MODI FI ED STREPTOCOCCAL POLYSACCHARI DESAND USES THEREOF CROSS- REFERENCE TO
RELATEDAPPLI CATI ONS Thi s application clains the benefit of priority of

U S. S. N w0/26@35887, filed Novenber 1, 2004, the contentsTafS2008i084324r
hereby incorporated by reference in their entirety. The work descri bed
herein was funded, in part, through a grant fromthe Natlonal Institutes of
Heal t h (Garﬂy[ammmaaﬁ'rmme@mm SACCH AL EREC
government may, therefore, have certain ri ghts |n t he |nvent| on.

TECHNI CALFI ELD Thi s j . ncl ude
bacterial pol ysacchaﬁ%fgg'iawj '?ﬁ:@w]g‘gggﬁé?lﬂgfdﬁg?ﬁsmr e
particul i'i” ysk@%ﬁgﬁtgnhﬂalmltb{@laﬁﬁﬂ%ﬁ hasity of UihSDE 604528 90Tnied esponses
in mamal s ou streptococci, are a nmaj.or use of _neonat al
sepsi s andNayempagl 13094 ﬁl‘le@ﬁ%@@ﬁPf@Bmhtaé? ]é%el%}h’r@c%‘ﬁ’ﬁﬁé Eﬁrﬁ?cet?%gl%e%rl d
(Ant hony %Q@r gada Annu Rev Med., 28:355- 69, 1977, Baker Adv Intern
01, 1980; Dillion et al, JPediatr., 110(I ) : 31- 6, 1987).
Prl or5to the 1990's, virtuall y all invasive group B streptococcal (GBS)

i nfections were caus es and |

infection of nellSIYH |dﬁ¥°)é(#1?f‘ X’gw‘i’?e"{}b“@eé;r Hl%tathrpk}g?aa %Y%EB@%%@ ﬁﬂne{lhe
pediatric égft%@&flﬂsalmdr% N‘o%9ﬁ3¢ A533onhe N)leAI-@M%%J?E@Uﬂitéd States
123(3):49 93; Hervas and Benedi, JPediatr 123(5):839,1993; Rench and
Baker, JPedivanhment thag(tUore®38havs d@@@)nghtmﬁlefb@nmgﬁwfaused by type V GBS were
cl earl_y becom ng nore conmmon by the md- 1990's, and this serotype is now
recogni zed as a conmon cause of infections in nemborn i nfants and pregnant
worren (Zaleznik et al., din | nfEECHNKCALJBOERD: 276- 81, 2000). The capsul ar

oS Shpsur ar  poj bR A (capaor o SR GERrale i R el "

(Vessel s ehoditied pdlySicBharides, and more particularly to uses of the polysaccharides for

inducing immune responses in mammals.

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 III. 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-1990’s, 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).



Chem, 266(11):6714-9, 1991). SUMVARY The invention is based, in part, on

t he observation that the i nmunogenicity of bacterial polysaccharides can be
enhanced Wy 20misb3sing t he structure of the pol ysacchari ¢desjuseoogo3oso reveal
an i mmunodom nant epitope on the polysaccharides. W have found that GBS
type V capsul ar pol ysaccharides (GBS V CPS or GBS V PS) which are
chenmically nmodified such that one oPUMMARY de chain residues of the

pol ysacchar | de s ;[ RHRYLH IBLLE ul pitE b e SflHARSPRIPES i ibbiiiBRor N1 One

aspect, the invention features a geni c conposi udes a
nDdILIed Paﬁ@ﬁﬂ?abﬁﬂﬁky?ﬁﬁﬁﬁﬁbbdﬁhmﬁhﬁbﬁﬁﬂﬁﬁﬁﬁ@ﬂhﬂﬁﬁ&ﬁhﬁbfﬁmlysaccharide
can be a formof the polysaccharide that is structurally nodijfied reveal
an i munogeiracch@idespes- © 15Veal 3p IMmPHIeHIIRIH SRICRLIR @‘ﬁé’?lmf‘? ti'Oh of

t he lys ' Sgﬁﬁ }ﬁgﬂﬁ G 4 Y, i JEichn a
hostggrgaﬁgﬁﬂgg%%ﬁggagal €gﬁgp%n inﬁﬁﬁgmggg%ﬁggz swﬁgﬁﬁﬁgﬂﬁgfgsggﬁggtive

f or pr ot eatd chgmidalymosdified gahitbanonbanmbtesdidé clohiceedidoys ef thepelysadicharel® (e. g. ,
native) form of %he _ﬁgol %‘igc‘fghari de. .Modifjcations that can enhance

i MunogeniEmeVeh el duR Y dEFITESPOPEHS & RSt enove one or nore si dechain

saccharide resiglygsdeaMHhRvdAa6cK BARRed Soifisesic bmbbatisRtnie AeRiaas hde. hi
one enbodi nent, the nodified polysaccharide 1 nduces an antlbodg response,

e. Ig , anhmmgﬁﬁddmcmﬁal bdsisacelasidon Jbe awdifmdducistial polgsaneharide cabers §9rt he

pol ysaccharj.de, .e. g., . rotective.antibpedy, response in a na | (e.g., a
i i) - oF thecilSertberitn Bt FheV P P BRL o ST At frlodhe TR Rt et .
The pol ysag ehiafih8oremntpithy, SMeaiflcitiabsle pbisthctRardie, cag @Midneat | y
associated) with a carrier noiety, such as a polypeptide (e.g., a bacterial

Eol ypepE i demunq%]@iqity%qf}*th@nolwcylgaa@@mﬂ hegorgasn prd/oigdingwate R é5Wascr i bed
erein (e.qg., t . . L: . . jfi
oroup B SEERRSORTRE peB S RANERESINHE s MbsPGealith AR St B4 8T

such t hat nefenddifisiles. slatiech@im of deqodysackharids. eModifivatiols thatgran ehlwcaodi f i ed

pol ysaccharide is_a deam nated GBS type V pol ysacchari dgec 21i11asagc sairi%leyl at ed

GBS f§pe vnwpggeg&g'}yépplué@ylodiﬁcatlons which remove one or more st :
residues from the backbone residues of the polysaccharide.
In one embodiment, the modified polysaccharide induces an antibody response,
e.g., an enhanced antibody response as compared to a native form of the polysaccharide,
e.g., a protective antibody 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, a 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) amodified 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



hi anot her aspect, the invention features an antigenic conposition that
includes: (a) a nodified GBS type V polysaccharide; and (b) a noiety that

i s physi cwmbl2gos(Bom1, coval ently) associated with the polpgsasedansaes The
pol ysaccharide can be nodified by a treatnent that renoves one or nore side

chain saccharide residues fromthe gol ysaccharide. For exanple, the
pol ysacchsidéctiein-tsrminebsialit apidiessidgondomithnrolysiseharidsok &sbrnesuent vdeki nal

sialic aci esidues fromth ol ' i : t Hpfer

mi Ldly o ol R P R BAREARL | fne Snbodintbhe e BHTERLNMES
pol ysacchgri fgialygated GBS tﬁbﬂ/ﬁi&ﬁsa@ﬁ%ﬂﬂ@’. PR Mepnibodanatiahe gelysdocharide is
enbodi nent, the polysaccharide I s nodified by, er cor&%i tions

treat.nent. ynd
t hat renom@dmeﬁsbé(étﬁﬁ'ﬁmftﬂéné‘?rd:@l?ﬁlélpﬁ%thﬁfrr@ﬁﬁof’ﬁésﬁ‘é B ?\é‘dS‘H‘aflﬁ‘eﬁom
pol ysacchay | ri Sl i kAial
desi %I yl a al{cgﬁtgnedoga}geeﬁ%g%?%%@ar@% gg@na ng%l on.ahlb%qrcl)ne li@n%g%@ent% t he
pol ysacchagsidlglaticn, destetytitiat, enll GBSihatpa. \Ih po¢ yebedihent, tee pdlysasdraeide is
enbodi ments, the nodifi ed‘})ol ésacch ride is produced in bacteria (e.g., a
GBS V bact deamipaighGH> GPe VoRHEMCERNYS- nodified so as to synthesize the

pol ysacchari dep 3, émﬁdéixklgﬁ’ts,ftﬁé Mddftied-polyish&nRAgd Ripréduced debdctdrin. of, or

expression of an enzyne that adds side chains to the polysaccharide, or the
bacteri a &B%¢bsasrinrwitive pexgeneticsdly nalifnizsprs to Nathesimedhepolysagehasilgiin  s)

fromthe pol ysaccharide). The noi.ety. w which.the.nodifie .
pol y@acchém@égfidstgﬁg%g? talle-é&c}eg,al 1§ ‘?\ﬁcé%?i\ﬁﬁ Ieé?reﬁﬂ%%%wy{nﬁg?a 3&%861%%%5
bi ndi ng  ofy, LifeRAbII SRR MSRGBE BRI dxPradBesditlovBRRpIRERS Al bhAignc@bl , such

as a polypeptide, e.g., a bacterial polypeptide, e.g., a cell-surface or
secreted mmn@s'sidbChmilgﬁbélpmfd?épob@awgmﬁlﬁsdes can be directly linked to the

I harid i L1 nki I ' ' :
pol Ypopti de 15 SeaiPdr ARl AdaeREtined oY Rl AWEFIRICUIBNRY 5 18 5

pol ypept i geamplp, a/chgrind @i el ed indihp ef HBmaiiiyppglysadehdrikiese heeattégenf r om
the group consisting of: a GBS C protein al pha pol yp‘fpti de, ﬁ GBS C protein
bet atfpol ypeepenting cchrsushss B HALYPEP ﬁgi:a@?ct%almogﬂﬁs (84 ©-Zarf SHPWEAPS

ot R SR OB eV G mang
pol ypept i desia adiitirgnddege Minorarious embodiments, the polypeptide is a GBS polypeptide,
e.g., a cell-surface or secreted GBS polypeptide. In various embodiments, the GBS
polypeptide is selected from the group consisting of: a GBS C protein 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 (spb1), 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
Ia, Ib, 11, III, IV, V, VI, VI, or VIIL. 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 A4, 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.



fragnents and variants thereof. The GBS pol ypepti de nmay be a pol ypepti de of
@GBS type la, Ib, 11, I, IV, V, VI, VI, or VIIl. hi one enbodinent, the
pol ypept iwe 20&/@oj0l ypepti de encoded by a gene product ipderusedos@svsesh t he
sequence of the GBS V genone in Tettelin et al., Proc Natl Acad Sd USA,
99(19):12391-6, 2002, the contents of which are herein incorporated by
reference in th&he cemposittancaniinclademerpiben erafype phearpen Ypisht ik is a
bacterial _{oxi;n or_a .toxoi . i i j xoid, a
ai pit ner 1 5 aEC pRab B Polyafufride Byl GLANNR 1 RIP hpg ol B ROl

ant i geni cpbliypgstrias, d.fefeodr.nibre bacwragiolypeptidane.gna baceriatuoxoid hada GRS t ype
of carrier_ noiety. For exanple, the nodified pol ysaccharide can be |inked
to two, t hrgetei gha. or five different pol ypeptides, e.g., two or nore
bactesial pol y%g@bgsécchgn&- con?poka%to%ﬁ@éorﬁﬁefgmoq c3R8e 8 BT 1&iRDAlehn al pha.
The pol ysacchari onponent of the conposition can be at least 1

ki | oDal t okId), dIBD), 18 KID,15 kD, RDLDL 25 kD, o260 kBD,Th2Somgpsition cE0hayB.anThe

conposition can have an anount of tween 0, 1. and 500 f_the
pol ysacchamioﬁ]ét, ofdegpveenylet MW&OE;‘%GPQUGE‘%?“‘% &&d 8'6"%?6'50@%510&%&215 ny.
I n one en‘gg{%wgtoﬁt%}%ﬁonpggosi tion further includes a pharmaceutically

C r n o

accept abl e“carrrer. enbodi nent, the conposition further includes an
adj uvant, e. g. In ahd/émbddifiet) He®hipositios &ntier ircheles b phimtheericatigond

pol ysacchari de, e.g., a polysaccharide of another GBS ser otypg, or of a
non- GBS baeaeptable cagigy. In gpetmbodipieat, die cemuppsitioy @éthea}nq?lsi,es e adjuvgnt, | v v
VI, or VICII ﬁ)‘%ysacchari de, in addition to the nodified GBS type V

pol ysaccha‘tgf’(?e. 1n anot her aspect, the invention features a nmethod for
eliciting an i Mwrempesifiomss further inelod®ah secbhé polytivobanideckgdas, for exanpl e,

adm nistering to the m I conpositiqn co I Sing. difi
bact eri al PBBF%Q%‘FF&%%@%EG&S, Se’g;%}ﬁ?d?r:‘q%édwg%%glﬁgg’i‘% %a’dgﬁgg Blﬁor!f %@) type
V pol ysacey (e 1., 380, PP TV OPANY, or 6T R1REBEMdd, BRbddifion to the modified

15 GBS type V polysaccharide.

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) a 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-
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physi cally associated (e.g., covalently associated) with the

pol ysaccharide; thereby eliciting an i mmuune response in the mammal . The
pol ysacchwoi2d@/sesarbe nodi fied by treat ment under condi Pcons2disasospenove
si dechain-term nal sialic acid residues fromthe polysaccharide, e.g., a

desi al yl ated GBS type V pol ysaccharide. The polysaccharjde can be nodified
by treat nemfaceatescraeh GBS olgweptide. Inenpoes embedimenis, the OB RRAMPARLIAS IS r om t he

backbone o h lLysacchari de. y i : @in] by
sequent i arcrie) P AF BERP LhhadinboR £ CbK CER R pEBp B RESEE

enbodi NenprotdiBetd @oYprpedel bh Esilod palypepidenad Repr&igin, tay piphdlipe bysteiachar i de.
The noiety with which the nodified GBS palysaccharide |s assocjiated can be
a pol ypep#urtpee Peotgin of groymch Brapiacosrys J del) e, SPE?Q?I,mnén h’é‘ldlngs‘?ﬁP‘feHbe or
secreted er i-al : ide I 'E?JHeE I ,ankiB&ni ide is
a GBS pol @%@@f %gg ,a pgﬁiéa.{"{,%g’g&l ljélgﬁ(sa&irq ?S\g@{ec or 3 gg&) g?ﬂé(?’%’% a;l)%l %gg‘iaiglg‘gﬂﬂ n

vari ous esfmbairimtittheredf) eTHERIBH pblypeptidedeayi e spdlgpeptide of GRS tiype &y, dudl,
consisting of;: _a_ GBS C protein al pha pol ypeptide, a GBS C protein beta

pol ypepti ﬁé,IVanaéfastﬁRHHr ypeptide, an R protein, an alpha-like protein, a
surface protei fy Qfe GHEHRmBS i $BIRENFRUS a badtSRA tdxin P a$&&2cli, el AN Riubi ndi ng

protein (Lnb), a Coa peptidase, da nmatrix adhesion (Ema) polypeptides, and
ant i geni ctoosaly aeliihsheradoxeid) adipkthetiemutant proten GRSS-pEkipepeicdel nay be a

pol ypept i o) S type.la b, | [1l., rV, V, VI, VI, or VIII. In one
enbo |rrenM8%8F_ glbtfgeﬁg$%g&%enhg’€feé’f'i al toxin or a toxoid, e.g., a
tetanus toxoi d, TRe SdiRpEsiedd cAntioi@dmor tHADGHI 9P 6f diui@Mthoibtyo Fdk N
cross-reactive material (CRM 97), or an antigenic fragment thereof. The

conposi t i exaneple thaolodifiedmelysaedharidoean hoylpked fo ten, three, fow et fjve didlerakanpl e,
ai 1 or ent PESPYBSE e ot gn S Ban S iebEErichs, LB: apRiGRY M ndh B ®
bact eri al ctp¥Rifalphel @ GBS C protein al pha. The pol ysaccharide conponent of
the 1C Sorrposi t O’rll“hg %glyggccﬁ;ﬁc{eec%ﬂpoﬁelﬁiolf (t)hlgaclotrr%r(])sition can be at least 1 kiloDalton
(kD), 5 kD, 10 kD, 15 kD, 20 kD, 25 kD, 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, €.g., a
polysaccharide of another GBS serotype or of a non-GBS bacteria, e.g., one or more of a
GBS type Ia, Ib, II, III, IV, VI, VII, 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 ng 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 mammeal, 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



(lcD), 5 kD, 10 kD, 15 IcD, 20 kD, 25 kD, or 50 IcD. In one enbodi ment, the
conposition further includes a pharmaceutically acceptable carri er hi one
enbodi menwvo 20ésscamrposi tion further includes an adj uvantcrTaisgeos/oadsam The
corpositLon gan ;urther i ncl ude a second pol ysaccharide, e.g., a

pol ysacchari de of another GBS serotype or of a non-GBS bagteria, e.g., one
or nore oMAENERE.Lypealpaing gphumqral 1m>;ﬂ?‘}nelf¢ﬁP0W? an\(}?qr,a %ﬁ'r’%’ I?teﬁ)wgﬁ%ghari de,
in additi on 3n%8)t he nodified GBS type V polysaccharide. The conposition can
be adni ni StRred to the subj ect once, or two or nore times. hi one

enbodi nent, anhremshbaiimehietheangmsailis atriskafot wifedtiog viogt (BSrbattefiaangl, 500 ny

of the polysacchayide, e.g, between 25.an 00 .of the polysaccharide is
i st SBT3t Sl BFOEEE RO pR g B dee | n
t he rpmm[ﬂdelqy'g., an enhanced anti body response, e.g., an 1gG anti body

€.9

response, e.g., an IgM antibody response, in the mammal hi one enbodi ment,
t he met hod el i Bi ¢1s emiprdiment; masmmad spoprimatene. g-he hveemal 2 nppkeyrel®e can

(o 0.« evaRBRERRG: B P T RO RRLE AN B 20cah POyt & Frmune

response) 7o |75 gpgy aodf sRnt, the mammal is at risk for infection with GBS
bacteria, e.g., the mammal is inmunoconprom sed or at risk for becom ng
i nmunoconpr oni Feehe gnbidimentd gelmammpal is peegeaodi ment, mammal is a primate,

e.g.,. a human or nonkey. |.n.gne enbodi ment
adni 1 st er ed t&%g%ﬂ@ﬁr %%Pg?t’ %,m‘?ﬁgg%gﬁa{ﬁ%ﬁa%ﬁ%{,ﬁ%g%?g%%?dlé%%ﬂ%?wg rt °80o
years of agsatd)i THNRtBOPOLH HElikde, fohéx Hmiird stprigg oedpregmany maAe a her
aspect, the invention features a nethod of providing antibodies to_a

neonat e. TRIELSHIS PBRDOSHIPNiCABIPHISRE: @) modHiRd) FOUR B HIAPRECIHCBY) WPHMegnant

femal e aNyolysaccharide; and, optionally, (b) a moiety that is physically associated with the

polysaccharide. The composition can be a composition described herein.

15 In another aspect, the invention features a method for preparing an immunogenic
cémposition. The method includes, for example, providing 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.



antigeni c conposition conprising: (a) a nodified group B streptococcus
(@&BS) type V polysaccharide; and, optionally, (b) a noiety that is

physi cal lwoasemsoated wi th the pol ysacchari de. The conpesirtusessosszbe a
conposition described herein. hi another aspect, the invention features a
met hod for preparing an inmunogeni c conposition. The met hod i ncl udes, for
exiarrpl e, hprOV| dintijo emnepatrﬁébngmﬁsdsq;oy@a@h@rﬁmwé begseraredeand ng t he

pol ysacc i.,0 r t he
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condi ti OnSmbh@ﬁnethraSﬁvermeembmmuisa(ergsmﬁluﬁs) aré adimmlsleneﬂlalcnnmbsmbn

pol ysacchari de, g , the q?ol ysa chari de is nodifie dg der conditions that
renove a §?@B’@ﬁﬁgfﬁ@éﬁ?ﬁlﬁ§ b%‘it%'f Polysacgharls; grge 2470 ﬁ%‘{]%r(?m acchari de, or

the pol ysag %Jg SI al gééc Yﬁ)&l%@%ﬁﬁﬂ@@@ﬂ& B&Qﬂﬁ Qﬁfhatr 1§’fﬂ‘?§/§catlll§eassomated

tri saccharl saccéhar i nvention al so features
a conposi (é. gnoddaﬁtlymsdaathesl) anrithl thepalysmtbmmd Sbmph%snmthmduddmﬁlbodmds udes

Cnder - coni ) BHSethaic FRIER Forh Beat et O Mo R Rep JeukenaPRIY IR ane

enbodi ”Entmuéeﬁ?arefah&lﬁﬁ@c&féa% Q@edo%dm'nﬁale(@ uradﬁfnaﬁpre:og tin@RSnidaat renove one
or nore residues of a sidechain of the po saccharl t he

pol ysacchauffidient ® deottiasd @synupiderofdnivatian ert c degaee (pfelﬁfﬁ;b@O@_%y GBS in the
sidechain-terminal sialic acid residue of the polysaccharide, or the

pol y’soacch e i's nodified under conditions that renove the trisaccharide
si dechai n of t heypakiyepassal pd@smmmdlr@@rsnbamaeteﬂalqsolysaemﬁiae desiy i bed
herein can be prepared and adm ni stered to subjects subj ects. at risk

for or expuwsiéfiedse cspshavey ristuativdistisinct Gea mat%f@%ﬂ#aﬁpglye@%aﬂ e
hurans) argl,eq ggé“n!%}ugaﬁ%&do g&ﬁ&@%&éoh&%f@&ml{ bRdcfEAy). @ modified bacterial

pol ysacch group ococcus (@GBS) type V

pol ysacchari de;Pafied"gfess topobisycohbdde msteﬁhll}mbstalhtiaﬂlyesepﬂaﬂedtfmh(m g.,
coval ently associated) wi.th the pol ysacchari de. es that include

ant i Bodi egal(l@lsgorotemﬂqulma%yow@qngs&aa{r PoEd 811%1&{3? BRSPS i pl e
sanpl es sﬂﬁgl%f&%pcoﬂb%eﬂt@ i fife Hd%n?i@@ oBESEAUNaEi§E 88 nbOnfrRECHNE HiREER

(e.qg., i'n an anou
of the purified material as an antigen. The term "purified" does not exclude synthetic

oligosaccharide preparations retaining 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.e., 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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sufficient to decrease a synptomof infection or the degree of infection by
GBS in the subject. "Mddified bacterial polysaccharide" refers to a

bact eri alwpabysssezhari de that is nodified so as to havepaTatseamsiosyses t hat i s
distinct froma native formof the polysaccharide (i.e., the natural form
of the polysaccharide found on the bacteria). "Purified' refers to

pol ysacchtieicdrimsatdl ¢ited patents patentapplicatiopaead seferepent (ineliding 1e&yengss 4 ei n
and lipid ts natural |y ' ' lLys: ey esi dual
Forei gn cBIARaIral? JAEh-TheT 85 Pl Rat bk R e8! AEPERRRAL 0 o8, |
the use opulpbeesps.BIS.Nd60M62XKI070k imDrvtatad by geferendedia itsesntivetpforialli ed" does
not exclude synthetic oligosaccharide preparations retaining artifacts of
their synPHW@8F%: nor does it exclude preparations that include sone
inmpurities, so long as the preparation exhibits reproduci ble data, for
exanpl e, nol ecul ar wei ght, sugar residue content, sugar |inkages,

chr orfat ogr aphi ¢ response, aMESGRUNBYANIQF BRAWINES As used herein,
"pharmaceuti ca e arri ens | .

o sper ai on mediie EEAHAL: Seyflds] Hihe {AFhEEGFURRAARE RN BER Snir o
and absor pf GBS t§p¢ ¥ydapghlageiysaccharide.t he |i ke that are physiologically
conpati ble. Preferably, the carrier is suitabl(f fﬁlr i ntravenous, .

i ntranuscul ar, FAgRAsaEariuc depistion fithe strughirg of thhepigsaseparide rERfiRE st r ati on
(e.g., by.iaj Sotg]3 ' i fhgqgonposition, i.e., nodified GBS V
CPS- conj uagft?g?g?rrp ?Kdgﬁéd@ﬁ@%?covﬁded in a substance that protects it
froma he acti offIGf2Batiadsagind degittem ofdheistalcture npthenideminated forny of nact i vat e
it. The d odi ments of the invention are set forth

|ls Q]f one or m)rg e
in the ac GRS nipPar aRiecdiiidehe description bel ow. Ot her features,
obj ects, and agygri@pesqahhit Q6pibtoior thO Sttt ob theaRRBialyRAEd frANBAGNES

description and draw ngs,” and fronthe clains. Alcited patents, patent
appl i cat i typs,V eapgulaepelysasckaridei ncl udi ng references to public sequence

dat abase entri re incorporat by..referen i i ti jes for all
pur poses. U.S. %feil ]é@/%aé%’, %%;/Ct]ing%ligenl%lrbﬂ)tgofla?@éﬁ (ﬁn E%?‘%E; g%‘%tg&ll cl’nfrhma%ent irety
for & | PeERASESubjects immunized with a GBS type V polysaccharide-tetanus toxoid (GBS V-

TT) conjugate vaccine to native GBS type V in the presence of: (1) native type V

o=

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



DESCRI PTI ON OFDRAW NGS FIG 1 is a graphic depiction of the structure of

t he heptasaccharide repeating unit of GBS type V capsul ar pol ysacchari de.
FI G 2A iwoaogvmapdaic depiction of the structure of the kpeptasasobars de
repeating unit of GBS type V capsul ar pol ysaccharide. FIG 2B is a graphic
depiction of the structure of the deam nated formof GBS type V capsul ar
gol ysacchelroviein taas, steiped.singd vita pRTscregegstizelyo R"@#ltstfﬁbc‘%]ﬁobéftwr%f t he

esi al yl at.ed f S type V capsul ar pol ysaccharide. FIG 3 is a graph
depi cting I}QHVen gggfb?%n of binding by 1gG fraction of human serum ofg P

subj ects | MMUNFRE G iwiatbiar gra@&mm dpsp@dghagmg#uaﬂmlﬁﬂgam grosgh bHEGBISAdypE&BS
VTT) conjugate vaccine to _native in_t r.esence .of: éé) native
type V po steEin &y GRS EassY- ?@Tlﬁ@m&@ h‘émﬁ%F‘VhSEFa@g 185%1‘%]3{%1? 5;986" r epeat

units (fikled t %?’gﬁ}sgsiﬁthep%seﬁ%eol | gos @V%fcl'cfe%a%%i)&@%&y@@ ysaccharl de

representlng rée ize type charide ( bt ai ned by ozone
t r eat ment polfysdcbkaridss). open triangles); (3) full length desialylated type V

PS (filled cirg] am nated type V PS which [ t.he t Vv
backbone it h F@%ﬁé%%@af ePLtige ! @f&ﬁ%ﬁmqu @zﬁﬁ@%ﬁw@%g Vndringiced \ps
w t hout t 11 t t f
G type. U B P O ph S SV ﬁ%“":ﬁ‘"’%?f“cfeéi’c FIG 4

i s a grapholyegichdrideq fillaé trianigles); (I)mhemtﬁcaﬂym@hdﬁ@erQ}BS@M¢1W%Ph9@1ﬁleof human

f subj ect chari de-
o T Fepplepta b AR Vs s O B R AR R AT L o O
forms of GRDJ wpen MidRSlesf; (B GBSV I (0pén Giraed); @ BBS VIPS Withduk B sdigléBS V

bacteria by human GBS type Vspecific anti bodies. Results for the 1gG

fraction, sigghsidectnin Gricaisddomispido ke sirachire ShERS type BIRR, (ORYySIpaES); and
white bar %5) d’esmﬂf?ﬁ &ty% Y P§ ?ﬁ’ﬁjedtc?rc egf, afi %)Q@Lﬂ’nﬁ%&éﬂ% \ P%Wﬂ@h QXntgany bars.

the type V backbone with the one-sugar side-chain (filled squares).

15 FIG. 8 is a graph depicting GBS III-specific IgM responses to a GBS III-TT
vaccine 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 III-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 II-specific IgG responses to a GBS III-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.



FIG 6 is a bar graph depicting opsonophagocytic killing and growth of GBS
type V bacteria by GBS type V-TT-induced human antisera (1gMfraction,

whi t e barwp 2b@sbsz4acti on, gray bars) in the presence of PPEAS2008p894Y4 and
desi alyl ated type V polysaccharides). FIG 7 is a graph depicting the

i nhibition of binding by a GBS V-TT-induced nmuri ne nonocl gnal 119G to native
GBS V : n the pFEsdAdeagfaph(depicting GRS GRS ALORGSHRNeT odeCPPiM-Tad
triangles);: (2). chem call | f1 : '

Fedaced s iR} el o HelpRel ARG IBLLAR LEREERER LS, |\
PS (open {ydiaaed @sonkef.3) GBS IV PS (open circles); (4) GBS V PS without the

si ngl e sugar sidechain (which is identical to th . Of S.t VI |

gS) (open squaFEs)l3 i S)gr%sqeawynaieéfalw'ﬁ%we%gv 1@?@@5&*%%@33&“ aﬂlﬁg?g)
eam_nat e | ] RPG g}%gy ' / -

Si de-sghai ﬂq15%9%%1&5?&1%%&&%@&%@}egfegbg?% depiKct i ngm%gmlki}ﬂtl?o-ﬂg?)gcis1ch igir

| gM r esponsths GBS &-CBFldoednjugac caaemel n rhesus nacaques. Each |ine

corresponds to_val ues obtained for sera.froman |ndjiyi I . FIG 9
is a graph depF&ilags @sﬂn%_[iégﬁéleg5%18|°3§0F>@§pw@b§£{3§32ﬁ%@ T vacci ne
in rhes“g@ﬁ%ﬁ?g@i@ﬁﬂubédﬁ RS BRRRRNS ah& HEhat9en@Biahaag for sera from

an i ndivic nor . The immuni zations are i'ndicated by the black arrows.
FIG 10 i smmugizaiiin wehiGBS-Ad ghBSconjhgaderecicéines.| gG responses to a GBS || -TT

ool rom an | ROvRasaE ey oeria it SRR bt R UCpeci 11 c

| gM 1 espOoRBESyed OB SnimldizaBwh AGBII-TESsciHBaREHIRS GBS TN thee
corresponds to values obtained for sera froman individual nonkey. FIG 12

i s a graphredepiecti GYynabs GBS FE S donsipie efaspdrpesofiapproxapaiely. 169 9pgati ne in
rhesus rm(l:l%ﬁ]su&ﬁkd %?rgl%s)l; i(i}ech%r%ricraﬁfl%)o@f%edtéBg %ﬁ"i%sre&@s&ltfﬁﬁ%&lﬁgd Sizé ?ypfer om an
ITI oligosaccharide (OS) obtained by ozone treatment of the PS (open triangles); (3) full
15 length Pneumococcal type 14 PS (i.e. desialylated type III PS, filled squares); (4) GBS la

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 I1I 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
III 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
III-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
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i ndi vi dual nonkey.FIG 13 is a graph depicting GBS V-specific I1gG responses
to a GBS V-TT vaccine in rhesus nacaques. Each |ine corresponds to val ues
obt ai ned wonroesses4fir om an i ndi vi dual nonkey. FIG 14 ispaTgsa@s/osepi cting

| evel s of isotype-switched GBS V-specific antibodies in humans (hu) and
macaques (primates) after primary and secondary immuni zations with a GBS
V-TT gl yc@dledjsquats; (4 deimmatefitype M BSiwhich gemigins thesira Y hackbepe mithghe

i sotype-sw t ched ifi nt| bodi es i nduced in rhesus
mlacaques i %%?@%?P%}néﬂ’&f??g@%ga)r\@@gﬁ%ﬁﬁ “Yation with GBS-TT

gl ycoconj ugat ey a96¢ 28sph Gksicti hlesnlﬁbﬁbﬂ@hbﬂﬂﬁi G dnti@odishbbi ti on of
bi ndi ng by 19gG anti bodiglzag ofﬁcnaliﬂgtque # 369 |m$gir¥1'zged wth a GBS MTT

vacci ne toagrueve256ES th IGBS ¥ in the piesesenek (Bfnatlyqjypﬁé{ pelEsacpivride(filhes]
consi stin |
coneiet’ e R ALASRRS LRIl [ACBB Ltk o o)

ol I gosacchanaifethe e Vhheiboad with the onesteaesterehdin ¢firdidsy; 88 ($OPEA

triangl esz (3) fu | engt h Pneunococcal type 14 PS (i.e. desialylated type
11 PS, f Ciffp%@?)squares) (4) GBS la PS which contains the sane three-sugar

si de-chal ns_asg fd??ll% 5hal(%}%grpdﬁhét@gqg%igg%)?}B@@bhétlm&WVQﬂl%m' cal to the

coating anti gen; human serum al bum n (HSA;
cros;e;) cdﬂcf@atralﬁbns of e\ fiaptiordapl ctim dgronhmacagoe B245 8 awd cditreliserg by 1 gG
anti bodies o ue # 543 n a [1)-TT va |neto
natie &BS I11F 1(1%1 Zﬂﬁ%aﬁ@géﬁ@ﬁm&gmﬁ&ﬁ%ﬁ% ‘?%%‘%Baifl a?@”c@é‘??slfl Phg of a
pol yner Ogﬁwsqmz%hxm&ﬁé)dé&ﬂﬁ%dmsvﬁwdcﬁﬁ circles); (2) cherri cal ly
nodi fi ed S I'I'l PS representing reduced size type Il oligosaccharide (OS)
obt ai ned by ozBKg mneagmphtdeptﬁ:tmg@vaso@@@&w{sp@ag@l@sanhbpgyewlmhweq engt h

Pneunococcal pe 14.P |11 PS, filled
(4) GBS I’&loﬂgeg?ﬁ ﬁt‘ét}h%d?s@?l%%fggﬁﬁfé%glar si de- ch:m ng a:qtj%gs?n
(open circl es) FI¢ 28 i$Bgrdph depiShng isdeRidf GHS Vepédific @bntitedaetn gres filled

triangles); and (6) human serum al bum n
15 monkeys immunized with a desialylated GBS V-TT vaccine.

FIG. 24 is a graph depicting inhibition of binding of GBS V-specific IgG

antibodies 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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(HSA; crosses). FIG 18 is a graph depicting the inhibition of binding by
| gG anti bodi es of nmacaque # 120 92 to GBS V in the presence of: (1) native
type V povpsenizesside consisting of a polymer of approxipowtusbeosd0024 epeat
units conjugated to HSA (filled black triangles); (2) unconjugated GBS V

(white triangle &1 3) desialylated type V PS(filled ‘sﬁg{uaresy é\ﬁ)@
deani nat ed t yp&l& 27€ ishi graphodspiciing she leels 9ph¥-spedifie kasoinduggd i sphdifisiat sugar

si de-chain. icti

he. i nhy TG aPSEHhaTRG 5yl dratare Tonar sar of ctbRine ol tgl B Vi o
t he preseggs oBfaindd priod @ invRuki¥RRonYatitRl YOG @Idagd8 1 fd dhoed. triangl es); (2)
desi al yl ated type PS (filled squares) (3) deaminated type V PS which

contains the tyge N%@@I@@i@dqmqtmgtthmlewe@ saeciSe &G sare nsik difiesgnt and

4) PGA t Ki ||

f)az:t eri a(%o%ﬁ ‘LB’HE%%?:’E&]%S 88 a@%%i@%@ﬁg%ﬁé%@%ﬁp?nglﬁaéaque
#245 89 ?Qﬁn?ﬁﬂé}tcfo@é REufks £l st c%télmé@pr?or% apMudBRii6d, a0 @ay B @hé al0dayEHS
V-specific IgMantibodies in three nmonkeys i munized with a desi alyl at ed

@&BS V-TT a@_ch‘:tDWB‘ FIG 22 is a graph depl cting levels of GBS V-specific IgA
FlG 23 s a ordseaapreeyngor s Besate oGl BRI 8l bodies 1n
three nonkeys inmmunized with a desialyl at ed GBS V-TT vaccine. FIG 24 is a
Tacadue # 250 87 in the preseREd LI BESHIRAORT || o suares),
O AP et ot i n e B B Dol Bt W@;E{@%mﬁf’ es from

macaque #s#89n@ minyne ganipindvieroe (Bker diedai/ ﬂ’éﬁe@d)lé £ 179:42-3 20, dP88; Baker et
dosial ! oL PREREHELSH IR0 20 K0SFR . TRIIATERn FHE 130! @
Vaccines that elicit IgG antibodies are preferred because IgG ant1bodles are long lasting
and cross the placenta, thereby providing protection for newborn infants. We have shown
15 that modified forms of bacterial polysaccharides elicit more potent IgG responses than
native forms of the polysaccharides. 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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fraction, 1gG fraction, and serumfrom macaque # 393 93. FIG 27Ais a
graph depicting the levels of V-specific IgGinduced in six different mce
i mruni zedwwoi2065/30H25 mg per dose of a GBS V-TT conj ugat ecraseemsss3oResul ts
for sera obtained prior to inmunization, at day 20, and at day 31 are
shown. FIG 27B is a graph depicting the | evel s of V-specific 1gG induced
in six different 4oecP-Glep(hi-z &80 W-CGalzo(1624)-pdP-pder-tdose of a GBS V-TT
conjugate vaccine with 0.5 ng of alum per dose. Results for sera obtained
prior to inmunization, 4t day 20, dhd at day 31 GYre shown.FIG 27Cis a
graph depigid %)@Q%ﬁlb%)}jrmglpalﬂf(}é(p %@Q&ﬂdo‘}ﬁ@td@%}b NAugegchatideibrathiagimgnt nice
i nmuni zed W per dose of conj ugate vaccine. Results

for sera ﬁmfallﬂwmgmtnugmm 5 linkad 0 Rdtlcp markad ‘aéiyhmggh Bed@-arofthpatters are

shown, FIG 27D speC| fic 1gGinduced
in sik differ eﬁ‘tbﬁkl%"é’%mﬁgghﬁém{{]aﬂ”(ts'*g)sb%%ﬂ@ﬁ%is@{e of a GBS V-TT

conj ugat e vacciyp-Wchhedar FUnRdd B HTDRGAp 408Red ‘BESHIuEh HRIO3&Ifandbt ai ned
prior to immunization, at day 20, and at day 31 are shown. Like reference
synbol s i tatiehe vari ous dr awi ngs indicate |ike elenments. DETAILED

DESCRI PTI ON C i_ni,cal ave cch ride-

conj ugat e vaccie& %% Jt jéj’ &“F‘f{wﬁ it Q#Ea %ylpﬁ %gli?g?r%%?} %&BS
Infect Di e\iBQetéﬁQ'cﬂlﬁ@res ﬁﬁﬁ@lmcﬁalkﬁfeﬂﬁ)ﬁs afFer ekahi@id?fd isblate CPS,8A5BS 2%hel 138,

2000; Kasg]er et . Ain Invest., 98:2308-2314, 1996). Vaccines that elicit
| gG #ht i bddstern (e . @J%lrléa nwoweéee@émuge AR @@nwélwd@ﬁged Bsdivay and

cross t he RliRgR T fvestA% BN ALAURICRSAL (5140 ol Bhod GHAGKS, Lt afthen
a I’T'DCﬁ |e 19 fe +

have shown orns® ot bacteria icrt nDre
pot ent | g&ithethip endeNl- ztcb@iﬂlnﬂﬁhh&ﬁe hartamlwin. t B’L&lfpﬂtlms aﬁ@hﬁ mﬂilﬁﬁutaMii[yﬁn
speC|f|caII , we have generate whi ch | ack one

mor e siteEAERSd 1ndXsngshal: bh&icle ?‘6’21}5&@@[7“@8@8? %qogplspg?‘wtﬁﬁff?ng t hese
odi ed 4 ge%“(lﬁl @@Aé@sad Haaesardgs 9] eﬁm%fége %gf?idﬁ%ﬁtc@ﬁt)amﬁ{g eps i8S

V-specific ant ied in primates.
15 1solated by size-exclusion and ion-exchange chromatography. Methods for preparation

of purified GBS V CPS can be performed as described 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
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pol ysacchari de conpositions described herein are particularly useful for
eliciting antibody responses in hunmans. These conpositions can provide
benefi ci avoressomes i n subpopul ati ons at hi ghest ri sk fomusedsosisen (e.g.,
in the elderly, and in neonates via maternal transm ssion of 1gG. GBS Type
VPol ysacchari des and Modified Fornms TJtereof GBS capsul ar pol ysacchari des
are hi gh holedwah deleird @nderp@nyrnﬁn@u@malmmmswgedlmlqueé@lfﬁéﬁd% ﬁ@ﬂ‘?jal act ose,

gl ucose, N-a 254 T I g unit
o "nat 1 vettpangfob o RRAT RR AR O RS VG ERLRABSS P BnBRER LY
backbone wi tMot Waricall ISBLUS S, I€1 DHNABHB-H, mozdepl cted graphically in FIG 1
and FIG 24 {see Wessels et al., J Biol Chem, 266(11):6714-9, 1991). The

t ;I saccgarl de ALGRSdeonpigatsamn\pearised Fithione of BIOFosAniEatss,corpEsie offjer
4)-a-D-d ¢ [ I 4
ol ucdpyr ahgeseobiietiRs DB peL TN i oSl mialenf cialidn for | i g

: Ee }‘olt It Omgm%hﬂﬁ‘emt%ﬁﬁnﬂ&em ninetdvallemt @algasacpharmeloempbahonmfoougmwmu@ 6 of
e latter: a- ui c-( -D Gal 4) - b-

lDGI cp r esarulaﬁegqngraltqdrha@@nﬂl&gaflﬂénw@l? B’Pﬁg& ;S%ﬂh@@awgﬁﬁ?% f?il%éz’%f t he
atter. |solat d

from GBS type ggg(aggztéar-lygﬁlggﬁt urzj E?P!r)]g&%ﬁ%%n%%& gﬁeg @g%rp gg;ggéﬁg?ﬂgd&l{o gre

i s?)l ate CE‘&;bﬁa%c@@ateiﬁlrie czltr’tet mRigtief Bsigg art(kilBane)thwcb giooexanple.cont i nuous

culture in a chemca ef.i.ne di.um Is.a arvesied b

cent 19 f ugBPeAce éﬁ@ﬁl P%O*l&%&@g?fﬁ?nlfag O%%’FI?%{?% g’ﬁ a&%a{ gé‘?ﬁ%@h? Biith the

endo- N- acgﬁrﬁ éﬂﬂ’d%ﬁc‘i'@é?pdfh’ésﬁﬂx@hié%p@nofdﬂé)'t& at hﬂ@hﬁﬁc tRQimat Eitddmignol ysi n

i s descri In Deng et al. (J Biol. Chem, 275(1 1):7497-7504, 2000).

Extracts sicenal dibatenty\groups Riltesatedapolysapeharifies qanksaeapted withy ﬂ}@r‘?@ﬁéﬂéﬂmﬂy
[fecti on Copt 3Lniith SR il AL b RheTl CpcIE b AR st RORe
per f or med cagplHie 36 fHeliesiefyorC @ﬁbﬁltd pd‘lylﬁfptl@ﬁlohéties @RS be carried out, e.g., by

15 reductive amination (see, e.g., Schwartz and Gray, Arch. Biochem. Biophys. 181: 542~
549, 1977). Briefly, oxidized CPS and the polypeptide moiety 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 polypeptide or capsular polysaccharide. Methods
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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(see, e.g., Wssels et al., J din Invest, 86:1428-1433, 1990). Production
of Modified Type VPol ysacchari des. GBS pol ysacchari des can be nodified by
t echni quewoknewvesodsn t he art. For exanpl e, desialyl ated GBS USY@s/034€PS can
be prepared by treating purified type V CPS under mldly acidic conditions
(e.g., O.IMsulfuric acid at 800C for 60 mnutes) or by treatment with
neur ami ni deshmerfean TipetGrlere@ollgstiop Rodkividle, Md..amdenscessioagibepddibGat ed
GBS type }’/%3‘18 can be prepared by first treating desialylated type V CPS
wi th base % deacetylate the CPS (e.g., 2M NaOH and sodi um bor ohydri de,

heating to 100®fhef bdetdHaupslypdptideovtichdnsctastdrabi maetien Miviatioaceti c aci d
and | yophilization). Next, the deacetylated CPS is deam nat (e.qg., by
di ssol vi ngmpadijgents; seerricdef FEiase-gaaessed h@qt%r}alpelyp%@&sasﬁw@ Frent Wit h

o ahox ARSI B Sk ok fteacka BoRBHSRIAR b ML BLALAT QAR 1 11 catlon
266(1 1) : 6Bdcters). FOD&Iample matifiediSBSTH pdiysmehaidesoat bé eshjmgitedad@RAA des ar e

prepared by produci ng the polysaccharides in a ba riain j ch nucleic
aci d sequBftds alRapalmgrlss ¢& aplgeaiG i @?Pﬁ‘?@g eéiég r‘rJéBmFFé‘Ql \é{?’b%é%a

geneti cal %ﬁé@%&&&égﬁl Seplde m%%%nfag&w te%iﬁmn&aﬁyg@})a@%nh%@sﬁel eted,

render ed unction are I nsert r overexpres Genes encodi ng
pol ysacchamimeadaidsdiMiyhelgt &ln3roe §agidc@BScAUSM 89 é6ea0- Hib4, E293)., Bacteridt t el i n
et al., Proc Natl Acad Sd USA, 99(19):12391- 002. A GBS V .conjugate can
e mi%ed o RIeGHUPBE Polspeninyar Be e i Toh Vier RO 8 ERAE P B
(e.g., GBY.SYRe Nos. blosglshi, 5,908,429) 5183869V, gle7 @8 1718UB M8l &9184Xppposi tion for
i mruni zation. Alternatively, nultival ent pol ysaccharide conpositions for

i muni zat 5SA084A, 4nd Yeted4dt oth wyticoisjfiagmenhepmueinippre eypets ofthe
T,
noi eti es WsiJnbigadit fispvhts BRidIfimay botogygird & mpdifiys aBSvpotiescoharidde
oxidized by treatment with periodate (or a related reagent, e.g.,
par affer i odie GES § peeteidictss &1 Rinteifpensier. areien (lép Fnoareasigen (%94&’ Ahai ni  at
sites Wty W@@ﬁ%@g% A2 pRtOHRT erolip 38 biE AR URACEHS)! 463, SAMLAG ' eact ed
(laminin binding protein) can also be used as carrier proteins (Heden et al., Eur J
Immunol., 21(6):1481-90, 1991; Michel et al., Infect Immun., 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):5363-5366, 1988,
Kong et al., J. Clin. Microbiol., 40:620-626, 2002; Lachenauer et al., Proc Natl Acad Sci
USA, 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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under conditions that conjugate the conponents, e.g., using a linking
reagent or via direct coupling to the noiety. Conjugation to pol ypeptide
noi et i es weayodscanri ed out, e.g., by reductive ani mati eqT((Se®5/089494 ,
Schwartz and Gray, Arch. Biochem Biophys. 181: 542- 549, 1977). Briefly,
oxi di zed CPS and the pol ypeptide noiety are reacted in the ({)_resence of
cyanobor ohydr i Belysanebarids coamositiens sanchecforgulatsdntithatievnis 1Adwents @avice t he

reduci ng ends of interest nor adversel I | de psul ar
pol ysacch&H & 2 Y S %Pm}:e(fﬁ?pﬁﬁ%letﬂ%@g{e %@&%a(séé}éc a’relqgégopegr?%h%l aéng{)?ig}gcri bed,
e.g., in ¥Yedselidh fid/@lto indhcEhh fnhivebpons Gith48®eldsdds offi¥saadtaridéng et

al ., Vaccine, 21(1 1-12):1112-7, 2003. Sujtable carrier_ noietigs are safe
for adm nAdiuvantsapclede: watarsmitlyiensde.g., poRipiGaidrasyrlgedremd sadwvantly
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'Itset anus T@lnﬁi);iﬁmndathylﬁ&ﬂe@;ﬂ]‘r modfy ghoamdexidarcanifate beccrds eatrads (d.gy noi et y.
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cel | surf Byeebaciesigf BHYAckdr @il uﬂ%@”ﬁﬁ%ﬁ@f’?&h '}ESWEW’(mr e

conj ugat egrgamyaI s, \ loBbitdrait1id AT 3 : xenpl ary
carrier po ylbep i(gg,%%d %@%‘éﬁ?ﬂge%ﬁdé?lplﬁ)tl%er’i aﬁicg’?ﬁﬁ?gﬁ’tshgfﬁgbgt?fngl e

am no aci amadveaikd gluamsamaikeiphespdiieivohgpoinad, taxixa, Hadiltenj Mont.} N-acalylol ogi cal | y

i ndi stingui shahle from L.ve di pht heri oxin. A culture

Cor y Rebacbursaationar s verb e Ao N e doiruieutl i, | o
avai | abl ej,bRidNge 119887, T¥Ra-SW 55*{{0?—1\@91’?;%5Nﬁcetﬁﬁﬁka\ﬂlﬂdl@ala\WI—D- under
accessi on nunber ATCC 53281. Ot her bacterial pol zgleptldes can be used as

carri er nivoglutans- inyiL+edaninasd-(Brdbdihiahmitayd-sn-ebacer-adydioxsplidsgderdesr-eds ed

b . ) . . " -
ol ypept i a0 R fTaRAC el R b s e BREL PUSPele- BULV RS SREIEE L oy o
nodi fied @evcpBisifne Traibrides, Mad.)bad GMCRR{Iagminex G35.CSeititd, 8Vashgl pha

pol ypeptides or antigenic fragnents thereof. GBS C protein alpha is a
sur f Hce- am@ﬂsﬁt@dlse&%/?@ﬁtl"? € WATERE EEPRISE ﬁ&p@pssqcehqmdﬁéomaﬁﬂgﬁ% r epeat ed

units of 82 Administration of polysaccharide compositions. Modified polysaccharides and

polysaccharide conjugates can be formulated in a suitable carrier media for
administration to a subject (e.g., sodium phosphate-buffered saline (pH 7.4) of 0.125M
aluminum phosphate gel suspended in sodium phosphate-buffered saline at pH 6 or

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 ug of a polysaccharide composition, e.g., about 10 to 50 g, 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, €.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
immumization 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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amno acids (Mchel et al, Proc Natl Aca d Sd USA 89: 10060- 10064, 1992).
Bacterial C protein al pha pol ypeptides and net hods of using them for

vacci nat iwo 2a06s0scri bed in U S. Pat. Nos. 5,968,521, PCc3A82623939424

5, 858, 362, 5,847,081, 5,843,461, 5,843,444, 5,820,860, and 5, 648, 241. An
antigenic fragrrent can include one or nore of the tandemy repeated units
of 82 am p@lywphmdeslp@swpmaed angrangsusyeiblprsielob silisary pethe vaedngdr anti genic
fragnents lré reoféﬁm@{ Ibeg c%nj ugated to nodified GBS V pol ysacchari des. The
GBSCproF‘f proteln epsilon, R protein (also known as Rib and
R4), Al phalike proteins (AI ps) surface protein of group B streptococcus 1
(spbl), spb2, and Lnb (I am nin bi ndiXxgvPIES$i n) can al so be used as carrier
pr ot ei ns (Heden et al., Eur J Immnol 21(6):1481-90, 1991; Mchel et al.,
I nfect | mun. , : Infect | nmrun.

64(9): 351 PAEEST) © 18892- 7 1996;

0 | M f oH &
oS Mdépma"c faﬂy%afeﬁag% é%%% ngvc)ﬁa??rﬁﬁ%tes%c%g}eﬁosf%?o? atl Acad
Sci USA, %gye%%d%ﬁ&m 2000 B Spéibehar(GBY) etitit prilafiBcleG amibbdies in

67(2):871 1999; “'Adder son_et_al I nfect | nmun., 71( 12% 6857-63, 2003). A
bact eri al h@@aHQdetGpﬁﬁ%Sé type ¥rOBH indyees Wmaragﬁ@ﬁanﬂﬂéé\@aﬁ chesgNegher

st t

can-al so_ bateLh BFRsR RS o shorn @l BRREE hARE s B R ntlive e der i bed

herein. Strept (ItypéscIaJ Ibraid 1Tk GBhedysacchatides) wﬂmih;apé@el sdeﬁgngBaspmg;esu c
fragnments thereof (descrl bed in .

4007 | b
used!® or @ETOLGRES SATPEHE Yl Woo%rsfltﬂre@e@%mv&sgaﬁ%% aﬁéyemay H50 e
conj ugat eguéaﬁ’ sﬁg&ﬁurtgz?tﬂ 2 1c 2 cﬁ/ﬂ%ﬁ@ﬁé éﬁhe EQf of8%85BLb&wi2 TRAIV i ed GBS

pol ysaccharfde nmay be cou to two, three, four, or five different

bact eri al pp@bgqohmﬂded,ewhlléhhmhmcwmtavcﬂs oéﬁfﬁmlsmhqdmssarc@nlyb@rc‘o oﬁmpaatemltw th
adj uvant s. uvan enhance a i nmune .r onse.to

pol ysacchﬁ?’“i1 "é gﬁ%‘? ‘ﬁlﬁlﬁ%ﬂg‘e Bnfaeios ei’é /s(?rghllcé’s? Fﬁﬁiﬁ%‘g an
i mmune T e%ﬁ@&ﬁﬁhﬂﬂeﬁlﬂo t&%&ﬁt&?@eﬁe ofhePof WERR R s sugheliiuv.andin, thac! ude:

wat er emul sionis (e.g., conplete and inconplete Freund' s adj uvant) oi | ;

i rontoxi dégrmsmead iresidugl ofivhathets asiaheiagdm hydr oxi de, al umi num and cal ci um salts
(e, Chemically modified type V polysaccharides 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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alum; unnmethylated CpG notifs; glucan; dextran sulfate; bacterial extracts
(e.g., nycobacterial extracts); Q521 (Aquila Biopharmaceuticals, Inc.,

Fr am nghawp 2dess0341 MPL(tm) (3- O deacyl at ed nonophosphoryir/use@isasdize Cori xa,
Ham [ ton, Mont.); 529 (an am no al kyl gl ucosam ne phosphate conpound,
Corixa, Hamlton, Mont.), N-acetylmranyl- L-theron- yl-D-isoglutamn ne
(thr-NMDP); N adde yetsuhmoﬁbmdlag}blfihﬂgﬁdi'ﬂ,dtwm woylive SHSNE PEAEPARIeIOW I8 er r ed

to as nor and N- I

inyl-L-al Em Bhq qonsen %m%ﬁéloﬁj%worgﬁ &a&o%ﬁﬁgégu%i}% 3%0 Bhrl‘)} Coxy- et hyl
am ne) (CRd 1 a8 e&@n e BhitVEGh Eﬁ)mdlﬁg bfﬂ@mhhﬁ@dleshounaﬁs ogtth as
I L-12 (CGenetics nstltute rldge Mass.) and GVt CSF (| mmunex Corp.,

Seattle, Wtk BLISAlatsis dbmct@é@éprxgdheﬁ(h@men & Haear ﬁmlﬁquﬂégaﬁsh%ieﬁ tpsted

Vodl 14 el 1 EALERRT el AR dry L aebh Al Ceor e BC AR F OO o

a suitabl g ﬁ@kﬁﬂa@ély%dk@eﬁﬁimtaqmlm Slangle)o N2} Qlemlé‘alll?jrﬂ@dlﬁé@t}@eV sodl um
phosphat e- %uffered saline (pH 7.4) of 0.125M al um num(gstlooiphate
suspendedpplysasshitidn reprsspriag sediged sive typed pligosageh ) G5ehy Szone

Composi {1 BeniPgF B PR oo i Bl R e B P F ot 0.1 10

Conposi ti m ni's ct can contain out 0.1 to
about 500 cligles)f (4 deahitnaddtBs VIRS ehiqhoehtaimsthe typg .V, badkborte Wih the shfgley, and

' nfiel SUSTRGCeRAG B SETN b BaaY SN BY By S T dUSERFbaponse
exper | ”em(x%icﬁns 1d€Hﬂlc>é§ﬂ>CtﬁQ §frﬁé¥§re%?'@l§5ﬂ?ﬂ@8)@ﬁﬁﬁ§ﬁdsb QRd (6POBRA VAR dg;bﬁt ered

as a single immunization or-in a series, e.g., two, three or four doses at
1 nonth, Z2irolesit h, 3 nonth, or |onger intervals. A booster may be given one
year, two years rmre.af.t r the tial tion.o imar eries

of i muni zati oRY! Of,rﬁ{he E%W]ﬁﬁ'g}ceidr?ﬁﬂh?‘%gst568%%3%33@8?%% @ge nMen is
a singl e dasemcteVRR14t8d {6 VSRS gmledmm@s%; h/sHotin't thé bﬁ@ﬁagpfng 151@151’[1011

i mmuni zation of non-pregnant adults, a single dose can be used. The

r equis emewtrves fordhss @hmmall‘bwétfad R@&ﬁ@é@ihﬁlﬂd%d dintibogdy hingdingda SeHvolYPe e
i nun.oge Gl tsvlpﬁglt@;ggpﬁ RAGSL "8 SRR Al A 3RO aR: M EHEY b hance

of effi ca
PS lacking the single-sugar sidechain (diamonds) did not inhibit binding. Thus, this

sidechain is a critical dominant epitope for the antibodies. These data also show that the
dominant epitope is dependent on the size 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 ICs of each polysaccharide is shown in Table 1.
Table 1. ICsg of Polysaccharides for Human V-TT Induced V-specific IgG

Fraction Antisera

Inhibitor ICsp (ug/ml)
Type V PS 0.3

Type VII PS No inhibition
Type IV PS >270
Desialylated Type V PS 0.14
Deaminated Type V PS 0.09
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eliciting an i mune response. EXAMPLES Exanple 1. Characterization of GBS
V-specific Antibodies in Human Sera Unconj ugated pol ysacchari de vacci nes or
gl ycoconjwgabes/osexei nes to type la, type Ib, and type | PCTgrsees/ 0424
Streptococcus (GBS) elicit primarily 1gG antibodies in humans. In contrast,
type V GBS induces primarily 1gMand | gA antibodies. Neither [gMnor |IgA

i sotypes cross A similpt pattent of inbibpicnt kscGBA eohsacehandesiwastobperved foy éhallgdbase.
Types la, .Ib, a 1.l GB char.j.des i ¢ch,.i nduce strong..9G

r esponses TagioR o‘faﬁ?fﬂ?'én‘glf‘g‘fé\é§a 158501ﬁ%?1?’“£b° e?ﬁn[}\fglug}antsﬁ?l&pcgo&gf s in the
backbone amk @ tHhKBes HadslyRicdeadiaiinathl, lafd dorfpePhdtivedgdedv PSSRJuEDAY the end
of the sidechain. Type V pol ysacchari des, which induce | ow | evels of | gG

ant i bodi ehibited hindipgerose potently thpe shorten pativedypa Vi - Bk ad typeyf PBackbone

with two si i.ns, . one of whi 14S,: & Cose I esi j -l inked to
t he l?ackbmg},e'g'?ra\%u(%’ttﬂgpmg '%f‘rcﬁ%n@el %h%éﬁsﬁl}séeﬁ(gogr&%g&gg %%eg%g?e%%% Héﬁ ti8 gr m nal
resi due ofgMhintiBodiss. arts s 6f cach golysdveharidel ib yhovadinf Tabik 2.yPienildr results

pol ysacchari des were prepared to_exam ne epitope presentation and determ ne
optimal epieropiiaingd foritheilest syl the Igl\ﬁ@%@@%%%?fs@%lﬁ@ﬂl@#ﬁ?@hﬂ%ﬁé% 5?’(%
enzyme-|i i ys (conpetitive ELI SA) were used to

determ nemﬁglgoc?tl:61\;{%6 y %(%?%E%d$gag of antibodies in the 1gG fraction of a
serum pool from5 human vol unteers inmunized with GBS V-tetanus toxoid
conjugate (GBS V-TT) in the presence o riou i fied forns of S V PS.
In tHese assaydablee Heraiof Palys¥ss avﬁﬁqﬁ@nwﬁéﬁ dP’t‘F‘%&'SPieﬂﬁ'ﬂ;g rs",
i.e., | nhiﬁip;“t[tg{gs Riisdphnding to native GBS V PS. To detect GBS PS-specific
antibodies, Iqg ?ractlons of antisera were allowed to bind to native SV
PS- HSA coat ed dnmhibifokastic 96 wel | plates (ELI SA ¥sa(iegml) n t he presenge of
vari ous 4 desin solution—m-theseand—al—EH SA
experi ments repoPe¥d$n the foll owi ng exanpl es, tHé3native pol ysacchar|de

used as @ L,UoltiI{l 'ewﬂ)gen wWas & form conj Ugpt €0 TR Rt Y1005 ot her 1 han
ELI SA can be usgg

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

oxidative burst. FIG. 5 shows data from an in vitro assay that measures antibodies’
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for detection of PS-specific antibodies, e.g., other art-recognized nethods
for evaluating anti body-antigen interactions (in solution or on a solid
phase) . Thworesusvsi1of binding of the 1gG fractions to naCrws2@88390248S- HSA
are shown in FIG 3. The concentration of inhibitors is depicted along the
X-axis on a logarithmc scale in ng/m and the percentage inhibition_of
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identical to the strycture o - a - an
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as shown by the overl appi'ng inhibition curves for these chemcally nodified
pol ysaccharli geml oftype Bodyechimkgivhgronwterkiilling afymare thap90kaef thahprdietiad by

okt + AEvS e TGRS e b n Chrk R Bl e i ikt ™

Thus, thi gf gheesirad Huﬁlﬁlﬁ(vﬂﬁt%%féﬁ!and(hﬂh@ﬁﬁiuneﬂhﬁx@ﬁ@erﬁﬁf(gﬁd}%a@d’)tﬁ'&@di es.
These data al so show that the dom nant epitope is dependent on the size of
the type Vnohasledi pachassayorsgontialst i ve type V PS (204 kDa, filled triangles)

Dn, “open tri angrbue e ibg TR RRRASITIRhER s PETLNRURAFT Topre 1

Tabl e 1. baigMicsRodry saacaifar kidies ihalie plesemoe VF fpe MPS|clesiaM @ pE IVCP$,9G
Fraction AntiseraA simlar pattern of inhibition by GBS pol ysaccharides was
obseived fof an Heelpymf Wla@qCPWdep%&a&womﬁ&a@e@GéésAm@ﬁ@ﬁ yieee tsted Bodi es

in the hugpR 5RLHHRRA gi‘;é)i%% reduction of live bacteria (1 log killing). Strain CJB 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
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GBS V, in which desialylated, deam nated, and | onger native type V PS (204
kDa) i nhibited binding nore potently than shorter native type VPS (7.8
kDa) and wppeodogolds (FI G 4). Thus, the single-sugar sig¢eTasis/ossi2al so a
dom nant epitope for recognition by IgMantibodies. The I C50 of each

pol ysaccharide is shown in Table 2. Sim]lar results were obtained for the
| gG and t Kecond mnd thixstimsnnigations indigading induetéen PlUFERINSMEC megratatBeal of 10
vol unt eers_t est Tabl e 2. 1C50 of Pol ysaccharides for Human V-TT
| nduced V& tb%egi(giﬂ%%&g{ﬂ%@rn%cti on Antisera Exanple 2. Function of Type
V-speci fic Ant iAbgBRes-speific minkie hion6élomdl aafib@lytwisaditedin the vaagetitivet he GBS
V-TT gl ycoconjugate was exam ned. In humans, GBS are cleared by a process
cal | ed anmyﬂsﬁé‘ﬁém@ﬁ@ ig Brpmpledntln ceefrast @d“’érﬁ‘éﬁﬁg}pﬂ’élﬁl%gg@ EERBEMEE ng. I n
the case 5 \ i b feGeMa &kt dl Hfiﬁﬁjid@ 1Py ¢
recog%i zeﬂ{eeplfétﬁggg%gglra}lg?%ﬁg%ﬁ%g%gkmteﬁdgﬁgﬁdsmr 9%0 ysacglﬁar i@ze o? t he
GBS bact egtaph idBIG Bbshowsi thati degialydatets GBS ¢ B8 bliedwenm chanoiowatak hrtodhe

deposi t i f actjyated | t . the bacteria. Th
ant i bodi oS G BHET DB CHBIRECIN TS SN CR fac £F Agerapated
recogni zegayvirohasd QU dRhReREH S inSuthans, Widke b6t %&r@ {88 thurine

conpl ement receptors, and are takén up in a process : )
opsonophagoitlyadissias a1l GBBe {Gatof gach paiypatdheddoyap prlgdatpd esd susbpawagdn

pol yror ph lear. lLeukocytes (PMNL) .are_ killed.by variou chani such
as ol dat ic]gglcel}ura%?l}laﬁe&%%haé’ﬁ we t?lge(ﬁ% r?'ihélﬁurlmr?y n\}?lforc(hz)ongg%rﬁgpc{q%(gﬁaneasur es
ant i bodi egerghédkddt y t o pronote opsonophagocytic killing by PVMNL in the
presence of conplenent. In this assay, antibodies, conplenent, bacteria and
PVMNL are incubated at body tenperature. The killing of the bacteria after
60 m nutes of | bation | I | rd a..t t he
reaction mxt u?ga%ije(%g (?ﬁogig)ggilif? i&%ﬁlgﬁﬂ F%@Hi@gﬁggg-ggﬁgdpgﬁngfpg?%Egﬁ;l i ng of

t he GBS bagh&id@Antiserahown in FIG 5, both the 1gG anti body fraction (bl ack

bars) and-the LgMantibody fraction{stripe an
serum r efler encdnld#orpromote killing of GBY A ciiéglﬁl@g/aﬂ) on of 3 mg/n| of
@GBS type V—speeitie166
ype V P 0.04

Type VII PS >310

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 III 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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was required for killing nore than 90% of bacteria in the reaction m xture,
whereas 0.1 ng/m of type V-specific IgMpronoted killing of nore than 90%
of the bawbanecasosihus the 1gMfraction is nore efficiencirusprosmsdsag
killing of the bacteria. Whole serum of imunized humans (white bars), and
non-i mmune human serum (gray bars) were included in each assay as controls.
Next, t hespegifid andibodienamhehrti¢respegifici(i.actetanns wikolduspareifichmitipottiesi Adaced

anti bodies were tested for ki.lling in the presence of type V PS,
desi al yl af’%ct‘f“ieﬁﬁve@r‘?/‘”ﬁ%t‘ﬂg‘f%el&awt%?%éalc%%ﬁt pol ysaccharide, pol ygal act uronic

aci d (PGA). ANtdNIOiAC SIS akitfisdds despon &R 6 8RRty TIDPS wehodxaging]. - 1908
reduction of live bacteria 1 log kiIIing(?. train CIB 111 of GBS V was
used for depists &385eHI-apasific Iad/! sesponseibalory md ger dwe irgmynizeens; Wiske thg GRY

native ty PS in the reacti ] [ he killing
A L e S S I R
V- speci f i gepk@entintt the 0slieBof @fiydybfda Jan dsdididnalnsditka e Thb yingrinwteok dftors
extending to the left of 0.00 on the X-axis), and | ack ]tc Ki Ifliln (bars
ext endi ngthedishamynizatiogss ghoym Fhthe Reasts auq Sy levsls erm’ﬁoﬁ =SR&CHIE 1spBA di d not
have any ' ' t..-Qp IS;

vacci ne-i %@Bbgog%es\ﬂg g}e}@l a?‘ll' %ﬁﬁ%ﬁ%ﬁ% Sf)/fd)élge????@?%%&g%ﬁ%%?%gehggﬁ%I e 3.
Char act er bmak agowef Mirine GBS V-specific Antibodies Sera fromm ce

i muni zed with GBS |]JI-TT and GBS V-TTI gl yca i vacgci nes were
char#cteri zed. Tiwo Qe G‘Fhéf_ffri‘ao =4 HBWé‘m&S‘gg}{thé%%mhjgﬁth‘g‘d&gﬁ ViePre-$XISHEe s
V-TT gl ycoeaniduaal SRPRELAER tho dHe admuaiyhat! GBI SpRIEL lgtahitdeics Of

PSspecific 1gG antibodies (data not shown). Repeated inmminizations with the
ei t her of wehedgtoabivanyedkarfenthe dirsidmnneiatiorth thesedwopaeisys Thedewsdsels i n

i sotype switeching t 0 Szspecific antibodies. S.V-specific
responses %ﬂi'ﬁl%ﬁbf?cr%&&e%ﬁ‘gaﬁﬂﬁwwﬁf ’@Pg &%ﬁ J23R% %‘Fﬁt?fﬂ% ft zati ons

i ndi cat i ngedof@dbid SFMhOGRSMUTDhagdige. Menory to the antigen (data not shown).
A GBS V-specific nurine nonocl onal antibody was tested in the conpetitive

ELI S% assay de&meiofét threemxenksye(monkey #S36AORalop 1ing) hadwia-cxistng digMi ne 1 gG

recogni ze 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 disregarded the values obtained after vaccination
n furthér 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
(monkey # 369 92, which had non-specific GBS IllI-reacting IgM antibodies) did not

25 demonstrate any isotype switching to GBS III-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 IlI-specific immunologic memory that was recalled by the second or

30 “pooster’” immunization with GBS III-TT glycoconjugate vaccine resulting in (1) an
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the native capsul ar pol ysacchari de and not the desialyl ated pol ysacchari de
(FIG 7). The graph in FIG 7 shows that desialylated GBS V PS bi nds nmuch
nor e weakwyp 2b@/dsbeimuri ne GBS V-induced | gG as conpar ed pro/ush@snadsny e

pol ysacchari de. The deam nated GBS V PS, which is the dom nant epitope in
humans, were not recognized by the nurine antibodies at all. The 1C50 of
each pol ysaetdraed detivaly responsd, ahd(2) arsdbstantmhmereasainThdleselB.of §B8 [IBr resul ts
have been obttfgcirpggg fg{g al |l murine nonocl onal and pol ycl onal sera tested.
Tabl e 3. FR% Wy @fari des for Murine V-TT I nduced V-specific 1gG
Fraction Antise gordhgséh, Hakadsh aMew Bk tehBiiboayasydnes RS &EY Irirge to GBS
type IIl and type Vis different fromthe humen i mune response with
respect t glyceomypgats widciieiin ghesdompersues iBeludey subpliantiad ésotypsrsavifchimgttp dgfal

epi topes. Ex l e, 4, S Type |LI. Pol vsaccharide-specific Responses in
Rhesus Nh@gaﬁg%)ﬁmﬁwgggeg?X@W?@@1§gwﬂaﬁhon-pregnant femal e rhgsus nmacaques
(Macaca nmul atto) were imrunized twice with GBS type I11-TT (50 ng PS,
intranuscularly) with 8 weeks between i mmuni zati ons. Sera were obtained
bef ore i mmuni zati on and_meekly,after,inpunizatloqs for evaluating |evels,

i sotypes, SEAADEA IR NS QAYSAGHIEIUSD ORI B S g Vageedddi es and
carrier-specific (i.e., tetanus toxoj d:specific) antibodies., The vaccines
were wel | -tol etl"g{e&p’%lg}gpﬂlé-pﬁ%ggﬁfo f“felrﬁ‘f\ﬁﬁs PRARIUSH ¥ ST B F RIS BB onses

to the typmd VW’P@SO"E% BS ShBII&MarF) ®ith® W68k BefvdeBEnhluni-2R66d. fdefa Wvald
response before and after two inmunizations with the GBS II1-TT

gl ycticonj og@iredbatet memunizateresdr wesklsalia dapaizaborksey ssseds levicledsttypesne
representing.the | evels .of .anti y from an i.ndi vidual nonkey. The tinme in
webks. af b fingteps Eveieriid B Aol RE L e R o Bl s of
type Il - spRed-EpLifi MhaRdiR0 A GBS VOUT Rhedtid WO WRllasletdi&] by @i s. The

i mmuni zations are indicated by the black arrows. Two of the three nonkeys

i muni zedmgca¢e&BS |11 1-TT did not have pre-existing
Type V-specific IgM antibody responses before and after two immunizations with

15 GBS V-TT glycoconjugate vaccine in three rhesus macaque monkeys are depicted in
FIG. 11. Each line represents the response in an individual monkey. None of the three
monkeys immunized with GBS V-TT had pre-existing IgM antibodies to GBS V PS
before the immunizations. 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 thesus macaques with
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antibodies to GBS Il before the first imunization. GBS II|-specific I gM
anti bodi es were detected two weeks after the first inmuni zation in these
two nonkeye.2odnsodsevel s of GBS |11 -specific | gM peaked atras2doso3smeeks, and
t here was no booster effect of a second dose of the GBS II1-TT vacci ne. One
of the three nonkeys (nonkey # 369 92, top line) had pre-existing |gM

ant i bodi e§1)tasubktentid| Ig8aesprnse ded (2aovnine! &g sydehibg frorespanse ta enaudvisg af i ons.

However, t tibodie re not .specifi.c for the GBS Il PS antigen

because aéﬁ?@ﬂfbsfs%%ﬁﬁé’etﬂgﬁe@@&seéﬁ FiefiRgUEES | 11 PS to the reaction

m xture had no L%ifél@‘éfis@f}?%%iﬂéhétﬁGBS Whpdciee Aftbolied ifBuhmsi(h® Jal SA pl ates.
0

Due to the high |evels pre-existing natural antibodies that
Ccr 0ss- r eadnasaqugs (pricass) 4iter pgmageanti sse@yardeaninsations weh GBaIdd af t er

vacci pat i in f n I t PS are shown
R o Mo ShooRLts Smny 0 GIER A SO e el BB VSR st ype

swi t ched abicobadugse vaccingiadudet vES. lowhevdldofisotppndsaychinmiokes i# b3t9 92,

whi ch had non-specific GBS I|l|-reacti ng | gM ant i bodi es& di d not _denonstrate
any i sot ypemans arhiqighysacpgmptes. Ehempdipe Peigentagh oiyes ¥sspeqifie I8§G ant i body
responses R (a)e: A o : r qral s

r esponded s\%ttc ﬁ@@gﬁ@ﬁ%ﬁﬁ? B?s ot ?/Dgg/ isnvq\}ﬁa% ﬁé@P%&g%‘%q{efqelaﬁélgp%ge?%&?gG

af ter the dbse sfithe GBS GTT bitm@Bsd highed Tevels nff ispistpe swatchingeo Igtu it breh nor e, t he

vaccine primed foy GBS Il -specifjc imunol ogic ry that was recalled by
{he. boon iBRnS HEHATERI R FRA 5 HENCTHT o oIy PL PP YPuoLofiRgdes vacc ne
resul ting ydie fAthe 2MGERYESE Bl §i¥1eBM¥n LRSTRREBSost@RMcdiftion. Subst anti al
increase in the levels of GBS Il1specific IgG antibodies. I n concl usion,

t hese data showevélapf isatyparswiilshetlantibogionducast hyhide G3se MHTTrandgl ypeoédr] ugat e

vacci ne in rhesus macagues i ncl ude bst.antial isotype i.t chi n o 1gG
oimi 1 ar 1 G ThEBCRUH TS BRRIe] fFTHo hant e R Pl Afliergptelth ¢ T 9
Pol vsacchadordR-ssRRAIn JF IREBHP&ESe Adlibblies iy thbsandierrehh GBS ddRBnjugate

non-pregnant” femal e rhesus nacaques were imuni zed twice W )
15 vaccines. The GBS V-TT vaccine induced low levels of isotype switching to IgG in

macaques, while the GBS type III-TT vaccines induced substantial isotype switching to
IgG.

Example 6. Specificity of GBS type IIl-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 III 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 (ng/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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GBS V-TT (50 mg PS, intranuscularly) with 8 weeks between i muni zati ons.
Sera were obtained before i muni zati on and weekly after inmuni zations to
assess | ewel2spe/isenypes and functi ons of vacci ne-i nduce@cP®sspsosdse

anti bodi es and carrier-specific (i.e., tetanus toxoid-specific) antibodies.
The GBS V-TT vaccines were well-tol er ated by the macaques pe V-specific
| gM ant i b&§ywhiels panisies thseshmedhmadugdr tsisie-chais ammmlﬂévpmrqmsg HSEBS V-TT

gl ycoconj ne 1 ee rhesu n |ct ed in FIG
0 aen (ARG BURRL bt hahs Gl et RS RiaB R AR FOTREGRSRFE of L ne
t hr ee nonlgysnih (MYAL &@6sed).th GBS V-TT had pre-existing IgMantibodies to

GBS V PS before the immuni zations. Al three animals had a substantial GBS

v IhglI;/I r e; ponse Tapdrhibitine resutts forgemen Gemapmikgy 1860 42dF AepiciRf ihFKadie andvel s
t
exhiite reme?en%ﬁ}ésfo%ﬁ o m?nf(d@gg Pl 3l s?Bms] hal Hﬁ LR8Il \}agg’ thé ‘%Cé‘{] type

V- speci fi c eve one o er the

second | mmmdcﬁéslrecfbgnizteb tlia&tM‘eTHPSf@fﬂlhdalrﬂeﬁﬁldﬁl‘ll&dltnaﬁglésbpﬂulé(ﬁmﬁﬁl fic I gM
of 95 nmg/mM_. One of the three nonkeys hadlowlevels of A isoQtype
swi t ched amnomamleg of Ble@BEbQﬂlPSrFeP‘P@WGdé@? dpiadylpted t eTHpES 1¢, filgtlini zat i on

(FIG 12) t)I PURhsnibe, %Sdc}ﬁiﬁl%tteg)li}@& ﬂs%%%#ﬁ%h&ﬂldthgﬁz%!f&eQ%eeﬁYEd in all

nonkeys a he second’i muni zat i None the three nonk I nmuni zed
with GBS ‘Iﬁor&ﬁldn,aa:* the patevei GBS Wi PISyGlled tirde) iiesminoh bytpe iMESitdrehar & shdrer

i mruni zati ons. | of | Gs 'tched PS-speci fic antibodi es was very
low & ter VP’ﬁémf(lWPftI IIMEQF‘% ut a significant |gG response was

observed after 10856060 M3HE! H'P-%du@Qd Mtfﬂ%d@ﬁla\t/re-wgﬁlgéﬁhe H3ialylgpe data

show t hat isotype ' response pattern to GBS V-TT gl ycoconjugate vaccine in

r hes u?] rra¢mjﬂilw]fm(4ﬂ,)ﬁlkd§qurﬂanal amgmgtrhe sk seads(iPJoegifer vaan gG
svmtcmgln onse to one V-TT is sim.lar to onse in
observed *ff2h ﬁ?an%MPélﬂbaF&V?@{v’pfé szglﬁgsohaéggag}m%epg{guﬁé ”ilr}i’f)glﬁgdl es in
hunans  ( higat 28 oh@ ﬂlgﬁe LB EH) PRWHEE 5D%d HE¥E YnBbuHi &EBAHIY técognize

i mruni zati ons vvlth a S V-TT ?chocoh jugat e vacci ne were conpared (FIG

14) . 1ne diessdestsiylethe fapso Myl (elicited by GBS III PS given unconjugated or

conjugated to tetanus toxoid). In humans, a subpopulation of the antibodies recognize
Pnl4, or the total antibody population is cross-reacting. The same was true for the
monkeys. One of the monkeys did not have detectable Pn14-cross-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 III-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

25



gl ycoconj ugat e vacci ne i nduced very low |l evels of isotype swtching to I1gG
in both humans and non-human primates. The nedi an percentage of type

V- speci f iwol2gés/wvs4ti ched anti bodi es was 5% and 12% i n humremasasng/opysdrat es,
respectively. A second dose of the GBS V-TT stinul ated hi gher |evels of

i sotype switching to 1gGin both humans and non-human prinates. However,

t he maj or P6 yedlfplatheinths pmserfqecof amww@QOtw@rf@e@Dlytsmha@msug selygen. iFhebot h

speci es, eve aft r the er..vacci nat i ve s_of Y. hed
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conpar ed enﬁh@n all8garith@¥eRhle@d edikd g3lintdbitiof o€ BEEE g d’fthdﬂmtib%ﬁie}m@
svmtchlng of the PS-specific antibodies for the two different GBS

gl ycoconj ﬂgeﬁsebw@dprﬁl@sELfﬁwep@ngﬁwlqméh@Xeamm%b@earréw¢eve| s of isotype
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LT - ndUCeﬁlshﬂﬁigaﬂhlprdm@%faﬁpﬁ)hﬁsaﬂdy 280 wpeets(lmtihenﬁgaedi to HsAt(ﬁﬁeet
recogni zed by GBS I|I-TT vacci ne-jinduced.anti bodjes in nﬁ ues ‘Eﬁ

(o

exam ned Blpc qu@,,(%u@gpggatedr (B YEwhitg Sqnglesh (3 Aesiviated g
ti bodi 1. evEet dt
ot ve cog A RAR0; B (ARG VRS ERR Ol BotfR. Tiluoheaul o
vari ous atmuitessughr sﬁd@daano(mtas);had(i)ét(}z@n(crpsses)el ns in solution. The
| t f b ttd FlG. 16. Th t f h / m
<> sHown_al ong Alhes e Sadtureghdipe 35%‘?9%16??&16&0@3%# ifued G EsL A b1 1 on
of antli boq¥51gp{ﬁ%dﬂg§é v ﬁ@@g@ﬁé%%@%ﬁm{ bilaR ReHAD 1ﬂ1ﬁﬁt1cﬁ‘l—ét§0es%ﬁﬁﬁ§e i's

shown al ong t IS on I 1 near scal®e. Pol sacc arides tested for
i nhi bi t i ochewsicelly (ib)liffedtpiolysaBeridds| an@ﬂl@:nﬁﬁefﬁiypen‘é PSf(tl‘@ngbB)ﬂEEi 18p.

GBS 111" Ps 1 eprBlaiis Fkpeitahe BrsaSts §ESH Felprybn iR R n el ah o e

by ozone tyHalBAtmehs.t he PS (open tri angl es) (3) full Iength Pneunococcal
type 14 PS (i.e. desialylated type Il1 PS_filled squares 4) GBS | aPS
whi ctb cont ai ns TﬂmdosmmtheB@pgemforﬁledéB‘éNaTﬁya@sgnq-wgcq qutibedienitei r cl es) :

ggg GBS | 1 csboalifiS0iRE fle thOtohE of BRI ARBE T t RthAdk An@L 3k and

containing sidechain was not part of this epitope. The results from the competitive

inhibition ELISA for macaque # 256 89 are shown in FIG. 19. For this individual

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 Vac'cine 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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al bumn (HSA, crosses). The inhibition results for serumfrom nonkey # 369
92 is depicted in FIG 16 and are representative for all three nonkeys.
FIG 16 swowsodidsedsial | of the vacci ne-induced anti bodi epcrasegsiozsds t he
native Il PS (rilled circles and filled triangles) while only a

subpopul ation of the antibodi es recognized the desialylated type Il PS
(Pnl 4, fi bffetbns quprossting Kiltihg ef the bestetih eThlowhitamid sppcklepbars sredepanlient on

the si f the.t |11 pol , th ive GBS III PS. (fjlled circl
o e o bR in i astar et e Rt amtoke e et Ttvdgla Bfen | ©°
triangl eprsoﬁbﬁhég@@%ﬁ@fj?lﬁ@(gfgréwprg st‘{é#tod;cdagiqﬁ@ﬂe Aeidnbedr fsurh fim heagnri zed

the desialyl ated type _ . e ' 14, filled Sﬁuares) vari ed anong the
nmonkey se#25688 i$ repsentative fon thesantibedies infdpcadimah shreapnbsisnat el y 50% of t he

IR L T W e Y

form of tipacdhatidPsideendicot e tipy ybdcbhdrReds Metitettpadiefl byakenaine
conjugated to tetanus toxoid). In humans, a subpopul ation of the antibodies

recogni zesytam.4t isqrossihle thejtth¢ sidephpimomih psiglie aeif omapls” dheesognizabls ng. The
sa : : I bl
ol - o1 s LiGnb Rkl FRAES S A lsal i IR thd i N AEREEL 0. ©

ant i bodi eWd hajothiesized thaz pebviRtihg the (imbeyorinadhite@dpe Mlight ithfjovantmuintivankey #
543 91, all of the vaccine-i ﬁducgl_g3 antj bodi es. al.so cross-reacted.with Pnl 4
(FI G0 17) of thgdmpymesysiem;agd 2 pW FEHISOPE SYHERIRS P %FHYeFBE“dF §P t he sanme

speci fici 1%;6 g@%&gjﬁs! %ﬁé%%{éggﬁeg}r@bhgwaﬁeBw kedinelifl AP Ehiieny - 1 N

summary, t epito observed for type Il1l vaccine-i'nduced
ant i bodi emodifiedniesiatylatad &PSCY PIrvweas abajugatedlio & prdttio serrshsmd wedexfagrindsduman

vacci nees. anpl.e 7. Specjficity of. GBS type V-induced |IgG.antjbodies in
esus maihgies BisrHlowsagr petteprectplion SbpGaYe By asde ey P Grekhor ot
gl ycocon] inej i - i :
g yeocon Er%%;ége n*ggﬁsétai@gieﬂ@%%@@% egmeeseel%sme DB H#ER Y B theBhESHONEY fhd
15 thus allow for isotype switching to protective V-specific IgG.

Example 9. Vaccination of rhesus macaques with a modified type V-polysaccharide-

protein conjugate.

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 rhesus macaques were injected 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-sﬁeciﬁc 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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I gG fraction of vaccine-induced anti bodi es from one rhesus nacaque

i muni zed with GBS V-TT was allowed to bind to native GBS type V

pol ysacchwoi2d@/somtied onto plastic96 well plates in thepprasensesobs vari ous
anounts of free polysaccharides in solution. The results are plotted in
FIG 18, with the amount of inhibitors given in ng/m along the Xaxis on a
| ogar i t hmantilselidsan augdint dre gpencbntgahe Yiaxid. Biite iomwhizdsions pregnditatediby the

ant i bodi e§ tl? the PS bound to the ELI SA plates given along the Y-axis on a
| i near sc&l%XaB8MSsaccharides tested for inhibition were: (1) native type V
pol ysacchari de NeRRS fild thebe@horfkePOInyiBiz&f wAR BlcQiesABA ALY GBYOV ITEPeRLindNi T S
conjugated to HSA (filled black triangles); (2) unconjugated GBS V (white

t ri angl eshad (2N agtbodiesiodhenativeggpeV PS befark tednuaimizaions. AddB$ ¥)-speedie nat ed

type V PS_which contains the.t V backbone wi th the ope-sugar side-chain
(17 T o 1EEhoRRE W a3 b 4 Pty ARGHRANE: Bicihe RS RGO IS oo
recogni zegedlRvéle aBierAddEdL 5 (Wedek € bt khedintnirtigatidas IGBY Vadpeei fic Mg I¥vdPSdid
(squares) as shown by the overlapping inhibition curves for these

cheni cal | yorigarcpscciss dheseaerchismuezetiond Tha &Y rpecifig ggMyjeysds induced by
gt rt ang| e?ﬁe(cfelsﬁ’leylgigzi GB-@VSFT %Q&l&%&%&@ ?&ﬁer%#tﬂ&e@ﬁ%ﬁ%ﬁ & §ativ% CE%@V—
om nant €pitope In macagques as well “as 1 n hunans. e dom nant cel |
eﬁi t gpekll; aT xtda];einaﬁ@ith/a;ﬁiédelﬁifﬂef GBHUC efedfit idMdif 6agintl indesd by tiecaques was
t he backbone of the pol ysaccharide. The tri-saccharide sialic acid
cont # ni ngesrlykadayascing yorsut 3%&&?111&(11&05?1 Eygma&ﬁ% Vaceiie, FSBEAEDY r om ¢ he

conpetiti i ohipltel &lﬂf’dfge ARm3RiAf; WAl 19. For
this indi @(ﬁugl@p %ﬁﬁggﬂﬁﬁéﬁfﬁ? i%g}g%l es (r)ﬁ?/l% Suﬁ@;[zg{rllﬁ glpﬁy dee'?]tag}p%% t he
deani nat e@GRS Fel' VP& diteaare tlopicted imBIG.\22. PSw [Ehes bMA naidiodon vaie sdee 1GBS t ype
V-induced antihodjes had the. s speci.ficity as the I1gG fraction for all
three npn@?gf%&éiﬂ%?e%% W%g@gﬂnézagf’nﬁzuncti on of type V-specific
antibodi es in igsysg qg‘@%nﬁ@édyq@gioﬁ%s'a?@éﬂéiﬁ&e@ﬁlFFHEQ_BPNdn@@f&fe macaques

with the GBS V-TT vacci ne were tested for osponophagocytic killing as
descti bed thrme Boakgysgnmnuriited V@thv.dg@églatqdc\/-TT vaccine had pre-existing IgG

antibodies to type V polysaccharides before the immunizations. Levels of IgG V-specific

antibodies were substantial 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

28



anti bodi es were able to nediate killing of the GBS bacteria (FIG 20). Both
the 1gG anti body fraction (gray bars) and the IgManti body fraction
(striped wenrsjs/@bd3sgser um from nmacaque # 256 89 pronoted krirhuso@soBseBS V
bacteria. We found that 1 ng/m of GBS V-specific IgGand 0.1 ng/m of GBS
V-specific IgMpronotes killing of nore than 90% of the bacteria present in
t he react idepicteil vh uleeX -akinmdt geecengvhititat omtheisaxior Adlfdfithé 6BS Visparifeot i ng

killing of the.bacteria. The white and eckl ed bars ol s.i ncl uded
1 noh osalpdie Hisiced in PHMAL T EgRge Uis et prited GBS ok Sctimen uat o
for opsongphaaPtad ftidslles kitd ghfze P HIRURBImIISBIIOE Sfifates) And MR dRSiESBRAEE Of

serum from macaque # 256 89 I's representative for the antibodies induced in
al | t hr ee (enisqyares)las shawmrhy the simdarighibition cobieaiferctieserchbmidalll mmsdigedand

ol yShccnaP PR g e MEchls AR P5 KRR BtI 10 dp ool ¥RE datane, ¢ e

the si declhigitAe Wedidlylatedi GBS V-BTiveccit@ilgaced iigibbéieoBtheallngacagiesvadans nant

epi tope of type V polysaccharides in humans and non-human primates. W
hypot hesi beekbohaef the polvgreshatidewithmsitsdbainrgwose pl koBisacabgride siphe enid
stinmulatiqn of .the.inn | I L. SOt L t.ching to
protecti vgog%-nénp%esg(?efc%%ﬁ%ﬁ%%%&s&lwwﬁgisalﬁggésgﬁ?]g\?ﬁ&%@?%ﬁ%ﬁ al GBS V

vacci ne i Bervhi fbmahehbei wal hynkegsli fi ed desial yl ated GBS V PS was conj ugat ed
to a protein carrier,_ and we exam ned whether this allowed for better
recotfhi tion of Lhegrparipenty wersppesil fopleh antibpdiesfrom Siranefdbtie thepe v
repeat unift_ i gﬂ i 9’%13.] i i d0nt ckbone)
and t hus 'g%s ggﬁ‘rg i S(t)l%)g(%ggg#\ngt chi ﬁgﬁt@&%ﬂ%gﬁ g‘ye%%ekieéél i éﬁ ?‘g%fl Exanpl e
9. Vacci ndhk @acaiie-inkdesadsIgivhatihod s wedopniaedrihd idearmohatedeircles) and the

V- pol vsacchar.i depr ot ejn njugate. Purjfied. GBS.V PS was desialylated and
ox!odat ed 1‘1851@1@1%?%&?’%6 V@aﬁ@ﬂ{%g %é}%@)ﬁ%%ﬂ&fﬁ%l ?rdPh‘ggﬁ’jntfélé‘qu ?ff‘k%sermnprrel ic
TT by redugdiien ?gaﬁfﬁe@%&lyﬂﬁﬁaﬂ@% Al YhSh 88 e Wpb v PGSR AR t 0Xi ¢ and

i rmunogenic I n the vaccine was tested for imminogenicity in

non- feunan dpmineat Bsell Bhitegee foh gwudssiabtaieli¥sT Tvglyeodomy laate_ewwmieﬂuducsd weeks

:ﬁ?%i SV\'![ %:Qtil;o%?esqg %ﬁeasil rln%'éaeq%eé/ \-zv-g;r theDaskbone o? ﬁlrelf)%‘i}yé%cscﬂaﬁgé %‘itﬁ% s&&egcrﬂagnhe
glucose. The tri-saccharide sialic acid containing sidechain was not part of the immuno-

dominant B-cell epitope. The same results were obtained with serum from the other two
monkeys.
20

Example 11. Function of tvpe V-specific antibodies in thesus 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.
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characterize epitope recognition and functional activity of antibodies
induced in the animals. GBS V-specific IgM anti body responses of three
nonkeys iwouwniczsodsni th t he desialylated GBS V-TT vacci necans2aspsoeed in
FIG 21. Each line represents the level of GBS V-specific IgMantibodies in
an individual nonkey before and after two inmuni zat| ons wth the

desi al yl atadmpS 2/- T8 antibodineindTéed by awmodifieddyiesV-pb charidesprgte] ni zation

is given alan thedX axi S and the levels of type V-speC| fic Ighvanti bodi es
in ng/m %—g%—@gﬁﬁl—the Y-axis. The immunizations are indicated by the
bl ack arrows. NoRgive{GROE-ThiarimrdcManihisieryd 13 eatrapetitont 18 Wesicaky! at ed GBS
V-TT vacci ne had 1 gM anti bodies to the native type V PS before the

i mu n| zat doses of A.@BHARS perdmnitgizagvn ped pEA s Riaser divywinization.nMacd wetsr ee
animal s after th

Soekd of ¢ b i B SO 1T e Gt B et P D Y R i e

af ter t he DRREPRErcl AMMkEAII DHay 0 BRd @&Nf&@ﬁ@ﬂ/ﬂ Enidegdr | | Setaleed by the
desialylated GBS V-TT vaccine were | ower than those |n uced by the native

GBS VTT vabined from enimelyprinrde 1111@1/1@123%?11 by oon diselinist and segandotosenigt dey

i nduced b i he native
vacci ne, §O£pecqfe\%<ta y“%ﬁ@‘%gzﬁ elIr‘éi}gfsr es %%@scl g%gg&lgéggg%tﬁaefter t wo
I nuni zat agimald dhedch grai@siab ylétatrﬁ@le&ﬁﬁE‘IL{SK ammm@ttaﬂnﬁ Fiepi z147Dn Asl G

22. Low | evel s of%%%antl bodi es. were seen_in two of the three rmnkey

af t ef0 bot Rl e ccmgltxm@s%ef Y1Seeq1%@g&i1tqd5efd&bw@§mge%e Qfrthe
depi ct ed 'disﬁf‘%;ré é\i%?o% S@%ﬁéﬂ{rﬁ%@}%‘éﬁé@% ﬁ%ﬁd@é&ﬁ% d tﬁ%rgll.\Fy

desi al yl ate RO e pre ex odles

pol ysacchashtés t@@mi@oﬂ diﬁth!lrﬁ%@ﬁlté@m lefsls of Puptsfiofgd gébwées peand 100
anti bodi es were substantial after the first imunization with peak |evels

obt ai ned Bgn{E&Es278)t Similsdy, therhigh deseiod ©BS M-Talowi the @bﬁen@p eff %Wﬂﬂ@b?ﬁ@

seon for " SEHF @ miRbgennedel TRl eief s BabeaiE i ol ot e
a (1)5 mdgpais LaM HEEPPRSEce b hudt PEiRO AR shdwW Bat 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
(SHRSIII; 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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switching, (3) accelerated and increased magnitude of the V-specific 1gG
response after a second dose, and (4) a long lasting GBS V-specific

ant i body woesp@nsas4s1wi t h medi an | evel s of V-specific | gGpofi/spmsospatel y 10
nmg/ M 10 weeks after the second vacci nation. Exanple 10. Specificity of 1gG
anti bodi es i nduced by a nodified type V-pol vsacchari deprotein conjugate.
The speci fi ci t {lable 4.h€ohcBtfatmmtaf GBDV-SmetfickeG iddaed/psumBoels bodi es

obt ai ned om.r.h macaque # 259 87 was tested by measuring inhibition of
bi ndi ng t&reﬁ%gl‘%/ #9&%&%‘%‘%@“3\4‘4% presence of desialyl at ed,

deam nat €4, Qrullfbla¥fa 1V pol'ySacchari des| RNi§sh hg are depicted |n
FIG 24 with the %onceﬁati on of inhibitordepi cgegﬁg)n l?he X-axi s and

per cent inhiﬁiti n the Y-axis. Al of the V-speci fic anti bodies
produced|in &%lgfd‘&e?\(mﬁlﬁﬁg%"e% (W?lﬁé?’ﬁ%aq&%si alqél'sjat ed GBS V-TT vacci ne
i nduced | lodi-esrecogni-zed-the deampated (filled squares)—and— he
desi al yl at edy(TOPRIAuSHUPOERY ntagfeMbnity t he| sigwg ar inhibition curves for
t hese chemcalTy nodifled pofysacchari des and the native type V PS
(triangl es).st | hyman gefarerrgrserady €81TT epi tjope li®r the desial yl ated GBS
V-TT vacc¢i nenidweedcpebitavet opbdles in rhesus npcagues was the backbone of | the
oo tesos el L g oos e hihpgegecce o ol ¢

nf annpe rocul + 6
T Ul ol =] b'qu 19 U'uJLa- LILILAYZ D AUITe roeour t

were obtained with serumfromthe other two nonkeys. The experinments were

repeat ed forgd gMeaAnidniafti@sd o' 1R8HENE -FREAMBIISe bINE ORIM fist &él?féﬂl%{l

antibodies for serumfrom macaque # 259 87 are depicted in FI'G The
vaccime- i pupchean tg¥eanice bed dwllergedgriilzedoserod GClRSh(simmt @B 1(1¢) 4¢timsy and t he

desialyl ated type V PS. res) shown the simlar.inhibition gurves
for these g’@ﬁ?ﬁﬁ%ﬁ thay “ﬁﬂgg ﬁlﬂgé(a%b‘?@%%‘ﬁa‘ilit@g Eloglﬁh(s‘ltoﬁ‘eiﬁ%?? i @Qe P er§/°T'(§>S
(triangl eghps fuiSirdsBe GBY ARANEnR 48aloursedfict BRh 40 listehen Tasté 8] Kk@h@tn M TT

gl ycoconj ugat e vacci ne-i nduced anti bodi es in rhesus nacaques was the

backbone d#blsHepgseivgyaeeinationdd prenantaninge withaers fm owsequeyamunized
tri-sacc h%vrit'hdd%sﬁtiy%tle& G%ﬁ Q-Tclov%sae'f?elcﬂge 1"511I pdrgf%%gnth\éﬁ'%ugg frox%aléthaloc{osgygf | mMno

10 GBS. Protection by sera from desialylated V-TT induced animals was comparable 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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dom nant B-cell epitope. The same results were obtained with serumfromthe
ot her two nonkeys. Exanple 11. Function of type V-specific antibodies in
rhesus naweqQuesodsgG and | gM fractions of antibodi es freorioseaswss:24

i mmuni zed with the desialylated GBS V-TT vaccine were tested for
opsonophagocytic killing in vitro. W found that antibodies of both the 1gG
and | gM f Eaemplerst. Krbieetiod ofded@BE] Wnihale fivmoCicadienganViahkctiyeddgame! of

conpl eman& and, PMNLs (FI G 26). A nunber of enbodi nents of the invention
have been 2BAY  Nevertheless, it will be understood that various

modi fications MY rhRisERdRcMthaRhaORRahbiadd REhAtREChaRbAdeldeddifbedGRPE Of
the invention. Accordingly, other enbodinments are within the scope of the

f ol | owi ng Exhmples|3Ealzows! was 2lso hesd tadeiehoini st inndvceldicasy of agdvk fi ed type

was i nFEORPEE Ve RoRea T v MR e o e Wik her ©
| muni zat Log,@tnd 225 HiBh Bssdt@ntdiBaw ¢ PS%E‘VGnMS%%l%@E@Hjh AbsEsbaibt h the

GBS V-TT conjugate in the presence or absence of ng of alum Doses were
admi ni st eabehiatmdygrodiden dAmhdlyer Zetloftfemalie wet@ @indinistered pmegnd elumiSana wer e

oo KPR A5l B ot B TR A e B YR Bl oo
V-speci fi gaj 88ifeRAUF £dodebAIES ahialBEBI11) SREMeIiRMRMR ELSBBbEtHE HRE DY

ELISA and are plotted in FIGS. 27A-27D. As shown in FIG 27A, the
concéht r a{4bniDaf) ivtlpeedel Chegonibsthud ddppspryviveng thoClosehalengeHs lgpss V- TT

conpositiq 1 _days,. aff eri t.zati.qn . m . By

contrast . anmeenarSH Brrealhn TESkPaR A R G ety BRRs A bt veen

10 and 10 edialyidtbEGBIMBIIT Hotectsakidiynevten pigdretasehaifdoeBSNGET. i n the

absence of aluminduced 0.01-0.05 ng/m, of V-specific 1gG (FIG 270,

wher eas t Reotpgtipn hyqstve amuaigatian, with desalylateddb Tigyasicomparahls t9peerid® of

al um The§5 agﬁ\;eainfrsz{tﬁﬁtwiﬂlW?lcan enhance the i mune response to GBS
rons 1n mamreal’s.

conj ugat e conposi

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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Exanpl e 13. Protection of neonatal animals fromchall enge via passive
mat er nal i nmmuni zati on A nouse nodel of maternal vaccination and neonat al
chal | engewoasosusextit 0 exani ne the protective efficacy i RCrivseoisp3QsESi ve

i mruni zation with sera obtained from macaques i nmuni zed with a desial yl ated
GBS type V glycoconjugate vaccine. This nodel is described in Rodewal d et

al ., J | nVEBATISCLAISBEBIS635-9, 1992. Briefly, pregnant CD-1 mice (3
animal s per group) were given a single intraperitoneal injection of 0.5 m
of one of the follow ng plasm sanpl es: pool ed sera obtained from3
macaques i mmuni zed with GBS V-TT; pool ed sera obtained from 3 nacaques

i mruni zed wi t h 1afA#ntigenidoAaRbbi€ion Bbinpristhgi al yl ated GBS V-TT; standard
human reference serum pool (SHRSIII; positive control); or_ pooled prei nmune
macaque pl asma (Pricgadifivd seawmB slrgptocprensdGitahyneaY pelysgchapds; yud pecific 1 gG

in each serum : ¢ 4 I LA T ncentration of

@GBS V- Speci fi c%)g%%?he?}%@? B%?B@gﬁ%%ﬁl%&?@“ éhae ?&ﬁ&/@éla]gggy ve Protection

Model Sera were administered to the mce 2-3 days before birth. On the

first day of Iif pups bharn to the nmce were challenged with a dose of GBS

(strain CIBIII Y etcpﬁwla%a% elaim haherpia BepRIEHoRAY l%w%iﬁ?edt e nmcein

t hi s node 4 : D - \ik : enge 48
kregé?ern;eﬁﬁ&éar gb?dm&gg?h&%ia%c sﬁ@chaﬂpénﬁﬁaaymm abfhgldﬁasﬁsmhé

hours after I st In Table 5. As shown I n T(l;l 5, passive

vacci nat i polysfcchaedmant aninmals with sera from macaques i nmmuni zed with
desialylated GBS V-TTwas effective in protecting their pups froml et hal
doses of GBS. Protection by sera fromdesialylated V-TT induced ani nal s was

conpargble to pr q_th%%fr@esiaxn 8LE1Rint D ONhfeih théEMIG 8P cIRRIdREY SodiFRRILg S
Survival of Pups in GBS Passive Protection del Exanpl e 14. Profection of

Neonat al Augitmedng whdes mildhp héidiegenditignedct i ve Mat ernal | muni zati on The nouse
nodel of maternal vaccination and neonatal chall enge described in Exanple
13, above, was also used to determine the in vivo efficacy of active

i muni zation. \: The@on@esitiah vt atbisl 1 Mwldhemshapstysicslipideds 4 Bedidynted GBS nice
twce type V polysaccharide.
15
5. The composition if claim 1, wherein the polysaccharide is modified by
treatment under conditions that remove trisaccharide sidechains from the backbone of the

polysaccharide.

20 6. The composition of claim 5, wherein the polysaccharide is modified by

sequential desialylation, deacetylation, and deamination.
7. The composition of claim 1, wherein the polysaccharide is a deaminated GBS
type V polysaccharide.
25

8. The composition of claim 1, wherein the moiety is a polypeptide.

9. The composition of claim 8, wherein the polypeptide is a bacterial polypeptide.
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at days 0 and 21. Each dose contained 0.8 ng PS given as a gl ycoconjugate
absorbed to al um num hydroxi de. Anot her set of female were adm nistered

sal i ne amsloabesmisosam hydr oxi de, as controls. Pups born tecths2esneneed mce
were challenged on the first day of life with a dose of GBS (strain CBJIII)
40 tinmes that lethal to 50% of the mce (40 x LD50) in this nodel. The
nunbers of pupd0sdihgicompgsititreoGREncHalheesigdcheylinmptide sfa eell-duifachomr e |i st ed
in Table 6. These data sho .iﬁhat active immnization of females with

desi al yl at&get W&*EPB@S& ‘their newborn pups fromlethal doses of GBS.
Protection by active inmmunization with desialylated V-TT was conparable to
protection by active inmnization with V-TT. Table 6. Survival of Pups in
GBS Active Pr otléctlihgwompastiorOTHERENBODIVENTS pivprptide tsfa GRB palypeplide. of t he
i nventons have been described. Nevertheless, it will be understood that
vari oud modifications may be made wi thout departing fromthe spirit and
scope of the i ngemhe@bmpoAtesiligl Vi, vitiehan tRIPadelicfaas B aaGBSW thin the
scope of the followi ng clains. WHAT IS CLAIMED I'S: 1. An antigenic

conposi t i BAlyPepfjsiei egricwgezd Hyag e pdratified in Getblin Bakt PegaNebdeadsSq &B8Y. t ype Vv
pol ysacchah}@e.; 1 ( a noiety that is covalently associated with the

pol ysacchg?élgz.lzgﬁd%@o%bnposi tion of claiml1l, wherein the polysaccharide
is nodified by treatnent under conditions that renove sidechain-term nal
sialic acid residues fromthe paolysaccharide. 3. The conpasition of claim
2, whéfein theldolh seBRET RO daiff, W%@l%@qé%%pﬁbﬁﬁpt@dé?el?ﬁ%ﬁg)maci dic

condi tion JaT-Motnnagalotot Tl & $B1dnentErEhBS ysgaccharide is a
desi al yl a’?goéfgﬁgs tyspe p'o%y a(():c narijgieéB %?epThe’ conpos tol&glrll ?tf claim1l,
wher ei n t pelypeptideace bgsilod @olypeptintdj fn Beprdiyin, 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 thereof.

15

14. The composition of claim 8, wherein the composition comprises two, three,

four, or five different polypeptides.

15. The composition of claim 9, wherein the polypeptide is a bacterial toxin or a
20 toxoid.

16. The composition of claim 15, wherein the polypeptide is a tetanus toxoid.

17. The composition of claim 15,wherein the polypeptide is a diphtheria toxoid.
25

18. The composition of claim 15, wherein the polypeptide is diphtheria mutant

protein cross-reactive material (CRM197).

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

30 kiloDalton (kD).
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treatment under conditions that renove trisaccharide sidechains fromthe
backbone of the polysaccharide. 6. The conposition of claimb5, wherein the
pol ysacchwoi2d@/dse34rodi fi ed by sequential desial yl ati on, pdeasedoploadson, and
deami nation. 7. The conposition of claim1l1l, wherein the polysaccharide is a
deam nated GBS type V polysaccharide. 8. The conposition of claim1,

wher ei n t he npi2ét yThesomppsitigpeptlanie 19,9vheTtin tloopqipsictliavide if atddaat 25 BD. wher ei n
t he pol ypeptide is a bacterial polypeptide.10. The conposition of claim?9,
wherein the polypeptide is a cell-surface or secreted bacterial

pol ypepti de. b1, e cRipBEisbh bPRafl 26 AR mdiATGbiabie inaliseest koe [s a
GBS pol ypeptide. 12. Thée conposition of claim11l, wherein the polypeptide
is a GBS V pol ypepti de encoded by a gene identified in Tettelin et al.

Proc Acad ,Sd [USA, 99(.19): 12391- 200 13. The corrp05|t|on Ia| m
11, wh re| n th«,ﬁ ;98}1?8%%91)‘8%31?‘?1 Lefheeia 40q (MR IsHETSOBH CQ"P} f; a
C prot ei N palvRa oPANPSIE |g§fthgpg§§acglg{&t ein beta pol ypepti de an epsi I on
pol ypeptide, an R protein, al pha-Tike protein, a surface protein of

group b streptococcus 1 (spbl) an spb2, lamnin binding protein (Lnb), a
Coa pepti dase,

i ragment-s t her @gf Efbél?ﬁglplgﬁhg%@%mﬁl %‘Fln\é]i?ea?t e %ﬁg}lam | %glﬁsﬁap)om tion

conpri ses phimackiti @By abdpiablOéarfibrve di fferent pol ypeptl des. 15. The
conposition of claim9, wherein the polypeptide is a bacterial toxin or a

toxoi d0 16. The conposition of claim15, wherein the pol ypept| de is a
tetanus toxoid The composkiion,af, cl.aim 15 wherei ,oI. eptide is
a di phtheria toxoz%le Cfgl.poﬁlﬂg c%(r;rlﬁlt%ll’t\f!%eﬁe%fthe PIRR en Iﬁﬂé pln%gsa%

pol ypept i dajuventdi pht heria nutant protein cross-reactive nat eri al (CRM 97).

25. The composition of claim 24, wherein the adjuvant is alum.
15
26. The composition of claim 1, wherein the composition further comprises at

least one other polysaccharide.

27. The composition of claim 26, wherein the at least one other polysaccharide

20  comprises a bacterial polysaccharide.

28. The composition of claim 27, wherein the bacterial polysaccharide comprises

a GBS polysaccharide.

25 29. The composition of claim 28, wherein the bacterial polysaccharide comprises

one or more of a GBS type Ia, Ib, II, ITL, IV, VI, VII, or VIII polysaccharide.

30. A method for eliciting an immune response in a mammal, the method
comprising administering to the mammal a composition comprising:
30 (a) a modified group B streptococcus (GBS) type V polysaccharide; and
(b) a moiety that is covalently associated with the polysaccharide;
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19. The conposition of claim1l, wherein the polysaccharide is at least 1
kil oDal ton (kD).20. The conposition of claim 19, wherein the pol ysaccharide
is at | eas0 2866/ds034121. The conposition of claim 20, whereirrustis/039424

pol ysaccharide is at |least 50 kD. 22. The conposition of claim1, wherein

t he conposition contains an anount of between 0.1 and 500 ng of the

pol ysacchar i de the2®y elivgingmmiosnurneanspohsechdhemamnwher ei n t he conposition
further conprises a pharmaceutically acceptable carrier. 24. The
conposition of claiml1l, wherein the conposition further conprises an

adj uvant. 25. 3heTae mRAfIddfRmMmiR 3(C whbfirthe pRiRhAidd I8 nasdifidGeuf tréafmhtum
26. The conposition of claim1, wherein the conposition further conprises
at | east undersohditiopvihgremevasidgehaiperminabsiglinpnd rasidpes §pmcthai m 26, wherein
the at_I|eas ong q#per pol ysacchari de conprises a bacterial polysaccharide.
28. The cBRPSELHST of claim 27, wherein the bacterial pol ysaccharide
conpri ses a GBS pol ysaccharide. 29. The conposition of claim28, wherein

t he bacterial polysaccharide conprises one or _nore of a GBS type la, Ib,
Lt 1V, vB2. e ,me@wd\nfwial»@g)%gfaé@ﬁaﬁlpwdﬁé@pq&y&%é@h@@dei% eliciting an

i mmune reﬁgﬁﬁgglli%dlrtﬁsW!{m%&%h%%ehod conprising admnistering to the

manmmal a conp sIng: a nodi fied group B streptococcus (GBS)
type V polysaccharide; and (b) a noiety that is covalently associated with
t he pol ysaccharide; thereby eliciting an | nmupe response in_.the mamml . 31.
The aPhod of dPaithe SARRECLIR %%@%%rw@a@emﬂéwf%ls ARGy BSAHFRat ment

under condi. k.l 4 I [FJa P } bald i i dues from
the. pot yoando 3l B whAHeGe BiGEARRLP s el fatont I b EKRROAIRS, THES
pol ysacchavlydgecharide

34. The method of claim 30, wherein the modified polysaccharide is a
15  deaminated GBS type V polysaccharide.

35. The method of claim 30, wherein the moiety is a polypeptide.

36. The method of claim 35, wherein the polypeptide is a bacterial polypeptide.

20
37. The method of claim 36, wherein the polypeptide is a cell-surface or secreted
bacterial polypeptide.
38. The method of claim 36, wherein the polypeptide is a GBS polypeptide.
25

39. The method of claim 38, wherein the GBS polypeptide is selected from the
group consisting of: a C protein alpha polypeptide, a GBS C protein beta polypeptide, an
epsilon polypeptide, an R protein, an alpha-like protein, a surface protein of group b
streptococcus 1 (spb1), an spb2, laminin binding protein (Lmb), a C5a peptidase, a matrix

30 adhesion (Ema) polypeptides, and antigenic fragments thereof.
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desi alyl ated GBS type V polysaccharide. 33. The nethod of claim 30, wherein
t he pol ysaccharide is nodified by treatnment under conditions that renove

t ri sacchavoaeosaisoehai ns from t he backbone of the pol ysacchared®s®ds The
met hod of claim 30, wherein the nodified polysaccharide is a deam nated GBS
type V polysaccharide. 35. The nethod of claim 30, wherein the noiety is a
pol ypepti de. 380. Themwsitddad ckimd5aivheish thakempositidtheonpoisgp epd, ithiee, foug
bacteri al | ypeptide. 37.. The nethod of claim 36, wherein the pol ypeptide
is a cell 9£§Y‘¥§§ It PelYReRitdSY bacterial pol ypeptide. 38. The nethod of
claim 36, wherein the polypeptide is a GBS pol ypeptide. 39. The net hod of
claim 38, wherein the GBS pol ypeptide is selected fromthe group consisting
of : a C prot ei Alalphamefoidyfepiind®, wvhereBShepplypemide ipetaxipor ypxptd-de, an
epsilon pol ypeptide, an R protein, an al pha-like protein, a surface protein
of gro‘ﬁp b streptococcus 1 (spbl), an spb2, lamnin binding protein (Lnb),
a Coa peptidasgp. an8®eftiod o@‘éth@iﬁlﬂ[]whgﬁéﬁﬂtthwa@;ﬁide%ﬁtetﬁﬁ@ tédid.geni c
fragnents thereof.40. The nethod of claim 35, wherein the conposition
conprises two, three, four, or five different polypeptides. 4 1. The net hod
of cl ai m 36, rein the .pol L ' ' . [ . .+ The nmet hod
of claim4l, mgr glhﬁmteﬂjé) dﬁ%ﬁ%‘g@%ﬁ gleﬂlegh tgle&)ggg%&gd’etlgia(g%. eglﬁ.to 1%' nmet hod of
claim4l, wherein the polypeptide is a diphtheria toxoid. 44. The method of
claim4 1, wherein the polypeptide is CRM 97. 45 The nethod of claim 30,
wher eith t he poffsabemstiodoticlamy4l, wheteimthg pplypgptidsis CRMYO7. 46. The net hod
of claim45, wherein the polysaccharide is at least 25 kD. 47. The net hod
of claim 30, wherein the conposition is admnistered to the subject two or
nore tines. 45. The method of claim 30, wherein the polysaccharide is at least 1 kiloDaltons

(kD).
15 46. The method of claim 45, wherein the polysaccharide is at least 25 kD.

47. The method of claim 30, wherein the composition is administered to the

subject two or more times.

20 48. The method of claim 30, wherein an amount of the composition containing

between 0.1 and 500 pg of the polysaccharide is administered to the mammal.

49. The method of claim 48, wherein an amount of the composition comprising

between 25 and 100 pg of the polysaccharide is administered to the mammal.

25
50. The method of claim 30, wherein the composition further comprises an
adjuvant.
51. The method of claim 50, wherein the adjuvant is alum.
30
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48. The nethod of claim 30, wherein an anount of the conposition containing
between 0.1 and 500 ng of the polysaccharide is adm nistered to the manmal .
49. The medhoeb/3634e! ai m 48, wherein an anpbunt of the compwaistéosnBRapPri si ng
bet ween 25 and 100 ng of the polysaccharide is adm nistered to the mammal .
50. The nethod of claim 30, wherein the conposition further conprises an
adj uvant . 51. 3FRe Thentetitbdoff ctdimi3t, $herenhtbe eathadwdicits puoatitody sespbusaiB2. The
met hod of _cl ai m 30, wherein the method elicits an anti body response in the
mamal . 55© thod of claimb52, wherein the nethod elicits an 1gG

anti body response in the manmal . 54. The nethod of claim 30, wherein the
method elicits a protective response in the mammal. 55. The nmethod of claim
30, wherein thé3ndhemethicsl oficlaiingR, vbereimthe endtland elicith acESs pefthodyirespoBs:  The
met hod of.ct aim 30,, wherein the mammal is a primate. 57. The net hod of

cl ai m 56, Th° &AL o i mate is a human. 58. The method of clai m 57,
wherein the conposition is admnistered to an adult human. 59. The net hod
of claim 58, wherein the con?qsi tion is admnistered to a human over 10
years of age. 66. Thhaethadd¢lasm 39, whasesothe weshas glicitha PrateRitYCrespanse in

non- pr egngnt {u%ﬁ'l%le' 61. The nmethod of claim59, wherein the conposition is
admi ni st er&d to & human over 50 years of age. 62. The nethod of claim61,
wherein the conposition is adm nistered to a human over 70 years of age.

63. The nethod of claim59, wherein the human is pregnant, 64. The met hod of
cl ai m'80, wher éPn ThaEdRESIAGH; WHPﬁeﬁbﬁheéf&ﬂ’i‘ﬁP?lslggt Tk e igdiction Wit

GBS bacteria.
56. The method of claim 30, wherein the mammal is a primate.
15 57. The method of claim 56,wherein the primate is a human.

58. The method of claim 57, wherein the composition is administered to an adult

human.

20 59. The method of claim 58, wherein the composition is administered to a human

over 10 years of age.
60. The method of claim 59, wherein the human is a non-pregnant female.

25 61. The method of claim 59, wherein the composition is administered to a human

over 50 years of age.

62. The method of claim 61, wherein the composition is administered to a human
over 70 years of age.
30
63. The method of claim 59, wherein the human is pregnant.
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one pol ysaccharide other than the nodified GBS type V pol ysacchari de. 65.
The nmethod of claim64, wherein the at |east one ot her polysaccharide
conpri seswe 288®sv3ape la, Ib, I, I, IV, VI, VII, or Vciselgsamehari de.
66. A nethod of providing antibodies to a neonate, the nmethod conpri sing:
adm nistering to a pregnant femal e an antigenic conposition conprising: (a)
a nodified group B streptococcus (GBS) type V polysaccharide; and (b) a

iety that is_physicall iated with the pol. haride. 67.. A nethod
for preparing Gh R RAEIAOEEALCABAN0Y erbre EaPfRbdR A BEriamiiony & 15861 ai ng
a purifiegy McOI IR At WidndBe moBERHICES type Weblysmeledmie! de under

conditions that nodify the structure of the polysaccharide. 68. The nethod
of claim67, wherein the polysaccharide is nodified under conditions that

renove_one or re,resi.due f. i hal f th I haride. 69. Th
met hod® of cIaig$6§?6§%@¥@fﬁcgwg%ﬁ§% %%y@hgﬁfﬁgﬁpﬁeﬁ@ﬁfﬁ?ﬁ%ﬁ@%@@ conditigns
that r enoy&ngyisek d SR ypelIg B AT, $V VT, o/ IR Gr V INgsolyhdechatidé.he pol ysacchari de.

70. The nmethod of claim67, wherein the polysaccharide is nodified under
conditions that renove the trisaccharide sidechain of the polysaccharide. 7

L. A conposi ti g GONRE| &, RkoRS Rl Bofil ) PEShaRl, HIS AR EShlsid: 2 m 66.

administering to a pregnant female an antigenic composition comprising:

10 (a) a modified group B streptococcus (GBS) type V polysaccharide; and
(b) a moiety that is physically associated with the polysaccharide.

67. A method for preparing an immunogenic composition, the method

comprising:
15 providing a purified GBS V polysaccharide;
treating the polysaccharide under conditions that modify the structure of
the polysaccharide.

68. The method of claim 67, wherein the polysaccharide is modified under

20  conditions that remove one or more residues of a sidechain of the polysaccharide.

69. The method of claim 68, wherein the polysaccharide is modified under

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

25 70. The method of claim 67, wherein the polysaccharide is modified under

conditions that remove the trisaccharide sidechain of the polysaccharide.
71. A composition comprising antisera obtained by the method of claim 66.
30
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