@(ynmw}ea)géﬁ)e 15

vacci nes. e | O I ching to
1gGin ggﬁﬁ%%ﬁ{él\éf‘ﬁg &§o? t? vac négmliﬁﬁ?%glgu Subst ant i al

i sotype svm dlehiAQHEA; crbgks). Exanpl e 6. SpeC| ficity of GBS type I'l1-induced

| gG anti bodi es i esus nmacaques. 0 The, B- d by
GBS I1-TT vaCC| %@Hﬁ%ﬁs‘gﬁt PSR °‘i“ﬁn°n?$€%*§§%§9 gt&iﬁ’rﬁ%ﬁ’egg ot

conpet igt i VearBtdpRfentdtive bl thfe@ﬁidnﬁéysoFI(Y a6 @hmmmdumeme vacmdamdma from one
nonkey i munized wwth GBS I11-TT_was CPS

| ﬁ GBS I
coat ed ont cAnibadies recagpizggh the nativg JIPY @%F%@r ‘?Sélé‘gﬁ %‘{] Sﬁ)' goﬁlﬁhﬁunts of
free pol yS&S%&}ﬁidu@iﬂ%fm& iRk ?e%og;ﬁzea%etaelsﬁmateﬁhwmﬂ tpfareindi ng are

plotted in FI The anmount of inhibitors i s _shown _al ong the
X-axis on aSQP@}’Q@r Furtrarmoree the donminqat epiapedis Aepsadent ﬂl}ﬂh&S{ZP@ﬁthsf}'PgﬁlfL body

bi nding to th }ﬂ‘eﬁI BOUEd Lifcldsh R afthl B et idiBRor tianSNA¥Heral ong

the Y-axis on a Ilnear scal e. Pol ysaccharides tested for inhibition were:
(1) natoi ve (mn(ltYpeH’BCb%nBﬁsmmje&)f a pol ymer of approximately 150 repeat

it filled I ti
educed size-typieppRiaipnsthySIATh AR Rl hioddind oWl RGP0 0,
of the PS (tgpell @ei Bmid, Eyd sc(uax)es)‘uhbd aththhmB:ﬂwmwaacﬂoesﬁmuman PS (i.

desi al yl ated t 11 PS, fill 4 /050341
PCT/ US2005/ %0 43 Bumiss, gpRreitngs g(ds Qc%‘%%ﬁ%)l% r‘ggj"g%‘d‘élra"es}%“ Q%% ns as
type |11 (opgitedighict 68l the(@w@ﬁe II[PS WBAe 0% davd adibodies md{tealsom@dmmge anti gen;

filled triangles); eru (HSA; craoss

| hhi b1 on BEATAMPblorSa Gl S LYY GEYeE BT e o R G 16
and 5 are Jappese BlahGokdd). 3h hukiMseLsubpapu@Iidn ofthSantitbdids ebetifat al | of
t he vacci ne-induced antibodies recognized the native | lﬁu%ﬁ% gfl |1 ed

circl es andPuldy orahe total anfihody pormation isEesy-Tercting; hitsSaPa e 'fie anti bodi es
recogni zed ﬁ1£‘&e9£ O ARl ﬁgnl&)jpﬁd bt naPedéeEite Pd14ldr&d-reacting antibodies

(data not shown), one had a subpopulation of antibodies that recognized Pn14 (monkey
20 # 369 92, FIG. 16) and in monkey # 543 91, all of the vaccine-induced antibodies also
cross-reacted with Pn14 (FIG. 17).
The IgM fraction of the type IIl-induced antibodies had the same specificity as the
IgG fraction in all three monkeys (data not shown).
In summary, the B-cell epitope patterns observed for type III vaccine-induced

25 antibodies in rhesus macaques are identical to those observed for human vaccinees.

Example 7. Specificity of GBS type V-induced IgG antibodies in rhesus macaques.
The B-cell epitopes recognized by GBS type V-TT glycoconjugate vaccine-

induced antibodies in non-human primates were examined by competitive ELISA. The
30 IgG fraction of vaccine-induced antibodies from one rhesus macaque immunized with
GBS V-TT was allowed to bind to native GBS type V polysaccharide.coated onto plastic
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squares). Furthernore, the dom nant epitope is dependent on the size of the
type I'll  polymer, as the native GBS Il PS (filled circles) is a mch
better inhibitor than a shorter 10 version (type IIl OS, open triangles).

The popul atd PRedsossfPe |11-1nduced antibodies that recegp 43
desi al yl at edd) type 4\f(l | (i.e. Pn 14, filled squares) var iae}éﬁgqrrsolngﬁt“he nonkey

sera, as it does for human sera. In humans, approximately 50% of the
vacci nees tgoseelyplars mahé présenesofntivisadicasts of fre¢ pelprcdmiides msdlytiath®heat i ve

type 11l PS while 50% _ha ti hodi es that..al.so recognize .1l e
desi al yl at & SYLt 2 ?ﬁeéﬁ’béfq'ﬁg’w%‘%&w}’?é’ I@It@?‘felnl gliag)é1 %}?n}((:“onj ugat ed
grnt i gogj ugadxaort @lokﬁit&ﬁplé?z&l@m tﬂ% perbd?hte{yld ﬁ]f&ﬁliﬁ%rﬁoﬂﬂhﬁmgmf' Ithe andibodiés tohe
odi es recogni ze n or the total anti bod opul ation is
cr oss-reacttPﬁB.S%‘FH@t@éh?eg%épﬂa}t"tfe‘%“feﬂrah’cnﬁéhe i 85@‘?“1%5@‘;%?' t he monkeys did

not haye det ect ahfRaldphdtes (358 foramabitibRwart (1pastivesype(Wpdlgsabearighiown) , one
had a subpopul ati on of antibodies that recog%ni,zed Pnl 4 0 # 369 92,
FIG- 16) arr¢nsistingmile@plymesgBapproximstely 3P0 foped \Va’é%‘f%é‘gﬁtﬁ@lg’rcggk%?‘?%bodi es al so

Cross-r eactkﬁgaicgv{%i%%lgg #é) xén%%%%a%ezl_)GBg quwihﬁge/{r{aﬁggg) @na&faried tyye® #d | - i nduced

i
ant i bodi es icity as ) IgG?_ractlonln all three
][m nk ;ay s ( ?fﬂﬁaedl squasshlowed (4) flenminaiertdps V PfeviBchowmiaingthe ypeV backbopa¥itBhser ved
for type vacgi ne-in - . ' ' i hesus nmacaques are
i denti cal tt_%e?ﬁos aro%%e%%i%%@h%ﬁ&ﬁ%‘%@?%%@' Exanple 7. Specificity of
GBS type V-i nducstiof th€vanink hndteisantibodi¢sarecogninedethe deaminaterb(cBeledland &1si t opes

recogni zed Dy. - IT gl ycoconi ugal e [Nes i J i i
non- huran bR BT ¥ PSR ai e P of AGEbE RSV R BRE 22 o
3f T¥acm ne[ﬁhe@llmd ?n@g;ﬂeg@dﬂymcﬁmdes adehe fatiseype R tanglen)(FiGz 48). wi t h GBS

- was al | owe t i . hari.

bl astic 25 v 2Bue/bugeR eI eGRePy SEs Bt BEiER e s eer iR g O
presle?ce ofwé/[}aggltitgqigmﬁggpgnts of free polysaccharides in solution. The

Fesu . RS : .
e D O e S i ST e b '

| nhi bi ti 0N oDl ks thdBackBrRAWctDIsRchir. R BPUAEhskido bl &id SA

plates given along Y-axis on a linear scale. 5 Poltg/sacchar,i des tested
for i nhi bi tdoptainieg sidechain wasnotnartiof s epiteps. yhgaesilis from therPeliysg of a

pol ymer of .anRhOXIHTEE £ R qeSPAB 8o UR dhSwh HF1¢03d S forthis fdAddA | | | ed
monkey, the antibodies bound substantially better to the deaminated type VPS than to the

20 native PS.
The IgM fraction of the GBS type V-induced antibodies had the same specificity

as the IgG fraction for all three monkeys (data not shown).

Example 8. Function of type V-specific antibodies in rhesus macaques

25 Antibodies induced by vaccination of macaques with the GBS V-TT vaécine were
tested for osponophagocytic killing as described in Example 2. The GBS V-specific
antibodies were able to mediate killing of the GBS bacteria (FIG. 20). Both the IgG
antibody fraction (gray bars) and the IgM antibody fraction (striped bars) of serum from
macaque # 256 89 promoted killing of GBS V bacteria. We found that 1 pg/ml of

30 GBS V-specific IgG and 0.1 pg/ml of GBS V-specific IgM promotes killing of more than

90% of the bacteria present in the reaction mixture. Thus the IgM fraction is more
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bl ack triangles); (2) unconjugated GBS V (white triangles); (3)
desialylated type VPS (filled squares); and (4) deam nated type V PS

whi ch cont ai ns the type V backbone with the one-sugar side-chain
(circles); “&ﬁg PCGA (crosses). 10 All of the vacci ngcippdspgsbopnt i bodi es
recogni zed 't éeanlnated (circles) and the desialylated type V PS
(squares) as shown by the overlapping inhibition curves for these

chemi cal | y gmdédiieptoplivg Ritehariteactans THeviittan speckipébars BE controls
(trlangles)(FIG. 18). Thus, the back one of t@ﬁﬁ%BS t%@ gfg the

doni nant eﬁp‘tb‘ifémﬁa%%tﬁég%%f ity ontrof of STHEe gtpﬂ Mant B cel |
epi tope for, E&ﬁpﬁ%%c%cﬁammgepgmp B@ﬁ%;ﬁ@dtcarmttﬂ@@%sa&e oPsertith GBUSMABGRAL UES WAS
t he backbone of "t he pol ysaccharid he tri-saccharide sialic acid

cont ai ni ng #SZﬁ&QH&FORYWaWthOTﬁB? wtippdipsinduced it Jhbreemuke¥Ssyl ts from t he
conpetigtive i ”gﬁ Qmﬁlh%@ gbte%ﬁtsfmmmqagaﬁ hm@26md IR e MAieBteitiat HeG  19.
ua h

For this indivi the anti bodi es bound substantially better to
t he deami netnmclta}néeSlﬂ%amhﬁrﬁhettbpﬁthéob’wch@ﬂp%S@OPQCOW by RerFE ¥ on of the

GBS type V-Sgétgtch% e@ogg %g% 8 s t@gggléc'rsr% e‘kgldsﬁg»ttue reBSgniAdBle! 9G fraction

for all thr not shown . Function of type
V-specific mnnmbdrdnmant|ep1t¢p¢@§ e Vomdypaecharddss imhyand pednquriasPrigates.

oepanophagals Y g e il By Hihptod bR by Wb imbER. Gftmition,

anti bodi es ofiednmiine sysnemmﬁ altosy flot bdtienigotype ma:hmso batctve BS-gieeEc 20) . Bot h

the 19G antlbo fra ay bars). a Mantl
(striped bdgS)an dé?r 3{21‘? ‘%islﬁihg‘{ ?Té%%ﬁfi?@@ %d%égg priGHot e ﬁg&'ﬁ ‘lgﬂt?%ﬁ%;u?GBs Y,
bacteri a. \Qfgo({lﬁémstamatecﬂ(}ggﬂsl @hs &%@deﬁﬁemﬂﬁamdrgﬁ%@dmmmﬂnegg/ m of
&BS V-specific IgMpromtes killing o re than 0% of _t acteria
present i n Whether g’éﬁ:’t‘u%‘f?drf?rﬁeﬁ?réec"ggﬁﬁ'@n? %PIPW‘Y?WHP?EO&? gpéh%ﬂgb €/\D
2006/ 050341, PCTL US2005 40328 ing el ditdosd Yesiliit: tHuadBirédy tkihk badkGokd) aﬁche
bacteri a. %LR E”;\;I\I;fn tcfgpanélgs eckl %d ebgars are control s ?ncl uded in each assay
as parts of thuseallgwalor E?%@W@ngdt ProfRSties\WoPeHENIES: The data for
opsonophagocytic killing of group B streptococci in the presence of serum
from macaque # 256 89 is represent ative for the antl bOdI es |nduced in all
N 1S Feaqles 6 [31172( ey ve &€

t hr ee nonk &xample

macaques i ndicate thatt the
protein conjugal

Purified GBS V PS was desialylated and oxidated to generate reactive aldehyde
20 groups for conjugation to monomeric TT by reductive amination. The desialylated V-TT
vaccine was non-toxic and immunogenic in mice. Next, the vaccine was tested for
immunogenicity in non-human primates. Three thesus macaques were inj ected twice, 8
weeks apart, with the desialylated V-TT vaccine. Serum was isolated from the animals to
characterize epitope recognition and functional activity of antibodies induced in the
25 animals.
GBS V-sf)eciﬁc IgM antibody responses of three monkeys immunized with the
desialylated GBS V-TT vaccine are depicted in FIG. 21. Each line represents the level of
GBS V-specific IgM antibodies in an individual monkey before and after two
immunizations with the desialylated GBS V-TT vaccine. The time in weeks after

30 primary immunization is given along the X-axis and the levels of type V-specific IgM
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trisaccharide sidechain of the type V polysaccharide is not recognized by
the inmmune system It is possible that the sidechain with a sialic acid
"masks" the recogni zabl e inmmunodonnant epitope of type V polysaccharides
in humans andLdiopsymen primates. W hypot hesi zed t hatpcRRYdoSb %4t NE

i mmunodom nant epitope mght inprove stinulation 10 of the Inmune system
and allow for better isotype switching to protective PS-specific 119G

anti bodi es. anfbodiesingipadl fe Bivéh SlsHeihb Yenia | THeRSmvnizaiis are ihdicardd hthe
chemcally _mdified desialylated GBS V PS was conjugated to a protein
carrier, antlP%*%%nined whether this allowed for better recognition of a

protective epit Wshe(df i threb HOnkas k@G- with e dbsidiglatédd GRSNAUT TuRLEné Nl udi ng
t he gl ucose residue bound directly to the backbone) and 1(15}%%hus al.l ow for

i sotype swi @HBWBO%?%PgﬁnwﬁeW%Ké’éhef%eﬂ’@(’in%ﬁtﬁﬂné 4. CREXPREES on of

rhesus graca & nsdwas SBREivEd BOLITHRE admARASARE RAL 16k of M bR willD] ugat e.
Purified GB was desi al yl ated and oxi dat ed to_l‘/generate reactive

al dehyde  2praly ﬂQYQbS’bq‘oe@Yedc%ﬁFVG@}@taﬂ@‘rfh% wurpreaten €BSV-piecifiedgMdevels didhi nat i on.
The desi aly chﬁtlﬁg?a‘\s/e %Ear tl'¥ as%&dnﬁ?mﬂﬁﬁlzm H9X BN éc Qﬂ@ﬂélscmhﬁbeﬂb Next,

t he vacci ne was I nmunogeni city in no rimates. Three
rhesus nacatedssiakgnted GﬂSe%{Tﬁdevm@were@Wméh@pmced/hw ndiiye GBS ¥ vl at ed

V-TT vaccin Serum Lr ize ep| t ope
recogniti on?gﬁﬁc‘:*nﬁh‘gf i oﬁna? Vlgg?t{é Egctlﬁ‘%%gﬂéé P|E ucec egﬁ{’ﬁ
ani mal .  CBfsMlydpeatvdctine trnga}ﬁ)tugl&nbi;aduoe@bpﬂ&matmfvab&:meeespmmr«elys [ rmuni zed

Fepr esont s SRS o RreRcgeA reapansgs bafli rd ahef i SRR RCR S PR A il
nonkey bef oGBS aNWT Fhécie dté(\@epldtéﬂﬁﬂm'ﬂ@a&l QoS lwdlsfbﬂlba atieiiidbds wlepd seen 8BS V- TT

vaccine. The tinme in weeks after 30 primary inmunization is given along the
X-axis and ®eefthathres mopkeys sfeshofhyimuynizatip 27 WD 2006/ 050341

PCT/ US2005/ 0394 74s dpkhiadi dﬁ?aﬂﬁ%o@ﬁfeﬁﬂon@és%re&ie}éﬁfbdﬁh oG BheloXe 8%ths. The
i mruni zations are |nd| cated b bl ack arrows. None of .the_three nonkeys

i nmuni teed  vihres mw&eﬁe@mnwéwh thepsigsiglylpted My d £ vaecing:had ryRrisivgi88di es to the
native typ e%’lvlbg)(ﬁe%jt? gagsz{c BLARFIOME 1mﬁuﬁ§§tlo\1{s Sﬂ%lsfdf 9%1 e"_? -dpadykic esponse

was observ I'n a s after the first dose of vaccine with
antibodies were substantlal after the first immunization with peak levels obtained 3-8

weeks after the immunization. In addition, a significant booster response after recall
vaccination with desialylated GBS V-TT was seen for all three monkeys. Thus, the

20 desialylated V-TT vaccine stimulated a (1) moderate IgM response, (2) substantial IgG
switching, (3) accelerated and increased magnitude of the V-specific IgG response after a
second dose, and (4) a long lasting GBS V-specific antibody response, with median
levels of V-specific IgG of approximately 10 pg/ml 10 weeks after the second
vaccination.

25
Example 10. Specificity of IgG antibodies induced by a modified type V-polysaccharide-

protein conjugate.
The specificity of the IgG fraction of vaccine-induced serum antibodies obtained

from rhesus macaque # 259 87 was tested by measuring inhibition of binding to GBS V
30 polysaccharides in the presence of desialylated, deaminated, or native GBS V

polysaccharides. The results are depicted in FIG. 24 with the concentration of inhibitor
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peak | evels observed 3-5 weeks after the inmunization. GBS V-specific |gM

|l evels did not increase after the second i mmunization. The GBS V-specific
lgM | evel s induced by the desialylated GBS V-TT vacci ne were | ower than

t hose indugﬁgﬁﬁax/ g native GBS V- TT vaccine, with a pe¢hRoleeels of GBS
V-specific |Ig o? 5p.g/m induced by the 10 desial yl ated vacci ne versus 30
pg/ M induced by the native vaccine, respectively. GBS V-specific IgA
responses b@égﬁmﬁi ctHe HfdkBrant percérniihibida! snhe Wiaxis. tAlboftthe GBESW-gieeific GBS V- TT
vaccine are depicted in FIG 22. .Low | evel s of | i i were seen in
Vo of t he. TiPBGSHTRIsHS IR caitis FER A M e cetian-RRHY CpatyRES, o

anti body resRRARSG At odRPICdSiized ThddetmindRd (Mvasqadres) Bad thd GedidlylaRdmonkeys

i mmuni zed with the desialylated V-TT vaccine % re-exi sting 1.0G

ant i bodi es (ogen sgyares) ap shayaycthe sirilasingigition sugvpior ¥ lé’f‘iah}ﬁgl_"d{%é{Jm s of

| 9G V- gpeci fiiGsac iR 3l 81 @Ry e B ah@ibs) TRy the @BmiriahSB célMepiapeat i on

wi th peak levels obtained 3-8 weeks after the inmunization. In addition, a
si gni f i cant fobthedesialyletsd ST ¥-TH Yaseing-indneqd antjbedigs dmihiesis mycagiieg 38 ey | at ed
GBS V-TT wag, 5650 of ik %Lach%{rﬁg WA hait BHRose! e AihatlBaH@ AARIEM. V- TT
vacci ne stirilated a F noderate I'gMresponse, (2) substantial 1gG

swi t chi ng, {ddjainingedehain sds notdaitiof thesepiidperdlnsamedesulis werreoblairgdawitlf i ¢ 1 gG
response after capd .dose d (4) along lasting GBS V-specific

ant i body re?ﬂ%ggr,n%ﬁ?? ernt%’?iin:faldrrllk%{g'eveI s of V-specific |gG of approximately
10 pg/1 10 weeKehezkpeimentsaveserpealed fonlpM astibodias frafh thecangaleesl The Specificity

of 1gG anti bodi es .i pduced.by. a nodi.fied t B0l ysac ri.de-,protein
coni ugat e. f?ﬂgtsg?felg qnﬁﬁ?ds'/esoff’r fefm frgm qch%{%%o??é 908? a\t/%(ieg fcﬁee-lfllg @d serum
ant i bodi es phvakagsindhdeampuhasbslisacnghieedth? 8niiatsdb@irtlegtaaditiey nmeasuring
inhibition of binding to GBS V 30 gol saccharides.in the Qrﬁ ence of
desi al yl at edesialydated e ¥ &S (ruares) 355BovRY Ve sigp HO0 YEes ISP esul t s are
depi ct ed i NeyeluEall?thoWiflel pbiSacERFAB Ynddkd fivefypé MR (nidizles)? ShuBe2006/ 050341
PCT/ US2005/ 039424 depl_cged on the X-axis and percent inhibition on the
Y- axi s15 Al | dopfinart B celBepiteps fercthe desialyigied Vodh lEcospriurate trernemdtstues
i muni zed w04 ' A L BlysabeiHaedith § Gaerhiipodi es
recogni zed%gocggbgﬁlg%gﬂt‘%hwfﬁ ﬁ%??%(}’g%%’é%@%ﬁ%ﬁtﬁﬁse desi al yl at ed

glucose. The tri-saccharide sialic acid containing sidechain was not part of the immuno-

o

dominant B-cell epitope. The same results were obtained with serum from the other two
monkeys.

20

Example 11. Function of type V-specific antibodies in rhesus macaques.

IgG and IgM fractions of antibodies from macaques immunized with the
desialylated GBS V-TT vaccine were tested for opsonophagocytic killing in vitro. We
found that antibodies of both the IgG and IgM fractions killed live GBS V streptococci in

25 the presence of complement and PMNLs (FIG. 26).

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope
of the following claims.

30
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(open squares) as shown by the simlar inhibition curves for these
chemcally nodified 5 polysaccharides and the native type V PS (triangles).
Thus, the dominant B cell epitope for the desialylated GBS V-TT
vaccine-in dﬁ’g o/ @&pld bodi es in rhesus macaques was the ppagkhpfseph the

pol ysacchari a side-chain glucose. The trisaccharide sialic acid-
cont ai ni ng si dechal n was not part of thi S epltope The sane results wer e
obt ai ned Wi Exampd p ysaakaride mpes

repeated for JgM antihodi es fromthe macaques The results for I gM

ant i bodi es 99842%?&33‘5?? P nacaque # 259 87 are depicted in. FIG 25. The
vacci ne-i nduced A@MvaHIBSJVld‘iI‘GzScdh&D@@midﬂﬁdstéﬂeetdiﬁﬁapenmmwly(tc'mimsl as) and the

desi al yl at ed type squares), as s he sim|ar. i bition curves
for these doueSA @aﬁZﬁwg q%@%é&‘ﬁ&gﬁ P@RS P gpryumzafion: 'q\%et“g?bf‘e V PS

(triangl es)ymh BiRatli teocHs Wﬁéﬁm@aeqh khe§RiskRR%r bkendelt® odasp af athat ed V-TT

glycoconjugate vaccl ne-1 nduced antibodies in rhesus nacaques was the
backbone ofDQsaepraglmstmi ptoflay Qiand day Zl tgsixcIR(i pnicopey g, Sqpgavere

tri-sacc hardbg' eplnk Mﬂs%ﬁ&ot@tlﬁhﬁhﬁgtgﬁf Hawba e Eﬁ?mﬂ% chldbsRfatidag i mmuno-

dom nant B—ce ope e sane re s were obtained wwth serum fromthe
ot her two ztl)akcemm(i;e@nddpé.ee(atl@y3th@N¢bnf‘b’fSpQC§@IeIg(}18<b@edmfbe anti bodi es

R e s S

opsonojphagahyivh tn KiGA7A) theiconoehirations VEV-spesifivdgGlimducedisy the bhveéose ofthet h t he
Il gG and IgMfractions kjll ed live GBS V. st. regt o&ocm b@l EF lp@ sence of
conpl enent @AY VENREgmpositien 3 b days aRer mmymizafien WHGHGVTER H&™ nvent i on

have been dgggsd Qﬁéiaddh%ﬁ%tﬁmﬁﬂ 1€§§ted frlleveld J)ﬂV-EiﬁécﬂﬁG(ll sétae@h tdtaatd 108r i ous
modi fi cations nmday be made w thout departing fromt spirit and scope of

t he i nvent iugiml GICATH). n%lMIMtthﬂahlglemaf t\sTEFIetW'PWP‘FP ofgimz ndpeed of t he

ant 1 boai oo allia SRy C VB B G heeL e IR R E L0

and adjsuvanfo.100 pg/ml in the presence of alum. These data show that alum can enhance the

immune response to GBS conjugate compositions in mammals.

Example 13. Protection of neonatal animals from challenge via passive maternal
immunization

20 A mouse model of maternal vaccination and neonatal challenge was used to examine
the protective efficacy in vivo by passive immunization with sera obtained from
macaques immunized with a desialylated GBS type V glycoconjugate vaccine. This
model is described in Rodewald et al., J Infect Dis., 166(3):635-9, 1992. Briefly,
pregnant CD-1 mice (3 animals per group) were given a single intraperitoneal injection of

25 0.5 ml of one of the following plasma samples: pooled sera obtained from 3 macaques
immunized with GBS V-TT; pooled sera obtained from 3 macaques immunized with after
immunization with disialylated GBS V-TT, standard human reference serum pool
(SHRSIIT; positive control); or pooled preimmune macaque plasma (negative control).
The concentration of GBS V-specific IgG in each serum/plasma pool is listed in Table 4.

30
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A native GBS V-TT vaccine was admnistered to intraperitoneally to mce at
doses of 0.625 gg PS per inmunization and 6.25 g PS per inmmuni zation. Mce
were 5 immni zed with the GBS V-TT conjugate in the presence or absence of
0.5 ng of /‘ggﬁ g¢s were adnministered at day O and dpyygdaobshssiz¥ 129/

m ce per group ra were obtained fromanimals prior to I mmunization,
between the first and second doses (at day 20) and after the second dose
(at day 31). Le\zabse@fcdﬁcsm@ﬁdddfGBﬁi’iSpdciﬁeﬂgGm Séram/plasmaPaolof each group
were determ ned.b SA ag ar.e oqiqtled in FIGS. 27A-27D. As 10 shown in
FI R7A, t helsstsdn JSEhE 59““'\?"5&4‘6 ic 1gG induced by the | ow dose of the
@&BS V-TT JonMpSstuld/pasmd pdalyS after 1 mmuni zat ooy o0Rg/mapt Wveen 0.01 and 1
g/m. By |contrast, the add| tion of alumresul tpd In levels of \-spefific

| gG bet wegn ;geﬁzﬂ atjeng—T?/nmuc G163 thadaqued e mi?ﬁl% the high dose of | GBS

V-TT in the um 1 nduced O. . 05 gg/m of V -specific |gG

(FIG 27Qp—whereas thehigh dose Tnduced fevels of 15 10-100 g/m 1 h the

presence df thWﬁmﬁh@dépmdan@hmwnlﬁma) al um cHhSenhance the i nmmine

response tjo in manypgs. Exanple 13. Protegtion
ﬁﬁﬂ#&i&&e&ﬁ{éﬁg SAAVZixY

g
of neonat gl ajll, s osftL c& nge Vi a pas ive maternal immunization 20 A
nouse rmde-l——e!fg—nﬁtqél frat—vacet ||aL| onr—and—regnatat—chattengewas—used—1 o

exam ne tlhe pookdgreimmpneinfacapieplasmayi vo by pegsleteetablamini zati on with sera
obt ai ned from macaques i muni zed with a desialylated GBS type V

gl ycoconj ugat ¢ vacci .Thi del o

JinfectDis., 288§ m@tereégb ie?fi se Febbd% np gﬁdﬁ?’@a oﬁ‘ > ani mal s
per 9][ @;JE) %ﬁﬁf lS‘orﬁkN&anlc&Wéfebﬁallbﬁéeﬂ&ﬁmrdc}o@m%Bs (qugmtctmmmozmnda 5m of
one 0 e follow ng plasma. s 00Q se e caques
i muni zed \ﬁr%aﬁar@st tT"‘f‘mhﬂ @?%@ﬁ%mg’ﬁ ﬁ‘l’fe‘a 4636@\%% A zed
with after F %B%ﬁdﬂeﬁé@S@oWs%ﬁ&%@&e\ﬁstIm‘m Bjaﬁikhb%&llﬂ

ref erence SPe um poo (SHRSI 11 p05| tive control); or pool ed prei mune

macaque pl dohig Sm@glawwm@mﬁ&!r TREAOWERN? ?mwcwew iz8decific | gG

h 1] 341
T N el e B

Ser uni1pl asrGBRoBrotectioidlst ssth from dRivatisd Vvidl ipdencd apimsts %G@P‘lpafab e to
protection by sera from V-TT induced animals.

Table 5. Survival of Pups in GBS Passive Protection Model

Serum/plasma pool administered to Percent surviving

mothers (number surviving/total)

Desialylated V-TT induced (pooled macaque 66% (20/30)

plasma)
V-TT induced (pooled macaque plasma) 78% (25/32)
standard human reference sera V (V-TT 73% (27/37)

induced; positive control)

pooled preimmune macaque plasma 16% (3/18)

15
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Serun pl asma pool V-1gG (g/m) Desialylated V-TT i nduced (pool ed nmacaque
12.3 plasnma) V-TT induced (pool ed macaque plasma) 10.5 standard human
reference sera V (V-TT 11.6 induced; positive control) pool ed prei mune
macaque pl @‘ﬁﬁh etectable Sera were adm ni stered t@ctRg003/69424- 3 days
before birth. &)%E)ﬁg first day of life, 5 pups born to the mce were
chall enged with a dose of (BS (strain CIB111) 40 times greater than that

whi ch ki | | sp.5@810f4. tHstedt oR®f NBoriahil niitedorh DakteneOSB)ActiVadandier s of  pups
surviving the GBS challenge 48 hours after birth are listed in Table 5. As
shown hi  TEEM@ization assj ve vaccination of pregnant aninmals with sera from

macaques i Muni zied mothd ol 8t Akttt Recikdion ind Reotatil eaflankidueribed jar ot ecti ng
their pups fromlethal doses of 10 GBS. Protecti o&ﬁgélypcﬁ.era from

desi al yl at dékamplerl3; pbpyecvesaliogsdiodalsrapaibs inpive © 8%t i on by sera
from V,TT ipgdh %‘%‘ﬂﬁ%ﬂ | RhrSr ad@liligied ivﬁU\Wé AHiniObreféPfendalt CHRS ivs hive
eru

Pr ot ect’i on el pl asma” pool adm nistered to Percent surviving
not her s ( nuatideys Gsamd\2ilv Encll dose ednfaindddsd (¢ DS giverjasa giycocaringaiabspded 9d nacaque

669%¢ 20/ 30 | asma), . V-TT i,nduced al.e | Yokt 32

st aildar d %Mﬁ@ﬁ@g %P%evet%ﬂ?%‘%%%'%&h?ﬁ@%g po%{} ti v)e
control ) poglifskidel & coRtisIe. tieto HedmrAmi64/mi &/ i@} ¢ 234 o\eXB6/ 050341
PCT/ US2005/ 03945%[@5;@ Iemg%aﬂPr gfﬂ Jtzli n fmﬁNgg %tﬁal tﬁgbu'o %tﬁ fraom

Chal | enge \A2Y oAlfs q\)gt?sgpﬁ S@%ﬁ% éﬁ%ﬁmﬁ‘? ar?rieusaéo cﬁénfgl of "hat er nal
vacci nat i on4erd DLHeR tlidtodd aThengtbeflT plipsaatiiving theGBRXalldige 48houe, was

al so used to determ ne the in vivo efficact)£1 of .active. .
after birth are listed in Table 6. These data show that active immunization of females

with desialylated GBS V-TT protects their newborn pups from lethal doses of GBS.
Protection by active immunization with desialylated V-TT was comparable to protection

by active immunization with V-TT.

15
Table 6. Survival of Pups in GBS Active Protection Model
Vaccine administered to mothers Percent surviving
(number surviving/total)
Desialylated V-TT + alum 98% (49/50)
V-TT + alum 100% (71/71)
saline + alum 41% (10/24)
OTHER EMBODIMENTS
A number of embodiments of the inventions have been described. Nevertheless, it
20 will be understood that various modifications may be made without departing from the

spirit and scope of the inventions. Accordingly, other embodiments are within the scope

of the following claims.
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5 immuni zation. V-TT or desialylated V-TT was adm nistered to female CD-1
mce twce at days 0 and 21. Each dose contained 0.8 g PS given as a

gl ycoconj ugat e absorbed to al um num hydroxi de. Anot her set of female were
adm ni stered saline and al um num hydroxide, as controls. Pups born to the
i mmuni zed m ce were challenged on the first day of life wth a dose of GBS
(strain CBJ111) 40 times that lethal to 50% of the mce 10 (40 x LD50) in
this nodel. The nunbers of pups surviving the GBS chal |l enge 48 hours after
birth are listed in Table 6. These data show that active inmunization of
femal es wltAIMEsi al yl ated GBS V-TT protects their newborn pups fromletha
doses of GBS. Protection by active inmmunization with desialylated V-TT was
conparable to protection by active immuni zation with V-TT. 15 Table 6.
Survival of Pupht #HIZERS CARPOVEOPFOTBENSN Model  Vacci ne administered to
not her s Per cent [RVAEYZ I yd ) i@l -TT +

al um 98% ( 49/ 563’)S£|\’7¥d|#ﬁé439'§?&uémn%ioagos?é#ﬁﬂ% B6iafnd Yy releF I %foa/(gl‘(a'%(dl;éw

OTHER ENBGEYiddeABSE oAe numbes trishcahabidel siderhtims of atpueified geowpi B sigerfiespecuseen

descri bed. EExerthzleﬁé, Lt. 20ﬁ¥jll be understood that various
modi fi cat i(GFS) B HBORKAFEIH48M departing fromthe spirit and scope of
the inventi Ons-(b)“&ﬁrl%{egﬂﬁk}zé,co%ﬂ@ﬁﬂly@ﬁ@&%m&h@b&yyﬂcbﬁdrmei he scope of the
followi ng clains. 32 ALMS 1. An antigenic conposjition conprising: (a) a
nodi fi ed behereinithé cpopgsitier irducerchigheraseien I8¢ lexpls thaysane g& heyiels

resi dues of, on o[ [ aride sidechains of a purified group B

st rept ococ%}lf ugf%é@‘f@%tea\ﬁ%‘?ﬂqgsacchari de; and (b) a noiety that is

covalently associated with the pol ysaccharide, wherein the conposition

i nduces hi gher serum | | eyel s thap serum | | evel s when, used to
i nocul at e 23 pr i%tcgmposglgon of cla'ism 1, wherein the mo%%ed po?ysaccharl e is obtained

by removing sidechain-terminal sialic acid residues from the purified GBS type V

polysaccharide.

3. The composition of claim 2, wherein the modified polysaccharide is obtained
by treating the purified GBS type V polysaccharide with 0.1 M sulfuric acid at about

80°C for at least about 60 minutes.

4, The composition of claim 1, wherein the modified polysaccharide is a

desialylated GBS type V polysaccharide, in which all sialic acid residues are absent.

5. The composition if claim 1, wherein the modified polysaccharide is obtained
by removing all three residues of one or more trisaccharide sidechains from a

backbone of the purified GBS type V polysaccharide.
6. The composition of claim 5, wherein the modified polysaccharide is obtained

by sequential desialylation, deacetylation, and deamination of the purified GBS

type V polysaccharide.

33°



2. The conposition of claim1, wherein the nodified polysaccharide is
obtai ned by renoving sidechain-termnal sialic acid residues fromthe
purified GBS type V polysaccharide. 3. The conposition of claim?2, wherein
the nodified pol ysaccharide is obtained by treating the purified GBS type
V pol ysaccharide with 0.1 Msulfuric acid at about 80C for at |east about
60 m nutes. 4. The conposition of claiml, wherein the nodified
pol ysaccharide is a desialylated GBS type V pol ysaccharide, in which all
sialic acid residues are absent. 5. The conposition if claim1l, wherein
the modi fied pafheseshpaiticte of labt aj Madreibthé ansdified palysatdhagde iesi dues of
one or nore trisaccharide sidechains froma backbone of the purified GBS
type V poldgamineiead/GRR tyrs. V palysecshgrisi t i on of claim 5, wherein the nodified
pol ysaccharide is obtained by sequential desialylation, deacetylation, and
deam nation of the purified GBS type V polysaccharide. 33 7. The
conposi ti @& of THeaompbsitioh ef ellaim l heherenti the sigupisyspudypeptidele i s a
deanm nated GBS type V pol ysaccharide. 8. The conposition of claim1,
wherein the noiety is a polypeptide. 9. The conposition of claima8, wherein
the pol ypept i deryes camPaGhict i ¥ clapf! $Paphdrélf- the0 pollpeptiRMOS thaRrigf claim
9, wherein the polypeptide is a bacterial toxin or a toxoid. 11. The
conposi t i golypepiedeai m 8, wherein the pol ypeptide is a tetanus toxoid. 12.
The conposition of claim8, wherein the polypeptide is a di phtheria toxoid.
13. The conposition of claim8, wherein the polypeptide is diphtheria
mut ant  priot ei The cOBPoditALdf Meinie] @hérdin thEpdyPdptidelid a bhbrerialowpinsirta on of
claim1, wherein the nodified polysaccharide is at least 1 kiloDalton
(kD). 15. tq¥@d.conposition of claim 14, wherein the nodified pol ysaccharide
is at least 25 kD. 16. The conposition of claim 15, wherein the nodified
pol ysaccharide is at |east

11.  The composition of claim 8, wherein the polypeptide is a tetanus toxoid.

12.  The composition of claim 8, wherein the polypeptide is a diphtheria toxoid.

13.  The composition of claim 8, wherein the polypeptide is diphtheria mutant

protein cross-reactive material (CRM197).

14.  The composition of claim 1, wherein the modified polysaccharide is at least

1 kiloDalton (kD).

15.  The composition of claim 14, wherein the modified polysaccharide is at least

25 kD.

16.  The composition of claim 15, wherein the modified polysaccharide is at least

50 kD.

17.  The composition of claim 1, wherein the composition contains an amount of

between 0.1 and 500 pg of the modified polysaccharide.
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50 kD. 17. The conposition of claim11l, wherein the conposition contains an
anount of between 0.1 and 500 g of the nodified polysaccharide. 34 0 18.
The conposition of claim1l, wherein the conposition further conprises a
pharmaceutically acceptable carrier. 19. The conposition of claiml,
wherein the conposition further conprises an adjuvant. 20. The conposition
of claim19, wherein the adjuvant is alum 21. A nmethod for preparing an
i mrunogeni ¢ conposition, the nethod conprising: providing a purified GBS V
pol ysaccharide; and treating the polysaccharide under conditions that
renove ongsgor Mheecongisiioasofodlaitn 3| el theofompditionofuythec comapriisge.a 22. The
met hod of claim 21, wherein the polysaccharide is nodified under
condi t i onPhermacewiialY 8ceePEAbiRediEs-t er mi nal sialic acid residue of the
pol ysaccharide. 23. The nethod of claim 21, wherein the polysaccharide is
nodi fied under conditions that renove the trisaccharide sidechain of the
pol ysacchdni de . Th24onifositionmfasiim bnwhdreinl the wo@positien Sirther lkempristisfaned
pol ysacchar,jde is obtained by treating the purified GBS type V
pol ysacch#AY¥&% t h neur ani ni dase. 25. The conposition of claim2, wherein
the nodified pol ysaccharide is obtained by renoving all side chain sialic
acid residues of the purified GBS type V polysaccharide. 26. The
conposi ti @f. of Theabmpssitiphef elaim {l AevhaseinftheatlipeAny ised@har i de i s obtai ned by
renoving all trisaccharide sidechains of the purified GBS type V
pol ysaccharide. 35 27. An antigenic conposition conprising: (a) a
purified pal ysagchrtiode feomepaingg aa pnufuabgénic ofonmpétaini ntheumetlsodas  shown
in Figure 1, wherein one or nore of the repef;\ti ng units %cks. thﬁ?}“Si alic
acid resicamrisingt heovidings i naifigd SRR cMaiPRlYsags afefpf) G ANEc HFal ent | y
i nked to rJ . ] | {d i - § r serum
| 9G | evel sptopﬁgér%:?léﬁéﬁﬁ%? gﬁkﬁq‘gegﬁ{{'ﬁﬁﬂeﬂmtv@%ng BFRRSL tdsRited BONSRECHAIDAE

the polysaccharide.

22.  The method of claim 21, wherein the polysaccharide is modified under

conditions that remove a sidechain-terminal sialic acid residue of the polysaccharide.

23.  The method of claim 21, wherein the polysaccharide is modified under

conditions that remove the trisaccharide sidechain of the polysaccharide.

24, The composition of claim 2, wherein the modified polysaccharide is obtained

by treating the purified GBS type V polysaccharide with neuraminidase.

25.  The composition of claim 2, wherein the modified polysaccharide is obtained
by removing all side chain sialic acid residues of the purified GBS type V

polysaccharide.

26.  The composition of claim 5, wherein the modified polysaccharide is obtained

by removing all trisaccharide sidechains of the purified GBS type V polysaccharide.
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when used to inoculate a primate. 28. The antigenic conposition of claim
27, wherein all of the repeating units |ack the sialic acid residue of the
trisaccharide sidechain shown in Figure 1. 29. An antigenic conposition
conprising: (a) a purified polysaccharide conprising a plurality of
repeating units as shown in Figure 1, wherein one or nore of the repeating
units lacks the trisaccharide sidechain, and (b) a noiety covalently

| i nked to the pol ysaccharide. 30. The antigenic conposition of claim 29,
wherein all of the repeating units lack the trisaccharide sidechain shown
in Figureonj. Sknﬁgﬁgaﬂgbgmgbgﬁ(g@m}ﬁﬁﬂiﬁﬁ@n conprising a desialylated GPS
type V polysaccharide with no sialic acid resjdues, covalently |inked to a
pol ypeptide médet purifipd melyseeqherids CPHERFAS o RPEAIY | 6 Tepsiiing ¥t eti an serum
| gG | evel s, hi gheg. th | ser I ize a
primate. 3 qwxghne{:@nuh ge%nﬁa%gd%ﬁoogirﬁwgn&% ¢ %‘ﬁg%%%ﬁ&%g&?gp%@ka ‘ga%? i mte

| acks | gMrestdiieidfaiell eiSadcharidesidahhiveadS t ype V pol ysaccharide prior to

i muni zation. 36 0 33. The antigenjc conpositjon of claim32, wherein the
anti geni ¢ conp&iamgisty ?W&l?é‘gg l'é‘g?‘{%tﬁ@gaglp’&?éfi‘%“d(?f at least 5 g/nL when
used to i gaGHALR @on?%és‘f‘@&rreindﬁées HiBBerUtBurR g EMRvAD thFE Rirgm CIgVP Retsi on  of
claim11 for the manutacture of a nedi camen? to be adm nistered to a

pri mat e f evherlubali toiingrudate b pomage.r esponse in  which anti bodies that bind
specifically to GBS type V polysaccharide are generated. 35. The use of

t he antigenic conposition of claim1 for the manufacture of a nedi canent
to be admhgi st ghgthntigeric Rofpdsifibn fdrakith Qrwiedréiai dli Y tlenrdpearingeunitsesponse
in which I gG antibodies that bind specifically to GBS type V

pol ysacchdadkdhe sinlic epich egsidue @f Shedriparcsharifispideshain shoyen gukigureslz o

29.  An antigenic composition comprising:

(a) a purified polysaccharide comprising a plurality of repeating units as
shown in Figure 1, wherein one or more of the repeating units lacks the trisaccharide
sidechain, and

(b) a moiety covalently linked to the polysaccharide.

30.  The antigenic composition of claim 29, wherein all of the repeating units

lack the trisaccharide sidechain shown in Figure 1.

31. An antigenic composition comprising a desialylated GPS type V
polysaccharide with no sialic acid residues, covalently linked to a polypeptide
moiety, wherein the antigenic composition induces median serum IgG levels higher

than median serum IgM levels when used to immunize a primate.

32.  The antigenic composition of claim 31, wherein the primate lacks IgM

antibodies to the native GPS type V polysaccharide prior to immunization.
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33.  The antigenic composition of claim 32, wherein the antigenic composition

induces serum IgG levels of at least 5 pg/mL when used to inoculate a primate.

34.  The use of the antigenic composition of claim 1 for the manufacture of a
medicament to be administered to a primate for eliciting an immune response in

which antibodies that bind specifically to GBS type V polysaccharide are generated.

35. The use of the antigenic composition of claim 1 for the manufacture of a
medicament to be administered to a pregnant female for eliciting an immune
response in which IgG antibodies that bind specifically to GBS typeV

polysaccharide are generated and provided to the neonate.

37°



